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ATTACHMENT A 

RESPONSE TO OHIO EPA NOD #4 DATED APRIL 26, 2016 

CONTIGUOUS EXPANSION PTI APPLICATION 

APEX SANITARY LANDFILL 

JEFFERSON COUNTY, OHIO 

 

The Ohio EPA submitted a letter dated April 26, 2016 to Apex Environmental LLC (Apex) providing 

a notice of deficiency (NOD) or comments to PTI Application No. 06-08448, as revised December 

31, 2015, for the proposed contiguous lateral and vertical expansion and AMDWR increase for the 

Apex Sanitary Landfill.  The NOD contained deficiencies related to the general engineering, stability, 

and hydrogeologic sections of the PTI Application.  Apex is providing the response to the NOD and 

appropriate revisions to the PTI Application, including the Hydrogeologic Site Investigation Report 

(HSIR).   

General Engineering Review 

 

Comment No. 1 – As necessary, please update Attachment 1A’s Table of Effective and Pending 

Permits. 

 

 Response:  The Table of Effective and Pending Permits has been updated.   

 

Comment No. 2 – As noted on Page 5 of Attachment A1, please update the “Area Currently Filled” 

to be through Phase 6B-West-2’s construction certification and the accumulated footprint of 95.7 

acres. 

 

Response:  Attachment A1 has been revised to update the area currently filled through Phase 

6B-West-2.   

 

Comment No. 3 – As noted on Page 5 of Attachment A1, please update the “Volume Currently 

Filled” to be current through 12/31/2015 and the 2015 Annual Report’s 15,222,944 cubic yards. 

 

Response:  Attachment A1 has been revised to update the volume currently filled to 

15,222,944 cubic yards through 12/31/2015.   

 

Comment No. 4 – As noted on Page 5 of Attachment 1A, please update the “Life Expectancy” using 

the AMDWR and the anticipated daily waste receipt as of 12/31/2015 or simply reference Section 

C5a (volume and anticipated life calculations).  And please update Section 5Ca as necessary. 

 

Response:  The Volume and Anticipated Life Calculation included in Section (C)(5)(a) has 

been revised to update the remaining volume of airspace and the life expectancy.   Attachment 

A1 references Section (C)(5)(a) for the life expectancy.   

 

Comment No. 5 – The volume and anticipated life calculations shown in Section C5a are as of 

December 31, 2012.  Please revise the volume and anticipated life calculations as of December 31, 

2015. 

 

Response:  The Volume and Anticipated Life calculation included in Section (C)(5)(a) has 

been revised to update the remaining volume of airspace and the life expectancy.   
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Comment No. 6 – As noted on Page 6 of Attachment A1, the premature closure’s “Total Closure 

Worst Case Estimate” is shown as $10,159,401 in 2013 dollars.  Please update the closure estimate 

relative to 2016 dollars and the applicable worst case acreage.  Related calculations are found in 

Section C5h. 

 

Response:  Attachment A1 and the final closure cost estimate in Section (C)(5)(h) have been 

revised to update the “Total Closure Worst Case Estimate” to 2016 dollars.  In general, the 

values were increased to account for inflation since the last update in 2013.  The cap system 

costs provided in the cost estimate are considered representative of 2016 costs.  Additionally, 

the final closure cost estimate has been revised to reflect an increased anticipated open area in 

accordance with Comment No. 7.   

 

Comment No. 7 – As noted on Page 6 of Attachment A1, the Expansion Permit Application’s “Worst 

Case Acreage” is shown as 95 acres, which is reportedly “when Phase 12 is opened and large 

intermediate cover area.” The current developed footprint is 95.7 acres through Phase 6B-West-2.  

The undeveloped balance of the original 117.5-acre unit includes Phases 6B-East, 7A and 7B.  

Phase 7B becomes a part of Phase 8’s 23.3 acres within the expansion permit.  The initial final cap 

installation isn’t planned until after the expansion footprint is entered (Phase 8) and then at a 

proposed rate of one-acre of final closure for one-acre constructed in the expansion.  Then final 

capping is to begin in the original unit within 12 months of Phase 8’s initial construction 

certification.      

 

If no final cap is installed prior to Phase 8’s liner construction, then the worst case acreage must be 

inclusive of Phases 1 through 7A and the projected initial construction within Phase 8.  Please 

update the worst case acreage from 95 acres to at least 117.5 acres and revise the premature 

closure’s Total Closure Worst Case Estimate found in Section C5h.   

 

Please update the worst case acreage for final closure or propose a final capping plan to reduce the 

acreage of the worst case. 

 

Response:  The final closure cost estimate in Section (C)(5)(h) has been revised based on a 

maximum anticipated open area of 141.2 acres, which occurs after construction of Phase 10.  

A table has been added to the final closure cost estimate calculating the maximum total open 

area as the landfill is being developed, assuming that final capping occurs within 12 months of 

construction of the lined area.   

    

Comment No. 8 – As noted on Page 10 of Attachment 1A, the “Total Post-Closure Cost Estimate” is 

shown as $10,749,595 in 2013 dollars.  Please update the post-closure estimate relative to 2016 

dollars.  Related calculations are found in Section C5i. 

 

Prior to waste placement in Phase 8, the financial assurance for the premature closure and post 

closure care must meet all the requirements in the expansion permit. This reflects the fact that Phase 

7B, as designed in the existing permit, will be redesigned and become part of Phase 8 in the 

expansion permit.       
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Response:  Attachment A1 and the post-closure cost estimate in Section (C)(5)(i) have been 

revised to update the “Total Post-Closure Cost Estimate” to 2016 dollars.  In general, the 

values were increased to account for inflation.    

 

Comment No. 9 – On Page C1-3, the following is stated “E(3): All disclosure statements are current 

with Ohio EPA, with the last update submitted on January 31, 2013.”  Please revise this statement 

relative to Prophet Equity Group’s purchase of the landfill and the most current disclosure 

statements. 

 

Response:  The statement on Page C1-3 has been revised relative to Prophet Equity Group’s 

purchase of the landfill.  The date of the last disclosure statement was July 22, 2015.  

 

Comment No. 10 – As originally approved August 9, 2012 within an alteration of PTI No. 06-08438, 

the proposed rail unloading building is described within Section C8’s narrative and its location is 

first shown on Plan Sheet 2C-2.  The original conceptual design drawings (Plan Sheets 7O and 7P) 

were not included within the expansion permit application.  Within the narrative, please reference 

the alteration and its plan sheets or incorporate the plan sheets into the expansion permit 

application directly.     

 

Response:  The drawings showing the proposed rail unloading building have been added as 

Drawings 7O and 7P of the contiguous expansion application.  Additionally, Drawings 3A 

and 3B have been revised to reference the additional drawings.  The Title Sheet has been 

revised to include the new drawings and to reflect the revision of additional drawings.  Page 

C8-3 has been revised to reference the drawings.    

 

Comment No. 11 – Section C8 does not discuss the prohibition of the direct acceptance of liquid and 

semisolid wastes (waste that can’t pass the filter test).  Section C8 does not discuss the acceptance of 

waste processed through Apex’s solidification basins as authorized November 27, 2012.  Please 

revise Section C8’s narrative to specifically exclude the acceptance of liquid and semisolid wastes.  

Please include some acknowledgement of Apex’s November 27, 2012 solidification authorization 

and that solid waste would be accepted after it is processed through the solidification basins.  Apex 

should consider including the solidification authorization as an appendix within Section C9.              

   

Response:  Page C8-1 has been revised to state that direct acceptance and disposal of liquid 

and semisolid wastes at the working face is prohibited.  The narrative states that these wastes 

may be accepted after solidification in the Solidification Basins.  The authorization letter from 

the Ohio EPA regarding the Solidification Basins has been included as Appendix C8-B. We 

have also revised the table of contents to include the appendix.   

 

Comment No. 12 – Within Appendix C9-D’s (Final Closure/Post Closure Plan) Page 2, please 

remove the reference to Dave Mathews, District Manager.       

 

Response:  Page 2 of the Final Closure/Post Closure Plan has been revised to remove 

reference to an individual by name and just refers to the title.   
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Comment No. 13 – To complete the required four copies of the permit application, please provide 

two additional and identically complete copies of the revised application and a notarized statement 

that, to the best of the knowledge of the applicant, the detail engineering plans, specifications, and 

information in the permit application are true and accurate.  It’s all right to maintain the strikeout 

and italicized text throughout the expansion permit application’s narrative.   

 

Response:  Two additional complete copies of the revised application are provided including 

the Hydrogeologic Site Investigation Report and drawings.  Additionally, the Groundwater 

Detection Monitoring Program (GWDMP) was initially submitted as a stand-alone document. 

The GWDMP is now being included as Volume VI of the Application.  The banner for 

Appendix C9-A has been revised to reference Volume VI.  Two additional copies of the 

GWDMP are provided.  We are providing binder covers for the HSIR and the GWDMP to 

incorporate these documents into the engineering portion of the application.   

 

A new notarized statement has been provided and signed by the applicant and the engineer.    

 

Comment No. 14 – Please provide two tab dividers for Appendix C8-A (Odor Management Plan) 

and Appendix C10-C (Table of Effective and Pending Permits).  These were omitted within the 

December 31, 2015 submission.  

 

Response:  Tab dividers for Appendix C8-A (Odor Management Plan) and Appendix C10-C 

(Table of Effective and Pending Permits) are provided.       

 

Stability and Settlement Reviews 

 

The following comment was provided in entirety in an Interoffice Memo from the Ohio EPA 

dated February 26, 2016.  NOD#4 provided a summary of this comment, which is presented 

below.     

 

Comment No. 15 – As discussed recently, please submit seepage calculations verifying the liner 

system won’t be damaged by seepage after the ground water collection pumps have been turned off 

or remove the notes indicating the pumping option and redesign the sump detail on Plan Sheet 7B to 

show gravity drainage through the underdrain conveyance pipe placed in a trench cut through the 

bedrock beneath the landfill’s liner. 

 

Response:  A seepage calculation is provided that shows that the groundwater collection 

pumps will be used as a temporary control.  The liner system won’t be damaged by seepage 

after waste is placed and the groundwater collection pumps have been turned off.  This 

calculation should be added after the Hydrostatic Uplift calculation in Section (C)(4)(a).  As 

requested by the Ohio EPA in an email dated May 11, 2016, we have revised Drawing 4A and 

Section (C)(7) to require the underdrain sumps in Phases 11 and 12 to drain by gravity.  The 

underdrain sumps in the other phases may drain by gravity or be pumped. 

 

We have also revised the table of contents to include the seepage calculation.   
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Hydrogeological Review 

 

The following comments were provided in entirety in an Interoffice Memo from the Ohio EPA 

dated November 22, 2013.  NOD#4 provided a summary of these comments, which are presented 

below.     

 

Comment No. 16 – As discussed recently, please propose initiating the proper abandonment of the 

main office’s water supply well or demonstrate that a redrilled and cased well would be 

hydrogeologically isolated prior to waste placement at some distance greater than the 1,000 feet 

setback distance.  Furthermore, Apex should implement a sampling program on the main office’s 

water supply well that is tied to the landfill’s development prior to waste placement at some distance 

greater than the 1,000 feet setback distance. 

         

Response:  Apex will properly abandon the existing water supply well at the main office  prior 

to waste placement in Phase 10 within 1,000 feet of the water supply well. Apex will either 

install a well at least 1,000 feet downgradient or 500 feet upgradient of the limit of waste in 

accordance with OAC rule 3745-27-07(H)(3)(c)(ii), drill a new, deeper water well with casing 

installed to create a hydrogeologic barrier in accordance with OAC rule 3745-27-

07(H)(3)(c)(iii), or install a potable water tank for the Apex office.  Page C1-21 and C2-5 of 

the PTI Application and Drawing 6D – Phase 10 Development Plan have been revised 

accordingly.   

 

Because the existing water supply well will be abandoned as described above, there is no need 

to sample the well.  Furthermore, sampling the Apex water supply well is not appropriate 

because the well is not constructed to meet monitoring well standards in the Ohio EPA 

Technical Guidance Manual and the well does not monitor a discrete water bearing zone.  

Also, the well construction materials may impact water quality from the well. The water 

supply well is constructed with 70.5 feet of 8-inch inside diameter (I.D.) threaded steel 

surface casing and 235 feet of 4-inch I.D. polyvinyl chloride (PVC) casing with glued joints as 

indicated on the Well Log and Drilling Report No. 992542 in the PTI Application.  The 

annulus between the borehole and the 4-inch I.D. PVC is open (not grouted or otherwise 

backfilled/sealed), thus, the well is supplied by all water-bearing zones from 70.5 feet to the 

borehole bottom at 245 feet below ground surface (bgs).  Each water-bearing zone spanned 

by this well may demonstrate naturally occurring, but significant fluctuation in groundwater 

quality, and there is certainly mixing of groundwater from these zones in the well borehole.  

Groundwater quality fluctuations due to multiple water-bearing zones, mixing of groundwater 

in the well boring and potential organic compounds from glue used to connect the 4-inch 

PVC pipe may be misinterpreted as being related to a release from the landfill.  Apex 

therefore requests Ohio EPA concurrence that the Apex water supply well should not be 

sampled.   

 

Comment No. 17 – As discussed recently, please revisit the identified average yield of the regional 

aquifer to provide a more representative estimate.  Please revise the private well log table and 

applicable narrative accordingly.    
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Response:  The average yield of the regional aquifer has been re-evaluated using available 

private well logs located within one mile of the Apex facility.  Table C3-2 in the PTI 

Application, Volume II, has been revised by denoting private well log data that, in our 

professional opinion, is not representative of sustained groundwater yields in the region and 

are no longer used in the regional aquifer average yield determination.  The average yield of 

the regional aquifer has been reduced from 14.21 gallons per minute (gpm) to 9.0 gpm based 

on this re-evaluation.  Table C3-9 in the PTI Application, Volume II, has also been revised 

to incorporate the re-evaluated regional aquifer average yield for evaluation of uppermost 

aquifer.  There are no changes in the designation of the uppermost aquifer based on the re-

evaluated regional aquifer average yield.  In addition to Table C3-2 and Table C3-9, the 

Hydrogeologic Site Investigation Report narrative, pages C-4, C-26, C-27, C-28, C-30 and 

C-32 have been revised accordingly. 

 

In addition to these revisions, we are providing the additional items for inclusion in your copies of the 

PTI Application. 

 

• Revised covers to show revision date of May 2016.  We are also providing binder covers to 

be inserted into the HSIR and the GWDMP volumes to incorporate them into the PTI 

Application.   

• Revised table of contents to include Appendix C8-B and Volume VI.  We are providing 

enough copies for each volume of the application. 

• Revised Figure 1 for the Hydrostatic Uplift Analysis.   

• Revised CQA plan Table 1 to include pinhole dispersion testing and the double hydrometer 

test.     

• Replaced the Environmental Logistics Services logo with the Apex Environmental LLC logo 

on the Explosive Gas Monitoring Plan cover.   

 
154-006-Attachment A 
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ATTACHMENT B 

 

REVISED PTI APPLICATION NARRATIVE 

Replace the existing narrative with that provided or insert new narrative as indicated.       

 

Binder covers and spines 

Inside Cover 

Table of Contents 

General Cover Sheet – page 4 

Attachment A1 – pages 1, 2, 5, 6, 10 

Appendix A to Attachment A1 – entire Table of Permits 

Professional Engineer’s Certification – Insert behind existing certifications 

Section (C)(1) – pages C1-3, C1-21 

Section (C)(2) – page C2-5 

Section (C)(7) – pages C7-7 and C7-13 

Section (C)(8) – pages C8-1 through C8-5  

Appendix C8-B – Insert behind Appendix C8-A 

Appendix C9-A, Groundwater Detection Monitoring Program – banner page 

Appendix C9-B, Explosive Gas Monitoring Plan – Cover 

Appendix C9-C, CQA/QC Plan – Cover Sheet and Table 1 

Appendix C9-D, Final Closure/Post Closure Plan – page 2 

Appendix C10-C – entire Table of Permits  

Tab Dividers for Appendix C8-A, C8-B, and C10-C – Insert 

Volume VI, Appendix C9-A, Groundwater Detection Monitoring Program - Insert  

Appendix C9-A, Groundwater Detection Monitoring Program – signed certification 

________________________________________________________________  

 



 

 

________________________________________________________________  

 

ATTACHMENT C 

 

REVISED PTI APPLICATION CALCULATIONS 

Replace the existing calculation with the one provided or insert new calculation as indicated. 

 

(C)(4)(a) Hydrostatic Uplift Analysis – Figure 1 

(C)(4)(a) – Seepage Evaluation – Insert behind Hydrostatic Uplift Analysis 

(C)(5)(a) - Volume and Anticipated Life Calculation 

(C)(5)(h) – Closure Cost Estimate  

(C)(5)(i) – Post-Closure Cost Estimate 

________________________________________________________________  



 

 

__________________________________________________________________ 

 

ATTACHMENT D 

 

REVISED PTI APPLICATION DRAWINGS 

 (SUBMITTED AS A SEPARATE ROLLED PACKAGE) 

 

Title Sheet, Drawings 3A, 3B, 4A, 6D, 7O, 7P 

__________________________________________________________________ 

  



 

 

__________________________________________________________________ 

 

ATTACHMENT E 

REVISED HSIR 

Replace the existing information with that provided.   

 

Binder Cover and Spines 

Pages C-4, C-26, C-27, C-28, C-30, C-32 

Tables C3-2, C3-9 

__________________________________________________________________ 
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Section II – Multimedia Information      Attachment A1  
 

 

 

 

 

DIVISION OF SOLID AND INFECTIOUS  

WASTE MANAGEMENT 

Municipal, Industrial, and Residual Solid Waste Landfills 
 

The information requested by this attachment is not required by rule, however it is useful to permit reviewers and the general public. 
 

Multimedia Information, check all that apply: 

 

Division of Surface Water 
A Table of Effective and Pending Permits is presented in Appendix A. 

Current NPDES Permit  

 Permit Number OIN00198*GD    

 Date Issued January 22, 2015     

Leachate discharge to public sewer Current  Proposed    

On-Site Leachate Treatment Current  Proposed    

On-site Sanitary Treatment Current X Proposed    

Waste Solidification Current    X Proposed    

Sedimentation Basin Current X Proposed X   

Holding Tank Current X Proposed    

Stream Relocation No  Yes X   

Spillway Relocation No X Yes    

New Outfall No  Yes X   

Headwater Removal No X Yes    

401 Permit 

 Required              No  Yes X   

 Submitted            No  Yes X Date February 
2016 

 Issued                  No X Yes  Date  

404 Certification Required 

 Required              No  Yes X   

 Submitted            No  Yes X Date February 

2016 

 Issued               No X Yes  Date  

Isolated Wetland Permit     Date  

 Required              No  Yes X   

 Submitted            No  Yes X Date February 
2016 

 Issued                  No X Yes  Date  
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Section II – Multimedia Information      Attachment A1  
 

Division of Air Pollution Control 
A Table of Effective and Pending Permits is presented in Appendix A. 

Current DAPC Permit   

 Permit Number  06-07264  06-07467  P0103987  

 Date Issued  01/14/05  10/08/04  12/31/09  

New/Revised DAPC permit application  

 Required         No  Yes X   

 Submitted         No  Yes X Date 12/30/2015 

 Issued               No X Yes  Date  

Active Gas Extraction  Current X Proposed X   

Flare  Current X Proposed X   

Rail Spur  Current X Proposed X   

Additional Storage Piles  No X Yes    

Additional Haul Roads  No  Yes X   

Waste Relocation  No X Yes    

Type of Daily Cover soil      

Dust Suppressant Used water      

 
Other Permits  
A Table of Effective and Pending Permits is presented in Appendix A. 

Permit Local, State, or Federal Office Date Applied for 

   

   

 

Other Licenses 
 

License Local, State, or Federal Office Date Applied for 

Annual Operating License Jefferson County General Health District September each year 

   

 

Other Plan Approvals 
 

Plan Local, State, or Federal Office Date Applied for 

   

   

 

Other Authorizations 
 

Authorization Local, State, or Federal Office Date Applied for 
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8.  Please state the acreage of the property where the facility will be located, and how much of this property is owned, leased, 

and not currently owned or leased, by the applicant. 
 

1,285 Total Facility Area (acres) 

 

1,285 Total Area Owned (acres)  

 Total Area Leased (acres)  

590 Total Other (acres)        Explain: Facility Boundary 

 
 
9.  Please state the acreage of the facility within the limits of solid waste placement, and how many acres were previously 

approved, currently filled, and proposed to be filled as part of this application. 
 

288.5 Total Area Within the Limits of Waste Placement (acres) 

 

          117.5 Area Previously Approved (acres) 

95.7 Area Currently Filled (acres) *as of 12/31/16  

171 New Area Added (or Subtracted) by this Permit (acres) 

 

 
10.  Please state the volume of the landfill in cubic yards, and how much of this volume is previously approved, currently 

filled, and proposed as part of this application. 
 

83,616,439 Total Volume (cubic yards) 

 

22,523,618 Volume Previously Approved (cubic yards) 

7,300,606 Volume Currently Filled (cubic yards)*as of 12/31/16  

61,092,821 New Volume Proposed by this Permit (cubic yards) This figure should be the same used to calculate the permit fee as 

per ORC 3745.11(Q) 

 
 

11.  Please state the authorized maximum daily waste receipt (AMDWR) requested for this facility and the anticipated daily 
waste receipt. 

 

10,000 AMDWR (tons) See C5a Anticipated Daily Waste Receipt (tons) 

7,500 Current AMDWR (tons), if any     

 

 
12.  If the facility is a proposed new site, expansion, or AMDWR change,  please state the life expectancy of the facility based 

on the total volume using the AMDWR and anticipated daily waste receipt if this application is approved. 
 

17.9 Life Expectancy Using the AMDWR (years) *as of 12/31/16  

See C5a Life Expectancy Using the Anticipated Daily Waste Receipt (years)  
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Section IV – Cost Estimates                Attachment A1 
 

See Section (C)(5)(h) for detailed cost estimate. 
 

Closure Cost Estimate.  
 

$14,936,338 Total Closure Cost Estimate     

 141.2 acres Worst Case Acreage   

Description of when worst case occurs: See Drawing 6D.   With Phase 10 opened and large 
intermediate cover area.  

 

 
 
CY = Cubic Yards   SF = Square Foot    LF = Linear Foot   EA = Each  LS = Lump Sum

I Ground Water Monitoring Wells 

 Item Description Quantity Unit Cost  Item Cost 

a Ground Water Monitoring Well Installation and Development 

(EA) 

 $ $ 

b Ground Water Monitoring Well Repair and Replacement (EA)  $ $ 

c   $ $ 

Subtotal for Ground Water Monitoring Wells $ 

 
 

II Fill and Grade (for premature closure) 

 Item Description  Quantity  Unit Cost  Item  Cost 

a Mobilization / Demobilization (LS)   $ 

b Soil (CY**)  $ $ 

c Excavation (CY)  $ $ 

d Placement/ Spreading (CY)  $ $ 

e Compaction (CY)  $ $ 

f Transportation cost of materials (CY) 
(transport radius:__________) 

 $ $ 

g Materials Testing (LS) 
 (field and lab) 

  $ 

h Surveying (LS)   $ 

i QA/QC (LS)   $ 

j   $ $ 

Subtotal for Slope and Fill $ 

** Note that the actual surface area may be significantly larger than the plan area depicted in the authorizing document.  In 

addition, the volume of soil, once compacted, may be different than the volume excavated. 
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Section IV – Cost Estimates               Attachment A1 
 

Post-Closure Care Cost Estimate.   
 

See Section (C)(5)(i) for detailed cost estimate. 
 
 

$11,587,721 Total Post-Closure Cost Estimate     

 
CY = Cubic Yards   SF = Square Foot    LF = Linear Foot   EA = Each  LS = Lump Sum

I Inspection and Reporting 

 Item Description Annual 
Quantity 

Unit Cost Annual Cost 

a Ground Water Monitoring Report (EA)  $ $ 

b Explosive Gas Monitoring Quarterly Report (EA)  4 $ $ 

c Explosive Gas Monitoring Semi-Annual Report (EA)   2 $ $ 

d Inspection (EA)  4 $ $ 

e Inspection Summary (EA)   4 $ $ 

f Annual Report (EA)  1 $ $ 

g Other Reporting (Orders, Authorizing Documents) (EA)  $ $ 

h   $ $ 

Total Annual Cost $ 

Total Annual Cost multiplied by years of post-closure care $ 

 Item Description Item Cost 

i Post-Closure Certification                $ 

Subtotal for Inspection and Reporting $ 

 
 

II Ground Water Monitoring 

 Item Description Annual Cost 

a Trace Metals $ 

b Volatile and Semivolatile Organic Compounds $ 

c General Ground Water Quality Parameters $ 

d Alternate Parameter List (site specific) $ 

e Assessment Monitoring Parameters $ 

f Background Sampling (for new wells only) $ 

g Collection and Transportation of Samples $ 

h  $ 

Subtotal for Ground Water Monitoring (total annual cost multiplied by years of post-closure care) $ 















Permit Issue
Regulator Description ID # Date

Ohio EPA PTI, On-site Wastewater 

Treatment/Disposal System for 

Office Building

06-7901 10/13/05

Ohio EPA PTI, On-site Wastewater 

Treatment/Disposal System for Rail 

Facility Breakroom/Scalehouse

06-8015 02/01/06

Jefferson County GHD Private Water System Installation 

Permit for Scale House/Office

29-2005 01/20/06

Jefferson County GHD Private Water System Installation 

Permit for Rail House

2005-0029 06/01/07

Ohio EPA PTI, Installation of a Sedimentation 

Impoundment

870776 06/06/12

Ohio EPA NPDES Permit Renewal 0IN00198*GD 01/22/15

Ohio EPA NPDES Permit Renewal 0II00022*DD 01/23/15

Ohio EPA Indirect Discharge Permit 0DP00050*BP 02/15/11

Ohio EPA Indirect Discharge Permit 0DP00050*CP Pending, submitted 

09/01/15

Ohio EPA NPDES Permit Modification for the 

Contiguous Expansion

0IN00198*HD Pending, submitted 

12/28/15

ODNR Dam Safety Engineering Program 

Class IV dam exemption from 

construction permit requirements

n/a 10/29/04

Ohio EPA PTI, Vertical Expansion and 

AMDWR Increase

06-08438 12/31/09

Ohio EPA PTI Alteration Request, Phase 5 

Revisions

06-08438 10/27/10

Ohio EPA PTI Alteration Request, 2011 

Phasing Revisions

06-08438 06/14/11

Ohio EPA PTI Alteration Request, 2011 

Revision to Odor Management Plan

06-08438 08/05/11

Ohio EPA PTI Alteration Request, 2012 Rail 

Area Improvements

06-08438 03/16/12

Ohio EPA April 2012 GCCS As-built Alteration 06-08438 05/29/12

Ohio EPA June 2012 GCCS As-built Alteration 06-08438 06/14/12

Ohio EPA PTI Alteration Request, 2012 Rail 

Yard Expansion

06-08438 08/09/12

Table of Effective and Pending Permits

Apex Sanitary Landfill

Water and Wastewater Permitting

Solid Waste Permitting

Updated May 2016

Dam Permitting

1 Apex Permits.xlsx



Permit Issue
Regulator Description ID # Date

Water and Wastewater PermittingOhio EPA Authorization to Construct and 

Operate a Solidification Basin

06-08438 11/27/12

Ohio EPA PTI Alteration Request, 2012 Phase 

6 Subdivision

06-08438 12/21/12

Ohio EPA Fall 2012 GCCS As-Built Alteration 06-08438 02/28/13

Ohio EPA Spring 2013 GCCS As-Built 

Alteration

06-08438 07/16/13

Ohio EPA PTI Alteration Request, 2015 Phase 

6 Phasing Revision

06-08438 01/21/15

Ohio EPA Odor Management Plan Alteration 06-08438 07/20/15

Ohio EPA PTI Modification, Contiguous 

Expansion and AMDWR Increase

06-08448 Pending, submitted 

10/27/11

Ohio EPA Final Permit to Install and Operate 

for Emissions Unit P001 (Caterpillar 

330C Hydraulic Excavator diesel 

engine)

06-07264 1/15/2004 

(Emissions Source 

Removed 

11/30/2015)

Ohio EPA Final Permit to Install and Operate 

for Emissions Unit F003 (Storage 

Piles)

06-07467 10/28/04

Ohio EPA Environmentally Beneficial 

Determination for Installation of 

Temporary Flare

04/10/09

Ohio EPA Final Permit to Install for 

Modifications of PTI 06-06987, 06-

07467, 06-07264 for Emissions 

Sources F001 (Paved and Unpaved 

Roadways and Parking Areas), 

F002 (Refuse Disposal Activities), 

F004 (Rail Unloading Facility 

Unpaved Roadway), and F005 

(Materials Handling Operations)

P0103987 12/31/09

Ohio EPA Final Permit to Install for Emissions 

Unit F008 (Aggregate Processing 

Plant)

P0109402 02/13/12

Ohio EPA Air Pollution Source Permit to Install 

Modification Application for 

Contiguous Expansion and AMDWR 

Increase

Pending Pending, submitted 

12/30/15

Department of Army Corps 

of Engineers

Section 404 Clean Water Act permit 

for wetland and stream impacts

200400270 12/13/04

Ohio EPA Section 401 Water Quality 

Certification and/or Isolated Wetland 

Permit

049815 11/23/04

Wetlands Permitting

Air Permitting

2 Apex Permits.xlsx



Permit Issue
Regulator Description ID # Date

Water and Wastewater PermittingOhio EPA Modification of Section 401 Water 

Quality Certification and/or Isolated 

Wetland Permit to transfer to Apex

049815 12/17/04

Department of Army Corps 

of Engineers

Revised Mitigation Compliance 

Schedule and Permit Extension

200400270 10/09/09

Ohio EPA 401 Water Quality Certification and 

the Ohio Isolated Wetland Permit 

124004 Pending, submitted 

2/12/2016

Department of Army Corps 

of Engineers

Section 404 Clean Water Act permit 

for wetland and stream impacts

2004-270 Pending, submitted 

2/12/2016

ODNR Limestone Mining Permit IM1164 07/13/02

Limestone Mining Permitting

3 Apex Permits.xlsx































 
 
Sec C1-091-867 C1-3 October 2011  
  (Revised July 2013, May 2016) 

policies and procedures regarding permit issuance and a response in not required here.  OAC 3745-

27-02(E) is addressed in the following sections. 

 

(E) Permit application 

 

(1) Each person proposing to establish or modify a solid waste facility or infectious waste 

treatment facility shall submit an application for a permit with accompanying detail plans and 

specifications to the director as he deems necessary in order to determine whether the criteria 

for approval have been met. 
 

(E)(1): This application includes the information necessary to determine that the criteria for approval 

have been met. 

 

(2) Each application for a permit to install shall be accompanied by a nonrefundable 

application fee established in Chapters 3734. and 3745. of the Revised Code. 
 

(E)(2): The $400.00 application fee is included with this submittal. 

 

(3) Every applicant for a permit, other than for a permit modification, shall file a disclosure 

statement, on a form developed by the attorney general, with the director of environmental 

protection and the attorney general at the same time the applicant files an application for a 

permit with the director. 

 
(E)(3): All disclosure statements are current with the Ohio EPA, with the last update submitted on 

July 22, 2015 regarding the change of ownership to Prophet Equity.  The Ohio EPA approved the 

transfer of ownership in a letter dated February 17, 2016 January 31, 2013 September 30, 2011.  

 

 (4) The application for a permit to install shall be signed by either the owner or operator of the 

facility shall be: 

(a) In the case of a corporation, by a principal executive officer of at least the level of vice 

president, or his duly authorized representative, if such representative is responsible for the 

overall operation of the facility. 

(b) In the case of a partnership, by a general partner. 

(c) In the case of a limited liability company by a manager, member, or other duly 

authorized representative of the limited liability company, if such representative is 

responsible for the overall operation of the facility. 

(d) In the case of sole proprietorship, by the owner. 

(e) In the case of a municipal, state, federal or other governmental facility, by the principal 

executive officer, the ranking elected official, or other duly authorized employee. 





































 
 
Sec C1-091-867 C1-21 October 2011  
  (Revised July 2013, May 2016) 

(H)(3)(c):  The authorized fill area, the contiguous new unit and proposed vertical expansion are not 

located within 1,000 feet of a water supply well or developed spring not owned by Apex.  Apex uses 

and controls two water wells that are on the facility and used to support operations; only one is 

within 1,000 feet from the limits of waste. As requested by the Ohio EPA, Apex has included a 

variance request in Section (C)(2) requesting permission to use the existing water supply well until 

the waste limits are within 1,000 feet of the well, which occurs during waste placement in Phase 10.  

Prior to waste being placed within 1,000 feet of the water well in Phase 10, Apex will perform one of 

the following: 

 

• Decommission the well and Ddemonstrate that the new water supply well is 

separated from the limits of solid waste placement by a hydrogeologic barrier.  This 

will require the installation of a new water well to be constructed with steel casing 

extending to the Connellsville/Morgantown UAS and a continuous annular cement 

seal from the bottom of the steel casing to the ground surface.  Apex will obtain Ohio 

EPA approval before implementing.    

• Decommission the well and either reinstall the well 1,000 feet hydrogeologically 

downgradient or 500 feet hydrogeologically upgradient from the proposed limit of 

waste or install a cistern (potable water tank) to provide water to the office.   

 

This is stated as a variance request in Section (C)(2).  This well meets the requirements of Rule 

3745-27-07 (H)(3)(c)(iii), is and is controlled by Apex.  See Drawings 2B and 2D for the water 

supply wells at the facility. 

 

(4)  General setbacks.   

(a)  One thousand feet from natural areas.  The limits of solid waste placement of the sanitary 

landfill  facility are not located within one thousand feet of the following, that are in existence 

on the date of receipt of the permit to install application by Ohio EPA:   

(i)  Areas designated by the Ohio department of natural resources as either a state nature 

preserve including all lands dedicated under the Ohio natural areas law, a state wildlife area, 

or a state wild, scenic or recreational river.  

(ii)  Areas designated, owned, and managed by the Ohio (sic) historical society as a nature 

preserve. 

(iii)  Areas designated by the United States department of the interior as either a national 

wildlife refuge or a national wild, scenic or recreational river. 

(iv)  Areas designated by the United States forest service as either a special interest area or a 

research natural area in the Wayne national forest. 

(v)  Stream segments designated by Ohio EPA as either a state resource water, a coldwater 

habitat, or an exceptional warmwater habitat.  

(b)  Three hundred feet from property line.  The limits of solid waste placement of the sanitary 

landfill facility are not located within three hundred feet of the sanitary landfill facility's 

property line.  





































































































































































































































































































 

Sec C2-091-867 C2-5 October 2011 

  (Revised July 2013, May 2016) 

controlled by Apex and is not used as a drinking water source.  The well is used to provide water 

to the office sinks and toilets.  This variance only requests the use of the well until the actual 

limits of waste are within 1,000 feet of the well, which occurs during waste placement in Phase 

10.  Prior to placing waste within 1,000 feet of the well in Phase 10, Apex will either 

decommission the well and or submit a demonstration to the Ohio EPA that a new well with 

casing installed to create a hydrogeologic barrier can be separated by the limits of waste by a 

hydrogeologic barrier in accordance with OAC rule 3745-27-07(H)(3)(c)(iii)., install a well at 

least 1,000 feet downgradient or 500 feet upgradient of the limit of waste in accordance with 

OAC rule 3745-27-07(H)(3)(c)(ii), or install a potable water tank for the Apex office. 

Based on the above, the proposed contiguous expansion PTI application will be protective of 

public health, safety, and the environment. 
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SEEPAGE EVALUATION 

 

 

  
 
  



 

Civil & Environmental Consultants, Inc. 

SUBJECT (C)(4)(a)  Seepage Evaluation PROJECT NO. 154-006 

PROJECT Apex Environmental, LLC PAGE 1 OF 16 

Apex Sanitary Landfill Contiguous Expansion  

MADE BY JMC DATE 5/16/16 CHECKED BY AMR DATE 5/16/16  
 

 

154-006.0012 Seepage Evaluation Civil & Environmental Consultants May 2016 

OBJECTIVE 
 
Though not required by Ohio Administrative Code Regulations, the potential for groundwater seepage 
and seepage damage in the proposed contiguous expansion area is being evaluated as requested by the 

Ohio EPA in comments in an Interoffice Memo dated February 26, 2016.       
 
DISCUSSION 
 

There is a proposed underdrain in Phases 10, 11, 12, and 14 of the proposed expansion.  The groundwater 

will be conveyed to groundwater sumps at low points.  The most recent revision of the PTI Application, 
submitted on December 30, 2015, included the option to pump or gravity drain the groundwater sumps.  

The Ohio EPA comments state that seepage needs to be evaluated to verify that the liner system won’t be 

damaged after the pumps in the groundwater sumps have been turned off.  This calculation is being 
performed to demonstrate that pumping of the groundwater is a temporary control.  The pumps in the 

groundwater sumps can be turned off after waste placement occurs, and the liner system will not be 

damaged.    

   
Ohio EPA has issued a draft of Chapter 7 of the Geotechnical and Stability Analyses for Ohio Waste 

Containment Facilities (GeoRG) Policy Manual (draft Chapter 7).  Though not required by Ohio 

Administrative Code Regulations, the potential for groundwater seepage and seepage damage in the 
proposed contiguous expansion area is being evaluated.  

 

As stated in the draft, seepage damage can be classified into three broad categories, which include: 
 

• Uplift; 

• Heaving; and 

• Piping or Internal Erosion.   

 

Based on the Hydrogeologic Site Investigation Report (HSIR) prepared by Civil & Environmental 

Consultants, Inc. (CEC), there are two piezometric heads (potentiometric surfaces) associated with 
bedrock units that will be left in-place beneath the proposed expansion footprint, which are the 

Bellaire/Summersfield (SZS) and Connellsville/Morgantown (UAS).  The potentiometric surface 

associated with the UAS only reaches the proposed base grades in limited areas and is lower in elevation 
than the potentiometric surface associated with the SZS.  The potentiometric surface associated with the 

SZS is above the proposed landfill base grades in some areas.  The Bellaire/Summersfield SZS 

potentiometric surface was therefore critical for the hydrostatic uplift evaluation, and is also critical for 
the seepage evaluation.  The Bellaire/Summersfield SZS unit is generally directly beneath the proposed 

base of RSL.  

   

The hydrostatic uplift calculation was previously prepared and submitted in PTI Application Section 
(C)(4)(a) to compare the downward stabilizing forces of soils and wastes and the uplift force on the base 

of RSL from the Bellaire/Summersfield potentiometric surface.  Figure 1 in the hydrostatic uplift 
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calculation shows the elevation of the Bellaire/Summersfield SZS potentiometric surface in comparison to 

the base of RSL.  As shown in the figure, the potentiometric surface is above the base of RSL in some 
areas, located in Phases 10, 11, 12, and 14 of the proposed expansion.  Below is a summary table of the 

maximum height of the potentiometric surface above the base of RSL, as determined in the hydrostatic 

uplift calculation.  

 

Phase No. 

Max. Height of  
Potentiometric Surface 

Above Base of RSL, Hp 

(ft) 

10 24 

11 15 

12 14 

14 14 

 

CEC prepared calculations to show areas where waste placement is needed to obtain the required factor of 
safety for hydrostatic uplift.  The following table summarizes the minimum waste thicknesses needed to 

achieve the required factor of safety against uplift at the critical location in each phase.  A geocomposite 

underdrain is proposed in these locations.   
 

Phase 

No. 

Minimum Thickness 

of Waste Required from 

Uplift Calculation 
 (ft) 

10 22 

11 11 

12 9.5 

14 9.5 

 

As noted in draft Chapter 7, heaving is typically analyzed by comparing the seepage forces exerted by the 

groundwater with the unit weight of overburden counteracting materials.  The hydrostatic uplift 

calculation evaluates these conditions; therefore a separate analysis for heaving is not being submitted. 
 

This seepage evaluation is being included as a supplement to the hydrostatic uplift calculation as 

requested by the Ohio EPA.  For this evaluation, piping and internal erosion due to seepage were 
considered. As discussed in the Geotechnical Summary, which is included in Section (C)(4) of the PTI 

Application, all mine spoil will be removed within the floor area of the landfill by excavating to the 

proposed base grades.  As a result, the grades of the base of recompacted soil liner (RSL) on the floor of 

the landfill will be founded on bedrock.  There is no anticipated damage from seepage in the underlying 
bedrock due to piping and internal erosion.  This seepage evaluation was therefore limited to the RSL.   
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METHODOLOGY 
 
Consistent with the hydrostatic uplift calculation, the Bellaire/Summersfield SZS potentiometric surface 

was considered during this seepage evaluation.  This is because the Bellaire/Summersfield potentiometric 

surface is higher than the Connellsville/Morgantown UAS.  For the seepage evaluation, the critical 
gradient in the RSL will be compared with the actual gradient through the RSL to determine if there is the 

potential for piping and internal erosion of the RSL.  Additionally, based on soil properties for RSL, the 

potential for internal erosion will be evaluated by calculating the erosion rate index of the RSL.   
 

Seepage Evaluation 

 

For the seepage evaluation, the critical gradient in the RSL will be compared with the actual gradient 
through the RSL to determine if there is the potential for loss of soil stability in the RSL layer.  As 

presented in draft Chapter 7 and consistent with methodology presented in The Principles of 

Geotechnical Engineering by Braja M. Das (Das), a loss of soil stability can occur when there is zero 
effective stress in the soil, or when the critical hydraulic gradient is exceeded.  As presented in Das, the 

loss of soil stability can result in boiling of soils or a quick condition, which leads to piping and internal 

erosion in granular soils.  The piping and internal erosion soil failures are not as common in cohesive 

soils.  The loss of soil stability is being evaluated in this calculation for RSL, which is a cohesive soil.   
 

Calculation of Critical Hydraulic Gradient 

 
The equations for the critical hydraulic gradient that are presented in draft Chapter 7 account for 

excavation situations for which no overburden is present.  However, this is a temporary condition since 

waste will eventually be placed and will create overburden pressure.  The overburden pressure changes 

the effective stress in the soil and therefore changes the critical hydraulic gradient.  This is demonstrated 
by the equations below, which use methodology presented in Das.  Corresponding pages from Das and a 

diagram depicting a typical section at Apex are included in Attachment A.  Draft Chapter 7 is included in 

Attachment B. 
 

The basic equation for effective stress in soil material is as follows: 

 

���������		�
�		 = ����		�
�		 − �
�	����
	�
�		�
� 

 
The total stress in the RSL material at depth z assuming that waste placement has occurred can be 

represented as follows: 
 

������ = ����� ∗ ℎ���! + ��#$ ∗ ℎ#$! + ��%�& ∗ '! 
 

Where: 

σtotal = Total stress at a point of depth z in the RSL material 
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γMSW = Unit weight of MSW = 75 pcf 

hMSW = Placed height of MSW (varies by location) 
γPC = Unit weight of protective cover = 115 pcf 

hPC = Depth of protective cover = 1 foot 

γRSL = Saturated unit weight of RSL = 125 pcf 

z = Depth at which the stress is being evaluated within the RSL material measured from the top 
of RSL (can range from 0 to 3 feet) 

 

For purposes of this calculation, the RSL material is conservatively assumed to be completely saturated 
(i.e., the water level in the soil material is at the bottom of the overlying geomembrane). Therefore the 

pore water pressure at a depth z in the RSL material can be calculated as follows: 

 

( = �)*��+, + ' + �'!�* 
 

Where: 

µ = Pore water pressure at a point of depth z in the RSL material 
Hwater = Height of water above the soil (0 since the water level is restricted by the overlying 

geomembrane) 

z = Depth within RSL material (can range from 0 to 3 feet) 
i = hydraulic gradient in the RSL 

γw = Unit weight of water = 62.4 pcf 

 

Effective stress can be represented as the difference between the total stress and the pore water pressure, 
or: 

 

�+-- = ������ 	− ( 

 

The effective stress in the RSL material assuming that waste placement has occurred can be represented 
as follows: 

 

�+-- = .����� ∗ ℎ���! + ��#$ ∗ ℎ#$! + ��%�& ∗ '!/ − .�' + �'!�*/ 
 

The critical gradient is reached when there is zero effective stress in the soil.  The equation presented 

above for effective stress was therefore set equal to zero, and revised equations for the critical gradient, 
icr, were derived considering the overburden material.   

 

0 = .����� ∗ ℎ���! + ��#$ ∗ ℎ#$! + ��%�& ∗ '!/ − .�' + �1,'!�*/ 
 

This equation can be solved for critical hydraulic gradient, as shown by the steps below. 
 

.�' + �1,'!�*/ = .����� ∗ ℎ���! + ��#$ ∗ ℎ#$! + ��%�& ∗ '!/ 
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'�* + �1,'�* = ����� ∗ ℎ���! + ��#$ ∗ ℎ#$! + ��%�& ∗ '! 
 

�1,'�* = ����� ∗ ℎ���! + ��#$ ∗ ℎ#$! + ��%�& ∗ '! − '�* 
 

�1, =
����� ∗ ℎ���! + ��#$ ∗ ℎ#$! + ��%�& ∗ '! − '�*

'�*
 

 

�1, =
����� ∗ ℎ���! + ��#$ ∗ ℎ#$!

'�*
+
�%�& − �*

�*
 

 

Note that the second term of the equation matches the calculation for critical gradient without the 

presence of overburden (as described in draft Chapter 7) while the first term accounts for the effect of 
overburden material. When there is no overburden present, the first term equals zero and the equation 

reduces to the calculation presented in draft Chapter 7.  When present, the overburden provides additional 

downward vertical stress to counteract the effects from upward seepage.  

 
Note that z reflects the depth that the calculation is performed at in the RSL.  As z increases in the above 

formula, the critical gradient decreases.  Therefore, the maximum z value of 3 feet has been 

conservatively used when calculating the critical hydraulic gradient.  Also, when calculating the critical 
hydraulic gradient, it was assumed that waste was placed to the minimum thickness required based on the 

hydrostatic uplift calculation.   

 

Calculation of Actual Hydraulic Gradient 
 

As noted in draft Chapter 7, the actual hydraulic gradient through a soil can be calculated using the 

following equation:   
 

��1�2�� =
∆ℎ
∆4

 

 

Where: 

∆ℎ = head loss between two points 

∆4 = apparent flow distance at which the gradient is being measured 

 

For zones of saturation, the following equation is presented for the actual gradient. 
 

��1�2�� =
��	�	���5��6��
��		�
����	����. −	��	�	���8	��5�
	����.

��	�	���8	��5�
	����. −��	�	����
	9��
�5:	�5��	����.
 

 

Below is a summary table of the maximum height of the potentiometric surface above the base of RSL, as 

determined in the hydrostatic uplift calculation.  Note that for the uplift calculation, the driving force was 
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calculated as the difference between the potentiometric surface and the base of RSL, so that heaving of 

the RSL could be evaluated.  This calculation is evaluating seepage through the RSL, so the head was 
calculated as the difference between the potentiometric surface and the top of RSL.  The flow length was 

calculated through the RSL.     

 

Phase No. 

Max. Height of  

Potentiometric Surface 
Above Top of RSL, hp 

(ft) 

10 21 

11 12 

12 11 

14 11 

 

The Bellaire/Summersfield SZS unit is directly beneath the proposed base of RSL at the critical locations.  

Therefore, the top of the water bearing unit elevation was conservatively assumed to be at the base of 
RSL material in all locations, and the apparent flow distance or denominator of the above equation was 

calculated as 3 feet in each location.   

 
Calculation of Factor of Safety for Seepage 

 

Based on the above equations, a critical and actual hydraulic gradient was calculated for each of the 

critical locations, where the potentiometric surface reached the maximum height above the RSL, as 
identified in the hydrostatic uplift calculation.  The factor of safety against seepage damage is the ratio of 

the critical hydraulic gradient to the actual hydraulic gradient: 
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;< = �1,
��1�2��=  

 

Where: 

FS = Factor of safety against seepage 
icr = critical hydraulic gradient 

iactual = actual hydraulic gradient 

 
The results are presented in the table below and the calculation spreadsheet is presented in Attachment C. 

 

Phase No. 

Max. Height of  

Potentiometric 
Surface 

Above Top of 

RSL, hp 
(ft) 

Critical 

Gradient, icr 

Minimum 

Thickness of 
Waste 

from Uplift 

calculation, hMSW 

(ft) 

Actual 

Gradient, 
iactual 

Factor of 

Safety 

Target Factor 

of Safety 

10 21 10.4 22.0 7.0 1.49 1.10 

11 12 6.0 11.0 4.0 1.51 1.10 

12 11 5.4 9.5 3.7 1.48 1.10 

14 11 5.4 9.5 3.7 1.48 1.10 

 

As can be seen in the table above, when waste is placed to the minimum required thickness, the factor of 

safety for seepage exceeds the target factor of safety.  This shows that the RSL soil will retain stability, 

and damage due to seepage is not anticipated.    
 

Installation of Underdrain for Uplift and Seepage 

 
As stated in the hydrostatic uplift calculation, a geocomposite underdrain system will be installed if 

groundwater is encountered during construction.  The underdrain geocomposite is proposed in areas 

where waste placement is needed to obtain the required factor of safety for uplift.  The intent of the 
underdrain geocomposite is to collect and convey any seepage beneath the RSL.  The underdrain system 

will also include pipe trenches with perforated or solid pipe, bedded in a minimum of 18 inches of coarse 

aggregate and wrapped with geotextile fabric.  The groundwater will be conveyed to sumps, and either 

pumped or gravity drained.   
 

If water is pumped from the underdrain system, the pumping will continue until the minimum required 

waste thickness is placed. This will prevent damage due to uplift and seepage during construction and 
initial waste placement.  Since the pumping is only needed until certain depths of waste are placed, this is 

considered a temporary groundwater control. 

 

The underdrain system is to be installed as-needed if groundwater is encountered during construction.  
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Details for the underdrain system are provided on Drawing 7B of the PTI Application Drawings.   
 
Potential for Internal Erosion of RSL 
 
As stated above, the base grades/base of RSL on the floor of the landfill will be founded on bedrock.  As 

presented in draft Chapter 7 and consistent with the methodology from a document entitled, Investigation 

of Rate of Erosion of Soils in Embankment Dams, Chi Fai Wan and Robin Fell, Journal of Geotechnical 
and Geo-environmental Engineering, April 2004 (Wan), the potential for internal erosion in fine-grained 

soils can be estimated using the Erosion Rate Index.  The Erosion Rate Index is based on soil properties, 

including the soil gradation, amounts of fines and clay, Atterberg limits, in situ water and density, and 
construction specifications.   

 

Calculation of Erosion Rate Index 
 

The following table presents qualitative terms for erosion rate indexes, IEROSION. 

 

Erosion 
rate index 

Description 

<2 Extremely rapid 

2-3 Very rapid 

3-4 Moderately rapid 

4-5 Moderately slow 

5-6 Very slow 

>6 Extremely slow 

 

The following equation for fine-grained soils was utilized to estimate the erosion rate index: 
 

20.1044.011.009.0042.00056.00097.010.0042.0153.0 −++−+−∆++−

=

PIpLLClayFinesrRDd

I
EROSION

ωωγ

 

 
Where: IEROSION = predicted erosion rate index, which has values in the range of 0 to 6, with soils that 

erode rapidly having a lower IEROSION than soils that erode slowly. 

 γd = dry density of the soil, pcf
 

 RD = relative density of the soil (γd/ γdmax = percentage compaction in percent) 
 

γdmax = maximum dry density of the soil, pcf 

 ω = water content, % 

 ∆ωr = water content ratio in percent, equal to (ω – OMC)/OMC*100%, where OMC is the 
optimum water content in % 

 Fines = fines content of the soil passing No. 200 sieve, % 

 Clay = mass fraction finer than 0.005 mm, % 

 LL = liquid limit, % 
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 Ip = plasticity index, % 

 P = pinhole test classification expressed as an ordinal number 
 

Dispersiveness 
Category 

Pinhole Test 
Classification Value 

Description 

D1 1 
Dispersive Clays that fail rapidly under 2-in. head 

D2 2 

ND4 3 Slightly to moderately dispersive clays that erode 

slowly under 2-in. or 7-in. head. ND3 4 

ND2 5 Nondispersive clay with very slight to no colloidal 

erosion under 15-in. or 40-in. head. ND1 6 

1. Dispersiveness category based on ASTM D4647, Method A & Method C, which is included in 

proposed Chapter 7 of the GEORG Manual. 
 

To estimate the erosion rate index of the RSL, input values were determined based on laboratory test 

results from on-site soils that were used as RSL during construction events.  This includes laboratory test 

results obtained during construction of test pads and during RSL soil stockpile prequalification.  Test pads 
are required to model the equipment, soil, and construction techniques of the recompacted soil liner 

(RSL) and show that the required permeability for RSL will be achieved using the construction 

techniques.  The soils for Test Pad Nos. 3 and 4 are representative of the soils used as RSL.  Recently, 
RSL Stockpile Nos. 25 through 30 were prequalified prior to construction.  The soils in Stockpile Nos. 25 

through 30 are consistent with the soils used for Test Pad Nos. 3 and 4.   

 
For this evaluation, the laboratory test results for Test Pad Nos. 3 and 4 and for Stockpile Nos. 25 through 

30 were used to obtain the input values.  Attachment D includes summary tables with the average test 

results for each test pad and stockpile.  The on-site soils from these test pads and stockpiles are 

considered representative of the material that is anticipated for future RSL.   

 

 
Averages from  

Test Pads 

Averages from RSL 

Soils Prequalification  
(SP 25 through SP 30) 

γdmax (see Note 1) 121.2 117.1 

γd/ γdmax (see Note 1) 95% 95% 

ω (see Note 1) 11.7 13.1 

∆ωr (see Note 2) 0% 0% 

Fines 55.9 58.4 

Clay (see Note 3) 18.9 23.1 

LL 35 37 

Ip 17 18 

Pinhole Dispersion Test 

Classification Value 

4 (see Note 5) 4 (see Note 5) 
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1. The CQA Plan allows for 95% of the Standard Proctor or 90% of the Modified Proctor.  As the 
percent compaction is subtracted in the formula, the higher percentage was used for conservatism.   

2. The in-situ moisture content of the soil is assumed to equal the optimum moisture content.      

3. The clay content reported is the % passing the 0.002 mm sieve, which is conservative. 

4. Percentage of fines and clay were estimated based on the data from Test Pad Nos. 3 and 4 and 
RSL Soils Prequalification for Stockpile Nos. 25 through 30.  

5. The pinhole dispersion test classification value is assumed based on CEC’s testing experience of 

similar materials.  The representative test results are presented in Attachment E.  A conservative 
value was used in comparison to the representative test results.   

 

IEROSION for the averages from RSL Soils Prequalification and for the Test Pad Construction is calculated 

as follows: 
 

Test Pad Construction 

 

20.1044.011.009.0042.00056.00097.010.0042.0153.0 −++−+−∆++−

=

PIpLLClayFinesrRDd

I
EROSION

ωωγ

 

 

IEROSION = (0.153*121.2) – (0.042*95) + (0.10*11.7) + (0.0097*0) – (0.0056*55.9) + (0.042*18.9) – 

(0.09*35) + (0.11*17) + (0.44*4) – 10.20 = 6.5 
 

RSL Soils Prequalification 

 

20.1044.011.009.0042.00056.00097.010.0042.0153.0 −++−+−∆++−

=

PIpLLClayFinesrRDd

I
EROSION

ωωγ

 

 

IEROSION = (0.153*117.1) – (0.042*95) + (0.10*13.1) + (0.0097*0) – (0.0056*58.4) + (0.042*23.1) – 

(0.09*37) + (0.11*18) + (0.44*4) – 10.20 = 6.1 
 

The erosion rate index calculated for representative RSL materials ranges from 6.5 to 6.1 and averages 

6.3, which indicates that the RSL will erode extremely slowly. 
 

CONCLUSIONS 
 

• A geocomposite underdrain system will be installed if groundwater is encountered during 

construction.  The underdrain geocomposite is proposed in areas where waste placement is 

needed to obtain the required factor of safety for seepage.  The intent of the underdrain 

geocomposite is to collect and convey any seepage beneath the RSL.  The underdrain system will 

also include pipe trenches with perforated or solid pipe, bedded in a minimum of 18 inches of 
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coarse aggregate and wrapped with geotextile fabric.  The groundwater will be conveyed to 

sumps, and either pumped or gravity drained.   

• In areas where the underdrain is installed, groundwater will be pumped until waste is placed to 

the minimum required thickness to meet the required factor of safety for seepage.  The following 

table summarizes the minimum waste thicknesses needed to achieve the required factor of safety 

at the critical location in each phase.   

 

Phase 

No. 

Minimum Thickness 

of Waste Required from 

Uplift Calculation 
 (ft) 

10 22 

11 11 

12 9.5 

14 9.5 

 

• If water is pumped from the underdrain system, the pumping will continue until the minimum 

required waste thickness is placed.  This will prevent damage due to seepage during construction.  

Since the pumping is only needed until certain depths of waste are placed, this is considered a 

temporary groundwater control.   

• The potential for internal erosion in fine-grained soils can be estimated using the Erosion Rate 

Index.  The erosion rate index calculated for representative RSL materials ranges from 6.5 to 6.1 

and averages 6.3, which indicates that the RSL will erode extremely slowly.   
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ATTACHMENT A 
 

PAGES FROM DAS AND DIAGRAM 
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ATTACHMENT B 

 
DRAFT CHAPTER 7 FROM THE GEORG POLICY MANUAL 



 

115 E. Ogden Avenue, Suite 117-313,  Naperville, IL 60563 

800-679-6269   630-848-1101   630-848-1102 fx 

www.wasterecycling.org 

 

 

 

June 19, 2015 

 

Ms. Annette De Havilland 

Division of Materials and Waste Management 

Ohio Environmental Protection 

PO Box 1049 

Columbus, Ohio 43216 -1049 

 

Re: Comments to Ohio EPA’s Proposed Chapter 7 Update to the GEORG Policy Manual  

 

Dear Ms. Braun: 

The members of the Ohio Chapter of the National Waste & Recycling Association (NWRA) have 

received and reviewed the Ohio EPA’s proposed updates to Chapter 7 - Hydrostatic Uplift Analysis in 

the Policy (DSIWM-27-08-660) on the Geotechnical and Stability Analyses for Ohio Waste 

Containment Facilities (aka GEORG Manual).    As you may recall our members own and/or operate 25 

solid waste landfills within the state of Ohio and well over 550 landfills nationally.  Our members have 

been designing, constructing, and certifying landfill liners systems for over 25 years to satisfy both the 

Federal subtitle D requirements and state regulations 

We appreciate Ohio EPA providing the opportunity to the regulated community to review and comment 

on the proposed updates to Chapter 7 of the GEORG Manual, and we support the Agency’s desire to 

better educate our regulators through investigation “to evaluate the risks to our landfill’s liner system 

and the potential vulnerability of these engineered components to hydrostatic uplift and/or subsurface 

seepage.  We share the Agency concerns on this topic, and have been addressing these mechanisms for 

over 25 years at our disposal facilities in Ohio and in other states.  These mechanisms have been 

adequately addressed historically by understanding the hydrogeological conditions at each disposal 

facility as required in Ohio Administrative Code (OAC) 3745-27-06 (solid waste permit applications) 

and the existing  requirements for the construction of the engineered components outlined in OAC 3745-

27-08.  Hydrostatic uplift as required in the existing OAC rules requires a factor of safety of 1.4.  

Seepage on the other hand does not have specific regulatory requirements related to the engineering 

design of the liner components, and therefore is more difficult to relate back to specific regulatory 

requirements. 

Both of these hydrogeologic and geotechnical engineering mechanisms are not new ones, and we 

believe that that both are already being managed through effective engineering design to prevent 

hydrostatic uplift and /or to effectively manage the seepage under and around the disposal facility’s 

structural fill, added geologic material, and/or liner systems or other engineered structures at solid waste 

disposal facilities. The responsible professional engineer for each landfill’s permitting and/or liner 

installation certification and /or other engineered component installation project has an obligation to 
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have and maintain the expertise with these topics to provide these services in accordance with the 

Professional Engineers code of ethics.   

In addition, the construction quality assurance/control process documents that the design and technical 

specification and quality control plans are being followed during construction.  These quality control 

mechanisms are the final step in confirming that the engineered components have been installed in 

accordance with the professional engineer’s design, the regulatory requirements and any requirements 

contained in the Ohio EPA approved solid waste permit application.  These quality control practices 

include reviewing the installation of underdrain systems which have been employed for over 25 years to 

protect the various landfill components from both hydrostatic uplift and seepage.  These methods have 

been effective and utilized by the Industry. 

We further recognize as indicated in the reference bibliography provided with the Ohio EPA revised 

Chapter 7, that this is not a new issue.  Engineering books and technical papers have been written on this 

and related topics dating back to the 1950’s.   

 

With respect to the actual updated language of Chapter 7, we appreciate Ohio EPA’s attempts to provide 

a more advanced introductory basis for hydrostatic uplift, heave, and seepage; however, respectfully, 

this draft write-up can be considered ineffective and inadequate to train Ohio EPA scientists and 

engineers that have neither the engineering training nor experience to better understand these topics.   

 

Geotechnical engineers have written entire chapters of engineering books and/or a multitude of technical 

papers on each of these three topics, and Ohio EPA is attempting to summarize them in less than 28 

pages.   The updated Chapter 7 language does not reference the regulatory requirements that they 

attempt to assist an untrained regulator in understanding the engineering theorems and corresponding 

assumptions.  The examples provided do not provide the necessary insights as to where this data 

emulates from the regulatory requirements and the landfill’s Ohio EPA approved Subsurface 

Investigation Report and/or the stability analyses can be found.  The Chapter 7 write-up can be better 

organized to relate regualtory requirements to providing the necessary inputs to utilize the theorums. 

 

The paragraph on “heaving” pertains more to bearing capacity than to hydrostatic uplift and/or seepage.  

Heaving in certain soils can be attritributed to a situation where unloading or a substantial reduction in 

overburden stress on a certain soil layer can cause an increase in pore pressure (aka cause subsurface 

water migration into this soil layer).   Typically, this water migration is not significant in the midwest 

(except in underconsolidated and some normally consolidated soils) since our soils are not as 

suspectable as some soils located west of the Mississippi River.   We would suggest that the heaving 

topic could be more correctly related to the GEORG manual section related to bearing capacity, but it 

would need to have an enhanced explanation to assist Ohio EPA scientists unfamilar with this topic. 
 

Lastly, landfill engineers have been adequately addresssing the uplift potential and seepage issues for 

over 2 5 years by installing underdrain systems.  We would disagree with the Ohio EPA’s position 

provided in the third paragraph of the Introduction of Chapter 7 that a properly designed underdrain 

system used to reduce the buildup of pore water pressure may prevent damage associated with 

hydrostatic uplift but cannot be employed to reduce the seepage potential and associated damage.  These 

systems are highly effective and have provided adequate protection to the subsurafce engineered 

components of our solid waste facilities.  It was somewhat surprising in the updated Chapter 7 language 
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that minimal references to the installation and use of underdrain systems were made. 

 

We are appreciative of the effort and commitment of Ohio EPA to research the state of the practice on 

these topics and to maintain stringent and technically proficient reference documents that are protective 

of the environment.   

 

NSWMA is supportive of providing more reference documents to Ohio EPA revirewers; however, they 

can not become a replacement to engineers or scientists with applicable engineering training and 

geotechincal experience.  As such, we respectively request the Agency continue to clarify and simplify 

the proposed Chapter 7 lanaguage and /or provide training seminars rather than seek additional policy 

language to address these types of engineering mechnisms. 

 

We would be happy to meet with you and any other agency personnel at your convenience to discuss our 

comments.  Please feel free to contact us at 513-490-4490 or 513-720-1369 should you have any 

questions or wish additional information. 

 

 

Sincerely, 
NATIONAL WASTE & RECYCLING ASSOCIATION 

        

Kathy Trent 

Chapter Chairperson 

Bruce O. Schmucker, P.E. 

Chapter Vice-Chairperson 

 

Attachments: Ohio EPA updated Chapter 7 to GEORG Manual 

 

cc: Peggy Macenas – NWRA 
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ATTACHMENT C 
 

SEEPAGE CALCULATION SPREADSHEETS  



Material
Density

(pcf)

Thickness

(ft)

Protective Cover 115 1

RSL 125 3

Waste 75 Varies

Water 62.4 Varies

Phase No. Critical Gradient

Height of Waste

from Uplift 

calculation, 

hMSW

(ft)

Actual Gradient Factor of Safety Target Factor of Safety

10 10.4 22.0 7.0 1.49 1.10

11 6.0 11.0 4.0 1.51 1.10

12 5.4 9.5 3.7 1.48 1.10

14 5.4 9.5 3.7 1.48 1.10

Apex Environmental LLC

Apex Sanitary Landfill Contiguous Expansion

11

11

CEC Project 154-006.0012

Seepage Calculation

Max. Height of 

Potentiometric Surface

Above Top of RSL, hp

(ft)

21

12

150-006.0012 Seepage Calculation Civil & Environmental Consultants, Inc. April 2016
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ATTACHMENT D 
 

LABORATORY TEST RESULT SUMMARY TABLES FOR EROSION RATE INDEX 
CALCULATION 

  



TP3 TP4 Average

OMC (%) 9.6 8.0 8.8

MDD (pcf) 126.0 133.4 129.7

OMC (%) 12.6 10.9 11.7

MDD (pcf) 116.9 125.4 121.2

Liquid Limit 36 35 35

Plasticity Index 16 18 17

% Gravel 29.1 33.2 31.2

% Sand 12.6 19.5 16.1

% Silt 36.7 31.0 33.9

% Clay 21.6 16.2 18.9

% Pass 2" 100.0 100.0 100.0

% Pass 3/4" 94.3 94.1 94.2

% Pass No. 200 61.4 50.4 55.9

% Less than 0.002 mm 21.6 16.2 18.9

Table 1 - Summary of Test Pad Soils Data

Erosion Rate Index Calculation

Apex Environmental LLC

Apex Sanitary Landfill Contiguous Expansion

CEC Project 154-006.0012

Modified 

Proctor

Standard 

Proctor

USDA Soils 

Classification

USCS Soils 

Classification

Atterberg Limits

Table 2 - Summary of Test Pad Soils Testing Civil & Environmental Consultants, Inc. April 2016



SP 25 SP 26 SP 27 SP 28 SP 29 SP 30 Average

OMC (%) 10.8 9.2 10.4 8.7 10.6 10.5 10.0

MDD (pcf) 124.7 127.6 125.4 128.8 123.9 125.1 125.9

OMC (%) 13.5 12.8 13.2 12.1 13.5 13.3 13.1

MDD (pcf) 116.7 118.5 116.3 118.5 115.5 117.4 117.1

Liquid Limit 39 34 36 36 40 38 37

Plasticity Index 19 15 18 19 20 19 18

% Gravel 25.8 28.1 25.7 36.8 26.8 24.9 28.0

% Sand 13.2 14.3 17.1 17.2 15.1 14.9 15.3

% Silt 34.4 36.8 34.8 26.8 32.9 35.9 33.6

% Clay 26.6 20.8 22.4 19.2 25.2 24.3 23.1

% Pass 2" 100.0 100.0 100.0 100.0 100.0 100.0 100.0

% Pass 3/4" 93.7 97.2 98.5 93.1 96.1 97.3 96.0

% Pass No. 200 62.5 60.4 59.1 47.0 59.8 61.7 58.4

% Less than 0.002 mm 26.6 20.8 22.4 19.2 25.2 24.3 23.1

Table 2 - Summary of Recent RSL Soils Testing

Erosion Rate Index

Apex Environmental LLC

Apex Sanitary Landfill Contiguous Expansion

CEC Project 154-006.0012

Atterberg Limits

Modified 

Proctor

Standard 

Proctor

USDA Soils 

Classification

USCS Soils 

Classification

Table 2 - Summary of Recent Soils Testing Civil & Environmental Consultants, Inc. April 2016
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ATTACHMENT E 
 

PINHOLE DISPERSION TEST RESULTS 
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OBJECTIVE  
 

In accordance with OAC 3745-27-06(C)(5)(a), the volume and anticipated 

life of the proposed lateral expansion of the Apex Sanitary Landfill 
(Landfill) will be determined.  Additionally, the total proposed life of the 

remaining existing unit and proposed lateral expansion will be determined. 

 
METHODOLOGY 

 

These calculations will estimate the total airspace of the proposed Landfill 
lateral expansion by using the Autodesk Civil 3D computer software through 

a comparison of the proposed bottom and top of waste surfaces.  In addition, 

the total remaining airspace of the existing unit is determined using records 

from December 31, 2012 December 31, 2015.  The total landfill life will be 
determined using the combined airspace from what remains in the existing 

unit and the proposed lateral expansion. 

 
The anticipated facility life will be estimated using the density of waste 

provided by the site, which includes the daily and intermediate cover soils.  

The rate of waste placement will be based on the proposed Authorized 

Maximum Daily Waste Receipt (AMDWR).  Additionally, varying daily 
waste receipts will be used to estimate the anticipated site life. 

 

• Based on information provided by the site, the density of waste 

including daily and intermediate cover soils is approximately 0.81 
gate tons per in-place cubic yard.  

 

• The following values were used for the daily waste receipts: 2,000, 

4,000, 6,000, and 8,000 tons per day. 
 

• The proposed AMDWR is 10,000 tons per day. 

 

• It is assumed that the site operates 310 days per year. 
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VOLUME OF LANDFILL  

 

  Remaining Airspace of Existing Unit 
 

  Based on records from December 31, 2012 December 31, 2015, the 

remaining airspace was reported as 9,632,000 7,300,606 CY.   
   

  Lateral Expansion Airspace 

 
  Based on the Autodesk Civil 3D computer software comparing the top and 

bottom of waste surfaces, the proposed total airspace at the Landfill 

expansion will be  61,093,000 CY.   

  

ANTICIPATED FACILITY LIFE 

 

Estimated Daily Waste Receipt 

 

The anticipated life of the facility based on proposed total airspace 

determined above is calculated considering both scenerios of the estimated 

daily waste receipt and the proposed AMDWR of 10,000 tons per day.  
   

Because it is difficult to predict waste receipts over the life of the facility, 

varying daily waste receipts were used to estimate the anticipated life.  The 
estimated daily waste receipts vary between the following: 2,000, 4,000, 

6,000, and 8,000. 

 

Remaining Life of Existing Unit (Daily Waste Receipts) 

 

Below is a table summarizing the anticipated life of the existing facility 

based on the varying daily waste receipts.   
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Table 1 

Remaining Life of Existing Unit 

   Density of waste (gate tons per in-place cubic yard) 0.81 

Remaining airspace of existing unit (cubic yards) 7,300,606 9,632,000 

Assume landfill operate (days per year) 

 

310 

   
Remaining Life of Existing Unit 

Estimated Daily Waste Receipt 

(tons per day) 
Site Life (years) 

2,000 9.5 12.6 

4.000 4.8 6.3 

6.000 3.2 4.2 

8,000 2.4 3.1 

 

Remaining Life of Existing Unit (AMDWR) 

 

Based on the proposed AMDWR of 10,000 tons/day and assuming the 

landfill will operate 310 days per year, the anticipated life is estimated to be: 
 

  9,632,000	�		 
0.81	 ������ � 
 �	���
��,���	����� 


�	����
���	����� = 2.5	� !"#	

   

  7,300,606	�		 
0.81	 ������ � 
 �	���
��,���	����� 


�	����
���	����� = 1.9	� !"#	

   

Life of Lateral Expansion (Daily Waste Receipts) 
 

Below is a table summarizing the anticipated life of the proposed facility 

expansion based on the varying estimated daily waste receipts. 
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Table 2 

Life of Lateral Expansion 

   Density of waste (gate tons per in-place cubic yard) 0.81 

Remaining airspace of existing unit (cubic yards) 61,093,000 

Assume landfill operate (days per year) 

 

310 

   
Life of Lateral Expansion 

Estimated Daily Waste Receipt 

(tons per day) 
Site Life (years) 

2,000 79.8 

4,000 39.9 

6,000 26.6 

8,000 20.0 

 

 

Life of Lateral Expansion (AMDWR) 

 

  Based on the proposed AMDWR of 10,000 tons/day and assuming the 

landfill will operate 310 days per year, the anticipated life is estimated to be: 
 

  61,093,000	�		 
0.81	 ������ � 
 �	���
��,���	����� 


�	����
���	����� = 16.0	� !"#	

 

 Combined Remaining Life 
  

 

Below is a table summarizing the combined remaining life of the existing 

unit and proposed lateral expansion based upon the varying estimated daily 
waste receipts. 
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Table 3 

Combined Remaining Life 

    

Estimated Daily Waste Receipt 

(tons per day) 

Existing 

Unit Site 

Life 

(years) 

Lateral 

Expansion Site 

Life (years) 

Combined 

Site Life 

(years) 

2,000 9.5 12.6 79.8 89.3 92.4 

4,000 4.8 6.3 39.9 44.7 46.2 

6,000 3.2 4.2 26.6 29.8 30.8 

8,000 2.4 3.1 20.0 22.4 23.1 

 

  The remaining life of the existing unit and proposed lateral expansion based upon the 
AMDWR is 18.5 17.9 years. 

   

CONCLUSION 
 

Total Combined Airspace 

 
This calculation estimates the proposed total airspace of the Landfill 

including the remaining airspace of the existing unit (as of December 31, 

2012 December 31, 2015) and the proposed lateral expansion to be 

70,725,000 68,393,606 CY. 
 

Total Combined Landfill Life (As of December 31, 2015June 2013) 

 
The combined total anticipated life of the Landfill including the remaining 

airspace of the existing unit and the proposed lateral expansion is estimated 

to be: 

 

• 23.1 years to 92.4 years 22.4 years to 89.3 years based on the 

varying daily waste receipts; and, 

• 18.5 17.9 years based on the proposed AMDWR of 10,000 tons per 

day. 





Density of waste (gate tons per in-place cubic yard) 0.81

Remaining airspace of existing unit (cubic yards) 7,300,606

Assume landfill operate (days per year) 310

Estimated Daily Waste Receipt (tons 

per day)

2000

4000

6000

8000

Density of waste (gate tons per in-place cubic yard) 0.81

Remaining airspace of existing unit (cubic yards) 61,093,000

Assume landfill operate (days per year) 310

Estimated Daily Waste Receipt (tons 

per day)

2000

4000

6000

8000

Estimated Daily Waste Receipt (tons 

per day)

Existing Unit 

Site Life 

(years)

Lateral 

Expansion Site 

Life (years)

Combined 

Site Life 

(years)

2000 9.5 79.8 89.4

4000 4.8 39.9 44.7

6000 3.2 26.6 29.8

8000 2.4 20.0 22.3

Table 2

(C)(5)(a) VOLUME AND ANTICIPATED LIFE CALCULATION

APEX ENVIRONMENTAL, LLC

APEX SANITARY LANDFILL CONTIGUOUS EXPANSION

Remaining Life of Existing Unit

Table 1

Remaining Life of Existing Unit

Site Life (years)

9.5

4.8

3.2

2.4

20.0

Table 3

Combined Remaining Life

Life of Lateral Expansion

Life of Lateral Expansion

Site Life (years)

79.8

39.9

26.6

C5a-Anticipated Life Calculation.xlsx
December 2015

Revised May 2016



















































































































































































































































































PHASE ID

AREA OF 

PHASE

TOTAL 

DEVELOPED 

AREA

TOTAL CAP 

INSTALLED

TOTAL OPEN 

AREA

AC AC AC AC

Phase 1 to 6B-

West 95.7 95.7 0.0 95.7

6B-East 3.2 98.9 0.0 98.9

7A 9.2 108.1 0.0 108.1

8 23.3 131.4 0.0 131.4

9 16.2 147.6 23.3 124.3

10 33.1 180.7 39.5 141.2

11 31.8 212.5 72.6 139.9

12 31.8 244.3 104.4 139.9

13 20.6 264.9 136.2 128.7

14 23.3 288.2 156.8 131.4

FINAL 0 288.2 180.1 108.1

FINAL 0 288.2 288.2 0.0

Note:

Apex intends to cap a portion of the existing landfill unit equal to the lined area being constructed in the 

contiguous expansion area.  Capping will occur within 12 months of construction of the lined area.  The table 

above presents an estimate of the maximum total open area.   

APEX ENVIRONMENTAL, LLC

APEX SANITARY LANDFILL CONTIGUOUS EXPANSION

JEFFERSON COUNTY, OHIO

MAXIMUM TOTAL OPEN AREA DETERMINATION

Final Closure Costs_05-2016.xlsx
May 2016



Acres to be closed 141.2 AC      = 6,150,672      S.F.

ITEM QUANTITY UNIT UNIT COST EXTENDED COST

1.  CAP SYSTEM

a.  Vegetative Cover (30-inches) 597,982 C.Y. $3.10 $1,853,745

b.  Geocomposite Drainage Layer 6,150,672 S.F. $0.70 $4,305,471

c.  40 mil LLDPE Liner 6,150,672 S.F. $0.50 $3,075,336

d.  Recompacted Soil Barrier Layer (18 inches) 358,789 C.Y. $5.10 $1,829,825

Subtotal $11,064,377

2.  GAS EXTRACTION SYSTEM (assume 50 acres of GCCS installation)

a.  Drilling Mobilization/Demobilization 1 EA. $11,100 $11,100

b.  Drilling Wells 5,000 L.F. $75 $375,000

c.  Well installation 55 EA. $525 $28,875

c.  Gas Extraction Piping Installation 15,000 L.F. $45 $675,000

Subtotal $1,089,975

3.  SURFACE WATER CONTROL

STRUCTURES 141.2 AC. $3,300 $465,960

Subtotal $465,960

4.  SEEDING, MULCHING AND

FERTILIZER 141.2 AC. $1,400 $197,680

Subtotal $197,680

5.  REGRADING AND RECLAIMING

EXCAVATED AREAS 10 AC. $5,500 $55,000

(Reclamation of borrow areas)

Subtotal $55,000

a.  Construction Quality Assurance 141.2 AC. $11,100 $1,567,320

b.  Certification Survey 141.2 AC. $2,800 $395,360

c.  Laboratory Costs 141.2 AC. $555 $78,366

d.  Certification Report 1 L.S. $22,300 $22,300

Subtotal $2,063,346

NOTES:

1.a  Multiplied by a factor of 1.05 to account for compaction.

1.d  Multiplied by a factor of 1.05 to account for compaction.

3.  Includes surface water benches and rock letdowns where the final cover system must be installed.

5.  Includes grading of highwall to acceptable grades.

6.a  Cost per acre includes field labor, project management, and expenses.

6.b  Cost per acre includes field labor, project management, and expenses.

6.c  Includes geosynthetics and soils testing.

TOTAL COST PER ACRE $105,782

APEX ENVIRONMENTAL, LLC

APEX SANITARY LANDFILL CONTIGUOUS EXPANSION

JEFFERSON COUNTY, OHIO

FINAL CLOSURE COST ESTIMATE

6.  CLOSURE CERTIFICATION REPORT AND 

RECORD DRAWINGS

TOTAL COST $14,936,338

Apex intends to cap a portion of the landfill equal to the lined area being constructed.  The worst case open acreage will be 

limited to 141.2 acres, which occurs after construction of Phase 10.  

REVISED MAY 2016

Final Closure Costs_05-2016.xlsx
October 2011

Revised July 2013, May 2016





ITEM ANNUAL COST

I.  GROUND WATER MONITORING

A.  LABORATORY ANALYSIS

     UPPERMOST AQUIFER WELLS (OAC 3745-27-10(D)(5)(a))

     77 locations @ $870/event for 2 events per year $133,980

B.  CONSULTING SERVICES (sampling, shipping, data analysis, statistical analysis and report) $25,000

Subtotal $158,980

II.  EXPLOSIVE GAS MIGRATION MONITORING

QUARTERLY MONITORING - YEARS 1-5 (OAC 3745-27-12(E)(1)(a)) 8 HRS/EVENT; $65/HR; 4 EVENTS/YR $2,080

SEMI-ANNUAL MONITORING - YEARS 6-30 (OAC 3745-27-12(E)(1)(c)) 8 HRS/EVENT; $65/HR; 2 EVENTS/YR $1,040

Subtotal $1,214

III.  LEACHATE MONITORING (OAC 3745-27-14(A)(6)(b))

A. LEACHATE SAMPLING/SHIPPING/TESTING - ANNUALLY $3,250

Subtotal $3,250

IV.  SURFACE WATER MONITORING

Subtotal $22,680

V.  OPERATION AND MAINTENANCE OF LEACHATE COLLECTION/TREATMENT SYSTEMS

A. PUMP REPLACEMENT 9 SUMP PUMPS PER 30 YRS -$5,400/PUMP $1,620

1 LOAD OUT PUMP PER 30 YRS - $5,400/PUMP $180

1 CONTAINMENT AREA PUMP PER 30 YRS - $2,200/PUMP $74

LABOR - 264 HOURS PER 30 YRS AT $65/HOUR $572

B. SUMP/PIPE CLEANING 1 CLEANING PER 2 YEARS FOR 9 CLEANOUTS AT $1100 PER CLEANOUT $4,950

C. SYSTEM INSPECTION 2 HR/INSPECTION - 52 INSPECTION/YR AT $65/HOUR $6,760

D. LEACHATE DISPOSAL (POST-

CLOSURE)

1.5 GAL/ACRE*DAY * 365 DAYS/YEAR * $0.05/GAL * 289 ACRES $7,912

E. TANK CLEANING/REPAIR $1,080

F. FORCEMAIN PIPING 

REPAIR/REPLACEMENT

300 FT AT $30/FT EVERY 5 YEARS
$1,800

Subtotal $24,948

VI.  OPERATION AND MAINTENANCE OF GROUND WATER MONITORING WELLS

4 MONITORING WELLS, BOLLARDS, ETC. - REPAIR/REPLACE TWO EVERY 15 YRS AT $5,400/WELL $720

CONSULTING (Includes field oversight, reporting, etc) - TWICE EVERY 15 YEARS AT $2,700/WELL $360

ROUTINE MAINTENANCE $500

ABANDONMENT $1,980

              Subtotal $3,560

VII.  OPERATION AND MAINTENANCE OF GAS EXTRACTION SYSTEM

A. GAS WELL REPLACEMENT 3 WELL $2200 EACH Three 100 ft well replaced every 10 years. $660

B.  ABANDONMENT LABOR AND REPORT $2,000

Subtotal $2,660

VIII.  OPERATION AND MAINTENANCE OF EXPLOSIVE GAS MONITORING SYSTEM

MONITORING PROBES - REPLACE ONE EVERY 15 YRS AT $1,700/PROBE $114

ROUTINE MAINTENANCE $500

ABANDONMENT $220

            Subtotal $834

IX.  UTILITIES FOR OPERATION

A.  LEACHATE MANAGEMENT SYSTEM Operating costs includes utilities, etc. $13,000

Subtotal $13,000

X.  MAINTENANCE OF COVER SYSTEM

A. VEGETATIVE COVER (2.5 FT THICK) - 1.0 ACRES PER YEAR @ $3.75/CY $15,125

B. GEOCOMPOSITE AND FML - 1.0 ACRE PER YEAR @ $1.30/SF INSTALLED $56,628

C. RSB (1.5-FT THICK) - 1.0 ACRE PER YEAR @ $5.30/CY $12,826

D. SEEDING/MULCHING - 1.0 ACRES PER YEAR @ $2,200/ACRE $2,200

E. MOWING (288.5 ACRES) $11,000

F.CERTIFICATION REPORT $5,500

Subtotal $103,279

XI.  OPERATION AND MAINTENANCE OF SURFACE WATER MANAGEMENT SYSTEM

CHANNELS, LETDOWNS, SED. PONDS, ETC. Subtotal $13,000

XII.  OPERATION AND MAINTENANCE OF ACCESS CONTROL STRUCTURES

A.  FENCES, GATES AND SIGNS (Assumes 200 ft of fence, 2 gates and one entrance sign in 30 years) $2,700

B.  ROADWAYS (Assumes minor repairs, plowing, etc. every year) $6,500

Subtotal $9,200

REPORTING

A.  QUARTERLY INSPECTIONS AND REPORTS BY THIRD PARTY CONSULTANT (24hrs x $95/hr x 4). $9,120

B.  ANNUAL REPORT - (OAC 3745-27-14(A)(6)) $5,500

Subtotal $14,620

Annual Post-Closure Cost: $371,225

XV.  FINAL CERTIFICATION UPON COMPLETION OF POST-CLOSURE CARE PERIOD

POST-CLOSURE CERTIFICATION  REPORT  - (OAC 3745-27-14(B)) ($5,500 LUMP SUM) Subtotal $5,500

Assumes $2,200 per well for mobilization, drilling, and grouting of 18 wells to be completed during the 30 

years and $1,100 per well abandoned for consulting services (oversight and reporting)

Assumes $2,200 per probe for mobilization, drilling, and grouting of 3 probes to be completed during the 30 

years. 

VERTICAL & LATERAL EXPANSIONS

APEX SANITARY LANDFILL CONTIGUOUS EXPANSION

POST-CLOSURE CARE COST ESTIMATE

DETAILED BREAKDOWN TABLE

SEDIMENTATION POND NPDES SAMPLING/TESTING - 7 SAMPLES/MONTH; 

$270/SAMPLE/MONTH

Includes cleaning, characterization sampling and sludge disposal every 5 years. ($5,400 per event)

REVISED MAY 2016

Post-Closure Costs_05-2016.xlsx
October 2011

Revised July 2013, May 2016



ACTIVITY COSTS

I Ground Water Monitoring 158,980$                 

II Explosive Gas Migration Monitoring 1,214$                     

III Leachate Monitoring 3,250$                     

IV Surface Water Monitoring 22,680$                   

V Operation and Maintenance of Leachate Collection/Treatment Systems 24,948$                   

VI Operation and Maintenance of Ground Water Monitoring Wells 3,560$                     
VII 2,660$                     

VIII Operation and Maintenance of Explosive Gas Monitoring System 834$                        

IX Utilities for Operation 13,000$                   

X Maintenance of Cover System 103,279$                 

XI Operation and Maintenance of Surface Water Management System 13,000$                   

XII Operation and Maintenance of Access Control Structures 9,200$                     
Reporting 14,620$                   

XIII Subtotal of Post-Closure Costs (Annual Costs x 30 years) 11,136,750$            

XIV Administration % of subtotal: 1 111,368$                 

XV Final Certification Upon Completion of Post-Closure Care Period 5,500$                     
XVI Contingency % of subtotal: 3 334,103$                 

XVII TOTAL COST OF POST-CLOSURE (Sum of Lines XIII to XVI) 11,587,721$            

XVII-B TOTAL COST OF POST-CLOSURE PER ACRE (288.5 acres) 40,166$                   

APEX SANITARY LANDFILL CONTIGUOUS EXPANSION

POST-CLOSURE CARE COST ESTIMATE

SUMMARY TABLE 

Operation and Maintenance of Gas Extraction System

REVISED MAY 2016

Post-Closure Costs_05-2016.xlsx
October 2011

Revised July 2013, May 2016
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Sec C7-091-867 C7-7 October 2011  

  (Revised July 2013, December 2015, May 2016) 

(C)(6) The proposed contiguous expansion complies with OAC 3745-27-08(C)(6).  The design of 

the geosynthetic materials included in the composite liner system and composite cap system do not 

rely on the tensile properties of the geosynthetic components. 

 

3745-27-08(C)(7) The design for the stability of all engineered components and the waste mass 

shall address any configuration throughout the applicable developmental and post closure 

periods.  Potential failures associated with internal, interim and final slopes as these slopes are 

defined in 3745-27-06 of the administrative code, shall be used to define the minimum 

construction specifications and materials that, at a minimum, will meet the following: 

 

(a) The factor of safety for hydrostatic uplift shall not be less than 1.40 at any location 

during the construction and operation of the facility. 
 

(C)(7)(a)  Hydrostatic uplift calculations are provided in Section (C)(4)(a).  The analysis was 

performed by determining the minimum separation required between the base of the Recompacted 

Soil Liner and the potentiometric surface of the Uppermost Aquifer System for a factor of safety of 

1.4 and comparing it to the proposed separation.  It was determined that some local areas near sumps 

in the contiguous expansion area required temporary ground water control to exceed the minimum 

safety against uplift.  Therefore, the proposed expansion will utilize temporary ground water control 

structures as shown on Drawing 4A.  The groundwater control structures include a pipe installed in 

an aggregate filled trench and geocomposite.  The groundwater will be conveyed to an underdrain 

sump at the low point in the phase.  In Phases 11 and 12, the underdrain sump will drain by gravity.  

In the other phases, the underdrain sump will either drain by gravity or be pumped to discharge in the 

perimeter channel which flows to a proposed sedimentation pond.  Details for these structures are 

provided on Drawing 7A and 7B.  In all other locations, the proposed separation exceeds the 

minimum separation required for a factor of safety of 1.4. 

 

(b) The factor of safety for bearing capacity of any vertical sump risers on the composite 

liner system shall not be less than 3.0. 

 
(C)(7)(b) The proposed vertical expansion does not include any vertical sump risers and therefore, a 

bearing capacity calculation is not required. 

 

(c) The factor of safety for static slope stability shall not be less than 1.50 using two 

dimensional limit equilibrium methods or another factor of safety using a method acceptable to 

the director when assessed for any of the following failure modes and conditions:
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  (Revised July 2013, December 2015, May 2016) 

The new proposed basins are also designed in accordance with the OAC 3745-27-08(D)(3) to store 

the 10-year/24-hour storm, to pass the 10-year/24-hour storm through the principal spillway, to route 

the 25-year/24-hour storm below the emergency spillway, and to discharge the 100-year/24-hour 

storm through the combination of the principal and emergency spillways.  The sedimentation basins 

provide a freeboard of at least 1 foot above the 100-year/24-hour storm pool elevation. 

 

Basin structures include the principal/emergency spillways, and riprap-lined aprons.  Riprap-lined 

aprons will be installed wherever concentrated flow enters the basin.  The riprap or other acceptable 

erosion control materials will act to dissipate energy and to prevent scour of the basin bottom and 

sides.  The principal spillway consists of an outlet pipe.  The emergency spillways are trapezoidal 

channels.  Design calculations for the sedimentation basins are included in Section (C)(5)(l).   

 

(D)(4) For permanent ground water control structures:  permanent ground water control 

structures shall adequately control ground water infiltration through the use of 

non-mechanical means such as impermeable barriers or permeable drainage structures. 

However, no permanent ground water control structures may be used to dewater an aquifer 

system, except if the recharge and discharge zone of the aquifer system are located entirely 

within the boundary of the sanitary landfill facility. 

 
(D)(4) The proposed lateral expansion will utilize temporary ground water control structures in the 

form of geocomposite and trench underdrains.  These underdrains are required to provide adequate 

protection against hydrostatic uplift on a temporary basis as described in Section (C)(7)(a) of this 

narrative.  The geocomposite underdrains underlie the RSL and direct flow to the trench underdrains 

a sump at the low point in the phase.  In Phases 11 and 12, the underdrain sump will drain by 

gravity.  In the other phases, the underdrain sump will either drain by gravity to a topographic low 

area outside the limits of waste or be pumped to discharge into the perimeter channel which flows to 

a proposed sedimentation pond.  In addition, permanent trench underdrains are proposed, as needed, 

to collect ground water seepage where structural fill will be placed in existing valleys.  The trench 

underdrains consist of a 6-inch perforated HDPE pipe and aggregate backfill and will flow by gravity 

to topographic low areas outside the limits of waste.  The locations of the existing and proposed 

underdrains are presented on Drawing 4A and details are provided on Drawings 7A and 7B.   

 

(D)(5) For the in-situ foundation: the unconsolidated or consolidated stratigraphic units that 

make up the in-situ foundation shall comply with the following: 

(a) Be free of debris, foreign material, and deleterious material. 

(b) Not be comprised of solid waste. 

























































 

Sec C8-091-867 C8-1 October 2011  

  (Revised July 2013, May 2016) 

(C)(8)  OPERATIONAL INFORMATION 

 

The operational information regarding the proposed contiguous expansion is provided to address the 

information required in Ohio Administrative Code (OAC) Rule 3745-27-06(C)(8). 

 

(C)(8)(a): Authorized maximum daily waste receipt, as defined in rule 3745-27-01 of the 

Administrative Code, requested for the sanitary landfill facility. 
 

The proposed lateral expansion will be used for the disposal of municipal, industrial, and residual 

solid wastes as defined in the Ohio Administrative Code.  The proposed authorized maximum daily 

waste receipt (AMDWR), as defined in OAC Rule 3745-27-01(B)(5), for the Apex Sanitary Landfill 

is 10,000 tons per day.  Apex has demonstrated that sufficient personnel and staff are available to 

provide proper operations and maintenance of the facility at the current AMDWR, and has proposed 

additional resources to accommodate the proposed increase in AMDWR (see Section (C)(1) of this 

application).   

 

(C)(8)(b): Technique of waste receipt, including but not limited to acceptance of baled waste or 

loose waste. 
 

The methods used to handle solid waste, including bulky and dusty materials, are discussed below.  

Other general operating information is also presented.  In addition, landfill operations will conform 

to OAC 3745-27-19 which addresses the handling of waste and placement of daily and intermediate 

cover.  Acceptance and disposal of liquid and semisolid wastes or sludges (wastes that cannot pass 

the paint filter test) is prohibited at the working face.  The liquid and semisolid wastes or sludges that 

are transported to Apex must be solidified with an admixture material at the Solidification Basin 

until no free liquids are present (the paint filter test is passed), prior to disposal at the working face.  

The methods used to handle liquid waste are presented in the Authorization Request to Operate a 

Solidification Basin, which was submitted in June 2012 and revised in July 2012.  The request was 

authorized and issued on November 27, 2012.  The Authorization to Construct and Operate a 

Solidification Basin and the Construction Documentation Submittal for the Solidification Basin are 

included in Appendix C8-B.    



 

Sec C8-091-867 C8-2 October 2011  
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Receiving Waste:   

Waste will arrive on-site in intermodal rail containers, open top rail cars, rolloffs, walking floors, 

transfer trailers, front-end loaders, rear-end loaders, long bed dump trucks, local municipal trucks, 

and similar refuse vehicles.  Trucks entering the site via roads will be weighed at the scales at the 

main office.  Signs will be posted along the access roads to direct landfill traffic and control vehicle 

speed.  Paved and unpaved roads will be maintained to provide all weather access to the working 

face.  The site access road and temporary roads will be extended as necessary in order for the 

waste vehicles to reach the working face of the landfill.  Trucks will enter and leave the working 

area by the site access and temporary roads.  The temporary access roads will be constructed (or 

removed from service) as the landfill working face advances.  Intermodal containers will be are 

unloaded using top-picks and/or gantry cranes which will place the containers on trucks for 

transport to the working face.  Because waste is not unloaded from the intermodal containers 

until the container reaches the waste disposal area, leachate management is not required for the 

unloading or staging areas.  Open top rail cars will be are unloaded using an excavator 

operating on a platform.  Waste will be placed in trucks and hauled to the working face.  Two 

haul roads are proposed from the rail unloading area to the working face.  One road is primarily 

for returning from the working face.  The existing rail car unloading area includes a trench 

drain to collect water that may contact the waste that spills during unloading.  The unloading 

side of the rail car unloading platform is surfaced with concrete or asphalt and sloped for liquids 

to drain to the existing trench drain.  The collected liquids are conveyed through double-wall 

HDPE gravity sewers to a pump station at the leachate loading pad.  The pump station 

discharges the collected liquid through a HDPE force main to the leachate storage tank.   

 

Additional new rail tracks will be constructed to the west of the existing tracks to provide 

capacity to accept additional rail cars.  The rail cars will be unloaded within a proposed rail 

unloading building to reduce the potential for dust emissions, surface water contacting waste 

materials, or spillage. Rail cars will be unloaded using an excavator operating on a platform or 

a raised material handler which is an excavator capable of unloading rail cars by straddling the 

car or by sitting adjacent to the car.  If the platform option is used, a ramp will be constructed up 

to the height of the platform so that the excavator can be mobile and not be stationary on the 

platform.  The building will be sized so that two unloading platforms or three raised material 
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handlers can be used simultaneously.  The floor of the building will be reinforced concrete and 

will be sloped towards a trench drain or catch basin to collect leachate that may spill during 

unloading operations.  Leachate collected in the trench drain will be conveyed through a dual-

contained HDPE pipe to a manhole in an existing gravity sewer line from the existing rail 

unloading area.  The leachate will be conveyed to the pump station at the leachate loading pad 

from where it will be pumped into the leachate storage tank.  See Drawings 7O and 7P for the 

conceptual design of the rail unloading building. 

 

Handling Solid Waste:   

Normal operations will use the area method of landfilling and will typically use one working 

face.  Each phase will be filled in a series of horizontal lifts.  As an area reaches final waste 

elevations at the end of a phase, operations may need to be divided and two working faces used 

to provide safe placement and optimum compaction of the waste.  Two working faces may also 

be used when installing the 5 feet of select waste over the leachate collection layer in a newly-

constructed cell. During this activity, both working faces will be covered with daily cover. 

  

The waste initially placed in a newly lined area will be select waste, and will be a layer at least 5 

feet thick.  The 5 feet of material includes the thickness of the drainage medium used for the 

leachate collection system.  The placement of the select waste layer will be documented in 

accordance with OAC 3745-27-19(D)(2).  Following placement of the select waste layer, 

additional waste will be placed in individual lifts not exceeding 2 feet in thickness and then 

compacted.  The unloading of waste will be confined to the smallest practical area.  Operating 

personnel will be present at the working face at all times to assist vehicles disposing of waste and 

to help prevent unauthorized wastes from being deposited in the landfill.  The waste will be 

dumped, pushed into place with trash compactors or bulldozers, and then compacted using the 

trash compactors.  

 

Bulky and Dusty Wastes:  

Bulky items will be kept near the toe of the active slope and will be ramped over to avoid 

damage to the equipment.  Dusty wastes will be covered with soil or refuse to reduce the 

potential for dust generation.  Dusty wastes may also be sprayed with water during and after 
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unloading and prior to covering with soil or refuse.  Surface water runoff will be controlled 

during watering activities.   

 

Baled and Loose Waste:   

Baled items will be broken apart at the working face. Loose waste will be disposed at the 

working face.  The site will contain blowing litter using portable and/or permanent litter fences 

on the downwind side of the working face, maintaining a smaller working face on windy days, 

using personnel to collect wind-blown litter on the fencing, property and daily cover. 

 

Odorous Sludge:   

Odorous sludges will be disposed at the working face and immediately covered with additional 

nonputrescrible waste.  

   

(C)(8)(c) Type of waste to be received, including but not limited to municipal solid waste, 

industrial solid waste, residual solid waste, asbestos or asbestos containing waste that is 

subject to the provisions of NESHAP, 40 CFR Part 61, Subpart M, July 1, 2002, or 

construction and demolition debris. 
 

The proposed contiguous expansion will receive only non-hazardous municipal solid waste, 

commercial, asbestos or asbestos-containing material not subject to the NESHAP Provisions, 

construction and demolition debris, industrial and residual solid wastes for disposal.  Asbestos or 

asbestos-containing material will be disposed of in accordance with Ohio EPA guidance 

document No. 587 dated November 2002.  No asbestos or asbestos-containing material that is 

subject to the provisions of NESHAP, 40 CFR Part 61 and Subpart M will be accepted at the 

Apex Sanitary Landfill.  The landfill will not accept regulated hazardous waste as defined in 

Rule 3745-51-03 or PCB-containing wastes as defined in 40 CFR Part 761.  The site will 

continue to comply with the current PCB and Hazardous Waste Prevention and Detection Plan. 

 

The landfill will not accept for disposal infectious wastes as defined in OAC Rule 3745-27-01 

unless the infectious waste has been treated to render it noninfectious in accordance with OAC 

Rule 3745-27-32, or is allowed by other regulations. 
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(C)(8)(d) Type of equipment to be used to construct, operate, and maintain the sanitary 

landfill facility. 

 

Refer to Section (C)(1) Summary of Site Environs for a discussion of the equipment that will be 

used to operate and maintain the landfill facility.  

 

The approved Odor Management Plan is provided in Appendix C8-A. 
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APPENDIX C8-B 

 

AUTHORIZATION AND CONSTRUCTION DOCUMENTATION SUBMITTAL FOR 

SOLIDIFICATION BASIN 

__________________________________________________________________ 

 











  

      Apex Environmental, LLC 
_____________________________________________________________________________________________________    

  

__________________________________________________________________________________________________ 
11 County Road 78  Amsterdam Ohio 43903  Tel: 740-543-4389  Fax: 740-543-3862 

 
April 30, 2013 
 
 
Mr. Craig Walkenspaw, R.S., District Engineer 
Ohio EPA Southeast District Office 
Division of Materials and Waste Management 
2195 Front Street 
Logan, Ohio 43138 
 
Dear Mr. Walkenspaw: 
 

Subject: Construction Documentation Submittal 
 Solidification Basin 
 Apex Sanitary Landfill 
  

Apex Environmental, LLC (Apex) is providing this Construction Documentation Submittal for the 
construction of the solidification basins and enclosure at the Apex Sanitary Landfill.  The basins and 
enclosure were constructed in accordance with the Authorization Request to Operate a Solidification 
Basin (Authorization Request) submitted to the Ohio EPA on June 13, 2012 and revised on July 3, 2012.  
The Ohio EPA approved the Authorization Request on November 27, 2012. 
 
Apex had the solidification basins and enclosure constructed in accordance with the Authorization 
Request.  The location of the storage of the admixture material has been revised from between the basins, 
as shown in the Authorization Request, to behind the southern basin closer to the haul-out truck exit.   
Photos of the construction of the solidification basins, completed enclosure, and new location for the 
admixture material are provided in the photo log included in Attachment 1.   
 
Please contact me if you have any questions. 
 
Sincerely, 
 
APEX ENVIRONMENTAL, LLC 
 
 
Dave Matthews 
District Manager    
 
Attachments 
 
cc: Bruce Misselwitz, JCGHD (w/attachments) 
 Apex Environmental, LLC – file (w/ attachments) 
 Rick Buffalini, CEC (w/ attachments) 

130-018-L-SBPhoto-4.30.13/P 



 
 
 

 

 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_____________________________________________________________________________ 
 

ATTACHMENT 1 
 

PHOTO LOG 
______________________________________________________________________________ 



 
 
 

 

 

   

 
Photograph 1 – Installed Leak Detection Pipe  

 
Photograph 2 – Completed Enclosure 



 
 
 

 

 

   

 
Photograph 3 - Installed Solidification Basins  

 

Photograph 4 – Installed Railings 



 
 
 

 

 

   

  
Photograph 5 – Admixture Material Location 

  
Photograph 6 – Admixture Material Storage 
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APPENDIX C9-A 

 

GROUND WATER DETECTION MONITORING PROGRAM 

 

Prepared by CEC and included as Volume VI submitted under separate cover. 

__________________________________________________________________ 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

  





 

  

 

EXPLOSIVE GAS MONITORING PLAN 
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CONSTRUCTION QUALITY 

ASSURANCE/QUALITY CONTROL PLAN 
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091-867-Closure Plan -2- October 2011 

  Revised May 2016 

11(B) FINAL CLOSURE/POST-CLOSURE PLAN 

 

The owner or operator shall prepare a final closure/post-closure plan in accordance with this rule for the 

sanitary landfill facility, which shall, at a minimum, contain all the items specified in paragraphs (B)(1) to 

(B)(6) of this rule. The final closure/post-closure plan shall contain all of the items specified in paragraphs 

(B)(1) to (B)(6) of this rule for each noncontiguous unit of a sanitary landfill facility.  

 

11(B)(1) Facility Name and Location 

 

The Apex Sanitary Landfill is located in Springfield Township, Jefferson County, Ohio; 11 County Road 78 

Amsterdam, Ohio 43903.  The facility has been in operation since November 2005.  A location map is included 

on the Title Sheet of the PTI Application drawing package.  

 

Final closure will comply with Paragraphs (G), (H), (I) and (J) of Rule 3745-27-11 which are addressed below.  

In addition, final closure activities will include the installation of a landfill gas extraction system, which is 

described in Section (C)(7) of this PTI Application.  The site is designed to minimize the need for further 

maintenance and to minimize the post-closure formation and release of leachate and landfill gases to air, soil, 

groundwater, or surface water.   

 

11(B)(2) Variances and Exemptions 

 

No variance or exemptions from OAC 3745-27-11 or OAC 3745-27-14, or any alternative schedule for 

completing final closure activities is proposed in the Closure Plan. 

 

11(B)(3) Facility Contact 

 

The contact regarding the sanitary landfill facility during closure and post-closure will be: 

 

Dave Matthews, District Manager 

Apex Environmental, LLC.  

11 County Road 78 

Amsterdam, Ohio 43903 

(740) 543-4389 

 

The Ohio EPA Southeast District Office will be notified in the event that the contact changes. 





































































































































































































































































































































































































































































































































































































































































































































































































Permit Issue
Regulator Description ID # Date

Ohio EPA PTI, On-site Wastewater 
Treatment/Disposal System for 

Office Building

06-7901 10/13/05

Ohio EPA PTI, On-site Wastewater 
Treatment/Disposal System for Rail 

Facility Breakroom/Scalehouse

06-8015 02/01/06

Jefferson County GHD Private Water System Installation 
Permit for Scale House/Office

29-2005 01/20/06

Jefferson County GHD Private Water System Installation 
Permit for Rail House

2005-0029 06/01/07

Ohio EPA PTI, Installation of a Sedimentation 
Impoundment

870776 06/06/12

Ohio EPA NPDES Permit Renewal 0IN00198*GD 01/22/15
Ohio EPA NPDES Permit Renewal 0II00022*DD 01/23/15
Ohio EPA Indirect Discharge Permit 0DP00050*BP 02/15/11
Ohio EPA Indirect Discharge Permit 0DP00050*CP Pending, submitted 

09/01/15
Ohio EPA NPDES Permit Modification for the 

Contiguous Expansion
0IN00198*HD Pending, submitted 

12/28/15

ODNR Dam Safety Engineering Program 
Class IV dam exemption from 

construction permit requirements

n/a 10/29/04

Ohio EPA PTI, Vertical Expansion and 
AMDWR Increase

06-08438 12/31/09

Ohio EPA PTI Alteration Request, Phase 5 
Revisions

06-08438 10/27/10

Ohio EPA PTI Alteration Request, 2011 
Phasing Revisions

06-08438 06/14/11

Ohio EPA PTI Alteration Request, 2011 
Revision to Odor Management Plan

06-08438 08/05/11

Ohio EPA PTI Alteration Request, 2012 Rail 
Area Improvements

06-08438 03/16/12

Ohio EPA April 2012 GCCS As-built Alteration 06-08438 05/29/12
Ohio EPA June 2012 GCCS As-built Alteration 06-08438 06/14/12
Ohio EPA PTI Alteration Request, 2012 Rail 

Yard Expansion
06-08438 08/09/12

Table of Effective and Pending Permits

Apex Sanitary Landfill

Water and Wastewater Permitting

Solid Waste Permitting

Updated May 2016

Dam Permitting

1 Apex Permits.xlsx



Permit Issue
Regulator Description ID # Date

Water and Wastewater PermittingOhio EPA Authorization to Construct and 
Operate a Solidification Basin

06-08438 11/27/12

Ohio EPA PTI Alteration Request, 2012 Phase 
6 Subdivision

06-08438 12/21/12

Ohio EPA Fall 2012 GCCS As-Built Alteration 06-08438 02/28/13
Ohio EPA Spring 2013 GCCS As-Built 

Alteration
06-08438 07/16/13

Ohio EPA PTI Alteration Request, 2015 Phase 
6 Phasing Revision

06-08438 01/21/15

Ohio EPA Odor Management Plan Alteration 06-08438 07/20/15
Ohio EPA PTI Modification, Contiguous 

Expansion and AMDWR Increase
06-08448 Pending, submitted 

10/27/11

Ohio EPA Final Permit to Install and Operate 
for Emissions Unit P001 (Caterpillar 

330C Hydraulic Excavator diesel 
engine)

06-07264 1/15/2004 
(Emissions Source 

Removed 
11/30/2015)

Ohio EPA Final Permit to Install and Operate 
for Emissions Unit F003 (Storage 

Piles)

06-07467 10/28/04

Ohio EPA Environmentally Beneficial 
Determination for Installation of 

Temporary Flare

04/10/09

Ohio EPA Final Permit to Install for 
Modifications of PTI 06-06987, 06-

07467, 06-07264 for Emissions 
Sources F001 (Paved and Unpaved 

Roadways and Parking Areas), 
F002 (Refuse Disposal Activities), 

F004 (Rail Unloading Facility 
Unpaved Roadway), and F005 

(Materials Handling Operations)

P0103987 12/31/09

Ohio EPA Final Permit to Install for Emissions 
Unit F008 (Aggregate Processing 

Plant)

P0109402 02/13/12

Ohio EPA Air Pollution Source Permit to Install 
Modification Application for 

Contiguous Expansion and AMDWR 
Increase

Pending Pending, submitted 
12/30/15

Department of Army Corps 
of Engineers

Section 404 Clean Water Act permit 
for wetland and stream impacts

200400270 12/13/04

Ohio EPA Section 401 Water Quality 
Certification and/or Isolated Wetland 

Permit

049815 11/23/04

Wetlands Permitting

Air Permitting

2 Apex Permits.xlsx



Permit Issue
Regulator Description ID # Date

Water and Wastewater PermittingOhio EPA Modification of Section 401 Water 
Quality Certification and/or Isolated 
Wetland Permit to transfer to Apex

049815 12/17/04

Department of Army Corps 
of Engineers

Revised Mitigation Compliance 
Schedule and Permit Extension

200400270 10/09/09

Ohio EPA 401 Water Quality Certification and 
the Ohio Isolated Wetland Permit 

124004 Pending, submitted 
2/12/2016

Department of Army Corps 
of Engineers

Section 404 Clean Water Act permit 
for wetland and stream impacts

2004-270 Pending, submitted 
2/12/2016

ODNR Limestone Mining Permit IM1164 07/13/02
Limestone Mining Permitting
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(C)(3)  HYDROGEOLOGIC SITE INVESTIGATION REPORT 

 
INTRODUCTION 

 
This Hydrogeologic Site Investigation (HSI) Report provides the narrative documentation for the 
Permit to Install (PTI) Application for the proposed contiguous expansion of the Apex Sanitary 
Landfill (Apex) in Springfield Township, Jefferson County, Ohio in accordance with Ohio 
Administrative Code (OAC) 3745-27-06(C)(3).  The regional location of the facility is shown on 
the title sheet for the Drawing set.  The proposed contiguous expansion area is positioned along 
the southern portion of the existing Apex Sanitary Landfill and adjacent property within the 
facility boundary, as shown on Drawing 3D.  The Apex Landfill is located within Springfield 
Township, approximately three miles south of Amsterdam, Ohio.   
 
This HSI document presents the findings of the most recent subsurface field investigation 
performed by Civil & Environmental Consultants, Inc. (CEC) in 2010 and 2011.  In addition, 
CEC references data obtained during the installation of the existing landfill’s groundwater 
monitoring well network installed by CEC from 2005 to 2010.  This HSI also incorporates 
portions of a May 2001 HSI document prepared by BBC&M Engineering, Inc. (BBC&M) in 
support of the PTI application for the existing landfill.  This document provides a comprehensive 
characterization of the geology and hydrogeology underlying the Apex Landfill.  A summary of 
the investigations is provided below. 
 
The original siting and permitting work for the Apex Landfill was conducted in the early 1990’s 
by BBC&M in conjunction with Linn Engineering.  The original Permit to Install (PTI) 
Application (#17-1194), including the HSI, appears to have been submitted on July 12, 1993.  
BBC&M submitted addendums to the original HSI based on comments from the Ohio 
Environmental Protection Agency (OEPA) in 1994, 1995, and 1996.  Additionally, an addendum 
to the HSI was submitted to the OEPA on October 3, 1995 determining the rate and extent of 
contamination from an underground storage tank located at the facility.  A review of historic 
documentation indicates that PTI #17-1194 was approved by the Ohio EPA on January 21, 1998.   
 
In support of a proposed vertical landfill expansion at the facility, BBC&M conducted an 
additional investigation in 1999-2000.  The details, data, and interpretations of this later 
investigation combined with their previous work compiled the above referenced May 2001 HSI.  
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Prior to implementing CEC’s investigation, a Hydrogeologic and Geotechnical Site Investigation 
Work Plan was prepared and submitted to the Ohio EPA on July 2, 2010.  A meeting was also 
held at the Ohio EPA Southeast District Office between representatives of the Ohio EPA, Apex, 
and CEC on July 15, 2010 to discuss the proposed investigation.  CEC subsequently conducted 
the hydrogeologic investigation in two phases.  The first phase was initiated in August 2010, 
while the second phase was initiated in February 2011.  Both phases of work provided further 
characterization of the southern expansion areas in support of a planned Contiguous Lateral 
Expansion.  Work conducted during the investigation included advancing 34 soil borings for 
stratigraphic and geotechnical evaluation; the installation of 26 piezometers; the excavation of 14 
test pits; geotechnical analysis to determine the properties of the subsurface material in the 
southern expansion area; piezometer development, hydrogeologic testing, and groundwater 
quality testing of the newly installed piezometers and existing wells/piezometers; and collection 
of comprehensive site-wide potentiometric surface measurements.   
 
This report presents the required information and has been structured in accordance with the 
regulations in OAC 3745-27-06(C)(3), which outline the requirements for the hydrogeologic site 
investigation report.  Each regulation is cited in bold followed by a response to the regulation.  
Supporting documentation is provided in the drawing sheets, and in the tables and appendices 
following the narrative of Section (C)(3).   
 
Plan drawings referenced in Section (C)(3), which present hydrogeologic information required in 
OAC 3745-27-06(B)(1) through (B)(7), will be included with the master set of drawings 
accompanying the PTI Application for the Apex Landfill expansion, as outlined below. 
 
Plan Drawing Regulations Section 
Water Supply Wells Within 2000 Feet 3745-27-06(B)(2)(b)(vi) 
Soil Boring, Piezometer and Monitoring Well Locations 3745-27-06(B)(3)(c) 
Potentiometric Surface Maps 3745-27-06(B)(3)(d) 
Site Hydrogeology Maps & Cross-Sections 3745-27-06(B)(5)(a) 
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(C)(3)  HYDROGEOLOGIC SITE INVESTIGATION REPORT 

 
A hydrogeologic and geotechnical site investigation report(s), which shall at a minimum 
include the following: 
 
(C)(3)(a) SITE SUITABILITY 
 
Sufficient information to allow the director to determine the suitability of the site for solid 
waste disposal through the following: 
(i) Identification and characterization of the hydrogeology of the uppermost aquifer system 
and all stratigraphic units that exist above the uppermost aquifer system. 
(ii) Characterization of the site geology and hydrogeology to allow for the evaluation of the 
proposed design of the sanitary landfill facility and to ensure that it will be in compliance 
with the requirements of rule 3745-27-07 and rule 3745-27-10 of the Administrative Code. 
 
The information to be documented in the Hydrogeologic Site Investigation Report consists of the 
following: 
 

• A description of the regional geology and hydrogeology within one mile of the 
proposed landfill, as outlined in OAC 3745-27-06(C)(3)(b); 

• Mining, mineral rights, oil and gas well, and wetland documents as outlined in 
OAC 3745-27-06(C)(3)(c); 

• A detailed description and analysis of the geology and hydrogeology under the 
proposed landfill, as outlined in OAC 3745-27-06(C)(3)(d); 

• The site-specific groundwater quality of the uppermost aquifer system and all 
significant zones of saturation above, as outlined in OAC 3745-27-06(C)(3)(e); 

• Subsurface investigation information, as outlined in OAC 3745-27-06(C)(3)(f); 
and, 

• A detailed description of the subsurface investigation methodologies, as outlined 
in OAC 3745-27-06(C)(3)(g). 

 
The Hydrogeologic and Geotechnical Site Investigation Work Plan (July 2, 2010) was designed 
for the collection of the data and information necessary to prepare the Hydrogeologic Site 
Investigation Report for the proposed Apex Landfill expansion.  Information presented in this 
report consists of the definition of the regional hydrogeologic setting, the site-specific 
hydrogeologic setting and the water quality of the site-specific groundwater system. 
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In order to define the regional geology and hydrogeology, the regulations in OAC 3745-27-
06(C)(3)(b) require identification and characterization of the regional aquifer, stratigraphy, 
structural geology and geomorphology. Information used in the characterization of the regional 
hydrogeologic setting consisted of the following: 
 

• Ohio Department of Natural Resources and other published reports on the 
groundwater and geology of Jefferson County and the surrounding area;  

• Public information from the Ohio Department of Natural Resources; and, 
• Previous investigations for the Apex Landfill. 

 
In order to define the site hydrogeologic setting, the regulations in OAC 3745-27-06(C)(3)(d) 
require characterization of the site stratigraphy, geomorphology, structural geology and the 
uppermost aquifer system (UAS) and any significant zone of saturation (SZS) above the UAS.  
To complete this characterization, a comprehensive review of previous investigations and CEC’s 
field investigation was conducted to further characterize the expansion area of the Apex Landfill 
expansion area.  The field investigations included drilling, rock coring, piezometer installation 
and hydraulic testing.  The methods, procedures and equipment used in the most recent site 
investigation are described in detail along with a summary of past field investigations in Section 
(C)(3)(g).  The comprehensive drilling and piezometer installation summary is presented in 
Table C3-1. 

 
Subsequent to the drilling and piezometer installation programs associated with the investigation, 
piezometers were developed and selected piezometers were tested to evaluate the hydraulic 
characteristics of the subsurface zones in which the piezometers were installed. In addition, 
groundwater samples were collected from selected monitoring wells and piezometers to define 
the groundwater quality of the site-specific groundwater system, as outlined in OAC 3745-27-
06(C)(3)(e). 
 
(C)(3)(b) REGIONAL GEOLOGY AND HYDROGEOLOGY 
 
The following sections present a description of the regional geology and hydrogeology of the site 
vicinity as required in OAC 3745-27-06(C)(3)(b).  The following information is based on 
published literature, publicly available well records, and reports of previous investigations for the 
existing Apex Landfill. 
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(C)(3)(b)  A description, based on publicly available information, of the regional geology 
and hydrogeology within one mile of the proposed sanitary landfill facility.  This shall 
include, but is not limited to, the following: 
 
(C)(3)(b)(i)  The identification and average yield of the regional aquifer system(s). 
 
The Ohio EPA defines a regional aquifer as "...the aquifer used as a primary source of water to 
wells within one mile of the solid waste disposal facility" (OAC Rule 3745-27-01). The existing 
landfill and proposed expansion area lies nearly on the border between Jefferson, Carroll and 
Harrison Counties.  As such, regional groundwater information from these counties was utilized 
to determine characteristics of the regional aquifer system.  The Groundwater Resources Map of 
Jefferson County (Walker, 1990) indicated that the site and surrounding vicinity is located in an 
area “in which yields seldom exceed 3 gallons per minute” from “thin beds of sandstone, shale, 
and limestone”.  The Harrison County (Crowell, 1980) and Carroll County (Walker, 1991) 
Groundwater Resources Maps corroborate the information provided on the Jefferson County 
map.  The “thin beds of sandstone, shale, and limestone” referred to by the above referenced 
publications describes the Pennsylvanian System, and more specifically the Conemaugh 
Formation, underlying the region proximal to the landfill.  The Conemaugh Formation is 
comprised of shales, siltstones, dirty sandstones, coal, and limestone.  The Conemaugh is 
laterally extensive across the area and typically exhibits yields of less than five gallons per 
minute.   
 
Ohio Department of Natural Resources (ODNR) logs of wells within one mile of the landfill site 
were reviewed to evaluate regional groundwater use and the yield of the regional aquifer.  
Drawing 2E provides the locations of the wells filed with ODNR.  Further, the ODNR log 
information was used to gain an understanding of the historical use of water-bearing zones 
within one mile of the landfill.  Results of the ODNR log review assisted in the definition of the 
Uppermost Aquifer System (UAS) at the landfill site.  Appendix C3-B presents the ODNR well 
logs which were used to evaluate groundwater usage in the site vicinity.  Table C3-2 summarizes 
the data contained on the logs used for the evaluation, including total depth, year of installation, 
formation screened, and yield date data (if available).  
 
Of the 1642 wells reviewed, all were found to be yielding water from the consolidated bedrock 
in the region.  The vast majority of the wells (1334 wells) were producing from the 
Connellsville-Morgantown Association.  Of these 1334 wells, seven17 wells were producing 
form the Connellsville-Morgantown Association and 617 were producing from a combination of 
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the Connellsville-Morgantown Association and the Birmingham-Gaysport-Ames Association.  

One5 wells werewas producing from below the Connellsville-Morgantown Association in the 

Birmingham -Gaysport-Ames Association.  Only three two wells were found to be screened 

exclusively above the Connellsville unit in the Summerfield Association.  The average regional 

yield calculated from ODNR well logs is 9.014.21 gallons per minute (Table C3-2), which was 

determined using six of the 16 well logs that provide representative yield data.    

 

Based on the ODNR log information and findings of the subsurface investigations, CEC 

concludes that the regional aquifer within one mile of the landfill is the Connellsville-

Morgantown bedrock units. 

 

(C)(3)(b)(ii) The direction of ground water flow in the regional aquifer system(s). 

The regional groundwater flow direction of the regional bedrock aquifer in the vicinity of the site 

can generally be expected to flow to the south-southeast, following the regional dip of the 

bedrock.  However, as noted by Roth (1995), the rock strata are not horizontal or “regularly 

sloping” and local influences on the groundwater flow can be expected, based on topography. 

 

In the 2001 HSI, BBC&M references the presence of a “syncline” underlying the region that 

influences the local groundwater flow direction.  The presence of the “syncline” is noted on the 

structure contour maps of the Pittsburgh (#8) Coal (Slucher, 1996) and the Ames limestone 

(Swinford, 1997) in the region.  CEC has reviewed the maps and agrees that a structure is present 

in the area, but hesitates to call the structure a syncline, as that implies a compressional force 

acted on the area after the deposition of the Pennsylvanian rock strata.  CEC believes the 

structure is the result of differential compaction of the sediment during post deposition.  As 

evidenced by previous investigations, the structure does influence the groundwater flow direction 

in the bedrock at the site and it is likely that the structure influences the bedrock groundwater 

flow direction on a regional level as well.   

 

Regional groundwater flow in the limited unconsolidated material is expected to follow local topography.  

However, local groundwater flow will vary throughout the region as the area has been subjected to 

extensive strip mining.  Mapping regional groundwater flow in the strip mined areas is difficult due to the 

unique and altered local drainage patterns associated with each individually mined area. Thus, local 

groundwater flow is significantly influenced by un-reclaimed mining excavations which have degraded to 

strip mining impoundments. These mining impoundments, where they exist, form localized recharge and 

discharge areas for both the shallow unconsolidated units as wells as shallow bedrock zones. Once on the 

surface, if an outlet drainage exists, water flows with the existing drainage pattern.  



 
(C)(3)(b)(iii) The identification of recharge and discharge areas of the regional aquifer 
system(s). 
Recharge to the regional bedrock aquifers occurs by infiltration of precipitation in areas where 
the bedrock outcrops or subcrops beneath relatively thin surficial deposits.  Based on the general 
south-southeast dip of the bedrock underlying the region, the bedrock would be expected to 
outcrop/subcrop up dip to the north-northwest of the site.  However, the presence of localized 
structures and strip mining impoundments also influence the recharge areas.   
 
Recharge to the unconsolidated deposits occurs primarily by infiltration of precipitation falling 
on the regional topographic high points.  A small amount of recharge may occur from the 
discharge of the bedrock aquifers which subcrop into the deposits.    
 
Based on general regional dip of the bedrock, the presence of the above mentioned structural 
feature, the high relief common to the area, and the elevation of the aquifer, the regional 
discharge points are anticipated to be to the north into Goose Creek and its tributaries, northeast 
into Wolf Run, and southwest into Jefferson Creek.   
 
Based on regional groundwater flow in the unconsolidated deposits, it is assumed that 
groundwater should discharge into one of the many named and unnamed streams in the area or 
areas of topographic lows.  Locally, groundwater flow in the unconsolidated deposits appear to 
discharge into the surficial mine impoundments located in the areas where strip mining has 
occurred.  Also, the surficial mine impoundments discharge water to the shallow unconsolidated 
and consolidated deposits.  Surficial mined impoundment recharge and discharge is dependent 
on the localized topography and the dip of the bedrock underneath the specific impoundment.  
The impoundment may be receiving groundwater on the upper slope or at the higher bedrock 
elevation, but discharge groundwater to the lower slope or lower bedrock elevation. 
 
(C)(3)(b)(iv) Regional stratigraphy, including any regional stratigraphic or structural 
features, such as the bedrock surface, bedrock dip, or joint systems that may influence the 
ground water flow system. 
The regional stratigraphy consists of Quaternary-Age unconsolidated deposits underlain by the 
Pennsylvanian-Period Monongahela and Conemaugh Formation bedrock.  These units are 
discussed below. 
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Unconsolidated Materials 
Very little structure is associated with the unconsolidated deposits. The deposits consist of 
residual soils on the uplands and alluvial deposits in and near the valley bottoms.  However, the 
area surrounding the landfill has been extensively strip mined, which has altered the native 
deposits and drainage patterns.  This mining activity has displaced native deposits and restored 
them with reworked strip mine spoil deposits.  These mine spoil deposits are composed of 
varying amounts of clay, silt, sand, and fragments of rock from the mining process. 
 
Bedrock 
Within the region, bedrock consists primarily of the Monongahela and Conemaugh groups of the 
Pennsylvanian Period.  These groups are comprised of numerous cyclothem sequences.  Each 
cyclothem consists of consolidated deposits with a distinctive sequence of marine and non-
marine sedimentary members representing marine transgression and regression.  The sequence of 
sedimentary members recognized in the Pottsville group in the region are coal, underclay,  gray 
shale, sandstones, sedimentary iron ore, limestone, and black shale.  Since alterations in lithology 
occur within an individual cyclothem, each lithologic unit will not be present in each sequence 
(Gray, 1961).  Locally, the most frequent members found are gray and black shale, gray sandy 
shale, sandstone, and coal.  It should also be noted that the thickness of the different members 
can vary greatly within a relatively short horizontal distance.  
 
The region is located in the Appalachian Plateau physiographic province of eastern Ohio.  
According to Roth (1995), “the rock strata are not horizontal or regularly sloping, but the dip 
generally is in a south-southeasterly direction.”  The average dip is approximately 17 feet per 
mile for the Pittsburgh coal member.   
 
(C)(3)(b)(v) A description of the regional geomorphology, including the location of surface 
water bodies, flood plains, etc. and a description of any topographic features that may 
influence the ground water flow system. 
According to Roth, (1995), Jefferson County is located in the Unglaciated Allegheny Plateaus 
section of the Appalachian Plateau physiographic province.  Jefferson County and the majority 
of surrounding counties are situated in primarily two physiographic regions, the Muskingum-
Pittsburgh Plateau to the north and west and the Little Switzerland Plateau to the south and east.  
These regions are characterized by dissected to highly dissected plateaus exhibiting moderately 
high to high relief.   Topographic relief is relatively high in the region of the landfill.  Ground 
surface elevations range from approximately 1200 ft msl along ridge tops to approximately 960 
ft msl at along portions of Yellow Creek.  
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The region has been extensively strip mined for the Pittsburgh #8 Coal.  The mining operations 
in the region leave irregular topography when unreclaimed.  Several high walls exist in the area 
and typically have ponds present at the base.  Additionally, pit mining techniques were utilized 
on occasion.  The pit mines fill with water creating additional surface water impoundments in the 
area.     
 
As discussed in Section (C)(3)(b)(ii) above, the regional groundwater flow direction in the 
bedrock is generally south-southeast following the general dip of the bedrock.  However, the 
presence of localized structural features do influence the local groundwater flow direction.  
Groundwater flow directions in the limited unconsolidated deposits can be expected to follow 
topography.  However, locally, groundwater flow in the unconsolidated deposits is towards the 
mine spoil deposits and surface mining impoundments.  
 
In the 2001 HSI, BBC&M summarized the surface water in the vicinity stating that the site and 
surrounding area are situated on a plateau that crosses the water drainage divide between Yellow 
Creek to the north and Cross Creek to the south.  Both of these creeks are tributaries of the Ohio 
River approximately 15 miles east of the proposed expansion.  Goose Creek, a tributary of 
Yellow Creek, is located approximately 700 feet east of the site and receives flow from the 
unnamed streams and creeks discharging from the northern portion of the site.  Drainage from 
the southern portion of the site enters North Branch Cross Creek via several unnamed tributaries.    
 
According to the Jefferson and Harrison County Soil Surveys, soils in the region consist mainly 
of those associated with the Morristown-Guernsey Association and the Morristown-Gilpin 
Association and where mining has occurred, mine spoils.  The Morristown-Guernsey soils are 
“deep to very deep, nearly level to very steep, well drained to moderately well drained soils 
formed in material mixed by surface mining and in residuum and colluvium derived from shale, 
siltstone, and limestone.” (Roth, 1998)  The Morristown-Gilpin soils are “deep to very deep, 
nearly level to very steep, well drained soils formed in residuum and colluvium derived from 
siltstone, shale, limestone and sandstone and in material mixed by surface mining”.  (Roth et. al, 
1995)  
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(C)(3)(c) DOCUMENTS 
 
The following documentation is required per OAC Rule: 
(C)(3)(c)(i) If any surface or underground mines were identified in accordance with 
paragraph (B)(2)(b)(ix) of this rule, a letter from the Ohio Department of Natural 
Resources, Division of Mines or other appropriate agency verifying type, mining method, 
location, depth, and status. 
According to correspondence from Ms. Beth Wilson from the Ohio Department of Natural 
Resources, Mineral Resources Management (ODNR-MRM), dated January 12, 2011, there does 
not appear to be any current mining permits in the area of the proposed expansion.  Two historic 
strip mine permits were issued in the vicinity of the proposed expansion including:  permit # C-
247 and permit # D881.  According to the correspondence, permit D-881 was issued to mine the 
#8 coal.  However, it is unclear if the mining actually occurred.  Records regarding mining 
permit C-247 appear to have been lost.  Additionally, the correspondence does not indicate 
whether there is a record of underground mining in the area stating that the information 
regarding permit numbers C-247 and D-881 is “all the information we could find”.  Based on the 
“shallow” occurrence of the #8 Pittsburgh Coal, no deep underground mines are thought to exist 
in the vicinity of the expansion area.  The correspondence regarding the mines and a figure 
showing the permitted limits of disturbance allowed by each permit are presented in Appendix 
C3-A.    
For the existing permitted landfill facility, Apex Energy Inc., holds a surface mine permit # IM-
1164.  The permit became effective July 13, 2002 and expires on July 12, 2017.  It is not 
anticipated that limestone mining operations will proceed into the proposed expansion area.  
Documentation of this permit is provided in Appendix C3-A. New Drawing 3E-1 – Area of 
Limestone/Shallow Bedrock Removal, indicates that the Pittsburgh Limestone will be mined in 
the western portions of Phases 6 and 7 of the permitted landfill and from the proposed landfill 
expansion area.  Apex Energy Inc, holds a surface mine permit # IM-1164, which became 
effective July 13, 2002 and expires on July 12, 2017.  Apex will contract a licensed mining 
contractor registered in the State of Ohio to remove the Pittsburgh Limestone.  Surface mine 
permit #IM-1164 will be updated and submitted to the Ohio Department of Natural Resources 
(ODNR) annually to shown the areas where the Pittsburgh Limestone has been removed.  The 
mining permit application will indicate that the mined area will be used as a solid waste landfill 
following removal of the limestone.   
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(C)(3)(c)(ii) Documentation of who owns the mineral rights below the sanitary landfill 
facility. 
The property deeds are included in Volume V Appendix C-10 of this permit application.  Based 
on the purchases from previous owners, any mineral rights were transferred to Apex Landfill 
upon execution of the land title. 
 
(C)(3)(c)(iii) If any oil or gas wells were identified in accordance with paragraph 
(B)(2)(b)(ix) of this rule, a letter from the Ohio Department of Natural Resources or other 
appropriate agency verifying type, location, depth and status. 
According to correspondence from Ms. Beth Wilson from the Ohio Department of Natural 
Resources, Mineral Resources Management (ODNR-MRM), dated January 12, 2011, there does 
not appear to be any oil and gas wells in the area of the proposed expansion.  This information 
and related correspondence are included in Appendix C3-A of this PTI Application. 
 
(C)(3)(c)(iv) A letter from the Army Corps of Engineers agreeing with the wetland 
delineation, as depicted on the plan drawing with the information required by paragraph 
(B)(2)(a)(iv) of this rule, including if appropriate, that no wetlands are present, and if any 
wetlands are isolated. 
Apex received a jurisdictional letter from the U.S. Army Corps of Engineers (COE).  The letter 
is dated September 21, 2012, and has been included in Appendix C10-B in this revised PTI 
Application.  On behalf of Apex, CEC is in the process of preparing and submitting a wetland 
and stream delineation report to the Army Corps of Engineers.  Therefore, the verification letter 
from the Army Corps agreeing the wetland delineation is currently pending.  A copy of this letter 
will be provided once received.  Further discussions and correspondence regarding the wetland 
delineation and permitting are provided in Volume V Section (C)(10)(c) of the PTI Application, 
which is submitted under separate cover. 
 
(C)(3)(d)  SITE GEOLOGY AND HYDROGEOLOGY 
 
A detailed description and analysis of the geology and hydrogeology under the proposed 
sanitary landfill facility. This description shall be based on data collected using appropriate 
subsurface investigatory methods such as borings, piezometers, monitoring wells, 
tensiometers, geophysical surveys, soil gas surveys, dutch cone penetrometers and test pits. 
The description and analysis shall include, but is not limited to, the following: 
The site-specific hydrogeologic setting of the proposed Apex Landfill expansion has been 
defined from the results of the site investigation conducted, as documented in Section (C)(3)(f) 
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and (g). Included in this description of the site hydrogeology, as required by OAC 3745-27-
06(C)(3)(d), are descriptions of the unconsolidated and consolidated stratigraphic units, the site 
geomorphology, the site structural geology, the uppermost aquifer system (UAS), and any 
significant zones of saturation (SZS) above the uppermost aquifer system. 
 
The descriptions of the unconsolidated and consolidated stratigraphic units at the site are based 
on the results of the soil borings and bedrock coreholes drilled throughout both the existing and 
proposed landfill area through the course of this and previous investigations.  The locations of 
the soil borings, rock coreholes and piezometers installed in selected borings and coreholes are 
shown on Drawing 3D.  Drilling logs for the soil borings and coreholes as well as available 
completion diagrams for the piezometers are presented in Appendix C3-C.  Drilling logs from 
previously drilled soil borings, piezometers, and monitoring wells surrounding the existing 
landfill area were used to supplement the results of the site investigation for the proposed 
expansion area.  These logs are also presented in Appendix C3-C.  Table C3-1 contains a 
summary of the borings, monitoring wells, piezometers, and test pits on the property. 
 
In order to characterize the unconsolidated site stratigraphic units, the information presented on the 
drilling logs in Appendix C3-C was graphically presented in map form and on geologic cross-sections in 
the following drawings: 

• Drawing 3D presents the soil boring, test pits, piezometer, and monitoring well 
location map 

• Drawing 3E presents a contour map of the elevation of the top of bedrock surface 

• Drawing 3F presents a contour map of the elevation of the uppermost aquifer system 

• Drawing 3G and Drawing 3K present contour maps of the mine spoil potentiometric 
surface measured December 2010 and March 2011, respectively.   

• Drawing 3H and Drawing 3L present contour maps of the shallow bedrock/limestone 
potentiometric surface measured December 2010 and March 2011, respectively.   

• Drawing 3I and Drawing 3M present contour maps of the Bellaire/Summerfield units 
potentiometric surface measured December 2010 and March 2011, respectively.   

• Drawing 3J and Drawing 3N present contour maps of the Connellsville/Morgantown 
potentiometric surface measured December 2010 and March 2011, respectively.   
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• Drawing 5A presents a map of the locations of the geologic cross-sections, 

• Drawing 5B presents geologic cross-section A-A’ 

• Drawing 5C presents geologic cross-section B-B’ 

• Drawing 5D presents geologic cross-section C-C’  

• Drawing 5E presents geologic cross-section D-D’  

• Drawing 5F presents geologic cross-section E-E’  

• Drawing 5G presents geologic cross-section F-F’  
 
Unconsolidated sediments encountered beneath the expansion area are primarily reworked mine 
spoil deposits. The Apex Landfill is located on historic coal strip-mines. Where this strip mining 
activity has occurred, the geology of the overburden and underlying bedrock has been 
considerably altered.   
 
For the unconsolidated unit, a total of 22 undisturbed Shelby Tube samples were submitted for 
geotechnical analysis.  Because mine spoil comprises the majority of the site soils, there were no 
target horizons where a distribution of disturbed and undisturbed samples were required.  Due to 
the heterogeneous mixture of soils and rock that comprise the mine spoil, the locations and 
depths of samples collected for geotechnical laboratory testing were chosen based on the results 
of Standard Penetration Tests, pocket penetrometer readings, and likelihood of sample recovery.  
Shelby Tube samples were collected mainly in the softer cohesive zones encountered, however 
representative samples were also collected in stiffer zones.  The following is a summary of the 
samples analyzed, showing boring number, depth, sample type and classification. 
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Boring 
Sample Depth 

(feet) 
Sample Type Classification 

SB-3 11.5-13.5 Shelby Tube CL 

SB-4 28-30 Shelby Tube CL 

SB-6 8-9 Shelby Tube Moisture Content Only 

SB-6 9-10 Shelby Tube GC 

SB-8 2-4 Shelby Tube CL 

SB-14 10-12 Shelby Tube CL 

SB-14 25-25.5 Shelby Tube MH 

SB-14 26.5-27 Shelby Tube CH 

SB-16 0.5-2.5 Shelby Tube CH 

SB-16 1-3 Shelby Tube CL 

SB-17 16-18 Shelby Tube SC 

SB-17 18-20 Shelby Tube SC 

SB-18 10-12 Shelby Tube CL 

SB-18 22-24 Shelby Tube GC 

SB-19 11-13 Shelby Tube CL 

SB-20 16-18, 17-19 Shelby Tube GC 

SB-21 9-11 Shelby Tube CL 

TPE-17 12-14 Shelby Tube CL 

TPE-18 12-14 Shelby Tube CL 

TPE-18 18-19.7 Shelby Tube SC 

TPE-19 2-4 Shelby Tube CL 

TPE-21 2-4 Shelby Tube CL 

 

The soil samples were analyzed for some or all of the following characteristics: moisture content, 

grain size distribution, Atterberg Limits, wet and dry density, shear strength, and permeability.  

The geotechnical laboratory analytical results are presented in Appendix C3-D and summarized 
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on Table C3-3.  Results pertaining to the consolidated hydrogeologic investigation are discussed 

below. 

 

Consolidated material encountered beneath the site includes early Pennsylvanian cyclothem 

deposits which are specific sequences of stratigraphic units that represent a transgressive and 

regressive marine and non-marine environment.  These sequences are attributable to mountain 

building activities that occurred with the collision of the North American and African plates, 

which resulted in the Appalachian Orogeny.  Along the western boundary of this orogenic event, 

thin skinned deformation created a fold-and-thrust belt which formed the Appalachian 

Mountains with an associated foreland basin (Hatcher 1972).  The foreland basin is found west 

of the deformed upper plate and extends into eastern Ohio.  Sediments formed from the eroding 

Appalachian Mountains were shed onto this foreland basin (Meckel 1967).   The Pennsylvanian 

Period was also affected by continental glaciations (Ninke and Evans, 2002). The results of 

repeated glacial advances were glacial-eustatic sea level changes and tectonic uplift produced 

repeated sequences of sedimentation due to migrating sea shores (Ninke and Evans, 2002).  

These repeated sequences of sedimentation are referred to as “cyclothems” and are composed of 

alternating marginal marine and continental facies.  Each cyclothem consists of a specific 

sequence of stratigraphic units.  An ideal cyclothem sequence generally consists of the 

following:  coal, underclay, gray shale, sandstone, gray shale, sedimentary iron ore, limestone, 

and black shale.  However, ideal cyclothem successions are rare and lateral and vertical changes 

in lithologic types occur frequently, thus it is nearly impossible to find a complete lithologic set 

within a single vertical section (Gray, 1961).   

 

Rock units encountered beneath both the existing landfill and the proposed expansion consist of 

members of the Conemaugh Formation.  The #8 Pittsburgh Coal is part of the Monongahela 

Formation, which was extensively strip mined from the area.  Please note that not all members of 

these formations exist beneath the investigation area.  The members which were specifically 

encounter beneath the investigation area are discussed in detail below. 
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As discussed earlier, the #8 Pittsburgh Coal was previously mined from the site.  The Upper 

Pittsburgh Member occurs immediately beneath the #8 Pittsburgh Coal.  The Upper Pittsburgh 

Member is mostly comprised of thin layers of shale overlying several feet of limestone which 

overlies shale.  This member can also sometimes contain thin seams of poor quality coal.  The 

limestone associated with this member can range from several inches think to several feet thick.  

In Jefferson County, the Pittsburgh Limestone varies from a few inches to eight feet in thickness 

with an average of two feet seven inches (Lamborn, 1930).  Site specifically, the Pittsburgh 

limestone was found on average to be thicker than the average for Jefferson County.  

 

Stratigraphically beneath the Upper Pittsburgh Member lies the Bellaire Member.  The 

composition of the Bellaire varies across the site.  The published literature represents this 

member as mostly sandstone, however, it goes on to state that in Jefferson County the sandstone 

is replaced over large areas by arenaceous shale (Lamborn, 1930).  This shale replacement has 

occurred beneath the vast majority of the investigation area.  Therefore, CEC defines the Bellaire 

Member to be generally comprised of shale with seams and lenses of siltstone and fine-grained 

sandstone.   

 

Stratigraphically beneath the Bellaire Member lies the Summerfield Member, which is also 

known as the Lower Pittsburgh.  This member is referred to as the Summerfield throughout this 

report, appendices, and drawings.  The composition of this member varies greatly across the site, 

ranging from nearly continuous shale to siltstone, a few sandstone and limestone nodules and a 

few thin seams of poor quality coal.  Generally the composition is predominantly shale with 

seams and lenses of siltstone. 

 

Stratigraphically beneath the Summerfield Member lies the Connellsville Member.  This member 

is generally comprised of fine to medium-grained sandstone and also contains minor 

discontinuous seams of siltstone, shale, limestone, and coal.  Additionally, along higher ridges in 

Springfield Township, the Connellsville sandstone is replaced by sandy shale. 
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Stratigraphically beneath the Connellsville Member lies the Morgantown Member.  This member 

is comprised of fine to medium-grained sandstone with several infrequent discontinuous seams 

of coal.  In Springfield Township, the Morgantown sandstone has a variable thickness and ranges 

from 30 to 100 feet which has been confirmed during the subsurface investigation.  

 

Stratigraphically beneath the Morgantown Member lies the Elk Lick Member.  This member is 

comprised of a thin coal seam overlying limestone or calcareous shale.  The Elk Lick is not 

present beneath the entire investigation area.  Where it is not present, it has been replaced by the 

Birmingham Member.  The lower Birmingham Member is comprised of predominantly shale, 

but grades to silty shale or siltstone in some locations. 

 

(C)(3)(d)(i) The consolidated and unconsolidated stratigraphic units from the ground 
surface down to the base of the uppermost aquifer system including the following: 
(a) Characteristics, composition and features including the following: 
(i) For unconsolidated stratigraphic units, the textural classification using the “Unified Soil 
Classification System - USCS.” 
(ii) For consolidated stratigraphic units, the rock type(s) such as limestone, dolomite, coal, 
shale, siltstone, sandstone. 
(iii) Color; moisture content; stratigraphic features such as layering, interbedding, or 
weathering; fracturing, jointing, and other types of secondary porosity; and any visible 
accessory minerals such as pyrite, calcite or gypsum. 
(iv)  Hydraulic conductivity. 
(b)  Thickness. 
(c)  Lateral extent. 
(d) Depth and elevation. 
(e) Variations in texture, saturation, stratigraphy, structure, or mineralogy exhibited by 
each stratigraphic unit that could influence the ground water flow or quality in the 
uppermost aquifer system or any overlying zones of saturation. 
(C)(3)(d)(i)(a)(i) and (iii):  The Unified Soil Classification System (USCS) designations for the 
unconsolidated overburden sedimentary units submitted for analysis are based on the 
geotechnical analytical sampling results and the field visual descriptions of the soil samples, as 
reported on the drilling logs presented in Appendix C3-C.  The unconsolidated overburden 
sediments can generally be divided into mine spoil and residual soil.  The majority of the 
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expansion area has been extensively strip mined and the residual soil is limited to un-mined areas 
in valley bottoms.  Therefore, these units have been referenced as the unconsolidated unit.   
 
                         Unconsolidated Unit             USCS Designation 
 Mine Spoil CH, CL, MH, SC, GC  
 Residual Soil CH, CL, SC 
 
The mine spoil and residual soil deposits identified during the hydrogeologic investigations are 
defined using the USCS ASTM Method D 2487.  The mine spoil grain-size analysis was 
classified as CH (fat clay), Cl (lean clay), MH (elastic silt with sand), SC (clayey sand), and GC 
(clayey gravel).  These varying grain-sizes identified are typical of mine spoil deposits.  The 
residual soil grain-size analysis was classified as CH (fat clay), CL (lean clay), and SC (clayey 
sand), which are typical for undistributed residual soil deposits.  These classifications are also 
based on the graphical comparison of the plasticity index to the liquid limit (referred to as the 
Plasticity Chart). 
 
The water-bearing zones within the unconsolidated deposits vary in composition and are defined 
by several divisions within the USCS.  In general the water-bearing zones have a clay matrix, but 
contain higher amount of sand and gravel allowing for the collection of perched water.  The 
composition of these water-bearing zones is neither laterally nor vertically uniform, as observed 
from the sediments in the soil borings, and it is possible for a variety of soil types of deposits to 
be encountered in a single boring. 
 
The complete soil testing results are summarized in Table C3-3 and the laboratory data sheets are 
presented in Appendix C3-D.   
 
(C)(3)(d)(i)(a)(ii) and (iii): Below the unconsolidated unit are bedrock members belonging to 
the Conemaugh Formation of the Pennsylvanian geologic era.  In general, the bedrock 
composition includes coal, limestone, shale, siltstone, and sandstone.  The surface of the bedrock 
was encountered a few feet below ground surface to approximately 75 feet below ground surface 
in locations of thick mine spoil deposits.  The surface of the bedrock when encountered has been 
weathered and fractured.  The upper portion of the bedrock surface exhibits a higher 
permeability due to a greater fracture density and weathering.  At depth, the permeability of the 
bedrock decreases and is controlled by the size and frequency of fractures.   
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For the specific color, moisture content, stratigraphic features such as layering, interbedding, or 
weathering, and fracturing please refer to the boring logs included as Appendix C3-C.   
 
(C)(3)(d)(i)(a)(iv): The hydraulic conductivities (i.e., permeabilities) of the unconsolidated and 
consolidated deposits encountered on site have been assessed by both laboratory testing and in-
situ testing.  The horizontal hydraulic conductivity of the water-bearing zones of the 
unconsolidated and consolidated units were evaluated by pumping and in-situ testing, including 
packer tests and slug and recovery tests performed on monitoring wells and piezometers. The 
results are presented in Table C3-4 and Table C3-5 and the methodologies are presented in 
Section (C)(3)(g) below.  
 
Hydraulic Conductivities – Slug Testing 
The ranges of hydraulic conductivities of the consolidated and unconsolidated water-bearing 
zones noted during the slug testing are presented in the table below: 
 

HYDRAULIC CONDUCTIVITIES – SLUG TESTING 

Zone 
Number of 

Wells 
Tested 

Minimum 
Hydraulic 

Conductivity 
(cm/sec) 

Maximum 
Hydraulic 

Conductivity 
(cm/sec) 

Geometric Mean 
Hydraulic 

Conductivity 
(cm/sec) 

Mine Spoil SZS 3 5.89x10-5 1.09x10-2 3.67x10-4 
Limestone/ 
Shallow Bedrock 
SZS 

6 3.07x10-5 2.10x10-2 7.61x10-4 

Bellaire/ 
Summerfield SZS 6 5.47x10-7 5.84x10-4 3.50x10-5 

Connellsville/Mo
rgantown UAS 5 4.44x10-5 2.97x10-3 9.61x10-4 

 
Hydraulic Conductivities - Packer Testing 
Dual packer testing was conducted in each deep boring (P-1, P-5, and P-9) prior to setting the 
UAS piezometer.  Packer testing was conducted at ten foot intervals from the top of bedrock to 
the total depth of the respective boring.  The coefficient of permeability was calculated from the 
pressure time/flow rate data which is presented in Table C3-5 and detailed below.  Further 
discussions regarding the methodologies of the packer testing is included in Section 
(C)(3)(g)(iii). 
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Piezometer P-1 Packer Testing 
Packer testing was conducted on the open bore hole prior to installing piezometer P-1.  Packer 
testing was conducted from the termination depth of the bore hole (~270 feet bgs) to the bedrock 
surface (~85 feet bgs).  A total of twenty-one (21) intervals were tested.  Valid tests were 
completed for all 21 intervals, except a few tests where the packers failed, as noted within Table 
C3-5.  The average of the hydraulic conductivity for the specific units tested are depicted on the 
table below.  

PIEZOMETER P-1 – PACKER TEST RESULTS SUMMARY 

Zone 

Number of 
10-Foot 
Intervals 
Tested 

Minimum 
Hydraulic 

Conductivity 
(cm/sec) 

Maximum 
Hydraulic 

Conductivity 
(cm/sec) 

Average 
Hydraulic 

Conductivity 
(cm/sec) 

Limestone/ 
Shallow Bedrock 
SZS 

2 0.0 2.28x10-3 2.32x10-4 

Bellaire/ 
Summerfield SZS 9 0.0 1.17x10-3 5.35x10-5 

Connellsville/ 
Morgantown UAS 10 0.0 1.08x10-3 9.27x10-5 

 
Piezometer P-5 Packer Testing 
Packer testing was conducted on the open bore hole prior to installing piezometer P-5.  Packer 
testing was conducted from the termination depth of the bore hole (~189 feet bgs) to the bedrock 
surface (~29 feet bgs).  A total of nineteen (19) intervals were tested.  Valid tests were completed 
for all 19 intervals as noted on Table C3-5.  The average of the hydraulic conductivity for the 
specific units tested are depicted on the table below.  
 

PIEZOMETER P-5 – PACKER TEST RESULTS SUMMARY 

Zone 

Number 
of 10-Foot 
Intervals 
Tested 

Minimum 
Hydraulic 

Conductivity 
(cm/sec) 

Maximum 
Hydraulic 

Conductivity 
(cm/sec) 

Average 
Hydraulic 

Conductivity 
(cm/sec) 

Limestone/ Shallow Bedrock 
SZS 2 2.55x10-5 4.58x10-3 3.23x10-4 

Bellaire/Summerfield SZS 7 0.0 7.22x10-4 7.04x10-5 
Connellsville/Morgantown UAS 10 0.0 2.00x10-3 6.52x10-5 
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Piezometer P-9 Packer Testing 
Packer testing was conducted on the open bore hole prior to installing piezometer P-9.  Packer 
testing was conducted from the termination depth of the bore hole (~163 feet bgs) to the bedrock 
surface (~28 feet bgs).  A total of eighteen (18) intervals were tested.  Valid tests were completed 
for all 18 intervals, except a few tests where the packers failed, as noted within Table C3-5.  The 
average of the hydraulic conductivity for the specific units tested are depicted on the table below.  
 

PIEZOMETER P-9 – PACKER TEST RESULTS SUMMARY 

Zone 

Number of 
10-Foot 
Intervals 
Tested 

Minimum 
Hydraulic 

Conductivity 
(cm/sec) 

Maximum 
Hydraulic 

Conductivity 
(cm/sec) 

Average Hydraulic 
Conductivity 

(cm/sec) 

Limestone/ Shallow 
Bedrock SZS 2 2.67x10-5 4.49x10-3 3.70x10-4 

Bellaire/ Summerfield 
SZS 8 0.0 1.37x10-3 3.70x10-5 

Connellsville/ 
Morgantown UAS 8 0.0 1.61x10-3 4.35x10-5 

 
As noted on Table C3-5.  Piezometer clusters P-1, P-5, and P-9 were generally installed within 
zones that yielded higher hydraulic conductivity values and/or zones which took more water 
during the packer testing.  In addition, piezometer screened intervals were selected by examining 
the rock cores for fractures and visible oxidation from groundwater traveling through the 
bedrock.  In some instances, a higher hydraulic conductivity value was reported during the 
packer test due to the nature of the fractured bedrock compared to the observations made during 
coring and groundwater yield estimate during drilling.  In certain instances, a piezometer was not 
installed within the higher yield zone noted during the packer testing based on the other field 
observations during drilling which suggested that groundwater was not present within the 
interval.   
 
The hydraulic conductivities (i.e., permeabilities) of the unconsolidated deposits encountered on 
site have been assessed by both laboratory testing and in-situ testing.  "Undisturbed" tube 
samples were collected from the unconsolidated unit and the vertical permeability evaluated by 
laboratory testing using ASTM Testing Procedure D 5084-Method C. Soil samples tested for 
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hydraulic conductivity were not altered during the sampling process, nor compressed or 
remolded during laboratory testing.  Thus, the permeability values are considered reflective of 
natural, in-situ vertical permeabilities. The unconsolidated unit at the facility consists of mine 
spoil and residual soil.  The laboratory vertical hydraulic conductivity (Kv) for the 
nonconsolidated unit was determined and is summarized below. 
 
Mine Spoil Unconsolidated Unit 
Seven (7) undisturbed samples from the mine spoil deposits were subjected to falling head 
permeability tests throughout the course of investigation of the site. The hydraulic conductivities 
ranged from 7.10 x 10-8 to 3.70 x 10-5 centimeters per second, with a geometric mean of 5.35 x 
10-7 cm/sec.  Hydraulic conductivity values calculated through laboratory testing are summarized 
in Table C3-3. 
 
Residual Soil Unconsolidated Unit 
Two (2) undisturbed samples from the residual soil deposits were subjected to falling head 
permeability tests throughout the course of the investigation.  The hydraulic conductivities were 
3.80 x 10-6 and 5.70 x 10-6 cm/sec, with a geometric mean of 4.65 x 10-6 cm/sec.  Hydraulic 
conductivity values calculated through laboratory testing are summarized in Table C3-3. 
 
(C)(3)(d)(i)(b) Thickness 
The total combined thickness of the unconsolidated unit is equivalent to the total overburden 
thickness at the site.  The thickness of overburden ranges from a few feet below ground surface 
to 75 feet.  The thickness of the unconsolidated units includes the mine spoil and residual soil 
deposits and is depicted graphically on the geologic cross section presented as Drawings 5B-5G. 
 
The elevation of the bedrock surface is shown on Drawing 3E.  As shown, the bedrock surface 
generally follows the existing undisturbed topography and the previously strip mined areas.  The 
consolidated subsurface investigation was conducted from the top of bedrock to the base of the 
Connellsville/Morgantown UAS.  The thicknesses of the consolidated units encountered at each 
boring location are depicted graphically on the geologic cross section presented as 
Drawings 5B-5G. 
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(C)(3)(d)(i)(c) Lateral Extent 
Unconsolidated overburden, either mine spoil or residual soil, is present across the entire site, but 
the specific water-bearing units are generally isolated and discontinuous within this unit.  The 
lateral extent of the unconsolidated overburden sediments is illustrated on the geologic cross-
sections on Drawings 5B-5G.   
 
The lateral extent of the Upper Pittsburgh Unit is not continuous across the entire site due to strip 
mining activities or it has been cut off by natural valleys or highwalls.  Likewise, the later extent 
of the Bellaire/Summerfield unit is not continuous across the entire site.  These units do not exist 
in the northwestern portion of the existing permitted facility where they pinches out and have 
been replaced by the lower units belonging to the Connellsville/Morgantown Members.  The 
Connellsville/Morgantown units are below all of the existing and proposed expansion area and 
have been identified as the UAS. 
 
(C)(3)(d)(i)(d)  Depth and Elevation 
The depth and elevation of the unconsolidated overburden sediments and consolidated bedrock 
units are illustrated on the geologic cross-sections on Drawings 5B-5G.   
 
(C)(3)(d)(i)(e)  Variations in texture, saturation, stratigraphy, structure, or mineralogy 
exhibited by each stratigraphic unit that could influence the groundwater flow or quality in 
the uppermost aquifer system or any overlying zones of saturation. 
Textural and stratigraphic variation in addition to the discontinuous nature of the unconsolidated 
water bearing zones influence both inter and intra-zonal groundwater flow at the site.  The 
surface water impoundments also create recharge and discharge points for the groundwater 
encountered within the unconsolidated and shallow bedrock units.  The impoundments and 
natural valleys also create isolation points limiting the groundwater flow across the entire 
facility. 
 
The shallow bedrock is typically weathered and exhibits frequent fracturing which adds to the 
permeability when saturated.  The weathered upper portion of the shallow bedrock is anticipated 
to exhibit a higher permeability probably due to a greater fracture density, and weathering.  At 
greater depth, the permeability of the bedrock will be controlled by the size and number of 
fractures and/or solution features encountered.   
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(C)(3)(D)(II)  SITE GEOMORPHOLOGY DESCRIPTION 
The local geomorphology at the proposed sanitary landfill facility including surface water 
bodies or topographic features that may influence the ground water flow in the uppermost 
aquifer system or any overlying significant zones of saturation. 
The site lies in the unglaciated portion of Ohio and is part of the Appalachian Plateau.  In the 
relatively recent geological past, this part of Ohio was reduced, topographically, to a nearly level 
plain.  Over a period of time, the plan has been dissected by a system of gullies and streams.  At 
present, the deepest stream valleys in the vicinity of the site lie about 150 feet below the hill tops. 
 
The site lies on a high plateau immediately north of a water drainage divide between Yellow 
Creek to the north and Cross Creek to the South.  These creeks are tributaries of the Ohio River, 
which lies approximately 15 miles east of the site.  The streams and creeks discharging from the 
site flow into Goose Creek which in turn flows into Yellow Creek.  Goose Creek originates 
approximately 700 feet east-southeast of the northeast corner of the existing landfill and flows 
generally north-northwest.  The point where it discharges into Yellow Creek is approximately 
2.5 miles north of the site.  Drainage from the proposed expansion area, south of the existing 
landfill, enters North Branch Cross Creek via several unnamed tributaries approximately 2 miles 
south of the site.  North Branch Cross Creek in turn flows into Cross Creek. 
 
The majority of the site is located in former strip mine operations, portions of which have been 
reclaimed.  The areas which have been reclaimed have been graded so that surface water drains 
into existing streams and are effectively drained in this manner with only minor evidence of 
ponding.  The unreclaimed areas tend to have moderate to highly irregular surface topography.   
A near-vertical highwall is located along the western side of the proposed expansion area.  This 
highwall has a pond at the base.  Additionally, there are pit mines which have filled with water 
located within the southwestern portion of the proposed expansion area.  Depending on the 
overall dip of the bedrock surface beneath the strip or pit mined pond, these surface water 
impoundments act as discharge and recharge points for the mine spoil and shallow bedrock units 
and influence groundwater flow as discussed below. 
 
(C)(3)(D)(III)  SITE STRUCTURAL GEOLOGY  
Any local structural geology features under the proposed sanitary landfill facility that may 
influence the ground water flow in the uppermost aquifer system or any overlying 
significant zones of saturation. 
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The presence of the “syncline” is noted on the structure contour maps of the Pittsburgh (#8) Coal 
(Slucher, 1996) and the Ames limestone (Swinford, 1997) in the region.  This “syncline” shaped 
structure is present in the area, but does not meet the definition of a syncline, which implies a 
compressional force acted on the area after the deposition of the Pennsylvanian rock strata.  
Rather the “syncline” shaped structure is the result of differential compaction of the sediment 
during and post deposition.  As evidenced by previous investigations, the structure does 
influence the groundwater flow direction in the bedrock at the site and it is likely that the 
structure influences the bedrock groundwater flow direction on a regional level as well.  The axis 
of this “syncline” shaped structure, which crosses the site, dips generally southwest at 
approximately 30 feet per mile (0.6 percent). Geologic cross sections included in the HSIR 
indicate that the base of the Connellsville and Morgantown units do not exhibit a consistent, site-
wide dip direction.  Due to the relatively low regional dip and the variable nature of the UAS 
structure based on the HSIR borings, it appears that geologic structure is not creating a 
significant influence on groundwater flow in the UAS.  However, in valley areas where the UAS 
outcrops/subcrops it is expect that topographically-controlled groundwater divides exist.   
 
(C)(3)(D)(IV)  UPPERMOST AQUIFER SYSTEM  
The uppermost aquifer system and all significant zones of saturation above the uppermost 
aquifer system. This description shall include the depth to, and lateral and vertical extent 
of, the uppermost aquifer system and all significant zones of saturation above the 
uppermost aquifer system.  
As required, this description shall include the depth to, and the lateral and vertical extent of the uppermost 
aquifer system and all significant zones of saturation above the uppermost aquifer.  The designations of 
the water-producing zones were established during the original landfill permitting process (BBC&M 
1993), and further defined as part of the investigation for the expansion area.  The designations of the 
water-producing zones utilized the now retired Ohio EPA Guidance’s for aquifer systems and significant 
zones of saturation (SZS): DDAGW-02-05-100 (Ohio EPA, July 27, 1997) and GD0303.110 (Ohio EPA, 
August 5, 1991), respectively.  Per those guidance documents, an aquifer system is one or more mappable 
geologic unit or formation that is wholly or partly saturated with water and are able to store, transmit and 
yield significant amounts of water to wells or springs.  An SZS is a saturated hydrogeologic unit that 
possesses certain hydrologic properties that allow it to transmit groundwater at a faster rate than 
surrounding units away from the limits of waste placement.  These zones do not have to be capable of 
yielding a significant amount of water to a well or spring. 
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The Ohio EPA guidance states that a zone is an aquifer system if it yields a “significant amount of water”.  
What constitutes a significant amount in the Ohio EPA guidance is a yield greater than 0.1 gpm, except 
for the case when the yield is between 0.1 and 2.6 gpm (2-inch well) and less than 50% of the yield of 
wells in another zone of saturation beneath the property and is a likely source of potable water within one 
mile of the facility (i.e. the regional aquifer).  
 
A program of drilling, subsurface sampling and coring, and well installation and testing was undertaken 
to collect the data necessary to characterize the subsurface stratigraphy, define the UAS and any 
encountered SZSs, and define the rate and direction of groundwater flow.  The drilling locations for the 
hydrogeologic investigation are shown on Drawing 3D.  The results of the drilling investigation identified 
four zones requiring groundwater classification; as such CEC has identified them as follows: Mine Spoil 
SZS, Limestone/Shallow Bedrock SZS and UAS (where saturated), Bellaire/Summerfield SZS, and the 
Connellsville/Morgantown UAS. 
 
The previous hydrogeologic investigation for the existing permitted landfill to the north designated the 
Connellsville/Morgantown units as the UAS.  The Connellsville/Morgantown unit is present beneath the 
entire proposed expansion area and will remain the UAS at the site.  Additionally, some piezometers 
installed within the Limestone/Shallow Bedrock unit have been identified to yield a significant amount of 
water (>2.6 gpm); therefore, portions of the Limestone/Shallow Bedrock unit have been identified as a 
UAS.  These higher yield Limestone/Shallow Bedrock piezometers are limited to the central portion of 
the expansion area and are not mappable across the entire expansion area.  The top of UAS contour map, 
Drawing 3F, has been drawn to include the approximate horizontal and vertical limits of the isolated, 
higher yield shallow groundwater zone which will be removed during landfill construction.  Based on 
additional limestone yield testing at piezometers P-13L, P-14L, and P-15, which were install in June and 
July, 2012, the limits of the higher yield limestone has been revised by contouring the average yield of all 
limestone piezometers, as shown on Drawing 3F-1 Limestone/Shallow Bedrock Average Yield Contours,  
to determine where the yield contours  exceed 2.6 gpm, which is the adjusted sustained yield criteria for 
determination of a UAS.  Once landfill construction removes this high yield Limestone/Shallow Bedrock 
zone, the deeper Connellsville/Morgantown unit will remain the UAS. 
 
The unconsolidated Mine Spoil and consolidated (Limestone/Shallow Bedrock and Bellaire/Summerfield) 
units overlying the Connellsville/Morgantown units have been classified as a SZS.  As noted above, some 
isolated portions of the Limestone/Shallow Bedrock unit have been identified as a UAS.  Where present, 
each unit could be called a geologic unit, and each unit is wholly or partly saturated.  In order to 
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determine which water-bearing zone or zones may qualify as an aquifer, each zone was evaluated with 
respect to its ability to "yield significant amounts of water" and be mappable beneath the site.   
 
For piezometers and wells which produced an adequate flow rate to support pumping, the 
maximum flow rate was determined for each piezometer by conducting a modified step pumping 
test.  The piezometer or well was pumped with a Grundfos Redi-Flo electric submersible pump 
for approximately two hours to determine the maximum flow rate.  The maximum flow rate is 
defined as the flow rate noted at the maximum drawdown level.  The maximum drawdown level 
is defined as the water level 1-3 feet above the pump intake.   Specific piezometer and well yield 
date is summarized on Table C3-9 and discussed in detail below for each saturated zone. 
 
Mine Spoil Significant Zone of Saturation 
This hydrostratigraphic interval encompasses the unconsolidated deposits above bedrock and includes 
unconsolidated residual soil deposits which were not affected by strip mining operations.  The vast 
majority of the proposed expansion area was extensively strip mined.  Therefore, these unconsolidated 
soil units have been combined as the Mine Spoil SZS.  The unconsolidated mine spoil deposits extend 
from ground surface down to the top of the bedrock.  The unconsolidated deposits around the proposed 
expansion area vary widely due to the inconsistent nature of the Mine Spoil.  The unit ranges from fat 
clays, lean clays with sand, to clayey gravel with sand.  For a complete list of USCS classifications, refer 
to the Laboratory Test Results Summary, Table C3-3 and the boring logs included in Appendix C3-C.  
Perched groundwater was encountered within the Mine Spoil unit in 56 of the 26 unconsolidated drilling 
locations, prompting the installation of piezometers P-1A, P-2A, P-3A, P-5A, P-7A, and P-8A.   
 
Based on the 26 soil borings and numerous test pits within the mine spoil and residual soil, there are very 
few sporadic and isolated zones of saturation.  Additionally, the mine spoil is only located in areas of the 
proposed expansion where strip mining occurred.  The proposed landfill design will remove the majority 
of the mine spoil overburden, except where it will remain beneath the perimeter landfill berm.  As such, 
the lack of potential saturation and aerial extent or mappability supports the conclusion that the mine spoil 
should remain a SZS.   Potentiometric surface maps have been prepared for this unit, which are included 
as Drawings 3G and 3K.  These maps have been drawn using available data to reflect the localized 
groundwater flow influenced by surface water bodies and mine cuts that drastically impact topographic 
relief. 
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Yield testing was conducted on newly installed Mine Spoil SZS piezometers P-1A, P-2A, P-3A, P-5A, P-

7A, and P-8A.  Due to a limited water column during yield testing efforts, no tests were conducted on 

Mine Spoil piezometers B-1A, B-2A, B-7A, B-401A, and B-402A.  Piezometers P-1A, P-3A, P-5A, P-

7A, and P-8A were bailed dry numerous times and would not support a submersible pump.  The average 

yield of these piezometers was calculated by dividing the total time elapsed by the gallons removed as 

noted during the piezometer development.  The yields were calculated at P-1A (0.07 gpm), P-3A (0.13 

gpm), P-5A (0.08 gpm), P-7A (0.22 gpm), and P-8A (0.17 gpm).  Piezometer P-2A exhibited relatively 

stable drawdowns during pumping; therefore, the maximum yield was determined to be 0.75 gpm.  Pump 

testing forms are included as Appendix C3-F and results summarized on Table C3-9.  The average of the 

yield data collected for the Mine Spoil SZS was 0.24 gpm.   

 

The results of the yield testing of the Mine Spoil SZS are summarized in the table below.  Additionally, 

the table depicts yields of the Mine Spoil piezometers compared to the yield of the 

Connellsville/Morgantown UAS in regards to the aquifer designation criteria discussed above and as 

noted in DDAGW-02-05-100 (Ohio EPA, July 29, 1997).  Based on the discontinuous nature of the 

saturated portions of the Mine Spoil unit and the low yield data evaluation provided below, the Mine 

Spoil unit has been designated as a SZS beneath the proposed expansion. 

 

Piezometer ID 

Hydraulic 

Connectivity 

(cm/sec)  

Average Yield 

(gpm) 

Does Well 

Yield Greater 

Than 2.6 gpm
2
? 

(yes/no) 

Yield Greater Than 50% of 

the Regional 

Aquifer2.26gpm
3
?       

(yes/no) 

P-1A Not Tested
1
 0.07 No No  

P-2A 1.09x10
-2

 0.75 No No 

P-3A 7.71x10
-5

 0.13 No No 

P-5A Not Tested
1
 0.08 No No 

P-7A 5.89x10
-5

 0.22 No No 

P-8A Not Tested
1
 0.17 No No 

Average 3.68x10
-3

 0.24 No No 

Notes: 

1 = Not Tested due to limited water column in piezometer during yield testing effort. 
2 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 3gpm (4-inch well) or 

2.6gpm (2-inch well). 

3 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 50% of yield of wells 
in another zone of saturation beneath the property.  The average regional aquifer yield is 9.014.21 

gpm,  
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50% of the regional aquifer is 4.57.11 gpm.  The 2.26 gpm represents the average yield of the 
Connellsville/Morgantown UAS. 

 

Limestone / Shallow Bedrock Uppermost Aquifer System and Signification Zone of Saturation 

This interval includes the consolidated units of the most shallow bedrock deposits encountered below the 

Mine Spoil unit.    During the drilling program, groundwater was intermittently encountered within the 

upper 10 to 15 feet of the bedrock, which include portions of the Upper Pittsburgh Limestone.  The 

limestone was encountered at varying thicknesses throughout the shallow bedrock and is not mappable 

across the expansion area.  The vertical extent of this unit is considered to be the top of bedrock to 

approximately 10 to 15 feet below the top of bedrock.  This interval has been determined based on the 

intermittent saturation found within the shallow bedrock.  The Limestone/Shallow Bedrock unit consists 

of limestone, siltstone, and shale.  The boring logs included in Appendix C3-C have detailed descriptions 

of the varying rock types encountered within this interval.  Groundwater was encountered within 8 of the 

10 consolidated drilling locations, prompting the installation of piezometers P-1L, P-2L, P-3L, P-4L, 

P-5L, P-6L, P-10L, and P-11L.  The shallow bedrock beneath the mine spoil was not found to be 

saturated at drilling locations P-9 or P-12.  Additionally, rock drilling was not conducted at piezometer 

locations P-7 and P-8; therefore, no shallow bedrock piezometers could be installed.  However, mine 

spoil piezometers P-7A and P-8A were installed at these locations.  Potentiometric surface maps have 

been prepared for this unit, which are included as Drawings 3H and 3L.  These maps have been drawn 

using available data to reflect the localized groundwater flow and the influence of the surface water 

bodies, which will be removed during the future landfill expansion. 

 

Yield testing was conducted on Limestone / Shallow Bedrock unit piezometers P-1L, P-2L, P-

3L, P-4L, P-5L, P-6L, P-10L, P-11L, and monitoring well B-402S.  Piezometers P-1L, P-5L, P-

6L, and P-11L were bailed dry numerous times and would not yield sufficient groundwater to 

use a submersible pump.  The average yield of these piezometers was calculated by dividing the 

total time elapsed by the gallons removed as noted during the piezometer development.  The 

yields were calculated at P-1L (0.11 gpm), P-5L (0.15 gpm), P-6L (0.16 gpm), and P-11L (0.09 

gpm).   Piezometers P-2L, P-3L, and well B-402A exhibited relatively stable drawdowns during 

pumping; therefore, the maximum yield for these piezometers was determined 3.75 gpm, 0.65 

gpm, and 1.65 gpm, respectively.  The maximum flow rates noted in piezometers P-4L (5.0 gpm) 

and P-10L (4.5 gpm) were limited by the submersible pump.  Based on the lack of drawdown 

noted during the pumping, the piezometers could potentially yield greater amount of water than 

4.5 to 5.0 gpm.  Pump testing forms are included as Appendix C3-F and results summarized on 

Table C3-9.  The average of the yield data collected for the Limestone / Shallow Bedrock unit 
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was 1.78 gpm.  As noted throughout this document, the higher yield piezometers have been 

identified as UAS and will be excavated during landfill construction.   

 

Aquifer testing conducted on the Limestone / Shallow Bedrock unit is summarized in the table below.  

The table depicts yields of the Limestone/Shallow Bedrock piezometers compared to the yield of the 

Connellsville/Morgantown UAS in regards to the aquifer designation criteria discussed above and as 

noted in DDAGW-02-05-100 (Ohio EPA, July 29, 1997). 

 

Piezometer ID 

Hydraulic 

Connectivity 

(cm/sec)  

Average Yield 

(gpm) 

Does Well 

Yield Greater 

Than 2.6gpm
2
? 

(yes/no) 

Yield Greater Than 50% of 

the Regional 

Aquifer2.26gpm
3
?       

(yes/no) 

P-1L Not Tested
1
 0.11 No No  

P-2L 2.23x10
-3

 3.75 Yes YesNo 

P-3L 1.83x10
-4

 0.65 No No 

P-4L 2.10x10
-2

 5.00 Yes YesNoYes 

P-5L 1.54x10
-4

 0.15 No No 

P-6L 3.07x10
-5

 0.16 No No 

P-10L 4.80x10
-3

 4.50 Yes YesNo 

P-11L Not Tested
1
 0.09 No No 

B-402A Not Tested
1
 1.65 No YesNo 

Average 4.73x10
-3

 1.78 No YesNo 

Notes: 

1 = Not Tested due to limited water column in piezometer during yield testing effort. 

2 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 3gpm (4-inch well) or 
2.6gpm (2-inch well). 

3 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 50% of yield of wells 

in another zone of saturation beneath the property.  The average regional aquifer yield is 9.014.21 
gpm, 50% of the regional aquifer is 4.57.11 gpm.  The 2.26 gpm represents the average yield of the 

Connellsville/Morgantown UAS. 

 

Based on the above evaluation of the yield data collected, piezometers P-2L, P-4L, and P-10L and 

monitoring well B-402A yield a “significant” amount of water in regards to the definition of an aquifer.  

Piezometers P-4L and P-10L and well B-402A are located in the same general vicinity just south of the 

existing permitted limits of waste.  Additionally, piezometer P-2L is located approximately 100 feet from 

a surface water body, which is contributing to the noted yield at P-2L.  As documented in the engineering  



 
section of this PTI and noted on the geologic cross-sections, this higher producing water bearing unit will 
be removed during the proposed landfill construction.  The surface water body contributing to the yield 
noted at P-2L will also be removed.  The removal of the Limestone/Shallow Bedrock unit will eliminate 
the groundwater noted within the vicinity; therefore, the unit where significant yields were encountered is 
considered a UAS that will be removed.  Once this shallow unit is removed during landfill construction, 
the deeper Connellsville/Morgantown unit will remain the UAS for monitoring.   
 
Additionally, Side Hill Aggregate Underdrain System (SHAUDS-3) is partially constructed along the 
southwestern section of the permitted limits of waste and will be extended during the construction of 
Phase 7.  It is anticipated that SHAUDS-3 will likely began to dewater the Limestone/Shallow Bedrock in 
the vicinity prior to the proposed landfill expansion construction.  
 
Bellaire / Summerfield Signification Zone of Saturation 
This interval includes the consolidated units of the Bellaire/Summerfield deposits encountered below the 
Limestone/Shallow Bedrock unit.  During the drilling program, groundwater was encountered within this 
unit to a limited extent.  The unit was encountered beneath the entire expansion area, however it is not 
present beneath the northwestern portion of the permitted facility, therefore is not mappable across the 
entire facility.  The vertical extent of this unit is considered to be the base of the Limestone/Shallow 
Bedrock unit (i.e. 10-15 feet into bedrock) to the top of the Connellsville/Morgantown UAS.  The 
Bellaire/Summerfield unit consists of interbedded layers of limestone, siltstone, and shale.  The boring 
logs included in Appendix C3-C have detailed descriptions of the varying rock types encountered within 
this interval.  Groundwater was encountered within this unit at all drilling locations, prompting the 
installation of piezometers P-1S, P-2S, P-3S, P-5S, P-6S, P-9S, P-10S, and P-12S.  It should be noted that 
the existing detection monitoring wells B-402S, B-405S, B-407S, and B-409S are often dry during semi-
annual groundwater sampling events.  Potentiometric surface maps have been prepared for this unit, 
which are included as Drawings 3I and 3M. 
 
Yield testing was conducted on Bellaire / Summerfield SZS piezometers P-1S, P-2S, P-3S, P-5S, 
P-6S, P-9S, and P-10S.  Piezometers P-1S, P-5S, and P-10S were bailed dry numerous times and 
would not yield sufficient groundwater to use a submersible pump.  The average yield of these 
piezometers was calculated by dividing the total time elapsed by the gallons removed as noted 
during the piezometer development.  The yields were calculated at P-1S (0.02 gpm), P-5S (0.13 
gpm), and P-10S (0.22 gpm).  Piezometers P-2S, P-3S, P-6S, and P-9S were yield tested with a 
submersible pump.  Yields noted for piezometers P-3S (0.47 gpm), P-6S (0.45 gpm), P-9S (0.32 
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gpm) were determined while the piezometer was still showing a slight drawdown which suggests 

that the piezometer may not yield the respective gpm without going dry.  Piezometer P-2S 

exhibited a relatively stable drawdown during pumping; therefore, the maximum yield for the 

piezometer was determined to be 0.75 gpm.  Pump testing forms are included as Appendix C3-F 

and results summarized on Table C3-9.  The average of the yield data collected for the Bellaire / 

Summerfield SZS was 0.34 gpm. 

 

Aquifer testing conducted on the Bellaire/Summerfield piezometers P-1S, P-2S, P-3S, P-5S, P-6S, P-9S, 

and P-10S and is summarized in the table below.  The table depicts yields of the piezometers compared to 

the yield of the Connellsville/Morgantown UAS in regards to the aquifer designation criteria discussed 

above and as noted in DDAGW-02-05-100 (Ohio EPA, July 27, 1997).  Based on the yield data 

evaluation provided below, and the fact that the unit does not exist beneath the entire facility, the 

Bellaire/Summerfield unit has been designated as an SZS for the facility. 

 

Piezometer ID 

Hydraulic 

Connectivity 

(cm/sec)  

Average Yield 

(gpm) 

Does Well 

Yield Greater 

Than 2.6gpm
2
? 

(yes/no) 

Yield Greater Than 50% of 

the Regional Aquifer 

2.26gpm
3
?                   

(yes/no) 

P-1S Not Tested
1
 0.02 No No  

P-2S 3.74x10
-4

 0.75 No No 

P-3S 5.84x10
-4

 0.47 No No 

P-5S Not Tested
1
 0.13 No No 

P-6S 1.97x10
-5

 0.45 No No 

P-9S 3.63x10
-5

 0.32 No No 

P-10S 2.16x10
-5

 0.22 No No 

Average 2.07x10
-4

 0.34 No No 

Notes: 

1 = Not Test due to limited water column in piezometer during yield testing effort. 
2 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 3gpm (4-inch well) or 

2.6gpm (2-inch well). 

3 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 50% of yield of wells 
in another zone of saturation beneath the property.  The average regional aquifer yield is 9.014.21 

gpm, 50% of the regional aquifer is 4.57.11 gpm.  The 2.26 gpm represents the average yield of the 

Connellsville/Morgantown UAS. 

 

Connellsville/Morgantown Uppermost Aquifer System 



 
This interval includes the consolidated units of the Connellsville/Morgantown deposits encountered 
below the Bellaire/Summerfield unit.  This interval is laterally continuous and was encountered in all of 
the deep boring locations.  The vertical extent of the unit is considered to be the contact of the 
Bellaire/Summerfield unit to the top of the Birmingham or Elk Lick unit (where present).  The 
Connellsville/Morgantown unit consists of mostly sandstone with interbedded layers of siltstone and 
shale with a few occurrences of thin coal and limestone seams.  The boring logs included in Appendix 
C3-C have detailed descriptions of the rock types encountered within this interval.  Groundwater was 
encountered within this unit at all proposed drilling locations, prompting the installation of piezometers 
P-1, P-5, P-9, and P-12.  Borings and piezometers installed during previously site investigations were 
used to supplement this investigation.  Potentiometric surface maps have been prepared for this unit, 
which are included as Drawings 3J and 3N. 
 
Pump Testing was conducted on UAS piezometers P-1, P-5, P-9, and B-12.  A Grundfos Redi-
Flo electric submersible pump was installed to within 1-2 feet of the bottom of the piezometer.  
The piezometer was pumped at the maximum sustainable rate or the maximum rate of the 
submersible pump.  Piezometer P-1 sustained a rate of 0.53 gpm, while piezometers P-5, P-9, 
and B-12 ranged from 2.5 to 3 gpm.  The maximum flow rates noted in piezometers P-5, P-9, 
and B-12 were limited by the submersible pump.  Based on the lack of drawdown noted during 
the pumping, the piezometers could potentially yield a far greater amount of water than 3 gpm.  
Pump testing forms are included as Appendix C3-F and results summarized on Table C3-9.  The 
average of the yield data collected for the UAS was calculated to be 2.26 gpm. 
 
Aquifer testing conducted on the Connellsville/Morgantown piezometers P-1, P-5, P-9, and B-12 and is 
summarized in the table below.  Groundwater flow in the Connellsville/Morgantown unit is fracture 
dominated and observed yields during drilling exceed those of the shallower SZSs.  Due to its geographic 
extent (mappability), yield observed, and source of potable water in the vicinity, the 
Connellsville/Morgantown unit is designated as the UAS.  Although yields of a few Limestone/Shallow 
Bedrock piezometers were comparable to the Connellsville/Morgantown unit, the Limestone/Shallow 
Bedrock unit will be removed during landfill construction (as previously discussed). 
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Piezometer ID 

Hydraulic 

Connectivity 

(cm/sec)  

Average Yield 

(gpm) 

Does Well 

Yield Greater 

Than 2.6gpm
2
? 

(yes/no) 

Yield Greater Than 50% of 

the Regional 

Aquifer2.26gpm
3
?       

(yes/no) 

P-1 4.44x10
-5

 0.53 No Not ApplicableNo 

P-5 1.98x10
-3

 3.0 Yes Not ApplicableNo 

P-9 2.62x10
-3

 3.0 Yes Not ApplicableNo 

B-12 2.97x10
-3

 2.5 No Not ApplicableNo 

Average 1.90x10
-3

 2.26 No Not ApplicableNo 

Notes: 

1 = Not Testing due to limited water column in piezometer during yield testing effort. 
2 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 3gpm (4-inch well) or 

2.6gpm (2-inch well). 

3 = Per Ohio EPA guidance, an aquifer is defined as a well that yields greater than 50% of yield of wells 
in another zone of saturation beneath the property.  The average regional aquifer yield is 9.014.21 

gpm, 50% of the regional aquifer is 4.57.11 gpm.  Therefore, the 2.26 gpm represents the average 

yield of the Connellsville/Morgantown UAS. 

 

(C)(3)(d)(iv)(a) Temporal fluctuations in ground water levels over a period of time to 

determine the seasonal effects on ground water flow directions.   

Site-wide groundwater level measurement events, including the existing monitoring wells and 

expansion investigation wells, were conducted in October 2010, December 2010, and March 

2011, November 2011, May 2012, and December 2012.  The water levels are summarized on 

Table C3-6.  Potentiometric maps for the Mine Spoil SZS, Limestone/Shallow Bedrock 

SZS/UAS, Bellaire/Summerfield SZS, and Connellsville/Morgantown UAS units from the 

December 2010,  and March 2011 and December 2013 events are shown in Drawings 3G 

through 3R3N.     

 

The groundwater levels are consistent over the period during which measurements were 

evaluated and it can be concluded that the groundwater flow regime in each zone does not 

change seasonally.  In almost all cases, the groundwater levels in each well or piezometer 

increased or decreased consistently with each other.   It is significant to note that Ohio 

experienced abnormally high precipitation amounts in March 2011 which accounts for a spike in 

water levels during that time.  Groundwater elevations have since settled and consistent 

fluctuations have been observed during recent measurements. Inconsistencies, especially in the 



 
shallower zones (Mine Spoil SZS and Limestone/Shallow Bedrock SZS) can generally be 
accounted for by precipitation and ongoing construction and de-watering activities toward the 
southern portion of the existing facility due to the underdrain systems.   
 
(C)(3)(d)(iv)(b) An interpretation of the ground water flow system, including hydraulic 
conductivity, rate of flow, direction of flow, vertical and lateral components of flow, and 
interconnections between and within the uppermost aquifer system and any significant 
zones of saturation above the uppermost aquifer system. This interpretation shall be 
described in both narrative and map form. 
 
Connellsville/Morgantown Uppermost Aquifer System 
Drawings 3J, and 3N, and 3R present the potentiometric surface maps for the Connellsville/Morgantown 
aquifer based on measurements performed on December 6, 2010, and March 28, 2011 and December 10, 
2012, respectively.  The direction of groundwater flow within the Connellsville/Morgantown aquifer is 
consistent with historic flow patterns for the northern permitted facility.  In general, the flow under the 
northern facility is from the south to northeast and northwest along the ridge on which the facility is 
located.  The groundwater flow under the majority of the southern expansion area also flows toward the 
north; however, a divide is present in the southwestern portion of the expansion area.  As noted on 
Connellsville/Morgantown potentiometric mapsDrawing 3N, flow turns toward the south near piezometer 
B-12 toward the southwestern valley structurewhere it follows a large valley.  
 
Two existing piezometers, B-7B and B-403 located south-southeast of the expansion area, exhibit water 
levels that are higher than surrounding piezometers and, thus, a potentiometric high is mapped in this 
vicinity of the UAS.  As stated in the HSIR, the UAS dips to the north in the vicinity of these two 
piezometers.  The observed potentiometric high at these two piezometers may be due to the structural dip. 
 
It should be noted that along the eastern side of the expansion area, groundwater flows toward the north, 
which is opposite the valley.  In general, this groundwater flow is caused by the northerly dip of the 
Connellsville/Morgantown unit in the vicinity.   
 
Geologic cross sections included in the HSIR indicate that the base of the Connellsville and Morgantown 
units do not exhibit a consistent, site-wide dip direction.  The variable nature of the UAS structure 
appears to influence groundwater flow directions in portions of the UAS.  Also, in valley areas where the 
UAS outcrops/subcrops, it is expect that topographically-controlled groundwater divides exist.  The 
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approximate location of the Connellsville/Morgantown subcrop has been added to Drawing 3R - 
Connellsville–Morgantown Potentiometric Map December 10, 2012 that is included in the revised PTI 
Application (HSIR).  The UAS outcrop/subcrop, based on surface elevations in the southern valleys, is 
expected to be found more than 2,000 feet south of piezometer B-7B and is beyond the map area in 
Drawing 3R.  Topographic influences that create a groundwater divide and discharge boundary this far 
south of the expansion apparently does not override the structural influence in the vicinity of B-7B and B-
403.  Apex believes the proposed UAS monitoring well network and designation of upgradient and 
downgradient wells is accurate based on existing information.  As proposed monitoring wells for the 
expansion area are completed and water levels recorded, another evaluation of the UAS flow lines and 
adequacy of the monitoring well network will be completed and reported to Ohio EPA. 
 
As noted on the potentiometric surface maps for March 28, 2011 (Drawing 3N), groundwater elevations 
beneath the western side of the existing landfill dropped 16.67 vertical feet over approximately 1880 
lateral feet between B-414 and B-411, producing a hydraulic gradient of approximately 0.0089.  
Groundwater elevations beneath the eastern side of the existing landfill dropped 7.51 vertical feet over 
approximately 1810 lateral feet between B-405 and B-408, producing a hydraulic gradient of 
approximately 0.0041.  Groundwater elevations beneath the eastern side of the proposed expansion area 
dropped 12.2 vertical feet over approximately 1590 lateral feet between B-7B and B-11, producing a 
hydraulic gradient of approximately 0.0077.  Groundwater elevations beneath the west central portion of 
the proposed expansion area dropped 5.47 vertical feet over approximately 1130 lateral feet between B-
401 and P-5, producing a hydraulic gradient of approximately 0.0048.  The average of these hydraulic 
gradients is 0.0064. 
 
The average linear groundwater flow rate in the Connellsville/Morgantown UAS is determined 
using the average hydraulic gradient of 0.0064, the geometric mean of the hydraulic conductivity 
testing of 9.61 x 10-4 cm/sec, as determined from the slug testing program, and an effective 
porosity of 35% (TGM 2006) in the following equation. 
 
     v = K i / ne 
 
  where:  v = groundwater flow rate 
     K = hydraulic conductivity 
     i = hydraulic gradient 
     ne = effective porosity 
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The calculated groundwater flow rate for the UAS is thus 0.05 ft/day, or 18.3 ft/year.  A 
spreadsheet for the groundwater flow rate is included as Table C3-7. 
 
Based on the lack of piezometers installed within the lower Birmingham unit, it is assumed that 
the vertical component of flow within the Connellsville/Morgantown UAS is downward, which 
is consistent with the units found above. 
 
Bellaire / Summerfield Signification Zone of Saturation 
The Bellaire/Summerfield units have been classified as a SZS for the proposed expansion area and have 
previously been identified as a SZS for the existing permitted facility.  This zone is only present beneath 
approximately two-thirds of the existing permitted facility and is present beneath the entire expansion 
area.  Drawings 3I and 3M present the potentiometric surface map for the Bellaire/Summerfield unit 
based on measurements collected on December 6, 2010 and March 28, 2011, respectively.  Groundwater 
flow within the unit generally follows topography and the dip of the bedrock units.  Flow for the northern 
permitted facility is toward the east following a valley which was previously filled for construction of the 
landfill and also flows toward the south along the southeastern permitted limits of waste.  Flow for the 
southern expansion area flows toward the southeast from a potentiometric high at piezometer P-12S and 
also exhibits a southerly flow following the valleys along the southern proposed waste limits.  This flow 
direction may change over time as landfill construction activities develop in the southern portion of the 
permitted landfill footprint and additional underdrain systems are installed. 
 
Hydraulic gradients for the Bellaire/Summerfield SZS have been calculated for the eastern, western, and 
southwestern portions of the expansion area.  Gradients were not calculated for the northern permitted 
facility due to the unit not being present and subsequent lack of potentiometric data.  As noted on the 
potentiometric surface maps for March 28, 2011 (Drawing 3M), groundwater elevations beneath the 
eastern side of the expansion area dropped 45.43 vertical feet over approximately 957 lateral feet between 
B-11S and B-403S, producing a hydraulic gradient of approximately 0.047.  Groundwater elevations 
beneath the western side of the expansion area dropped 46.52 vertical feet over approximately 1270 
lateral feet between P-12S and P-2S, producing a hydraulic gradient of approximately 0.037.  
Groundwater elevations beneath the southwestern side of the proposed expansion area dropped 22.74 
vertical feet over approximately 720 lateral feet between P-2S and P-3S, producing a hydraulic gradient 
of approximately 0.032.  The average of these hydraulic gradients is 0.039. 
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The average linear groundwater flow rate in the Bellaire/Summerfield SZS is determined using the 
average hydraulic gradient of 0.039, the geometric mean of the hydraulic conductivity testing of 3.50 x 
10-5 cm/sec, as determined from the slug testing program, and an effective porosity of 6% (TGM 2006), 
using the equation listed above.  The calculated groundwater flow rate for the Bellaire/Summerfield SZS 
is thus 0.065 ft/day, or 23.5 ft/year.  A spreadsheet for the groundwater flow rate is included as 
Table C3-7. 
 
Based on the potentiometric data collected during the hydrogeologic investigation and as depicted on the 
geologic cross-sections, the vertical component of flow for the Bellaire/Summerfield SZS is downward 
toward the Connellsville/Morgantown UAS. 
 
Limestone / Shallow Bedrock SZS and UAS (to be removed) 
The Limestone/Shallow Bedrock unit has been classified as a SZS and UAS where the unit yields a 
significant amount of groundwater and will be removed.  This zone is present beneath the entire 
expansion area, however, is not present or has been removed during landfill construction from beneath the 
existing permitted facility.  Although this unit is present beneath the entire expansion area because it has 
been identified as the first 10 to 15 feet of bedrock, it was only found to be saturated and yield a 
significant amount of water in the south central portion of the expansion area. Drawings 3H and 3L 
presents the potentiometric surface map for the Limestone/Shallow Bedrock unit based on measurements 
collected on December 6, 2010 and March 28, 2011, respectively.  Groundwater flow within the unit 
generally follows topography and the top of bedrock surface and is toward the south.  As previously 
discussed, portions of this unit which have been identified as UAS and yield a significant amount of water 
will be removed during landfill construction.  The portion of this unit to be removed is identified on 
geologic cross-sections B-B (Drawing 5C) and D-D’ (Drawing 5E) and plan Drawing 3E-1. 
 
Hydraulic gradients have been calculated for the unit utilizing piezometers located within the central 
portion of the area identified to yield the greatest amount of groundwater.  As noted on the potentiometric 
surface maps for March 28, 2011 (Drawing 3L), groundwater elevations beneath the central portion of 
this area dropped 21.07 vertical feet over approximately 1230 lateral feet between P-10L and P-5L, 
producing a hydraulic gradient of approximately 0.017.  Groundwater elevations within the eastern 
portion of the area dropped 10.18 vertical feet over approximately 1080 lateral feet between P-6L and 
P-5L, producing a hydraulic gradient of approximately 0.009.  Groundwater elevations within the western 
portion of the area dropped 12.47 vertical feet over approximately 1310 lateral feet between P-3L and 
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P-5L, producing a hydraulic gradient of approximately 0.010.  The average of these hydraulic gradients is 
0.012. 
 
The average linear groundwater flow rate in the Limestone/Shallow Bedrock unit is determined using the 
average hydraulic gradient of 0.012, the geometric mean of the hydraulic conductivity testing of 7.61 x 
10-4 cm/sec, as determined from the slug testing program, and an effective porosity of 30% (TGM 2006), 
using the equation listed above.  The calculated groundwater flow rate for the Limestone/Shallow 
Bedrock is thus 0.086 ft/day, or 31.5 ft/year.  A spreadsheet for the groundwater flow rate is included as 
Table C3-7. 
 
Based on the potentiometric data collected during the hydrogeologic investigation and as depicted on the 
geologic cross-sections, the vertical component of flow for the Limestone/Shallow Bedrock unit is 
downward toward the Bellaire/Summerfield SZS. 
 
Mine Spoil Significant Zone of Saturation (Unconsolidated) 
The Mine Spoil SZS consists of mine spoil and residual soil in unmined areas.  The majority of the site 
consists of mine spoil; therefore, the unconsolidated deposits are referred to as the Mine Spoil SZS.  The 
Mine Spoil SZS is present beneath the entire expansion area, however, is not present or has been removed 
during landfill construction from beneath the permitted facility.  Drawings 3G and 3K present the 
potentiometric surface map for the Mine Spoil unit based on measurements collected on December 6, 
2010 and March 28, 2011, respectively.  Groundwater flow within the unit generally follows topography 
and the top of bedrock surface.  Flow in the northwestern portion of the expansion area is to the 
north/northeast toward the valley.  Flow in the eastern portion of the expansion area follows topography 
and is toward the northeast and south.  Flow in the southeastern portion of the expansion area also follows 
topography and is to the south.  It should be noted that the underdrain (SHAUDS-3) is partially installed 
along the southern permitted limits of waste and has begun to affect groundwater flow within the mine 
spoil unit.  This underdrain directs flow toward the northwest following the existing topography of the 
valley.  Additionally, it is anticipated that landfill construction activities will require the installation of 
permanent underdrain systems, which will likely alter groundwater flow directions and likely dewater 
areas of the mine spoil unit.  
 
Hydraulic gradients have been calculated for the unit utilizing piezometers located within the 
northwestern, eastern, and western portions of the expansion area.  As noted on the potentiometric surface 
map for March 28, 2011 (Drawing 3K), groundwater elevations beneath the northwestern portion of the 
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expansion area dropped 6.91 vertical feet over approximately 290 lateral feet between P-1A and B-1A, 
producing a hydraulic gradient of approximately 0.024.  Groundwater elevations within the eastern 
portion of the expansion area dropped 11.16 vertical feet over approximately 1150 lateral feet between 
P-7A and B-7A, producing a hydraulic gradient of approximately 0.010.  Groundwater elevations within 
the western portion of the area dropped 2.69 vertical feet over approximately 730 lateral feet between 
P-2A and P-3A, producing a hydraulic gradient of approximately 0.004.  The average of these hydraulic 
gradients is 0.013. 
 
The average linear groundwater flow rate in the Mine Spoil unit is determined using the average 
hydraulic gradient of 0.013, the geometric mean of the hydraulic conductivity testing of 3.67 x 10-4 
cm/sec, as determined from the slug testing program, and an effective porosity of 0.32 (TGM 2006 for 
Sandy Clay), using the equation listed above.  The calculated groundwater flow rate for the Mine Spoil 
SZS is thus 0.042 ft/day, or 15.4 ft/year.  A spreadsheet for the groundwater flow rate is included as Table 
C3-7. 
 
Based on the potentiometric data collected during the hydrogeologic investigation and as depicted on the 
geologic cross-sections, the vertical component of flow for the Mine Spoil unit is downward toward the 
Limestone/Shallow Bedrock unit. 
 
Vertical Component of Flow 
Hydraulic relationships of the water-bearing zones in the vicinity of the expansion area exhibit a 
downward gradient.  This downward gradient is noted at piezometers installed with clusters at 
locations P-1, P-2, P-3, P-5, P-6, and P-9.  Groundwater elevations collected on March 28, 2011 
have also been depicted on the geologic cross-sections (Drawing 5B through 5G), which also 
depict this downward gradient. 
 
(C)(3)(d)(iv)(c) Identification and characterization of recharge and discharge areas within 
the boundaries of the proposed sanitary landfill facility. This shall include any 
relationships of ground water with seeps, springs, streams, and other surface water 
features. 
Generally speaking, a downward vertical gradient exists between each of the unconsolidated and 
consolidated water-bearing zones down to and including the bedrock UAS.  Therefore each 
water-bearing zone receives recharge from the zone directly above.  Principal recharge for the 
UAS at the site occurs via downward infiltration of surface water and leakage from saturated 
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consolidated and unconsolidated deposits above the aquifer.  Discharge from the UAS is 
primarily through seeps and springs located near the base of the ridges on which the existing and 
proposed landfill are located.  In valley areas where the bedrock units outcrop/subcrop, it is 
expect that topographically-controlled groundwater divides exist.  Groundwater discharge from 
the bedrock units is expected to occur along these outcrop/subcrop positions.   
 
Recharge for the Bellaire/Summerfield and Limestone/Shallow Bedrock units is believed to be 
infiltration of surface water and water contained within the mine spoil.  The surface water 
impoundments noted within the expansion area have a significant influence on the groundwater 
encountered within the shallow bedrock.  A pond gauge (PG-1) was installed within the 
impoundment nearest shallow bedrock piezometer P-2L and Bellaire/Summerfield piezometer P-
2S.  When comparing groundwater elevation between PG-1, P-2L, and P-2S, a downward 
gradient exists, which suggests that the surface water impoundment is recharging the shallow 
bedrock.  Construction activities for the proposed landfill units will remove the surface water 
impoundments and underdrain systems will be installed to control shallow groundwater.  These 
activities will limit recharge from the top down and alter flow and quality of groundwater over 
time, as demonstrated at the existing landfill.  Discharge from these units occurs as leakage to the 
underlying Connellsville/Morgantown UAS and seeps down-slope of the recharge areas.   
 
The estimated locations of the combined Bellaire/Summerfield outcrop/subcrop are shown on 
Drawing 3Q Bellaire–Summerfield Potentiometric Map, December 10, 2012, which depicts both 
the top and bottom of the outcrop/subcrop positions.  The presence of the subcrop positions 
along the valley side slopes and man-made cuts represent groundwater discharge boundaries and 
appear to have created several groundwater divides in the Bellaire/Summerfield unit.  Flow lines 
presented on Drawing 3Q emanate from  these divides.   
 
Recharge for the unconsolidated mine spoil unit is from precipitation and infiltration of surface 
water as well as hydraulic connection with surface water impoundments.  The surface water 
impoundments noted within the expansion area have a significant influence on the groundwater 
encountered within the mine spoil unit.  As discussed above, PG-1 and piezometer P-2A exhibit 
a downward gradient which suggests that the surface water impoundment is recharging the mine 
spoil unit.  As construction progresses and the surface water impoundments are removed, 
recharge to the mine spoil will be limited over time.  Additionally, underdrains will be installed 
within the unconsolidated unit and will further dewater this shallow zone.  Discharge from mine 
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spoil occurs as leakage to the underlying shallow bedrock and seeps down-slope of the recharge 
areas following topography.  
  
CEC completed a field reconnaissance on April 23, 2013 to map seeps and springs at the Apex 
facility.  The reconnaissance covered valleys to the south, east and northwest of the facility.  
Wetlands were observed at the locations shown on the December 10, 2012 potentiometric maps 
and appeared to be groundwater discharge features.  Significant surface water flow was observed 
in the wetland areas and  in the valley channels in the southeast, southwest and northwest 
valleys.  Side-slope seeps/springs were observed to flow only in the southern valleys and were 
mapped using hand-held GPS instruments.  A total of 12 groundwater seeps were identified 
along the side slopes of these valleys.  The seeps are numbered Seep-2 through Seep-12 in the 
December 10, 2012 potentiometric maps.  An error occurred in determining the GPS location of 
Seep-1, thus, this seep is not included on the drawings. 
 
The mapped seep locations are shown on Drawing 3Q Bellaire – Summerfield Potentiometric 
Map, December 10, 2012, Drawing 3P Limestone/Shallow Bedrock Potentiometric Map, 
December 10, 2012, Drawing 3O Mine Spoil Potentiometric Map, December 10, 2012, 3K Mine 
Spoil Potentiometric Map, March 28, 2011, Drawing 3G Mine Spoil Potentiometric Map, 
December 6, 2010, and the Drawing 3E Top of Bedrock Map.  Table C-10 presents a summary 
of the seep elevations compared to the top of bedrock elevations.  Based on seep elevations 
compared to potentiometric contours and top of bedrock contours, it appears that the source of 
the seeps is from the Mine Spoil and/or the Limestone/Shallow Bedrock unit(s).  CEC believes 
the permeability contrast between the Mine Spoil and the competent top of bedrock causes 
groundwater to daylight as seeps and springs along valley side slopes and in existing drainage 
swales.   
 
At the operating landfill, underdrains have been constructed in excavations to control shallow 
groundwater beneath the recompacted soil liner (RSL).  The underdrains have been constructed 
to discharge to valley structures that existed prior to mining at the site.  If underdrains are needed 
for the expansion area, these drains will also daylight into the pre-existing valleys to the south, 
northwest and east of the expansion area.  The need for these underdrains will be made as 
discussed in Section C7 of the revised PTI Application.   
 
(C)(3)(d)(iv)(d) Yield of any significant zones of saturation and of the uppermost aquifer 
system(s).   
Yield of the UAS and SZS are presented in Section (C)(3)(d)(iv).   
 
(C)(3)(d)(v)  If the applicant chooses, site specific justification that an unconsolidated 
aquifer system capable of sustaining a yield of one-hundred gallons per minute for a 
twenty-four-hour period (based on evidence gathered in accordance with paragraph 
(C)(3)(b) of this rule), is not located beneath the facility. 
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This section is not applicable. The site investigation and scientific literature provide evidence 
that the unconsolidated material underlying the area is not capable of producing 100 gallons per 
minute for a 24 hour period. 
 
(C)(3)(e) GROUND WATER QUALITY 
 
A description and quantification of the ground water quality of the uppermost aquifer 
system and all significant zones of saturation above the uppermost aquifer system.  The 
description and quantification of the ground water quality shall describe and quantify the 
rate extent, and concentration of any ground water contamination located under the 
facility. 
In October 2010, CEC sampled the newly installed piezometers within the proposed expansion 
area for OAC 3745-27-10 Appendix I parameters (1-78) to characterize the groundwater quality.  
Additionally, existing detection monitoring network wells that are located within the expansion 
area were sampled during the December 2010 semi-annual monitoring event and the data are 
presented herein.   A summary of the analytical results are provided in Table C3-8.   
 
CEC conducted sampling on newly installed piezometers P-2A, P-2L, P-2S, P-3L, P-4L, P-5, P-
5S, P-6S, P-7A, P-9, and P-10L on October 28-29, 2010.  Please note that P-4L was erroneously 
identified as P-4A within the laboratory analytical report provided in Appendix C3-E.  On 
December 8-9, 2010, CEC collected samples from existing detection monitoring network wells 
B-401, B-401A, B-401S, B-402, B-402A, B-403, and B-403S in conjunction with the second 
2010 semi-annual sampling event at the existing permitted facility. Sampling was conducted in 
accordance with the sampling procedures presented in the facility’s Groundwater Detection 
Monitoring Plan, most recently revised by CEC in October 2009.  Information regarding sample 
collection is shown on the Field Information Forms in Appendix C3-E.  After collection, each 
sample was placed on ice in secure containers and then picked up by courier for delivery to the 
analytical laboratory.  Chains of custody were maintained and are included with the laboratory 
analytical report (Appendix C3-E).  Geochemical Testing of Somerset, Pennsylvania completed 
the analyses.  As summarized on Table C3-8, concentrations for each detected parameter are 
reported if the level exceeds the laboratory’s practical quantitation limit (PQL), otherwise the 
result is reported as less than the parameter’s respective PQL.  The PQL is defined as the lowest 
analyte concentration in a given matrix that the laboratory can consistently determine on a 
routine basis. 
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The groundwater data evaluated for this HSI includes samples collected and analyzed from each 
of the saturated zones present beneath the proposed expansion area.  The relative percentages of 
the major ionic constituents (magnesium, calcium, sodium, potassium, chloride, sulfate, and 
bicarbonate) detected in the groundwater samples can be used to classify and differentiate waters 
with respect to the different saturated zones.  As such, the ionic composition of the groundwater 
samples have been compared using Stiff and Piper Diagrams.  These Stiff and Piper diagrams are 
provided as a visual means of evaluating the ionic compositions and are included within 
Appendix C3-E. 
  
A Stiff Diagram is a graphical representation where the size and shape represent the relative 
proportion and concentration of the ionic composition of the sample.  The larger the area of the 
polygonal shape; the greater the concentrations of the various ions.  The polygonal shape is 
created from four parallel horizontal axes extending on either side of a vertical zero axis.  
Cations and anions are plotted on either side of the zero axis in milliequivalents per liter 
(meg/L).  As shown on the Stiff Diagrams, groundwater chemistry of the Mine Spoil and 
Shallow Bedrock / Limestone units are typically higher in ionic constituents such as calcium, 
sulfate, and magnesium, while the deeper saturated zones of the Bellaire / Summerfield and 
Connellsville / Morgantown units have lower concentrations of calcium, sulfate, and magnesium 
ions.  This suggests that the shallower groundwater is influenced by increased mineralization due 
to mixing and percolation of precipitation through the mine spoil overburden.  Deeper 
groundwater is not subjected to this mineralization and accelerated recharge and has increased 
residence times within the groundwater flow regime.   
 
One exception to the characterization can be noted at UAS well B-401.  Well B-401 is located in 
an area that produces a significant amount of groundwater within the Shallow Bedrock / 
Limestone unit.  This area also corresponds to the thickest and most saturated portions of the 
mine spoil which directly overlays the Shallow Bedrock / Limestone unit.  The Stiff Diagram for 
well B-401 plots very similar to Mine Spoil well B-401A and Shallow Bedrock / Limestone 
piezometer P-10L.  This coincidence suggest that UAS well B-401 is likely receiving recharge 
from the Mine Spoil and Shallow Bedrock / Limestone units such that the groundwater 
geochemistry of these units are similar.  
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A Piper (trilinear) Diagram is another visual method of evaluating the cation and anion 
concentrations.  A Piper Diagram was constructed by converting the analytical results of each 
sample to total milliequivalents per liter (meq/L) and then plotting these results as percentages of 
their respective totals in two triangles (cation and anion).  The cation and anion relative 
percentages in each triangle are then projected into a quadrilateral polygon that describes water 
type or hydrochemical facies.  The Piper Diagram reinforces the conclusions made during the 
above analysis of the Stiff Diagrams.  It is worth noting that data from several different 
piezometers installed within the same unit show a scattering of data points across several 
hydrochemical facies which suggests temporal and spatial variability and groundwater mixing, 
which is a good justification for using intra-well statistical analyses as proposed in the 
Groundwater Detection Monitoring plan for the facility. 
 
Volatile organic compounds (VOCs) included as part of the Appendix I parameter list were also 
analyzed as part of the characterization samples.  No VOCs were detected above the laboratory’s 
PQLs.   
 
(C)(3)(f) SUBSURFACE INVESTIGATION 
 
The following information will be used to prepare the site investigation report narrative 
required in paragraphs (C)(3)(b), (C)(3)(d) and (C)(3)(e) of this rule and the stability 
analyses required in paragraph (C)(4) of this rule.  All submitted information shall be 
adequate to satisfy the performance standards of paragraphs (C)(3)(a) and (C)(4) of this 
rule.  At a minimum the information shall include the following: 
(i) publicly available information collected and used to prepare the site investigation report 
narrative required in paragraph (C)(3)(b) of this rule and the plan sheets required in 
paragraph (B)(2) of this rule.  For the purposes of this rule, “publicly available 
Information” means written or published information from public or private sources that 
is reasonably available to the public, and includes but is not limited to visual surveys from 
public right-of-ways and public lands of the area surrounding the proposed sanitary 
landfill facility and/or written or oral surveys of the landowners around the proposed 
sanitary landfill facility.  At a minimum, the publicly available information includes the 
following: 
(a) All well logs, and, where applicable, the decommissioning records, for public and 
private water supply wells within one mile of the proposed sanitary landfill facility. 
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(C)(3)(f)(i)(a)  A search of well logs was undertaken to identify both private and public 
groundwater users located within one mile of the proposed landfill.  Well log locations are 
identified on Drawing 2E, included in the engineering portion of the PTI application, and 
summarized in Table C3-2 included herein.  Copies of the well logs are included in Appendix 
C3-B.   
 
(b) The Ohio Department of Natural Resources Division of Water County Ground Water 
Resource Maps or other appropriate regional hydrogeological data. 
(c) Other publicly available information.  
(C)(3)(f)(i)(b) and (c)  See the Reference Section at the end of this narrative for a listing of the 
documents used. 
 
(C)(3)(f)(ii)  Information collected at the site for each stratigraphic unit from the surface to 
the bottom of the uppermost aquifer system or to one hundred and fifty feet below the 
proposed composite liner system, whichever is shallower.  The information will be used to 
prepare the site investigation report narrative required in paragraph (C)(3)(d) of this rule.  
This information shall be presented on logs appropriate for the subsurface investigatory 
method used.  At a minimum the information shall include the following: 
(a) Location of the subsurface investigation site (northing and easting location coordinates). 
(b) Surface elevation surveyed to the nearest tenth of a foot (0.1). 
(C)(3)(f)(ii)(a) and (b)  Table C3-1 and the boring logs included in Appendix C3-C summarize 
the well, piezometer, test pit, and boring information, including the available site coordinates and 
elevations. 
 
(c)  Depth interval for each stratigraphic unit. 
(d)  Field descriptions of the consolidated and unconsolidated units.  At a minimum the 
information shall include the following: 
(i)  Textural classification for each unconsolidated stratigraphic unit using the “Unified 
Soil Classification System.” 
(ii) Color. 
(iii)  Moisture content. 
(iv)  Stratigraphic features such as layering, interbedding, or weathering. 
(v)  Structural features such as fracturing or jointing. 
(vi) Visible accessory minerals such as pyrite, calcite or gypsum. 
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(vii) Rock type such as limestone, dolomite, coal, shale, siltstone or sandstone. 
(viii) Thickness. 
(ix) Variations in texture, saturation, stratigraphy, structure or mineralogy in each 
stratigraphic unit. 
(e)  Depth to saturation. 
(C)(3)(f)(ii)(c), (d) and (e)  The above information is presented in Section (C)(3)(d). 
 
(f)  Hydraulic conductivity, including the following: 
(i) For saturated unconsolidated stratigraphic units, at least one field measurement of 
hydraulic conductivity per saturated unconsolidated unit and one additional measurement 
per saturated unconsolidated unit for each twenty acres. 
(C)(3)(f)(ii)(f)(i)  In-situ hydraulic conductivity testing was conducted on piezometers and wells 
completed in the consolidated and unconsolidated water-bearing deposits encountered on site. 
The horizontal hydraulic conductivities were determined by in-situ testing of the piezometer and 
monitoring wells, including slug, recovery, and pumping tests.  The results of this testing are 
presented in Section (C)(3)(d)(i)(a)(iv) and summarized in Table C3-4. The methodologies are 
described below. The test data and associated calculations are presented in Appendix C3-F.  The 
horizontal hydraulic conductivities from slug testing ranged from 5.89 x 10-5 to 1.09 x 10-2 
centimeters per second (cm/sec) with a geometric mean of 3.67 x 10-4 cm/sec.   Lower values 
were observed in vertical hydraulic conductivities from laboratory testing with values ranging 
from 7.10 x 10-8 to 3.70 x 10-5 cm/sec, with a geometric mean of 5.60 x 10-6 cm/sec.   
Laboratory permeability results are presented on Table C3-3.  Additionally, packer testing was 
conducted on piezometers P-1, P-5, and P-9 which is discussed in detail in Section 
(C)(3)(d)(i)(a)(iv) and summarized on Table C3-5.  
 
(ii) For unconsolidated stratigraphic units, from which an undisturbed sample can be 
collected, at least one laboratory measurement of vertical hydraulic conductivity per 
unconsolidated unit and one additional measurement per unconsolidated unit for each 
twenty acres. 
(C)(3)(f)(ii)(f)(ii)  A total of nine permeability tests were conducted on the unconsolidated mine 
spoil and residual soil samples and are presented in Appendix C3-D. The average of the 
permeability tests performed on the nine samples was 5.60 x 10-6 cm/s as summarized in Table 
C3-3.  
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(iii) For saturated consolidated stratigraphic units, at least one field measurement of 
hydraulic conductivity per saturated consolidated unit and one additional measurement 
per saturated consolidated unit for each twenty acres. 
(C)(3)(f)(ii)(f)(iii)  The hydraulic conductivity of the bedrock each consolidated unit was 
determined using in-situ hydraulic conductivity testing as presented in Section 
(C)(3)(d)(i)(a)(iv).  In compliance with the rule, a minimum of nine hydraulic conductivity tests 
were performed on each saturated consolidated unit.  A total of six slug tests were performed on 
both the Limestone/Shallow Bedrock and Bellaire/Summerfield units, and five tests were 
conducted on the Connellsville/Morgantown unit.  Additionally, packer testing was conducted on 
piezometers P-1, P-5, and P-9 which is discussed in detail in Section (C)(3)(d)(i)(a)(iv).   Packer 
testing concluded with six tests within the Limestone/Shallow Bedrock unit, 24 tests within the 
Bellaire/Summerfield unit, and 28 tests within the Connellsville/Morgantown unit. 
 
(g) Yield of any significant zones of saturation and of the uppermost aquifer. 
(C)(3)(f)(ii)(g)  The observed yields of the SZS and UAS are presented in Section (C)(3)(d)(iv). 
 
(h) If an unconsolidated aquifer system capable of sustaining a yield of one hundred gallons 
per minute for a twenty-four-hour period is suspected beneath the facility based on 
evidence gathered in accordance with paragraph (C)(4)(b) of this rule, and the applicant 
proposes to revise that finding, the applicant must provide adequate site-specific 
information on the suspected aquifer system to justify any requested revision, including but 
not limited to the yield of any aquifer systems below the uppermost aquifer system. 
(C)(3)(f)(ii)(h)  No unconsolidated aquifer system is capable of a sustained yield of 100 gallons 
per minute.  This information is provided in (C)(3)(d)(v). 
 
(C)(3)(f)(iii) Construction diagrams of all monitoring wells and piezometers.  At a 
minimum the diagrams shall include the following: 
(a) The top-of-casing elevation used for water level measurement reference surveyed to the 
nearest hundredth foot. 
(b)  The boring diameter and the inside diameter of the well casing. 
(c)  The total depth of the boring and the total depth of the well. 
(d)  The screened interval depth and elevation, and the screen slot size. 
(e)  A description of all construction materials and depth intervals for all construction 
materials. 
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This information is provided on Table C3-1 and in the well construction logs included in 
Appendix C3-C. 
 
(C)(3)(f)(iv) Data gathered by sampling and analyzing the ground water from the 
uppermost aquifer system and all significant zones of saturation above the uppermost 
aquifer system.  These samples shall, at a minimum, be analyzed for compounds 1 to 78 
listed in Appendix I of rule 3745-27-10 of the Administrative Code. 
This information is presented in Section (C)(3)(e). 
 
(C)(3)(f)(v) Information collected at the site and used to prepare the stability analysis 
required in paragraph (C)(4) of this rule.  This information shall be presented on logs 
appropriate for the subsurface investigatory method used.  The subsurface investigatory 
method(s) and frequency must be adequate to find the unconsolidated stratigraphic units 
susceptible to bearing capacity failure, static stability failure, seismic stability failure, or 
settlement, at the site.  The information shall be collected for each unconsolidated 
stratigraphic unit under the facility down to fifty feet below the proposed depths of 
excavation.  At a minimum the information shall include the following: 
(a) Northing and easting location coordinates. 
(b) Surface elevation surveyed to the nearest tenth of a foot (0.1). 
(c) Depth interval for each stratigraphic unit. 
(d) Field descriptions of the unconsolidated units.  At a minimum the information shall 
include the following: 
(i) Textural classification for each unconsolidated stratigraphic unit using the “Unified 
Soil Classification System.” 
(ii) Color. 
iii) Moisture content. 
(iv) Stratigraphic features such as layering, interbedding, or weathering. 
(v) For fine-grained unconsolidated units (e.g. silts and clays), field descriptions of 
consistency and plasticity or dilatancy. 
(vi) Thickness. 
(vii) Variations in texture, saturation, stratigraphy, structure or mineralogy in each 
stratigraphic unit. 
(C)(3)(f)(v)(a) through (d)  This information is summarized in Section (C)(3)(d)(i) of this PTI 
application. 
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(e)  Identification of the depth interval of any samples collected including those submitted 
for laboratory testing. 
(C)(3)(f)(v)(e) This information is summarized in Table C3-3 of this PTI application. 
 
(f)  Depth to phreatic and piezometric surfaces. 
(C)(3)(f)(v)(f)  The depth to the water table varies between the Mine Spoil SZS and the 
underlying bedrock.  The majority of the proposed expansion consists of mine spoil where the 
water table is discovered in areally limited areas, specifically in the northwestern, northeastern, 
and central portions of the expansion footprint.  In areas where either the mine spoil is not 
saturated or where piezometers are installed beyond the limits of mine spoil, saturated areas of 
the uppermost bedrock units are representative of water table conditions.  However, there is no 
evidence that there is a significant hydraulic interconnection between the mine spoil and the 
upper most bedrock units at the site.  Thus, water table mapping is limited to the mine spoil unit.  
Drawing 3O - Mine Spoil Potentiometric Map, December 10, 2012 and Drawings 3G-R and 3K-
R present the approximate limits of mine spoil, which represents a discharge boundary for 
groundwater flow in the mine spoil unit.  This Additional information is summarized in Sections 
(C)(3)(d)(i) and (C)(3)(d)(iv) of this PTI application. 
 
(g) Results from penetration testing following ASTM D1586-99, plus the corrected and 
normalized standard penetration number, or results from mechanical cone penetration 
testing following ASTM D3441-98. 
(C)(3)(f)(v)(g)  This information is summarized in Sections (C)(3)(d) of this PTI application. 
 
(h)  If Appendix I of rule 3745-27-08 of the Administrative Code will be used, the vertical 
hydraulic conductivity of each unsaturated stratigraphic unit. 
(C)(3)(f)(v)(h)  The vertical hydraulic conductivity of each unconsolidated unit is presented and 
summarized in tabular format in Table C3-3 and the calculations for liner thickness are presented 
in Section (C)(5)(b) in this PTI application (Volume IV). 
 
(vi) Laboratory analysis on representative samples of all the unconsolidated 
stratigraphic units under the facility down to a minimum of fifty feet below the proposed 
depths of excavation.  The information is used to prepare the stability analysis required in 
paragraph (C)(4) of this rule.  At a minimum the information shall include the following: 
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(a) Grain size distribution (sieve and hydrometer curves). 
(b) Atterberg limits. 
(c) Specific gravity. 
(d) In-situ unit weight. 
(e) In-situ moisture content. 
(f) Dry unit weight. 
 
(C)(3)(f)(vi)(a) through (f)  The soil testing results are provided in Appendix C3-D.  A summary 
of the Atterberg Limit and Grain Size Distribution results is presented below.  Samples were 
collected from selected locations throughout the entire thickness of the unconsolidated units. 
 
Atterberg Limits 
Thirty-eight (38) unconsolidated samples were analyzed for Atterberg Limits.  Average, 
minimum and maximum values for liquid limit, plastic limit and plasticity index for these 
samples are presented below. 
 
 Average Minimum Maximum 
 Liquid Limit                  42 30 81 
 Plastic Limit                20 10 48 
 Plasticity Index              21 11 34 
 
Grain Size Distribution 
Soil samples were extracted from the unconsolidated unit via soil borings.  Soils were extracted 
using the split spoon and Shelby tube sampling methods.  
 
A total of thirty-nine (39) soil samples were submitted to the laboratory for geotechnical testing.  
Each of the samples was tested for grain size distribution using ASTM Testing Procedure D-422.  
Average grain size percentages for unconsolidated samples are listed below. 
 

• 16 percent for gravel (ranging from 0 to 54.1 percent). 
• 23.2 percent for sand (ranging from 4.5 to 53.3 percent). 
• 37.9 percent for silt (ranging from 16.1 to 74.1 percent). 
• 23.1 percent for clay (ranging from 5.2 to 54.9 percent). 
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The complete soil testing results are summarized in Table C3-3 and the laboratory data sheets are 
presented in Appendix C3-D. 
 
(g) For unconsolidated stratigraphic units susceptible to bearing capacity failure, the 
effective drained or undrained peak shear strength parameters as appropriate using direct 
shear (ASTM D3080-98), unconsolidated undrained compression (ASTM D2850-95(1999)), 
or consolidated undrained triaxial compression (ASTM D6467-99). 
(h) For unconsolidated stratigraphic units susceptible to static stability failure or 
seismic stability failure, the effective shear strength using ASTM D3080-98 (Direct Shear 
Test) or ASTM D4767-95 (Consolidated Undrained Triaxial Compression Test), or ASTM 
D6467-99 (Torsional Ring Shear Test). 
(i) For unconsolidated stratigraphic units susceptible to static stability failure or 
seismic stability failure due to excessive increase in pore pressures from construction and 
operation activities, the undrained shear strength using fully saturated samples shall be 
determined using ASTM D2850-95(1999) (Unconsolidated-Undrained Triaxial 
Compression). 
(j) For unconsolidated stratigraphic units susceptible to settlement, the following 
parameters: 
(i) The coefficient of consolidation. 
(ii) The over consolidation ratio. 
(iii) The pre-consolidation pressure. 
(iv) The compression index. 
(v) The swelling index. 
(vi) The in situ void ratio. 
(vii) The effective porosity. 
(C)(3)(f)(vi)(g) through (j)  The stability analysis is presented in Section (C)(4) (Volume III) of 
this PTI application and includes soil strength test results.  
 
(vii) Any other data generated.  
(C)(3)(f)(vii)  No other relevant data was generated.   
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(C)(3)(g) PROCEDURES, EQUIPMENT AND METHODOLOGY 
 
OAC 3745-27-06(C)(3)(g) requires that the Hydrogeologic Site Investigation Report include a 
detailed description of the field procedures utilized to conduct the site investigation, including 
drilling and sampling methods, soil and rock analytical methods, UAS and SZS characterization 
methods and groundwater quality characterization methods.  The following section summarizes 
the procedures used while conducting the site investigation. 
 
(C)(3)(g)   A detailed description of how the subsurface investigation was conducted 
including the following: 
(i)  The subsurface investigatory and sampling methods used in characterizing the 
geologic and hydrogeologic properties of the consolidated and unconsolidated stratigraphic 
units at the proposed sanitary landfill facility and an explanation of why the particular 
subsurface investigatory method(s) was chosen. 
 
The subsurface investigation of the Apex Landfill expansion area can be divided into four 
separate phases of work.  The BBC&M May 2001 HSI drilling effort, the installation of the 
existing detection monitoring well network for the permitted landfill, the August 2010 
Hydrogeologic Investigation for the proposed expansion, and the February 2011 Supplemental 
Hydrogeologic Investigation for the proposed expansion.  Discussions of these four phases of 
work are presented below.  
 
BBC&M May 2001 HSI Investigation 
This HSI incorporates portions of a May 2001 HSI document prepared by BBC&M Engineering, 
Inc. (BBC&M) for the existing facility permit to install.  This document provides comprehensive 
work characterizing the geology and hydrogeology underlying the Apex Landfill.  Some of the 
hydrogeologic data collected during this portion of the investigation was collected near or within 
the proposed expansion area and therefore has been used to supplement this HSI.  A brief 
summary of the methodologies used in the BBC&M May 2001 HSI are presented below. 
 
Forty-five test pits (identified with a TP nomenclature) were completed during the exploration.  
In addition, soil borings B-1A, B-2A, B-7A, B-9A and B-9C were drilled using an all-terrain 
vehicle-mounted drilling rig.  The soil borings were advanced using 4¼-inch Inner Diameter 
(ID) hollow stem augurs.  Sampling was performed by driving a 2-inch Outer Diameter (OD) 
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split-barrel sampler by blows of a 140-pound hammer freely falling 30-inches.  Bedrock 
exploration was completed at 36 locations.  The borings were drilled with a truck-mounted drill 
rig using air rotary drilling methods.  In ten borings, bedrock was cored using a PQM double-
tube core barrel. 
 
During the excavation of test pits, drilling of the soil boring, and drilling of the un-cored bedrock 
explorations, the field work was continuously supervised by a project geologist from BBC&M.   
During the drilling of bedrock explorations which were cored, the work was periodically 
monitored by BBC&M.  The stratigraphy was identified by examining the exposed stratigraphy 
in test pits, examining samples obtained using a split-barrel sampler, examining rock cores, and 
examining cuttings returned to the surface during drilling operations.  Strata changes, when not 
observed in the samples, were estimated based on drill stem behavior and cutting returned to the 
surface. 
 
Field measurements of hydraulic conductivities of the bedrock formations and mine spoils were 
completed using slug tests and packer tests.  Slug tests were performed in wells B-5, B-6, B-7B, 
B-11, B-7A, and B-9A and packer tests were completed in boring B-13, B-14, and B-15.  The 
results of the slug and packer testing for the work conducted by BBC&M can be found in the 
May 2001 PTI application. 
 
Detection Monitoring Well Network Installation 
The Groundwater Detection Monitoring Program (GWDMP) for the existing landfill was 
implemented prior to any waste being placed in the facility.  The detection monitoring wells are 
identified with a B-400 series nomenclature.  In accordance with the current GWDMP, 
monitoring wells were installed along the perimeter berm of the landfill as the landfill was 
constructed.  Some of these detection monitoring wells were installed within or close to the 
proposed expansion area and have been used to supplement this HSI.  A summary of the 
methodologies used to install the monitoring well network are presented below. 
 
During installation of the detection monitoring wells, a CEC geologist was on site to supervise 
and direct the drilling activities.  The boreholes were advanced using air rotary drilling 
techniques.  Steel casing was installed through the overburden soils into competent bedrock.  
Boring logs and monitoring well construction diagrams were completed as drilling and well 
installation activities progressed.  Drilling details are as follows:   
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• A 9 7/8-inch tri-cone roller bit was using to drill through the overburden soils, which 
consisted of mine spoil or residual soil, into the bedrock.  Once reaching bedrock, the tri-
cone bit was removed from the borehole and 6-inch steel casing was installed from 
ground surface to within bedrock.  The casing was sealed in place using bentonite chips 
which were hydrated in lifts of approximately 2-3 feet as they were placed.   

 
• Drilling continued through the steel casing using either a 5 7/8-inch tri-cone roller bit or a 

NX split barrel wire line rock coring system.  In some cases, continuous rock coring was 
not completed and drilling cuttings were logged as the boreholes were advanced.  Once 
the desired depth was reached using the tri-cone bit, continuous rock coring was initiated 
to identify lithology of the screened interval for monitoring well placement.  The more 
recently installed monitoring wells utilized continuous rock core sampling from below 
the surface case to the desired total depth. 

  
• Upon reaching total depth, the borehole was then reamed with a 5 7/8-inch tri-cone roller 

bit to provide a larger diameter borehole for monitoring well installation.  Monitoring 
well installation details are discussed below in Section (C)(3)(g)(iii)(a). 

 
August 2010 Hydrogeologic Investigation for the Proposed Expansion 
The initial field portion of this HSI for the proposed expansion was completed from August 3, 
2010 to October 1, 2010.  Subsurface exploratory locations installed during the HSI were 
identified with a P for piezometer, SB for a soil boring (with continuous soil sampling), RB for a 
rock boring (without continuous sampling), and TPE for a test pit conducted for the expansion 
area.   
 
Two drilling companies were utilized to conduct the drilling, sampling, and rock coring under 
the direct supervision of a CEC geologist.  Geotechnical drilling was conducted through the 
overburden by Test Boring Services, Inc. of Scenery Hill, PA, while the bedrock drilling was 
conducted by Frontz Drilling Company of Wooster, OH.   
 
The geotechnical drilling was conducted by Test Boring Services, Inc. using a 55 CME 300M 
Carrier Track Unit equipped with 4¼-inch ID hollow stem augers to drill through the residual 
soil and mine spoil sediments until reaching bedrock.  While drilling the unconsolidated 
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sediments, soil samples were collected continuously using a two-foot split spoon sampler.  Split-
spoon sampling was performed according to ASTM D 1586.  Split spoon samples were collected 
with a 2-inch OD split spoon sampler, 24 inches in length.  The sampler was driven with a 
140-pound slide hammer.  Blow counts were counted for every six inches the split spoon sampler 
was advanced and were recorded on the boring logs.  Soil samples collected as the borings were 
advanced were described and recorded on a boring log.  Boring logs for the project are included 
in Appendix C3-C, along with well completion diagrams.  The description on the boring logs 
includes sample color, composition, moisture content, density/cohesiveness and any other 
notable features.  Soil samples (i.e. Shelby Tubes) were collected at selected depths for testing of 
geotechnical properties.  These sample depths were determined in the field by the supervising 
geologist and were based on the lithology encountered.  Geotechnical samples were submitted to 
a laboratory for testing of the moisture content, particle size distribution, Atterberg Limits, 
densities and permeability.  Geotechnical testing laboratory reports are included in 
Appendix C3-D. 
 
The bedrock drilling was conducted by Frontz Drilling Co., using an Ingersoll Rand TH-60.  The 
boreholes were advanced using air rotary drilling techniques.  Steel casing was installed through 
the overburden soils into bedrock.  A 9 7/8-inch tri-cone roller bit was used to drill through the 
overburden soils into bedrock.  Once reaching bedrock, the tri-cone bit was removed from the 
borehole and 6-inch steel casing was installed from ground surface to the total depth of the 
borehole in competent bedrock.  The casing was sealed using bentonite chips which were 
hydrated in lifts of approximately 2-3 feet as they were placed.  Rock coring was completed 
using a NX core with a 10-foot continuous barrel sampler.  Ten-foot coring runs were conducted 
where possible.  Rock coring was conducted from the base of the steel casing to the bottom of 
the UAS.  Coring logs were kept which included the length of core run, recovery percentage, 
sample description, and rock quality designation (RQD).  Copies of the boring logs are included 
in Appendix C3-C.  Core samples were labeled, boxed and retained on site for future reference.  
Upon reaching total depth, the monitoring wells were installed.  Monitoring well installation 
details are discussed below in Section (C)(3)(g)(iii)(a). 
 
Both the geotechnical and bedrock borings were either completed as shallow overburden 
piezometers, bedrock piezometers, or were abandoned.  Abandonment was accomplished by 
either using an all bentonite slurry or bentonite chips.  The bentonite slurry was placed by tremie 

 

R-101-049/W C-54 August 31, 2011 
  Revised July 2013 



 
grouting the bore hole from the bottom of the boring upward.  The bentonite chips were placed in 
the bore hole in lifts of 2-3 feet and hydrated when groundwater was not present. 
 
Test pits (identified with a TPE nomenclature) were excavated using a backhoe at 14 locations 
spaced mostly around lowland areas near the strip mine ponds.  Excavation depths of the test pits 
ranged from 3 to 19 feet bgs.  Test pits were excavated to identify the top of rock and 
unconsolidated material near the strip mine ponds.  Test pits allowed for examination and 
characterization of the soils, determination of the distribution and thickness of the soil types, and 
the collection of samples for geotechnical analysis.  Soil types encountered within the test pits 
were characterized by the supervising geologist.  Test pits logs are included in Appendix C3-C. 
 
February 2011 Hydrogeologic Investigation for the Proposed Expansion 
The second field portion of this HSI for the proposed expansion was completed from February 
10 – 25, 2011.  This drilling was conducted to further investigate the top of bedrock elevation 
and install an additional piezometer cluster at the P-12 location.  Based on boulders encountered 
within the mine spoil, sonic drilling methods were utilized for the unconsolidated drilling in 
February 2011.  Sonic drilling methods are capable of drilling though boulders within the mine 
spoil, while continuously collecting soil samples to accurately identify the top of bedrock 
elevation.  Once reaching the top of bedrock, the bore hole was advanced using an HQ wire-line 
coring system.  
 
Boart Longyear Drilling Company utilized two sonic drilling rigs to complete this work.  
Direction and oversight was provided by a CEC geologist.  For the top of bedrock borings, a 
600C Full Sonic Track rig was utilized.  This rig was equipped with 4-inch and 6-inch 
tooling/casing to continuously collect soil samples through the mine spoil until reaching bedrock.  
While drilling the unconsolidated material, soil samples were collected continuously using the 4-
inch casing, prior to drilling with the 6-inch override casing.  Pocket penetrometer readings were 
collected for every foot of soil recovered.  Soil samples collected as the borings were advanced 
were described and recorded on a boring log.  Boring logs for the project are included in 
Appendix C3-C.  The description on the boring logs include sample color, composition, moisture 
content, density/cohesiveness and any other notable features.  Soil samples (i.e. Shelby Tubes) 
were collected at selected depths for testing of geotechnical properties.  These sample depths 
were determined in the field by the supervising geologist and were based on the lithology 
encountered.  Geotechnical samples were submitted to a laboratory for testing of the moisture 
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content, particle size distribution, Atterberg Limits, densities and permeability.  Geotechnical 
testing laboratory reports are included in Appendix C3-D.  The top of rock borings were 
abandoned using bentonite chips placed in the bore hole in lifts of 2-3 feet and hydrated when 
groundwater was not present.   
 
For installation of the bedrock piezometers, Boart Longyear utilized a 200C Mini Sonic drilling 
rig which was also capable of completing wire line rock core sampling.  Standard sonic drilling, 
as discussed above, was used to drill through the overburden to the top of bedrock.  Once 
reaching bedrock, the 6-inch casing/tooling was utilized as temporary surface casing and the 
bedrock bore hole was advanced using HQ core with a 10-foot continuous barrel sampler.  Ten-
foot coring runs were conducted where possible.  Rock coring was conducted from the base of 
the steel casing to the desired depth of the bore hole.  Core logs were kept which included the 
length of core run, recovery percentage, sample description, and rock quality designation (RQD).  
Copies of the boring logs are included in Appendix C3-C.  Core samples were labeled, boxed 
and retained on site for future reference.  Upon reaching total depth of coring, the bore hole was 
reamed with the 4-inch and 6-inch drill casing to create a large diameter bore hole for the 
installation of the piezometers.  Piezometer installation details are discussed below in Section 
(C)(3)(g)(iii)(a). 
 
(C)(3)(g)(ii)  The analytical procedures and methodology used to characterize the 
unconsolidated and consolidated materials obtained from test pits and borings. 
 
(C)(3)(g)(ii)  Shelby tube soil samples were collected at various depths and drilling and test pits 
locations across the proposed expansion for geotechnical analysis.  The following geotechnical 
tests were performed on selected samples: 
 

• ASTM D 422 - Particle-Size Analysis of Soils; 
• ASTM D 4318 - Liquid Limit, Plastic Limit, and Plasticity Index of Soils; 
• ASTM D 2487 - Classification of Soils for Engineering Purposes (Unified Soil 

Classification System); 
• ASTM D 2216 - Laboratory Determination of Water (Moisture) Content of Soil, 

Rock, and Soil-Aggregate Mixtures;  
• ASTM D 4767 - Consolidated-Undrained Compressive Strength of Cohesive Soils in 

Triaxial Compression; 
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• ASTM D 2937 - Test Method for Density of Soil In Place by the Drive-Cylinder 

Method. 
• ASTM D854 - Specific Gravity   

 
Soil laboratory analytical data for selected geotechnical samples are provided in Appendix C3-D 
and on Table C3-3. 
 
(C)(3)(G)(III)  THE METHODOLOGY, EQUIPMENT, AND PROCEDURES USED TO 

DEFINE THE UPPERMOST AQUIFER SYSTEM AND ALL SIGNIFICANT 
ZONES OF SATURATION ABOVE THE UPPERMOST AQUIFER SYSTEM, 
INCLUDING THE FOLLOWING: 

(a)  Well and piezometer construction specifications. 
(C)(3)(g)(iii)(a)  Piezometers and monitoring wells have been installed during multiple 
investigations as described in Section (C)(3)(g).  All monitoring wells and piezometers were 
installed and developed in a manner consistent with those procedures outlined in the appropriate 
regulatory guideline for groundwater monitoring wells at sanitary landfill facilities at the time 
the wells were installed.  These activities are described in detail below. 
 

• 6-inch steel surface casing was placed from ground surface into competent bedrock.  The 
use of 6-inch steel casing allows for the piezometers to be abandoned easily and provides 
a superior surficial seal preventing groundwater mixing. 

 
• Piezometers were installed through the open borehole and steel casing, where applicable, 

and constructed of 2-inch ID, factory-machined 0.01-inch slotted polyvinyl chloride 
(PVC) screen (10 feet in length) and screw-type flush joint Schedule 40 PVC riser pipe. 

 
• The annular space around the screen was backfilled with a clean silica sand (#5) filter 

pack to minimize the passage of formation materials into the well.  The filter pack was 
installed to a depth approximately four feet above the top of the screen.   

 
• A 2-3 feet thick bentonite chip seal was placed on top of the sand pack. Bentonite chips 

were used for a large portion of the seal placement in an attempt to minimize bentonite 
grout from migrating into the screen through fractures in the surrounding rock.  The 
bentonite chips were hydrated when placement was above the water column.  The 
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remaining annular space above the bentonite chip seal was filled with bentonite grout 
slurry. 

 
• At the surface, the well was completed in a 6-inch-diameter steel protective casing and 

fitted with a keyed alike lock.  The casing was anchored with a 2-foot x 2-foot concrete 
pad.  The annular space between the protective casing and the PVC riser was filled with 
coarse sand to approximately three inches below the top of the PVC.   

 
• A weep hole was drilled into the protective casing to prevent accumulation of water 

between the PVC casing and the protective casing.  Each well was labeled for easy 
identification.   
 

• Survey information including top of casing elevation (TOC), ground elevation, and 
northing and easting coordinates were measured on the monitoring well and are included 
on the boring logs included in Appendix C3-C. 

 
Limited description of methodology, equipment, or procedures is available for the initial site 
characterization performed by BBC&M in 1990.  Based on lithologic logs, the wells were 
installed using mostly air rotary and air coring techniques.  All available information is presented 
on the boring logs in Appendix C3-C. 
 
Piezometer Development 
Piezometers installed during this HSI were developed subsequent to installation activities.  The 
purpose of development is to arrange the granular filter pack around the screen to minimize 
passage of fine-grained formation materials into the piezometer.  Development was initiated by 
surging the piezometer with a disposable bailer to remove heavy sediments.  A submersible 
pump or stainless steel bailer was then used to purge the piezometer.  To the extent possible, 
piezometer development was performed until the temperature, pH and conductivity stabilized.  
Pumping rates, purge volumes, and water levels were also recorded during the development 
process.  Development water was discharged to the ground surface. The pump and hose were 
decontaminated between successive locations by pumping potable water through the pump 
intake and discharge lines.  Stainless steel bailers were decontaminated between locations by 
rinsing the bailer with deionized water.  Development data sheets are included in Appendix 
C3-F.  
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IN-SITU PERMEABILITY TESTING 
 
Slug Tests 
Slug tests were performed at selected piezometers installed for the current investigation and 
selected monitoring wells previously installed at the facility to test the hydraulic properties of the 
screened intervals.  In those piezometers where the recovery was extremely slow, measurements 
were collected by hand after a disposable bailer was introduced into each well and a specific 
volume of water was removed or "slugged out."  The resulting changes in head as the well 
recovered were measured and recorded over time.  Data points were gathered for each well using 
a stopwatch to monitor specific time intervals.  The rising head was monitored until the 
groundwater level stabilized or until 90 percent of the initial static water level was reached. 
 
For monitoring wells and piezometers with sufficiently rapid recovery, the slug tests were 
conducted by installing a transducer into the piezometer, which is capable of detecting and 
recording the change in water levels to the nearest one-hundredth of a foot.  A four-foot stainless 
steel slug was rapidly inserted into the water column and the change in water level was recorded 
by the transducer.  This slug test is referred to as the “slug in” or “falling head” test.  The falling 
head test was terminated after the water level returned to the original static water level with the 
slug still within the water column.  After returning to static, the slug was rapidly removed and 
the change in water level was recorded by the transducer.  This slug test is referred to as the 
“slug out” or “rising head” test.  The rising head test was terminated after the water level 
returned to static.  Transducer data were downloaded in the field to ensure accurate and quality 
data were collected.  If questionable data were collected during the slug test, both the falling and 
rising head tests were repeated until usable and accurate data were collected.  The data collected 
during the slug testing were analyzed using the Bouwer and Rice method (Bouwer and Rice, 
1976) for determining hydraulic conductivity.  Hydraulic conductivity values are presented on 
Table C3-4, while the results and calculations are included in Appendix C3-F. 
 
The solid slug was decontaminated between use in each well by rinsing multiple times with 
distilled water.  The polyethylene rope used to raise and lower the slug were also decontaminated 
between use in each well by rinsing with distilled water. 
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Packer Testing 
Dual packer testing was conducted by Frontz Drilling Company with oversight and guidance 
provided by CEC in each deep boring (P-1, P-5, and P-9) prior to setting the UAS piezometer.  
Each test consisted of using specialized drill rods that hold the packers in place and allow water 
to be introduced between the packers.  Tests were conducted by inflating packers followed by 
injecting water at a constant pressure for a specified period of time into an isolated ten foot test 
interval.  Packer testing was conducted at the ten foot interval from the top of bedrock to the total 
depth of the respective boring.  The test in each isolated interval was repeated several times at 
higher pressures; 10, 20, 30, and 40 psi.  The flow rate was recorded during the test intervals and 
the test continued until a constant flow rate was observed.  The coefficient of permeability was 
calculated from the pressure time/flow rate data which is presented Table C3-5.  The results of 
the packer testing are included in Section (C)(3)(d)(i)(a)(iv). 
 
Pump Testing 
During this HSI, specific monitoring well and piezometer yields were determined during 
development and additional pump testing of selected piezometers based on the data collected 
during the development.  The majority of the shallow piezometers yielded a low volume of water 
and would not sustain pumping.  Therefore, the yield of these piezometers was determined by 
averaging the total volume removed prior to the piezometer going dry divided by the total time.  
Specific piezometer and well yield data are summarized on Table C3-9.   
 
For piezometers and wells which produced an adequate flow rate to support pumping, the 
maximum flow rate was determined for each piezometer by conducting a modified step pumping 
test.  The piezometer or well was pumped with a Grundfos Redi-Flo electric submersible pump 
for approximately two hours to determine the maximum flow rate.  The maximum flow rate is 
defined as the flow rate noted at the maximum drawdown level.  The maximum drawdown level 
is defined as the water level 1-3 feet above the pump intake.   Specific piezometer and well yield 
data are summarized on Table C3-9. 
 
(C)(3)(g)(iii)(b)  Water level measurement procedures. 
The following summarizes water level measurements conducted during the investigation: 
 
Three separate, site-wide groundwater measurement events took place over the course of this 
HSI.  These events were completed on October 25, 2010, December 6, 2010, and 
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March 28, 2011.  The depth to water was measured from a survey mark on the top of PVC 
casing.  An electronic water level indicator was used for the depth to water measurements with 
each measurement recorded to the nearest one-hundredth of a foot.  The depth to water 
measurement was then subtracted from the elevation of the reference point to calculate the 
groundwater elevation.  A summary of the water levels is shown in Table C3-6.  Potentiometric 
surface maps for each of the water bearing zones as recorded during the December 6, 2010 and 
March 28, 2011 events are shown in Drawings 3G through 3N.   
 
(C)(3)(g)(iv) The methodology, equipment, and procedures used to determine the ground 
water quality in the uppermost aquifer system and any significant zones of saturation 
above the uppermost aquifer system, including the following: 
Groundwater quality sampling was performed in accordance with the methods presented below. 
 
(a)  Detection of Immiscible Layers. 
(C)(3)(g)(iv)(a)  No organic vapors were detected using olfactory methods during purging and 
sampling activities, and no free product was observed in groundwater samples collected from the 
monitoring wells.  Additionally, no organic compounds were detected above the laboratory’s 
PQL in the groundwater samples collected.  Therefore, the test for detection of immiscible layers 
in ground water was not conducted during this investigation.  
 
(b)  Collection of ground water samples, including the following: 
Groundwater samples collected for site characterization followed standard industry procedures 
presented in the Ohio EPA DDAGW Technical Guidance Manual.  Existing detection 
monitoring wells located within the expansion area were also sampled as part of the second 
semi-annual 2010 sampling event for the existing facility to supplement the proposed expansion 
area groundwater characterization.  Samples collected for existing detection monitoring wells 
followed procedures documented in the Groundwater Detection Monitoring Plan (GWDMP), 
October, 2009.  Details regarding the collection of groundwater samples are included below. 
 
(i)  Well Evacuation. 
(C)(3)(g)(iv)(b)(i)  All piezometers and monitoring wells were purged prior to sampling.  Prior to 
purging, the volume of water in the well was calculated based on casing diameter, total depth of 
the piezometer/well and the water level.  Expansion piezometers P-2A, P-2L, P-2S, P-3L, P-4L, 
P-5, P-9, and P-10L were purged using an electric submersible pump using low-flow purging 
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techniques.  Because the submersible pump was used at multiple locations for evacuation 
purposes, the pump was decontaminated between uses by pumping deionized water through the 
pump.  New disposable polyvinyl discharge tubing was used in each well.  Expansion 
piezometers P-5S, P-6S, and P-7A were purged to dryness using disposable bailers due to the 
low yield.  Existing detection monitoring wells B-401, B-401A, B-401S, B-402, B-402A, B-403, 
and B-403S were purged using dedicated QED bladder pumps and a disposable bailer (B-401S). 
 
Groundwater levels were measured prior to and after the purging process to document any 
drawdown in the well.  Field parameters (i.e. temperature, pH, specific conductivity, and 
turbidity) were also measured during the course of purging activities.  Purging continued until 
the field parameter measurements stabilized or the piezometer/well was purged dry.  Purge water 
was discharged to the ground surface. 
 
(ii)  Sample Withdrawal.  
(C)(3)(g)(iv)(b)(ii)  Groundwater samples were obtained using a non-dedicated electric 
submersible pump, dedicated bladder pump, or a disposable bailer.  Sample containers were 
filled, preserved, and packaged according to U.S. Environmental Protection Agency (US EPA) 
protocols.  Samples were analyzed for the Appendix I list of parameters (1-78) as outlined in 
OAC 3745-27-10.  The sample chain-of-custody was maintained from the time of sample 
collection through the time of delivery at the analytical laboratory.  Geochemical Testing of 
Somerset, Pennsylvania performed the laboratory analyses from the water quality samples.  
Water quality analytical reports are included in Appendix C3-E. 
 
(iii)  Sample Containers and Handling.  
(C)(3)(g)(iv)(b)(iii) The groundwater samples were placed in appropriate containers, properly 
labeled, and delivered to the laboratory in protective coolers.  Bagged ice was used to keep the 
samples at approximately 4˚C.  Samples were shipped for overnight deliver to the laboratory via 
FedEx.  Chain-of-custody forms were maintained as part of the project documentation, and have 
been included Appendix C3-E. 
 
(iv)  Sample preservation.  
(C)(3)(g)(iv)(b)(iv)  Multiple, pre-labeled containers were supplied by the laboratory for each 
sampling point.  The appropriate preservatives were added to each container by the laboratory, as 
necessary, during sample bottle preparation.  Samples were poured directly into the sample 
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bottles from the polyvinyl discharge tubing.  VOC sample containers were filled to slightly more 
than capacity before placing the cap on the container to ensure that the headspace was free of air.  
The samples were placed in coolers with ice immediately after collection. 
 
(c)   Performance of field analysis, including the following: 
(i)   Procedures and forms for recording data and the exact location, time, and 
facility-specific considerations associated with the data acquisition. 
(ii)  Calibration of field devices. 
(C)(3)(g)(iv)(b)  Field Information Logs were employed as the primary method for recording 
field observations and information.  Standardized Field Information Logs were utilized in this 
investigation.  These forms listed dates, piezometer/sample numbers, personnel present, water 
level measurements, volume calculations, times for the start and end of purging, field parameter 
measurements, field meter calibration information, chain-of-custody information, and sample 
description.  Field Information Logs are presented in Appendix C3-E. 
 
Field measurements, conditions, calibrations, and observations were recorded in project 
logbooks, Field Data Sheets, or both.  The logbooks contained notes on personnel present, 
working times and conditions, and tasks accomplished.  The field meters were calibrated to the 
specifications of the manufacturers and at least once daily. 
 
(d)  Decontamination of equipment. 
(C)(3)(g)(iv)(d) The submersible pump used for purging the piezometers was decontaminated 
between uses by pumping distilled water through the pump intake and discharge.  Dedicated 
polyvinyl tubing was used at each piezometer sampled.  Decontamination of field meters was 
performed by rinsing the meter probes with distilled water between uses. 
 
(e)  Analysis of ground water samples.  
(C)(3)(g)(iv)(e) Groundwater samples were analyzed in accordance with standard methods by 
Geochemical Testing, Inc.  The samples were analyzed for OAC 3745-27-10 Appendix I 
parameters (1-78). 
 
(f)  Chain-of-custody control, including the following: 
(i)  Standardized field tracking reporting forms to record sample custody in the field prior 
to and during shipment. 
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(C)(3)(g)(iv)(f)(i) Chain-of-custody forms were completed for all samples obtained in the field.  
These forms included project name, names of field personnel, date and time of sample collection, 
required analyses, shipping and courier data, and signatures documenting changes in sample 
custody.  Copies of the chain-of-custody forms are presented in Appendix C3-E. 
 
(ii)  Sample labels indicating a unique sample number, date, time, sample media, sample 
type, analytical methods, any preservatives, and any other information necessary for 
effective sample tracking. 
(C)(3)(g)(iv)(f)(ii) Each groundwater sample was placed in appropriate containers and labeled at 
the time of collection.  The sample number, date, time, preservatives, analytical requirements, as 
well as any special testing or handling data, were marked on each label. 
 
(g)  Field and laboratory quality assurance and quality control including the following, the 
number of which shall be enough to adequately demonstrate the accuracy of the analysis 
results: 
(C)(3)(g)(iv)(g)  QA/QC procedures for replicate samples, blanks, and interferences are 
discussed below. 
 
(i)  Collection of duplicate samples. 
(C)(3)(g)(iv)(g)(i) Duplicate samples were collected at a rate of one per 10 site samples.  
Therefore, two duplicate samples were collected for the investigation (Field Dup and Dup-2).  
These samples were collected simultaneously with the sample it was to replicate (P-5 and B-
401), and the bottles were filled at the same time as the original samples.  The purpose of 
duplicate is to identify general interferences from either the sampling/shipping methods or 
laboratory procedures.  The duplicate analytical results are included on Table C3-8 and are 
within the acceptable range of precision when compared to the results of piezometers P-5 and 
B-401 as depicted. 
 
(ii)  Submission of field-bias blanks. 
One trip blank was collected for this investigation.  Trip blanks were prepared by Geochemical 
Testing at the laboratory and accompanied the coolers / sample bottles throughout shipping and 
throughout the groundwater sampling event.  The trip blanks were analyzed for the volatile 
organic compounds listed in the Appendix 1 parameter list (1-78).  The results are included on 
Table C3-8 and no volatile organic compounds were detected in the trip blanks.  All blanks were 
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numbered and/or labeled to avoid confusion with the actual ground water samples or other 
QA/QC samples. 
 
(iii)  Potential interferences.  
(C)(3)(g)(iv)(g)(iii) Possible potential field and laboratory interferences were monitored and 
minimized by following the prescribed QA/QC procedures described above.  This includes 
proper equipment decontamination, the collection of blank samples and the laboratory following 
their internal QA/QC guidelines. 
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15 Connellsville / Morgantown 1160 ND ND 80 30 0.5 ND ND ND

79 Connellsville / Morgantown 1140 1082 58 124 2.0 48.0 124 66 ND

81 Morgantown 1265 1150 114.5 163 15.0 0.5 6 49 121.3

82 Summerfield / Morgantown 1300 1179 121 170 12.5 2.0 49 49 12.5

83 Connellsville / Gaysport 1260 1150 110 172 6.0 2.0 60 62 6.2

92 Connellsville / Morgantown 1220 1131 89 155 ND ND ND 66 ND

93A Summerfield 1220 1185 35 50 9.0 1.0 ND 15 ND

94 Summerfield 1215 1188 27 39 18.0 1.0 14 12 15.4

95 Connellsville / Morgantown 1230 1170 60 157 ND ND ND 97 ND

96 Connellsville / Morgantown 1250 1182 68 155 10.0 1.0 26 87 33.5

97 Connellsville / Morgantown 1240 1180 60 120 12.0 2.0 ND 60 ND

98 Connellsville / Morgantown 1250 1150 100 146 20.0 2.0 10 46 92.0

99 Summerfield / Morgantown 1250 1183 67 157 11.0 2.0 90 90 11.0

115 Birmingham / Ames 1195 1133 62 129 2.0 1.0 20 67 6.7

992542 
1 Morgantown / Birmingham 1289 1169 120 245 50.0 4.0 200 125 ND

992543 
1 Morgantown/Birmingham/Bloomfield 1107 1072 35 185 1.5 4.0 100 150 2.3

14.21 Average Estimated Yield (GPM): 33.4

Notes Average Estimated Yield (GPM) without wells 81, 96 & 98: 9.0

S = Drawdown from Well Log Data

S' = Total Depth of Well - Static Water Level

Y = Pumping Rate (GPM) x ((Available Drawdown S')/(Drawdown S))

Not used in estimated yield calculation because observed drawdown exceeded available drawdown

Not used in average estimated yield calculation because estimated yield considerably higher than other calculated yields

ND = No Data Available 

1 = Apex Landfill Water Supply Wells

* = Assumed 1 foot of drawdown to calculate the specific capacity 

ODNR well log records identified within approximately one mile of the facility.

REGIONAL WELLS WITHIN ONE MILE OF THE SITE

Average Regional Yield

TABLE C3-2

SUMMARY OF ODNR WELL LOG CONSTRUCTION INFORMATION

APEX LANDFILL LATERAL EXPANSION

ODNR                                                            

Well No.
Estimated Formation Members

Approximate 

Ground Elevation                                                                             

(ft. msl)

Approximate 

Static 

Groundwater 

Elevation                                                                

(ft. msl)

Depth to 

Water (Feet)

Total Well 

Depth (Feet)

Test 

Pumping 

Rate (GPM)

Test 

Duration 

(hours)

Observed 

Drawdown 

(S)                         

(Feet)

Available 

Drawdown 

(S')                                  

(Feet)

Estimated Yield  

(GPM)









































TABLE C3-6

GROUNDWATER ELEVATION SUMMARY

APEX LANDFILL LATERAL EXPANSION

Page 1 of 1

DTW Elevation DTW Elevation DTW Elevation DTW Elevation DTW Elevation DTW Elevation

P-1A 1287.61 1290.04 49.95 46.36 1243.68 45.98 1244.06 45.80 1244.24 49.96 1240.08 45.87 1244.17 46.15 1243.89

P-2A 1236.68 1239.05 15.79 9.48 1229.57 8.31 1230.74 5.69 1233.36 10.98 1228.07 10.89 1228.16 10.87 1228.18

P-3A 1278.34 1280.87 56.39 51.23 1229.64 50.74 1230.13 50.20 1230.67 50.68 1230.19 50.71 1230.16 51.17 1229.70

P-5A 1241.24 1243.60 23.51 19.46 1224.14 19.23 1224.37 14.75 1228.85 18.53 1225.07 18.79 1224.81 18.82 1224.78

P-7A 1263.93 1266.64 40.49 31.63 1235.01 27.04 1239.60 24.75 1241.89 29.08 1237.56 27.87 1238.77 29.78 1236.86

P-8A 1209.50 1211.20 16.61 16.16 1195.04 12.09 1199.11 6.99 1204.21 11.32 1199.88 11.35 1199.85 10.37 1200.83

B-1A 1293.90 1296.40 66.00 60.97 1235.43 60.98 1235.42 59.07 1237.33 60.91 1235.49 60.32 1236.08 60.70 1235.70

B-2A 1265.50 1268.04 46.50 45.10 1222.94 45.11 1222.93 36.58 1231.46 44.60 1223.44 43.65 1224.39 45.57 1222.47

B-7A 1243.70 1246.18 23.00 19.90 1226.28 18.06 1228.12 15.45 1230.73 18.19 1227.99 17.48 1228.70 18.07 1228.11

B-401A 1266.75 1269.45 45.60 BTOP BTOP BTOP BTOP 37.94 1231.51 BTOP BTOP BTOP BTOP BTOP BTOP

B-402A 1258.03 1260.50 35.41 32.96 1227.54 30.99 1229.51 29.30 1231.20 32.64 1227.86 32.87 1227.63 32.78 1227.72

B-408A 1238.80 1241.37 32.85 31.78 1209.59 25.32 1216.05 24.72 1216.65 27.70 1213.67

P-1L 1327.18 1330.30 101.31 96.68 1233.62 95.55 1234.75 87.79 1242.51 87.80 1242.50 89.08 1241.22 90.74 1239.56

P-2L 1236.62 1238.64 33.02 14.36 1224.28 14.12 1224.52 14.11 1224.53 17.53 1221.11 18.56 1220.08 19.03 1219.61

P-3L 1277.28 1279.00 75.04 57.93 1221.07 57.83 1221.17 56.32 1222.68 57.99 1221.01 57.93 1221.07 58.99 1220.01

P-4L 1260.88 1263.34 54.97 40.36 1222.98 40.39 1222.95 31.81 1231.53 39.84 1223.50 38.86 1224.48 41.13 1222.21

P-5L 1240.08 1242.43 40.26 35.24 1207.19 34.85 1207.58 32.22 1210.21 34.21 1208.22 34.58 1207.85 33.60 1208.83

P-6L 1243.35 1246.18 40.00 32.58 1213.60 30.42 1215.76 25.79 1220.39 29.63 1216.55 31.05 1215.13 30.15 1216.03

P-10L 1266.43 1268.83 62.64 46.12 1222.71 46.14 1222.69 37.55 1231.28 45.59 1223.24 44.59 1224.24 46.87 1221.96

P-11L 1257.31 1259.54 53.69 47.15 1212.39 33.83 1225.71 29.56 1229.98 33.31 1226.23 33.49 1226.05 34.21 1225.33

P-13L 1260.40 1262.65 57.11 38.65 1224.00

P-14L 1230.06 1232.80 10.89 7.17 1225.63

P-15L 1285.30 1287.35 63.98 51.92 1235.43

P-1S 1326.50 1329.18 138.23 137.63 1191.55 137.57 1191.61 137.45 1191.73 137.39 1191.79 137.39 1191.79 137.42 1191.76

P-2S 1236.44 1238.75 65.59 51.10 1187.65 50.10 1188.65 48.66 1190.09 49.46 1189.29 49.19 1189.56 48.77 1189.98

P-3S 1278.33 1281.02 116.76 112.54 1168.48 113.77 1167.25 113.67 1167.35 113.58 1167.44 113.56 1167.46 113.57 1167.45

P-5S 1242.01 1244.40 67.03 63.92 1180.48 60.85 1183.55 55.49 1188.91 58.31 1186.09 59.40 1185.00 59.66 1184.74

P-6S 1244.12 1246.75 82.83 63.66 1183.09 60.63 1186.12 56.33 1190.42 59.64 1187.11 60.63 1186.12 62.22 1184.53

P-9S 1257.81 1260.76 83.20 78.60 1182.16 79.46 1181.30 79.38 1181.38 79.74 1181.02 79.42 1181.34 79.54 1181.22

P-10S 1201.78 1204.05 27.34 19.29 1184.76 13.38 1190.67 10.78 1193.27 15.31 1188.74 16.30 1187.75 10.89 1193.16

P-12S 1300.58 1303.04 82.00 66.43 1236.61 67.73 1235.31 67.67 1235.37 67.64 1235.40

B-4S 1205.8 1206.81 36.44 NM NM 29.76 1177.05 29.51 1177.30 29.78 1177.03 29.90 1176.91 29.37 1177.44

B-11S 1244.3 1246.63 60.40 44.95 1201.68 44.60 1202.03 42.35 1204.28 43.91 1202.72 43.87 1202.76 44.04 1202.59

B-105S 1227.7 1228.37 45.51 NM NM 31.92 1196.45 29.49 1198.88 30.61 1197.76 31.09 1197.28 31.27 1197.10

B-201 1209.3 1210.63 40.12 DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY

B-202 1201.1 1201.63 30.80

B-308 NM 1220.84 33.70 NM NM NA NM 11.07 1209.77

B-309 NM 1214.63 NA 17.03 1197.60

B-310 NM 1256.27 116.74 NM NM 96.69 1159.58 89.38 1166.89 91.83 1164.44 92.96 1163.31 92.82 1163.45

B-311 NM 1233.87 98.20 95.75 1138.12 56.08 1177.79 53.54 1180.33 54.22 1179.65 55.53 1178.34 56.18 1177.69

B-401S 1275.52 1278.27 118.09 111.89 1166.38 112.48 1165.79 106.13 1172.14 108.98 1169.29 101.60 1176.67 112.66 1165.61

B-402S 1257.59 1260.64 92.49 91.71 1168.93 91.78 1168.86 91.74 1168.90 91.83 1168.81 92.09 1168.55 DRY DRY

B-403S 1275.55 1277.75 134.63 122.48 1155.27 121.99 1155.76 118.90 1158.85 119.80 1157.95 121.03 1156.72 121.85 1155.90

B-404S 1242.26 1245.09 81.33 DRY DRY

B-405S 1230.41 1233.55 53.41 ND ND 51.72 1181.83 51.69 1181.86 52.32 1181.23 52.03 1181.52 51.06 1182.49

B-405SR 1230.44 1232.94 82.94 82.58 1150.36

B-406S 1227.54 1230.24 67.00 DRY DRY 60.83 1169.41 DRY DRY 60.25 1169.99 62.52 1167.72 63.79 1166.45

B-407S 1232.74 1235.24 70.10 69.80 1165.44 68.70 1166.54 65.72 1169.52 67.85 1167.39 68.61 1166.63 67.59 1167.65

B-408S 1238.80 1238.80 57.96 47.86 1190.94 46.15 1192.65 41.19 1197.61 44.15 1194.65 45.83 1192.97 46.55 1192.25

B-408SS 1238.80 1241.37 32.85 30.71 1210.66 26.97 1214.40

B-409S 1245.09 1247.55 62.83 DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY

P-1 1327.11 1329.37 200.65 178.63 1150.74 177.55 1151.82 175.32 1154.05 176.45 1152.92 176.18 1153.19 177.03 1152.34

P-5 1240.98 1243.49 126.00 91.62 1151.87 90.16 1153.33 87.82 1155.67 89.33 1154.16 89.60 1153.89 90.03 1153.46

P-9 1256.94 1259.50 146.80 106.18 1153.32 103.96 1155.54 101.23 1158.27 102.75 1156.75 104.24 1155.26 104.54 1154.96

P-12 1300.66 1303.25 141.00 DRY DRY DRY DRY DRY DRY DRY DRY¹

B-2B 1265.9 1268.23 135.70 111.88 1156.35 110.61 1157.62 107.14 1161.09 108.68 1159.55 109.17 1159.06 109.63 1158.60

B-4 1205.3 1207.75 130.50 NM NM 72.94 1134.81 71.07 1136.68 71.63 1136.12 71.86 1135.89 72.44 1135.31

B-5 NA NA 94.35 NM NM NM NM 53.88 NA 54.58 NA 55.65 NA 54.21 NA

B-6

B-7B 1244 1246.53 133.70 80.59 1165.94 78.81 1167.72 77.53 1169.00 78.59 1167.94 79.41 1167.12 78.78 1167.75

B-8 1172.4 1174.92 50.00 NM NM NM NM 19.89 1155.03 21.22 1153.70 21.32 1153.60 21.16 1153.76

B-11 1243.9 1246.36 115.80 94.38 1151.98 92.13 1154.23 89.56 1156.80 91.09 1155.27 92.65 1153.71 93.18 1153.18

B-12 1282.3 1284.83 185.70 133.98 1150.85 132.81 1152.02 130.70 1154.13 132.21 1152.62 132.24 1152.59 132.98 1151.85

B-105 1227.3 1229.12 158.51 NM NM 81.72 1147.40 80.49 1148.63 81.55 1147.57 82.62 1146.50 82.95 1146.17

B-401 1262.95 1265.63 146.00 109.07 1156.56 107.12 1158.51 104.49 1161.14 105.57 1160.06 106.77 1158.86 106.79 1158.84

B-402 1263.12 1266.19 155.00 113.03 1153.16 111.42 1154.77 108.88 1157.31 110.10 1156.09 111.35 1154.84 111.71 1154.48

B-403 1224.47 1226.84 118.00 68.41 1158.43 66.90 1159.94 64.53 1162.31 65.83 1161.01 67.06 1159.78 67.45 1159.39

B-404 1243.07 1246.17 123.11 93.09 1153.08

B-405 1231.11 1234.20 127.72 ND ND 80.46 1153.74 77.69 1156.51 79.17 1155.03 80.74 1153.46 81.30 1152.90

B-406 1227.47 1230.13 135.31 83.42 1146.71 81.29 1148.84 78.65 1151.48 79.81 1150.32 81.16 1148.97 82.18 1147.95

B-407 1233.15 1235.74 134.96 92.78 1142.96 91.04 1144.70 89.75 1145.99 90.15 1145.59 91.06 1144.68 91.20 1144.54

B-408 1238.07 1240.71 129.31 95.90 1144.81 95.16 1145.55 91.71 1149.00 92.96 1147.75 93.99 1146.72 94.42 1146.29

B-409 1245.12 1247.57 111.75 98.91 1148.66 96.29 1151.28 94.49 1153.08 95.81 1151.76 97.08 1150.49 97.71 1149.86

B-410 1242.79 1245.32 119.79 106.85 1138.47 102.49 1142.83 100.24 1145.08 101.02 1144.30 102.33 1142.99 103.52 1141.80

B-411 1237.07 1239.87 125.57 117.25 1122.62 116.50 1123.37 116.17 1123.70 116.58 1123.29 116.86 1123.01 116.69 1123.18

B-412 1233.74 1236.38 127.78 104.23 1132.15 100.29 1136.09 99.76 1136.62 100.78 1135.60 101.10 1135.28 100.27 1136.11

B-413 1240.11 1242.96 101.99 103.07 1139.89 97.15 1145.81 96.34 1146.62 97.70 1145.26 99.31 1143.65 97.35 1145.61

B-413R 1238.88 1241.61 133.54 100.77 1140.84 95.90 1145.71 94.95 1146.66 97.04 1144.57 98.00 1143.61 96.29 1145.32

B-414 1229.42 1231.50 118.22 97.58 1133.92 94.42 1137.08 91.13 1140.37 93.50 1138.00 93.84 1137.66 94.69 1136.81

B-1B 1293.50 1295.96 176.50 136.32 1159.64 135.75 1160.21 132.25 1163.71 134.00 1161.96 133.31 1162.65 135.48 1160.48

PG-1 NM 1234.04 NA ND ND 2.90 1231.14 1.00* 1235.04 DRY¹ DRY¹ DRY¹ DRY¹ DRY¹ DRY¹

Notes:

NM = Not Measured

ND = No data. Well Not Installed

* Water above gauge in pond

²   Total Depths updated from May 22, 2012 sampling event

Total Depth 

(ft. below 

TOC)²

Well /            

Boring ID

¹  Water receeded from pond gauge

Not Installed

Not Installed

Not Installed

Pond Gauge

NA = Not Available

BTOP = Below Top of Pump

Uppermost Aquifer System Piezometers

CANNOT LOCATE WELL

Converted to B-408SS

Abandoned February 27, 2012

Unable to Locate / Damaged by Construction Activities

Well Converted from B-408A

Not Installed

Not Installed

Could Not Locate

Bellaire / Summerfield SZS Piezometers

Limestone / Shallow Bedrock Piezometers

Mine Spoil Piezometers

Birmingham (Below Uppermost Aquifer)

Ground 

Surface 

Elevation (ft. 

msl)

TOC 

Elevation    

(ft. msl)

October 25, 2010

Not Installed

Not Installed

Not Installed

December 6, 2010 March 28, 2011 November 8, 2011 May 22, 2012 December 10, 2012

Well Blocked









TABLE C3-9

SUMMARY OF GROUNDWATER YIELD DATA

APEX LANDFILL LATERAL EXPANSION

Hydrogeologic 

Zone
Piezometer ID

Activity / Method 

of Purging

Total Well Depth 

from Top of PVC 

(Feet)

Static Water Level 

from Top of PVC                                                                                                                                                                                

(Feet)

Flow Rate During 

Development or 

Yield Test                                                                                                                                                            

(GPM)

Approximate 

Drawdown 

Observed at Flow 

Rate (Feet) 

Average Yield 

(GPM)

Does Well Yield 

Greater Than 

Average Regional 

Yield of 9.0 

GPM? (yes/no)

Does Well Yield 

Greater Than 2.6 

GPM?                                                   

(yes/no)

Average                                   

Yield Greater Than 

50% of the Average 

Regional Yield?                                                  

(yes/no)

Comments

P-1
Well Development 

/ Grundfos Pump
200.65 178.18 0.25 to 0.8 11.56 0.53 No No No

Average yield calculated over development period.  Water Level stable at 189.74 at 0.25 

gpm.

Well Development 

/ Grundfos Pump
127.70 92.53 3.00 7.00 3.00 Unknown

Flow rate limited by Grundfos Pump.  Pump maxed out at 3.0 gpm with only 7 feet of 

drawdown.  Well produces greater than 3 gpm.

Yield Test / 

Grundfos Pump
127.70 90.48 3.00 8.63 3.00 Unknown

Flow rate limited by Grundfos Pump.  Pump maxed out at 3.0 gpm with only 8.63 feet 

of drawdown.  Well produces greater than 3 gpm.  No Change in observation 

piezometers P-5S or P-5A during pump test.

Well Development 

/ Grundfos Pump
146.80 105.81 3.00 5.44 3.00 Unknown

Flow rate limited by Grundfos Pump.  Pump maxed out at 3.0 gpm with only 5.44 feet 

of drawdown.  Well produces greater than 3 gpm.

Yield Test / 

Grundfos Pump
146.80 104.35 3.00 4.10 3.00 Unknown

Flow rate limited by Grundfos Pump.  Pump maxed out at 3.0 gpm with only 4.10 feet 

of drawdown.  Well produces greater than 3 gpm.  No Change in observation piezometer 

P-9S during pump test.

B-12
Yield Test / 

Grundfos Pump
195.00 133.27 2.50 0.85 2.50 Unknown Yes NA

1

Flow rate limited by Grundfos Pump.  Pump maxed out at 2.5 gpm with only 0.85 feet 

of drawdown.  Well produces greater than 3 gpm.  No Change in observation piezometer 

P-3A, P-3L, or P-3S during pump test.

2.26 50% of 9.0 = 4.5
Based on the limitations of the Grundfos pump and 2-inch piezometers.  The UAS yields 

greater than the 2.26 gpm average.

P-1S
Well Development 

/ Bailer
138.23 135.96 NA Purged Dry 0.02 No No No

Average yield calculated during development with a bailer by dividing gallons removed 

by total time elapsed.  Average includes multiple purging and recover periods.

Well Development 

/ Grundfos Pump
65.59 51.32 0.25 to 0.5 5.43 0.50 No

Water level was relatively stable at 0.50 gpm.  See yield test of P-2S below for more 

information.

Yield Test / 

Grundfos Pump
65.59 49.12 0.75 13.78 0.75 No

Water level approximately stable at 13.78 feet of drawdown at 0.75 gpm.  No Change in 

observation piezometers P-2A or P-2L during pump test.

P-3S
Well Development 

/ Grundfos Pump
116.76 88.87 0.30 to 0.63 Purged Dry 0.47 No No No

Average yield calculated on purging rate prior to well going dry.  Well would likely not 

support the 0.47 gpm flow rate without going dry.

P-5S
Well Development 

/ Bailer
67.03 63.50 NA Purged Dry 0.13 No No No

Average yield calculated during development with a bailer by dividing total time elapsed 

by gallons removed.  Average only calculated on 2nd bailing period on 10/14/10.

P-6S
Well Development 

/ Grundfos Pump
82.83 62.51 0.21 to 0.56 Purged Dry 0.45 No No No

Average yield calculated on purging rate prior to well going dry.  Well would likely not 

support the 0.45 gpm flow rate without going dry.

P-9S
Well Development 

/ Grundfos Pump
83.20 69.73 0.5 to 0.13  Purged Dry 0.32 No No No

Average yield calculated on purging rate prior to well going dry.  Well would likely not 

support the 0.32 gpm flow rate without going dry.

P-10S
Well Development 

/ Bailer
27.34 19.09 NA Purged Dry 0.22 No No No

Average yield calculated during development with a bailer by dividing gallons removed 

by total time elapsed.  Average calculated over 2 development periods where the well 

was purged dry.

0.34 50% of 9.0 = 4.5

P-1L
Well Development 

/ Bailer
101.31 95.89 NA Purged Dry 0.11 No No No

Average yield calculated during development with a bailer by dividing gallons removed 

by total time elapsed.  Average calculated over the 1st and 3rd development periods 

where the well was purged dry.

Well Development 

/ Grundfos Pump
33.02 14.27 0.56 to 1.25 16.54 1.25 No

Average yield calculated over development period.  Water Level relatively stable at 1.25 

gpm with 16.54 feet of drawdown.

Yield Test / 

Grundfos Pump
33.02 15.18 3.75 15.39 3.75 No

Water level relatively stable, but exhibited slight drawdown at 3.75.  No Change in 

observation piezometers P-2A or P-2S during pump test.

Well Development 

/ Grundfos Pump
75.04 57.78 0.38 to 1.0 10.38 0.50 No

Average yield calculated over development period.  Water Level relatively stable at 0.5 

gpm with 10.38 feet of drawdown.

Yield Test / 

Grundfos Pump
75.07 58.11 0.65 13.81 0.65 No

Water level stable at 0.65 gpm with 13.81 feet of drawdown. No change in observation 

piezometers P-3A, P-3S, or B-12.

Well Dev / 

Grundfos Pump 

and Bailer

54.97 40.07
0.3 with Bailer / 

5.0 with Pump
0.13 5.00 Unknown

Flow rate limited by Grundfos Pump.  Pump maxed out at 5.0 gpm with only 0.13 feet 

of drawdown.  Well produces greater than 5 gpm. 

Yield Test / 

Grundfos Pump
54.97 39.81 4.25 0.10 4.25 Unknown

Flow rate limited by Grundfos Pump.  Pump maxed out at 4.25 gpm with only 0.10 feet 

of drawdown.  Well produces greater than 4.25 gpm.  No Change in observation 

piezometers B-401, B-402A, B-402S, or P-10L during pump test.

P-5L
Well Development 

/ Bailer
40.26 35.19 0.14 to 0.18 Purged Dry 0.15 No No No

Average yield calculated during development with a bailer by dividing gallons removed 

by total time elapsed.  Average calculated over 3 development periods where the well 

was purged dry.

P-6L
Well Development 

/ Bailer
40.00 32.52 0.10 to 0.21 Purged Dry 0.16 No No No

Average yield calculated during development with a bailer by dividing gallons removed 

by total time elapsed.  Average calculated over 2 development periods where the well 

was purged dry.

Well Development 

/ Grundfos Pump
62.64 46.89 1.67 to 5.0 1.26 4.00 Unknown

Water level not stable during development at 4.0 gpm.  See below for additional yield test 

data on P-10L.

Yield Test / 

Grundfos Pump
62.67 45.57 4.5 4.54 4.50 Unknown

Flow rate limited by Grundfos Pump.  Pump maxed out at 4.5 gpm with 4.54 feet of 

drawdown.  Well produces greater than 4.5 gpm. No change in observation piezometers 

B-401, B-401A, B-2A, B-2B, or P-4A.

P-11L
Well Development 

/ Bailer
53.69 50.96 0.013 to 0.17 Purged Dry 0.09 No No No

Average yield calculated during development with a bailer by dividing gallons removed 

by total time elapsed.  Average calculated over 2 development periods where the well 

was purged dry.

Well Development 

/ Bailer & 

Grundfos Pump

57.11 40.11 0.23 to 0.42 Purged Dry 0.30 No

Average yield calculated during development with a bailer and/or Grundfos Pump by 

dividing gallons removed by total time elapsed.  Average calculated over 3 development 

periods where the well was purged dry.

Recovery Test / 

Bailer
57.11 40.11 0.03 Purged Dry 0.03 No

Test conducted by purging the well dry and measuring its recovery.  Average yield 

calculated by dividing the gallons of recharge by total time elapsed during recovery.  

Well Development 

/ Bailer
10.89 5.57 0.05 to 0.35 Purged Dry 0.20 No

Average yield calculated during development with a bailer by dividing gallons removed 

by total time elapsed.  Average calculated over 2 development periods where the well 

was purged dry.

Recovery Test / 

Bailer
10.89 7.94 <0.01 Purged Dry <0.01 No

Test conducted by purging the well dry and measuring its recovery.  Average yield 

calculated by dividing the gallons of recharge by total time elapsed during recovery.  

Well Development 

/ Bailer & 

Grundfos Pump

63.98 51.99 0.16 to 0.23 Purged Dry 0.21 No

Average yield calculated during development with a bailer and/or Grundfos Pump by 

dividing gallons removed by total time elapsed.  Average calculated over 4 development 

periods where the well was purged dry.

Recovery Test / 

Bailer
63.98 53.24 0.03 Purged Dry 0.03 No

Test conducted by purging the well dry and measuring its recovery.  Average yield 

calculated by dividing the gallons of recharge by total time elapsed during recovery.  

1.37 50% of 9.0 = 4.5

P-1A
Well Development 

/ Bailer
49.95 46.32 0.08 to 0.06 Purged Dry 0.07 No No No

Average yield calculated during development with a bailer by dividing total time elapsed 

by gallons removed.  Average calculated over 2 development periods where the well was 

purged dry.

Well Dev / 

Grundfos Pump 

and Bailer

15.79 9.25
0.18 with Bailer / 

0.25 with Pump
1.60 0.25 No

Average yield calculated off development with Grundfos Pump.  See below for additional 

yield data from P-2A

Yield Test / 

Grundfos Pump
15.80 8.63 0.75 4.36 0.75 No

Water level stable at 0.75 gpm with 4.36 feet of drawdown.  No change in observation 

piezometers P-2L or P-2S.

P-3A
Well Development 

/ Bailer
56.39 51.14 0.09 to 0.16 Purged Dry 0.13 No No No

Average yield calculated during development with a bailer by dividing total time elapsed 

by gallons removed.  Average calculated on 2 development periods where well was 

purged dry.

P-5A
Well Development 

/ Bailer
23.51 19.41 0.07 to 0.08 Purged Dry 0.08 No No No

Average yield calculated during development with a bailer by dividing total time elapsed 

by gallons removed.  Average calculated on 2 development periods where well was 

purged dry.

P-7A
Well Development 

/ Bailer
40.49 31.63 0.14 to 0.29 Purged Dry 0.22 No No No

Average yield calculated during development with a bailer by dividing total time elapsed 

by gallons removed.  Average calculated on 2 development periods where well was 

purged dry.

P-8A
Well Development 

/ Bailer
16.61 15.41 0.17 Purged Dry 0.17 No No No

Average yield calculated during development with a bailer by dividing total time elapsed 

by gallons removed.  Average calculated on 1 development period where well was 

purged dry.  Very limited intial amount of water in the well.

0.23 50% of 9.0 = 4.5

Note: 

NA
1
  When average yield is greater tht 2.6 gpm (for a 2 inch diameter well), then the yield criteria for a UAS is met at that well location.  A comparison to the regional yield is not required in this case.

P-9

P-2S
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P-3L

P-4L
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P-13L

P-5

P-14L

P-15L

No

No

No

Yes

P-10L



1 1140 ND

2 1190 1185

3 1225 1215

4 1220 1200

5 1200 1190

6 1195 1190

7 1265 1225

8 1220 1215

9 1225 1215

10 1230 1215

11 1185 1185

12 1195 1190

Notes:

ND = No Data Available 

TABLE C3-10

SUMMARY OF GROUNDWATER SEEPS

APEX LANDFILL LATERAL EXPANSION

Seep Identification 

Number

Approximate                                                             

Groundwater Seep Elevation                                                     

(ft. msl)

Approximate                                                             

Top of Bedrock Elevation                                                     

(ft. msl)

Comments / Nearby Piezometers

Saturated Mine Spoil / Residual Soil

Saturated Mine Spoil / Residual Soil

Saturated Mine Spoil / Residual Soil

Saturated at Top of Bedrock (piezometer P-10S located approximately 225 feet from seep)

Saturated Mine Spoil / Residual Soil

Saturated Mine Spoil / Residual Soil (boring RB-8 exhibited sturated residual soil - located approximately 225 feet from seep)

Saturated Mine Spoil (piezometer B-7A located approximately 300 feet from seep)

Saturated Mine Spoil / Residual Soil

Saturated Mine Spoil / Residual Soil

Saturated Mine Spoil / Residual Soil

Saturated Mine Spoil (piezometer P-5A located approximately 300 feet from seep)

Saturated Mine Spoil / Residual Soil



 

 
DRAWINGS 

 
(ROLL) 

 

 
 



 

 
APPENDIX C3-A 

 
DOCUMENTS AND CORRESPONDENCE 

 
 

 
 























































































 
APPENDIX C3-B 
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APPENDIX C3-C 

 
SOIL BORING LOGS, WELL CONSTRUCTION LOGS, TEST PITS LOGS 

 

 
 



















































































































































































































































































































































































































































































































































































































































































































































































































































 

 
APPENDIX C3-D 

 
GEOTECHNICAL LABORATORY REPORT (DATA CD) 

 

 
 



Client Civil & Environmental Consultants, Inc.

Client Project 091-867 Apex Landfill Expansion

Project No. 30598

Boring

Depth

Sample

Lab. Sample No.

Procedure / Water Test Method B / Distilled Water

Replicate No. 1 2 1 2 1 2 1 2 1 2

Material Used - #4 Sieve - #4 Sieve - #4 Sieve - #4 Sieve - #4 Sieve - #4 Sieve - #4 Sieve - #4 Sieve - #4 Sieve - #4 Sieve

Percent Passing #4 Sieve NA NA NA NA NA NA NA NA NA NA

Pycnometer Identification X M R M W R R L K T

Wt. Pycnometer+Soil+Water, gm  -  Mb (at Tb) 711.8 692.78 696.15 695.62 705.86 706.3 706.88 706.22 725.44 726.31

Wt. Pycnometer+Water at Test Temp, gm  -  Ma (at Tb) 679.38 660.61 661.24 660.36 661.29 661.52 661.03 662.11 682.95 683.58

Test Temperature, *C  -  Tb 17.4 17.9 20.4 20.4 17.7 17.5 22.3 22.3 22.3 22.5

Test Water Density, gm/ml 0.99872 0.99863 0.99814 0.99814 0.99867 0.99871 0.99773 0.99773 0.99773 0.99768

Tare No. 507 519 302 823 709 517 937 302 805 509

Wt. of Tare + Dry Soil, gm 153.64 153.31 154.91 158.57 167.99 174.7 172.32 170.42 172.21 172.51

Wt. of Tare, gm 102.97 102.87 100.41 103.32 97.61 103.86 99.56 100.14 102.34 102.72

Wt. of Dry Soil, gm  -  Mo 50.67 50.44 54.5 55.25 70.38 70.84 72.76 70.28 69.87 69.79

Wt. Dry Pycnometer, gm  -  Mf 180.412 161.87 162.81 161.87 162.54 162.81 162.81 163.88 184.26 185.15

Wt. Dry Pycnometer + Water, gm  -  Ma 678.91 660.18 661.32 660.18 661.13 661.32 661.32 662.12 683.26 683.61

Calibration Water Temperature, *C  -  Ta 22.1 22.1 19.6 22.1 19.4 19.6 19.6 22.2 19.4 22.2

Calibration Water Density, gm/ml 0.99777 0.99777 0.99831 0.99777 0.99835 0.99831 0.99831 0.99775 0.99835 0.99775

Specific Gravity of Soil At Temp. Tb 2.776 2.761 2.783 2.763 2.727 2.718 2.704 2.686 2.552 2.580

Conversion Factor For Temp. Tb  -  K 1.00049 1.00040 0.99991 0.99991 1.00044 1.00048 0.99950 0.99950 0.99950 0.99945

SPECIFIC GRAVITY AT 20* C

Specific Gravity of Soil at 20* C 2.777 2.762 2.782 2.763 2.728 2.720 2.702 2.684 2.551 2.578

Average 

Input Validation:                   Reviewed By: Date 12/1/2010

2.562.77 2.77 2.72 2.69

RB-4

19'-24'

B-1

30598027

RB-3

20'-24'

B-1

30598026

12'-14'

ST-1

30598012

SB-6

9'-10'

ST-2

30598014

SPECIFIC GRAVITY OF SOILS - ASTM D854

COPYRIGHT © 2008  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

TEST PARAMETERS

CALIBRATION PARAMETERS

SPECIFIC GRAVITY AT TEMPERATURE T

SB-21

9'-11'

30598011

ST-1

TPE-18



Client Civil & Environmental Consultants, Inc.
Client Project 091-867 Apex Landfill Expansion
Project No. 30598

Boring SB-16 SB-17 SB-18
Depth 0.5'-2.5' 16'-18' 10'-12'
Sample ST-1 ST-1 ST-1
Lab. Sample No. 30598008 30598009 30598010

Procedure / Water

Pycnometer Identification M X W
Wt. Pycnometer+Soil+Water, gm  -  Mb (at Tb) 703.72 725.43 704.88
Wt. Pycnometer+Water at Test Temp, gm  -  Ma (at Tb) 660.17 678.89 660.82
Test Temperature, *C  -  Tb 22.2 22.3 22.3
Test Water Density, gm/ml 0.99775 0.99773 0.99773
Wt. of Dry Soil, gm  -  Mo 69.2 73.89 69.82

Wt. Dry Pycnometer, gm  -  Mf 161.874 180.412 162.542
Wt. Dry Pycnometer + Water, gm  -  Ma 660.18 678.91 661.13
Calibration Water Temperature, *C  -  Ta 22.1 22.1 19.4
Calibration Water Density, gm/ml 0.99777 0.99777 0.99835

Specific Gravity of Soil At Temp. Tb 2.698 2.702 2.710
Conversion Factor For Temp. Tb  -  K 0.99952 0.99950 0.99950

Specific Gravity of Soil at 20* C 2.70 2.70 2.71

Input Validation:                   12/1/2010

SPECIFIC GRAVITY OF SOILS - ASTM D854

COPYRIGHT © 2008  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

SPECIFIC GRAVITY AT 20* C

TEST PARAMETERS

Test Method B / Distilled Water

CALIBRATION PARAMETERS

SPECIFIC GRAVITY AT TEMPERATURE T



Client Civil & Environmental Consultants, Inc.

Project 091-867 Apex Landfill Expansion

Project No. 30598

Boring Number SB-3 SB-14 SB-20 SB-16 TPE-17 TPE-19 SB-14
Depth 11.5'-13.5' 25'-27' 16'-18', 17'-19' 1'-3' 12'-14' 2'-4' 25' - 27'
Sample ST-1 ST-2 TOP ST-1, ST-2 ST-1 ST-1 ST-1 ST-2 Bottom
Lab Sample No. 30598001 30598002 30598003 30598004 30598005 30598006 30598039

Tare Number A10 Z2 A10 A23 A17 Z12 A45
Wt. Tare & WS, gm 76.94 144.79 100.8 134.52 183.36 233.45 94.14
Wt. Tare & DS, gm 70.55 136.26 85.43 112.93 160.83 219.41 70.66
Wt. Tare, gm 9.53 123.14 9.53 9.43 9.54 123.25 9.06

Water Content, % 10.5% 65.0% 20.3% 20.9% 14.9% 14.6% 38.1%

Wt. Of WS., gm 1437.09 869.73 1402.42 1279.3 1425.36 1456.47 1099.3
Length 1, in 6.002 5.983 5.954 5.977 6.05 6.052 6.039
Length 2, in 5.943 5.99 5.915 5.893 6.034 6.049 6.051
Length 3, in 5.928 6.005 5.937 5.88 6.027 6.119 6.055
Top Diameter, in 2.873 2.84 2.878 2.895 2.881 2.881 2.881
Middle Diameter, in 2.877 2.837 2.873 2.909 2.88 2.88 2.879
Bottom Diameter, in 2.879 2.851 2.876 2.847 2.88 2.879 2.884
Sample Volume, cc 634.37 623.25 631.70 633.23 644.61 648.34 646.27
Water Content ,% 10.5% 65.0% 20.3% 20.9% 14.9% 14.6% 38.1%
Unit Wet Wt., gm/cc 2.27 1.40 2.22 2.02 2.21 2.25 1.70
Unit Wet Wt., pcf 141.4 87.1 138.5 126.1 138.0 140.2 106.1

Unit Dry Wt., pcf 128.0 52.8 115.2 104.3 120.1 122.3 76.8
Unit Dry Wt., gm/cc 2.05 0.85 1.85 1.67 1.92 1.96 1.23
Specific Gravity, Assumed 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Void Ratio,e 0.32 2.19 0.46 0.62 0.40 0.38 1.19
Porosity, n 0.24 0.69 0.32 0.38 0.29 0.27 0.54
Saturation, % 89.3% 80.1% 118.2% 91.5% 99.8% 104.5% 86.3%

Input Validation           Reviewed By: Date: 12/1/2010

Direct Measurement Method

Water Contents

DENSITY DETERMINATIONS



Client Civil & Environmental Consultants, Inc.

Project 091-867 Apex Landfill Expansion

Project No. 30598

Boring Number SB-16 SB-17 SB-18 SB-21 TPE-18 SB-6
Depth 0.5'-2.5' 16'-18' 10'-12' 9'-11' 12'-14' 9'-10'
Sample ST-1 ST-1 ST-1 ST-1 ST-1 ST-2
Lab Sample No. 30598008 30598009 30598010 30598011 30598012 30598014

Tare Number A45 A23 A12 A42 Z13 A12
Wt. Tare & WS, gm 91.82 78.88 121.92 125.9 241.96 257.57
Wt. Tare & DS, gm 76.93 69.11 104.87 112.18 220.12 235.97
Wt. Tare, gm 9.06 9.42 9.53 9.49 122.82 9.53

Water Content, % 21.9% 16.4% 17.9% 13.4% 22.4% 9.5%

Wt. Of WS., gm 1222.51 1188.1 1377.45 1433.65 1324.1 1356.49
Length 1, in 6.032 6.067 6.118 6.082 6.055 6.085
Length 2, in 6.035 6.068 6.109 6.063 6.026 6.079
Length 3, in 6.032 6.062 6.112 6.069 6.033 6.067
Top Diameter, in 2.885 2.877 2.873 2.89 2.881 2.884
Middle Diameter, in 2.878 2.875 2.875 2.892 2.882 2.877
Bottom Diameter, in 2.877 2.877 2.874 2.885 2.881 2.871
Sample Volume, cc 644.03 645.87 649.86 652.18 645.17 647.53
Water Content ,% 21.9% 16.4% 17.9% 13.4% 22.4% 9.5%
Unit Wet Wt., gm/cc 1.90 1.84 2.12 2.20 2.05 2.09
Unit Wet Wt., pcf 118.4 114.8 132.3 137.2 128.1 130.7

Unit Dry Wt., pcf 97.1 98.6 112.2 121.0 104.6 119.3
Unit Dry Wt., gm/cc 1.56 1.58 1.80 1.94 1.68 1.91
Specific Gravity, Measured 2.70 2.70 2.71 2.77 2.77 2.72
Void Ratio,e 0.73 0.71 0.51 0.43 0.65 0.42
Porosity, n 0.42 0.41 0.34 0.30 0.39 0.30
Saturation, % 80.7% 62.4% 95.6% 86.4% 95.3% 61.4%

Input Validation           Reviewed By: Date: 12/1/2010

Direct Measurement Method

Water Contents

DENSITY DETERMINATIONS



Client Civil & Environmental Consultants, Inc.

Project 091-867 Apex Landfill Expansion

Project No. 30598

Boring Number SB-4 SB-8 SB-14 SB-17 SB-18 SB-19 TPE-18 TPE-21
Depth 28'-30' 2'-4' 10'-12' 18'-20' 22'-24' 11'-13' 18'-19.7' 2'-4'
Sample ST-1 ST-1 ST-1 ST-2 ST-3 ST-1 ST-2 ST-1
Lab Sample No. 30598013 30598015 30598016 30598017 30598018 30598019 30598020 30598021

Tare Number A34 A37 A45 A10 A18 A23 A10 A7
Wt. Tare & WS, gm 260.56 246.62 193.31 233.21 262.22 247.18 76.24 218.78
Wt. Tare & DS, gm 239.59 215.08 160.57 212.65 228.43 214.13 69.14 181.38
Wt. Tare, gm 9.91 9.67 9.07 9.56 9.46 9.42 9.53 9.45

Water Content, % 9.1% 15.4% 21.6% 10.1% 15.4% 16.1% 11.9% 21.8%

Wt. Of WS., gm 1271.41 1354.15 1300.67 1242.22 1356.74 1314.72 1406.73 1383.55
Length 1, in 6.078 6.049 6.053 5.995 6.081 5.999 6.031 6.082
Length 2, in 6.074 6.046 6.035 6.043 6.149 6.012 5.98 6.053
Length 3, in 6.078 6.061 6.048 6.077 6.082 5.998 6.055 6.067
Top Diameter, in 2.892 2.879 2.881 2.993 2.892 2.867 2.872 2.881
Middle Diameter, in 2.89 2.879 2.879 2.838 2.984 2.873 2.877 2.881
Bottom Diameter, in 2.882 2.881 2.877 2.618 2.894 2.879 2.873 2.879
Sample Volume, cc 652.31 645.91 644.90 616.42 671.37 637.72 640.18 647.85
Water Content ,% 9.1% 15.4% 21.6% 10.1% 15.4% 16.1% 11.9% 21.8%
Unit Wet Wt., gm/cc 1.95 2.10 2.02 2.02 2.02 2.06 2.20 2.14
Unit Wet Wt., pcf 121.6 130.8 125.9 125.7 126.1 128.6 137.1 133.3

Unit Dry Wt., pcf 111.4 113.4 103.5 114.2 109.2 110.8 122.5 109.5
Unit Dry Wt., gm/cc 1.79 1.82 1.66 1.83 1.75 1.78 1.96 1.75
Specific Gravity, Assumed 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Void Ratio,e 0.51 0.49 0.63 0.48 0.54 0.52 0.38 0.54
Porosity, n 0.34 0.33 0.39 0.32 0.35 0.34 0.27 0.35
Saturation, % 48.2% 85.4% 92.9% 57.5% 76.8% 83.7% 85.7% 108.9%

Input Validation           Reviewed By: Date: 12/1/2010

Direct Measurement Method

Water Contents

DENSITY DETERMINATIONS



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring SB-4

Client Project 091-867 Apex Landfill Expansion Depth 28-30
Project No. 30598 Sample ST-1

Visual Description DARK GRAYISH BROWN SANDY LEAN CLAY Lab Sample No. 30598013

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 2.0E-07
Tare Number A34 117 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 9.1%
Wt. Tare & WS, gm 260.56 656.45 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 114.0
Wt. Tare & DS, gm 239.59 565.21 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.91 83.51 Sample Constant, S = L/A, cm-1 0.164        Sample Status Undisturbed
Moisture Content, % 9.1% 18.9% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 99
Wt. Tube & WS., gm 562.2 NA Test Constant, C = M1S/δ 3.94E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.2 Cell Pressure, psi 83
Wt. Of WS., gm 562.2 612.7 Mercury Level of Pipette at t=0, Rp0, cm 10.7 Back Pressure, psi 80
Length 1, in 2.671 2.709 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.85 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 2.703 2.708 Trial Constant, T = M2 / z1, cm 0.1176 Maximum Gradient 16.2
Length 3, in 2.631 2.671 Temperature Correction for 20°C, Rt 1.009 Average Test Temperature, °C 19.6
Top Diameter, in 2.847 2.861 TEST DATA
Middle Diameter, in 2.879 2.885 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.869 2.871 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 6.78 6.85 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 41.59 41.80 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 281.9 286.3 0.00 10.7 0 16.2 111.1 100.0% 3.79 2.21 NA
Unit Wet Wt., gm/cc 1.99 2.14 0.35 10.6 0.1 16.0 109.8 98.8% 3.78 2.22 2.24E-07
Unit Wet Wt., pcf 124.4 133.6 0.71 10.5 0.2 15.8 108.5 97.6% 3.77 2.23 2.23E-07
Unit Dry Wt., pcf 114.0 112.3 1.08 10.4 0.3 15.7 107.2 96.5% 3.76 2.24 2.19E-07
Unit Dry Wt., gm/cc 1.83 1.80 1.41 10.3 0.4 15.5 105.9 95.3% 3.75 2.25 2.26E-07
Specific Gravity, Assumed 2.7 2.7 1.88 10.2 0.5 15.3 104.6 94.1% 3.74 2.26 2.13E-07
Void Ratio, e 0.477 0.500 2.35 10.1 0.6 15.1 103.3 92.9% 3.73 2.27 2.06E-07
Porosity, n 0.323 0.334 2.89 10 0.7 14.9 102.0 91.8% 3.73 2.27 1.97E-07
Pore Volume, cc 91.10 95.48
Saturation, % 51.6%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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0.85 to 1.15 Average H.C.

                                                                        -C 
  Hydraulic Conductivity (20°C) k20 =  Rt ------ ln (1-∆∆∆∆zpT)
                                                                         t 



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring SB-6

Client Project 091-867 Apex Landfill Expansion Depth 9'-10'
Project No. 30598 Sample ST-2

Visual Description GRAYISH BROWN CLAYEY GRAVEL WITH SAND Lab Sample No. 30598014

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 7.4E-08
Tare Number A12 B07 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 9.5%
Wt. Tare & WS, gm 257.57 692.7 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 120.2
Wt. Tare & DS, gm 235.97 613.64 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.53 84.31 Sample Constant, S = L/A, cm-1 0.164        Sample Status Undisturbed
Moisture Content, % 9.5% 14.9% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 100
Wt. Tube & WS., gm 599.1 NA Test Constant, C = M1S/δ 3.94E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.3 Cell Pressure, psi 83
Wt. Of WS., gm 599.1 628.6 Mercury Level of Pipette at t=0, Rp0, cm 10.8 Back Pressure, psi 80
Length 1, in 2.696 2.731 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.85 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 2.679 2.745 Trial Constant, T = M2 / z1, cm 0.1176 Maximum Gradient 16.3
Length 3, in 2.683 2.601 Temperature Correction for 20°C, Rt 1.012 Average Test Temperature, °C 19.5
Top Diameter, in 2.865 2.871 TEST DATA
Middle Diameter, in 2.863 2.862 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.868 2.87 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 6.82 6.84 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 41.60 41.67 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 283.8 285.0 0.00 10.8 0 16.3 111.1 100.0% 3.79 2.21 NA
Unit Wet Wt., gm/cc 2.11 2.21 1.14 10.7 0.1 16.1 109.8 98.8% 3.78 2.22 6.93E-08
Unit Wet Wt., pcf 131.7 137.7 2.22 10.6 0.2 15.9 108.5 97.6% 3.77 2.23 7.12E-08
Unit Dry Wt., pcf 120.2 119.8 3.25 10.5 0.3 15.7 107.2 96.5% 3.76 2.24 7.35E-08
Unit Dry Wt., gm/cc 1.93 1.92 4.33 10.4 0.4 15.5 105.9 95.3% 3.75 2.25 7.41E-08
Specific Gravity, Assumed 2.7 2.7 5.35 10.3 0.5 15.3 104.6 94.1% 3.74 2.26 7.53E-08
Void Ratio, e 0.401 0.407 6.51 10.2 0.6 15.1 103.3 92.9% 3.73 2.27 7.48E-08
Porosity, n 0.286 0.289 7.77 10.1 0.7 14.9 102.0 91.8% 3.73 2.27 7.35E-08
Pore Volume, cc 81.25 82.39
Saturation, % 64.2%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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Average H.C. over last 2 readings
0.85 to 1.15 Average H.C.

                                                                        -C 
  Hydraulic Conductivity (20°C) k20 =  Rt ------ ln (1-∆∆∆∆zpT)
                                                                         t 



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring SB-8

Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Visual Description YELLOWISH BROWN LEAN CLAY WITH SAND Lab Sample No. 30598015

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 3.7E-05
Tare Number A37 102 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 15.4%
Wt. Tare & WS, gm 246.62 795.3 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 110.9
Wt. Tare & DS, gm 215.08 677.93 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.67 84.7 Sample Constant, S = L/A, cm-1 0.202        Sample Status Undisturbed
Moisture Content, % 15.4% 19.8% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 100
Wt. Tube & WS., gm 676.2 NA Test Constant, C = M1S/δ 4.86E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.3 Cell Pressure, psi 83
Wt. Of WS., gm 676.2 702.2 Mercury Level of Pipette at t=0, Rp0, cm 6 Back Pressure, psi 80
Length 1, in 3.214 3.214 Initial Head Difference, z1 =(Rp0-Req)M2, cm 3.85 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 3.184 3.205 Trial Constant, T = M2 / z1, cm 0.2703 Maximum Gradient 5.9
Length 3, in 3.236 3.249 Temperature Correction for 20°C, Rt 1.012 Average Test Temperature, °C 19.5
Top Diameter, in 2.824 2.826 TEST DATA
Middle Diameter, in 2.821 2.822 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.831 2.831 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 8.16 8.19 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 40.45 40.48 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 329.9 331.3 0.00 6 0 5.9 48.4 100.0% 3.34 2.66 NA
Unit Wet Wt., gm/cc 2.05 2.12 0.01 5.9 0.1 5.8 47.1 97.3% 3.33 2.67 3.54E-05
Unit Wet Wt., pcf 127.9 132.3 0.01 5.8 0.2 5.6 45.8 94.6% 3.33 2.67 3.50E-05
Unit Dry Wt., pcf 110.9 110.4 0.02 5.7 0.3 5.4 44.5 91.9% 3.32 2.68 3.58E-05
Unit Dry Wt., gm/cc 1.78 1.77 0.03 5.6 0.4 5.3 43.2 89.2% 3.31 2.69 3.61E-05
Specific Gravity, Assumed 2.7 2.7 0.03 5.5 0.5 5.1 41.8 86.5% 3.30 2.70 3.68E-05
Void Ratio, e 0.520 0.526 0.04 5.4 0.6 5.0 40.5 83.8% 3.29 2.71 3.72E-05
Porosity, n 0.342 0.345 0.05 5.3 0.7 4.8 39.2 81.1% 3.28 2.72 3.75E-05
Pore Volume, cc 112.80 114.20
Saturation, % 79.8%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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Average H.C. over last 2 readings
0.85 to 1.15 Average H.C.

                                                                        -C 
  Hydraulic Conductivity (20°C) k20 =  Rt ------ ln (1-∆∆∆∆zpT)
                                                                         t 



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring SB-14

Client Project 091-867 Apex Landfill Expansion Depth 10'-12'
Project No. 30598 Sample ST-1

Visual Description DARK GRAYISH BROWN SANDY LEAN CLAY Lab Sample No. 30598016

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 1.7E-07
Tare Number A45 18 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 21.6%
Wt. Tare & WS, gm 193.31 728.09 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 100.8
Wt. Tare & DS, gm 160.57 584.22 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.07 81.33 Sample Constant, S = L/A, cm-1 0.186        Sample Status Undisturbed
Moisture Content, % 21.6% 28.6% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.561 B Parameter 96
Wt. Tube & WS., gm 638.3 NA Test Constant, C = M1S/δ 4.48E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.2 Cell Pressure, psi 73
Wt. Of WS., gm 638.3 675.0 Mercury Level of Pipette at t=0, Rp0, cm 10 Back Pressure, psi 70
Length 1, in 3.079 3.075 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.12 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 3.082 3.088 Trial Constant, T = M2 / z1, cm 0.1282 Maximum Gradient 13.1
Length 3, in 3.034 3.041 Temperature Correction for 20°C, Rt 1.034 Average Test Temperature, °C 18.6
Top Diameter, in 2.875 2.873 TEST DATA
Middle Diameter, in 2.864 2.863 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.871 2.879 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 7.79 7.79 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 41.74 41.79 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 324.9 325.6 0.00 10 0 13.1 102.0 100.0% 3.73 2.27 NA
Unit Wet Wt., gm/cc 1.96 2.07 0.54 9.9 0.1 12.9 100.7 98.7% 3.72 2.28 1.84E-07
Unit Wet Wt., pcf 122.6 129.4 1.06 9.8 0.2 12.8 99.4 97.4% 3.71 2.29 1.89E-07
Unit Dry Wt., pcf 100.8 100.6 1.70 9.7 0.3 12.6 98.1 96.2% 3.70 2.30 1.79E-07
Unit Dry Wt., gm/cc 1.62 1.61 2.30 9.6 0.4 12.4 96.8 94.9% 3.69 2.31 1.77E-07
Specific Gravity, Assumed 2.7 2.7 2.95 9.5 0.5 12.2 95.5 93.6% 3.68 2.32 1.73E-07
Void Ratio, e 0.671 0.675 3.64 9.4 0.6 12.1 94.1 92.3% 3.67 2.33 1.70E-07
Porosity, n 0.402 0.403 4.31 9.3 0.7 11.9 92.8 91.0% 3.66 2.34 1.68E-07
Pore Volume, cc 130.53 131.22
Saturation, % 86.9%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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Average H.C. over last 2 readings
0.85 to 1.15 Average H.C.

                                                                        -C 
  Hydraulic Conductivity (20°C) k20 =  Rt ------ ln (1-∆∆∆∆zpT)
                                                                         t 



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring SB-17

Client Project 091-867 Apex Landfill Expansion Depth 18-20
Project No. 30598 Sample ST-2

Visual Description GRAY CLAYEY SAND WITH GRAVEL Lab Sample No. 30598017

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 7.1E-08
Tare Number A10 448 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 10.1%
Wt. Tare & WS, gm 233.21 572.78 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 114.1
Wt. Tare & DS, gm 212.65 497.93 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.56 83.89 Sample Constant, S = L/A, cm-1 0.156        Sample Status Undisturbed
Moisture Content, % 10.1% 18.1% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 97
Wt. Tube & WS., gm 474.1 NA Test Constant, C = M1S/δ 3.76E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.2 Cell Pressure, psi 73
Wt. Of WS., gm 474.1 508.3 Mercury Level of Pipette at t=0, Rp0, cm 10 Back Pressure, psi 70
Length 1, in 2.41 2.429 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.12 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 2.394 2.394 Trial Constant, T = M2 / z1, cm 0.1282 Maximum Gradient 16.7
Length 3, in 2.404 2.406 Temperature Correction for 20°C, Rt 1.027 Average Test Temperature, °C 18.9
Top Diameter, in 2.91 2.914 TEST DATA
Middle Diameter, in 2.808 2.858 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.56 2.568 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 6.10 6.12 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 38.58 39.16 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 235.4 239.7 0.00 10 0 16.7 102.0 100.0% 3.73 2.27 NA
Unit Wet Wt., gm/cc 2.01 2.12 1.26 9.9 0.1 16.5 100.7 98.7% 3.72 2.28 6.59E-08
Unit Wet Wt., pcf 125.6 132.3 2.56 9.8 0.2 16.2 99.4 97.4% 3.71 2.29 6.52E-08
Unit Dry Wt., pcf 114.1 112.1 3.80 9.7 0.3 16.0 98.1 96.2% 3.70 2.30 6.64E-08
Unit Dry Wt., gm/cc 1.83 1.80 4.87 9.6 0.4 15.8 96.8 94.9% 3.69 2.31 6.94E-08
Specific Gravity, Assumed 2.7 2.7 5.92 9.5 0.5 15.6 95.5 93.6% 3.68 2.32 7.19E-08
Void Ratio, e 0.477 0.503 7.28 9.4 0.6 15.4 94.1 92.3% 3.67 2.33 7.06E-08
Porosity, n 0.323 0.335 8.40 9.3 0.7 15.2 92.8 91.0% 3.66 2.34 7.19E-08
Pore Volume, cc 76.00 80.24
Saturation, % 57.3%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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Average H.C. over last 2 readings
0.85 to 1.15 Average H.C.

                                                                        -C 
  Hydraulic Conductivity (20°C) k20 =  Rt ------ ln (1-∆∆∆∆zpT)
                                                                         t 



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring SB-18

Client Project 091-867 Apex Landfill Expansion Depth 22-24
Project No. 30598 Sample ST-3

Visual Description DARK GRAYISH BROWN CLAYEY GRAVEL WITH SANDLab Sample No. 30598018

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 7.0E-07
Tare Number A18 40 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 15.4%
Wt. Tare & WS, gm 262.22 764.69 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 106.7
Wt. Tare & DS, gm 228.43 663.74 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.46 82.49 Sample Constant, S = L/A, cm-1 0.199        Sample Status Undisturbed
Moisture Content, % 15.4% 17.4% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 97
Wt. Tube & WS., gm 656.5 NA Test Constant, C = M1S/δ 4.79E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.2 Cell Pressure, psi 73
Wt. Of WS., gm 656.5 667.6 Mercury Level of Pipette at t=0, Rp0, cm 10 Back Pressure, psi 70
Length 1, in 3.202 3.158 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.12 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 3.189 3.217 Trial Constant, T = M2 / z1, cm 0.1282 Maximum Gradient 12.6
Length 3, in 3.229 3.196 Temperature Correction for 20°C, Rt 1.027 Average Test Temperature, °C 18.9
Top Diameter, in 2.83 2.826 TEST DATA
Middle Diameter, in 2.838 2.835 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.847 2.836 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 8.14 8.10 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 40.82 40.65 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 332.5 329.4 0.00 10 0 12.6 102.0 100.0% 3.73 2.27 NA
Unit Wet Wt., gm/cc 1.97 2.03 0.15 9.9 0.1 12.4 100.7 98.7% 3.72 2.28 7.09E-07
Unit Wet Wt., pcf 123.2 126.5 0.29 9.8 0.2 12.3 99.4 97.4% 3.71 2.29 7.22E-07
Unit Dry Wt., pcf 106.7 107.7 0.46 9.7 0.3 12.1 98.1 96.2% 3.70 2.30 7.04E-07
Unit Dry Wt., gm/cc 1.71 1.73 0.61 9.6 0.4 11.9 96.8 94.9% 3.69 2.31 7.05E-07
Specific Gravity, Assumed 2.7 2.7 0.76 9.5 0.5 11.8 95.5 93.6% 3.68 2.32 7.11E-07
Void Ratio, e 0.578 0.564 0.93 9.4 0.6 11.6 94.1 92.3% 3.67 2.33 7.05E-07
Porosity, n 0.366 0.360 1.10 9.3 0.7 11.5 92.8 91.0% 3.66 2.34 7.00E-07
Pore Volume, cc 121.83 118.74
Saturation, % 72.0%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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0.85 to 1.15 Average H.C.

                                                                        -C 
  Hydraulic Conductivity (20°C) k20 =  Rt ------ ln (1-∆∆∆∆zpT)
                                                                         t 



MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring SB-19

Client Project 091-867 Apex Landfill Expansion Depth 11'-13'
Project No. 30598 Sample ST-1

Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH SAND Lab Sample No. 30598019

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 2.7E-06
Tare Number A23 47 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 16.1%
Wt. Tare & WS, gm 247.18 730.11 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 104.6
Wt. Tare & DS, gm 214.13 623.25 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.42 83.93 Sample Constant, S = L/A, cm-1 0.181        Sample Status Undisturbed
Moisture Content, % 16.1% 19.8% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 97
Wt. Tube & WS., gm 628.1 NA Test Constant, C = M1S/δ 4.34E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.3 Cell Pressure, psi 83
Wt. Of WS., gm 628.1 647.9 Mercury Level of Pipette at t=0, Rp0, cm 10 Back Pressure, psi 80
Length 1, in 2.999 3.005 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.02 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 3.023 3.031 Trial Constant, T = M2 / z1, cm 0.1299 Maximum Gradient 13.2
Length 3, in 2.985 3.001 Temperature Correction for 20°C, Rt 1.009 Average Test Temperature, °C 19.6
Top Diameter, in 2.882 2.885 TEST DATA
Middle Diameter, in 2.889 2.888 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.899 2.899 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 7.63 7.65 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 42.32 42.34 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 322.7 324.0 0.00 10 0 13.2 100.7 100.0% 3.72 2.28 NA
Unit Wet Wt., gm/cc 1.95 2.00 0.03 9.9 0.1 13.0 99.4 98.7% 3.71 2.29 2.74E-06
Unit Wet Wt., pcf 121.4 124.8 0.07 9.8 0.2 12.8 98.1 97.4% 3.70 2.30 2.69E-06
Unit Dry Wt., pcf 104.6 104.2 0.11 9.7 0.3 12.6 96.8 96.1% 3.69 2.31 2.56E-06
Unit Dry Wt., gm/cc 1.68 1.67 0.15 9.6 0.4 12.5 95.5 94.8% 3.68 2.32 2.52E-06
Specific Gravity, Assumed 2.7 2.7 0.19 9.5 0.5 12.3 94.1 93.5% 3.67 2.33 2.55E-06
Void Ratio, e 0.611 0.617 0.23 9.4 0.6 12.1 92.8 92.2% 3.66 2.34 2.61E-06
Porosity, n 0.379 0.382 0.26 9.3 0.7 12.0 91.5 90.9% 3.65 2.35 2.71E-06
Pore Volume, cc 122.45 123.67
Saturation, % 71.3%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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                                                                        -C 
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MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring TPE-18

Client Project 091-867 Apex Landfill Expansion Depth 18-19.7
Project No. 30598 Sample ST-2

Visual Description LIGHT OLIVE BROWN CLAYEY SAND WITH GRAVELLab Sample No. 30598020

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 5.7E-06
Tare Number A7 449 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 11.4%
Wt. Tare & WS, gm 129.87 770.01 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 113.9
Wt. Tare & DS, gm 117.52 655.65 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.46 84.24 Sample Constant, S = L/A, cm-1 0.187        Sample Status Undisturbed
Moisture Content, % 11.4% 20.0% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 100
Wt. Tube & WS., gm 670.2 NA Test Constant, C = M1S/δ 4.49E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.3 Cell Pressure, psi 83
Wt. Of WS., gm 670.2 721.9 Mercury Level of Pipette at t=0, Rp0, cm 10 Back Pressure, psi 80
Length 1, in 3.132 3.138 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.02 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 3.1 3.104 Trial Constant, T = M2 / z1, cm 0.1299 Maximum Gradient 12.8
Length 3, in 3.052 3.055 Temperature Correction for 20°C, Rt 1.009 Average Test Temperature, °C 19.6
Top Diameter, in 2.871 2.877 TEST DATA
Middle Diameter, in 2.88 2.882 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.878 2.891 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 7.86 7.87 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 41.92 42.13 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 329.5 331.6 0.00 10 0 12.8 100.7 100.0% 3.72 2.28 NA
Unit Wet Wt., gm/cc 2.03 2.18 0.01 9.9 0.1 12.6 99.4 98.7% 3.71 2.29 6.89E-06
Unit Wet Wt., pcf 126.9 135.8 0.03 9.8 0.2 12.5 98.1 97.4% 3.70 2.30 6.02E-06
Unit Dry Wt., pcf 113.9 113.2 0.05 9.7 0.3 12.3 96.8 96.1% 3.69 2.31 6.41E-06
Unit Dry Wt., gm/cc 1.83 1.81 0.06 9.6 0.4 12.1 95.5 94.8% 3.68 2.32 6.45E-06
Specific Gravity, Assumed 2.7 2.7 0.09 9.5 0.5 12.0 94.1 93.5% 3.67 2.33 5.70E-06
Void Ratio, e 0.479 0.488 0.11 9.4 0.6 11.8 92.8 92.2% 3.66 2.34 5.76E-06
Porosity, n 0.324 0.328 0.13 9.3 0.7 11.6 91.5 90.9% 3.65 2.35 5.66E-06
Pore Volume, cc 106.75 108.82
Saturation, % 64.4%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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                                                                        -C 
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MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
ASTM D5084-00 Method F; Mercury U-Tube Permometer - Inflow Volume = Outflow Volume

Client Civil & Environmental Consultants, Inc. Boring TPE-21

Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Visual Description LIGHT OLIVE BROWN SANDY LEAN CLAY Lab Sample No. 30598021

Sample Condition Undisturbed

SAMPLE CONDITIONS TEST CONSTANTS & EQUATIONS SAMPLE SUMMARY
Sample Status Initial Final Pipette Area, ap - cm2 0.031416 Avg. Hydraulic Conductivity, k20, cm/sec 3.8E-06
Tare Number A7 103 Annulus Area, aa, cm2 0.76712 Initial Water Content, % 21.8%
Wt. Tare & WS, gm 218.78 750.16 Manometer Constant, M1 =aaap/(aa+ap), cm2 0.03018 Initial Dry Density, pcf 105.8
Wt. Tare & DS, gm 181.38 644.9 Manometer Constant, M2 = 1+ ap/aa 1.0410 % Compaction NA
Wt. Tare, gm 9.45 83.99 Sample Constant, S = L/A, cm-1 0.180        Sample Status Undisturbed
Moisture Content, % 21.8% 18.8% Specific Gravity, δδδδ = δhg − δw, gm/cc 12.562 B Parameter 100
Wt. Tube & WS., gm 656.1 NA Test Constant, C = M1S/δ 4.33E-04 Permeant Deaired Water
Wt. Of Tube, gm 0 NA Mercury Level at Equilibrium, Req, cm 2.3 Cell Pressure, psi 83
Wt. Of WS., gm 656.1 640.0 Mercury Level of Pipette at t=0, Rp0, cm 10 Back Pressure, psi 80
Length 1, in 2.985 2.992 Initial Head Difference, z1 =(Rp0-Req)M2, cm 8.02 Avg.(Mid-Height) Confining Stress, psi 3
Length 2, in 3.013 3.015 Trial Constant, T = M2 / z1, cm 0.1299 Maximum Gradient 13.3
Length 3, in 2.947 2.955 Temperature Correction for 20°C, Rt 1.009 Average Test Temperature, °C 19.6
Top Diameter, in 2.879 2.881 TEST DATA
Middle Diameter, in 2.875 2.879 ti Rpt ∆∆∆∆zp i Ht ∆∆∆∆Ht σσσσ'max σσσσ'min k20

Bottom Diameter, in 2.879 2.883 Elapsed Mercury Rp0-Rpt Gradient Head Percent of Initial Effective Stress Hydraulic
Average Length, L, cm 7.57 7.59 Time Height Head from t=0 Max Min Conductivity
Average Area,  A, cm^2 41.96 42.06 min cm cm cm / cm cm % psi psi cm/sec
Sample Volume, cc 317.8 319.1 0.00 10 0 13.3 100.7 100.0% 3.72 2.28 NA
Unit Wet Wt., gm/cc 2.06 2.01 0.03 9.9 0.1 13.1 99.4 98.7% 3.71 2.29 3.67E-06
Unit Wet Wt., pcf 128.8 125.1 0.05 9.8 0.2 12.9 98.1 97.4% 3.70 2.30 3.57E-06
Unit Dry Wt., pcf 105.8 105.4 0.08 9.7 0.3 12.8 96.8 96.1% 3.69 2.31 3.70E-06
Unit Dry Wt., gm/cc 1.70 1.69 0.10 9.6 0.4 12.6 95.5 94.8% 3.68 2.32 3.73E-06
Specific Gravity, Assumed 2.7 2.7 0.13 9.5 0.5 12.4 94.1 93.5% 3.67 2.33 3.78E-06
Void Ratio, e 0.592 0.599 0.16 9.4 0.6 12.2 92.8 92.2% 3.66 2.34 3.81E-06
Porosity, n 0.372 0.375 0.19 9.3 0.7 12.1 91.5 90.9% 3.65 2.35 3.73E-06
Pore Volume, cc 118.21 119.55
Saturation, % 99.2%

ELAPSED TIME vs. HYDRAULIC CONDUCTIVITY

Input Validation: Reviewed By: Date Tested: 12/2/2010

Note: The average Hydraulic Conductivity is calculated using the average of the last 4 determinations where all requisite flow and Hydraulic Conductivity conditions are achieved!

Prerequisits: Inflow / Outflow Ratio = 1 by definition of test procedure.  Final Hydraulic Conductivity = +-25% of average Hydraulic Conductivity when k > 1E-8 cm/sec and +-50% when k < 1E-8 cm/sec.
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Average H.C. over last 2 readings
0.85 to 1.15 Average H.C.

                                                                        -C 
  Hydraulic Conductivity (20°C) k20 =  Rt ------ ln (1-∆∆∆∆zpT)
                                                                         t 



Client Civil & Environmental Consultants, Inc.Boring SB-3
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598001
USCS Description LIGHT GRAY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (20)
USDA Description SILT LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 868.5 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 868.5 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 7.2 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 810.0 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 810.0 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 0.04 0.0 0.0 100.0 100.0
Tare No. 808 #20 0.85 0.28 0.3 0.3 99.7 99.7
Tare + WS., gm 204.58 #40 0.425 0.54 0.6 0.9 99.1 99.1
Tare + DS., gm 197.67 #60 0.25 0.66 0.7 1.6 98.4 98.4
Tare, gm 101.96 #140 0.106 0.53 0.6 2.1 97.9 97.9
Wt. of DS., gm 95.71 #200 0.075 0.2 0.2 2.4 97.6 97.6
Water Content -#4, % 7.2 93.5 97.6 100.0     -     -
Wt. of +#200 Sample, gm 2.3

Elapsed R Composite R Percent Particle Adjusted
Tare No. 511 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 132.25 (min.) (%) (mm) (%)
Wt. Tare, gm 103.3 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 28 7.5 20.5 84.6 0.0332 82.7
Wt. Dry Soil, gm 23.95 5 26 7.5 18.5 76.4 0.0213 74.6

15 24.5 7.5 17 70.2 0.0124 68.5
K Factor 0.0138 30 22 7.5 14.5 59.9 0.0089 58.5
Composite Correction 7.5 60 19 7.5 11.5 47.5 0.0064 46.4
a Factor 0.99 250 13.5 7.5 6 24.8 0.0033 24.2
Average Test Temp, °C 18.3 1440 10 7.5 2.5 10.3 0.0014 10.1
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=59.2%  Clay=38.2% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 2.4 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.9; Fine=1.5 D10, mm NA Material
% Fines (-#200) 97.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 2.4 Cu NA Gravel 0.0 0

2 100.0
Sand 9.8 9.8

USCS Group Symbol 0.05 90.2
CL Silt 74.1 74.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 16.1
12" Sieve - 300 mm 0 0.0 100.0 Clay 16.1 16.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
SILT LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=38, PL=18, PI=20

USCS Description

Percent of

LEAN CLAY
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-3
Client Project 091-867 Apex Landfill Expansion Depth(ft) 11.5'-13.5'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598001
Soil Description: LIGHT GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 808         Liquid Limit (LL), % 38
   Wt. Tare & WS, gm 204.58         Plastic Limit (PL), % 18
   Wt. Tare & DS, gm 197.67         Plasticity Index (PI) 20
   Wt. Water, gm 6.91         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 101.96         Sample Preparation: Wet Method
   Wt. DS, gm 95.71         Liquidity Index, % -53.9%
   Water Content, % 7.2         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 412 496 512 429 436 400
Wt. Tare & WS, gm 17.60 17.32 17.57 18.69 18.68 18.74
Wt. Tare & DS, gm 16.55 16.33 16.57 16.34 16.47 16.65
Wt. Water, gm 1.05 0.99 1.00 2.35 2.21 2.09
Wt. Tare, gm 10.74 10.79 10.73 10.62 10.79 10.78
Wt. DS, gm 5.81 5.54 5.84 5.72 5.68 5.87
Water Content, % 18.1 17.9 17.1 41.1 38.9 35.6

# of Blows 15 22 33

0 0 1.1760913 1.34242268 1.51851394
7 7 60.100983 -16.028082

29.59 7 25 37.6946865
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

38 20

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-3
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598001
USCS Description LIGHT GRAY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (20)
USDA Description SILT LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 100.0

#20 0.85 99.7

#40 0.425 99.1

#60 0.25 98.4

#140 0.106 97.9

#200 0.075 97.6

NA 0.0332 82.7

NA 0.0213 74.6

NA 0.0124 68.5

NA 0.0089 58.5

NA 0.0064 46.4

NA 0.0033 24.2

NA 0.0014 10.1

% Gravel (-3" & +#4) 0.0 Silt=59.2%  Clay=38.2% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 2.4 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.9; Fine=1.5 D10, mm NA Material
% Fines (-#200) 97.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 2.4 Cu NA Gravel 0.0 0

2 100.0
Sand 9.8 9.8

USCS Group Symbol 0.05 90.2
CL Silt 74.1 74.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 16.1
12" Sieve - 300 mm 0 0.0 100.0 Clay 16.1 16.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=38, PL=18, PI=20
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SILT LOAM

Percent of
Each Component

USCS Description
LEAN CLAY
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Client Civil & Environmental Consultants, Inc.Boring SB-3
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598001
USCS Description LIGHT GRAY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-6 (20)
USDA Description SILT LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 9.8 Very Coarse Sand; 2-1 0.2
   Percent Silt, % 74.1 Coarse Sand; 1-0.5 0.5
   Percent Clay, % 16.1 Medium Sand; 0.5-0.25 0.8

Fine Sand; 0.25-0.1 0.6
Very Fine Sand; 0.1-0.05 7.6
Total 9.8

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP (Mine Spoil)

Lab Sample No. 30598002
USCS Description BLACK ELASTIC SILT WITH SAND
USCS Group Symbol MH AASHTO: A-7-5 (28)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 512.9 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 512.9 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 51.7 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 338.0 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 338.0 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 0 0.0 0.0 100.0 100.0
Tare No. 523 #20 0.85 0.08 0.1 0.1 99.9 99.9
Tare + WS., gm 228.37 #40 0.425 0.35 0.4 0.5 99.5 99.5
Tare + DS., gm 186.07 #60 0.25 0.55 0.7 1.2 98.8 98.8
Tare, gm 104.33 #140 0.106 9 11.0 12.2 87.8 87.8
Wt. of DS., gm 81.74 #200 0.075 12.46 15.2 27.5 72.5 72.5
Water Content -#4, % 51.7 59.3 72.5 100.0     -     -
Wt. of +#200 Sample, gm 22.4

Elapsed R Composite R Percent Particle Adjusted
Tare No. 946 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 121.1 (min.) (%) (mm) (%)
Wt. Tare, gm 98.75 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 20.5 7.5 13 74.1 0.0348 53.8
Wt. Dry Soil, gm 17.35 5 20 7.5 12.5 71.2 0.0221 51.7

15 19 7.5 11.5 65.5 0.0128 47.6
K Factor 0.0137 30 18 7.5 10.5 59.8 0.0091 43.4
Composite Correction 7.5 60 17 7.5 9.5 54.1 0.0065 39.3
a Factor 0.99 250 15 7.5 7.5 42.7 0.0032 31.0
Average Test Temp, °C 18.6 1440 13 7.5 5.5 31.3 0.0014 22.7
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=36%  Clay=36.2% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.5; Fine=26.9 D10, mm NA Material
% Fines (-#200) 72.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 27.5 Cu NA Gravel 0.0 0

2 100.0
Sand 37.4 37.4

USCS Group Symbol 0.05 62.6
MH Silt 36.2 36.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 26.5
12" Sieve - 300 mm 0 0.0 100.0 Clay 26.5 26.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

MH, LL=81, PL=48, PI=33

USCS Description

Percent of

ELASTIC SILT WITH SAND
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. SB-14
Client Project 091-867 Apex Landfill Expansion Depth(ft) 25'-27'
Project No. 30598 Sample No. ST-2 TOP (Mine Spoil)

Lab Sample No. 30598002
Soil Description: BLACK ELASTIC SILT
(-#40 Fraction)

 
   Tare Number 523         Liquid Limit (LL), % 81
   Wt. Tare & WS, gm 228.37         Plastic Limit (PL), % 48
   Wt. Tare & DS, gm 186.07         Plasticity Index (PI) 33
   Wt. Water, gm 42.30         USCS Symbol (-#40 Fraction) MH
   Wt. Tare, gm 104.33         Sample Preparation: Wet Method
   Wt. DS, gm 81.74         Liquidity Index, % 11.4%
   Water Content, % 51.7         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 486 499 402 461 493 506
Wt. Tare & WS, gm 18.23 17.57 18.90 17.12 17.42 15.77
Wt. Tare & DS, gm 15.78 15.34 16.29 14.14 14.37 13.54
Wt. Water, gm 2.45 2.23 2.61 2.98 3.05 2.23
Wt. Tare, gm 10.78 10.76 10.77 10.68 10.72 10.76
Wt. DS, gm 5.00 4.58 5.52 3.46 3.65 2.78
Water Content, % 49.0 48.7 47.3 86.1 83.6 80.2

# of Blows 19 23 25

0 0 1.2787536 1.36172784 1.39794001
7 7 145.71175 -46.362325

29.59 7 25 80.8999998
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

81 33

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP (Mine Spoil)

Lab Sample No. 30598002
USCS Description BLACK ELASTIC SILT WITH SAND
USCS Group Symbol MH AASHTO: A-7-5 (28)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 100.0

#20 0.85 99.9

#40 0.425 99.5

#60 0.25 98.8

#140 0.106 87.8

#200 0.075 72.5

NA 0.0348 53.8

NA 0.0221 51.7

NA 0.0128 47.6

NA 0.0091 43.4

NA 0.0065 39.3

NA 0.0032 31.0

NA 0.0014 22.7

% Gravel (-3" & +#4) 0.0 Silt=36%  Clay=36.2% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.5; Fine=26.9 D10, mm NA Material
% Fines (-#200) 72.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 27.5 Cu NA Gravel 0.0 0

2 100.0
Sand 37.4 37.4

USCS Group Symbol 0.05 62.6
MH Silt 36.2 36.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 26.5
12" Sieve - 300 mm 0 0.0 100.0 Clay 26.5 26.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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LOAM

Percent of
Each Component

USCS Description
ELASTIC SILT WITH SAND

Atterberg Limits Group Symbol
MH, LL=81, PL=48, PI=33

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP (Mine Spoil)

Lab Sample No. 30598002
USCS Description BLACK ELASTIC SILT WITH SAND
USCS Group Symbol MH AASHTO Classification A-7-5 (28)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 37.4 Very Coarse Sand; 2-1 0.1
   Percent Silt, % 36.2 Coarse Sand; 1-0.5 0.3
   Percent Clay, % 26.5 Medium Sand; 0.5-0.25 0.8

Fine Sand; 0.25-0.1 13.6
Very Fine Sand; 0.1-0.05 22.6
Total 37.4

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 1'-3'
Project No. 30598 Sample ST-1

Lab Sample No. 30598004
USCS Description LIGHT YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (18)
USDA Description CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 1288.0 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 1288.0 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 19.2 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 1080.8 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 1080.8 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 0 0.0 0.0 100.0 100.0
Tare No. 904 #20 0.85 0.12 0.1 0.1 99.9 99.9
Tare + WS., gm 278.17 #40 0.425 0.33 0.2 0.3 99.7 99.7
Tare + DS., gm 249.35 #60 0.25 0.23 0.2 0.5 99.5 99.5
Tare, gm 98.99 #140 0.106 11.49 7.6 8.1 91.9 91.9
Wt. of DS., gm 150.36 #200 0.075 13.79 9.2 17.3 82.7 82.7
Water Content -#4, % 19.2 124.4 82.7 100.0     -     -
Wt. of +#200 Sample, gm 26.0

Elapsed R Composite R Percent Particle Adjusted
Tare No. 303 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 144.95 (min.) (%) (mm) (%)
Wt. Tare, gm 100.52 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 44 7.5 36.5 91.5 0.0291 75.7
Wt. Dry Soil, gm 39.43 5 43 7.5 35.5 89.0 0.0186 73.7

15 41 7.5 33.5 84.0 0.0109 69.5
K Factor 0.0137 30 39 7.5 31.5 79.0 0.0078 65.4
Composite Correction 7.5 60 35.5 7.5 28 70.2 0.0057 58.1
a Factor 0.99 250 29.5 7.5 22 55.2 0.0029 45.6
Average Test Temp, °C 18.6 1440 22 7.5 14.5 36.4 0.0013 30.1
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=27%  Clay=55.6% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 17.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.3; Fine=17 D10, mm NA Material
% Fines (-#200) 82.7 Cc NA 100 100 for USDA
% Plus #200 (-3") 17.3 Cu NA Gravel 0.0 0

2 100.0
Sand 20.3 20.3

USCS Group Symbol 0.05 79.7
CL Silt 41.3 41.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 38.5
12" Sieve - 300 mm 0 0.0 100.0 Clay 38.5 38.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
CLAY LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=42, PL=20, PI=22

USCS Description

Percent of

LEAN CLAY WITH SAND
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-16
Client Project 091-867 Apex Landfill Expansion Depth(ft) 1'-3'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598004
Soil Description: LIGHT YELLOWISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 904         Liquid Limit (LL), % 42
   Wt. Tare & WS, gm 278.17         Plastic Limit (PL), % 20
   Wt. Tare & DS, gm 249.35         Plasticity Index (PI) 22
   Wt. Water, gm 28.82         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 98.99         Sample Preparation: Wet Method
   Wt. DS, gm 150.36         Liquidity Index, % -3.8%
   Water Content, % 19.2         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 461 416 500 427 491 499
Wt. Tare & WS, gm 19.45 19.09 17.87 21.16 18.95 19.47
Wt. Tare & DS, gm 17.99 17.71 16.70 17.90 16.51 16.97
Wt. Water, gm 1.46 1.38 1.17 3.26 2.44 2.50
Wt. Tare, gm 10.67 10.80 10.75 10.79 10.82 10.76
Wt. DS, gm 7.32 6.91 5.95 7.11 5.69 6.21
Water Content, % 19.9 20.0 19.7 45.9 42.9 40.3

# of Blows 17 25 28

0 0 1.2304489 1.39794001 1.44715803
7 7 75.250269 -23.741597

29.59 7 25 42.0609404
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

42 22

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 1'-3'
Project No. 30598 Sample ST-1

Lab Sample No. 30598004
USCS Description LIGHT YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (18)
USDA Description CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 100.0

#20 0.85 99.9

#40 0.425 99.7

#60 0.25 99.5

#140 0.106 91.9

#200 0.075 82.7

NA 0.0291 75.7

NA 0.0186 73.7

NA 0.0109 69.5

NA 0.0078 65.4

NA 0.0057 58.1

NA 0.0029 45.6

NA 0.0013 30.1

% Gravel (-3" & +#4) 0.0 Silt=27%  Clay=55.6% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 17.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.3; Fine=17 D10, mm NA Material
% Fines (-#200) 82.7 Cc NA 100 100 for USDA
% Plus #200 (-3") 17.3 Cu NA Gravel 0.0 0

2 100.0
Sand 20.3 20.3

USCS Group Symbol 0.05 79.7
CL Silt 41.3 41.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 38.5
12" Sieve - 300 mm 0 0.0 100.0 Clay 38.5 38.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=42, PL=20, PI=22
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CLAY LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 1'-3'
Project No. 30598 Sample ST-1

Lab Sample No. 30598004
USCS Description LIGHT YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-7-6 (18)
USDA Description CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 20.3 Very Coarse Sand; 2-1 0.1
   Percent Silt, % 41.3 Coarse Sand; 1-0.5 0.2
   Percent Clay, % 38.5 Medium Sand; 0.5-0.25 0.2

Fine Sand; 0.25-0.1 9.2
Very Fine Sand; 0.1-0.05 10.6
Total 20.3

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring TPE-17
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598005
USCS Description YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (6)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 1425.4 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 36.4 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 1389.1 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 15.5 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 1202.9 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 1239.3 3/4" 19 18.83 1.5 1.5 98.5 98.5

1/2" 12.5 7.6 0.6 2.1 97.9 97.9
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 3.86 0.3 2.4 97.6 97.6
representable sample. #4 4.75 6.06 0.5 2.9 97.1 97.1

#10 2 23.59 9.5 9.5 90.5 87.8
Tare No. 810 #20 0.85 29.64 11.9 21.4 78.6 76.2
Tare + WS., gm 388.99 #40 0.425 14.42 5.8 27.3 72.7 70.6
Tare + DS., gm 350.59 #60 0.25 8.64 3.5 30.7 69.3 67.2
Tare, gm 102.42 #140 0.106 14.15 5.7 36.4 63.6 61.7
Wt. of DS., gm 248.17 #200 0.075 9.24 3.7 40.2 59.8 58.1
Water Content -#4, % 15.5 148.5 59.8 100.0     -     -
Wt. of +#200 Sample, gm 99.7

Elapsed R Composite R Percent Particle Adjusted
Tare No. 508 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 142.36 (min.) (%) (mm) (%)
Wt. Tare, gm 104.99 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 34 7.5 26.5 81.0 0.0316 47.0
Wt. Dry Soil, gm 32.37 5 30.5 7.5 23 70.3 0.0205 40.8

15 26.5 7.5 19 58.0 0.0122 33.7
K Factor 0.0137 30 24 7.5 16.5 50.4 0.0088 29.3
Composite Correction 7.5 60 22 7.5 14.5 44.3 0.0063 25.7
a Factor 0.99 250 17 7.5 9.5 29.0 0.0032 16.9
Average Test Temp, °C 18.6 1440 14 7.5 6.5 19.9 0.0013 11.5
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 2.9 Silt=35.2%  Clay=22.7% Particle Percent Corrected
Coarse=1.5; Fine=1.4 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 39.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=9.2; Med.=17.2; Fine=12.5 D10, mm NA Material
% Fines (-#200) 58.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 41.9 Cu NA Gravel 12.2 0

2 87.8
Sand 35.0 39.8

USCS Group Symbol 0.05 52.9
CL Silt 38.9 44.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 14.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 14.0 15.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=32, PL=17, PI=15

USCS Description

Percent of

SANDY LEAN CLAY
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. TPE-17
Client Project 091-867 Apex Landfill Expansion Depth(ft) 12'-14'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598005
Soil Description: YELLOWISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 810         Liquid Limit (LL), % 32
   Wt. Tare & WS, gm 388.99         Plastic Limit (PL), % 17
   Wt. Tare & DS, gm 350.59         Plasticity Index (PI) 15
   Wt. Water, gm 38.40         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 102.42         Sample Preparation: Wet Method
   Wt. DS, gm 248.17         Liquidity Index, % -10.2%
   Water Content, % 15.5         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 476 486 400 449 490 510
Wt. Tare & WS, gm 22.40 25.47 23.52 18.17 18.09 22.28
Wt. Tare & DS, gm 20.70 23.29 21.64 16.23 16.24 19.55
Wt. Water, gm 1.70 2.18 1.88 1.94 1.85 2.73
Wt. Tare, gm 10.82 10.79 10.78 10.72 10.79 10.80
Wt. DS, gm 9.88 12.50 10.86 5.51 5.45 8.75
Water Content, % 17.2 17.4 17.3 35.2 33.9 31.2

# of Blows 15 20 31

0 0 1.1760913 1.30103 1.49136169
7 7 50.456993 -12.855621

29.59 7 25 32.4856058
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

32 15

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring TPE-17
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598005
USCS Description YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (6)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 98.5

1/2" 12.5 97.9

3/8" 9.5 97.6

#4 4.75 97.1

#10 2 87.8

#20 0.85 76.2

#40 0.425 70.6

#60 0.25 67.2

#140 0.106 61.7

#200 0.075 58.1

NA 0.0316 47.0

NA 0.0205 40.8

NA 0.0122 33.7

NA 0.0088 29.3

NA 0.0063 25.7

NA 0.0032 16.9

NA 0.0013 11.5

% Gravel (-3" & +#4) 2.9 Silt=35.2%  Clay=22.7% Particle Percent Corrected
Coarse=1.5; Fine=1.4 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 39.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=9.2; Med.=17.2; Fine=12.5 D10, mm NA Material
% Fines (-#200) 58.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 41.9 Cu NA Gravel 12.2 0

2 87.8
Sand 35.0 39.8

USCS Group Symbol 0.05 52.9
CL Silt 38.9 44.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 14.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 14.0 15.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

Atterberg Limits Group Symbol
CL, LL=32, PL=17, PI=15

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring TPE-17
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598005
USCS Description YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-6 (6)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 39.8 Very Coarse Sand; 2-1 10.7
   Percent Silt, % 44.3 Coarse Sand; 1-0.5 7.4
   Percent Clay, % 15.9 Medium Sand; 0.5-0.25 5.4

Fine Sand; 0.25-0.1 7.0
Very Fine Sand; 0.1-0.05 9.3
Total 39.8

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring TPE-19
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598006
USCS Description DARK YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (13)
USDA Description SILT LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 1353.3 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 40.6 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 1312.7 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 19.7 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 1096.5 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 1137.0 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 8.82 0.8 0.8 99.2 99.2
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 13.26 1.2 1.9 98.1 98.1
representable sample. #4 4.75 18.48 1.6 3.6 96.4 96.4

#10 2 2.95 3.7 3.7 96.3 92.9
Tare No. 21 #20 0.85 4.01 5.0 8.7 91.3 88.1
Tare + WS., gm 177.9 #40 0.425 2.48 3.1 11.7 88.3 85.1
Tare + DS., gm 162.05 #60 0.25 1.98 2.5 14.2 85.8 82.7
Tare, gm 81.68 #140 0.106 3.56 4.4 18.6 81.4 78.5
Wt. of DS., gm 80.37 #200 0.075 2.12 2.6 21.3 78.7 75.9
Water Content -#4, % 19.7 63.3 78.7 100.0     -     -
Wt. of +#200 Sample, gm 17.1

Elapsed R Composite R Percent Particle Adjusted
Tare No. 901 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 147.62 (min.) (%) (mm) (%)
Wt. Tare, gm 99.55 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 46 8 38 87.2 0.0290 66.2
Wt. Dry Soil, gm 43.07 5 42 8 34 78.1 0.0190 59.3

15 35 8 27 62.0 0.0116 47.1
K Factor 0.0139 30 31 8 23 52.8 0.0085 40.1
Composite Correction 8 60 27 8 19 43.6 0.0062 33.1
a Factor 0.99 250 22 8 14 32.1 0.0031 24.4
Average Test Temp, °C 17.4 1440 18 8 10 23.0 0.0013 17.4
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 3.6 Silt=45.4%  Clay=30.4% Particle Percent Corrected
Coarse=0; Fine=3.6 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 20.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.5; Med.=7.8; Fine=9.2 D10, mm NA Material
% Fines (-#200) 75.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 24.1 Cu NA Gravel 7.1 0

2 92.9
Sand 21.1 22.7

USCS Group Symbol 0.05 71.8
CL Silt 51.0 55.0

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 20.7
12" Sieve - 300 mm 0 0.0 100.0 Clay 20.7 22.3
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
SILT LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=41, PL=23, PI=18

USCS Description

Percent of

LEAN CLAY WITH SAND
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. TPE-19
Client Project 091-867 Apex Landfill Expansion Depth(ft) 2'-4'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598006
Soil Description: DARK YELLOWISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 21         Liquid Limit (LL), % 41
   Wt. Tare & WS, gm 177.90         Plastic Limit (PL), % 23
   Wt. Tare & DS, gm 162.05         Plasticity Index (PI) 18
   Wt. Water, gm 15.85         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 81.68         Sample Preparation: Wet Method
   Wt. DS, gm 80.37         Liquidity Index, % -18.2%
   Water Content, % 19.7         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 419 444 510 421 434 451
Wt. Tare & WS, gm 16.87 17.89 17.90 18.47 19.62 18.17
Wt. Tare & DS, gm 15.73 16.58 16.59 16.12 17.00 16.07
Wt. Water, gm 1.14 1.31 1.31 2.35 2.62 2.10
Wt. Tare, gm 10.71 10.72 10.81 10.74 10.79 10.79
Wt. DS, gm 5.02 5.86 5.78 5.38 6.21 5.28
Water Content, % 22.7 22.4 22.7 43.7 42.2 39.8

# of Blows 19 22 27

0 0 1.2787536 1.34242268 1.43136376
7 7 76.604858 -25.705245

29.59 7 25 40.6704681
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

41 18

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring TPE-19
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598006
USCS Description DARK YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (13)
USDA Description SILT LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 99.2

3/8" 9.5 98.1

#4 4.75 96.4

#10 2 92.9

#20 0.85 88.1

#40 0.425 85.1

#60 0.25 82.7

#140 0.106 78.5

#200 0.075 75.9

NA 0.0290 66.2

NA 0.0190 59.3

NA 0.0116 47.1

NA 0.0085 40.1

NA 0.0062 33.1

NA 0.0031 24.4

NA 0.0013 17.4

% Gravel (-3" & +#4) 3.6 Silt=45.4%  Clay=30.4% Particle Percent Corrected
Coarse=0; Fine=3.6 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 20.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.5; Med.=7.8; Fine=9.2 D10, mm NA Material
% Fines (-#200) 75.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 24.1 Cu NA Gravel 7.1 0

2 92.9
Sand 21.1 22.7

USCS Group Symbol 0.05 71.8
CL Silt 51.0 55.0

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 20.7
12" Sieve - 300 mm 0 0.0 100.0 Clay 20.7 22.3
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=41, PL=23, PI=18

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SILT LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring TPE-19
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598006
USCS Description DARK YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-7-6 (13)
USDA Description SILT LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 22.7 Very Coarse Sand; 2-1 4.2
   Percent Silt, % 55.0 Coarse Sand; 1-0.5 3.4
   Percent Clay, % 22.3 Medium Sand; 0.5-0.25 3.3

Fine Sand; 0.25-0.1 5.1
Very Fine Sand; 0.1-0.05 6.7
Total 22.7

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598008
USCS Description LIGHT OLIVE BROWN FAT CLAY
USCS Group Symbol CH AASHTO: A-7-6 (39)
USDA Description SILTY CLAY

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 760.4 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 760.4 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 23.0 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 618.2 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 618.2 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 0.03 0.0 0.0 100.0 100.0
Tare No. 935 #20 0.85 0.13 0.1 0.2 99.8 99.8
Tare + WS., gm 217.76 #40 0.425 0.14 0.1 0.3 99.7 99.7
Tare + DS., gm 195.55 #60 0.25 0.19 0.2 0.5 99.5 99.5
Tare, gm 99.03 #140 0.106 0.79 0.8 1.3 98.7 98.7
Wt. of DS., gm 96.52 #200 0.075 0.66 0.7 2.0 98.0 98.0
Water Content -#4, % 23.0 94.6 98.0 100.0     -     -
Wt. of +#200 Sample, gm 1.9

Elapsed R Composite R Percent Particle Adjusted
Tare No. 702 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 164.06 (min.) (%) (mm) (%)
Wt. Tare, gm 97.89 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 30 58.5 7 51.5 83.3 0.0063 81.6
Wt. Dry Soil, gm 61.17 45 56 7 49 79.2 0.0053 77.6

60 54 7 47 76.0 0.0047 74.5
K Factor 0.0134 120 50 7 43 69.5 0.0035 68.1
Composite Correction 7 180 47 7 40 64.7 0.0029 63.4
a Factor 0.99 250 44 7 37 59.8 0.0025 58.6
Average Test Temp, °C 20.4 1440 36 7 29 46.9 0.0011 45.9
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=21.8%  Clay=76.1% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 2.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.3; Fine=1.7 D10, mm NA Material
% Fines (-#200) 98.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 2.0 Cu NA Gravel 0.0 0

2 100.0
Sand 4.7 4.7

USCS Group Symbol 0.05 95.3
CH Silt 40.5 40.5

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 54.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 54.8 54.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
SILTY CLAY

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CH, LL=60, PL=26, PI=34

USCS Description

Percent of

FAT CLAY
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-16
Client Project 091-867 Apex Landfill Expansion Depth(ft) 0.5'-2.5'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598008
Soil Description: LIGHT OLIVE BROWN FAT CLAY
(-#40 Fraction)

 
   Tare Number 935         Liquid Limit (LL), % 60
   Wt. Tare & WS, gm 217.76         Plastic Limit (PL), % 26
   Wt. Tare & DS, gm 195.55         Plasticity Index (PI) 34
   Wt. Water, gm 22.21         USCS Symbol (-#40 Fraction) CH
   Wt. Tare, gm 99.03         Sample Preparation: Wet Method
   Wt. DS, gm 96.52         Liquidity Index, % -8.8%
   Water Content, % 23.0         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 456 463 458 437 441 447
Wt. Tare & WS, gm 20.57 18.72 20.01 17.45 17.28 17.58
Wt. Tare & DS, gm 18.60 17.09 18.11 14.77 14.79 15.10
Wt. Water, gm 1.97 1.63 1.90 2.68 2.49 2.48
Wt. Tare, gm 10.89 10.72 10.79 10.61 10.68 10.75
Wt. DS, gm 7.71 6.37 7.32 4.16 4.11 4.35
Water Content, % 25.6 25.6 26.0 64.4 60.6 57.0

# of Blows 15 23 34

0 0 1.1760913 1.36172784 1.53147892
7 7 88.957467 -20.852218

29.59 7 25 59.8073176
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

60 34

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598008
USCS Description LIGHT OLIVE BROWN FAT CLAY
USCS Group Symbol CH AASHTO: A-7-6 (39)
USDA Description SILTY CLAY

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 100.0

#20 0.85 99.8

#40 0.425 99.7

#60 0.25 99.5

#140 0.106 98.7

#200 0.075 98.0

NA 0.0063 81.6

NA 0.0053 77.6

NA 0.0047 74.5

NA 0.0035 68.1

NA 0.0029 63.4

NA 0.0025 58.6

NA 0.0011 45.9

% Gravel (-3" & +#4) 0.0 Silt=21.8%  Clay=76.1% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 2.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=0.3; Fine=1.7 D10, mm NA Material
% Fines (-#200) 98.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 2.0 Cu NA Gravel 0.0 0

2 100.0
Sand 4.7 4.7

USCS Group Symbol 0.05 95.3
CH Silt 40.5 40.5

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 54.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 54.8 54.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CH, LL=60, PL=26, PI=34
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SILTY CLAY

Percent of
Each Component

USCS Description
FAT CLAY

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598008
USCS Description LIGHT OLIVE BROWN FAT CLAY
USCS Group Symbol CH AASHTO Classification A-7-6 (39)
USDA Description SILTY CLAY

   Percent Gravel, % 0.0
   Percent Sand, % 4.7 Very Coarse Sand; 2-1 0.1
   Percent Silt, % 40.5 Coarse Sand; 1-0.5 0.1
   Percent Clay, % 54.9 Medium Sand; 0.5-0.25 0.2

Fine Sand; 0.25-0.1 0.9
Very Fine Sand; 0.1-0.05 3.3
Total 4.7

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 30598 Sample ST-1

Lab Sample No. 30598009
USCS Description GRAY CLAYEY SAND
USCS Group Symbol SC AASHTO: A-2-7 (0)
USDA Description SANDY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 465.7 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 122.5 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 343.2 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 14.0 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 301.1 1" 25 33.14 7.8 7.8 92.2 92.2
Representable Dry Wt, gm 423.6 3/4" 19 28.15 6.6 14.5 85.5 85.5

1/2" 12.5 21.41 5.1 19.5 80.5 80.5
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 11.2 2.6 22.2 77.8 77.8
representable sample. #4 4.75 28.63 6.8 28.9 71.1 71.1

#10 2 11.65 8.4 8.4 91.6 65.1
Tare No. A33 #20 0.85 13.88 10.0 18.3 81.7 58.1
Tare + WS., gm 168.62 #40 0.425 8.55 6.1 24.4 75.6 53.7
Tare + DS., gm 149.13 #60 0.25 5.38 3.9 28.3 71.7 51.0
Tare, gm 9.74 #140 0.106 6.59 4.7 33.0 67.0 47.6
Wt. of DS., gm 139.39 #200 0.075 2.84 2.0 35.1 64.9 46.1
Water Content -#4, % 14.0 90.5 64.9 100.0     -     -
Wt. of +#200 Sample, gm 48.9

Elapsed R Composite R Percent Particle Adjusted
Tare No. 1 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 137.29 (min.) (%) (mm) (%)
Wt. Tare, gm 103.79 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 33 7 26 90.2 0.0313 41.6
Wt. Dry Soil, gm 28.5 5 31 7 24 83.3 0.0201 38.4

15 28.5 7 21.5 74.6 0.0118 34.4
K Factor 0.0135 30 26.5 7 19.5 67.7 0.0085 31.2
Composite Correction 7 60 24 7 17 59.0 0.0061 27.2
a Factor 0.99 250 19 7 12 41.6 0.0031 19.2
Average Test Temp, °C 20.1 1440 15 7 8 27.8 0.0013 12.8
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 28.9 Silt=21.2%  Clay=24.9% Particle Percent Corrected
Coarse=14.5; Fine=14.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 24.9 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.9; Med.=11.4; Fine=7.6 D10, mm NA Material
% Fines (-#200) 46.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 53.9 Cu NA Gravel 34.9 0

2 65.1
Sand 21.1 32.4

USCS Group Symbol 0.05 44.1
SC Silt 28.1 43.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 16.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 16.0 24.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CH, LL=40, PL=21, PI=19

USCS Description

Percent of

CLAYEY SAND
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

SANDY LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. SB-17
Client Project 091-867 Apex Landfill Expansion Depth(ft) 16'-18'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598009
Soil Description: GRAY FAT CLAY
(-#40 Fraction)

 
   Tare Number A33         Liquid Limit (LL), % 40
   Wt. Tare & WS, gm 168.62         Plastic Limit (PL), % 21
   Wt. Tare & DS, gm 149.13         Plasticity Index (PI) 19
   Wt. Water, gm 19.49         USCS Symbol (-#40 Fraction) CH
   Wt. Tare, gm 9.74         Sample Preparation: Wet Method
   Wt. DS, gm 139.39         Liquidity Index, % -36.9%
   Water Content, % 14.0         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 421 510 417 405 409 491
Wt. Tare & WS, gm 18.16 20.15 19.65 18.88 17.79 19.14
Wt. Tare & DS, gm 16.88 18.55 18.13 16.39 15.79 16.82
Wt. Water, gm 1.28 1.60 1.52 2.49 2.00 2.32
Wt. Tare, gm 10.74 10.81 10.71 10.54 10.69 10.81
Wt. DS, gm 6.14 7.74 7.42 5.85 5.10 6.01
Water Content, % 20.8 20.7 20.5 42.6 39.2 38.6

# of Blows 17 25 30

0 0 1.2304489 1.39794001 1.47712125
7 7 62.942758 -16.671778

29.59 7 25 39.6366121
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

40 19

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 30598 Sample ST-1

Lab Sample No. 30598009
USCS Description GRAY CLAYEY SAND
USCS Group Symbol SC AASHTO: A-2-7 (0)
USDA Description SANDY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 92.2

3/4" 19 85.5

1/2" 12.5 80.5

3/8" 9.5 77.8

#4 4.75 71.1

#10 2 65.1

#20 0.85 58.1

#40 0.425 53.7

#60 0.25 51.0

#140 0.106 47.6

#200 0.075 46.1

NA 0.0313 41.6

NA 0.0201 38.4

NA 0.0118 34.4

NA 0.0085 31.2

NA 0.0061 27.2

NA 0.0031 19.2

NA 0.0013 12.8

% Gravel (-3" & +#4) 28.9 Silt=21.2%  Clay=24.9% Particle Percent Corrected
Coarse=14.5; Fine=14.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 24.9 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.9; Med.=11.4; Fine=7.6 D10, mm NA Material
% Fines (-#200) 46.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 53.9 Cu NA Gravel 34.9 0

2 65.1
Sand 21.1 32.4

USCS Group Symbol 0.05 44.1
SC Silt 28.1 43.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 16.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 16.0 24.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SANDY LOAM

Percent of
Each Component

USCS Description
CLAYEY SAND

Atterberg Limits Group Symbol
CH, LL=40, PL=21, PI=19

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 30598 Sample ST-1

Lab Sample No. 30598009
USCS Description GRAY CLAYEY SAND
USCS Group Symbol SC AASHTO Classification A-2-7 (0)
USDA Description SANDY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 32.4 Very Coarse Sand; 2-1 8.8
   Percent Silt, % 43.1 Coarse Sand; 1-0.5 7.2
   Percent Clay, % 24.5 Medium Sand; 0.5-0.25 5.8

Fine Sand; 0.25-0.1 5.5
Very Fine Sand; 0.1-0.05 5.1
Total 32.4

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 10-12
Project No. 30598 Sample ST-1

Lab Sample No. 30598010
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY WITH GRAVEL
USCS Group Symbol CL AASHTO: A-7-6 (9)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 929.8 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 142.1 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 787.7 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 18.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 665.7 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 807.8 3/4" 19 23.47 2.9 2.9 97.1 97.1

1/2" 12.5 35.6 4.4 7.3 92.7 92.7
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 18.34 2.3 9.6 90.4 90.4
representable sample. #4 4.75 64.72 8.0 17.6 82.4 82.4

#10 2 4.89 4.5 4.5 95.5 78.7
Tare No. 950 #20 0.85 9.11 8.3 12.8 87.2 71.8
Tare + WS., gm 227.24 #40 0.425 7.16 6.6 19.4 80.6 66.4
Tare + DS., gm 207.25 #60 0.25 4.54 4.2 23.6 76.4 63.0
Tare, gm 98.14 #140 0.106 5.18 4.7 28.3 71.7 59.1
Wt. of DS., gm 109.11 #200 0.075 2 1.8 30.1 69.9 57.6
Water Content -#4, % 18.3 76.2 69.9 100.0     -     -
Wt. of +#200 Sample, gm 32.9

Elapsed R Composite R Percent Particle Adjusted
Tare No. 517 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 145.61 (min.) (%) (mm) (%)
Wt. Tare, gm 103.65 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 41 7 34 91.0 0.0293 52.4
Wt. Dry Soil, gm 36.96 5 39 7 32 85.6 0.0188 49.3

15 35.5 7 28.5 76.3 0.0112 43.9
K Factor 0.0134 30 33 7 26 69.6 0.0081 40.1
Composite Correction 7 60 30 7 23 61.5 0.0058 35.4
a Factor 0.99 250 23 7 16 42.8 0.0030 24.6
Average Test Temp, °C 20.3 1440 18 7 11 29.4 0.0013 16.9
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 17.6 Silt=24.6%  Clay=32.9% Particle Percent Corrected
Coarse=2.9; Fine=14.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 24.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.7; Med.=12.3; Fine=8.9 D10, mm NA Material
% Fines (-#200) 57.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 42.4 Cu NA Gravel 21.3 0

2 78.7
Sand 23.4 29.7

USCS Group Symbol 0.05 55.3
CL Silt 34.4 43.7

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 21.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 21.0 26.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=42, PL=21, PI=21

USCS Description

Percent of

SANDY LEAN CLAY WITH GRAVEL
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-18
Client Project 091-867 Apex Landfill Expansion Depth(ft) 10-12
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598010
Soil Description: DARK GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 950         Liquid Limit (LL), % 42
   Wt. Tare & WS, gm 227.24         Plastic Limit (PL), % 21
   Wt. Tare & DS, gm 207.25         Plasticity Index (PI) 21
   Wt. Water, gm 19.99         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 98.14         Sample Preparation: Wet Method
   Wt. DS, gm 109.11         Liquidity Index, % -12.8%
   Water Content, % 18.3         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 476 426 462 475 477 487
Wt. Tare & WS, gm 18.87 18.75 20.17 18.41 18.92 20.50
Wt. Tare & DS, gm 17.49 17.39 18.57 16.02 16.48 17.69
Wt. Water, gm 1.38 1.36 1.60 2.39 2.44 2.81
Wt. Tare, gm 10.81 10.71 10.77 10.73 10.73 10.60
Wt. DS, gm 6.68 6.68 7.80 5.29 5.75 7.09
Water Content, % 20.7 20.4 20.5 45.2 42.4 39.6

# of Blows 16 23 33

0 0 1.20412 1.36172784 1.51851394
7 7 66.433345 -17.641038

29.59 7 25 41.7722319
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

42 21

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 10-12
Project No. 30598 Sample ST-1

Lab Sample No. 30598010
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY WITH GRAVEL
USCS Group Symbol CL AASHTO: A-7-6 (9)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 97.1

1/2" 12.5 92.7

3/8" 9.5 90.4

#4 4.75 82.4

#10 2 78.7

#20 0.85 71.8

#40 0.425 66.4

#60 0.25 63.0

#140 0.106 59.1

#200 0.075 57.6

NA 0.0293 52.4

NA 0.0188 49.3

NA 0.0112 43.9

NA 0.0081 40.1

NA 0.0058 35.4

NA 0.0030 24.6

NA 0.0013 16.9

% Gravel (-3" & +#4) 17.6 Silt=24.6%  Clay=32.9% Particle Percent Corrected
Coarse=2.9; Fine=14.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 24.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.7; Med.=12.3; Fine=8.9 D10, mm NA Material
% Fines (-#200) 57.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 42.4 Cu NA Gravel 21.3 0

2 78.7
Sand 23.4 29.7

USCS Group Symbol 0.05 55.3
CL Silt 34.4 43.7

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 21.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 21.0 26.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=42, PL=21, PI=21
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LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY WITH GRAVEL
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Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 10-12
Project No. 30598 Sample ST-1

Lab Sample No. 30598010
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY WITH GRAVEL
USCS Group Symbol CL AASHTO Classification A-7-6 (9)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 29.7 Very Coarse Sand; 2-1 7.1
   Percent Silt, % 43.7 Coarse Sand; 1-0.5 6.9
   Percent Clay, % 26.6 Medium Sand; 0.5-0.25 6.0

Fine Sand; 0.25-0.1 5.3
Very Fine Sand; 0.1-0.05 4.4
Total 29.7

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-21
Client Project 091-867 Apex Landfill Expansion Depth 9'-11'
Project No. 30598 Sample ST-1

Lab Sample No. 30598011
USCS Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
USCS Group Symbol CL AASHTO: A-7-6 (15)
USDA Description SILTY CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 1235.5 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 169.3 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 1066.2 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 15.2 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 925.5 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 1094.8 3/4" 19 16.81 1.5 1.5 98.5 98.5

1/2" 12.5 21.43 2.0 3.5 96.5 96.5
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 34.24 3.1 6.6 93.4 93.4
representable sample. #4 4.75 96.83 8.8 15.5 84.5 84.5

#10 2 5.82 2.6 2.6 97.4 82.3
Tare No. 4 #20 0.85 10.68 4.8 7.3 92.7 78.3
Tare + WS., gm 365.33 #40 0.425 5.44 2.4 9.8 90.2 76.3
Tare + DS., gm 331.19 #60 0.25 1.82 0.8 10.6 89.4 75.6
Tare, gm 106.61 #140 0.106 1.81 0.8 11.4 88.6 74.9
Wt. of DS., gm 224.58 #200 0.075 1.91 0.9 12.2 87.8 74.2
Water Content -#4, % 15.2 197.1 87.8 100.0     -     -
Wt. of +#200 Sample, gm 27.5

Elapsed R Composite R Percent Particle Adjusted
Tare No. 941 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 129.45 (min.) (%) (mm) (%)
Wt. Tare, gm 99.79 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 27.5 7 20.5 82.2 0.0325 61.0
Wt. Dry Soil, gm 24.66 5 26 7 19 76.2 0.0208 56.5

15 24 7 17 68.2 0.0122 50.6
K Factor 0.0134 30 22 7 15 60.2 0.0087 44.6
Composite Correction 7 60 20.5 7 13.5 54.1 0.0062 40.2
a Factor 0.99 250 17 7 10 40.1 0.0031 29.8
Average Test Temp, °C 20.3 1440 14 7 7 28.1 0.0013 20.8
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 15.5 Silt=37.1%  Clay=36.9% Particle Percent Corrected
Coarse=1.5; Fine=13.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 10.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=2.2; Med.=6.1; Fine=2.1 D10, mm NA Material
% Fines (-#200) 74.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 25.8 Cu NA Gravel 17.7 0

2 82.3
Sand 14.6 17.7

USCS Group Symbol 0.05 67.8
CL Silt 42.6 51.8

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 25.1
12" Sieve - 300 mm 0 0.0 100.0 Clay 25.1 30.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=42, PL=20, PI=22

USCS Description

Percent of

LEAN CLAY WITH GRAVEL
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

SILTY CLAY LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. SB-21
Client Project 091-867 Apex Landfill Expansion Depth(ft) 9'-11'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598011
Soil Description: LIGHT OLIVE BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 4         Liquid Limit (LL), % 42
   Wt. Tare & WS, gm 365.33         Plastic Limit (PL), % 20
   Wt. Tare & DS, gm 331.19         Plasticity Index (PI) 22
   Wt. Water, gm 34.14         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 106.61         Sample Preparation: Wet Method
   Wt. DS, gm 224.58         Liquidity Index, % -21.8%
   Water Content, % 15.2         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 403 460 498 449 451 459
Wt. Tare & WS, gm 18.42 17.98 17.44 20.12 18.08 20.09
Wt. Tare & DS, gm 17.12 16.78 16.33 17.22 15.91 17.40
Wt. Water, gm 1.30 1.20 1.11 2.90 2.17 2.69
Wt. Tare, gm 10.75 10.75 10.72 10.70 10.77 10.80
Wt. DS, gm 6.37 6.03 5.61 6.52 5.14 6.60
Water Content, % 20.4 19.9 19.8 44.5 42.2 40.8

# of Blows 19 24 27

0 0 1.2787536 1.38021124 1.43136376
7 7 75.324433 -24.085913

29.59 7 25 41.6537723
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

42 22

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-21
Client Project 091-867 Apex Landfill Expansion Depth 9'-11'
Project No. 30598 Sample ST-1

Lab Sample No. 30598011
USCS Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
USCS Group Symbol CL AASHTO: A-7-6 (15)
USDA Description SILTY CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 98.5

1/2" 12.5 96.5

3/8" 9.5 93.4

#4 4.75 84.5

#10 2 82.3

#20 0.85 78.3

#40 0.425 76.3

#60 0.25 75.6

#140 0.106 74.9

#200 0.075 74.2

NA 0.0325 61.0

NA 0.0208 56.5

NA 0.0122 50.6

NA 0.0087 44.6

NA 0.0062 40.2

NA 0.0031 29.8

NA 0.0013 20.8

% Gravel (-3" & +#4) 15.5 Silt=37.1%  Clay=36.9% Particle Percent Corrected
Coarse=1.5; Fine=13.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 10.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=2.2; Med.=6.1; Fine=2.1 D10, mm NA Material
% Fines (-#200) 74.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 25.8 Cu NA Gravel 17.7 0

2 82.3
Sand 14.6 17.7

USCS Group Symbol 0.05 67.8
CL Silt 42.6 51.8

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 25.1
12" Sieve - 300 mm 0 0.0 100.0 Clay 25.1 30.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SILTY CLAY LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH GRAVEL

Atterberg Limits Group Symbol
CL, LL=42, PL=20, PI=22

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-21
Client Project 091-867 Apex Landfill Expansion Depth 9'-11'
Project No. 30598 Sample ST-1

Lab Sample No. 30598011
USCS Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
USCS Group Symbol CL AASHTO Classification A-7-6 (15)
USDA Description SILTY CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 17.7 Very Coarse Sand; 2-1 4.0
   Percent Silt, % 51.8 Coarse Sand; 1-0.5 2.8
   Percent Clay, % 30.5 Medium Sand; 0.5-0.25 1.4

Fine Sand; 0.25-0.1 1.0
Very Fine Sand; 0.1-0.05 8.5
Total 17.7

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-4
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1

Lab Sample No. 30598013
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (10)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 1260.1 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 70.2 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 1189.9 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 17.2 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 1015.1 1" 25 34.49 3.2 3.2 96.8 96.8
Representable Dry Wt, gm 1085.3 3/4" 19 0 0.0 3.2 96.8 96.8

1/2" 12.5 4.81 0.4 3.6 96.4 96.4
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 7.15 0.7 4.3 95.7 95.7
representable sample. #4 4.75 23.77 2.2 6.5 93.5 93.5

#10 2 7.03 5.3 5.3 94.7 88.6
Tare No. 701 #20 0.85 9.12 6.9 12.1 87.9 82.2
Tare + WS., gm 255.2 #40 0.425 6.47 4.9 17.0 83.0 77.6
Tare + DS., gm 232.3 #60 0.25 4.54 3.4 20.4 79.6 74.4
Tare, gm 99.33 #140 0.106 7.48 5.6 26.1 73.9 69.2
Wt. of DS., gm 132.97 #200 0.075 4.34 3.3 29.3 70.7 66.1
Water Content -#4, % 17.2 94.0 70.7 100.0     -     -
Wt. of +#200 Sample, gm 39.0

Elapsed R Composite R Percent Particle Adjusted
Tare No. 904 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 141.23 (min.) (%) (mm) (%)
Wt. Tare, gm 98.89 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 40.5 7 33.5 88.7 0.0294 58.7
Wt. Dry Soil, gm 37.34 5 38 7 31 82.1 0.0190 54.3

15 34 7 27 71.5 0.0113 47.3
K Factor 0.0134 30 31 7 24 63.6 0.0082 42.0
Composite Correction 7 60 29 7 22 58.3 0.0059 38.5
a Factor 0.99 250 23 7 16 42.4 0.0030 28.0
Average Test Temp, °C 20.2 1440 17.5 7 10.5 27.8 0.0013 18.4
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 6.5 Silt=30%  Clay=36% Particle Percent Corrected
Coarse=3.2; Fine=3.3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.4 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.9; Med.=11; Fine=11.5 D10, mm NA Material
% Fines (-#200) 66.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 33.9 Cu NA Gravel 11.4 0

2 88.6
Sand 25.7 29.0

USCS Group Symbol 0.05 62.9
CL Silt 39.5 44.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 23.4
12" Sieve - 300 mm 0 0.0 100.0 Clay 23.4 26.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 387.2 26.3 73.7

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=37, PL=19, PI=18

USCS Description

Percent of

SANDY LEAN CLAY
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. SB-4
Client Project 091-867 Apex Landfill Expansion Depth(ft) 28'-30'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598013
Soil Description: DARK GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 701         Liquid Limit (LL), % 37
   Wt. Tare & WS, gm 255.20         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 232.30         Plasticity Index (PI) 18
   Wt. Water, gm 22.90         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 99.33         Sample Preparation: Wet Method
   Wt. DS, gm 132.97         Liquidity Index, % -9.9%
   Water Content, % 17.2         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 453 459 503 411 446 472
Wt. Tare & WS, gm 17.15 17.01 17.19 19.12 20.33 18.74
Wt. Tare & DS, gm 16.12 16.02 16.14 16.79 17.68 16.66
Wt. Water, gm 1.03 0.99 1.05 2.33 2.65 2.08
Wt. Tare, gm 10.78 10.80 10.62 10.68 10.67 10.82
Wt. DS, gm 5.34 5.22 5.52 6.11 7.01 5.84
Water Content, % 19.3 19.0 19.0 38.1 37.8 35.6

# of Blows 17 21 32

0 0 1.2304489 1.32221929 1.50514998
7 7 50.11783 -9.5617168

29.59 7 25 36.751124
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

37 18

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-4
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1

Lab Sample No. 30598013
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (10)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 96.8

3/4" 19 96.8

1/2" 12.5 96.4

3/8" 9.5 95.7

#4 4.75 93.5

#10 2 88.6

#20 0.85 82.2

#40 0.425 77.6

#60 0.25 74.4

#140 0.106 69.2

#200 0.075 66.1

NA 0.0294 58.7

NA 0.0190 54.3

NA 0.0113 47.3

NA 0.0082 42.0

NA 0.0059 38.5

NA 0.0030 28.0

NA 0.0013 18.4

% Gravel (-3" & +#4) 6.5 Silt=30%  Clay=36% Particle Percent Corrected
Coarse=3.2; Fine=3.3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.4 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.9; Med.=11; Fine=11.5 D10, mm NA Material
% Fines (-#200) 66.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 33.9 Cu NA Gravel 11.4 0

2 88.6
Sand 25.7 29.0

USCS Group Symbol 0.05 62.9
CL Silt 39.5 44.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 23.4
12" Sieve - 300 mm 0 0.0 100.0 Clay 23.4 26.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 387.2 26.3 73.7

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

Atterberg Limits Group Symbol
CL, LL=37, PL=19, PI=18

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-4
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1

Lab Sample No. 30598013
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-6 (10)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 29.0 Very Coarse Sand; 2-1 5.9
   Percent Silt, % 44.6 Coarse Sand; 1-0.5 5.3
   Percent Clay, % 26.4 Medium Sand; 0.5-0.25 4.8

Fine Sand; 0.25-0.1 6.5
Very Fine Sand; 0.1-0.05 6.5
Total 29.0

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 9'-10'
Project No. 30598 Sample ST-2

Lab Sample No. 30598014
USCS Description GRAYISH BROWN CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-2-6 (1)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 743.8 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 277.8 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 466.0 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 11.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 418.5 1" 25 67.68 9.7 9.7 90.3 90.3
Representable Dry Wt, gm 696.3 3/4" 19 35.31 5.1 14.8 85.2 85.2

1/2" 12.5 70.17 10.1 24.9 75.1 75.1
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 25.77 3.7 28.6 71.4 71.4
representable sample. #4 4.75 78.84 11.3 39.9 60.1 60.1

#10 2 8.61 8.4 8.4 91.6 55.1
Tare No. 7 #20 0.85 14.44 14.0 22.4 77.6 46.6
Tare + WS., gm 220.3 #40 0.425 8.09 7.9 30.3 69.7 41.9
Tare + DS., gm 208.62 #60 0.25 5.03 4.9 35.1 64.9 39.0
Tare, gm 105.68 #140 0.106 6.8 6.6 41.7 58.3 35.0
Wt. of DS., gm 102.94 #200 0.075 4.16 4.0 45.8 54.2 32.6
Water Content -#4, % 11.3 55.8 54.2 100.0     -     -
Wt. of +#200 Sample, gm 47.1

Elapsed R Composite R Percent Particle Adjusted
Tare No. 523 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 140.81 (min.) (%) (mm) (%)
Wt. Tare, gm 104.07 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 33.5 7 26.5 82.6 0.0311 26.9
Wt. Dry Soil, gm 31.74 5 31 7 24 74.8 0.0200 24.4

15 28 7 21 65.4 0.0118 21.3
K Factor 0.0134 30 25 7 18 56.1 0.0085 18.3
Composite Correction 7 60 23 7 16 49.9 0.0061 16.2
a Factor 0.99 250 17.5 7 10.5 32.7 0.0031 10.7
Average Test Temp, °C 20.3 1440 13 7 6 18.7 0.0013 6.1
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 39.9 Silt=17.9%  Clay=14.6% Particle Percent Corrected
Coarse=14.8; Fine=25.1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5; Med.=13.2; Fine=9.3 D10, mm NA Material
% Fines (-#200) 32.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 67.4 Cu NA Gravel 44.9 0

2 55.1
Sand 25.1 45.6

USCS Group Symbol 0.05 30.0
GC Silt 21.7 39.4

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 8.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 8.3 15.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=34, PL=19, PI=15

USCS Description

Percent of

CLAYEY GRAVEL WITH SAND
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-6
Client Project 091-867 Apex Landfill Expansion Depth(ft) 9'-10'
Project No. 30598 Sample No. ST-2

Lab Sample No. 30598014
Soil Description: GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 7         Liquid Limit (LL), % 34
   Wt. Tare & WS, gm 220.30         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 208.62         Plasticity Index (PI) 15
   Wt. Water, gm 11.68         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 105.68         Sample Preparation: Wet Method
   Wt. DS, gm 102.94         Liquidity Index, % -51.0%
   Water Content, % 11.3         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 499 497 461 443 453 488
Wt. Tare & WS, gm 17.52 21.15 19.39 18.80 17.43 19.65
Wt. Tare & DS, gm 16.45 19.46 17.99 16.66 15.73 17.48
Wt. Water, gm 1.07 1.69 1.40 2.14 1.70 2.17
Wt. Tare, gm 10.75 10.74 10.66 10.77 10.77 10.87
Wt. DS, gm 5.70 8.72 7.33 5.89 4.96 6.61
Water Content, % 18.8 19.4 19.1 36.3 34.3 32.8

# of Blows 17 25 33

0 0 1.2304489 1.39794001 1.51851394
7 7 51.302573 -12.170941

29.59 7 25 34.2883273
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

34 15

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 9'-10'
Project No. 30598 Sample ST-2

Lab Sample No. 30598014
USCS Description GRAYISH BROWN CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-2-6 (1)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 90.3

3/4" 19 85.2

1/2" 12.5 75.1

3/8" 9.5 71.4

#4 4.75 60.1

#10 2 55.1

#20 0.85 46.6

#40 0.425 41.9

#60 0.25 39.0

#140 0.106 35.0

#200 0.075 32.6

NA 0.0311 26.9

NA 0.0200 24.4

NA 0.0118 21.3

NA 0.0085 18.3

NA 0.0061 16.2

NA 0.0031 10.7

NA 0.0013 6.1

% Gravel (-3" & +#4) 39.9 Silt=17.9%  Clay=14.6% Particle Percent Corrected
Coarse=14.8; Fine=25.1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5; Med.=13.2; Fine=9.3 D10, mm NA Material
% Fines (-#200) 32.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 67.4 Cu NA Gravel 44.9 0

2 55.1
Sand 25.1 45.6

USCS Group Symbol 0.05 30.0
GC Silt 21.7 39.4

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 8.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 8.3 15.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=34, PL=19, PI=15
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LOAM

Percent of
Each Component

USCS Description
CLAYEY GRAVEL WITH SAND

Atterberg Limits Group Symbol

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0.0010.010.1110100

Diameter, mm

Pe
rc

en
t F

in
er

, %



Client Civil & Environmental Consultants, Inc.Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 9'-10'
Project No. 30598 Sample ST-2

Lab Sample No. 30598014
USCS Description GRAYISH BROWN CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO Classification A-2-6 (1)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 45.6 Very Coarse Sand; 2-1 12.4
   Percent Silt, % 39.4 Coarse Sand; 1-0.5 9.5
   Percent Clay, % 15.1 Medium Sand; 0.5-0.25 7.3

Fine Sand; 0.25-0.1 8.0
Very Fine Sand; 0.1-0.05 8.4
Total 45.6

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598015
USCS Description YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-6 (9)
USDA Description SILT LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 1313.4 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 1313.4 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 14.2 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 1150.0 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 1150.0 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 9.08 5.2 5.2 94.8 94.8
Tare No. 947 #20 0.85 16.13 9.2 14.4 85.6 85.6
Tare + WS., gm 298.19 #40 0.425 8.56 4.9 19.3 80.7 80.7
Tare + DS., gm 273.36 #60 0.25 3.82 2.2 21.5 78.5 78.5
Tare, gm 98.62 #140 0.106 4.07 2.3 23.8 76.2 76.2
Wt. of DS., gm 174.74 #200 0.075 3.62 2.1 25.9 74.1 74.1
Water Content -#4, % 14.2 129.5 74.1 100.0     -     -
Wt. of +#200 Sample, gm 45.3

Elapsed R Composite R Percent Particle Adjusted
Tare No. 946 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 140.13 (min.) (%) (mm) (%)
Wt. Tare, gm 98.46 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 37 7 30 80.9 0.0303 59.9
Wt. Dry Soil, gm 36.67 5 33.5 7 26.5 71.5 0.0197 52.9

15 29 7 22 59.3 0.0118 44.0
K Factor 0.0135 30 25.5 7 18.5 49.9 0.0085 37.0
Composite Correction 7 60 23 7 16 43.1 0.0061 32.0
a Factor 0.99 250 17 7 10 27.0 0.0031 20.0
Average Test Temp, °C 20.1 1440 13 7 6 16.2 0.0013 12.0
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=45.5%  Clay=28.4% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 25.9 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.2; Med.=14.1; Fine=6.6 D10, mm NA Material
% Fines (-#200) 74.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 25.9 Cu NA Gravel 5.2 0

2 94.8
Sand 27.0 28.5

USCS Group Symbol 0.05 67.8
CL Silt 51.9 54.8

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 15.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 15.8 16.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=35, PL=21, PI=14

USCS Description

Percent of

LEAN CLAY WITH SAND
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

SILT LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. SB-8
Client Project 091-867 Apex Landfill Expansion Depth(ft) 2'-4'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598015
Soil Description: YELLOWISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 947         Liquid Limit (LL), % 35
   Wt. Tare & WS, gm 298.19         Plastic Limit (PL), % 21
   Wt. Tare & DS, gm 273.36         Plasticity Index (PI) 14
   Wt. Water, gm 24.83         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 98.62         Sample Preparation: Wet Method
   Wt. DS, gm 174.74         Liquidity Index, % -48.5%
   Water Content, % 14.2         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 427 416 491 416 470 503
Wt. Tare & WS, gm 23.64 23.30 21.85 18.90 19.84 21.03
Wt. Tare & DS, gm 21.47 21.13 19.96 16.75 17.51 18.38
Wt. Water, gm 2.17 2.17 1.89 2.15 2.33 2.65
Wt. Tare, gm 10.80 10.81 10.83 10.81 10.70 10.61
Wt. DS, gm 10.67 10.32 9.13 5.94 6.81 7.77
Water Content, % 20.3 21.0 20.7 36.2 34.2 34.1

# of Blows 18 27 30

0 0 1.2552725 1.43136376 1.47712125
7 7 48.620157 -9.929795

29.59 7 25 34.7388988
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

35 14

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598015
USCS Description YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-6 (9)
USDA Description SILT LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 94.8

#20 0.85 85.6

#40 0.425 80.7

#60 0.25 78.5

#140 0.106 76.2

#200 0.075 74.1

NA 0.0303 59.9

NA 0.0197 52.9

NA 0.0118 44.0

NA 0.0085 37.0

NA 0.0061 32.0

NA 0.0031 20.0

NA 0.0013 12.0

% Gravel (-3" & +#4) 0.0 Silt=45.5%  Clay=28.4% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 25.9 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.2; Med.=14.1; Fine=6.6 D10, mm NA Material
% Fines (-#200) 74.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 25.9 Cu NA Gravel 5.2 0

2 94.8
Sand 27.0 28.5

USCS Group Symbol 0.05 67.8
CL Silt 51.9 54.8

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 15.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 15.8 16.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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SILT LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

Atterberg Limits Group Symbol
CL, LL=35, PL=21, PI=14

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598015
USCS Description YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-6 (9)
USDA Description SILT LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 28.5 Very Coarse Sand; 2-1 7.9
   Percent Silt, % 54.8 Coarse Sand; 1-0.5 5.8
   Percent Clay, % 16.7 Medium Sand; 0.5-0.25 3.5

Fine Sand; 0.25-0.1 2.8
Very Fine Sand; 0.1-0.05 8.5
Total 28.5

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 10'-12'
Project No. 30598 Sample ST-1

Lab Sample No. 30598016
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (14)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 643.0 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 68.4 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 574.6 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 22.0 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 470.8 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 539.2 3/4" 19 33.46 6.2 6.2 93.8 93.8

1/2" 12.5 0 0.0 6.2 93.8 93.8
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 8.52 1.6 7.8 92.2 92.2
representable sample. #4 4.75 26.44 4.9 12.7 87.3 87.3

#10 2 2.43 2.0 2.0 98.0 85.6
Tare No. 832 #20 0.85 12.33 10.0 12.0 88.0 76.8
Tare + WS., gm 253.35 #40 0.425 8.29 6.8 18.8 81.2 70.9
Tare + DS., gm 226.29 #60 0.25 5.15 4.2 23.0 77.0 67.3
Tare, gm 103.55 #140 0.106 6.14 5.0 28.0 72.0 62.9
Wt. of DS., gm 122.74 #200 0.075 2.9 2.4 30.3 69.7 60.8
Water Content -#4, % 22.0 85.5 69.7 100.0     -     -
Wt. of +#200 Sample, gm 37.2

Elapsed R Composite R Percent Particle Adjusted
Tare No. 941 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 137.17 (min.) (%) (mm) (%)
Wt. Tare, gm 99.56 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 35.5 7 28.5 86.4 0.0307 52.6
Wt. Dry Soil, gm 32.61 5 34 7 27 81.9 0.0197 49.8

15 31 7 24 72.8 0.0116 44.3
K Factor 0.0135 30 27.5 7 20.5 62.2 0.0084 37.8
Composite Correction 7 60 25 7 18 54.6 0.0061 33.2
a Factor 0.99 250 19.5 7 12.5 37.9 0.0031 23.1
Average Test Temp, °C 20.0 1440 14.5 7 7.5 22.7 0.0013 13.8
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 12.7 Silt=30.4%  Clay=30.3% Particle Percent Corrected
Coarse=6.2; Fine=6.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 26.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=1.7; Med.=14.7; Fine=10.1 D10, mm NA Material
% Fines (-#200) 60.8 Cc NA 100 100 for USDA
% Plus #200 (-3") 39.2 Cu NA Gravel 14.4 0

2 85.6
Sand 28.5 33.3

USCS Group Symbol 0.05 57.1
CL Silt 38.7 45.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 18.4
12" Sieve - 300 mm 0 0.0 100.0 Clay 18.4 21.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=48, PL=22, PI=26

USCS Description

Percent of

SANDY LEAN CLAY
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. SB-14
Client Project 091-867 Apex Landfill Expansion Depth(ft) 10'-12'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598016
Soil Description: DARK GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 832         Liquid Limit (LL), % 48
   Wt. Tare & WS, gm 253.35         Plastic Limit (PL), % 22
   Wt. Tare & DS, gm 226.29         Plasticity Index (PI) 26
   Wt. Water, gm 27.06         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 103.55         Sample Preparation: Wet Method
   Wt. DS, gm 122.74         Liquidity Index, % 0.2%
   Water Content, % 22.0         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 405 424 466 433 451 467
Wt. Tare & WS, gm 18.74 20.31 19.11 19.38 19.57 20.56
Wt. Tare & DS, gm 17.26 18.59 17.61 16.51 16.68 17.49
Wt. Water, gm 1.48 1.72 1.50 2.87 2.89 3.07
Wt. Tare, gm 10.55 10.77 10.82 10.72 10.77 10.75
Wt. DS, gm 6.71 7.82 6.79 5.79 5.91 6.74
Water Content, % 22.1 22.0 22.1 49.6 48.9 45.5

# of Blows 18 21 34

0 0 1.2552725 1.32221929 1.53147892
7 7 68.415609 -14.901414

29.59 7 25 47.5843257
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

48 26

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 10'-12'
Project No. 30598 Sample ST-1

Lab Sample No. 30598016
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (14)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 93.8

1/2" 12.5 93.8

3/8" 9.5 92.2

#4 4.75 87.3

#10 2 85.6

#20 0.85 76.8

#40 0.425 70.9

#60 0.25 67.3

#140 0.106 62.9

#200 0.075 60.8

NA 0.0307 52.6

NA 0.0197 49.8

NA 0.0116 44.3

NA 0.0084 37.8

NA 0.0061 33.2

NA 0.0031 23.1

NA 0.0013 13.8

% Gravel (-3" & +#4) 12.7 Silt=30.4%  Clay=30.3% Particle Percent Corrected
Coarse=6.2; Fine=6.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 26.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=1.7; Med.=14.7; Fine=10.1 D10, mm NA Material
% Fines (-#200) 60.8 Cc NA 100 100 for USDA
% Plus #200 (-3") 39.2 Cu NA Gravel 14.4 0

2 85.6
Sand 28.5 33.3

USCS Group Symbol 0.05 57.1
CL Silt 38.7 45.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 18.4
12" Sieve - 300 mm 0 0.0 100.0 Clay 18.4 21.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

Atterberg Limits Group Symbol
CL, LL=48, PL=22, PI=26

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 10'-12'
Project No. 30598 Sample ST-1

Lab Sample No. 30598016
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-7-6 (14)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 33.3 Very Coarse Sand; 2-1 8.3
   Percent Silt, % 45.2 Coarse Sand; 1-0.5 7.2
   Percent Clay, % 21.5 Medium Sand; 0.5-0.25 5.9

Fine Sand; 0.25-0.1 5.5
Very Fine Sand; 0.1-0.05 6.4
Total 33.3

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 18'-20'
Project No. 30598 Sample ST-2

Lab Sample No. 30598017
USCS Description GRAY CLAYEY SAND WITH GRAVEL
USCS Group Symbol SC AASHTO: A-6 (6)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 766.9 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 151.1 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 615.8 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 14.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 538.6 1" 25 12.35 1.8 1.8 98.2 98.2
Representable Dry Wt, gm 689.7 3/4" 19 29.42 4.3 6.1 93.9 93.9

1/2" 12.5 28.81 4.2 10.2 89.8 89.8
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 25.77 3.7 14.0 86.0 86.0
representable sample. #4 4.75 54.75 7.9 21.9 78.1 78.1

#10 2 6.05 5.2 5.2 94.8 74.1
Tare No. 804 #20 0.85 13.3 11.3 16.5 83.5 65.2
Tare + WS., gm 236.45 #40 0.425 8.09 6.9 23.4 76.6 59.8
Tare + DS., gm 219.65 #60 0.25 4.97 4.2 27.6 72.4 56.5
Tare, gm 102.4 #140 0.106 6.66 5.7 33.3 66.7 52.1
Wt. of DS., gm 117.25 #200 0.075 3.38 2.9 36.2 63.8 49.8
Water Content -#4, % 14.3 74.8 63.8 100.0     -     -
Wt. of +#200 Sample, gm 42.5

Elapsed R Composite R Percent Particle Adjusted
Tare No. 810 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 135.93 (min.) (%) (mm) (%)
Wt. Tare, gm 102.21 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 32 7 25 86.1 0.0315 42.9
Wt. Dry Soil, gm 28.72 5 30 7 23 79.2 0.0202 39.5

15 28 7 21 72.3 0.0118 36.0
K Factor 0.0135 30 25.5 7 18.5 63.7 0.0085 31.7
Composite Correction 7 60 23 7 16 55.1 0.0061 27.4
a Factor 0.99 250 18 7 11 37.9 0.0031 18.9
Average Test Temp, °C 20.1 1440 14 7 7 24.1 0.0013 12.0
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 21.9 Silt=24.8%  Clay=24.9% Particle Percent Corrected
Coarse=6.1; Fine=15.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 28.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4; Med.=14.2; Fine=10 D10, mm NA Material
% Fines (-#200) 49.8 Cc NA 100 100 for USDA
% Plus #200 (-3") 50.2 Cu NA Gravel 25.9 0

2 74.1
Sand 27.5 37.1

USCS Group Symbol 0.05 46.6
SC Silt 31.2 42.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 15.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 15.3 20.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=37, PL=18, PI=19

USCS Description

Percent of

CLAYEY SAND WITH GRAVEL
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-17
Client Project 091-867 Apex Landfill Expansion Depth(ft) 18'-20'
Project No. 30598 Sample No. ST-2

Lab Sample No. 30598017
Soil Description: GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 804         Liquid Limit (LL), % 37
   Wt. Tare & WS, gm 236.45         Plastic Limit (PL), % 18
   Wt. Tare & DS, gm 219.65         Plasticity Index (PI) 19
   Wt. Water, gm 16.80         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 102.40         Sample Preparation: Wet Method
   Wt. DS, gm 117.25         Liquidity Index, % -19.3%
   Water Content, % 14.3         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 500 421 414 406 469 505
Wt. Tare & WS, gm 19.71 19.09 19.52 20.24 20.24 17.61
Wt. Tare & DS, gm 18.32 17.83 18.13 17.52 17.60 15.78
Wt. Water, gm 1.39 1.26 1.39 2.72 2.64 1.83
Wt. Tare, gm 10.75 10.73 10.75 10.72 10.76 10.77
Wt. DS, gm 7.57 7.10 7.38 6.80 6.84 5.01
Water Content, % 18.4 17.7 18.8 40.0 38.6 36.5

# of Blows 16 20 28

0 0 1.20412 1.30103 1.44715803
7 7 57.187394 -14.279946

29.59 7 25 37.2248863
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

37 19

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 18'-20'
Project No. 30598 Sample ST-2

Lab Sample No. 30598017
USCS Description GRAY CLAYEY SAND WITH GRAVEL
USCS Group Symbol SC AASHTO: A-6 (6)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 98.2

3/4" 19 93.9

1/2" 12.5 89.8

3/8" 9.5 86.0

#4 4.75 78.1

#10 2 74.1

#20 0.85 65.2

#40 0.425 59.8

#60 0.25 56.5

#140 0.106 52.1

#200 0.075 49.8

NA 0.0315 42.9

NA 0.0202 39.5

NA 0.0118 36.0

NA 0.0085 31.7

NA 0.0061 27.4

NA 0.0031 18.9

NA 0.0013 12.0

% Gravel (-3" & +#4) 21.9 Silt=24.8%  Clay=24.9% Particle Percent Corrected
Coarse=6.1; Fine=15.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 28.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4; Med.=14.2; Fine=10 D10, mm NA Material
% Fines (-#200) 49.8 Cc NA 100 100 for USDA
% Plus #200 (-3") 50.2 Cu NA Gravel 25.9 0

2 74.1
Sand 27.5 37.1

USCS Group Symbol 0.05 46.6
SC Silt 31.2 42.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 15.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 15.3 20.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=37, PL=18, PI=19

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LOAM

Percent of
Each Component

USCS Description
CLAYEY SAND WITH GRAVEL
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Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 18'-20'
Project No. 30598 Sample ST-2

Lab Sample No. 30598017
USCS Description GRAY CLAYEY SAND WITH GRAVEL
USCS Group Symbol SC AASHTO Classification A-6 (6)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 37.1 Very Coarse Sand; 2-1 9.7
   Percent Silt, % 42.2 Coarse Sand; 1-0.5 7.8
   Percent Clay, % 20.7 Medium Sand; 0.5-0.25 6.2

Fine Sand; 0.25-0.1 6.5
Very Fine Sand; 0.1-0.05 6.9
Total 37.1

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 22'-24'
Project No. 30598 Sample ST-3

Lab Sample No. 30598018
USCS Description DARK GRAYISH BROWN CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-6 (5)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 670.8 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 161.9 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 509.0 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 14.0 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 446.6 1" 25 48.88 8.0 8.0 92.0 92.0
Representable Dry Wt, gm 608.5 3/4" 19 36.63 6.0 14.1 85.9 85.9

1/2" 12.5 26.86 4.4 18.5 81.5 81.5
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 14.47 2.4 20.8 79.2 79.2
representable sample. #4 4.75 35.03 5.8 26.6 73.4 73.4

#10 2 6.08 6.0 6.0 94.0 69.0
Tare No. 829 #20 0.85 9.25 9.1 15.1 84.9 62.3
Tare + WS., gm 218.61 #40 0.425 7.13 7.0 22.1 77.9 57.2
Tare + DS., gm 204.42 #60 0.25 4.83 4.8 26.9 73.1 53.7
Tare, gm 102.83 #140 0.106 5.73 5.6 32.5 67.5 49.5
Wt. of DS., gm 101.59 #200 0.075 2.32 2.3 34.8 65.2 47.9
Water Content -#4, % 14.0 66.3 65.2 100.0     -     -
Wt. of +#200 Sample, gm 35.3

Elapsed R Composite R Percent Particle Adjusted
Tare No. 825 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 144.44 (min.) (%) (mm) (%)
Wt. Tare, gm 102.5 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 40 7 33 88.3 0.0296 42.3
Wt. Dry Soil, gm 36.94 5 38 7 31 83.0 0.0190 39.7

15 35 7 28 75.0 0.0112 35.9
K Factor 0.0135 30 32 7 25 66.9 0.0081 32.0
Composite Correction 7 60 29 7 22 58.9 0.0059 28.2
a Factor 0.99 250 22.5 7 15.5 41.5 0.0030 19.9
Average Test Temp, °C 20.1 1440 11.5 7 4.5 12.0 0.0013 5.8
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 26.6 Silt=21.6%  Clay=26.2% Particle Percent Corrected
Coarse=14.1; Fine=12.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 25.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.4; Med.=11.8; Fine=9.3 D10, mm NA Material
% Fines (-#200) 47.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 52.1 Cu NA Gravel 31.0 0

2 69.0
Sand 23.6 34.2

USCS Group Symbol 0.05 45.4
GC Silt 32.7 47.4

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 12.7
12" Sieve - 300 mm 0 0.0 100.0 Clay 12.7 18.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=39, PL=22, PI=17

USCS Description

Percent of

CLAYEY GRAVEL WITH SAND
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. SB-18
Client Project 091-867 Apex Landfill Expansion Depth(ft) 22'-24'
Project No. 30598 Sample No. ST-3

Lab Sample No. 30598018
Soil Description: DARK GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 829         Liquid Limit (LL), % 39
   Wt. Tare & WS, gm 218.61         Plastic Limit (PL), % 22
   Wt. Tare & DS, gm 204.42         Plasticity Index (PI) 17
   Wt. Water, gm 14.19         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 102.83         Sample Preparation: Wet Method
   Wt. DS, gm 101.59         Liquidity Index, % -47.2%
   Water Content, % 14.0         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 404 412 498 459 434 471
Wt. Tare & WS, gm 17.07 16.89 16.9 19.92 18.37 18.98
Wt. Tare & DS, gm 15.92 15.80 15.78 17.32 16.22 16.72
Wt. Water, gm 1.15 1.09 1.12 2.60 2.15 2.26
Wt. Tare, gm 10.76 10.74 10.72 10.80 10.77 10.77
Wt. DS, gm 5.16 5.06 5.06 6.52 5.45 5.95
Water Content, % 22.3 21.5 22.1 39.9 39.4 38.0

# of Blows 18 24 27

0 0 1.2552725 1.38021124 1.43136376
7 7 51.823652 -9.383416

29.59 7 25 38.7061997
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

39 17

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 22'-24'
Project No. 30598 Sample ST-3

Lab Sample No. 30598018
USCS Description DARK GRAYISH BROWN CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-6 (5)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 92.0

3/4" 19 85.9

1/2" 12.5 81.5

3/8" 9.5 79.2

#4 4.75 73.4

#10 2 69.0

#20 0.85 62.3

#40 0.425 57.2

#60 0.25 53.7

#140 0.106 49.5

#200 0.075 47.9

NA 0.0296 42.3

NA 0.0190 39.7

NA 0.0112 35.9

NA 0.0081 32.0

NA 0.0059 28.2

NA 0.0030 19.9

NA 0.0013 5.8

% Gravel (-3" & +#4) 26.6 Silt=21.6%  Clay=26.2% Particle Percent Corrected
Coarse=14.1; Fine=12.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 25.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.4; Med.=11.8; Fine=9.3 D10, mm NA Material
% Fines (-#200) 47.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 52.1 Cu NA Gravel 31.0 0

2 69.0
Sand 23.6 34.2

USCS Group Symbol 0.05 45.4
GC Silt 32.7 47.4

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 12.7
12" Sieve - 300 mm 0 0.0 100.0 Clay 12.7 18.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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LOAM

Percent of
Each Component

USCS Description
CLAYEY GRAVEL WITH SAND

Atterberg Limits Group Symbol
CL, LL=39, PL=22, PI=17

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 22'-24'
Project No. 30598 Sample ST-3

Lab Sample No. 30598018
USCS Description DARK GRAYISH BROWN CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO Classification A-6 (5)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 34.2 Very Coarse Sand; 2-1 7.8
   Percent Silt, % 47.4 Coarse Sand; 1-0.5 7.6
   Percent Clay, % 18.4 Medium Sand; 0.5-0.25 6.8

Fine Sand; 0.25-0.1 6.4
Very Fine Sand; 0.1-0.05 5.5
Total 34.2

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-19
Client Project 091-867 Apex Landfill Expansion Depth 11'-13'
Project No. 30598 Sample ST-1

Lab Sample No. 30598019
USCS Description LIGHT OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (14)
USDA Description CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 658.6 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 31.9 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 626.7 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 18.7 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 527.9 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 559.9 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 5.64 1.0 1.0 99.0 99.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 6.57 1.2 2.2 97.8 97.8
representable sample. #4 4.75 19.73 3.5 5.7 94.3 94.3

#10 2 5.04 3.3 3.3 96.7 91.2
Tare No. 843 #20 0.85 10.41 6.8 10.1 89.9 84.8
Tare + WS., gm 287.54 #40 0.425 8.05 5.2 15.3 84.7 79.9
Tare + DS., gm 258.79 #60 0.25 5.53 3.6 18.9 81.1 76.5
Tare, gm 105.1 #140 0.106 6.85 4.5 23.3 76.7 72.3
Wt. of DS., gm 153.69 #200 0.075 2.67 1.7 25.1 74.9 70.6
Water Content -#4, % 18.7 115.1 74.9 100.0     -     -
Wt. of +#200 Sample, gm 38.6

Elapsed R Composite R Percent Particle Adjusted
Tare No. 709 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 137.76 (min.) (%) (mm) (%)
Wt. Tare, gm 97.44 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 39.5 7 32.5 91.0 0.0298 64.3
Wt. Dry Soil, gm 35.32 5 38 7 31 86.8 0.0191 61.3

15 35.5 7 28.5 79.8 0.0112 56.4
K Factor 0.0135 30 32 7 25 70.0 0.0082 49.4
Composite Correction 7 60 29 7 22 61.6 0.0059 43.5
a Factor 0.99 250 23 7 16 44.8 0.0030 31.6
Average Test Temp, °C 19.8 1440 18 7 11 30.8 0.0013 21.8
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 5.7 Silt=30%  Clay=40.6% Particle Percent Corrected
Coarse=0; Fine=5.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 23.7 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.1; Med.=11.3; Fine=9.2 D10, mm NA Material
% Fines (-#200) 70.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 29.4 Cu NA Gravel 8.8 0

2 91.2
Sand 23.4 25.6

USCS Group Symbol 0.05 67.8
CL Silt 41.0 45.0

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 26.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 26.8 29.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
CLAY LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=41, PL=19, PI=22

USCS Description

Percent of

LEAN CLAY WITH SAND
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-19
Client Project 091-867 Apex Landfill Expansion Depth(ft) 11'-13'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598019
Soil Description: LIGHT OLIVE BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 843         Liquid Limit (LL), % 41
   Wt. Tare & WS, gm 287.54         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 258.79         Plasticity Index (PI) 22
   Wt. Water, gm 28.75         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 105.10         Sample Preparation: Wet Method
   Wt. DS, gm 153.69         Liquidity Index, % -1.3%
   Water Content, % 18.7         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 492 472 481 402 403 422
Wt. Tare & WS, gm 21.35 23.67 22.48 20.63 19.15 19.38
Wt. Tare & DS, gm 19.58 21.63 20.57 17.71 16.67 16.94
Wt. Water, gm 1.77 2.04 1.91 2.92 2.48 2.44
Wt. Tare, gm 10.77 10.80 10.73 10.78 10.75 10.84
Wt. DS, gm 8.81 10.83 9.84 6.93 5.92 6.10
Water Content, % 20.1 18.8 19.4 42.1 41.9 40.0

# of Blows 21 23 28

0 0 1.3222193 1.36172784 1.44715803
7 7 65.996249 -17.903493

29.59 7 25 40.9682396
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

41 22

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-19
Client Project 091-867 Apex Landfill Expansion Depth 11'-13'
Project No. 30598 Sample ST-1

Lab Sample No. 30598019
USCS Description LIGHT OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (14)
USDA Description CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 99.0

3/8" 9.5 97.8

#4 4.75 94.3

#10 2 91.2

#20 0.85 84.8

#40 0.425 79.9

#60 0.25 76.5

#140 0.106 72.3

#200 0.075 70.6

NA 0.0298 64.3

NA 0.0191 61.3

NA 0.0112 56.4

NA 0.0082 49.4

NA 0.0059 43.5

NA 0.0030 31.6

NA 0.0013 21.8

% Gravel (-3" & +#4) 5.7 Silt=30%  Clay=40.6% Particle Percent Corrected
Coarse=0; Fine=5.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 23.7 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.1; Med.=11.3; Fine=9.2 D10, mm NA Material
% Fines (-#200) 70.6 Cc NA 100 100 for USDA
% Plus #200 (-3") 29.4 Cu NA Gravel 8.8 0

2 91.2
Sand 23.4 25.6

USCS Group Symbol 0.05 67.8
CL Silt 41.0 45.0

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 26.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 26.8 29.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=41, PL=19, PI=22
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CLAY LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring SB-19
Client Project 091-867 Apex Landfill Expansion Depth 11'-13'
Project No. 30598 Sample ST-1

Lab Sample No. 30598019
USCS Description LIGHT OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-7-6 (14)
USDA Description CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 25.6 Very Coarse Sand; 2-1 5.7
   Percent Silt, % 45.0 Coarse Sand; 1-0.5 5.5
   Percent Clay, % 29.4 Medium Sand; 0.5-0.25 5.0

Fine Sand; 0.25-0.1 4.9
Very Fine Sand; 0.1-0.05 4.6
Total 25.6

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 18'-19.7'
Project No. 30598 Sample ST-2

Lab Sample No. 30598020
USCS Description LIGHT OLIVE BROWN CLAYEY SAND WITH GRAVEL
USCS Group Symbol SC AASHTO: A-6 (2)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 571.1 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 125.7 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 445.4 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 12.6 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 395.5 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 521.2 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 29.58 5.7 5.7 94.3 94.3
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 25.96 5.0 10.7 89.3 89.3
representable sample. #4 4.75 70.16 13.5 24.1 75.9 75.9

#10 2 0.63 0.6 0.6 99.4 75.5
Tare No. 803 #20 0.85 10.59 9.4 10.0 90.0 68.3
Tare + WS., gm 230.06 #40 0.425 6.99 6.2 16.2 83.8 63.6
Tare + DS., gm 215.88 #60 0.25 5.5 4.9 21.1 78.9 59.9
Tare, gm 103.59 #140 0.106 11.2 10.0 31.1 68.9 52.3
Wt. of DS., gm 112.29 #200 0.075 11.69 10.4 41.5 58.5 44.4
Water Content -#4, % 12.6 65.7 58.5 100.0     -     -
Wt. of +#200 Sample, gm 46.6

Elapsed R Composite R Percent Particle Adjusted
Tare No. 718 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 126.67 (min.) (%) (mm) (%)
Wt. Tare, gm 99.08 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 23 7 16 70.0 0.0336 31.1
Wt. Dry Soil, gm 22.59 5 20 7 13 56.9 0.0217 25.3

15 18 7 11 48.2 0.0127 21.4
K Factor 0.0135 30 16.5 7 9.5 41.6 0.0090 18.5
Composite Correction 7 60 15 7 8 35.0 0.0064 15.5
a Factor 0.99 250 12 7 5 21.9 0.0032 9.7
Average Test Temp, °C 20.1 1440 10 7 3 13.1 0.0014 5.8
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 24.1 Silt=30.8%  Clay=13.4% Particle Percent Corrected
Coarse=0; Fine=24.1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 31.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0.4; Med.=11.9; Fine=19.2 D10, mm NA Material
% Fines (-#200) 44.4 Cc NA 100 100 for USDA
% Plus #200 (-3") 55.6 Cu NA Gravel 24.5 0

2 75.5
Sand 37.8 50.1

USCS Group Symbol 0.05 37.7
SC Silt 30.1 39.9

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 7.6
12" Sieve - 300 mm 0 0.0 100.0 Clay 7.6 10.0
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=32, PL=19, PI=13

USCS Description

Percent of

CLAYEY SAND WITH GRAVEL
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. TPE-18
Client Project 091-867 Apex Landfill Expansion Depth(ft) 18'-19.7'
Project No. 30598 Sample No. ST-2

Lab Sample No. 30598020
Soil Description: LIGHT OLIVE BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 803         Liquid Limit (LL), % 32
   Wt. Tare & WS, gm 230.06         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 215.88         Plasticity Index (PI) 13
   Wt. Water, gm 14.18         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 103.59         Sample Preparation: Wet Method
   Wt. DS, gm 112.29         Liquidity Index, % -49.0%
   Water Content, % 12.6         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 409 419 497 426 430 430
Wt. Tare & WS, gm 17.51 17.34 17.54 23.17 23.88 23.88
Wt. Tare & DS, gm 16.43 16.30 16.47 20.16 20.68 20.68
Wt. Water, gm 1.08 1.04 1.07 3.01 3.20 3.20
Wt. Tare, gm 10.69 10.71 10.75 10.72 10.76 10.76
Wt. DS, gm 5.74 5.59 5.72 9.44 9.92 9.92
Water Content, % 18.8 18.6 18.7 31.9 32.3 32.3

# of Blows 25 25 25

0 0 1.39794 1.39794001 1.39794001
7 7 #DIV/0! #DIV/0!

29.59 7 25 32
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

32 13

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 18'-19.7'
Project No. 30598 Sample ST-2

Lab Sample No. 30598020
USCS Description LIGHT OLIVE BROWN CLAYEY SAND WITH GRAVEL
USCS Group Symbol SC AASHTO: A-6 (2)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 94.3

3/8" 9.5 89.3

#4 4.75 75.9

#10 2 75.5

#20 0.85 68.3

#40 0.425 63.6

#60 0.25 59.9

#140 0.106 52.3

#200 0.075 44.4

NA 0.0336 31.1

NA 0.0217 25.3

NA 0.0127 21.4

NA 0.0090 18.5

NA 0.0064 15.5

NA 0.0032 9.7

NA 0.0014 5.8

% Gravel (-3" & +#4) 24.1 Silt=30.8%  Clay=13.4% Particle Percent Corrected
Coarse=0; Fine=24.1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 31.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0.4; Med.=11.9; Fine=19.2 D10, mm NA Material
% Fines (-#200) 44.4 Cc NA 100 100 for USDA
% Plus #200 (-3") 55.6 Cu NA Gravel 24.5 0

2 75.5
Sand 37.8 50.1

USCS Group Symbol 0.05 37.7
SC Silt 30.1 39.9

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 7.6
12" Sieve - 300 mm 0 0.0 100.0 Clay 7.6 10.0
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=32, PL=19, PI=13
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LOAM

Percent of
Each Component

USCS Description
CLAYEY SAND WITH GRAVEL

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 18'-19.7'
Project No. 30598 Sample ST-2

Lab Sample No. 30598020
USCS Description LIGHT OLIVE BROWN CLAYEY SAND WITH GRAVEL
USCS Group Symbol SC AASHTO Classification A-6 (2)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 50.1 Very Coarse Sand; 2-1 7.7
   Percent Silt, % 39.9 Coarse Sand; 1-0.5 6.6
   Percent Clay, % 10.0 Medium Sand; 0.5-0.25 6.4

Fine Sand; 0.25-0.1 11.8
Very Fine Sand; 0.1-0.05 17.6
Total 50.1

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring TPE-21
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598021
USCS Description LIGHT OLIVE BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (8)
USDA Description SANDY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 714.6 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 714.6 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 18.5 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 602.9 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 602.9 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 0.54 0.4 0.4 99.6 99.6
Tare No. 836 #20 0.85 24.59 20.4 20.8 79.2 79.2
Tare + WS., gm 246.68 #40 0.425 14.58 12.1 32.9 67.1 67.1
Tare + DS., gm 224.35 #60 0.25 6.92 5.7 38.7 61.3 61.3
Tare, gm 103.79 #140 0.106 7.55 6.3 44.9 55.1 55.1
Wt. of DS., gm 120.56 #200 0.075 2.2 1.8 46.8 53.2 53.2
Water Content -#4, % 18.5 64.2 53.2 100.0     -     -
Wt. of +#200 Sample, gm 56.4

Elapsed R Composite R Percent Particle Adjusted
Tare No. 814 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 121.37 (min.) (%) (mm) (%)
Wt. Tare, gm 101.88 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 18 7 11 75.1 0.0347 40.0
Wt. Dry Soil, gm 14.49 5 17 7 10 68.2 0.0221 36.3

15 15.5 7 8.5 58.0 0.0129 30.9
K Factor 0.0135 30 14.5 7 7.5 51.2 0.0092 27.2
Composite Correction 7 60 13 7 6 40.9 0.0065 21.8
a Factor 0.99 250 10 7 3 20.5 0.0033 10.9
Average Test Temp, °C 20.0 1440 8 7 1 6.8 0.0014 3.6
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=35.4%  Clay=17.6% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 46.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0.4; Med.=32.5; Fine=13.8 D10, mm NA Material
% Fines (-#200) 53.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 46.8 Cu NA Gravel 0.4 0

2 99.6
Sand 53.3 53.5

USCS Group Symbol 0.05 46.3
CL Silt 39.4 39.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 6.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 6.8 6.8
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=44, PL=23, PI=21

USCS Description

Percent of

SANDY LEAN CLAY
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

SANDY LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. TPE-21
Client Project 091-867 Apex Landfill Expansion Depth(ft) 2'-4'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598021
Soil Description: LIGHT OLIVE BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 836         Liquid Limit (LL), % 44
   Wt. Tare & WS, gm 246.68         Plastic Limit (PL), % 23
   Wt. Tare & DS, gm 224.35         Plasticity Index (PI) 21
   Wt. Water, gm 22.33         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 103.79         Sample Preparation: Wet Method
   Wt. DS, gm 120.56         Liquidity Index, % -21.3%
   Water Content, % 18.5         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 411 444 455 480 485 489
Wt. Tare & WS, gm 16.90 16.91 17.17 18.05 18.30 17.85
Wt. Tare & DS, gm 15.68 15.76 15.97 15.63 16.02 15.71
Wt. Water, gm 1.22 1.15 1.20 2.42 2.28 2.14
Wt. Tare, gm 10.69 10.73 10.73 10.66 10.82 10.57
Wt. DS, gm 4.99 5.03 5.24 4.97 5.20 5.14
Water Content, % 24.4 22.9 22.9 48.7 43.8 41.6

# of Blows 15 23 32

0 0 1.1760913 1.36172784 1.50514998
7 7 73.930875 -21.67221

29.59 7 25 43.6344248
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

44 21

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring TPE-21
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598021
USCS Description LIGHT OLIVE BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (8)
USDA Description SANDY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 99.6

#20 0.85 79.2

#40 0.425 67.1

#60 0.25 61.3

#140 0.106 55.1

#200 0.075 53.2

NA 0.0347 40.0

NA 0.0221 36.3

NA 0.0129 30.9

NA 0.0092 27.2

NA 0.0065 21.8

NA 0.0033 10.9

NA 0.0014 3.6

% Gravel (-3" & +#4) 0.0 Silt=35.4%  Clay=17.6% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 46.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0.4; Med.=32.5; Fine=13.8 D10, mm NA Material
% Fines (-#200) 53.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 46.8 Cu NA Gravel 0.4 0

2 99.6
Sand 53.3 53.5

USCS Group Symbol 0.05 46.3
CL Silt 39.4 39.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 6.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 6.8 6.8
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SANDY LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

Atterberg Limits Group Symbol
CL, LL=44, PL=23, PI=21

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring TPE-21
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598021
USCS Description LIGHT OLIVE BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-7-6 (8)
USDA Description SANDY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 53.5 Very Coarse Sand; 2-1 16.6
   Percent Silt, % 39.6 Coarse Sand; 1-0.5 13.2
   Percent Clay, % 6.8 Medium Sand; 0.5-0.25 8.6

Fine Sand; 0.25-0.1 6.6
Very Fine Sand; 0.1-0.05 8.5
Total 53.5

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 26'-28'
Project No. 30598 Sample SS-13

Lab Sample No. 30598028
USCS Description DARK GRAY LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-6 (10)
USDA Description SILT LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 258.5 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 1.1 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 257.4 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 6.2 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 242.5 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 243.5 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 1.06 0.4 0.4 99.6 99.6
representable sample. #4 4.75 0 0.0 0.4 99.6 99.6

#10 2 5.59 4.7 4.7 95.3 94.9
Tare No. 842 #20 0.85 6.03 5.1 9.8 90.2 89.8
Tare + WS., gm 249.57 #40 0.425 2.62 2.2 12.0 88.0 87.6
Tare + DS., gm 242.23 #60 0.25 1.43 1.2 13.2 86.8 86.4
Tare, gm 123.32 #140 0.106 2.83 2.4 15.6 84.4 84.1
Wt. of DS., gm 118.91 #200 0.075 2.51 2.1 17.7 82.3 82.0
Water Content -#4, % 6.2 97.9 82.3 100.0     -     -
Wt. of +#200 Sample, gm 21.0

Elapsed R Composite R Percent Particle Adjusted
Tare No. 302 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 149.05 (min.) (%) (mm) (%)
Wt. Tare, gm 100.08 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 44 7.5 36.5 82.1 0.0290 67.3
Wt. Dry Soil, gm 43.97 5 40 7.5 32.5 73.1 0.0190 59.9

15 35.5 7.5 28 63.0 0.0114 51.6
K Factor 0.0137 30 32 7.5 24.5 55.1 0.0083 45.2
Composite Correction 7.5 60 28 7.5 20.5 46.1 0.0060 37.8
a Factor 0.99 250 21 7.5 13.5 30.4 0.0031 24.9
Average Test Temp, °C 18.8 1440 16.5 7.5 9 20.2 0.0013 16.6
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.4 Silt=47.6%  Clay=34.2% Particle Percent Corrected
Coarse=0; Fine=0.4 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 17.6 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.7; Med.=7.2; Fine=5.7 D10, mm NA Material
% Fines (-#200) 82.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 18.0 Cu NA Gravel 5.1 0

2 94.9
Sand 19.2 20.2

USCS Group Symbol 0.05 75.7
CL Silt 55.1 58.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 20.6
12" Sieve - 300 mm 0 0.0 100.0 Clay 20.6 21.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
SILT LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=33, PL=20, PI=13

USCS Description

Percent of

LEAN CLAY WITH SAND
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-1
Client Project 091-867 Apex Landfill Expansion Depth(ft) 26'-28'
Project No. 30598 Sample No. SS-13

Lab Sample No. 30598028
Soil Description: DARK GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 842         Liquid Limit (LL), % 33
   Wt. Tare & WS, gm 249.57         Plastic Limit (PL), % 20
   Wt. Tare & DS, gm 242.23         Plasticity Index (PI) 13
   Wt. Water, gm 7.34         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.32         Sample Preparation: Wet Method
   Wt. DS, gm 118.91         Liquidity Index, % -106.4%
   Water Content, % 6.2         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 433 433 433 400 443 443
Wt. Tare & WS, gm 16.86 16.86 16.86 21.29 20.02 20.02
Wt. Tare & DS, gm 15.83 15.83 15.83 18.68 17.71 17.71
Wt. Water, gm 1.03 1.03 1.03 2.61 2.31 2.31
Wt. Tare, gm 10.80 10.80 10.80 10.86 10.78 10.78
Wt. DS, gm 5.03 5.03 5.03 7.82 6.93 6.93
Water Content, % 20.5 20.5 20.5 33.4 33.3 33.3

# of Blows 24 26 26

0 0 1.3802112 1.41497335 1.41497335
7 7 35.068392 -1.226213

29.59 7 25 33.3542198
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

33 13

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 26'-28'
Project No. 30598 Sample SS-13

Lab Sample No. 30598028
USCS Description DARK GRAY LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-6 (10)
USDA Description SILT LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 99.6

#4 4.75 99.6

#10 2 94.9

#20 0.85 89.8

#40 0.425 87.6

#60 0.25 86.4

#140 0.106 84.1

#200 0.075 82.0

NA 0.0290 67.3

NA 0.0190 59.9

NA 0.0114 51.6

NA 0.0083 45.2

NA 0.0060 37.8

NA 0.0031 24.9

NA 0.0013 16.6

% Gravel (-3" & +#4) 0.4 Silt=47.6%  Clay=34.2% Particle Percent Corrected
Coarse=0; Fine=0.4 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 17.6 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.7; Med.=7.2; Fine=5.7 D10, mm NA Material
% Fines (-#200) 82.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 18.0 Cu NA Gravel 5.1 0

2 94.9
Sand 19.2 20.2

USCS Group Symbol 0.05 75.7
CL Silt 55.1 58.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 20.6
12" Sieve - 300 mm 0 0.0 100.0 Clay 20.6 21.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=33, PL=20, PI=13

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SILT LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 26'-28'
Project No. 30598 Sample SS-13

Lab Sample No. 30598028
USCS Description DARK GRAY LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-6 (10)
USDA Description SILT LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 20.2 Very Coarse Sand; 2-1 4.3
   Percent Silt, % 58.1 Coarse Sand; 1-0.5 2.8
   Percent Clay, % 21.7 Medium Sand; 0.5-0.25 1.8

Fine Sand; 0.25-0.1 2.9
Very Fine Sand; 0.1-0.05 8.5
Total 20.2

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-2
Client Project 091-867 Apex Landfill Expansion Depth 22'-24'
Project No. 30598 Sample SS-12

Lab Sample No. 30598029
USCS Description DARK GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-6 (2)
USDA Description SILT LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 229.8 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 84.9 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 144.9 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 12.6 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 128.7 1" 25 17.41 8.2 8.2 91.8 91.8
Representable Dry Wt, gm 213.5 3/4" 19 10.91 5.1 13.3 86.7 86.7

1/2" 12.5 24.94 11.7 24.9 75.1 75.1
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 8.29 3.9 28.8 71.2 71.2
representable sample. #4 4.75 23.33 10.9 39.7 60.3 60.3

#10 2 6.15 9.9 9.9 90.1 54.3
Tare No. 839 #20 0.85 5.14 8.2 18.1 81.9 49.3
Tare + WS., gm 193.65 #40 0.425 2.98 4.8 22.9 77.1 46.5
Tare + DS., gm 185.77 #60 0.25 1.87 3.0 25.9 74.1 44.6
Tare, gm 123.44 #140 0.106 2.39 3.8 29.7 70.3 42.3
Wt. of DS., gm 62.33 #200 0.075 1.02 1.6 31.4 68.6 41.4
Water Content -#4, % 12.6 42.8 68.6 100.0     -     -
Wt. of +#200 Sample, gm 19.6

Elapsed R Composite R Percent Particle Adjusted
Tare No. 805 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 135.95 (min.) (%) (mm) (%)
Wt. Tare, gm 102.16 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 33 7.5 25.5 87.6 0.0318 36.2
Wt. Dry Soil, gm 28.79 5 30 7.5 22.5 77.3 0.0206 32.0

15 26 7.5 18.5 63.5 0.0122 26.3
K Factor 0.0137 30 23 7.5 15.5 53.2 0.0088 22.0
Composite Correction 7.5 60 20.5 7.5 13 44.7 0.0063 18.5
a Factor 0.99 250 16 7.5 8.5 29.2 0.0032 12.1
Average Test Temp, °C 18.7 1440 14.5 7.5 7 24.0 0.0013 9.9
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 39.7 Silt=25%  Clay=16.3% Particle Percent Corrected
Coarse=13.3; Fine=26.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 18.9 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.9; Med.=7.8; Fine=5.1 D10, mm NA Material
% Fines (-#200) 41.4 Cc NA 100 100 for USDA
% Plus #200 (-3") 58.6 Cu NA Gravel 45.7 0

2 54.3
Sand 15.4 28.3

USCS Group Symbol 0.05 38.9
GC Silt 28.0 51.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 10.9
12" Sieve - 300 mm 0 0.0 100.0 Clay 10.9 20.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
SILT LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=33, PL=19, PI=14

USCS Description

Percent of

CLAYEY GRAVEL WITH SAND
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-2
Client Project 091-867 Apex Landfill Expansion Depth(ft) 22'-24'
Project No. 30598 Sample No. SS-12

Lab Sample No. 30598029
Soil Description: DARK GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 839         Liquid Limit (LL), % 33
   Wt. Tare & WS, gm 193.65         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 185.77         Plasticity Index (PI) 14
   Wt. Water, gm 7.88         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.44         Sample Preparation: Wet Method
   Wt. DS, gm 62.33         Liquidity Index, % -45.4%
   Water Content, % 12.6         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 466 476 942 449 443 449
Wt. Tare & WS, gm 17.38 18.16 35.54 19.57 19.93 19.57
Wt. Tare & DS, gm 16.34 17.00 33.34 17.41 17.68 17.41
Wt. Water, gm 1.04 1.16 2.20 2.16 2.25 2.16
Wt. Tare, gm 10.78 10.88 21.66 10.74 10.82 10.74
Wt. DS, gm 5.56 6.12 11.68 6.67 6.86 6.67
Water Content, % 18.7 19.0 18.8 32.4 32.8 32.4

# of Blows 26 24 26

0 0 1.4149733 1.38021124 1.41497335
7 7 49.277213 -11.939027

29.59 7 25 32.5871696
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

33 14

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-2
Client Project 091-867 Apex Landfill Expansion Depth 22'-24'
Project No. 30598 Sample SS-12

Lab Sample No. 30598029
USCS Description DARK GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-6 (2)
USDA Description SILT LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 91.8

3/4" 19 86.7

1/2" 12.5 75.1

3/8" 9.5 71.2

#4 4.75 60.3

#10 2 54.3

#20 0.85 49.3

#40 0.425 46.5

#60 0.25 44.6

#140 0.106 42.3

#200 0.075 41.4

NA 0.0318 36.2

NA 0.0206 32.0

NA 0.0122 26.3

NA 0.0088 22.0

NA 0.0063 18.5

NA 0.0032 12.1

NA 0.0013 9.9

% Gravel (-3" & +#4) 39.7 Silt=25%  Clay=16.3% Particle Percent Corrected
Coarse=13.3; Fine=26.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 18.9 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.9; Med.=7.8; Fine=5.1 D10, mm NA Material
% Fines (-#200) 41.4 Cc NA 100 100 for USDA
% Plus #200 (-3") 58.6 Cu NA Gravel 45.7 0

2 54.3
Sand 15.4 28.3

USCS Group Symbol 0.05 38.9
GC Silt 28.0 51.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 10.9
12" Sieve - 300 mm 0 0.0 100.0 Clay 10.9 20.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=33, PL=19, PI=14
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SILT LOAM

Percent of
Each Component

USCS Description
CLAYEY GRAVEL WITH SAND

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring SB-2
Client Project 091-867 Apex Landfill Expansion Depth 22'-24'
Project No. 30598 Sample SS-12

Lab Sample No. 30598029
USCS Description DARK GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO Classification A-6 (2)
USDA Description SILT LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 28.3 Very Coarse Sand; 2-1 7.4
   Percent Silt, % 51.6 Coarse Sand; 1-0.5 5.8
   Percent Clay, % 20.1 Medium Sand; 0.5-0.25 4.6

Fine Sand; 0.25-0.1 4.6
Very Fine Sand; 0.1-0.05 6.0
Total 28.3

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-5
Client Project 091-867 Apex Landfill Expansion Depth 6'-8'
Project No. 30598 Sample SS-4

Lab Sample No. 30598030
USCS Description DARK GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-2-6 (1)
USDA Description SANDY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 262.2 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 107.7 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 154.5 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 12.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 137.5 1" 25 54.67 22.3 22.3 77.7 77.7
Representable Dry Wt, gm 245.3 3/4" 19 15.51 6.3 28.6 71.4 71.4

1/2" 12.5 15.77 6.4 35.0 65.0 65.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 19.47 7.9 43.0 57.0 57.0
representable sample. #4 4.75 2.3 0.9 43.9 56.1 56.1

#10 2 13.18 18.2 18.2 81.8 45.9
Tare No. 800 #20 0.85 11.52 15.9 34.2 65.8 36.9
Tare + WS., gm 204.42 #40 0.425 5.03 7.0 41.1 58.9 33.0
Tare + DS., gm 195.51 #60 0.25 2.92 4.0 45.2 54.8 30.7
Tare, gm 123.25 #140 0.106 4.33 6.0 51.2 48.8 27.4
Wt. of DS., gm 72.26 #200 0.075 2.99 4.1 55.3 44.7 25.1
Water Content -#4, % 12.3 32.3 44.7 100.0     -     -
Wt. of +#200 Sample, gm 40.0

Elapsed R Composite R Percent Particle Adjusted
Tare No. 307 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 122.48 (min.) (%) (mm) (%)
Wt. Tare, gm 98.86 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 21 7.5 13.5 71.7 0.0346 18.0
Wt. Dry Soil, gm 18.62 5 19 7.5 11.5 61.1 0.0221 15.3

15 17 7.5 9.5 50.5 0.0129 12.6
K Factor 0.0137 30 16 7.5 8.5 45.1 0.0092 11.3
Composite Correction 7.5 60 14 7.5 6.5 34.5 0.0066 8.7
a Factor 0.99 250 12 7.5 4.5 23.9 0.0033 6.0
Average Test Temp, °C 18.9 1440 11 7.5 3.5 18.6 0.0014 4.7
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 43.9 Silt=17.3%  Clay=7.6% Particle Percent Corrected
Coarse=28.6; Fine=15.3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 31.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=10.2; Med.=12.8; Fine=7.9 D10, mm NA Material
% Fines (-#200) 25.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 74.9 Cu NA Gravel 54.1 0

2 45.9
Sand 24.5 53.4

USCS Group Symbol 0.05 21.3
GC Silt 16.1 35.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 5.2
12" Sieve - 300 mm 0 0.0 100.0 Clay 5.2 11.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=37, PL=19, PI=18

USCS Description

Percent of

CLAYEY GRAVEL WITH SAND
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

SANDY LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. SB-5
Client Project 091-867 Apex Landfill Expansion Depth(ft) 6'-8'
Project No. 30598 Sample No. SS-4

Lab Sample No. 30598030
Soil Description: DARK GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 800         Liquid Limit (LL), % 37
   Wt. Tare & WS, gm 204.42         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 195.51         Plasticity Index (PI) 18
   Wt. Water, gm 8.91         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.25         Sample Preparation: Wet Method
   Wt. DS, gm 72.26         Liquidity Index, % -37.1%
   Water Content, % 12.3         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 414 458 872 508 508 508
Wt. Tare & WS, gm 19.77 18.34 38.11 18.74 18.74 18.74
Wt. Tare & DS, gm 18.35 17.15 35.50 16.61 16.61 16.61
Wt. Water, gm 1.42 1.19 2.61 2.13 2.13 2.13
Wt. Tare, gm 10.81 10.81 21.62 10.81 10.81 10.81
Wt. DS, gm 7.54 6.34 13.88 5.80 5.80 5.80
Water Content, % 18.8 18.8 18.8 36.7 36.7 36.7

# of Blows 25 25 25

0 0 1.39794 1.39794001 1.39794001
7 7 #DIV/0! #DIV/0!

29.59 7 25 37
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

37 18

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-5
Client Project 091-867 Apex Landfill Expansion Depth 6'-8'
Project No. 30598 Sample SS-4

Lab Sample No. 30598030
USCS Description DARK GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-2-6 (1)
USDA Description SANDY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 77.7

3/4" 19 71.4

1/2" 12.5 65.0

3/8" 9.5 57.0

#4 4.75 56.1

#10 2 45.9

#20 0.85 36.9

#40 0.425 33.0

#60 0.25 30.7

#140 0.106 27.4

#200 0.075 25.1

NA 0.0346 18.0

NA 0.0221 15.3

NA 0.0129 12.6

NA 0.0092 11.3

NA 0.0066 8.7

NA 0.0033 6.0

NA 0.0014 4.7

% Gravel (-3" & +#4) 43.9 Silt=17.3%  Clay=7.6% Particle Percent Corrected
Coarse=28.6; Fine=15.3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 31.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=10.2; Med.=12.8; Fine=7.9 D10, mm NA Material
% Fines (-#200) 25.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 74.9 Cu NA Gravel 54.1 0

2 45.9
Sand 24.5 53.4

USCS Group Symbol 0.05 21.3
GC Silt 16.1 35.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 5.2
12" Sieve - 300 mm 0 0.0 100.0 Clay 5.2 11.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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SANDY LOAM

Percent of
Each Component

USCS Description
CLAYEY GRAVEL WITH SAND

Atterberg Limits Group Symbol
CL, LL=37, PL=19, PI=18

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-5
Client Project 091-867 Apex Landfill Expansion Depth 6'-8'
Project No. 30598 Sample SS-4

Lab Sample No. 30598030
USCS Description DARK GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO Classification A-2-6 (1)
USDA Description SANDY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 53.4 Very Coarse Sand; 2-1 15.8
   Percent Silt, % 35.1 Coarse Sand; 1-0.5 10.2
   Percent Clay, % 11.4 Medium Sand; 0.5-0.25 6.9

Fine Sand; 0.25-0.1 8.2
Very Fine Sand; 0.1-0.05 12.3
Total 53.4

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 30'-32'
Project No. 30598 Sample SS-15

Lab Sample No. 30598031
USCS Description DARK GRAY CLAYEY SAND
USCS Group Symbol SC AASHTO: A-6 (4)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 210.1 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 22.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 188.0 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 14.7 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 163.9 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 185.9 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 6.41 3.4 3.4 96.6 96.6
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 5.76 3.1 6.5 93.5 93.5
representable sample. #4 4.75 9.86 5.3 11.9 88.1 88.1

#10 2 12.22 15.6 15.6 84.4 74.4
Tare No. 902 #20 0.85 11.29 14.5 30.1 69.9 61.6
Tare + WS., gm 213.01 #40 0.425 5.84 7.5 37.6 62.4 55.0
Tare + DS., gm 201.49 #60 0.25 3.09 4.0 41.5 58.5 51.5
Tare, gm 123.38 #140 0.106 3.76 4.8 46.3 53.7 47.3
Wt. of DS., gm 78.11 #200 0.075 1.72 2.2 48.5 51.5 45.4
Water Content -#4, % 14.7 40.2 51.5 100.0     -     -
Wt. of +#200 Sample, gm 37.9

Elapsed R Composite R Percent Particle Adjusted
Tare No. 828 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 134.88 (min.) (%) (mm) (%)
Wt. Tare, gm 102.72 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 32 7.5 24.5 89.2 0.0321 40.5
Wt. Dry Soil, gm 27.16 5 31 7.5 23.5 85.6 0.0204 38.8

15 28 7.5 20.5 74.6 0.0121 33.9
K Factor 0.0137 30 26 7.5 18.5 67.4 0.0086 30.6
Composite Correction 7.5 60 23.5 7.5 16 58.3 0.0062 26.4
a Factor 0.99 250 19 7.5 11.5 41.9 0.0031 19.0
Average Test Temp, °C 18.7 1440 16.5 7.5 9 32.8 0.0013 14.9
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 11.9 Silt=21.2%  Clay=24.1% Particle Percent Corrected
Coarse=0; Fine=11.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 42.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=13.8; Med.=19.3; Fine=9.7 D10, mm NA Material
% Fines (-#200) 45.4 Cc NA 100 100 for USDA
% Plus #200 (-3") 54.6 Cu NA Gravel 25.6 0

2 74.4
Sand 31.3 42.1

USCS Group Symbol 0.05 43.0
SC Silt 26.2 35.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 16.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 16.8 22.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=37, PL=19, PI=18

USCS Description

Percent of

CLAYEY SAND
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. SB-6
Client Project 091-867 Apex Landfill Expansion Depth(ft) 30'-32'
Project No. 30598 Sample No. SS-15

Lab Sample No. 30598031
Soil Description: DARK GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 902         Liquid Limit (LL), % 37
   Wt. Tare & WS, gm 213.01         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 201.49         Plasticity Index (PI) 18
   Wt. Water, gm 11.52         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.38         Sample Preparation: Wet Method
   Wt. DS, gm 78.11         Liquidity Index, % -23.6%
   Water Content, % 14.7         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 430 491 921 433 433 433
Wt. Tare & WS, gm 17.73 16.99 34.72 19.34 19.34 19.34
Wt. Tare & DS, gm 16.59 16.04 32.63 17.01 17.01 17.01
Wt. Water, gm 1.14 0.95 2.09 2.33 2.33 2.33
Wt. Tare, gm 10.82 10.83 21.65 10.72 10.72 10.72
Wt. DS, gm 5.77 5.21 10.98 6.29 6.29 6.29
Water Content, % 19.8 18.2 19.0 37.0 37.0 37.0

# of Blows 26 26 26

0 0 1.4149733 1.41497335 1.41497335
7 7 #DIV/0! #DIV/0!

29.59 7 25 37
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

37 18

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 30'-32'
Project No. 30598 Sample SS-15

Lab Sample No. 30598031
USCS Description DARK GRAY CLAYEY SAND
USCS Group Symbol SC AASHTO: A-6 (4)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 96.6

3/8" 9.5 93.5

#4 4.75 88.1

#10 2 74.4

#20 0.85 61.6

#40 0.425 55.0

#60 0.25 51.5

#140 0.106 47.3

#200 0.075 45.4

NA 0.0321 40.5

NA 0.0204 38.8

NA 0.0121 33.9

NA 0.0086 30.6

NA 0.0062 26.4

NA 0.0031 19.0

NA 0.0013 14.9

% Gravel (-3" & +#4) 11.9 Silt=21.2%  Clay=24.1% Particle Percent Corrected
Coarse=0; Fine=11.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 42.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=13.8; Med.=19.3; Fine=9.7 D10, mm NA Material
% Fines (-#200) 45.4 Cc NA 100 100 for USDA
% Plus #200 (-3") 54.6 Cu NA Gravel 25.6 0

2 74.4
Sand 31.3 42.1

USCS Group Symbol 0.05 43.0
SC Silt 26.2 35.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 16.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 16.8 22.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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LOAM

Percent of
Each Component

USCS Description
CLAYEY SAND

Atterberg Limits Group Symbol
CL, LL=37, PL=19, PI=18

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 30'-32'
Project No. 30598 Sample SS-15

Lab Sample No. 30598031
USCS Description DARK GRAY CLAYEY SAND
USCS Group Symbol SC AASHTO Classification A-6 (4)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 42.1 Very Coarse Sand; 2-1 13.9
   Percent Silt, % 35.2 Coarse Sand; 1-0.5 10.0
   Percent Clay, % 22.6 Medium Sand; 0.5-0.25 6.8

Fine Sand; 0.25-0.1 6.1
Very Fine Sand; 0.1-0.05 5.3
Total 42.1

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 6'-8'
Project No. 30598 Sample SS-3

Lab Sample No. 30598032
USCS Description BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (3)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 223.0 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 21.4 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 201.6 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 10.6 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 182.3 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 203.7 3/4" 19 15.2 7.5 7.5 92.5 92.5

1/2" 12.5 0 0.0 7.5 92.5 92.5
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 1.45 0.7 8.2 91.8 91.8
representable sample. #4 4.75 4.75 2.3 10.5 89.5 89.5

#10 2 8.28 9.2 9.2 90.8 81.3
Tare No. 906 #20 0.85 4.4 4.9 14.1 85.9 76.9
Tare + WS., gm 223.06 #40 0.425 2.39 2.7 16.7 83.3 74.5
Tare + DS., gm 213.53 #60 0.25 1.97 2.2 18.9 81.1 72.6
Tare, gm 123.45 #140 0.106 11.53 12.8 31.7 68.3 61.1
Wt. of DS., gm 90.08 #200 0.075 7.49 8.3 40.0 60.0 53.7
Water Content -#4, % 10.6 54.0 60.0 100.0     -     -
Wt. of +#200 Sample, gm 36.1

Elapsed R Composite R Percent Particle Adjusted
Tare No. 830 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 135.87 (min.) (%) (mm) (%)
Wt. Tare, gm 102.69 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 31 7.5 23.5 82.5 0.0323 44.3
Wt. Dry Soil, gm 28.18 5 28.5 7.5 21 73.7 0.0208 39.6

15 25.5 7.5 18 63.2 0.0123 33.9
K Factor 0.0137 30 23 7.5 15.5 54.4 0.0088 29.2
Composite Correction 7.5 60 20 7.5 12.5 43.9 0.0064 23.5
a Factor 0.99 250 16 7.5 8.5 29.8 0.0032 16.0
Average Test Temp, °C 18.8 1440 14 7.5 6.5 22.8 0.0013 12.2
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 10.5 Silt=32.6%  Clay=20.9% Particle Percent Corrected
Coarse=7.5; Fine=3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 35.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=8.2; Med.=6.7; Fine=20.9 D10, mm NA Material
% Fines (-#200) 53.7 Cc NA 100 100 for USDA
% Plus #200 (-3") 46.3 Cu NA Gravel 18.7 0

2 81.3
Sand 32.1 39.5

USCS Group Symbol 0.05 49.1
CL Silt 35.2 43.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 14.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 14.0 17.2
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=30, PL=19, PI=11

USCS Description

Percent of

SANDY LEAN CLAY
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. SB-8
Client Project 091-867 Apex Landfill Expansion Depth(ft) 6'-8'
Project No. 30598 Sample No. SS-3

Lab Sample No. 30598032
Soil Description: BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 906         Liquid Limit (LL), % 30
   Wt. Tare & WS, gm 223.06         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 213.53         Plasticity Index (PI) 11
   Wt. Water, gm 9.53         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.45         Sample Preparation: Wet Method
   Wt. DS, gm 90.08         Liquidity Index, % -76.6%
   Water Content, % 10.6         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 498 498 498 450 508 508
Wt. Tare & WS, gm 17.60 17.60 17.60 21.24 23.24 23.24
Wt. Tare & DS, gm 16.51 16.51 16.51 18.89 20.42 20.42
Wt. Water, gm 1.09 1.09 1.09 2.35 2.82 2.82
Wt. Tare, gm 10.76 10.76 10.76 10.86 10.81 10.81
Wt. DS, gm 5.75 5.75 5.75 8.03 9.61 9.61
Water Content, % 19.0 19.0 19.0 29.3 29.3 29.3

# of Blows 28 27 27

0 0 1.447158 1.43136376 1.43136376
7 7 36.519944 -5.0130588

29.59 7 25 29.5119881
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

30 11

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 6'-8'
Project No. 30598 Sample SS-3

Lab Sample No. 30598032
USCS Description BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (3)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 92.5

1/2" 12.5 92.5

3/8" 9.5 91.8

#4 4.75 89.5

#10 2 81.3

#20 0.85 76.9

#40 0.425 74.5

#60 0.25 72.6

#140 0.106 61.1

#200 0.075 53.7

NA 0.0323 44.3

NA 0.0208 39.6

NA 0.0123 33.9

NA 0.0088 29.2

NA 0.0064 23.5

NA 0.0032 16.0

NA 0.0013 12.2

% Gravel (-3" & +#4) 10.5 Silt=32.6%  Clay=20.9% Particle Percent Corrected
Coarse=7.5; Fine=3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 35.8 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=8.2; Med.=6.7; Fine=20.9 D10, mm NA Material
% Fines (-#200) 53.7 Cc NA 100 100 for USDA
% Plus #200 (-3") 46.3 Cu NA Gravel 18.7 0

2 81.3
Sand 32.1 39.5

USCS Group Symbol 0.05 49.1
CL Silt 35.2 43.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 14.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 14.0 17.2
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

Atterberg Limits Group Symbol
CL, LL=30, PL=19, PI=11

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0.0010.010.1110100

Diameter, mm

Pe
rc

en
t F

in
er

, %



Client Civil & Environmental Consultants, Inc.Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 6'-8'
Project No. 30598 Sample SS-3

Lab Sample No. 30598032
USCS Description BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-6 (3)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 39.5 Very Coarse Sand; 2-1 4.4
   Percent Silt, % 43.3 Coarse Sand; 1-0.5 3.3
   Percent Clay, % 17.2 Medium Sand; 0.5-0.25 3.1

Fine Sand; 0.25-0.1 15.6
Very Fine Sand; 0.1-0.05 13.2
Total 39.5

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-9
Client Project 091-867 Apex Landfill Expansion Depth 0'-2'
Project No. 30598 Sample SS-1

Lab Sample No. 30598033
USCS Description YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (16)
USDA Description CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 205.5 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 8.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 197.4 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 14.7 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 172.2 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 180.2 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 3.18 1.8 1.8 98.2 98.2
representable sample. #4 4.75 4.86 2.7 4.5 95.5 95.5

#10 2 7.18 8.6 8.6 91.4 87.3
Tare No. 222 #20 0.85 5.97 7.2 15.8 84.2 80.5
Tare + WS., gm 218.62 #40 0.425 2.82 3.4 19.2 80.8 77.2
Tare + DS., gm 206.38 #60 0.25 1.72 2.1 21.2 78.8 75.3
Tare, gm 123 #140 0.106 3.01 3.6 24.8 75.2 71.8
Wt. of DS., gm 83.38 #200 0.075 1.57 1.9 26.7 73.3 70.0
Water Content -#4, % 14.7 61.1 73.3 100.0     -     -
Wt. of +#200 Sample, gm 22.3

Elapsed R Composite R Percent Particle Adjusted
Tare No. 705 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 139.24 (min.) (%) (mm) (%)
Wt. Tare, gm 99.63 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 39.5 7.5 32 91.4 0.0302 64.0
Wt. Dry Soil, gm 34.61 5 38 7.5 30.5 87.1 0.0193 61.0

15 34.5 7.5 27 77.1 0.0115 54.0
K Factor 0.0137 30 32 7.5 24.5 70.0 0.0083 49.0
Composite Correction 7.5 60 28 7.5 20.5 58.6 0.0060 41.0
a Factor 0.99 250 22.5 7.5 15 42.9 0.0031 30.0
Average Test Temp, °C 18.7 1440 20 7.5 12.5 35.7 0.0013 25.0
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 4.5 Silt=32%  Clay=38% Particle Percent Corrected
Coarse=0; Fine=4.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 25.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=8.2; Med.=10.1; Fine=7.2 D10, mm NA Material
% Fines (-#200) 70.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 30.0 Cu NA Gravel 12.7 0

2 87.3
Sand 20.0 22.9

USCS Group Symbol 0.05 67.3
CL Silt 39.8 45.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 27.5
12" Sieve - 300 mm 0 0.0 100.0 Clay 27.5 31.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
CLAY LOAM
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Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=46, PL=22, PI=24

USCS Description

Percent of

LEAN CLAY WITH SAND
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-9
Client Project 091-867 Apex Landfill Expansion Depth(ft) 0'-2'
Project No. 30598 Sample No. SS-1

Lab Sample No. 30598033
Soil Description: YELLOWISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 222         Liquid Limit (LL), % 46
   Wt. Tare & WS, gm 218.62         Plastic Limit (PL), % 22
   Wt. Tare & DS, gm 206.38         Plasticity Index (PI) 24
   Wt. Water, gm 12.24         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.00         Sample Preparation: Wet Method
   Wt. DS, gm 83.38         Liquidity Index, % -30.5%
   Water Content, % 14.7         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 506 455 961 498 450 498
Wt. Tare & WS, gm 17.39 16.89 34.28 18.09 19.76 18.09
Wt. Tare & DS, gm 16.18 15.78 31.96 15.77 16.94 15.77
Wt. Water, gm 1.21 1.11 2.32 2.32 2.82 2.32
Wt. Tare, gm 10.78 10.77 21.55 10.75 10.85 10.75
Wt. DS, gm 5.40 5.01 10.41 5.02 6.09 5.02
Water Content, % 22.4 22.2 22.3 46.2 46.3 46.2

# of Blows 28 26 28

0 0 1.447158 1.41497335 1.44715803
7 7 50.274473 -2.8050385

29.59 7 25 46.3531979
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

46 24

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-9
Client Project 091-867 Apex Landfill Expansion Depth 0'-2'
Project No. 30598 Sample SS-1

Lab Sample No. 30598033
USCS Description YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (16)
USDA Description CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 98.2

#4 4.75 95.5

#10 2 87.3

#20 0.85 80.5

#40 0.425 77.2

#60 0.25 75.3

#140 0.106 71.8

#200 0.075 70.0

NA 0.0302 64.0

NA 0.0193 61.0

NA 0.0115 54.0

NA 0.0083 49.0

NA 0.0060 41.0

NA 0.0031 30.0

NA 0.0013 25.0

% Gravel (-3" & +#4) 4.5 Silt=32%  Clay=38% Particle Percent Corrected
Coarse=0; Fine=4.5 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 25.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=8.2; Med.=10.1; Fine=7.2 D10, mm NA Material
% Fines (-#200) 70.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 30.0 Cu NA Gravel 12.7 0

2 87.3
Sand 20.0 22.9

USCS Group Symbol 0.05 67.3
CL Silt 39.8 45.6

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 27.5
12" Sieve - 300 mm 0 0.0 100.0 Clay 27.5 31.5
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=46, PL=22, PI=24
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CLAY LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring SB-9
Client Project 091-867 Apex Landfill Expansion Depth 0'-2'
Project No. 30598 Sample SS-1

Lab Sample No. 30598033
USCS Description YELLOWISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-7-6 (16)
USDA Description CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 22.9 Very Coarse Sand; 2-1 6.3
   Percent Silt, % 45.6 Coarse Sand; 1-0.5 4.3
   Percent Clay, % 31.5 Medium Sand; 0.5-0.25 3.1

Fine Sand; 0.25-0.1 4.3
Very Fine Sand; 0.1-0.05 4.8
Total 22.9

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-11
Client Project 091-867 Apex Landfill Expansion Depth 14'-16'
Project No. 30598 Sample SS-8

Lab Sample No. 30598034
USCS Description DARK GRAY LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-6 (12)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 210.6 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 210.6 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 13.4 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 185.7 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 185.7 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 6.17 9.4 9.4 90.6 90.6
Tare No. 520 #20 0.85 6.11 9.3 18.8 81.2 81.2
Tare + WS., gm 197.48 #40 0.425 2.81 4.3 23.1 76.9 76.9
Tare + DS., gm 188.71 #60 0.25 1.4 2.1 25.2 74.8 74.8
Tare, gm 123.28 #140 0.106 1.83 2.8 28.0 72.0 72.0
Wt. of DS., gm 65.43 #200 0.075 1.12 1.7 29.7 70.3 70.3
Water Content -#4, % 13.4 46.0 70.3 100.0     -     -
Wt. of +#200 Sample, gm 19.4

Elapsed R Composite R Percent Particle Adjusted
Tare No. 817 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 127.93 (min.) (%) (mm) (%)
Wt. Tare, gm 102.07 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 25 7.5 17.5 83.0 0.0337 58.3
Wt. Dry Soil, gm 20.86 5 23.5 7.5 16 75.9 0.0215 53.3

15 21.5 7.5 14 66.4 0.0126 46.7
K Factor 0.0137 30 20 7.5 12.5 59.3 0.0090 41.7
Composite Correction 7.5 60 18 7.5 10.5 49.8 0.0064 35.0
a Factor 0.99 250 15 7.5 7.5 35.6 0.0032 25.0
Average Test Temp, °C 18.8 1440 13.5 7.5 6 28.4 0.0013 20.0
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=38.7%  Clay=31.4% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 29.7 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=9.4; Med.=13.6; Fine=6.6 D10, mm NA Material
% Fines (-#200) 70.3 Cc NA 100 100 for USDA
% Plus #200 (-3") 29.7 Cu NA Gravel 9.4 0

2 90.6
Sand 26.3 29.1

USCS Group Symbol 0.05 64.2
CL Silt 42.0 46.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 22.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 22.3 24.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CL, LL=40, PL=21, PI=19

USCS Description

Percent of

LEAN CLAY WITH SAND
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. SB-11
Client Project 091-867 Apex Landfill Expansion Depth(ft) 14'-16'
Project No. 30598 Sample No. SS-8

Lab Sample No. 30598034
Soil Description: DARK GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 520         Liquid Limit (LL), % 40
   Wt. Tare & WS, gm 197.48         Plastic Limit (PL), % 21
   Wt. Tare & DS, gm 188.71         Plasticity Index (PI) 19
   Wt. Water, gm 8.77         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.28         Sample Preparation: Wet Method
   Wt. DS, gm 65.43         Liquidity Index, % -40.0%
   Water Content, % 13.4         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 413 512 925 400 400 400
Wt. Tare & WS, gm 16.88 17.31 34.19 19.82 19.82 19.82
Wt. Tare & DS, gm 15.85 16.15 32.00 17.26 17.26 17.26
Wt. Water, gm 1.03 1.16 2.19 2.56 2.56 2.56
Wt. Tare, gm 10.82 10.76 21.58 10.86 10.86 10.86
Wt. DS, gm 5.03 5.39 10.42 6.40 6.40 6.40
Water Content, % 20.5 21.5 21.0 40.0 40.0 40.0

# of Blows 24 24 24

0 0 1.3802112 1.38021124 1.38021124
7 7 40 0

29.59 7 25 40
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

40 19

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-11
Client Project 091-867 Apex Landfill Expansion Depth 14'-16'
Project No. 30598 Sample SS-8

Lab Sample No. 30598034
USCS Description DARK GRAY LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-6 (12)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 90.6

#20 0.85 81.2

#40 0.425 76.9

#60 0.25 74.8

#140 0.106 72.0

#200 0.075 70.3

NA 0.0337 58.3

NA 0.0215 53.3

NA 0.0126 46.7

NA 0.0090 41.7

NA 0.0064 35.0

NA 0.0032 25.0

NA 0.0013 20.0

% Gravel (-3" & +#4) 0.0 Silt=38.7%  Clay=31.4% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 29.7 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=9.4; Med.=13.6; Fine=6.6 D10, mm NA Material
% Fines (-#200) 70.3 Cc NA 100 100 for USDA
% Plus #200 (-3") 29.7 Cu NA Gravel 9.4 0

2 90.6
Sand 26.3 29.1

USCS Group Symbol 0.05 64.2
CL Silt 42.0 46.3

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 22.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 22.3 24.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

Atterberg Limits Group Symbol
CL, LL=40, PL=21, PI=19

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-11
Client Project 091-867 Apex Landfill Expansion Depth 14'-16'
Project No. 30598 Sample SS-8

Lab Sample No. 30598034
USCS Description DARK GRAY LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-6 (12)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 29.1 Very Coarse Sand; 2-1 8.4
   Percent Silt, % 46.3 Coarse Sand; 1-0.5 5.6
   Percent Clay, % 24.6 Medium Sand; 0.5-0.25 3.5

Fine Sand; 0.25-0.1 3.4
Very Fine Sand; 0.1-0.05 8.3
Total 29.1

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-15
Client Project 091-867 Apex Landfill Expansion Depth 4'-6'
Project No. 30598 Sample SS-3

Lab Sample No. 30598036
USCS Description LIGHT YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (13)
USDA Description CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 232.8 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 10.6 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 222.2 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 13.6 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 195.6 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 206.1 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 3.42 1.7 1.7 98.3 98.3
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 1.43 0.7 2.4 97.6 97.6
representable sample. #4 4.75 5.7 2.8 5.1 94.9 94.9

#10 2 5.38 5.7 5.7 94.3 89.5
Tare No. F5 #20 0.85 8.24 8.7 14.4 85.6 81.3
Tare + WS., gm 230.93 #40 0.425 4.82 5.1 19.4 80.6 76.4
Tare + DS., gm 218.01 #60 0.25 3.23 3.4 22.8 77.2 73.2
Tare, gm 123.15 #140 0.106 4.92 5.2 28.0 72.0 68.3
Wt. of DS., gm 94.86 #200 0.075 3.04 3.2 31.2 68.8 65.2
Water Content -#4, % 13.6 65.2 68.8 100.0     -     -
Wt. of +#200 Sample, gm 29.6

Elapsed R Composite R Percent Particle Adjusted
Tare No. 832 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 176.36 (min.) (%) (mm) (%)
Wt. Tare, gm 103.33 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 60 58 7 51 74.1 0.0045 48.4
Wt. Dry Soil, gm 68.03 90 55 7 48 69.8 0.0038 45.5

120 53 7 46 66.9 0.0034 43.6
K Factor 0.0135 150 50.5 7 43.5 63.2 0.0031 41.3
Composite Correction 7 180 49 7 42 61.1 0.0029 39.8
a Factor 0.99 250 47 7 40 58.1 0.0025 37.9
Average Test Temp, °C 19.9 1440 37 7 30 43.6 0.0011 28.5
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 5.1 Silt=16.2%  Clay=49% Particle Percent Corrected
Coarse=0; Fine=5.1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 29.6 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.4; Med.=13.1; Fine=11.2 D10, mm NA Material
% Fines (-#200) 65.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 34.8 Cu NA Gravel 10.5 0

2 89.5
Sand 26.7 29.8

USCS Group Symbol 0.05 62.8
CL Silt 27.5 30.7

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 35.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 35.3 39.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
CLAY LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=36, PL=11, PI=25

USCS Description

Percent of

SANDY LEAN CLAY
Atterberg Limits Group Symbol



Client Civil & Environmental Consultants, Inc.Boring No. SB-15
Client Project 091-867 Apex Landfill Expansion Depth(ft) 4'-6'
Project No. 30598 Sample No. SS-3

Lab Sample No. 30598036
Soil Description: LIGHT YELLOWISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number F5         Liquid Limit (LL), % 36
   Wt. Tare & WS, gm 230.93         Plastic Limit (PL), % 11
   Wt. Tare & DS, gm 218.01         Plasticity Index (PI) 25
   Wt. Water, gm 12.92         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.15         Sample Preparation: Wet Method
   Wt. DS, gm 94.86         Liquidity Index, % 10.5%
   Water Content, % 13.6         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 404 499 488 463 417 417
Wt. Tare & WS, gm 18.64 18.93 17.93 21.31 19.30 19.30
Wt. Tare & DS, gm 17.90 18.16 17.24 18.54 17.08 17.08
Wt. Water, gm 0.74 0.77 0.69 2.77 2.22 2.22
Wt. Tare, gm 10.76 10.76 10.87 10.74 10.76 10.76
Wt. DS, gm 7.14 7.40 6.37 7.80 6.32 6.32
Water Content, % 10.4 10.4 10.8 35.5 35.1 35.1

# of Blows 27 28 28

0 0 1.4313638 1.44715803 1.44715803
7 7 70.515863 -24.454331

29.59 7 25 36.3301761
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

36 25

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring SB-15
Client Project 091-867 Apex Landfill Expansion Depth 4'-6'
Project No. 30598 Sample SS-3

Lab Sample No. 30598036
USCS Description LIGHT YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (13)
USDA Description CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 98.3

3/8" 9.5 97.6

#4 4.75 94.9

#10 2 89.5

#20 0.85 81.3

#40 0.425 76.4

#60 0.25 73.2

#140 0.106 68.3

#200 0.075 65.2

NA 0.0045 48.4

NA 0.0038 45.5

NA 0.0034 43.6

NA 0.0031 41.3

NA 0.0029 39.8

NA 0.0025 37.9

NA 0.0011 28.5

% Gravel (-3" & +#4) 5.1 Silt=16.2%  Clay=49% Particle Percent Corrected
Coarse=0; Fine=5.1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 29.6 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.4; Med.=13.1; Fine=11.2 D10, mm NA Material
% Fines (-#200) 65.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 34.8 Cu NA Gravel 10.5 0

2 89.5
Sand 26.7 29.8

USCS Group Symbol 0.05 62.8
CL Silt 27.5 30.7

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 35.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 35.3 39.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION

CL, LL=36, PL=11, PI=25
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CLAY LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

Atterberg Limits Group Symbol
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Client Civil & Environmental Consultants, Inc.Boring SB-15
Client Project 091-867 Apex Landfill Expansion Depth 4'-6'
Project No. 30598 Sample SS-3

Lab Sample No. 30598036
USCS Description LIGHT YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-6 (13)
USDA Description CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 29.8 Very Coarse Sand; 2-1 7.5
   Percent Silt, % 30.7 Coarse Sand; 1-0.5 5.9
   Percent Clay, % 39.4 Medium Sand; 0.5-0.25 4.9

Fine Sand; 0.25-0.1 6.1
Very Fine Sand; 0.1-0.05 5.5
Total 29.8

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom

Lab Sample No. 30598039
USCS Description GRAYISH BROWN FAT CLAY
USCS Group Symbol CH AASHTO: A-7-6 (34)
USDA Description SILTY CLAY

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%)* Retained (%) Finer

Representable Wet Wt, gm 362.4 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 362.4 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 24.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 291.4 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 291.4 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on total Dry 3/8" 9.5 0 0.0 0.0 100.0 100.0
representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 0.03 0.0 0.0 100.0 100.0
Tare No. 515 #20 0.85 0.48 0.5 0.5 99.5 99.5
Tare + WS., gm 232.44 #40 0.425 0.71 0.7 1.2 98.8 98.8
Tare + DS., gm 207.17 #60 0.25 0.65 0.6 1.8 98.2 98.2
Tare, gm 103.3 #140 0.106 0.93 0.9 2.7 97.3 97.3
Wt. of DS., gm 103.87 #200 0.075 0.37 0.4 3.1 96.9 96.9
Water Content -#4, % 24.3 100.7 96.9 100.0     -     -
Wt. of +#200 Sample, gm 3.2

Elapsed R Composite R Percent Particle Adjusted
Tare No. 720 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 155.78 (min.) (%) (mm) (%)
Wt. Tare, gm 97.14 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 59.5 7.5 52 95.9 0.0246 92.9
Wt. Dry Soil, gm 53.64 5 58 7.5 50.5 93.1 0.0159 90.3

15 55 7.5 47.5 87.6 0.0095 84.9
K Factor 0.0137 30 51 7.5 43.5 80.2 0.0070 77.7
Composite Correction 7.5 60 47 7.5 39.5 72.8 0.0052 70.6
a Factor 0.99 250 38.5 7.5 31 57.2 0.0027 55.4
Average Test Temp, °C 18.6 1440 29 7.5 21.5 39.6 0.0012 38.4
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 0.0 Silt=27.1%  Clay=69.8% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 3.1 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=1.1; Fine=1.9 D10, mm NA Material
% Fines (-#200) 96.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 3.1 Cu NA Gravel 0.0 0

2 100.0
Sand 4.5 4.5

USCS Group Symbol 0.05 95.5
CH Silt 46.7 46.7

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 48.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 48.8 48.8
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

USDA Classification

CH, LL=54, PL=23, PI=31

USCS Description

Percent of

FAT CLAY
Atterberg Limits Group Symbol

D 422 / USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

-#10 Dispersed 1min in Hamilton Beach Mixer

Corrected For 100% Passing a 3" Sieve

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus #4 and minus #4 material.

HYDROMETER ANALYSIS (-#200)
Hydrometer Sample Weight (-#200)

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -#4 washed over #200

As-Received Representative Sample 

-#200 / Pan

Size Split or Material Submitted Used

SILTY CLAY
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Client Civil & Environmental Consultants, Inc.Boring No. SB-14
Client Project 091-867 Apex Landfill Expansion Depth(ft) 25' - 27'
Project No. 30598 Sample No. ST-2 Bottom

Lab Sample No. 30598039
Soil Description: GRAYISH BROWN FAT CLAY
(-#40 Fraction)

 
   Tare Number 515         Liquid Limit (LL), % 54
   Wt. Tare & WS, gm 232.44         Plastic Limit (PL), % 23
   Wt. Tare & DS, gm 207.17         Plasticity Index (PI) 31
   Wt. Water, gm 25.27         USCS Symbol (-#40 Fraction) CH
   Wt. Tare, gm 103.30         Sample Preparation: Wet Method
   Wt. DS, gm 103.87         Liquidity Index, % 4.3%
   Water Content, % 24.3         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 490 492 505 404 406 452
Wt. Tare & WS, gm 17.98 17.70 18.21 18.48 18.83 19.08
Wt. Tare & DS, gm 16.68 16.44 16.80 15.75 16.06 16.37
Wt. Water, gm 1.30 1.26 1.41 2.73 2.77 2.71
Wt. Tare, gm 10.88 10.78 10.77 10.76 10.71 10.85
Wt. DS, gm 5.80 5.66 6.03 4.99 5.35 5.52
Water Content, % 22.4 22.3 23.4 54.7 51.8 49.1

# of Blows 25 28 35

0 0 1.39794 1.44715803 1.54406804
7 7 105.88712 -36.927751

29.59 7 25 54.2643378
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

54 31

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom

Lab Sample No. 30598039
USCS Description GRAYISH BROWN FAT CLAY
USCS Group Symbol CH AASHTO: A-7-6 (34)
USDA Description SILTY CLAY

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 100.0

3/8" 9.5 100.0

#4 4.75 100.0

#10 2 100.0

#20 0.85 99.5

#40 0.425 98.8

#60 0.25 98.2

#140 0.106 97.3

#200 0.075 96.9

NA 0.0246 92.9

NA 0.0159 90.3

NA 0.0095 84.9

NA 0.0070 77.7

NA 0.0052 70.6

NA 0.0027 55.4

NA 0.0012 38.4

% Gravel (-3" & +#4) 0.0 Silt=27.1%  Clay=69.8% Particle Percent Corrected
Coarse=0; Fine=0 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 3.1 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=0; Med.=1.1; Fine=1.9 D10, mm NA Material
% Fines (-#200) 96.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 3.1 Cu NA Gravel 0.0 0

2 100.0
Sand 4.5 4.5

USCS Group Symbol 0.05 95.5
CH Silt 46.7 46.7

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 48.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 48.8 48.8
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SILTY CLAY

Percent of
Each Component

USCS Description
FAT CLAY

Atterberg Limits Group Symbol
CH, LL=54, PL=23, PI=31

USDA Classification

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom

Lab Sample No. 30598039
USCS Description GRAYISH BROWN FAT CLAY
USCS Group Symbol CH AASHTO Classification A-7-6 (34)
USDA Description SILTY CLAY

   Percent Gravel, % 0.0
   Percent Sand, % 4.5 Very Coarse Sand; 2-1 0.4
   Percent Silt, % 46.7 Coarse Sand; 1-0.5 0.6
   Percent Clay, % 48.8 Medium Sand; 0.5-0.25 0.8

Fine Sand; 0.25-0.1 1.0
Very Fine Sand; 0.1-0.05 1.8
Total 4.5

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-20
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'
Project No. 30598 Sample ST-1, ST-2

Lab Sample No. 30598003
USCS Description GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-2-6 (1)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 289.5 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 1061.4 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 924.3 2" 50 214.33 17.7 17.7 82.3 82.3
Total Sample Dry Wt, gm 1213.8 1 1/2" 37.5 0 0.0 17.7 82.3 82.3

1" 25 0 0.0 17.7 82.3 82.3
Passing -3/4" (J-Factor) 0.76 3/4" 19 75.13 6.2 23.8 76.2 76.2

1/2" 12.5 39.09 8.0 8.0 92.0 70.0
3/8" 9.5 25.82 5.3 13.3 86.7 66.0

Tare No. 1 #4 4.75 51.88 10.6 24.0 76.0 57.9
Wt. Tare + WS., gm 663.43 #10 2 38.8 8.0 31.9 68.1 51.8
Wt. Tare + DS., gm 591.18 #20 0.85 29.96 6.1 38.1 61.9 47.2
Wt. Tare, gm 103.96 #40 0.425 15.65 3.2 41.3 58.7 44.7
Wt. of DS., gm 487.22 #60 0.25 11.18 2.3 43.6 56.4 43.0
Water Content, % 14.8 #140 0.106 46.78 9.6 53.2 46.8 35.6

#200 0.075 26.38 5.4 58.6 41.4 31.5
Wt. of +#200 Sample, gm 285.5 Pan -  201.7 41.4 100.0     -     -
Wt. of -#200 Sample, gm 201.7

Elapsed R Composite R Percent Particle Adjusted
Tare No. 825 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 143.03 (min.) (%) (mm) (%)
Wt. Tare, gm 102.62 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 40 7.5 32.5 90.8 0.0301 28.6
Wt. Dry Soil, gm 35.41 5 38 7.5 30.5 85.2 0.0194 26.9
-#10 Dispersed 1min in Hamilton Beach Mixer 15 35.5 7.5 28 78.2 0.0114 24.6
K Factor 0.0137 30 33 7.5 25.5 71.2 0.0082 22.4
Composite Correction 7.5 60 30 7.5 22.5 62.8 0.0060 19.8
a Factor 0.99 250 24 7.5 16.5 46.1 0.0030 14.5
Average Test Temp, °C 18.6 1440 18 7.5 10.5 29.3 0.0013 9.2
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 42.1 Silt=13%  Clay=18.4% Particle Percent Corrected
Coarse=23.8; Fine=18.3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 26.4 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=6.1; Med.=7.1; Fine=13.2 D10, mm NA Material
% Fines (-#200) 31.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 68.5 Cu NA Gravel 48.2 0

2 51.8
Sand 21.6 41.7

USCS Group Symbol 0.05 30.2
GC Silt 18.3 35.4

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 11.9
12" Sieve - 300 mm 0 0.0 100.0 Clay 11.9 22.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
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Atterberg Limits Group Symbol

LOAM

CLAYEY GRAVEL WITH SAND

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample
Correction For Split Samples

(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=35, PL=17, PI=18

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component



Client Civil & Environmental Consultants, Inc.Boring No. SB-20
Client Project 091-867 Apex Landfill Expansion Depth(ft) 16'-18', 17'-19'
Project No. 30598 Sample No. ST-1, ST-2

Lab Sample No. 30598003
Soil Description: GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 1         Liquid Limit (LL), % 35
   Wt. Tare & WS, gm 663.43         Plastic Limit (PL), % 17
   Wt. Tare & DS, gm 591.18         Plasticity Index (PI) 18
   Wt. Water, gm 72.25         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 103.96         Sample Preparation: Wet Method
   Wt. DS, gm 487.22         Liquidity Index, % -12.1%
   Water Content, % 14.8         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 414 466 493 417 464 509
Wt. Tare & WS, gm 17.09 19.02 18.54 18.44 19.96 19.10
Wt. Tare & DS, gm 16.20 17.86 17.4 16.33 17.52 16.95
Wt. Water, gm 0.89 1.16 1.14 2.11 2.44 2.15
Wt. Tare, gm 10.77 10.83 10.72 10.71 10.79 10.72
Wt. DS, gm 5.43 7.03 6.68 5.62 6.73 6.23
Water Content, % 16.4 16.5 17.1 37.5 36.3 34.5

# of Blows 16 20 27

0 0 1.20412 1.30103 1.43136376
7 7 53.625783 -13.353658

29.59 7 25 34.9581697
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

35 18

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring SB-20
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'
Project No. 30598 Sample ST-1, ST-2

Lab Sample No. 30598003
USCS Description GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO: A-2-6 (1)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 82.3

1 1/2" 37.5 82.3

1" 25 82.3

3/4" 19 76.2

1/2" 12.5 70.0

3/8" 9.5 66.0

#4 4.75 57.9

#10 2 51.8

#20 0.85 47.2

#40 0.425 44.7

#60 0.25 43.0

#140 0.106 35.6

#200 0.075 31.5

NA 0.0301 28.6

NA 0.0194 26.9

NA 0.0114 24.6

NA 0.0082 22.4

NA 0.0060 19.8

NA 0.0030 14.5

NA 0.0013 9.2

% Gravel (-3" & +#4) 42.1 Silt=13%  Clay=18.4% Particle Percent Corrected
Coarse=23.8; Fine=18.3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 26.4 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=6.1; Med.=7.1; Fine=13.2 D10, mm NA Material
% Fines (-#200) 31.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 68.5 Cu NA Gravel 48.2 0

2 51.8
Sand 21.6 41.7

USCS Group Symbol 0.05 30.2
GC Silt 18.3 35.4

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 11.9
12" Sieve - 300 mm 0 0.0 100.0 Clay 11.9 22.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USCS SOIL CLASSIFICATION

Atterberg Limits Group Symbol
CL, LL=35, PL=17, PI=18

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATION

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LOAM
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Each Component

USCS Description
CLAYEY GRAVEL WITH SAND

USDA Classification
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Client Civil & Environmental Consultants, Inc.Boring SB-20
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'
Project No. 30598 Sample ST-1, ST-2

Lab Sample No. 30598003
USCS Description GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC AASHTO Classification A-2-6 (1)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 41.7 Very Coarse Sand; 2-1 7.3
   Percent Silt, % 35.4 Coarse Sand; 1-0.5 5.3
   Percent Clay, % 22.9 Medium Sand; 0.5-0.25 4.5

Fine Sand; 0.25-0.1 15.4
Very Fine Sand; 0.1-0.05 9.1
Total 41.7

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598012
USCS Description YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (14)
USDA Description CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 8.5 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 969.1 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 808.5 2" 50 0 0.0 0.0 100.0 100.0
Total Sample Dry Wt, gm 817.1 1 1/2" 37.5 0 0.0 0.0 100.0 100.0

1" 25 0 0.0 0.0 100.0 100.0
Passing -3/4" (J-Factor) 0.99 3/4" 19 8.54 1.0 1.0 99.0 99.0

1/2" 12.5 3.77 1.3 1.3 98.7 97.7
3/8" 9.5 4.24 1.4 2.7 97.3 96.3

Tare No. 702 #4 4.75 9.81 3.3 6.0 94.0 93.0
Wt. Tare + WS., gm 454.83 #10 2 14.66 4.9 10.9 89.1 88.2
Wt. Tare + DS., gm 395.72 #20 0.85 16.42 5.5 16.4 83.6 82.7
Wt. Tare, gm 98.11 #40 0.425 10.67 3.6 20.0 80.0 79.1
Wt. of DS., gm 297.61 #60 0.25 8.32 2.8 22.8 77.2 76.4
Water Content, % 19.9 #140 0.106 13.88 4.7 27.5 72.5 71.8

#200 0.075 8.15 2.7 30.2 69.8 69.1
Wt. of +#200 Sample, gm 89.9 Pan -  207.7 69.8 100.0     -     -
Wt. of -#200 Sample, gm 207.7

Elapsed R Composite R Percent Particle Adjusted
Tare No. 718 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 143.35 (min.) (%) (mm) (%)
Wt. Tare, gm 99.05 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 43 7.5 35.5 89.3 0.0294 61.7
Wt. Dry Soil, gm 39.3 5 40 7.5 32.5 81.8 0.0191 56.5
-#10 Dispersed 1min in Hamilton Beach Mixer 15 36 7.5 28.5 71.7 0.0114 49.5
K Factor 0.0138 30 33 7.5 25.5 64.2 0.0083 44.3
Composite Correction 7.5 60 30 7.5 22.5 56.6 0.0060 39.1
a Factor 0.99 250 24 7.5 16.5 41.5 0.0030 28.7
Average Test Temp, °C 18.4 1440 19 7.5 11.5 28.9 0.0013 20.0
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 7.0 Silt=32.6%  Clay=36.4% Particle Percent Corrected
Coarse=1; Fine=5.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 24.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.9; Med.=9; Fine=10.1 D10, mm NA Material
% Fines (-#200) 69.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 30.9 Cu NA Gravel 11.8 0

2 88.2
Sand 22.3 25.3

USCS Group Symbol 0.05 65.9
CL Silt 41.5 47.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 24.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 24.3 27.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

Correction For Split Samples
(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=42, PL=20, PI=22

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

SANDY LEAN CLAY

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample

Atterberg Limits Group Symbol

CLAY LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. TPE-18
Client Project 091-867 Apex Landfill Expansion Depth(ft) 12'-14'
Project No. 30598 Sample No. ST-1

Lab Sample No. 30598012
Soil Description: YELLOWISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 702         Liquid Limit (LL), % 42
   Wt. Tare & WS, gm 454.83         Plastic Limit (PL), % 20
   Wt. Tare & DS, gm 395.72         Plasticity Index (PI) 22
   Wt. Water, gm 59.11         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 98.11         Sample Preparation: Wet Method
   Wt. DS, gm 297.61         Liquidity Index, % -0.6%
   Water Content, % 19.9         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 455 509 419 430 464 471
Wt. Tare & WS, gm 18.99 19.56 19.41 19.25 19.62 20.47
Wt. Tare & DS, gm 17.59 18.07 17.97 16.70 17.02 17.75
Wt. Water, gm 1.40 1.49 1.44 2.55 2.60 2.72
Wt. Tare, gm 10.73 10.72 10.71 10.76 10.77 10.77
Wt. DS, gm 6.86 7.35 7.26 5.94 6.25 6.98
Water Content, % 20.4 20.3 19.8 42.9 41.6 39.0

# of Blows 23 29 34

0 0 1.3617278 1.462398 1.53147892
7 7 73.972861 -22.596359

29.59 7 25 42.3845067
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

42 22

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598012
USCS Description YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (14)
USDA Description CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 99.0

1/2" 12.5 97.7

3/8" 9.5 96.3

#4 4.75 93.0

#10 2 88.2

#20 0.85 82.7

#40 0.425 79.1

#60 0.25 76.4

#140 0.106 71.8

#200 0.075 69.1

NA 0.0294 61.7

NA 0.0191 56.5

NA 0.0114 49.5

NA 0.0083 44.3

NA 0.0060 39.1

NA 0.0030 28.7

NA 0.0013 20.0

% Gravel (-3" & +#4) 7.0 Silt=32.6%  Clay=36.4% Particle Percent Corrected
Coarse=1; Fine=5.9 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 24.0 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.9; Med.=9; Fine=10.1 D10, mm NA Material
% Fines (-#200) 69.1 Cc NA 100 100 for USDA
% Plus #200 (-3") 30.9 Cu NA Gravel 11.8 0

2 88.2
Sand 22.3 25.3

USCS Group Symbol 0.05 65.9
CL Silt 41.5 47.1

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 24.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 24.3 27.6
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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CLAY LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

USDA Classification

Atterberg Limits Group Symbol
CL, LL=42, PL=20, PI=22

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598012
USCS Description YELLOWISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-7-6 (14)
USDA Description CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 25.3 Very Coarse Sand; 2-1 5.0
   Percent Silt, % 47.1 Coarse Sand; 1-0.5 4.3
   Percent Clay, % 27.6 Medium Sand; 0.5-0.25 4.1

Fine Sand; 0.25-0.1 5.8
Very Fine Sand; 0.1-0.05 6.2
Total 25.3

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring RB-1
Client Project 091-867 Apex Landfill Expansion Depth 14'-19'
Project No. 30598 Sample B-1

Lab Sample No. 30598022
USCS Description OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (21)
USDA Description SILTY CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 37.1 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 17083 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 13940.9 2" 50 0 0.0 0.0 100.0 100.0
Total Sample Dry Wt, gm 13978.0 1 1/2" 37.5 0 0.0 0.0 100.0 100.0

1" 25 0 0.0 0.0 100.0 100.0
Passing -3/4" (J-Factor) 1.00 3/4" 19 37.05 0.3 0.3 99.7 99.7

1/2" 12.5 0 0.0 0.0 100.0 99.7
3/8" 9.5 0 0.0 0.0 100.0 99.7

Tare No. 505 #4 4.75 9.26 1.0 1.0 99.0 98.7
Wt. Tare + WS., gm 1186.1 #10 2 20.4 2.3 3.4 96.6 96.4
Wt. Tare + DS., gm 987 #20 0.85 25.25 2.9 6.2 93.8 93.5
Wt. Tare, gm 103.6 #40 0.425 19.16 2.2 8.4 91.6 91.4
Wt. of DS., gm 883.4 #60 0.25 14.7 1.7 10.0 90.0 89.7
Water Content, % 22.5 #140 0.106 27.02 3.1 13.1 86.9 86.7

#200 0.075 18.84 2.1 15.2 84.8 84.5
Wt. of +#200 Sample, gm 134.6 Pan -  748.8 84.8 100.0     -     -
Wt. of -#200 Sample, gm 748.8

Elapsed R Composite R Percent Particle Adjusted
Tare No. 720 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 144.52 (min.) (%) (mm) (%)
Wt. Tare, gm 96.91 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 44 7.5 36.5 84.7 0.0290 71.6
Wt. Dry Soil, gm 42.61 5 41 7.5 33.5 77.7 0.0189 65.7
-#10 Dispersed 1min in Hamilton Beach Mixer 15 35.5 7.5 28 65.0 0.0114 54.9
K Factor 0.0137 30 32.5 7.5 25 58.0 0.0082 49.0
Composite Correction 7.5 60 30 7.5 22.5 52.2 0.0059 44.1
a Factor 0.99 250 24.5 7.5 17 39.5 0.0030 33.4
Average Test Temp, °C 18.7 1440 22 7.5 14.5 33.7 0.0013 28.4
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 1.3 Silt=43%  Clay=41.4% Particle Percent Corrected
Coarse=0.3; Fine=1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 14.2 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=2.3; Med.=5; Fine=6.8 D10, mm NA Material
% Fines (-#200) 84.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 15.5 Cu NA Gravel 3.6 0

2 96.4
Sand 17.4 18.0

USCS Group Symbol 0.05 79.0
CL Silt 48.0 49.8

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 31.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 31.0 32.2
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

Correction For Split Samples
(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=43, PL=18, PI=25

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

LEAN CLAY WITH SAND

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample

Atterberg Limits Group Symbol

SILTY CLAY LOAM
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Client Civil & Environmental Consultants, Inc.Boring No. RB-1
Client Project 091-867 Apex Landfill Expansion Depth(ft) 14'-19'
Project No. 30598 Sample No. B-1

Lab Sample No. 30598022
Soil Description: OLIVE BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 505         Liquid Limit (LL), % 43
   Wt. Tare & WS, gm 1186.10         Plastic Limit (PL), % 18
   Wt. Tare & DS, gm 987.00         Plasticity Index (PI) 25
   Wt. Water, gm 199.10         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 103.60         Sample Preparation: Wet Method
   Wt. DS, gm 883.40         Liquidity Index, % 18.2%
   Water Content, % 22.5         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 409 492 493 490 505 458
Wt. Tare & WS, gm 17.97 18.91 19.13 19.26 19.13 18.12
Wt. Tare & DS, gm 16.87 17.63 17.82 16.67 16.59 15.95
Wt. Water, gm 1.10 1.28 1.31 2.59 2.54 2.17
Wt. Tare, gm 10.69 10.78 10.72 10.89 10.76 10.80
Wt. DS, gm 6.18 6.85 7.10 5.78 5.83 5.15
Water Content, % 17.8 18.7 18.5 44.8 43.6 42.1

# of Blows 18 21 35

0 0 1.2552725 1.32221929 1.54406804
7 7 55.258381 -8.5554449

29.59 7 25 43.298382
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

43 25

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring RB-1
Client Project 091-867 Apex Landfill Expansion Depth 14'-19'
Project No. 30598 Sample B-1

Lab Sample No. 30598022
USCS Description OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (21)
USDA Description SILTY CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 99.7

1/2" 12.5 99.7

3/8" 9.5 99.7

#4 4.75 98.7

#10 2 96.4

#20 0.85 93.5

#40 0.425 91.4

#60 0.25 89.7

#140 0.106 86.7

#200 0.075 84.5

NA 0.0290 71.6

NA 0.0189 65.7

NA 0.0114 54.9

NA 0.0082 49.0

NA 0.0059 44.1

NA 0.0030 33.4

NA 0.0013 28.4

% Gravel (-3" & +#4) 1.3 Silt=43%  Clay=41.4% Particle Percent Corrected
Coarse=0.3; Fine=1 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 14.2 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=2.3; Med.=5; Fine=6.8 D10, mm NA Material
% Fines (-#200) 84.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 15.5 Cu NA Gravel 3.6 0

2 96.4
Sand 17.4 18.0

USCS Group Symbol 0.05 79.0
CL Silt 48.0 49.8

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 31.0
12" Sieve - 300 mm 0 0.0 100.0 Clay 31.0 32.2
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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SILTY CLAY LOAM

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

USDA Classification

Atterberg Limits Group Symbol
CL, LL=43, PL=18, PI=25

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring RB-1
Client Project 091-867 Apex Landfill Expansion Depth 14'-19'
Project No. 30598 Sample B-1

Lab Sample No. 30598022
USCS Description OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-7-6 (21)
USDA Description SILTY CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 18.0 Very Coarse Sand; 2-1 2.4
   Percent Silt, % 49.8 Coarse Sand; 1-0.5 2.3
   Percent Clay, % 32.2 Medium Sand; 0.5-0.25 2.2

Fine Sand; 0.25-0.1 3.5
Very Fine Sand; 0.1-0.05 7.6
Total 18.0

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %
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USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring RB-8
Client Project 091-867 Apex Landfill Expansion Depth 23'-27'
Project No. 30598 Sample B-1

Lab Sample No. 30598023
USCS Description DARK GRAY FAT CLAY
USCS Group Symbol CH AASHTO: A-7-6 (32)
USDA Description SILTY CLAY

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 68.3 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 13031.8 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 9609.9 2" 50 0 0.0 0.0 100.0 100.0
Total Sample Dry Wt, gm 9678.1 1 1/2" 37.5 51.94 0.5 0.5 99.5 99.5

1" 25 16.31 0.2 0.7 99.3 99.3
Passing -3/4" (J-Factor) 0.99 3/4" 19 0 0.0 0.7 99.3 99.3

1/2" 12.5 0 0.0 0.0 100.0 99.3
3/8" 9.5 5.48 0.7 0.7 99.3 98.6

Tare No. 713 #4 4.75 6.92 0.9 1.7 98.3 97.6
Wt. Tare + WS., gm 1111.2 #10 2 7.51 1.0 2.7 97.3 96.6
Wt. Tare + DS., gm 845.6 #20 0.85 8.72 1.2 3.8 96.2 95.5
Wt. Tare, gm 99.7 #40 0.425 8.59 1.2 5.0 95.0 94.3
Wt. of DS., gm 745.9 #60 0.25 7.82 1.0 6.0 94.0 93.3
Water Content, % 35.6 #140 0.106 14.24 1.9 7.9 92.1 91.4

#200 0.075 9.21 1.2 9.2 90.8 90.2
Wt. of +#200 Sample, gm 68.5 Pan -  677.4 90.8 100.0     -     -
Wt. of -#200 Sample, gm 677.4

Elapsed R Composite R Percent Particle Adjusted
Tare No. 509 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 149.78 (min.) (%) (mm) (%)
Wt. Tare, gm 102.52 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 45.5 7.5 38 88.9 0.0287 80.2
Wt. Dry Soil, gm 42.26 5 44 7.5 36.5 85.4 0.0184 77.0
-#10 Dispersed 1min in Hamilton Beach Mixer 15 42 7.5 34.5 80.7 0.0108 72.8
K Factor 0.0137 30 39 7.5 31.5 73.7 0.0079 66.5
Composite Correction 7.5 60 35.5 7.5 28 65.5 0.0057 59.1
a Factor 0.99 250 30 7.5 22.5 52.7 0.0029 47.5
Average Test Temp, °C 18.6 1440 26.5 7.5 19 44.5 0.0012 40.1
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 2.4 Silt=33.2%  Clay=56.8% Particle Percent Corrected
Coarse=0.7; Fine=1.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 7.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=1; Med.=2.3; Fine=4.2 D10, mm NA Material
% Fines (-#200) 90.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 9.8 Cu NA Gravel 3.4 0

2 96.6
Sand 10.7 11.1

USCS Group Symbol 0.05 86.0
CH Silt 41.8 43.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 44.2
12" Sieve - 300 mm 0 0.0 100.0 Clay 44.2 45.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
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Atterberg Limits Group Symbol

SILTY CLAY

FAT CLAY

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample
Correction For Split Samples

(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CH, LL=56, PL=24, PI=32

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component



Client Civil & Environmental Consultants, Inc.Boring No. RB-8
Client Project 091-867 Apex Landfill Expansion Depth(ft) 23'-27'
Project No. 30598 Sample No. B-1

Lab Sample No. 30598023
Soil Description: DARK GRAY FAT CLAY
(-#40 Fraction)

 
   Tare Number 713         Liquid Limit (LL), % 56
   Wt. Tare & WS, gm 1111.20         Plastic Limit (PL), % 24
   Wt. Tare & DS, gm 845.60         Plasticity Index (PI) 32
   Wt. Water, gm 265.60         USCS Symbol (-#40 Fraction) CH
   Wt. Tare, gm 99.70         Sample Preparation: Wet Method
   Wt. DS, gm 745.90         Liquidity Index, % 36.3%
   Water Content, % 35.6         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 408 422 433 427 450 456
Wt. Tare & WS, gm 17.21 17.15 17.41 18.17 18.63 17.80
Wt. Tare & DS, gm 15.88 15.92 16.14 15.44 15.80 15.36
Wt. Water, gm 1.33 1.23 1.27 2.73 2.83 2.44
Wt. Tare, gm 10.53 10.84 10.72 10.77 10.81 10.89
Wt. DS, gm 5.35 5.08 5.42 4.67 4.99 4.47
Water Content, % 24.9 24.2 23.4 58.5 56.7 54.6

# of Blows 18 23 30

0 0 1.2552725 1.36172784 1.47712125
7 7 80.424025 -17.46755

29.59 7 25 56.0054378
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

56 32

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring RB-8
Client Project 091-867 Apex Landfill Expansion Depth 23'-27'
Project No. 30598 Sample B-1

Lab Sample No. 30598023
USCS Description DARK GRAY FAT CLAY
USCS Group Symbol CH AASHTO: A-7-6 (32)
USDA Description SILTY CLAY

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 99.5

1" 25 99.3

3/4" 19 99.3

1/2" 12.5 99.3

3/8" 9.5 98.6

#4 4.75 97.6

#10 2 96.6

#20 0.85 95.5

#40 0.425 94.3

#60 0.25 93.3

#140 0.106 91.4

#200 0.075 90.2

NA 0.0287 80.2

NA 0.0184 77.0

NA 0.0108 72.8

NA 0.0079 66.5

NA 0.0057 59.1

NA 0.0029 47.5

NA 0.0012 40.1

% Gravel (-3" & +#4) 2.4 Silt=33.2%  Clay=56.8% Particle Percent Corrected
Coarse=0.7; Fine=1.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 7.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=1; Med.=2.3; Fine=4.2 D10, mm NA Material
% Fines (-#200) 90.2 Cc NA 100 100 for USDA
% Plus #200 (-3") 9.8 Cu NA Gravel 3.4 0

2 96.6
Sand 10.7 11.1

USCS Group Symbol 0.05 86.0
CH Silt 41.8 43.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 44.2
12" Sieve - 300 mm 0 0.0 100.0 Clay 44.2 45.7
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USCS SOIL CLASSIFICATION

Atterberg Limits Group Symbol
CH, LL=56, PL=24, PI=32

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATION

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SILTY CLAY

Percent of
Each Component

USCS Description
FAT CLAY

USDA Classification
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Client Civil & Environmental Consultants, Inc.Boring RB-8
Client Project 091-867 Apex Landfill Expansion Depth 23'-27'
Project No. 30598 Sample B-1

Lab Sample No. 30598023
USCS Description DARK GRAY FAT CLAY
USCS Group Symbol CH AASHTO Classification A-7-6 (32)
USDA Description SILTY CLAY

   Percent Gravel, % 0.0
   Percent Sand, % 11.1 Very Coarse Sand; 2-1 1.0
   Percent Silt, % 43.2 Coarse Sand; 1-0.5 1.1
   Percent Clay, % 45.7 Medium Sand; 0.5-0.25 1.4

Fine Sand; 0.25-0.1 2.2
Very Fine Sand; 0.1-0.05 5.4
Total 11.1

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 58'-66'
Project No. 30598 Sample B-1

Lab Sample No. 30598024
USCS Description GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (11)
USDA Description CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 196.3 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 16553.7 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 14667.3 2" 50 0 0.0 0.0 100.0 100.0
Total Sample Dry Wt, gm 14863.7 1 1/2" 37.5 0 0.0 0.0 100.0 100.0

1" 25 71.89 0.5 0.5 99.5 99.5
Passing -3/4" (J-Factor) 0.99 3/4" 19 124.43 0.8 1.3 98.7 98.7

1/2" 12.5 13.42 1.3 1.3 98.7 97.4
3/8" 9.5 14.84 1.5 2.8 97.2 95.9

Tare No. 501 #4 4.75 70.04 7.0 9.8 90.2 89.0
Wt. Tare + WS., gm 1237.9 #10 2 104.5 10.4 20.2 79.8 78.8
Wt. Tare + DS., gm 1108.7 #20 0.85 60.39 6.0 26.2 73.8 72.8
Wt. Tare, gm 104.1 #40 0.425 25.45 2.5 28.7 71.3 70.3
Wt. of DS., gm 1004.6 #60 0.25 15.7 1.6 30.3 69.7 68.8
Water Content, % 12.9 #140 0.106 36.61 3.6 33.9 66.1 65.2

#200 0.075 23.53 2.3 36.3 63.7 62.9
Wt. of +#200 Sample, gm 364.5 Pan -  640.1 63.7 100.0     -     -
Wt. of -#200 Sample, gm 640.1

Elapsed R Composite R Percent Particle Adjusted
Tare No. 937 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 152.17 (min.) (%) (mm) (%)
Wt. Tare, gm 99.39 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 48.5 7.5 41 84.9 0.0279 53.4
Wt. Dry Soil, gm 47.78 5 45.5 7.5 38 78.6 0.0181 49.5
-#10 Dispersed 1min in Hamilton Beach Mixer 15 43 7.5 35.5 73.5 0.0107 46.2
K Factor 0.0137 30 39 7.5 31.5 65.2 0.0078 41.0
Composite Correction 7.5 60 36 7.5 28.5 59.0 0.0057 37.1
a Factor 0.99 250 29.5 7.5 22 45.5 0.0029 28.6
Average Test Temp, °C 18.6 1440 25.5 7.5 18 37.3 0.0013 23.4
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 11.0 Silt=27.3%  Clay=35.5% Particle Percent Corrected
Coarse=1.3; Fine=9.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 26.1 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=10.3; Med.=8.4; Fine=7.4 D10, mm NA Material
% Fines (-#200) 62.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 37.1 Cu NA Gravel 21.2 0

2 78.8
Sand 19.8 25.1

USCS Group Symbol 0.05 59.0
CL Silt 32.7 41.5

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 26.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 26.3 33.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

Correction For Split Samples
(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=40, PL=18, PI=22

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

SANDY LEAN CLAY

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample

Atterberg Limits Group Symbol

CLAY LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. SB-1
Client Project 091-867 Apex Landfill Expansion Depth(ft) 58'-66'
Project No. 30598 Sample No. B-1

Lab Sample No. 30598024
Soil Description: GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 501         Liquid Limit (LL), % 40
   Wt. Tare & WS, gm 1237.90         Plastic Limit (PL), % 18
   Wt. Tare & DS, gm 1108.70         Plasticity Index (PI) 22
   Wt. Water, gm 129.20         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 104.10         Sample Preparation: Wet Method
   Wt. DS, gm 1004.60         Liquidity Index, % -23.4%
   Water Content, % 12.9         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 469 467 434 427 444 450
Wt. Tare & WS, gm 18.04 20.17 18.74 18.71 18.58 21.04
Wt. Tare & DS, gm 16.92 18.71 17.5 16.33 16.34 18.20
Wt. Water, gm 1.12 1.46 1.24 2.38 2.24 2.84
Wt. Tare, gm 10.77 10.75 10.78 10.79 10.71 10.81
Wt. DS, gm 6.15 7.96 6.72 5.54 5.63 7.39
Water Content, % 18.2 18.3 18.5 43.0 39.8 38.4

# of Blows 16 22 32

0 0 1.20412 1.34242268 1.50514998
7 7 60.451649 -14.852432

29.59 7 25 39.6888396
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

40 22

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 58'-66'
Project No. 30598 Sample B-1

Lab Sample No. 30598024
USCS Description GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (11)
USDA Description CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 99.5

3/4" 19 98.7

1/2" 12.5 97.4

3/8" 9.5 95.9

#4 4.75 89.0

#10 2 78.8

#20 0.85 72.8

#40 0.425 70.3

#60 0.25 68.8

#140 0.106 65.2

#200 0.075 62.9

NA 0.0279 53.4

NA 0.0181 49.5

NA 0.0107 46.2

NA 0.0078 41.0

NA 0.0057 37.1

NA 0.0029 28.6

NA 0.0013 23.4

% Gravel (-3" & +#4) 11.0 Silt=27.3%  Clay=35.5% Particle Percent Corrected
Coarse=1.3; Fine=9.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 26.1 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=10.3; Med.=8.4; Fine=7.4 D10, mm NA Material
% Fines (-#200) 62.9 Cc NA 100 100 for USDA
% Plus #200 (-3") 37.1 Cu NA Gravel 21.2 0

2 78.8
Sand 19.8 25.1

USCS Group Symbol 0.05 59.0
CL Silt 32.7 41.5

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 26.3
12" Sieve - 300 mm 0 0.0 100.0 Clay 26.3 33.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

CLAY LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

USDA Classification

Atterberg Limits Group Symbol
CL, LL=40, PL=18, PI=22

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 58'-66'
Project No. 30598 Sample B-1

Lab Sample No. 30598024
USCS Description GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-6 (11)
USDA Description CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 25.1 Very Coarse Sand; 2-1 6.1
   Percent Silt, % 41.5 Coarse Sand; 1-0.5 3.9
   Percent Clay, % 33.4 Medium Sand; 0.5-0.25 2.7

Fine Sand; 0.25-0.1 5.1
Very Fine Sand; 0.1-0.05 7.4
Total 25.1

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 16'-20'
Project No. 30598 Sample B-1

Lab Sample No. 30598025
USCS Description DARK GRAYISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (22)
USDA Description SILTY CLAY

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 22.5 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 17447.5 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 13968.0 2" 50 0 0.0 0.0 100.0 100.0
Total Sample Dry Wt, gm 13990.5 1 1/2" 37.5 0 0.0 0.0 100.0 100.0

1" 25 22.52 0.2 0.2 99.8 99.8
Passing -3/4" (J-Factor) 1.00 3/4" 19 0 0.0 0.2 99.8 99.8

1/2" 12.5 4.33 0.5 0.5 99.5 99.3
3/8" 9.5 2.31 0.3 0.8 99.2 99.0

Tare No. 522 #4 4.75 19.53 2.4 3.2 96.8 96.6
Wt. Tare + WS., gm 1116.5 #10 2 27.03 3.3 6.6 93.4 93.3
Wt. Tare + DS., gm 914.5 #20 0.85 25.65 3.2 9.7 90.3 90.1
Wt. Tare, gm 103.6 #40 0.425 18.07 2.2 12.0 88.0 87.9
Wt. of DS., gm 810.9 #60 0.25 13.7 1.7 13.6 86.4 86.2
Water Content, % 24.9 #140 0.106 23.39 2.9 16.5 83.5 83.3

#200 0.075 14.57 1.8 18.3 81.7 81.5
Wt. of +#200 Sample, gm 148.6 Pan -  662.3 81.7 100.0     -     -
Wt. of -#200 Sample, gm 662.3

Elapsed R Composite R Percent Particle Adjusted
Tare No. 811 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 146.15 (min.) (%) (mm) (%)
Wt. Tare, gm 102.63 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 42.5 7.5 35 89.9 0.0296 73.3
Wt. Dry Soil, gm 38.52 5 40 7.5 32.5 83.4 0.0191 68.0
-#10 Dispersed 1min in Hamilton Beach Mixer 15 37 7.5 29.5 75.7 0.0113 61.8
K Factor 0.0138 30 35 7.5 27.5 70.6 0.0081 57.6
Composite Correction 7.5 60 31.5 7.5 24 61.6 0.0059 50.2
a Factor 0.99 250 27 7.5 19.5 50.1 0.0030 40.8
Average Test Temp, °C 18.3 1440 23.5 7.5 16 41.1 0.0013 33.5
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 3.4 Silt=33.5%  Clay=47.9% Particle Percent Corrected
Coarse=0.2; Fine=3.2 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 15.1 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.3; Med.=5.4; Fine=6.4 D10, mm NA Material
% Fines (-#200) 81.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 18.5 Cu NA Gravel 6.7 0

2 93.3
Sand 15.4 16.5

USCS Group Symbol 0.05 77.9
CL Silt 40.6 43.5

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 37.4
12" Sieve - 300 mm 0 0.0 100.0 Clay 37.4 40.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

Atterberg Limits Group Symbol

SILTY CLAY

LEAN CLAY WITH SAND

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample
Correction For Split Samples

(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=46, PL=19, PI=27

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component



Client Civil & Environmental Consultants, Inc.Boring No. SB-14
Client Project 091-867 Apex Landfill Expansion Depth(ft) 16'-20'
Project No. 30598 Sample No. B-1

Lab Sample No. 30598025
Soil Description: DARK GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 522         Liquid Limit (LL), % 46
   Wt. Tare & WS, gm 1116.50         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 914.50         Plasticity Index (PI) 27
   Wt. Water, gm 202.00         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 103.60         Sample Preparation: Wet Method
   Wt. DS, gm 810.90         Liquidity Index, % 21.9%
   Water Content, % 24.9         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 423 506 488 444 466 472
Wt. Tare & WS, gm 17.07 17.77 20.62 17.57 18.07 19.50
Wt. Tare & DS, gm 16.09 16.64 19.08 15.30 15.76 16.88
Wt. Water, gm 0.98 1.13 1.54 2.27 2.31 2.62
Wt. Tare, gm 10.74 10.76 10.87 10.70 10.75 10.82
Wt. DS, gm 5.35 5.88 8.21 4.60 5.01 6.06
Water Content, % 18.3 19.2 18.8 49.3 46.1 43.2

# of Blows 16 24 35

0 0 1.20412 1.38021124 1.54406804
7 7 70.984971 -17.988807

29.59 7 25 45.8376975
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

46 27

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 16'-20'
Project No. 30598 Sample B-1

Lab Sample No. 30598025
USCS Description DARK GRAYISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (22)
USDA Description SILTY CLAY

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 99.8

3/4" 19 99.8

1/2" 12.5 99.3

3/8" 9.5 99.0

#4 4.75 96.6

#10 2 93.3

#20 0.85 90.1

#40 0.425 87.9

#60 0.25 86.2

#140 0.106 83.3

#200 0.075 81.5

NA 0.0296 73.3

NA 0.0191 68.0

NA 0.0113 61.8

NA 0.0081 57.6

NA 0.0059 50.2

NA 0.0030 40.8

NA 0.0013 33.5

% Gravel (-3" & +#4) 3.4 Silt=33.5%  Clay=47.9% Particle Percent Corrected
Coarse=0.2; Fine=3.2 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 15.1 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.3; Med.=5.4; Fine=6.4 D10, mm NA Material
% Fines (-#200) 81.5 Cc NA 100 100 for USDA
% Plus #200 (-3") 18.5 Cu NA Gravel 6.7 0

2 93.3
Sand 15.4 16.5

USCS Group Symbol 0.05 77.9
CL Silt 40.6 43.5

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 37.4
12" Sieve - 300 mm 0 0.0 100.0 Clay 37.4 40.1
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USCS SOIL CLASSIFICATION

Atterberg Limits Group Symbol
CL, LL=46, PL=19, PI=27

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATION

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

SILTY CLAY

Percent of
Each Component

USCS Description
LEAN CLAY WITH SAND

USDA Classification
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 16'-20'
Project No. 30598 Sample B-1

Lab Sample No. 30598025
USCS Description DARK GRAYISH BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-7-6 (22)
USDA Description SILTY CLAY

   Percent Gravel, % 0.0
   Percent Sand, % 16.5 Very Coarse Sand; 2-1 2.7
   Percent Silt, % 43.5 Coarse Sand; 1-0.5 2.5
   Percent Clay, % 40.1 Medium Sand; 0.5-0.25 2.4

Fine Sand; 0.25-0.1 3.4
Very Fine Sand; 0.1-0.05 5.5
Total 16.5

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring RB-3
Client Project 091-867 Apex Landfill Expansion Depth 20'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598026
USCS Description DARK GRAY SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (13)
USDA Description CLAY LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 109.2 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 14370.8 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 12728.1 2" 50 0 0.0 0.0 100.0 100.0
Total Sample Dry Wt, gm 12837.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0

1" 25 0 0.0 0.0 100.0 100.0
Passing -3/4" (J-Factor) 0.99 3/4" 19 109.2 0.9 0.9 99.1 99.1

1/2" 12.5 5.97 0.7 0.7 99.3 98.5
3/8" 9.5 4.55 0.5 1.1 98.9 98.0

Tare No. 802 #4 4.75 25.04 2.7 3.9 96.1 95.3
Wt. Tare + WS., gm 1139 #10 2 50.3 5.5 9.4 90.6 89.9
Wt. Tare + DS., gm 1020.5 #20 0.85 55.86 6.1 15.4 84.6 83.8
Wt. Tare, gm 102.3 #40 0.425 37.01 4.0 19.5 80.5 79.8
Wt. of DS., gm 918.2 #60 0.25 25.21 2.7 22.2 77.8 77.1
Water Content, % 12.9 #140 0.106 51.38 5.6 27.8 72.2 71.6

#200 0.075 33.09 3.6 31.4 68.6 68.0
Wt. of +#200 Sample, gm 288.4 Pan -  629.8 68.6 100.0     -     -
Wt. of -#200 Sample, gm 629.8

Elapsed R Composite R Percent Particle Adjusted
Tare No. 303 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 146.09 (min.) (%) (mm) (%)
Wt. Tare, gm 100.31 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 43 7.5 35.5 86.1 0.0294 58.5
Wt. Dry Soil, gm 40.78 5 40.5 7.5 33 80.0 0.0190 54.4
-#10 Dispersed 1min in Hamilton Beach Mixer 15 37 7.5 29.5 71.5 0.0113 48.6
K Factor 0.0137 30 35.5 7.5 28 67.9 0.0081 46.2
Composite Correction 7.5 60 32 7.5 24.5 59.4 0.0059 40.4
a Factor 0.99 250 26 7.5 18.5 44.9 0.0030 30.5
Average Test Temp, °C 18.4 1440 22.5 7.5 15 36.4 0.0013 24.7
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 4.7 Silt=29.9%  Clay=38% Particle Percent Corrected
Coarse=0.9; Fine=3.8 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.4; Med.=10; Fine=11.8 D10, mm NA Material
% Fines (-#200) 68.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 32.0 Cu NA Gravel 10.1 0

2 89.9
Sand 26.0 28.9

USCS Group Symbol 0.05 63.9
CL Silt 36.2 40.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 27.7
12" Sieve - 300 mm 0 0.0 100.0 Clay 27.7 30.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

Correction For Split Samples
(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=37, PL=14, PI=23

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

SANDY LEAN CLAY

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample

Atterberg Limits Group Symbol

CLAY LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. RB-3
Client Project 091-867 Apex Landfill Expansion Depth(ft) 20'-24'
Project No. 30598 Sample No. B-1

Lab Sample No. 30598026
Soil Description: DARK GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 802         Liquid Limit (LL), % 37
   Wt. Tare & WS, gm 1139.00         Plastic Limit (PL), % 14
   Wt. Tare & DS, gm 1020.50         Plasticity Index (PI) 23
   Wt. Water, gm 118.50         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 102.30         Sample Preparation: Wet Method
   Wt. DS, gm 918.20         Liquidity Index, % -4.8%
   Water Content, % 12.9         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 510 430 419 402 441 486
Wt. Tare & WS, gm 19.40 19.74 16.91 18.44 17.87 19.00
Wt. Tare & DS, gm 18.32 18.67 16.12 16.24 15.87 16.88
Wt. Water, gm 1.08 1.07 0.79 2.20 2.00 2.12
Wt. Tare, gm 10.81 10.76 10.72 10.77 10.65 10.78
Wt. DS, gm 7.51 7.91 5.40 5.47 5.22 6.10
Water Content, % 14.4 13.5 14.6 40.2 38.3 34.8

# of Blows 15 22 33

0 0 1.1760913 1.34242268 1.51851394
7 7 59.296337 -16.002208

29.59 7 25 36.9262109
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

37 23

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
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Client Civil & Environmental Consultants, Inc.Boring RB-3
Client Project 091-867 Apex Landfill Expansion Depth 20'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598026
USCS Description DARK GRAY SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-6 (13)
USDA Description CLAY LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 99.1

1/2" 12.5 98.5

3/8" 9.5 98.0

#4 4.75 95.3

#10 2 89.9

#20 0.85 83.8

#40 0.425 79.8

#60 0.25 77.1

#140 0.106 71.6

#200 0.075 68.0

NA 0.0294 58.5

NA 0.0190 54.4

NA 0.0113 48.6

NA 0.0081 46.2

NA 0.0059 40.4

NA 0.0030 30.5

NA 0.0013 24.7

% Gravel (-3" & +#4) 4.7 Silt=29.9%  Clay=38% Particle Percent Corrected
Coarse=0.9; Fine=3.8 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 27.3 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=5.4; Med.=10; Fine=11.8 D10, mm NA Material
% Fines (-#200) 68.0 Cc NA 100 100 for USDA
% Plus #200 (-3") 32.0 Cu NA Gravel 10.1 0

2 89.9
Sand 26.0 28.9

USCS Group Symbol 0.05 63.9
CL Silt 36.2 40.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 27.7
12" Sieve - 300 mm 0 0.0 100.0 Clay 27.7 30.9
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0
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CLAY LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

USDA Classification

Atterberg Limits Group Symbol
CL, LL=37, PL=14, PI=23

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATIONUSCS SOIL CLASSIFICATION
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Client Civil & Environmental Consultants, Inc.Boring RB-3
Client Project 091-867 Apex Landfill Expansion Depth 20'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598026
USCS Description DARK GRAY SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-6 (13)
USDA Description CLAY LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 28.9 Very Coarse Sand; 2-1 5.4
   Percent Silt, % 40.2 Coarse Sand; 1-0.5 4.7
   Percent Clay, % 30.9 Medium Sand; 0.5-0.25 4.1

Fine Sand; 0.25-0.1 6.8
Very Fine Sand; 0.1-0.05 7.9
Total 28.9

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.Boring RB-4
Client Project 091-867 Apex Landfill Expansion Depth 19'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598027
USCS Description OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (20)
USDA Description CLAY

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 27.0 3" 75 0 0.0 0.0 100.0 100.0
-3/4 Wet Wt., gm 14173.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-3/4 Dry Wt., gm 11123.3 2" 50 0 0.0 0.0 100.0 100.0
Total Sample Dry Wt, gm 11150.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0

1" 25 10.99 0.1 0.1 99.9 99.9
Passing -3/4" (J-Factor) 1.00 3/4" 19 16 0.1 0.2 99.8 99.8

1/2" 12.5 2.54 0.3 0.3 99.7 99.4
3/8" 9.5 3.66 0.5 0.8 99.2 99.0

Tare No. 806 #4 4.75 17.42 2.2 3.0 97.0 96.8
Wt. Tare + WS., gm 1120.2 #10 2 24.76 3.1 6.1 93.9 93.7
Wt. Tare + DS., gm 901.3 #20 0.85 31.54 4.0 10.0 90.0 89.8
Wt. Tare, gm 102.9 #40 0.425 25.04 3.1 13.1 86.9 86.6
Wt. of DS., gm 798.4 #60 0.25 17.17 2.2 15.3 84.7 84.5
Water Content, % 27.4 #140 0.106 28.18 3.5 18.8 81.2 81.0

#200 0.075 13.55 1.7 20.5 79.5 79.3
Wt. of +#200 Sample, gm 163.9 Pan -  634.5 79.5 100.0     -     -
Wt. of -#200 Sample, gm 634.5

Elapsed R Composite R Percent Particle Adjusted
Tare No. 834 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 141.7 (min.) (%) (mm) (%)
Wt. Tare, gm 104.52 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 36.5 7.5 29 89.1 0.0311 70.7
Wt. Dry Soil, gm 32.18 5 35 7.5 27.5 84.5 0.0199 67.0
-#10 Dispersed 1min in Hamilton Beach Mixer 15 33 7.5 25.5 78.4 0.0117 62.1
K Factor 0.0138 30 31.5 7.5 24 73.8 0.0084 58.5
Composite Correction 7.5 60 29 7.5 21.5 66.1 0.0060 52.4
a Factor 0.99 250 24.5 7.5 17 52.2 0.0030 41.4
Average Test Temp, °C 18.4 1440 21.5 7.5 14 43.0 0.0013 34.1
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 3.2 Silt=29.7%  Clay=49.4% Particle Percent Corrected
Coarse=0.2; Fine=3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 17.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.1; Med.=7.1; Fine=7.4 D10, mm NA Material
% Fines (-#200) 79.3 Cc NA 100 100 for USDA
% Plus #200 (-3") 20.7 Cu NA Gravel 6.3 0

2 93.7
Sand 18.4 19.6

USCS Group Symbol 0.05 75.3
CL Silt 37.5 40.0

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 37.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 37.8 40.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
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Atterberg Limits Group Symbol

CLAY

LEAN CLAY WITH SAND

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample
Correction For Split Samples

(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=45, PL=19, PI=26

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component



Client Civil & Environmental Consultants, Inc.Boring No. RB-4
Client Project 091-867 Apex Landfill Expansion Depth(ft) 19'-24'
Project No. 30598 Sample No. B-1

Lab Sample No. 30598027
Soil Description: OLIVE BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 806         Liquid Limit (LL), % 45
   Wt. Tare & WS, gm 1120.20         Plastic Limit (PL), % 19
   Wt. Tare & DS, gm 901.30         Plasticity Index (PI) 26
   Wt. Water, gm 218.90         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 102.90         Sample Preparation: Wet Method
   Wt. DS, gm 798.40         Liquidity Index, % 32.4%
   Water Content, % 27.4         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 463 506 510 447 453 503
Wt. Tare & WS, gm 17.90 17.58 17.12 18.92 19.17 19.76
Wt. Tare & DS, gm 16.72 16.49 16.14 16.33 16.55 17.03
Wt. Water, gm 1.18 1.09 0.98 2.59 2.62 2.73
Wt. Tare, gm 10.77 10.78 10.82 10.76 10.79 10.61
Wt. DS, gm 5.95 5.71 5.32 5.57 5.76 6.42
Water Content, % 19.8 19.1 18.4 46.5 45.5 42.5

# of Blows 17 30 34

0 0 1.2304489 1.47712125 1.53147892
7 7 59.547688 -10.411412

29.59 7 25 44.9931588
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

45 26

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTIC LIMIT LIQUID LIMIT

ASTM D 4318
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTICITY CHART FLOW CURVE
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Client Civil & Environmental Consultants, Inc.Boring RB-4
Client Project 091-867 Apex Landfill Expansion Depth 19'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598027
USCS Description OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO: A-7-6 (20)
USDA Description CLAY

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 99.9

3/4" 19 99.8

1/2" 12.5 99.4

3/8" 9.5 99.0

#4 4.75 96.8

#10 2 93.7

#20 0.85 89.8

#40 0.425 86.6

#60 0.25 84.5

#140 0.106 81.0

#200 0.075 79.3

NA 0.0311 70.7

NA 0.0199 67.0

NA 0.0117 62.1

NA 0.0084 58.5

NA 0.0060 52.4

NA 0.0030 41.4

NA 0.0013 34.1

% Gravel (-3" & +#4) 3.2 Silt=29.7%  Clay=49.4% Particle Percent Corrected
Coarse=0.2; Fine=3 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 17.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=3.1; Med.=7.1; Fine=7.4 D10, mm NA Material
% Fines (-#200) 79.3 Cc NA 100 100 for USDA
% Plus #200 (-3") 20.7 Cu NA Gravel 6.3 0

2 93.7
Sand 18.4 19.6

USCS Group Symbol 0.05 75.3
CL Silt 37.5 40.0

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 37.8
12" Sieve - 300 mm 0 0.0 100.0 Clay 37.8 40.4
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

USCS SOIL CLASSIFICATION

Atterberg Limits Group Symbol
CL, LL=45, PL=19, PI=26

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
USDA CLASSIFICATION

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring RB-4
Client Project 091-867 Apex Landfill Expansion Depth 19'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598027
USCS Description OLIVE BROWN LEAN CLAY WITH SAND
USCS Group Symbol CL AASHTO Classification A-7-6 (20)
USDA Description CLAY

   Percent Gravel, % 0.0
   Percent Sand, % 19.6 Very Coarse Sand; 2-1 3.4
   Percent Silt, % 40.0 Coarse Sand; 1-0.5 3.4
   Percent Clay, % 40.4 Medium Sand; 0.5-0.25 3.1

Fine Sand; 0.25-0.1 4.1
Very Fine Sand; 0.1-0.05 5.7
Total 19.6

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



Client Civil & Environmental Consultants, Inc.

Client Project 091-867 Apex Landfill Expansion

Project No. 30598

Lab Tare Tare Weight Tare Weight Tare ~Maximum Any Could Method
Sample Boring Depth Sample Number + Wet Soil + Dry Soil Weight Method B Method A Particle + Sizes Minimum A or B

No. gm gm gm % % Tested Omitted? Mass be met

30598001 SB-3 11.5'-13.5' ST-1 A10 76.94 70.55 9.53 10.5 10 -3/4 Yes No A
30598002 SB-14 25'-27' ST-2 BOTTOM Z2 144.79 136.26 123.14 65.0 65 -3/4 Yes No A

30598002(39) SB-14 25'-27' ST-2 TOP A45 94.14 70.66 9.06 38.1 38 -3/4 Yes No A
30598003 SB-20 16'-18', 17'-19' ST-1, ST-2 A10 100.8 85.43 9.53 20.3 20 -3/4 No No A
30598004 SB-16 1'-3' ST-1 A23 134.52 112.93 9.43 20.9 21 -3/4 No No A
30598005 TPE-17 12'-14' ST-1 A17 183.36 160.83 9.54 14.9 15 -3/4 No No A
30598006 TPE-19 2'-4' ST-1 Z12 233.45 219.41 123.25 14.6 15 -3/4 NA No A
30598007 SB-6 8'-9' ST-1 917 217 208.07 99.57 8.2 8 -3/4 Yes No A
30598008 SB-16 0.5'-2.5' ST-1 A45 91.82 76.93 9.06 21.9 22 -3/4 Yes No A
30598009 SB-17 16'-18' ST-1 A23 78.88 69.11 9.42 16.4 16 -3/4 No No A
30598010 SB-18 10'-12' ST-1 A12 121.92 104.87 9.53 17.9 18 -3/4 No No A
30598011 SB-21 9'-11' ST-1 A42 125.9 112.18 9.49 13.4 13 -3/4 No No A
30598012 TPE-18 12'-14' ST-1 Z13 241.96 220.12 122.82 22.4 22 -3/4 No No A
30598013 SB-4 28'-30' ST-1 A34 260.56 239.59 9.91 9.1 9 -3/4 No Yes A
30598014 SB-6 9'-10' ST-2 A12 257.57 235.97 9.53 9.5 10 -3/4 No No A
30598015 SB-8 2'-4' ST-1 A37 246.62 215.08 9.67 15.4 15 -3/4 Yes No A
30598016 SB-14 10'-12' ST-1 A45 193.31 160.57 9.07 21.6 22 -3/4 No No A
30598017 SB-17 18'-20' ST-2 A10 233.21 212.65 9.56 10.1 10 -3/4 No No A
30598018 SB-18 22'-24' ST-3 A18 262.22 228.43 9.46 15.4 15 -3/4 No Yes A
30598019 SB-19 11'-13' ST-1 A23 247.18 214.13 9.42 16.1 16 -3/4 Yes No A
30598020 TPE-18 18'-19.7' ST-2 A10 76.24 69.14 9.53 11.9 12 -3/4 Yes No A
30598021 TPE-21 2'-4' ST-1 A7 218.78 181.38 9.45 21.8 22 -3/4 Yes No A

           Input Validation:TMP Reviewed By: Date Tested: 12/1/2010

Note: Both Methods A & B are presented for instances where additional significant digits are required for other calculations.

Water Content

LABORATORY DETERMINATION OF WATER (MOISTURE) CONTENT OF SOIL AND ROCK
ASTM D 2216-05
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Client Civil & Environmental Consultants, Inc.

Client Project 091-867 Apex Landfill Expansion

Project No. 30598

Lab Tare Tare Weight Tare Weight Tare ~Maximum Any Could Method
Sample Boring Depth Sample Number + Wet Soil + Dry Soil Weight Method B Method A Particle + Sizes Minimum A or B

No. gm gm gm % % Tested Omitted? Mass be met

30598022 RB-1 14'-19' B-1 505 1186.1 987 103.6 22.5 23 -3/8 NA NA NA
30598023 RB-8 23'-27' B-1 713 1111.2 845.6 99.7 35.6 36 -#4 NA NA NA
30598024 SB-1 58'-66' B-1 501 1237.9 1108.7 104.1 12.9 13 -#10 NA NA NA
30598025 SB-14 16'-20' B-1 522 1116.5 914.5 103.6 24.9 25 NA NA NA NA
30598026 RB-3 20'-24' B-1 802 1139 1020.5 102.3 12.9 13 NA NA NA NA
30598027 RB-4 19'-24' B-1 806 1120.2 901.3 102.9 27.4 27 NA NA NA NA
30598028 SB-1 26'-28' SS-13 842 249.57 242.23 123.32 6.2 6 NA NA NA NA
30598029 SB-2 22'-24' SS-12 839 193.65 185.77 123.44 12.6 13 NA NA NA NA
30598030 SB-5 6'-8' SS-4 800 204.42 195.51 123.25 12.3 12 NA NA NA NA
30598031 SB-6 30'-32' SS-15 902 213.01 201.49 123.38 14.7 15 NA NA NA NA
30598032 SB-8 6'-8' SS-3 906 223.06 213.53 123.45 10.6 11 NA NA NA NA
30598033 SB-9 0'-2' SS-1 222 218.62 206.38 123 14.7 15 NA NA NA NA
30598034 SB-11 14'-16' SS-8 520 197.48 188.71 123.28 13.4 13 NA NA NA NA
30598035 SB-12 16-'18' SS-9 G4 203.06 187.94 123.82 23.6 24 NA NA NA NA
30598036 SB-15 4'-6' SS-3 F5 230.93 218.01 123.15 13.6 14 NA NA NA NA
30598037 SB-17 6'-8' SS-4 C2 208.28 197.9 123.17 13.9 14 NA NA NA NA
30598038 SB-18 28'-30' SS-11 446 154.13 143.7 83.31 17.3 17 NA NA NA NA

           Input Validation:TMP Reviewed By: Date Tested: 12/1/2010

Note: Both Methods A & B are presented for instances where additional significant digits are required for other calculations.

Water Content

LABORATORY DETERMINATION OF WATER (MOISTURE) CONTENT OF SOIL AND ROCK
ASTM D 2216-05
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL USING STANDARD EFFORT - D698

Client Civil & Environmental ConsultantsBoring RB-1
Client Project 091-867 Apex Landfill ExpansionDepth 14-19
Project No. 30598 Sample B-1

Lab Sample No. 30598022
Visual Description: OLIVE BROWN LEAN CLAY WITH SAND

WET DENSITY TEST SUMMARY
  Compaction Effort Standard

Compaction Point # 1 2 3 4 5   Test Procedure B
Wt. Mold & WS, gm. 5993.2 6114 6181.6 6218.4 6200.6   Mold Diameter, in 4
Wt. Mold, gm. 4381 4381 4381 4381 4381   Compacted Layers 3
Wt. WS, gm. 1612.2 1733 1800.6 1837.4 1819.6   Blows Per Layer 25
Mold Volume, cc 941.62 941.62 941.62 941.62 941.62   Rammer Weight / Fall 5.5 lbs / 12 in.
Wet Density, gm./cc 1.71 1.84 1.91 1.95 1.93   Size of Material Used -3/8" Sieve
Wet Density, pcf 106.8 114.8 119.3 121.8 120.6   Mold Volume, cc 941.62

  Wt. of Mold, gm. 4381
WATER CONTENT OVERSIZE PARTICLE CORRECTION

Percent Retained on 3/4" Sieve, % <5%
Tare Number 23 946 523 709 718 Percent Retained on 3/8" Sieve, % NA
Wt. Tare & WS, gm. 728.9 674.1 789.6 803.8 855.5 Percent Retained on #4 Sieve, % NA
Wt. Tare & DS, gm. 672.2 605.5 695.5 691.4 714.7 (Based on As Received Screening)
Wt. Tare, gm. 103.4 98.6 104.1 97.6 99.2
Water Content, % 10.0 13.5 15.9 18.9 22.9 No Oversize Correction Needed

DRY DENSITY vs. WATER CONTENT SAMPLE SUMMARY
LABORATORY TEST VALUES   As-Received Water Content, % NA

Water Content, % 10.0 13.5 15.9 18.9 22.9   Lab Optimum Water Content, % 17.1
Dry Density, pcf 97.2 101.2 102.9 102.4 98.1   Lab Maximum Dry Density, pcf 103.1

Note: Maximum Density and Optimum Water Content reported from estimated best fit smooth curve!

  

Note: Compacted using manual hammer.

Input Validation: Reviewed By: Date Tested: 12/03/10
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL USING STANDARD EFFORT - D698

Client Civil & Environmental ConsultantsBoring RB-8
Client Project 091-867 Apex Landfill ExpansionDepth 23'-27'
Project No. 30598 Sample B-1

Lab Sample No. 30598023
Visual Description: DARK GRAY FAT CLAY

WET DENSITY TEST SUMMARY
  Compaction Effort Standard

Compaction Point # 1 2 3 4 5   Test Procedure B
Wt. Mold & WS, gm. 5946.6 6032.2 6074 6070.4 6070.4   Mold Diameter, in 4
Wt. Mold, gm. 4381 4381 4381 4381 4381   Compacted Layers 3
Wt. WS, gm. 1565.6 1651.2 1693 1689.4 1689.4   Blows Per Layer 25
Mold Volume, cc 941.62 941.62 941.62 941.62 941.62   Rammer Weight / Fall 5.5 lbs / 12 in.
Wet Density, gm./cc 1.66 1.75 1.80 1.79 1.79   Size of Material Used -3/8" Sieve
Wet Density, pcf 103.8 109.4 112.2 112.0 112.0   Mold Volume, cc 941.62

  Wt. of Mold, gm. 4381
WATER CONTENT OVERSIZE PARTICLE CORRECTION

Percent Retained on 3/4" Sieve, % <5%
Tare Number 828 830 31 519 519 Percent Retained on 3/8" Sieve, % NA
Wt. Tare & WS, gm. 606.1 617.5 595.6 738.3 738.3 Percent Retained on #4 Sieve, % NA
Wt. Tare & DS, gm. 542.03 542.9 511 627.9 627.9 (Based on As Received Screening)
Wt. Tare, gm. 102.9 103 84 103 103
Water Content, % 14.6 17.0 19.8 21.0 21.0 No Oversize Correction Needed

DRY DENSITY vs. WATER CONTENT SAMPLE SUMMARY
LABORATORY TEST VALUES   As-Received Water Content, % NA

Water Content, % 14.6 17.0 19.8 21.0 21.0   Lab Optimum Water Content, % 18.4
Dry Density, pcf 90.5 93.6 93.6 92.5 92.5   Lab Maximum Dry Density, pcf 94.1

Note: Maximum Density and Optimum Water Content reported from estimated best fit smooth curve!

  

Note: Compacted using manual hammer.

Input Validation: Reviewed By: Date Tested: 12/07/10
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL USING STANDARD EFFORT - D698

Client Civil & Environmental ConsultantsBoring SB-1
Client Project 091-867 Apex Landfill ExpansionDepth 58-66
Project No. 30598 Sample B-1

Lab Sample No. 30598024
Visual Description: GRAYISH BROWN SANDY LEAN CLAY

WET DENSITY TEST SUMMARY
  Compaction Effort Standard

Compaction Point # 1 2 3 4 5   Test Procedure C
Wt. Mold & WS, gm. 10011.5 10122 10249 10131 10131   Mold Diameter, in 6
Wt. Mold, gm. 5823.3 5823.3 5823.3 5823.3 5823.3   Compacted Layers 3
Wt. WS, gm. 4188.2 4298.7 4425.7 4307.7 4307.7   Blows Per Layer 56
Mold Volume, cc 2121.4 2121.4 2121.4 2121.4 2121.4   Rammer Weight / Fall 5.5 lbs / 12 in.
Wet Density, gm./cc 1.97 2.03 2.09 2.03 2.03   Size of Material Used -3/4" Sieve
Wet Density, pcf 123.2 126.4 130.2 126.7 126.7   Mold Volume, cc 2121.4

  Wt. of Mold, gm. 5823.3
WATER CONTENT OVERSIZE PARTICLE CORRECTION

Percent Retained on 3/4" Sieve, % <5%
Tare Number 709 516 43 814 814 Percent Retained on 3/8" Sieve, % NA
Wt. Tare & WS, gm. 674.1 678.2 629 804.9 804.9 Percent Retained on #4 Sieve, % NA
Wt. Tare & DS, gm. 621.6 615.5 555.9 694.8 694.8 (Based on As Received Screening)
Wt. Tare, gm. 97.1 104.9 82.9 101.8 101.8
Water Content, % 10.0 12.3 15.5 18.6 18.6 No Oversize Correction Needed

DRY DENSITY vs. WATER CONTENT SAMPLE SUMMARY
LABORATORY TEST VALUES   As-Received Water Content, % NA

Water Content, % 10.0 12.3 15.5 18.6 18.6   Lab Optimum Water Content, % 14.2
Dry Density, pcf 112.0 112.6 112.8 106.9 106.9   Lab Maximum Dry Density, pcf 113.1

Note: Maximum Density and Optimum Water Content reported from estimated best fit smooth curve!

  

Note: Compacted using manual hammer.

Input Validation: Reviewed By: Date Tested: 12/03/10
COPYRIGHT © 2008   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL USING STANDARD EFFORT - D698

Client Civil & Environmental ConsultantsBoring SB-14
Client Project 091-867 Apex Landfill ExpansionDepth 16-20
Project No. 30598 Sample B-1

Lab Sample No. 30598025
Visual Description: DARK GRAYISH BROWN LEAN CLAY WITH SAND

WET DENSITY TEST SUMMARY
  Compaction Effort Standard

Compaction Point # 1 2 3 4 5   Test Procedure B
Wt. Mold & WS, gm. 6156.2 6192.8 6245.4 6240.4 6240.4   Mold Diameter, in 4
Wt. Mold, gm. 4381 4381 4381 4381 4381   Compacted Layers 3
Wt. WS, gm. 1775.2 1811.8 1864.4 1859.4 1859.4   Blows Per Layer 25
Mold Volume, cc 941.62 941.62 941.62 941.62 941.62   Rammer Weight / Fall 5.5 lbs / 12 in.
Wet Density, gm./cc 1.89 1.92 1.98 1.97 1.97   Size of Material Used -3/8" Sieve
Wet Density, pcf 117.6 120.1 123.6 123.2 123.2   Mold Volume, cc 941.62

  Wt. of Mold, gm. 4381
WATER CONTENT OVERSIZE PARTICLE CORRECTION

Percent Retained on 3/4" Sieve, % <5%
Tare Number 814 21 21 11 11 Percent Retained on 3/8" Sieve, % NA
Wt. Tare & WS, gm. 752.4 738.7 730.1 826.4 826.4 Percent Retained on #4 Sieve, % NA
Wt. Tare & DS, gm. 657.4 637 618.7 689.4 689.4 (Based on As Received Screening)
Wt. Tare, gm. 101.9 81.7 82.1 81.8 81.8
Water Content, % 17.1 18.3 20.8 22.5 22.5 No Oversize Correction Needed

DRY DENSITY vs. WATER CONTENT SAMPLE SUMMARY
LABORATORY TEST VALUES   As-Received Water Content, % NA

Water Content, % 17.1 18.3 20.8 22.5 22.5   Lab Optimum Water Content, % 20.3
Dry Density, pcf 100.5 101.5 102.3 100.5 100.5   Lab Maximum Dry Density, pcf 102.4

Note: Maximum Density and Optimum Water Content reported from estimated best fit smooth curve!

  

Note: Compacted using manual hammer.

Input Validation: Reviewed By: Date Tested: 12/03/10
COPYRIGHT © 2008   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL USING STANDARD EFFORT - D698

Client Civil & Environmental ConsultantsBoring RB-3
Client Project 091-867 Apex Landfill ExpansionDepth 20-24
Project No. 30598 Sample B-1

Lab Sample No. 30598026
Visual Description: DARK GRAY SANDY LEAN CLAY

WET DENSITY TEST SUMMARY
  Compaction Effort Standard

Compaction Point # 1 2 3 4 5   Test Procedure B
Wt. Mold & WS, gm. 6084 6224.8 6298.6 6273.6 6273.6   Mold Diameter, in 4
Wt. Mold, gm. 4381 4381 4381 4381 4381   Compacted Layers 3
Wt. WS, gm. 1703 1843.8 1917.6 1892.6 1892.6   Blows Per Layer 25
Mold Volume, cc 941.62 941.62 941.62 941.62 941.62   Rammer Weight / Fall 5.5 lbs / 12 in.
Wet Density, gm./cc 1.81 1.96 2.04 2.01 2.01   Size of Material Used -3/8" Sieve
Wet Density, pcf 112.9 122.2 127.1 125.4 125.4   Mold Volume, cc 941.62

  Wt. of Mold, gm. 4381
WATER CONTENT OVERSIZE PARTICLE CORRECTION

Percent Retained on 3/4" Sieve, % <5%
Tare Number 518 301 916 312 312 Percent Retained on 3/8" Sieve, % NA
Wt. Tare & WS, gm. 820.6 622.9 677.7 808.4 808.4 Percent Retained on #4 Sieve, % NA
Wt. Tare & DS, gm. 768.8 569.2 606.9 705.7 705.7 (Based on As Received Screening)
Wt. Tare, gm. 104.3 97.6 100.7 99.4 99.4
Water Content, % 7.8 11.4 14.0 16.9 16.9 No Oversize Correction Needed

DRY DENSITY vs. WATER CONTENT SAMPLE SUMMARY
LABORATORY TEST VALUES   As-Received Water Content, % NA

Water Content, % 7.8 11.4 14.0 16.9 16.9   Lab Optimum Water Content, % 13.9
Dry Density, pcf 104.7 109.7 111.5 107.3 107.3   Lab Maximum Dry Density, pcf 111.5

Note: Maximum Density and Optimum Water Content reported from estimated best fit smooth curve!

  

Note: Compacted using manual hammer.

Input Validation: Reviewed By: Date Tested: 12/03/10
COPYRIGHT © 2008   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL USING STANDARD EFFORT - D698

Client Civil & Environmental ConsultantsBoring RB-4
Client Project 091-867 Apex Landfill ExpansionDepth 19-24
Project No. 30598 Sample B-1

Lab Sample No. 30598027
Visual Description: OLIVE BROWN LEAN CLAY WITH SAND

WET DENSITY TEST SUMMARY
  Compaction Effort Standard

Compaction Point # 1 2 3 4 5   Test Procedure B
Wt. Mold & WS, gm. 6038 6160.2 6180.8 6154.8 6124   Mold Diameter, in 4
Wt. Mold, gm. 4381 4381 4381 4381 4381   Compacted Layers 3
Wt. WS, gm. 1657 1779.2 1799.8 1773.8 1743   Blows Per Layer 25
Mold Volume, cc 941.62 941.62 941.62 941.62 941.62   Rammer Weight / Fall 5.5 lbs / 12 in.
Wet Density, gm./cc 1.76 1.89 1.91 1.88 1.85   Size of Material Used -3/8" Sieve
Wet Density, pcf 109.8 117.9 119.3 117.5 115.5   Mold Volume, cc 941.62

  Wt. of Mold, gm. 4381
WATER CONTENT OVERSIZE PARTICLE CORRECTION

Percent Retained on 3/4" Sieve, % <5%
Tare Number 903 810 511 503 23 Percent Retained on 3/8" Sieve, % NA
Wt. Tare & WS, gm. 789.3 864.3 726.9 775.2 1828.2 Percent Retained on #4 Sieve, % NA
Wt. Tare & DS, gm. 689.9 736.5 617.6 640.4 1470.5 (Based on As Received Screening)
Wt. Tare, gm. 100.6 102.1 102.9 103.4 104.3
Water Content, % 16.9 20.1 21.2 25.1 26.2 No Oversize Correction Needed

DRY DENSITY vs. WATER CONTENT SAMPLE SUMMARY
LABORATORY TEST VALUES   As-Received Water Content, % NA

Water Content, % 16.9 20.1 21.2 25.1 26.2   Lab Optimum Water Content, % 21.1
Dry Density, pcf 94.0 98.1 98.4 94.0 91.5   Lab Maximum Dry Density, pcf 98.4

Note: Maximum Density and Optimum Water Content reported from estimated best fit smooth curve!

  

Note: Compacted using manual hammer.

Input Validation: Reviewed By: Date Tested: 12/03/10
COPYRIGHT © 2008   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS

Client Civil & Environmental Consultants, Inc. Boring SB-3
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1

Lab No. 30598001
Visual Description LIGHT GRAY LEAN CLAY
Sample Condition Undisturbed

NORMAL STRESS vs. SHEAR STRESS
φ = φ = φ = φ = 29.3°              c = 7.6 psi

HORIZONTAL DEFORMATION vs. SHEAR STRESS HORIZONTAL DEFORMATION vs. SAMPLE HEIGHT

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Using All Points

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts responsibility for the raw data obtained from the 
direct shear tests.  This data may be interpreted differently by others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.

Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower value than the one reported above.



DIRECT SHEAR TEST OF SOILS
UNDER CONSOLIDATED, DRAINED CONDITIONS
MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client: Civil & Environmental Consultants, Inc. Boring: SB-3
Client Project 091-867 Apex Landfill Expansion Depth: 11.5'-13.5'
Project No. 30598 Sample: ST-1

Lab Sample ID 30598001
Material: LIGHT GRAY LEAN CLAY
Condition Undisturbed
Average Friction Angle, φφφφ, deg. 29.3 Using All Points
Average Cohesion, c, psi 7.6 Using All Points
Sample Condition
Normal Stress, psi 10.01 39.97 79.98
Shear Stress at Failure, psi 11.40 33.16 51.14
Mohr's Circle Radius, psi 13.1 38.0 58.7
Mohr's Circle Origin, psi 16.4 58.6 108.7
(Origin - Normal Stress), psi 6.4 18.6 28.7
Minor Principal Stress σ3, psi 3.3 20.6 50.0
Major Principal Stress σ1, psi 29.5 96.6 167.3
Principal Stress Difference, σ1−σ3, psi 26.1 76.1 117.3
Normal Stress Pole Coordinate, X, psi 22.8 77.2 137.4
Shear Stress Pole Coordinate, Y, psi 11.4 33.2 51.1
Assumed Failure Plane, deg 0 - Horizontal 0 - Horizontal 0 - Horizontal
Major Principal Failure Plane Angle, deg 59.7 59.7 59.7
Minor Principal Failure Plane Angle, deg 30.3 30.3 30.3
Maximum Shear Stress, psi 13.1 38.0 58.7
Maximum Shear Failure Plane Angle, deg 14.7 14.7 14.7
Initial Water Content, % 10.5% 10.5% 10.5%
Initial Dry Density, pcf 130.0 124.3 123.4

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring SB-3
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1 30598001 ds1.sdf

Lab No. 30598001 30598001 ds2.sdf

Visual Description LIGHT GRAY LEAN CLAY 30598001 ds test 3.sdf

Sample Condition Undisturbed

Test No.
Initial After Consol. Final Initial After Consol. Final Initial After Consol. Final

Tare I.D. A10 - A8 A10 - 53 A10 - A12
Wt. Wet Soil & Tare, gm 76.94 - 195.49 76.94 - 267.54 76.94 - 181.88
Wt. Dry Soil & Tare, gm 70.55 - 174.28 70.55 - 246.98 70.55 - 161.41
Wt. Tare, gm 9.53 - 9.66 9.53 - 84.64 9.53 - 9.54
Water Content, % 10.5% - 12.9% 10.5% - 12.7% 10.5% - 13.5%

Wt. of Wet Soil & Mold, gm 337.4 - - 328.08 - - 327.72 - -
Wt. of Mold, gm 152.31 - - 151.07 - - 151.99 - -
Wt. of Wet Soil, gm 185.09 - - 177.01 - - 175.73 - -
Sample Height, in 1 0.9829 1.0050 1 0.9433 0.9328 1 0.9216 0.9039
Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Sample Area, in^2 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
Sample Volume, cc 80.44 79.07 80.84 80.44 75.88 75.04 80.44 74.13 72.71
Wet Density, pcf 143.6 NA 146.0 137.3 NA 150.1 136.3 NA 154.9
Dry Density, pcf 130.0 NA 129.3 124.3 NA 133.2 123.4 NA 136.5

t90, min. (Sqrt. Method) 0.29 0.33 0.37
Equivalent t50, min. (Sqrt.) 0.07 0.08 0.09
t50, min. (Log Method) 0.09 0.07 0.10
Selected t50, min. (Max.) 0.09 0.08 0.10
Calc. Disp. Rate, in./min. 0.0178 0.0290 0.0320

Test No.
Normal Stress, psi
Shear Stress at Failure, psi 11.4 Peak 33.2 Peak 51.1 Peak
Shear Disp. at Failure, in
Displacement Rate, in/min

Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0 0.000

0.005 7.0 1.4 0.000 9.8 2.0 0.000 2.7 0.6 0.000
0.010 13.9 2.8 0.000 23.8 4.8 -0.001 10.8 2.2 0.000
0.015 20.1 4.1 0.000 37.8 7.7 -0.002 36.2 7.4 -0.001
0.020 26.2 5.3 0.000 49.3 10.0 -0.003 58.6 11.9 -0.002
0.025 31.3 6.4 0.000 60.3 12.3 -0.004 77.6 15.8 -0.003
0.030 35.4 7.2 0.000 71.1 14.5 -0.005 93.9 19.1 -0.004
0.035 39.3 8.0 0.000 82.2 16.7 -0.006 109.4 22.3 -0.004
0.040 42.9 8.7 0.001 92.1 18.8 -0.007 123.7 25.2 -0.005
0.045 46.1 9.4 0.001 100.5 20.5 -0.007 138.2 28.1 -0.006
0.050 49.2 10.0 0.002 108.5 22.1 -0.008 150.8 30.7 -0.007
0.055 51.6 10.5 0.003 115.2 23.5 -0.008 161.9 33.0 -0.008
0.060 53.1 10.8 0.003 121.6 24.8 -0.009 172.0 35.0 -0.009
0.065 54.6 11.1 0.004 128.4 26.2 -0.009 181.3 36.9 -0.009
0.070 55.4 11.3 0.005 135.5 27.6 -0.009 188.9 38.5 -0.010

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS - ASTM D 3080

TEST DATA AND SUMMARY

SAMPLE CONDITIONS
1 2 3

DEFORMATION RATE CALCULATIONS

1
10.01

0.080
0.0020 0.0020 0.0020

0.110 0.160

2
39.97

3
79.98

30598001 - DS.xls



Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0.075 55.6 11.3 0.006 142.7 29.1 -0.009 197.0 40.1 -0.011
0.080 56.0 11.4 0.007 148.3 30.2 -0.010 203.4 41.4 -0.011
0.085 55.4 11.3 0.007 153.8 31.3 -0.010 209.7 42.7 -0.012
0.090 54.9 11.2 0.008 157.7 32.1 -0.010 215.9 44.0 -0.012
0.095 54.1 11.0 0.009 160.2 32.6 -0.010 221.2 45.1 -0.013
0.100 52.7 10.7 0.009 162.1 33.0 -0.010 226.3 46.1 -0.014
0.105 51.4 10.5 0.010 162.7 33.1 -0.010 230.8 47.0 -0.014
0.110 49.4 10.1 0.011 162.8 33.2 -0.011 235.0 47.9 -0.014
0.115 48.8 9.9 0.012 161.9 33.0 -0.011 238.0 48.5 -0.015
0.120 47.9 9.8 0.012 159.5 32.5 -0.011 240.5 49.0 -0.015
0.125 46.9 9.6 0.013 156.8 31.9 -0.011 242.8 49.5 -0.016
0.130 46.1 9.4 0.014 153.6 31.3 -0.011 244.4 49.8 -0.016
0.135 45.5 9.3 0.014 149.1 30.4 -0.011 246.9 50.3 -0.016
0.140 44.9 9.2 0.015 146.9 29.9 -0.010 247.9 50.5 -0.016
0.145 44.3 9.0 0.015 249.5 50.8 -0.016
0.150 44.3 9.0 0.015 249.8 50.9 -0.017
0.155 43.7 8.9 0.016 250.9 51.1 -0.017
0.160 43.6 8.9 0.016 251.0 51.1 -0.017
0.165 43.0 8.8 0.016 250.9 51.1 -0.017
0.170 42.5 8.7 0.017 250.2 51.0 -0.017
0.175 42.0 8.6 0.017 248.0 50.5 -0.018
0.180 41.8 8.5 0.017 246.0 50.1 -0.018
0.185 40.9 8.3 0.018 243.4 49.6 -0.018
0.190 41.2 8.4 0.018 240.5 49.0 -0.018
0.195 40.7 8.3 0.018 237.1 48.3 -0.018
0.200 40.3 8.2 0.018 233.9 47.7 -0.018
0.205 40.5 8.2 0.019 230.8 47.0 -0.018
0.210 40.0 8.2 0.019 227.4 46.3 -0.018
0.215 39.8 8.1 0.019 224.6 45.8 -0.018
0.220 39.8 8.1 0.019 221.5 45.1 -0.018
0.225 39.2 8.0 0.020 218.8 44.6 -0.018
0.230 39.4 8.0 0.020 216.1 44.0 -0.018
0.235 39.2 8.0 0.021 213.6 43.5 -0.018
0.240 39.1 8.0 0.021 211.4 43.1 -0.018
0.245 38.7 7.9 0.022 209.0 42.6 -0.018
0.250 38.5 7.8 0.022 207.2 42.2 -0.018

Input Validation: Reviewed By:
COPYRIGHT © 2005  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-3 Final Test Load, psi 10.01
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1

Lab ID# 30598001
Description LIGHT GRAY LEAN CLAY
Test Conditions: Undisturbed

Increment Start Date and Time: 12/08/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 67

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 67 0.0067

Adjusted Sample Height
0.08 0.29 72.8 0.9994
0.08 0.29 72.8 0.9994
0.15 0.39 81.2 0.9986
0.20 0.45 83.9 0.9983
0.25 0.50 85.8 0.9981
0.32 0.56 86.7 0.9980
0.40 0.63 87.9 0.9979
0.50 0.71 88.8 0.9978
0.63 0.80 90.0 0.9977
0.80 0.89 90.7 0.9976
1.00 1.00 91.5 0.9976
1.27 1.13 92.2 0.9975
1.58 1.26 93.9 0.9973
2.02 1.42 93.8 0.9973 Square Root of Elapsed Time vs. Dial Reading
2.53 1.59 93.8 0.9973
3.18 1.78 93.7 0.9973
4.02 2.00 93.5 0.9973
5.05 2.25 94.3 0.9973
6.37 2.52 94.3 0.9973
8.02 2.83 94.3 0.9973
9.47 3.08 95.3 0.9972

11.92 3.45 96.1 0.9971
15.02 3.88 96.6 0.9970
18.92 4.35 96.5 0.9971
23.83 4.88 97.7 0.9969
95.03 9.75 103.6 0.9829

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 52 div. T0 = 0 min. D0 = 58.6 div.
T90 = 0.292 min D90 = 86.5 div. T50 = 0.09 min. D50 = 73.5 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 90.3 div. T100 = 0.32 min. D100 = 88.4 div.
Height at: D90 = 0.9847, D100 = 0.9843 Height at: D50 = 0.986, D100 = 0.9845 Final Sample Height, in 0.9829
Average Sample Height, in 0.9915 Average Sample Height, in 0.9915
Average Drainage Height, in 0.4957 Average Drainage Height, in 0.4957 Incremental Strain, % 1.71%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 95
Coef. of Consol., Cv, in

2/min 0.703 Coef. of Consol., Cv, in
2/min 0.538

Input Validation: Reviewed By: Date 12/8/2010

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-3 Final Test Load, psi 39.97
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1

Lab ID# 30598001
Description LIGHT GRAY LEAN CLAY
Test Conditions: Undisturbed

Increment Start Date: 12/08/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 147

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 147 0.0147

Adjusted Sample Height
0.07 0.26 254.2 0.9893
0.07 0.26 254.2 0.9893
0.12 0.34 325.4 0.9822
0.17 0.41 349.0 0.9798
0.22 0.47 359.9 0.9787
0.28 0.53 365.6 0.9781
0.37 0.61 371.9 0.9775
0.47 0.68 378.1 0.9769
0.62 0.79 382.0 0.9765
0.78 0.89 386.6 0.9760
0.98 0.99 389.9 0.9757
1.25 1.12 393.2 0.9754
1.57 1.25 394.6 0.9752
1.98 1.41 396.7 0.9750 Square Root of Elapsed Time vs. Dial Reading
2.50 1.58 399.1 0.9748
3.15 1.77 400.1 0.9747
3.98 2.00 402.0 0.9745
5.02 2.24 403.7 0.9743
6.33 2.52 404.8 0.9742
8.00 2.83 405.6 0.9741
9.45 3.07 406.7 0.9740

11.90 3.45 408.1 0.9739
15.00 3.87 410.1 0.9737
18.90 4.35 413.5 0.9734
23.82 4.88 413.7 0.9733
60.00 7.75 420.3 0.9433

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 155 div. T0 = 0 min. D0 = 144 div.
T90 = 0.325 min D90 = 368.8 div. T50 = 0.07 min. D50 = 266.5 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 392.6 div. T100 = 0.44 min. D100 = 389 div.
Height at: D90 = 0.9484, D100 = 0.946 Height at: D50 = 0.9587, D100 = 0.9464 Final Sample Height, in 0.9433
Average Sample Height, in 0.9716 Average Sample Height, in 0.9716
Average Drainage Height, in 0.4858 Average Drainage Height, in 0.4858 Incremental Strain, % 5.67%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 60
Coef. of Consol., Cv, in

2/min 0.618 Coef. of Consol., Cv, in
2/min 0.664

Input Validation: Reviewed By: Date 12/8/2010

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS

Client Civil & Environmental Consultants, Inc. Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP

Lab No. 30598002
Visual Description Black Mine Spoil
Sample Condition Undisturbed

NORMAL STRESS vs. SHEAR STRESS
φ = φ = φ = φ = 34.1°              c = 1.1 psi

HORIZONTAL DEFORMATION vs. SHEAR STRESS HORIZONTAL DEFORMATION vs. SAMPLE HEIGHT

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Using All Points

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts responsibility for the raw data obtained from the 
direct shear tests.  This data may be interpreted differently by others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.

Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower value than the one reported above.



DIRECT SHEAR TEST OF SOILS
UNDER CONSOLIDATED, DRAINED CONDITIONS
MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client: Civil & Environmental Consultants, Inc. Boring: SB-14
Client Project 091-867 Apex Landfill Expansion Depth: 25'-27'
Project No. 30598 Sample: ST-2 TOP

Lab Sample ID 30598002
Material: Black Mine Spoil
Condition Undisturbed
Average Friction Angle, φφφφ, deg. 34.1 Using All Points
Average Cohesion, c, psi 1.1 Using All Points
Sample Condition
Normal Stress, psi 10.00 39.99 79.97
Shear Stress at Failure, psi 7.64 28.56 55.13
Mohr's Circle Radius, psi 9.2 34.5 66.6
Mohr's Circle Origin, psi 15.2 59.4 117.3
(Origin - Normal Stress), psi 5.2 19.4 37.4
Minor Principal Stress σ3, psi 5.9 24.8 50.7
Major Principal Stress σ1, psi 24.4 93.9 184.0
Principal Stress Difference, σ1−σ3, psi 18.5 69.0 133.2
Normal Stress Pole Coordinate, X, psi 20.4 78.7 154.7
Shear Stress Pole Coordinate, Y, psi 7.6 28.6 55.1
Assumed Failure Plane, deg 0 - Horizontal 0 - Horizontal 0 - Horizontal
Major Principal Failure Plane Angle, deg 62.1 62.1 62.1
Minor Principal Failure Plane Angle, deg 27.9 27.9 27.9
Maximum Shear Stress, psi 9.2 34.5 66.6
Maximum Shear Failure Plane Angle, deg 17.1 17.1 17.1
Initial Water Content, % 65.0% 65.0% 65.0%
Initial Dry Density, pcf 47.7 49.3 49.5

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP 30598002 ds1.sdf

Lab No. 30598002 30598002 ds2 40 psi.sdf

Visual Description Black Mine Spoil 30598002 ds3 80 psi.sdf

Sample Condition Undisturbed

Test No.
Initial After Consol. Final Initial After Consol. Final Initial After Consol. Final

Tare I.D. Z2 - Z10 Z2 - Z11 Z2 - Z15
Wt. Wet Soil & Tare, gm 144.79 - 226.35 144.79 - 227.58 144.79 - 229.63
Wt. Dry Soil & Tare, gm 136.26 - 182.74 136.26 - 186.76 136.26 - 188
Wt. Tare, gm 123.14 - 123.04 123.14 - 122.89 123.14 - 122.86
Water Content, % 65.0% - 73.0% 65.0% - 63.9% 65.0% - 63.9%

Wt. of Wet Soil & Mold, gm 253.84 - - 255.99 - - 257.25 - -
Wt. of Mold, gm 152.31 - - 151.07 - - 151.99 - -
Wt. of Wet Soil, gm 101.53 - - 104.92 - - 105.26 - -
Sample Height, in 1 0.9782 0.9584 1 0.9278 0.9205 1 0.9195 0.9136
Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Sample Area, in^2 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
Sample Volume, cc 80.44 78.69 77.09 80.44 74.63 74.05 80.44 73.96 73.49
Wet Density, pcf 78.8 NA 86.2 81.4 NA 87.8 81.7 NA 88.8
Dry Density, pcf 47.7 NA 49.8 49.3 NA 53.6 49.5 NA 54.2

t90, min. (Sqrt. Method) 0.38 0.31 0.38
Equivalent t50, min. (Sqrt.) 0.09 0.07 0.09
t50, min. (Log Method) 0.30 0.07 0.11
Selected t50, min. (Max.) 0.30 0.07 0.11
Calc. Disp. Rate, in./min. 0.0163 0.0477 0.0445

Test No.
Normal Stress, psi
Shear Stress at Failure, psi 7.6 Peak 28.6 Peak 55.1 Peak
Shear Disp. at Failure, in
Displacement Rate, in/min

Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0 0.000

0.005 3.2 0.7 0.000 6.3 1.3 0.000 8.8 1.8 0.000
0.010 6.1 1.2 0.000 20.7 4.2 -0.001 25.8 5.3 -0.001
0.015 11.8 2.4 -0.001 36.8 7.5 -0.002 44.7 9.1 -0.001
0.020 15.4 3.1 -0.001 49.3 10.0 -0.003 61.4 12.5 -0.002
0.025 16.3 3.3 -0.001 59.0 12.0 -0.004 75.7 15.4 -0.003
0.030 18.9 3.9 -0.002 67.8 13.8 -0.005 89.5 18.2 -0.004
0.035 22.2 4.5 -0.002 75.8 15.5 -0.006 103.8 21.1 -0.004
0.040 24.4 5.0 -0.002 82.5 16.8 -0.006 116.4 23.7 -0.005
0.045 26.1 5.3 -0.002 89.7 18.3 -0.007 129.5 26.4 -0.006
0.050 27.9 5.7 -0.002 95.4 19.4 -0.008 140.6 28.7 -0.006
0.055 29.4 6.0 -0.003 100.9 20.6 -0.008 151.3 30.8 -0.007
0.060 30.4 6.2 -0.003 105.2 21.4 -0.009 160.7 32.7 -0.007
0.065 30.8 6.3 -0.003 110.3 22.5 -0.009 169.7 34.6 -0.008
0.070 31.8 6.5 -0.004 114.1 23.3 -0.009 176.9 36.0 -0.008

2
40.00

3
79.98

0.245
0.0020 0.0020 0.0020

0.175 0.245

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS - ASTM D 3080

TEST DATA AND SUMMARY

SAMPLE CONDITIONS
1 2 3

DEFORMATION RATE CALCULATIONS

1
10.01

30598002 - DS.xls



Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0.075 32.8 6.7 -0.004 117.6 23.9 -0.009 184.8 37.6 -0.008
0.080 33.3 6.8 -0.005 120.7 24.6 -0.010 191.3 39.0 -0.008
0.085 34.2 7.0 -0.005 123.6 25.2 -0.010 198.2 40.4 -0.008
0.090 35.0 7.1 -0.006 126.0 25.7 -0.010 204.3 41.6 -0.008
0.095 35.6 7.2 -0.006 128.3 26.1 -0.009 210.0 42.8 -0.008
0.100 36.7 7.5 -0.007 130.0 26.5 -0.009 215.5 43.9 -0.008
0.105 36.4 7.4 -0.007 131.4 26.8 -0.009 220.5 44.9 -0.008
0.110 37.0 7.5 -0.007 132.8 27.1 -0.010 225.4 45.9 -0.008
0.115 36.9 7.5 -0.008 133.7 27.2 -0.009 229.7 46.8 -0.008
0.120 36.6 7.5 -0.008 135.0 27.5 -0.009 234.0 47.7 -0.008
0.125 36.8 7.5 -0.008 135.4 27.6 -0.009 238.1 48.5 -0.008
0.130 36.6 7.4 -0.009 136.6 27.8 -0.009 242.0 49.3 -0.008
0.135 36.7 7.5 -0.009 137.1 27.9 -0.009 245.7 50.1 -0.007
0.140 36.2 7.4 -0.010 137.6 28.0 -0.009 248.8 50.7 -0.007
0.145 37.1 7.5 -0.010 137.8 28.1 -0.009 251.4 51.2 -0.007
0.150 36.7 7.5 -0.011 138.4 28.2 -0.009 253.9 51.7 -0.007
0.155 36.3 7.4 -0.011 139.1 28.3 -0.009 255.7 52.1 -0.007
0.160 36.6 7.5 -0.012 139.3 28.4 -0.009 258.2 52.6 -0.007
0.165 36.4 7.4 -0.012 139.6 28.4 -0.009 259.7 52.9 -0.007
0.170 37.1 7.6 -0.013 140.1 28.5 -0.009 260.9 53.2 -0.007
0.175 36.6 7.4 -0.013 140.2 28.6 -0.009 262.0 53.4 -0.007
0.180 34.9 7.1 -0.014 139.7 28.5 -0.008 262.7 53.5 -0.007
0.185 36.4 7.4 -0.014 140.0 28.5 -0.008 263.8 53.7 -0.006
0.190 36.7 7.5 -0.015 139.7 28.5 -0.008 264.8 54.0 -0.007
0.195 36.3 7.4 -0.015 139.6 28.4 -0.008 265.8 54.2 -0.006
0.200 36.4 7.4 -0.016 139.6 28.4 -0.008 267.1 54.4 -0.006
0.205 36.8 7.5 -0.016 138.9 28.3 -0.008 267.9 54.6 -0.006
0.210 36.6 7.5 -0.017 138.3 28.2 -0.008 268.9 54.8 -0.006
0.215 36.7 7.5 -0.017 138.2 28.2 -0.008 268.8 54.8 -0.006
0.220 36.9 7.5 -0.017 137.7 28.1 -0.008 268.9 54.8 -0.006
0.225 36.8 7.5 -0.018 137.4 28.0 -0.008 269.7 54.9 -0.006
0.230 36.7 7.5 -0.019 136.9 27.9 -0.008 270.1 55.0 -0.006
0.235 36.8 7.5 -0.019 136.8 27.9 -0.008 269.9 55.0 -0.006
0.240 37.1 7.6 -0.019 136.3 27.8 -0.007 270.3 55.1 -0.006
0.245 37.5 7.6 -0.019 135.9 27.7 -0.007 270.7 55.1 -0.006
0.250 37.1 7.5 -0.020 135.5 27.6 -0.007 269.7 54.9 -0.006

Input Validation: Reviewed By:
COPYRIGHT © 2005  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Final Test Load, psi 10.01
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP

Lab ID# 30598002
Description Black Mine Spoil
Test Conditions: Undisturbed

Increment Start Date and Time: 12/10/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 67

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 67 0.0067

Adjusted Sample Height
0.08 0.29 119.2 0.9948
0.08 0.29 119.2 0.9948
0.13 0.37 122.2 0.9945
0.18 0.43 124.2 0.9943
0.23 0.48 126.1 0.9941
0.30 0.55 127.1 0.9940
0.38 0.62 128.1 0.9939
0.48 0.70 128.8 0.9938
0.62 0.79 131.0 0.9936
0.78 0.89 130.9 0.9936
1.00 1.00 132.4 0.9935
1.27 1.13 133.1 0.9934
1.58 1.26 133.6 0.9933
2.00 1.41 134.4 0.9933 Square Root of Elapsed Time vs. Dial Reading
2.52 1.59 135.4 0.9932
3.17 1.78 139.3 0.9928
4.00 2.00 140.9 0.9926
5.03 2.24 140.6 0.9926
6.35 2.52 140.9 0.9926
8.00 2.83 141.8 0.9925
9.45 3.07 142.4 0.9925

11.92 3.45 143.9 0.9923
15.02 3.88 147.0 0.9920
18.92 4.35 147.3 0.9920
23.83 4.88 148.6 0.9918
60.03 7.75 150.8 0.9782

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 109.1 div. T0 = 0 min. D0 = 111 div.
T90 = 0.384 min D90 = 128.1 div. T50 = 0.3 min. D50 = 127.1 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 130.2 div. T100 = 3.99 min. D100 = 143.2 div.
Height at: D90 = 0.9805, D100 = 0.9803 Height at: D50 = 0.9806, D100 = 0.979 Final Sample Height, in 0.9782
Average Sample Height, in 0.9891 Average Sample Height, in 0.9891
Average Drainage Height, in 0.4946 Average Drainage Height, in 0.4946 Incremental Strain, % 2.18%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 60
Coef. of Consol., Cv, in

2/min 0.543 Coef. of Consol., Cv, in
2/min 0.161

Input Validation: Reviewed By: Date 12/10/2010

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Final Test Load, psi 40.00
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP

Lab ID# 30598002
Description Black Mine Spoil
Test Conditions: Undisturbed

Increment Start Date: 12/10/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 147

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 147 0.0147

Adjusted Sample Height
0.05 0.22 307.5 0.9839
0.05 0.22 307.5 0.9839
0.10 0.32 397.0 0.9750
0.15 0.39 446.1 0.9701
0.20 0.45 466.6 0.9680
0.27 0.52 480.3 0.9667
0.35 0.59 491.6 0.9655
0.45 0.67 501.0 0.9646
0.60 0.77 509.7 0.9637
0.77 0.88 517.2 0.9630
0.97 0.98 524.1 0.9623
1.23 1.11 530.0 0.9617
1.55 1.24 534.7 0.9612
1.97 1.40 539.8 0.9607 Square Root of Elapsed Time vs. Dial Reading
2.50 1.58 544.0 0.9603
3.15 1.77 547.6 0.9599
3.98 2.00 550.3 0.9597
5.02 2.24 553.2 0.9594
6.33 2.52 555.6 0.9591
7.98 2.83 557.9 0.9589
9.43 3.07 558.7 0.9588

11.88 3.45 560.8 0.9586
14.98 3.87 563.7 0.9583
18.88 4.35 566.1 0.9581
23.80 4.88 566.9 0.9580
76.00 8.72 575.2 0.9278

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 179.2 div. T0 = 0 min. D0 = 148.4 div.
T90 = 0.314 min D90 = 487.4 div. T50 = 0.07 min. D50 = 345.4 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 521.6 div. T100 = 0.58 min. D100 = 542.4 div.
Height at: D90 = 0.9366, D100 = 0.9331 Height at: D50 = 0.9508, D100 = 0.9311 Final Sample Height, in 0.9278
Average Sample Height, in 0.9639 Average Sample Height, in 0.9639
Average Drainage Height, in 0.4819 Average Drainage Height, in 0.4819 Incremental Strain, % 7.22%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 76
Coef. of Consol., Cv, in

2/min 0.620 Coef. of Consol., Cv, in
2/min 0.654

Input Validation: Reviewed By: Date 12/10/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-3 Final Test Load, psi 79.98
Client Project 091-867 Apex Landfill Expansion Depth 11.5'-13.5'
Project No. 30598 Sample ST-1

Lab ID# 30598001
Description LIGHT GRAY LEAN CLAY
Test Conditions: Undisturbed

Increment Start Date: 12/07/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 217

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 217 0.0217

Adjusted Sample Height
0.08 0.29 410.9 0.9806
0.08 0.29 410.9 0.9806
0.13 0.37 456.1 0.9761
0.18 0.43 473.9 0.9743
0.23 0.48 482.5 0.9735
0.32 0.56 487.3 0.9730
0.40 0.63 493.0 0.9724
0.50 0.71 498.4 0.9719
0.63 0.80 502.6 0.9714
0.80 0.89 506.4 0.9711
1.00 1.00 509.2 0.9708
1.27 1.13 513.0 0.9704
1.58 1.26 516.5 0.9701
2.00 1.41 518.5 0.9699 Square Root of Elapsed Time vs. Dial Reading
2.52 1.59 521.0 0.9696
3.18 1.78 523.3 0.9694
4.02 2.00 525.4 0.9692
5.05 2.25 528.0 0.9689
6.37 2.52 530.1 0.9687
8.02 2.83 532.6 0.9684
9.47 3.08 534.1 0.9683

11.92 3.45 535.5 0.9682
15.02 3.88 538.0 0.9679
18.92 4.35 539.8 0.9677
23.83 4.88 541.8 0.9675
603.05 24.56 567.0 0.9216

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 334 div. T0 = 0 min. D0 = 333.4 div.
T90 = 0.372 min D90 = 491 div. T50 = 0.1 min. D50 = 425.4 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 508.4 div. T100 = 1.08 min. D100 = 517.4 div.
Height at: D90 = 0.9292, D100 = 0.9275 Height at: D50 = 0.9358, D100 = 0.9266 Final Sample Height, in 0.9216
Average Sample Height, in 0.9608 Average Sample Height, in 0.9608
Average Drainage Height, in 0.4804 Average Drainage Height, in 0.4804 Incremental Strain, % 7.84%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 603
Coef. of Consol., Cv, in

2/min 0.530 Coef. of Consol., Cv, in
2/min 0.455

Input Validation: Reviewed By: Date 12/7/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Final Test Load, psi 79.98
Client Project 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP

Lab ID# 30598002
Description Black Mine Spoil
Test Conditions: Undisturbed

Increment Start Date: 12/13/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 217

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 217 0.0217

Adjusted Sample Height
0.08 0.29 461.1 0.9756
0.08 0.29 461.1 0.9756
0.13 0.37 493.8 0.9723
0.18 0.43 509.3 0.9708
0.23 0.48 517.3 0.9700
0.30 0.55 524.2 0.9693
0.38 0.62 529.6 0.9687
0.50 0.71 534.2 0.9683
0.63 0.80 538.7 0.9678
0.80 0.89 543.1 0.9674
1.00 1.00 546.9 0.9670
1.27 1.13 551.2 0.9666
1.58 1.26 553.5 0.9663
2.00 1.41 557.3 0.9660 Square Root of Elapsed Time vs. Dial Reading
2.52 1.59 560.0 0.9657
3.18 1.78 562.6 0.9654
4.02 2.00 565.3 0.9652
5.05 2.25 567.7 0.9649
6.37 2.52 569.5 0.9647
8.02 2.83 571.6 0.9645
9.47 3.08 572.8 0.9644

11.92 3.45 574.9 0.9642
15.02 3.88 578.5 0.9638
18.92 4.35 580.0 0.9637
23.83 4.88 580.5 0.9637
60.03 7.75 588.2 0.9195

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 392.4 div. T0 = 0 min. D0 = 395.7 div.
T90 = 0.384 min D90 = 529.6 div. T50 = 0.11 min. D50 = 477.4 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 544.8 div. T100 = 1.06 min. D100 = 559.1 div.
Height at: D90 = 0.9253, D100 = 0.9238 Height at: D50 = 0.9306, D100 = 0.9224 Final Sample Height, in 0.9195
Average Sample Height, in 0.9597 Average Sample Height, in 0.9597
Average Drainage Height, in 0.4799 Average Drainage Height, in 0.4799 Incremental Strain, % 8.05%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 60
Coef. of Consol., Cv, in

2/min 0.510 Coef. of Consol., Cv, in
2/min 0.412

Input Validation: Reviewed By: Date 12/13/2010
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UNCONFINED COMPRESSIVE  STRENGTH OF COHESIVE SOIL - ASTM D 2166
Sheet 1 of 3

Client Civil & Environmental Consultants, Inc. Boring SB-14
Client No. 091-867 Apex Landfill Expansion Depth 25'-27'
Project No. 30598 Sample ST-2 TOP

Lab Sample No. 30598002
Visual Description: Black Refuse
Sample Condition Undisturbed

SAMPLE CONDITIONS SHEAR DATA
Tare Number 943 Axial Axial Axial Deviator Major Stress Path
Wt. Tare & WS, gm 873.62 Deformation Load Strain Stress Principal Mohrs Circle
Wt. Tare & DS, gm 624.94 in lb. % psi Stress, psi Center Radius
Wt. Tare, gm 99.98 δδδδ P εεεε σσσσ1111−σ−σ−σ−σ3333 σσσσ1111 p q
Moisture Content, % 47.4% 0.000 2.3 0.00% 0.00 0.00 0.00 0.00

0.003 6.3 0.06% 0.62 0.62 0.31 0.31
0.009 10.9 0.14% 1.32 1.32 0.66 0.66

Wt. Tube & WS., gm 1257.2 0.014 13.4 0.23% 1.72 1.72 0.86 0.86
Wt. Of Tube, gm 424.85 0.019 14.8 0.31% 1.93 1.93 0.96 0.96
Wt. Of WS., gm 832.35 0.024 16.1 0.40% 2.13 2.13 1.06 1.06
Length 1, in 6.039 0.029 17.6 0.49% 2.35 2.35 1.18 1.18
Length 2, in 6.025 0.035 18.7 0.57% 2.52 2.52 1.26 1.26
Length 3, in 6.033 0.040 19.6 0.66% 2.65 2.65 1.33 1.33
Top Diameter, in 2.879 0.045 20.6 0.74% 2.80 2.80 1.40 1.40
Middle Diameter, in 2.873 0.050 21.3 0.83% 2.91 2.91 1.46 1.46
Bottom Diameter, in 2.874 0.055 22.1 0.91% 3.03 3.03 1.52 1.52
Average Length, in 6.032 0.060 22.6 1.00% 3.10 3.10 1.55 1.55
Average Area,  in^2 6.493 0.065 23.1 1.08% 3.18 3.18 1.59 1.59
Sample Volume, cc 641.9 0.070 23.4 1.16% 3.22 3.22 1.61 1.61
Unit Wet Wt., gm/cc 1.30 0.075 23.6 1.25% 3.25 3.25 1.62 1.62
Unit Wet Wt., pcf 80.9 0.081 23.8 1.33% 3.27 3.27 1.63 1.63
Unit Dry Wt., pcf 54.9 0.086 23.9 1.42% 3.28 3.28 1.64 1.64
Unit Dry Wt., gms/cc 0.88 0.091 23.8 1.51% 3.27 3.27 1.64 1.64
Specific Gravity, Assumed 2.70 0.096 23.6 1.59% 3.23 3.23 1.62 1.62
Void Ratio, e 2.07 0.101 23.6 1.67% 3.23 3.23 1.62 1.62
Porosity, n 0.67 0.106 23.1 1.76% 3.15 3.15 1.57 1.57
Pore Volume, cc 432.7 0.112 22.8 1.85% 3.10 3.10 1.55 1.55
Saturation, % 61.8% 0.117 22.5 1.94% 3.05 3.05 1.53 1.53
Length to Diameter Ratio 2.1 0.122 22.1 2.02% 2.99 2.99 1.49 1.49

SAMPLE SUMMARY 0.127 21.8 2.10% 2.95 2.95 1.47 1.47
0.132 21.7 2.19% 2.93 2.93 1.47 1.47

Confining Stress ( σσσσ 3  ), psi 0.0 0.137 21.4 2.27% 2.88 2.88 1.44 1.44
0.142 21.1 2.35% 2.84 2.84 1.42 1.42

UC Strength (qu), psi 3.3 0.147 20.6 2.43% 2.76 2.76 1.38 1.38
0.152 20.6 2.52% 2.76 2.76 1.38 1.38

Shear Strength (Su), psi 1.6 0.157 20.5 2.60% 2.73 2.73 1.37 1.37
0.162 20.0 2.68% 2.67 2.67 1.33 1.33

Strain at Failure (εεεεf), % 1.4% 0.167 19.6 2.77% 2.59 2.59 1.30 1.30
0.172 19.4 2.85% 2.56 2.56 1.28 1.28

Avg. Displ. Rate, in/min 0.05 0.177 19.2 2.94% 2.53 2.53 1.26 1.26
0.182 19.0 3.02% 2.50 2.50 1.25 1.25

Average Strain Rate 0.86% 0.187 18.8 3.10% 2.47 2.47 1.23 1.23
0.192 18.5 3.19% 2.43 2.43 1.21 1.21

Failure Type Bulge 0.197 18.5 3.27% 2.42 2.42 1.21 1.21

30598002



0.202 18.3 3.35% 2.39 2.39 1.19 1.19
0.207 18.0 3.44% 2.34 2.34 1.17 1.17
0.212 17.7 3.52% 2.29 2.29 1.15 1.15
0.217 17.4 3.60% 2.25 2.25 1.13 1.13
0.222 17.5 3.67% 2.26 2.26 1.13 1.13
0.227 17.4 3.76% 2.24 2.24 1.12 1.12
0.232 17.1 3.84% 2.20 2.20 1.10 1.10
0.236 16.9 3.92% 2.16 2.16 1.08 1.08
0.241 16.8 4.00% 2.15 2.15 1.08 1.08
0.246 16.4 4.08% 2.09 2.09 1.04 1.04
0.251 16.2 4.16% 2.06 2.06 1.03 1.03

Input Validation: Reviewed By: Date Tested: 2/9/2011

COPYRIGHT © 1997  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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UNCONFINED COMPRESSIVE  STRENGTH OF COHESIVE SOIL - ASTM D 2166
Sheet 3 of 3

Client Civil & Environmental Consultants, Inc.Boring SB-14 Confining Stress ( σσσσ 3  ), psi 0.0
Client No. 091-867 Apex Landfill Expansion Depth 25'-27' UC Strength (qu), psi 3.3
Project No. 30598 Sample ST-2 TOP Shear Strength (Su), psi 1.6

Lab ID No. 30598002 Strain at Failure (εεεεf), % 1.4%
Visual Description: Black Refuse
Sample Condition Undisturbed

MOHRS CIRCLESTRESS PATHS

COPYRIGHT © 2008  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-20

Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'

Project No. 30598 Sample ST-1, ST-2

Test No. 1 Lab Sample No. 30598003

USCS Description: GRAY CLAYEY GRAVEL WITH SAND Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 49.58

Initial Consol. Final Back Pressure, psi 40.32

Tare Number A10 NA 01 Effective Consolidating Pressure, psi 9.26 σ 3
Wt. Tare & WS, gm 100.80 NA 663.43 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 85.43 NA 591.18 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.53 NA 103.96 Height Change, mils Reading Change

Water Content, % 20.3 14.8 14.8 Initial Reading 6.708 0 Volume Change, ml 13.7

Wt. Tube & WS., gm 1819.9 NA After Saturation 6.69 18 Volume Change, in^3 0.84

Wt. Of Tube, gm 417.5 NA After Consolidation 6.63 78 Saturation Method: Wet

Wt. Of WS., gm 1402.4 1339.2 STRAIN RATE CALCULATIONS

Length 1, in 5.954 NA Calc. Strain Rate, %/min (t50=34.87) 0.0001 Strain Rate Used, %/min 0.0001
Length 2, in 5.915 NA Calc. Deformation Rate, in/min 0.0007 Deformation Rate Used 0.0005
Length 3, in 5.937 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.878 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.873 NA Effective Consolidating Pressure, psi 9.26 9.26 σσσσ 3333
Bottom Diameter, in 2.876 NA 1St. Maximum Effective Principal Stress Ratio 3.934 3.78 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 5.935 5.857 Deviator Stress at Failure, psi 11.94 16.75 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.876 2.850 Axial Strain at Failure, % 4.59 15.00 εεεε
Average Area,  in^2 6.49 6.38 Effective Minor Principal Stress at Failure, psi 4.07 6.02 σσσσ 3 '
Sample Volume, in^3 38.55 37.71 Effective Major Principal Stress at Failure, psi 16.02 22.77 σσσσ 1 '
Unit Dry Wt., gms/cc 1.85 1.89 Mohr's Circle Stress Path (Origin of Circle), psi 10.04 14.39 p'
Unit Dry Wt., pcf 115.2 117.8 Mohr's Circle Stress Path (Radius of Circle), psi 5.97 8.38 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 431.94 431.94 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.46 0.43 Deviator Stress at Failure, psi 11.94 16.75 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.32 0.30 Axial Strain at Failure, % 4.59 15.00 εεεε
Pore Volume, cc 12.19 11.35 Total Minor Principal Stress at Failure, psi 9.26 9.26 σσσσ 3333
Saturation, % 118.2 93.0 Total Major Principal Stress at Failure, psi 21.20 26.01 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
10.6 0 40.3 0 0 NA NA NA NA NA 9.26 0

35.9 5 42.0 0.09 3.95 1.70 11.51 7.56 1.522 0.45 9.54 1.97

43.0 11 42.9 0.19 5.07 2.59 11.73 6.66 1.761 0.54 9.20 2.54

47.8 17 43.5 0.30 5.81 3.21 11.86 6.05 1.960 0.58 8.96 2.90

51.4 23 44.0 0.40 6.37 3.64 11.98 5.62 2.133 0.60 8.80 3.18

54.6 29 44.3 0.50 6.85 4.00 12.11 5.26 2.303 0.61 8.69 3.43

56.9 35 44.6 0.60 7.21 4.26 12.21 4.99 2.444 0.62 8.60 3.61

59.1 43 44.8 0.73 7.55 4.48 12.33 4.78 2.579 0.62 8.55 3.77

61.2 49 45.0 0.83 7.85 4.65 12.46 4.61 2.705 0.62 8.53 3.93

62.5 54 45.1 0.93 8.06 4.80 12.51 4.46 2.807 0.63 8.49 4.03

64.2 60 45.2 1.03 8.31 4.92 12.64 4.34 2.917 0.62 8.49 4.15

65.1 67 45.3 1.14 8.45 5.02 12.68 4.23 2.995 0.63 8.46 4.22

66.3 72 45.4 1.23 8.62 5.11 12.77 4.15 3.077 0.62 8.46 4.31

69.4 89 45.6 1.52 9.08 5.30 13.04 3.96 3.293 0.61 8.50 4.54

Consolidation
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72.5 107 45.7 1.83 9.51 5.39 13.38 3.87 3.461 0.60 8.62 4.76

74.6 126 45.8 2.15 9.81 5.44 13.63 3.82 3.572 0.58 8.72 4.91

77.4 144 45.8 2.45 10.20 5.47 13.99 3.79 3.693 0.56 8.89 5.10

79.0 161 45.8 2.75 10.42 5.46 14.22 3.80 3.745 0.55 9.01 5.21

81.2 179 45.8 3.05 10.72 5.43 14.56 3.83 3.799 0.53 9.19 5.36

83.2 197 45.7 3.37 11.00 5.39 14.87 3.87 3.843 0.52 9.37 5.50

85.3 216 45.7 3.68 11.28 5.35 15.18 3.91 3.886 0.50 9.55 5.64

87.0 234 45.6 3.99 11.50 5.29 15.47 3.97 3.893 0.48 9.72 5.75

88.5 251 45.6 4.29 11.69 5.25 15.70 4.01 3.913 0.47 9.86 5.84

90.5 269 45.5 4.59 11.94 5.19 16.02 4.07 3.934 0.46 10.04 5.97

91.9 288 45.4 4.92 12.11 5.11 16.26 4.15 3.917 0.44 10.21 6.06

93.8 305 45.4 5.22 12.35 5.06 16.55 4.20 3.943 0.43 10.37 6.18

95.0 324 45.3 5.53 12.50 5.00 16.76 4.26 3.932 0.42 10.51 6.25

96.1 341 45.2 5.82 12.62 4.92 16.96 4.34 3.909 0.41 10.65 6.31

97.9 359 45.2 6.12 12.84 4.88 17.22 4.38 3.933 0.40 10.80 6.42

99.7 377 45.1 6.44 13.06 4.79 17.54 4.47 3.921 0.39 11.01 6.53

101.0 395 45.1 6.75 13.22 4.73 17.74 4.53 3.920 0.38 11.13 6.61

102.4 413 45.0 7.05 13.37 4.68 17.95 4.58 3.921 0.37 11.26 6.69

104.1 430 44.9 7.35 13.57 4.60 18.23 4.65 3.916 0.36 11.44 6.79

105.4 449 44.9 7.66 13.71 4.55 18.43 4.71 3.909 0.35 11.57 6.86

107.0 467 44.8 7.98 13.91 4.48 18.69 4.78 3.911 0.34 11.73 6.95

108.1 485 44.7 8.28 14.01 4.42 18.85 4.84 3.895 0.33 11.85 7.01

109.1 503 44.7 8.58 14.11 4.36 19.00 4.90 3.880 0.33 11.95 7.05

110.3 520 44.6 8.88 14.24 4.29 19.20 4.97 3.867 0.32 12.08 7.12

112.0 539 44.6 9.20 14.43 4.25 19.43 5.01 3.882 0.31 12.22 7.21

113.5 557 44.5 9.51 14.59 4.19 19.66 5.07 3.877 0.30 12.36 7.29

114.5 575 44.5 9.81 14.69 4.13 19.82 5.13 3.864 0.30 12.47 7.34

115.7 592 44.4 10.11 14.81 4.09 19.98 5.17 3.862 0.29 12.58 7.40

117.1 610 44.4 10.41 14.95 4.03 20.18 5.23 3.857 0.28 12.71 7.47

118.5 629 44.3 10.73 15.09 3.95 20.40 5.31 3.843 0.28 12.86 7.55

120.0 647 44.2 11.04 15.26 3.91 20.60 5.35 3.852 0.27 12.98 7.63

121.2 664 44.2 11.34 15.36 3.85 20.77 5.41 3.840 0.26 13.09 7.68

122.1 683 44.1 11.66 15.44 3.79 20.90 5.46 3.826 0.26 13.18 7.72

123.8 700 44.1 11.96 15.62 3.74 21.14 5.52 3.831 0.25 13.33 7.81

125.3 719 44.0 12.27 15.76 3.66 21.36 5.60 3.817 0.24 13.48 7.88

126.5 737 44.0 12.58 15.88 3.64 21.51 5.62 3.826 0.24 13.56 7.94

127.8 754 43.9 12.87 16.01 3.59 21.68 5.67 3.823 0.24 13.67 8.00

128.6 772 43.8 13.18 16.06 3.52 21.80 5.74 3.797 0.23 13.77 8.03

130.5 791 43.8 13.51 16.25 3.49 22.02 5.77 3.815 0.23 13.90 8.12

131.7 809 43.7 13.82 16.36 3.42 22.19 5.84 3.803 0.22 14.01 8.18

132.2 826 43.7 14.10 16.37 3.39 22.24 5.87 3.788 0.22 14.05 8.18

133.8 844 43.6 14.41 16.53 3.32 22.47 5.94 3.781 0.21 14.21 8.26

134.9 863 43.6 14.73 16.61 3.30 22.58 5.96 3.787 0.21 14.27 8.31

136.6 881 43.6 15.04 16.77 3.24 22.79 6.02 3.784 0.20 14.41 8.39

137.8 899 43.5 15.35 16.87 3.21 22.93 6.05 3.788 0.20 14.49 8.44

138.5 917 43.5 15.65 16.90 3.14 23.02 6.12 3.764 0.20 14.57 8.45

139.6 934 43.4 15.94 17.00 3.10 23.16 6.16 3.760 0.19 14.66 8.50

141.0 952 43.4 16.26 17.12 3.04 23.34 6.22 3.751 0.19 14.78 8.56

142.7 971 43.3 16.58 17.27 3.00 23.53 6.26 3.759 0.18 14.90 8.64

143.9 989 43.3 16.88 17.36 2.96 23.66 6.30 3.756 0.18 14.98 8.68

144.4 1005 43.2 17.16 17.37 2.90 23.72 6.35 3.734 0.18 15.04 8.69

146.0 1024 43.2 17.49 17.51 2.87 23.90 6.39 3.740 0.17 15.14 8.75

147.2 1042 43.1 17.79 17.60 2.82 24.04 6.44 3.735 0.17 15.24 8.80

148.1 1061 43.1 18.11 17.64 2.77 24.13 6.49 3.719 0.17 15.31 8.82

Input Validation: Reviewed By: Date Tested: 12/09/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-20

Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'

Project No. 30598 Sample ST-1, ST-2

Test No. 2 Lab Sample No. 30598003

USCS Description: GRAY CLAYEY GRAVEL WITH SAND Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 79.59

Initial Consol. Final Back Pressure, psi 40.24

Tare Number A10 NA 943 Effective Consolidating Pressure, psi 39.35 σ3
Wt. Tare & WS, gm 100.8 NA 1249.78 Pore Pressure Parameter (B), % 96

Wt. Tare & DS, gm 85.43 NA 1078.83 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.53 NA 98.03 Height Change, mils Reading Change

Water Content, % 20.3 17.4 17.4 Initial Dial Reading 6.774 0 Volume Change, ml 49.8

Wt. Tube & WS., gm 1690.2 NA After Saturation 6.761 13 Volume Change, in^3 3.04

Wt. Of Tube, gm 423.8 NA After Consolidation 6.566 208 Saturation Method: Wet

Wt. Of WS., gm 1266.4 1236.7 STRAIN RATE CALCULATIONS

Length 1, in 5.98 NA Calc. Strain Rate, %/min (t50=47.87) 0.0001 Strain Rate Used, %/min 0.0001
Length 2, in 5.99 NA Calc. Deformation Rate, in/min 0.0005 Deformation Rate Used 0.0005
Length 3, in 6.015 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.871 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.884 NA Effective Consolidating Pressure, psi 39.35 39.35 σσσσ 3333
Bottom Diameter, in 2.891 NA 1St. Maximum Effective Principal Stress Ratio 3.343 3.32 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 5.995 5.787 Deviator Stress at Failure, psi 29.02 31.32 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.882 2.807 Axial Strain at Failure, % 5.51 15.00 εεεε
Average Area,  in^2 6.52 6.19 Effective Minor Principal Stress at Failure, psi 12.38 13.53 σσσσ 3 '
Sample Volume, in^3 39.11 36.07 Effective Major Principal Stress at Failure, psi 41.41 44.85 σσσσ 1 '
Unit Dry Wt., gms/cc 1.64 1.78 Mohr's Circle Stress Path (Origin of Circle), psi 26.90 29.19 p'
Unit Dry Wt., pcf 102.5 111.2 Mohr's Circle Stress Path (Radius of Circle), psi 14.51 15.66 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 390.04 390.04 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.64 0.52 Deviator Stress at Failure, psi 29.02 31.32 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.39 0.34 Axial Strain at Failure, % 5.51 15.00 εεεε
Pore Volume, cc 15.31 12.27 Total Minor Principal Stress at Failure, psi 39.35 39.35 σσσσ 3333
Saturation, % 85.0 91.3 Total Major Principal Stress at Failure, psi 68.37 70.67 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
13.1 0 40.2 0 0.00 0 NA NA NA NA 39.35 0

41.2 3 42.7 0.06 4.53 2.48 41.40 36.87 1.123 0.57 39.13 2.26

69.9 9 46.1 0.16 9.16 5.86 42.65 33.49 1.274 0.67 38.07 4.58

92.1 15 49.4 0.25 12.73 9.16 42.92 30.19 1.422 0.75 36.55 6.37

107.4 20 52.0 0.35 15.18 11.80 42.72 27.55 1.551 0.81 35.13 7.59

118.7 26 54.2 0.44 16.98 13.96 42.37 25.39 1.669 0.86 33.88 8.49

127.7 31 56.0 0.54 18.41 15.72 42.04 23.63 1.779 0.89 32.84 9.20

135.1 38 57.4 0.65 19.58 17.15 41.78 22.20 1.882 0.91 31.99 9.79

140.9 43 58.6 0.73 20.49 18.36 41.47 20.98 1.976 0.93 31.23 10.24

145.5 49 59.6 0.84 21.21 19.39 41.17 19.96 2.063 0.95 30.56 10.61

149.5 55 60.5 0.95 21.83 20.26 40.91 19.09 2.144 0.97 30.00 10.91

153.3 62 61.3 1.07 22.40 21.04 40.71 18.31 2.223 0.98 29.51 11.20

156.2 68 61.9 1.18 22.84 21.70 40.49 17.65 2.294 0.99 29.07 11.42

164.9 85 63.5 1.48 24.15 23.23 40.27 16.11 2.499 1.00 28.19 12.08

Consolidation

30598003 - cu triax.xls Triax 2



170.7 103 64.5 1.78 25.01 24.31 40.06 15.04 2.663 1.01 27.55 12.51

175.0 120 65.3 2.08 25.60 25.06 39.89 14.29 2.792 1.02 27.09 12.80

179.1 138 65.9 2.39 26.17 25.62 39.90 13.73 2.906 1.02 26.82 13.09

182.0 158 66.3 2.73 26.54 26.05 39.84 13.30 2.995 1.02 26.57 13.27

185.1 175 66.6 3.03 26.94 26.33 39.97 13.02 3.069 1.02 26.49 13.47

187.9 193 66.8 3.33 27.30 26.57 40.08 12.78 3.136 1.01 26.43 13.65

189.5 211 67.0 3.65 27.46 26.76 40.06 12.59 3.181 1.01 26.33 13.73

192.8 229 67.1 3.95 27.88 26.87 40.36 12.47 3.235 1.00 26.42 13.94

194.0 248 67.2 4.28 27.98 26.93 40.40 12.42 3.253 1.00 26.41 13.99

195.6 265 67.2 4.59 28.12 26.98 40.49 12.37 3.274 1.00 26.43 14.06

197.4 282 67.2 4.87 28.32 27.00 40.67 12.35 3.292 0.99 26.51 14.16

200.3 300 67.2 5.19 28.67 26.99 41.03 12.36 3.319 0.98 26.69 14.33

203.2 319 67.2 5.51 29.02 26.96 41.41 12.38 3.343 0.97 26.90 14.51

203.2 337 67.2 5.83 28.92 26.95 41.32 12.40 3.333 0.97 26.86 14.46

204.4 353 67.2 6.10 29.01 26.93 41.43 12.42 3.335 0.97 26.93 14.50

206.7 371 67.1 6.41 29.27 26.89 41.72 12.46 3.349 0.96 27.09 14.63

209.6 389 67.1 6.73 29.61 26.86 42.10 12.49 3.371 0.94 27.30 14.81

210.7 408 67.1 7.06 29.67 26.83 42.19 12.52 3.370 0.94 27.35 14.83

210.6 426 67.0 7.36 29.56 26.79 42.12 12.56 3.353 0.94 27.34 14.78

212.3 443 67.0 7.65 29.72 26.76 42.31 12.59 3.360 0.94 27.45 14.86

213.9 461 66.9 7.96 29.85 26.70 42.50 12.65 3.360 0.93 27.57 14.93

216.4 479 66.9 8.28 30.13 26.66 42.82 12.69 3.374 0.92 27.75 15.06

217.4 498 66.9 8.60 30.16 26.61 42.90 12.74 3.368 0.92 27.82 15.08

218.5 515 66.8 8.90 30.22 26.58 43.00 12.77 3.366 0.92 27.88 15.11

219.7 533 66.7 9.21 30.30 26.50 43.15 12.85 3.358 0.91 28.00 15.15

221.5 551 66.6 9.52 30.46 26.40 43.41 12.95 3.352 0.90 28.18 15.23

223.7 569 66.6 9.83 30.68 26.34 43.69 13.01 3.359 0.89 28.35 15.34

224.5 587 66.5 10.14 30.69 26.29 43.75 13.06 3.350 0.89 28.40 15.34

224.6 605 66.5 10.45 30.60 26.21 43.73 13.13 3.330 0.89 28.43 15.30

226.2 622 66.4 10.75 30.73 26.19 43.89 13.16 3.335 0.89 28.53 15.37

228.2 641 66.4 11.08 30.90 26.17 44.08 13.18 3.345 0.88 28.63 15.45

229.5 659 66.4 11.39 30.98 26.14 44.19 13.21 3.346 0.88 28.70 15.49

229.4 677 66.3 11.70 30.86 26.11 44.10 13.24 3.331 0.88 28.67 15.43

230.7 694 66.3 11.99 30.94 26.09 44.20 13.26 3.333 0.88 28.73 15.47

232.5 712 66.3 12.30 31.08 26.06 44.37 13.29 3.338 0.87 28.83 15.54

233.6 730 66.3 12.61 31.13 26.02 44.45 13.32 3.336 0.87 28.89 15.56

234.6 749 66.2 12.95 31.15 26.01 44.49 13.34 3.335 0.87 28.92 15.58

234.6 766 66.2 13.24 31.05 25.97 44.43 13.38 3.320 0.87 28.91 15.53

235.6 783 66.2 13.53 31.08 25.94 44.49 13.41 3.318 0.87 28.95 15.54

238.7 802 66.1 13.86 31.40 25.91 44.84 13.44 3.336 0.86 29.14 15.70

239.1 821 66.1 14.19 31.33 25.91 44.77 13.44 3.331 0.86 29.10 15.66

239.3 839 66.1 14.49 31.25 25.88 44.71 13.47 3.321 0.86 29.09 15.62

240.5 856 66.1 14.79 31.30 25.86 44.79 13.49 3.321 0.86 29.14 15.65

241.6 874 66.0 15.10 31.34 25.80 44.88 13.54 3.314 0.86 29.21 15.67

243.0 893 66.0 15.42 31.42 25.77 45.00 13.58 3.313 0.85 29.29 15.71

244.3 911 66.0 15.74 31.47 25.75 45.07 13.60 3.315 0.85 29.33 15.74

244.2 928 66.0 16.04 31.34 25.73 44.96 13.62 3.302 0.86 29.29 15.67

245.2 946 65.9 16.34 31.37 25.70 45.02 13.65 3.298 0.85 29.33 15.68

247.0 964 65.9 16.66 31.49 25.64 45.20 13.71 3.297 0.85 29.45 15.74

248.0 982 65.9 16.97 31.51 25.62 45.23 13.73 3.295 0.85 29.48 15.75

247.7 1001 65.8 17.30 31.34 25.61 45.08 13.74 3.281 0.85 29.41 15.67

247.2 1018 65.8 17.59 31.16 25.54 44.97 13.81 3.257 0.85 29.39 15.58

248.8 1035 65.7 17.89 31.26 25.50 45.11 13.85 3.257 0.85 29.48 15.63

251.7 1054 65.7 18.21 31.53 25.50 45.37 13.85 3.277 0.84 29.61 15.76

Input Validation: Reviewed By: Date Tested: 12/09/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-20

Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'

Project No. 30598 Sample ST-1, ST-2

Test No. 3 Lab Sample No. 30598003

USCS Description: GRAY CLAYEY GRAVEL WITH SAND Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 120.04

Initial Consol. Final Back Pressure, psi 40.04

Tare Number A10 NA 805 Effective Consolidating Pressure, psi 79.99 σ3
Wt. Tare & WS, gm 100.8 NA 1321.98 Pore Pressure Parameter (B), % 96

Wt. Tare & DS, gm 85.43 NA 1134.79 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.53 NA 102.31 Height Change, mils Reading Change

Water Content, % 20.3 18.1 18.1 Initial Dial Reading 7.163 0 Volume Change, ml 51.5

Wt. Tube & WS., gm 1691.8 NA After Saturation 7.069 94 Volume Change, in^3 3.14

Wt. Of Tube, gm 419.8 NA After Consolidation 6.916 247 Saturation Method: Wet

Wt. Of WS., gm 1272.0 1249.6 STRAIN RATE CALCULATIONS

Length 1, in 5.981 NA Calc. Strain Rate, %/min (t50=14.02) 0.0003 Strain Rate Used, %/min 0.0001
Length 2, in 5.953 NA Calc. Deformation Rate, in/min 0.0016 Deformation Rate Used 0.0005
Length 3, in 5.957 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.967 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.968 NA Effective Consolidating Pressure, psi 79.99 79.99 σσσσ 3333
Bottom Diameter, in 2.975 NA 1St. Maximum Effective Principal Stress Ratio 2.914 2.81 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 5.964 5.717 Deviator Stress at Failure, psi 58.16 63.54 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.970 2.840 Axial Strain at Failure, % 6.54 15.00 εεεε
Average Area,  in^2 6.93 6.34 Effective Minor Principal Stress at Failure, psi 30.38 35.15 σσσσ 3 '
Sample Volume, in^3 41.32 38.17 Effective Major Principal Stress at Failure, psi 88.54 98.69 σσσσ 1 '
Unit Dry Wt., gms/cc 1.56 1.69 Mohr's Circle Stress Path (Origin of Circle), psi 59.46 66.92 p'
Unit Dry Wt., pcf 97.5 105.5 Mohr's Circle Stress Path (Radius of Circle), psi 29.08 31.77 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 391.77 391.77 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.73 0.60 Deviator Stress at Failure, psi 58.16 63.54 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.42 0.37 Axial Strain at Failure, % 6.54 15.00 εεεε
Pore Volume, cc 17.41 14.27 Total Minor Principal Stress at Failure, psi 79.99 79.99 σσσσ 3333
Saturation, % 75.1 82.0 Total Major Principal Stress at Failure, psi 138.15 143.54 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
16.9 0 40.0 0 0 0 NA NA NA NA 79.99 0

76.4 5 45.1 0.08 9.37 5.02 84.34 74.97 1.125 0.56 79.66 4.69

127.7 11 50.9 0.18 17.45 10.82 86.62 69.17 1.252 0.65 77.90 8.73

157.3 16 55.4 0.28 22.09 15.33 86.75 64.67 1.342 0.72 75.71 11.04

179.9 22 59.1 0.39 25.62 19.02 86.59 60.98 1.420 0.77 73.78 12.81

197.9 29 62.1 0.51 28.41 22.02 86.38 57.97 1.490 0.81 72.18 14.21

213.5 35 64.9 0.61 30.84 24.82 86.01 55.17 1.559 0.84 70.59 15.42

226.9 41 67.2 0.72 32.91 27.19 85.71 52.80 1.623 0.86 69.26 16.45

238.4 47 69.3 0.82 34.67 29.22 85.44 50.77 1.683 0.88 68.10 17.33

248.2 53 71.0 0.92 36.16 30.98 85.17 49.01 1.738 0.89 67.09 18.08

257.4 58 72.7 1.02 37.57 32.63 84.93 47.37 1.793 0.90 66.15 18.78

264.7 63 74.1 1.11 38.67 34.02 84.64 45.97 1.841 0.92 65.31 19.33

271.9 69 75.4 1.20 39.76 35.34 84.41 44.65 1.890 0.93 64.53 19.88

290.5 87 78.6 1.52 42.53 38.53 83.99 41.46 2.026 0.94 62.72 21.26
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305.9 105 81.1 1.83 44.78 41.03 83.74 38.96 2.149 0.95 61.35 22.39

319.0 124 83.1 2.17 46.64 43.06 83.57 36.93 2.263 0.96 60.25 23.32

330.2 141 84.6 2.47 48.22 44.56 83.65 35.43 2.361 0.96 59.54 24.11

339.1 158 85.9 2.76 49.44 45.82 83.61 34.18 2.447 0.97 58.89 24.72

347.4 176 86.8 3.08 50.55 46.76 83.78 33.24 2.521 0.96 58.51 25.27

355.4 194 87.6 3.40 51.61 47.57 84.03 32.42 2.592 0.96 58.23 25.80

362.8 213 88.1 3.72 52.56 48.02 84.53 31.97 2.644 0.95 58.25 26.28

369.4 230 88.7 4.03 53.39 48.64 84.74 31.35 2.703 0.95 58.05 26.69

375.2 247 89.0 4.32 54.11 48.94 85.16 31.06 2.742 0.94 58.11 27.05

380.9 266 89.2 4.65 54.77 49.18 85.59 30.82 2.777 0.94 58.20 27.39

386.7 284 89.5 4.97 55.45 49.45 86.00 30.54 2.816 0.93 58.27 27.73

392.4 303 89.3 5.30 56.12 49.29 86.82 30.70 2.828 0.91 58.76 28.06

396.8 319 89.6 5.57 56.61 49.58 87.02 30.41 2.862 0.91 58.71 28.30

401.4 336 89.6 5.88 57.11 49.58 87.52 30.41 2.878 0.90 58.96 28.55

406.3 355 89.6 6.21 57.63 49.60 88.02 30.39 2.896 0.90 59.21 28.82

411.2 374 89.7 6.54 58.16 49.61 88.54 30.38 2.914 0.89 59.46 29.08

415.6 391 89.3 6.85 58.61 49.27 89.33 30.72 2.908 0.88 60.03 29.30

419.3 408 89.5 7.13 58.98 49.45 89.52 30.54 2.931 0.87 60.03 29.49

423.0 426 89.3 7.45 59.31 49.30 90.00 30.69 2.933 0.87 60.35 29.65

427.1 444 89.2 7.77 59.71 49.16 90.54 30.83 2.936 0.86 60.69 29.85

431.4 462 89.1 8.09 60.13 49.04 91.08 30.95 2.943 0.85 61.02 30.07

434.2 480 88.7 8.39 60.34 48.64 91.69 31.35 2.924 0.84 61.52 30.17

437.7 498 88.7 8.70 60.63 48.70 91.92 31.29 2.938 0.84 61.61 30.32

440.7 516 88.6 9.02 60.85 48.53 92.32 31.46 2.934 0.83 61.89 30.43

445.1 534 88.4 9.35 61.26 48.34 92.91 31.65 2.935 0.82 62.28 30.63

448.1 552 88.2 9.65 61.48 48.18 93.29 31.82 2.932 0.82 62.55 30.74

451.4 569 87.9 9.95 61.74 47.81 93.93 32.19 2.918 0.81 63.06 30.87

453.6 587 87.8 10.27 61.84 47.76 94.08 32.23 2.919 0.80 63.15 30.92

457.3 606 87.6 10.59 62.14 47.60 94.53 32.40 2.918 0.80 63.46 31.07

460.4 624 87.4 10.91 62.36 47.33 95.02 32.67 2.909 0.79 63.84 31.18

463.3 641 87.2 11.22 62.54 47.13 95.41 32.86 2.903 0.78 64.13 31.27

465.1 658 86.9 11.51 62.59 46.90 95.69 33.09 2.891 0.78 64.39 31.30

467.3 677 86.8 11.84 62.67 46.74 95.92 33.25 2.885 0.78 64.59 31.34

470.5 695 86.7 12.15 62.89 46.65 96.23 33.34 2.886 0.77 64.79 31.44

473.8 712 86.5 12.46 63.12 46.48 96.63 33.51 2.884 0.77 65.07 31.56

476.0 730 86.3 12.77 63.19 46.25 96.94 33.75 2.873 0.76 65.34 31.60

477.3 748 86.1 13.09 63.15 46.08 97.06 33.91 2.862 0.76 65.49 31.58

480.0 766 85.9 13.40 63.29 45.86 97.42 34.13 2.854 0.75 65.78 31.64

482.2 785 85.7 13.72 63.36 45.66 97.69 34.34 2.845 0.75 66.01 31.68

485.0 803 85.6 14.04 63.51 45.58 97.92 34.41 2.846 0.75 66.16 31.75

486.5 820 85.3 14.34 63.48 45.21 98.27 34.78 2.825 0.74 66.53 31.74

488.4 838 85.2 14.65 63.50 45.20 98.29 34.79 2.825 0.74 66.54 31.75

490.3 856 84.9 14.97 63.53 44.86 98.67 35.14 2.808 0.74 66.90 31.76

493.4 875 84.8 15.30 63.70 44.72 98.97 35.27 2.806 0.73 67.12 31.85

496.4 891 84.5 15.59 63.88 44.49 99.38 35.51 2.799 0.73 67.44 31.94

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

Input Validation: Reviewed By: Date Tested: 12/09/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-20

Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'

Project No. 30598 Sample ST-1, ST-2
Test Conditions: Undisturbed - Side And Double Drained Lab Sample No. 30598003
USCS Description: GRAY CLAYEY GRAVEL WITH SAND

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-20
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'
Project No. 30598 Sample ST-1, ST-2

Lab Sample No. 30598003
USCS Description: GRAY CLAYEY GRAVEL WITH SAND

Test Conditions: Undisturbed - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 13.9

Test 1 11.94 21.20 9.26 4.59 15.2315.2315.2315.23 5.975.975.975.97 a, psi 1.8
Test 2 29.02 68.37 39.35 5.51 53.8653.8653.8653.86 14.5114.5114.5114.51 Φ, Φ, Φ, Φ, deg 14.3
Test 3 58.16 138.15 79.99 6.54 109.07109.07109.07109.07 29.0829.0829.0829.08 C, psi 1.9

Calculations based on: Test 1 Test 2 Test 3

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-20
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19'
Project No. 30598 Sample ST-1, ST-2

Lab Sample No. 30598003
USCS Description: GRAY CLAYEY GRAVEL WITH SAND

Test Conditions: Undisturbed - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 24.9

Test 1 11.94 16.02 4.07 4.59 10.0410.0410.0410.04 5.975.975.975.97 a', psi 1.6
Test 2 29.02 41.41 12.38 5.51 26.9026.9026.9026.90 14.5114.5114.5114.51 ΦΦΦΦ', deg 27.7
Test 3 58.16 88.54 30.38 6.54 59.4659.4659.4659.46 29.0829.0829.0829.08 C', psi 1.8

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-20 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19' Consolidation Plot Stress, psi 6.3

Project No. 30598 Sample ST-1, ST-2 Final Test Pressures
Lab Sample No.30598003 Cell Pressure, psi 49.6

USCS Description: GRAY CLAYEY GRAVEL WITH SAND Back Pressure, psi 40.3
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 9.3

Additional Consol. Volume, ml 0.0

Consol. Start Date: 12/9/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.5
0.10 0.32 0.6
0.15 0.39 0.6
0.20 0.45 0.7
0.25 0.50 0.9
0.50 0.71 1.0
1.00 1.00 1.4
2.00 1.41 1.6
3.00 1.73 1.7
5.00 2.24 2.1

10.00 3.16 3.0
15.00 3.87 3.8
20.00 4.47 4.5
30.00 5.48 5.6
40.00 6.32 6.6 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 7.3
60.00 7.75 8.0
75.00 8.66 8.8
90.00 9.49 9.4

120.00 10.95 10.9
150.00 12.25 11.4
210.00 14.49 12.2
240.00 15.49 12.4
960.00 30.98 13.1

1140.00 33.76 13.3
1380.00 37.15 13.5
1485.00 38.54 13.7

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.2 ml. T0 = 0 min. V0 = 0.3 ml. Initial Volume Reading, ml 0.0
T90 = 188.8 min V90 = 11.9 ml. T50 = 34.9 min. V50 = 6.1 ml. Final Volume Reading, ml 13.7
T100 = NA min V100 = 13.2 ml. T100 = 146.6 min. V100 = 11.9 ml. Total Volume Change, ml 13.7
Input Validation: Reviewed By: Date 12/9/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-20 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19' Consolidation Plot Stress, psi 6.3

Project No. 30598 Sample ST-1, ST-2 Final Test Pressures
Lab Sample No.30598003 Cell Pressure, psi 79.6

USCS Description: GRAY CLAYEY GRAVEL WITH SAND Back Pressure, psi 40.2
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 39.3

Additional Consol. Volume, ml 28.8

Consol. Start Date: 12/9/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.4
0.10 0.32 0.4
0.15 0.39 0.5
0.20 0.45 0.6
0.25 0.50 0.6
0.50 0.71 0.7
1.00 1.00 0.9
2.00 1.41 1.2
3.00 1.73 1.4
5.00 2.24 1.8

10.00 3.16 2.5
15.00 3.87 3.4
20.00 4.47 4.0
30.00 5.48 5.1
40.00 6.32 6.1 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 6.9
60.00 7.75 7.6
75.00 8.66 8.7
90.00 9.49 9.6

120.00 10.95 11.8
150.00 12.25 12.7
210.00 14.49 14.5
240.00 15.49 14.9
960.00 30.98 20.3

1140.00 33.76 20.7
1500.00 38.73 21.0

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.2 ml. T0 = 0 min. V0 = 0.2 ml. Initial Volume Reading, ml 0.0
T90 = 1,258.8 min V90 = 20.8 ml. T50 = 47.9 min. V50 = 6.7 ml. Final Volume Reading, ml 21.0
T100 = NA min V100 = 23.1 ml. T100 = 144.8 min. V100 = 13.2 ml. Total Volume Change, ml 49.8
Input Validation: Reviewed By: Date 12/9/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-20 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-18', 17'-19' Consolidation Plot Stress, psi 6.3

Project No. 30598 Sample ST-1, ST-2 Final Test Pressures
Lab Sample No.30598003 Cell Pressure, psi 120.0

USCS Description: GRAY CLAYEY GRAVEL WITH SAND Back Pressure, psi 40.0
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 80.0

Additional Consol. Volume, ml 41.8

Consol. Start Date: 12/9/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 1.0
0.10 0.32 1.2
0.15 0.39 1.4
0.20 0.45 1.5
0.25 0.50 1.7
0.50 0.71 1.9
1.00 1.00 2.1
2.00 1.41 2.5
3.00 1.73 2.9
5.00 2.24 3.5

10.00 3.16 4.3
15.00 3.87 4.9
20.00 4.47 5.4
30.00 5.48 6.1
40.00 6.32 6.8 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 7.2
60.00 7.75 7.5
75.00 8.66 7.9
90.00 9.49 8.3

120.00 10.95 8.8
150.00 12.25 9.0
210.00 14.49 9.2
240.00 15.49 9.4
960.00 30.98 9.6

1140.00 33.76 9.7

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.4 ml. T0 = 0 min. V0 = 0.5 ml. Initial Volume Reading, ml 0.0
T90 = 0.4 min V90 = 1.9 ml. T50 = 14.0 min. V50 = 4.8 ml. Final Volume Reading, ml 9.7
T100 = NA min V100 = 2.0 ml. T100 = 103.0 min. V100 = 9.1 ml. Total Volume Change, ml 51.5
Input Validation: Reviewed By: Date 12/9/2010

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309

0

1

2

3

4

5

6

7

8

9

10

11

0.01 0.1 1 10 100 1000 10000

Elapsed Time, min

V
ol

um
e 

R
ea

di
ng

, m
l

0

2

4

6

8

10

12

0 5 10 15 20
Square Root of Time, min1/2

V
ol

um
e 

R
ea

di
ng

, m
l



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-16

Client Project 091-867 Apex Landfill Expansion Depth 1'-3'

Project No. 30598 Sample ST-1

Test No. 1 Lab Sample No. 30598004

USCS Description: Light Yellowish Brown Lean Clay With Sand Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 59.89

Initial Consol. Final Back Pressure, psi 50.00

Tare Number A23 NA 904 Effective Consolidating Pressure, psi 9.88 σ 3
Wt. Tare & WS, gm 134.52 NA 278.17 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 112.93 NA 249.35 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.43 NA 98.99 Height Change, mils Reading Change

Water Content, % 20.9 19.2 19.2 Initial Reading 6.725 0 Volume Change, ml 7.8

Wt. Tube & WS., gm 1279.3 NA After Saturation 6.725 0 Volume Change, in^3 0.48

Wt. Of Tube, gm 0.0 NA After Consolidation 6.698 27 Saturation Method: Wet

Wt. Of WS., gm 1279.3 1261.4 STRAIN RATE CALCULATIONS

Length 1, in 5.977 NA Calc. Strain Rate, %/min (t50=19.13) 0.0002 Strain Rate Used, %/min 0.0001
Length 2, in 5.893 NA Calc. Deformation Rate, in/min 0.0012 Deformation Rate Used 0.0005
Length 3, in 5.88 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.895 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.909 NA Effective Consolidating Pressure, psi 9.88 9.88 σσσσ 3333
Bottom Diameter, in 2.847 NA 1St. Maximum Effective Principal Stress Ratio 3.268 2.37 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 5.917 5.890 Deviator Stress at Failure, psi 15.03 18.35 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.884 2.872 Axial Strain at Failure, % 3.73 15.00 εεεε
Average Area,  in^2 6.53 6.48 Effective Minor Principal Stress at Failure, psi 6.63 13.42 σσσσ 3 '
Sample Volume, in^3 38.64 38.17 Effective Major Principal Stress at Failure, psi 21.66 31.77 σσσσ 1 '
Unit Dry Wt., gms/cc 1.67 1.69 Mohr's Circle Stress Path (Origin of Circle), psi 14.14 22.59 p'
Unit Dry Wt., pcf 104.3 105.6 Mohr's Circle Stress Path (Radius of Circle), psi 7.52 9.18 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 392.04 392.04 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.62 0.60 Deviator Stress at Failure, psi 15.03 18.35 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.38 0.37 Axial Strain at Failure, % 3.73 15.00 εεεε
Pore Volume, cc 14.72 14.24 Total Minor Principal Stress at Failure, psi 9.88 9.88 σσσσ 3333
Saturation, % 91.5 86.9 Total Major Principal Stress at Failure, psi 24.92 28.23 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
16.2 0 50.0 0 0 NA NA NA NA NA 9.88 0

38.4 5 51.9 0.09 3.41 1.91 11.39 7.98 1.428 0.59 9.68 1.71

44.0 11 52.4 0.19 4.29 2.44 11.73 7.45 1.576 0.60 9.59 2.14

48.0 17 52.8 0.29 4.90 2.80 11.98 7.08 1.692 0.60 9.53 2.45

52.1 23 53.1 0.39 5.52 3.08 12.33 6.81 1.810 0.59 9.57 2.76

56.0 29 53.3 0.49 6.11 3.29 12.70 6.59 1.928 0.57 9.64 3.06

59.6 35 53.5 0.60 6.65 3.47 13.07 6.42 2.037 0.55 9.74 3.32

63.0 42 53.6 0.71 7.16 3.62 13.43 6.26 2.144 0.53 9.85 3.58

65.8 48 53.7 0.81 7.59 3.74 13.73 6.14 2.236 0.52 9.93 3.79

68.8 53 53.9 0.90 8.04 3.85 14.08 6.04 2.332 0.50 10.06 4.02

71.6 59 53.9 1.00 8.47 3.92 14.43 5.96 2.420 0.49 10.20 4.23

73.6 65 54.0 1.10 8.76 4.00 14.64 5.88 2.490 0.48 10.26 4.38

76.4 71 54.1 1.21 9.17 4.06 15.00 5.82 2.575 0.47 10.41 4.59

83.9 90 54.2 1.53 10.29 4.15 16.02 5.73 2.794 0.42 10.88 5.14

Consolidation
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91.0 108 54.2 1.84 11.32 4.15 17.06 5.74 2.973 0.39 11.40 5.66

98.0 127 54.1 2.15 12.34 4.07 18.16 5.81 3.123 0.35 11.98 6.17

102.7 145 54.0 2.46 13.01 3.95 18.94 5.93 3.194 0.32 12.44 6.51

106.0 164 53.8 2.78 13.47 3.80 19.56 6.09 3.212 0.30 12.82 6.73

109.6 183 53.6 3.11 13.96 3.62 20.22 6.26 3.229 0.27 13.24 6.98

113.8 201 53.5 3.42 14.55 3.45 20.98 6.43 3.262 0.25 13.71 7.27

117.4 220 53.3 3.73 15.03 3.26 21.66 6.63 3.268 0.23 14.14 7.52

118.2 238 53.1 4.04 15.10 3.06 21.92 6.82 3.214 0.21 14.37 7.55

120.5 256 52.9 4.35 15.39 2.88 22.40 7.01 3.196 0.20 14.71 7.70

123.6 275 52.7 4.68 15.79 2.66 23.02 7.22 3.187 0.18 15.12 7.90

126.4 293 52.5 4.98 16.15 2.47 23.57 7.42 3.179 0.16 15.49 8.08

130.0 311 52.3 5.28 16.63 2.27 24.24 7.62 3.183 0.14 15.93 8.31

130.5 329 52.1 5.58 16.65 2.06 24.47 7.83 3.127 0.13 16.15 8.32

132.1 346 51.9 5.88 16.84 1.87 24.85 8.02 3.101 0.12 16.43 8.42

134.8 364 51.6 6.18 17.16 1.64 25.41 8.25 3.081 0.10 16.83 8.58

137.8 382 51.5 6.48 17.55 1.47 25.96 8.42 3.085 0.09 17.19 8.77

139.6 399 51.3 6.77 17.75 1.27 26.36 8.61 3.061 0.08 17.49 8.87

140.3 416 51.1 7.07 17.79 1.05 26.63 8.83 3.014 0.06 17.73 8.90

142.6 434 50.9 7.37 18.06 0.86 27.08 9.02 3.002 0.05 18.05 9.03

144.5 452 50.7 7.67 18.28 0.65 27.51 9.23 2.980 0.04 18.37 9.14

146.7 469 50.5 7.97 18.53 0.45 27.97 9.44 2.963 0.03 18.70 9.26

147.5 487 50.3 8.26 18.59 0.26 28.22 9.62 2.932 0.01 18.92 9.30

149.2 504 50.0 8.56 18.76 0.04 28.61 9.84 2.906 0.00 19.22 9.38

151.0 522 49.8 8.87 18.96 -0.16 29.00 10.04 2.888 -0.01 19.52 9.48

151.4 540 49.6 9.17 18.94 -0.38 29.20 10.26 2.846 -0.02 19.73 9.47

154.2 558 49.4 9.47 19.27 -0.61 29.77 10.50 2.836 -0.03 20.13 9.64

154.2 575 49.2 9.77 19.21 -0.82 29.91 10.70 2.796 -0.04 20.31 9.61

155.9 594 49.0 10.08 19.39 -1.00 30.27 10.88 2.782 -0.05 20.57 9.69

157.3 612 48.8 10.39 19.52 -1.22 30.62 11.10 2.758 -0.07 20.86 9.76

158.2 630 48.6 10.70 19.57 -1.39 30.84 11.27 2.736 -0.07 21.05 9.78

158.8 647 48.4 10.99 19.59 -1.56 31.03 11.44 2.712 -0.08 21.24 9.79

158.2 665 48.2 11.29 19.44 -1.76 31.08 11.64 2.670 -0.10 21.36 9.72

158.8 683 48.1 11.60 19.45 -1.93 31.26 11.81 2.647 -0.10 21.53 9.72

159.7 701 47.9 11.91 19.50 -2.15 31.53 12.03 2.621 -0.12 21.78 9.75

160.2 719 47.7 12.21 19.51 -2.30 31.69 12.18 2.602 -0.12 21.94 9.76

160.5 736 47.5 12.50 19.48 -2.46 31.83 12.35 2.577 -0.13 22.09 9.74

160.4 754 47.4 12.80 19.41 -2.63 31.92 12.52 2.550 -0.14 22.22 9.70

158.7 772 47.2 13.11 19.10 -2.77 31.76 12.66 2.509 -0.15 22.21 9.55

158.7 790 47.1 13.41 19.04 -2.93 31.85 12.82 2.485 -0.16 22.33 9.52

158.1 808 46.9 13.71 18.89 -3.06 31.83 12.94 2.459 -0.17 22.39 9.44

157.4 825 46.8 14.01 18.74 -3.16 31.78 13.04 2.436 -0.18 22.41 9.37

156.8 843 46.7 14.32 18.59 -3.29 31.76 13.17 2.412 -0.19 22.47 9.30

156.7 861 46.6 14.63 18.51 -3.39 31.79 13.28 2.394 -0.19 22.53 9.25

156.2 879 46.5 14.93 18.38 -3.51 31.77 13.39 2.372 -0.20 22.58 9.19

155.9 897 46.4 15.22 18.27 -3.61 31.76 13.49 2.355 -0.21 22.63 9.14

155.4 915 46.3 15.53 18.15 -3.72 31.75 13.60 2.334 -0.22 22.67 9.07

155.0 933 46.2 15.84 18.02 -3.76 31.67 13.65 2.320 -0.22 22.66 9.01

154.2 951 46.2 16.14 17.85 -3.85 31.59 13.73 2.300 -0.23 22.66 8.93

154.8 969 46.1 16.45 17.87 -3.91 31.66 13.80 2.295 -0.23 22.73 8.93

154.3 987 46.0 16.75 17.74 -4.00 31.62 13.88 2.278 -0.24 22.75 8.87

154.6 1005 45.9 17.06 17.71 -4.08 31.67 13.96 2.268 -0.24 22.81 8.85

154.7 1023 45.9 17.37 17.65 -4.14 31.68 14.02 2.259 -0.25 22.85 8.83

154.8 1041 45.8 17.68 17.60 -4.23 31.71 14.11 2.248 -0.25 22.91 8.80

154.4 1059 45.7 17.97 17.49 -4.30 31.67 14.18 2.234 -0.26 22.93 8.75

Input Validation: Reviewed By: Date Tested: 12/09/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-16

Client Project 091-867 Apex Landfill Expansion Depth 1'-3'

Project No. 30598 Sample ST-1

Test No. 2 Lab Sample No. 30598004

USCS Description: Light Yellowish Brown Lean Clay With Sand Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 109.42

Initial Consol. Final Back Pressure, psi 69.58

Tare Number A23 NA 901 Effective Consolidating Pressure, psi 39.84 σ3
Wt. Tare & WS, gm 134.52 NA 1369.03 Pore Pressure Parameter (B), % 98

Wt. Tare & DS, gm 112.93 NA 1164.19 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.43 NA 99.68 Height Change, mils Reading Change

Water Content, % 20.9 19.2 19.2 Initial Dial Reading 7.267 0 Volume Change, ml 34.1

Wt. Tube & WS., gm 1693.8 NA After Saturation 7.262 5 Volume Change, in^3 2.08

Wt. Of Tube, gm 419.3 NA After Consolidation 7.164 103 Saturation Method: Wet

Wt. Of WS., gm 1274.6 1257.5 STRAIN RATE CALCULATIONS

Length 1, in 5.951 NA Calc. Strain Rate, %/min (t50=4.56) 0.0009 Strain Rate Used, %/min 0.0001
Length 2, in 6.007 NA Calc. Deformation Rate, in/min 0.005 Deformation Rate Used 0.0005
Length 3, in 5.971 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.874 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.873 NA Effective Consolidating Pressure, psi 39.84 39.84 σσσσ 3333
Bottom Diameter, in 2.873 NA 1St. Maximum Effective Principal Stress Ratio 2.758 2.28 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 5.976 5.873 Deviator Stress at Failure, psi 39.26 38.24 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.873 2.816 Axial Strain at Failure, % 6.88 15.00 εεεε
Average Area,  in^2 6.48 6.23 Effective Minor Principal Stress at Failure, psi 22.33 29.77 σσσσ 3 '
Sample Volume, in^3 38.75 36.67 Effective Major Principal Stress at Failure, psi 61.59 68.02 σσσσ 1 '
Unit Dry Wt., gms/cc 1.66 1.75 Mohr's Circle Stress Path (Origin of Circle), psi 41.96 48.90 p'
Unit Dry Wt., pcf 103.6 109.5 Mohr's Circle Stress Path (Radius of Circle), psi 19.63 19.12 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 390.59 390.59 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.63 0.54 Deviator Stress at Failure, psi 39.26 38.24 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.38 0.35 Axial Strain at Failure, % 6.88 15.00 εεεε
Pore Volume, cc 14.92 12.84 Total Minor Principal Stress at Failure, psi 39.84 39.84 σσσσ 3333
Saturation, % 90.0 96.5 Total Major Principal Stress at Failure, psi 79.10 78.08 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
18.4 0 69.6 0 0.00 0 NA NA NA NA 39.84 0

54.3 5 71.5 0.08 5.77 1.96 43.65 37.88 1.152 0.35 40.77 2.88

80.0 11 74.0 0.19 9.88 4.46 45.25 35.38 1.279 0.46 40.31 4.94

95.8 17 75.7 0.28 12.39 6.16 46.06 33.68 1.368 0.51 39.87 6.19

107.7 22 77.1 0.38 14.28 7.48 46.64 32.36 1.441 0.53 39.50 7.14

116.8 28 78.2 0.47 15.73 8.62 46.94 31.22 1.504 0.56 39.08 7.86

125.2 33 79.2 0.57 17.05 9.57 47.32 30.27 1.563 0.57 38.79 8.53

132.8 39 80.0 0.66 18.24 10.43 47.66 29.41 1.620 0.58 38.54 9.12

139.6 44 80.8 0.75 19.32 11.21 47.95 28.63 1.675 0.59 38.29 9.66

145.7 50 81.5 0.85 20.27 11.89 48.21 27.95 1.725 0.60 38.08 10.13

151.9 56 82.1 0.95 21.23 12.49 48.58 27.35 1.777 0.60 37.96 10.62

157.7 61 82.7 1.05 22.14 13.08 48.89 26.75 1.827 0.60 37.82 11.07

163.0 67 83.2 1.15 22.95 13.57 49.22 26.27 1.874 0.60 37.74 11.47

177.3 85 84.5 1.45 25.15 14.87 50.12 24.97 2.007 0.60 37.54 12.58
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189.8 103 85.5 1.76 27.04 15.89 50.99 23.95 2.129 0.60 37.47 13.52

202.5 120 86.3 2.04 28.96 16.68 52.12 23.16 2.251 0.59 37.64 14.48

210.3 137 86.8 2.34 30.10 17.27 52.67 22.57 2.333 0.59 37.62 15.05

215.9 156 87.3 2.65 30.88 17.71 53.01 22.13 2.395 0.59 37.57 15.44

222.5 174 87.6 2.96 31.80 18.04 53.61 21.80 2.459 0.58 37.70 15.90

229.2 192 87.8 3.27 32.74 18.26 54.32 21.58 2.517 0.57 37.95 16.37

234.6 209 88.0 3.55 33.48 18.39 54.93 21.45 2.561 0.56 38.19 16.74

240.3 227 88.0 3.86 34.26 18.41 55.69 21.43 2.598 0.55 38.56 17.13

244.0 245 88.1 4.17 34.72 18.47 56.09 21.37 2.625 0.54 38.73 17.36

249.2 263 88.1 4.48 35.39 18.48 56.75 21.36 2.657 0.53 39.06 17.70

253.3 281 88.0 4.78 35.92 18.46 57.31 21.38 2.680 0.52 39.34 17.96

258.4 298 88.0 5.07 36.59 18.39 58.04 21.45 2.706 0.51 39.75 18.29

262.2 316 87.9 5.38 37.05 18.31 58.58 21.53 2.721 0.50 40.05 18.53

265.6 334 87.8 5.68 37.44 18.19 59.10 21.65 2.729 0.50 40.37 18.72

270.5 352 87.6 5.98 38.06 18.04 59.86 21.80 2.746 0.48 40.83 19.03

274.5 368 87.5 6.27 38.55 17.88 60.51 21.96 2.756 0.47 41.24 19.28

277.8 386 87.3 6.57 38.91 17.70 61.05 22.14 2.758 0.46 41.59 19.46

281.0 404 87.1 6.88 39.26 17.51 61.59 22.33 2.758 0.46 41.96 19.63

284.3 422 86.9 7.18 39.63 17.29 62.18 22.55 2.757 0.45 42.36 19.81

288.6 440 86.7 7.49 40.14 17.08 62.91 22.76 2.764 0.43 42.83 20.07

291.6 457 86.4 7.78 40.46 16.83 63.48 23.01 2.758 0.42 43.25 20.23

293.8 475 86.2 8.09 40.64 16.57 63.91 23.27 2.747 0.42 43.59 20.32

297.2 493 85.9 8.39 41.01 16.29 64.56 23.55 2.741 0.41 44.05 20.50

299.2 511 85.6 8.71 41.17 16.01 65.00 23.83 2.728 0.40 44.42 20.59

301.5 529 85.3 9.00 41.36 15.72 65.48 24.12 2.715 0.39 44.80 20.68

305.0 547 85.0 9.31 41.73 15.40 66.17 24.44 2.708 0.38 45.31 20.87

307.0 565 84.7 9.62 41.89 15.09 66.64 24.75 2.692 0.37 45.70 20.94

307.6 583 84.3 9.93 41.83 14.75 66.92 25.09 2.667 0.36 46.01 20.91

308.4 601 84.0 10.24 41.81 14.41 67.23 25.43 2.644 0.35 46.33 20.90

309.8 619 83.7 10.53 41.86 14.07 67.63 25.77 2.625 0.34 46.70 20.93

310.9 637 83.3 10.84 41.87 13.73 67.98 26.11 2.604 0.33 47.04 20.94

310.9 655 83.0 11.15 41.73 13.41 68.16 26.43 2.579 0.33 47.30 20.86

310.0 673 82.6 11.45 41.46 13.06 68.23 26.78 2.548 0.32 47.51 20.73

309.8 690 82.3 11.76 41.29 12.74 68.40 27.10 2.524 0.31 47.75 20.65

309.7 708 82.0 12.05 41.14 12.44 68.54 27.40 2.501 0.31 47.97 20.57

309.9 726 81.7 12.36 41.03 12.15 68.72 27.69 2.481 0.30 48.21 20.51

309.2 743 81.4 12.66 40.79 11.84 68.79 28.00 2.457 0.30 48.40 20.39

308.1 761 81.1 12.96 40.50 11.50 68.84 28.34 2.429 0.29 48.59 20.25

307.4 779 80.9 13.26 40.26 11.28 68.82 28.56 2.409 0.29 48.69 20.13

306.2 796 80.6 13.56 39.95 11.05 68.74 28.79 2.387 0.28 48.77 19.98

304.9 814 80.4 13.87 39.62 10.83 68.64 29.01 2.366 0.28 48.82 19.81

302.9 832 80.2 14.17 39.21 10.63 68.42 29.21 2.342 0.28 48.81 19.60

300.9 850 80.0 14.47 38.80 10.42 68.22 29.42 2.319 0.27 48.82 19.40

299.9 868 79.8 14.77 38.52 10.23 68.13 29.61 2.301 0.27 48.87 19.26

298.1 886 79.6 15.08 38.14 10.01 67.97 29.83 2.279 0.27 48.90 19.07

296.6 904 79.4 15.39 37.80 9.79 67.84 30.05 2.258 0.26 48.95 18.90

293.7 923 79.1 15.71 37.26 9.55 67.55 30.29 2.230 0.26 48.92 18.63

291.8 941 78.9 16.02 36.87 9.31 67.40 30.53 2.208 0.26 48.97 18.43

288.8 959 78.7 16.33 36.33 9.08 67.10 30.76 2.181 0.25 48.93 18.17

285.5 977 78.4 16.64 35.75 8.86 66.73 30.98 2.154 0.25 48.86 17.87

282.1 996 78.2 16.96 35.17 8.61 66.39 31.23 2.126 0.25 48.81 17.58

265.2 1001 77.7 17.04 32.88 8.12 64.60 31.72 2.037 0.25 48.16 16.44

261.9 1001 77.8 17.04 32.44 8.23 64.06 31.61 2.026 0.26 47.83 16.22

260.0 1001 77.8 17.04 32.18 8.24 63.77 31.60 2.018 0.26 47.69 16.09

Input Validation: Reviewed By: Date Tested: 12/14/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-16

Client Project 091-867 Apex Landfill Expansion Depth 1'-3'

Project No. 30598 Sample ST-1

Test No. 3 Lab Sample No. 30598004

USCS Description: Light Yellowish Brown Lean Clay With Sand Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 119.64

Initial Consol. Final Back Pressure, psi 39.79

Tare Number A23 NA 307 Effective Consolidating Pressure, psi 79.84 σ3
Wt. Tare & WS, gm 134.52 NA 1295.07 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 112.93 NA 1086.15 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.43 NA 98.77 Height Change, mils Reading Change

Water Content, % 20.9 21.2 21.2 Initial Dial Reading 7.012 0 Volume Change, ml 52.2

Wt. Tube & WS., gm 1640.3 NA After Saturation 6.993 19 Volume Change, in^3 3.19

Wt. Of Tube, gm 418.4 NA After Consolidation 6.83 182 Saturation Method: Wet

Wt. Of WS., gm 1222.0 1225.0 STRAIN RATE CALCULATIONS

Length 1, in 5.96 NA Calc. Strain Rate, %/min (t50=3.29) 0.0012 Strain Rate Used, %/min 0.0001
Length 2, in 5.971 NA Calc. Deformation Rate, in/min 0.007 Deformation Rate Used 0.0005
Length 3, in 5.932 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.874 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.875 NA Effective Consolidating Pressure, psi 79.84 79.84 σσσσ 3333
Bottom Diameter, in 2.877 NA 1St. Maximum Effective Principal Stress Ratio 2.711 2.40 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 5.954 5.772 Deviator Stress at Failure, psi 64.13 61.71 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.875 2.783 Axial Strain at Failure, % 7.95 15.00 εεεε
Average Area,  in^2 6.49 6.08 Effective Minor Principal Stress at Failure, psi 37.48 44.19 σσσσ 3 '
Sample Volume, in^3 38.66 35.48 Effective Major Principal Stress at Failure, psi 101.61 105.90 σσσσ 1 '
Unit Dry Wt., gms/cc 1.60 1.74 Mohr's Circle Stress Path (Origin of Circle), psi 69.55 75.05 p'
Unit Dry Wt., pcf 99.6 108.5 Mohr's Circle Stress Path (Radius of Circle), psi 32.06 30.85 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 374.46 374.46 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.69 0.55 Deviator Stress at Failure, psi 64.13 61.71 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.41 0.36 Axial Strain at Failure, % 7.95 15.00 εεεε
Pore Volume, cc 15.81 12.63 Total Minor Principal Stress at Failure, psi 79.84 79.84 σσσσ 3333
Saturation, % 81.4 103.4 Total Major Principal Stress at Failure, psi 143.97 141.55 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
21.3 0 39.8 0 0 0 NA NA NA NA 79.84 0

90.8 4 46.3 0.07 11.42 6.50 84.76 73.35 1.156 0.60 79.05 5.71

128.9 9 51.3 0.16 17.65 11.54 85.96 68.30 1.258 0.69 77.13 8.83

153.1 15 55.1 0.26 21.60 15.33 86.12 64.51 1.335 0.75 75.31 10.80

172.4 21 58.1 0.36 24.75 18.34 86.25 61.50 1.402 0.78 73.88 12.37

188.5 27 60.7 0.46 27.36 20.92 86.28 58.92 1.464 0.81 72.60 13.68

202.4 33 62.8 0.57 29.61 23.05 86.40 56.79 1.521 0.82 71.60 14.80

215.1 39 64.8 0.67 31.64 24.96 86.52 54.88 1.576 0.83 70.70 15.82

226.3 44 66.5 0.77 33.44 26.67 86.61 53.17 1.629 0.84 69.89 16.72

236.6 50 68.0 0.87 35.09 28.17 86.76 51.67 1.679 0.85 69.21 17.54

246.5 57 69.2 0.98 36.66 29.45 87.05 50.39 1.727 0.85 68.72 18.33

255.0 63 70.5 1.09 38.00 30.69 87.15 49.15 1.773 0.85 68.15 19.00

263.4 69 71.6 1.19 39.33 31.77 87.40 48.08 1.818 0.85 67.74 19.66

284.6 87 74.2 1.51 42.63 34.40 88.08 45.45 1.938 0.85 66.76 21.32
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302.5 105 76.3 1.82 45.38 36.48 88.75 43.36 2.047 0.85 66.06 22.69

317.3 123 77.8 2.13 47.62 38.05 89.41 41.80 2.139 0.84 65.60 23.81

330.3 141 79.1 2.45 49.55 39.31 90.09 40.53 2.223 0.84 65.31 24.78

342.0 160 80.1 2.77 51.26 40.27 90.83 39.57 2.295 0.83 65.20 25.63

352.2 178 80.8 3.08 52.73 41.03 91.54 38.81 2.359 0.82 65.18 26.36

362.0 195 81.5 3.39 54.12 41.70 92.27 38.14 2.419 0.81 65.20 27.06

370.2 213 81.9 3.68 55.25 42.12 92.97 37.72 2.465 0.80 65.35 27.63

377.9 231 82.3 3.99 56.28 42.53 93.59 37.31 2.508 0.80 65.45 28.14

385.0 249 82.6 4.31 57.21 42.83 94.23 37.02 2.546 0.79 65.62 28.61

391.7 266 82.7 4.61 58.09 42.94 94.99 36.90 2.574 0.78 65.94 29.04

398.2 283 82.9 4.91 58.92 43.12 95.64 36.72 2.605 0.77 66.18 29.46

404.4 301 83.0 5.21 59.70 43.20 96.35 36.65 2.629 0.76 66.50 29.85

409.9 319 83.0 5.52 60.35 43.23 96.97 36.61 2.648 0.75 66.79 30.18

415.6 336 82.9 5.83 61.04 43.14 97.75 36.71 2.663 0.74 67.23 30.52

420.9 353 82.9 6.12 61.68 43.08 98.44 36.77 2.678 0.74 67.61 30.84

425.8 371 82.9 6.42 62.22 43.08 98.99 36.76 2.692 0.73 67.88 31.11

430.5 388 82.8 6.72 62.75 42.99 99.60 36.86 2.702 0.72 68.23 31.37

434.6 406 82.6 7.04 63.16 42.84 100.17 37.01 2.707 0.71 68.59 31.58

438.9 424 82.4 7.34 63.62 42.60 100.86 37.24 2.708 0.70 69.05 31.81

442.9 441 82.2 7.65 64.02 42.42 101.44 37.42 2.711 0.70 69.43 32.01

445.0 459 82.2 7.95 64.13 42.36 101.61 37.48 2.711 0.70 69.55 32.06

447.5 477 81.9 8.26 64.27 42.11 102.00 37.73 2.704 0.69 69.87 32.14

451.2 495 81.8 8.58 64.62 42.04 102.42 37.80 2.709 0.68 70.11 32.31

453.8 513 81.6 8.89 64.78 41.84 102.79 38.01 2.705 0.68 70.40 32.39

455.2 531 81.4 9.19 64.78 41.64 102.98 38.20 2.696 0.68 70.59 32.39

456.0 548 81.3 9.50 64.68 41.46 103.06 38.39 2.685 0.67 70.72 32.34

457.8 567 81.0 9.82 64.72 41.24 103.32 38.60 2.676 0.67 70.96 32.36

459.3 585 80.8 10.13 64.71 40.99 103.56 38.85 2.666 0.67 71.20 32.35

461.0 603 80.5 10.44 64.74 40.73 103.86 39.12 2.655 0.66 71.49 32.37

462.0 619 80.3 10.73 64.68 40.47 104.05 39.37 2.643 0.66 71.71 32.34

463.1 637 80.0 11.04 64.61 40.23 104.23 39.62 2.631 0.66 71.92 32.30

464.1 655 79.7 11.35 64.53 39.89 104.48 39.95 2.615 0.65 72.22 32.27

464.9 673 79.4 11.66 64.43 39.56 104.70 40.28 2.599 0.65 72.49 32.21

465.5 690 79.1 11.96 64.29 39.29 104.84 40.55 2.585 0.64 72.69 32.14

466.1 708 78.8 12.27 64.16 38.96 105.04 40.89 2.569 0.64 72.97 32.08

466.9 726 78.5 12.58 64.04 38.68 105.21 41.17 2.556 0.64 73.19 32.02

466.5 744 78.1 12.89 63.75 38.31 105.28 41.53 2.535 0.63 73.41 31.88

466.8 761 77.8 13.19 63.58 37.96 105.46 41.88 2.518 0.63 73.67 31.79

466.2 779 77.3 13.50 63.27 37.50 105.62 42.34 2.494 0.62 73.98 31.64

465.4 797 76.8 13.80 62.94 37.05 105.74 42.80 2.471 0.62 74.27 31.47

465.4 815 76.4 14.12 62.70 36.64 105.90 43.20 2.451 0.62 74.55 31.35

464.0 833 76.0 14.43 62.27 36.22 105.90 43.62 2.428 0.61 74.76 31.14

464.2 851 75.7 14.74 62.08 35.86 106.07 43.99 2.411 0.61 75.03 31.04

462.6 869 75.4 15.05 61.64 35.61 105.87 44.23 2.393 0.61 75.05 30.82

460.5 887 75.1 15.37 61.11 35.30 105.66 44.54 2.372 0.61 75.10 30.56

457.4 905 74.7 15.68 60.45 34.95 105.34 44.89 2.347 0.61 75.12 30.23

453.9 923 74.4 15.99 59.76 34.64 104.96 45.20 2.322 0.61 75.08 29.88

452.0 940 74.2 16.29 59.27 34.36 104.75 45.48 2.303 0.61 75.11 29.63

451.1 958 74.0 16.60 58.93 34.17 104.60 45.67 2.290 0.61 75.14 29.47

448.8 976 73.8 16.92 58.40 33.99 104.25 45.85 2.274 0.61 75.05 29.20

445.9 994 73.6 17.22 57.78 33.81 103.81 46.03 2.255 0.62 74.92 28.89

442.6 1012 73.4 17.53 57.13 33.65 103.32 46.19 2.237 0.62 74.75 28.56

441.0 1029 73.3 17.83 56.69 33.47 103.06 46.37 2.223 0.62 74.72 28.34

438.8 1047 73.1 18.14 56.18 33.34 102.68 46.50 2.208 0.62 74.59 28.09

Input Validation: Reviewed By: Date Tested: 12/14/10

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309

30598004 - cu triax.xls Triax 3



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-16

Client Project 091-867 Apex Landfill Expansion Depth 1'-3'

Project No. 30598 Sample ST-1
Test Conditions: Undisturbed - Side And Double Drained Lab Sample No. 30598004
USCS Description: Light Yellowish Brown Lean Clay With Sand

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 1'-3'
Project No. 30598 Sample ST-1

Lab Sample No. 30598004
USCS Description: Light Yellowish Brown Lean Clay With Sand

Test Conditions: Undisturbed - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 14.5

Test 1 15.03 24.92 9.88 3.73 17.4017.4017.4017.40 7.527.527.527.52 a, psi 3.5
Test 2 39.26 79.10 39.84 6.88 59.4759.4759.4759.47 19.6319.6319.6319.63 Φ, Φ, Φ, Φ, deg 15.0
Test 3 64.13 143.97 79.84 7.95 111.91111.91111.91111.91 32.0632.0632.0632.06 C, psi 3.6

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 1'-3'
Project No. 30598 Sample ST-1

Lab Sample No. 30598004
USCS Description: Light Yellowish Brown Lean Clay With Sand

Test Conditions: Undisturbed - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 23.9

Test 1 15.03 21.66 6.63 3.73 14.1414.1414.1414.14 7.527.527.527.52 a', psi 1.2
Test 2 39.26 61.59 22.33 6.88 41.9641.9641.9641.96 19.6319.6319.6319.63 ΦΦΦΦ', deg 26.3
Test 3 64.13 101.61 37.48 7.95 69.5569.5569.5569.55 32.0632.0632.0632.06 C', psi 1.3

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-16 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 1'-3' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598004 Cell Pressure, psi 59.9

USCS Description: Light Yellowish Brown Lean Clay With Sand Back Pressure, psi 50.0
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 9.9

Additional Consol. Volume, ml 0.0

Consol. Start Date: 12/9/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.3
0.10 0.32 0.4
0.15 0.39 0.4
0.20 0.45 0.4
0.25 0.50 0.4
0.50 0.71 0.5
1.00 1.00 0.6
2.00 1.41 1.2
3.00 1.73 1.4
5.00 2.24 1.5

10.00 3.16 2.1
15.00 3.87 2.7
20.00 4.47 3.0
30.00 5.48 3.5
40.00 6.32 4.0 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 4.2
60.00 7.75 4.6
75.00 8.66 5.0
90.00 9.49 5.5

120.00 10.95 5.9
840.00 28.98 7.5

1080.00 32.86 7.8

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.2 ml. T0 = 0 min. V0 = 0.2 ml. Initial Volume Reading, ml 0.0
T90 = 105.9 min V90 = 5.7 ml. T50 = 19.1 min. V50 = 3.0 ml. Final Volume Reading, ml 7.8
T100 = NA min V100 = 6.3 ml. T100 = 97.1 min. V100 = 5.7 ml. Total Volume Change, ml 7.8
Input Validation: Reviewed By: Date 12/9/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-16 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 1'-3' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598004 Cell Pressure, psi 109.4

USCS Description: Light Yellowish Brown Lean Clay With Sand Back Pressure, psi 69.6
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 39.8

Additional Consol. Volume, ml 24.8

Consol. Start Date: 12/14/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.3
0.10 0.32 0.5
0.15 0.39 0.6
0.20 0.45 0.7
0.25 0.50 0.8
0.50 0.71 1.1
1.00 1.00 1.6
2.00 1.41 2.6
3.00 1.73 3.2
5.00 2.24 4.3

10.00 3.16 5.7
15.00 3.87 6.5
20.00 4.47 7.0
30.00 5.48 7.7
40.00 6.32 8.0 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 8.2
60.00 7.75 8.4
75.00 8.66 8.5
90.00 9.49 8.6

120.00 10.95 8.7
150.00 12.25 8.7
930.00 30.50 9.2

1290.00 35.92 9.3

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.0 ml. T0 = 0 min. V0 = -0.1 ml. Initial Volume Reading, ml 0.0
T90 = 29.2 min V90 = 7.6 ml. T50 = 4.6 min. V50 = 4.1 ml. Final Volume Reading, ml 9.3
T100 = NA min V100 = 8.5 ml. T100 = 32.0 min. V100 = 8.3 ml. Total Volume Change, ml 34.1
Input Validation: Reviewed By: Date 12/14/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-16 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 1'-3' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598004 Cell Pressure, psi 119.6

USCS Description: Light Yellowish Brown Lean Clay With Sand Back Pressure, psi 39.8
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 79.8

Additional Consol. Volume, ml 43.6

Consol. Start Date: 12/14/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.3
0.10 0.32 0.5
0.15 0.39 0.6
0.20 0.45 0.8
0.25 0.50 1.0
0.50 0.71 1.4
1.00 1.00 2.2
2.00 1.41 3.0
3.00 1.73 3.6
5.00 2.24 4.4

10.00 3.16 5.6
15.00 3.87 6.2
20.00 4.47 6.5
30.00 5.48 7.0
40.00 6.32 7.3 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 7.4
60.00 7.75 7.6
75.00 8.66 7.8
90.00 9.49 8.0

120.00 10.95 8.0
150.00 12.25 8.1
930.00 30.50 8.5

1290.00 35.92 8.6

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -0.2 ml. T0 = 0 min. V0 = -0.2 ml. Initial Volume Reading, ml 0.0
T90 = 6.8 min V90 = 4.9 ml. T50 = 3.3 min. V50 = 3.7 ml. Final Volume Reading, ml 8.6
T100 = NA min V100 = 5.4 ml. T100 = 33.4 min. V100 = 7.7 ml. Total Volume Change, ml 52.2
Input Validation: Reviewed By: Date 12/14/2010
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-17

Client Project 091-867 Apex Landfill Expansion Depth 12'-14'

Project No. 30598 Sample ST-1

Test No. 1 Lab Sample No. 30598005

USCS Description: YELLOWISH SANDY LEAN CLAY Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 60.08

Initial Consol. Final Back Pressure, psi 50.27

Tare Number A17 NA 810 Effective Consolidating Pressure, psi 9.81 σ 3
Wt. Tare & WS, gm 183.36 NA 389.99 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 160.83 NA 350.59 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.54 NA 102.42 Height Change, mils Reading Change

Water Content, % 14.9 15.9 15.9 Initial Reading 7.167 0 Volume Change, ml 6.1

Wt. Tube & WS., gm 1844.0 NA After Saturation 7.114 53 Volume Change, in^3 0.37

Wt. Of Tube, gm 418.6 NA After Consolidation 7.1 67 Saturation Method: Wet

Wt. Of WS., gm 1425.4 1437.6 STRAIN RATE CALCULATIONS

Length 1, in 6.05 NA Calc. Strain Rate, %/min (t50=9.75) 0.0004 Strain Rate Used, %/min 0.0003
Length 2, in 6.034 NA Calc. Deformation Rate, in/min 0.0024 Deformation Rate Used 0.002
Length 3, in 6.027 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.881 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.88 NA Effective Consolidating Pressure, psi 9.81 9.81 σσσσ 3333
Bottom Diameter, in 2.88 NA 1St. Maximum Effective Principal Stress Ratio 5.085 3.98 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.037 5.970 Deviator Stress at Failure, psi 22.52 40.25 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.880 2.844 Axial Strain at Failure, % 2.33 15.00 εεεε
Average Area,  in^2 6.52 6.35 Effective Minor Principal Stress at Failure, psi 5.51 13.52 σσσσ 3 '
Sample Volume, in^3 39.34 38.96 Effective Major Principal Stress at Failure, psi 28.04 53.77 σσσσ 1 '
Unit Dry Wt., gms/cc 1.92 1.94 Mohr's Circle Stress Path (Origin of Circle), psi 16.77 33.65 p'
Unit Dry Wt., pcf 120.1 121.2 Mohr's Circle Stress Path (Radius of Circle), psi 11.26 20.13 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 459.48 459.48 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.40 0.39 Deviator Stress at Failure, psi 22.52 40.25 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.29 0.28 Axial Strain at Failure, % 2.33 15.00 εεεε
Pore Volume, cc 11.30 10.92 Total Minor Principal Stress at Failure, psi 9.81 9.81 σσσσ 3333
Saturation, % 99.8 110.0 Total Major Principal Stress at Failure, psi 32.33 50.06 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
8.2 0 50.3 0 0 NA NA NA NA NA 9.81 0

33.0 5 51.7 0.08 3.90 1.38 12.33 8.42 1.463 0.37 10.38 1.95

50.5 11 53.2 0.18 6.66 2.88 13.58 6.92 1.961 0.46 10.25 3.33

61.3 17 54.0 0.28 8.33 3.71 14.43 6.10 2.367 0.47 10.26 4.17

69.8 22 54.5 0.38 9.67 4.28 15.20 5.53 2.749 0.47 10.37 4.84

77.1 29 54.9 0.48 10.79 4.64 15.96 5.16 3.089 0.45 10.56 5.40

83.7 35 55.2 0.58 11.82 4.90 16.73 4.91 3.406 0.44 10.82 5.91

89.7 41 55.3 0.68 12.75 5.07 17.49 4.74 3.690 0.42 11.11 6.37

95.4 46 55.5 0.78 13.62 5.18 18.24 4.62 3.946 0.40 11.43 6.81

100.6 52 55.5 0.87 14.43 5.26 18.97 4.54 4.175 0.38 11.76 7.21

105.5 58 55.6 0.97 15.16 5.28 19.69 4.52 4.351 0.37 12.11 7.58

110.3 64 55.6 1.07 15.90 5.30 20.41 4.51 4.527 0.35 12.46 7.95

114.7 70 55.6 1.17 16.57 5.28 21.10 4.53 4.662 0.34 12.81 8.29

126.4 86 55.4 1.45 18.34 5.13 23.02 4.68 4.920 0.29 13.85 9.17

Consolidation
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137.1 104 55.2 1.74 19.94 4.88 24.87 4.93 5.048 0.26 14.90 9.97

145.8 121 54.9 2.03 21.23 4.60 26.43 5.21 5.077 0.23 15.82 10.61

154.7 139 54.6 2.33 22.52 4.29 28.04 5.51 5.085 0.20 16.77 11.26

161.9 156 54.2 2.61 23.57 3.96 29.42 5.85 5.027 0.18 17.64 11.78

169.7 173 53.9 2.90 24.68 3.61 30.88 6.20 4.979 0.15 18.54 12.34

176.1 191 53.5 3.20 25.59 3.26 32.14 6.55 4.908 0.13 19.35 12.80

181.3 209 53.2 3.50 26.30 2.91 33.19 6.89 4.814 0.12 20.04 13.15

186.2 226 52.9 3.79 26.97 2.60 34.17 7.20 4.743 0.10 20.69 13.48

192.0 243 52.6 4.08 27.75 2.29 35.27 7.52 4.692 0.09 21.39 13.87

197.5 261 52.3 4.38 28.49 1.99 36.31 7.82 4.644 0.07 22.07 14.25

202.0 280 52.0 4.68 29.08 1.69 37.19 8.12 4.582 0.06 22.66 14.54

205.7 297 51.7 4.98 29.54 1.40 37.95 8.41 4.514 0.05 23.18 14.77

210.6 315 51.4 5.28 30.18 1.13 38.85 8.67 4.480 0.04 23.76 15.09

215.9 333 51.1 5.57 30.88 0.88 39.81 8.93 4.459 0.03 24.37 15.44

220.1 351 50.9 5.88 31.40 0.63 40.58 9.18 4.419 0.02 24.88 15.70

223.9 369 50.6 6.18 31.86 0.38 41.29 9.43 4.379 0.01 25.36 15.93

227.0 387 50.4 6.48 32.22 0.16 41.86 9.65 4.339 0.01 25.76 16.11

230.9 405 50.2 6.78 32.69 -0.11 42.60 9.91 4.297 0.00 26.26 16.34

235.6 422 50.0 7.07 33.27 -0.30 43.37 10.10 4.292 -0.01 26.74 16.63

239.4 440 49.8 7.37 33.72 -0.50 44.02 10.31 4.271 -0.02 27.17 16.86

242.7 458 49.6 7.67 34.08 -0.69 44.58 10.50 4.245 -0.02 27.54 17.04

244.7 476 49.4 7.97 34.27 -0.88 44.95 10.68 4.208 -0.03 27.82 17.13

249.0 493 49.2 8.26 34.77 -1.05 45.64 10.86 4.201 -0.03 28.25 17.39

252.6 511 49.0 8.56 35.18 -1.22 46.21 11.03 4.189 -0.04 28.62 17.59

255.6 529 48.9 8.86 35.49 -1.40 46.71 11.21 4.165 -0.04 28.96 17.75

257.9 546 48.7 9.15 35.72 -1.53 47.05 11.33 4.151 -0.04 29.19 17.86

260.6 564 48.6 9.45 35.98 -1.68 47.47 11.49 4.132 -0.05 29.48 17.99

265.1 581 48.5 9.74 36.50 -1.82 48.13 11.63 4.139 -0.05 29.88 18.25

267.6 599 48.3 10.04 36.74 -1.95 48.50 11.76 4.124 -0.06 30.13 18.37

270.2 617 48.2 10.34 36.99 -2.08 48.87 11.89 4.111 -0.06 30.38 18.49

271.9 635 48.0 10.64 37.09 -2.23 49.14 12.04 4.080 -0.06 30.59 18.55

274.9 653 47.9 10.93 37.39 -2.33 49.53 12.14 4.081 -0.07 30.83 18.70

278.9 671 47.8 11.23 37.83 -2.45 50.09 12.26 4.086 -0.07 31.17 18.91

281.3 689 47.7 11.54 38.03 -2.56 50.39 12.36 4.075 -0.07 31.38 19.01

283.6 707 47.6 11.84 38.22 -2.68 50.70 12.48 4.061 -0.07 31.59 19.11

285.3 725 47.5 12.14 38.33 -2.78 50.92 12.59 4.044 -0.08 31.75 19.16

289.3 743 47.4 12.44 38.74 -2.89 51.44 12.70 4.051 -0.08 32.07 19.37

292.2 761 47.3 12.74 39.01 -3.01 51.83 12.82 4.043 -0.08 32.33 19.51

294.3 779 47.2 13.05 39.17 -3.10 52.08 12.91 4.033 -0.08 32.50 19.58

294.7 797 47.1 13.35 39.08 -3.20 52.09 13.01 4.005 -0.09 32.55 19.54

298.3 814 47.0 13.64 39.44 -3.30 52.55 13.11 4.009 -0.09 32.83 19.72

302.0 832 46.9 13.93 39.81 -3.39 53.01 13.20 4.017 -0.09 33.10 19.91

303.7 850 46.8 14.23 39.90 -3.48 53.19 13.29 4.002 -0.09 33.24 19.95

306.0 868 46.7 14.53 40.07 -3.57 53.44 13.38 3.995 -0.09 33.41 20.03

307.3 885 46.6 14.83 40.10 -3.67 53.58 13.48 3.975 -0.10 33.53 20.05

310.2 903 46.5 15.12 40.36 -3.75 53.91 13.56 3.977 -0.10 33.73 20.18

313.2 920 46.4 15.42 40.61 -3.82 54.24 13.63 3.979 -0.10 33.93 20.30

315.2 938 46.4 15.72 40.74 -3.92 54.46 13.73 3.968 -0.10 34.09 20.37

317.0 956 46.3 16.01 40.83 -3.99 54.63 13.80 3.958 -0.10 34.21 20.41

317.7 974 46.2 16.31 40.77 -4.08 54.66 13.88 3.937 -0.11 34.27 20.39

321.2 991 46.1 16.60 41.10 -4.18 55.09 13.99 3.937 -0.11 34.54 20.55

324.5 1009 46.0 16.90 41.37 -4.23 55.41 14.04 3.946 -0.11 34.73 20.69

326.2 1027 46.0 17.20 41.45 -4.31 55.56 14.12 3.936 -0.11 34.84 20.72

305.9 1037 46.0 17.37 38.73 -4.24 52.77 14.05 3.757 -0.12 33.41 19.36

Input Validation: Reviewed By: Date Tested: 12/13/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-17

Client Project 091-867 Apex Landfill Expansion Depth 12'-14'

Project No. 30598 Sample ST-1

Test No. 2 Lab Sample No. 30598005

USCS Description: YELLOWISH SANDY LEAN CLAY Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 89.40

Initial Consol. Final Back Pressure, psi 49.69

Tare Number A17 NA 805 Effective Consolidating Pressure, psi 39.71 σ3
Wt. Tare & WS, gm 183.36 NA 1493.31 Pore Pressure Parameter (B), % 97

Wt. Tare & DS, gm 160.83 NA 1318.21 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.54 NA 102.35 Height Change, mils Reading Change

Water Content, % 14.9 14.4 14.4 Initial Dial Reading 7.49 0 Volume Change, ml 17.3

Wt. Tube & WS., gm 1822.1 NA After Saturation 7.474 16 Volume Change, in^3 1.06

Wt. Of Tube, gm 417.2 NA After Consolidation 7.426 64 Saturation Method: Wet

Wt. Of WS., gm 1404.8 1398.8 STRAIN RATE CALCULATIONS

Length 1, in 6.027 NA Calc. Strain Rate, %/min (t50=4.32) 0.0009 Strain Rate Used, %/min 0.0003
Length 2, in 6.035 NA Calc. Deformation Rate, in/min 0.0055 Deformation Rate Used 0.002
Length 3, in 6.012 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.875 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.875 NA Effective Consolidating Pressure, psi 39.71 39.71 σσσσ 3333
Bottom Diameter, in 2.878 NA 1St. Maximum Effective Principal Stress Ratio 4.756 4.29 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.025 5.961 Deviator Stress at Failure, psi 50.62 62.44 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.876 2.840 Axial Strain at Failure, % 4.20 15.00 εεεε
Average Area,  in^2 6.50 6.34 Effective Minor Principal Stress at Failure, psi 13.48 18.96 σσσσ 3 '
Sample Volume, in^3 39.14 38.08 Effective Major Principal Stress at Failure, psi 64.10 81.40 σσσσ 1 '
Unit Dry Wt., gms/cc 1.91 1.96 Mohr's Circle Stress Path (Origin of Circle), psi 38.79 50.18 p'
Unit Dry Wt., pcf 119.0 122.3 Mohr's Circle Stress Path (Radius of Circle), psi 25.31 31.22 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 452.86 452.86 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.42 0.38 Deviator Stress at Failure, psi 50.62 62.44 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.29 0.27 Axial Strain at Failure, % 4.20 15.00 εεεε
Pore Volume, cc 11.50 10.45 Total Minor Principal Stress at Failure, psi 39.71 39.71 σσσσ 3333
Saturation, % 96.6 102.9 Total Major Principal Stress at Failure, psi 90.33 102.15 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
11.2 0 49.7 0 0.00 0 NA NA NA NA 39.71 0

80.2 4 54.6 0.07 10.88 4.87 45.72 34.84 1.312 0.46 40.28 5.44

124.8 9 60.0 0.15 17.89 10.28 47.32 29.43 1.608 0.59 38.37 8.95

155.0 14 63.9 0.24 22.63 14.17 48.17 25.54 1.886 0.65 36.85 11.31

177.5 20 66.7 0.34 26.15 16.97 48.89 22.74 2.150 0.67 35.81 13.07

195.4 26 68.7 0.44 28.94 19.04 49.61 20.67 2.400 0.68 35.14 14.47

209.7 32 70.3 0.53 31.16 20.62 50.25 19.09 2.632 0.68 34.67 15.58

221.8 38 71.5 0.63 33.03 21.83 50.91 17.88 2.847 0.68 34.39 16.51

232.2 44 72.5 0.74 34.61 22.82 51.50 16.89 3.049 0.68 34.20 17.31

241.1 50 73.3 0.84 35.97 23.59 52.09 16.12 3.231 0.68 34.10 17.98

249.2 56 73.9 0.94 37.21 24.21 52.70 15.50 3.401 0.67 34.10 18.60

256.0 62 74.4 1.04 38.23 24.72 53.21 14.99 3.551 0.67 34.10 19.11

262.0 68 74.8 1.14 39.13 25.14 53.70 14.57 3.686 0.66 34.13 19.56

277.0 86 75.7 1.45 41.34 25.99 55.06 13.73 4.012 0.65 34.39 20.67

Consolidation
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288.7 104 76.1 1.75 43.02 26.45 56.28 13.26 4.246 0.63 34.77 21.51

298.8 123 76.4 2.06 44.45 26.68 57.48 13.03 4.411 0.62 35.25 22.22

307.1 142 76.5 2.37 45.58 26.79 58.50 12.92 4.527 0.61 35.71 22.79

314.7 160 76.5 2.68 46.61 26.81 59.51 12.90 4.613 0.59 36.20 23.31

321.9 178 76.5 2.98 47.57 26.77 60.51 12.94 4.675 0.58 36.73 23.78

328.5 196 76.4 3.29 48.43 26.67 61.47 13.04 4.714 0.57 37.25 24.22

334.8 215 76.2 3.60 49.22 26.55 62.39 13.16 4.740 0.56 37.77 24.61

340.3 232 76.1 3.90 49.91 26.39 63.23 13.32 4.747 0.55 38.28 24.95

346.0 251 75.9 4.20 50.62 26.23 64.10 13.48 4.756 0.53 38.79 25.31

351.3 268 75.8 4.49 51.26 26.06 64.91 13.65 4.755 0.52 39.28 25.63

356.9 285 75.6 4.79 51.93 25.86 65.78 13.85 4.750 0.51 39.82 25.97

362.0 303 75.4 5.09 52.54 25.70 66.55 14.01 4.750 0.50 40.28 26.27

366.8 321 75.2 5.39 53.10 25.53 67.27 14.18 4.745 0.50 40.73 26.55

371.8 338 75.1 5.68 53.67 25.37 68.02 14.34 4.741 0.49 41.18 26.84

376.5 356 74.9 5.97 54.21 25.17 68.75 14.54 4.727 0.48 41.65 27.10

380.9 374 74.7 6.27 54.69 24.97 69.43 14.74 4.711 0.47 42.08 27.34

385.3 391 74.5 6.56 55.17 24.79 70.08 14.92 4.698 0.46 42.50 27.58

389.4 409 74.3 6.86 55.58 24.61 70.68 15.10 4.681 0.46 42.89 27.79

393.0 426 74.1 7.14 55.95 24.42 71.24 15.29 4.658 0.45 43.27 27.97

397.3 443 73.9 7.44 56.40 24.22 71.89 15.49 4.640 0.44 43.69 28.20

401.6 462 73.7 7.74 56.84 24.04 72.50 15.67 4.628 0.44 44.08 28.42

405.1 479 73.6 8.04 57.17 23.89 72.99 15.82 4.613 0.43 44.41 28.58

408.7 497 73.4 8.34 57.50 23.73 73.48 15.98 4.599 0.43 44.73 28.75

412.4 514 73.3 8.63 57.85 23.59 73.97 16.12 4.589 0.42 45.05 28.93

415.8 532 73.2 8.93 58.15 23.46 74.40 16.25 4.578 0.42 45.32 29.07

419.6 550 73.0 9.24 58.49 23.32 74.88 16.39 4.569 0.41 45.63 29.25

422.9 568 72.9 9.54 58.77 23.17 75.31 16.54 4.554 0.41 45.92 29.39

426.4 586 72.7 9.83 59.09 23.02 75.77 16.69 4.540 0.40 46.23 29.54

429.6 604 72.6 10.13 59.33 22.88 76.17 16.83 4.525 0.40 46.50 29.67

432.6 622 72.4 10.44 59.56 22.69 76.59 17.02 4.498 0.39 46.81 29.78

435.7 640 72.3 10.74 59.80 22.57 76.93 17.14 4.489 0.39 47.04 29.90

438.9 658 72.1 11.03 60.05 22.45 77.30 17.26 4.479 0.39 47.28 30.02

442.0 675 72.0 11.33 60.28 22.32 77.67 17.39 4.466 0.38 47.53 30.14

445.1 693 71.9 11.62 60.52 22.18 78.05 17.53 4.451 0.38 47.79 30.26

448.3 711 71.7 11.93 60.75 22.04 78.42 17.67 4.438 0.37 48.04 30.37

450.5 729 71.6 12.22 60.86 21.91 78.66 17.80 4.419 0.37 48.23 30.43

453.3 746 71.5 12.52 61.03 21.78 78.96 17.93 4.404 0.37 48.45 30.52

456.6 764 71.3 12.81 61.28 21.64 79.36 18.07 4.390 0.36 48.72 30.64

459.3 782 71.2 13.11 61.44 21.50 79.66 18.21 4.373 0.36 48.93 30.72

462.4 799 71.0 13.41 61.65 21.34 80.02 18.37 4.356 0.36 49.20 30.83

465.0 817 71.0 13.71 61.79 21.27 80.23 18.44 4.351 0.35 49.34 30.90

468.0 834 70.9 14.00 61.99 21.16 80.54 18.55 4.342 0.35 49.55 31.00

470.8 852 70.7 14.30 62.15 21.03 80.83 18.68 4.327 0.35 49.75 31.07

473.3 871 70.6 14.61 62.27 20.91 81.07 18.80 4.312 0.35 49.94 31.14

476.0 889 70.5 14.91 62.42 20.79 81.34 18.92 4.298 0.34 50.13 31.21

478.3 906 70.4 15.21 62.50 20.66 81.54 19.05 4.281 0.34 50.29 31.25

481.5 924 70.2 15.50 62.71 20.54 81.87 19.17 4.272 0.34 50.52 31.35

484.7 942 70.1 15.81 62.91 20.42 82.19 19.29 4.261 0.33 50.74 31.45

487.1 961 70.0 16.12 63.00 20.31 82.40 19.40 4.247 0.33 50.90 31.50

489.9 978 69.8 16.42 63.14 20.16 82.69 19.55 4.229 0.33 51.12 31.57

492.4 996 69.8 16.71 63.25 20.07 82.89 19.64 4.221 0.33 51.26 31.63

495.9 1014 69.6 17.01 63.47 19.95 83.23 19.76 4.211 0.32 51.50 31.73

499.2 1032 69.5 17.32 63.68 19.84 83.55 19.87 4.204 0.32 51.71 31.84

501.5 1050 69.4 17.62 63.74 19.74 83.71 19.97 4.192 0.32 51.84 31.87

Input Validation: Reviewed By: Date Tested: 12/13/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-17

Client Project 091-867 Apex Landfill Expansion Depth 12'-14'

Project No. 30598 Sample ST-1

Test No. 3 Lab Sample No. 30598005

USCS Description: YELLOWISH SANDY LEAN CLAY Test Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 119.75

Initial Consol. Final Back Pressure, psi 39.99

Tare Number A17 NA 307 Effective Consolidating Pressure, psi 79.76 σ3
Wt. Tare & WS, gm 183.36 NA 1398.71 Pore Pressure Parameter (B), % 97

Wt. Tare & DS, gm 160.83 NA 1193.80 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.54 NA 98.77 Height Change, mils Reading Change

Water Content, % 14.9 18.7 18.7 Initial Dial Reading 7.223 0 Volume Change, ml 35.5

Wt. Tube & WS., gm 1750.7 NA After Saturation 7.215 8 Volume Change, in^3 2.17

Wt. Of Tube, gm 419.9 NA After Consolidation 7.086 137 Saturation Method: Wet

Wt. Of WS., gm 1330.8 1375.1 STRAIN RATE CALCULATIONS

Length 1, in 6.075 NA Calc. Strain Rate, %/min (t50=8.11) 0.0005 Strain Rate Used, %/min 0.0003
Length 2, in 6.054 NA Calc. Deformation Rate, in/min 0.0029 Deformation Rate Used 0.002
Length 3, in 6.071 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.879 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.881 NA Effective Consolidating Pressure, psi 79.76 79.76 σσσσ 3333
Bottom Diameter, in 2.886 NA 1St. Maximum Effective Principal Stress Ratio 3.251 2.72 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.067 5.930 Deviator Stress at Failure, psi 61.96 54.00 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.882 2.828 Axial Strain at Failure, % 3.87 15.00 εεεε
Average Area,  in^2 6.52 6.28 Effective Minor Principal Stress at Failure, psi 27.52 31.46 σσσσ 3 '
Sample Volume, in^3 39.58 37.41 Effective Major Principal Stress at Failure, psi 89.49 85.46 σσσσ 1 '
Unit Dry Wt., gms/cc 1.79 1.89 Mohr's Circle Stress Path (Origin of Circle), psi 58.50 58.46 p'
Unit Dry Wt., pcf 111.5 117.9 Mohr's Circle Stress Path (Radius of Circle), psi 30.98 27.00 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 429.01 429.01 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.51 0.43 Deviator Stress at Failure, psi 61.96 54.00 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.34 0.30 Axial Strain at Failure, % 3.87 15.00 εεεε
Pore Volume, cc 13.40 11.23 Total Minor Principal Stress at Failure, psi 79.76 79.76 σσσσ 3333
Saturation, % 78.6 117.8 Total Major Principal Stress at Failure, psi 141.73 133.77 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
18.6 0 40.0 0 0 0 NA NA NA NA 79.76 0

80.2 5 44.2 0.09 9.79 4.25 85.31 75.52 1.130 0.45 80.41 4.90

152.6 10 52.5 0.17 21.28 12.47 88.58 67.29 1.316 0.60 77.93 10.64

198.6 16 59.1 0.26 28.57 19.10 89.23 60.66 1.471 0.69 74.95 14.28

230.6 22 64.3 0.37 33.62 24.28 89.11 55.49 1.606 0.74 72.30 16.81

255.0 28 68.4 0.47 37.45 28.45 88.76 51.31 1.730 0.78 70.03 18.72

275.7 34 71.9 0.57 40.68 31.94 88.50 47.82 1.851 0.81 68.16 20.34

291.6 39 74.8 0.66 43.15 34.82 88.10 44.94 1.960 0.83 66.52 21.58

305.5 44 77.3 0.75 45.33 37.27 87.82 42.49 2.067 0.85 65.16 22.66

317.3 50 79.3 0.84 47.15 39.31 87.60 40.45 2.166 0.86 64.02 23.57

327.6 56 81.0 0.94 48.72 41.02 87.47 38.75 2.257 0.87 63.11 24.36

336.4 62 82.6 1.04 50.05 42.57 87.24 37.19 2.346 0.88 62.22 25.03

344.8 68 83.9 1.14 51.32 43.88 87.21 35.89 2.430 0.88 61.55 25.66

364.5 86 86.8 1.45 54.26 46.85 87.17 32.92 2.648 0.89 60.05 27.13

Consolidation
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379.8 104 88.8 1.75 56.48 48.84 87.40 30.92 2.827 0.89 59.16 28.24

391.7 122 90.2 2.06 58.16 50.21 87.72 29.55 2.968 0.89 58.64 29.08

400.4 139 91.0 2.35 59.33 51.05 88.04 28.71 3.067 0.89 58.38 29.67

407.0 156 91.6 2.64 60.19 51.60 88.36 28.16 3.137 0.88 58.26 30.10

412.9 176 92.0 2.97 60.89 51.97 88.69 27.80 3.191 0.88 58.24 30.45

417.8 194 92.2 3.27 61.47 52.16 89.07 27.60 3.227 0.87 58.33 30.73

421.2 212 92.2 3.58 61.79 52.26 89.30 27.51 3.246 0.87 58.40 30.89

423.6 229 92.2 3.87 61.96 52.24 89.49 27.52 3.251 0.87 58.50 30.98

425.6 247 92.2 4.17 62.08 52.18 89.66 27.58 3.251 0.87 58.62 31.04

428.7 266 92.1 4.48 62.34 52.10 90.00 27.66 3.254 0.86 58.83 31.17

430.1 284 92.0 4.80 62.35 51.97 90.14 27.79 3.243 0.86 58.97 31.17

431.5 301 91.7 5.07 62.38 51.75 90.39 28.02 3.227 0.86 59.21 31.19

432.3 318 91.6 5.37 62.30 51.65 90.42 28.12 3.216 0.85 59.27 31.15

434.2 337 91.5 5.69 62.38 51.52 90.62 28.24 3.209 0.85 59.43 31.19

436.0 355 91.4 5.99 62.46 51.38 90.84 28.38 3.201 0.85 59.61 31.23

437.5 373 91.2 6.29 62.48 51.24 91.01 28.53 3.190 0.85 59.77 31.24

438.3 390 91.1 6.57 62.41 51.07 91.11 28.69 3.175 0.84 59.90 31.21

440.2 408 90.9 6.88 62.49 50.93 91.32 28.84 3.167 0.84 60.08 31.24

441.1 427 90.8 7.20 62.40 50.76 91.40 29.00 3.152 0.84 60.20 31.20

441.8 445 90.6 7.50 62.31 50.60 91.48 29.17 3.136 0.84 60.32 31.15

441.0 463 90.4 7.81 61.98 50.44 91.30 29.33 3.113 0.84 60.32 30.99

441.4 480 90.2 8.09 61.85 50.20 91.41 29.56 3.092 0.84 60.48 30.92

440.0 499 90.1 8.41 61.43 50.14 91.05 29.62 3.074 0.84 60.34 30.71

438.1 517 90.0 8.71 60.95 50.00 90.72 29.77 3.048 0.85 60.24 30.47

435.8 535 89.8 9.02 60.41 49.86 90.31 29.90 3.020 0.85 60.11 30.21

431.9 552 89.7 9.31 59.65 49.73 89.69 30.03 2.986 0.86 59.86 29.83

426.5 570 89.6 9.62 58.67 49.59 88.85 30.17 2.945 0.87 59.51 29.34

422.2 588 89.4 9.92 57.86 49.45 88.18 30.31 2.909 0.88 59.25 28.93

419.6 607 89.4 10.23 57.29 49.40 87.66 30.37 2.887 0.89 59.01 28.65

417.7 625 89.3 10.54 56.82 49.35 87.23 30.41 2.869 0.90 58.82 28.41

416.7 643 89.3 10.84 56.50 49.29 86.97 30.47 2.854 0.90 58.72 28.25

415.4 660 89.2 11.13 56.12 49.17 86.72 30.60 2.834 0.90 58.66 28.06

414.2 679 89.2 11.45 55.75 49.18 86.34 30.58 2.823 0.91 58.46 27.88

409.2 697 89.0 11.76 54.87 49.03 85.59 30.73 2.785 0.92 58.16 27.43

408.7 714 88.9 12.05 54.61 48.95 85.42 30.81 2.772 0.92 58.11 27.30

410.0 732 88.8 12.35 54.60 48.86 85.50 30.90 2.767 0.92 58.20 27.30

409.2 750 88.8 12.65 54.31 48.76 85.31 31.00 2.752 0.93 58.15 27.15

408.6 769 88.7 12.96 54.02 48.67 85.11 31.09 2.738 0.93 58.10 27.01

408.5 786 88.6 13.26 53.83 48.59 85.00 31.17 2.727 0.93 58.09 26.92

408.6 804 88.4 13.56 53.66 48.46 84.96 31.30 2.714 0.93 58.13 26.83

410.9 822 88.4 13.87 53.77 48.45 85.09 31.31 2.717 0.93 58.20 26.89

413.2 841 88.3 14.18 53.90 48.28 85.38 31.48 2.712 0.92 58.43 26.95

414.8 859 88.3 14.49 53.92 48.29 85.40 31.48 2.713 0.92 58.44 26.96

416.0 876 88.3 14.78 53.90 48.32 85.34 31.45 2.714 0.92 58.39 26.95

418.5 894 88.3 15.08 54.04 48.30 85.50 31.46 2.718 0.92 58.48 27.02

422.6 912 88.2 15.39 54.40 48.24 85.92 31.52 2.726 0.91 58.72 27.20

427.6 931 88.2 15.70 54.88 48.24 86.40 31.52 2.741 0.91 58.96 27.44

429.0 948 88.2 15.99 54.88 48.22 86.42 31.54 2.740 0.91 58.98 27.44

431.7 966 88.2 16.29 55.04 48.20 86.61 31.57 2.744 0.90 59.09 27.52

435.9 984 88.2 16.59 55.40 48.21 86.95 31.55 2.756 0.90 59.25 27.70

439.0 1002 88.2 16.90 55.61 48.18 87.19 31.58 2.761 0.89 59.39 27.80

442.6 1021 88.1 17.22 55.86 48.07 87.55 31.69 2.763 0.89 59.62 27.93

443.9 1038 88.1 17.51 55.84 48.11 87.49 31.65 2.764 0.89 59.57 27.92

446.3 1056 88.1 17.80 55.96 48.11 87.62 31.66 2.768 0.89 59.64 27.98

Input Validation: Reviewed By: Date Tested: 12/13/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-17

Client Project 091-867 Apex Landfill Expansion Depth 12'-14'

Project No. 30598 Sample ST-1
Test Conditions: Undisturbed - Side And Double Drained Lab Sample No. 30598005
USCS Description: YELLOWISH SANDY LEAN CLAY

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring TPE-17
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598005
USCS Description: YELLOWISH SANDY LEAN CLAY

Test Conditions: Undisturbed - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 12.4

Test 1 22.52 32.33 9.81 2.33 21.0721.0721.0721.07 11.2611.2611.2611.26 a, psi 8.1
Test 2 50.62 90.33 39.71 4.20 65.0265.0265.0265.02 25.3125.3125.3125.31 Φ, Φ, Φ, Φ, deg 12.7
Test 3 61.96 141.73 79.76 3.87 110.75110.75110.75110.75 30.9830.9830.9830.98 C, psi 8.3

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring TPE-17
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598005
USCS Description: YELLOWISH SANDY LEAN CLAY

Test Conditions: Undisturbed - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 25.4

Test 1 22.52 28.04 5.51 2.33 16.7716.7716.7716.77 11.2611.2611.2611.26 a', psi 4.4
Test 2 50.62 64.10 13.48 4.20 38.7938.7938.7938.79 25.3125.3125.3125.31 ΦΦΦΦ', deg 28.4
Test 3 61.96 89.49 27.52 3.87 58.5058.5058.5058.50 30.9830.9830.9830.98 C', psi 5.0

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring TPE-17 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Consolidation Plot Stress, psi 6.8

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598005 Cell Pressure, psi 60.1

USCS Description: YELLOWISH SANDY LEAN CLAY Back Pressure, psi 50.3
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 9.8

Additional Consol. Volume, ml 0.0

Consol. Start Date: 12/13/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.5
0.10 0.32 0.6
0.15 0.39 0.6
0.20 0.45 0.7
0.25 0.50 0.8
0.50 0.71 0.8
1.00 1.00 1.0
2.00 1.41 1.4
3.00 1.73 1.7
5.00 2.24 2.2

10.00 3.16 3.2
15.00 3.87 3.8
20.00 4.47 4.2
30.00 5.48 4.9
40.00 6.32 5.2 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 5.5
60.00 7.75 5.7
75.00 8.66 5.8
90.00 9.49 5.9

120.00 10.95 6.0
150.00 12.25 6.1

1140.00 33.76 6.1

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.3 ml. T0 = 0 min. V0 = 0.3 ml. Initial Volume Reading, ml 0.0
T90 = 44.8 min V90 = 5.3 ml. T50 = 9.8 min. V50 = 3.2 ml. Final Volume Reading, ml 6.1
T100 = NA min V100 = 5.9 ml. T100 = 57.6 min. V100 = 6.0 ml. Total Volume Change, ml 6.1
Input Validation: Reviewed By: Date 12/13/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring TPE-17 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Consolidation Plot Stress, psi 6.8

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598005 Cell Pressure, psi 89.4

USCS Description: YELLOWISH SANDY LEAN CLAY Back Pressure, psi 49.7
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 39.7

Additional Consol. Volume, ml 12.1

Consol. Start Date: 12/13/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.5
0.10 0.32 0.6
0.15 0.39 0.7
0.20 0.45 0.8
0.25 0.50 0.9
0.50 0.71 1.1
1.00 1.00 1.4
2.00 1.41 1.9
3.00 1.73 2.3
5.00 2.24 2.8

10.00 3.16 3.6
15.00 3.87 3.9
20.00 4.47 4.2
30.00 5.48 4.6
40.00 6.32 4.8 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 4.9
60.00 7.75 5.0
75.00 8.66 5.0
90.00 9.49 5.1

120.00 10.95 5.1
150.00 12.25 5.2

1140.00 33.76 5.2

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.3 ml. T0 = 0 min. V0 = 0.2 ml. Initial Volume Reading, ml 0.0
T90 = 12.0 min V90 = 3.7 ml. T50 = 4.3 min. V50 = 2.7 ml. Final Volume Reading, ml 5.2
T100 = NA min V100 = 4.1 ml. T100 = 37.2 min. V100 = 5.1 ml. Total Volume Change, ml 17.3
Input Validation: Reviewed By: Date 12/13/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring TPE-17 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Consolidation Plot Stress, psi 6.8

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598005 Cell Pressure, psi 119.8

USCS Description: YELLOWISH SANDY LEAN CLAY Back Pressure, psi 40.0
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 79.8

Additional Consol. Volume, ml 28.5

Consol. Start Date: 12/13/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.4
0.10 0.32 0.5
0.15 0.39 0.6
0.20 0.45 0.7
0.25 0.50 0.8
0.50 0.71 0.9
1.00 1.00 1.3
2.00 1.41 1.8
3.00 1.73 2.2
5.00 2.24 2.8

10.00 3.16 3.8
15.00 3.87 4.4
20.00 4.47 5.0
30.00 5.48 5.7
40.00 6.32 6.1 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 6.4
60.00 7.75 6.5
75.00 8.66 6.6
90.00 9.49 6.8

120.00 10.95 6.9
150.00 12.25 7.0

1140.00 33.76 7.0

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.1 ml. T0 = 0 min. V0 = 0.1 ml. Initial Volume Reading, ml 0.0
T90 = 27.1 min V90 = 5.5 ml. T50 = 8.1 min. V50 = 3.5 ml. Final Volume Reading, ml 7.0
T100 = NA min V100 = 6.1 ml. T100 = 48.0 min. V100 = 6.8 ml. Total Volume Change, ml 35.5
Input Validation: Reviewed By: Date 12/13/2010
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-19

Client Project 091-867 Apex Landfill Expansion Depth 2'-4'

Project No. 30598 Sample ST-1

Test No. 1 Lab Sample No. 30598006

USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SANDTest Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 89.22

Initial Consol. Final Back Pressure, psi 79.22

Tare Number Z12 NA 512 Effective Consolidating Pressure, psi 10.00 σ 3
Wt. Tare & WS, gm 233.45 NA 755.17 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 219.41 NA 656.48 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 123.25 NA 104.61 Height Change, mils Reading Change

Water Content, % 14.6 17.9 17.9 Initial Reading 6.738 0 Volume Change, ml 4.4

Wt. Tube & WS., gm 1717.5 NA After Saturation 6.736 2 Volume Change, in^3 0.27

Wt. Of Tube, gm 412.7 NA After Consolidation 6.731 7 Saturation Method: Wet

Wt. Of WS., gm 1304.8 1342.1 STRAIN RATE CALCULATIONS

Length 1, in 5.991 NA Calc. Strain Rate, %/min (t50=.19) 0.0211 Strain Rate Used, %/min 0.0003
Length 2, in 6.021 NA Calc. Deformation Rate, in/min 0.126 Deformation Rate Used 0.002
Length 3, in 6.024 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.876 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.855 NA Effective Consolidating Pressure, psi 10.00 10.00 σσσσ 3333
Bottom Diameter, in 2.866 NA 1St. Maximum Effective Principal Stress Ratio 4.820 3.55 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.012 6.005 Deviator Stress at Failure, psi 17.94 28.21 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.866 2.856 Axial Strain at Failure, % 1.15 15.00 εεεε
Average Area,  in^2 6.45 6.41 Effective Minor Principal Stress at Failure, psi 4.70 11.05 σσσσ 3 '
Sample Volume, in^3 38.78 38.51 Effective Major Principal Stress at Failure, psi 22.64 39.26 σσσσ 1 '
Unit Dry Wt., gms/cc 1.79 1.80 Mohr's Circle Stress Path (Origin of Circle), psi 13.67 25.16 p'
Unit Dry Wt., pcf 111.8 112.6 Mohr's Circle Stress Path (Radius of Circle), psi 8.97 14.10 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 421.68 421.68 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.51 0.50 Deviator Stress at Failure, psi 17.94 28.21 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.34 0.33 Axial Strain at Failure, % 1.15 15.00 εεεε
Pore Volume, cc 13.04 12.77 Total Minor Principal Stress at Failure, psi 10.00 10.00 σσσσ 3333
Saturation, % 77.8 97.3 Total Major Principal Stress at Failure, psi 27.95 38.21 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
16.4 0 79.2 0 0 NA NA NA NA NA 10.00 0

35.5 5 80.2 0.09 2.98 0.95 12.04 9.06 1.329 0.33 10.55 1.49

64.2 10 82.1 0.17 7.46 2.86 14.60 7.14 2.044 0.40 10.87 3.73

79.8 17 83.1 0.28 9.87 3.84 16.03 6.16 2.601 0.41 11.10 4.94

91.0 23 83.6 0.38 11.61 4.43 17.19 5.57 3.083 0.40 11.38 5.81

100.4 27 84.0 0.45 13.07 4.82 18.25 5.19 3.519 0.39 11.72 6.53

108.1 33 84.3 0.55 14.24 5.07 19.17 4.93 3.888 0.37 12.05 7.12

115.0 39 84.5 0.64 15.30 5.24 20.06 4.76 4.216 0.36 12.41 7.65

120.5 45 84.6 0.74 16.13 5.34 20.80 4.66 4.459 0.35 12.73 8.07

124.7 51 84.6 0.84 16.77 5.38 21.39 4.62 4.627 0.34 13.01 8.39

128.1 56 84.6 0.93 17.28 5.38 21.90 4.62 4.742 0.33 13.26 8.64

130.8 62 84.6 1.04 17.67 5.36 22.32 4.65 4.803 0.32 13.48 8.84

132.7 69 84.5 1.15 17.94 5.30 22.64 4.70 4.820 0.31 13.67 8.97

135.7 88 84.3 1.46 18.36 5.12 23.24 4.88 4.763 0.29 14.06 9.18

Consolidation
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137.7 105 84.2 1.75 18.61 4.95 23.66 5.05 4.685 0.28 14.36 9.31

139.8 122 84.0 2.02 18.88 4.79 24.09 5.21 4.625 0.27 14.65 9.44

142.6 140 83.9 2.33 19.25 4.64 24.62 5.36 4.589 0.25 14.99 9.63

144.8 159 83.7 2.65 19.52 4.50 25.03 5.51 4.546 0.24 15.27 9.76

146.9 178 83.6 2.96 19.78 4.35 25.42 5.65 4.502 0.23 15.54 9.89

148.5 194 83.4 3.23 19.97 4.21 25.76 5.79 4.446 0.22 15.78 9.98

150.9 212 83.3 3.52 20.26 4.06 26.20 5.94 4.410 0.21 16.07 10.13

153.2 230 83.1 3.83 20.54 3.92 26.62 6.08 4.377 0.20 16.35 10.27

155.3 249 83.0 4.14 20.78 3.78 27.00 6.22 4.342 0.19 16.61 10.39

157.0 267 82.9 4.44 20.98 3.64 27.34 6.36 4.300 0.18 16.85 10.49

159.3 283 82.7 4.71 21.27 3.51 27.77 6.50 4.274 0.17 17.13 10.63

161.8 301 82.6 5.02 21.56 3.37 28.20 6.63 4.251 0.16 17.42 10.78

164.1 320 82.5 5.32 21.83 3.23 28.60 6.77 4.226 0.16 17.68 10.91

165.9 339 82.3 5.64 22.03 3.07 28.97 6.93 4.177 0.15 17.95 11.02

167.6 355 82.2 5.92 22.20 2.95 29.26 7.06 4.147 0.14 18.16 11.10

170.1 373 82.0 6.22 22.51 2.81 29.70 7.19 4.130 0.13 18.45 11.25

172.5 391 81.9 6.52 22.79 2.68 30.12 7.33 4.111 0.12 18.72 11.40

175.1 410 81.8 6.83 23.09 2.55 30.54 7.45 4.098 0.12 18.99 11.54

176.0 428 81.6 7.13 23.15 2.41 30.74 7.59 4.048 0.11 19.17 11.57

178.5 445 81.5 7.41 23.43 2.27 31.17 7.73 4.031 0.10 19.45 11.72

180.7 462 81.4 7.69 23.67 2.15 31.53 7.85 4.014 0.10 19.69 11.84

182.9 481 81.2 8.00 23.92 2.01 31.91 7.99 3.993 0.09 19.95 11.96

184.9 499 81.1 8.32 24.12 1.88 32.24 8.13 3.967 0.08 20.19 12.06

186.2 517 81.0 8.61 24.23 1.73 32.49 8.27 3.930 0.08 20.38 12.11

188.3 534 80.8 8.89 24.45 1.60 32.85 8.40 3.910 0.07 20.63 12.22

190.7 552 80.7 9.19 24.71 1.46 33.25 8.54 3.894 0.06 20.89 12.35

192.8 571 80.5 9.50 24.93 1.33 33.60 8.68 3.874 0.06 21.14 12.46

194.8 589 80.4 9.80 25.13 1.20 33.93 8.80 3.855 0.05 21.37 12.56

196.1 606 80.3 10.10 25.23 1.06 34.17 8.94 3.822 0.04 21.56 12.62

198.2 624 80.1 10.39 25.44 0.93 34.52 9.08 3.803 0.04 21.80 12.72

200.6 642 80.0 10.69 25.69 0.80 34.89 9.20 3.792 0.03 22.05 12.85

202.5 661 79.9 11.00 25.86 0.66 35.20 9.34 3.768 0.03 22.27 12.93

204.3 679 79.8 11.30 26.02 0.54 35.48 9.46 3.750 0.02 22.47 13.01

206.1 696 79.6 11.58 26.19 0.41 35.77 9.59 3.731 0.02 22.68 13.09

208.2 713 79.5 11.88 26.39 0.27 36.12 9.73 3.712 0.01 22.93 13.20

210.6 732 79.4 12.19 26.62 0.14 36.49 9.86 3.699 0.01 23.17 13.31

212.5 750 79.2 12.49 26.80 0.01 36.79 9.99 3.683 0.00 23.39 13.40

213.9 768 79.1 12.79 26.89 -0.10 37.00 10.11 3.661 0.00 23.55 13.45

216.0 785 79.0 13.08 27.08 -0.24 37.33 10.24 3.644 -0.01 23.78 13.54

218.3 803 78.8 13.38 27.30 -0.37 37.68 10.37 3.633 -0.01 24.02 13.65

220.5 822 78.7 13.69 27.50 -0.50 38.00 10.50 3.620 -0.02 24.25 13.75

222.1 840 78.6 13.98 27.63 -0.63 38.26 10.63 3.598 -0.02 24.45 13.81

223.4 858 78.5 14.29 27.71 -0.76 38.46 10.76 3.575 -0.03 24.61 13.85

225.5 875 78.3 14.57 27.90 -0.89 38.79 10.89 3.561 -0.03 24.84 13.95

228.1 893 78.2 14.87 28.13 -1.00 39.13 11.00 3.557 -0.04 25.07 14.07

230.3 912 78.1 15.19 28.32 -1.13 39.46 11.14 3.544 -0.04 25.30 14.16

231.4 929 78.0 15.47 28.38 -1.25 39.63 11.25 3.521 -0.05 25.44 14.19

232.8 946 77.8 15.76 28.47 -1.38 39.85 11.39 3.500 -0.05 25.62 14.23

235.3 965 77.7 16.07 28.68 -1.51 40.19 11.51 3.492 -0.06 25.85 14.34

237.4 984 77.6 16.38 28.86 -1.63 40.48 11.63 3.482 -0.06 26.06 14.43

239.1 1002 77.5 16.69 28.97 -1.75 40.72 11.75 3.465 -0.06 26.23 14.48

240.2 1019 77.4 16.97 29.01 -1.87 40.88 11.87 3.444 -0.07 26.37 14.50

241.7 1037 77.2 17.28 29.10 -1.99 41.09 11.99 3.427 -0.07 26.54 14.55

244.1 1055 77.1 17.57 29.30 -2.11 41.41 12.11 3.420 -0.08 26.76 14.65

Input Validation: Reviewed By: Date Tested: 12/21/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-19

Client Project 091-867 Apex Landfill Expansion Depth 2'-4'

Project No. 30598 Sample ST-1

Test No. 2 Lab Sample No. 30598006

USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SANDTest Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 117.39

Initial Consol. Final Back Pressure, psi 79.23

Tare Number Z12 NA 901 Effective Consolidating Pressure, psi 38.16 σ3
Wt. Tare & WS, gm 233.45 NA 1498.95 Pore Pressure Parameter (B), % 96

Wt. Tare & DS, gm 219.41 NA 1279.74 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 123.25 NA 99.65 Height Change, mils Reading Change

Water Content, % 14.6 18.6 18.6 Initial Dial Reading 7.417 0 Volume Change, ml 15.5

Wt. Tube & WS., gm 1759.2 NA After Saturation 7.413 4 Volume Change, in^3 0.95

Wt. Of Tube, gm 412.6 NA After Consolidation 7.384 33 Saturation Method: Wet

Wt. Of WS., gm 1346.6 1393.3 STRAIN RATE CALCULATIONS

Length 1, in 6.046 NA Calc. Strain Rate, %/min (t50=.87) 0.0046 Strain Rate Used, %/min 0.0003
Length 2, in 6.029 NA Calc. Deformation Rate, in/min 0.028 Deformation Rate Used 0.002
Length 3, in 6.014 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.882 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.883 NA Effective Consolidating Pressure, psi 38.16 38.16 σσσσ 3333
Bottom Diameter, in 2.885 NA 1St. Maximum Effective Principal Stress Ratio 3.588 3.25 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.030 5.997 Deviator Stress at Failure, psi 44.16 59.38 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.883 2.853 Axial Strain at Failure, % 4.14 15.00 εεεε
Average Area,  in^2 6.53 6.39 Effective Minor Principal Stress at Failure, psi 17.07 26.37 σσσσ 3 '
Sample Volume, in^3 39.37 38.42 Effective Major Principal Stress at Failure, psi 61.23 85.76 σσσσ 1 '
Unit Dry Wt., gms/cc 1.82 1.87 Mohr's Circle Stress Path (Origin of Circle), psi 39.15 56.07 p'
Unit Dry Wt., pcf 113.7 116.4 Mohr's Circle Stress Path (Radius of Circle), psi 22.08 29.69 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 435.21 435.21 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.48 0.45 Deviator Stress at Failure, psi 44.16 59.38 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.33 0.31 Axial Strain at Failure, % 4.14 15.00 εεεε
Pore Volume, cc 12.81 11.87 Total Minor Principal Stress at Failure, psi 38.16 38.16 σσσσ 3333
Saturation, % 81.7 112.2 Total Major Principal Stress at Failure, psi 82.32 97.54 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
22.6 0 79.2 0 0.00 0 NA NA NA NA 38.16 0

61.2 5 81.6 0.08 6.03 2.40 41.79 35.75 1.169 0.42 38.77 3.02

115.2 9 86.7 0.16 14.46 7.43 45.19 30.73 1.471 0.54 37.96 7.23

145.1 16 89.9 0.26 19.11 10.65 46.61 27.50 1.695 0.58 37.06 9.55

167.9 22 92.1 0.36 22.65 12.91 47.89 25.25 1.897 0.59 36.57 11.32

185.6 27 93.9 0.44 25.38 14.66 48.88 23.50 2.080 0.60 36.19 12.69

199.7 33 95.2 0.55 27.56 16.00 49.71 22.15 2.244 0.60 35.93 13.78

211.5 39 96.3 0.64 29.36 17.08 50.44 21.08 2.393 0.61 35.76 14.68

221.2 45 97.2 0.76 30.82 17.96 51.01 20.19 2.526 0.61 35.60 15.41

228.9 52 97.9 0.86 31.98 18.71 51.43 19.44 2.645 0.61 35.44 15.99

235.5 57 98.6 0.96 32.99 19.32 51.82 18.83 2.751 0.61 35.33 16.49

240.7 63 99.0 1.05 33.75 19.80 52.10 18.35 2.839 0.61 35.23 16.87

245.6 69 99.5 1.15 34.48 20.25 52.38 17.90 2.926 0.61 35.14 17.24

257.3 86 100.3 1.44 36.18 21.07 53.27 17.08 3.118 0.61 35.18 18.09
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266.4 104 100.8 1.73 37.47 21.59 54.03 16.56 3.262 0.60 35.30 18.73

275.0 122 101.1 2.03 38.68 21.85 54.98 16.30 3.373 0.59 35.64 19.34

281.8 141 101.2 2.35 39.59 21.95 55.80 16.21 3.442 0.58 36.00 19.79

288.2 158 101.2 2.63 40.44 21.94 56.66 16.22 3.494 0.57 36.44 20.22

294.3 175 101.1 2.92 41.25 21.83 57.57 16.33 3.526 0.55 36.95 20.62

300.8 193 100.9 3.22 42.11 21.69 58.57 16.46 3.558 0.54 37.52 21.05

305.9 213 100.8 3.55 42.74 21.52 59.38 16.63 3.570 0.52 38.00 21.37

312.0 231 100.6 3.85 43.53 21.32 60.36 16.84 3.585 0.51 38.60 21.76

317.2 248 100.3 4.14 44.16 21.09 61.23 17.07 3.588 0.50 39.15 22.08

321.8 265 100.1 4.42 44.72 20.83 62.05 17.32 3.582 0.49 39.68 22.36

327.9 283 99.8 4.72 45.50 20.61 63.04 17.54 3.594 0.47 40.29 22.75

333.2 302 99.5 5.04 46.13 20.25 64.03 17.91 3.576 0.46 40.97 23.06

337.8 320 99.3 5.33 46.66 20.02 64.80 18.14 3.573 0.45 41.47 23.33

342.6 337 99.0 5.62 47.24 19.78 65.62 18.38 3.571 0.44 42.00 23.62

347.6 354 98.8 5.91 47.82 19.52 66.46 18.63 3.567 0.43 42.55 23.91

352.8 374 98.5 6.23 48.43 19.24 67.34 18.91 3.561 0.41 43.13 24.21

357.2 392 98.2 6.54 48.90 18.94 68.11 19.21 3.546 0.40 43.66 24.45

361.7 409 97.9 6.82 49.42 18.66 68.91 19.50 3.535 0.39 44.20 24.71

366.1 426 97.6 7.11 49.90 18.36 69.69 19.79 3.521 0.38 44.74 24.95

371.2 444 97.3 7.41 50.48 18.10 70.54 20.06 3.517 0.37 45.30 25.24

375.7 463 97.1 7.73 50.96 17.82 71.30 20.33 3.506 0.36 45.81 25.48

379.9 482 96.7 8.03 51.39 17.51 72.04 20.64 3.490 0.35 46.34 25.70

383.6 498 96.5 8.31 51.77 17.23 72.70 20.93 3.474 0.35 46.81 25.88

388.5 516 96.2 8.61 52.30 17.01 73.44 21.15 3.473 0.34 47.30 26.15

392.9 535 95.9 8.92 52.75 16.63 74.28 21.53 3.450 0.33 47.90 26.37

397.5 553 95.7 9.23 53.22 16.42 74.96 21.73 3.449 0.32 48.34 26.61

401.1 572 95.4 9.53 53.56 16.19 75.52 21.97 3.438 0.31 48.75 26.78

404.1 588 95.1 9.81 53.81 15.91 76.06 22.24 3.419 0.31 49.15 26.91

409.1 607 94.9 10.12 54.33 15.65 76.83 22.50 3.414 0.30 49.66 27.16

413.8 624 94.7 10.41 54.82 15.42 77.55 22.73 3.411 0.29 50.14 27.41

417.6 643 94.4 10.72 55.15 15.15 78.15 23.00 3.397 0.29 50.58 27.57

420.9 660 94.1 11.01 55.43 14.92 78.67 23.24 3.385 0.28 50.95 27.72

424.4 678 93.9 11.30 55.74 14.65 79.25 23.51 3.371 0.27 51.38 27.87

428.5 696 93.6 11.61 56.11 14.41 79.85 23.75 3.363 0.27 51.80 28.05

432.6 715 93.4 11.92 56.47 14.18 80.45 23.98 3.355 0.26 52.21 28.24

436.1 733 93.2 12.23 56.76 13.93 80.99 24.22 3.344 0.26 52.60 28.38

439.1 749 92.9 12.50 56.99 13.68 81.47 24.48 3.329 0.25 52.97 28.50

442.6 767 92.6 12.80 57.29 13.40 82.04 24.76 3.314 0.24 53.40 28.64

447.4 786 92.4 13.11 57.74 13.20 82.69 24.96 3.313 0.24 53.83 28.87

450.8 804 92.2 13.40 57.99 12.94 83.21 25.22 3.300 0.23 54.22 29.00

454.4 822 92.0 13.71 58.27 12.77 83.65 25.38 3.296 0.23 54.52 29.14

457.3 839 91.8 14.00 58.47 12.54 84.09 25.62 3.282 0.22 54.86 29.24

461.3 857 91.5 14.30 58.80 12.28 84.69 25.88 3.272 0.22 55.28 29.40

465.0 876 91.3 14.61 59.08 12.06 85.18 26.10 3.264 0.21 55.64 29.54

468.5 895 91.1 14.92 59.34 11.85 85.64 26.30 3.256 0.21 55.97 29.67

471.2 911 90.8 15.20 59.50 11.61 86.04 26.54 3.242 0.20 56.29 29.75

474.2 930 90.6 15.50 59.68 11.40 86.44 26.75 3.231 0.20 56.59 29.84

478.3 948 90.4 15.80 60.01 11.17 86.99 26.98 3.224 0.19 56.99 30.01

481.4 966 90.2 16.11 60.19 10.96 87.39 27.20 3.213 0.19 57.30 30.10

485.6 983 90.0 16.40 60.53 10.78 87.91 27.38 3.211 0.19 57.65 30.27

488.4 1001 89.7 16.68 60.69 10.46 88.39 27.70 3.191 0.18 58.04 30.35

491.9 1018 89.5 16.98 60.93 10.28 88.81 27.88 3.186 0.18 58.34 30.46

495.3 1037 89.3 17.29 61.15 10.09 89.22 28.06 3.179 0.17 58.64 30.58

498.7 1055 89.1 17.60 61.35 9.90 89.61 28.25 3.171 0.17 58.93 30.68

Input Validation: Reviewed By: Date Tested: 12/21/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-19

Client Project 091-867 Apex Landfill Expansion Depth 2'-4'

Project No. 30598 Sample ST-1

Test No. 3 Lab Sample No. 30598006

USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SANDTest Conditions: Undisturbed - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 120.24

Initial Consol. Final Back Pressure, psi 40.03

Tare Number Z12 NA 519 Effective Consolidating Pressure, psi 80.21 σ3
Wt. Tare & WS, gm 233.45 NA 1576.40 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 219.41 NA 1400.15 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 123.25 NA 102.71 Height Change, mils Reading Change

Water Content, % 14.6 13.6 13.6 Initial Dial Reading 7.249 0 Volume Change, ml 37.7

Wt. Tube & WS., gm 1873.1 NA After Saturation 7.243 6 Volume Change, in^3 2.30

Wt. Of Tube, gm 416.7 NA After Consolidation 7.159 90 Saturation Method: Wet

Wt. Of WS., gm 1456.5 1443.6 STRAIN RATE CALCULATIONS

Length 1, in 6.052 NA Calc. Strain Rate, %/min (t50=41.29) 0.0001 Strain Rate Used, %/min 0.0003
Length 2, in 6.049 NA Calc. Deformation Rate, in/min 0.001 Deformation Rate Used 0.002
Length 3, in 6.119 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.881 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.88 NA Effective Consolidating Pressure, psi 80.21 80.21 σσσσ 3333
Bottom Diameter, in 2.879 NA 1St. Maximum Effective Principal Stress Ratio 3.496 3.05 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.073 5.983 Deviator Stress at Failure, psi 97.75 146.56 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.880 2.812 Axial Strain at Failure, % 2.90 15.00 εεεε
Average Area,  in^2 6.51 6.21 Effective Minor Principal Stress at Failure, psi 39.16 71.38 σσσσ 3 '
Sample Volume, in^3 39.56 37.26 Effective Major Principal Stress at Failure, psi 136.91 217.94 σσσσ 1 '
Unit Dry Wt., gms/cc 1.96 2.08 Mohr's Circle Stress Path (Origin of Circle), psi 88.03 144.66 p'
Unit Dry Wt., pcf 122.3 129.9 Mohr's Circle Stress Path (Radius of Circle), psi 48.87 73.28 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 470.71 470.71 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.38 0.30 Deviator Stress at Failure, psi 97.75 146.56 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.27 0.23 Axial Strain at Failure, % 2.90 15.00 εεεε
Pore Volume, cc 10.84 8.54 Total Minor Principal Stress at Failure, psi 80.21 80.21 σσσσ 3333
Saturation, % 104.5 123.4 Total Major Principal Stress at Failure, psi 177.95 226.76 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
20.8 0 40.0 0 0 0 NA NA NA NA 80.21 0

106.1 5 48.2 0.08 13.73 8.21 85.72 72.00 1.191 0.63 78.86 6.86

172.6 10 56.8 0.17 24.41 16.74 87.88 63.47 1.385 0.72 75.67 12.20

217.8 16 62.8 0.27 31.63 22.72 89.12 57.49 1.550 0.76 73.30 15.82

253.0 22 67.1 0.36 37.26 27.09 90.38 53.12 1.701 0.77 71.75 18.63

282.2 27 70.5 0.46 41.90 30.46 91.65 49.75 1.842 0.77 70.70 20.95

308.2 33 73.2 0.55 46.03 33.14 93.10 47.07 1.978 0.76 70.08 23.02

331.8 39 75.3 0.65 49.75 35.31 94.65 44.90 2.108 0.75 69.77 24.88

353.2 45 77.1 0.75 53.14 37.09 96.25 43.11 2.232 0.73 69.68 26.57

373.5 51 78.6 0.85 56.33 38.60 97.94 41.61 2.354 0.72 69.77 28.16

392.5 56 79.9 0.94 59.30 39.84 99.67 40.36 2.469 0.71 70.02 29.65

410.6 62 80.9 1.04 62.13 40.85 101.49 39.36 2.579 0.69 70.43 31.07

428.9 68 81.7 1.13 64.99 41.65 103.54 38.56 2.685 0.67 71.05 32.49

475.7 85 83.4 1.43 72.23 43.33 109.10 36.87 2.959 0.63 72.99 36.11

Consolidation
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517.7 103 84.0 1.72 78.65 43.99 114.86 36.21 3.172 0.59 75.53 39.32

556.5 121 83.9 2.02 84.54 43.90 120.84 36.30 3.329 0.55 78.57 42.27

589.7 139 83.3 2.32 89.50 43.28 126.42 36.92 3.424 0.51 81.67 44.75

620.8 157 82.3 2.62 94.10 42.31 132.00 37.89 3.483 0.47 84.95 47.05

645.8 174 81.1 2.90 97.75 41.05 136.91 39.16 3.496 0.44 88.03 48.87

668.3 192 79.7 3.20 100.94 39.68 141.47 40.52 3.491 0.41 90.99 50.47

688.9 209 78.3 3.50 103.83 38.27 145.77 41.94 3.476 0.39 93.86 51.92

707.8 227 76.9 3.80 106.44 36.85 149.79 43.35 3.455 0.36 96.57 53.22

725.1 245 75.5 4.10 108.79 35.46 153.54 44.75 3.431 0.34 99.14 54.40

743.6 262 74.1 4.38 111.31 34.07 157.44 46.13 3.413 0.32 101.79 55.66

760.1 280 72.8 4.68 113.49 32.81 160.89 47.40 3.394 0.30 104.14 56.75

774.8 298 71.6 4.98 115.40 31.57 164.03 48.63 3.373 0.29 106.33 57.70

787.3 316 70.4 5.27 116.95 30.39 166.76 49.81 3.348 0.27 108.29 58.48

802.4 333 69.3 5.56 118.89 29.25 169.84 50.95 3.333 0.26 110.40 59.45

816.5 350 68.2 5.85 120.66 28.17 172.70 52.04 3.319 0.25 112.37 60.33

829.1 368 67.2 6.15 122.18 27.14 175.25 53.07 3.302 0.23 114.16 61.09

840.7 386 66.1 6.45 123.54 26.10 177.65 54.10 3.284 0.22 115.87 61.77

851.3 403 65.2 6.74 124.75 25.21 179.75 55.00 3.268 0.21 117.37 62.37

865.0 420 64.3 7.03 126.42 24.28 182.34 55.92 3.261 0.20 119.13 63.21

877.3 438 63.4 7.32 127.86 23.40 184.66 56.80 3.251 0.19 120.73 63.93

887.5 456 62.6 7.62 128.95 22.56 186.60 57.65 3.237 0.18 122.13 64.48

897.7 473 61.8 7.91 130.06 21.78 188.48 58.42 3.226 0.18 123.45 65.03

908.7 491 61.0 8.20 131.28 21.01 190.48 59.20 3.218 0.17 124.84 65.64

920.3 509 60.2 8.50 132.56 20.20 192.57 60.00 3.209 0.16 126.28 66.28

928.1 527 59.6 8.80 133.26 19.57 193.89 60.63 3.198 0.15 127.26 66.63

938.3 545 58.9 9.10 134.33 18.89 195.65 61.31 3.191 0.15 128.48 67.17

947.1 562 58.3 9.40 135.18 18.24 197.15 61.96 3.182 0.14 129.56 67.59

956.4 580 57.6 9.70 136.08 17.58 198.71 62.63 3.173 0.14 130.67 68.04

964.6 598 57.0 10.00 136.82 16.97 200.05 63.24 3.164 0.13 131.65 68.41

975.9 616 56.4 10.30 137.99 16.37 201.82 63.83 3.162 0.12 132.83 68.99

984.1 634 55.9 10.59 138.72 15.88 203.04 64.32 3.157 0.12 133.68 69.36

990.8 651 55.4 10.88 139.23 15.34 204.09 64.86 3.147 0.12 134.47 69.61

998.9 669 54.8 11.18 139.94 14.73 205.41 65.48 3.137 0.11 135.44 69.97

1010.5 687 54.2 11.48 141.11 14.19 207.13 66.02 3.137 0.11 136.58 70.56

1018.9 704 53.7 11.77 141.84 13.63 208.41 66.57 3.131 0.10 137.49 70.92

1026.9 722 53.2 12.07 142.50 13.17 209.54 67.04 3.126 0.10 138.29 71.25

1033.9 739 52.7 12.36 143.01 12.67 210.54 67.53 3.118 0.09 139.03 71.50

1041.1 757 52.2 12.66 143.54 12.20 211.54 68.00 3.111 0.09 139.77 71.77

1047.0 775 51.8 12.96 143.87 11.74 212.33 68.46 3.102 0.09 140.40 71.94

1050.5 793 51.3 13.25 143.88 11.30 212.79 68.91 3.088 0.08 140.85 71.94

1058.8 810 50.9 13.54 144.55 10.88 213.87 69.33 3.085 0.08 141.60 72.27

1064.6 828 50.5 13.84 144.86 10.45 214.61 69.75 3.077 0.08 142.18 72.43

1066.8 846 50.1 14.13 144.66 10.04 214.82 70.17 3.062 0.07 142.49 72.33

1074.3 864 49.7 14.43 145.19 9.62 215.77 70.58 3.057 0.07 143.18 72.60

1084.2 881 49.3 14.73 146.05 9.23 217.02 70.97 3.058 0.07 144.00 73.02

1092.0 899 48.8 15.03 146.61 8.78 218.03 71.42 3.053 0.06 144.72 73.30

1097.7 917 48.5 15.33 146.87 8.48 218.59 71.72 3.048 0.06 145.16 73.43

1092.0 935 48.1 15.63 145.55 8.06 217.70 72.15 3.017 0.06 144.92 72.78

1098.6 953 47.8 15.93 145.93 7.72 218.42 72.49 3.013 0.06 145.46 72.97

1103.5 971 47.4 16.23 146.08 7.34 218.95 72.86 3.005 0.05 145.91 73.04

1109.7 989 47.1 16.53 146.39 7.04 219.56 73.17 3.001 0.05 146.36 73.20

1120.5 1007 46.8 16.83 147.31 6.72 220.80 73.49 3.005 0.05 147.14 73.66

1116.6 1025 46.4 17.13 146.26 6.34 220.13 73.86 2.980 0.05 147.00 73.13

1111.0 1043 45.7 17.43 144.99 5.63 219.57 74.58 2.944 0.04 147.07 72.50

Input Validation: Reviewed By: Date Tested: 12/29/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring TPE-19

Client Project 091-867 Apex Landfill Expansion Depth 2'-4'

Project No. 30598 Sample ST-1
Test Conditions: Undisturbed - Side And Double Drained Lab Sample No. 30598006
USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SAND

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring TPE-19
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598006
USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SAND

Test Conditions: Undisturbed - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 20.1

Test 1 17.94 27.95 10.00 1.15 18.9718.9718.9718.97 8.978.978.978.97 a, psi 1.3
Test 2 44.16 82.32 38.16 4.14 60.2460.2460.2460.24 22.0822.0822.0822.08 Φ, Φ, Φ, Φ, deg 21.4
Test 3 97.75 177.95 80.21 2.90 129.08129.08129.08129.08 48.8748.8748.8748.87 C, psi 1.4

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring TPE-19
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab Sample No. 30598006
USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SAND

Test Conditions: Undisturbed - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 28.3

Test 1 17.94 22.64 4.70 1.15 13.6713.6713.6713.67 8.978.978.978.97 a', psi 1.4
Test 2 44.16 61.23 17.07 4.14 39.1539.1539.1539.15 22.0822.0822.0822.08 ΦΦΦΦ', deg 32.6
Test 3 97.75 136.91 39.16 2.90 88.0388.0388.0388.03 48.8748.8748.8748.87 C', psi 1.6

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring TPE-19 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 2'-4' Consolidation Plot Stress, psi 7.0

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598006 Cell Pressure, psi 89.2

USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SAND Back Pressure, psi 79.2
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 10.0

Additional Consol. Volume, ml 0.0

Consol. Start Date: 12/21/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 1.0
0.10 0.32 1.5
0.15 0.39 1.8
0.20 0.45 2.1
0.25 0.50 2.3
0.50 0.71 2.7
1.00 1.00 3.1
2.00 1.41 3.4
3.00 1.73 3.5
5.00 2.24 3.6

10.00 3.16 3.7
15.00 3.87 3.8
20.00 4.47 3.9
30.00 5.48 4.1
40.00 6.32 4.1 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 4.2
60.00 7.75 4.2
75.00 8.66 4.2
90.00 9.49 4.3

120.00 10.95 4.3
150.00 12.25 4.3
300.00 17.32 4.4

1200.00 34.64 4.4

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -0.1 ml. T0 = 0 min. V0 = -0.1 ml. Initial Volume Reading, ml 0.0
T90 = 0.4 min V90 = 2.5 ml. T50 = 0.2 min. V50 = 2.0 ml. Final Volume Reading, ml 4.4
T100 = NA min V100 = 2.8 ml. T100 = 1.4 min. V100 = 4.1 ml. Total Volume Change, ml 4.4
Input Validation: Reviewed By: Date 12/21/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring TPE-19 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 2'-4' Consolidation Plot Stress, psi 7.0

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598006 Cell Pressure, psi 117.4

USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SAND Back Pressure, psi 79.2
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 38.2

Additional Consol. Volume, ml 11.6

Consol. Start Date: 12/21/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.3
0.10 0.32 0.5
0.15 0.39 0.6
0.20 0.45 0.7
0.25 0.50 0.8
0.50 0.71 1.2
1.00 1.00 1.8
2.00 1.41 2.4
3.00 1.73 2.8
5.00 2.24 3.1

10.00 3.16 3.3
15.00 3.87 3.5
20.00 4.47 3.6
30.00 5.48 3.6
40.00 6.32 3.7 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 3.7
60.00 7.75 3.8
75.00 8.66 3.8
90.00 9.49 3.8

120.00 10.95 3.9
150.00 12.25 3.9
180.00 13.42 3.9

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -0.1 ml. T0 = 0 min. V0 = -0.1 ml. Initial Volume Reading, ml 0.0
T90 = 3.2 min V90 = 2.8 ml. T50 = 0.9 min. V50 = 1.7 ml. Final Volume Reading, ml 3.9
T100 = NA min V100 = 3.2 ml. T100 = 5.9 min. V100 = 3.5 ml. Total Volume Change, ml 15.5
Input Validation: Reviewed By: Date 12/21/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring TPE-19 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 2'-4' Consolidation Plot Stress, psi 7.0

Project No. 30598 Sample ST-1 Final Test Pressures
Lab Sample No.30598006 Cell Pressure, psi 120.2

USCS Description: DARK YELLOWISH BROWN LEAN CLAY WITH SAND Back Pressure, psi 40.0
Test Conditions: Undisturbed - Side And Double Drained Effective Consol., psi 80.2

Additional Consol. Volume, ml 26.9

Consol. Start Date: 12/29/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.4
0.10 0.32 0.5
0.15 0.39 0.5
0.20 0.45 0.6
0.25 0.50 0.6
0.50 0.71 0.6
1.00 1.00 0.8
2.00 1.41 1.0
3.00 1.73 1.2
5.00 2.24 1.6

10.00 3.16 2.3
15.00 3.87 2.9
20.00 4.47 3.4
30.00 5.48 4.5
40.00 6.32 5.3 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 6.0
60.00 7.75 6.7
75.00 8.66 7.4
90.00 9.49 8.0

130.00 11.40 9.0
150.00 12.25 9.5
300.00 17.32 10.5

1080.00 32.86 10.8
1440.00 37.95 10.8
6120.00 78.23 10.8

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.0 ml. T0 = 0 min. V0 = 0.2 ml. Initial Volume Reading, ml 0.0
T90 = 187.7 min V90 = 9.8 ml. T50 = 41.3 min. V50 = 5.4 ml. Final Volume Reading, ml 10.8
T100 = NA min V100 = 10.9 ml. T100 = 179.1 min. V100 = 10.5 ml. Total Volume Change, ml 37.7
Input Validation: Reviewed By: Date 12/29/2010
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598008

Visual Description Light Olive Brown Fat Clay
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number A23 Z13 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 98.22 277.35 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 81.05 251.7 Seating NA 1.0036 0.00 1.6036 0.6837 NA NA NA

Wt. Tare, gm 9.45 122.82 0.25 120 1.0036 0.00% 1.6036 0.6837 0.00E+00 NA NA

Water Content, % 24.0% 19.9% 0.5 380 1.0018 0.18% 1.6066 0.6806 1.24E-02 0.010   NA

1 955 0.9946 0.90% 1.6182 0.6685 2.42E-02 0.040   NA

Sample Diameter, in 2.5 2.5 2 1,514 0.9792 2.44% 1.6437 0.6427 2.58E-02 0.086   NA

Sample Height, in 1.004 0.9011 4 1,203 0.9573 4.62% 1.6813 0.6059 1.84E-02 0.122   NA

Sample Volume, in^3 4.9265 4.4234 1 380 0.9685 3.50% 1.6618 0.6247 6.26E-03 NA NA

Wt. WS + Ring, gm 272.59 267.73 0.25 955 0.9846 1.90% 1.6347 0.6517 3.60E-02 NA NA

Wt. of Ring, gm 112.08 112.08 0.5 955 0.9830 2.05% 1.6372 0.6491 1.04E-02 NA 0.009

Wt. of WS, gm 160.51 155.65 1 1,203 0.9778 2.57% 1.6460 0.6404 1.74E-02 NA 0.029

Wet Density, pcf 124.06 133.99 2 955 0.9682 3.53% 1.6623 0.6243 1.61E-02 NA 0.053

Wet Density, g/cc 1.988 2.147 4 380 0.9544 4.90% 1.6863 0.6011 1.16E-02 NA 0.077

Water Content, % 24.0% 19.9% 8 955 0.9293 7.40% 1.7318 0.5590 1.05E-02 0.140   NA

Wt. of DS, gm 129.46 129.81 16 302 0.9011 10.21% 1.7860 0.5117 5.91E-03 0.157   NA

Dry Density, pcf 100.07 111.75

Dry Density, g/cc 1.604 1.791

Void Ratio, e 0.6837 0.5076

Saturation, % 94.7%

Specific Gravity 2.7 Measured

Height of Solids, in 0.5961 0.5961
Input Validation Reviewed By: Date Tested: 12/3/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only 
accepts responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by 
others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab Sample No. 30598008
Visual Description Light Olive Brown Fat Clay
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress

Page 2 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 1 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0036 0.6837
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 9.5 1.0030 0.6827
0.15 0.39 10.0 1.0030 0.6826
0.20 0.45 10.0 1.0030 0.6826
0.27 0.52 10.5 1.0029 0.6825
0.35 0.59 11.0 1.0029 0.6824
0.45 0.67 11.0 1.0029 0.6824
0.58 0.76 11.0 1.0029 0.6824
0.75 0.87 11.5 1.0028 0.6823
0.95 0.97 11.5 1.0028 0.6823
1.22 1.10 12.0 1.0028 0.6822
1.53 1.24 12.0 1.0028 0.6822
1.95 1.40 12.0 1.0028 0.6822
2.47 1.57 12.0 1.0028 0.6822
3.12 1.77 12.0 1.0028 0.6822
3.95 1.99 12.0 1.0028 0.6822
4.98 2.23 12.0 1.0028 0.6822 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 12.0 1.0028 0.6822
7.97 2.82 12.0 1.0028 0.6822
9.40 3.07 12.0 1.0028 0.6822

11.85 3.44 12.0 1.0028 0.6822
14.95 3.87 12.0 1.0028 0.6822
18.85 4.34 11.5 1.0028 0.6823
23.77 4.88 11.0 1.0029 0.6824
29.95 5.47 10.0 1.0030 0.6826
37.75 6.14 9.5 1.0030 0.6827
47.57 6.90 8.5 1.0031 0.6828
59.95 7.74 7.5 1.0032 0.6830
75.95 8.71 6.5 1.0033 0.6832
94.95 9.74 5.5 1.0034 0.6833

119.95 10.95 3.5 1.0036 0.6837

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 7.9 div. T0 = 0 min. D0 = 8 div.
T90 = 0.49 min D90 = 11 div. #N/A D50 = 12.6 div. Initial Sample Height, in 1.0036
T100 = NA min D100 = 11.3 div. T100 = 16.3 min. D100 = 17.2 div. Initial Sample Void Ratio 0.6837
Height at: D90 = 1.0029, D100 = 1.0028 Height at: D50 = 1.0027, D100 = 1.0023 Final Sample Height, in 1.0036
Average Sample Height, in 1.0036 Average Sample Height, in 1.0036 Final Sample Void Ratio 0.6837
Average Drainage Height, in 0.5018 Average Drainage Height, in 0.5018 Incremental Strain, % 0.00%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.95
Coef. of Consol., Cv, in

2/min 0.440 Coef. of Consol., Cv, in
2/min #N/A

Page 3 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 2 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 3.5 1.0036 0.6837
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.08 0.29 13.0 1.0029 0.6825
0.13 0.37 13.5 1.0029 0.6824
0.18 0.43 14.0 1.0028 0.6823
0.25 0.50 14.5 1.0028 0.6822
0.35 0.59 15.5 1.0027 0.6821
0.45 0.67 15.5 1.0027 0.6821
0.58 0.76 16.0 1.0026 0.6820
0.75 0.87 16.5 1.0026 0.6819
0.95 0.97 17.0 1.0025 0.6818
1.22 1.10 17.5 1.0025 0.6817
1.53 1.24 18.0 1.0024 0.6817
1.95 1.40 18.0 1.0024 0.6817
2.47 1.57 18.5 1.0024 0.6816
3.12 1.77 19.0 1.0023 0.6815
3.95 1.99 19.5 1.0023 0.6814
4.98 2.23 20.0 1.0022 0.6813 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 20.0 1.0022 0.6813
7.95 2.82 20.5 1.0022 0.6812
9.40 3.07 21.0 1.0021 0.6812

11.85 3.44 21.0 1.0021 0.6812
14.95 3.87 21.5 1.0021 0.6811
18.85 4.34 21.5 1.0021 0.6811
23.77 4.88 22.0 1.0020 0.6810
29.95 5.47 22.5 1.0020 0.6809
37.75 6.14 22.5 1.0020 0.6809
47.57 6.90 22.5 1.0020 0.6809
59.95 7.74 23.0 1.0019 0.6808
75.95 8.71 23.5 1.0019 0.6807
94.95 9.74 23.5 1.0019 0.6807

119.95 10.95 23.5 1.0019 0.6807
150.95 12.29 24.0 1.0018 0.6807
189.95 13.78 24.0 1.0018 0.6807
379.95 19.49 24.5 1.0018 0.6806

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 10.9 div. T0 = 0 min. D0 = 10.6 div.
T90 = 0.96 min D90 = 17 div. T50 = 0.8 min. D50 = 16.6 div. Initial Sample Height, in 1.0036
T100 = NA min D100 = 17.7 div. T100 = 16.31 min. D100 = 22.6 div. Initial Sample Void Ratio 0.6837
Height at: D90 = 1.0025, D100 = 1.0025 Height at: D50 = 1.0026, D100 = 1.002 Final Sample Height, in 1.0018
Average Sample Height, in 1.0027 Average Sample Height, in 1.0027 Final Sample Void Ratio 0.6806
Average Drainage Height, in 0.5014 Average Drainage Height, in 0.5014 Incremental Strain, % 0.18%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 379.95
Coef. of Consol., Cv, in

2/min 0.222 Coef. of Consol., Cv, in
2/min 0.062
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 3 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 24.5 1.0018 0.6806
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 54.0 0.9991 0.6760
0.15 0.39 56.0 0.9989 0.6757
0.20 0.45 58.0 0.9987 0.6754
0.27 0.52 59.5 0.9985 0.6751
0.35 0.59 61.0 0.9984 0.6749
0.45 0.67 62.5 0.9982 0.6746
0.58 0.76 63.5 0.9981 0.6744
0.75 0.87 65.0 0.9980 0.6742
0.95 0.97 66.5 0.9978 0.6739
1.22 1.10 68.0 0.9977 0.6737
1.53 1.24 69.0 0.9976 0.6735
1.95 1.40 70.5 0.9974 0.6733
2.47 1.57 71.5 0.9973 0.6731
3.12 1.77 72.5 0.9972 0.6729
3.95 1.99 74.0 0.9971 0.6727
4.98 2.23 75.0 0.9970 0.6725 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 76.5 0.9968 0.6723
7.95 2.82 77.5 0.9967 0.6721
9.40 3.07 78.5 0.9966 0.6719

11.85 3.44 79.5 0.9965 0.6718
14.95 3.87 80.5 0.9964 0.6716
18.85 4.34 82.0 0.9963 0.6713
23.77 4.88 83.0 0.9962 0.6712
29.95 5.47 84.0 0.9961 0.6710
37.75 6.14 85.0 0.9960 0.6708
47.57 6.90 86.5 0.9958 0.6706
59.95 7.74 87.5 0.9957 0.6704
75.95 8.71 88.5 0.9956 0.6703
94.95 9.74 90.0 0.9955 0.6700

119.95 10.95 91.0 0.9954 0.6698
150.95 12.29 92.0 0.9953 0.6697
189.95 13.78 93.5 0.9951 0.6694
954.95 30.90 99.0 0.9946 0.6685

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 44.3 div. T0 = 0 min. D0 = 46.2 div.
T90 = 0.49 min D90 = 62.8 div. T50 = 0.49 min. D50 = 62.8 div. Initial Sample Height, in 1.0018
T100 = NA min D100 = 64.8 div. T100 = 4.34 min. D100 = 79.4 div. Initial Sample Void Ratio 0.6806
Height at: D90 = 0.9982, D100 = 0.998 Height at: D50 = 0.9982, D100 = 0.9965 Final Sample Height, in 0.9946
Average Sample Height, in 0.9982 Average Sample Height, in 0.9982 Final Sample Void Ratio 0.6685
Average Drainage Height, in 0.4991 Average Drainage Height, in 0.4991 Incremental Strain, % 0.72%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.95
Coef. of Consol., Cv, in

2/min 0.435 Coef. of Consol., Cv, in
2/min 0.100
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 4 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -6

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 99.0 0.9946 0.6685
Corrections* -6 -0.0006 -0.001

Adjusted Sample Height & Void Ratio
0.08 0.29 161.5 0.9889 0.6590
0.13 0.37 166.5 0.9884 0.6582
0.18 0.43 169.5 0.9881 0.6577
0.25 0.50 173.0 0.9878 0.6571
0.37 0.61 177.0 0.9874 0.6564
0.45 0.67 179.0 0.9872 0.6561
0.58 0.76 182.0 0.9869 0.6556
0.75 0.87 184.5 0.9866 0.6552
0.95 0.97 186.5 0.9864 0.6548
1.22 1.10 189.0 0.9862 0.6544
1.53 1.24 191.5 0.9859 0.6540
1.95 1.40 194.5 0.9856 0.6535
2.48 1.58 197.0 0.9854 0.6531
3.12 1.77 199.0 0.9852 0.6527
3.95 1.99 202.0 0.9849 0.6522
4.98 2.23 205.0 0.9846 0.6517 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 207.5 0.9843 0.6513
7.95 2.82 210.5 0.9840 0.6508
9.40 3.07 212.5 0.9838 0.6505

11.85 3.44 215.5 0.9835 0.6500
14.95 3.87 218.5 0.9832 0.6494
18.85 4.34 221.0 0.9830 0.6490
23.77 4.88 223.5 0.9827 0.6486
29.95 5.47 226.5 0.9824 0.6481
37.75 6.14 229.0 0.9822 0.6477
47.57 6.90 231.5 0.9819 0.6473
59.95 7.74 234.5 0.9816 0.6468
75.95 8.71 236.5 0.9814 0.6464
94.95 9.74 238.5 0.9812 0.6461

119.95 10.95 241.0 0.9810 0.6457
150.95 12.29 243.5 0.9807 0.6453
189.95 13.78 245.5 0.9805 0.6449

1513.95 38.91 259.0 0.9792 0.6427

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 146.3 div. T0 = 0 min. D0 = 147 div.
T90 = 0.578 min D90 = 181.8 div. T50 = 1.78 min. D50 = 193.4 div. Initial Sample Height, in 0.9946
T100 = NA min D100 = 185.7 div. T100 = 83.42 min. D100 = 239.8 div. Initial Sample Void Ratio 0.6685
Height at: D90 = 0.9869, D100 = 0.9865 Height at: D50 = 0.9857, D100 = 0.9811 Final Sample Height, in 0.9792
Average Sample Height, in 0.9869 Average Sample Height, in 0.9869 Final Sample Void Ratio 0.6427
Average Drainage Height, in 0.4934 Average Drainage Height, in 0.4934 Incremental Strain, % 1.55%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 1513.95
Coef. of Consol., Cv, in

2/min 0.361 Coef. of Consol., Cv, in
2/min 0.027
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 5 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 259.0 0.9792 0.6427
Corrections* -5.5 -0.00055 -0.0009

Adjusted Sample Height & Void Ratio
0.08 0.29 347.5 0.9709 0.6287
0.13 0.37 352.5 0.9704 0.6279
0.18 0.43 356.5 0.9700 0.6272
0.25 0.50 360.0 0.9696 0.6266
0.33 0.58 363.0 0.9693 0.6261
0.43 0.66 366.0 0.9690 0.6256
0.57 0.75 369.0 0.9687 0.6251
0.73 0.86 372.0 0.9684 0.6246
0.93 0.97 374.5 0.9682 0.6242
1.20 1.10 378.0 0.9678 0.6236
1.52 1.23 381.0 0.9675 0.6231
1.93 1.39 384.0 0.9672 0.6226
2.45 1.57 387.0 0.9669 0.6221
3.10 1.76 390.0 0.9666 0.6216
3.93 1.98 394.0 0.9662 0.6209
4.97 2.23 397.0 0.9659 0.6204 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 400.5 0.9656 0.6198
7.93 2.82 404.0 0.9652 0.6193
9.38 3.06 407.0 0.9649 0.6187

11.83 3.44 410.5 0.9646 0.6182
14.93 3.86 414.5 0.9642 0.6175
18.83 4.34 418.5 0.9638 0.6168
23.75 4.87 422.5 0.9634 0.6161
29.93 5.47 426.5 0.9630 0.6155
37.73 6.14 431.0 0.9625 0.6147
47.55 6.90 435.0 0.9621 0.6141
59.93 7.74 440.0 0.9616 0.6132
75.93 8.71 444.5 0.9612 0.6125
94.93 9.74 449.5 0.9607 0.6116

119.93 10.95 455.0 0.9601 0.6107
150.93 12.29 459.5 0.9597 0.6099
189.93 13.78 464.0 0.9592 0.6092

1202.93 34.68 483.5 0.9573 0.6059

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 328.9 div. T0 = 0 min. D0 = 332 div.
T90 = 0.449 min D90 = 366.2 div. T50 = 4.67 min. D50 = 396.2 div. Initial Sample Height, in 0.9792
T100 = NA min D100 = 370.4 div. T100 = 150.93 min. D100 = 460.4 div. Initial Sample Void Ratio 0.6427
Height at: D90 = 0.969, D100 = 0.9686 Height at: D50 = 0.966, D100 = 0.9596 Final Sample Height, in 0.9573
Average Sample Height, in 0.9682 Average Sample Height, in 0.9682 Final Sample Void Ratio 0.6059
Average Drainage Height, in 0.4841 Average Drainage Height, in 0.4841 Incremental Strain, % 2.24%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 1202.9333
Coef. of Consol., Cv, in

2/min 0.449 Coef. of Consol., Cv, in
2/min 0.010
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 6 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 7.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 483.5 0.9573 0.6059
Corrections* 7.5 0.00075 0.00126

Adjusted Sample Height & Void Ratio
0.08 0.29 448.5 0.9600 0.6105
0.13 0.37 446.5 0.9602 0.6109
0.18 0.43 445.0 0.9604 0.6111
0.25 0.50 443.5 0.9605 0.6114
0.33 0.58 442.5 0.9606 0.6115
0.43 0.66 441.0 0.9608 0.6118
0.57 0.75 439.5 0.9609 0.6120
0.73 0.86 438.0 0.9611 0.6123
0.93 0.97 436.5 0.9612 0.6125
1.20 1.10 435.0 0.9614 0.6128
1.52 1.23 433.5 0.9615 0.6130
1.93 1.39 431.5 0.9617 0.6134
2.45 1.57 430.0 0.9619 0.6136
3.10 1.76 428.0 0.9621 0.6140
3.93 1.98 426.0 0.9623 0.6143
4.97 2.23 424.0 0.9625 0.6146 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 421.5 0.9627 0.6151
7.93 2.82 419.0 0.9630 0.6155
9.38 3.06 417.0 0.9632 0.6158

11.83 3.44 414.0 0.9635 0.6163
14.93 3.86 411.0 0.9638 0.6168
18.83 4.34 407.5 0.9641 0.6174
23.75 4.87 404.5 0.9644 0.6179
29.93 5.47 400.5 0.9648 0.6186
37.73 6.14 396.5 0.9652 0.6193
47.55 6.90 392.5 0.9656 0.6199
59.93 7.74 388.0 0.9661 0.6207
75.93 8.71 383.5 0.9665 0.6214
94.93 9.74 380.0 0.9669 0.6220

119.93 10.95 376.0 0.9673 0.6227
150.93 12.29 372.5 0.9676 0.6233
189.93 13.78 369.5 0.9679 0.6238
379.93 19.49 364.0 0.9685 0.6247

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 455.2 div. T0 = 0 min. D0 = 454.5 div.
T90 = 0.624 min D90 = 438.9 div. T50 = 11.69 min. D50 = 414.2 div. Initial Sample Height, in 0.9573
T100 = NA min D100 = 437.1 div. T100 = 124.25 min. D100 = 373.8 div. Initial Sample Void Ratio 0.6059
Height at: D90 = 0.961, D100 = 0.9612 Height at: D50 = 0.9635, D100 = 0.9675 Final Sample Height, in 0.9685
Average Sample Height, in 0.9629 Average Sample Height, in 0.9629 Final Sample Void Ratio 0.6247
Average Drainage Height, in 0.4814 Average Drainage Height, in 0.4814 Incremental Strain, % -1.17%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 379.93333
Coef. of Consol., Cv, in

2/min 0.314 Coef. of Consol., Cv, in
2/min 0.004
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 7 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 364.0 0.9685 0.6247
Corrections* 4.5 0.00045 0.00075

Adjusted Sample Height & Void Ratio
0.08 0.29 349.0 0.9695 0.6265
0.13 0.37 347.5 0.9697 0.6267
0.18 0.43 346.5 0.9698 0.6269
0.25 0.50 346.0 0.9698 0.6270
0.33 0.58 344.5 0.9700 0.6272
0.43 0.66 343.5 0.9701 0.6274
0.57 0.75 342.5 0.9702 0.6276
0.73 0.86 341.5 0.9703 0.6277
0.93 0.97 340.0 0.9704 0.6280
1.20 1.10 338.5 0.9706 0.6282
1.52 1.23 337.0 0.9707 0.6285
1.93 1.39 335.5 0.9709 0.6287
2.45 1.57 334.0 0.9710 0.6290
3.10 1.76 332.0 0.9712 0.6293
3.93 1.98 329.5 0.9715 0.6297
4.97 2.23 327.5 0.9717 0.6301 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 325.0 0.9719 0.6305
7.93 2.82 322.0 0.9722 0.6310
9.38 3.06 320.0 0.9724 0.6313

11.83 3.44 316.5 0.9728 0.6319
14.93 3.86 312.5 0.9732 0.6326
18.83 4.34 308.5 0.9736 0.6333
23.75 4.87 304.0 0.9740 0.6340
29.93 5.47 298.5 0.9746 0.6349
37.73 6.14 293.0 0.9751 0.6359
47.55 6.90 286.5 0.9758 0.6370
59.93 7.74 279.5 0.9765 0.6381
75.93 8.71 272.0 0.9772 0.6394
94.93 9.74 264.5 0.9780 0.6406

119.93 10.95 256.5 0.9788 0.6420
150.93 12.29 248.0 0.9796 0.6434
189.93 13.78 240.0 0.9804 0.6448
954.93 30.90 198.5 0.9846 0.6517

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 349.2 div. T0 = 0 min. D0 = 353.5 div.
T90 = 173.712 min D90 = 243.2 div. T50 = 29.1 min. D50 = 299.2 div. Initial Sample Height, in 0.9685
T100 = NA min D100 = 231.4 div. T100 = 164.38 min. D100 = 244.8 div. Initial Sample Void Ratio 0.6247
Height at: D90 = 0.9801, D100 = 0.9813 Height at: D50 = 0.9745, D100 = 0.9799 Final Sample Height, in 0.9846
Average Sample Height, in 0.9765 Average Sample Height, in 0.9765 Final Sample Void Ratio 0.6517
Average Drainage Height, in 0.4883 Average Drainage Height, in 0.4883 Incremental Strain, % -1.66%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.001 Coef. of Consol., Cv, in
2/min 0.002

Page 9 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

190

210

230

250

270

290

310

330

350

0.01 0.1 1 10 100 1000
Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

190

210

230

250

270

290

310

330

350

0 5 10 15 20 25 30 35

Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 8 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -1.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 198.5 0.9846 0.6517
Corrections* -1.5 -0.00015 -0.0003

Adjusted Sample Height & Void Ratio
0.08 0.29 204.0 0.9842 0.6510
0.13 0.37 204.0 0.9842 0.6510
0.18 0.43 204.0 0.9842 0.6510
0.25 0.50 204.0 0.9842 0.6510
0.33 0.58 204.5 0.9841 0.6510
0.43 0.66 204.5 0.9841 0.6510
0.57 0.75 205.0 0.9841 0.6509
0.73 0.86 205.0 0.9841 0.6509
0.93 0.97 205.0 0.9841 0.6509
1.20 1.10 205.0 0.9841 0.6509
1.52 1.23 205.5 0.9840 0.6508
1.93 1.39 206.0 0.9840 0.6507
2.45 1.57 206.0 0.9840 0.6507
3.10 1.76 206.5 0.9839 0.6506
3.95 1.99 206.5 0.9839 0.6506
4.97 2.23 207.0 0.9839 0.6505 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 207.5 0.9838 0.6505
7.93 2.82 207.5 0.9838 0.6505
9.38 3.06 207.5 0.9838 0.6505

11.83 3.44 208.0 0.9838 0.6504
14.93 3.86 208.5 0.9837 0.6503
18.83 4.34 208.5 0.9837 0.6503
23.75 4.87 209.5 0.9836 0.6501
29.93 5.47 210.0 0.9836 0.6500
37.73 6.14 210.0 0.9836 0.6500
47.55 6.90 210.5 0.9835 0.6500
59.93 7.74 211.5 0.9834 0.6498
75.93 8.71 211.5 0.9834 0.6498
94.93 9.74 212.0 0.9834 0.6497

119.93 10.95 212.5 0.9833 0.6496
150.93 12.29 213.0 0.9833 0.6495
189.93 13.78 213.5 0.9832 0.6494
954.93 30.90 215.5 0.9830 0.6491

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 203.5 div. T0 = 0 min. D0 = 203.5 div.
T90 = 0.144 min D90 = 204 div. T50 = 8.88 min. D50 = 207.8 div. Initial Sample Height, in 0.9846
T100 = NA min D100 = 204.1 div. T100 = 68.02 min. D100 = 212 div. Initial Sample Void Ratio 0.6517
Height at: D90 = 0.9842, D100 = 0.9842 Height at: D50 = 0.9838, D100 = 0.9834 Final Sample Height, in 0.9830
Average Sample Height, in 0.9838 Average Sample Height, in 0.9838 Final Sample Void Ratio 0.6491
Average Drainage Height, in 0.4919 Average Drainage Height, in 0.4919 Incremental Strain, % 0.16%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 1.440 Coef. of Consol., Cv, in
2/min 0.005
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 9 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 215.5 0.9830 0.6491
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 229.0 0.9819 0.6473
0.15 0.39 230.5 0.9818 0.6470
0.20 0.45 231.5 0.9817 0.6468
0.27 0.52 232.0 0.9816 0.6468
0.35 0.59 233.0 0.9815 0.6466
0.45 0.67 233.5 0.9815 0.6465
0.58 0.76 234.5 0.9814 0.6463
0.75 0.87 235.5 0.9813 0.6462
0.95 0.97 236.0 0.9812 0.6461
1.22 1.10 237.0 0.9811 0.6459
1.53 1.24 238.0 0.9810 0.6458
1.95 1.40 239.0 0.9809 0.6456
2.47 1.57 239.5 0.9809 0.6455
3.12 1.77 240.5 0.9808 0.6453
3.95 1.99 241.5 0.9807 0.6452
4.98 2.23 242.5 0.9806 0.6450 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 243.5 0.9805 0.6448
7.95 2.82 244.5 0.9804 0.6447
9.40 3.07 245.5 0.9803 0.6445

11.85 3.44 246.5 0.9802 0.6443
14.95 3.87 247.5 0.9801 0.6442
18.85 4.34 248.5 0.9800 0.6440
23.77 4.88 249.5 0.9799 0.6438
29.95 5.47 250.5 0.9798 0.6437
37.75 6.14 252.0 0.9796 0.6434
47.57 6.90 253.0 0.9795 0.6432
59.95 7.74 254.5 0.9794 0.6430
75.95 8.71 256.5 0.9792 0.6427
94.95 9.74 258.0 0.9790 0.6424

119.95 10.95 259.5 0.9789 0.6422
150.95 12.29 261.0 0.9787 0.6419
189.95 13.78 262.5 0.9786 0.6416

1202.95 34.68 270.0 0.9778 0.6404

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 223 div. T0 = 0 min. D0 = 224.7 div.
T90 = 0.372 min D90 = 233.1 div. T50 = 4.94 min. D50 = 242.5 div. Initial Sample Height, in 0.9830
T100 = NA min D100 = 234.2 div. T100 = 117.48 min. D100 = 260.2 div. Initial Sample Void Ratio 0.6491
Height at: D90 = 0.9815, D100 = 0.9814 Height at: D50 = 0.9806, D100 = 0.9788 Final Sample Height, in 0.9778
Average Sample Height, in 0.9804 Average Sample Height, in 0.9804 Final Sample Void Ratio 0.6404
Average Drainage Height, in 0.4902 Average Drainage Height, in 0.4902 Incremental Strain, % 0.53%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 1202.95
Coef. of Consol., Cv, in

2/min 0.553 Coef. of Consol., Cv, in
2/min 0.010

Page 11 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

220

225

230

235

240

245

250

255

260

265

270

0.01 0.1 1 10 100 1000
Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

220

225

230

235

240

245

250

255

260

265

270

0 1 2 3 4 5 6 7 8 9 10
Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 10 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 270.0 0.9778 0.6404
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.08 0.29 301.0 0.9751 0.6358
0.13 0.37 303.5 0.9748 0.6354
0.18 0.43 305.5 0.9746 0.6350
0.25 0.50 307.0 0.9745 0.6348
0.33 0.58 308.5 0.9743 0.6345
0.43 0.66 310.5 0.9741 0.6342
0.57 0.75 311.5 0.9740 0.6340
0.73 0.86 313.0 0.9739 0.6338
0.93 0.97 314.5 0.9737 0.6335
1.20 1.10 316.0 0.9736 0.6333
1.52 1.23 317.5 0.9734 0.6330
1.95 1.40 319.5 0.9732 0.6327
2.45 1.57 321.0 0.9731 0.6324
3.10 1.76 322.5 0.9729 0.6322
3.93 1.98 324.5 0.9727 0.6318
4.97 2.23 326.0 0.9726 0.6316 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 328.0 0.9724 0.6312
7.93 2.82 329.5 0.9722 0.6310
9.38 3.06 331.0 0.9721 0.6307

11.83 3.44 333.0 0.9719 0.6304
14.93 3.86 334.5 0.9717 0.6302
18.83 4.34 336.5 0.9715 0.6298
23.75 4.87 338.5 0.9713 0.6295
29.93 5.47 340.5 0.9711 0.6291
37.73 6.14 342.5 0.9709 0.6288
47.55 6.90 345.0 0.9707 0.6284
59.93 7.74 347.5 0.9704 0.6280
75.93 8.71 350.0 0.9702 0.6276
94.93 9.74 352.5 0.9699 0.6271

119.93 10.95 355.0 0.9697 0.6267
150.93 12.29 357.5 0.9694 0.6263
189.93 13.78 360.0 0.9692 0.6259
954.93 30.90 369.5 0.9682 0.6243

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 291.7 div. T0 = 0 min. D0 = 293.5 div.
T90 = 0.462 min D90 = 310.7 div. T50 = 4.92 min. D50 = 325.9 div. Initial Sample Height, in 0.9778
T100 = NA min D100 = 312.8 div. T100 = 160.53 min. D100 = 358.4 div. Initial Sample Void Ratio 0.6404
Height at: D90 = 0.9741, D100 = 0.9739 Height at: D50 = 0.9726, D100 = 0.9693 Final Sample Height, in 0.9682
Average Sample Height, in 0.9730 Average Sample Height, in 0.9730 Final Sample Void Ratio 0.6243
Average Drainage Height, in 0.4865 Average Drainage Height, in 0.4865 Incremental Strain, % 0.98%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.438 Coef. of Consol., Cv, in
2/min 0.009

Page 12 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370

0.01 0.1 1 10 100 1000
Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370

0 1 2 3 4 5 6 7 8 9 10

Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 11 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 369.5 0.9682 0.6243
Corrections* -4.5 -0.00045 -0.0008

Adjusted Sample Height & Void Ratio
0.10 0.32 420.5 0.9636 0.6165
0.15 0.39 423.5 0.9633 0.6160
0.20 0.45 425.5 0.9631 0.6156
0.27 0.52 427.5 0.9629 0.6153
0.35 0.59 429.5 0.9627 0.6150
0.45 0.67 431.5 0.9625 0.6146
0.58 0.76 433.5 0.9623 0.6143
0.75 0.87 435.5 0.9621 0.6140
0.95 0.97 437.5 0.9619 0.6136
1.22 1.10 439.5 0.9617 0.6133
1.53 1.24 441.5 0.9615 0.6130
1.95 1.40 444.0 0.9612 0.6125
2.47 1.57 446.5 0.9610 0.6121
3.12 1.77 448.5 0.9608 0.6118
3.95 1.99 451.5 0.9605 0.6113
4.98 2.23 454.0 0.9602 0.6109 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 456.5 0.9600 0.6104
7.95 2.82 459.5 0.9597 0.6099
9.40 3.07 461.5 0.9595 0.6096

11.85 3.44 464.0 0.9592 0.6092
14.95 3.87 467.0 0.9589 0.6087
18.85 4.34 470.0 0.9586 0.6082
23.77 4.88 473.0 0.9583 0.6077
29.95 5.47 476.5 0.9580 0.6071
37.75 6.14 480.0 0.9576 0.6065
47.57 6.90 483.5 0.9573 0.6059
59.95 7.74 487.0 0.9569 0.6053
75.95 8.71 490.5 0.9566 0.6047
94.95 9.74 494.5 0.9562 0.6041

119.95 10.95 498.0 0.9558 0.6035
150.95 12.29 501.5 0.9555 0.6029
189.95 13.78 505.0 0.9551 0.6023
379.95 19.49 512.0 0.9544 0.6011

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 408.5 div. T0 = 0 min. D0 = 410.4 div.
T90 = 0.533 min D90 = 432.7 div. T50 = 5.71 min. D50 = 455.4 div. Initial Sample Height, in 0.9682
T100 = NA min D100 = 435.4 div. T100 = 132.4 min. D100 = 500.5 div. Initial Sample Void Ratio 0.6243
Height at: D90 = 0.9624, D100 = 0.9621 Height at: D50 = 0.9601, D100 = 0.9556 Final Sample Height, in 0.9544
Average Sample Height, in 0.9613 Average Sample Height, in 0.9613 Final Sample Void Ratio 0.6011
Average Drainage Height, in 0.4807 Average Drainage Height, in 0.4807 Incremental Strain, % 1.43%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 379.95
Coef. of Consol., Cv, in

2/min 0.369 Coef. of Consol., Cv, in
2/min 0.008
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 12 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -10

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 512.0 0.9544 0.6011
Corrections* -10 -0.001 -0.0017

Adjusted Sample Height & Void Ratio
0.08 0.29 583.0 0.9483 0.5909
0.13 0.37 586.5 0.9480 0.5903
0.18 0.43 589.0 0.9477 0.5899
0.25 0.50 591.5 0.9475 0.5895
0.33 0.58 594.5 0.9472 0.5890
0.43 0.66 596.5 0.9470 0.5886
0.57 0.75 599.5 0.9467 0.5881
0.73 0.86 602.5 0.9464 0.5876
0.93 0.97 605.5 0.9461 0.5871
1.20 1.10 609.0 0.9457 0.5865
1.52 1.23 613.0 0.9453 0.5859
1.93 1.39 617.0 0.9449 0.5852
2.45 1.57 621.0 0.9445 0.5845
3.10 1.76 625.5 0.9441 0.5838
3.93 1.98 630.5 0.9436 0.5829
4.97 2.23 636.0 0.9430 0.5820 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 641.5 0.9425 0.5811
7.93 2.82 648.0 0.9418 0.5800
9.38 3.06 652.5 0.9414 0.5792

11.83 3.44 660.0 0.9406 0.5780
14.93 3.86 667.5 0.9399 0.5767
18.83 4.34 675.5 0.9391 0.5754
23.75 4.87 684.5 0.9382 0.5739
29.93 5.47 693.5 0.9373 0.5724
37.73 6.14 702.5 0.9364 0.5709
47.55 6.90 712.0 0.9354 0.5693
59.93 7.74 721.5 0.9345 0.5677
75.93 8.71 730.5 0.9336 0.5662
94.93 9.74 738.5 0.9328 0.5648

119.93 10.95 746.0 0.9320 0.5636
150.93 12.29 752.0 0.9314 0.5625
189.93 13.78 757.0 0.9309 0.5617
954.93 30.90 773.0 0.9293 0.5590

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 570.6 div. T0 = 0 min. D0 = 571.5 div.
T90 = 0.689 min D90 = 601.8 div. T50 = 12.29 min. D50 = 661.2 div. Initial Sample Height, in 0.9544
T100 = NA min D100 = 605.2 div. T100 = 122.62 min. D100 = 750.9 div. Initial Sample Void Ratio 0.6011
Height at: D90 = 0.9464, D100 = 0.9461 Height at: D50 = 0.9405, D100 = 0.9315 Final Sample Height, in 0.9293
Average Sample Height, in 0.9419 Average Sample Height, in 0.9419 Final Sample Void Ratio 0.5590
Average Drainage Height, in 0.4709 Average Drainage Height, in 0.4709 Incremental Strain, % 2.63%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.273 Coef. of Consol., Cv, in
2/min 0.004
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-16 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5' Load 13 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598008
Visual Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -13.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 773.0 0.9293 0.5590
Corrections* -13.5 -0.00135 -0.0023

Adjusted Sample Height & Void Ratio
0.10 0.32 822.0 0.9258 0.5531
0.15 0.39 824.5 0.9255 0.5527
0.20 0.45 826.5 0.9253 0.5523
0.27 0.52 829.0 0.9251 0.5519
0.35 0.59 831.0 0.9249 0.5516
0.45 0.67 833.5 0.9246 0.5511
0.58 0.76 836.5 0.9243 0.5506
0.75 0.87 840.0 0.9240 0.5501
0.95 0.97 843.0 0.9237 0.5495
1.22 1.10 847.0 0.9233 0.5489
1.53 1.24 851.0 0.9229 0.5482
1.95 1.40 855.5 0.9224 0.5475
2.47 1.57 860.5 0.9219 0.5466
3.12 1.77 866.0 0.9214 0.5457
3.95 1.99 872.5 0.9207 0.5446
4.98 2.23 879.5 0.9200 0.5434 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 887.5 0.9192 0.5421
7.95 2.82 896.5 0.9183 0.5406
9.40 3.07 903.0 0.9177 0.5395

11.85 3.44 913.0 0.9167 0.5378
14.95 3.87 924.5 0.9155 0.5359
18.85 4.34 937.5 0.9142 0.5337
23.77 4.88 951.0 0.9129 0.5314
29.95 5.47 965.0 0.9115 0.5291
37.75 6.14 980.0 0.9100 0.5266
47.57 6.90 995.5 0.9084 0.5240
59.95 7.74 1010.0 0.9070 0.5215
75.95 8.71 1023.5 0.9056 0.5193
94.95 9.74 1035.0 0.9045 0.5173

119.95 10.95 1044.5 0.9035 0.5157
150.95 12.29 1052.5 0.9027 0.5144
189.95 13.78 1059.0 0.9021 0.5133
301.95 17.38 1068.5 0.9011 0.5117

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 811 div. T0 = 0 min. D0 = 811.7 div.
T90 = 8.123 min D90 = 897.2 div. T50 = 15.7 min. D50 = 927.2 div. Initial Sample Height, in 0.9293
T100 = NA min D100 = 906.8 div. T100 = 96.32 min. D100 = 1042.8 div. Initial Sample Void Ratio 0.5590
Height at: D90 = 0.9183, D100 = 0.9173 Height at: D50 = 0.9153, D100 = 0.9037 Final Sample Height, in 0.9011
Average Sample Height, in 0.9152 Average Sample Height, in 0.9152 Final Sample Void Ratio 0.5117
Average Drainage Height, in 0.4576 Average Drainage Height, in 0.4576 Incremental Strain, % 3.03%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.95
Coef. of Consol., Cv, in

2/min 0.022 Coef. of Consol., Cv, in
2/min 0.003
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS

Client Civil & Environmental Consultants, Inc. Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab No. 30598008
Visual Description Light Olive Brown Fat Clay
Sample Condition Undisturbed

NORMAL STRESS vs. SHEAR STRESS
φ = φ = φ = φ = 20.9°              c = 5.1 psi

HORIZONTAL DEFORMATION vs. SHEAR STRESS HORIZONTAL DEFORMATION vs. SAMPLE HEIGHT
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Using All Points

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts responsibility for the raw data obtained from the 
direct shear tests.  This data may be interpreted differently by others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.

Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower value than the one reported above.



DIRECT SHEAR TEST OF SOILS
UNDER CONSOLIDATED, DRAINED CONDITIONS
MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client: Civil & Environmental Consultants, Inc. Boring: SB-16
Client Project 091-867 Apex Landfill Expansion Depth: 0.5'-2.5'
Project No. 30598 Sample: ST-1

Lab Sample ID 30598008
Material: Light Olive Brown Fat Clay
Condition Undisturbed
Average Friction Angle, φφφφ, deg. 20.9 Using All Points
Average Cohesion, c, psi 5.1 Using All Points
Sample Condition
Normal Stress, psi 9.95 39.99 79.92
Shear Stress at Failure, psi 7.80 22.22 34.82
Mohr's Circle Radius, psi 8.4 23.8 37.3
Mohr's Circle Origin, psi 12.9 48.5 93.2
(Origin - Normal Stress), psi 3.0 8.5 13.3
Minor Principal Stress σ3, psi 4.6 24.7 56.0
Major Principal Stress σ1, psi 21.3 72.3 130.5
Principal Stress Difference, σ1−σ3, psi 16.7 47.6 74.6
Normal Stress Pole Coordinate, X, psi 15.9 57.0 106.5
Shear Stress Pole Coordinate, Y, psi 7.8 22.2 34.8
Assumed Failure Plane, deg 0 - Horizontal 0 - Horizontal 0 - Horizontal
Major Principal Failure Plane Angle, deg 55.5 55.5 55.5
Minor Principal Failure Plane Angle, deg 34.5 34.5 34.5
Maximum Shear Stress, psi 8.4 23.8 37.3
Maximum Shear Failure Plane Angle, deg 10.5 10.5 10.5
Initial Water Content, % 23.4% 23.4% 23.4%
Initial Dry Density, pcf 96.4 96.3 96.4
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Client Civil & Environmental Consultants, Inc.Boring SB-16
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1 30598008 ds test 1  10 psi.sdf

Lab No. 30598008 30598008 ds test 2  40 psi.sdf

Visual Description Light Olive Brown Fat Clay 30598008 ds3 80 psi.sdf

Sample Condition Undisturbed

Test No.
Initial After Consol. Final Initial After Consol. Final Initial After Consol. Final

Tare I.D. Z5 - A30 Z5 - Z7 Z5 - E4
Wt. Wet Soil & Tare, gm 330.94 - 164.51 330.94 - 276.45 330.94 - 273.76
Wt. Dry Soil & Tare, gm 291.46 - 132.64 291.46 - 247.54 291.46 - 246.1
Wt. Tare, gm 123.02 - 9.1 123.02 - 122.96 123.02 - 122.92
Water Content, % 23.4% - 25.8% 23.4% - 23.2% 23.4% - 22.5%

Wt. of Wet Soil & Mold, gm 304.31 - - 304.24 - - 305.36 - -
Wt. of Mold, gm 150.95 - - 150.94 - - 151.98 - -
Wt. of Wet Soil, gm 153.36 - - 153.3 - - 153.38 - -
Sample Height, in 1 0.9708 0.9722 1 0.9343 0.9186 1 0.8884 0.8740
Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Sample Area, in^2 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
Sample Volume, cc 80.44 78.09 78.20 80.44 75.16 73.89 80.44 71.47 70.30
Wet Density, pcf 119.0 NA 124.7 118.9 NA 129.2 119.0 NA 135.0
Dry Density, pcf 96.4 NA 99.1 96.3 NA 104.9 96.4 NA 110.3

t90, min. (Sqrt. Method) 0.33 0.35 0.41
Equivalent t50, min. (Sqrt.) 0.08 0.08 0.10
t50, min. (Log Method) 0.25 0.11 0.40
Selected t50, min. (Max.) 0.25 0.11 0.40
Calc. Disp. Rate, in./min. 0.0088 0.0364 0.0080

Test No.
Normal Stress, psi
Shear Stress at Failure, psi 7.8 Peak 22.2 Peak 34.8 Peak
Shear Disp. at Failure, in
Displacement Rate, in/min

Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0 0.000

0.005 7.9 1.6 0.000 0.8 0.2 0.000 4.6 0.9 0.000
0.010 13.9 2.8 0.000 0.8 0.2 -0.001 20.9 4.3 0.000
0.015 18.3 3.7 0.000 15.9 3.2 -0.001 38.7 7.9 -0.001
0.020 21.7 4.4 -0.001 26.8 5.5 -0.002 53.8 11.0 -0.001
0.025 23.9 4.9 -0.001 35.2 7.2 -0.003 65.6 13.4 -0.002
0.030 26.6 5.4 -0.001 42.3 8.6 -0.004 76.1 15.5 -0.003
0.035 28.8 5.9 -0.001 48.7 9.9 -0.004 86.9 17.7 -0.003
0.040 30.5 6.2 -0.001 54.2 11.0 -0.005 95.4 19.4 -0.004
0.045 31.2 6.3 -0.001 59.6 12.1 -0.006 104.4 21.3 -0.004
0.050 33.0 6.7 -0.001 64.1 13.0 -0.006 111.8 22.8 -0.005
0.055 34.1 6.9 -0.001 68.8 14.0 -0.007 117.9 24.0 -0.005
0.060 34.8 7.1 -0.001 72.8 14.8 -0.007 122.9 25.0 -0.006
0.065 35.6 7.2 -0.001 77.1 15.7 -0.008 128.2 26.1 -0.006
0.070 36.2 7.4 0.000 80.8 16.5 -0.008 133.6 27.2 -0.007

2
40.00

3
79.92

0.110
0.0020 0.0020 0.0020

0.200 0.160

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS - ASTM D 3080

TEST DATA AND SUMMARY

SAMPLE CONDITIONS
1 2 3

DEFORMATION RATE CALCULATIONS

1
9.96

30598008 DS.xls



Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0.075 36.5 7.4 0.000 84.2 17.2 -0.008 138.3 28.2 -0.007
0.080 37.2 7.6 0.000 87.2 17.8 -0.009 141.9 28.9 -0.008
0.085 37.8 7.7 0.000 90.2 18.4 -0.009 146.1 29.8 -0.008
0.090 37.9 7.7 0.000 92.9 18.9 -0.010 149.3 30.4 -0.009
0.095 38.2 7.8 0.000 94.5 19.2 -0.010 152.6 31.1 -0.009
0.100 38.2 7.8 0.001 96.8 19.7 -0.010 155.4 31.7 -0.009
0.105 38.1 7.8 0.001 97.7 19.9 -0.010 157.9 32.2 -0.009
0.110 38.3 7.8 0.001 100.1 20.4 -0.010 160.1 32.6 -0.010
0.115 37.9 7.7 0.001 101.8 20.7 -0.010 162.8 33.2 -0.010
0.120 37.7 7.7 0.001 103.4 21.1 -0.010 164.6 33.5 -0.010
0.125 37.7 7.7 0.001 103.9 21.2 -0.011 166.5 33.9 -0.011
0.130 37.6 7.7 0.001 105.5 21.5 -0.011 167.9 34.2 -0.011
0.135 37.3 7.6 0.002 106.1 21.6 -0.011 169.4 34.5 -0.011
0.140 37.4 7.6 0.002 106.5 21.7 -0.011 170.1 34.7 -0.011
0.145 37.0 7.5 0.002 106.6 21.7 -0.011 170.5 34.7 -0.012
0.150 36.9 7.5 0.002 107.2 21.8 -0.011 170.8 34.8 -0.012
0.155 36.8 7.5 0.001 107.4 21.9 -0.012 170.7 34.8 -0.013
0.160 36.6 7.5 0.001 107.5 21.9 -0.012 171.0 34.8 -0.013
0.165 36.4 7.4 0.001 108.0 22.0 -0.012 170.9 34.8 -0.013
0.170 36.8 7.5 0.001 108.1 22.0 -0.012 170.3 34.7 -0.013
0.175 36.1 7.4 0.001 108.3 22.1 -0.012 170.7 34.8 -0.013
0.180 36.2 7.4 0.001 108.2 22.1 -0.013 170.7 34.8 -0.014
0.185 35.8 7.3 0.001 108.5 22.1 -0.013 170.3 34.7 -0.014
0.190 35.6 7.3 0.001 109.0 22.2 -0.013 170.3 34.7 -0.014
0.195 34.9 7.1 0.001 108.8 22.2 -0.013 169.1 34.4 -0.014
0.200 35.4 7.2 0.001 109.1 22.2 -0.013 169.7 34.6 -0.014
0.205 35.1 7.1 0.001 108.8 22.2 -0.014 169.1 34.4 -0.014
0.210 34.4 7.0 0.001 108.6 22.1 -0.014 168.4 34.3 -0.014
0.215 34.9 7.1 0.001 108.1 22.0 -0.014 167.5 34.1 -0.014
0.220 34.7 7.1 0.001 108.0 22.0 -0.014 166.5 33.9 -0.015
0.225 34.6 7.0 0.001 107.1 21.8 -0.015 165.6 33.7 -0.015
0.230 33.7 6.9 0.001 106.3 21.6 -0.015 164.5 33.5 -0.015
0.235 34.0 6.9 0.002 106.6 21.7 -0.015 163.2 33.2 -0.015
0.240 34.3 7.0 0.001 105.7 21.5 -0.015 161.8 33.0 -0.015
0.245 34.2 7.0 0.001 105.5 21.5 -0.016 160.6 32.7 -0.015
0.250 34.0 6.9 0.001 104.9 21.4 -0.016 159.2 32.4 -0.014

Input Validation: Reviewed By:
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-16 Final Test Load, psi 9.96
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab ID# 30598008
Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed

Increment Start Date and Time: 02/06/11 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 67

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 67 0.0067

Adjusted Sample Height
0.08 0.29 164.3 0.9903
0.08 0.29 164.3 0.9903
0.13 0.37 170.8 0.9896
0.20 0.45 175.7 0.9891
0.25 0.50 178.1 0.9889
0.32 0.56 179.5 0.9888
0.40 0.63 181.3 0.9886
0.50 0.71 182.1 0.9885
0.63 0.80 184.3 0.9883
0.80 0.89 185.1 0.9882
1.00 1.00 187.3 0.9880
1.28 1.13 188.9 0.9878
1.60 1.26 190.2 0.9877
2.02 1.42 191.7 0.9875 Square Root of Elapsed Time vs. Dial Reading
2.53 1.59 193.6 0.9873
3.18 1.78 194.6 0.9872
4.02 2.00 196.0 0.9871
5.05 2.25 197.7 0.9869
6.38 2.53 198.9 0.9868
8.03 2.83 201.1 0.9866
9.48 3.08 201.6 0.9865

11.93 3.45 203.7 0.9863
15.03 3.88 208.0 0.9859
18.93 4.35 210.6 0.9856
23.85 4.88 211.2 0.9856
95.05 9.75 225.2 0.9708

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 143.5 div. T0 = 0 min. D0 = 148.8 div.
T90 = 0.325 min D90 = 179.8 div. T50 = 0.25 min. D50 = 178.2 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 183.8 div. T100 = 14.7 min. D100 = 207.6 div.
Height at: D90 = 0.9753, D100 = 0.9749 Height at: D50 = 0.9755, D100 = 0.9725 Final Sample Height, in 0.9708
Average Sample Height, in 0.9854 Average Sample Height, in 0.9854
Average Drainage Height, in 0.4927 Average Drainage Height, in 0.4927 Incremental Strain, % 2.92%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 95
Coef. of Consol., Cv, in

2/min 0.626 Coef. of Consol., Cv, in
2/min 0.191

Input Validation: Reviewed By: Date 2/6/2011
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-16 Final Test Load, psi 40.00
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab ID# 30598008
Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed

Increment Start Date: 02/07/11 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 147

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 147 0.0147

Adjusted Sample Height
0.08 0.29 288.1 0.9859
0.08 0.29 288.1 0.9859
0.13 0.37 349.6 0.9797
0.18 0.43 375.3 0.9772
0.23 0.48 382.0 0.9765
0.30 0.55 388.1 0.9759
0.40 0.63 394.0 0.9753
0.50 0.71 400.0 0.9747
0.63 0.80 404.7 0.9742
0.80 0.89 410.4 0.9737
1.00 1.00 415.9 0.9731
1.27 1.13 421.3 0.9726
1.58 1.26 425.9 0.9721
2.02 1.42 431.8 0.9715 Square Root of Elapsed Time vs. Dial Reading
2.53 1.59 437.0 0.9710
3.18 1.78 442.2 0.9705
4.02 2.00 449.1 0.9698
5.05 2.25 453.9 0.9693
6.38 2.53 459.8 0.9687
8.03 2.83 465.3 0.9682
9.48 3.08 469.1 0.9678

11.93 3.45 473.8 0.9673
15.03 3.88 478.6 0.9668
18.93 4.35 483.8 0.9663
23.85 4.88 487.2 0.9660
120.05 10.96 509.7 0.9343

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 180.8 div. T0 = 0 min. D0 = 185.9 div.
T90 = 0.348 min D90 = 390.9 div. T50 = 0.11 min. D50 = 329.9 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 414.3 div. T100 = 9.22 min. D100 = 473.8 div.
Height at: D90 = 0.9462, D100 = 0.9439 Height at: D50 = 0.9523, D100 = 0.9379 Final Sample Height, in 0.9343
Average Sample Height, in 0.9672 Average Sample Height, in 0.9672
Average Drainage Height, in 0.4836 Average Drainage Height, in 0.4836 Incremental Strain, % 6.57%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 120
Coef. of Consol., Cv, in

2/min 0.573 Coef. of Consol., Cv, in
2/min 0.419

Input Validation: Reviewed By: Date 2/7/2011
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-16 Final Test Load, psi 79.92
Client Project 091-867 Apex Landfill Expansion Depth 0.5'-2.5'
Project No. 30598 Sample ST-1

Lab ID# 30598008
Description Light Olive Brown Fat Clay
Test Conditions: Undisturbed

Increment Start Date: 02/06/11 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 217

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 217 0.0217

Adjusted Sample Height
0.08 0.29 721.1 0.9496
0.08 0.29 721.1 0.9496
0.13 0.37 744.4 0.9473
0.18 0.43 752.3 0.9465
0.23 0.48 761.1 0.9456
0.30 0.55 764.7 0.9452
0.38 0.62 770.5 0.9446
0.48 0.70 774.5 0.9442
0.63 0.80 779.5 0.9437
0.80 0.89 785.4 0.9432
1.00 1.00 789.4 0.9428
1.27 1.13 794.2 0.9423
1.58 1.26 799.1 0.9418
2.02 1.42 804.6 0.9412 Square Root of Elapsed Time vs. Dial Reading
2.53 1.59 809.9 0.9407
3.18 1.78 815.1 0.9402
4.02 2.00 821.1 0.9396
5.05 2.25 827.0 0.9390
6.37 2.52 834.8 0.9382
8.02 2.83 841.8 0.9375
9.47 3.08 844.8 0.9372

11.93 3.45 848.9 0.9368
15.03 3.88 855.4 0.9362
18.93 4.35 865.3 0.9352
23.85 4.88 871.5 0.9345
758.07 27.53 898.6 0.8884

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 673.5 div. T0 = 0 min. D0 = 675 div.
T90 = 0.41 min D90 = 771.6 div. T50 = 0.4 min. D50 = 771.4 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 782.5 div. T100 = 20.1 min. D100 = 867.9 div.
Height at: D90 = 0.9011, D100 = 0.9001 Height at: D50 = 0.9012, D100 = 0.8915 Final Sample Height, in 0.8884
Average Sample Height, in 0.9442 Average Sample Height, in 0.9442
Average Drainage Height, in 0.4721 Average Drainage Height, in 0.4721 Incremental Strain, % 11.16%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 758
Coef. of Consol., Cv, in

2/min 0.462 Coef. of Consol., Cv, in
2/min 0.110

Input Validation: Reviewed By: Date 2/6/2011
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 30598 Sample ST-1

Lab Sample No. 30598009

Visual Description Gray Clayey Sand
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number A45 A33 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 114.76 168.62 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 99.5 147.41 Seating NA 1.0066 0.00 1.6946 0.5933 NA NA NA

Wt. Tare, gm 9.08 9.74 0.25 120 1.0065 0.01% 1.6947 0.5932 6.66E-04 NA NA

Water Content, % 16.9% 15.4% 0.5 478 1.0041 0.25% 1.6988 0.5894 1.53E-02 0.013   NA

1 302 0.9966 1.00% 1.7116 0.5775 2.38E-02 0.040   NA

Sample Diameter, in 2.5 2.5 2 1,514 0.9755 3.09% 1.7486 0.5441 3.33E-02 0.111   NA

Sample Height, in 1.007 0.8918 4 151 0.9475 5.87% 1.8002 0.4998 2.22E-02 0.147   NA

Sample Volume, in^3 4.9413 4.3778 1 151 0.9513 5.50% 1.7931 0.5058 1.98E-03 NA NA

Wt. WS + Ring, gm 271.29 270.71 0.25 120 0.9580 4.83% 1.7805 0.5164 1.42E-02 NA NA

Wt. of Ring, gm 110.92 110.92 0.5 95 0.9572 4.91% 1.7820 0.5151 5.07E-03 NA 0.004

Wt. of WS, gm 160.37 159.79 1 95 0.9554 5.09% 1.7855 0.5122 5.83E-03 NA 0.010

Wet Density, pcf 123.59 138.99 2 190 0.9512 5.50% 1.7932 0.5057 6.56E-03 NA 0.022

Wet Density, g/cc 1.981 2.227 4 151 0.9427 6.35% 1.8094 0.4922 6.71E-03 NA 0.045

Water Content, % 16.9% 15.4% 8 758 0.9181 8.79% 1.8579 0.4532 9.75E-03 0.130   NA

Wt. of DS, gm 137.21 138.46 16 190 0.8918 11.40% 1.9127 0.4116 5.20E-03 0.138   NA

Dry Density, pcf 105.74 120.43

Dry Density, g/cc 1.695 1.930

Void Ratio, e 0.5933 0.3989

Saturation, % 76.8%

Specific Gravity 2.7 Measured

Height of Solids, in 0.6318 0.6318
Input Validation Reviewed By: Date Tested: 12/3/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only 
accepts responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by 
others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 30598 Sample ST-1

Lab Sample No. 30598009
Visual Description Gray Clayey Sand
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress

Page 2 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 1 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0066 0.5933
Corrections* -4.5 -0.00045 -0.0007

Adjusted Sample Height & Void Ratio
0.08 0.29 13.8 1.0057 0.5919
0.13 0.37 14.1 1.0057 0.5918
0.18 0.43 14.2 1.0057 0.5918
0.25 0.50 14.3 1.0056 0.5918
0.33 0.58 14.2 1.0057 0.5918
0.43 0.66 14.5 1.0056 0.5917
0.57 0.75 14.6 1.0056 0.5917
0.73 0.86 14.7 1.0056 0.5917
0.93 0.97 14.6 1.0056 0.5917
1.20 1.10 14.6 1.0056 0.5917
1.52 1.23 14.3 1.0056 0.5918
1.93 1.39 14.5 1.0056 0.5917
2.45 1.57 14.1 1.0057 0.5918
3.10 1.76 14.0 1.0057 0.5918
3.93 1.98 13.3 1.0057 0.5919
4.97 2.23 13.1 1.0058 0.5920 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 13.1 1.0058 0.5920
7.93 2.82 12.2 1.0059 0.5921
9.38 3.06 12.2 1.0059 0.5921

11.83 3.44 11.3 1.0059 0.5923
14.93 3.86 10.6 1.0060 0.5924
18.83 4.34 9.8 1.0061 0.5925
23.75 4.87 8.8 1.0062 0.5926
29.93 5.47 8.4 1.0062 0.5927
37.73 6.14 7.7 1.0063 0.5928
47.55 6.90 7.1 1.0064 0.5929
59.93 7.74 6.5 1.0064 0.5930
75.93 8.71 6.1 1.0065 0.5931
94.93 9.74 5.8 1.0065 0.5931

119.93 10.95 5.6 1.0065 0.5932

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 15.3 div. T0 = 0 min. D0 = 13.4 div.
T90 = 88.548 min D90 = 5.9 div. #N/A D50 = 14.8 div. Initial Sample Height, in 1.0066
T100 = NA min D100 = 4.8 div. T100 = 1.59 min. D100 = 16.3 div. Initial Sample Void Ratio 0.5933
Height at: D90 = 1.0065, D100 = 1.0066 Height at: D50 = 1.0056, D100 = 1.0054 Final Sample Height, in 1.0065
Average Sample Height, in 1.0066 Average Sample Height, in 1.0066 Final Sample Void Ratio 0.5932
Average Drainage Height, in 0.5033 Average Drainage Height, in 0.5033 Incremental Strain, % 0.01%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.93333
Coef. of Consol., Cv, in

2/min 0.002 Coef. of Consol., Cv, in
2/min #N/A

Page 3 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 2 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 5.6 1.0065 0.5932
Corrections* -3 -0.0003 -0.0005

Adjusted Sample Height & Void Ratio
0.10 0.32 20.6 1.0053 0.5913
0.15 0.39 21.0 1.0053 0.5912
0.20 0.45 21.8 1.0052 0.5911
0.27 0.52 22.3 1.0051 0.5910
0.35 0.59 22.5 1.0051 0.5910
0.45 0.67 22.8 1.0051 0.5909
0.58 0.76 23.3 1.0050 0.5908
0.75 0.87 23.7 1.0050 0.5908
0.95 0.97 24.2 1.0050 0.5907
1.22 1.10 24.5 1.0049 0.5906
1.53 1.24 24.8 1.0049 0.5906
1.95 1.40 25.3 1.0048 0.5905
2.47 1.57 25.6 1.0048 0.5905
3.12 1.77 25.9 1.0048 0.5904
3.95 1.99 26.3 1.0047 0.5904
4.98 2.23 26.6 1.0047 0.5903 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 27.0 1.0047 0.5903
7.95 2.82 27.2 1.0047 0.5902
9.40 3.07 27.5 1.0046 0.5902

11.85 3.44 27.8 1.0046 0.5901
14.95 3.87 28.1 1.0046 0.5901
18.85 4.34 28.3 1.0045 0.5901
23.77 4.88 28.8 1.0045 0.5900
29.95 5.47 29.3 1.0044 0.5899
37.75 6.14 29.5 1.0044 0.5899
47.57 6.90 30.0 1.0044 0.5898
59.95 7.74 30.4 1.0043 0.5897
75.95 8.71 30.7 1.0043 0.5897
94.95 9.74 31.0 1.0043 0.5896

119.95 10.95 31.3 1.0042 0.5896
150.95 12.29 31.4 1.0042 0.5895
189.95 13.78 31.9 1.0042 0.5895
477.95 21.86 32.7 1.0041 0.5894

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 17.8 div. T0 = 0 min. D0 = 18.6 div.
T90 = 0.436 min D90 = 22.8 div. T50 = 0.4 min. D50 = 22.7 div. Initial Sample Height, in 1.0065
T100 = NA min D100 = 23.4 div. T100 = 1.25 min. D100 = 26.8 div. Initial Sample Void Ratio 0.5932
Height at: D90 = 1.0051, D100 = 1.005 Height at: D50 = 1.0051, D100 = 1.0047 Final Sample Height, in 1.0041
Average Sample Height, in 1.0053 Average Sample Height, in 1.0053 Final Sample Void Ratio 0.5894
Average Drainage Height, in 0.5027 Average Drainage Height, in 0.5027 Incremental Strain, % 0.24%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 477.95
Coef. of Consol., Cv, in

2/min 0.486 Coef. of Consol., Cv, in
2/min 0.124

Page 4 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 3 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 32.7 1.0041 0.5894
Corrections* -4 -0.0004 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 72.5 1.0005 0.5837
0.15 0.39 75.0 1.0003 0.5833
0.20 0.45 76.6 1.0001 0.5830
0.27 0.52 77.7 1.0000 0.5829
0.35 0.59 79.6 0.9998 0.5826
0.47 0.68 80.8 0.9997 0.5824
0.58 0.76 82.3 0.9995 0.5821
0.75 0.87 83.4 0.9994 0.5820
0.95 0.97 84.7 0.9993 0.5817
1.22 1.10 86.1 0.9992 0.5815
1.53 1.24 87.4 0.9990 0.5813
1.95 1.40 89.2 0.9989 0.5810
2.47 1.57 90.1 0.9988 0.5809
3.12 1.77 91.4 0.9986 0.5807
3.95 1.99 92.6 0.9985 0.5805
4.98 2.23 93.9 0.9984 0.5803 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 95.2 0.9983 0.5801
7.95 2.82 96.4 0.9981 0.5799
9.40 3.07 97.3 0.9980 0.5798

11.85 3.44 98.5 0.9979 0.5796
14.95 3.87 99.5 0.9978 0.5794
18.85 4.34 100.8 0.9977 0.5792
23.77 4.88 101.9 0.9976 0.5790
29.95 5.47 102.8 0.9975 0.5789
37.75 6.14 103.6 0.9974 0.5788
47.57 6.90 104.5 0.9973 0.5786
59.95 7.74 105.6 0.9972 0.5784
75.95 8.71 106.6 0.9971 0.5783
94.95 9.74 107.5 0.9970 0.5781

119.95 10.95 108.4 0.9969 0.5780
150.95 12.29 109.4 0.9968 0.5778
189.95 13.78 110.1 0.9968 0.5777
301.95 17.38 111.8 0.9966 0.5775

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 62.7 div. T0 = 0 min. D0 = 64.9 div.
T90 = 0.423 min D90 = 80.3 div. T50 = 0.51 min. D50 = 81.4 div. Initial Sample Height, in 1.0041
T100 = NA min D100 = 82.3 div. T100 = 6.13 min. D100 = 97.8 div. Initial Sample Void Ratio 0.5894
Height at: D90 = 0.9997, D100 = 0.9995 Height at: D50 = 0.9996, D100 = 0.998 Final Sample Height, in 0.9966
Average Sample Height, in 1.0004 Average Sample Height, in 1.0004 Final Sample Void Ratio 0.5775
Average Drainage Height, in 0.5002 Average Drainage Height, in 0.5002 Incremental Strain, % 0.75%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.95
Coef. of Consol., Cv, in

2/min 0.507 Coef. of Consol., Cv, in
2/min 0.097

Page 5 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 4 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -6

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 111.8 0.9966 0.5775
Corrections* -6 -0.0006 -0.0009

Adjusted Sample Height & Void Ratio
0.10 0.32 241.0 0.9843 0.5580
0.15 0.39 247.0 0.9837 0.5570
0.20 0.45 250.8 0.9833 0.5564
0.27 0.52 254.5 0.9829 0.5558
0.35 0.59 258.0 0.9826 0.5553
0.45 0.67 260.8 0.9823 0.5548
0.58 0.76 264.6 0.9819 0.5542
0.75 0.87 267.7 0.9816 0.5537
0.95 0.97 270.2 0.9814 0.5533
1.22 1.10 273.5 0.9810 0.5528
1.53 1.24 276.0 0.9808 0.5524
1.95 1.40 278.5 0.9805 0.5520
2.47 1.57 280.9 0.9803 0.5516
3.12 1.77 283.8 0.9800 0.5512
3.95 1.99 286.2 0.9798 0.5508
4.98 2.23 288.6 0.9795 0.5504 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 291.5 0.9792 0.5500
7.95 2.82 293.6 0.9790 0.5496
9.40 3.07 295.6 0.9788 0.5493

11.85 3.44 297.6 0.9786 0.5490
14.95 3.87 299.9 0.9784 0.5486
18.85 4.34 302.0 0.9782 0.5483
23.77 4.88 304.1 0.9780 0.5480
29.95 5.47 305.9 0.9778 0.5477
37.75 6.14 307.9 0.9776 0.5474
47.57 6.90 309.4 0.9774 0.5471
59.95 7.74 311.1 0.9773 0.5469
75.95 8.71 312.7 0.9771 0.5466
94.95 9.74 314.2 0.9770 0.5464

119.95 10.95 315.6 0.9768 0.5462
150.95 12.29 316.7 0.9767 0.5460
189.95 13.78 318.2 0.9766 0.5457

1513.95 38.91 328.4 0.9755 0.5441

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 217.6 div. T0 = 0 min. D0 = 222.5 div.
T90 = 0.436 min D90 = 260.4 div. T50 = 0.49 min. D50 = 262.2 div. Initial Sample Height, in 0.9966
T100 = NA min D100 = 265.2 div. T100 = 7.68 min. D100 = 301.9 div. Initial Sample Void Ratio 0.5775
Height at: D90 = 0.9823, D100 = 0.9819 Height at: D50 = 0.9822, D100 = 0.9782 Final Sample Height, in 0.9755
Average Sample Height, in 0.9861 Average Sample Height, in 0.9861 Final Sample Void Ratio 0.5441
Average Drainage Height, in 0.4930 Average Drainage Height, in 0.4930 Incremental Strain, % 2.11%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 1513.95
Coef. of Consol., Cv, in

2/min 0.474 Coef. of Consol., Cv, in
2/min 0.098
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 5 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -8.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 328.4 0.9755 0.5441
Corrections* -8.5 -0.00085 -0.0013

Adjusted Sample Height & Void Ratio
0.10 0.32 507.4 0.9585 0.5171
0.15 0.39 512.9 0.9579 0.5163
0.20 0.45 517.9 0.9574 0.5155
0.27 0.52 522.0 0.9570 0.5148
0.35 0.59 526.2 0.9566 0.5142
0.45 0.67 530.7 0.9562 0.5135
0.58 0.76 534.6 0.9558 0.5128
0.75 0.87 539.1 0.9553 0.5121
0.95 0.97 542.7 0.9550 0.5116
1.22 1.10 546.9 0.9545 0.5109
1.53 1.24 551.0 0.9541 0.5102
1.95 1.40 555.7 0.9537 0.5095
2.47 1.57 559.5 0.9533 0.5089
3.12 1.77 563.8 0.9528 0.5082
3.95 1.99 568.3 0.9524 0.5075
4.98 2.23 572.6 0.9520 0.5068 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 577.0 0.9515 0.5061
7.95 2.82 581.1 0.9511 0.5055
9.40 3.07 584.1 0.9508 0.5050

11.85 3.44 588.2 0.9504 0.5044
14.95 3.87 591.6 0.9501 0.5038
18.85 4.34 595.1 0.9497 0.5033
23.77 4.88 598.4 0.9494 0.5027
29.95 5.47 601.2 0.9491 0.5023
37.75 6.14 604.0 0.9488 0.5018
47.57 6.90 606.6 0.9486 0.5014
59.95 7.74 608.6 0.9484 0.5011
75.95 8.71 610.7 0.9482 0.5008
94.95 9.74 613.0 0.9479 0.5004

119.95 10.95 614.9 0.9477 0.5001
150.95 12.29 616.9 0.9475 0.4998

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 481.8 div. T0 = 0 min. D0 = 486.1 div.
T90 = 0.548 min D90 = 533.6 div. T50 = 0.95 min. D50 = 542.7 div. Initial Sample Height, in 0.9755
T100 = NA min D100 = 539.3 div. T100 = 18.15 min. D100 = 599.2 div. Initial Sample Void Ratio 0.5441
Height at: D90 = 0.9559, D100 = 0.9553 Height at: D50 = 0.955, D100 = 0.9493 Final Sample Height, in 0.9475
Average Sample Height, in 0.9615 Average Sample Height, in 0.9615 Final Sample Void Ratio 0.4998
Average Drainage Height, in 0.4808 Average Drainage Height, in 0.4808 Incremental Strain, % 2.87%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.95
Coef. of Consol., Cv, in

2/min 0.359 Coef. of Consol., Cv, in
2/min 0.048
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 6 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 9.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 616.9 0.9475 0.4998
Corrections* 9.5 0.00095 0.0015

Adjusted Sample Height & Void Ratio
0.08 0.29 587.8 0.9495 0.5029
0.13 0.37 587.0 0.9496 0.5030
0.18 0.43 585.8 0.9497 0.5032
0.25 0.50 585.0 0.9498 0.5033
0.33 0.58 584.3 0.9498 0.5035
0.43 0.66 583.2 0.9500 0.5036
0.57 0.75 582.3 0.9500 0.5038
0.73 0.86 581.7 0.9501 0.5039
0.93 0.97 580.7 0.9502 0.5040
1.20 1.10 579.7 0.9503 0.5042
1.52 1.23 579.3 0.9503 0.5043
1.93 1.39 578.0 0.9505 0.5045
2.45 1.57 577.0 0.9506 0.5046
3.10 1.76 576.2 0.9507 0.5047
3.93 1.98 575.3 0.9507 0.5049
4.97 2.23 574.4 0.9508 0.5050 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 573.8 0.9509 0.5051
7.93 2.82 573.0 0.9510 0.5053
9.38 3.06 572.4 0.9510 0.5053

11.83 3.44 571.8 0.9511 0.5054
14.93 3.86 571.6 0.9511 0.5055
18.83 4.34 571.3 0.9511 0.5055
23.75 4.87 570.9 0.9512 0.5056
29.93 5.47 570.8 0.9512 0.5056
37.73 6.14 570.4 0.9512 0.5057
47.55 6.90 570.3 0.9512 0.5057
59.93 7.74 570.2 0.9513 0.5057
75.93 8.71 569.9 0.9513 0.5057
94.93 9.74 570.1 0.9513 0.5057

119.93 10.95 570.0 0.9513 0.5057
150.93 12.29 569.8 0.9513 0.5058

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 591.1 div. T0 = 0 min. D0 = 591.3 div.
T90 = 1.232 min D90 = 579.7 div. T50 = 0.8 min. D50 = 581.4 div. Initial Sample Height, in 0.9475
T100 = NA min D100 = 578.4 div. T100 = 6.71 min. D100 = 571.4 div. Initial Sample Void Ratio 0.4998
Height at: D90 = 0.9503, D100 = 0.9504 Height at: D50 = 0.9501, D100 = 0.9511 Final Sample Height, in 0.9513
Average Sample Height, in 0.9494 Average Sample Height, in 0.9494 Final Sample Void Ratio 0.5058
Average Drainage Height, in 0.4747 Average Drainage Height, in 0.4747 Incremental Strain, % -0.40%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.93333
Coef. of Consol., Cv, in

2/min 0.156 Coef. of Consol., Cv, in
2/min 0.055
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 7 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 569.8 0.9513 0.5058
Corrections* 5.5 0.00055 0.00087

Adjusted Sample Height & Void Ratio
0.08 0.29 548.5 0.9529 0.5083
0.13 0.37 546.8 0.9530 0.5085
0.18 0.43 545.6 0.9532 0.5087
0.25 0.50 543.9 0.9533 0.5090
0.33 0.58 542.4 0.9535 0.5092
0.43 0.66 541.0 0.9536 0.5094
0.57 0.75 539.6 0.9538 0.5097
0.73 0.86 537.7 0.9540 0.5100
0.93 0.97 535.9 0.9541 0.5103
1.20 1.10 534.1 0.9543 0.5105
1.52 1.23 532.1 0.9545 0.5108
1.93 1.39 530.0 0.9547 0.5112
2.45 1.57 527.8 0.9549 0.5115
3.10 1.76 525.4 0.9552 0.5119
3.93 1.98 522.9 0.9554 0.5123
4.97 2.23 520.5 0.9557 0.5127 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 517.9 0.9559 0.5131
7.93 2.82 515.4 0.9562 0.5135
9.38 3.06 513.5 0.9564 0.5138

11.83 3.44 510.8 0.9566 0.5142
14.93 3.86 508.2 0.9569 0.5146
18.83 4.34 506.0 0.9571 0.5150
23.75 4.87 504.1 0.9573 0.5153
29.93 5.47 502.5 0.9575 0.5155
37.73 6.14 501.1 0.9576 0.5158
47.55 6.90 500.3 0.9577 0.5159
59.93 7.74 499.4 0.9578 0.5160
75.93 8.71 498.4 0.9579 0.5162
94.93 9.74 498.0 0.9579 0.5163

119.93 10.95 497.0 0.9580 0.5164

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 554.6 div. T0 = 0 min. D0 = 554.6 div.
T90 = 1.369 min D90 = 533 div. T50 = 2.31 min. D50 = 528.3 div. Initial Sample Height, in 0.9513
T100 = NA min D100 = 530.6 div. T100 = 24.82 min. D100 = 502.1 div. Initial Sample Void Ratio 0.5058
Height at: D90 = 0.9544, D100 = 0.9547 Height at: D50 = 0.9549, D100 = 0.9575 Final Sample Height, in 0.9580
Average Sample Height, in 0.9547 Average Sample Height, in 0.9547 Final Sample Void Ratio 0.5164
Average Drainage Height, in 0.4773 Average Drainage Height, in 0.4773 Incremental Strain, % -0.71%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.93333
Coef. of Consol., Cv, in

2/min 0.141 Coef. of Consol., Cv, in
2/min 0.019
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 8 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -1.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 497.0 0.9580 0.5164
Corrections* -1.5 -0.00015 -0.0002

Adjusted Sample Height & Void Ratio
0.10 0.32 503.6 0.9575 0.5156
0.15 0.39 503.8 0.9575 0.5156
0.20 0.45 503.9 0.9575 0.5156
0.27 0.52 504.1 0.9575 0.5155
0.35 0.59 504.0 0.9575 0.5155
0.45 0.67 504.1 0.9575 0.5155
0.58 0.76 504.2 0.9575 0.5155
0.75 0.87 504.2 0.9575 0.5155
0.95 0.97 504.5 0.9574 0.5155
1.22 1.10 504.5 0.9574 0.5155
1.53 1.24 504.7 0.9574 0.5154
1.95 1.40 504.9 0.9574 0.5154
2.47 1.57 505.1 0.9574 0.5154
3.12 1.77 505.3 0.9573 0.5153
3.95 1.99 505.4 0.9573 0.5153
4.98 2.23 505.6 0.9573 0.5153 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 505.8 0.9573 0.5153
7.95 2.82 505.8 0.9573 0.5153
9.40 3.07 506.1 0.9573 0.5152

11.85 3.44 506.0 0.9573 0.5152
14.95 3.87 506.0 0.9573 0.5152
18.85 4.34 506.0 0.9573 0.5152
23.77 4.88 506.3 0.9572 0.5152
29.95 5.47 506.5 0.9572 0.5152
37.75 6.14 506.3 0.9572 0.5152
47.57 6.90 506.4 0.9572 0.5152
59.95 7.74 506.4 0.9572 0.5152
75.95 8.71 506.5 0.9572 0.5151
94.95 9.74 506.5 0.9572 0.5151

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 503.4 div. T0 = 0 min. D0 = 503.2 div.
T90 = 7.129 min D90 = 505.8 div. T50 = 1.57 min. D50 = 504.7 div. Initial Sample Height, in 0.9580
T100 = NA min D100 = 506.1 div. T100 = 9.94 min. D100 = 506.2 div. Initial Sample Void Ratio 0.5164
Height at: D90 = 0.9573, D100 = 0.9573 Height at: D50 = 0.9574, D100 = 0.9573 Final Sample Height, in 0.9572
Average Sample Height, in 0.9576 Average Sample Height, in 0.9576 Final Sample Void Ratio 0.5151
Average Drainage Height, in 0.4788 Average Drainage Height, in 0.4788 Incremental Strain, % 0.08%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 94.95
Coef. of Consol., Cv, in

2/min 0.027 Coef. of Consol., Cv, in
2/min 0.029
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 9 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 506.5 0.9572 0.5151
Corrections* -3 -0.0003 -0.0005

Adjusted Sample Height & Void Ratio
0.08 0.29 517.2 0.9565 0.5139
0.13 0.37 518.1 0.9564 0.5138
0.18 0.43 518.6 0.9563 0.5137
0.25 0.50 519.0 0.9563 0.5136
0.33 0.58 519.6 0.9562 0.5136
0.43 0.66 519.7 0.9562 0.5135
0.57 0.75 520.3 0.9561 0.5134
0.73 0.86 520.8 0.9561 0.5133
0.93 0.97 521.0 0.9561 0.5133
1.20 1.10 521.5 0.9560 0.5132
1.52 1.23 521.9 0.9560 0.5132
1.93 1.39 522.4 0.9559 0.5131
2.45 1.57 522.9 0.9559 0.5130
3.10 1.76 523.4 0.9558 0.5129
3.93 1.98 523.8 0.9558 0.5129
4.97 2.23 524.4 0.9557 0.5128 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 524.8 0.9557 0.5127
7.93 2.82 525.2 0.9557 0.5127
9.38 3.06 525.5 0.9556 0.5126

11.83 3.44 525.5 0.9556 0.5126
14.93 3.86 526.0 0.9556 0.5125
18.83 4.34 526.3 0.9555 0.5125
23.75 4.87 526.4 0.9555 0.5125
29.93 5.47 526.8 0.9555 0.5124
37.73 6.14 526.9 0.9555 0.5124
47.55 6.90 527.1 0.9555 0.5124
59.93 7.74 527.4 0.9554 0.5123
75.93 8.71 527.6 0.9554 0.5123
94.93 9.74 528.0 0.9554 0.5122

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 514.3 div. T0 = 0 min. D0 = 514.8 div.
T90 = 0.36 min D90 = 519.6 div. T50 = 0.33 min. D50 = 519.5 div. Initial Sample Height, in 0.9572
T100 = NA min D100 = 520.2 div. T100 = 2.87 min. D100 = 524.2 div. Initial Sample Void Ratio 0.5151
Height at: D90 = 0.9562, D100 = 0.9562 Height at: D50 = 0.9562, D100 = 0.9558 Final Sample Height, in 0.9554
Average Sample Height, in 0.9563 Average Sample Height, in 0.9563 Final Sample Void Ratio 0.5122
Average Drainage Height, in 0.4782 Average Drainage Height, in 0.4782 Incremental Strain, % 0.19%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 94.933333
Coef. of Consol., Cv, in

2/min 0.543 Coef. of Consol., Cv, in
2/min 0.136
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 10 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 528.0 0.9554 0.5122
Corrections* -4.5 -0.00045 -0.0007

Adjusted Sample Height & Void Ratio
0.10 0.32 554.0 0.9532 0.5088
0.15 0.39 555.3 0.9531 0.5086
0.20 0.45 556.1 0.9530 0.5085
0.27 0.52 556.7 0.9530 0.5084
0.35 0.59 557.8 0.9528 0.5082
0.45 0.67 558.5 0.9528 0.5081
0.58 0.76 559.0 0.9527 0.5080
0.75 0.87 560.1 0.9526 0.5078
0.95 0.97 560.5 0.9526 0.5078
1.22 1.10 561.4 0.9525 0.5076
1.53 1.24 562.4 0.9524 0.5075
1.95 1.40 562.9 0.9523 0.5074
2.47 1.57 563.7 0.9523 0.5073
3.12 1.77 564.8 0.9521 0.5071
3.95 1.99 565.4 0.9521 0.5070
4.98 2.23 566.3 0.9520 0.5069 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 567.0 0.9519 0.5068
7.95 2.82 567.8 0.9518 0.5066
9.40 3.07 568.2 0.9518 0.5066

11.85 3.44 568.7 0.9518 0.5065
14.95 3.87 569.5 0.9517 0.5064
18.85 4.34 570.0 0.9516 0.5063
23.77 4.88 570.2 0.9516 0.5062
29.95 5.47 570.9 0.9515 0.5061
37.75 6.14 571.2 0.9515 0.5061
47.57 6.90 571.4 0.9515 0.5061
59.95 7.74 571.6 0.9515 0.5060
75.95 8.71 572.3 0.9514 0.5059
94.95 9.74 572.7 0.9514 0.5059

119.95 10.95 573.5 0.9513 0.5057
150.95 12.29 573.4 0.9513 0.5057
189.95 13.78 573.9 0.9512 0.5057

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 549.1 div. T0 = 0 min. D0 = 549.9 div.
T90 = 0.49 min D90 = 558.6 div. T50 = 0.49 min. D50 = 558.7 div. Initial Sample Height, in 0.9554
T100 = NA min D100 = 559.7 div. T100 = 4.45 min. D100 = 567.4 div. Initial Sample Void Ratio 0.5122
Height at: D90 = 0.9528, D100 = 0.9527 Height at: D50 = 0.9528, D100 = 0.9519 Final Sample Height, in 0.9512
Average Sample Height, in 0.9533 Average Sample Height, in 0.9533 Final Sample Void Ratio 0.5057
Average Drainage Height, in 0.4767 Average Drainage Height, in 0.4767 Incremental Strain, % 0.43%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.395 Coef. of Consol., Cv, in
2/min 0.091
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 11 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -6

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 573.9 0.9512 0.5057
Corrections* -6 -0.0006 -0.0009

Adjusted Sample Height & Void Ratio
0.08 0.29 621.4 0.9471 0.4991
0.13 0.37 624.1 0.9468 0.4987
0.18 0.43 625.4 0.9467 0.4985
0.25 0.50 627.0 0.9465 0.4982
0.33 0.58 628.5 0.9464 0.4980
0.43 0.66 630.4 0.9462 0.4977
0.57 0.75 631.7 0.9461 0.4975
0.73 0.86 633.2 0.9459 0.4972
0.93 0.97 634.8 0.9457 0.4970
1.20 1.10 636.4 0.9456 0.4967
1.52 1.23 638.1 0.9454 0.4965
1.93 1.39 639.7 0.9453 0.4962
2.45 1.57 641.5 0.9451 0.4959
3.10 1.76 643.2 0.9449 0.4956
3.93 1.98 645.1 0.9447 0.4953
4.97 2.23 647.0 0.9445 0.4950 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 648.9 0.9443 0.4947
7.93 2.82 651.0 0.9441 0.4944
9.38 3.06 652.3 0.9440 0.4942

11.83 3.44 654.1 0.9438 0.4939
14.93 3.86 655.7 0.9437 0.4937
18.83 4.34 657.1 0.9435 0.4934
23.75 4.87 658.6 0.9434 0.4932
29.93 5.47 659.6 0.9433 0.4930
37.73 6.14 660.9 0.9431 0.4928
47.55 6.90 661.5 0.9431 0.4927
59.93 7.74 662.3 0.9430 0.4926
75.93 8.71 663.1 0.9429 0.4925
94.93 9.74 663.8 0.9428 0.4924

119.93 10.95 664.6 0.9428 0.4923
150.93 12.29 664.8 0.9427 0.4922

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 615.1 div. T0 = 0 min. D0 = 614.4 div.
T90 = 0.922 min D90 = 634.7 div. T50 = 1.38 min. D50 = 637.4 div. Initial Sample Height, in 0.9512
T100 = NA min D100 = 636.8 div. T100 = 23.65 min. D100 = 660.5 div. Initial Sample Void Ratio 0.5057
Height at: D90 = 0.9458, D100 = 0.9455 Height at: D50 = 0.9455, D100 = 0.9432 Final Sample Height, in 0.9427
Average Sample Height, in 0.9470 Average Sample Height, in 0.9470 Final Sample Void Ratio 0.4922
Average Drainage Height, in 0.4735 Average Drainage Height, in 0.4735 Incremental Strain, % 0.89%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.93333
Coef. of Consol., Cv, in

2/min 0.206 Coef. of Consol., Cv, in
2/min 0.032
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 12 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -11

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 664.8 0.9427 0.4922
Corrections* -11 -0.0011 -0.0017

Adjusted Sample Height & Void Ratio
0.08 0.29 786.6 0.9317 0.4747
0.13 0.37 793.0 0.9310 0.4737
0.18 0.43 797.6 0.9306 0.4730
0.25 0.50 802.3 0.9301 0.4722
0.33 0.58 806.7 0.9297 0.4715
0.43 0.66 810.8 0.9292 0.4709
0.57 0.75 816.0 0.9287 0.4700
0.73 0.86 821.0 0.9282 0.4692
0.93 0.97 825.4 0.9278 0.4685
1.20 1.10 830.6 0.9273 0.4677
1.52 1.23 836.1 0.9267 0.4669
1.93 1.39 841.7 0.9262 0.4660
2.45 1.57 847.4 0.9256 0.4651
3.10 1.76 853.3 0.9250 0.4641
3.93 1.98 859.3 0.9244 0.4632
4.97 2.23 865.3 0.9238 0.4622 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 871.3 0.9232 0.4613
7.93 2.82 876.9 0.9226 0.4604
9.38 3.06 880.8 0.9222 0.4598

11.83 3.44 885.5 0.9218 0.4590
14.93 3.86 889.8 0.9213 0.4584
18.83 4.34 893.4 0.9210 0.4578
23.75 4.87 896.6 0.9207 0.4573
29.93 5.47 899.3 0.9204 0.4568
37.73 6.14 901.6 0.9202 0.4565
47.55 6.90 903.8 0.9199 0.4561
59.93 7.74 905.9 0.9197 0.4558
75.93 8.71 907.6 0.9196 0.4555
94.93 9.74 909.6 0.9194 0.4552

119.93 10.95 911.0 0.9192 0.4550
150.93 12.29 912.2 0.9191 0.4548
189.93 13.78 913.9 0.9189 0.4545
757.93 27.53 922.1 0.9181 0.4532

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 763.9 div. T0 = 0 min. D0 = 766.5 div.
T90 = 0.593 min D90 = 817 div. T50 = 1.34 min. D50 = 833.2 div. Initial Sample Height, in 0.9427
T100 = NA min D100 = 822.9 div. T100 = 19.06 min. D100 = 899.9 div. Initial Sample Void Ratio 0.4922
Height at: D90 = 0.9286, D100 = 0.928 Height at: D50 = 0.927, D100 = 0.9203 Final Sample Height, in 0.9181
Average Sample Height, in 0.9304 Average Sample Height, in 0.9304 Final Sample Void Ratio 0.4532
Average Drainage Height, in 0.4652 Average Drainage Height, in 0.4652 Incremental Strain, % 2.61%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.93333
Coef. of Consol., Cv, in

2/min 0.307 Coef. of Consol., Cv, in
2/min 0.032
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-17 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Load 13 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598009
Visual Description Gray Clayey Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -16.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 922.1 0.9181 0.4532
Corrections* -16.5 -0.00165 -0.0026

Adjusted Sample Height & Void Ratio
0.08 0.29 1026.8 0.9093 0.4393
0.13 0.37 1033.4 0.9086 0.4382
0.18 0.43 1038.5 0.9081 0.4374
0.25 0.50 1044.7 0.9075 0.4365
0.33 0.58 1050.6 0.9069 0.4355
0.43 0.66 1056.0 0.9064 0.4347
0.57 0.75 1062.6 0.9057 0.4336
0.73 0.86 1069.0 0.9051 0.4326
0.93 0.97 1076.2 0.9044 0.4315
1.20 1.10 1083.4 0.9036 0.4303
1.52 1.23 1091.0 0.9029 0.4291
1.93 1.39 1099.4 0.9020 0.4278
2.45 1.57 1108.5 0.9011 0.4263
3.10 1.76 1116.9 0.9003 0.4250
3.93 1.98 1125.7 0.8994 0.4236
4.97 2.23 1134.4 0.8985 0.4222 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1142.8 0.8977 0.4209
7.93 2.82 1150.5 0.8969 0.4197
9.38 3.06 1155.6 0.8964 0.4189

11.83 3.44 1161.7 0.8958 0.4179
14.93 3.86 1167.0 0.8953 0.4171
18.83 4.34 1171.9 0.8948 0.4163
23.75 4.87 1176.0 0.8944 0.4157
29.93 5.47 1179.7 0.8940 0.4151
37.73 6.14 1182.7 0.8937 0.4146
47.55 6.90 1185.8 0.8934 0.4141
59.93 7.74 1188.4 0.8931 0.4137
75.93 8.71 1191.4 0.8928 0.4132
94.93 9.74 1193.9 0.8926 0.4128

119.93 10.95 1196.5 0.8923 0.4124
150.93 12.29 1198.6 0.8921 0.4121
189.93 13.78 1201.4 0.8918 0.4116

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1002.5 div. T0 = 0 min. D0 = 1003 div.
T90 = 1.277 min D90 = 1085.4 div. T50 = 1.38 min. D50 = 1088 div. Initial Sample Height, in 0.9181
T100 = NA min D100 = 1094.6 div. T100 = 13.24 min. D100 = 1173 div. Initial Sample Void Ratio 0.4532
Height at: D90 = 0.9034, D100 = 0.9025 Height at: D50 = 0.9032, D100 = 0.8947 Final Sample Height, in 0.8918
Average Sample Height, in 0.9050 Average Sample Height, in 0.9050 Final Sample Void Ratio 0.4116
Average Drainage Height, in 0.4525 Average Drainage Height, in 0.4525 Incremental Strain, % 2.86%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.93333
Coef. of Consol., Cv, in

2/min 0.136 Coef. of Consol., Cv, in
2/min 0.029
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 10'-12'
Project No. 30598 Sample ST-1

Lab Sample No. 30598010

Visual Description Dark Grayish Brown Sandy Clay with Gravel
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number A12 A9 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 121.92 161.44 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 104.87 138.68 Seating NA 1.0170 0.00 1.6023 0.6913 NA NA NA

Wt. Tare, gm 9.53 9.8 0.25 240 1.0136 0.34% 1.6077 0.6856 2.30E-02 NA NA

Water Content, % 17.9% 17.7% 0.5 955 1.0031 1.37% 1.6246 0.6681 6.98E-02 0.058   NA

1 302 0.9846 3.19% 1.6551 0.6374 6.15E-02 0.102   NA

Sample Diameter, in 2.5 2.5 2 1,514 0.9569 5.91% 1.7029 0.5914 4.60E-02 0.153   NA

Sample Height, in 1.017 0.8731 4 151 0.9299 8.56% 1.7524 0.5465 2.25E-02 0.149   NA

Sample Volume, in^3 4.9922 4.2856 1 151 0.9364 7.93% 1.7403 0.5572 3.58E-03 NA NA

Wt. WS + Ring, gm 268.2 265.74 0.25 120 0.9469 6.90% 1.7210 0.5747 2.33E-02 NA NA

Wt. of Ring, gm 113.68 113.68 0.5 955 0.9458 7.00% 1.7229 0.5729 6.98E-03 NA 0.006

Wt. of WS, gm 154.52 152.06 1 95 0.9427 7.31% 1.7286 0.5678 1.03E-02 NA 0.017

Wet Density, pcf 117.86 135.11 2 190 0.9362 7.95% 1.7407 0.5569 1.09E-02 NA 0.036

Wet Density, g/cc 1.889 2.165 4 151 0.9252 9.03% 1.7614 0.5386 9.15E-03 NA 0.061

Water Content, % 17.9% 17.7% 8 758 0.9007 11.44% 1.8093 0.4978 1.02E-02 0.135   NA

Wt. of DS, gm 131.08 129.24 16 190 0.8731 14.15% 1.8665 0.4519 5.74E-03 0.152   NA

Dry Density, pcf 99.98 114.83

Dry Density, g/cc 1.602 1.840

Void Ratio, e 0.6913 0.4726

Saturation, % 70.1%

Specific Gravity 2.71 Measured

Height of Solids, in 0.6013 0.6013
Input Validation Reviewed By: Date Tested: 12/3/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only 
accepts responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by 
others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 10'-12'
Project No. 30598 Sample ST-1

Lab Sample No. 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 1 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0170 0.6913
Corrections* -5.5 -0.00055 -0.0009

Adjusted Sample Height & Void Ratio
0.10 0.32 21.5 1.0154 0.6887
0.15 0.39 21.5 1.0154 0.6887
0.20 0.45 22.0 1.0154 0.6886
0.27 0.52 22.5 1.0153 0.6885
0.35 0.59 23.0 1.0153 0.6884
0.45 0.67 23.5 1.0152 0.6883
0.58 0.76 23.5 1.0152 0.6883
0.75 0.87 24.0 1.0152 0.6883
0.97 0.98 24.5 1.0151 0.6882
1.22 1.10 25.0 1.0151 0.6881
1.53 1.24 25.0 1.0151 0.6881
1.95 1.40 25.5 1.0150 0.6880
2.47 1.57 26.0 1.0150 0.6879
3.12 1.77 26.0 1.0150 0.6879
3.95 1.99 26.0 1.0150 0.6879
4.98 2.23 26.5 1.0149 0.6878 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 27.0 1.0149 0.6878
7.95 2.82 27.0 1.0149 0.6878
9.40 3.07 27.5 1.0148 0.6877

11.85 3.44 28.0 1.0148 0.6876
14.95 3.87 28.5 1.0147 0.6875
18.85 4.34 29.5 1.0146 0.6873
23.77 4.88 30.5 1.0145 0.6872
29.95 5.47 31.5 1.0144 0.6870
37.75 6.14 32.0 1.0144 0.6869
47.57 6.90 34.0 1.0142 0.6866
59.95 7.74 35.5 1.0140 0.6863
75.95 8.71 36.5 1.0139 0.6862
94.95 9.74 37.5 1.0138 0.6860

119.95 10.95 38.0 1.0138 0.6859
150.95 12.29 39.0 1.0137 0.6858
189.95 13.78 39.5 1.0136 0.6857
239.95 15.49 40.0 1.0136 0.6856

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 22.4 div. T0 = 0 min. D0 = 19.7 div.
T90 = 0 min D90 = 22.4 div. T50 = 15.09 min. D50 = 28.5 div. Initial Sample Height, in 1.0170
T100 = NA min D100 = 22.4 div. T100 = 70 min. D100 = 37.3 div. Initial Sample Void Ratio 0.6913
Height at: D90 = 1.0153, D100 = 1.0153 Height at: D50 = 1.0147, D100 = 1.0138 Final Sample Height, in 1.0136
Average Sample Height, in 1.0153 Average Sample Height, in 1.0153 Final Sample Void Ratio 0.6856
Average Drainage Height, in 0.5076 Average Drainage Height, in 0.5076 Incremental Strain, % 0.34%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.95
Coef. of Consol., Cv, in

2/min #DIV/0! Coef. of Consol., Cv, in
2/min 0.003
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 2 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 40.0 1.0136 0.6856
Corrections* -4 -0.0004 -0.0007

Adjusted Sample Height & Void Ratio
0.08 0.29 89.0 1.0091 0.6781
0.13 0.37 92.5 1.0087 0.6775
0.18 0.43 95.5 1.0084 0.6770
0.25 0.50 98.0 1.0082 0.6766
0.33 0.58 100.5 1.0079 0.6762
0.43 0.66 103.0 1.0077 0.6758
0.57 0.75 105.5 1.0074 0.6754
0.73 0.86 108.0 1.0072 0.6750
0.93 0.97 110.0 1.0070 0.6746
1.20 1.10 112.0 1.0068 0.6743
1.52 1.23 114.0 1.0066 0.6740
1.93 1.39 116.0 1.0064 0.6736
2.45 1.57 118.5 1.0061 0.6732
3.10 1.76 120.5 1.0059 0.6729
3.93 1.98 122.0 1.0058 0.6726
4.97 2.23 124.0 1.0056 0.6723 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 125.5 1.0054 0.6720
7.93 2.82 127.0 1.0053 0.6718
9.38 3.06 128.5 1.0051 0.6715

11.83 3.44 130.0 1.0050 0.6713
14.93 3.86 132.0 1.0048 0.6710
18.83 4.34 133.5 1.0046 0.6707
23.75 4.87 135.0 1.0045 0.6705
29.93 5.47 136.0 1.0044 0.6703
37.73 6.14 137.0 1.0043 0.6701
47.55 6.90 138.0 1.0042 0.6700
59.93 7.74 139.0 1.0041 0.6698
75.93 8.71 140.0 1.0040 0.6696
94.93 9.74 141.0 1.0039 0.6695

119.93 10.95 141.5 1.0038 0.6694
150.93 12.29 142.5 1.0037 0.6692
189.93 13.78 143.5 1.0036 0.6690
954.93 30.90 149.0 1.0031 0.6681

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 75.5 div. T0 = 0 min. D0 = 77.5 div.
T90 = 0.518 min D90 = 104.5 div. T50 = 0.55 min. D50 = 105.3 div. Initial Sample Height, in 1.0136
T100 = NA min D100 = 107.7 div. T100 = 9.72 min. D100 = 133.1 div. Initial Sample Void Ratio 0.6856
Height at: D90 = 1.0075, D100 = 1.0072 Height at: D50 = 1.0074, D100 = 1.0046 Final Sample Height, in 1.0031
Average Sample Height, in 1.0083 Average Sample Height, in 1.0083 Final Sample Void Ratio 0.6681
Average Drainage Height, in 0.5042 Average Drainage Height, in 0.5042 Incremental Strain, % 1.04%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.421 Coef. of Consol., Cv, in
2/min 0.091
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 3 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 149.0 1.0031 0.6681
Corrections* -4.5 -0.00045 -0.0007

Adjusted Sample Height & Void Ratio
0.08 0.29 247.0 0.9937 0.6526
0.13 0.37 254.5 0.9930 0.6513
0.18 0.43 259.5 0.9925 0.6505
0.25 0.50 263.5 0.9921 0.6498
0.33 0.58 268.0 0.9916 0.6491
0.43 0.66 271.5 0.9913 0.6485
0.57 0.75 275.5 0.9909 0.6478
0.73 0.86 279.0 0.9905 0.6473
0.93 0.97 282.5 0.9902 0.6467
1.20 1.10 286.5 0.9898 0.6460
1.52 1.23 290.0 0.9894 0.6454
1.93 1.39 294.0 0.9890 0.6448
2.45 1.57 298.5 0.9886 0.6440
3.10 1.76 302.5 0.9882 0.6434
3.93 1.98 306.0 0.9878 0.6428
4.97 2.23 309.0 0.9875 0.6423 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 312.0 0.9872 0.6418
7.93 2.82 315.0 0.9869 0.6413
9.38 3.06 316.5 0.9868 0.6410

11.83 3.44 319.0 0.9865 0.6406
14.93 3.86 321.5 0.9863 0.6402
18.83 4.34 323.5 0.9861 0.6399
23.75 4.87 325.5 0.9859 0.6395
29.93 5.47 327.0 0.9857 0.6393
37.73 6.14 328.0 0.9856 0.6391
47.55 6.90 329.5 0.9855 0.6389
59.93 7.74 331.0 0.9853 0.6386
75.93 8.71 332.0 0.9852 0.6384
94.93 9.74 333.0 0.9851 0.6383

119.93 10.95 334.5 0.9850 0.6380
150.93 12.29 335.5 0.9849 0.6379
189.93 13.78 336.5 0.9848 0.6377
301.93 17.38 338.5 0.9846 0.6374

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 221.2 div. T0 = 0 min. D0 = 226 div.
T90 = 0.384 min D90 = 270 div. T50 = 0.54 min. D50 = 274.7 div. Initial Sample Height, in 1.0031
T100 = NA min D100 = 275.4 div. T100 = 9.05 min. D100 = 323.3 div. Initial Sample Void Ratio 0.6681
Height at: D90 = 0.9914, D100 = 0.9909 Height at: D50 = 0.9909, D100 = 0.9861 Final Sample Height, in 0.9846
Average Sample Height, in 0.9938 Average Sample Height, in 0.9938 Final Sample Void Ratio 0.6374
Average Drainage Height, in 0.4969 Average Drainage Height, in 0.4969 Incremental Strain, % 1.84%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.93333
Coef. of Consol., Cv, in

2/min 0.538 Coef. of Consol., Cv, in
2/min 0.090
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 4 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 338.5 0.9846 0.6374
Corrections* -5.5 -0.00055 -0.0009

Adjusted Sample Height & Void Ratio
0.10 0.32 508.0 0.9682 0.6101
0.15 0.39 514.0 0.9676 0.6091
0.20 0.45 518.5 0.9671 0.6083
0.27 0.52 522.5 0.9667 0.6077
0.35 0.59 526.5 0.9663 0.6070
0.45 0.67 530.0 0.9660 0.6064
0.58 0.76 534.5 0.9655 0.6057
0.75 0.87 539.0 0.9651 0.6049
0.95 0.97 542.5 0.9647 0.6044
1.22 1.10 547.0 0.9643 0.6036
1.53 1.24 551.0 0.9639 0.6029
1.95 1.40 555.5 0.9634 0.6022
2.47 1.57 559.5 0.9630 0.6015
3.12 1.77 563.5 0.9626 0.6009
3.95 1.99 567.5 0.9622 0.6002
4.98 2.23 571.5 0.9618 0.5995 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 575.5 0.9614 0.5989
7.95 2.82 579.0 0.9611 0.5983
9.40 3.07 581.5 0.9608 0.5979

11.85 3.44 585.5 0.9604 0.5972
14.95 3.87 589.0 0.9601 0.5966
18.85 4.34 592.0 0.9598 0.5961
23.77 4.88 595.0 0.9595 0.5956
29.95 5.47 597.5 0.9592 0.5952
37.75 6.14 600.0 0.9590 0.5948
47.57 6.90 602.0 0.9588 0.5945
59.95 7.74 603.5 0.9586 0.5942
75.95 8.71 605.5 0.9584 0.5939
94.95 9.74 606.5 0.9583 0.5937

119.95 10.95 608.5 0.9581 0.5934
150.95 12.29 609.5 0.9580 0.5932
189.95 13.78 611.0 0.9579 0.5930

1513.95 38.91 620.5 0.9569 0.5914

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 482.7 div. T0 = 0 min. D0 = 487.6 div.
T90 = 0.476 min D90 = 531 div. T50 = 1.04 min. D50 = 544.1 div. Initial Sample Height, in 0.9846
T100 = NA min D100 = 536.4 div. T100 = 21.68 min. D100 = 600.6 div. Initial Sample Void Ratio 0.6374
Height at: D90 = 0.9659, D100 = 0.9653 Height at: D50 = 0.9645, D100 = 0.9589 Final Sample Height, in 0.9569
Average Sample Height, in 0.9707 Average Sample Height, in 0.9707 Final Sample Void Ratio 0.5914
Average Drainage Height, in 0.4854 Average Drainage Height, in 0.4854 Incremental Strain, % 2.81%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 1513.95
Coef. of Consol., Cv, in

2/min 0.417 Coef. of Consol., Cv, in
2/min 0.045
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 5 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -8

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 620.5 0.9569 0.5914
Corrections* -8 -0.0008 -0.0013

Adjusted Sample Height & Void Ratio
0.08 0.29 746.0 0.9452 0.5718
0.13 0.37 752.0 0.9446 0.5708
0.18 0.43 758.5 0.9439 0.5698
0.25 0.50 764.0 0.9434 0.5688
0.35 0.59 770.0 0.9428 0.5679
0.43 0.66 774.0 0.9424 0.5672
0.57 0.75 779.0 0.9419 0.5664
0.73 0.86 784.0 0.9414 0.5655
0.93 0.97 789.0 0.9409 0.5647
1.20 1.10 794.5 0.9403 0.5638
1.52 1.23 799.5 0.9398 0.5629
1.93 1.39 805.5 0.9392 0.5619
2.47 1.57 812.0 0.9386 0.5609
3.12 1.77 818.5 0.9379 0.5598
3.95 1.99 825.5 0.9372 0.5586
4.98 2.23 832.0 0.9366 0.5575 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 839.5 0.9358 0.5563
7.95 2.82 846.5 0.9351 0.5551
9.40 3.07 851.5 0.9346 0.5543

11.85 3.44 858.0 0.9340 0.5532
14.95 3.87 864.5 0.9333 0.5521
18.85 4.34 870.0 0.9328 0.5512
23.77 4.88 875.0 0.9323 0.5504
29.95 5.47 879.0 0.9319 0.5497
37.75 6.14 882.5 0.9315 0.5491
47.57 6.90 886.0 0.9312 0.5486
59.95 7.74 889.0 0.9309 0.5481
75.95 8.71 891.5 0.9306 0.5476
94.95 9.74 894.0 0.9304 0.5472

119.95 10.95 896.5 0.9301 0.5468
150.95 12.29 898.5 0.9299 0.5465

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 720.9 div. T0 = 0 min. D0 = 722.9 div.
T90 = 0.656 min D90 = 781.5 div. T50 = 1.65 min. D50 = 801.6 div. Initial Sample Height, in 0.9569
T100 = NA min D100 = 788.3 div. T100 = 22.57 min. D100 = 880.3 div. Initial Sample Void Ratio 0.5914
Height at: D90 = 0.9416, D100 = 0.9409 Height at: D50 = 0.9396, D100 = 0.9317 Final Sample Height, in 0.9299
Average Sample Height, in 0.9434 Average Sample Height, in 0.9434 Final Sample Void Ratio 0.5465
Average Drainage Height, in 0.4717 Average Drainage Height, in 0.4717 Incremental Strain, % 2.82%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.95
Coef. of Consol., Cv, in

2/min 0.291 Coef. of Consol., Cv, in
2/min 0.027
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 6 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 8.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 898.5 0.9299 0.5465
Corrections* 8.5 0.00085 0.00141

Adjusted Sample Height & Void Ratio
0.10 0.32 863.5 0.9326 0.5509
0.15 0.39 862.0 0.9327 0.5511
0.20 0.45 861.0 0.9328 0.5513
0.27 0.52 859.5 0.9330 0.5516
0.35 0.59 858.0 0.9331 0.5518
0.45 0.67 856.5 0.9333 0.5521
0.58 0.76 855.5 0.9334 0.5522
0.75 0.87 854.0 0.9335 0.5525
0.95 0.97 852.5 0.9337 0.5527
1.22 1.10 850.5 0.9339 0.5530
1.53 1.24 849.0 0.9340 0.5533
1.95 1.40 847.0 0.9342 0.5536
2.47 1.57 845.0 0.9344 0.5540
3.12 1.77 843.0 0.9346 0.5543
3.95 1.99 841.0 0.9348 0.5546
4.98 2.23 838.5 0.9351 0.5550 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 836.5 0.9353 0.5554
7.95 2.82 835.0 0.9354 0.5556
9.40 3.07 833.5 0.9356 0.5559

11.85 3.44 832.0 0.9357 0.5561
14.95 3.87 830.5 0.9359 0.5564
18.85 4.34 829.5 0.9360 0.5565
23.77 4.88 828.5 0.9361 0.5567
29.95 5.47 828.0 0.9361 0.5568
37.75 6.14 827.5 0.9362 0.5569
47.57 6.90 827.0 0.9362 0.5570
59.95 7.74 826.5 0.9363 0.5570
75.95 8.71 826.5 0.9363 0.5570
94.95 9.74 826.0 0.9363 0.5571

119.95 10.95 826.0 0.9363 0.5571
150.95 12.29 825.5 0.9364 0.5572

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 869.7 div. T0 = 0 min. D0 = 869.8 div.
T90 = 1.323 min D90 = 850 div. T50 = 1.51 min. D50 = 849.1 div. Initial Sample Height, in 0.9299
T100 = NA min D100 = 847.8 div. T100 = 12.72 min. D100 = 828.4 div. Initial Sample Void Ratio 0.5465
Height at: D90 = 0.9339, D100 = 0.9341 Height at: D50 = 0.934, D100 = 0.9361 Final Sample Height, in 0.9364
Average Sample Height, in 0.9331 Average Sample Height, in 0.9331 Final Sample Void Ratio 0.5572
Average Drainage Height, in 0.4666 Average Drainage Height, in 0.4666 Incremental Strain, % -0.69%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.95
Coef. of Consol., Cv, in

2/min 0.140 Coef. of Consol., Cv, in
2/min 0.028
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 7 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 6.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 825.5 0.9364 0.5572
Corrections* 6.5 0.00065 0.00108

Adjusted Sample Height & Void Ratio
0.08 0.29 805.0 0.9378 0.5595
0.13 0.37 803.0 0.9380 0.5599
0.18 0.43 801.5 0.9381 0.5601
0.25 0.50 800.5 0.9382 0.5603
0.33 0.58 799.0 0.9384 0.5605
0.43 0.66 797.0 0.9386 0.5609
0.57 0.75 795.0 0.9388 0.5612
0.73 0.86 793.0 0.9390 0.5615
0.93 0.97 791.0 0.9392 0.5619
1.20 1.10 788.5 0.9394 0.5623
1.52 1.23 786.0 0.9397 0.5627
1.93 1.39 783.0 0.9400 0.5632
2.45 1.57 779.5 0.9403 0.5638
3.10 1.76 776.0 0.9407 0.5644
3.93 1.98 772.0 0.9411 0.5650
4.97 2.23 767.5 0.9415 0.5658 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 763.0 0.9420 0.5665
7.93 2.82 758.0 0.9425 0.5674
9.38 3.06 754.5 0.9428 0.5679

11.83 3.44 749.0 0.9434 0.5688
14.93 3.86 743.5 0.9439 0.5698
18.83 4.34 738.5 0.9444 0.5706
23.75 4.87 733.5 0.9449 0.5714
29.93 5.47 729.0 0.9454 0.5722
37.73 6.14 725.0 0.9458 0.5728
47.55 6.90 722.0 0.9461 0.5733
59.93 7.74 719.0 0.9464 0.5738
75.93 8.71 716.5 0.9466 0.5743
94.93 9.74 715.0 0.9468 0.5745

119.93 10.95 714.0 0.9469 0.5747

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 812.2 div. T0 = 0 min. D0 = 811 div.
T90 = 1.02 min D90 = 790.1 div. T50 = 5.56 min. D50 = 765.3 div. Initial Sample Height, in 0.9364
T100 = NA min D100 = 787.6 div. T100 = 40.77 min. D100 = 719.7 div. Initial Sample Void Ratio 0.5572
Height at: D90 = 0.9392, D100 = 0.9395 Height at: D50 = 0.9417, D100 = 0.9463 Final Sample Height, in 0.9469
Average Sample Height, in 0.9416 Average Sample Height, in 0.9416 Final Sample Void Ratio 0.5747
Average Drainage Height, in 0.4708 Average Drainage Height, in 0.4708 Incremental Strain, % -1.12%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.93333
Coef. of Consol., Cv, in

2/min 0.183 Coef. of Consol., Cv, in
2/min 0.008
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 8 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 714.0 0.9469 0.5747
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.08 0.29 719.5 0.9466 0.5742
0.13 0.37 720.5 0.9465 0.5740
0.18 0.43 720.5 0.9465 0.5740
0.25 0.50 720.5 0.9465 0.5740
0.33 0.58 720.5 0.9465 0.5740
0.43 0.66 721.0 0.9464 0.5739
0.57 0.75 721.0 0.9464 0.5739
0.73 0.86 721.0 0.9464 0.5739
0.93 0.97 721.5 0.9464 0.5738
1.20 1.10 721.5 0.9464 0.5738
1.52 1.23 722.0 0.9463 0.5738
1.93 1.39 722.5 0.9463 0.5737
2.45 1.57 723.0 0.9462 0.5736
3.10 1.76 723.5 0.9462 0.5735
3.93 1.98 723.5 0.9462 0.5735
4.97 2.23 724.0 0.9461 0.5734 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 724.5 0.9461 0.5733
7.93 2.82 724.5 0.9461 0.5733
9.38 3.06 725.0 0.9460 0.5733

11.83 3.44 725.0 0.9460 0.5733
14.93 3.86 725.0 0.9460 0.5733
18.83 4.34 725.0 0.9460 0.5733
23.75 4.87 725.5 0.9460 0.5732
29.93 5.47 726.0 0.9459 0.5731
37.73 6.14 726.0 0.9459 0.5731
47.55 6.90 726.0 0.9459 0.5731
59.93 7.74 726.0 0.9459 0.5731
75.93 8.71 726.0 0.9459 0.5731
94.93 9.74 726.5 0.9459 0.5730

119.93 10.95 726.5 0.9459 0.5730
150.93 12.29 726.5 0.9459 0.5730
189.93 13.78 726.5 0.9459 0.5730
954.93 30.90 727.0 0.9458 0.5729

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 719.4 div. T0 = 0 min. D0 = 718.5 div.
T90 = 7.673 min D90 = 724.5 div. T50 = 1.7 min. D50 = 722.2 div. Initial Sample Height, in 0.9469
T100 = NA min D100 = 725.1 div. T100 = 12.95 min. D100 = 726 div. Initial Sample Void Ratio 0.5747
Height at: D90 = 0.9461, D100 = 0.946 Height at: D50 = 0.9463, D100 = 0.9459 Final Sample Height, in 0.9458
Average Sample Height, in 0.9463 Average Sample Height, in 0.9463 Final Sample Void Ratio 0.5729
Average Drainage Height, in 0.4732 Average Drainage Height, in 0.4732 Incremental Strain, % 0.11%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.025 Coef. of Consol., Cv, in
2/min 0.026
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 9 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 727.0 0.9458 0.5729
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.08 0.29 739.5 0.9449 0.5714
0.13 0.37 740.5 0.9448 0.5713
0.18 0.43 741.0 0.9448 0.5712
0.25 0.50 742.0 0.9447 0.5710
0.33 0.58 742.5 0.9446 0.5709
0.43 0.66 743.0 0.9446 0.5708
0.57 0.75 744.0 0.9445 0.5707
0.73 0.86 744.5 0.9444 0.5706
0.93 0.97 745.5 0.9443 0.5704
1.20 1.10 746.5 0.9442 0.5703
1.52 1.23 747.5 0.9441 0.5701
1.93 1.39 748.5 0.9440 0.5699
2.45 1.57 749.5 0.9439 0.5698
3.10 1.76 750.5 0.9438 0.5696
3.93 1.98 751.5 0.9437 0.5694
4.97 2.23 752.5 0.9436 0.5693 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 754.0 0.9435 0.5690
7.93 2.82 755.0 0.9434 0.5688
9.38 3.06 756.0 0.9433 0.5687

11.83 3.44 756.5 0.9432 0.5686
14.93 3.86 757.5 0.9431 0.5684
18.83 4.34 758.5 0.9430 0.5683
23.75 4.87 759.0 0.9430 0.5682
29.93 5.47 759.5 0.9429 0.5681
37.73 6.14 760.0 0.9429 0.5680
47.55 6.90 760.5 0.9428 0.5679
59.93 7.74 761.0 0.9428 0.5679
75.93 8.71 761.5 0.9427 0.5678
94.93 9.74 761.5 0.9427 0.5678

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 737.7 div. T0 = 0 min. D0 = 736.5 div.
T90 = 3.96 min D90 = 751.5 div. T50 = 1.61 min. D50 = 747.7 div. Initial Sample Height, in 0.9458
T100 = NA min D100 = 753.1 div. T100 = 13.74 min. D100 = 759 div. Initial Sample Void Ratio 0.5729
Height at: D90 = 0.9437, D100 = 0.9435 Height at: D50 = 0.9441, D100 = 0.943 Final Sample Height, in 0.9427
Average Sample Height, in 0.9443 Average Sample Height, in 0.9443 Final Sample Void Ratio 0.5678
Average Drainage Height, in 0.4721 Average Drainage Height, in 0.4721 Incremental Strain, % 0.33%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 94.933333
Coef. of Consol., Cv, in

2/min 0.048 Coef. of Consol., Cv, in
2/min 0.027
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 10 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 761.5 0.9427 0.5678
Corrections* -4.5 -0.00045 -0.0007

Adjusted Sample Height & Void Ratio
0.10 0.32 789.0 0.9404 0.5639
0.15 0.39 791.0 0.9402 0.5636
0.20 0.45 792.0 0.9401 0.5634
0.27 0.52 793.5 0.9400 0.5632
0.35 0.59 795.0 0.9398 0.5629
0.45 0.67 796.5 0.9397 0.5627
0.58 0.76 798.0 0.9395 0.5624
0.75 0.87 799.5 0.9394 0.5622
0.95 0.97 801.0 0.9392 0.5619
1.22 1.10 803.0 0.9390 0.5616
1.53 1.24 804.5 0.9389 0.5614
1.95 1.40 806.0 0.9387 0.5611
2.47 1.57 808.5 0.9385 0.5607
3.12 1.77 810.5 0.9383 0.5604
3.95 1.99 812.5 0.9381 0.5600
4.98 2.23 814.5 0.9379 0.5597 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 817.0 0.9376 0.5593
7.95 2.82 819.0 0.9374 0.5590
9.40 3.07 820.5 0.9373 0.5587

11.85 3.44 822.5 0.9371 0.5584
14.95 3.87 824.0 0.9369 0.5581
18.85 4.34 825.5 0.9368 0.5579
23.77 4.88 826.0 0.9367 0.5578
29.95 5.47 827.0 0.9366 0.5576
37.75 6.14 828.0 0.9365 0.5575
47.57 6.90 828.5 0.9365 0.5574
59.95 7.74 829.0 0.9364 0.5573
75.95 8.71 829.5 0.9364 0.5572
94.95 9.74 830.0 0.9363 0.5571

119.95 10.95 830.5 0.9363 0.5570
150.95 12.29 831.0 0.9362 0.5570
189.95 13.78 831.5 0.9362 0.5569

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 782.7 div. T0 = 0 min. D0 = 782.2 div.
T90 = 1.346 min D90 = 803.6 div. T50 = 1.43 min. D50 = 804.1 div. Initial Sample Height, in 0.9427
T100 = NA min D100 = 806 div. T100 = 14.57 min. D100 = 825.9 div. Initial Sample Void Ratio 0.5678
Height at: D90 = 0.9389, D100 = 0.9387 Height at: D50 = 0.9389, D100 = 0.9367 Final Sample Height, in 0.9362
Average Sample Height, in 0.9394 Average Sample Height, in 0.9394 Final Sample Void Ratio 0.5569
Average Drainage Height, in 0.4697 Average Drainage Height, in 0.4697 Incremental Strain, % 0.69%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.139 Coef. of Consol., Cv, in
2/min 0.030
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 11 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 831.5 0.9362 0.5569
Corrections* -5 -0.0005 -0.0008

Adjusted Sample Height & Void Ratio
0.08 0.29 876.5 0.9322 0.5502
0.13 0.37 879.5 0.9319 0.5497
0.18 0.43 881.5 0.9317 0.5494
0.25 0.50 883.5 0.9315 0.5491
0.33 0.58 886.0 0.9312 0.5486
0.43 0.66 888.0 0.9310 0.5483
0.57 0.75 890.0 0.9308 0.5480
0.73 0.86 892.5 0.9306 0.5476
0.93 0.97 895.0 0.9303 0.5471
1.20 1.10 898.0 0.9300 0.5466
1.52 1.23 900.5 0.9298 0.5462
1.93 1.39 903.5 0.9295 0.5457
2.45 1.57 906.5 0.9292 0.5452
3.10 1.76 910.0 0.9288 0.5447
3.93 1.98 913.5 0.9285 0.5441
4.97 2.23 916.5 0.9282 0.5436 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 920.0 0.9278 0.5430
7.93 2.82 923.5 0.9275 0.5424
9.38 3.06 926.0 0.9272 0.5420

11.83 3.44 929.0 0.9269 0.5415
14.93 3.86 931.5 0.9267 0.5411
18.83 4.34 933.5 0.9265 0.5407
23.75 4.87 936.0 0.9262 0.5403
29.93 5.47 937.5 0.9261 0.5401
37.73 6.14 939.5 0.9259 0.5397
47.55 6.90 941.0 0.9257 0.5395
59.93 7.74 942.0 0.9256 0.5393
75.93 8.71 943.5 0.9255 0.5391
94.93 9.74 944.5 0.9254 0.5389

119.93 10.95 945.5 0.9253 0.5387
150.93 12.29 946.5 0.9252 0.5386

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 866.2 div. T0 = 0 min. D0 = 867 div.
T90 = 0.624 min D90 = 890.9 div. T50 = 1.78 min. D50 = 902.5 div. Initial Sample Height, in 0.9362
T100 = NA min D100 = 893.6 div. T100 = 20.75 min. D100 = 937.9 div. Initial Sample Void Ratio 0.5569
Height at: D90 = 0.9307, D100 = 0.9304 Height at: D50 = 0.9296, D100 = 0.926 Final Sample Height, in 0.9252
Average Sample Height, in 0.9307 Average Sample Height, in 0.9307 Final Sample Void Ratio 0.5386
Average Drainage Height, in 0.4653 Average Drainage Height, in 0.4653 Incremental Strain, % 1.18%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.93333
Coef. of Consol., Cv, in

2/min 0.294 Coef. of Consol., Cv, in
2/min 0.024
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 12 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -10.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 946.5 0.9252 0.5386
Corrections* -10.5 -0.00105 -0.0017

Adjusted Sample Height & Void Ratio
0.08 0.29 1029.0 0.9180 0.5266
0.13 0.37 1034.5 0.9174 0.5257
0.18 0.43 1039.0 0.9170 0.5249
0.25 0.50 1043.5 0.9165 0.5242
0.33 0.58 1048.5 0.9160 0.5234
0.43 0.66 1053.5 0.9155 0.5225
0.57 0.75 1058.5 0.9150 0.5217
0.73 0.86 1064.5 0.9144 0.5207
0.93 0.97 1070.0 0.9139 0.5198
1.20 1.10 1077.0 0.9132 0.5186
1.52 1.23 1083.5 0.9125 0.5175
1.93 1.39 1091.0 0.9118 0.5163
2.45 1.57 1098.5 0.9110 0.5150
3.10 1.76 1106.5 0.9102 0.5137
3.93 1.98 1115.5 0.9093 0.5122
4.97 2.23 1124.0 0.9085 0.5108 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1132.5 0.9076 0.5094
7.93 2.82 1141.0 0.9068 0.5080
9.38 3.06 1147.0 0.9062 0.5070

11.83 3.44 1154.0 0.9055 0.5058
14.93 3.86 1160.5 0.9048 0.5047
18.83 4.34 1166.0 0.9043 0.5038
23.75 4.87 1171.0 0.9038 0.5030
29.93 5.47 1175.0 0.9034 0.5023
37.73 6.14 1178.0 0.9031 0.5018
47.55 6.90 1181.0 0.9028 0.5013
59.93 7.74 1183.5 0.9025 0.5009
75.93 8.71 1186.0 0.9023 0.5005
94.93 9.74 1188.0 0.9021 0.5002

119.93 10.95 1189.5 0.9019 0.4999
150.93 12.29 1191.5 0.9017 0.4996
189.93 13.78 1193.0 0.9016 0.4993
757.93 27.53 1202.0 0.9007 0.4978

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1008.3 div. T0 = 0 min. D0 = 1009.5 div.
T90 = 1.254 min D90 = 1078.3 div. T50 = 2.13 min. D50 = 1094.1 div. Initial Sample Height, in 0.9252
T100 = NA min D100 = 1086.1 div. T100 = 20.9 min. D100 = 1178.6 div. Initial Sample Void Ratio 0.5386
Height at: D90 = 0.913, D100 = 0.9122 Height at: D50 = 0.9114, D100 = 0.903 Final Sample Height, in 0.9007
Average Sample Height, in 0.9129 Average Sample Height, in 0.9129 Final Sample Void Ratio 0.4978
Average Drainage Height, in 0.4565 Average Drainage Height, in 0.4565 Incremental Strain, % 2.65%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.93333
Coef. of Consol., Cv, in

2/min 0.140 Coef. of Consol., Cv, in
2/min 0.019
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-18 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 10'-12' Load 13 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598010
Visual Description Dark Grayish Brown Sandy Clay with Gravel
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -15

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1202.0 0.9007 0.4978
Corrections* -15 -0.0015 -0.0025

Adjusted Sample Height & Void Ratio
0.08 0.29 1283.0 0.8941 0.4869
0.13 0.37 1290.0 0.8934 0.4857
0.18 0.43 1294.5 0.8929 0.4849
0.25 0.50 1300.5 0.8923 0.4839
0.35 0.59 1307.5 0.8916 0.4828
0.45 0.67 1313.0 0.8911 0.4819
0.58 0.76 1320.0 0.8904 0.4807
0.75 0.87 1327.0 0.8897 0.4795
0.95 0.97 1334.0 0.8890 0.4784
1.22 1.10 1342.5 0.8881 0.4770
1.55 1.24 1351.5 0.8872 0.4755
1.95 1.40 1361.0 0.8863 0.4739
2.47 1.57 1371.5 0.8852 0.4721
3.12 1.77 1382.5 0.8841 0.4703
3.95 1.99 1393.5 0.8830 0.4685
4.98 2.23 1405.0 0.8819 0.4666 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 1416.0 0.8808 0.4647
7.95 2.82 1426.5 0.8797 0.4630
9.40 3.07 1434.0 0.8790 0.4617

11.85 3.44 1443.5 0.8780 0.4602
14.95 3.87 1451.5 0.8772 0.4588
18.85 4.34 1458.0 0.8766 0.4578
23.77 4.88 1463.5 0.8760 0.4568
29.95 5.47 1468.5 0.8755 0.4560
37.75 6.14 1472.5 0.8751 0.4553
47.57 6.90 1476.0 0.8748 0.4548
59.95 7.74 1479.5 0.8744 0.4542
75.95 8.71 1482.5 0.8741 0.4537
94.95 9.74 1485.0 0.8739 0.4533

119.95 10.95 1488.0 0.8736 0.4528
150.95 12.29 1490.5 0.8733 0.4524
189.95 13.78 1493.0 0.8731 0.4519

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1261.4 div. T0 = 0 min. D0 = 1259.5 div.
T90 = 3.648 min D90 = 1389.8 div. T50 = 2.05 min. D50 = 1363.3 div. Initial Sample Height, in 0.9007
T100 = NA min D100 = 1404.1 div. T100 = 17.46 min. D100 = 1467 div. Initial Sample Void Ratio 0.4978
Height at: D90 = 0.8834, D100 = 0.8819 Height at: D50 = 0.886, D100 = 0.8757 Final Sample Height, in 0.8731
Average Sample Height, in 0.8869 Average Sample Height, in 0.8869 Final Sample Void Ratio 0.4519
Average Drainage Height, in 0.4434 Average Drainage Height, in 0.4434 Incremental Strain, % 3.06%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.046 Coef. of Consol., Cv, in
2/min 0.019
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21
Client Project 091-867 Apex Landfill Expansion Depth 9'-11'
Project No. 30598 Sample ST-1

Lab Sample No. 30598011

Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number A42 Z12 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 125.9 295.85 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 112.18 275.69 Seating NA 1.0041 0.00 1.9170 0.4449 NA NA NA

Wt. Tare, gm 9.49 123.26 0.25 24 1.0018 0.23% 1.9215 0.4416 1.35E-02 NA NA

Water Content, % 13.4% 13.2% 0.5 190 0.9998 0.43% 1.9253 0.4388 1.12E-02 0.009   NA

1 60 0.9940 1.01% 1.9365 0.4304 1.67E-02 0.028   NA

Sample Diameter, in 2.5 2.5 2 758 0.9837 2.04% 1.9569 0.4155 1.49E-02 0.049   NA

Sample Height, in 1.004 0.9224 4 190 0.9698 3.42% 1.9849 0.3955 1.00E-02 0.066   NA

Sample Volume, in^3 4.9290 4.5279 1 120 0.9795 2.45% 1.9653 0.4095 4.65E-03 NA NA

Wt. WS + Ring, gm 289.21 287.23 0.25 190 0.9899 1.42% 1.9446 0.4244 2.00E-02 NA NA

Wt. of Ring, gm 113.68 113.68 0.5 758 0.9886 1.54% 1.9471 0.4226 7.20E-03 NA 0.006

Wt. of WS, gm 175.53 173.55 1 240 0.9852 1.89% 1.9539 0.4177 9.93E-03 NA 0.016

Wet Density, pcf 135.61 145.95 2 95 0.9781 2.59% 1.9681 0.4075 1.02E-02 NA 0.034

Wet Density, g/cc 2.173 2.339 4 95 0.9676 3.64% 1.9895 0.3923 7.55E-03 NA 0.050

Water Content, % 13.4% 13.2% 8 955 0.9475 5.64% 2.0315 0.3635 7.21E-03 0.096   NA

Wt. of DS, gm 154.84 153.28 16 240 0.9224 8.14% 2.0868 0.3274 4.51E-03 0.120   NA

Dry Density, pcf 119.62 128.90

Dry Density, g/cc 1.917 2.066

Void Ratio, e 0.4449 0.3409

Saturation, % 83.2%

Specific Gravity 2.77 Measured

Height of Solids, in 0.6949 0.6949
Input Validation Reviewed By: Date Tested: 12/8/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only 
accepts responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by 
others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring SB-21
Client Project 091-867 Apex Landfill Expansion Depth 9'-11'
Project No. 30598 Sample ST-1

Lab Sample No. 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress

Page 2 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 1 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0041 0.4449
Corrections* -5.5 -0.00055 -0.0008

Adjusted Sample Height & Void Ratio
0.10 0.32 27.0 1.0020 0.4418
0.15 0.39 28.0 1.0019 0.4417
0.20 0.45 29.0 1.0018 0.4416
0.27 0.52 29.5 1.0017 0.4415
0.35 0.59 30.0 1.0017 0.4414
0.45 0.67 31.0 1.0016 0.4413
0.58 0.76 31.0 1.0016 0.4413
0.75 0.87 31.5 1.0015 0.4412
0.95 0.97 32.0 1.0015 0.4411
1.22 1.10 32.5 1.0014 0.4411
1.53 1.24 33.0 1.0014 0.4410
1.95 1.40 33.0 1.0014 0.4410
2.47 1.57 33.0 1.0014 0.4410
3.12 1.77 33.0 1.0014 0.4410
3.95 1.99 33.0 1.0014 0.4410
4.98 2.23 33.0 1.0014 0.4410 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 32.5 1.0014 0.4411
7.95 2.82 32.0 1.0015 0.4411
9.40 3.07 32.0 1.0015 0.4411

11.85 3.44 31.5 1.0015 0.4412
14.95 3.87 30.5 1.0016 0.4413
18.85 4.34 30.0 1.0017 0.4414
23.77 4.88 29.0 1.0018 0.4416

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 22.2 div. T0 = 0 min. D0 = 23.5 div.
T90 = 0.36 min D90 = 30.1 div. T50 = 0.39 min. D50 = 30.4 div. Initial Sample Height, in 1.0041
T100 = NA min D100 = 31 div. T100 = 2.23 min. D100 = 37.4 div. Initial Sample Void Ratio 0.4449
Height at: D90 = 1.0017, D100 = 1.0016 Height at: D50 = 1.0016, D100 = 1.0009 Final Sample Height, in 1.0018
Average Sample Height, in 1.0030 Average Sample Height, in 1.0030 Final Sample Void Ratio 0.4416
Average Drainage Height, in 0.5015 Average Drainage Height, in 0.5015 Incremental Strain, % 0.23%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 23.766667
Coef. of Consol., Cv, in

2/min 0.588 Coef. of Consol., Cv, in
2/min 0.127
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 2 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 29.0 1.0018 0.4416
Corrections* -4 -0.0004 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 43.5 1.0007 0.4400
0.15 0.39 44.0 1.0007 0.4400
0.20 0.45 45.0 1.0006 0.4398
0.27 0.52 45.5 1.0005 0.4398
0.35 0.59 46.0 1.0005 0.4397
0.45 0.67 47.0 1.0004 0.4395
0.58 0.76 47.5 1.0003 0.4395
0.75 0.87 48.0 1.0003 0.4394
0.95 0.97 48.5 1.0002 0.4393
1.22 1.10 49.0 1.0002 0.4393
1.53 1.24 49.5 1.0001 0.4392
1.95 1.40 49.5 1.0001 0.4392
2.47 1.57 50.0 1.0001 0.4391
3.12 1.77 50.5 1.0000 0.4390
3.95 1.99 50.5 1.0000 0.4390
4.98 2.23 51.0 1.0000 0.4390 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 51.0 1.0000 0.4390
7.95 2.82 51.5 0.9999 0.4389
9.40 3.07 51.5 0.9999 0.4389

11.85 3.44 51.5 0.9999 0.4389
14.95 3.87 51.5 0.9999 0.4389
18.85 4.34 51.5 0.9999 0.4389
23.77 4.88 52.0 0.9999 0.4388
29.95 5.47 52.0 0.9999 0.4388
37.75 6.14 52.0 0.9999 0.4388
47.57 6.90 52.0 0.9999 0.4388
59.95 7.74 52.5 0.9998 0.4388
75.95 8.71 52.5 0.9998 0.4388
94.95 9.74 52.5 0.9998 0.4388

119.95 10.95 52.5 0.9998 0.4388
150.95 12.29 52.5 0.9998 0.4388
189.95 13.78 52.5 0.9998 0.4388

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 40.6 div. T0 = 0 min. D0 = 40.5 div.
T90 = 0.98 min D90 = 48.6 div. T50 = 0.26 min. D50 = 45.5 div. Initial Sample Height, in 1.0018
T100 = NA min D100 = 49.4 div. T100 = 1.08 min. D100 = 50.5 div. Initial Sample Void Ratio 0.4416
Height at: D90 = 1.0002, D100 = 1.0001 Height at: D50 = 1.0005, D100 = 1 Final Sample Height, in 0.9998
Average Sample Height, in 1.0008 Average Sample Height, in 1.0008 Final Sample Void Ratio 0.4388
Average Drainage Height, in 0.5004 Average Drainage Height, in 0.5004 Incremental Strain, % 0.19%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.217 Coef. of Consol., Cv, in
2/min 0.190
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 3 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 52.5 0.9998 0.4388
Corrections* -4.5 -0.00045 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 85.5 0.9970 0.4346
0.15 0.39 87.5 0.9968 0.4344
0.20 0.45 89.0 0.9966 0.4341
0.27 0.52 90.5 0.9965 0.4339
0.35 0.59 92.0 0.9963 0.4337
0.45 0.67 93.0 0.9962 0.4336
0.58 0.76 94.5 0.9961 0.4334
0.75 0.87 96.0 0.9959 0.4331
0.95 0.97 97.5 0.9958 0.4329
1.22 1.10 98.5 0.9957 0.4328
1.53 1.24 100.0 0.9955 0.4326
1.95 1.40 101.5 0.9954 0.4323
2.47 1.57 102.5 0.9953 0.4322
3.12 1.77 104.0 0.9951 0.4320
3.95 1.99 105.0 0.9950 0.4318
4.98 2.23 106.5 0.9949 0.4316 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 108.0 0.9947 0.4314
7.95 2.82 109.0 0.9946 0.4313
9.40 3.07 109.5 0.9946 0.4312

11.85 3.44 110.5 0.9945 0.4311
14.95 3.87 111.5 0.9944 0.4309
18.85 4.34 112.0 0.9943 0.4308
23.77 4.88 112.5 0.9943 0.4308
29.95 5.47 113.5 0.9942 0.4306
37.75 6.14 114.0 0.9941 0.4305
47.57 6.90 114.5 0.9941 0.4305
59.95 7.74 115.0 0.9940 0.4304

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 77.1 div. T0 = 0 min. D0 = 78.5 div.
T90 = 0.518 min D90 = 93.7 div. T50 = 0.59 min. D50 = 94.5 div. Initial Sample Height, in 0.9998
T100 = NA min D100 = 95.6 div. T100 = 7.88 min. D100 = 110.6 div. Initial Sample Void Ratio 0.4388
Height at: D90 = 0.9962, D100 = 0.996 Height at: D50 = 0.9961, D100 = 0.9945 Final Sample Height, in 0.9940
Average Sample Height, in 0.9969 Average Sample Height, in 0.9969 Final Sample Void Ratio 0.4304
Average Drainage Height, in 0.4985 Average Drainage Height, in 0.4985 Incremental Strain, % 0.58%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 59.95
Coef. of Consol., Cv, in

2/min 0.411 Coef. of Consol., Cv, in
2/min 0.083
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 4 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 115.0 0.9940 0.4304
Corrections* -5.5 -0.00055 -0.0008

Adjusted Sample Height & Void Ratio
0.10 0.32 167.0 0.9894 0.4237
0.15 0.39 170.5 0.9890 0.4232
0.20 0.45 172.5 0.9888 0.4229
0.27 0.52 175.0 0.9886 0.4226
0.35 0.59 177.0 0.9884 0.4223
0.45 0.67 179.5 0.9881 0.4219
0.58 0.76 182.0 0.9879 0.4216
0.75 0.87 184.5 0.9876 0.4212
0.95 0.97 187.0 0.9874 0.4208
1.22 1.10 189.5 0.9871 0.4205
1.53 1.24 191.5 0.9869 0.4202
1.95 1.40 194.5 0.9866 0.4198
2.47 1.57 197.0 0.9864 0.4194
3.12 1.77 199.0 0.9862 0.4191
3.95 1.99 201.5 0.9859 0.4187
4.98 2.23 203.5 0.9857 0.4185 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 205.5 0.9855 0.4182
7.95 2.82 207.5 0.9853 0.4179
9.40 3.07 209.0 0.9852 0.4177

11.85 3.44 211.0 0.9850 0.4174
14.95 3.87 212.0 0.9849 0.4172
18.85 4.34 213.5 0.9847 0.4170
23.77 4.88 215.0 0.9846 0.4168
29.95 5.47 216.0 0.9845 0.4167
37.75 6.14 216.5 0.9844 0.4166
47.57 6.90 217.5 0.9843 0.4164
59.95 7.74 218.5 0.9842 0.4163
75.95 8.71 219.0 0.9842 0.4162
94.95 9.74 219.5 0.9841 0.4162

119.95 10.95 220.0 0.9841 0.4161
150.95 12.29 220.5 0.9840 0.4160
189.95 13.78 221.0 0.9840 0.4159
757.95 27.53 224.0 0.9837 0.4155

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 154.8 div. T0 = 0 min. D0 = 155.7 div.
T90 = 0.74 min D90 = 184.5 div. T50 = 0.79 min. D50 = 185.1 div. Initial Sample Height, in 0.9940
T100 = NA min D100 = 187.8 div. T100 = 9.73 min. D100 = 214.6 div. Initial Sample Void Ratio 0.4304
Height at: D90 = 0.9876, D100 = 0.9873 Height at: D50 = 0.9876, D100 = 0.9846 Final Sample Height, in 0.9837
Average Sample Height, in 0.9889 Average Sample Height, in 0.9889 Final Sample Void Ratio 0.4155
Average Drainage Height, in 0.4944 Average Drainage Height, in 0.4944 Incremental Strain, % 1.04%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.95
Coef. of Consol., Cv, in

2/min 0.277 Coef. of Consol., Cv, in
2/min 0.061
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 5 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -8

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 224.0 0.9837 0.4155
Corrections* -8 -0.0008 -0.0012

Adjusted Sample Height & Void Ratio
0.10 0.32 295.0 0.9774 0.4064
0.15 0.39 300.0 0.9769 0.4057
0.20 0.45 303.0 0.9766 0.4053
0.27 0.52 306.5 0.9762 0.4048
0.35 0.59 310.0 0.9759 0.4043
0.45 0.67 313.0 0.9756 0.4039
0.58 0.76 316.5 0.9752 0.4034
0.75 0.87 320.0 0.9749 0.4028
0.95 0.97 323.5 0.9745 0.4023
1.22 1.10 327.0 0.9742 0.4018
1.53 1.24 330.5 0.9738 0.4013
1.95 1.40 334.0 0.9735 0.4008
2.47 1.57 337.0 0.9732 0.4004
3.12 1.77 340.5 0.9728 0.3999
3.95 1.99 343.5 0.9725 0.3995
4.98 2.23 347.0 0.9722 0.3990 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 349.5 0.9719 0.3986
7.95 2.82 352.0 0.9717 0.3982
9.40 3.07 354.0 0.9715 0.3980

11.85 3.44 356.0 0.9713 0.3977
14.95 3.87 358.5 0.9710 0.3973
18.85 4.34 360.0 0.9709 0.3971
23.77 4.88 361.5 0.9707 0.3969
29.95 5.47 363.0 0.9706 0.3967
37.75 6.14 364.0 0.9705 0.3965
47.57 6.90 365.5 0.9703 0.3963
59.95 7.74 366.5 0.9702 0.3962
75.95 8.71 367.5 0.9701 0.3960
94.95 9.74 368.5 0.9700 0.3959

119.95 10.95 369.5 0.9699 0.3957
150.95 12.29 370.5 0.9698 0.3956
189.95 13.78 371.0 0.9698 0.3955

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 278.7 div. T0 = 0 min. D0 = 278.4 div.
T90 = 0.865 min D90 = 322.1 div. T50 = 0.77 min. D50 = 320.4 div. Initial Sample Height, in 0.9837
T100 = NA min D100 = 326.9 div. T100 = 12.7 min. D100 = 362.5 div. Initial Sample Void Ratio 0.4155
Height at: D90 = 0.9747, D100 = 0.9742 Height at: D50 = 0.9748, D100 = 0.9706 Final Sample Height, in 0.9698
Average Sample Height, in 0.9767 Average Sample Height, in 0.9767 Final Sample Void Ratio 0.3955
Average Drainage Height, in 0.4884 Average Drainage Height, in 0.4884 Incremental Strain, % 1.41%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.233 Coef. of Consol., Cv, in
2/min 0.061
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 6 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 8.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 371.0 0.9698 0.3955
Corrections* 8.5 0.00085 0.00122

Adjusted Sample Height & Void Ratio
0.10 0.32 324.0 0.9736 0.4010
0.15 0.39 321.0 0.9739 0.4015
0.20 0.45 318.5 0.9742 0.4018
0.27 0.52 316.5 0.9744 0.4021
0.35 0.59 314.5 0.9746 0.4024
0.45 0.67 312.5 0.9748 0.4027
0.58 0.76 310.0 0.9750 0.4031
0.75 0.87 308.0 0.9752 0.4034
0.95 0.97 305.5 0.9755 0.4037
1.22 1.10 303.0 0.9757 0.4041
1.53 1.24 300.5 0.9760 0.4044
1.95 1.40 297.5 0.9763 0.4049
2.47 1.57 295.0 0.9765 0.4052
3.12 1.77 292.0 0.9768 0.4057
3.95 1.99 289.0 0.9771 0.4061
4.98 2.23 286.0 0.9774 0.4065 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 283.0 0.9777 0.4069
7.95 2.82 280.0 0.9780 0.4074
9.40 3.07 278.5 0.9782 0.4076

11.85 3.44 275.5 0.9785 0.4080
14.95 3.87 273.5 0.9787 0.4083
18.85 4.34 272.0 0.9788 0.4085
23.77 4.88 270.0 0.9790 0.4088
29.95 5.47 269.0 0.9791 0.4090
37.75 6.14 268.0 0.9792 0.4091
47.57 6.90 267.0 0.9793 0.4093
59.95 7.74 266.5 0.9794 0.4093
75.95 8.71 266.0 0.9794 0.4094
94.95 9.74 266.0 0.9794 0.4094

119.95 10.95 265.5 0.9795 0.4095

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 335.8 div. T0 = 0 min. D0 = 334.6 div.
T90 = 0.656 min D90 = 309.1 div. T50 = 1.43 min. D50 = 301.2 div. Initial Sample Height, in 0.9698
T100 = NA min D100 = 306.1 div. T100 = 21.35 min. D100 = 267.9 div. Initial Sample Void Ratio 0.3955
Height at: D90 = 0.9751, D100 = 0.9754 Height at: D50 = 0.9759, D100 = 0.9792 Final Sample Height, in 0.9795
Average Sample Height, in 0.9746 Average Sample Height, in 0.9746 Final Sample Void Ratio 0.4095
Average Drainage Height, in 0.4873 Average Drainage Height, in 0.4873 Incremental Strain, % -1.00%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.95
Coef. of Consol., Cv, in

2/min 0.306 Coef. of Consol., Cv, in
2/min 0.033
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 7 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 6.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 265.5 0.9795 0.4095
Corrections* 6.5 0.00065 0.00094

Adjusted Sample Height & Void Ratio
0.08 0.29 235.5 0.9818 0.4128
0.13 0.37 232.5 0.9821 0.4133
0.18 0.43 230.5 0.9823 0.4136
0.25 0.50 228.5 0.9825 0.4139
0.33 0.58 226.5 0.9827 0.4141
0.43 0.66 224.5 0.9829 0.4144
0.57 0.75 222.0 0.9832 0.4148
0.73 0.86 219.5 0.9834 0.4152
0.93 0.97 217.0 0.9837 0.4155
1.20 1.10 214.5 0.9839 0.4159
1.52 1.23 211.5 0.9842 0.4163
1.93 1.39 209.0 0.9845 0.4167
2.45 1.57 205.5 0.9848 0.4172
3.10 1.76 202.5 0.9851 0.4176
3.93 1.98 198.5 0.9855 0.4182
4.97 2.23 195.0 0.9859 0.4187 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 190.5 0.9863 0.4193
7.93 2.82 186.5 0.9867 0.4199
9.38 3.06 184.0 0.9870 0.4203

11.83 3.44 179.5 0.9874 0.4209
14.93 3.86 175.5 0.9878 0.4215
18.83 4.34 172.0 0.9882 0.4220
23.75 4.87 168.5 0.9885 0.4225
29.93 5.47 165.5 0.9888 0.4229
37.73 6.14 163.0 0.9891 0.4233
47.55 6.90 161.0 0.9893 0.4236
59.93 7.74 159.0 0.9895 0.4239
75.93 8.71 158.0 0.9896 0.4240
94.93 9.74 157.0 0.9897 0.4241

119.93 10.95 156.0 0.9898 0.4243
150.93 12.29 155.5 0.9898 0.4244
189.93 13.78 155.0 0.9899 0.4244

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 245.8 div. T0 = 0 min. D0 = 244.5 div.
T90 = 0.624 min D90 = 221.1 div. T50 = 3.27 min. D50 = 201.6 div. Initial Sample Height, in 0.9795
T100 = NA min D100 = 218.4 div. T100 = 34.57 min. D100 = 158.7 div. Initial Sample Void Ratio 0.4095
Height at: D90 = 0.9833, D100 = 0.9835 Height at: D50 = 0.9852, D100 = 0.9895 Final Sample Height, in 0.9899
Average Sample Height, in 0.9847 Average Sample Height, in 0.9847 Final Sample Void Ratio 0.4244
Average Drainage Height, in 0.4923 Average Drainage Height, in 0.4923 Incremental Strain, % -1.06%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.93333
Coef. of Consol., Cv, in

2/min 0.330 Coef. of Consol., Cv, in
2/min 0.015
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 8 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 155.0 0.9899 0.4244
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.08 0.29 162.0 0.9894 0.4238
0.13 0.37 162.5 0.9894 0.4237
0.18 0.43 162.5 0.9894 0.4237
0.25 0.50 163.0 0.9893 0.4236
0.33 0.58 163.5 0.9893 0.4236
0.45 0.67 164.0 0.9892 0.4235
0.58 0.76 164.0 0.9892 0.4235
0.75 0.87 164.0 0.9892 0.4235
0.95 0.97 165.0 0.9891 0.4234
1.22 1.10 165.0 0.9891 0.4234
1.53 1.24 165.5 0.9891 0.4233
1.95 1.40 165.5 0.9891 0.4233
2.47 1.57 166.0 0.9890 0.4232
3.13 1.77 166.0 0.9890 0.4232
3.95 1.99 166.5 0.9890 0.4231
4.98 2.23 166.5 0.9890 0.4231 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 167.0 0.9889 0.4231
7.95 2.82 167.0 0.9889 0.4231
9.40 3.07 167.5 0.9889 0.4230

11.85 3.44 167.5 0.9889 0.4230
14.95 3.87 168.0 0.9888 0.4229
18.85 4.34 168.0 0.9888 0.4229
23.77 4.88 168.0 0.9888 0.4229
29.95 5.47 168.5 0.9888 0.4228
37.75 6.14 168.5 0.9888 0.4228
47.57 6.90 168.5 0.9888 0.4228
59.95 7.74 168.5 0.9888 0.4228
75.95 8.71 168.5 0.9888 0.4228
94.95 9.74 169.0 0.9887 0.4228

119.95 10.95 169.0 0.9887 0.4228
150.95 12.29 169.0 0.9887 0.4228
189.95 13.78 169.0 0.9887 0.4228
757.95 27.53 170.0 0.9886 0.4226

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 160.5 div. T0 = 0 min. D0 = 160.5 div.
T90 = 0.608 min D90 = 164 div. T50 = 0.36 min. D50 = 163.6 div. Initial Sample Height, in 0.9899
T100 = NA min D100 = 164.4 div. T100 = 1.44 min. D100 = 166.8 div. Initial Sample Void Ratio 0.4244
Height at: D90 = 0.9892, D100 = 0.9892 Height at: D50 = 0.9893, D100 = 0.9889 Final Sample Height, in 0.9886
Average Sample Height, in 0.9893 Average Sample Height, in 0.9893 Final Sample Void Ratio 0.4226
Average Drainage Height, in 0.4946 Average Drainage Height, in 0.4946 Incremental Strain, % 0.13%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.95
Coef. of Consol., Cv, in

2/min 0.339 Coef. of Consol., Cv, in
2/min 0.134
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 9 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 170.0 0.9886 0.4226
Corrections* -3.5 -0.00035 -0.0005

Adjusted Sample Height & Void Ratio
0.08 0.29 185.5 0.9874 0.4209
0.13 0.37 186.5 0.9873 0.4208
0.18 0.43 187.0 0.9873 0.4207
0.25 0.50 188.0 0.9872 0.4205
0.33 0.58 188.5 0.9871 0.4205
0.43 0.66 189.5 0.9870 0.4203
0.57 0.75 190.5 0.9869 0.4202
0.73 0.86 191.5 0.9868 0.4200
0.93 0.97 192.0 0.9868 0.4200
1.20 1.10 193.0 0.9867 0.4198
1.52 1.23 194.0 0.9866 0.4197
1.93 1.39 195.0 0.9865 0.4195
2.45 1.57 196.0 0.9864 0.4194
3.10 1.76 197.0 0.9863 0.4193
3.93 1.98 198.0 0.9862 0.4191
4.97 2.23 199.0 0.9861 0.4190 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 199.5 0.9860 0.4189
7.93 2.82 200.5 0.9859 0.4187
9.38 3.06 201.5 0.9858 0.4186

11.83 3.44 202.0 0.9858 0.4185
14.93 3.86 203.0 0.9857 0.4184
18.83 4.34 203.5 0.9856 0.4183
23.75 4.87 204.0 0.9856 0.4182
29.93 5.47 204.5 0.9855 0.4182
37.73 6.14 205.0 0.9855 0.4181
47.55 6.90 205.0 0.9855 0.4181
59.93 7.74 205.5 0.9854 0.4180
75.93 8.71 206.0 0.9854 0.4180
94.93 9.74 206.5 0.9853 0.4179

119.93 10.95 207.0 0.9853 0.4178
150.93 12.29 207.0 0.9853 0.4178
189.93 13.78 207.5 0.9852 0.4177
239.93 15.49 208.0 0.9852 0.4177

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 182.6 div. T0 = 0 min. D0 = 182.5 div.
T90 = 1.69 min D90 = 194.5 div. T50 = 1.2 min. D50 = 193 div. Initial Sample Height, in 0.9886
T100 = NA min D100 = 195.8 div. T100 = 13.14 min. D100 = 203.5 div. Initial Sample Void Ratio 0.4226
Height at: D90 = 0.9865, D100 = 0.9864 Height at: D50 = 0.9867, D100 = 0.9856 Final Sample Height, in 0.9852
Average Sample Height, in 0.9869 Average Sample Height, in 0.9869 Final Sample Void Ratio 0.4177
Average Drainage Height, in 0.4935 Average Drainage Height, in 0.4935 Incremental Strain, % 0.35%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.93333
Coef. of Consol., Cv, in

2/min 0.121 Coef. of Consol., Cv, in
2/min 0.040
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 10 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 208.0 0.9852 0.4177
Corrections* -4.5 -0.00045 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 240.5 0.9824 0.4136
0.15 0.39 242.5 0.9822 0.4134
0.20 0.45 244.0 0.9820 0.4131
0.27 0.52 246.5 0.9818 0.4128
0.35 0.59 248.0 0.9816 0.4126
0.45 0.67 250.0 0.9814 0.4123
0.58 0.76 252.0 0.9812 0.4120
0.75 0.87 254.0 0.9810 0.4117
0.95 0.97 256.0 0.9808 0.4114
1.22 1.10 258.0 0.9806 0.4111
1.53 1.24 260.5 0.9804 0.4108
1.95 1.40 262.5 0.9802 0.4105
2.47 1.57 264.5 0.9800 0.4102
3.12 1.77 267.0 0.9797 0.4098
3.95 1.99 269.0 0.9795 0.4095
4.98 2.23 271.0 0.9793 0.4093 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 273.0 0.9791 0.4090
7.95 2.82 274.5 0.9790 0.4087
9.40 3.07 275.5 0.9789 0.4086

11.85 3.44 277.0 0.9787 0.4084
14.95 3.87 278.5 0.9786 0.4082
18.85 4.34 279.5 0.9785 0.4080
23.77 4.88 280.0 0.9784 0.4080
29.95 5.47 281.0 0.9783 0.4078
37.75 6.14 281.5 0.9783 0.4077
47.57 6.90 282.0 0.9782 0.4077
59.95 7.74 282.5 0.9782 0.4076
75.95 8.71 283.0 0.9781 0.4075
94.95 9.74 283.5 0.9781 0.4075

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 232.1 div. T0 = 0 min. D0 = 231.9 div.
T90 = 1.346 min D90 = 259 div. T50 = 0.85 min. D50 = 255 div. Initial Sample Height, in 0.9852
T100 = NA min D100 = 262 div. T100 = 7.8 min. D100 = 278.1 div. Initial Sample Void Ratio 0.4177
Height at: D90 = 0.9805, D100 = 0.9802 Height at: D50 = 0.9809, D100 = 0.9786 Final Sample Height, in 0.9781
Average Sample Height, in 0.9816 Average Sample Height, in 0.9816 Final Sample Void Ratio 0.4075
Average Drainage Height, in 0.4908 Average Drainage Height, in 0.4908 Incremental Strain, % 0.72%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 94.95
Coef. of Consol., Cv, in

2/min 0.152 Coef. of Consol., Cv, in
2/min 0.056
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 11 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 283.5 0.9781 0.4075
Corrections* -5 -0.0005 -0.0007

Adjusted Sample Height & Void Ratio
0.10 0.32 334.5 0.9735 0.4008
0.15 0.39 338.0 0.9731 0.4003
0.20 0.45 341.0 0.9728 0.3999
0.27 0.52 344.0 0.9725 0.3995
0.35 0.59 346.5 0.9723 0.3991
0.45 0.67 349.5 0.9720 0.3987
0.58 0.76 352.5 0.9717 0.3982
0.75 0.87 355.5 0.9714 0.3978
0.95 0.97 358.5 0.9711 0.3974
1.22 1.10 361.5 0.9708 0.3969
1.53 1.24 364.0 0.9705 0.3966
1.95 1.40 367.0 0.9702 0.3962
2.47 1.57 370.0 0.9699 0.3957
3.12 1.77 372.5 0.9697 0.3954
3.95 1.99 375.5 0.9694 0.3949
4.98 2.23 378.0 0.9691 0.3946 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 380.0 0.9689 0.3943
7.95 2.82 382.0 0.9687 0.3940
9.40 3.07 383.5 0.9686 0.3938

11.85 3.44 385.5 0.9684 0.3935
14.95 3.87 386.5 0.9683 0.3934
18.85 4.34 388.0 0.9681 0.3931
23.77 4.88 389.0 0.9680 0.3930
29.95 5.47 390.0 0.9679 0.3928
37.75 6.14 391.0 0.9678 0.3927
47.57 6.90 391.5 0.9678 0.3926
59.95 7.74 392.5 0.9677 0.3925
75.95 8.71 393.0 0.9676 0.3924
94.95 9.74 393.5 0.9676 0.3923

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 318.8 div. T0 = 0 min. D0 = 320.9 div.
T90 = 0.672 min D90 = 354.1 div. T50 = 0.71 min. D50 = 354.8 div. Initial Sample Height, in 0.9781
T100 = NA min D100 = 358 div. T100 = 10.7 min. D100 = 388.7 div. Initial Sample Void Ratio 0.4075
Height at: D90 = 0.9715, D100 = 0.9711 Height at: D50 = 0.9714, D100 = 0.9681 Final Sample Height, in 0.9676
Average Sample Height, in 0.9728 Average Sample Height, in 0.9728 Final Sample Void Ratio 0.3923
Average Drainage Height, in 0.4864 Average Drainage Height, in 0.4864 Incremental Strain, % 1.07%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 94.95
Coef. of Consol., Cv, in

2/min 0.300 Coef. of Consol., Cv, in
2/min 0.066
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 12 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -10.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 393.5 0.9676 0.3923
Corrections* -10.5 -0.00105 -0.0015

Adjusted Sample Height & Void Ratio
0.08 0.29 483.5 0.9596 0.3809
0.13 0.37 489.0 0.9591 0.3801
0.18 0.43 494.0 0.9586 0.3794
0.25 0.50 498.5 0.9581 0.3787
0.33 0.58 503.0 0.9577 0.3781
0.43 0.66 507.5 0.9572 0.3774
0.57 0.75 512.5 0.9567 0.3767
0.73 0.86 517.5 0.9562 0.3760
0.93 0.97 522.0 0.9558 0.3754
1.20 1.10 527.5 0.9552 0.3746
1.52 1.23 532.5 0.9547 0.3739
1.93 1.39 538.0 0.9542 0.3731
2.45 1.57 543.0 0.9537 0.3723
3.10 1.76 548.0 0.9532 0.3716
3.93 1.98 553.0 0.9527 0.3709
4.97 2.23 557.5 0.9522 0.3703 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 562.0 0.9518 0.3696
7.93 2.82 566.0 0.9514 0.3690
9.38 3.06 569.0 0.9511 0.3686

11.83 3.44 572.5 0.9507 0.3681
14.93 3.86 576.0 0.9504 0.3676
18.83 4.34 578.5 0.9501 0.3672
23.75 4.87 581.0 0.9499 0.3669
29.93 5.47 583.5 0.9496 0.3665
37.73 6.14 585.5 0.9494 0.3662
47.55 6.90 587.5 0.9492 0.3659
59.93 7.74 589.0 0.9491 0.3657
75.93 8.71 591.0 0.9489 0.3654
94.93 9.74 592.0 0.9488 0.3653

119.93 10.95 593.5 0.9486 0.3651
150.93 12.29 595.0 0.9485 0.3649
189.93 13.78 596.0 0.9484 0.3647
954.93 30.90 604.5 0.9475 0.3635

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 461.7 div. T0 = 0 min. D0 = 464 div.
T90 = 0.723 min D90 = 517 div. T50 = 0.99 min. D50 = 523.2 div. Initial Sample Height, in 0.9676
T100 = NA min D100 = 523.1 div. T100 = 13.77 min. D100 = 582.5 div. Initial Sample Void Ratio 0.3923
Height at: D90 = 0.9563, D100 = 0.9557 Height at: D50 = 0.9557, D100 = 0.9497 Final Sample Height, in 0.9475
Average Sample Height, in 0.9576 Average Sample Height, in 0.9576 Final Sample Void Ratio 0.3635
Average Drainage Height, in 0.4788 Average Drainage Height, in 0.4788 Incremental Strain, % 2.07%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.272 Coef. of Consol., Cv, in
2/min 0.046
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-21 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 9'-11' Load 13 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598011
Visual Description LIGHT OLIVE BROWN LEAN CLAY WITH GRAVEL
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -15

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 604.5 0.9475 0.3635
Corrections* -15 -0.0015 -0.0022

Adjusted Sample Height & Void Ratio
0.08 0.29 713.0 0.9382 0.3500
0.13 0.37 719.5 0.9375 0.3491
0.18 0.43 725.0 0.9370 0.3483
0.25 0.50 730.5 0.9364 0.3475
0.33 0.58 736.0 0.9359 0.3467
0.43 0.66 741.5 0.9353 0.3459
0.57 0.75 747.0 0.9348 0.3451
0.73 0.86 753.5 0.9341 0.3442
0.93 0.97 759.5 0.9335 0.3433
1.20 1.10 766.0 0.9329 0.3424
1.52 1.23 773.0 0.9322 0.3414
1.93 1.39 780.0 0.9315 0.3404
2.45 1.57 787.0 0.9308 0.3394
3.10 1.76 794.5 0.9300 0.3383
3.93 1.98 802.0 0.9293 0.3372
4.97 2.23 809.0 0.9286 0.3362 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 815.5 0.9279 0.3353
7.93 2.82 822.0 0.9273 0.3344
9.38 3.06 826.5 0.9268 0.3337

11.83 3.44 831.5 0.9263 0.3330
14.93 3.86 837.0 0.9258 0.3322
18.83 4.34 841.5 0.9253 0.3315
23.75 4.87 845.5 0.9249 0.3310
29.93 5.47 849.0 0.9246 0.3305
37.73 6.14 852.5 0.9242 0.3300
47.55 6.90 855.5 0.9239 0.3295
59.93 7.74 858.0 0.9237 0.3292
75.93 8.71 860.5 0.9234 0.3288
94.93 9.74 862.5 0.9232 0.3285

119.93 10.95 865.0 0.9230 0.3282
150.93 12.29 866.5 0.9228 0.3279
189.93 13.78 868.5 0.9226 0.3277
239.93 15.49 870.5 0.9224 0.3274

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 688.2 div. T0 = 0 min. D0 = 690 div.
T90 = 0.846 min D90 = 757.1 div. T50 = 1.36 min. D50 = 769.7 div. Initial Sample Height, in 0.9475
T100 = NA min D100 = 764.7 div. T100 = 17.34 min. D100 = 849.4 div. Initial Sample Void Ratio 0.3635
Height at: D90 = 0.9338, D100 = 0.933 Height at: D50 = 0.9325, D100 = 0.9245 Final Sample Height, in 0.9224
Average Sample Height, in 0.9350 Average Sample Height, in 0.9350 Final Sample Void Ratio 0.3274
Average Drainage Height, in 0.4675 Average Drainage Height, in 0.4675 Incremental Strain, % 2.65%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.93333
Coef. of Consol., Cv, in

2/min 0.218 Coef. of Consol., Cv, in
2/min 0.032
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598012

Visual Description Yellowish Brown Sandy Lean Clay
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number Z13 Z7 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 241.96 279.74 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 220.12 253.3 Seating NA 1.0040 0.00 1.6443 0.6846 NA NA NA

Wt. Tare, gm 122.82 123.07 0.25 24 1.0013 0.27% 1.6488 0.6800 1.85E-02 NA NA

Water Content, % 22.4% 20.3% 0.5 190 0.9970 0.70% 1.6558 0.6729 2.85E-02 0.024   NA

1 60 0.9903 1.37% 1.6671 0.6616 2.27E-02 0.038   NA

Sample Diameter, in 2.5 2.5 2 302 0.9782 2.57% 1.6877 0.6413 2.03E-02 0.067   NA

Sample Height, in 1.004 0.9083 4 151 0.9602 4.37% 1.7194 0.6111 1.51E-02 0.100   NA

Sample Volume, in^3 4.9284 4.4584 1 120 0.9674 3.65% 1.7066 0.6232 4.03E-03 NA NA

Wt. WS + Ring, gm 276.25 271.01 0.25 240 0.9757 2.82% 1.6920 0.6371 1.86E-02 NA NA

Wt. of Ring, gm 113.65 113.65 0.5 302 0.9747 2.92% 1.6937 0.6355 6.38E-03 NA 0.005

Wt. of WS, gm 162.6 157.36 1 758 0.9718 3.21% 1.6987 0.6306 9.73E-03 NA 0.016

Wet Density, pcf 125.63 134.40 2 240 0.9664 3.75% 1.7082 0.6216 9.06E-03 NA 0.030

Wet Density, g/cc 2.013 2.154 4 151 0.9573 4.66% 1.7246 0.6062 7.68E-03 NA 0.051

Water Content, % 22.4% 20.3% 8 955 0.9347 6.90% 1.7662 0.5684 9.46E-03 0.126   NA

Wt. of DS, gm 132.79 130.80 16 190 0.9083 9.54% 1.8176 0.5240 5.55E-03 0.147   NA

Dry Density, pcf 102.60 111.72

Dry Density, g/cc 1.644 1.790

Void Ratio, e 0.6846 0.5472

Saturation, % 90.8%

Specific Gravity 2.77 Measured

Height of Solids, in 0.5960 0.5960
Input Validation Reviewed By: Date Tested: 12/13/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts 
responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by others.  It is 
the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring TPE-18
Client Project 091-867 Apex Landfill Expansion Depth 12'-14'
Project No. 30598 Sample ST-1

Lab Sample No. 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 1 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0040 0.6846
Corrections* -5.5 -0.00055 -0.0009

Adjusted Sample Height & Void Ratio
0.10 0.32 24.0 1.0022 0.6815
0.15 0.39 25.0 1.0021 0.6814
0.20 0.45 25.5 1.0020 0.6813
0.27 0.52 26.0 1.0020 0.6812
0.35 0.59 26.5 1.0019 0.6811
0.45 0.67 27.0 1.0019 0.6810
0.58 0.76 27.0 1.0019 0.6810
0.75 0.87 27.5 1.0018 0.6810
0.95 0.97 28.0 1.0018 0.6809
1.22 1.10 28.5 1.0017 0.6808
1.53 1.24 29.0 1.0017 0.6807
1.95 1.40 29.5 1.0016 0.6806
2.47 1.57 29.5 1.0016 0.6806
3.12 1.77 30.0 1.0016 0.6805
3.95 1.99 30.5 1.0015 0.6805
4.98 2.23 31.0 1.0015 0.6804 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 31.5 1.0014 0.6803
7.95 2.82 31.5 1.0014 0.6803
9.40 3.07 32.0 1.0014 0.6802

11.85 3.44 32.5 1.0013 0.6801
14.95 3.87 32.5 1.0013 0.6801
18.85 4.34 33.0 1.0013 0.6800
23.77 4.88 33.0 1.0013 0.6800

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 20.4 div. T0 = 0 min. D0 = 21.2 div.
T90 = 0.397 min D90 = 26.8 div. T50 = 0.39 min. D50 = 26.7 div. Initial Sample Height, in 1.0040
T100 = NA min D100 = 27.5 div. T100 = 10.02 min. D100 = 32.2 div. Initial Sample Void Ratio 0.6846
Height at: D90 = 1.0019, D100 = 1.0018 Height at: D50 = 1.0019, D100 = 1.0013 Final Sample Height, in 1.0013
Average Sample Height, in 1.0026 Average Sample Height, in 1.0026 Final Sample Void Ratio 0.6800
Average Drainage Height, in 0.5013 Average Drainage Height, in 0.5013 Incremental Strain, % 0.27%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 23.766667
Coef. of Consol., Cv, in

2/min 0.530 Coef. of Consol., Cv, in
2/min 0.127
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 2 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 33.0 1.0013 0.6800
Corrections* -4 -0.0004 -0.0007

Adjusted Sample Height & Void Ratio
0.10 0.32 52.0 0.9998 0.6775
0.15 0.39 53.0 0.9997 0.6773
0.20 0.45 53.5 0.9996 0.6773
0.27 0.52 54.5 0.9995 0.6771
0.35 0.59 55.5 0.9994 0.6769
0.45 0.67 56.0 0.9994 0.6768
0.58 0.76 57.0 0.9993 0.6767
0.75 0.87 58.0 0.9992 0.6765
0.95 0.97 58.5 0.9991 0.6764
1.22 1.10 59.5 0.9990 0.6763
1.53 1.24 60.0 0.9990 0.6762
1.95 1.40 61.0 0.9989 0.6760
2.47 1.57 62.0 0.9988 0.6758
3.12 1.77 63.0 0.9987 0.6757
3.95 1.99 63.5 0.9986 0.6756
4.98 2.23 64.5 0.9985 0.6754 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 65.5 0.9984 0.6752
7.95 2.82 66.5 0.9983 0.6751
9.40 3.07 67.5 0.9982 0.6749

11.85 3.44 68.5 0.9981 0.6747
14.95 3.87 70.0 0.9980 0.6745
18.85 4.34 71.0 0.9979 0.6743
23.77 4.88 72.0 0.9978 0.6742
29.95 5.47 73.0 0.9977 0.6740
37.75 6.14 74.0 0.9976 0.6738
47.57 6.90 75.0 0.9975 0.6737
59.95 7.74 76.0 0.9974 0.6735
75.95 8.71 77.0 0.9973 0.6733
94.95 9.74 77.5 0.9972 0.6732

119.95 10.95 78.0 0.9972 0.6732
150.95 12.29 79.0 0.9971 0.6730
189.95 13.78 79.5 0.9970 0.6729

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 48 div. T0 = 0 min. D0 = 48.2 div.
T90 = 0.903 min D90 = 58.4 div. T50 = 2.03 min. D50 = 61.2 div. Initial Sample Height, in 1.0013
T100 = NA min D100 = 59.5 div. T100 = 28.26 min. D100 = 74.1 div. Initial Sample Void Ratio 0.6800
Height at: D90 = 0.9991, D100 = 0.999 Height at: D50 = 0.9988, D100 = 0.9975 Final Sample Height, in 0.9970
Average Sample Height, in 0.9991 Average Sample Height, in 0.9991 Final Sample Void Ratio 0.6729
Average Drainage Height, in 0.4996 Average Drainage Height, in 0.4996 Incremental Strain, % 0.42%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.235 Coef. of Consol., Cv, in
2/min 0.024
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 3 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 79.5 0.9970 0.6729
Corrections* -4.5 -0.00045 -0.0008

Adjusted Sample Height & Void Ratio
0.10 0.32 110.0 0.9944 0.6685
0.15 0.39 111.5 0.9943 0.6683
0.20 0.45 113.0 0.9941 0.6680
0.27 0.52 114.5 0.9940 0.6678
0.35 0.59 115.5 0.9939 0.6676
0.45 0.67 117.0 0.9937 0.6674
0.58 0.76 118.0 0.9936 0.6672
0.75 0.87 119.5 0.9935 0.6669
0.95 0.97 120.5 0.9934 0.6668
1.22 1.10 121.5 0.9933 0.6666
1.53 1.24 123.0 0.9931 0.6664
1.95 1.40 124.5 0.9930 0.6661
2.47 1.57 126.0 0.9928 0.6659
3.12 1.77 127.5 0.9927 0.6656
3.95 1.99 129.5 0.9925 0.6653
4.98 2.23 131.0 0.9923 0.6650 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 133.0 0.9921 0.6647
7.95 2.82 134.5 0.9920 0.6644
9.40 3.07 136.5 0.9918 0.6641

11.85 3.44 138.0 0.9916 0.6638
14.95 3.87 140.0 0.9914 0.6635
18.85 4.34 142.5 0.9912 0.6631
23.77 4.88 144.5 0.9910 0.6627
29.95 5.47 146.5 0.9908 0.6624
37.75 6.14 148.5 0.9906 0.6621
47.57 6.90 150.0 0.9904 0.6618
59.95 7.74 151.5 0.9903 0.6616

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 102.8 div. T0 = 0 min. D0 = 103.7 div.
T90 = 0.624 min D90 = 118.4 div. T50 = 1.63 min. D50 = 123.4 div. Initial Sample Height, in 0.9970
T100 = NA min D100 = 120.1 div. T100 = 16.25 min. D100 = 143 div. Initial Sample Void Ratio 0.6729
Height at: D90 = 0.9936, D100 = 0.9934 Height at: D50 = 0.9931, D100 = 0.9911 Final Sample Height, in 0.9903
Average Sample Height, in 0.9936 Average Sample Height, in 0.9936 Final Sample Void Ratio 0.6616
Average Drainage Height, in 0.4968 Average Drainage Height, in 0.4968 Incremental Strain, % 0.68%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 59.95
Coef. of Consol., Cv, in

2/min 0.335 Coef. of Consol., Cv, in
2/min 0.030
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 4 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 151.5 0.9903 0.6616
Corrections* -5.5 -0.00055 -0.0009

Adjusted Sample Height & Void Ratio
0.08 0.29 199.0 0.9861 0.6545
0.13 0.37 202.0 0.9858 0.6540
0.18 0.43 204.0 0.9856 0.6537
0.25 0.50 206.0 0.9854 0.6534
0.33 0.58 208.5 0.9851 0.6529
0.43 0.66 210.0 0.9850 0.6527
0.57 0.75 212.0 0.9848 0.6523
0.73 0.86 214.5 0.9845 0.6519
0.93 0.97 216.5 0.9843 0.6516
1.20 1.10 218.5 0.9841 0.6513
1.52 1.23 220.5 0.9839 0.6509
1.93 1.39 222.5 0.9837 0.6506
2.45 1.57 225.0 0.9835 0.6502
3.10 1.76 227.5 0.9832 0.6497
3.93 1.98 230.0 0.9830 0.6493
4.97 2.23 232.5 0.9827 0.6489 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 236.0 0.9824 0.6483
7.93 2.82 239.0 0.9821 0.6478
9.38 3.06 241.0 0.9819 0.6475

11.83 3.44 244.5 0.9815 0.6469
14.93 3.86 248.0 0.9812 0.6463
18.83 4.34 251.0 0.9809 0.6458
23.75 4.87 254.5 0.9805 0.6452
29.93 5.47 258.0 0.9802 0.6446
37.73 6.14 261.0 0.9799 0.6441
47.55 6.90 264.0 0.9796 0.6436
59.93 7.74 266.5 0.9793 0.6432
75.93 8.71 269.0 0.9791 0.6428
94.93 9.74 271.0 0.9789 0.6424

119.93 10.95 273.0 0.9787 0.6421
150.93 12.29 274.5 0.9785 0.6419
189.93 13.78 276.0 0.9784 0.6416
301.93 17.38 278.0 0.9782 0.6413

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 188.7 div. T0 = 0 min. D0 = 189.5 div.
T90 = 0.533 min D90 = 211.5 div. T50 = 4 min. D50 = 230.2 div. Initial Sample Height, in 0.9903
T100 = NA min D100 = 214 div. T100 = 69.99 min. D100 = 270.8 div. Initial Sample Void Ratio 0.6616
Height at: D90 = 0.9848, D100 = 0.9845 Height at: D50 = 0.9829, D100 = 0.9789 Final Sample Height, in 0.9782
Average Sample Height, in 0.9842 Average Sample Height, in 0.9842 Final Sample Void Ratio 0.6413
Average Drainage Height, in 0.4921 Average Drainage Height, in 0.4921 Incremental Strain, % 1.22%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.93333
Coef. of Consol., Cv, in

2/min 0.386 Coef. of Consol., Cv, in
2/min 0.012

Page 6 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

180

190

200

210

220

230

240

250

260

270

280

0.01 0.1 1 10 100 1000

Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

180

190

200

210

220

230

240

250

260

270

280

0 1 2 3 4 5 6 7 8 9 10

Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 5 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -8

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 278.0 0.9782 0.6413
Corrections* -8 -0.0008 -0.0013

Adjusted Sample Height & Void Ratio
0.08 0.29 348.5 0.9719 0.6308
0.13 0.37 352.5 0.9715 0.6301
0.18 0.43 355.0 0.9713 0.6297
0.25 0.50 358.0 0.9710 0.6292
0.33 0.58 360.5 0.9707 0.6288
0.43 0.66 363.5 0.9704 0.6283
0.57 0.75 366.0 0.9702 0.6278
0.73 0.86 369.0 0.9699 0.6273
0.93 0.97 372.0 0.9696 0.6268
1.20 1.10 375.0 0.9693 0.6263
1.52 1.23 378.0 0.9690 0.6258
1.93 1.39 381.0 0.9687 0.6253
2.45 1.57 384.5 0.9683 0.6247
3.10 1.76 388.5 0.9679 0.6241
3.93 1.98 392.5 0.9675 0.6234
4.97 2.23 397.0 0.9671 0.6226 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 402.0 0.9666 0.6218
7.93 2.82 407.0 0.9661 0.6210
9.38 3.06 411.0 0.9657 0.6203

11.83 3.44 416.5 0.9651 0.6194
14.93 3.86 422.5 0.9645 0.6184
18.83 4.34 428.0 0.9640 0.6174
23.75 4.87 434.0 0.9634 0.6164
29.93 5.47 439.5 0.9628 0.6155
37.73 6.14 444.5 0.9623 0.6147
47.55 6.90 449.0 0.9619 0.6139
59.93 7.74 453.5 0.9614 0.6132
75.93 8.71 457.5 0.9610 0.6125
94.93 9.74 461.0 0.9607 0.6119

119.93 10.95 464.0 0.9604 0.6114
150.93 12.29 466.0 0.9602 0.6111

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 335.9 div. T0 = 0 min. D0 = 336.5 div.
T90 = 0.723 min D90 = 368.8 div. T50 = 4.68 min. D50 = 395.9 div. Initial Sample Height, in 0.9782
T100 = NA min D100 = 372.5 div. T100 = 53.97 min. D100 = 455.2 div. Initial Sample Void Ratio 0.6413
Height at: D90 = 0.9699, D100 = 0.9695 Height at: D50 = 0.9672, D100 = 0.9612 Final Sample Height, in 0.9602
Average Sample Height, in 0.9692 Average Sample Height, in 0.9692 Final Sample Void Ratio 0.6111
Average Drainage Height, in 0.4846 Average Drainage Height, in 0.4846 Incremental Strain, % 1.84%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.93333
Coef. of Consol., Cv, in

2/min 0.275 Coef. of Consol., Cv, in
2/min 0.010
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 6 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 8.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 466.0 0.9602 0.6111
Corrections* 8.5 0.00085 0.00143

Adjusted Sample Height & Void Ratio
0.10 0.32 434.5 0.9625 0.6149
0.15 0.39 432.5 0.9627 0.6153
0.20 0.45 431.5 0.9628 0.6154
0.27 0.52 430.0 0.9629 0.6157
0.35 0.59 429.0 0.9630 0.6159
0.45 0.67 428.0 0.9631 0.6160
0.58 0.76 426.5 0.9633 0.6163
0.75 0.87 425.5 0.9634 0.6164
0.95 0.97 424.5 0.9635 0.6166
1.22 1.10 423.0 0.9636 0.6169
1.53 1.24 421.5 0.9638 0.6171
1.95 1.40 420.0 0.9639 0.6174
2.47 1.57 418.0 0.9641 0.6177
3.12 1.77 416.5 0.9643 0.6179
3.95 1.99 414.5 0.9645 0.6183
4.98 2.23 412.5 0.9647 0.6186 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 410.5 0.9649 0.6190
7.95 2.82 408.0 0.9651 0.6194
9.40 3.07 406.5 0.9653 0.6196

11.85 3.44 404.0 0.9655 0.6200
14.95 3.87 401.5 0.9658 0.6205
18.85 4.34 399.0 0.9660 0.6209
23.77 4.88 396.5 0.9663 0.6213
29.95 5.47 394.0 0.9665 0.6217
37.75 6.14 392.0 0.9667 0.6221
47.57 6.90 390.0 0.9669 0.6224
59.95 7.74 388.5 0.9671 0.6226
75.95 8.71 387.0 0.9672 0.6229
94.95 9.74 386.0 0.9673 0.6231

119.95 10.95 385.5 0.9674 0.6232

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 441.3 div. T0 = 0 min. D0 = 440.5 div.
T90 = 0.608 min D90 = 426.3 div. T50 = 4.04 min. D50 = 414.3 div. Initial Sample Height, in 0.9602
T100 = NA min D100 = 424.6 div. T100 = 51.73 min. D100 = 388.1 div. Initial Sample Void Ratio 0.6111
Height at: D90 = 0.9633, D100 = 0.9634 Height at: D50 = 0.9645, D100 = 0.9671 Final Sample Height, in 0.9674
Average Sample Height, in 0.9638 Average Sample Height, in 0.9638 Final Sample Void Ratio 0.6232
Average Drainage Height, in 0.4819 Average Drainage Height, in 0.4819 Incremental Strain, % -0.75%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.95
Coef. of Consol., Cv, in

2/min 0.321 Coef. of Consol., Cv, in
2/min 0.011
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 7 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 6.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 385.5 0.9674 0.6232
Corrections* 6.5 0.00065 0.00109

Adjusted Sample Height & Void Ratio
0.10 0.32 370.0 0.9683 0.6247
0.15 0.39 369.5 0.9683 0.6247
0.20 0.45 368.5 0.9684 0.6249
0.27 0.52 367.5 0.9685 0.6251
0.35 0.59 367.0 0.9686 0.6252
0.45 0.67 366.0 0.9687 0.6253
0.58 0.76 365.0 0.9688 0.6255
0.75 0.87 364.0 0.9689 0.6257
0.95 0.97 363.0 0.9690 0.6258
1.22 1.10 362.0 0.9691 0.6260
1.53 1.24 360.5 0.9692 0.6263
1.95 1.40 359.0 0.9694 0.6265
2.47 1.57 357.5 0.9695 0.6268
3.12 1.77 355.5 0.9697 0.6271
3.95 1.99 354.0 0.9699 0.6273
4.98 2.23 352.0 0.9701 0.6277 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 349.5 0.9703 0.6281
7.95 2.82 347.0 0.9706 0.6285
9.40 3.07 344.5 0.9708 0.6289

11.85 3.44 341.5 0.9711 0.6294
14.95 3.87 338.0 0.9715 0.6300
18.85 4.34 334.5 0.9718 0.6306
23.77 4.88 330.5 0.9722 0.6313
29.95 5.47 326.5 0.9726 0.6320
37.75 6.14 322.0 0.9731 0.6327
47.57 6.90 317.5 0.9735 0.6335
59.95 7.74 313.5 0.9739 0.6341
75.95 8.71 309.5 0.9743 0.6348
94.95 9.74 305.5 0.9747 0.6355

119.95 10.95 302.5 0.9750 0.6360
150.95 12.29 300.0 0.9753 0.6364
189.95 13.78 298.0 0.9755 0.6367
239.95 15.49 296.0 0.9757 0.6371

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 372.1 div. T0 = 0 min. D0 = 373.5 div.
T90 = 50.98 min D90 = 316.3 div. T50 = 14.23 min. D50 = 338.7 div. Initial Sample Height, in 0.9674
T100 = NA min D100 = 310.1 div. T100 = 95.4 min. D100 = 304 div. Initial Sample Void Ratio 0.6232
Height at: D90 = 0.9736, D100 = 0.9742 Height at: D50 = 0.9714, D100 = 0.9749 Final Sample Height, in 0.9757
Average Sample Height, in 0.9715 Average Sample Height, in 0.9715 Final Sample Void Ratio 0.6371
Average Drainage Height, in 0.4858 Average Drainage Height, in 0.4858 Incremental Strain, % -0.86%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.95
Coef. of Consol., Cv, in

2/min 0.004 Coef. of Consol., Cv, in
2/min 0.003
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 8 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 296.0 0.9757 0.6371
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 301.5 0.9754 0.6366
0.15 0.39 301.5 0.9754 0.6366
0.20 0.45 301.5 0.9754 0.6366
0.27 0.52 301.5 0.9754 0.6366
0.35 0.59 302.0 0.9753 0.6365
0.45 0.67 302.0 0.9753 0.6365
0.58 0.76 302.5 0.9753 0.6364
0.75 0.87 302.5 0.9753 0.6364
0.95 0.97 302.5 0.9753 0.6364
1.22 1.10 302.5 0.9753 0.6364
1.53 1.24 303.0 0.9752 0.6363
1.95 1.40 303.0 0.9752 0.6363
2.47 1.57 303.5 0.9752 0.6362
3.12 1.77 303.5 0.9752 0.6362
3.95 1.99 304.0 0.9751 0.6362
4.98 2.23 304.0 0.9751 0.6362 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 304.5 0.9751 0.6361
7.95 2.82 304.5 0.9751 0.6361
9.40 3.07 305.0 0.9750 0.6360

11.85 3.44 305.0 0.9750 0.6360
14.95 3.87 305.5 0.9750 0.6359
18.85 4.34 305.5 0.9750 0.6359
23.77 4.88 306.0 0.9749 0.6358
29.95 5.47 306.5 0.9749 0.6357
37.75 6.14 306.5 0.9749 0.6357
47.57 6.90 307.0 0.9748 0.6357
59.95 7.74 307.0 0.9748 0.6357
75.95 8.71 307.0 0.9748 0.6357
94.95 9.74 307.5 0.9748 0.6356

119.95 10.95 307.5 0.9748 0.6356
150.95 12.29 308.0 0.9747 0.6355
189.95 13.78 308.0 0.9747 0.6355
301.95 17.38 308.0 0.9747 0.6355

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 301.2 div. T0 = 0 min. D0 = 301 div.
T90 = 0.314 min D90 = 301.8 div. T50 = 2.27 min. D50 = 303.4 div. Initial Sample Height, in 0.9757
T100 = NA min D100 = 301.9 div. T100 = 12.38 min. D100 = 305.8 div. Initial Sample Void Ratio 0.6371
Height at: D90 = 0.9753, D100 = 0.9753 Height at: D50 = 0.9752, D100 = 0.9749 Final Sample Height, in 0.9747
Average Sample Height, in 0.9752 Average Sample Height, in 0.9752 Final Sample Void Ratio 0.6355
Average Drainage Height, in 0.4876 Average Drainage Height, in 0.4876 Incremental Strain, % 0.10%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.95
Coef. of Consol., Cv, in

2/min 0.636 Coef. of Consol., Cv, in
2/min 0.021
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 9 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 308.0 0.9747 0.6355
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.08 0.29 319.0 0.9740 0.6342
0.13 0.37 319.5 0.9739 0.6341
0.18 0.43 320.0 0.9739 0.6341
0.25 0.50 321.0 0.9738 0.6339
0.33 0.58 321.5 0.9737 0.6338
0.43 0.66 322.0 0.9737 0.6337
0.57 0.75 322.5 0.9736 0.6336
0.73 0.86 323.0 0.9736 0.6336
0.93 0.97 324.0 0.9735 0.6334
1.20 1.10 324.5 0.9734 0.6333
1.52 1.23 325.0 0.9734 0.6332
1.93 1.39 325.5 0.9733 0.6331
2.45 1.57 326.0 0.9733 0.6330
3.10 1.76 327.0 0.9732 0.6329
3.93 1.98 327.5 0.9731 0.6328
4.97 2.23 328.5 0.9730 0.6326 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 329.0 0.9730 0.6325
7.93 2.82 330.0 0.9729 0.6324
9.38 3.06 330.5 0.9728 0.6323

11.83 3.44 331.0 0.9728 0.6322
14.93 3.86 332.0 0.9727 0.6320
18.83 4.34 333.0 0.9726 0.6319
23.75 4.87 334.0 0.9725 0.6317
29.93 5.47 335.0 0.9724 0.6315
37.73 6.14 336.0 0.9723 0.6314
47.55 6.90 336.5 0.9722 0.6313
59.93 7.74 337.5 0.9721 0.6311
75.93 8.71 338.0 0.9721 0.6310
94.93 9.74 338.5 0.9720 0.6310

119.93 10.95 339.0 0.9720 0.6309
150.93 12.29 339.5 0.9719 0.6308
189.93 13.78 339.5 0.9719 0.6308
757.93 27.53 340.5 0.9718 0.6306

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 316.9 div. T0 = 0 min. D0 = 316.5 div.
T90 = 1.877 min D90 = 325.4 div. T50 = 4.16 min. D50 = 327.7 div. Initial Sample Height, in 0.9747
T100 = NA min D100 = 326.4 div. T100 = 75.05 min. D100 = 339 div. Initial Sample Void Ratio 0.6355
Height at: D90 = 0.9733, D100 = 0.9732 Height at: D50 = 0.9731, D100 = 0.972 Final Sample Height, in 0.9718
Average Sample Height, in 0.9733 Average Sample Height, in 0.9733 Final Sample Void Ratio 0.6306
Average Drainage Height, in 0.4866 Average Drainage Height, in 0.4866 Incremental Strain, % 0.30%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.93333
Coef. of Consol., Cv, in

2/min 0.107 Coef. of Consol., Cv, in
2/min 0.011
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 10 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 340.5 0.9718 0.6306
Corrections* -4.5 -0.00045 -0.0008

Adjusted Sample Height & Void Ratio
0.10 0.32 361.5 0.9702 0.6278
0.15 0.39 363.0 0.9700 0.6276
0.20 0.45 364.0 0.9699 0.6274
0.27 0.52 365.5 0.9698 0.6272
0.35 0.59 366.0 0.9697 0.6271
0.45 0.67 367.5 0.9696 0.6268
0.58 0.76 368.0 0.9695 0.6268
0.75 0.87 369.0 0.9694 0.6266
0.95 0.97 370.0 0.9693 0.6264
1.22 1.10 371.0 0.9692 0.6263
1.53 1.24 372.5 0.9691 0.6260
1.95 1.40 373.5 0.9690 0.6258
2.47 1.57 374.5 0.9689 0.6257
3.12 1.77 376.0 0.9687 0.6254
3.95 1.99 377.0 0.9686 0.6252
4.98 2.23 378.5 0.9685 0.6250 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 380.0 0.9683 0.6247
7.95 2.82 381.5 0.9682 0.6245
9.40 3.07 382.5 0.9681 0.6243

11.85 3.44 384.0 0.9679 0.6241
14.95 3.87 385.5 0.9678 0.6238
18.85 4.34 387.5 0.9676 0.6235
23.77 4.88 389.0 0.9674 0.6232
29.95 5.47 390.5 0.9673 0.6230
37.75 6.14 392.0 0.9671 0.6227
47.57 6.90 393.5 0.9670 0.6225
59.95 7.74 394.5 0.9669 0.6223
75.95 8.71 395.5 0.9668 0.6221
94.95 9.74 396.5 0.9667 0.6220

119.95 10.95 397.0 0.9666 0.6219
150.95 12.29 398.0 0.9665 0.6217
189.95 13.78 398.5 0.9665 0.6216
239.95 15.49 399.0 0.9664 0.6216

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 355.3 div. T0 = 0 min. D0 = 356.2 div.
T90 = 0.533 min D90 = 367.8 div. T50 = 3.05 min. D50 = 375.9 div. Initial Sample Height, in 0.9718
T100 = NA min D100 = 369.2 div. T100 = 47.74 min. D100 = 395.5 div. Initial Sample Void Ratio 0.6306
Height at: D90 = 0.9695, D100 = 0.9694 Height at: D50 = 0.9687, D100 = 0.9668 Final Sample Height, in 0.9664
Average Sample Height, in 0.9691 Average Sample Height, in 0.9691 Final Sample Void Ratio 0.6216
Average Drainage Height, in 0.4846 Average Drainage Height, in 0.4846 Incremental Strain, % 0.56%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.95
Coef. of Consol., Cv, in

2/min 0.372 Coef. of Consol., Cv, in
2/min 0.015
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 11 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 399.0 0.9664 0.6216
Corrections* -5 -0.0005 -0.0008

Adjusted Sample Height & Void Ratio
0.10 0.32 435.0 0.9633 0.6164
0.15 0.39 437.5 0.9631 0.6159
0.20 0.45 439.0 0.9629 0.6157
0.27 0.52 440.5 0.9628 0.6154
0.35 0.59 442.0 0.9626 0.6152
0.45 0.67 443.5 0.9625 0.6149
0.58 0.76 445.0 0.9623 0.6147
0.75 0.87 447.0 0.9621 0.6143
0.95 0.97 448.5 0.9620 0.6141
1.22 1.10 450.5 0.9618 0.6138
1.53 1.24 452.0 0.9616 0.6135
1.95 1.40 454.0 0.9614 0.6132
2.47 1.57 456.0 0.9612 0.6128
3.12 1.77 458.0 0.9610 0.6125
3.95 1.99 460.0 0.9608 0.6122
4.98 2.23 462.5 0.9606 0.6117 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 465.0 0.9603 0.6113
7.95 2.82 467.5 0.9601 0.6109
9.40 3.07 469.5 0.9599 0.6106

11.85 3.44 472.0 0.9596 0.6101
14.95 3.87 474.5 0.9594 0.6097
18.85 4.34 477.5 0.9591 0.6092
23.77 4.88 480.0 0.9588 0.6088
29.95 5.47 482.5 0.9586 0.6084
37.75 6.14 485.0 0.9583 0.6080
47.57 6.90 487.0 0.9581 0.6076
59.95 7.74 489.0 0.9579 0.6073
75.95 8.71 491.0 0.9577 0.6070
94.95 9.74 492.5 0.9576 0.6067

119.95 10.95 494.0 0.9574 0.6065
150.95 12.29 495.5 0.9573 0.6062

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 425.4 div. T0 = 0 min. D0 = 427.2 div.
T90 = 0.476 min D90 = 443.8 div. T50 = 2.73 min. D50 = 456.9 div. Initial Sample Height, in 0.9664
T100 = NA min D100 = 445.9 div. T100 = 37.94 min. D100 = 486.6 div. Initial Sample Void Ratio 0.6216
Height at: D90 = 0.9624, D100 = 0.9622 Height at: D50 = 0.9611, D100 = 0.9581 Final Sample Height, in 0.9573
Average Sample Height, in 0.9618 Average Sample Height, in 0.9618 Final Sample Void Ratio 0.6062
Average Drainage Height, in 0.4809 Average Drainage Height, in 0.4809 Incremental Strain, % 0.95%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.95
Coef. of Consol., Cv, in

2/min 0.412 Coef. of Consol., Cv, in
2/min 0.017
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 12 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -10.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 495.5 0.9573 0.6062
Corrections* -10.5 -0.00105 -0.0018

Adjusted Sample Height & Void Ratio
0.08 0.29 567.0 0.9512 0.5960
0.13 0.37 570.5 0.9508 0.5954
0.18 0.43 574.0 0.9505 0.5948
0.25 0.50 577.0 0.9502 0.5943
0.33 0.58 580.0 0.9499 0.5938
0.43 0.66 583.0 0.9496 0.5933
0.57 0.75 586.0 0.9493 0.5928
0.73 0.86 589.5 0.9489 0.5922
0.93 0.97 592.5 0.9486 0.5917
1.20 1.10 596.5 0.9482 0.5910
1.52 1.23 600.5 0.9478 0.5903
1.93 1.39 604.5 0.9474 0.5897
2.45 1.57 609.5 0.9469 0.5888
3.10 1.76 614.5 0.9464 0.5880
3.93 1.98 620.0 0.9459 0.5871
4.97 2.23 626.0 0.9453 0.5861 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 632.5 0.9446 0.5850
7.93 2.82 639.0 0.9440 0.5839
9.38 3.06 644.5 0.9434 0.5830

11.83 3.44 652.0 0.9427 0.5817
14.93 3.86 659.5 0.9419 0.5804
18.83 4.34 667.5 0.9411 0.5791
23.75 4.87 675.5 0.9403 0.5778
29.93 5.47 683.5 0.9395 0.5764
37.73 6.14 690.5 0.9388 0.5752
47.55 6.90 697.0 0.9382 0.5742
59.93 7.74 703.0 0.9376 0.5731
75.93 8.71 708.0 0.9371 0.5723
94.93 9.74 712.5 0.9366 0.5716

119.93 10.95 716.0 0.9363 0.5710
150.93 12.29 719.0 0.9360 0.5705
189.93 13.78 721.5 0.9357 0.5700
954.93 30.90 731.5 0.9347 0.5684

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 553.1 div. T0 = 0 min. D0 = 554 div.
T90 = 0.81 min D90 = 590.7 div. T50 = 6.72 min. D50 = 634.4 div. Initial Sample Height, in 0.9573
T100 = NA min D100 = 594.8 div. T100 = 73.99 min. D100 = 714.8 div. Initial Sample Void Ratio 0.6062
Height at: D90 = 0.9488, D100 = 0.9484 Height at: D50 = 0.9444, D100 = 0.9364 Final Sample Height, in 0.9347
Average Sample Height, in 0.9460 Average Sample Height, in 0.9460 Final Sample Void Ratio 0.5684
Average Drainage Height, in 0.4730 Average Drainage Height, in 0.4730 Incremental Strain, % 2.36%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.235 Coef. of Consol., Cv, in
2/min 0.007
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring TPE-18 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 12'-14' Load 13 of 13
Project No. 30598 Sample ST-1

Lab ID# 30598012
Visual Description Yellowish Brown Sandy Lean Clay
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -15

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 731.5 0.9347 0.5684
Corrections* -15 -0.0015 -0.0025

Adjusted Sample Height & Void Ratio
0.10 0.32 799.5 0.9294 0.5595
0.15 0.39 803.5 0.9290 0.5588
0.20 0.45 806.0 0.9288 0.5584
0.27 0.52 809.5 0.9284 0.5578
0.35 0.59 813.0 0.9281 0.5572
0.45 0.67 816.0 0.9278 0.5567
0.58 0.76 819.5 0.9274 0.5561
0.75 0.87 824.0 0.9270 0.5554
0.95 0.97 828.0 0.9266 0.5547
1.22 1.10 832.5 0.9261 0.5539
1.53 1.24 837.5 0.9256 0.5531
1.95 1.40 843.5 0.9250 0.5521
2.47 1.57 849.5 0.9244 0.5511
3.12 1.77 856.0 0.9238 0.5500
3.95 1.99 863.5 0.9230 0.5487
4.98 2.23 871.5 0.9222 0.5474 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 880.5 0.9213 0.5459
7.95 2.82 889.5 0.9204 0.5444
9.40 3.07 896.5 0.9197 0.5432

11.85 3.44 907.0 0.9187 0.5414
14.95 3.87 918.5 0.9175 0.5395
18.85 4.34 930.5 0.9163 0.5375
23.77 4.88 942.5 0.9151 0.5355
29.95 5.47 954.5 0.9139 0.5335
37.75 6.14 966.0 0.9128 0.5315
47.57 6.90 976.0 0.9118 0.5299
59.95 7.74 985.0 0.9109 0.5283
75.95 8.71 992.5 0.9101 0.5271
94.95 9.74 998.5 0.9095 0.5261

119.95 10.95 1004.0 0.9090 0.5252
150.95 12.29 1008.0 0.9086 0.5245
189.95 13.78 1011.0 0.9083 0.5240

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 784.4 div. T0 = 0 min. D0 = 784.4 div.
T90 = 2.016 min D90 = 844.3 div. T50 = 8 min. D50 = 889.7 div. Initial Sample Height, in 0.9347
T100 = NA min D100 = 850.9 div. T100 = 65.47 min. D100 = 995.1 div. Initial Sample Void Ratio 0.5684
Height at: D90 = 0.9249, D100 = 0.9243 Height at: D50 = 0.9204, D100 = 0.9098 Final Sample Height, in 0.9083
Average Sample Height, in 0.9215 Average Sample Height, in 0.9215 Final Sample Void Ratio 0.5240
Average Drainage Height, in 0.4607 Average Drainage Height, in 0.4607 Incremental Strain, % 2.83%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.089 Coef. of Consol., Cv, in
2/min 0.005
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS

Client Civil & Environmental Consultants, Inc. Boring SB-4
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1

Lab No. 30598013
Visual Description DARK GRAYISH BROWN SANDY LEAN CLAY
Sample Condition Undisturbed (oversize material present)

NORMAL STRESS vs. SHEAR STRESS
φ = φ = φ = φ = 29.1°              c = 0.1 psi

HORIZONTAL DEFORMATION vs. SHEAR STRESS HORIZONTAL DEFORMATION vs. SAMPLE HEIGHT
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Using All Points

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts responsibility for the raw data obtained from the 
direct shear tests.  This data may be interpreted differently by others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.

Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower value than the one reported above.



DIRECT SHEAR TEST OF SOILS
UNDER CONSOLIDATED, DRAINED CONDITIONS
MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client: Civil & Environmental Consultants, Inc. Boring: SB-4
Client Project 091-867 Apex Landfill Expansion Depth: 28'-30'
Project No. 30598 Sample: ST-1

Lab Sample ID 30598013
Material: DARK GRAYISH BROWN SANDY LEAN CLAY
Condition Undisturbed (oversize material present)
Average Friction Angle, φφφφ, deg. 29.1 Using All Points
Average Cohesion, c, psi 0.1 Using All Points
Sample Condition
Normal Stress, psi 10.00 40.84 79.95
Shear Stress at Failure, psi 5.22 23.58 44.18
Mohr's Circle Radius, psi 6.0 27.0 50.5
Mohr's Circle Origin, psi 12.9 53.9 104.5
(Origin - Normal Stress), psi 2.9 13.1 24.5
Minor Principal Stress σ3, psi 6.9 27.0 54.0
Major Principal Stress σ1, psi 18.9 80.9 155.0
Principal Stress Difference, σ1−σ3, psi 11.9 54.0 101.1
Normal Stress Pole Coordinate, X, psi 15.8 67.0 129.0
Shear Stress Pole Coordinate, Y, psi 5.2 23.6 44.2
Assumed Failure Plane, deg 0 - Horizontal 0 - Horizontal 0 - Horizontal
Major Principal Failure Plane Angle, deg 59.5 59.5 59.5
Minor Principal Failure Plane Angle, deg 30.5 30.5 30.5
Maximum Shear Stress, psi 6.0 27.0 50.5
Maximum Shear Failure Plane Angle, deg 14.5 14.5 14.5
Initial Water Content, % 9.1% 9.1% 9.1%
Initial Dry Density, pcf 111.4 111.4 111.4
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Client Civil & Environmental Consultants, Inc.Boring SB-4
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1 30598013 ds1.sdf

Lab No. 30598013 30598013 ds test 2.sdf

Visual Description DARK GRAYISH BROWN SANDY LEAN CLAY 30598013 ds3.sdf

Sample Condition Undisturbed (oversize material present)

Test No.
Initial After Consol. Final Initial After Consol. Final Initial After Consol. Final

Tare I.D. A34 - A24 A34 - A7 A34 - A37
Wt. Wet Soil & Tare, gm 260.56 - 167.23 260.56 - 161.31 260.56 - 157.83
Wt. Dry Soil & Tare, gm 239.59 - 137.96 239.59 - 137.23 239.59 - 136.68
Wt. Tare, gm 9.91 - 9.44 9.91 - 9.44 9.91 - 9.62
Water Content, % 9.1% - 22.8% 9.1% - 18.8% 9.1% - 16.6%

Wt. of Wet Soil & Mold, gm 309.04 - - 307.86 - - 307.69 - -
Wt. of Mold, gm 152.32 - - 151.14 - - 150.97 - -
Wt. of Wet Soil, gm 156.72 - - 156.72 - - 156.72 - -
Sample Height, in 1 0.9731 0.9472 1 0.9384 0.9243 1 0.8862 0.8643
Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Sample Area, in^2 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
Sample Volume, cc 80.44 78.28 76.19 80.44 75.49 74.35 80.44 71.28 69.53
Wet Density, pcf 121.6 NA 144.4 121.6 NA 143.2 121.6 NA 150.3
Dry Density, pcf 111.4 NA 117.6 111.4 NA 120.5 111.4 NA 128.9

t90, min. (Sqrt. Method) 0.35 0.35 8.88
Equivalent t50, min. (Sqrt.) 0.08 0.08 2.07
t50, min. (Log Method) 0.11 0.46 0.50
Selected t50, min. (Max.) 0.11 0.46 2.07
Calc. Disp. Rate, in./min. 0.0455 0.0109 0.0024

Test No.
Normal Stress, psi
Shear Stress at Failure, psi 5.2 10% Def 23.6 10% Def 44.2 10% Def
Shear Disp. at Failure, in
Displacement Rate, in/min

Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0 0.000

0.005 5.8 1.2 0.000 9.1 1.9 -0.001 9.9 2.0 -0.001
0.010 8.9 1.8 -0.001 17.2 3.5 -0.001 26.9 5.5 -0.002
0.015 11.4 2.3 -0.002 26.7 5.4 -0.002 45.4 9.3 -0.003
0.020 13.3 2.7 -0.003 35.3 7.2 -0.002 60.8 12.4 -0.004
0.025 15.0 3.1 -0.003 43.5 8.9 -0.003 75.6 15.4 -0.005
0.030 16.1 3.3 -0.004 50.4 10.3 -0.004 87.6 17.8 -0.006
0.035 17.3 3.5 -0.005 55.9 11.4 -0.005 98.7 20.1 -0.007
0.040 18.3 3.7 -0.006 61.0 12.4 -0.006 108.0 22.0 -0.008
0.045 20.1 4.1 -0.006 64.8 13.2 -0.007 116.6 23.7 -0.009
0.050 20.9 4.2 -0.007 69.0 14.1 -0.007 124.9 25.4 -0.010
0.055 21.7 4.4 -0.007 73.2 14.9 -0.008 132.9 27.1 -0.011
0.060 22.2 4.5 -0.008 77.1 15.7 -0.009 140.0 28.5 -0.011
0.065 22.8 4.6 -0.009 80.7 16.4 -0.009 147.0 30.0 -0.012
0.070 22.9 4.7 -0.009 83.5 17.0 -0.010 152.7 31.1 -0.013

2
40.85

3
79.95

0.250
0.0020 0.0020 0.0020

0.250 0.250

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS - ASTM D 3080

TEST DATA AND SUMMARY

SAMPLE CONDITIONS
1 2 3

DEFORMATION RATE CALCULATIONS

1
10.00

30598013 - DS.xls



Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0.075 23.5 4.8 -0.010 86.5 17.6 -0.010 158.5 32.3 -0.013
0.080 23.4 4.8 -0.011 88.9 18.1 -0.011 164.4 33.5 -0.014
0.085 23.7 4.8 -0.011 91.5 18.6 -0.011 169.2 34.5 -0.014
0.090 23.9 4.9 -0.012 93.7 19.1 -0.011 173.3 35.3 -0.015
0.095 24.2 4.9 -0.013 95.8 19.5 -0.012 177.5 36.2 -0.016
0.100 24.2 4.9 -0.013 97.5 19.9 -0.012 181.1 36.9 -0.016
0.105 24.6 5.0 -0.014 99.0 20.2 -0.012 184.1 37.5 -0.016
0.110 24.7 5.0 -0.014 100.6 20.5 -0.012 187.7 38.2 -0.017
0.115 25.0 5.1 -0.015 102.0 20.8 -0.013 190.5 38.8 -0.017
0.120 24.4 5.0 -0.015 103.1 21.0 -0.013 193.3 39.4 -0.017
0.125 24.4 5.0 -0.016 104.4 21.3 -0.013 195.5 39.8 -0.018
0.130 25.0 5.1 -0.016 105.3 21.4 -0.013 197.8 40.3 -0.018
0.135 25.0 5.1 -0.017 106.3 21.7 -0.013 199.5 40.6 -0.018
0.140 24.8 5.0 -0.017 107.0 21.8 -0.013 201.1 41.0 -0.018
0.145 24.9 5.1 -0.018 108.1 22.0 -0.013 203.4 41.4 -0.019
0.150 25.5 5.2 -0.018 108.6 22.1 -0.013 204.8 41.7 -0.019
0.155 25.0 5.1 -0.018 108.6 22.1 -0.014 205.6 41.9 -0.019
0.160 25.0 5.1 -0.019 109.7 22.3 -0.014 207.0 42.2 -0.019
0.165 25.0 5.1 -0.020 110.2 22.5 -0.014 207.9 42.4 -0.020
0.170 25.4 5.2 -0.020 110.5 22.5 -0.014 209.0 42.6 -0.020
0.175 25.6 5.2 -0.020 111.5 22.7 -0.014 209.8 42.7 -0.020
0.180 25.6 5.2 -0.021 111.9 22.8 -0.014 210.2 42.8 -0.020
0.185 25.4 5.2 -0.022 112.0 22.8 -0.014 210.9 43.0 -0.021
0.190 25.5 5.2 -0.022 113.0 23.0 -0.014 211.6 43.1 -0.021
0.195 25.2 5.1 -0.022 113.0 23.0 -0.014 211.6 43.1 -0.021
0.200 25.5 5.2 -0.023 113.6 23.1 -0.014 212.6 43.3 -0.021
0.205 25.6 5.2 -0.023 113.6 23.1 -0.014 213.0 43.4 -0.021
0.210 25.6 5.2 -0.023 114.0 23.2 -0.014 213.3 43.5 -0.021
0.215 25.4 5.2 -0.024 114.1 23.2 -0.014 213.8 43.6 -0.021
0.220 25.3 5.1 -0.024 114.4 23.3 -0.014 214.3 43.7 -0.021
0.225 25.5 5.2 -0.024 114.8 23.4 -0.014 214.7 43.7 -0.021
0.230 25.3 5.2 -0.025 115.0 23.4 -0.014 214.8 43.8 -0.021
0.235 25.2 5.1 -0.025 114.9 23.4 -0.014 215.3 43.9 -0.022
0.240 25.6 5.2 -0.025 115.4 23.5 -0.014 215.4 43.9 -0.022
0.245 25.5 5.2 -0.026 115.6 23.6 -0.014 216.1 44.0 -0.022
0.250 25.6 5.2 -0.026 115.8 23.6 -0.014 216.9 44.2 -0.022

Input Validation: Reviewed By:
COPYRIGHT © 2005  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-4 Final Test Load, psi 10.00
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1

Lab ID# 30598013
Description DARK GRAYISH BROWN SANDY LEAN CLAY
Test Conditions: Undisturbed (oversize material present)

Increment Start Date and Time: 12/06/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 67

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 67 0.0067

Adjusted Sample Height
0.08 0.29 92.9 0.9974
0.08 0.29 92.9 0.9974
0.13 0.37 108.9 0.9958
0.18 0.43 132.2 0.9935
0.23 0.48 142.1 0.9925
0.30 0.55 148.5 0.9918
0.38 0.62 151.5 0.9915
0.48 0.70 154.6 0.9912
0.62 0.79 157.6 0.9909
0.80 0.89 158.6 0.9908
1.00 1.00 162.1 0.9905
1.27 1.13 164.2 0.9903
1.58 1.26 166.1 0.9901
2.00 1.41 169.4 0.9898 Square Root of Elapsed Time vs. Dial Reading
2.52 1.59 171.0 0.9896
3.17 1.78 173.4 0.9894
4.00 2.00 175.4 0.9892
5.03 2.24 178.0 0.9889
6.35 2.52 179.6 0.9887
8.00 2.83 182.6 0.9884
9.47 3.08 184.2 0.9883

11.92 3.45 187.0 0.9880
15.02 3.88 189.1 0.9878
18.92 4.35 192.0 0.9875
23.83 4.88 193.8 0.9873
95.03 9.75 201.6 0.9731

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 16.7 div. T0 = 0 min. D0 = 35.9 div.
T90 = 0.348 min D90 = 150.1 div. T50 = 0.11 min. D50 = 102 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 164.9 div. T100 = 0.3 min. D100 = 168 div.
Height at: D90 = 0.9783, D100 = 0.9768 Height at: D50 = 0.9831, D100 = 0.9765 Final Sample Height, in 0.9731
Average Sample Height, in 0.9866 Average Sample Height, in 0.9866
Average Drainage Height, in 0.4933 Average Drainage Height, in 0.4933 Incremental Strain, % 2.69%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 95
Coef. of Consol., Cv, in

2/min 0.601 Coef. of Consol., Cv, in
2/min 0.436

Input Validation: Reviewed By: Date 12/6/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-4 Final Test Load, psi 40.85
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1

Lab ID# 30598013
Description DARK GRAYISH BROWN SANDY LEAN CLAY
Test Conditions: Undisturbed (oversize material present)

Increment Start Date: 12/06/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 147

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 147 0.0147

Adjusted Sample Height
0.07 0.26 294.6 0.9852
0.07 0.26 294.6 0.9852
0.12 0.34 322.1 0.9825
0.17 0.41 332.6 0.9814
0.22 0.47 337.8 0.9809
0.28 0.53 343.0 0.9804
0.38 0.62 346.5 0.9801
0.48 0.70 351.9 0.9795
0.62 0.79 357.3 0.9790
0.78 0.89 363.0 0.9784
0.98 0.99 368.2 0.9779
1.25 1.12 374.2 0.9773
1.57 1.25 380.2 0.9767
1.98 1.41 386.7 0.9760 Square Root of Elapsed Time vs. Dial Reading
2.50 1.58 393.9 0.9753
3.15 1.77 400.7 0.9746
3.98 2.00 407.7 0.9739
5.02 2.24 415.7 0.9731
6.33 2.52 423.6 0.9723
8.00 2.83 431.1 0.9716
9.45 3.07 437.0 0.9710

11.90 3.45 443.4 0.9704
15.00 3.87 448.2 0.9699
18.90 4.35 453.7 0.9693
23.82 4.88 458.7 0.9688
190.03 13.79 468.6 0.9384

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 251.2 div. T0 = 0 min. D0 = 247.3 div.
T90 = 0.348 min D90 = 345.2 div. T50 = 0.46 min. D50 = 350.8 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 355.6 div. T100 = 15.43 min. D100 = 454.3 div.
Height at: D90 = 0.9508, D100 = 0.9497 Height at: D50 = 0.9502, D100 = 0.9399 Final Sample Height, in 0.9384
Average Sample Height, in 0.9692 Average Sample Height, in 0.9692
Average Drainage Height, in 0.4846 Average Drainage Height, in 0.4846 Incremental Strain, % 6.16%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 190
Coef. of Consol., Cv, in

2/min 0.580 Coef. of Consol., Cv, in
2/min 0.101

Input Validation: Reviewed By: Date 12/6/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-4 Final Test Load, psi 79.95
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample ST-1

Lab ID# 30598013
Description DARK GRAYISH BROWN SANDY LEAN CLAY
Test Conditions: Undisturbed (oversize material present)

Increment Start Date: 12/07/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 217

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 217 0.0217

Adjusted Sample Height
0.10 0.32 692.0 0.9525
0.10 0.32 692.0 0.9525
0.15 0.39 724.6 0.9492
0.20 0.45 737.7 0.9479
0.25 0.50 741.4 0.9476
0.32 0.56 748.4 0.9469
0.40 0.63 753.6 0.9463
0.50 0.71 761.3 0.9456
0.63 0.80 767.7 0.9449
0.82 0.90 774.1 0.9443
1.02 1.01 782.1 0.9435
1.28 1.13 790.7 0.9426
1.60 1.26 799.7 0.9417
2.02 1.42 808.1 0.9409 Square Root of Elapsed Time vs. Dial Reading
2.53 1.59 818.2 0.9399
3.20 1.79 828.7 0.9388
4.03 2.01 839.8 0.9377
5.07 2.25 849.8 0.9367
6.38 2.53 861.9 0.9355
8.05 2.84 872.3 0.9345
9.50 3.08 878.5 0.9339

11.95 3.46 885.6 0.9331
15.07 3.88 892.6 0.9324
18.98 4.36 898.9 0.9318
23.92 4.89 904.5 0.9312
76.23 8.73 921.1 0.8862

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 705.1 div. T0 = 0 min. D0 = 630.3 div.
T90 = 8.88 min D90 = 875.9 div. T50 = 0.5 min. D50 = 761.1 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 894.9 div. T100 = 11.25 min. D100 = 891.8 div.
Height at: D90 = 0.8907, D100 = 0.8888 Height at: D50 = 0.9022, D100 = 0.8891 Final Sample Height, in 0.8862
Average Sample Height, in 0.9431 Average Sample Height, in 0.9431
Average Drainage Height, in 0.4715 Average Drainage Height, in 0.4715 Incremental Strain, % 11.38%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 76
Coef. of Consol., Cv, in

2/min 0.021 Coef. of Consol., Cv, in
2/min 0.088

Input Validation: Reviewed By: Date 12/7/2010
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 9'-10'
Project No. 30598 Sample ST-2

Lab Sample No. 30598014

Visual Description Grayish Brown Clayey Gravel with Sand
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number A12 B12 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 257.57 234.9 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 235.97 217.89 Seating NA 1.0063 0.00 1.6647 0.6339 NA NA NA

Wt. Tare, gm 9.53 85.04 0.25 76 0.9739 3.21% 1.7200 0.5814 2.10E-01 NA NA

Water Content, % 9.5% 12.8% 0.5 120 0.9459 6.00% 1.7710 0.5358 1.82E-01 0.151   NA

1 60 0.9169 8.88% 1.8270 0.4888 9.42E-02 0.156   NA

Sample Diameter, in 2.5 2.5 2 758 0.8875 11.80% 1.8874 0.4411 4.76E-02 0.158   NA

Sample Height, in 1.006 0.8095 4 190 0.8607 14.46% 1.9462 0.3976 2.18E-02 0.145   NA

Sample Volume, in^3 4.9394 3.9735 1 120 0.8642 14.11% 1.9383 0.4033 1.90E-03 NA NA

Wt. WS + Ring, gm 258.52 261.02 0.25 190 0.8704 13.50% 1.9246 0.4133 1.33E-02 NA NA

Wt. of Ring, gm 110.92 110.92 0.5 38 0.8698 13.56% 1.9258 0.4124 3.56E-03 NA 0.003

Wt. of WS, gm 147.6 150.10 1 1,514 0.8677 13.77% 1.9305 0.4089 6.88E-03 NA 0.011

Wet Density, pcf 113.79 143.84 2 955 0.8641 14.13% 1.9386 0.4031 5.88E-03 NA 0.020

Wet Density, g/cc 1.824 2.305 4 190 0.8567 14.86% 1.9554 0.3910 6.01E-03 NA 0.040

Water Content, % 9.5% 12.8% 8 120 0.8341 17.10% 2.0082 0.3545 9.14E-03 0.122   NA

Wt. of DS, gm 134.75 133.06 16 120 0.8095 19.56% 2.0694 0.3144 5.01E-03 0.133   NA

Dry Density, pcf 103.88 127.52

Dry Density, g/cc 1.665 2.044

Void Ratio, e 0.6339 0.3310

Saturation, % 40.9%

Specific Gravity 2.72 Measured

Height of Solids, in 0.6159 0.6159
Input Validation Reviewed By: Date Tested: 12/18/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts 
responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by others.  It is 
the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring SB-6
Client Project 091-867 Apex Landfill Expansion Depth 9'-10'
Project No. 30598 Sample ST-2

Lab Sample No. 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Sample Conditions Undisturbed, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress

Page 2 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

0.2

0.3

0.4

0.5

0.6

0.7

0.1 1 10 100

Vertical Effective Stress, tsf

V
oi

d 
R

at
io

0

0.05

0.1

0.15

0.2

0.25

0.1 1 10 100

Vertical Effective Stress, tsf

C
oe

ff
ic

ie
nt

 o
f C

on
so

lid
at

io
n,

C
v,

 in
2 /m

in



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 1 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0063 0.6339
Corrections* -4.5 -0.00045 -0.0007

Adjusted Sample Height & Void Ratio
0.10 0.32 37.1 1.0030 0.6286
0.15 0.39 37.8 1.0029 0.6285
0.20 0.45 38.4 1.0029 0.6284
0.27 0.52 39.1 1.0028 0.6283
0.35 0.59 39.6 1.0027 0.6282
0.45 0.67 41.0 1.0026 0.6280
0.58 0.76 42.4 1.0025 0.6278
0.75 0.87 43.9 1.0023 0.6275
0.95 0.97 45.5 1.0022 0.6273
1.22 1.10 48.2 1.0019 0.6268
1.53 1.24 50.8 1.0016 0.6264
1.95 1.40 54.7 1.0012 0.6258
2.47 1.57 59.6 1.0007 0.6250
3.12 1.77 65.7 1.0001 0.6240
3.95 1.99 74.1 0.9993 0.6226
4.98 2.23 85.8 0.9981 0.6207 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 100.2 0.9967 0.6184
7.95 2.82 122.8 0.9944 0.6147
9.40 3.07 146.2 0.9921 0.6109

11.85 3.44 185.6 0.9881 0.6045
14.95 3.87 223.6 0.9843 0.5983
18.85 4.34 258.3 0.9809 0.5927
23.77 4.88 281.8 0.9785 0.5889
29.95 5.47 298.6 0.9768 0.5862
37.75 6.14 309.4 0.9758 0.5844
47.57 6.90 317.8 0.9749 0.5830
59.95 7.74 323.2 0.9744 0.5822
75.95 8.71 327.7 0.9739 0.5814

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 33.8 div. T0 = 0 min. D0 = 33.8 div.
T90 = 0.063 min D90 = 31.5 div. T50 = 10.73 min. D50 = 168.7 div. Initial Sample Height, in 1.0063
T100 = NA min D100 = 31.3 div. T100 = 23.72 min. D100 = 303.5 div. Initial Sample Void Ratio 0.6339
Height at: D90 = 1.0036, D100 = 1.0036 Height at: D50 = 0.9898, D100 = 0.9764 Final Sample Height, in 0.9739
Average Sample Height, in 0.9901 Average Sample Height, in 0.9901 Final Sample Void Ratio 0.5814
Average Drainage Height, in 0.4950 Average Drainage Height, in 0.4950 Incremental Strain, % 3.21%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 75.95
Coef. of Consol., Cv, in

2/min 3.265 Coef. of Consol., Cv, in
2/min 0.004

Page 3 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 2 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 327.7 0.9739 0.5814
Corrections* -3 -0.0003 -0.0005

Adjusted Sample Height & Void Ratio
0.10 0.32 502.9 0.9567 0.5535
0.15 0.39 511.9 0.9558 0.5520
0.20 0.45 518.3 0.9552 0.5510
0.27 0.52 524.7 0.9545 0.5499
0.35 0.59 530.4 0.9540 0.5490
0.45 0.67 536.4 0.9534 0.5480
0.58 0.76 542.6 0.9527 0.5470
0.75 0.87 548.0 0.9522 0.5462
0.95 0.97 553.0 0.9517 0.5453
1.22 1.10 558.1 0.9512 0.5445
1.53 1.24 562.3 0.9508 0.5438
1.95 1.40 566.7 0.9503 0.5431
2.47 1.57 570.8 0.9499 0.5424
3.12 1.77 574.6 0.9495 0.5418
3.95 1.99 578.3 0.9492 0.5412
4.98 2.23 581.5 0.9488 0.5407 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 584.6 0.9485 0.5402
7.95 2.82 587.5 0.9483 0.5397
9.40 3.07 589.4 0.9481 0.5394

11.85 3.44 592.2 0.9478 0.5390
14.95 3.87 594.3 0.9476 0.5386
18.85 4.34 596.8 0.9473 0.5382
23.77 4.88 598.7 0.9471 0.5379
29.95 5.47 600.9 0.9469 0.5376
37.75 6.14 602.3 0.9468 0.5373
47.57 6.90 604.4 0.9466 0.5370
59.95 7.74 605.7 0.9464 0.5368
75.95 8.71 607.8 0.9462 0.5364
94.95 9.74 609.0 0.9461 0.5362

119.95 10.95 611.4 0.9459 0.5358

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 465.9 div. T0 = 0 min. D0 = 472.2 div.
T90 = 0.518 min D90 = 539.8 div. T50 = 0.31 min. D50 = 527.9 div. Initial Sample Height, in 0.9739
T100 = NA min D100 = 548.1 div. T100 = 3.21 min. D100 = 583.6 div. Initial Sample Void Ratio 0.5814
Height at: D90 = 0.953, D100 = 0.9522 Height at: D50 = 0.9542, D100 = 0.9486 Final Sample Height, in 0.9459
Average Sample Height, in 0.9599 Average Sample Height, in 0.9599 Final Sample Void Ratio 0.5358
Average Drainage Height, in 0.4799 Average Drainage Height, in 0.4799 Incremental Strain, % 2.88%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.95
Coef. of Consol., Cv, in

2/min 0.374 Coef. of Consol., Cv, in
2/min 0.146

Page 4 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 3 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 611.4 0.9459 0.5358
Corrections* -4 -0.0004 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 800.3 0.9274 0.5058
0.15 0.39 808.8 0.9265 0.5044
0.20 0.45 815.1 0.9259 0.5034
0.27 0.52 820.1 0.9254 0.5026
0.35 0.59 825.7 0.9248 0.5017
0.45 0.67 830.8 0.9243 0.5009
0.58 0.76 836.6 0.9237 0.4999
0.75 0.87 841.3 0.9233 0.4992
0.95 0.97 846.2 0.9228 0.4984
1.22 1.10 851.5 0.9222 0.4975
1.53 1.24 856.5 0.9218 0.4967
1.95 1.40 861.9 0.9212 0.4958
2.47 1.57 867.1 0.9207 0.4950
3.12 1.77 871.7 0.9202 0.4942
3.95 1.99 876.0 0.9198 0.4935
4.98 2.23 880.0 0.9194 0.4929 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 883.8 0.9190 0.4923
7.95 2.82 887.0 0.9187 0.4918
9.40 3.07 889.1 0.9185 0.4914

11.85 3.44 892.0 0.9182 0.4909
14.95 3.87 894.7 0.9179 0.4905
18.85 4.34 896.8 0.9177 0.4902
23.77 4.88 898.7 0.9175 0.4898
29.95 5.47 900.4 0.9174 0.4896
37.75 6.14 902.0 0.9172 0.4893
47.57 6.90 904.0 0.9170 0.4890
59.95 7.74 905.4 0.9169 0.4888

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 764.5 div. T0 = 0 min. D0 = 772.2 div.
T90 = 0.449 min D90 = 830.7 div. T50 = 0.45 min. D50 = 830.9 div. Initial Sample Height, in 0.9459
T100 = NA min D100 = 838.1 div. T100 = 6.63 min. D100 = 889.6 div. Initial Sample Void Ratio 0.5358
Height at: D90 = 0.9243, D100 = 0.9236 Height at: D50 = 0.9243, D100 = 0.9184 Final Sample Height, in 0.9169
Average Sample Height, in 0.9314 Average Sample Height, in 0.9314 Final Sample Void Ratio 0.4888
Average Drainage Height, in 0.4657 Average Drainage Height, in 0.4657 Incremental Strain, % 3.07%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 59.95
Coef. of Consol., Cv, in

2/min 0.409 Coef. of Consol., Cv, in
2/min 0.095
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 4 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -6

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 905.4 0.9169 0.4888
Corrections* -6 -0.0006 -0.001

Adjusted Sample Height & Void Ratio
0.08 0.29 1079.9 0.9000 0.4614
0.13 0.37 1087.2 0.8993 0.4602
0.18 0.43 1092.3 0.8988 0.4594
0.25 0.50 1098.5 0.8981 0.4584
0.33 0.58 1103.7 0.8976 0.4575
0.43 0.66 1109.3 0.8971 0.4566
0.57 0.75 1115.2 0.8965 0.4557
0.73 0.86 1120.7 0.8959 0.4548
0.93 0.97 1126.3 0.8954 0.4539
1.20 1.10 1132.3 0.8948 0.4529
1.52 1.23 1138.1 0.8942 0.4520
1.93 1.39 1143.3 0.8937 0.4511
2.45 1.57 1149.1 0.8931 0.4502
3.10 1.76 1154.1 0.8926 0.4494
3.93 1.98 1158.9 0.8921 0.4486
4.97 2.23 1163.2 0.8917 0.4479 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1166.9 0.8913 0.4473
7.93 2.82 1170.4 0.8910 0.4467
9.38 3.06 1172.6 0.8907 0.4464

11.83 3.44 1175.0 0.8905 0.4460
14.93 3.86 1177.3 0.8903 0.4456
18.83 4.34 1179.5 0.8901 0.4452
23.75 4.87 1181.3 0.8899 0.4449
29.93 5.47 1183.4 0.8897 0.4446
37.73 6.14 1185.1 0.8895 0.4443
47.55 6.90 1187.1 0.8893 0.4440
59.93 7.74 1188.7 0.8891 0.4437
75.93 8.71 1190.1 0.8890 0.4435
94.93 9.74 1191.5 0.8888 0.4433

119.93 10.95 1193.0 0.8887 0.4430
150.93 12.29 1194.4 0.8886 0.4428
189.93 13.78 1195.8 0.8884 0.4426
757.93 27.53 1204.7 0.8875 0.4411

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1054.8 div. T0 = 0 min. D0 = 1056.1 div.
T90 = 0.774 min D90 = 1122 div. T50 = 0.57 min. D50 = 1115.4 div. Initial Sample Height, in 0.9169
T100 = NA min D100 = 1129.4 div. T100 = 6.6 min. D100 = 1174.7 div. Initial Sample Void Ratio 0.4888
Height at: D90 = 0.8958, D100 = 0.8951 Height at: D50 = 0.8965, D100 = 0.8905 Final Sample Height, in 0.8875
Average Sample Height, in 0.9022 Average Sample Height, in 0.9022 Final Sample Void Ratio 0.4411
Average Drainage Height, in 0.4511 Average Drainage Height, in 0.4511 Incremental Strain, % 3.20%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.93333
Coef. of Consol., Cv, in

2/min 0.222 Coef. of Consol., Cv, in
2/min 0.070
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 5 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -8.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1204.7 0.8875 0.4411
Corrections* -8.5 -0.00085 -0.0014

Adjusted Sample Height & Void Ratio
0.10 0.32 1373.8 0.8715 0.4151
0.15 0.39 1380.5 0.8708 0.4140
0.20 0.45 1385.1 0.8703 0.4132
0.27 0.52 1390.3 0.8698 0.4124
0.35 0.59 1395.1 0.8693 0.4116
0.45 0.67 1400.3 0.8688 0.4108
0.58 0.76 1405.2 0.8683 0.4100
0.75 0.87 1410.5 0.8678 0.4091
0.95 0.97 1415.0 0.8673 0.4084
1.22 1.10 1420.3 0.8668 0.4075
1.53 1.24 1425.1 0.8663 0.4067
1.95 1.40 1430.6 0.8658 0.4058
2.47 1.57 1435.1 0.8653 0.4051
3.12 1.77 1439.7 0.8649 0.4044
3.95 1.99 1444.3 0.8644 0.4036
4.98 2.23 1448.2 0.8640 0.4030 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 1451.9 0.8637 0.4024
7.95 2.82 1455.1 0.8633 0.4019
9.40 3.07 1457.3 0.8631 0.4015

11.85 3.44 1460.0 0.8629 0.4011
14.95 3.87 1462.6 0.8626 0.4006
18.85 4.34 1464.8 0.8624 0.4003
23.77 4.88 1466.7 0.8622 0.4000
29.95 5.47 1468.8 0.8620 0.3996
37.75 6.14 1470.6 0.8618 0.3993
47.57 6.90 1472.1 0.8616 0.3991
59.95 7.74 1473.8 0.8615 0.3988
75.95 8.71 1475.5 0.8613 0.3986
94.95 9.74 1477.0 0.8611 0.3983

119.95 10.95 1478.5 0.8610 0.3981
150.95 12.29 1480.0 0.8609 0.3978
189.95 13.78 1481.1 0.8607 0.3976

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1346.4 div. T0 = 0 min. D0 = 1349.6 div.
T90 = 0.64 min D90 = 1407.3 div. T50 = 0.62 min. D50 = 1406.6 div. Initial Sample Height, in 0.8875
T100 = NA min D100 = 1414 div. T100 = 8.42 min. D100 = 1463.6 div. Initial Sample Void Ratio 0.4411
Height at: D90 = 0.8681, D100 = 0.8674 Height at: D50 = 0.8682, D100 = 0.8625 Final Sample Height, in 0.8607
Average Sample Height, in 0.8741 Average Sample Height, in 0.8741 Final Sample Void Ratio 0.3976
Average Drainage Height, in 0.4371 Average Drainage Height, in 0.4371 Incremental Strain, % 3.02%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.251 Coef. of Consol., Cv, in
2/min 0.061
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 6 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 9.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1481.1 0.8607 0.3976
Corrections* 9.5 0.00095 0.00154

Adjusted Sample Height & Void Ratio
0.08 0.29 1449.1 0.8630 0.4013
0.13 0.37 1448.0 0.8631 0.4015
0.18 0.43 1446.9 0.8632 0.4016
0.25 0.50 1446.4 0.8633 0.4017
0.33 0.58 1445.6 0.8633 0.4019
0.43 0.66 1444.7 0.8634 0.4020
0.57 0.75 1444.2 0.8635 0.4021
0.73 0.86 1443.3 0.8636 0.4022
0.93 0.97 1443.0 0.8636 0.4023
1.20 1.10 1442.2 0.8637 0.4024
1.52 1.23 1441.5 0.8638 0.4025
1.93 1.39 1441.0 0.8638 0.4026
2.45 1.57 1440.9 0.8638 0.4026
3.10 1.76 1440.2 0.8639 0.4027
3.93 1.98 1439.8 0.8639 0.4028
4.97 2.23 1439.4 0.8640 0.4029 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1439.1 0.8640 0.4029
7.93 2.82 1438.9 0.8640 0.4029
9.38 3.06 1438.6 0.8640 0.4030

11.83 3.44 1438.3 0.8641 0.4030
14.93 3.86 1438.0 0.8641 0.4031
18.83 4.34 1437.9 0.8641 0.4031
23.75 4.87 1437.8 0.8641 0.4031
29.93 5.47 1437.6 0.8641 0.4031
37.73 6.14 1437.7 0.8641 0.4031
47.55 6.90 1437.5 0.8641 0.4032
59.93 7.74 1437.3 0.8642 0.4032
75.93 8.71 1437.3 0.8642 0.4032
94.93 9.74 1436.9 0.8642 0.4033

119.93 10.95 1436.6 0.8642 0.4033

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1452.2 div. T0 = 0 min. D0 = 1452.5 div.
T90 = 0.81 min D90 = 1443.2 div. T50 = 0.29 min. D50 = 1446 div. Initial Sample Height, in 0.8607
T100 = NA min D100 = 1442.2 div. T100 = 1.84 min. D100 = 1439.6 div. Initial Sample Void Ratio 0.3976
Height at: D90 = 0.8636, D100 = 0.8637 Height at: D50 = 0.8633, D100 = 0.8639 Final Sample Height, in 0.8642
Average Sample Height, in 0.8625 Average Sample Height, in 0.8625 Final Sample Void Ratio 0.4033
Average Drainage Height, in 0.4312 Average Drainage Height, in 0.4312 Incremental Strain, % -0.41%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.93333
Coef. of Consol., Cv, in

2/min 0.195 Coef. of Consol., Cv, in
2/min 0.126
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 7 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1436.6 0.8642 0.4033
Corrections* 5.5 0.00055 0.00089

Adjusted Sample Height & Void Ratio
0.08 0.29 1408.4 0.8665 0.4070
0.13 0.37 1406.1 0.8667 0.4074
0.18 0.43 1405.2 0.8668 0.4075
0.25 0.50 1403.6 0.8670 0.4078
0.35 0.59 1401.6 0.8672 0.4081
0.45 0.67 1400.4 0.8673 0.4083
0.58 0.76 1398.9 0.8675 0.4086
0.75 0.87 1396.8 0.8677 0.4089
0.95 0.97 1395.2 0.8678 0.4091
1.22 1.10 1393.6 0.8680 0.4094
1.53 1.24 1391.5 0.8682 0.4098
1.95 1.40 1389.5 0.8684 0.4101
2.47 1.57 1388.0 0.8685 0.4103
3.12 1.77 1385.7 0.8688 0.4107
3.95 1.99 1383.8 0.8690 0.4110
4.98 2.23 1382.1 0.8691 0.4113 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 1380.6 0.8693 0.4115
7.95 2.82 1379.1 0.8694 0.4118
9.40 3.07 1378.3 0.8695 0.4119

11.85 3.44 1377.2 0.8696 0.4121
14.95 3.87 1376.4 0.8697 0.4122
18.85 4.34 1375.6 0.8698 0.4123
23.77 4.88 1375.0 0.8698 0.4124
29.95 5.47 1374.6 0.8699 0.4125
37.75 6.14 1374.2 0.8699 0.4126
47.57 6.90 1373.8 0.8700 0.4126
59.95 7.74 1370.9 0.8703 0.4131
75.95 8.71 1370.9 0.8703 0.4131
94.95 9.74 1370.6 0.8703 0.4131

119.95 10.95 1370.8 0.8703 0.4131
150.95 12.29 1370.6 0.8703 0.4131
189.95 13.78 1369.9 0.8704 0.4133

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1413.2 div. T0 = 0 min. D0 = 1415 div.
T90 = 2.25 min D90 = 1388.7 div. T50 = 1.16 min. D50 = 1393.9 div. Initial Sample Height, in 0.8642
T100 = NA min D100 = 1385.9 div. T100 = 51.21 min. D100 = 1372.9 div. Initial Sample Void Ratio 0.4033
Height at: D90 = 0.8685, D100 = 0.8688 Height at: D50 = 0.868, D100 = 0.8701 Final Sample Height, in 0.8704
Average Sample Height, in 0.8673 Average Sample Height, in 0.8673 Final Sample Void Ratio 0.4133
Average Drainage Height, in 0.4337 Average Drainage Height, in 0.4337 Incremental Strain, % -0.71%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.071 Coef. of Consol., Cv, in
2/min 0.032
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 8 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -1.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1369.9 0.8704 0.4133
Corrections* -1.5 -0.00015 -0.0002

Adjusted Sample Height & Void Ratio
0.08 0.29 1375.5 0.8699 0.4126
0.13 0.37 1375.4 0.8700 0.4126
0.18 0.43 1375.8 0.8699 0.4125
0.25 0.50 1375.9 0.8699 0.4125
0.33 0.58 1375.7 0.8699 0.4126
0.43 0.66 1376.0 0.8699 0.4125
0.57 0.75 1376.0 0.8699 0.4125
0.73 0.86 1376.0 0.8699 0.4125
0.93 0.97 1376.2 0.8699 0.4125
1.20 1.10 1376.2 0.8699 0.4125
1.52 1.23 1376.4 0.8699 0.4124
1.93 1.39 1376.4 0.8699 0.4124
2.45 1.57 1376.7 0.8698 0.4124
3.10 1.76 1376.4 0.8699 0.4124
3.93 1.98 1376.5 0.8698 0.4124
4.97 2.23 1376.6 0.8698 0.4124 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1376.6 0.8698 0.4124
7.93 2.82 1376.6 0.8698 0.4124
9.38 3.06 1376.6 0.8698 0.4124

11.83 3.44 1376.7 0.8698 0.4124
14.93 3.86 1376.7 0.8698 0.4124
18.83 4.34 1376.7 0.8698 0.4124
23.75 4.87 1376.8 0.8698 0.4124
29.93 5.47 1376.8 0.8698 0.4124
37.73 6.14 1376.9 0.8698 0.4124

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1375.3 div. T0 = 0 min. D0 = 1375.4 div.
T90 = 0.16 min D90 = 1375.6 div. T50 = 0.17 min. D50 = 1375.7 div. Initial Sample Height, in 0.8704
T100 = NA min D100 = 1375.7 div. T100 = 0.22 min. D100 = 1376.1 div. Initial Sample Void Ratio 0.4133
Height at: D90 = 0.8699, D100 = 0.8699 Height at: D50 = 0.8699, D100 = 0.8699 Final Sample Height, in 0.8698
Average Sample Height, in 0.8701 Average Sample Height, in 0.8701 Final Sample Void Ratio 0.4124
Average Drainage Height, in 0.4350 Average Drainage Height, in 0.4350 Incremental Strain, % 0.06%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 37.733333
Coef. of Consol., Cv, in

2/min 1.023 Coef. of Consol., Cv, in
2/min 0.219
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 9 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1376.9 0.8698 0.4124
Corrections* -3 -0.0003 -0.0005

Adjusted Sample Height & Void Ratio
0.08 0.29 1391.3 0.8687 0.4105
0.13 0.37 1392.2 0.8686 0.4104
0.18 0.43 1392.5 0.8686 0.4103
0.25 0.50 1392.5 0.8686 0.4103
0.33 0.58 1393.1 0.8685 0.4102
0.43 0.66 1393.5 0.8685 0.4102
0.57 0.75 1393.4 0.8685 0.4102
0.73 0.86 1393.7 0.8684 0.4101
0.93 0.97 1394.3 0.8684 0.4100
1.20 1.10 1394.3 0.8684 0.4100
1.52 1.23 1394.6 0.8683 0.4100
1.93 1.39 1395.1 0.8683 0.4099
2.45 1.57 1395.1 0.8683 0.4099
3.10 1.76 1395.3 0.8683 0.4099
3.93 1.98 1395.6 0.8682 0.4098
4.97 2.23 1395.8 0.8682 0.4098 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1396.1 0.8682 0.4097
7.93 2.82 1396.3 0.8682 0.4097
9.38 3.06 1396.5 0.8681 0.4097

11.83 3.44 1396.7 0.8681 0.4096
14.93 3.86 1396.6 0.8681 0.4096
18.83 4.34 1397.0 0.8681 0.4096
23.75 4.87 1397.1 0.8681 0.4096
29.93 5.47 1397.3 0.8681 0.4095
37.73 6.14 1397.5 0.8681 0.4095
47.55 6.90 1397.7 0.8680 0.4095
59.93 7.74 1398.0 0.8680 0.4094
75.93 8.71 1398.5 0.8680 0.4094
94.93 9.74 1398.5 0.8680 0.4093

119.93 10.95 1398.7 0.8679 0.4093
150.93 12.29 1398.8 0.8679 0.4093
189.93 13.78 1399.5 0.8679 0.4092

1513.93 38.91 1401.0 0.8677 0.4089

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1389 div. T0 = 0 min. D0 = 1389.5 div.
T90 = 0.23 min D90 = 1392.5 div. T50 = 1.25 min. D50 = 1394.3 div. Initial Sample Height, in 0.8698
T100 = NA min D100 = 1392.9 div. T100 = 168.3 min. D100 = 1399.1 div. Initial Sample Void Ratio 0.4124
Height at: D90 = 0.8686, D100 = 0.8685 Height at: D50 = 0.8684, D100 = 0.8679 Final Sample Height, in 0.8677
Average Sample Height, in 0.8688 Average Sample Height, in 0.8688 Final Sample Void Ratio 0.4089
Average Drainage Height, in 0.4344 Average Drainage Height, in 0.4344 Incremental Strain, % 0.24%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 1513.9333
Coef. of Consol., Cv, in

2/min 0.692 Coef. of Consol., Cv, in
2/min 0.030
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 10 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1401.0 0.8677 0.4089
Corrections* -4.5 -0.00045 -0.0007

Adjusted Sample Height & Void Ratio
0.10 0.32 1428.6 0.8654 0.4052
0.15 0.39 1429.6 0.8653 0.4050
0.20 0.45 1430.2 0.8652 0.4049
0.27 0.52 1430.3 0.8652 0.4049
0.35 0.59 1431.2 0.8651 0.4048
0.45 0.67 1431.7 0.8651 0.4047
0.58 0.76 1431.9 0.8651 0.4047
0.75 0.87 1432.7 0.8650 0.4045
0.95 0.97 1433.3 0.8649 0.4044
1.22 1.10 1433.4 0.8649 0.4044
1.53 1.24 1433.9 0.8649 0.4043
1.95 1.40 1434.4 0.8648 0.4042
2.47 1.57 1434.9 0.8648 0.4042
3.12 1.77 1435.4 0.8647 0.4041
3.95 1.99 1435.8 0.8647 0.4040
4.98 2.23 1436.2 0.8646 0.4040 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 1436.5 0.8646 0.4039
7.95 2.82 1437.0 0.8646 0.4038
9.40 3.07 1437.1 0.8645 0.4038

11.85 3.44 1437.2 0.8645 0.4038
14.95 3.87 1437.8 0.8645 0.4037
18.85 4.34 1438.0 0.8644 0.4037
23.77 4.88 1438.3 0.8644 0.4036
29.95 5.47 1438.4 0.8644 0.4036
37.75 6.14 1438.8 0.8644 0.4035
47.57 6.90 1439.0 0.8643 0.4035
59.95 7.74 1439.3 0.8643 0.4034
75.95 8.71 1439.6 0.8643 0.4034
94.95 9.74 1439.7 0.8643 0.4034

119.95 10.95 1440.0 0.8642 0.4033
150.95 12.29 1439.9 0.8643 0.4034
189.95 13.78 1440.3 0.8642 0.4033
954.95 30.90 1441.7 0.8641 0.4031

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1424.7 div. T0 = 0 min. D0 = 1425.7 div.
T90 = 0.372 min D90 = 1431.3 div. T50 = 0.34 min. D50 = 1431.1 div. Initial Sample Height, in 0.8677
T100 = NA min D100 = 1432.1 div. T100 = 2.23 min. D100 = 1436.5 div. Initial Sample Void Ratio 0.4089
Height at: D90 = 0.8651, D100 = 0.865 Height at: D50 = 0.8651, D100 = 0.8646 Final Sample Height, in 0.8641
Average Sample Height, in 0.8659 Average Sample Height, in 0.8659 Final Sample Void Ratio 0.4031
Average Drainage Height, in 0.4329 Average Drainage Height, in 0.4329 Incremental Strain, % 0.42%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.95
Coef. of Consol., Cv, in

2/min 0.426 Coef. of Consol., Cv, in
2/min 0.109
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 11 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -6

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1441.7 0.8641 0.4031
Corrections* -6 -0.0006 -0.001

Adjusted Sample Height & Void Ratio
0.10 0.32 1488.4 0.8600 0.3965
0.15 0.39 1490.1 0.8598 0.3962
0.20 0.45 1490.9 0.8598 0.3961
0.27 0.52 1492.7 0.8596 0.3958
0.35 0.59 1493.8 0.8595 0.3956
0.45 0.67 1494.5 0.8594 0.3955
0.58 0.76 1496.2 0.8592 0.3952
0.75 0.87 1496.9 0.8592 0.3951
0.95 0.97 1498.1 0.8590 0.3949
1.22 1.10 1499.8 0.8589 0.3946
1.53 1.24 1500.6 0.8588 0.3945
1.95 1.40 1501.9 0.8587 0.3943
2.47 1.57 1503.6 0.8585 0.3940
3.12 1.77 1504.4 0.8584 0.3939
3.95 1.99 1505.6 0.8583 0.3937
4.98 2.23 1506.8 0.8582 0.3935 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 1508.0 0.8581 0.3933
7.95 2.82 1509.0 0.8579 0.3931
9.40 3.07 1509.9 0.8579 0.3930

11.85 3.44 1511.0 0.8577 0.3928
14.95 3.87 1512.0 0.8576 0.3926
18.85 4.34 1513.0 0.8575 0.3925
23.77 4.88 1514.0 0.8574 0.3923
29.95 5.47 1515.0 0.8574 0.3921
37.75 6.14 1515.8 0.8573 0.3920
47.57 6.90 1516.8 0.8572 0.3918
59.95 7.74 1517.7 0.8571 0.3917
75.95 8.71 1518.6 0.8570 0.3916
94.95 9.74 1519.3 0.8569 0.3914

119.95 10.95 1520.6 0.8568 0.3912
150.95 12.29 1521.5 0.8567 0.3911
189.95 13.78 1521.8 0.8567 0.3910

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1482.2 div. T0 = 0 min. D0 = 1482.5 div.
T90 = 0.723 min D90 = 1496.8 div. T50 = 1.05 min. D50 = 1498.8 div. Initial Sample Height, in 0.8641
T100 = NA min D100 = 1498.4 div. T100 = 11.47 min. D100 = 1515.1 div. Initial Sample Void Ratio 0.4031
Height at: D90 = 0.8592, D100 = 0.859 Height at: D50 = 0.859, D100 = 0.8573 Final Sample Height, in 0.8567
Average Sample Height, in 0.8604 Average Sample Height, in 0.8604 Final Sample Void Ratio 0.3910
Average Drainage Height, in 0.4302 Average Drainage Height, in 0.4302 Incremental Strain, % 0.86%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.218 Coef. of Consol., Cv, in
2/min 0.035
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 12 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -11

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1521.8 0.8567 0.3910
Corrections* -11 -0.0011 -0.0018

Adjusted Sample Height & Void Ratio
0.10 0.32 1662.1 0.8437 0.3700
0.15 0.39 1667.6 0.8432 0.3691
0.20 0.45 1672.8 0.8427 0.3683
0.27 0.52 1677.6 0.8422 0.3675
0.35 0.59 1682.0 0.8417 0.3668
0.45 0.67 1686.6 0.8413 0.3661
0.58 0.76 1691.1 0.8408 0.3653
0.75 0.87 1695.4 0.8404 0.3646
0.95 0.97 1699.8 0.8400 0.3639
1.22 1.10 1704.7 0.8395 0.3631
1.53 1.24 1708.8 0.8391 0.3625
1.95 1.40 1713.2 0.8386 0.3617
2.47 1.57 1718.0 0.8382 0.3610
3.12 1.77 1721.6 0.8378 0.3604
3.95 1.99 1725.6 0.8374 0.3597
4.98 2.23 1729.2 0.8370 0.3591 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 1732.6 0.8367 0.3586
7.95 2.82 1735.5 0.8364 0.3581
9.40 3.07 1737.6 0.8362 0.3578

11.85 3.44 1740.1 0.8359 0.3574
14.95 3.87 1742.4 0.8357 0.3570
18.85 4.34 1744.5 0.8355 0.3566
23.77 4.88 1746.6 0.8353 0.3563
29.95 5.47 1748.5 0.8351 0.3560
37.75 6.14 1750.0 0.8349 0.3558
47.57 6.90 1751.8 0.8348 0.3555
59.95 7.74 1753.5 0.8346 0.3552
75.95 8.71 1755.0 0.8345 0.3550
94.95 9.74 1756.5 0.8343 0.3547

119.95 10.95 1758.0 0.8341 0.3545

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1636 div. T0 = 0 min. D0 = 1639.7 div.
T90 = 0.608 min D90 = 1692 div. T50 = 0.53 min. D50 = 1689.3 div. Initial Sample Height, in 0.8567
T100 = NA min D100 = 1698.2 div. T100 = 6.68 min. D100 = 1738.9 div. Initial Sample Void Ratio 0.3910
Height at: D90 = 0.8408, D100 = 0.8401 Height at: D50 = 0.841, D100 = 0.8361 Final Sample Height, in 0.8341
Average Sample Height, in 0.8454 Average Sample Height, in 0.8454 Final Sample Void Ratio 0.3545
Average Drainage Height, in 0.4227 Average Drainage Height, in 0.4227 Incremental Strain, % 2.63%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.95
Coef. of Consol., Cv, in

2/min 0.246 Coef. of Consol., Cv, in
2/min 0.066
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring SB-6 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 9'-10' Load 13 of 13
Project No. 30598 Sample ST-2

Lab ID# 30598014
Visual Description Grayish Brown Clayey Gravel with Sand
Test Conditions: Undisturbed, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -16.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1758.0 0.8341 0.3545
Corrections* -16.5 -0.00165 -0.0027

Adjusted Sample Height & Void Ratio
0.08 0.29 1911.3 0.8205 0.3323
0.13 0.37 1919.4 0.8197 0.3309
0.18 0.43 1924.8 0.8191 0.3301
0.25 0.50 1930.9 0.8185 0.3291
0.33 0.58 1936.6 0.8179 0.3281
0.43 0.66 1942.2 0.8174 0.3272
0.57 0.75 1948.3 0.8168 0.3262
0.73 0.86 1954.0 0.8162 0.3253
0.93 0.97 1959.2 0.8157 0.3245
1.20 1.10 1965.0 0.8151 0.3235
1.52 1.23 1970.2 0.8146 0.3227
1.93 1.39 1975.0 0.8141 0.3219
2.45 1.57 1980.2 0.8136 0.3211
3.10 1.76 1984.6 0.8131 0.3203
3.93 1.98 1988.5 0.8128 0.3197
4.97 2.23 1992.7 0.8123 0.3190 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1996.1 0.8120 0.3185
7.93 2.82 1999.2 0.8117 0.3180
9.38 3.06 2001.1 0.8115 0.3177

11.83 3.44 2003.5 0.8112 0.3173
14.93 3.86 2006.0 0.8110 0.3169
18.83 4.34 2008.2 0.8108 0.3165
23.75 4.87 2010.2 0.8106 0.3162
29.93 5.47 2012.0 0.8104 0.3159
37.73 6.14 2013.4 0.8103 0.3157
47.55 6.90 2014.9 0.8101 0.3154
59.93 7.74 2016.5 0.8100 0.3152
75.93 8.71 2018.2 0.8098 0.3149
94.93 9.74 2019.8 0.8096 0.3146

119.93 10.95 2021.3 0.8095 0.3144

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1885.1 div. T0 = 0 min. D0 = 1886 div.
T90 = 0.74 min D90 = 1954.3 div. T50 = 0.46 min. D50 = 1943.5 div. Initial Sample Height, in 0.8341
T100 = NA min D100 = 1962 div. T100 = 5.69 min. D100 = 2001 div. Initial Sample Void Ratio 0.3545
Height at: D90 = 0.8162, D100 = 0.8154 Height at: D50 = 0.8173, D100 = 0.8115 Final Sample Height, in 0.8095
Average Sample Height, in 0.8218 Average Sample Height, in 0.8218 Final Sample Void Ratio 0.3144
Average Drainage Height, in 0.4109 Average Drainage Height, in 0.4109 Incremental Strain, % 2.96%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 119.93333
Coef. of Consol., Cv, in

2/min 0.192 Coef. of Consol., Cv, in
2/min 0.072
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS

Client Civil & Environmental Consultants, Inc. Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab No. 30598015
Visual Description YELLOWISH BROWN LEAN CLAY WITH SAND
Sample Condition Undisturbed

NORMAL STRESS vs. SHEAR STRESS
φ = φ = φ = φ = 32.2°              c = 1.2 psi

HORIZONTAL DEFORMATION vs. SHEAR STRESS HORIZONTAL DEFORMATION vs. SAMPLE HEIGHT
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Using All Points

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts responsibility for the raw data obtained from the 
direct shear tests.  This data may be interpreted differently by others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.

Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower value than the one reported above.



DIRECT SHEAR TEST OF SOILS
UNDER CONSOLIDATED, DRAINED CONDITIONS
MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client: Civil & Environmental Consultants, Inc. Boring: SB-8
Client Project 091-867 Apex Landfill Expansion Depth: 2'-4'
Project No. 30598 Sample: ST-1

Lab Sample ID 30598015
Material: YELLOWISH BROWN LEAN CLAY WITH SAND
Condition Undisturbed
Average Friction Angle, φφφφ, deg. 32.2 Using All Points
Average Cohesion, c, psi 1.2 Using All Points
Sample Condition
Normal Stress, psi 9.98 39.95 79.37
Shear Stress at Failure, psi 8.77 24.00 52.07
Mohr's Circle Radius, psi 10.4 28.3 61.5
Mohr's Circle Origin, psi 15.5 55.0 112.1
(Origin - Normal Stress), psi 5.5 15.1 32.7
Minor Principal Stress σ3, psi 5.1 26.7 50.6
Major Principal Stress σ1, psi 25.9 83.4 173.6
Principal Stress Difference, σ1−σ3, psi 20.7 56.7 123.0
Normal Stress Pole Coordinate, X, psi 21.0 70.1 144.8
Shear Stress Pole Coordinate, Y, psi 8.8 24.0 52.1
Assumed Failure Plane, deg 0 - Horizontal 0 - Horizontal 0 - Horizontal
Major Principal Failure Plane Angle, deg 61.1 61.1 61.1
Minor Principal Failure Plane Angle, deg 28.9 28.9 28.9
Maximum Shear Stress, psi 10.4 28.3 61.5
Maximum Shear Failure Plane Angle, deg 16.1 16.1 16.1
Initial Water Content, % 15.4% 15.4% 15.4%
Initial Dry Density, pcf 107.0 107.2 108.0
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Client Civil & Environmental Consultants, Inc.Boring SB-8
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1 30598015 ds1.sdf

Lab No. 30598015 30598015 ds2.sdf

Visual Description YELLOWISH BROWN LEAN CLAY WITH SAND 30598015 ds3.sdf

Sample Condition Undisturbed

Test No.
Initial After Consol. Final Initial After Consol. Final Initial After Consol. Final

Tare I.D. A37 - A34 A37 - A18 A37 - A14
Wt. Wet Soil & Tare, gm 246.62 - 174.6 246.62 - 172.26 246.62 - 173.05
Wt. Dry Soil & Tare, gm 215.08 - 145.88 215.08 - 142.38 215.08 - 146.88
Wt. Tare, gm 9.67 - 9.65 9.67 - 9.43 9.67 - 9.65
Water Content, % 15.4% - 21.1% 15.4% - 22.5% 15.4% - 19.1%

Wt. of Wet Soil & Mold, gm 310.25 - - 310.36 - - 312.57 - -
Wt. of Mold, gm 151.07 - - 150.96 - - 152 - -
Wt. of Wet Soil, gm 159.18 - - 159.4 - - 160.57 - -
Sample Height, in 1 1.0045 1.0152 1 0.9528 0.9329 1 0.9127 0.8944
Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Sample Area, in^2 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
Sample Volume, cc 80.44 80.80 81.66 80.44 76.65 75.04 80.44 73.41 71.95
Wet Density, pcf 123.5 NA 127.7 123.7 NA 140.7 124.6 NA 143.7
Dry Density, pcf 107.0 NA 105.4 107.2 NA 114.9 108.0 NA 120.7

t90, min. (Sqrt. Method) 0.96 0.31 0.35
Equivalent t50, min. (Sqrt.) 0.22 0.07 0.08
t50, min. (Log Method) NA 0.07 0.10
Selected t50, min. (Max.) 0.22 0.07 0.10
Calc. Disp. Rate, in./min. 0.0089 0.0586 0.0500

Test No.
Normal Stress, psi
Shear Stress at Failure, psi 8.8 Peak 24.0 Peak 52.1 10% Def
Shear Disp. at Failure, in
Displacement Rate, in/min

Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0 0.000

0.005 1.9 0.4 0.000 4.7 0.9 0.000 0.4 0.1 0.000
0.010 4.2 0.9 0.000 9.9 2.0 -0.001 23.8 4.8 -0.001
0.015 12.3 2.5 0.000 23.8 4.9 -0.001 43.4 8.8 -0.001
0.020 20.0 4.1 0.000 31.9 6.5 -0.002 61.4 12.5 -0.002
0.025 24.8 5.1 0.000 41.6 8.5 -0.003 78.2 15.9 -0.003
0.030 29.0 5.9 0.000 50.0 10.2 -0.003 93.0 18.9 -0.004
0.035 32.3 6.6 0.000 57.6 11.7 -0.004 107.2 21.8 -0.005
0.040 34.9 7.1 0.001 63.8 13.0 -0.004 120.0 24.4 -0.005
0.045 37.1 7.6 0.002 68.9 14.0 -0.005 132.5 27.0 -0.006
0.050 38.8 7.9 0.002 74.2 15.1 -0.005 143.4 29.2 -0.007
0.055 39.9 8.1 0.003 79.2 16.1 -0.006 154.1 31.4 -0.008
0.060 41.0 8.3 0.003 83.1 16.9 -0.007 163.6 33.3 -0.009
0.065 41.9 8.5 0.003 87.1 17.8 -0.007 172.4 35.1 -0.009
0.070 42.3 8.6 0.004 90.6 18.5 -0.008 179.8 36.6 -0.010

2
39.95

3
79.37

0.100
0.0020 0.0020 0.0020

0.215 0.250

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS - ASTM D 3080

TEST DATA AND SUMMARY

SAMPLE CONDITIONS
1 2 3

DEFORMATION RATE CALCULATIONS

1
9.98
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Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0.075 42.4 8.6 0.005 93.9 19.1 -0.008 186.9 38.1 -0.010
0.080 42.4 8.6 0.005 96.8 19.7 -0.009 193.5 39.4 -0.011
0.085 42.4 8.6 0.005 99.4 20.3 -0.009 199.8 40.7 -0.011
0.090 42.5 8.7 0.006 101.4 20.6 -0.010 204.9 41.7 -0.012
0.095 43.0 8.8 0.006 103.8 21.1 -0.010 209.9 42.8 -0.012
0.100 43.1 8.8 0.007 104.9 21.4 -0.011 214.5 43.7 -0.013
0.105 42.9 8.7 0.007 106.8 21.8 -0.011 218.9 44.6 -0.013
0.110 43.0 8.8 0.007 108.2 22.0 -0.011 222.6 45.3 -0.013
0.115 43.0 8.8 0.007 109.4 22.3 -0.012 226.5 46.1 -0.014
0.120 42.6 8.7 0.008 110.1 22.4 -0.012 229.9 46.8 -0.014
0.125 42.8 8.7 0.008 110.8 22.6 -0.013 233.0 47.5 -0.014
0.130 42.3 8.6 0.008 112.7 23.0 -0.013 235.8 48.0 -0.014
0.135 42.2 8.6 0.008 113.2 23.1 -0.013 238.7 48.6 -0.015
0.140 41.9 8.5 0.009 113.8 23.2 -0.014 240.8 49.1 -0.015
0.145 42.0 8.5 0.009 114.3 23.3 -0.014 242.8 49.5 -0.015
0.150 41.6 8.5 0.009 114.8 23.4 -0.014 244.7 49.9 -0.016
0.155 41.9 8.5 0.009 115.1 23.4 -0.015 245.7 50.0 -0.016
0.160 41.5 8.5 0.009 115.6 23.6 -0.015 248.4 50.6 -0.016
0.165 41.3 8.4 0.009 115.8 23.6 -0.015 248.7 50.7 -0.016
0.170 41.2 8.4 0.009 116.3 23.7 -0.016 249.6 50.9 -0.016
0.175 41.3 8.4 0.010 116.5 23.7 -0.016 251.1 51.2 -0.017
0.180 40.8 8.3 0.010 116.8 23.8 -0.016 252.0 51.3 -0.017
0.185 40.8 8.3 0.010 117.1 23.9 -0.017 251.9 51.3 -0.017
0.190 40.6 8.3 0.010 117.3 23.9 -0.017 252.0 51.3 -0.017
0.195 40.1 8.2 0.010 117.2 23.9 -0.017 252.7 51.5 -0.017
0.200 40.0 8.2 0.010 117.5 23.9 -0.018 253.0 51.5 -0.018
0.205 40.0 8.2 0.010 117.3 23.9 -0.018 253.5 51.7 -0.018
0.210 40.0 8.1 0.010 117.6 24.0 -0.018 253.8 51.7 -0.018
0.215 40.1 8.2 0.010 117.8 24.0 -0.018 254.3 51.8 -0.018
0.220 40.1 8.2 0.010 117.8 24.0 -0.019 254.6 51.9 -0.018
0.225 39.8 8.1 0.010 117.5 23.9 -0.019 254.3 51.8 -0.018
0.230 40.0 8.1 0.011 117.5 23.9 -0.019 254.8 51.9 -0.018
0.235 39.9 8.1 0.011 117.7 24.0 -0.019 254.8 51.9 -0.018
0.240 40.1 8.2 0.011 117.6 24.0 -0.019 254.4 51.8 -0.018
0.245 40.1 8.2 0.011 117.5 23.9 -0.020 254.8 51.9 -0.018
0.250 40.0 8.2 0.011 117.6 24.0 -0.020 255.6 52.1 -0.018

Input Validation: Reviewed By:
COPYRIGHT © 2005  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-8 Final Test Load, psi 9.98
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab ID# 30598015
Description YELLOWISH BROWN LEAN CLAY WITH SAND
Test Conditions: Undisturbed

Increment Start Date and Time: 12/03/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 67

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 67 0.0067

Adjusted Sample Height
0.12 0.34 9.5 1.0058
0.12 0.34 9.5 1.0058
0.17 0.41 10.3 1.0057
0.22 0.47 10.8 1.0056
0.27 0.52 12.3 1.0055
0.33 0.58 12.5 1.0055
0.42 0.65 14.0 1.0053
0.52 0.72 14.2 1.0053
0.65 0.81 14.9 1.0052
0.82 0.90 15.1 1.0052
1.02 1.01 15.1 1.0052
1.30 1.14 16.0 1.0051
1.62 1.27 16.5 1.0050
2.03 1.43 16.8 1.0050 Square Root of Elapsed Time vs. Dial Reading
2.55 1.60 17.3 1.0050
3.20 1.79 18.2 1.0049
4.03 2.01 18.2 1.0049
5.07 2.25 18.8 1.0048
6.38 2.53 19.2 1.0048
8.03 2.83 19.4 1.0048
9.48 3.08 19.7 1.0047

11.95 3.46 20.8 1.0046
15.05 3.88 20.9 1.0046
18.95 4.35 21.1 1.0046
23.87 4.89 21.9 1.0045
30.05 5.48 22.4 1.0045

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 5.7 div. NA NA
T90 = 0.96 min D90 = 15.1 div. NA NA Initial Sample Height, in 1.0000
T100 = NA min D100 = 16.2 div. NA NA
Height at: D90 = 0.9918, D100 = 0.9917 NA Final Sample Height, in 1.0045
Average Sample Height, in 1.0022 Average Sample Height, in 1.0022
Average Drainage Height, in 0.5011 Average Drainage Height, in 0.5011 Incremental Strain, % -0.45%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 30
Coef. of Consol., Cv, in

2/min 0.222 Coef. of Consol., Cv, in
2/min NA

Input Validation: Reviewed By: Date 12/3/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-8 Final Test Load, psi 39.95
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab ID# 30598015
Description YELLOWISH BROWN LEAN CLAY WITH SAND
Test Conditions: Undisturbed

Increment Start Date: 12/03/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 147

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 147 0.0147

Adjusted Sample Height
0.07 0.26 198.6 0.9948
0.07 0.26 198.6 0.9948
0.12 0.34 264.4 0.9883
0.17 0.41 285.1 0.9862
0.22 0.47 293.0 0.9854
0.28 0.53 294.9 0.9852
0.37 0.61 298.5 0.9849
0.47 0.68 300.3 0.9847
0.62 0.79 303.0 0.9844
0.78 0.89 305.4 0.9842
0.98 0.99 306.6 0.9840
1.25 1.12 309.1 0.9838
1.57 1.25 309.6 0.9837
1.98 1.41 312.2 0.9835 Square Root of Elapsed Time vs. Dial Reading
2.50 1.58 313.3 0.9834
3.15 1.77 313.7 0.9833
3.98 2.00 315.0 0.9832
5.02 2.24 316.2 0.9831
6.33 2.52 316.6 0.9830
8.00 2.83 317.6 0.9829
9.45 3.07 318.5 0.9829

11.90 3.45 319.6 0.9827
15.00 3.87 320.2 0.9827
18.90 4.35 320.1 0.9827
23.82 4.88 321.9 0.9825
76.02 8.72 324.7 0.9528

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 113.3 div. T0 = 0 min. D0 = 102.8 div.
T90 = 0.314 min D90 = 296.1 div. T50 = 0.07 min. D50 = 206.3 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 316.4 div. T100 = 0.38 min. D100 = 309.8 div.
Height at: D90 = 0.9557, D100 = 0.9537 Height at: D50 = 0.9647, D100 = 0.9543 Final Sample Height, in 0.9528
Average Sample Height, in 0.9764 Average Sample Height, in 0.9764
Average Drainage Height, in 0.4882 Average Drainage Height, in 0.4882 Incremental Strain, % 4.72%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 76
Coef. of Consol., Cv, in

2/min 0.652 Coef. of Consol., Cv, in
2/min 0.671

Input Validation: Reviewed By: Date 12/3/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-8 Final Test Load, psi 79.37
Client Project 091-867 Apex Landfill Expansion Depth 2'-4'
Project No. 30598 Sample ST-1

Lab ID# 30598015
Description YELLOWISH BROWN LEAN CLAY WITH SAND
Test Conditions: Undisturbed

Increment Start Date: 12/04/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 217

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 217 0.0217

Adjusted Sample Height
0.08 0.29 529.3 0.9688
0.08 0.29 529.3 0.9688
0.13 0.37 573.7 0.9643
0.18 0.43 591.0 0.9626
0.23 0.48 596.2 0.9621
0.30 0.55 600.0 0.9617
0.38 0.62 605.2 0.9612
0.48 0.70 608.7 0.9608
0.62 0.79 612.9 0.9604
0.78 0.89 616.3 0.9601
1.00 1.00 619.0 0.9598
1.27 1.13 622.5 0.9595
1.58 1.26 624.9 0.9592
2.00 1.41 628.5 0.9588 Square Root of Elapsed Time vs. Dial Reading
2.52 1.59 630.8 0.9586
3.17 1.78 633.8 0.9583
4.00 2.00 635.4 0.9582
5.03 2.24 637.8 0.9579
6.37 2.52 639.4 0.9578
8.02 2.83 640.3 0.9577
9.47 3.08 641.7 0.9575

11.92 3.45 642.8 0.9574
15.02 3.88 643.8 0.9573
18.92 4.35 644.8 0.9572
23.85 4.88 645.8 0.9571
190.03 13.79 656.3 0.9127

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 453.6 div. T0 = 0 min. D0 = 456.4 div.
T90 = 0.348 min D90 = 603.2 div. T50 = 0.1 min. D50 = 544.1 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 619.9 div. T100 = 1.33 min. D100 = 631.9 div.
Height at: D90 = 0.918, D100 = 0.9163 Height at: D50 = 0.9239, D100 = 0.9151 Final Sample Height, in 0.9127
Average Sample Height, in 0.9563 Average Sample Height, in 0.9563
Average Drainage Height, in 0.4782 Average Drainage Height, in 0.4782 Incremental Strain, % 8.73%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 190
Coef. of Consol., Cv, in

2/min 0.553 Coef. of Consol., Cv, in
2/min 0.450

Input Validation: Reviewed By: Date 12/4/2010
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-1

Client Project 091-867 Apex Landfill Expansion Depth 14'-19'

Project No. 30598 Sample B-1

Test No. 1 Lab Sample No. 30598022

USCS Description: Olive Brown Lean Clay with Sand Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 79.83

Initial Consol. Final Back Pressure, psi 69.98

Tare Number 823 NA 943 Effective Consolidating Pressure, psi 9.85 σ 3
Wt. Tare & WS, gm 273.29 NA 1319.43 Pore Pressure Parameter (B), % 96

Wt. Tare & DS, gm 246.66 NA 1095.96 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 103.31 NA 97.70 Height Change, mils Reading Change

Water Content, % 18.6 22.4 22.4 Initial Reading 7.02 0 Volume Change, ml 14.5

Wt. Tube & WS., gm 1179.8 NA After Saturation 6.991 29 Volume Change, in^3 0.88

Wt. Of Tube, gm 0.0 NA After Consolidation 6.966 54 Saturation Method: Wet

Wt. Of WS., gm 1179.8 1217.7 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=3.45) 0.0012 Strain Rate Used, %/min 0.0003
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.0069 Deformation Rate Used 0.002
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 9.85 9.85 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 4.157 3.97 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.946 Deviator Stress at Failure, psi 8.75 10.80 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.824 Axial Strain at Failure, % 8.23 15.00 εεεε
Average Area,  in^2 6.45 6.26 Effective Minor Principal Stress at Failure, psi 2.77 3.64 σσσσ 3 '
Sample Volume, in^3 38.68 37.79 Effective Major Principal Stress at Failure, psi 11.52 14.44 σσσσ 1 '
Unit Dry Wt., gms/cc 1.57 1.61 Mohr's Circle Stress Path (Origin of Circle), psi 7.15 9.04 p'
Unit Dry Wt., pcf 98.0 100.3 Mohr's Circle Stress Path (Radius of Circle), psi 4.37 5.40 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 368.52 368.52 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.72 0.68 Deviator Stress at Failure, psi 8.75 10.80 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.42 0.40 Axial Strain at Failure, % 8.23 15.00 εεεε
Pore Volume, cc 16.19 15.30 Total Minor Principal Stress at Failure, psi 9.85 9.85 σσσσ 3333
Saturation, % 69.7 88.8 Total Major Principal Stress at Failure, psi 18.60 20.65 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
18.0 0 70.0 0 0 NA NA NA NA NA 9.85 0

44.8 6 71.9 0.10 4.28 1.91 12.22 7.94 1.539 0.47 10.08 2.14

50.1 12 72.9 0.20 5.13 2.97 12.01 6.88 1.745 0.60 9.45 2.57

52.7 18 73.6 0.30 5.53 3.63 11.75 6.22 1.889 0.68 8.99 2.76

54.5 24 74.1 0.40 5.81 4.10 11.56 5.75 2.010 0.74 8.66 2.90

55.9 30 74.4 0.51 6.03 4.47 11.41 5.38 2.120 0.77 8.40 3.01

56.9 36 74.7 0.61 6.18 4.77 11.26 5.08 2.216 0.81 8.17 3.09

57.7 43 75.0 0.72 6.30 5.01 11.14 4.84 2.300 0.83 7.99 3.15

58.4 49 75.2 0.82 6.41 5.20 11.06 4.65 2.378 0.85 7.86 3.20

59.0 55 75.4 0.92 6.50 5.40 10.96 4.46 2.459 0.86 7.71 3.25

59.6 61 75.5 1.02 6.59 5.55 10.90 4.31 2.530 0.88 7.60 3.29

60.1 67 75.6 1.13 6.65 5.67 10.83 4.18 2.590 0.89 7.51 3.33

60.4 73 75.8 1.23 6.70 5.81 10.75 4.05 2.656 0.90 7.40 3.35

61.5 92 76.0 1.54 6.85 6.07 10.64 3.79 2.809 0.92 7.21 3.42

Consolidation
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62.3 110 76.3 1.85 6.95 6.30 10.51 3.56 2.953 0.94 7.03 3.47

62.9 129 76.4 2.17 7.02 6.46 10.41 3.39 3.070 0.96 6.90 3.51

63.5 148 76.6 2.48 7.10 6.60 10.35 3.26 3.180 0.97 6.80 3.55

64.2 166 76.7 2.79 7.17 6.71 10.32 3.14 3.281 0.97 6.73 3.59

64.8 184 76.8 3.10 7.24 6.79 10.30 3.06 3.367 0.98 6.68 3.62

65.6 203 76.8 3.41 7.34 6.87 10.33 2.98 3.464 0.97 6.65 3.67

66.2 221 76.9 3.72 7.42 6.91 10.36 2.94 3.520 0.97 6.65 3.71

66.8 239 77.0 4.03 7.49 6.98 10.37 2.88 3.603 0.97 6.62 3.74

67.6 257 77.0 4.33 7.59 7.02 10.42 2.84 3.676 0.96 6.63 3.79

68.3 275 77.0 4.63 7.66 7.05 10.47 2.80 3.734 0.96 6.63 3.83

69.0 294 77.1 4.94 7.76 7.08 10.53 2.78 3.795 0.95 6.65 3.88

69.8 311 77.1 5.24 7.85 7.10 10.60 2.75 3.851 0.94 6.67 3.92

70.5 329 77.1 5.53 7.92 7.09 10.68 2.76 3.871 0.93 6.72 3.96

71.3 346 77.1 5.83 8.02 7.11 10.76 2.74 3.926 0.92 6.75 4.01

72.2 364 77.1 6.13 8.13 7.13 10.85 2.72 3.983 0.91 6.79 4.06

72.9 382 77.1 6.43 8.21 7.14 10.93 2.72 4.020 0.91 6.83 4.11

73.6 400 77.1 6.72 8.29 7.14 11.01 2.72 4.053 0.90 6.86 4.15

74.4 417 77.1 7.02 8.39 7.13 11.11 2.72 4.081 0.89 6.92 4.19

75.3 435 77.1 7.31 8.49 7.12 11.22 2.73 4.109 0.87 6.98 4.25

76.0 454 77.1 7.64 8.56 7.11 11.31 2.75 4.119 0.86 7.03 4.28

76.8 472 77.1 7.93 8.65 7.10 11.41 2.76 4.134 0.85 7.08 4.32

77.7 489 77.1 8.23 8.75 7.08 11.52 2.77 4.157 0.84 7.15 4.37

78.7 507 77.0 8.52 8.87 7.04 11.68 2.81 4.156 0.83 7.25 4.43

79.5 525 77.0 8.82 8.96 7.04 11.78 2.82 4.177 0.82 7.30 4.48

80.4 543 77.0 9.13 9.06 7.02 11.90 2.84 4.196 0.81 7.37 4.53

81.3 561 77.0 9.43 9.16 6.99 12.02 2.86 4.198 0.80 7.44 4.58

82.0 579 76.9 9.73 9.24 6.97 12.13 2.89 4.200 0.79 7.51 4.62

83.0 596 76.9 10.03 9.35 6.93 12.27 2.92 4.203 0.77 7.60 4.68

83.9 614 76.9 10.33 9.44 6.90 12.40 2.96 4.191 0.76 7.68 4.72

84.8 633 76.8 10.64 9.54 6.86 12.53 2.99 4.191 0.75 7.76 4.77

85.6 650 76.8 10.93 9.63 6.82 12.66 3.03 4.175 0.74 7.85 4.81

86.6 668 76.7 11.23 9.73 6.77 12.81 3.08 4.158 0.72 7.95 4.87

87.4 685 76.7 11.52 9.82 6.74 12.94 3.12 4.152 0.71 8.03 4.91

88.3 703 76.7 11.83 9.91 6.70 13.06 3.15 4.142 0.70 8.11 4.95

89.0 721 76.6 12.13 9.98 6.66 13.17 3.20 4.123 0.70 8.18 4.99

90.0 739 76.6 12.42 10.08 6.62 13.31 3.23 4.117 0.68 8.27 5.04

90.9 756 76.5 12.71 10.17 6.57 13.45 3.28 4.098 0.67 8.36 5.08

91.7 773 76.5 13.01 10.25 6.53 13.57 3.33 4.080 0.66 8.45 5.12

92.7 792 76.5 13.31 10.35 6.49 13.72 3.37 4.075 0.65 8.54 5.17

93.5 809 76.4 13.61 10.43 6.44 13.84 3.42 4.052 0.64 8.63 5.21

94.4 827 76.4 13.90 10.51 6.40 13.96 3.46 4.040 0.63 8.71 5.25

95.3 844 76.3 14.19 10.61 6.32 14.14 3.53 4.000 0.62 8.84 5.30

96.2 862 76.3 14.49 10.69 6.29 14.26 3.57 3.996 0.61 8.91 5.34

96.9 880 76.2 14.80 10.74 6.24 14.35 3.61 3.974 0.61 8.98 5.37

97.8 898 76.2 15.10 10.82 6.20 14.48 3.66 3.961 0.60 9.07 5.41

98.7 916 76.1 15.40 10.92 6.16 14.61 3.70 3.952 0.59 9.16 5.46

99.6 933 76.1 15.70 10.99 6.11 14.74 3.75 3.933 0.58 9.24 5.49

100.2 952 76.0 16.01 11.04 6.05 14.84 3.80 3.904 0.57 9.32 5.52

100.2 952 76.0 16.01 11.04 6.05 14.84 3.80 3.904 0.57 9.32 5.52

100.2 952 76.0 16.01 11.04 6.05 14.84 3.80 3.904 0.57 9.32 5.52

100.2 952 76.0 16.01 11.04 6.05 14.84 3.80 3.904 0.57 9.32 5.52

100.2 952 76.0 16.01 11.04 6.05 14.84 3.80 3.904 0.57 9.32 5.52

100.2 952 76.0 16.01 11.04 6.05 14.84 3.80 3.904 0.57 9.32 5.52

100.2 952 76.0 16.01 11.04 6.05 14.84 3.80 3.904 0.57 9.32 5.52
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-1

Client Project 091-867 Apex Landfill Expansion Depth 14'-19'

Project No. 30598 Sample B-1

Test No. 2 Lab Sample No. 30598022

USCS Description: Olive Brown Lean Clay with Sand Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 109.35

Initial Consol. Final Back Pressure, psi 69.45

Tare Number 823 NA 510 Effective Consolidating Pressure, psi 39.89 σ3
Wt. Tare & WS, gm 273.29 NA 1292.62 Pore Pressure Parameter (B), % 96

Wt. Tare & DS, gm 246.66 NA 1098.96 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 103.31 NA 103.30 Height Change, mils Reading Change

Water Content, % 18.6 19.5 19.5 Initial Dial Reading 6.631 0 Volume Change, ml 47.4

Wt. Tube & WS., gm 1179.8 NA After Saturation 6.602 29 Volume Change, in^3 2.89

Wt. Of Tube, gm 0.0 NA After Consolidation 6.456 175 Saturation Method: Wet

Wt. Of WS., gm 1179.8 1188.5 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=6.82) 0.0006 Strain Rate Used, %/min 0.0003
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.0034 Deformation Rate Used 0.002
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 39.89 39.89 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 3.200 3.21 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.825 Deviator Stress at Failure, psi 31.51 39.81 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.775 Axial Strain at Failure, % 4.96 15.00 εεεε
Average Area,  in^2 6.45 6.05 Effective Minor Principal Stress at Failure, psi 14.32 18.05 σσσσ 3 '
Sample Volume, in^3 38.68 35.78 Effective Major Principal Stress at Failure, psi 45.83 57.86 σσσσ 1 '
Unit Dry Wt., gms/cc 1.57 1.70 Mohr's Circle Stress Path (Origin of Circle), psi 30.07 37.95 p'
Unit Dry Wt., pcf 98.0 105.9 Mohr's Circle Stress Path (Radius of Circle), psi 15.75 19.91 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 368.52 368.52 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.72 0.59 Deviator Stress at Failure, psi 31.51 39.81 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.42 0.37 Axial Strain at Failure, % 4.96 15.00 εεεε
Pore Volume, cc 16.19 13.30 Total Minor Principal Stress at Failure, psi 39.89 39.89 σσσσ 3333
Saturation, % 69.7 88.8 Total Major Principal Stress at Failure, psi 71.40 79.71 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
20.5 0 69.5 0 0.00 0 NA NA NA NA 39.89 0

75.4 4 73.7 0.07 9.08 4.30 44.68 35.60 1.255 0.49 40.14 4.54

107.6 9 77.5 0.16 14.38 8.00 46.27 31.89 1.451 0.58 39.08 7.19

122.8 15 79.9 0.26 16.87 10.47 46.29 29.42 1.573 0.65 37.86 8.43

132.5 21 81.8 0.36 18.44 12.32 46.02 27.58 1.669 0.70 36.80 9.22

140.0 27 83.3 0.46 19.67 13.82 45.74 26.07 1.755 0.73 35.91 9.84

145.9 33 84.5 0.56 20.61 15.06 45.45 24.83 1.830 0.76 35.14 10.31

151.0 39 85.6 0.67 21.44 16.14 45.19 23.75 1.903 0.78 34.47 10.72

155.0 45 88.1 0.77 22.07 18.66 43.31 21.24 2.039 0.88 32.27 11.03

159.8 51 90.9 0.88 22.83 21.42 41.30 18.47 2.236 0.98 29.89 11.41

174.9 87 93.0 1.49 25.15 23.58 41.46 16.31 2.542 0.98 28.89 12.58

180.7 106 93.3 1.81 26.02 23.87 42.04 16.02 2.624 0.96 29.03 13.01

185.4 125 93.6 2.14 26.69 24.16 42.43 15.74 2.696 0.94 29.08 13.35

189.0 143 93.9 2.46 27.17 24.43 42.63 15.46 2.758 0.94 29.05 13.59
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192.8 162 94.2 2.77 27.70 24.73 42.86 15.16 2.827 0.93 29.01 13.85

198.6 180 94.4 3.08 28.53 24.94 43.49 14.96 2.908 0.91 29.22 14.27

203.4 198 94.6 3.41 29.22 25.13 43.98 14.77 2.979 0.90 29.38 14.61

205.5 217 94.7 3.73 29.45 25.26 44.08 14.63 3.013 0.89 29.36 14.73

208.2 235 94.8 4.04 29.79 25.36 44.32 14.53 3.050 0.89 29.43 14.89

210.7 253 94.9 4.34 30.08 25.46 44.51 14.43 3.084 0.88 29.47 15.04

215.7 271 95.0 4.65 30.78 25.53 45.15 14.36 3.143 0.86 29.75 15.39

221.0 289 95.0 4.96 31.51 25.57 45.83 14.32 3.200 0.85 30.07 15.75

220.9 307 95.0 5.27 31.39 25.59 45.70 14.31 3.194 0.85 30.00 15.69

223.4 325 95.0 5.58 31.67 25.59 45.98 14.30 3.215 0.84 30.14 15.84

229.2 342 95.0 5.88 32.48 25.57 46.80 14.33 3.267 0.82 30.56 16.24

232.4 360 95.0 6.18 32.87 25.52 47.24 14.38 3.286 0.81 30.81 16.43

235.5 378 94.9 6.49 33.25 25.49 47.66 14.41 3.308 0.80 31.03 16.63

234.5 396 94.9 6.79 32.98 25.43 47.44 14.46 3.280 0.80 30.95 16.49

237.8 413 94.8 7.09 33.39 25.33 47.95 14.56 3.293 0.79 31.25 16.69

245.4 430 94.7 7.39 34.43 25.29 49.04 14.61 3.358 0.76 31.82 17.22

247.8 448 94.7 7.69 34.70 25.22 49.38 14.68 3.364 0.76 32.03 17.35

249.9 466 94.6 8.00 34.90 25.11 49.68 14.78 3.361 0.75 32.23 17.45

248.5 484 94.5 8.30 34.57 25.01 49.46 14.89 3.322 0.75 32.17 17.29

254.3 501 94.4 8.60 35.34 24.90 50.33 14.99 3.358 0.73 32.66 17.67

258.5 519 94.2 8.90 35.85 24.79 50.96 15.11 3.373 0.72 33.03 17.93

261.0 537 94.1 9.21 36.11 24.65 51.35 15.24 3.369 0.71 33.30 18.06

260.9 555 94.0 9.52 35.97 24.55 51.32 15.35 3.344 0.71 33.33 17.99

263.0 573 93.9 9.83 36.16 24.41 51.64 15.49 3.335 0.70 33.57 18.08

270.8 590 93.7 10.13 37.20 24.25 52.85 15.65 3.378 0.68 34.25 18.60

272.8 608 93.6 10.44 37.37 24.14 53.12 15.75 3.372 0.67 34.44 18.68

273.7 626 93.5 10.75 37.38 24.00 53.27 15.89 3.352 0.67 34.58 18.69

272.0 644 93.3 11.06 36.99 23.86 53.02 16.04 3.307 0.67 34.53 18.49

274.4 662 93.2 11.36 37.22 23.72 53.40 16.18 3.301 0.66 34.79 18.61

279.8 679 93.0 11.66 37.88 23.58 54.20 16.32 3.322 0.65 35.26 18.94

282.8 698 92.9 11.98 38.19 23.42 54.66 16.48 3.318 0.64 35.57 19.09

283.8 715 92.7 12.28 38.20 23.24 54.85 16.65 3.294 0.63 35.75 19.10

283.0 733 92.6 12.58 37.95 23.11 54.74 16.78 3.261 0.63 35.76 18.98

289.3 750 92.4 12.88 38.72 22.95 55.66 16.94 3.286 0.62 36.30 19.36

291.2 768 92.2 13.19 38.87 22.78 55.98 17.11 3.271 0.61 36.55 19.43

293.9 786 92.1 13.49 39.10 22.64 56.36 17.26 3.266 0.60 36.81 19.55

294.1 804 91.9 13.80 39.00 22.48 56.42 17.42 3.239 0.60 36.92 19.50

295.8 821 91.8 14.10 39.10 22.31 56.69 17.58 3.224 0.59 37.14 19.55

299.4 839 91.6 14.40 39.48 22.14 57.23 17.75 3.224 0.58 37.49 19.74

301.3 857 91.5 14.70 39.61 22.00 57.50 17.89 3.214 0.58 37.70 19.80

303.9 875 91.3 15.01 39.82 21.84 57.88 18.06 3.205 0.57 37.97 19.91

303.4 892 91.1 15.32 39.62 21.66 57.85 18.23 3.173 0.57 38.04 19.81

306.0 910 91.0 15.62 39.84 21.51 58.22 18.39 3.167 0.56 38.31 19.92

309.1 928 90.8 15.93 40.13 21.35 58.67 18.54 3.164 0.55 38.60 20.06

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20

312.1 946 90.6 16.24 40.39 21.16 59.12 18.73 3.157 0.55 38.93 20.20
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-1

Client Project 091-867 Apex Landfill Expansion Depth 14'-19'

Project No. 30598 Sample B-1

Test No. 3 Lab Sample No. 30598022

USCS Description: Olive Brown Lean Clay with Sand Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 118.52

Initial Consol. Final Back Pressure, psi 39.70

Tare Number 823 NA 808 Effective Consolidating Pressure, psi 78.82 σ3
Wt. Tare & WS, gm 273.29 NA 1275.95 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 246.66 NA 1096.60 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 103.31 NA 102.65 Height Change, mils Reading Change

Water Content, % 18.6 18.0 18.0 Initial Dial Reading 7.597 0 Volume Change, ml 59.5

Wt. Tube & WS., gm 1179.8 NA After Saturation 7.562 35 Volume Change, in^3 3.63

Wt. Of Tube, gm 0.0 NA After Consolidation 7.358 239 Saturation Method: Wet

Wt. Of WS., gm 1179.8 1174.5 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=.66) 0.0061 Strain Rate Used, %/min 0.0003
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.0349 Deformation Rate Used 0.002
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 78.82 78.82 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 3.042 3.02 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.761 Deviator Stress at Failure, psi 55.32 62.05 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.756 Axial Strain at Failure, % 8.34 15.00 εεεε
Average Area,  in^2 6.45 5.97 Effective Minor Principal Stress at Failure, psi 27.09 30.68 σσσσ 3 '
Sample Volume, in^3 38.68 35.04 Effective Major Principal Stress at Failure, psi 82.41 92.73 σσσσ 1 '
Unit Dry Wt., gms/cc 1.57 1.73 Mohr's Circle Stress Path (Origin of Circle), psi 54.75 61.71 p'
Unit Dry Wt., pcf 98.0 108.1 Mohr's Circle Stress Path (Radius of Circle), psi 27.66 31.03 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 368.52 368.52 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.72 0.56 Deviator Stress at Failure, psi 55.32 62.05 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.42 0.36 Axial Strain at Failure, % 8.34 15.00 εεεε
Pore Volume, cc 16.19 12.56 Total Minor Principal Stress at Failure, psi 78.82 78.82 σσσσ 3333
Saturation, % 69.7 87.3 Total Major Principal Stress at Failure, psi 134.14 140.87 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
22.8 0 39.7 0 0 0 NA NA NA NA 78.82 0

69.2 5 43.4 0.09 7.77 3.68 82.91 75.14 1.103 0.50 79.03 3.89

133.5 10 49.5 0.17 18.53 9.80 87.55 69.02 1.268 0.56 78.29 9.26

165.0 16 53.8 0.28 23.77 14.06 88.53 64.76 1.367 0.62 76.65 11.89

182.9 21 57.3 0.37 26.74 17.55 88.00 61.27 1.436 0.69 74.63 13.37

196.8 28 60.3 0.48 29.04 20.55 87.31 58.27 1.498 0.74 72.79 14.52

208.7 34 62.9 0.59 30.98 23.20 86.60 55.62 1.557 0.79 71.11 15.49

218.1 40 65.2 0.69 32.52 25.51 85.83 53.32 1.610 0.83 69.57 16.26

226.9 45 67.3 0.79 33.95 27.56 85.21 51.26 1.662 0.85 68.23 16.97

233.5 52 68.9 0.91 35.00 29.19 84.64 49.63 1.705 0.88 67.13 17.50

240.0 58 70.6 1.01 36.05 30.92 83.95 47.90 1.753 0.90 65.92 18.02

245.6 64 72.1 1.11 36.94 32.40 83.36 46.42 1.796 0.92 64.89 18.47

250.3 69 73.4 1.21 37.69 33.70 82.80 45.12 1.835 0.94 63.96 18.84

262.3 87 76.6 1.50 39.55 36.93 81.44 41.89 1.944 0.98 61.66 19.77
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273.1 104 79.3 1.80 41.21 39.63 80.40 39.19 2.052 1.01 59.79 20.61

282.1 123 81.4 2.14 42.54 41.73 79.63 37.09 2.147 1.03 58.36 21.27

290.3 142 83.2 2.46 43.74 43.47 79.10 35.35 2.237 1.05 57.22 21.87

296.9 158 84.6 2.74 44.70 44.86 78.66 33.96 2.316 1.06 56.31 22.35

303.1 176 85.9 3.05 45.55 46.17 78.20 32.65 2.395 1.07 55.42 22.77

308.8 194 86.8 3.37 46.33 47.11 78.04 31.71 2.461 1.07 54.88 23.16

314.6 213 87.8 3.69 47.11 48.05 77.88 30.77 2.531 1.07 54.32 23.56

320.7 231 88.4 4.00 47.93 48.74 78.02 30.08 2.594 1.07 54.05 23.97

324.7 247 89.1 4.29 48.44 49.41 77.85 29.42 2.647 1.07 53.63 24.22

329.4 265 89.5 4.61 49.02 49.83 78.01 28.99 2.691 1.07 53.50 24.51

334.7 283 90.1 4.92 49.72 50.37 78.17 28.45 2.747 1.07 53.31 24.86

339.7 302 90.4 5.25 50.34 50.67 78.50 28.15 2.788 1.06 53.33 25.17

344.2 319 90.7 5.54 50.89 51.01 78.71 27.81 2.830 1.05 53.26 25.45

348.0 337 90.9 5.84 51.33 51.23 78.92 27.60 2.860 1.05 53.26 25.66

352.3 355 91.1 6.16 51.84 51.40 79.25 27.42 2.891 1.04 53.34 25.92

357.5 373 91.3 6.48 52.47 51.58 79.71 27.24 2.926 1.03 53.48 26.23

362.5 392 91.4 6.80 53.08 51.69 80.22 27.13 2.956 1.02 53.67 26.54

365.8 409 91.4 7.09 53.42 51.75 80.49 27.07 2.973 1.02 53.78 26.71

369.5 427 91.4 7.41 53.82 51.70 80.94 27.12 2.985 1.01 54.03 26.91

374.1 444 91.5 7.71 54.36 51.77 81.41 27.05 3.009 1.00 54.23 27.18

378.7 463 91.4 8.04 54.86 51.69 81.99 27.13 3.023 0.99 54.56 27.43

382.8 481 91.4 8.34 55.32 51.73 82.41 27.09 3.042 0.98 54.75 27.66

385.9 498 91.3 8.64 55.61 51.59 82.84 27.23 3.042 0.98 55.04 27.81

389.9 515 91.3 8.94 56.04 51.61 83.25 27.21 3.059 0.97 55.23 28.02

393.9 534 91.2 9.27 56.45 51.48 83.79 27.34 3.065 0.96 55.57 28.22

398.3 552 91.1 9.59 56.92 51.38 84.36 27.44 3.074 0.95 55.90 28.46

401.6 570 90.9 9.90 57.21 51.24 84.79 27.58 3.074 0.94 56.19 28.61

405.0 587 90.8 10.19 57.54 51.08 85.28 27.74 3.074 0.93 56.51 28.77

408.5 605 90.7 10.51 57.87 50.96 85.72 27.86 3.077 0.93 56.79 28.93

413.0 625 90.4 10.85 58.32 50.71 86.43 28.11 3.074 0.92 57.27 29.16

416.6 642 90.3 11.15 58.66 50.61 86.86 28.21 3.079 0.91 57.54 29.33

419.6 659 90.1 11.44 58.91 50.41 87.32 28.41 3.073 0.90 57.87 29.45

423.2 676 90.0 11.74 59.25 50.26 87.81 28.56 3.075 0.89 58.18 29.62

427.5 695 89.8 12.06 59.66 50.12 88.36 28.70 3.078 0.88 58.53 29.83

430.7 714 89.5 12.39 59.91 49.81 88.92 29.01 3.065 0.88 58.96 29.95

434.6 731 89.4 12.68 60.28 49.70 89.40 29.12 3.070 0.87 59.26 30.14

437.2 748 89.1 12.98 60.45 49.41 89.86 29.41 3.056 0.86 59.63 30.23

440.3 767 89.0 13.31 60.68 49.27 90.23 29.55 3.053 0.85 59.89 30.34

444.0 785 88.8 13.63 60.99 49.07 90.74 29.75 3.050 0.85 60.24 30.49

447.8 803 88.5 13.94 61.31 48.81 91.32 30.01 3.043 0.84 60.67 30.66

450.7 820 88.4 14.23 61.52 48.66 91.69 30.16 3.040 0.83 60.92 30.76

453.3 838 88.0 14.54 61.68 48.35 92.15 30.47 3.024 0.83 61.31 30.84

456.9 857 87.9 14.87 61.95 48.23 92.54 30.59 3.025 0.82 61.56 30.98

460.3 875 87.7 15.19 62.20 48.01 93.01 30.81 3.019 0.81 61.91 31.10

463.8 892 87.5 15.49 62.48 47.79 93.51 31.03 3.014 0.81 62.27 31.24

466.1 910 87.3 15.79 62.58 47.58 93.82 31.24 3.003 0.80 62.53 31.29

469.1 928 87.0 16.10 62.77 47.29 94.30 31.53 2.990 0.79 62.92 31.38

472.4 946 86.9 16.42 62.99 47.19 94.63 31.63 2.991 0.79 63.13 31.50

475.8 965 86.7 16.75 63.22 46.98 95.06 31.84 2.986 0.78 63.45 31.61

478.6 983 86.4 17.06 63.38 46.69 95.51 32.13 2.973 0.78 63.82 31.69

480.6 999 86.2 17.34 63.44 46.54 95.72 32.28 2.965 0.77 64.00 31.72

483.2 1018 86.0 17.67 63.55 46.31 96.06 32.51 2.954 0.77 64.29 31.77

483.2 1018 86.0 17.67 63.55 46.31 96.06 32.51 2.954 0.77 64.29 31.77

483.2 1018 86.0 17.67 63.55 46.31 96.06 32.51 2.954 0.77 64.29 31.77

Input Validation: Reviewed By: Date Tested: 01/20/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-1

Client Project 091-867 Apex Landfill Expansion Depth 14'-19'

Project No. 30598 Sample B-1
Test Conditions: Remolded - Side And Double Drained Lab Sample No. 30598022
USCS Description: Olive Brown Lean Clay with Sand

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring RB-1
Client Project 091-867 Apex Landfill Expansion Depth 14'-19'
Project No. 30598 Sample B-1

Lab Sample No. 30598022
USCS Description: Olive Brown Lean Clay with Sand

Test Conditions: Remolded - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 14.1

Test 1 8.75 18.60 9.85 8.23 14.2314.2314.2314.23 4.374.374.374.37 a, psi 1.1
Test 2 31.51 71.40 39.89 4.96 55.6555.6555.6555.65 15.7515.7515.7515.75 Φ, Φ, Φ, Φ, deg 14.6
Test 3 55.32 134.14 78.82 8.34 106.48106.48106.48106.48 27.6627.6627.6627.66 C, psi 1.2

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring RB-1
Client Project 091-867 Apex Landfill Expansion Depth 14'-19'
Project No. 30598 Sample B-1

Lab Sample No. 30598022
USCS Description: Olive Brown Lean Clay with Sand

Test Conditions: Remolded - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 26.1

Test 1 8.75 11.52 2.77 8.23 7.157.157.157.15 4.374.374.374.37 a', psi 0.9
Test 2 31.51 45.83 14.32 4.96 30.0730.0730.0730.07 15.7515.7515.7515.75 ΦΦΦΦ', deg 29.3
Test 3 55.32 82.41 27.09 8.34 54.7554.7554.7554.75 27.6627.6627.6627.66 C', psi 1.1

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring RB-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 14'-19' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598022 Cell Pressure, psi 79.8

USCS Description: Olive Brown Lean Clay with Sand Back Pressure, psi 70.0
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 9.9

Additional Consol. Volume, ml 0.0

Consol. Start Date: 12/30/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.7
0.10 0.32 1.0
0.15 0.39 1.2
0.20 0.45 1.5
0.25 0.50 1.9
0.50 0.71 2.6
1.00 1.00 3.8
2.00 1.41 5.3
3.00 1.73 6.5
5.00 2.24 7.9

10.00 3.16 9.6
15.00 3.87 10.6
20.00 4.47 11.2
30.00 5.48 12.0
40.00 6.32 12.5 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 12.9
60.00 7.75 13.1
75.00 8.66 13.4
90.00 9.49 13.6

120.00 10.95 13.8
150.00 12.25 14.0
300.00 17.32 14.5

5520.00 74.30 14.5

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.0 ml. T0 = 0 min. V0 = -0.1 ml. Initial Volume Reading, ml 0.0
T90 = 16.2 min V90 = 10.8 ml. T50 = 3.5 min. V50 = 6.9 ml. Final Volume Reading, ml 14.5
T100 = NA min V100 = 12.0 ml. T100 = 36.2 min. V100 = 13.9 ml. Total Volume Change, ml 14.5
Input Validation: Reviewed By: Date 12/30/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring RB-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 14'-19' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598022 Cell Pressure, psi 109.3

USCS Description: Olive Brown Lean Clay with Sand Back Pressure, psi 69.5
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 39.9

Additional Consol. Volume, ml 32.7

Consol. Start Date: 12/30/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.8
0.10 0.32 1.0
0.15 0.39 1.1
0.20 0.45 1.2
0.25 0.50 1.3
0.50 0.71 2.0
1.00 1.00 2.8
2.00 1.41 4.2
3.00 1.73 5.2
5.00 2.24 6.5

10.00 3.16 8.3
15.00 3.87 9.4
20.00 4.47 10.1
30.00 5.48 11.1
40.00 6.32 11.7 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 12.3
60.00 7.75 12.6
75.00 8.66 13.0
90.00 9.49 13.3

120.00 10.95 13.7
150.00 12.25 14.0
300.00 17.32 14.7

5520.00 74.30 14.7

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.0 ml. T0 = 0 min. V0 = 0.4 ml. Initial Volume Reading, ml 0.0
T90 = 11.5 min V90 = 8.7 ml. T50 = 6.8 min. V50 = 7.3 ml. Final Volume Reading, ml 14.7
T100 = NA min V100 = 9.6 ml. T100 = 88.4 min. V100 = 14.2 ml. Total Volume Change, ml 47.4
Input Validation: Reviewed By: Date 12/30/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring RB-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 14'-19' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598022 Cell Pressure, psi 118.5

USCS Description: Olive Brown Lean Clay with Sand Back Pressure, psi 39.7
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 78.8

Additional Consol. Volume, ml 45.6

Consol. Start Date: 1/20/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.4
0.10 0.32 1.0
0.15 0.39 2.1
0.20 0.45 2.6
0.25 0.50 3.2
0.50 0.71 4.2
1.00 1.00 6.1
2.00 1.41 8.0
3.00 1.73 9.1
5.00 2.24 10.3

10.00 3.16 11.7
15.00 3.87 12.2
20.00 4.47 12.7
30.00 5.48 13.0
40.00 6.32 13.2 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 13.4
60.00 7.75 13.6
75.00 8.66 13.9

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -2.1 ml. T0 = 0 min. V0 = -1.8 ml. Initial Volume Reading, ml 0.0
T90 = 0.4 min V90 = 4.0 ml. T50 = 0.7 min. V50 = 4.9 ml. Final Volume Reading, ml 13.9
T100 = NA min V100 = 4.7 ml. T100 = 7.7 min. V100 = 11.7 ml. Total Volume Change, ml 59.5
Input Validation: Reviewed By: Date 1/20/2011
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-8

Client Project 091-867 Apex Landfill Expansion Depth 23'-27'

Project No. 30598 Sample B-1

Test No. 1 Lab Sample No. 30598023

USCS Description: DARK GRAY FAT CLAY Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 79.90

Initial Consol. Final Back Pressure, psi 70.02

Tare Number D4 NA 954 Effective Consolidating Pressure, psi 9.88 σ 3
Wt. Tare & WS, gm 200.82 NA 1282.25 Pore Pressure Parameter (B), % 96

Wt. Tare & DS, gm 187.72 NA 1012.73 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 123.40 NA 99.26 Height Change, mils Reading Change

Water Content, % 20.4 29.5 29.5 Initial Reading 7.065 0 Volume Change, ml 24.1

Wt. Tube & WS., gm 1093.2 NA After Saturation 7.05 15 Volume Change, in^3 1.47

Wt. Of Tube, gm 0.0 NA After Consolidation 6.523 542 Saturation Method: Wet

Wt. Of WS., gm 1093.2 1176.2 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=13.64) 0.0003 Strain Rate Used, %/min 0.0002
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.0016 Deformation Rate Used 0.001
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 9.88 9.88 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 3.573 3.23 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.458 Deviator Stress at Failure, psi 7.28 7.74 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.935 Axial Strain at Failure, % 9.53 15.00 εεεε
Average Area,  in^2 6.45 6.76 Effective Minor Principal Stress at Failure, psi 2.83 3.48 σσσσ 3 '
Sample Volume, in^3 38.68 37.21 Effective Major Principal Stress at Failure, psi 10.11 11.22 σσσσ 1 '
Unit Dry Wt., gms/cc 1.43 1.49 Mohr's Circle Stress Path (Origin of Circle), psi 6.47 7.35 p'
Unit Dry Wt., pcf 89.4 93.0 Mohr's Circle Stress Path (Radius of Circle), psi 3.64 3.87 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 336.37 336.37 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.88 0.81 Deviator Stress at Failure, psi 7.28 7.74 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.47 0.45 Axial Strain at Failure, % 9.53 15.00 εεεε
Pore Volume, cc 18.15 16.68 Total Minor Principal Stress at Failure, psi 9.88 9.88 σσσσ 3333
Saturation, % 62.2 98.0 Total Major Principal Stress at Failure, psi 17.16 17.62 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
19.9 0 70.0 0 0 NA NA NA NA NA 9.88 0

39.5 5 71.7 0.09 2.89 1.71 11.06 8.17 1.354 0.62 9.62 1.45

43.9 11 72.5 0.20 3.54 2.46 10.95 7.42 1.477 0.73 9.19 1.77

46.5 17 73.1 0.32 3.92 3.03 10.77 6.85 1.572 0.80 8.81 1.96

48.5 23 73.5 0.43 4.21 3.45 10.64 6.43 1.654 0.85 8.53 2.10

49.9 30 73.8 0.55 4.41 3.82 10.46 6.06 1.728 0.90 8.26 2.20

51.0 36 74.1 0.66 4.57 4.11 10.34 5.77 1.793 0.94 8.05 2.29

52.0 42 74.4 0.78 4.72 4.37 10.22 5.51 1.857 0.97 7.86 2.36

52.9 49 74.6 0.89 4.84 4.59 10.13 5.29 1.915 0.99 7.71 2.42

53.7 55 74.8 1.00 4.95 4.80 10.03 5.08 1.973 1.01 7.56 2.47

54.5 61 75.0 1.12 5.05 4.96 9.98 4.92 2.027 1.02 7.45 2.53

55.2 67 75.1 1.23 5.15 5.12 9.91 4.76 2.083 1.04 7.33 2.58

55.7 73 75.3 1.34 5.22 5.25 9.86 4.63 2.128 1.05 7.24 2.61

56.9 91 75.6 1.67 5.38 5.62 9.64 4.26 2.264 1.09 6.95 2.69

Consolidation

30598023 - cu triax.xls Triax 1



58.0 110 75.9 2.01 5.52 5.90 9.50 3.98 2.385 1.11 6.74 2.76

59.0 129 76.2 2.36 5.64 6.14 9.38 3.74 2.508 1.13 6.56 2.82

59.9 147 76.4 2.69 5.76 6.33 9.31 3.55 2.622 1.14 6.43 2.88

60.6 164 76.5 3.01 5.84 6.49 9.23 3.39 2.723 1.16 6.31 2.92

61.3 182 76.6 3.34 5.92 6.62 9.17 3.25 2.818 1.17 6.21 2.96

62.0 201 76.8 3.68 6.00 6.73 9.15 3.15 2.903 1.17 6.15 3.00

62.7 219 76.9 4.01 6.07 6.83 9.11 3.05 2.991 1.17 6.08 3.03

63.2 237 76.9 4.33 6.12 6.92 9.09 2.96 3.067 1.18 6.03 3.06

63.9 254 77.0 4.65 6.20 6.97 9.11 2.91 3.132 1.17 6.01 3.10

64.6 272 77.1 4.98 6.28 7.03 9.13 2.85 3.207 1.17 5.99 3.14

65.1 289 77.1 5.30 6.33 7.07 9.14 2.81 3.250 1.16 5.97 3.16

65.9 307 77.1 5.63 6.43 7.10 9.20 2.78 3.312 1.15 5.99 3.21

66.6 325 77.1 5.95 6.49 7.12 9.25 2.76 3.353 1.14 6.01 3.25

67.2 342 77.2 6.26 6.55 7.15 9.28 2.73 3.399 1.14 6.00 3.27

67.9 360 77.2 6.59 6.63 7.14 9.37 2.74 3.424 1.12 6.05 3.32

68.5 378 77.2 6.92 6.68 7.16 9.40 2.72 3.461 1.12 6.06 3.34

69.1 395 77.2 7.25 6.74 7.14 9.48 2.74 3.462 1.10 6.11 3.37

69.7 413 77.2 7.56 6.81 7.15 9.53 2.73 3.497 1.10 6.13 3.40

70.5 431 77.2 7.89 6.89 7.15 9.62 2.73 3.522 1.08 6.18 3.44

71.1 449 77.2 8.23 6.95 7.13 9.70 2.75 3.529 1.07 6.23 3.48

72.1 468 77.1 8.57 7.06 7.11 9.82 2.76 3.553 1.05 6.29 3.53

72.9 485 77.1 8.88 7.13 7.09 9.92 2.79 3.558 1.04 6.36 3.57

73.5 503 77.1 9.21 7.19 7.08 10.00 2.80 3.565 1.02 6.40 3.60

74.3 520 77.1 9.53 7.28 7.05 10.11 2.83 3.573 1.01 6.47 3.64

74.9 539 77.0 9.87 7.32 7.02 10.18 2.86 3.564 1.00 6.52 3.66

75.7 556 77.0 10.19 7.40 6.99 10.30 2.89 3.559 0.98 6.59 3.70

76.3 574 77.0 10.52 7.46 6.96 10.38 2.92 3.552 0.97 6.65 3.73

77.1 592 76.9 10.84 7.54 6.92 10.50 2.96 3.550 0.96 6.73 3.77

77.7 609 76.9 11.17 7.60 6.89 10.59 2.99 3.541 0.94 6.79 3.80

78.3 627 76.9 11.50 7.65 6.84 10.68 3.04 3.520 0.93 6.86 3.82

79.1 646 76.8 11.83 7.34 6.81 10.40 3.07 3.391 0.97 6.74 3.67

79.6 662 76.8 12.13 7.36 6.77 10.47 3.11 3.365 0.96 6.79 3.68

80.3 680 76.8 12.46 7.41 6.73 10.55 3.15 3.352 0.95 6.85 3.70

80.9 698 76.7 12.79 7.45 6.68 10.65 3.20 3.331 0.93 6.92 3.73

81.6 716 76.7 13.11 7.49 6.66 10.72 3.22 3.324 0.93 6.97 3.75

82.3 733 76.6 13.43 7.54 6.60 10.82 3.28 3.298 0.91 7.05 3.77

83.0 751 76.6 13.76 7.59 6.58 10.90 3.30 3.300 0.90 7.10 3.80

83.5 769 76.5 14.08 7.62 6.52 10.98 3.36 3.272 0.89 7.17 3.81

84.1 786 76.5 14.41 7.65 6.48 11.05 3.40 3.249 0.88 7.23 3.82

84.9 805 76.5 14.74 7.71 6.44 11.15 3.44 3.238 0.87 7.30 3.85

85.5 822 76.4 15.06 7.75 6.40 11.23 3.48 3.224 0.86 7.36 3.87

86.3 840 76.4 15.39 7.80 6.35 11.33 3.53 3.212 0.85 7.43 3.90

86.8 858 76.3 15.72 7.83 6.30 11.41 3.58 3.186 0.84 7.50 3.91

87.6 876 76.3 16.06 7.88 6.26 11.50 3.62 3.179 0.83 7.56 3.94

88.4 894 76.2 16.38 7.93 6.21 11.60 3.67 3.162 0.82 7.63 3.96

88.9 912 76.2 16.71 7.95 6.17 11.67 3.71 3.143 0.81 7.69 3.98

89.6 930 76.1 17.04 7.99 6.11 11.76 3.77 3.120 0.80 7.76 3.99

90.1 948 76.1 17.37 8.01 6.07 11.82 3.81 3.103 0.79 7.81 4.00

90.8 966 76.0 17.69 8.05 6.02 11.92 3.86 3.084 0.78 7.89 4.03

91.5 983 76.0 18.01 8.08 5.99 11.98 3.89 3.076 0.77 7.94 4.04

91.5 983 76.0 18.01 8.08 5.99 11.98 3.89 3.076 0.77 7.94 4.04

91.5 983 76.0 18.01 8.08 5.99 11.98 3.89 3.076 0.77 7.94 4.04

91.5 983 76.0 18.01 8.08 5.99 11.98 3.89 3.076 0.77 7.94 4.04

91.5 983 76.0 18.01 8.08 5.99 11.98 3.89 3.076 0.77 7.94 4.04

Input Validation: Reviewed By: Date Tested: 01/17/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-8

Client Project 091-867 Apex Landfill Expansion Depth 23'-27'

Project No. 30598 Sample B-1

Test No. 2 Lab Sample No. 30598023

USCS Description: DARK GRAY FAT CLAY Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 109.34

Initial Consol. Final Back Pressure, psi 69.79

Tare Number D4 NA 803 Effective Consolidating Pressure, psi 39.55 σ3
Wt. Tare & WS, gm 200.82 NA 1244.77 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 187.72 NA 1016.99 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 123.4 NA 103.15 Height Change, mils Reading Change

Water Content, % 20.4 24.9 24.9 Initial Dial Reading 7.254 0 Volume Change, ml 64.5

Wt. Tube & WS., gm 1093.2 NA After Saturation 7.234 20 Volume Change, in^3 3.94

Wt. Of Tube, gm 0.0 NA After Consolidation 7.045 209 Saturation Method: Wet

Wt. Of WS., gm 1093.2 1134.6 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=10.25) 0.0004 Strain Rate Used, %/min 0.0002
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.0023 Deformation Rate Used 0.001
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 39.55 39.55 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 2.889 2.80 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.791 Deviator Stress at Failure, psi 32.37 35.42 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.748 Axial Strain at Failure, % 10.02 15.00 εεεε
Average Area,  in^2 6.45 5.93 Effective Minor Principal Stress at Failure, psi 17.13 19.64 σσσσ 3 '
Sample Volume, in^3 38.68 34.74 Effective Major Principal Stress at Failure, psi 49.51 55.05 σσσσ 1 '
Unit Dry Wt., gms/cc 1.43 1.60 Mohr's Circle Stress Path (Origin of Circle), psi 33.32 37.35 p'
Unit Dry Wt., pcf 89.4 99.5 Mohr's Circle Stress Path (Radius of Circle), psi 16.19 17.71 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 336.37 336.37 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.88 0.69 Deviator Stress at Failure, psi 32.37 35.42 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.47 0.41 Axial Strain at Failure, % 10.02 15.00 εεεε
Pore Volume, cc 18.15 14.21 Total Minor Principal Stress at Failure, psi 39.55 39.55 σσσσ 3333
Saturation, % 62.2 97.2 Total Major Principal Stress at Failure, psi 71.92 74.96 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
21.5 0 69.8 0 0.00 0 NA NA NA NA 39.55 0

40.3 5 71.1 0.09 3.18 1.30 41.43 38.25 1.083 0.43 39.84 1.59

73.8 10 74.2 0.17 8.80 4.37 43.98 35.18 1.250 0.52 39.58 4.40

93.2 14 76.1 0.24 12.06 6.30 45.30 33.24 1.363 0.55 39.27 6.03

104.0 20 77.7 0.34 13.86 7.88 45.53 31.67 1.438 0.60 38.60 6.93

110.3 25 79.0 0.43 14.91 9.19 45.27 30.36 1.491 0.65 37.82 7.46

115.6 31 80.2 0.53 15.79 10.39 44.95 29.16 1.542 0.69 37.05 7.89

120.2 37 81.2 0.63 16.53 11.45 44.63 28.09 1.588 0.73 36.36 8.27

123.7 43 82.2 0.74 17.11 12.39 44.27 27.16 1.630 0.76 35.72 8.56

127.4 49 83.1 0.84 17.71 13.27 43.99 26.28 1.674 0.79 35.13 8.86

129.9 54 83.8 0.94 18.11 13.97 43.69 25.58 1.708 0.81 34.63 9.06

133.4 61 84.5 1.05 18.67 14.74 43.48 24.81 1.753 0.83 34.14 9.34

136.0 66 85.1 1.14 19.09 15.34 43.30 24.21 1.789 0.85 33.75 9.54

144.1 84 86.8 1.44 20.37 16.98 42.94 22.57 1.903 0.88 32.75 10.18
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149.9 101 88.0 1.74 21.27 18.23 42.58 21.32 1.998 0.90 31.95 10.63

154.9 119 89.0 2.05 22.03 19.21 42.37 20.34 2.084 0.92 31.35 11.02

159.6 137 89.8 2.36 22.73 20.01 42.27 19.53 2.164 0.93 30.90 11.37

163.8 154 90.5 2.66 23.36 20.67 42.24 18.88 2.238 0.93 30.56 11.68

168.4 172 91.0 2.97 24.04 21.21 42.38 18.34 2.311 0.93 30.36 12.02

171.9 189 91.4 3.27 24.54 21.64 42.45 17.91 2.370 0.93 30.18 12.27

176.0 208 91.8 3.59 25.11 21.99 42.67 17.56 2.430 0.92 30.12 12.55

179.8 226 92.1 3.90 25.65 22.31 42.89 17.24 2.488 0.92 30.07 12.83

182.7 243 92.3 4.20 26.03 22.55 43.03 17.00 2.532 0.91 30.01 13.02

186.4 261 92.5 4.51 26.55 22.74 43.35 16.81 2.580 0.90 30.08 13.27

189.8 279 92.7 4.81 27.00 22.90 43.65 16.65 2.622 0.89 30.15 13.50

193.3 297 92.8 5.13 27.48 23.01 44.02 16.54 2.661 0.88 30.28 13.74

195.7 315 92.9 5.43 27.77 23.12 44.20 16.43 2.690 0.88 30.32 13.89

198.3 332 93.0 5.74 28.09 23.19 44.45 16.36 2.717 0.87 30.41 14.05

201.2 349 93.0 6.03 28.47 23.21 44.81 16.34 2.742 0.86 30.57 14.23

204.1 367 93.0 6.34 28.84 23.22 45.17 16.33 2.766 0.85 30.75 14.42

206.6 385 93.0 6.66 29.14 23.21 45.48 16.34 2.783 0.84 30.91 14.57

209.8 403 93.0 6.96 29.54 23.22 45.86 16.33 2.809 0.83 31.10 14.77

211.9 420 93.0 7.25 29.78 23.18 46.14 16.36 2.820 0.82 31.25 14.89

214.8 437 92.9 7.55 30.13 23.13 46.55 16.42 2.835 0.81 31.48 15.07

217.7 456 92.9 7.87 30.48 23.08 46.95 16.47 2.850 0.80 31.71 15.24

220.2 473 92.8 8.17 30.76 22.97 47.33 16.57 2.856 0.79 31.95 15.38

222.7 491 92.7 8.48 31.04 22.93 47.66 16.62 2.868 0.78 32.14 15.52

225.1 508 92.6 8.78 31.32 22.82 48.04 16.72 2.873 0.77 32.38 15.66

227.7 526 92.5 9.09 31.61 22.73 48.42 16.82 2.880 0.76 32.62 15.80

230.4 545 92.4 9.41 31.91 22.63 48.82 16.91 2.887 0.75 32.87 15.95

232.5 563 92.3 9.72 32.11 22.53 49.13 17.01 2.887 0.74 33.07 16.06

234.9 580 92.2 10.02 32.37 22.41 49.51 17.13 2.889 0.73 33.32 16.19

237.6 598 92.0 10.33 32.68 22.24 49.99 17.31 2.888 0.72 33.65 16.34

239.5 616 91.9 10.64 32.85 22.14 50.26 17.41 2.887 0.71 33.83 16.42

242.6 635 91.8 10.96 33.19 22.02 50.71 17.52 2.894 0.70 34.12 16.59

245.0 652 91.7 11.26 33.44 21.89 51.10 17.66 2.893 0.69 34.38 16.72

246.4 670 91.5 11.57 33.54 21.74 51.35 17.81 2.883 0.68 34.58 16.77

248.8 687 91.4 11.87 33.77 21.56 51.76 17.99 2.877 0.67 34.88 16.89

250.5 706 91.2 12.19 33.90 21.43 52.02 18.11 2.872 0.67 35.07 16.95

252.5 723 91.1 12.49 34.08 21.28 52.34 18.26 2.866 0.66 35.30 17.04

254.4 741 90.9 12.79 34.25 21.12 52.68 18.43 2.859 0.65 35.55 17.12

256.7 758 90.8 13.09 34.47 20.96 53.05 18.58 2.855 0.64 35.82 17.23

258.5 776 90.6 13.39 34.61 20.79 53.37 18.76 2.845 0.63 36.07 17.31

260.6 794 90.4 13.71 34.79 20.63 53.70 18.92 2.839 0.62 36.31 17.39

262.6 811 90.2 14.01 34.95 20.42 54.08 19.13 2.827 0.61 36.60 17.48

264.9 829 90.1 14.31 35.17 20.32 54.40 19.23 2.829 0.61 36.82 17.58

266.8 846 89.9 14.61 35.31 20.14 54.72 19.41 2.819 0.60 37.07 17.65

268.2 864 89.7 14.92 35.39 19.95 54.98 19.59 2.806 0.59 37.29 17.70

269.8 882 89.6 15.23 35.48 19.79 55.24 19.76 2.796 0.59 37.50 17.74

271.8 900 89.4 15.54 35.65 19.62 55.58 19.93 2.788 0.58 37.75 17.82

273.1 918 89.3 15.84 35.69 19.46 55.78 20.09 2.777 0.57 37.94 17.85

274.7 936 89.1 16.16 35.79 19.27 56.07 20.28 2.765 0.57 38.18 17.90

276.9 954 88.9 16.47 35.97 19.08 56.43 20.46 2.758 0.56 38.45 17.99

278.2 972 88.7 16.79 36.02 18.89 56.67 20.66 2.744 0.55 38.67 18.01

280.4 990 88.5 17.10 36.18 18.71 57.02 20.84 2.736 0.54 38.93 18.09

282.1 1008 88.3 17.41 36.29 18.55 57.28 21.00 2.728 0.54 39.14 18.14

282.1 1008 88.3 17.41 36.29 18.55 57.28 21.00 2.728 0.54 39.14 18.14

282.1 1008 88.3 17.41 36.29 18.55 57.28 21.00 2.728 0.54 39.14 18.14
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-8

Client Project 091-867 Apex Landfill Expansion Depth 23'-27'

Project No. 30598 Sample B-1

Test No. 3 Lab Sample No. 30598023

USCS Description: DARK GRAY FAT CLAY Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 118.87

Initial Consol. Final Back Pressure, psi 40.02

Tare Number D4 NA 944 Effective Consolidating Pressure, psi 78.85 σ3
Wt. Tare & WS, gm 200.82 NA 1221.40 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 187.72 NA 1013.66 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 123.4 NA 99.27 Height Change, mils Reading Change

Water Content, % 20.4 22.7 22.7 Initial Dial Reading 7.108 0 Volume Change, ml 77.2

Wt. Tube & WS., gm 1093.2 NA After Saturation 7.065 43 Volume Change, in^3 4.71

Wt. Of Tube, gm 0.0 NA After Consolidation 6.813 295 Saturation Method: Wet

Wt. Of WS., gm 1093.2 1114.5 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=80.03) 0.0000 Strain Rate Used, %/min 0.0002
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.000 Deformation Rate Used 0.001
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 78.85 78.85 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 2.701 2.66 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.705 Deviator Stress at Failure, psi 58.98 62.03 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.719 Axial Strain at Failure, % 11.26 15.00 εεεε
Average Area,  in^2 6.45 5.81 Effective Minor Principal Stress at Failure, psi 34.67 37.31 σσσσ 3 '
Sample Volume, in^3 38.68 33.96 Effective Major Principal Stress at Failure, psi 93.65 99.34 σσσσ 1 '
Unit Dry Wt., gms/cc 1.43 1.63 Mohr's Circle Stress Path (Origin of Circle), psi 64.16 68.32 p'
Unit Dry Wt., pcf 89.4 101.8 Mohr's Circle Stress Path (Radius of Circle), psi 29.49 31.02 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 336.37 336.37 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.88 0.65 Deviator Stress at Failure, psi 58.98 62.03 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.47 0.40 Axial Strain at Failure, % 11.26 15.00 εεεε
Pore Volume, cc 18.15 13.44 Total Minor Principal Stress at Failure, psi 78.85 78.85 σσσσ 3333
Saturation, % 62.2 93.7 Total Major Principal Stress at Failure, psi 137.83 140.88 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
20.8 0 40.0 0 0 0 NA NA NA NA 78.85 0

47.1 5 41.0 0.09 4.52 1.03 82.34 77.82 1.058 0.24 80.08 2.26

97.2 11 43.9 0.20 13.13 3.84 88.14 75.01 1.175 0.31 81.58 6.57

126.7 17 46.8 0.29 18.19 6.79 90.25 72.05 1.252 0.39 81.15 9.10

145.1 24 49.7 0.41 21.32 9.64 90.53 69.21 1.308 0.48 79.87 10.66

157.5 30 52.3 0.53 23.42 12.24 90.03 66.61 1.352 0.55 78.32 11.71

168.6 35 54.7 0.61 25.30 14.67 89.48 64.18 1.394 0.61 76.83 12.65

178.3 41 56.9 0.72 26.93 16.88 88.90 61.97 1.435 0.66 75.44 13.47

186.8 47 58.9 0.83 28.35 18.87 88.33 59.98 1.473 0.70 74.15 14.18

194.3 53 60.7 0.93 29.61 20.70 87.76 58.14 1.509 0.74 72.95 14.81

200.9 59 62.4 1.03 30.70 22.36 87.19 56.48 1.544 0.77 71.84 15.35

207.3 64 63.9 1.12 31.76 23.87 86.74 54.98 1.578 0.79 70.86 15.88

212.4 69 65.2 1.22 32.60 25.23 86.22 53.62 1.608 0.81 69.92 16.30

228.2 88 68.8 1.54 35.16 28.73 85.28 50.11 1.702 0.86 67.70 17.58
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241.1 106 71.6 1.85 37.24 31.56 84.52 47.29 1.787 0.89 65.90 18.62

252.8 125 73.9 2.18 39.08 33.91 84.02 44.94 1.870 0.91 64.48 19.54

262.7 142 75.8 2.49 40.62 35.83 83.64 43.02 1.944 0.93 63.33 20.31

271.2 159 77.4 2.78 41.93 37.40 83.37 41.45 2.011 0.94 62.41 20.96

279.6 177 78.7 3.10 43.18 38.73 83.30 40.12 2.076 0.94 61.71 21.59

287.8 196 79.9 3.43 44.40 39.87 83.38 38.98 2.139 0.95 61.18 22.20

294.7 214 80.8 3.75 45.40 40.81 83.44 38.04 2.194 0.95 60.74 22.70

300.8 230 81.6 4.04 46.28 41.62 83.50 37.22 2.243 0.95 60.36 23.14

307.2 248 82.3 4.35 47.17 42.33 83.69 36.52 2.292 0.94 60.11 23.58

314.0 266 82.9 4.67 48.13 42.92 84.06 35.93 2.340 0.94 59.99 24.06

320.0 285 83.4 4.99 48.94 43.39 84.40 35.45 2.381 0.93 59.93 24.47

325.3 302 83.8 5.30 49.65 43.79 84.71 35.05 2.417 0.93 59.88 24.83

329.7 319 84.1 5.59 50.23 44.07 85.01 34.78 2.444 0.92 59.90 25.11

335.4 337 84.4 5.91 50.98 44.43 85.39 34.42 2.481 0.92 59.91 25.49

340.7 356 84.7 6.24 51.65 44.66 85.84 34.19 2.511 0.91 60.01 25.83

346.0 375 84.9 6.57 52.32 44.85 86.33 34.00 2.539 0.90 60.17 26.16

350.5 391 85.0 6.86 52.88 44.98 86.75 33.87 2.561 0.90 60.31 26.44

354.5 409 85.1 7.17 53.34 45.08 87.10 33.77 2.580 0.89 60.44 26.67

359.0 427 85.2 7.49 53.88 45.14 87.59 33.71 2.598 0.88 60.65 26.94

364.0 446 85.2 7.81 54.48 45.18 88.15 33.67 2.618 0.87 60.91 27.24

368.6 464 85.2 8.13 55.02 45.19 88.67 33.66 2.635 0.86 61.17 27.51

371.9 480 85.2 8.42 55.37 45.18 89.04 33.67 2.645 0.86 61.35 27.68

376.0 498 85.1 8.73 55.82 45.12 89.56 33.73 2.655 0.85 61.65 27.91

380.5 516 85.1 9.05 56.34 45.04 90.15 33.81 2.667 0.84 61.98 28.17

384.8 536 84.9 9.39 56.80 44.90 90.75 33.95 2.673 0.83 62.35 28.40

388.8 553 84.9 9.70 57.22 44.90 91.17 33.95 2.686 0.83 62.56 28.61

391.6 570 84.8 10.00 57.46 44.77 91.54 34.08 2.686 0.82 62.81 28.73

395.3 588 84.6 10.30 57.85 44.60 92.09 34.25 2.689 0.81 63.17 28.92

399.8 607 84.5 10.63 58.33 44.53 92.65 34.32 2.700 0.80 63.49 29.16

403.5 625 84.3 10.96 58.68 44.33 93.20 34.52 2.700 0.80 63.86 29.34

406.7 642 84.2 11.26 58.98 44.18 93.65 34.67 2.701 0.79 64.16 29.49

409.9 660 83.9 11.56 59.25 43.92 94.18 34.92 2.697 0.78 64.55 29.63

413.7 678 83.8 11.88 59.63 43.81 94.66 35.04 2.702 0.77 64.85 29.81

417.2 697 83.6 12.22 59.93 43.59 95.18 35.26 2.700 0.77 65.22 29.96

420.7 714 83.4 12.52 60.24 43.40 95.69 35.45 2.699 0.76 65.57 30.12

423.3 731 83.2 12.82 60.42 43.19 96.08 35.66 2.695 0.75 65.87 30.21

426.3 749 83.0 13.13 60.66 42.98 96.53 35.87 2.691 0.75 66.20 30.33

430.2 769 82.8 13.47 61.00 42.78 97.07 36.07 2.691 0.74 66.57 30.50

433.4 786 82.6 13.78 61.26 42.54 97.56 36.30 2.687 0.73 66.93 30.63

435.9 804 82.3 14.10 61.40 42.30 97.94 36.54 2.680 0.73 67.24 30.70

438.5 821 82.1 14.39 61.58 42.07 98.36 36.78 2.674 0.72 67.57 30.79

442.0 839 81.9 14.71 61.86 41.86 98.86 36.99 2.672 0.71 67.92 30.93

445.0 858 81.5 15.04 62.06 41.50 99.41 37.35 2.661 0.70 68.38 31.03

447.9 876 81.4 15.36 62.25 41.34 99.75 37.51 2.660 0.70 68.63 31.12

450.5 893 81.1 15.66 62.41 41.10 100.15 37.75 2.653 0.69 68.95 31.20

453.3 911 80.9 15.97 62.58 40.87 100.56 37.98 2.648 0.69 69.27 31.29

457.0 930 80.6 16.30 62.86 40.59 101.12 38.25 2.643 0.68 69.69 31.43

459.7 948 80.5 16.62 63.02 40.45 101.42 38.40 2.641 0.68 69.91 31.51

461.2 966 80.3 16.93 63.00 40.26 101.58 38.59 2.633 0.67 70.08 31.50

463.1 983 80.1 17.23 63.04 40.04 101.85 38.81 2.624 0.67 70.33 31.52

466.1 1001 79.7 17.55 63.22 39.71 102.36 39.14 2.615 0.66 70.75 31.61

466.1 1001 79.7 17.55 63.22 39.71 102.36 39.14 2.615 0.66 70.75 31.61

466.1 1001 79.7 17.55 63.22 39.71 102.36 39.14 2.615 0.66 70.75 31.61

466.1 1001 79.7 17.55 63.22 39.71 102.36 39.14 2.615 0.66 70.75 31.61

Input Validation: Reviewed By: Date Tested: 01/25/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring RB-8

Client Project 091-867 Apex Landfill Expansion Depth 23'-27'

Project No. 30598 Sample B-1
Test Conditions: Remolded - Side And Double Drained Lab Sample No. 30598023
USCS Description: DARK GRAY FAT CLAY

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring RB-8
Client Project 091-867 Apex Landfill Expansion Depth 23'-27'
Project No. 30598 Sample B-1

Lab Sample No. 30598023
USCS Description: DARK GRAY FAT CLAY

Test Conditions: Remolded - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 15.2

Test 1 7.28 17.16 9.88 9.53 13.5213.5213.5213.52 3.643.643.643.64 a, psi 0.3
Test 2 32.37 71.92 39.55 10.02 55.7355.7355.7355.73 16.1916.1916.1916.19 Φ, Φ, Φ, Φ, deg 15.8
Test 3 58.98 137.83 78.85 11.26 108.34108.34108.34108.34 29.4929.4929.4929.49 C, psi 0.4

Calculations based on: Test 1 Test 2 Test 3

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring RB-8
Client Project 091-867 Apex Landfill Expansion Depth 23'-27'
Project No. 30598 Sample B-1

Lab Sample No. 30598023
USCS Description: DARK GRAY FAT CLAY

Test Conditions: Remolded - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 24.1

Test 1 7.28 10.11 2.83 9.53 6.476.476.476.47 3.643.643.643.64 a', psi 0.9
Test 2 32.37 49.51 17.13 10.02 33.3233.3233.3233.32 16.1916.1916.1916.19 ΦΦΦΦ', deg 26.6
Test 3 58.98 93.65 34.67 11.26 64.1664.1664.1664.16 29.4929.4929.4929.49 C', psi 1.0

Calculations based on: Test 1 Test 2 Test 3

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring RB-8 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 23'-27' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598023 Cell Pressure, psi 79.9

USCS Description: DARK GRAY FAT CLAY Back Pressure, psi 70.0
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 9.9

Additional Consol. Volume, ml 0.0

Consol. Start Date: 1/17/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.9
0.10 0.32 1.2
0.15 0.39 1.5
0.20 0.45 1.8
0.25 0.50 2.2
0.50 0.71 3.3
1.00 1.00 4.5
2.00 1.41 6.1
3.00 1.73 7.2
5.00 2.24 8.6

10.00 3.16 10.6
15.00 3.87 11.8
20.00 4.47 12.9
30.00 5.48 14.5
40.00 6.32 15.6 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 16.6
60.00 7.75 17.1
75.00 8.66 17.9
90.00 9.49 18.6

120.00 10.95 19.6
150.00 12.25 20.4
300.00 17.32 23.1

1260.00 35.50 24.1
2520.00 50.20 24.1

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -0.1 ml. T0 = 0 min. V0 = 0.0 ml. Initial Volume Reading, ml 0.0
T90 = 4.8 min V90 = 8.5 ml. T50 = 13.6 min. V50 = 11.5 ml. Final Volume Reading, ml 24.1
T100 = NA min V100 = 9.5 ml. T100 = 210.3 min. V100 = 23.0 ml. Total Volume Change, ml 24.1
Input Validation: Reviewed By: Date 1/17/2011

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring RB-8 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 23'-27' Consolidation Plot Stress, psi 6.9

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598023 Cell Pressure, psi 109.3

USCS Description: DARK GRAY FAT CLAY Back Pressure, psi 69.8
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 39.5

Additional Consol. Volume, ml 38.6

Consol. Start Date: 1/17/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.4
0.10 0.32 1.0
0.15 0.39 1.4
0.20 0.45 1.7
0.25 0.50 1.9
0.50 0.71 2.8
1.00 1.00 4.1
2.00 1.41 5.8
3.00 1.73 7.0
5.00 2.24 8.5

10.00 3.16 10.4
15.00 3.87 11.6
20.00 4.47 12.6
30.00 5.48 13.9
40.00 6.32 14.7 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 15.6
60.00 7.75 16.1
75.00 8.66 16.9
90.00 9.49 17.5

120.00 10.95 18.4
150.00 12.25 19.2
300.00 17.32 21.9

1260.00 35.50 25.9
2520.00 50.20 25.9

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -1.0 ml. T0 = 0 min. V0 = -0.9 ml. Initial Volume Reading, ml 0.0
T90 = 0.5 min V90 = 2.8 ml. T50 = 10.3 min. V50 = 10.5 ml. Final Volume Reading, ml 25.9
T100 = NA min V100 = 3.2 ml. T100 = 235.4 min. V100 = 21.8 ml. Total Volume Change, ml 64.5
Input Validation: Reviewed By: Date 1/17/2011
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring RB-8 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 23'-27' Consolidation Plot Stress, psi 10

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598023 Cell Pressure, psi 118.9

USCS Description: DARK GRAY FAT CLAY Back Pressure, psi 40.0
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 78.8

Additional Consol. Volume, ml 55.7

Consol. Start Date: 1/25/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.3
0.10 0.32 0.4
0.15 0.39 0.5
0.20 0.45 0.6
0.25 0.50 0.7
0.50 0.71 0.9
1.00 1.00 1.2
2.00 1.41 1.7
3.00 1.73 1.9
5.00 2.24 2.3

10.00 3.16 3.1
20.00 4.47 4.2
30.00 5.48 4.9
40.00 6.32 5.7
50.00 7.07 6.3 Square Root of Elapsed Time vs. Volume Reading
60.00 7.75 7.0
75.00 8.66 7.7
90.00 9.49 8.3

120.00 10.95 9.4
150.00 12.25 10.3
250.00 15.81 13.9

1235.00 35.14 21.5

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.3 ml. T0 = 0 min. V0 = 0.0 ml. Initial Volume Reading, ml 0.0
T90 = 463.5 min V90 = 16.1 ml. T50 = 80.0 min. V50 = 7.9 ml. Final Volume Reading, ml 21.5
T100 = NA min V100 = 17.9 ml. T100 = 328.6 min. V100 = 15.8 ml. Total Volume Change, ml 77.2
Input Validation: Reviewed By: Date 1/25/2011

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-1

Client Project 091-867 Apex Landfill Expansion Depth 58'-66'

Project No. 30598 Sample B-1

Test No. 1 Lab Sample No. 30598024

USCS Description: Grayish Brown Sandy Lean Clay Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 49.75

Initial Consol. Final Back Pressure, psi 39.99

Tare Number 945 NA 510 Effective Consolidating Pressure, psi 9.76 σ 3
Wt. Tare & WS, gm 238.79 NA 1399.32 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 219.70 NA 1194.74 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 98.49 NA 103.27 Height Change, mils Reading Change

Water Content, % 15.7 18.7 18.7 Initial Reading 7.272 0 Volume Change, ml 15.7

Wt. Tube & WS., gm 1262.6 NA After Saturation 7.222 50 Volume Change, in^3 0.96

Wt. Of Tube, gm 0.0 NA After Consolidation 7.191 81 Saturation Method: Wet

Wt. Of WS., gm 1262.6 1295.3 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=23.51) 0.0002 Strain Rate Used, %/min 0.0001
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.0010 Deformation Rate Used 0.0005
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 9.76 9.76 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 3.164 3.08 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.919 Deviator Stress at Failure, psi 9.79 12.54 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.812 Axial Strain at Failure, % 6.45 15.00 εεεε
Average Area,  in^2 6.45 6.21 Effective Minor Principal Stress at Failure, psi 4.52 6.03 σσσσ 3 '
Sample Volume, in^3 38.68 37.72 Effective Major Principal Stress at Failure, psi 14.31 18.57 σσσσ 1 '
Unit Dry Wt., gms/cc 1.72 1.76 Mohr's Circle Stress Path (Origin of Circle), psi 9.42 12.30 p'
Unit Dry Wt., pcf 107.4 110.1 Mohr's Circle Stress Path (Radius of Circle), psi 4.89 6.27 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 404.01 404.01 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.57 0.53 Deviator Stress at Failure, psi 9.79 12.54 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.36 0.35 Axial Strain at Failure, % 6.45 15.00 εεεε
Pore Volume, cc 14.02 13.06 Total Minor Principal Stress at Failure, psi 9.76 9.76 σσσσ 3333
Saturation, % 74.8 95.5 Total Major Principal Stress at Failure, psi 19.55 22.30 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
21.7 0 40.0 0 0 NA NA NA NA NA 9.76 0

44.2 7 42.3 0.12 3.63 2.27 11.12 7.49 1.484 0.66 9.31 1.81

48.8 13 42.9 0.22 4.37 2.95 11.18 6.81 1.641 0.71 9.00 2.18

52.1 19 43.4 0.33 4.89 3.39 11.26 6.37 1.768 0.73 8.82 2.45

54.9 25 43.7 0.43 5.34 3.72 11.38 6.04 1.883 0.73 8.71 2.67

57.2 32 44.0 0.54 5.70 3.99 11.47 5.77 1.987 0.74 8.62 2.85

58.9 38 44.2 0.64 5.95 4.20 11.52 5.57 2.070 0.74 8.54 2.98

60.2 44 44.4 0.74 6.16 4.37 11.55 5.39 2.141 0.75 8.47 3.08

61.3 50 44.5 0.85 6.33 4.51 11.58 5.25 2.206 0.75 8.41 3.17

62.5 56 44.6 0.95 6.51 4.64 11.63 5.12 2.270 0.75 8.38 3.25

63.5 62 44.7 1.05 6.66 4.75 11.68 5.01 2.329 0.75 8.35 3.33

64.4 69 44.8 1.16 6.80 4.85 11.71 4.91 2.384 0.75 8.31 3.40

64.9 75 44.9 1.27 6.87 4.93 11.70 4.83 2.423 0.76 8.27 3.44

67.3 94 45.1 1.58 7.23 5.12 11.87 4.64 2.557 0.75 8.26 3.61

Consolidation

30598024 - cu triax.xls Triax 1



69.1 112 45.2 1.90 7.49 5.25 12.01 4.52 2.659 0.74 8.26 3.75

70.9 131 45.3 2.21 7.75 5.34 12.17 4.42 2.755 0.73 8.30 3.88

71.9 149 45.4 2.52 7.88 5.40 12.24 4.36 2.808 0.72 8.30 3.94

73.0 168 45.4 2.83 8.04 5.44 12.36 4.32 2.860 0.71 8.34 4.02

74.3 186 45.5 3.14 8.21 5.47 12.50 4.29 2.913 0.70 8.40 4.11

75.6 204 45.5 3.45 8.39 5.49 12.67 4.28 2.961 0.69 8.47 4.19

77.1 222 45.5 3.75 8.60 5.49 12.88 4.28 3.010 0.67 8.58 4.30

78.0 240 45.5 4.06 8.71 5.48 12.99 4.28 3.035 0.66 8.64 4.36

79.2 258 45.5 4.36 8.87 5.46 13.17 4.30 3.062 0.65 8.73 4.43

80.4 276 45.4 4.66 9.02 5.45 13.33 4.32 3.089 0.64 8.83 4.51

81.7 294 45.4 4.96 9.19 5.41 13.54 4.35 3.111 0.62 8.95 4.59

82.5 311 45.4 5.26 9.28 5.40 13.65 4.37 3.125 0.61 9.01 4.64

83.4 329 45.3 5.56 9.39 5.36 13.80 4.40 3.133 0.60 9.10 4.70

84.5 347 45.3 5.86 9.53 5.32 13.97 4.44 3.144 0.59 9.20 4.76

85.6 364 45.3 6.16 9.66 5.27 14.15 4.49 3.151 0.57 9.32 4.83

86.6 382 45.2 6.45 9.79 5.24 14.31 4.52 3.164 0.56 9.42 4.89

87.5 400 45.2 6.75 9.89 5.18 14.47 4.58 3.160 0.55 9.53 4.95

88.6 418 45.1 7.06 10.02 5.15 14.64 4.62 3.169 0.54 9.63 5.01

90.2 435 45.1 7.36 10.22 5.09 14.90 4.68 3.186 0.52 9.79 5.11

91.1 453 45.0 7.65 10.33 5.06 15.04 4.71 3.193 0.52 9.87 5.16

91.6 471 45.0 7.95 10.37 4.98 15.15 4.78 3.168 0.51 9.96 5.18

92.5 489 44.9 8.26 10.47 4.96 15.28 4.81 3.177 0.50 10.04 5.23

93.4 507 44.9 8.57 10.57 4.89 15.44 4.87 3.171 0.49 10.16 5.29

95.0 525 44.8 8.87 10.77 4.85 15.68 4.91 3.192 0.47 10.30 5.38

95.6 543 44.8 9.17 10.82 4.79 15.79 4.97 3.176 0.47 10.38 5.41

96.6 561 44.7 9.47 10.93 4.74 15.96 5.03 3.175 0.46 10.49 5.47

97.2 579 44.7 9.78 10.97 4.68 16.06 5.08 3.158 0.45 10.57 5.49

98.6 597 44.6 10.09 11.14 4.63 16.27 5.13 3.171 0.44 10.70 5.57

99.4 615 44.5 10.38 11.21 4.56 16.42 5.21 3.154 0.43 10.81 5.61

100.3 632 44.5 10.68 11.31 4.53 16.55 5.24 3.161 0.42 10.89 5.66

100.6 650 44.4 10.98 11.32 4.45 16.63 5.31 3.131 0.41 10.97 5.66

102.2 668 44.4 11.29 11.51 4.42 16.86 5.34 3.154 0.40 11.10 5.76

102.9 686 44.3 11.59 11.57 4.34 16.99 5.42 3.136 0.40 11.21 5.79

104.1 703 44.3 11.88 11.70 4.31 17.16 5.46 3.143 0.39 11.31 5.85

105.0 721 44.2 12.18 11.78 4.23 17.32 5.53 3.130 0.38 11.42 5.89

106.3 739 44.2 12.48 11.93 4.20 17.49 5.57 3.142 0.37 11.53 5.96

106.5 757 44.1 12.79 11.92 4.14 17.55 5.63 3.118 0.37 11.59 5.96

107.7 775 44.1 13.09 12.04 4.09 17.71 5.67 3.124 0.36 11.69 6.02

108.7 792 44.0 13.38 12.14 4.02 17.88 5.74 3.114 0.35 11.81 6.07

109.5 810 44.0 13.68 12.22 3.98 18.00 5.78 3.112 0.34 11.89 6.11

110.4 828 43.9 13.99 12.29 3.91 18.14 5.85 3.101 0.34 11.99 6.14

111.1 846 43.8 14.30 12.34 3.86 18.24 5.90 3.092 0.33 12.07 6.17

111.8 864 43.8 14.60 12.40 3.80 18.36 5.96 3.080 0.32 12.16 6.20

112.7 882 43.7 14.90 12.48 3.75 18.49 6.01 3.077 0.32 12.25 6.24

114.3 900 43.7 15.20 12.65 3.69 18.72 6.07 3.085 0.31 12.40 6.33

115.3 918 43.6 15.52 12.74 3.65 18.86 6.12 3.082 0.30 12.49 6.37

115.6 937 43.6 15.82 12.74 3.58 18.92 6.18 3.061 0.30 12.55 6.37

116.8 954 43.5 16.12 12.86 3.54 19.09 6.23 3.064 0.29 12.66 6.43

117.3 972 43.5 16.42 12.87 3.48 19.16 6.29 3.047 0.28 12.72 6.43

118.2 990 43.4 16.73 12.94 3.43 19.28 6.33 3.043 0.28 12.81 6.47

118.2 990 43.4 16.73 12.94 3.43 19.28 6.33 3.043 0.28 12.81 6.47

118.2 990 43.4 16.73 12.94 3.43 19.28 6.33 3.043 0.28 12.81 6.47

118.2 990 43.4 16.73 12.94 3.43 19.28 6.33 3.043 0.28 12.81 6.47

118.2 990 43.4 16.73 12.94 3.43 19.28 6.33 3.043 0.28 12.81 6.47

Input Validation: Reviewed By: Date Tested: 12/28/10
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-1

Client Project 091-867 Apex Landfill Expansion Depth 58'-66'

Project No. 30598 Sample B-1

Test No. 2 Lab Sample No. 30598024

USCS Description: Grayish Brown Sandy Lean Clay Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 118.27

Initial Consol. Final Back Pressure, psi 79.50

Tare Number 945 NA 803 Effective Consolidating Pressure, psi 38.77 σ3
Wt. Tare & WS, gm 238.79 NA 1383.10 Pore Pressure Parameter (B), % 98

Wt. Tare & DS, gm 219.7 NA 1200.84 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 98.49 NA 103.10 Height Change, mils Reading Change

Water Content, % 15.7 16.6 16.6 Initial Dial Reading 7.554 0 Volume Change, ml 39.3

Wt. Tube & WS., gm 1262.6 NA After Saturation 7.56 -6 Volume Change, in^3 2.40

Wt. Of Tube, gm 0.0 NA After Consolidation 7.407 147 Saturation Method: Wet

Wt. Of WS., gm 1262.6 1271.9 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=.22) 0.0182 Strain Rate Used, %/min 0.0001
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.1064 Deformation Rate Used 0.0005
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 38.77 38.77 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 2.849 2.78 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.853 Deviator Stress at Failure, psi 32.99 38.46 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.814 Axial Strain at Failure, % 6.68 15.00 εεεε
Average Area,  in^2 6.45 6.22 Effective Minor Principal Stress at Failure, psi 17.84 21.56 σσσσ 3 '
Sample Volume, in^3 38.68 36.28 Effective Major Principal Stress at Failure, psi 50.84 60.02 σσσσ 1 '
Unit Dry Wt., gms/cc 1.72 1.83 Mohr's Circle Stress Path (Origin of Circle), psi 34.34 40.79 p'
Unit Dry Wt., pcf 107.4 114.5 Mohr's Circle Stress Path (Radius of Circle), psi 16.50 19.23 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 404.01 404.01 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.57 0.47 Deviator Stress at Failure, psi 32.99 38.46 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.36 0.32 Axial Strain at Failure, % 6.68 15.00 εεεε
Pore Volume, cc 14.02 11.63 Total Minor Principal Stress at Failure, psi 38.77 38.77 σσσσ 3333
Saturation, % 74.8 95.1 Total Major Principal Stress at Failure, psi 71.77 77.23 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
21.5 0 79.5 0 0.00 0 NA NA NA NA 38.77 0

72.8 5 82.9 0.08 8.25 3.39 43.63 35.39 1.233 0.42 39.51 4.12

98.2 10 86.4 0.17 12.32 6.92 44.18 31.86 1.387 0.57 38.02 6.16

112.9 16 88.8 0.28 14.67 9.35 44.09 29.42 1.499 0.65 36.76 7.33

123.8 21 90.6 0.37 16.40 11.14 44.04 27.63 1.594 0.69 35.84 8.20

132.5 27 92.1 0.47 17.78 12.58 43.98 26.20 1.679 0.72 35.09 8.89

139.9 34 93.2 0.58 18.93 13.71 43.99 25.06 1.755 0.74 34.53 9.47

145.9 39 94.2 0.67 19.88 14.65 44.00 24.12 1.824 0.75 34.06 9.94

151.3 46 94.9 0.78 20.71 15.45 44.03 23.32 1.888 0.76 33.68 10.36

155.8 51 95.6 0.87 21.41 16.14 44.04 22.63 1.946 0.77 33.34 10.71

159.7 57 96.2 0.98 22.01 16.73 44.06 22.04 1.999 0.78 33.05 11.01

163.8 63 96.7 1.08 22.64 17.25 44.17 21.52 2.052 0.78 32.85 11.32

167.2 69 97.2 1.18 23.15 17.72 44.21 21.06 2.100 0.78 32.63 11.58

175.9 87 98.3 1.49 24.46 18.83 44.41 19.95 2.226 0.79 32.18 12.23

Consolidation
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182.9 105 99.2 1.80 25.49 19.67 44.59 19.10 2.334 0.79 31.85 12.74

188.9 122 99.7 2.09 26.37 20.24 44.90 18.54 2.422 0.78 31.72 13.18

194.3 140 100.2 2.40 27.13 20.67 45.23 18.11 2.498 0.78 31.67 13.56

198.6 159 100.4 2.72 27.71 20.93 45.56 17.84 2.553 0.77 31.70 13.86

202.7 177 100.7 3.02 28.26 21.18 45.85 17.59 2.606 0.76 31.72 14.13

206.6 194 100.9 3.31 28.79 21.36 46.21 17.42 2.653 0.76 31.81 14.40

210.5 211 100.9 3.60 29.30 21.43 46.65 17.34 2.690 0.75 31.99 14.65

214.3 231 101.0 3.94 29.78 21.49 47.06 17.28 2.724 0.74 32.17 14.89

217.5 249 101.0 4.25 30.19 21.52 47.44 17.25 2.750 0.73 32.35 15.10

220.3 266 101.0 4.54 30.52 21.49 47.80 17.29 2.765 0.72 32.55 15.26

224.0 284 100.9 4.85 30.99 21.43 48.33 17.34 2.787 0.71 32.84 15.49

227.2 302 100.9 5.15 31.38 21.37 48.79 17.40 2.803 0.69 33.09 15.69

230.4 320 100.8 5.47 31.77 21.28 49.26 17.49 2.816 0.68 33.37 15.88

232.5 338 100.7 5.78 31.97 21.23 49.52 17.54 2.822 0.68 33.53 15.99

235.5 356 100.6 6.07 32.33 21.15 49.96 17.63 2.835 0.67 33.79 16.17

238.3 373 100.5 6.38 32.64 21.04 50.38 17.73 2.841 0.66 34.05 16.32

241.3 391 100.4 6.68 32.99 20.93 50.84 17.84 2.849 0.65 34.34 16.50

243.6 410 100.3 7.00 33.23 20.80 51.20 17.97 2.849 0.64 34.59 16.61

246.3 428 100.2 7.31 33.51 20.69 51.60 18.08 2.854 0.63 34.84 16.76

248.9 445 100.1 7.60 33.80 20.57 52.00 18.20 2.857 0.62 35.10 16.90

251.9 462 99.9 7.90 34.13 20.43 52.47 18.34 2.861 0.61 35.41 17.06

254.2 481 99.8 8.22 34.35 20.28 52.84 18.50 2.857 0.60 35.67 17.17

256.7 500 99.7 8.54 34.60 20.17 53.21 18.61 2.859 0.59 35.91 17.30

258.8 518 99.5 8.85 34.79 20.01 53.55 18.76 2.854 0.59 36.16 17.39

261.7 535 99.4 9.13 35.11 19.85 54.03 18.92 2.855 0.58 36.47 17.55

264.5 553 99.2 9.44 35.39 19.68 54.48 19.10 2.853 0.57 36.79 17.69

266.3 571 99.0 9.76 35.54 19.53 54.78 19.25 2.846 0.56 37.02 17.77

268.2 589 98.9 10.07 35.68 19.39 55.06 19.38 2.841 0.55 37.22 17.84

270.4 607 98.8 10.36 35.89 19.27 55.39 19.50 2.840 0.55 37.45 17.94

272.8 624 98.7 10.66 36.11 19.16 55.72 19.62 2.841 0.54 37.67 18.05

275.6 642 98.5 10.97 36.39 19.02 56.14 19.75 2.843 0.53 37.94 18.19

277.5 661 98.4 11.30 36.52 18.86 56.44 19.92 2.834 0.53 38.18 18.26

279.1 679 98.2 11.60 36.63 18.69 56.71 20.08 2.824 0.52 38.39 18.31

281.4 696 98.0 11.89 36.83 18.53 57.08 20.25 2.819 0.51 38.66 18.42

284.0 714 98.0 12.20 37.06 18.46 57.38 20.31 2.825 0.51 38.84 18.53

286.2 733 97.8 12.52 37.24 18.32 57.70 20.45 2.821 0.50 39.07 18.62

288.1 751 97.7 12.83 37.37 18.17 57.98 20.61 2.814 0.50 39.29 18.69

289.6 769 97.5 13.13 37.46 18.04 58.20 20.74 2.806 0.49 39.47 18.73

292.2 786 97.4 13.42 37.69 17.90 58.56 20.87 2.806 0.48 39.72 18.84

294.8 805 97.3 13.75 37.92 17.78 58.91 21.00 2.806 0.48 39.95 18.96

296.6 822 97.1 14.04 38.03 17.65 59.16 21.13 2.800 0.47 40.14 19.02

298.2 841 97.0 14.36 38.11 17.52 59.37 21.25 2.793 0.47 40.31 19.06

300.0 858 96.9 14.65 38.22 17.36 59.64 21.42 2.784 0.46 40.53 19.11

302.6 876 96.7 14.97 38.45 17.23 59.99 21.54 2.785 0.46 40.76 19.22

304.5 894 96.6 15.27 38.57 17.09 60.25 21.68 2.779 0.45 40.97 19.28

306.3 911 96.5 15.57 38.67 17.01 60.43 21.76 2.777 0.45 41.10 19.34

308.2 930 96.4 15.90 38.77 16.89 60.66 21.89 2.772 0.44 41.27 19.39

310.0 947 96.3 16.18 38.89 16.77 60.90 22.00 2.767 0.44 41.45 19.45

312.6 965 96.2 16.49 39.10 16.66 61.21 22.11 2.768 0.43 41.66 19.55

314.8 984 96.1 16.81 39.24 16.56 61.45 22.21 2.766 0.43 41.83 19.62

314.8 984 96.1 16.81 39.24 16.56 61.45 22.21 2.766 0.43 41.83 19.62

314.8 984 96.1 16.81 39.24 16.56 61.45 22.21 2.766 0.43 41.83 19.62

314.8 984 96.1 16.81 39.24 16.56 61.45 22.21 2.766 0.43 41.83 19.62

314.8 984 96.1 16.81 39.24 16.56 61.45 22.21 2.766 0.43 41.83 19.62

Input Validation: Reviewed By: Date Tested: 01/25/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-1

Client Project 091-867 Apex Landfill Expansion Depth 58'-66'

Project No. 30598 Sample B-1

Test No. 3 Lab Sample No. 30598024

USCS Description: Grayish Brown Sandy Lean Clay Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 119.14

Initial Consol. Final Back Pressure, psi 39.70

Tare Number 945 NA 808 Effective Consolidating Pressure, psi 79.44 σ3
Wt. Tare & WS, gm 238.79 NA 1368.14 Pore Pressure Parameter (B), % 94

Wt. Tare & DS, gm 219.7 NA 1202.34 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 98.49 NA 102.53 Height Change, mils Reading Change

Water Content, % 15.7 15.1 15.1 Initial Dial Reading 7.018 0 Volume Change, ml 52.2

Wt. Tube & WS., gm 1262.6 NA After Saturation 7.016 2 Volume Change, in^3 3.19

Wt. Of Tube, gm 0.0 NA After Consolidation 6.907 111 Saturation Method: Wet

Wt. Of WS., gm 1262.6 1255.3 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=1.56) 0.0026 Strain Rate Used, %/min 0.0001
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.0151 Deformation Rate Used 0.0005
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 79.44 NA σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 2.620 NA σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.889 Deviator Stress at Failure, psi 53.77 NA σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.769 Axial Strain at Failure, % 5.38 NA εεεε
Average Area,  in^2 6.45 6.02 Effective Minor Principal Stress at Failure, psi 33.20 NA σσσσ 3 '
Sample Volume, in^3 38.68 35.49 Effective Major Principal Stress at Failure, psi 86.96 NA σσσσ 1 '
Unit Dry Wt., gms/cc 1.72 1.88 Mohr's Circle Stress Path (Origin of Circle), psi 60.08 NA p'
Unit Dry Wt., pcf 107.4 117.0 Mohr's Circle Stress Path (Radius of Circle), psi 26.88 NA q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 404.01 404.01 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.57 0.44 Deviator Stress at Failure, psi 53.77 NA σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.36 0.31 Axial Strain at Failure, % 5.38 NA εεεε
Pore Volume, cc 14.02 10.84 Total Minor Principal Stress at Failure, psi 79.44 NA σσσσ 3333
Saturation, % 74.8 92.6 Total Major Principal Stress at Failure, psi 133.21 NA σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
23.8 0 39.7 0 0 0 NA NA NA NA 79.44 0

76.6 4 42.2 0.08 8.77 2.47 85.73 76.96 1.114 0.30 81.35 4.38

125.4 10 47.2 0.16 16.84 7.51 88.76 71.92 1.234 0.47 80.34 8.42

153.8 15 51.9 0.26 21.53 12.19 88.78 67.25 1.320 0.60 78.01 10.76

174.4 20 55.9 0.35 24.92 16.23 88.13 63.21 1.394 0.69 75.67 12.46

191.1 26 59.4 0.45 27.66 19.67 87.42 59.77 1.463 0.76 73.59 13.83

204.6 32 62.3 0.55 29.86 22.58 86.72 56.86 1.525 0.80 71.79 14.93

216.4 39 64.8 0.66 31.77 25.07 86.14 54.37 1.584 0.84 70.25 15.89

226.4 45 66.7 0.76 33.40 26.99 85.85 52.45 1.637 0.86 69.15 16.70

235.5 51 68.9 0.86 34.86 29.18 85.12 50.26 1.694 0.89 67.69 17.43

243.4 57 70.6 0.96 36.12 30.88 84.68 48.56 1.744 0.91 66.62 18.06

250.2 63 72.1 1.07 37.21 32.35 84.30 47.09 1.790 0.92 65.69 18.60

256.7 69 73.4 1.18 38.23 33.68 83.99 45.76 1.836 0.94 64.87 19.12

272.9 88 76.3 1.49 40.76 36.59 83.60 42.84 1.951 0.96 63.22 20.38
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285.8 107 78.9 1.82 42.72 39.22 82.94 40.22 2.062 0.98 61.58 21.36

296.8 123 80.6 2.09 44.39 40.93 82.89 38.50 2.153 0.98 60.70 22.19

305.8 141 82.0 2.40 45.72 42.33 82.83 37.11 2.232 0.98 59.97 22.86

314.0 159 83.1 2.70 46.89 43.36 82.97 36.08 2.300 0.98 59.52 23.45

321.5 177 83.9 3.01 47.96 44.15 83.25 35.29 2.359 0.98 59.27 23.98

328.4 194 84.5 3.29 48.93 44.78 83.59 34.66 2.412 0.97 59.12 24.47

334.6 212 84.7 3.60 49.76 45.00 84.20 34.44 2.445 0.96 59.32 24.88

340.5 230 85.3 3.90 50.56 45.62 84.38 33.82 2.495 0.96 59.10 25.28

346.3 248 85.5 4.20 51.32 45.83 84.92 33.60 2.527 0.95 59.26 25.66

351.5 264 85.7 4.49 51.99 46.04 85.38 33.39 2.557 0.94 59.39 25.99

356.8 281 85.9 4.78 52.67 46.16 85.95 33.28 2.583 0.93 59.61 26.34

361.3 299 85.9 5.08 53.22 46.22 86.44 33.22 2.602 0.92 59.83 26.61

365.9 317 85.9 5.38 53.77 46.24 86.96 33.20 2.620 0.91 60.08 26.88

370.4 334 85.5 5.68 54.31 45.84 87.91 33.60 2.616 0.90 60.76 27.15

374.9 351 85.8 5.95 54.85 46.13 88.15 33.30 2.647 0.89 60.73 27.42

379.0 368 85.7 6.25 55.31 45.95 88.79 33.49 2.651 0.88 61.14 27.65

383.3 386 85.6 6.55 55.80 45.92 89.32 33.52 2.665 0.88 61.42 27.90

387.3 404 85.5 6.85 56.23 45.78 89.89 33.66 2.671 0.87 61.78 28.12

391.0 421 85.3 7.15 56.64 45.63 90.45 33.81 2.675 0.86 62.13 28.32

395.4 438 85.2 7.44 57.13 45.49 91.07 33.94 2.683 0.85 62.51 28.56

398.9 456 85.0 7.75 57.48 45.27 91.65 34.17 2.682 0.84 62.91 28.74

402.2 474 84.9 8.05 57.79 45.15 92.08 34.29 2.686 0.83 63.18 28.90

405.8 492 84.5 8.36 58.15 44.79 92.80 34.65 2.679 0.82 63.72 29.08

409.7 510 84.4 8.65 58.55 44.66 93.33 34.78 2.683 0.81 64.05 29.27

411.9 527 84.2 8.95 58.69 44.52 93.61 34.92 2.681 0.81 64.26 29.35

414.0 545 84.1 9.25 58.82 44.38 93.89 35.06 2.678 0.80 64.47 29.41

416.1 563 84.0 9.56 58.94 44.26 94.12 35.18 2.675 0.80 64.65 29.47

419.0 581 84.1 9.86 59.18 44.43 94.18 35.01 2.690 0.80 64.59 29.59

422.1 597 83.6 10.14 59.45 43.86 95.03 35.58 2.671 0.78 65.30 29.72

426.0 615 83.4 10.45 59.82 43.68 95.58 35.75 2.673 0.78 65.66 29.91

429.1 633 83.7 10.75 60.08 44.04 95.48 35.40 2.697 0.78 65.44 30.04

431.7 651 83.7 11.05 60.26 43.98 95.72 35.46 2.700 0.78 65.59 30.13

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

434.9 668 83.6 11.34 60.54 43.91 96.06 35.52 2.704 0.77 65.79 30.27

Input Validation: Reviewed By: Date Tested: 01/25/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-1

Client Project 091-867 Apex Landfill Expansion Depth 58'-66'

Project No. 30598 Sample B-1
Test Conditions: Remolded - Side And Double Drained Lab Sample No. 30598024
USCS Description: Grayish Brown Sandy Lean Clay

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 58'-66'
Project No. 30598 Sample B-1

Lab Sample No. 30598024
USCS Description: Grayish Brown Sandy Lean Clay

Test Conditions: Remolded - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 13.4

Test 1 9.79 19.55 9.76 6.45 14.6614.6614.6614.66 4.894.894.894.89 a, psi 2.1
Test 2 32.99 71.77 38.77 6.68 55.2755.2755.2755.27 16.5016.5016.5016.50 Φ, Φ, Φ, Φ, deg 13.8
Test 3 53.77 133.21 79.44 5.38 106.32106.32106.32106.32 26.8826.8826.8826.88 C, psi 2.2

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-1
Client Project 091-867 Apex Landfill Expansion Depth 58'-66'
Project No. 30598 Sample B-1

Lab Sample No. 30598024
USCS Description: Grayish Brown Sandy Lean Clay

Test Conditions: Remolded - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 23.5

Test 1 9.79 14.31 4.52 6.45 9.429.429.429.42 4.894.894.894.89 a', psi 1.1
Test 2 32.99 50.84 17.84 6.68 34.3434.3434.3434.34 16.5016.5016.5016.50 ΦΦΦΦ', deg 25.7
Test 3 53.77 86.96 33.20 5.38 60.0860.0860.0860.08 26.8826.8826.8826.88 C', psi 1.2

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 58'-66' Consolidation Plot Stress, psi 6.8

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598024 Cell Pressure, psi 49.8

USCS Description: Grayish Brown Sandy Lean Clay Back Pressure, psi 40.0
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 9.8

Additional Consol. Volume, ml 0.0

Consol. Start Date: 12/28/2010 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.5
0.10 0.32 0.6
0.15 0.39 0.7
0.20 0.45 0.8
0.25 0.50 0.9
0.50 0.71 1.0
1.00 1.00 1.4
2.00 1.41 2.0
3.00 1.73 2.7
5.00 2.24 3.5

10.00 3.16 4.9
15.00 3.87 6.1
20.00 4.47 6.9
30.00 5.48 8.3
40.00 6.32 9.4 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 10.2
60.00 7.75 10.8
75.00 8.66 11.6
90.00 9.49 12.2

120.00 10.95 13.1
150.00 12.25 13.7
240.00 15.49 14.8

1200.00 34.64 15.6
1620.00 40.25 15.6
2580.00 50.79 15.7

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.1 ml. T0 = 0 min. V0 = 0.2 ml. Initial Volume Reading, ml 0.0
T90 = 81.4 min V90 = 11.9 ml. T50 = 23.5 min. V50 = 7.5 ml. Final Volume Reading, ml 15.7
T100 = NA min V100 = 13.2 ml. T100 = 160.7 min. V100 = 14.7 ml. Total Volume Change, ml 15.7
Input Validation: Reviewed By: Date 12/28/2010
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 58'-66' Consolidation Plot Stress, psi 6.8

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598024 Cell Pressure, psi 118.3

USCS Description: Grayish Brown Sandy Lean Clay Back Pressure, psi 79.5
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 38.8

Additional Consol. Volume, ml 25.4

Consol. Start Date: 1/25/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.9
0.10 0.32 2.0
0.15 0.39 3.6
0.20 0.45 4.8
0.25 0.50 6.0
0.50 0.71 6.5
1.00 1.00 7.2
2.00 1.41 9.3
3.00 1.73 10.5
5.00 2.24 11.5

10.00 3.16 12.6
15.00 3.87 12.9
20.00 4.47 13.2
30.00 5.48 13.4
40.00 6.32 13.5 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 13.6
60.00 7.75 13.7
75.00 8.66 13.8
90.00 9.49 13.8

120.00 10.95 13.8
150.00 12.25 13.9

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -3.6 ml. T0 = 0 min. V0 = -3.0 ml. Initial Volume Reading, ml 0.0
T90 = 0.4 min V90 = 6.2 ml. T50 = 0.2 min. V50 = 5.3 ml. Final Volume Reading, ml 13.9
T100 = NA min V100 = 7.3 ml. T100 = 8.3 min. V100 = 13.6 ml. Total Volume Change, ml 39.3
Input Validation: Reviewed By: Date 1/25/2011
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 58'-66' Consolidation Plot Stress, psi 6.8

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598024 Cell Pressure, psi 119.1

USCS Description: Grayish Brown Sandy Lean Clay Back Pressure, psi 39.7
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 79.4

Additional Consol. Volume, ml 42.5

Consol. Start Date: 1/25/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.8
0.10 0.32 1.1
0.15 0.39 1.4
0.20 0.45 1.6
0.25 0.50 1.9
0.50 0.71 2.4
1.00 1.00 3.4
2.00 1.41 4.8
3.00 1.73 5.7
5.00 2.24 6.7

10.00 3.16 7.7
15.00 3.87 8.2
20.00 4.47 8.3
30.00 5.48 8.6
40.00 6.32 8.8 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 8.9
60.00 7.75 9.0
75.00 8.66 9.0
90.00 9.49 9.1

120.00 10.95 9.1
150.00 12.25 9.2
300.00 17.32 9.4

1200.00 34.64 9.7

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.1 ml. T0 = 0 min. V0 = 0.0 ml. Initial Volume Reading, ml 0.0
T90 = 5.6 min V90 = 6.8 ml. T50 = 1.6 min. V50 = 4.3 ml. Final Volume Reading, ml 9.7
T100 = NA min V100 = 7.6 ml. T100 = 11.1 min. V100 = 8.6 ml. Total Volume Change, ml 52.2
Input Validation: Reviewed By: Date 1/25/2011
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-14

Client Project 091-867 Apex Landfill Expansion Depth 16'-20'

Project No. 30598 Sample B-1

Test No. 1 Lab Sample No. 30598025

USCS Description: Dark Grayish Brown Lean Clay with Sand Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 69.49

Initial Consol. Final Back Pressure, psi 59.92

Tare Number 11 NA 810 Effective Consolidating Pressure, psi 9.58 σ 3
Wt. Tare & WS, gm 157.69 NA 1326.21 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 144.13 NA 1088.45 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 81.87 NA 102.32 Height Change, mils Reading Change

Water Content, % 21.8 24.1 24.1 Initial Reading 6.89 0 Volume Change, ml 12.4

Wt. Tube & WS., gm 1203.4 NA After Saturation 7.182 -292 Volume Change, in^3 0.76

Wt. Of Tube, gm 0.0 NA After Consolidation 7.122 -232 Saturation Method: Wet

Wt. Of WS., gm 1203.4 1226.5 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=2.62) 0.0015 Strain Rate Used, %/min 0.0003
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.010 Deformation Rate Used 0.002
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 9.58 9.58 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 4.116 3.71 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 6.232 Deviator Stress at Failure, psi 9.94 12.82 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.983 Axial Strain at Failure, % 4.01 15.00 εεεε
Average Area,  in^2 6.45 6.99 Effective Minor Principal Stress at Failure, psi 3.19 4.74 σσσσ 3 '
Sample Volume, in^3 38.68 37.92 Effective Major Principal Stress at Failure, psi 13.12 17.56 σσσσ 1 '
Unit Dry Wt., gms/cc 1.56 1.59 Mohr's Circle Stress Path (Origin of Circle), psi 8.16 11.15 p'
Unit Dry Wt., pcf 97.3 99.2 Mohr's Circle Stress Path (Radius of Circle), psi 4.97 6.41 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 366.00 366.00 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.73 0.70 Deviator Stress at Failure, psi 9.94 12.82 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.42 0.41 Axial Strain at Failure, % 4.01 15.00 εεεε
Pore Volume, cc 16.34 15.58 Total Minor Principal Stress at Failure, psi 9.58 9.58 σσσσ 3333
Saturation, % 80.4 93.3 Total Major Principal Stress at Failure, psi 19.51 22.40 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
13.4 0 59.9 0 0 NA NA NA NA NA 9.58 0

48.1 5 62.2 0.08 4.95 2.31 12.21 7.26 1.682 0.49 9.74 2.48

56.3 10 63.2 0.17 6.12 3.29 12.41 6.29 1.974 0.57 9.35 3.06

60.1 17 63.7 0.26 6.65 3.82 12.41 5.76 2.155 0.60 9.08 3.33

62.7 22 64.1 0.36 7.02 4.21 12.39 5.37 2.308 0.63 8.88 3.51

64.8 28 64.4 0.44 7.32 4.53 12.37 5.05 2.449 0.65 8.71 3.66

66.4 33 64.7 0.53 7.54 4.77 12.34 4.80 2.569 0.67 8.57 3.77

67.6 39 64.9 0.62 7.70 4.96 12.32 4.62 2.667 0.68 8.47 3.85

69.1 45 65.1 0.73 7.91 5.15 12.34 4.43 2.787 0.69 8.38 3.95

70.3 52 65.2 0.83 8.06 5.30 12.34 4.28 2.886 0.69 8.31 4.03

71.1 57 65.3 0.92 8.18 5.42 12.34 4.16 2.967 0.70 8.25 4.09

71.8 64 65.4 1.02 8.26 5.53 12.30 4.04 3.043 0.70 8.17 4.13

72.1 70 65.5 1.12 8.30 5.63 12.25 3.95 3.101 0.71 8.10 4.15

73.9 89 65.8 1.42 8.53 5.85 12.25 3.72 3.289 0.72 7.99 4.26

Consolidation
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74.8 106 65.9 1.70 8.63 5.99 12.21 3.58 3.408 0.73 7.90 4.31

76.9 123 66.0 1.97 8.91 6.09 12.39 3.48 3.559 0.72 7.93 4.45

78.8 141 66.1 2.27 9.14 6.17 12.55 3.41 3.681 0.71 7.98 4.57

80.4 159 66.1 2.56 9.33 6.23 12.68 3.34 3.793 0.70 8.01 4.67

80.4 178 66.2 2.86 9.31 6.29 12.60 3.29 3.832 0.71 7.94 4.66

81.9 196 66.2 3.15 9.48 6.32 12.73 3.25 3.917 0.70 7.99 4.74

83.3 213 66.3 3.42 9.66 6.37 12.86 3.21 4.009 0.69 8.04 4.83

84.9 232 66.3 3.73 9.84 6.37 13.05 3.20 4.075 0.68 8.12 4.92

85.8 250 66.3 4.01 9.94 6.39 13.12 3.19 4.116 0.68 8.16 4.97

85.7 268 66.3 4.30 9.89 6.40 13.07 3.18 4.115 0.68 8.12 4.95

86.2 286 66.3 4.59 9.94 6.40 13.11 3.17 4.134 0.68 8.14 4.97

87.6 303 66.3 4.86 10.09 6.42 13.24 3.15 4.199 0.67 8.20 5.04

88.5 322 66.3 5.17 10.18 6.41 13.35 3.17 4.210 0.66 8.26 5.09

89.7 340 66.3 5.45 10.32 6.42 13.48 3.16 4.269 0.65 8.32 5.16

90.1 358 66.3 5.74 10.34 6.41 13.51 3.17 4.266 0.65 8.34 5.17

91.0 374 66.3 6.00 10.43 6.39 13.62 3.19 4.273 0.64 8.40 5.22

92.3 392 66.3 6.30 10.57 6.38 13.77 3.19 4.311 0.64 8.48 5.29

93.4 411 66.3 6.59 10.69 6.35 13.92 3.23 4.309 0.62 8.57 5.34

93.7 430 66.2 6.90 10.70 6.33 13.95 3.25 4.291 0.62 8.60 5.35

94.5 447 66.2 7.18 10.76 6.29 14.04 3.29 4.274 0.62 8.66 5.38

96.4 464 66.2 7.45 10.98 6.27 14.29 3.31 4.322 0.60 8.80 5.49

98.0 482 66.2 7.74 11.15 6.24 14.49 3.34 4.344 0.59 8.91 5.58

97.8 501 66.1 8.04 11.10 6.18 14.50 3.39 4.271 0.59 8.95 5.55

98.9 519 66.1 8.33 11.20 6.14 14.64 3.44 4.260 0.58 9.04 5.60

99.0 537 66.0 8.61 11.19 6.10 14.66 3.48 4.218 0.57 9.07 5.59

100.3 554 66.0 8.90 11.32 6.05 14.84 3.53 4.209 0.56 9.18 5.66

102.1 572 65.9 9.18 11.51 6.00 15.09 3.57 4.223 0.55 9.33 5.76

102.2 591 65.9 9.48 11.49 5.97 15.09 3.60 4.190 0.55 9.35 5.75

103.1 609 65.8 9.77 11.58 5.92 15.23 3.66 4.168 0.54 9.44 5.79

104.1 626 65.8 10.05 11.66 5.86 15.38 3.72 4.139 0.53 9.55 5.83

105.3 644 65.7 10.34 11.78 5.80 15.55 3.77 4.122 0.52 9.66 5.89

106.7 663 65.7 10.64 11.92 5.74 15.76 3.84 4.107 0.51 9.80 5.96

107.0 681 65.6 10.92 11.92 5.69 15.80 3.89 4.067 0.50 9.84 5.96

107.6 698 65.6 11.21 11.96 5.64 15.90 3.94 4.039 0.50 9.92 5.98

108.6 716 65.5 11.49 12.05 5.59 16.03 3.99 4.022 0.49 10.01 6.02

109.8 734 65.4 11.77 12.16 5.52 16.22 4.06 3.995 0.48 10.14 6.08

111.1 752 65.4 12.07 12.28 5.46 16.39 4.11 3.985 0.47 10.25 6.14

111.4 770 65.3 12.36 12.28 5.42 16.44 4.16 3.953 0.46 10.30 6.14

112.1 788 65.3 12.64 12.33 5.34 16.57 4.23 3.914 0.46 10.40 6.17

113.1 805 65.2 12.92 12.41 5.28 16.70 4.29 3.893 0.45 10.50 6.21

114.5 824 65.1 13.22 12.55 5.22 16.91 4.36 3.881 0.44 10.63 6.27

115.2 843 65.1 13.53 12.59 5.16 17.00 4.42 3.848 0.43 10.71 6.29

115.3 860 65.0 13.80 12.55 5.08 17.05 4.50 3.792 0.43 10.77 6.28

116.9 878 65.0 14.08 12.72 5.05 17.25 4.53 3.808 0.42 10.89 6.36

117.8 895 64.9 14.37 12.79 4.99 17.38 4.59 3.788 0.41 10.98 6.40

118.9 914 64.8 14.66 12.87 4.91 17.54 4.66 3.761 0.40 11.10 6.44

118.7 932 64.8 14.95 12.81 4.85 17.53 4.73 3.711 0.40 11.13 6.40

119.7 950 64.7 15.24 12.88 4.79 17.67 4.79 3.690 0.39 11.23 6.44

120.7 967 64.6 15.51 12.97 4.73 17.81 4.84 3.677 0.38 11.33 6.48

121.8 986 64.6 15.82 13.05 4.67 17.96 4.91 3.661 0.38 11.43 6.53

122.9 1004 64.5 16.11 13.13 4.61 18.10 4.97 3.643 0.37 11.53 6.57

122.6 1022 64.5 16.40 13.06 4.54 18.09 5.03 3.594 0.37 11.56 6.53

123.8 1040 64.4 16.68 13.15 4.46 18.27 5.11 3.572 0.36 11.69 6.58

125.1 1057 64.3 16.96 13.26 4.41 18.43 5.16 3.569 0.35 11.80 6.63

Input Validation: Reviewed By: Date Tested: 01/03/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-14

Client Project 091-867 Apex Landfill Expansion Depth 16'-20'

Project No. 30598 Sample B-1

Test No. 2 Lab Sample No. 30598025

USCS Description: Dark Grayish Brown Lean Clay with Sand Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 99.75

Initial Consol. Final Back Pressure, psi 59.98

Tare Number 11 NA 510 Effective Consolidating Pressure, psi 39.77 σ3
Wt. Tare & WS, gm 157.69 NA 1302.95 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 144.13 NA 1093.10 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 81.87 NA 103.28 Height Change, mils Reading Change

Water Content, % 21.8 21.2 21.2 Initial Dial Reading 7.259 0 Volume Change, ml 26.9

Wt. Tube & WS., gm 1203.4 NA After Saturation 7.246 13 Volume Change, in^3 1.64

Wt. Of Tube, gm 0.0 NA After Consolidation 7.092 167 Saturation Method: Wet

Wt. Of WS., gm 1203.4 1197.7 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=2.53) 0.0016 Strain Rate Used, %/min 0.0003
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.009 Deformation Rate Used 0.002
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 39.77 39.77 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 3.146 3.07 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.833 Deviator Stress at Failure, psi 30.22 33.05 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.834 Axial Strain at Failure, % 9.23 15.00 εεεε
Average Area,  in^2 6.45 6.31 Effective Minor Principal Stress at Failure, psi 14.08 15.97 σσσσ 3 '
Sample Volume, in^3 38.68 37.03 Effective Major Principal Stress at Failure, psi 44.30 49.03 σσσσ 1 '
Unit Dry Wt., gms/cc 1.56 1.63 Mohr's Circle Stress Path (Origin of Circle), psi 29.19 32.50 p'
Unit Dry Wt., pcf 97.3 101.6 Mohr's Circle Stress Path (Radius of Circle), psi 15.11 16.53 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 366.00 366.00 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.73 0.66 Deviator Stress at Failure, psi 30.22 33.05 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.42 0.40 Axial Strain at Failure, % 9.23 15.00 εεεε
Pore Volume, cc 16.34 14.70 Total Minor Principal Stress at Failure, psi 39.77 39.77 σσσσ 3333
Saturation, % 80.4 87.0 Total Major Principal Stress at Failure, psi 69.99 72.82 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
17.1 0 60.0 0 0.00 0 NA NA NA NA 39.77 0

50.8 6 63.0 0.11 5.35 3.06 42.06 36.71 1.146 0.60 39.39 2.67

100.0 12 67.9 0.21 13.12 7.89 45.00 31.88 1.412 0.63 38.44 6.56

115.4 19 70.1 0.32 15.55 10.08 45.23 29.68 1.524 0.68 37.46 7.77

124.0 25 71.7 0.43 16.89 11.77 44.88 28.00 1.603 0.73 36.44 8.44

129.7 31 73.1 0.54 17.77 13.11 44.43 26.66 1.667 0.78 35.55 8.89

134.1 37 74.2 0.63 18.44 14.18 44.03 25.59 1.721 0.81 34.81 9.22

137.9 42 75.1 0.72 19.03 15.09 43.70 24.67 1.771 0.84 34.19 9.51

141.5 48 75.9 0.82 19.57 15.96 43.38 23.81 1.822 0.86 33.60 9.78

144.1 54 76.7 0.92 19.95 16.73 42.99 23.04 1.866 0.88 33.01 9.98

146.5 59 77.3 1.01 20.31 17.37 42.71 22.40 1.907 0.90 32.56 10.16

148.9 65 77.9 1.11 20.67 17.94 42.50 21.83 1.947 0.91 32.16 10.33

151.6 71 78.5 1.22 21.07 18.48 42.36 21.28 1.990 0.92 31.82 10.54

157.9 89 79.8 1.53 21.99 19.86 41.90 19.91 2.105 0.95 30.91 11.00

Consolidation
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163.2 109 80.9 1.86 22.73 20.88 41.63 18.89 2.203 0.97 30.26 11.37

168.1 126 81.7 2.16 23.43 21.69 41.51 18.08 2.296 0.97 29.79 11.72

171.1 143 82.4 2.46 23.83 22.39 41.21 17.38 2.372 0.99 29.29 11.92

174.9 160 83.0 2.75 24.34 23.00 41.11 16.77 2.451 0.99 28.94 12.17

178.7 180 83.4 3.08 24.84 23.46 41.15 16.31 2.523 0.99 28.73 12.42

182.2 198 83.9 3.40 25.29 23.89 41.17 15.87 2.593 0.99 28.52 12.65

184.6 215 84.2 3.69 25.59 24.25 41.11 15.52 2.649 1.00 28.31 12.79

186.8 232 84.5 3.98 25.84 24.51 41.10 15.25 2.694 1.00 28.18 12.92

190.0 251 84.8 4.30 26.24 24.80 41.20 14.96 2.754 1.00 28.08 13.12

192.8 270 85.0 4.62 26.57 25.05 41.29 14.71 2.806 0.99 28.00 13.29

195.7 288 85.2 4.93 26.93 25.21 41.48 14.55 2.850 0.99 28.02 13.46

197.6 305 85.3 5.23 27.14 25.37 41.53 14.40 2.885 0.98 27.97 13.57

199.9 323 85.5 5.53 27.39 25.52 41.64 14.25 2.923 0.98 27.95 13.70

202.5 341 85.6 5.85 27.68 25.61 41.84 14.15 2.956 0.97 28.00 13.84

205.6 360 85.7 6.17 28.05 25.68 42.14 14.09 2.990 0.96 28.12 14.02

207.4 377 85.7 6.46 28.24 25.77 42.24 14.00 3.017 0.96 28.12 14.12

209.5 394 85.8 6.75 28.46 25.85 42.37 13.91 3.046 0.96 28.14 14.23

212.1 412 85.8 7.06 28.74 25.80 42.71 13.96 3.058 0.94 28.34 14.37

214.4 431 85.9 7.38 28.98 25.88 42.87 13.89 3.086 0.94 28.38 14.49

217.0 449 85.9 7.70 29.27 25.89 43.14 13.88 3.109 0.93 28.51 14.63

218.5 466 85.8 7.99 29.39 25.84 43.32 13.93 3.110 0.93 28.63 14.70

221.0 483 85.8 8.29 29.66 25.86 43.57 13.91 3.132 0.92 28.74 14.83

223.5 503 85.8 8.62 29.91 25.81 43.87 13.96 3.142 0.91 28.92 14.95

225.4 521 85.7 8.93 30.09 25.74 44.12 14.03 3.144 0.90 29.07 15.04

227.0 539 85.7 9.23 30.22 25.69 44.30 14.08 3.146 0.89 29.19 15.11

228.7 555 85.6 9.51 30.37 25.62 44.52 14.15 3.146 0.89 29.34 15.19

231.6 573 85.6 9.82 30.68 25.58 44.87 14.19 3.162 0.88 29.53 15.34

233.5 592 85.5 10.15 30.84 25.52 45.10 14.25 3.164 0.87 29.67 15.42

235.7 610 85.4 10.46 31.05 25.38 45.43 14.39 3.158 0.86 29.91 15.52

236.9 628 85.3 10.77 31.10 25.34 45.53 14.43 3.156 0.86 29.98 15.55

239.4 645 85.2 11.06 31.36 25.27 45.86 14.50 3.163 0.85 30.18 15.68

241.7 663 85.1 11.37 31.57 25.11 46.23 14.66 3.154 0.84 30.44 15.79

243.5 682 85.0 11.69 31.71 25.06 46.41 14.71 3.156 0.83 30.56 15.85

245.5 700 85.0 12.00 31.88 24.98 46.67 14.79 3.156 0.82 30.73 15.94

246.2 717 84.8 12.29 31.87 24.78 46.86 14.99 3.126 0.82 30.93 15.93

248.8 735 84.7 12.60 32.11 24.71 47.17 15.06 3.132 0.81 31.12 16.06

251.1 753 84.6 12.91 32.32 24.63 47.46 15.14 3.134 0.80 31.30 16.16

252.3 772 84.4 13.23 32.37 24.46 47.68 15.31 3.114 0.80 31.49 16.18

253.8 790 84.4 13.54 32.46 24.39 47.84 15.38 3.110 0.79 31.61 16.23

255.9 807 84.2 13.83 32.63 24.25 48.15 15.51 3.104 0.78 31.83 16.32

258.1 825 84.1 14.14 32.81 24.13 48.45 15.64 3.098 0.77 32.04 16.41

259.4 843 84.0 14.46 32.88 24.02 48.62 15.75 3.088 0.77 32.18 16.44

261.2 862 83.8 14.78 33.00 23.86 48.91 15.91 3.074 0.76 32.41 16.50

262.6 879 83.8 15.06 33.07 23.78 49.06 15.99 3.068 0.76 32.52 16.54

264.3 897 83.6 15.38 33.17 23.63 49.31 16.14 3.056 0.75 32.72 16.59

266.7 915 83.5 15.68 33.37 23.48 49.66 16.29 3.049 0.74 32.98 16.69

267.9 933 83.4 16.00 33.41 23.38 49.81 16.39 3.038 0.74 33.10 16.71

269.5 952 83.2 16.32 33.49 23.27 50.00 16.50 3.030 0.73 33.25 16.75

270.4 969 83.1 16.62 33.50 23.11 50.16 16.66 3.010 0.73 33.41 16.75

273.3 987 83.0 16.92 33.76 23.02 50.51 16.75 3.015 0.72 33.63 16.88

274.8 1004 82.9 17.22 33.83 22.87 50.72 16.89 3.002 0.71 33.81 16.91

276.3 1023 82.7 17.54 33.89 22.76 50.90 17.01 2.993 0.71 33.95 16.95

277.2 1041 82.6 17.85 33.89 22.65 51.01 17.12 2.980 0.70 34.06 16.94

278.6 1058 82.4 18.14 33.95 22.47 51.25 17.30 2.963 0.70 34.28 16.98

Input Validation: Reviewed By: Date Tested: 01/03/11

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309

30598025 - cu triax.xls Triax 2



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-14

Client Project 091-867 Apex Landfill Expansion Depth 16'-20'

Project No. 30598 Sample B-1

Test No. 3 Lab Sample No. 30598025

USCS Description: Dark Grayish Brown Lean Clay with Sand Test Conditions: Remolded - Side And Double Drained

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 120.24

Initial Consol. Final Back Pressure, psi 40.03

Tare Number 11 NA 519 Effective Consolidating Pressure, psi 80.21 σ3
Wt. Tare & WS, gm 157.69 NA 1289.20 Pore Pressure Parameter (B), % 97

Wt. Tare & DS, gm 144.13 NA 1097.30 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 81.87 NA 102.80 Height Change, mils Reading Change

Water Content, % 21.8 19.3 19.3 Initial Dial Reading 7.126 0 Volume Change, ml 40.1

Wt. Tube & WS., gm 12503.4 NA After Saturation 7.113 13 Volume Change, in^3 2.45

Wt. Of Tube, gm 0.0 NA After Consolidation 6.877 249 Saturation Method: Wet

Wt. Of WS., gm 12503.4 12248.5 STRAIN RATE CALCULATIONS

Length 1, in 6 NA Calc. Strain Rate, %/min (t50=7.83) 0.0005 Strain Rate Used, %/min 0.0003
Length 2, in 6 NA Calc. Deformation Rate, in/min 0.003 Deformation Rate Used 0.002
Length 3, in 6 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.864 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.865 NA Effective Consolidating Pressure, psi 80.21 80.21 σσσσ 3333
Bottom Diameter, in 2.8655 NA 1St. Maximum Effective Principal Stress Ratio 2.755 2.74 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.000 5.751 Deviator Stress at Failure, psi 51.47 54.36 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.865 2.822 Axial Strain at Failure, % 9.89 15.00 εεεε
Average Area,  in^2 6.45 6.26 Effective Minor Principal Stress at Failure, psi 29.33 31.32 σσσσ 3 '
Sample Volume, in^3 38.68 36.23 Effective Major Principal Stress at Failure, psi 80.81 85.67 σσσσ 1 '
Unit Dry Wt., gms/cc 16.20 17.29 Mohr's Circle Stress Path (Origin of Circle), psi 55.07 58.50 p'
Unit Dry Wt., pcf 1010.9 1079.2 Mohr's Circle Stress Path (Radius of Circle), psi 25.74 27.18 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 3802.69 3802.69 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e -0.83 -0.84 Deviator Stress at Failure, psi 51.47 54.36 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n -5.00 -5.41 Axial Strain at Failure, % 9.89 15.00 εεεε
Pore Volume, cc -193.38 -195.83 Total Minor Principal Stress at Failure, psi 80.21 80.21 σσσσ 3333
Saturation, % -70.6 -61.7 Total Major Principal Stress at Failure, psi 131.68 134.56 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
23.0 0 40.0 0 0 0 NA NA NA NA 80.21 0

99.2 5 45.2 0.08 12.17 5.15 87.23 75.06 1.162 0.44 81.14 6.09

149.3 10 50.8 0.17 20.16 10.80 89.57 69.41 1.290 0.55 79.49 10.08

171.6 15 54.5 0.26 23.70 14.50 89.41 65.71 1.361 0.63 77.56 11.85

186.7 20 57.7 0.35 26.07 17.72 88.56 62.49 1.417 0.70 75.53 13.04

198.3 26 60.3 0.46 27.89 20.31 87.79 59.89 1.466 0.75 73.84 13.95

207.1 31 62.6 0.54 29.27 22.59 86.89 57.62 1.508 0.80 72.26 14.64

215.1 36 64.8 0.63 30.51 24.74 85.98 55.47 1.550 0.84 70.72 15.26

221.8 42 66.6 0.73 31.55 26.57 85.19 53.64 1.588 0.87 69.41 15.78

228.5 48 68.3 0.83 32.57 28.22 84.56 51.99 1.627 0.89 68.27 16.29

234.0 55 69.5 0.95 33.41 29.50 84.11 50.70 1.659 0.91 67.41 16.70

239.3 61 71.0 1.06 34.22 31.01 83.42 49.20 1.696 0.93 66.31 17.11

244.3 66 72.3 1.15 34.96 32.31 82.87 47.90 1.730 0.95 65.38 17.48

256.4 86 75.4 1.50 36.76 35.37 81.60 44.84 1.820 0.99 63.22 18.38

Consolidation
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266.9 102 78.0 1.78 38.30 37.97 80.53 42.23 1.907 1.02 61.38 19.15

274.7 120 79.9 2.08 39.40 39.90 79.71 40.31 1.978 1.04 60.01 19.70

282.2 138 81.6 2.39 40.44 41.56 79.09 38.65 2.046 1.06 58.87 20.22

288.9 156 83.1 2.70 41.36 43.09 78.48 37.12 2.114 1.07 57.80 20.68

296.2 175 84.3 3.04 42.34 44.30 78.25 35.91 2.179 1.08 57.08 21.17

300.6 192 85.3 3.33 42.91 45.25 77.86 34.96 2.227 1.09 56.41 21.45

305.8 209 86.1 3.64 43.56 46.02 77.75 34.18 2.274 1.09 55.96 21.78

310.5 227 86.8 3.95 44.14 46.80 77.55 33.41 2.321 1.09 55.48 22.07

315.6 246 87.6 4.27 44.77 47.56 77.42 32.65 2.371 1.10 55.03 22.39

320.4 264 88.2 4.59 45.36 48.15 77.42 32.06 2.415 1.09 54.74 22.68

323.8 281 88.6 4.88 45.73 48.58 77.36 31.63 2.446 1.10 54.50 22.87

327.6 299 89.1 5.19 46.17 49.02 77.35 31.19 2.480 1.09 54.27 23.08

332.5 317 89.3 5.51 46.75 49.27 77.69 30.94 2.511 1.09 54.31 23.37

336.7 336 89.7 5.85 47.21 49.66 77.76 30.55 2.545 1.08 54.15 23.60

340.2 353 89.9 6.15 47.59 49.90 77.90 30.31 2.570 1.08 54.11 23.80

343.6 370 90.0 6.44 47.96 49.99 78.17 30.21 2.587 1.07 54.19 23.98

347.5 388 90.3 6.74 48.38 50.25 78.34 29.95 2.615 1.07 54.15 24.19

350.7 407 90.3 7.07 48.68 50.28 78.61 29.93 2.626 1.06 54.27 24.34

354.8 426 90.4 7.41 49.11 50.40 78.92 29.81 2.648 1.06 54.37 24.56

358.0 442 90.7 7.69 49.44 50.66 78.99 29.55 2.673 1.06 54.27 24.72

360.8 460 90.8 7.99 49.69 50.75 79.15 29.46 2.686 1.05 54.30 24.84

364.6 478 90.8 8.31 50.07 50.73 79.55 29.48 2.698 1.04 54.52 25.03

367.9 497 90.7 8.64 50.37 50.71 79.87 29.50 2.707 1.04 54.69 25.19

371.2 515 90.8 8.96 50.67 50.80 80.07 29.41 2.723 1.03 54.74 25.33

373.8 532 90.8 9.25 50.89 50.72 80.38 29.49 2.726 1.03 54.93 25.44

377.0 550 90.9 9.56 51.17 50.87 80.51 29.34 2.744 1.02 54.92 25.59

380.3 569 90.9 9.89 51.47 50.88 80.81 29.33 2.755 1.02 55.07 25.74

383.4 587 90.6 10.21 51.74 50.57 81.37 29.64 2.746 1.01 55.50 25.87

386.0 604 90.7 10.51 51.93 50.68 81.46 29.53 2.759 1.01 55.50 25.97

388.5 621 90.7 10.80 52.12 50.63 81.70 29.58 2.762 1.00 55.64 26.06

391.7 640 90.5 11.13 52.38 50.44 82.14 29.76 2.760 0.99 55.95 26.19

394.6 659 90.5 11.45 52.60 50.46 82.35 29.75 2.768 0.99 56.05 26.30

397.3 677 90.4 11.76 52.80 50.41 82.60 29.80 2.772 0.98 56.20 26.40

399.8 695 90.1 12.08 52.95 50.11 83.05 30.10 2.759 0.98 56.58 26.48

402.0 712 90.2 12.38 53.09 50.18 83.12 30.02 2.768 0.97 56.57 26.55

404.7 731 90.1 12.71 53.26 50.10 83.37 30.11 2.769 0.97 56.74 26.63

407.6 749 89.9 13.02 53.47 49.87 83.81 30.33 2.763 0.96 57.07 26.74

410.0 766 89.8 13.33 53.62 49.81 84.02 30.40 2.764 0.96 57.21 26.81

412.0 784 89.6 13.63 53.71 49.58 84.34 30.63 2.753 0.95 57.48 26.85

415.0 802 89.5 13.95 53.92 49.50 84.63 30.71 2.756 0.95 57.67 26.96

417.4 820 89.4 14.26 54.06 49.35 84.91 30.85 2.752 0.94 57.88 27.03

420.2 838 89.3 14.58 54.24 49.27 85.18 30.94 2.753 0.94 58.06 27.12

422.3 856 89.0 14.89 54.33 49.01 85.53 31.20 2.741 0.93 58.37 27.17

424.3 874 88.7 15.19 54.40 48.68 85.93 31.53 2.726 0.92 58.73 27.20

426.9 892 88.8 15.50 54.55 48.73 86.03 31.48 2.733 0.92 58.76 27.28

429.6 910 88.6 15.83 54.71 48.58 86.34 31.63 2.730 0.92 58.98 27.36

432.4 929 88.4 16.15 54.87 48.38 86.69 31.82 2.724 0.91 59.26 27.43

434.1 946 88.3 16.45 54.91 48.31 86.80 31.90 2.721 0.91 59.35 27.45

435.9 963 87.9 16.75 54.95 47.91 87.25 32.30 2.701 0.90 59.77 27.47

438.1 982 87.8 17.08 55.03 47.79 87.44 32.41 2.698 0.90 59.93 27.51

438.1 982 87.8 17.08 55.03 47.79 87.44 32.41 2.698 0.90 59.93 27.51

438.1 982 87.8 17.08 55.03 47.79 87.44 32.41 2.698 0.90 59.93 27.51

438.1 982 87.8 17.08 55.03 47.79 87.44 32.41 2.698 0.90 59.93 27.51

438.1 982 87.8 17.08 55.03 47.79 87.44 32.41 2.698 0.90 59.93 27.51

Input Validation: Reviewed By: Date Tested: 01/06/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-14

Client Project 091-867 Apex Landfill Expansion Depth 16'-20'

Project No. 30598 Sample B-1
Test Conditions: Remolded - Side And Double Drained Lab Sample No. 30598025
USCS Description: Dark Grayish Brown Lean Clay with Sand

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 16'-20'
Project No. 30598 Sample B-1

Lab Sample No. 30598025
USCS Description: Dark Grayish Brown Lean Clay with Sand

Test Conditions: Remolded - Side And Double Drained

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 12.8

Test 1 9.94 19.51 9.58 4.01 14.5414.5414.5414.54 4.974.974.974.97 a, psi 2.0
Test 2 30.22 69.99 39.77 9.23 54.8854.8854.8854.88 15.1115.1115.1115.11 Φ, Φ, Φ, Φ, deg 13.1
Test 3 51.47 131.68 80.21 9.89 105.94105.94105.94105.94 25.7425.7425.7425.74 C, psi 2.1

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 16'-20'
Project No. 30598 Sample B-1

Lab Sample No. 30598025
USCS Description: Dark Grayish Brown Lean Clay with Sand

Test Conditions: Remolded - Side And Double Drained

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 23.8

Test 1 9.94 13.12 3.19 4.01 8.168.168.168.16 4.974.974.974.97 a', psi 1.7
Test 2 30.22 44.30 14.08 9.23 29.1929.1929.1929.19 15.1115.1115.1115.11 ΦΦΦΦ', deg 26.2
Test 3 51.47 80.81 29.33 9.89 55.0755.0755.0755.07 25.7425.7425.7425.74 C', psi 1.9

Calculations based on: Test 1 Test 2 Test 3
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-20' Consolidation Plot Stress, psi 6.6

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598025 Cell Pressure, psi 69.5

USCS Description: Dark Grayish Brown Lean Clay with Sand Back Pressure, psi 59.9
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 9.6

Additional Consol. Volume, ml 0.0

Consol. Start Date: 1/3/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 1.0
0.10 0.32 1.4
0.15 0.39 1.7
0.20 0.45 2.0
0.25 0.50 2.4
0.50 0.71 3.3
1.00 1.00 4.3
2.00 1.41 5.6
3.00 1.73 6.3
5.00 2.24 7.3

10.00 3.16 8.8
15.00 3.87 9.6
20.00 4.47 10.2
30.00 5.48 10.7
40.00 6.32 11.1 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 11.4
60.00 7.75 11.6
75.00 8.66 11.8
90.00 9.49 11.9

120.00 10.95 12.2
150.00 12.25 12.3

1200.00 34.64 12.4

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.0 ml. T0 = 0 min. V0 = 0.0 ml. Initial Volume Reading, ml 0.0
T90 = 2.6 min V90 = 6.0 ml. T50 = 2.6 min. V50 = 6.1 ml. Final Volume Reading, ml 12.4
T100 = NA min V100 = 6.7 ml. T100 = 46.7 min. V100 = 12.1 ml. Total Volume Change, ml 12.4
Input Validation: Reviewed By: Date 1/3/2011
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-20' Consolidation Plot Stress, psi 6.6

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598025 Cell Pressure, psi 99.7

USCS Description: Dark Grayish Brown Lean Clay with Sand Back Pressure, psi 60.0
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 39.8

Additional Consol. Volume, ml 14.0

Consol. Start Date: 1/3/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 1.0
0.10 0.32 1.3
0.15 0.39 1.7
0.20 0.45 2.0
0.25 0.50 2.4
0.50 0.71 3.3
1.00 1.00 4.5
2.00 1.41 5.8
3.00 1.73 6.6
5.00 2.24 7.6

10.00 3.16 9.0
15.00 3.87 9.9
20.00 4.47 10.5
30.00 5.48 11.1
40.00 6.32 11.5 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 11.7
60.00 7.75 11.9
75.00 8.66 12.1
90.00 9.49 12.3

120.00 10.95 12.5
150.00 12.25 12.8

1200.00 34.64 12.9

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = -0.1 ml. T0 = 0 min. V0 = 0.0 ml. Initial Volume Reading, ml 0.0
T90 = 2.3 min V90 = 6.1 ml. T50 = 2.5 min. V50 = 6.3 ml. Final Volume Reading, ml 12.9
T100 = NA min V100 = 6.8 ml. T100 = 48.9 min. V100 = 12.5 ml. Total Volume Change, ml 26.9
Input Validation: Reviewed By: Date 1/3/2011
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-20' Consolidation Plot Stress, psi 6.6

Project No. 30598 Sample B-1 Final Test Pressures
Lab Sample No.30598025 Cell Pressure, psi 120.2

USCS Description: Dark Grayish Brown Lean Clay with Sand Back Pressure, psi 40.0
Test Conditions: Remolded - Side And Double Drained Effective Consol., psi 80.2

Additional Consol. Volume, ml 24.3

Consol. Start Date: 1/6/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.8
0.10 0.32 1.0
0.15 0.39 1.3
0.20 0.45 1.5
0.25 0.50 1.7
0.50 0.71 2.3
1.00 1.00 3.1
2.00 1.41 4.3
3.00 1.73 5.1
5.00 2.24 6.3

10.00 3.16 8.1
15.00 3.87 9.3
20.00 4.47 10.2
30.00 5.48 11.4
40.00 6.32 12.1 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 12.8
60.00 7.75 13.3
75.00 8.66 13.9
90.00 9.49 14.3

120.00 10.95 14.9
150.00 12.25 15.1

1500.00 38.73 15.8

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.2 ml. T0 = 0 min. V0 = 0.1 ml. Initial Volume Reading, ml 0.0
T90 = 10.0 min V90 = 8.1 ml. T50 = 7.8 min. V50 = 7.5 ml. Final Volume Reading, ml 15.8
T100 = NA min V100 = 9.0 ml. T100 = 81.3 min. V100 = 14.8 ml. Total Volume Change, ml 40.1
Input Validation: Reviewed By: Date 1/6/2011
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3
Client Project 091-867 Apex Landfill Expansion Depth 20'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598026

Visual Description Dark Gray Sandy Clay
Sample Conditions Remolded, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number Z12 F5 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 165.91 281.06 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 160.21 259.36 Seating NA 1.0038 0.00 1.6992 0.5831 NA NA NA

Wt. Tare, gm 123.26 123.16 0.25 3 1.0028 0.09% 1.7008 0.5816 5.99E-03 NA NA

Water Content, % 15.4% 15.9% 0.5 12 1.0013 0.25% 1.7034 0.5792 9.78E-03 0.008   NA

1 758 0.9914 1.24% 1.7205 0.5635 3.12E-02 0.052   NA

Sample Diameter, in 2.5 2.5 2 380 0.9637 3.99% 1.7698 0.5199 4.36E-02 0.145   NA

Sample Height, in 1.004 0.8687 4 151 0.9335 7.00% 1.8272 0.4722 2.39E-02 0.158   NA

Sample Volume, in^3 4.9271 4.2642 1 758 0.9405 6.30% 1.8135 0.4833 3.71E-03 NA NA

Wt. WS + Ring, gm 270.45 270.19 0.25 302 0.9521 5.15% 1.7914 0.5016 2.44E-02 NA NA

Wt. of Ring, gm 112.09 112.09 0.5 240 0.9508 5.28% 1.7939 0.4995 8.52E-03 NA 0.007

Wt. of WS, gm 158.36 158.10 1 95 0.9468 5.68% 1.8015 0.4932 1.26E-02 NA 0.021

Wet Density, pcf 122.39 141.18 2 758 0.9400 6.36% 1.8145 0.4825 1.07E-02 NA 0.036

Wet Density, g/cc 1.961 2.263 4 302 0.9291 7.44% 1.8357 0.4654 8.56E-03 NA 0.057

Water Content, % 15.4% 15.9% 8 95 0.9016 10.18% 1.8918 0.4219 1.09E-02 0.144   NA

Wt. of DS, gm 137.20 136.37 16 955 0.8687 13.45% 1.9634 0.3701 6.48E-03 0.172   NA

Dry Density, pcf 106.03 121.78

Dry Density, g/cc 1.699 1.952

Void Ratio, e 0.5831 0.3784

Saturation, % 71.2%

Specific Gravity 2.69 Measured

Height of Solids, in 0.6340 0.6340
Input Validation Reviewed By: Date Tested: 12/20/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts 
responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by others.  It is 
the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring RB-3
Client Project 091-867 Apex Landfill Expansion Depth 20'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598026
Visual Description Dark Gray Sandy Clay
Sample Conditions Remolded, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress

Page 2 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 1 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0038 0.5831
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.08 0.29 16.5 1.0025 0.5810
0.13 0.37 16.5 1.0025 0.5810
0.18 0.43 17.0 1.0024 0.5810
0.25 0.50 17.0 1.0024 0.5810
0.33 0.58 17.0 1.0024 0.5810
0.43 0.66 17.0 1.0024 0.5810
0.57 0.75 17.0 1.0024 0.5810
0.73 0.86 16.5 1.0025 0.5810
0.93 0.97 16.5 1.0025 0.5810
1.20 1.10 16.0 1.0025 0.5811
1.52 1.23 15.5 1.0026 0.5812
1.93 1.39 15.0 1.0026 0.5813
2.45 1.57 14.0 1.0027 0.5814
3.10 1.76 13.0 1.0028 0.5816

Square Root of Elapsed Time vs. Dial Reading

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 18.7 div. T0 = 0 min. D0 = 16 div.
T90 = 2.074 min D90 = 14.7 div. #N/A D50 = 17.6 div. Initial Sample Height, in 1.0038
T100 = NA min D100 = 14.3 div. T100 = 0.73 min. D100 = 19.2 div. Initial Sample Void Ratio 0.5831
Height at: D90 = 1.0026, D100 = 1.0027 Height at: D50 = 1.0023, D100 = 1.0022 Final Sample Height, in 1.0028
Average Sample Height, in 1.0033 Average Sample Height, in 1.0033 Final Sample Void Ratio 0.5816
Average Drainage Height, in 0.5016 Average Drainage Height, in 0.5016 Incremental Strain, % 0.09%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 3.1
Coef. of Consol., Cv, in

2/min 0.103 Coef. of Consol., Cv, in
2/min #N/A

Page 3 of 15
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 2 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 13.0 1.0028 0.5816
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 26.0 1.0018 0.5799
0.15 0.39 26.5 1.0017 0.5799
0.20 0.45 27.5 1.0016 0.5797
0.27 0.52 27.5 1.0016 0.5797
0.35 0.59 28.0 1.0016 0.5796
0.45 0.67 28.5 1.0015 0.5796
0.58 0.76 28.5 1.0015 0.5796
0.75 0.87 29.5 1.0014 0.5794
0.95 0.97 29.5 1.0014 0.5794
1.22 1.10 30.0 1.0014 0.5793
1.53 1.24 30.0 1.0014 0.5793
1.95 1.40 30.5 1.0013 0.5792
2.47 1.57 30.5 1.0013 0.5792
3.12 1.77 31.0 1.0013 0.5792
3.95 1.99 31.0 1.0013 0.5792
4.98 2.23 31.0 1.0013 0.5792 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 31.0 1.0013 0.5792
7.95 2.82 31.0 1.0013 0.5792
9.40 3.07 31.0 1.0013 0.5792

11.85 3.44 31.0 1.0013 0.5792

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 22.3 div. T0 = 0 min. D0 = 23.7 div.
T90 = 0.303 min D90 = 27.7 div. T50 = 0.18 min. D50 = 27.1 div. Initial Sample Height, in 1.0028
T100 = NA min D100 = 28.3 div. T100 = 0.98 min. D100 = 30.6 div. Initial Sample Void Ratio 0.5816
Height at: D90 = 1.0016, D100 = 1.0015 Height at: D50 = 1.0016, D100 = 1.0013 Final Sample Height, in 1.0013
Average Sample Height, in 1.0020 Average Sample Height, in 1.0020 Final Sample Void Ratio 0.5792
Average Drainage Height, in 0.5010 Average Drainage Height, in 0.5010 Incremental Strain, % 0.15%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 11.85
Coef. of Consol., Cv, in

2/min 0.716 Coef. of Consol., Cv, in
2/min 0.275
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 3 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 31.0 1.0013 0.5792
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 72.0 0.9974 0.5731
0.15 0.39 74.0 0.9972 0.5728
0.20 0.45 75.5 0.9971 0.5725
0.27 0.52 77.0 0.9969 0.5723
0.35 0.59 78.5 0.9968 0.5721
0.45 0.67 80.0 0.9966 0.5718
0.58 0.76 81.0 0.9965 0.5717
0.75 0.87 82.5 0.9964 0.5714
0.95 0.97 83.5 0.9963 0.5713
1.22 1.10 85.0 0.9961 0.5710
1.53 1.24 86.0 0.9960 0.5709
1.95 1.40 87.0 0.9959 0.5707
2.47 1.57 88.0 0.9958 0.5706
3.12 1.77 89.0 0.9957 0.5704
3.95 1.99 90.0 0.9956 0.5702
4.98 2.23 91.0 0.9955 0.5701 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 92.0 0.9954 0.5699
7.95 2.82 93.0 0.9953 0.5698
9.40 3.07 94.0 0.9952 0.5696

11.85 3.44 95.5 0.9951 0.5694
14.95 3.87 96.5 0.9950 0.5692
18.85 4.34 98.0 0.9948 0.5690
23.77 4.88 99.5 0.9947 0.5687
29.95 5.47 101.0 0.9945 0.5685
37.75 6.14 103.0 0.9943 0.5682
47.57 6.90 105.0 0.9941 0.5679
59.95 7.74 108.0 0.9938 0.5674
75.95 8.71 111.5 0.9935 0.5669
94.95 9.74 115.5 0.9931 0.5662

189.95 13.78 126.0 0.9920 0.5646
301.95 17.38 129.0 0.9917 0.5641
477.95 21.86 131.0 0.9915 0.5638
757.95 27.53 132.5 0.9914 0.5635

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 63.6 div. T0 = 0 min. D0 = 64.7 div.
T90 = 0.548 min D90 = 80.7 div. T50 = 13.16 min. D50 = 96 div. Initial Sample Height, in 1.0013
T100 = NA min D100 = 82.6 div. T100 = 182.46 min. D100 = 127.2 div. Initial Sample Void Ratio 0.5792
Height at: D90 = 0.9965, D100 = 0.9963 Height at: D50 = 0.995, D100 = 0.9919 Final Sample Height, in 0.9914
Average Sample Height, in 0.9963 Average Sample Height, in 0.9963 Final Sample Void Ratio 0.5635
Average Drainage Height, in 0.4982 Average Drainage Height, in 0.4982 Incremental Strain, % 0.99%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.95
Coef. of Consol., Cv, in

2/min 0.388 Coef. of Consol., Cv, in
2/min 0.004
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 4 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -6

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 132.5 0.9914 0.5635
Corrections* -6 -0.0006 -0.0009

Adjusted Sample Height & Void Ratio
0.08 0.29 303.0 0.9749 0.5376
0.13 0.37 312.0 0.9740 0.5362
0.18 0.43 317.5 0.9735 0.5353
0.25 0.50 322.5 0.9730 0.5345
0.33 0.58 327.5 0.9725 0.5337
0.43 0.66 331.5 0.9721 0.5331
0.57 0.75 336.0 0.9716 0.5324
0.73 0.86 340.0 0.9712 0.5318
0.93 0.97 343.5 0.9709 0.5312
1.20 1.10 347.5 0.9705 0.5306
1.52 1.23 351.0 0.9701 0.5300
1.93 1.39 354.5 0.9698 0.5295
2.45 1.57 358.0 0.9694 0.5289
3.10 1.76 361.5 0.9691 0.5284
3.93 1.98 365.5 0.9687 0.5277
4.97 2.23 369.0 0.9683 0.5272 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 373.0 0.9679 0.5266
7.93 2.82 376.5 0.9676 0.5260
9.38 3.06 379.5 0.9673 0.5255

11.83 3.44 383.0 0.9669 0.5250
14.93 3.86 387.0 0.9665 0.5243
18.83 4.34 390.5 0.9662 0.5238
23.75 4.87 393.5 0.9659 0.5233
29.93 5.47 397.0 0.9655 0.5228
37.73 6.14 399.5 0.9653 0.5224
47.55 6.90 402.0 0.9650 0.5220
59.93 7.74 404.0 0.9648 0.5217
75.93 8.71 406.0 0.9646 0.5214
94.93 9.74 407.5 0.9645 0.5211

119.93 10.95 409.0 0.9643 0.5209
150.93 12.29 410.5 0.9642 0.5206
189.93 13.78 412.0 0.9640 0.5204
379.93 19.49 415.0 0.9637 0.5199

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 273.2 div. T0 = 0 min. D0 = 278.5 div.
T90 = 0.384 min D90 = 329.8 div. T50 = 0.8 min. D50 = 341.2 div. Initial Sample Height, in 0.9914
T100 = NA min D100 = 336.1 div. T100 = 36.95 min. D100 = 404 div. Initial Sample Void Ratio 0.5635
Height at: D90 = 0.9722, D100 = 0.9716 Height at: D50 = 0.9711, D100 = 0.9648 Final Sample Height, in 0.9637
Average Sample Height, in 0.9775 Average Sample Height, in 0.9775 Final Sample Void Ratio 0.5199
Average Drainage Height, in 0.4888 Average Drainage Height, in 0.4888 Incremental Strain, % 2.79%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 379.93333
Coef. of Consol., Cv, in

2/min 0.521 Coef. of Consol., Cv, in
2/min 0.059
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 5 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 415.0 0.9637 0.5199
Corrections* -5.5 -0.00055 -0.0009

Adjusted Sample Height & Void Ratio
0.08 0.29 587.0 0.9471 0.4937
0.13 0.37 592.5 0.9465 0.4928
0.18 0.43 596.0 0.9462 0.4923
0.25 0.50 600.5 0.9457 0.4915
0.33 0.58 604.5 0.9453 0.4909
0.43 0.66 608.0 0.9450 0.4904
0.57 0.75 612.0 0.9446 0.4897
0.73 0.86 616.0 0.9442 0.4891
0.93 0.97 619.5 0.9438 0.4885
1.20 1.10 624.0 0.9434 0.4878
1.52 1.23 628.5 0.9429 0.4871
1.93 1.39 633.0 0.9425 0.4864
2.45 1.57 637.5 0.9420 0.4857
3.10 1.76 643.0 0.9415 0.4848
3.93 1.98 648.5 0.9409 0.4840
4.97 2.23 654.5 0.9403 0.4830 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 661.0 0.9397 0.4820
7.93 2.82 667.5 0.9390 0.4810
9.38 3.06 672.0 0.9386 0.4803

11.83 3.44 679.0 0.9379 0.4792
14.93 3.86 686.0 0.9372 0.4781
18.83 4.34 692.5 0.9365 0.4770
23.75 4.87 698.5 0.9359 0.4761
29.93 5.47 704.0 0.9354 0.4752
37.73 6.14 708.0 0.9350 0.4746
47.55 6.90 712.0 0.9346 0.4740
59.93 7.74 715.5 0.9342 0.4734
75.93 8.71 717.5 0.9340 0.4731
94.93 9.74 719.5 0.9338 0.4728

119.93 10.95 721.5 0.9336 0.4725
150.93 12.29 723.0 0.9335 0.4722

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 569 div. T0 = 0 min. D0 = 569.5 div.
T90 = 0.723 min D90 = 615.8 div. T50 = 2.84 min. D50 = 640.9 div. Initial Sample Height, in 0.9637
T100 = NA min D100 = 621 div. T100 = 35.71 min. D100 = 712.3 div. Initial Sample Void Ratio 0.5199
Height at: D90 = 0.9442, D100 = 0.9436 Height at: D50 = 0.9417, D100 = 0.9345 Final Sample Height, in 0.9335
Average Sample Height, in 0.9486 Average Sample Height, in 0.9486 Final Sample Void Ratio 0.4722
Average Drainage Height, in 0.4743 Average Drainage Height, in 0.4743 Incremental Strain, % 3.14%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 150.93333
Coef. of Consol., Cv, in

2/min 0.263 Coef. of Consol., Cv, in
2/min 0.016
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 6 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 7.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 723.0 0.9335 0.4722
Corrections* 7.5 0.00075 0.00118

Adjusted Sample Height & Void Ratio
0.08 0.29 683.5 0.9367 0.4773
0.13 0.37 681.5 0.9369 0.4776
0.18 0.43 680.5 0.9370 0.4777
0.25 0.50 679.5 0.9371 0.4779
0.33 0.58 678.0 0.9372 0.4781
0.43 0.66 677.0 0.9373 0.4783
0.57 0.75 675.5 0.9375 0.4785
0.73 0.86 674.5 0.9376 0.4787
0.93 0.97 673.0 0.9377 0.4789
1.20 1.10 671.5 0.9379 0.4792
1.52 1.23 670.5 0.9380 0.4793
1.93 1.39 669.0 0.9381 0.4796
2.45 1.57 667.0 0.9383 0.4799
3.10 1.76 665.5 0.9385 0.4801
3.93 1.98 664.0 0.9386 0.4803
4.97 2.23 661.5 0.9389 0.4807 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 660.0 0.9390 0.4810
7.93 2.82 658.0 0.9392 0.4813
9.38 3.06 656.5 0.9394 0.4815

11.83 3.44 655.0 0.9395 0.4818
14.93 3.86 653.0 0.9397 0.4821
18.83 4.34 652.0 0.9398 0.4822
23.75 4.87 650.5 0.9400 0.4825
29.93 5.47 649.5 0.9401 0.4826
37.73 6.14 648.5 0.9402 0.4828
47.55 6.90 648.0 0.9402 0.4829
59.93 7.74 647.5 0.9403 0.4829
75.93 8.71 647.0 0.9403 0.4830
94.93 9.74 646.5 0.9404 0.4831

119.93 10.95 646.0 0.9404 0.4832
150.93 12.29 646.0 0.9404 0.4832
189.93 13.78 646.0 0.9404 0.4832
757.93 27.53 645.0 0.9405 0.4833

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 687.8 div. T0 = 0 min. D0 = 689 div.
T90 = 1.346 min D90 = 671 div. T50 = 2.15 min. D50 = 668.1 div. Initial Sample Height, in 0.9335
T100 = NA min D100 = 669.1 div. T100 = 18.84 min. D100 = 647.2 div. Initial Sample Void Ratio 0.4722
Height at: D90 = 0.9379, D100 = 0.9381 Height at: D50 = 0.9382, D100 = 0.9403 Final Sample Height, in 0.9405
Average Sample Height, in 0.9370 Average Sample Height, in 0.9370 Final Sample Void Ratio 0.4833
Average Drainage Height, in 0.4685 Average Drainage Height, in 0.4685 Incremental Strain, % -0.76%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.93333
Coef. of Consol., Cv, in

2/min 0.137 Coef. of Consol., Cv, in
2/min 0.020

Page 8 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

640

645

650

655

660

665

670

675

680

685

690

0.01 0.1 1 10 100 1000
Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

640

645

650

655

660

665

670

675

680

685

690

0 5 10 15 20

Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 7 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 645.0 0.9405 0.4833
Corrections* 4.5 0.00045 0.00071

Adjusted Sample Height & Void Ratio
0.10 0.32 628.0 0.9418 0.4853
0.15 0.39 627.0 0.9419 0.4855
0.20 0.45 626.0 0.9420 0.4856
0.27 0.52 624.5 0.9421 0.4859
0.35 0.59 623.5 0.9422 0.4860
0.45 0.67 622.0 0.9424 0.4863
0.58 0.76 620.5 0.9425 0.4865
0.75 0.87 619.0 0.9427 0.4867
0.95 0.97 617.5 0.9428 0.4870
1.22 1.10 615.5 0.9430 0.4873
1.53 1.24 613.5 0.9432 0.4876
1.95 1.40 611.0 0.9435 0.4880
2.47 1.57 608.5 0.9437 0.4884
3.12 1.77 605.5 0.9440 0.4889
3.95 1.99 602.0 0.9444 0.4894
4.98 2.23 598.5 0.9447 0.4900 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 594.5 0.9451 0.4906
7.95 2.82 590.0 0.9456 0.4913
9.40 3.07 586.5 0.9459 0.4919

11.85 3.44 581.5 0.9464 0.4926
14.95 3.87 576.0 0.9470 0.4935
18.85 4.34 570.0 0.9476 0.4945
23.77 4.88 564.5 0.9481 0.4953
29.95 5.47 558.5 0.9487 0.4963
37.75 6.14 553.0 0.9493 0.4971
47.57 6.90 547.5 0.9498 0.4980
59.95 7.74 543.0 0.9503 0.4987
75.95 8.71 538.5 0.9507 0.4994
94.95 9.74 535.5 0.9510 0.4999

119.95 10.95 532.5 0.9513 0.5004
150.95 12.29 530.0 0.9516 0.5008
189.95 13.78 528.0 0.9518 0.5011
301.95 17.38 524.5 0.9521 0.5016

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 632.3 div. T0 = 0 min. D0 = 633.3 div.
T90 = 34.457 min D90 = 555.2 div. T50 = 10.31 min. D50 = 584.5 div. Initial Sample Height, in 0.9405
T100 = NA min D100 = 546.7 div. T100 = 72.04 min. D100 = 535.7 div. Initial Sample Void Ratio 0.4833
Height at: D90 = 0.949, D100 = 0.9499 Height at: D50 = 0.9461, D100 = 0.951 Final Sample Height, in 0.9521
Average Sample Height, in 0.9463 Average Sample Height, in 0.9463 Final Sample Void Ratio 0.5016
Average Drainage Height, in 0.4732 Average Drainage Height, in 0.4732 Incremental Strain, % -1.23%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.95
Coef. of Consol., Cv, in

2/min 0.006 Coef. of Consol., Cv, in
2/min 0.004
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 8 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -1.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 524.5 0.9521 0.5016
Corrections* -1.5 -0.00015 -0.0002

Adjusted Sample Height & Void Ratio
0.08 0.29 530.0 0.9517 0.5010
0.13 0.37 530.5 0.9517 0.5009
0.18 0.43 530.5 0.9517 0.5009
0.25 0.50 531.0 0.9516 0.5008
0.33 0.58 531.0 0.9516 0.5008
0.43 0.66 531.0 0.9516 0.5008
0.57 0.75 531.5 0.9516 0.5008
0.73 0.86 531.5 0.9516 0.5008
0.93 0.97 532.0 0.9515 0.5007
1.20 1.10 532.0 0.9515 0.5007
1.52 1.23 532.5 0.9515 0.5006
1.93 1.39 533.0 0.9514 0.5005
2.45 1.57 533.5 0.9514 0.5005
3.10 1.76 534.0 0.9513 0.5004
3.93 1.98 534.0 0.9513 0.5004
4.97 2.23 534.5 0.9513 0.5003 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 535.0 0.9512 0.5002
7.93 2.82 535.0 0.9512 0.5002
9.38 3.06 536.0 0.9511 0.5001

11.83 3.44 536.5 0.9511 0.5000
14.93 3.86 537.0 0.9510 0.4999
18.83 4.34 537.0 0.9510 0.4999
23.75 4.87 537.5 0.9510 0.4998
29.93 5.47 538.0 0.9509 0.4997
37.73 6.14 538.5 0.9509 0.4997
47.55 6.90 538.5 0.9509 0.4997
59.93 7.74 538.5 0.9509 0.4997
75.93 8.71 539.0 0.9508 0.4996
94.93 9.74 539.0 0.9508 0.4996

119.93 10.95 539.0 0.9508 0.4996
150.93 12.29 539.5 0.9508 0.4995
189.93 13.78 539.5 0.9508 0.4995
239.93 15.49 539.5 0.9508 0.4995

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 529.5 div. T0 = 0 min. D0 = 529 div.
T90 = 6.3 min D90 = 535 div. T50 = 2.27 min. D50 = 533.3 div. Initial Sample Height, in 0.9521
T100 = NA min D100 = 535.6 div. T100 = 12.44 min. D100 = 537.7 div. Initial Sample Void Ratio 0.5016
Height at: D90 = 0.9512, D100 = 0.9511 Height at: D50 = 0.9514, D100 = 0.9509 Final Sample Height, in 0.9508
Average Sample Height, in 0.9514 Average Sample Height, in 0.9514 Final Sample Void Ratio 0.4995
Average Drainage Height, in 0.4757 Average Drainage Height, in 0.4757 Incremental Strain, % 0.14%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.93333
Coef. of Consol., Cv, in

2/min 0.030 Coef. of Consol., Cv, in
2/min 0.020
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 9 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 539.5 0.9508 0.4995
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 557.0 0.9493 0.4971
0.15 0.39 558.0 0.9492 0.4970
0.20 0.45 559.0 0.9491 0.4968
0.27 0.52 560.0 0.9490 0.4967
0.35 0.59 560.5 0.9489 0.4966
0.45 0.67 561.0 0.9489 0.4965
0.58 0.76 561.5 0.9488 0.4964
0.75 0.87 562.5 0.9487 0.4963
0.95 0.97 563.5 0.9486 0.4961
1.22 1.10 564.0 0.9486 0.4960
1.53 1.24 564.5 0.9485 0.4960
1.95 1.40 565.5 0.9484 0.4958
2.47 1.57 566.5 0.9483 0.4956
3.12 1.77 567.5 0.9482 0.4955
3.95 1.99 568.5 0.9481 0.4953
4.98 2.23 569.5 0.9480 0.4952 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 571.0 0.9479 0.4949
7.95 2.82 572.5 0.9477 0.4947
9.40 3.07 573.0 0.9477 0.4946

11.85 3.44 574.5 0.9475 0.4944
14.95 3.87 576.0 0.9474 0.4941
18.85 4.34 577.5 0.9472 0.4939
23.77 4.88 578.5 0.9471 0.4938
29.95 5.47 579.0 0.9471 0.4937
37.75 6.14 580.0 0.9470 0.4935
47.57 6.90 580.5 0.9469 0.4934
59.95 7.74 581.0 0.9469 0.4934
75.95 8.71 581.5 0.9468 0.4933
94.95 9.74 582.0 0.9468 0.4932

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 552.2 div. T0 = 0 min. D0 = 553.2 div.
T90 = 0.449 min D90 = 561 div. T50 = 2.25 min. D50 = 566.1 div. Initial Sample Height, in 0.9508
T100 = NA min D100 = 562 div. T100 = 23.69 min. D100 = 579 div. Initial Sample Void Ratio 0.4995
Height at: D90 = 0.9489, D100 = 0.9488 Height at: D50 = 0.9483, D100 = 0.9471 Final Sample Height, in 0.9468
Average Sample Height, in 0.9488 Average Sample Height, in 0.9488 Final Sample Void Ratio 0.4932
Average Drainage Height, in 0.4744 Average Drainage Height, in 0.4744 Incremental Strain, % 0.42%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 94.95
Coef. of Consol., Cv, in

2/min 0.428 Coef. of Consol., Cv, in
2/min 0.020
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 10 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 582.0 0.9468 0.4932
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 618.0 0.9435 0.4881
0.15 0.39 619.5 0.9434 0.4878
0.20 0.45 620.5 0.9433 0.4877
0.27 0.52 621.5 0.9432 0.4875
0.35 0.59 622.5 0.9431 0.4874
0.45 0.67 623.5 0.9430 0.4872
0.58 0.76 624.5 0.9429 0.4870
0.75 0.87 625.5 0.9428 0.4869
0.95 0.97 626.0 0.9427 0.4868
1.22 1.10 627.0 0.9426 0.4867
1.53 1.24 628.0 0.9425 0.4865
1.95 1.40 629.5 0.9424 0.4863
2.47 1.57 630.5 0.9423 0.4861
3.12 1.77 631.5 0.9422 0.4859
3.95 1.99 633.0 0.9420 0.4857
4.98 2.23 634.5 0.9419 0.4855 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 636.0 0.9417 0.4852
7.95 2.82 637.5 0.9416 0.4850
9.40 3.07 639.0 0.9414 0.4848

11.85 3.44 640.5 0.9413 0.4845
14.95 3.87 642.5 0.9411 0.4842
18.85 4.34 644.0 0.9409 0.4840
23.77 4.88 645.5 0.9408 0.4837
29.95 5.47 646.5 0.9407 0.4836
37.75 6.14 647.5 0.9406 0.4834
47.57 6.90 648.5 0.9405 0.4833
59.95 7.74 649.0 0.9404 0.4832
75.95 8.71 649.5 0.9404 0.4831
94.95 9.74 650.0 0.9403 0.4830

119.95 10.95 650.5 0.9403 0.4829
150.95 12.29 651.0 0.9402 0.4829
189.95 13.78 651.5 0.9402 0.4828
757.95 27.53 653.5 0.9400 0.4825

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 612 div. T0 = 0 min. D0 = 613 div.
T90 = 0.533 min D90 = 624.1 div. T50 = 2.6 min. D50 = 630.7 div. Initial Sample Height, in 0.9468
T100 = NA min D100 = 625.5 div. T100 = 27.07 min. D100 = 648.5 div. Initial Sample Void Ratio 0.4932
Height at: D90 = 0.9429, D100 = 0.9428 Height at: D50 = 0.9422, D100 = 0.9405 Final Sample Height, in 0.9400
Average Sample Height, in 0.9434 Average Sample Height, in 0.9434 Final Sample Void Ratio 0.4825
Average Drainage Height, in 0.4717 Average Drainage Height, in 0.4717 Incremental Strain, % 0.72%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.95
Coef. of Consol., Cv, in

2/min 0.355 Coef. of Consol., Cv, in
2/min 0.017
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 11 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 653.5 0.9400 0.4825
Corrections* -4.5 -0.00045 -0.0007

Adjusted Sample Height & Void Ratio
0.08 0.29 709.0 0.9349 0.4744
0.13 0.37 711.0 0.9347 0.4741
0.18 0.43 712.5 0.9345 0.4739
0.25 0.50 714.5 0.9343 0.4736
0.33 0.58 715.5 0.9342 0.4734
0.43 0.66 717.0 0.9341 0.4732
0.57 0.75 718.5 0.9339 0.4729
0.73 0.86 720.0 0.9338 0.4727
0.93 0.97 721.0 0.9337 0.4725
1.20 1.10 723.0 0.9335 0.4722
1.52 1.23 724.5 0.9333 0.4720
1.93 1.39 726.0 0.9332 0.4717
2.45 1.57 728.0 0.9330 0.4714
3.10 1.76 729.5 0.9328 0.4712
3.93 1.98 731.5 0.9326 0.4709
4.97 2.23 733.5 0.9324 0.4706 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 736.0 0.9322 0.4702
7.93 2.82 738.0 0.9320 0.4699
9.38 3.06 740.0 0.9318 0.4695

11.83 3.44 742.5 0.9315 0.4691
14.93 3.86 745.0 0.9313 0.4688
18.83 4.34 748.0 0.9310 0.4683
23.75 4.87 750.5 0.9307 0.4679
29.93 5.47 752.5 0.9305 0.4676
37.73 6.14 754.5 0.9303 0.4673
47.55 6.90 756.0 0.9302 0.4670
59.93 7.74 757.5 0.9300 0.4668
75.93 8.71 759.0 0.9299 0.4665
94.93 9.74 760.0 0.9298 0.4664

119.93 10.95 761.0 0.9297 0.4662
150.93 12.29 762.5 0.9295 0.4660
189.93 13.78 764.0 0.9294 0.4658
301.93 17.38 766.5 0.9291 0.4654

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 701.8 div. T0 = 0 min. D0 = 702.5 div.
T90 = 0.624 min D90 = 719.1 div. T50 = 2.43 min. D50 = 727.9 div. Initial Sample Height, in 0.9400
T100 = NA min D100 = 721 div. T100 = 28.53 min. D100 = 753.4 div. Initial Sample Void Ratio 0.4825
Height at: D90 = 0.9338, D100 = 0.9337 Height at: D50 = 0.933, D100 = 0.9304 Final Sample Height, in 0.9291
Average Sample Height, in 0.9345 Average Sample Height, in 0.9345 Final Sample Void Ratio 0.4654
Average Drainage Height, in 0.4673 Average Drainage Height, in 0.4673 Incremental Strain, % 1.15%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.93333
Coef. of Consol., Cv, in

2/min 0.296 Coef. of Consol., Cv, in
2/min 0.018
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 12 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -10

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 766.5 0.9291 0.4654
Corrections* -10 -0.001 -0.0016

Adjusted Sample Height & Void Ratio
0.08 0.29 896.0 0.9172 0.4465
0.13 0.37 901.0 0.9167 0.4457
0.18 0.43 905.0 0.9163 0.4451
0.25 0.50 909.0 0.9159 0.4445
0.33 0.58 913.5 0.9154 0.4438
0.43 0.66 917.0 0.9151 0.4432
0.57 0.75 921.5 0.9146 0.4425
0.73 0.86 926.0 0.9142 0.4418
0.93 0.97 930.5 0.9137 0.4411
1.20 1.10 935.5 0.9132 0.4403
1.52 1.23 941.0 0.9127 0.4394
1.93 1.39 946.5 0.9121 0.4385
2.45 1.57 952.5 0.9115 0.4376
3.10 1.76 959.0 0.9109 0.4366
3.93 1.98 966.5 0.9101 0.4354
4.97 2.23 974.0 0.9094 0.4342 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 982.5 0.9085 0.4329
7.93 2.82 991.0 0.9077 0.4315
9.38 3.06 997.0 0.9071 0.4306

11.83 3.44 1005.5 0.9062 0.4292
14.93 3.86 1014.0 0.9054 0.4279
18.83 4.34 1022.0 0.9046 0.4266
23.75 4.87 1029.0 0.9039 0.4255
29.93 5.47 1035.0 0.9033 0.4246
37.73 6.14 1039.5 0.9028 0.4239
47.55 6.90 1043.5 0.9024 0.4233
59.93 7.74 1047.0 0.9021 0.4227
75.93 8.71 1049.5 0.9018 0.4223
94.93 9.74 1052.0 0.9016 0.4219

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 877.4 div. T0 = 0 min. D0 = 878.5 div.
T90 = 0.792 min D90 = 927.5 div. T50 = 3.09 min. D50 = 958.9 div. Initial Sample Height, in 0.9291
T100 = NA min D100 = 933.1 div. T100 = 29.8 min. D100 = 1039.3 div. Initial Sample Void Ratio 0.4654
Height at: D90 = 0.914, D100 = 0.9134 Height at: D50 = 0.9109, D100 = 0.9028 Final Sample Height, in 0.9016
Average Sample Height, in 0.9153 Average Sample Height, in 0.9153 Final Sample Void Ratio 0.4219
Average Drainage Height, in 0.4577 Average Drainage Height, in 0.4577 Incremental Strain, % 2.97%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 94.933333
Coef. of Consol., Cv, in

2/min 0.223 Coef. of Consol., Cv, in
2/min 0.013
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-3 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 20'-24' Load 13 of 13
Project No. 30598 Sample B-1

Lab ID# 30598026
Visual Description Dark Gray Sandy Clay
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -13.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1052.0 0.9016 0.4219
Corrections* -13.5 -0.00135 -0.0021

Adjusted Sample Height & Void Ratio
0.10 0.32 1161.0 0.8920 0.4068
0.15 0.39 1166.5 0.8915 0.4060
0.20 0.45 1171.0 0.8910 0.4053
0.27 0.52 1175.5 0.8906 0.4046
0.35 0.59 1180.5 0.8901 0.4038
0.45 0.67 1185.5 0.8896 0.4030
0.58 0.76 1191.5 0.8890 0.4020
0.75 0.87 1198.0 0.8883 0.4010
0.95 0.97 1205.0 0.8876 0.3999
1.22 1.10 1212.5 0.8869 0.3987
1.53 1.24 1220.5 0.8861 0.3975
1.95 1.40 1229.5 0.8852 0.3960
2.47 1.57 1239.5 0.8842 0.3945
3.12 1.77 1250.0 0.8831 0.3928
3.95 1.99 1262.0 0.8819 0.3909
4.98 2.23 1274.0 0.8807 0.3890 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 1287.5 0.8794 0.3869
7.95 2.82 1300.5 0.8781 0.3848
9.40 3.07 1309.5 0.8772 0.3834

11.85 3.44 1322.0 0.8759 0.3815
14.95 3.87 1333.0 0.8748 0.3797
18.85 4.34 1343.0 0.8738 0.3781
23.77 4.88 1350.5 0.8731 0.3770
29.95 5.47 1357.5 0.8724 0.3759
37.75 6.14 1362.5 0.8719 0.3751
47.57 6.90 1367.0 0.8714 0.3744
59.95 7.74 1370.5 0.8711 0.3738
75.95 8.71 1373.5 0.8708 0.3733
94.95 9.74 1376.0 0.8705 0.3729

119.95 10.95 1378.5 0.8703 0.3725
150.95 12.29 1380.5 0.8701 0.3722
189.95 13.78 1382.5 0.8699 0.3719
954.95 30.90 1394.0 0.8687 0.3701

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1136.9 div. T0 = 0 min. D0 = 1138.8 div.
T90 = 1.904 min D90 = 1228.8 div. T50 = 3.33 min. D50 = 1253.3 div. Initial Sample Height, in 0.9016
T100 = NA min D100 = 1239 div. T100 = 25.38 min. D100 = 1367.7 div. Initial Sample Void Ratio 0.4219
Height at: D90 = 0.8852, D100 = 0.8842 Height at: D50 = 0.8828, D100 = 0.8713 Final Sample Height, in 0.8687
Average Sample Height, in 0.8851 Average Sample Height, in 0.8851 Final Sample Void Ratio 0.3701
Average Drainage Height, in 0.4426 Average Drainage Height, in 0.4426 Incremental Strain, % 3.64%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.95
Coef. of Consol., Cv, in

2/min 0.087 Coef. of Consol., Cv, in
2/min 0.012

Page 15 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

1130

1180

1230

1280

1330

1380

0.01 0.1 1 10 100 1000
Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

1130

1180

1230

1280

1330

1380

0 1 2 3 4 5 6 7 8 9 10

Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4
Client Project 091-867 Apex Landfill Expansion Depth 19'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598027

Visual Description Olive Brown Lean Clay with Sand
Sample Conditions Remolded, Inundated, and Double Drained
Machine Deflection Correction: Applied

SAMPLE PROPERTIES

Initial Final Applied Load Final Vertical Dry Void av

Tare Number Z13 F5 Pressure Duration Height Strain Density Ratio Cc Cr

Wt. Tare & WS, gm 174.68 266.37 tsf min in % g/cc e ft^2/ton

Wt. Tare & DS, gm 164.74 244.32 Seating NA 1.0078 0.00 1.4940 0.7135 NA NA NA

Wt. Tare, gm 122.8 123.16 0.25 60 1.0044 0.34% 1.4990 0.7078 2.31E-02 NA NA

Water Content, % 23.7% 18.2% 0.5 758 0.9938 1.39% 1.5150 0.6898 7.21E-02 0.060   NA

1 380 0.9676 3.98% 1.5559 0.6454 8.88E-02 0.148   NA

Sample Diameter, in 2.5 2.5 2 955 0.9360 7.12% 1.6085 0.5916 5.38E-02 0.179   NA

Sample Height, in 1.008 0.8416 4 240 0.9050 10.20% 1.6636 0.5388 2.64E-02 0.175   NA

Sample Volume, in^3 4.9468 4.1313 1 302 0.9121 9.49% 1.6506 0.5510 4.05E-03 NA NA

Wt. WS + Ring, gm 260.73 254.34 0.25 955 0.9248 8.23% 1.6279 0.5726 2.88E-02 NA NA

Wt. of Ring, gm 110.92 110.92 0.5 380 0.9237 8.34% 1.6299 0.5707 7.55E-03 NA 0.006

Wt. of WS, gm 149.81 143.42 1 955 0.9201 8.70% 1.6363 0.5645 1.23E-02 NA 0.020

Wet Density, pcf 115.32 132.19 2 190 0.9131 9.39% 1.6488 0.5526 1.19E-02 NA 0.040

Wet Density, g/cc 1.848 2.118 4 190 0.9011 10.58% 1.6708 0.5322 1.02E-02 NA 0.068

Water Content, % 23.7% 18.2% 8 955 0.8717 13.50% 1.7272 0.4822 1.25E-02 0.166   NA

Wt. of DS, gm 121.11 121.34 16 240 0.8416 16.49% 1.7889 0.4311 6.39E-03 0.170   NA

Dry Density, pcf 93.22 111.84

Dry Density, g/cc 1.494 1.792

Void Ratio, e 0.7135 0.4283

Saturation, % 85.0%

Specific Gravity 2.56 Measured

Height of Solids, in 0.5881 0.5881
Input Validation Reviewed By: Date Tested: 12/20/2010 Page 1 of 15
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Incremental

TEST DATA SUMMARY

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts 
responsibility for the raw data obtained from the consolidation tests.  This data may be interpreted differently by others.  It is 
the responsibility of the user to determine the appropriateness and accuracy of the computed values.



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc. Boring RB-4
Client Project 091-867 Apex Landfill Expansion Depth 19'-24'
Project No. 30598 Sample B-1

Lab Sample No. 30598027
Visual Description Olive Brown Lean Clay with Sand
Sample Conditions Remolded, Inundated, and Double Drained
Machine Deflection Correction: Applied

Void Ratio (Final Height) vs Vertical Effective Consolidation Stress

Coeffieicent of Consolidation (log. method) vs. Vertical Effective Consolidation Stress
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 0-0.25
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 1 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0078 0.7135
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.08 0.29 24.5 1.0056 0.7100
0.13 0.37 25.7 1.0055 0.7098
0.18 0.43 26.5 1.0054 0.7096
0.25 0.50 27.3 1.0054 0.7095
0.33 0.58 28.1 1.0053 0.7094
0.43 0.66 28.6 1.0052 0.7093
0.57 0.75 29.5 1.0051 0.7091
0.73 0.86 30.2 1.0051 0.7090
0.93 0.97 30.6 1.0050 0.7089
1.20 1.10 31.4 1.0050 0.7088
1.52 1.23 32.1 1.0049 0.7087
1.93 1.39 32.4 1.0049 0.7086
2.45 1.57 33.1 1.0048 0.7085
3.10 1.76 33.4 1.0048 0.7085
3.93 1.98 33.9 1.0047 0.7084
4.97 2.23 34.3 1.0047 0.7083 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 34.6 1.0046 0.7083
7.93 2.82 34.9 1.0046 0.7082
9.38 3.06 35.2 1.0046 0.7082

11.83 3.44 35.6 1.0045 0.7081
14.93 3.86 35.9 1.0045 0.7080
18.83 4.34 36.3 1.0045 0.7080
23.75 4.87 36.4 1.0045 0.7079
29.93 5.47 36.8 1.0044 0.7079
37.73 6.14 36.8 1.0044 0.7079
47.55 6.90 37.2 1.0044 0.7078
59.93 7.74 37.4 1.0044 0.7078

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 20.4 div. T0 = 0 min. D0 = 20.9 div.
T90 = 0.423 min D90 = 28.6 div. T50 = 0.29 min. D50 = 27.7 div. Initial Sample Height, in 1.0078
T100 = NA min D100 = 29.5 div. T100 = 2.56 min. D100 = 34.6 div. Initial Sample Void Ratio 0.7135
Height at: D90 = 1.0052, D100 = 1.0052 Height at: D50 = 1.0053, D100 = 1.0046 Final Sample Height, in 1.0044
Average Sample Height, in 1.0061 Average Sample Height, in 1.0061 Final Sample Void Ratio 0.7078
Average Drainage Height, in 0.5030 Average Drainage Height, in 0.5030 Incremental Strain, % 0.34%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 59.933333
Coef. of Consol., Cv, in

2/min 0.506 Coef. of Consol., Cv, in
2/min 0.172
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 2 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 37.4 1.0044 0.7078
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 76.7 1.0007 0.7015
0.15 0.39 79.9 1.0004 0.7010
0.20 0.45 82.5 1.0001 0.7005
0.27 0.52 85.5 0.9998 0.7000
0.35 0.59 88.4 0.9995 0.6995
0.45 0.67 91.3 0.9992 0.6990
0.58 0.76 94.3 0.9989 0.6985
0.75 0.87 97.5 0.9986 0.6980
0.95 0.97 100.4 0.9983 0.6975
1.22 1.10 103.5 0.9980 0.6970
1.53 1.24 106.4 0.9977 0.6965
1.95 1.40 109.4 0.9974 0.6960
2.47 1.57 112.6 0.9971 0.6954
3.12 1.77 115.5 0.9968 0.6949
3.95 1.99 118.0 0.9966 0.6945
4.98 2.23 121.0 0.9963 0.6940 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 123.7 0.9960 0.6935
7.95 2.82 125.9 0.9958 0.6932
9.40 3.07 127.6 0.9956 0.6929

11.85 3.44 129.6 0.9954 0.6925
14.95 3.87 130.9 0.9953 0.6923
18.85 4.34 132.8 0.9951 0.6920
23.77 4.88 134.2 0.9949 0.6917
29.95 5.47 136.1 0.9947 0.6914
37.75 6.14 137.2 0.9946 0.6912
47.57 6.90 138.5 0.9945 0.6910
59.95 7.74 139.3 0.9944 0.6909
75.95 8.71 140.5 0.9943 0.6907
94.95 9.74 141.2 0.9942 0.6906

119.95 10.95 142.2 0.9941 0.6904
150.95 12.29 142.2 0.9941 0.6904
189.95 13.78 142.9 0.9941 0.6903
757.95 27.53 145.9 0.9938 0.6898

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 62.5 div. T0 = 0 min. D0 = 63.4 div.
T90 = 0.941 min D90 = 100.3 div. T50 = 0.95 min. D50 = 100.5 div. Initial Sample Height, in 1.0044
T100 = NA min D100 = 104.5 div. T100 = 15.52 min. D100 = 137.6 div. Initial Sample Void Ratio 0.7078
Height at: D90 = 0.9983, D100 = 0.9979 Height at: D50 = 0.9983, D100 = 0.9946 Final Sample Height, in 0.9938
Average Sample Height, in 0.9991 Average Sample Height, in 0.9991 Final Sample Void Ratio 0.6898
Average Drainage Height, in 0.4995 Average Drainage Height, in 0.4995 Incremental Strain, % 1.05%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 757.95
Coef. of Consol., Cv, in

2/min 0.225 Coef. of Consol., Cv, in
2/min 0.052

Page 4 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

60

70

80

90

100

110

120

130

140

150

0.01 0.1 1 10 100 1000

Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

60

70

80

90

100

110

120

130

140

150

0 1 2 3 4 5 6 7 8 9 10

Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 3 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 145.9 0.9938 0.6898
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 268.9 0.9817 0.6693
0.15 0.39 277.8 0.9808 0.6677
0.20 0.45 283.8 0.9802 0.6667
0.28 0.53 291.0 0.9795 0.6655
0.37 0.61 296.8 0.9789 0.6645
0.47 0.68 301.9 0.9784 0.6637
0.60 0.77 306.7 0.9779 0.6628
0.77 0.88 312.0 0.9774 0.6619
0.97 0.98 316.0 0.9770 0.6613
1.23 1.11 321.4 0.9765 0.6603
1.55 1.24 325.6 0.9760 0.6596
1.97 1.40 330.3 0.9756 0.6588
2.48 1.58 334.7 0.9751 0.6581
3.13 1.77 339.5 0.9747 0.6573
3.97 1.99 343.5 0.9743 0.6566
5.00 2.24 348.0 0.9738 0.6558 Square Root of Elapsed Time vs. Dial Reading
6.32 2.51 352.4 0.9734 0.6551
7.97 2.82 356.5 0.9729 0.6544
9.42 3.07 359.3 0.9727 0.6539

11.87 3.44 363.3 0.9723 0.6532
14.97 3.87 367.6 0.9718 0.6525
18.87 4.34 372.0 0.9714 0.6517
23.78 4.88 376.2 0.9710 0.6510
29.97 5.47 380.5 0.9705 0.6503
37.77 6.15 384.1 0.9702 0.6497
47.58 6.90 387.8 0.9698 0.6490
59.97 7.74 391.3 0.9695 0.6485
75.97 8.72 394.4 0.9692 0.6479
94.97 9.75 396.9 0.9689 0.6475

119.97 10.95 399.6 0.9686 0.6470
150.97 12.29 402.0 0.9684 0.6466
189.97 13.78 404.0 0.9682 0.6463
379.97 19.49 409.5 0.9676 0.6454

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 233.1 div. T0 = 0 min. D0 = 239.2 div.
T90 = 0.49 min D90 = 303 div. T50 = 0.79 min. D50 = 312.4 div. Initial Sample Height, in 0.9938
T100 = NA min D100 = 310.7 div. T100 = 19.41 min. D100 = 385.6 div. Initial Sample Void Ratio 0.6898
Height at: D90 = 0.9783, D100 = 0.9775 Height at: D50 = 0.9774, D100 = 0.97 Final Sample Height, in 0.9676
Average Sample Height, in 0.9807 Average Sample Height, in 0.9807 Final Sample Void Ratio 0.6454
Average Drainage Height, in 0.4904 Average Drainage Height, in 0.4904 Incremental Strain, % 2.63%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 379.96667
Coef. of Consol., Cv, in

2/min 0.411 Coef. of Consol., Cv, in
2/min 0.060
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 4 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -6

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 409.5 0.9676 0.6454
Corrections* -6 -0.0006 -0.001

Adjusted Sample Height & Void Ratio
0.10 0.32 548.7 0.9543 0.6227
0.15 0.39 553.9 0.9538 0.6218
0.20 0.45 557.3 0.9535 0.6213
0.27 0.52 560.9 0.9531 0.6206
0.35 0.59 564.2 0.9528 0.6201
0.45 0.67 567.3 0.9525 0.6195
0.58 0.76 570.9 0.9521 0.6189
0.75 0.87 574.4 0.9518 0.6183
0.95 0.97 577.7 0.9514 0.6178
1.22 1.10 581.8 0.9510 0.6171
1.53 1.24 586.1 0.9506 0.6164
1.95 1.40 590.4 0.9502 0.6156
2.47 1.57 595.1 0.9497 0.6148
3.12 1.77 600.4 0.9492 0.6139
3.95 1.99 605.7 0.9486 0.6130
4.98 2.23 611.9 0.9480 0.6120 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 618.5 0.9474 0.6108
7.95 2.82 626.0 0.9466 0.6096
9.40 3.07 631.7 0.9460 0.6086

11.85 3.44 640.3 0.9452 0.6071
14.95 3.87 649.4 0.9443 0.6056
18.85 4.34 658.9 0.9433 0.6040
23.77 4.88 668.3 0.9424 0.6024
29.95 5.47 678.1 0.9414 0.6007
37.75 6.14 687.2 0.9405 0.5992
47.57 6.90 695.7 0.9396 0.5977
59.95 7.74 703.3 0.9389 0.5964
75.95 8.71 709.9 0.9382 0.5953
94.95 9.74 714.9 0.9377 0.5944

119.95 10.95 719.3 0.9373 0.5937
150.95 12.29 722.7 0.9369 0.5931
189.95 13.78 724.7 0.9367 0.5928
954.95 30.90 731.7 0.9360 0.5916

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 528.2 div. T0 = 0 min. D0 = 531.6 div.
T90 = 0.518 min D90 = 569.2 div. T50 = 7.94 min. D50 = 625.9 div. Initial Sample Height, in 0.9676
T100 = NA min D100 = 573.8 div. T100 = 80.83 min. D100 = 720.2 div. Initial Sample Void Ratio 0.6454
Height at: D90 = 0.9523, D100 = 0.9518 Height at: D50 = 0.9466, D100 = 0.9372 Final Sample Height, in 0.9360
Average Sample Height, in 0.9518 Average Sample Height, in 0.9518 Final Sample Void Ratio 0.5916
Average Drainage Height, in 0.4759 Average Drainage Height, in 0.4759 Incremental Strain, % 3.27%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.95
Coef. of Consol., Cv, in

2/min 0.370 Coef. of Consol., Cv, in
2/min 0.006
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 5 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -5.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 731.7 0.9360 0.5916
Corrections* -5.5 -0.00055 -0.0009

Adjusted Sample Height & Void Ratio
0.10 0.32 817.3 0.9280 0.5780
0.15 0.39 820.9 0.9277 0.5774
0.20 0.45 824.1 0.9273 0.5768
0.27 0.52 827.2 0.9270 0.5763
0.35 0.59 830.3 0.9267 0.5758
0.45 0.67 833.2 0.9264 0.5753
0.58 0.76 836.9 0.9261 0.5746
0.75 0.87 840.3 0.9257 0.5741
0.95 0.97 844.3 0.9253 0.5734
1.22 1.10 848.4 0.9249 0.5727
1.53 1.24 853.1 0.9244 0.5719
1.95 1.40 857.9 0.9240 0.5711
2.47 1.57 863.6 0.9234 0.5701
3.12 1.77 870.2 0.9227 0.5690
3.95 1.99 877.1 0.9220 0.5678
4.98 2.23 884.9 0.9213 0.5665 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 893.7 0.9204 0.5650
7.95 2.82 903.6 0.9194 0.5633
9.40 3.07 911.2 0.9186 0.5620

11.85 3.44 922.7 0.9175 0.5600
14.95 3.87 935.3 0.9162 0.5579
18.85 4.34 948.7 0.9149 0.5556
23.77 4.88 962.6 0.9135 0.5533
29.95 5.47 976.3 0.9121 0.5509
37.75 6.14 989.9 0.9108 0.5486
47.57 6.90 1002.3 0.9095 0.5465
59.95 7.74 1013.2 0.9084 0.5447
75.95 8.71 1022.7 0.9075 0.5431
94.95 9.74 1029.5 0.9068 0.5419

119.95 10.95 1035.3 0.9062 0.5409
150.95 12.29 1039.4 0.9058 0.5402
189.95 13.78 1043.5 0.9054 0.5395
239.95 15.49 1047.5 0.9050 0.5388

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 800.9 div. T0 = 0 min. D0 = 802.8 div.
T90 = 0.846 min D90 = 842.3 div. T50 = 9.97 min. D50 = 914.1 div. Initial Sample Height, in 0.9360
T100 = NA min D100 = 846.9 div. T100 = 68.11 min. D100 = 1025.5 div. Initial Sample Void Ratio 0.5916
Height at: D90 = 0.9255, D100 = 0.9251 Height at: D50 = 0.9183, D100 = 0.9072 Final Sample Height, in 0.9050
Average Sample Height, in 0.9205 Average Sample Height, in 0.9205 Final Sample Void Ratio 0.5388
Average Drainage Height, in 0.4603 Average Drainage Height, in 0.4603 Incremental Strain, % 3.32%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.95
Coef. of Consol., Cv, in

2/min 0.212 Coef. of Consol., Cv, in
2/min 0.004
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 4-1
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 6 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 7.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1047.5 0.9050 0.5388
Corrections* 7.5 0.00075 0.00128

Adjusted Sample Height & Void Ratio
0.10 0.32 1023.5 0.9066 0.5416
0.15 0.39 1022.1 0.9068 0.5419
0.20 0.45 1021.1 0.9069 0.5421
0.27 0.52 1019.9 0.9070 0.5422
0.35 0.59 1018.6 0.9071 0.5425
0.45 0.67 1017.4 0.9073 0.5427
0.58 0.76 1016.0 0.9074 0.5429
0.75 0.87 1014.6 0.9075 0.5431
0.95 0.97 1013.1 0.9077 0.5434
1.22 1.10 1011.5 0.9079 0.5437
1.53 1.24 1009.8 0.9080 0.5440
1.95 1.40 1007.8 0.9082 0.5443
2.47 1.57 1005.7 0.9084 0.5447
3.12 1.77 1003.1 0.9087 0.5451
3.95 1.99 1000.5 0.9089 0.5455
4.98 2.23 997.9 0.9092 0.5460 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 995.1 0.9095 0.5465
7.95 2.82 992.0 0.9098 0.5470
9.40 3.07 989.7 0.9100 0.5474

11.85 3.44 986.8 0.9103 0.5479
14.95 3.87 983.9 0.9106 0.5484
18.85 4.34 981.2 0.9109 0.5488
23.77 4.88 978.6 0.9111 0.5493
29.95 5.47 976.6 0.9113 0.5496
37.75 6.14 974.9 0.9115 0.5499
47.57 6.90 973.5 0.9116 0.5501
59.95 7.74 972.4 0.9118 0.5503
75.95 8.71 971.5 0.9118 0.5505
94.95 9.74 970.9 0.9119 0.5506

119.95 10.95 970.5 0.9120 0.5507
150.95 12.29 970.1 0.9120 0.5507
189.95 13.78 969.5 0.9121 0.5508
301.95 17.38 968.5 0.9121 0.5510

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1029 div. T0 = 0 min. D0 = 1029.1 div.
T90 = 1.716 min D90 = 1008.8 div. T50 = 3.71 min. D50 = 1001.2 div. Initial Sample Height, in 0.9050
T100 = NA min D100 = 1006.6 div. T100 = 30.47 min. D100 = 973.4 div. Initial Sample Void Ratio 0.5388
Height at: D90 = 0.9081, D100 = 0.9083 Height at: D50 = 0.9089, D100 = 0.9117 Final Sample Height, in 0.9121
Average Sample Height, in 0.9086 Average Sample Height, in 0.9086 Final Sample Void Ratio 0.5510
Average Drainage Height, in 0.4543 Average Drainage Height, in 0.4543 Incremental Strain, % -0.79%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 301.95
Coef. of Consol., Cv, in

2/min 0.102 Coef. of Consol., Cv, in
2/min 0.011

Page 8 of 15

COPYRIGHT © 2007  GEOTECHNICAL TESTING SERVICES  1-800-853-7309

960

970

980

990

1000

1010

1020

1030

0.01 0.1 1 10 100 1000
Elapsed Time, min

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n

960

970

980

990

1000

1010

1020

1030

0 5 10 15 20

Square Root of Time, min1/2

D
ia

l R
ea

di
ng

, 0
.0

00
1i

n



 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 1-0.25
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 7 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in 4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 968.5 0.9121 0.5510
Corrections* 4.5 0.00045 0.00077

Adjusted Sample Height & Void Ratio
0.10 0.32 958.4 0.9127 0.5519
0.15 0.39 957.7 0.9128 0.5521
0.20 0.45 956.6 0.9129 0.5523
0.27 0.52 956.0 0.9129 0.5523
0.35 0.59 955.1 0.9130 0.5525
0.45 0.67 954.1 0.9131 0.5527
0.58 0.76 952.9 0.9133 0.5529
0.75 0.87 951.3 0.9134 0.5531
0.95 0.97 950.2 0.9135 0.5533
1.22 1.10 948.3 0.9137 0.5536
1.53 1.24 946.6 0.9139 0.5539
1.95 1.40 944.6 0.9141 0.5543
2.47 1.57 942.6 0.9143 0.5546
3.12 1.77 939.7 0.9146 0.5551
3.95 1.99 936.7 0.9149 0.5556
4.98 2.23 933.4 0.9152 0.5562 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 929.8 0.9156 0.5568
7.95 2.82 925.4 0.9160 0.5576
9.40 3.07 921.9 0.9164 0.5581

11.85 3.44 916.7 0.9169 0.5590
14.95 3.87 910.9 0.9175 0.5600
18.85 4.34 904.9 0.9181 0.5610
23.77 4.88 898.2 0.9187 0.5622
29.95 5.47 891.3 0.9194 0.5633
37.75 6.14 884.4 0.9201 0.5645
47.57 6.90 877.4 0.9208 0.5657
59.95 7.74 870.5 0.9215 0.5669
75.95 8.71 863.8 0.9222 0.5680
94.95 9.74 858.6 0.9227 0.5689

119.95 10.95 853.7 0.9232 0.5697
150.95 12.29 849.8 0.9236 0.5704
189.95 13.78 846.9 0.9239 0.5709
954.95 30.90 837.1 0.9248 0.5726

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 963 div. T0 = 0 min. D0 = 962.3 div.
T90 = 69.056 min D90 = 866.6 div. T50 = 17.62 min. D50 = 906.7 div. Initial Sample Height, in 0.9121
T100 = NA min D100 = 855.9 div. T100 = 113.9 min. D100 = 851 div. Initial Sample Void Ratio 0.5510
Height at: D90 = 0.9219, D100 = 0.923 Height at: D50 = 0.9179, D100 = 0.9235 Final Sample Height, in 0.9248
Average Sample Height, in 0.9185 Average Sample Height, in 0.9185 Final Sample Void Ratio 0.5726
Average Drainage Height, in 0.4592 Average Drainage Height, in 0.4592 Incremental Strain, % -1.39%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.95
Coef. of Consol., Cv, in

2/min 0.003 Coef. of Consol., Cv, in
2/min 0.002
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 0.25-0.5
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 8 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -1.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 837.1 0.9248 0.5726
Corrections* -1.5 -0.00015 -0.0003

Adjusted Sample Height & Void Ratio
0.10 0.32 842.0 0.9245 0.5720
0.15 0.39 842.0 0.9245 0.5720
0.20 0.45 842.1 0.9245 0.5720
0.27 0.52 842.1 0.9245 0.5720
0.35 0.59 842.2 0.9245 0.5719
0.45 0.67 842.2 0.9245 0.5719
0.58 0.76 842.3 0.9245 0.5719
0.75 0.87 842.3 0.9245 0.5719
0.95 0.97 842.6 0.9244 0.5719
1.22 1.10 842.6 0.9244 0.5719
1.53 1.24 842.5 0.9245 0.5719
1.95 1.40 842.9 0.9244 0.5718
2.47 1.57 843.2 0.9244 0.5718
3.12 1.77 843.1 0.9244 0.5718
3.95 1.99 843.4 0.9244 0.5717
4.98 2.23 843.9 0.9243 0.5717 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 843.9 0.9243 0.5717
7.95 2.82 843.9 0.9243 0.5717
9.40 3.07 844.3 0.9243 0.5716

11.85 3.44 845.0 0.9242 0.5715
14.95 3.87 845.1 0.9242 0.5715
18.85 4.34 845.1 0.9242 0.5715
23.77 4.88 845.6 0.9241 0.5714
29.95 5.47 845.7 0.9241 0.5714
37.75 6.14 846.0 0.9241 0.5713
47.57 6.90 846.0 0.9241 0.5713
59.95 7.74 846.4 0.9241 0.5712
75.95 8.71 846.6 0.9240 0.5712
94.95 9.74 846.7 0.9240 0.5712

119.95 10.95 847.7 0.9239 0.5710
150.95 12.29 849.0 0.9238 0.5708
189.95 13.78 849.1 0.9238 0.5708
379.95 19.49 849.7 0.9237 0.5707

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 841.6 div. T0 = 0 min. D0 = 841.8 div.
T90 = 0.706 min D90 = 842.3 div. T50 = 19.12 min. D50 = 845.4 div. Initial Sample Height, in 0.9248
T100 = NA min D100 = 842.4 div. T100 = 149.6 min. D100 = 849 div. Initial Sample Void Ratio 0.5726
Height at: D90 = 0.9245, D100 = 0.9245 Height at: D50 = 0.9242, D100 = 0.9238 Final Sample Height, in 0.9237
Average Sample Height, in 0.9243 Average Sample Height, in 0.9243 Final Sample Void Ratio 0.5707
Average Drainage Height, in 0.4621 Average Drainage Height, in 0.4621 Incremental Strain, % 0.12%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 379.95
Coef. of Consol., Cv, in

2/min 0.258 Coef. of Consol., Cv, in
2/min 0.002
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 0.5-1
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 9 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -2.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 849.7 0.9237 0.5707
Corrections* -2.5 -0.00025 -0.0004

Adjusted Sample Height & Void Ratio
0.10 0.32 858.5 0.9231 0.5696
0.15 0.39 859.1 0.9230 0.5695
0.20 0.45 859.1 0.9230 0.5695
0.27 0.52 859.9 0.9230 0.5694
0.35 0.59 860.3 0.9229 0.5693
0.45 0.67 860.8 0.9229 0.5692
0.58 0.76 861.1 0.9228 0.5692
0.75 0.87 862.1 0.9227 0.5690
0.95 0.97 862.3 0.9227 0.5690
1.22 1.10 863.4 0.9226 0.5688
1.53 1.24 863.8 0.9226 0.5687
1.95 1.40 864.7 0.9225 0.5686
2.47 1.57 865.7 0.9224 0.5684
3.12 1.77 866.8 0.9223 0.5682
3.95 1.99 868.0 0.9221 0.5680
4.98 2.23 869.4 0.9220 0.5678 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 870.8 0.9219 0.5675
7.95 2.82 872.2 0.9217 0.5673
9.40 3.07 873.3 0.9216 0.5671

11.85 3.44 875.2 0.9214 0.5668
14.95 3.87 877.1 0.9212 0.5664
18.85 4.34 878.7 0.9211 0.5662
23.77 4.88 880.2 0.9209 0.5659
29.95 5.47 881.9 0.9208 0.5656
37.75 6.14 882.8 0.9207 0.5655
47.57 6.90 883.7 0.9206 0.5653
59.95 7.74 884.6 0.9205 0.5652
75.95 8.71 885.1 0.9204 0.5651
94.95 9.74 885.5 0.9204 0.5650

119.95 10.95 885.8 0.9204 0.5650
150.95 12.29 886.2 0.9203 0.5649
189.95 13.78 886.4 0.9203 0.5649
954.95 30.90 888.3 0.9201 0.5645

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 857 div. T0 = 0 min. D0 = 856.4 div.
T90 = 22.944 min D90 = 880 div. T50 = 5.88 min. D50 = 870.4 div. Initial Sample Height, in 0.9237
T100 = NA min D100 = 882.5 div. T100 = 35.7 min. D100 = 884.5 div. Initial Sample Void Ratio 0.5707
Height at: D90 = 0.921, D100 = 0.9207 Height at: D50 = 0.9219, D100 = 0.9205 Final Sample Height, in 0.9201
Average Sample Height, in 0.9219 Average Sample Height, in 0.9219 Final Sample Void Ratio 0.5645
Average Drainage Height, in 0.4610 Average Drainage Height, in 0.4610 Incremental Strain, % 0.39%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.95
Coef. of Consol., Cv, in

2/min 0.008 Coef. of Consol., Cv, in
2/min 0.007
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 1-2
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 10 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -3.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 888.3 0.9201 0.5645
Corrections* -3.5 -0.00035 -0.0006

Adjusted Sample Height & Void Ratio
0.10 0.32 907.6 0.9185 0.5619
0.15 0.39 909.0 0.9184 0.5616
0.20 0.45 909.9 0.9183 0.5615
0.27 0.52 911.1 0.9182 0.5613
0.35 0.59 912.1 0.9181 0.5611
0.45 0.67 913.1 0.9180 0.5609
0.58 0.76 914.2 0.9179 0.5607
0.75 0.87 915.4 0.9178 0.5605
0.95 0.97 916.6 0.9176 0.5603
1.22 1.10 917.8 0.9175 0.5601
1.53 1.24 919.3 0.9174 0.5599
1.95 1.40 920.9 0.9172 0.5596
2.47 1.57 922.1 0.9171 0.5594
3.12 1.77 924.4 0.9169 0.5590
3.95 1.99 927.0 0.9166 0.5586
4.98 2.23 929.2 0.9164 0.5582 Square Root of Elapsed Time vs. Dial Reading
6.30 2.51 931.6 0.9161 0.5578
7.95 2.82 934.3 0.9159 0.5573
9.40 3.07 936.4 0.9157 0.5570

11.85 3.44 939.4 0.9154 0.5564
14.95 3.87 943.1 0.9150 0.5558
18.85 4.34 946.2 0.9147 0.5553
23.77 4.88 948.9 0.9144 0.5548
29.95 5.47 951.7 0.9141 0.5543
37.75 6.14 954.5 0.9139 0.5539
47.57 6.90 955.7 0.9137 0.5537
59.95 7.74 957.3 0.9136 0.5534
75.95 8.71 958.4 0.9135 0.5532
94.95 9.74 959.5 0.9134 0.5530

119.95 10.95 960.3 0.9133 0.5529
150.95 12.29 961.0 0.9132 0.5528
189.95 13.78 961.8 0.9131 0.5526

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 902.1 div. T0 = 0 min. D0 = 902.5 div.
T90 = 0.81 min D90 = 915.8 div. T50 = 5 min. D50 = 929.2 div. Initial Sample Height, in 0.9201
T100 = NA min D100 = 917.3 div. T100 = 33.27 min. D100 = 955.9 div. Initial Sample Void Ratio 0.5645
Height at: D90 = 0.9177, D100 = 0.9176 Height at: D50 = 0.9164, D100 = 0.9137 Final Sample Height, in 0.9131
Average Sample Height, in 0.9166 Average Sample Height, in 0.9166 Final Sample Void Ratio 0.5526
Average Drainage Height, in 0.4583 Average Drainage Height, in 0.4583 Incremental Strain, % 0.76%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.95
Coef. of Consol., Cv, in

2/min 0.219 Coef. of Consol., Cv, in
2/min 0.008
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 2-4
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 11 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -4.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 961.8 0.9131 0.5526
Corrections* -4.5 -0.00045 -0.0008

Adjusted Sample Height & Void Ratio
0.08 0.29 994.3 0.9103 0.5479
0.13 0.37 996.7 0.9101 0.5475
0.18 0.43 998.4 0.9099 0.5472
0.25 0.50 1000.2 0.9097 0.5469
0.33 0.58 1001.9 0.9096 0.5466
0.43 0.66 1003.7 0.9094 0.5463
0.57 0.75 1005.6 0.9092 0.5460
0.73 0.86 1007.5 0.9090 0.5456
0.93 0.97 1009.6 0.9088 0.5453
1.20 1.10 1011.9 0.9086 0.5449
1.52 1.23 1014.2 0.9083 0.5445
1.93 1.39 1016.9 0.9081 0.5440
2.45 1.57 1019.7 0.9078 0.5436
3.10 1.76 1022.8 0.9075 0.5430
3.93 1.98 1026.3 0.9071 0.5424
4.97 2.23 1029.8 0.9068 0.5418 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1034.1 0.9063 0.5411
7.93 2.82 1038.5 0.9059 0.5404
9.38 3.06 1042.0 0.9056 0.5398

11.83 3.44 1047.1 0.9050 0.5389
14.93 3.86 1052.0 0.9046 0.5381
18.83 4.34 1057.3 0.9040 0.5372
23.75 4.87 1061.7 0.9036 0.5364
29.93 5.47 1066.8 0.9031 0.5356
37.73 6.14 1070.1 0.9027 0.5350
47.55 6.90 1073.4 0.9024 0.5344
59.93 7.74 1076.4 0.9021 0.5339
75.93 8.71 1078.6 0.9019 0.5335
94.93 9.74 1080.6 0.9017 0.5332

119.93 10.95 1082.5 0.9015 0.5329
150.93 12.29 1084.2 0.9013 0.5326
189.93 13.78 1086.5 0.9011 0.5322

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 986 div. T0 = 0 min. D0 = 986.7 div.
T90 = 0.689 min D90 = 1007 div. T50 = 4.88 min. D50 = 1029.5 div. Initial Sample Height, in 0.9131
T100 = NA min D100 = 1009.3 div. T100 = 36.09 min. D100 = 1072.3 div. Initial Sample Void Ratio 0.5526
Height at: D90 = 0.9091, D100 = 0.9088 Height at: D50 = 0.9068, D100 = 0.9025 Final Sample Height, in 0.9011
Average Sample Height, in 0.9071 Average Sample Height, in 0.9071 Final Sample Void Ratio 0.5322
Average Drainage Height, in 0.4536 Average Drainage Height, in 0.4536 Incremental Strain, % 1.32%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 189.93333
Coef. of Consol., Cv, in

2/min 0.254 Coef. of Consol., Cv, in
2/min 0.008
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 4-8
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 12 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -10

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1086.5 0.9011 0.5322
Corrections* -10 -0.001 -0.0017

Adjusted Sample Height & Void Ratio
0.08 0.29 1141.6 0.8966 0.5245
0.13 0.37 1145.5 0.8962 0.5239
0.18 0.43 1148.4 0.8959 0.5234
0.25 0.50 1151.7 0.8956 0.5228
0.33 0.58 1155.1 0.8952 0.5222
0.43 0.66 1158.5 0.8949 0.5217
0.57 0.75 1162.3 0.8945 0.5210
0.73 0.86 1166.6 0.8941 0.5203
0.93 0.97 1171.0 0.8936 0.5195
1.20 1.10 1176.2 0.8931 0.5186
1.52 1.23 1181.6 0.8926 0.5177
1.93 1.39 1187.9 0.8920 0.5167
2.45 1.57 1194.7 0.8913 0.5155
3.10 1.76 1202.3 0.8905 0.5142
3.93 1.98 1210.7 0.8897 0.5128
4.97 2.23 1220.1 0.8887 0.5112 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1230.8 0.8877 0.5094
7.93 2.82 1242.5 0.8865 0.5074
9.38 3.06 1251.8 0.8856 0.5058

11.83 3.44 1265.4 0.8842 0.5035
14.93 3.86 1279.8 0.8828 0.5010
18.83 4.34 1294.6 0.8813 0.4985
23.75 4.87 1309.2 0.8798 0.4960
29.93 5.47 1323.5 0.8784 0.4936
37.73 6.14 1336.1 0.8771 0.4914
47.55 6.90 1347.1 0.8760 0.4896
59.93 7.74 1356.1 0.8751 0.4881
75.93 8.71 1363.1 0.8744 0.4869
94.93 9.74 1368.4 0.8739 0.4860

119.93 10.95 1372.7 0.8735 0.4852
150.93 12.29 1376.1 0.8731 0.4847
189.93 13.78 1378.8 0.8729 0.4842
954.93 30.90 1390.5 0.8717 0.4822

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1132.2 div. T0 = 0 min. D0 = 1128.1 div.
T90 = 32.604 min D90 = 1328 div. T50 = 8.91 min. D50 = 1248.9 div. Initial Sample Height, in 0.9011
T100 = NA min D100 = 1349.8 div. T100 = 61.53 min. D100 = 1369.7 div. Initial Sample Void Ratio 0.5322
Height at: D90 = 0.878, D100 = 0.8758 Height at: D50 = 0.8859, D100 = 0.8738 Final Sample Height, in 0.8717
Average Sample Height, in 0.8864 Average Sample Height, in 0.8864 Final Sample Void Ratio 0.4822
Average Drainage Height, in 0.4432 Average Drainage Height, in 0.4432 Incremental Strain, % 3.26%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 954.93333
Coef. of Consol., Cv, in

2/min 0.005 Coef. of Consol., Cv, in
2/min 0.004
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 ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF SOILS
ASTM D 2435

Client Civil & Environmental Consultants, Inc.Boring RB-4 Test Load, tsf 8-16
Client Project 091-867 Apex Landfill Expansion Depth 19'-24' Load 13 of 13
Project No. 30598 Sample B-1

Lab ID# 30598027
Visual Description Olive Brown Lean Clay with Sand
Test Conditions: Remolded, Inundated, and Double Drained

Time Vs. Dial Reading Machine Deflection
Elapsed Sqrt Dial Sample Void Applied Deflection Correction to Sample Height, 0.0001in -13.5

Time Time Reading Height Ratio *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 1390.5 0.8717 0.4822
Corrections* -13.5 -0.00135 -0.0023

Adjusted Sample Height & Void Ratio
0.08 0.29 1434.2 0.8687 0.4771
0.13 0.37 1437.7 0.8683 0.4765
0.18 0.43 1440.9 0.8680 0.4759
0.25 0.50 1444.1 0.8677 0.4754
0.33 0.58 1447.5 0.8673 0.4748
0.43 0.66 1451.1 0.8670 0.4742
0.57 0.75 1455.3 0.8666 0.4735
0.73 0.86 1459.8 0.8661 0.4727
0.93 0.97 1464.7 0.8656 0.4719
1.20 1.10 1470.3 0.8651 0.4709
1.52 1.23 1476.2 0.8645 0.4699
1.93 1.39 1483.2 0.8638 0.4687
2.45 1.57 1490.9 0.8630 0.4674
3.10 1.76 1499.6 0.8621 0.4659
3.93 1.98 1509.4 0.8612 0.4643
4.97 2.23 1520.3 0.8601 0.4624 Square Root of Elapsed Time vs. Dial Reading
6.28 2.51 1532.5 0.8589 0.4604
7.93 2.82 1546.1 0.8575 0.4580
9.38 3.06 1556.5 0.8565 0.4563

11.83 3.44 1571.9 0.8549 0.4537
14.93 3.86 1588.6 0.8532 0.4508
18.83 4.34 1605.4 0.8516 0.4480
23.75 4.87 1622.2 0.8499 0.4451
29.93 5.47 1638.2 0.8483 0.4424
37.73 6.14 1652.5 0.8469 0.4400
47.55 6.90 1664.4 0.8457 0.4379
59.93 7.74 1674.4 0.8447 0.4362
75.93 8.71 1682.4 0.8439 0.4349
94.93 9.74 1688.6 0.8432 0.4338

119.93 10.95 1693.5 0.8428 0.4330
150.93 12.29 1697.9 0.8423 0.4322
189.93 13.78 1701.4 0.8420 0.4316
239.93 15.49 1704.8 0.8416 0.4311

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 1421.9 div. T0 = 0 min. D0 = 1420.8 div.
T90 = 34.106 min D90 = 1646.1 div. T50 = 8.69 min. D50 = 1551.7 div. Initial Sample Height, in 0.8717
T100 = NA min D100 = 1671 div. T100 = 54.72 min. D100 = 1682.6 div. Initial Sample Void Ratio 0.4822
Height at: D90 = 0.8475, D100 = 0.845 Height at: D50 = 0.8569, D100 = 0.8438 Final Sample Height, in 0.8416
Average Sample Height, in 0.8567 Average Sample Height, in 0.8567 Final Sample Void Ratio 0.4311
Average Drainage Height, in 0.4283 Average Drainage Height, in 0.4283 Incremental Strain, % 3.45%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 239.93333
Coef. of Consol., Cv, in

2/min 0.005 Coef. of Consol., Cv, in
2/min 0.004
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Client Civil & Environmental Consultants, Inc.Boring SB-12
Client Project 091-867 Apex Landfill Expansion Depth 16-'18'
Project No. 30598 Sample SS-9

Lab Sample No. 30598035
USCS Description DARK GRAYISH BROWN FAT CLAY WITH SAND
USCS Group Symbol CH
AASHTO Classification A-7-6 (21)

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

Representable Wet Wt, gm 166.0 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 0.0 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 166.0 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 23.6 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 134.3 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 134.3 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 0 0.0 0.0 100.0 100.0
* Note: Percentages +#4 are based on 3/8" 9.5 0 0.0 0.0 100.0 100.0
total Dry representable sample. #4 4.75 0 0.0 0.0 100.0 100.0

#10 2 0.19 0.3 0.3 99.7 99.7
Tare No. G4 #20 0.85 2.26 3.5 3.8 96.2 96.2
Tare + WS., gm 203.06 #40 0.425 1.9 3.0 6.8 93.2 93.2
Tare + DS., gm 187.94 #60 0.25 1.75 2.7 9.5 90.5 90.5
Tare, gm 123.82 #140 0.106 4.49 7.0 16.5 83.5 83.5
Wt. of DS., gm 64.12 #200 0.075 2.8 4.4 20.9 79.1 79.1
Water Content -#4, % 23.6 Pan -  13.4 7.1 28.0     -     -
Wt. of +#200 Sample, gm 13.4

% Gravel (-3" & +#4) 0.0
 Coarse=0; Fine=0 D60, mm NA
% Sand (-#4 & +#200) 20.9 D30, mm NA
Coarse=0.3; Med.=6.5; Fine=14.1 D10, mm NA Wt Ret, gm % Retained % Finer
% Fines (-#200) 79.1 Cc NA 12" Sieve - 300 mm 0 0.0 100.0
% Plus #200 (-3") 20.9 Cu NA 6" Sieve - 150 mm 0 0.0 100.0

3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
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Auxiliary Information

As-Received Representative Sample 
Size Split or Material Submitted Used

Corrected For 100% Passing a 3" Sieve USCS Description
FAT CLAY WITH SAND

USCS Group Symbol
CH

Atterberg Limits Group Symbol
CH, LL=50, PL=25, PI=25

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

USCS SOIL CLASSIFICATION
 The final percent finer combines the gradation of the plus #4 and minus #4 material.

Split Sample, -#4 washed over #200
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Client Civil & Environmental Consultants, Inc.Boring No. SB-12
Client Project 091-867 Apex Landfill Expansion Depth(ft) 16-'18'
Project No. 30598 Sample No. SS-9

Lab Sample No. 30598035
Soil Description: DARK GRAYISH BROWN FAT CLAY
(-#40 Fraction)

 
   Tare Number G4         Liquid Limit (LL), % 50
   Wt. Tare & WS, gm 203.06         Plastic Limit (PL), % 25
   Wt. Tare & DS, gm 187.94         Plasticity Index (PI) 25
   Wt. Water, gm 15.12         USCS Symbol (-#40 Fraction) CH
   Wt. Tare, gm 123.82         Sample Preparation: Wet Method
   Wt. DS, gm 64.12         Liquidity Index, % -5.7%
   Water Content, % 23.6         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 469 510 979 446 505 505
Wt. Tare & WS, gm 17.58 17.35 34.93 18.86 19.70 19.70
Wt. Tare & DS, gm 16.22 16.08 32.30 16.15 16.72 16.72
Wt. Water, gm 1.36 1.27 2.63 2.71 2.98 2.98
Wt. Tare, gm 10.78 10.83 21.61 10.70 10.77 10.77
Wt. DS, gm 5.44 5.25 10.69 5.45 5.95 5.95
Water Content, % 25.0 24.2 24.6 49.7 50.1 50.1

# of Blows 25 25 25

0 0 1.39794 1.39794 1.39794
7 7 -1.4E+09 1.034E+09

29.59 7 25 49.904402
25.5 4

4 4
25.5 4
100 58.4

50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

50 25

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT
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Client Civil & Environmental Consultants, Inc.Boring SB-17
Client Project 091-867 Apex Landfill Expansion Depth 6'-8'
Project No. 30598 Sample SS-4

Lab Sample No. 30598037
USCS Description DARK GRAYISH BROWN SANDY LEAN CLAY
USCS Group Symbol CL
AASHTO Classification A-6 (11)

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

Representable Wet Wt, gm 199.7 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 24.2 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 175.5 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 13.9 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 154.1 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 178.3 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 6.72 3.8 3.8 96.2 96.2
* Note: Percentages +#4 are based on 3/8" 9.5 8.87 5.0 8.7 91.3 91.3
total Dry representable sample. #4 4.75 8.57 4.8 13.6 86.4 86.4

#10 2 6.78 9.1 9.1 90.9 78.6
Tare No. C2 #20 0.85 7.31 9.8 18.9 81.1 70.1
Tare + WS., gm 208.28 #40 0.425 4.57 6.1 25.0 75.0 64.9
Tare + DS., gm 197.9 #60 0.25 2.96 4.0 28.9 71.1 61.4
Tare, gm 123.17 #140 0.106 4.02 5.4 34.3 65.7 56.8
Wt. of DS., gm 74.73 #200 0.075 1.82 2.4 36.7 63.3 54.7
Water Content -#4, % 13.9 Pan -  27.5 13.9 50.6     -     -
Wt. of +#200 Sample, gm 27.5

% Gravel (-3" & +#4) 13.6
 Coarse=0; Fine=13.6 D60, mm NA
% Sand (-#4 & +#200) 31.8 D30, mm NA
Coarse=7.8; Med.=13.7; Fine=10.2 D10, mm NA Wt Ret, gm % Retained % Finer
% Fines (-#200) 54.7 Cc NA 12" Sieve - 300 mm 0 0.0 100.0
% Plus #200 (-3") 45.3 Cu NA 6" Sieve - 150 mm 0 0.0 100.0

3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010

Atterberg Limits Group Symbol
CL, LL=38, PL=10, PI=28

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

USCS SOIL CLASSIFICATION
 The final percent finer combines the gradation of the plus #4 and minus #4 material.

Split Sample, -#4 washed over #200
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Auxiliary Information

As-Received Representative Sample 
Size Split or Material Submitted Used

Corrected For 100% Passing a 3" Sieve USCS Description
SANDY LEAN CLAY

USCS Group Symbol
CL
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Client Civil & Environmental Consultants, Inc.Boring No. SB-17
Client Project 091-867 Apex Landfill Expansion Depth(ft) 6'-8'
Project No. 30598 Sample No. SS-4

Lab Sample No. 30598037
Soil Description: DARK GRAYISH BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number C2         Liquid Limit (LL), % 38
   Wt. Tare & WS, gm 208.28         Plastic Limit (PL), % 10
   Wt. Tare & DS, gm 197.90         Plasticity Index (PI) 28
   Wt. Water, gm 10.38         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 123.17         Sample Preparation: Wet Method
   Wt. DS, gm 74.73         Liquidity Index, % 13.9%
   Water Content, % 13.9         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 403 509 429 430 426 426
Wt. Tare & WS, gm 18.55 20.50 18.88 19.63 21.57 21.57
Wt. Tare & DS, gm 17.85 19.65 18.15 17.21 18.60 18.60
Wt. Water, gm 0.70 0.85 0.73 2.42 2.97 2.97
Wt. Tare, gm 10.75 10.71 10.62 10.81 10.74 10.74
Wt. DS, gm 7.10 8.94 7.53 6.40 7.86 7.86
Water Content, % 9.9 9.5 9.7 37.8 37.8 37.8

# of Blows 25 24 24

0 0 1.39794 1.3802112 1.3802112
7 7 35.7434 1.4801062

29.59 7 25 37.8125
25.5 4

4 4
25.5 4
100 58.4

50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

38 28

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT
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Client Civil & Environmental Consultants, Inc.Boring SB-18
Client Project 091-867 Apex Landfill Expansion Depth 28'-30'
Project No. 30598 Sample SS-11

Lab Sample No. 30598038
USCS Description DARK GRAY CLAYEY GRAVEL WITH SAND
USCS Group Symbol GC
AASHTO Classification A-7-6 (3)

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

Representable Wet Wt, gm 270.8 3" 75 0 0.0 0.0 100.0 100.0
+#4 Grnd., Washed DS., gm 102.5 2 1/2" 62.5 0 0.0 0.0 100.0 100.0
-#4 Wet Wt., gm 168.3 2" 50 0 0.0 0.0 100.0 100.0
-#4 Water Content, % 17.3 1 1/2" 37.5 0 0.0 0.0 100.0 100.0
-#4 Dry Wt., gm 143.5 1" 25 0 0.0 0.0 100.0 100.0
Representable Dry Wt, gm 246.0 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 80.8 32.8 32.8 67.2 67.2
* Note: Percentages +#4 are based on 3/8" 9.5 9.43 3.8 36.7 63.3 63.3
total Dry representable sample. #4 4.75 12.3 5.0 41.7 58.3 58.3

#10 2 3.84 6.4 6.4 93.6 54.6
Tare No. 446 #20 0.85 6.01 10.0 16.3 83.7 48.8
Tare + WS., gm 154.13 #40 0.425 4.02 6.7 23.0 77.0 44.9
Tare + DS., gm 143.7 #60 0.25 2.63 4.4 27.3 72.7 42.4
Tare, gm 83.31 #140 0.106 3.15 5.2 32.5 67.5 39.3
Wt. of DS., gm 60.39 #200 0.075 1.23 2.0 34.6 65.4 38.2
Water Content -#4, % 17.3 Pan -  20.9 14.5 49.1     -     -
Wt. of +#200 Sample, gm 20.9

% Gravel (-3" & +#4) 41.7
 Coarse=0; Fine=41.7 D60, mm NA
% Sand (-#4 & +#200) 20.2 D30, mm NA
Coarse=3.7; Med.=9.7; Fine=6.8 D10, mm NA Wt Ret, gm % Retained % Finer
% Fines (-#200) 38.2 Cc NA 12" Sieve - 300 mm 0 0.0 100.0
% Plus #200 (-3") 61.8 Cu NA 6" Sieve - 150 mm 0 0.0 100.0

3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 12/1/2010
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Auxiliary Information

As-Received Representative Sample 
Size Split or Material Submitted Used

Corrected For 100% Passing a 3" Sieve USCS Description
CLAYEY GRAVEL WITH SAND

USCS Group Symbol
GC

Atterberg Limits Group Symbol
CL, LL=41, PL=20, PI=21

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

USCS SOIL CLASSIFICATION
 The final percent finer combines the gradation of the plus #4 and minus #4 material.

Split Sample, -#4 washed over #200
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Client Civil & Environmental Consultants, Inc.Boring No. SB-18
Client Project 091-867 Apex Landfill Expansion Depth(ft) 28'-30'
Project No. 30598 Sample No. SS-11

Lab Sample No. 30598038
Soil Description: DARK GRAY LEAN CLAY
(-#40 Fraction)

 
   Tare Number 446         Liquid Limit (LL), % 41
   Wt. Tare & WS, gm 154.13         Plastic Limit (PL), % 20
   Wt. Tare & DS, gm 143.70         Plasticity Index (PI) 21
   Wt. Water, gm 10.43         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 83.31         Sample Preparation: Wet Method
   Wt. DS, gm 60.39         Liquidity Index, % -13.0%
   Water Content, % 17.3         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 421 426 847 427 427 427
Wt. Tare & WS, gm 16.87 17.32 34.19 21.19 21.19 21.19
Wt. Tare & DS, gm 15.82 16.23 32.05 18.20 18.20 18.20
Wt. Water, gm 1.05 1.09 2.14 2.99 2.99 2.99
Wt. Tare, gm 10.79 10.74 21.53 10.82 10.82 10.82
Wt. DS, gm 5.03 5.49 10.52 7.38 7.38 7.38
Water Content, % 20.9 19.9 20.3 40.5 40.5 40.5

# of Blows 24 24 24

0 0 1.380211 1.3802112 1.3802112
7 7 40.51491 0

29.59 7 25 40.514905
25.5 4

4 4
25.5 4
100 58.4

50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

41 21

Input Validation:                                                                        Reviewed By:       Date Tested: 12/1/2010

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY

PLASTIC LIMIT LIQUID LIMIT
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DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS

Client Civil & Environmental Consultants, Inc. Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom

Lab No. 30598039
Visual Description Grayish Brown Fat Clay
Sample Condition Undisturbed

NORMAL STRESS vs. SHEAR STRESS
φ = φ = φ = φ = 23.8°              c = 1.9 psi

HORIZONTAL DEFORMATION vs. SHEAR STRESS HORIZONTAL DEFORMATION vs. SAMPLE HEIGHT

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Using All Points

Note: The calculations performed and the parameters presented herein are for preliminary purposes only.  GTS only accepts responsibility for the raw data obtained from the 
direct shear tests.  This data may be interpreted differently by others.  It is the responsibility of the user to determine the appropriateness and accuracy of the computed values.

Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower value than the one reported above.



DIRECT SHEAR TEST OF SOILS
UNDER CONSOLIDATED, DRAINED CONDITIONS
MOHRS'S CIRCLE AND FAILURE PARAMETERS

Client: Civil & Environmental Consultants, Inc. Boring: SB-14
Client Project 091-867 Apex Landfill Expansion Depth: 25' - 27'
Project No. 30598 Sample: ST-2 Bottom

Lab Sample ID 30598039
Material: Grayish Brown Fat Clay
Condition Undisturbed
Average Friction Angle, φφφφ, deg. 23.8 Using All Points
Average Cohesion, c, psi 1.9 Using All Points
Sample Condition
Normal Stress, psi 10.05 39.96 80.07
Shear Stress at Failure, psi 7.57 17.50 38.22
Mohr's Circle Radius, psi 8.3 19.1 41.8
Mohr's Circle Origin, psi 13.4 47.7 97.0
(Origin - Normal Stress), psi 3.3 7.7 16.9
Minor Principal Stress σ3, psi 5.1 28.6 55.2
Major Principal Stress σ1, psi 21.7 66.8 138.8
Principal Stress Difference, σ1−σ3, psi 16.6 38.3 83.6
Normal Stress Pole Coordinate, X, psi 16.7 55.4 113.9
Shear Stress Pole Coordinate, Y, psi 7.6 17.5 38.2
Assumed Failure Plane, deg 0 - Horizontal 0 - Horizontal 0 - Horizontal
Major Principal Failure Plane Angle, deg 56.9 56.9 56.9
Minor Principal Failure Plane Angle, deg 33.1 33.1 33.1
Maximum Shear Stress, psi 8.3 19.1 41.8
Maximum Shear Failure Plane Angle, deg 11.9 11.9 11.9
Initial Water Content, % 38.1% 38.1% 38.1%
Initial Dry Density, pcf 78.0 90.6 77.6

COPYRIGHT © 2002  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Client Civil & Environmental Consultants, Inc.Boring SB-14
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom 30598039 ds test 1.sdf

Lab No. 30598039 30598039 ds test 4.sdf

Visual Description Grayish Brown Fat Clay 30598039 ds test 2 80 psi.sdf

Sample Condition Undisturbed

Test No.
Initial After Consol. Final Initial After Consol. Final Initial After Consol. Final

Tare I.D. A45 - Z3 A45 - Z2 A45 - Z1
Wt. Wet Soil & Tare, gm 94.14 - 260.67 94.14 - 276.26 94.14 - 256.49
Wt. Dry Soil & Tare, gm 70.66 - 217.43 70.66 - 242.63 70.66 - 216.55
Wt. Tare, gm 9.06 - 123.27 9.06 - 123.1 9.06 - 123.14
Water Content, % 38.1% - 45.9% 38.1% - 28.1% 38.1% - 42.8%

Wt. of Wet Soil & Mold, gm 291.22 - - 312.52 - - 289.06 - -
Wt. of Mold, gm 152.31 - - 151.14 - - 150.96 - -
Wt. of Wet Soil, gm 138.91 - - 161.38 - - 138.1 - -
Sample Height, in 1 0.9688 0.9550 1 0.9374 0.9302 1 0.8543 0.8275
Sample Diameter, in 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Sample Area, in^2 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
Sample Volume, cc 80.44 77.93 76.82 80.44 75.41 74.83 80.44 68.72 66.57
Wet Density, pcf 107.8 NA 119.2 125.2 NA 124.9 107.1 NA 133.8
Dry Density, pcf 78.0 NA 81.7 90.6 NA 97.4 77.6 NA 93.7

t90, min. (Sqrt. Method) 0.34 26.01 0.37
Equivalent t50, min. (Sqrt.) 0.08 6.08 0.09
t50, min. (Log Method) 0.16 0.82 0.23
Selected t50, min. (Max.) 0.16 6.08 0.23
Calc. Disp. Rate, in./min. 0.0200 0.0002 0.0117

Test No.
Normal Stress, psi
Shear Stress at Failure, psi 7.6 Peak 17.5 Peak 38.2 Peak
Shear Disp. at Failure, in
Displacement Rate, in/min

Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0 0.000

0.005 3.8 0.8 0.000 1.3 0.3 0.000 3.3 0.7 0.000
0.010 6.3 1.3 0.000 15.3 3.1 0.000 11.9 2.4 -0.001
0.015 11.5 2.3 0.000 32.1 6.5 0.000 32.0 6.5 -0.001
0.020 15.0 3.0 -0.001 42.9 8.7 -0.001 48.7 9.9 -0.002
0.025 18.1 3.7 -0.001 49.9 10.2 -0.001 63.0 12.8 -0.003
0.030 20.8 4.2 -0.002 57.6 11.7 -0.002 75.8 15.4 -0.004
0.035 23.0 4.7 -0.002 64.3 13.1 -0.002 88.5 18.0 -0.005
0.040 25.1 5.1 -0.002 69.2 14.1 -0.002 99.7 20.3 -0.006
0.045 26.7 5.4 -0.003 74.1 15.1 -0.003 111.2 22.7 -0.007
0.050 28.0 5.7 -0.003 78.3 16.0 -0.003 120.9 24.6 -0.008
0.055 29.3 6.0 -0.003 80.9 16.5 -0.003 130.7 26.6 -0.010
0.060 30.4 6.2 -0.004 83.0 16.9 -0.004 138.6 28.2 -0.011
0.065 31.4 6.4 -0.004 84.5 17.2 -0.004 146.3 29.8 -0.012
0.070 32.3 6.6 -0.005 85.4 17.4 -0.005 152.6 31.1 -0.013

DIRECT SHEAR TEST OF SOILS UNDER CONSOLIDATED DRAINED CONDITIONS - ASTM D 3080

TEST DATA AND SUMMARY

SAMPLE CONDITIONS
1 2 3

DEFORMATION RATE CALCULATIONS

1
10.05

0.160
0.0020 0.0020 0.0020

0.075 0.135

2
39.96

3
80.07

30598039 B- DS.xls



Horizontal Shear Shear Vertical Shear Shear Vertical Shear Shear Vertical
Displacement Force Stress Deformation Force Stress Deformation Force Stress Deformation

in lb. psi in lb. psi in lb. psi in
0.075 33.1 6.7 -0.005 85.9 17.5 -0.005 158.7 32.3 -0.014
0.080 33.5 6.8 -0.006 85.4 17.4 -0.005 163.8 33.4 -0.015
0.085 34.2 7.0 -0.006 85.3 17.4 -0.005 168.9 34.4 -0.015
0.090 34.7 7.1 -0.006 85.3 17.4 -0.006 172.5 35.1 -0.016
0.095 35.2 7.2 -0.007 84.4 17.2 -0.006 176.5 36.0 -0.017
0.100 35.6 7.2 -0.007 82.7 16.8 -0.006 179.2 36.5 -0.018
0.105 35.7 7.3 -0.007 81.1 16.5 -0.006 181.8 37.0 -0.018
0.110 36.3 7.4 -0.008 79.8 16.3 -0.007 183.9 37.5 -0.019
0.115 36.3 7.4 -0.008 78.5 16.0 -0.007 185.2 37.7 -0.020
0.120 36.5 7.4 -0.008 76.8 15.6 -0.007 186.4 38.0 -0.020
0.125 36.8 7.5 -0.009 76.2 15.5 -0.007 187.6 38.2 -0.021
0.130 37.0 7.5 -0.009 75.4 15.4 -0.007 187.6 38.2 -0.021
0.135 36.9 7.5 -0.009 74.6 15.2 -0.007 187.7 38.2 -0.022
0.140 36.8 7.5 -0.010 187.4 38.2 -0.022
0.145 36.9 7.5 -0.010 186.4 38.0 -0.023
0.150 37.0 7.5 -0.010 186.1 37.9 -0.023
0.155 37.1 7.6 -0.010 184.9 37.7 -0.024
0.160 37.2 7.6 -0.011 183.2 37.3 -0.024
0.165 36.9 7.5 -0.011 182.0 37.1 -0.024
0.170 36.7 7.5 -0.011 180.0 36.7 -0.025
0.175 36.5 7.4 -0.012 178.1 36.3 -0.025
0.180 36.5 7.4 -0.012 176.0 35.9 -0.026
0.185 36.6 7.4 -0.012 172.2 35.1 -0.026
0.190 36.4 7.4 -0.012 168.3 34.3 -0.026
0.195 36.3 7.4 -0.013 163.4 33.3 -0.026
0.200 36.2 7.4 -0.013 159.6 32.5 -0.026
0.205 35.8 7.3 -0.013 155.0 31.6 -0.027
0.210 35.8 7.3 -0.013 151.3 30.8 -0.027
0.215 35.0 7.1 -0.013 147.8 30.1 -0.027
0.220 35.0 7.1 -0.013 144.3 29.4 -0.027
0.225 35.0 7.1 -0.013 141.6 28.8 -0.027
0.230 34.6 7.0 -0.014 138.8 28.3 -0.027
0.235 34.6 7.1 -0.014 136.6 27.8 -0.027
0.240 34.4 7.0 -0.014 133.9 27.3 -0.027
0.245 34.7 7.1 -0.014 132.0 26.9 -0.027
0.250 130.3 26.5 -0.027

Input Validation: Reviewed By:
COPYRIGHT © 2005  GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Final Test Load, psi 10.05
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom

Lab ID# 30598039
Description Grayish Brown Fat Clay
Test Conditions: Undisturbed

Increment Start Date and Time: 12/09/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 67

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 67 0.0067

Adjusted Sample Height
0.08 0.29 148.8 0.9918
0.08 0.29 148.8 0.9918
0.13 0.37 163.8 0.9903
0.18 0.43 172.1 0.9895
0.23 0.48 178.9 0.9888
0.32 0.56 184.8 0.9882
0.40 0.63 189.9 0.9877
0.50 0.71 195.6 0.9871
0.63 0.80 200.1 0.9867
0.80 0.89 204.4 0.9863
1.00 1.00 208.4 0.9859
1.27 1.13 212.8 0.9854
1.58 1.26 215.9 0.9851
2.00 1.41 219.5 0.9847 Square Root of Elapsed Time vs. Dial Reading
2.53 1.59 222.1 0.9845
3.18 1.78 224.8 0.9842
4.02 2.00 225.6 0.9841
5.05 2.25 227.7 0.9839
6.37 2.52 228.6 0.9838
8.02 2.83 231.5 0.9836
9.47 3.08 232.1 0.9835

11.92 3.45 233.6 0.9833
15.02 3.88 236.2 0.9831
18.92 4.35 238.0 0.9829
23.85 4.88 240.3 0.9827
76.03 8.72 244.6 0.9688

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 99.9 div. T0 = 0 min. D0 = 111.7 div.
T90 = 0.336 min D90 = 186.2 div. T50 = 0.16 min. D50 = 169.2 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 195.7 div. T100 = 1.27 min. D100 = 226.8 div.
Height at: D90 = 0.9747, D100 = 0.9737 Height at: D50 = 0.9764, D100 = 0.9706 Final Sample Height, in 0.9688
Average Sample Height, in 0.9844 Average Sample Height, in 0.9844
Average Drainage Height, in 0.4922 Average Drainage Height, in 0.4922 Incremental Strain, % 3.12%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 76
Coef. of Consol., Cv, in

2/min 0.607 Coef. of Consol., Cv, in
2/min 0.298

Input Validation: Reviewed By: Date 12/9/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Final Test Load, psi 39.96
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom

Lab ID# 30598039
Description Grayish Brown Fat Clay
Test Conditions: Undisturbed

Increment Start Date: 12/09/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 147

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 147 0.0147

Adjusted Sample Height
0.07 0.26 217.3 0.9930
0.07 0.26 217.3 0.9930
0.12 0.34 248.6 0.9898
0.18 0.43 259.6 0.9887
0.23 0.48 265.0 0.9882
0.30 0.55 269.6 0.9877
0.38 0.62 272.8 0.9874
0.48 0.70 277.7 0.9869
0.62 0.79 282.1 0.9865
0.78 0.89 286.6 0.9860
0.98 0.99 291.4 0.9856
1.27 1.13 296.4 0.9851
1.58 1.26 302.4 0.9845
2.00 1.41 308.8 0.9838 Square Root of Elapsed Time vs. Dial Reading
2.52 1.59 314.7 0.9832
3.17 1.78 322.3 0.9825
4.00 2.00 330.2 0.9817
5.05 2.25 338.0 0.9809
6.37 2.52 347.3 0.9800
8.02 2.83 357.6 0.9789
9.47 3.08 366.3 0.9781

11.92 3.45 377.2 0.9770
15.03 3.88 389.5 0.9757
18.93 4.35 402.4 0.9745
23.85 4.88 414.6 0.9732
603.07 24.56 478.5 0.9374

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 244.5 div. T0 = 0 min. D0 = 167.1 div.
T90 = 26.01 min D90 = 415.3 div. T50 = 0.82 min. D50 = 287.6 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 434.3 div. T100 = 20.95 min. D100 = 408.1 div.
Height at: D90 = 0.9438, D100 = 0.9419 Height at: D50 = 0.9565, D100 = 0.9445 Final Sample Height, in 0.9374
Average Sample Height, in 0.9687 Average Sample Height, in 0.9687
Average Drainage Height, in 0.4844 Average Drainage Height, in 0.4844 Incremental Strain, % 6.26%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 603
Coef. of Consol., Cv, in

2/min 0.008 Coef. of Consol., Cv, in
2/min 0.056

Input Validation: Reviewed By: Date 12/9/2010
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ONE DIMENSIONAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-14 Final Test Load, psi 80.07
Client Project 091-867 Apex Landfill Expansion Depth 25' - 27'
Project No. 30598 Sample ST-2 Bottom

Lab ID# 30598039
Description Grayish Brown Fat Clay
Test Conditions: Undisturbed

Increment Start Date: 12/08/10 Machine Deflection
Elapsed Sqrt Dial Sample Applied Deflection Correction to Sample Height, 0.0001in 217

Time Time Reading Height *Correction is applied to all dial readings.
(min) (min1/2) (0.0001in) (in) Log of Elapsed Time vs. Dial Reading

0 0 0 1.0000
Corrections* 217 0.0217

Adjusted Sample Height
0.07 0.26 768.7 0.9448
0.07 0.26 768.7 0.9448
0.12 0.34 837.6 0.9379
0.17 0.41 872.0 0.9345
0.22 0.47 891.1 0.9326
0.28 0.53 910.0 0.9307
0.37 0.61 923.3 0.9294
0.47 0.68 937.0 0.9280
0.62 0.79 954.0 0.9263
0.78 0.89 969.1 0.9248
0.98 0.99 983.3 0.9234
1.25 1.12 1000.2 0.9217
1.57 1.25 1014.6 0.9202
1.98 1.41 1031.1 0.9186 Square Root of Elapsed Time vs. Dial Reading
2.52 1.59 1047.3 0.9170
3.17 1.78 1063.9 0.9153
4.00 2.00 1079.6 0.9137
5.03 2.24 1095.4 0.9122
6.35 2.52 1110.4 0.9107
8.00 2.83 1124.3 0.9093
9.45 3.07 1134.8 0.9082

11.90 3.45 1147.4 0.9070
15.00 3.87 1157.1 0.9060
18.90 4.35 1166.6 0.9050
23.83 4.88 1176.2 0.9041
603.03 24.56 1240.4 0.8543

Sqrt. of Elapsed Time vs Dial Reading Log of Elapsed Time vs Dial Reading Load Summary
T0 = 0 min. D0 = 639.3 div. T0 = 0 min. D0 = 631.6 div.
T90 = 0.372 min D90 = 924.5 div. T50 = 0.23 min. D50 = 895.5 div. Initial Sample Height, in 1.0000
T100 = NA min D100 = 956.2 div. T100 = 11.92 min. D100 = 1159.4 div.
Height at: D90 = 0.8859, D100 = 0.8827 Height at: D50 = 0.8888, D100 = 0.8624 Final Sample Height, in 0.8543
Average Sample Height, in 0.9271 Average Sample Height, in 0.9271
Average Drainage Height, in 0.4636 Average Drainage Height, in 0.4636 Incremental Strain, % 14.57%
T (Time Factor for T90) 0.848 T (Time Factor for T50) 0.197 Loading Duration, min 603
Coef. of Consol., Cv, in

2/min 0.486 Coef. of Consol., Cv, in
2/min 0.184

Input Validation: Reviewed By: Date 12/8/2010
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Client Civil & Environmental Consultants, Inc.Boring SB-12-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 31208 Sample ST-1

Lab Sample No. 31208001
USCS Description BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (12)
USDA Description LOAM

US Std. Sieve Wt. of Soil Percent Cumulative Percent Final
Sieve Opening Retained Retained Percent Finer Percent
Size (mm) (gm) (%) Retained (%) Finer

+3/4" Air Dry Wt, gm 0.0 3" 75 0 0.0 0.0 100.0 100.0
2 1/2" 62.5 0 0.0 0.0 100.0 100.0

100% Passing 3/4 Sieve  2" 50 0 0.0 0.0 100.0 100.0
No Correction Needed.  1 1/2" 37.5 0 0.0 0.0 100.0 100.0

1" 25 0 0.0 0.0 100.0 100.0
Passing -3/4" (J-Factor) 1.00 3/4" 19 0 0.0 0.0 100.0 100.0

1/2" 12.5 12.53 1.5 1.5 98.5 98.5
3/8" 9.5 12.58 1.5 3.1 96.9 96.9

Tare No. 978 #4 4.75 21.62 2.6 5.7 94.3 94.3
Wt. Tare + WS., gm 1097.32 #10 2 36.84 4.5 10.2 89.8 89.8
Wt. Tare + DS., gm 918.6 #20 0.85 33.85 4.1 14.4 85.6 85.6
Wt. Tare, gm 102.08 #40 0.425 33.21 4.1 18.4 81.6 81.6
Wt. of DS., gm 816.52 #60 0.25 46.47 5.7 24.1 75.9 75.9
Water Content, % 21.9 #140 0.106 70.71 8.7 32.8 67.2 67.2

#200 0.075 27.68 3.4 36.2 63.8 63.8
Wt. of +#200 Sample, gm 295.5 Pan -  521.0 63.8 100.0     -     -
Wt. of -#200 Sample, gm 521.0

Elapsed R Composite R Percent Particle Adjusted
Tare No. 969 Time Measured Correction Corrected Finer Diameter % Finer
Wt. Tare + DS., gm 151.22 (min.) (%) (mm) (%)
Wt. Tare, gm 102.84 0 NA NA NA NA NA NA
Wt. Dispers., gm 5 2 44.5 6 38.5 87.8 0.0277 56.0
Wt. Dry Soil, gm 43.38 5 40.5 6 34.5 78.6 0.0181 50.2
-#10 Dispersed 1min in Hamilton Beach Mixer 15 36 6 30 68.4 0.0109 43.6
K Factor 0.0131 30 33 6 27 61.5 0.0079 39.3
Composite Correction 6 60 29.5 6 23.5 53.6 0.0057 34.2
a Factor 0.99 250 24 6 18 41.0 0.0029 26.2
Average Test Temp, °C 22.3 1440 20 6 14 31.9 0.0012 20.4
Specific Gravity, Assumed 2.7

% Gravel (-3" & +#4) 5.7 Silt=31.1%  Clay=32.6% Particle Percent Corrected
Coarse=0; Fine=5.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 30.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.5; Med.=8.2; Fine=17.7 D10, mm NA Material
% Fines (-#200) 63.8 Cc NA 100 100 for USDA
% Plus #200 (-3") 36.2 Cu NA Gravel 10.2 0

2 89.8
Sand 29.1 32.5

USCS Group Symbol 0.05 60.6
CL Silt 37.0 41.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 23.6
12" Sieve - 300 mm 0 0.0 100.0 Clay 23.6 26.3
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

Input Validation:                             Reviewed By:                             Date Tested: 2/25/2011

Correction For Split Samples
(J-Factor)

Corrected For 100% Passing a 3" Sieve

USDA Classification

CL, LL=43, PL=22, PI=21

USCS Description

Percent of

USCS SOIL CLASSIFICATION USDA CLASSIFICATION

Each Component

SANDY LEAN CLAY

PARTICLE-SIZE ANALYSIS OF SOILS

MECHANICAL SIEVE ANALYSIS

 The final percent finer combines the gradation of the plus 3/4" and minus 3/4" material.

HYDROMETER ANALYSIS
Hydrometer Sample Weight

 The adjusted percent finer is corrected for the percent passing the -#200 sieve.

ASTM D 422

Split Sample, -3/4"

As-Received Sample

Atterberg Limits Group Symbol

LOAM

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309



Client Civil & Environmental Consultants, Inc.Boring No. SB-12-1
Client Project 091-867 Apex Landfill Expansion Depth(ft) 16'-18'
Project No. 31208 Sample No. ST-1

Lab Sample No. 31208001
Soil Description: BROWN LEAN CLAY
(-#40 Fraction)

 
   Tare Number 978         Liquid Limit (LL), % 43
   Wt. Tare & WS, gm 1097.32         Plastic Limit (PL), % 22
   Wt. Tare & DS, gm 918.60         Plasticity Index (PI) 21
   Wt. Water, gm 178.72         USCS Symbol (-#40 Fraction) CL
   Wt. Tare, gm 102.08         Sample Preparation: Wet Method
   Wt. DS, gm 816.52         Liquidity Index, % -0.5%
   Water Content, % 21.9         Clay Fraction (% 2 microns) NA

        Skempton's Activity (A) NA

Test Number 1 2 3 1 2 3
Tare Number 416 429 505 424 455 467
Wt. Tare & WS, gm 16.85 16.75 17.14 20.14 19.02 20.37
Wt. Tare & DS, gm 15.77 15.67 16.02 17.22 16.50 17.58
Wt. Water, gm 1.08 1.08 1.12 2.92 2.52 2.79
Wt. Tare, gm 10.85 10.64 10.80 10.78 10.76 10.77
Wt. DS, gm 4.92 5.03 5.22 6.44 5.74 6.81
Water Content, % 22.0 21.5 21.5 45.3 43.9 41.0

# of Blows 17 26 33

0 0 1.2304489 1.41497335 1.51851394
7 7 63.274036 -14.315515

29.59 7 25 43.2618049
25.5 4

4 4
25.5 4
100 58.4
50 21.9
50 50
50 0
50 21.9

29.59 7
7 7

60 60

43 21

Input Validation:                                                                        Reviewed By:       Date Tested: 2/25/2011

PLASTICITY CHART FLOW CURVE
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

AS-RECEIVED W.C. SAMPLE SUMMARY
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Client Civil & Environmental Consultants, Inc.Boring SB-12-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 31208 Sample ST-1

Lab Sample No. 31208001
USCS Description BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO: A-7-6 (12)
USDA Description LOAM

US Std. Particle Percent

Sieve Diameter Finer
Size (mm) (%)

3" 75 100.0

2 1/2" 62.5 100.0

2" 50 100.0

1 1/2" 37.5 100.0

1" 25 100.0

3/4" 19 100.0

1/2" 12.5 98.5

3/8" 9.5 96.9

#4 4.75 94.3

#10 2 89.8

#20 0.85 85.6

#40 0.425 81.6

#60 0.25 75.9

#140 0.106 67.2

#200 0.075 63.8

NA 0.0277 56.0

NA 0.0181 50.2

NA 0.0109 43.6

NA 0.0079 39.3

NA 0.0057 34.2

NA 0.0029 26.2

NA 0.0012 20.4

% Gravel (-3" & +#4) 5.7 Silt=31.1%  Clay=32.6% Particle Percent Corrected
Coarse=0; Fine=5.7 D60, mm NA Size Finer Percent of
% Sand (-#4 & +#200) 30.5 D30, mm NA (mm) (%) (Material) (%) -2.0 mm
Coa.=4.5; Med.=8.2; Fine=17.7 D10, mm NA Material
% Fines (-#200) 63.8 Cc NA 100 100 for USDA
% Plus #200 (-3") 36.2 Cu NA Gravel 10.2 0

2 89.8
Sand 29.1 32.5

USCS Group Symbol 0.05 60.6
CL Silt 37.0 41.2

Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 23.6
12" Sieve - 300 mm 0 0.0 100.0 Clay 23.6 26.3
6" Sieve - 150 mm 0 0.0 100.0
3" Sieve - 75 mm 0 0.0 100.0

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

LOAM

Percent of
Each Component

USCS Description
SANDY LEAN CLAY

USDA Classification

Atterberg Limits Group Symbol
CL, LL=43, PL=22, PI=21

PARTICLE-SIZE ANALYSIS OF SOILS

Corrected For 100% Passing a 3" Sieve
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Client Civil & Environmental Consultants, Inc.Boring SB-12-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 31208 Sample ST-1

Lab Sample No. 31208001
USCS Description BROWN SANDY LEAN CLAY
USCS Group Symbol CL AASHTO Classification A-7-6 (12)
USDA Description LOAM

   Percent Gravel, % 0.0
   Percent Sand, % 32.5 Very Coarse Sand; 2-1 3.7
   Percent Silt, % 41.2 Coarse Sand; 1-0.5 4.3
   Percent Clay, % 26.3 Medium Sand; 0.5-0.25 7.4

Fine Sand; 0.25-0.1 10.3
Very Fine Sand; 0.1-0.05 6.7
Total 32.5

100%         0%

Percent Silt, %
Percent Clay, %

50%    CLAY
50%

SANDY SILTY CLAY
CLAY

CLAY LOAM SILTY CLAY LOAM

SANDY CLAY LOAM

LOAM
SANDY LOAM SILT LOAM

LOAMY         SILT
SAND     SAND 100%

100% 0%

Percent Sand, %

COPYRIGHT © 2004   GEOTECHNICAL TESTING SERVICES INC. 1-800-853-7309

USDA CLASSIFICATION CHART

Corrected for 0% gravel Sand Subsizes
Corrected Percentages



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-12-1

Client Project 091-867 Apex Landfill Expansion Depth 16'-18'

Project No. 31208 Sample ST-1

Test No. 1 Lab Sample No. 31208001

USCS Description: Brown Sandy Lean Clay Test Conditions: Undisturbed 

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 50.67

Initial Consol. Final Back Pressure, psi 40.54

Tare Number A38 NA 978 Effective Consolidating Pressure, psi 10.14 σ 3
Wt. Tare & WS, gm 204.03 NA 1097.32 Pore Pressure Parameter (B), % 95

Wt. Tare & DS, gm 173.38 NA 918.60 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.62 NA 102.08 Height Change, mils Reading Change

Water Content, % 18.7 21.9 21.9 Initial Reading 6.42 0 Volume Change, ml 14.4

Wt. Tube & WS., gm 1702.6 NA After Saturation 6.42 0 Volume Change, in^3 0.88

Wt. Of Tube, gm 432.4 NA After Consolidation 6.356 64 Saturation Method: Wet

Wt. Of WS., gm 1270.2 1304.1 STRAIN RATE CALCULATIONS

Length 1, in 6.042 NA Calc. Strain Rate, %/min (t50=64.41) 0.0001 Strain Rate Used, %/min 0.0002
Length 2, in 6.043 NA Calc. Deformation Rate, in/min 0.0004 Deformation Rate Used 0.001
Length 3, in 6.021 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.882 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.879 NA Effective Consolidating Pressure, psi 10.14 10.14 σσσσ 3333
Bottom Diameter, in 2.881 NA 1St. Maximum Effective Principal Stress Ratio 3.562 3.05 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.035 5.971 Deviator Stress at Failure, psi 11.86 16.66 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.881 2.864 Axial Strain at Failure, % 6.43 15.00 εεεε
Average Area,  in^2 6.52 6.44 Effective Minor Principal Stress at Failure, psi 4.63 8.14 σσσσ 3 '
Sample Volume, in^3 39.33 38.46 Effective Major Principal Stress at Failure, psi 16.49 24.80 σσσσ 1 '
Unit Dry Wt., gms/cc 1.66 1.70 Mohr's Circle Stress Path (Origin of Circle), psi 10.56 16.47 p'
Unit Dry Wt., pcf 103.6 105.9 Mohr's Circle Stress Path (Radius of Circle), psi 5.93 8.33 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 396.28 396.28 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.63 0.59 Deviator Stress at Failure, psi 11.86 16.66 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.39 0.37 Axial Strain at Failure, % 6.43 15.00 εεεε
Pore Volume, cc 15.15 14.27 Total Minor Principal Stress at Failure, psi 10.14 10.14 σσσσ 3333
Saturation, % 80.6 100.1 Total Major Principal Stress at Failure, psi 22.00 26.80 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
13.1 0 40.5 0 0 NA NA NA NA NA 10.14 0

30.2 14 42.0 0.23 2.65 1.45 11.34 8.69 1.305 0.58 10.01 1.32

36.1 19 43.0 0.32 3.56 2.42 11.28 7.72 1.461 0.71 9.50 1.78

40.2 26 43.6 0.43 4.19 3.07 11.26 7.07 1.594 0.77 9.16 2.10

42.9 32 44.1 0.53 4.60 3.57 11.17 6.57 1.700 0.82 8.87 2.30

45.0 38 44.5 0.63 4.92 3.95 11.11 6.19 1.795 0.84 8.65 2.46

46.9 44 44.8 0.73 5.21 4.27 11.08 5.87 1.888 0.86 8.48 2.61

48.6 50 45.1 0.83 5.46 4.54 11.06 5.60 1.974 0.88 8.33 2.73

49.9 56 45.3 0.94 5.66 4.75 11.05 5.39 2.051 0.88 8.22 2.83

51.4 62 45.5 1.04 5.88 4.93 11.09 5.20 2.131 0.88 8.15 2.94

52.5 68 45.6 1.13 6.04 5.11 11.07 5.03 2.201 0.89 8.05 3.02

53.3 73 45.8 1.22 6.17 5.24 11.07 4.90 2.260 0.89 7.98 3.08

54.4 79 45.9 1.33 6.32 5.36 11.10 4.77 2.325 0.89 7.94 3.16

57.7 97 46.2 1.62 6.80 5.65 11.29 4.48 2.517 0.87 7.88 3.40
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61.1 114 46.4 1.91 7.31 5.85 11.60 4.29 2.706 0.84 7.94 3.66

63.9 133 46.5 2.23 7.71 5.99 11.86 4.15 2.858 0.82 8.00 3.85

66.0 151 46.6 2.54 8.00 6.07 12.07 4.06 2.969 0.80 8.07 4.00

68.6 169 46.7 2.83 8.36 6.13 12.38 4.01 3.086 0.77 8.19 4.18

71.0 186 46.7 3.12 8.70 6.15 12.69 3.98 3.186 0.74 8.33 4.35

73.4 204 46.7 3.42 9.04 6.16 13.03 3.98 3.272 0.72 8.50 4.52

75.6 223 46.7 3.73 9.33 6.13 13.34 4.00 3.332 0.69 8.67 4.67

77.9 241 46.6 4.03 9.65 6.11 13.68 4.03 3.394 0.67 8.86 4.83

79.7 258 46.6 4.31 9.89 6.05 13.98 4.09 3.418 0.64 9.04 4.95

82.3 276 46.5 4.62 10.24 6.01 14.37 4.13 3.479 0.62 9.25 5.12

84.6 295 46.5 4.94 10.55 5.95 14.74 4.19 3.519 0.59 9.46 5.28

86.5 313 46.4 5.23 10.80 5.87 15.06 4.27 3.529 0.57 9.67 5.40

88.4 330 46.3 5.53 11.04 5.79 15.39 4.35 3.540 0.55 9.87 5.52

90.4 347 46.2 5.82 11.30 5.71 15.73 4.43 3.549 0.53 10.08 5.65

92.6 366 46.1 6.14 11.58 5.61 16.11 4.53 3.559 0.51 10.32 5.79

94.7 384 46.0 6.43 11.86 5.51 16.49 4.63 3.562 0.49 10.56 5.93

96.4 402 45.9 6.73 12.06 5.40 16.80 4.74 3.547 0.47 10.77 6.03

97.9 419 45.8 7.01 12.24 5.29 17.08 4.84 3.526 0.46 10.96 6.12

100.3 437 45.7 7.32 12.55 5.17 17.51 4.97 3.526 0.43 11.24 6.27

102.1 455 45.6 7.62 12.77 5.05 17.86 5.09 3.508 0.42 11.48 6.38

103.9 473 45.5 7.93 12.98 4.93 18.19 5.21 3.492 0.40 11.70 6.49

105.6 491 45.3 8.23 13.18 4.81 18.51 5.33 3.473 0.38 11.92 6.59

107.1 508 45.2 8.51 13.36 4.68 18.82 5.46 3.446 0.37 12.14 6.68

109.1 527 45.1 8.82 13.59 4.55 19.18 5.59 3.431 0.35 12.38 6.79

110.7 545 45.0 9.13 13.77 4.42 19.49 5.72 3.406 0.34 12.61 6.88

112.2 563 44.8 9.42 13.94 4.28 19.79 5.85 3.381 0.32 12.82 6.97

113.4 580 44.7 9.71 14.06 4.15 20.05 5.98 3.350 0.31 13.01 7.03

115.3 598 44.6 10.01 14.28 4.03 20.39 6.11 3.339 0.30 13.25 7.14

117.2 616 44.4 10.32 14.49 3.90 20.73 6.24 3.322 0.28 13.48 7.24

118.6 635 44.3 10.63 14.64 3.76 21.02 6.38 3.296 0.27 13.70 7.32

120.0 652 44.2 10.93 14.78 3.64 21.28 6.50 3.275 0.26 13.89 7.39

121.2 671 44.0 11.23 14.89 3.51 21.52 6.63 3.246 0.25 14.08 7.45

123.2 688 43.9 11.52 15.12 3.39 21.86 6.75 3.240 0.24 14.31 7.56

124.6 707 43.8 11.83 15.27 3.26 22.14 6.87 3.221 0.23 14.51 7.63

126.0 725 43.7 12.13 15.40 3.14 22.39 7.00 3.200 0.21 14.70 7.70

127.0 742 43.6 12.43 15.49 3.01 22.61 7.12 3.174 0.20 14.87 7.74

128.4 760 43.4 12.72 15.62 2.88 22.87 7.25 3.153 0.19 15.06 7.81

130.2 779 43.3 13.04 15.81 2.76 23.18 7.38 3.143 0.18 15.28 7.90

131.8 797 43.2 13.34 15.97 2.65 23.45 7.49 3.133 0.17 15.47 7.98

133.2 815 43.1 13.65 16.11 2.54 23.70 7.60 3.120 0.17 15.65 8.05

134.4 833 43.0 13.95 16.20 2.41 23.93 7.72 3.098 0.16 15.83 8.10

135.4 850 42.8 14.24 16.28 2.30 24.12 7.84 3.077 0.15 15.98 8.14

137.8 869 42.7 14.55 16.54 2.19 24.49 7.95 3.081 0.14 16.22 8.27

139.0 887 42.6 14.85 16.64 2.06 24.71 8.07 3.061 0.13 16.39 8.32

139.8 904 42.5 15.14 16.69 1.94 24.89 8.20 3.036 0.12 16.54 8.35

141.5 922 42.4 15.44 16.85 1.83 25.16 8.31 3.028 0.11 16.73 8.43

142.9 940 42.2 15.74 16.98 1.71 25.41 8.43 3.014 0.11 16.92 8.49

144.6 958 42.1 16.04 17.13 1.59 25.68 8.54 3.005 0.10 17.11 8.57

145.8 977 42.0 16.36 17.23 1.47 25.89 8.66 2.989 0.09 17.28 8.61

146.8 994 41.9 16.65 17.30 1.37 26.07 8.77 2.973 0.08 17.42 8.65

148.1 1012 41.8 16.94 17.40 1.26 26.29 8.88 2.959 0.08 17.58 8.70

150.0 1030 41.7 17.26 17.58 1.15 26.56 8.98 2.957 0.07 17.77 8.79

151.6 1048 41.6 17.55 17.72 1.05 26.81 9.09 2.950 0.06 17.95 8.86

152.1 1066 41.5 17.85 17.73 0.93 26.93 9.20 2.926 0.06 18.07 8.86
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-12-1

Client Project 091-867 Apex Landfill Expansion Depth 16'-18'

Project No. 31208 Sample ST-1

Test No. 2 Lab Sample No. 31208001

USCS Description: Brown Sandy Lean Clay Test Conditions: Undisturbed 

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 80.85

Initial Consol. Final Back Pressure, psi 40.50

Tare Number A38 NA 831 Effective Consolidating Pressure, psi 40.35 σ3
Wt. Tare & WS, gm 204.03 NA 1481.54 Pore Pressure Parameter (B), % 97

Wt. Tare & DS, gm 173.38 NA 1276.68 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.62 NA 102.71 Height Change, mils Reading Change

Water Content, % 18.7 17.5 17.5 Initial Dial Reading 6.326 0 Volume Change, ml 19.4

Wt. Tube & WS., gm 1820.3 NA After Saturation 6.319 7 Volume Change, in^3 1.18

Wt. Of Tube, gm 433.1 NA After Consolidation 6.255 71 Saturation Method: Wet

Wt. Of WS., gm 1387.3 1372.5 STRAIN RATE CALCULATIONS

Length 1, in 6.042 NA Calc. Strain Rate, %/min (t50=7.88) 0.0005 Strain Rate Used, %/min 0.0002
Length 2, in 6.042 NA Calc. Deformation Rate, in/min 0.0030 Deformation Rate Used 0.001
Length 3, in 6.038 NA EFFECTIVE FAILURE SUMMARY

Top Diameter, in 2.882 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.88 NA Effective Consolidating Pressure, psi 40.35 40.35 σσσσ 3333
Bottom Diameter, in 2.881 NA 1St. Maximum Effective Principal Stress Ratio 3.605 3.16 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.041 5.970 Deviator Stress at Failure, psi 54.02 72.23 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.881 2.849 Axial Strain at Failure, % 3.87 15.00 εεεε
Average Area,  in^2 6.52 6.38 Effective Minor Principal Stress at Failure, psi 20.74 33.43 σσσσ 3 '
Sample Volume, in^3 39.38 38.19 Effective Major Principal Stress at Failure, psi 74.76 105.66 σσσσ 1 '
Unit Dry Wt., gms/cc 1.81 1.87 Mohr's Circle Stress Path (Origin of Circle), psi 47.75 69.55 p'
Unit Dry Wt., pcf 113.0 116.5 Mohr's Circle Stress Path (Radius of Circle), psi 27.01 36.12 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY

Volume of Solids, cc 432.80 432.80 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.49 0.45 Deviator Stress at Failure, psi 54.02 72.23 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.33 0.31 Axial Strain at Failure, % 3.87 15.00 εεεε
Pore Volume, cc 12.97 11.78 Total Minor Principal Stress at Failure, psi 40.35 40.35 σσσσ 3333
Saturation, % 102.9 105.6 Total Major Principal Stress at Failure, psi 94.37 112.58 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
13.9 0 40.5 0 0.00 0 NA NA NA NA 40.35 0

55.1 4 43.9 0.08 6.46 3.37 43.44 36.98 1.175 0.54 40.21 3.23

107.1 10 49.2 0.17 14.60 8.67 46.28 31.68 1.461 0.61 38.98 7.30

136.9 15 52.6 0.25 19.25 12.13 47.47 28.22 1.682 0.65 37.85 9.62

158.4 21 55.0 0.36 22.59 14.51 48.43 25.84 1.874 0.66 37.14 11.29

175.7 28 56.8 0.47 25.26 16.29 49.32 24.06 2.050 0.66 36.69 12.63

189.3 34 58.1 0.57 27.35 17.60 50.10 22.75 2.202 0.66 36.43 13.68

201.3 40 59.1 0.67 29.20 18.61 50.94 21.74 2.343 0.66 36.34 14.60

211.5 46 59.9 0.77 30.75 19.45 51.65 20.90 2.471 0.65 36.28 15.38

220.3 52 60.6 0.87 32.09 20.09 52.35 20.26 2.584 0.65 36.31 16.05

228.9 58 61.1 0.96 33.40 20.60 53.15 19.75 2.691 0.64 36.45 16.70

237.7 64 61.5 1.07 34.73 21.04 54.04 19.31 2.798 0.62 36.68 17.36

245.3 70 61.8 1.17 35.88 21.32 54.91 19.03 2.886 0.61 36.97 17.94

267.0 87 62.4 1.45 39.13 21.92 57.56 18.43 3.123 0.58 37.99 19.56
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286.9 105 62.6 1.75 42.07 22.11 60.31 18.24 3.306 0.54 39.28 21.03

304.4 124 62.5 2.07 44.62 22.04 62.93 18.31 3.438 0.51 40.62 22.31

315.7 141 62.3 2.36 46.22 21.78 64.79 18.57 3.488 0.49 41.68 23.11

328.5 158 61.9 2.65 48.04 21.42 66.97 18.94 3.537 0.46 42.95 24.02

341.6 176 61.5 2.95 49.89 21.00 69.23 19.35 3.579 0.43 44.29 24.94

353.4 196 61.0 3.28 51.51 20.54 71.32 19.81 3.600 0.41 45.56 25.75

363.0 214 60.6 3.58 52.80 20.07 73.08 20.28 3.604 0.39 46.68 26.40

372.2 231 60.1 3.87 54.02 19.61 74.76 20.74 3.605 0.37 47.75 27.01

380.9 249 59.6 4.17 55.17 19.12 76.39 21.23 3.599 0.36 48.81 27.58

389.8 266 59.1 4.46 56.32 18.64 78.04 21.71 3.594 0.34 49.87 28.16

397.0 285 58.7 4.78 57.23 18.15 79.43 22.20 3.578 0.33 50.81 28.61

403.2 304 58.2 5.09 57.97 17.68 80.64 22.67 3.557 0.31 51.65 28.98

411.4 320 57.7 5.37 59.01 17.22 82.14 23.13 3.551 0.30 52.64 29.51

418.0 339 57.3 5.67 59.80 16.77 83.37 23.58 3.536 0.29 53.47 29.90

425.4 357 56.8 5.97 60.70 16.31 84.73 24.04 3.525 0.28 54.38 30.35

432.9 375 56.4 6.29 61.59 15.89 86.05 24.46 3.518 0.27 55.26 30.80

436.7 393 55.9 6.58 61.96 15.43 86.88 24.92 3.486 0.26 55.90 30.98

443.8 410 55.5 6.86 62.81 15.04 88.11 25.31 3.482 0.25 56.71 31.40

450.2 428 55.1 7.17 63.53 14.63 89.25 25.72 3.470 0.24 57.48 31.76

456.6 446 54.7 7.47 64.25 14.23 90.37 26.12 3.460 0.23 58.24 32.13

461.4 464 54.3 7.78 64.74 13.84 91.25 26.51 3.442 0.22 58.88 32.37

465.4 481 54.0 8.07 65.11 13.45 92.01 26.90 3.421 0.21 59.45 32.55

470.5 500 53.6 8.37 65.63 13.10 92.88 27.25 3.409 0.21 60.06 32.82

474.7 517 53.2 8.67 66.01 12.75 93.62 27.60 3.391 0.20 60.61 33.01

480.1 536 52.9 8.99 66.56 12.37 94.54 27.98 3.379 0.19 61.26 33.28

484.2 555 52.5 9.29 66.91 12.03 95.24 28.32 3.362 0.19 61.78 33.46

487.8 572 52.2 9.58 67.21 11.70 95.87 28.65 3.346 0.18 62.26 33.61

493.1 590 51.9 9.89 67.74 11.38 96.71 28.97 3.338 0.17 62.84 33.87

500.8 608 51.6 10.18 68.60 11.06 97.89 29.29 3.342 0.17 63.59 34.30

504.1 627 51.2 10.50 68.82 10.75 98.43 29.60 3.325 0.16 64.02 34.41

507.4 644 50.9 10.79 69.06 10.44 98.97 29.91 3.309 0.16 64.44 34.53

513.1 661 50.6 11.07 69.63 10.14 99.84 30.21 3.305 0.15 65.02 34.81

516.2 679 50.4 11.38 69.83 9.85 100.33 30.50 3.289 0.15 65.42 34.91

520.3 698 50.1 11.70 70.15 9.55 100.95 30.80 3.277 0.14 65.88 35.07

521.1 716 49.8 12.00 70.02 9.28 101.09 31.07 3.254 0.14 66.08 35.01

523.6 734 49.5 12.29 70.11 9.00 101.47 31.35 3.236 0.13 66.41 35.06

527.5 751 49.2 12.58 70.43 8.73 102.06 31.62 3.227 0.13 66.84 35.22

533.0 770 49.0 12.89 70.93 8.49 102.79 31.86 3.226 0.12 67.32 35.46

537.4 788 48.8 13.20 71.27 8.26 103.36 32.09 3.221 0.12 67.73 35.63

538.2 806 48.5 13.49 71.14 8.01 103.48 32.34 3.200 0.12 67.91 35.57

541.0 824 48.3 13.80 71.27 7.79 103.83 32.56 3.189 0.11 68.19 35.63

545.7 841 48.1 14.09 71.67 7.56 104.46 32.79 3.185 0.11 68.63 35.83

552.6 859 47.9 14.39 72.34 7.35 105.33 33.00 3.192 0.10 69.17 36.17

554.1 877 47.6 14.70 72.29 7.12 105.52 33.23 3.175 0.10 69.38 36.14

555.6 895 47.4 15.00 72.23 6.92 105.66 33.43 3.161 0.10 69.54 36.11

560.2 913 47.2 15.29 72.58 6.72 106.21 33.63 3.158 0.10 69.92 36.29

565.1 931 47.1 15.60 72.98 6.55 106.78 33.80 3.159 0.09 70.29 36.49

567.5 950 46.8 15.91 73.02 6.33 107.04 34.02 3.147 0.09 70.53 36.51

569.5 968 46.7 16.21 73.02 6.16 107.21 34.19 3.136 0.09 70.70 36.51

572.7 985 46.5 16.50 73.19 5.98 107.56 34.37 3.129 0.08 70.96 36.59

574.8 1002 46.3 16.79 73.21 5.82 107.74 34.53 3.120 0.08 71.13 36.60

574.8 1002 46.3 16.79 73.21 5.82 107.74 34.53 3.120 0.08 71.13 36.60

574.8 1002 46.3 16.79 73.21 5.82 107.74 34.53 3.120 0.08 71.13 36.60

574.8 1002 46.3 16.79 73.21 5.82 107.74 34.53 3.120 0.08 71.13 36.60
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-12-1

Client Project 091-867 Apex Landfill Expansion Depth 16'-18'

Project No. 31208 Sample ST-1

Test No. 3 Lab Sample No. 31208001

USCS Description: Brown Sandy Lean Clay Test Conditions: Undisturbed 

SAMPLE CONDITIONS TEST CONDITIONS

After Cell Pressure, psi 119.82

Initial Consol. Final Back Pressure, psi 40.56

Tare Number A38 NA 475 Effective Consolidating Pressure, psi 79.26 σ3
Wt. Tare & WS, gm 204.03 NA 1483.27 Pore Pressure Parameter (B), % 96

Wt. Tare & DS, gm 173.38 NA 1293.61 SATURATION AND CONSOLIDATION VOLUME CHANGES

Wt. Tare, gm 9.62 NA 103.48 Height Change, mils Reading Change

Water Content, % 18.7 15.9 15.9 Initial Dial Reading 6.471 0 Volume Change, ml 24.6

Wt. Tube & WS., gm 1828.1 NA After Saturation 6.469 2 Volume Change, in^3 1.50

Wt. Of Tube, gm 433.4 NA After Consolidation 6.392 79 Saturation Method: Wet

Wt. Of WS., gm 1394.7 1362.0 STRAIN RATE CALCULATIONS

Length 1, in 6.037 NA Calc. Strain Rate, %/min (t50=2.55) 0.0016 Strain Rate Used, %/min 0.0002
Length 2, in 6.03 NA Calc. Deformation Rate, in/min 0.009 Deformation Rate Used 0.001
Length 3, in 6.033 NA EFFECTIVE FAILURE SUMMARY
Top Diameter, in 2.885 NA Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Middle Diameter, in 2.879 NA Effective Consolidating Pressure, psi 79.26 79.26 σσσσ 3333
Bottom Diameter, in 2.881 NA 1St. Maximum Effective Principal Stress Ratio 3.654 3.28 σσσσ 1 ' /σ/σ/σ/σ 3 '
Average Length, in 6.033 5.954 Deviator Stress at Failure, psi 102.07 124.31 σσσσ 1 −σ−σ−σ−σ 3
Average Diameter, in 2.882 2.843 Axial Strain at Failure, % 4.39 15.00 εεεε
Average Area,  in^2 6.52 6.35 Effective Minor Principal Stress at Failure, psi 38.46 54.49 σσσσ 3 '
Sample Volume, in^3 39.35 37.85 Effective Major Principal Stress at Failure, psi 140.53 178.80 σσσσ 1 '
Unit Dry Wt., gms/cc 1.82 1.89 Mohr's Circle Stress Path (Origin of Circle), psi 89.50 116.64 p'
Unit Dry Wt., pcf 113.7 118.2 Mohr's Circle Stress Path (Radius of Circle), psi 51.03 62.16 q
Specific Gravity, Assumed 2.70 2.70 TOTAL FAILURE SUMMARY
Volume of Solids, cc 435.12 435.12 Failure Conditions Max σσσσ 1 ' /σ/σ/σ/σ 3 ' 15%  ε ε ε ε
Void Ratio, e 0.48 0.43 Deviator Stress at Failure, psi 102.07 124.31 σσσσ 1 −σ−σ−σ−σ 3
Porosity, n 0.33 0.30 Axial Strain at Failure, % 4.39 15.00 εεεε
Pore Volume, cc 12.80 11.30 Total Minor Principal Stress at Failure, psi 79.26 79.26 σσσσ 3333
Saturation, % 104.9 101.1 Total Major Principal Stress at Failure, psi 181.32 203.57 σσσσ 1111

TEST DATA

Axial Axial Total Axial Principal Induced Effective Effective Effective A-Bar Mohr's Circle

Load Deformation Pore Strain Stress Pore Major Minor Principal Stress Paths

Water Difference Water Principal Principal Stress Origin Radius
Pressure (Deviator Pressure Stress Stress Ratio of of

Stress) Circle Circle
lb. mils psi % psi psi psi psi psi psi

P ∆Η∆Η∆Η∆Η U εεεε σσσσ 1111 −σ−σ−σ−σ 3333 ∆∆∆∆ U σσσσ 1 ' σσσσ 3 ' σσσσ 1 ' /σ/σ/σ/σ 3 ' A' p' q
18.9 0 40.6 0 0 0 NA NA NA NA 79.26 0

55.7 4 41.8 0.07 5.79 1.21 83.84 78.05 1.074 0.22 80.94 2.89

131.3 9 47.8 0.16 17.68 7.21 89.72 72.04 1.245 0.43 80.88 8.84

193.1 14 54.9 0.24 27.36 14.38 92.24 64.87 1.422 0.55 78.55 13.68

241.2 19 61.3 0.33 34.90 20.73 93.43 58.53 1.596 0.62 75.98 17.45

278.9 25 66.3 0.41 40.78 25.74 94.30 53.52 1.762 0.66 73.91 20.39

308.4 30 70.3 0.51 45.35 29.70 94.91 49.55 1.915 0.68 72.23 22.68

333.3 36 73.4 0.61 49.22 32.79 95.69 46.47 2.059 0.69 71.08 24.61

355.0 42 75.8 0.70 52.56 35.22 96.60 44.04 2.194 0.70 70.32 26.28

374.9 47 77.7 0.79 55.62 37.13 97.75 42.13 2.320 0.70 69.94 27.81

392.9 53 79.3 0.89 58.38 38.77 98.87 40.49 2.442 0.69 69.68 29.19

409.9 59 80.6 0.99 60.97 40.07 100.16 39.19 2.556 0.68 69.67 30.48

425.7 64 81.7 1.08 63.38 41.11 101.52 38.14 2.662 0.68 69.83 31.69

469.0 83 83.8 1.39 69.90 43.26 105.90 36.00 2.942 0.64 70.95 34.95

Consolidation

31208001 cu Apex Landfill Expansion.xls Triax 3



505.2 101 84.9 1.69 75.29 44.35 110.21 34.91 3.157 0.61 72.56 37.65

534.8 119 85.4 1.99 79.63 44.81 114.08 34.45 3.312 0.59 74.26 39.82

563.0 137 85.4 2.29 83.72 44.82 118.15 34.44 3.431 0.56 76.29 41.86

590.1 154 85.1 2.58 87.63 44.53 122.36 34.73 3.523 0.53 78.55 43.81

612.8 172 84.6 2.90 90.83 44.06 126.02 35.20 3.580 0.51 80.61 45.41

632.7 190 84.0 3.20 93.57 43.46 129.36 35.79 3.614 0.48 82.58 46.78

649.1 208 83.4 3.50 95.77 42.79 132.24 36.47 3.626 0.47 84.36 47.89

666.4 226 82.6 3.79 98.11 42.05 135.32 37.21 3.637 0.45 86.26 49.05

683.0 243 82.0 4.09 100.30 41.40 138.16 37.86 3.649 0.43 88.01 50.15

696.8 261 81.4 4.39 102.07 40.79 140.53 38.46 3.654 0.42 89.50 51.03

709.1 279 80.6 4.69 103.61 40.08 142.79 39.18 3.644 0.40 90.98 51.80

720.0 297 79.9 4.99 104.91 39.37 144.80 39.89 3.630 0.39 92.34 52.45

732.9 314 79.2 5.27 106.53 38.63 147.16 40.63 3.622 0.38 93.89 53.26

744.2 332 78.5 5.57 107.87 37.94 149.19 41.32 3.611 0.37 95.26 53.94

753.7 349 77.8 5.86 108.93 37.26 150.93 42.00 3.594 0.36 96.46 54.47

762.7 366 77.2 6.16 109.93 36.61 152.57 42.64 3.578 0.35 97.61 54.96

771.0 384 76.5 6.44 110.82 35.98 154.09 43.28 3.560 0.34 98.69 55.41

781.9 401 75.9 6.73 112.07 35.37 155.95 43.89 3.554 0.33 99.92 56.03

789.6 419 75.4 7.04 112.84 34.79 157.30 44.46 3.538 0.32 100.88 56.42

796.5 436 74.8 7.33 113.48 34.23 158.50 45.02 3.520 0.31 101.76 56.74

803.4 454 74.3 7.63 114.12 33.69 159.69 45.57 3.504 0.31 102.63 57.06

811.5 471 73.7 7.91 114.94 33.18 161.02 46.08 3.495 0.30 103.55 57.47

818.8 489 73.2 8.21 115.63 32.66 162.22 46.59 3.482 0.29 104.41 57.82

825.4 507 72.7 8.52 116.20 32.19 163.27 47.07 3.469 0.29 105.17 58.10

831.5 525 72.3 8.81 116.69 31.72 164.22 47.53 3.455 0.28 105.88 58.34

837.0 543 71.8 9.11 117.10 31.27 165.08 47.98 3.440 0.28 106.53 58.55

844.6 560 71.4 9.40 117.80 30.84 166.22 48.42 3.433 0.27 107.32 58.90

851.1 578 71.0 9.71 118.33 30.42 167.16 48.83 3.423 0.27 108.00 59.17

857.0 596 70.6 10.01 118.77 30.01 168.02 49.25 3.412 0.26 108.64 59.39

862.5 614 70.2 10.31 119.15 29.62 168.79 49.64 3.400 0.26 109.21 59.58

868.6 631 69.8 10.60 119.63 29.21 169.68 50.04 3.391 0.25 109.86 59.82

875.2 649 69.4 10.90 120.16 28.84 170.57 50.41 3.383 0.25 110.49 60.08

881.4 667 69.1 11.20 120.62 28.52 171.36 50.74 3.377 0.25 111.05 60.31

886.9 684 68.7 11.49 120.99 28.18 172.06 51.07 3.369 0.24 111.57 60.49

891.8 702 68.4 11.79 121.26 27.87 172.65 51.39 3.360 0.24 112.02 60.63

898.5 719 68.1 12.07 121.79 27.54 173.51 51.71 3.355 0.24 112.61 60.90

902.2 737 67.8 12.37 121.89 27.22 173.93 52.04 3.342 0.23 112.99 60.95

907.0 755 67.5 12.67 122.14 26.93 174.47 52.33 3.334 0.23 113.40 61.07

911.4 772 67.2 12.97 122.33 26.65 174.94 52.61 3.325 0.23 113.77 61.17

916.4 790 66.9 13.26 122.60 26.34 175.51 52.91 3.317 0.22 114.21 61.30

922.1 807 66.6 13.55 122.97 26.06 176.16 53.19 3.312 0.22 114.68 61.48

927.2 825 66.3 13.85 123.22 25.78 176.70 53.48 3.304 0.22 115.09 61.61

932.2 842 66.1 14.15 123.49 25.53 177.21 53.73 3.298 0.22 115.47 61.74

936.5 860 65.8 14.45 123.63 25.27 177.61 53.99 3.290 0.21 115.80 61.81

941.7 878 65.6 14.74 123.90 25.00 178.15 54.25 3.284 0.21 116.20 61.95

948.4 895 65.3 15.04 124.37 24.73 178.90 54.52 3.281 0.21 116.71 62.19

952.6 914 65.1 15.35 124.48 24.52 179.22 54.74 3.274 0.21 116.98 62.24

956.4 931 64.9 15.64 124.54 24.30 179.50 54.95 3.266 0.20 117.22 62.27

961.3 949 64.6 15.94 124.75 24.07 179.94 55.19 3.260 0.20 117.56 62.37

966.0 967 64.4 16.23 124.94 23.84 180.35 55.41 3.255 0.20 117.88 62.47

970.3 985 64.2 16.54 125.04 23.62 180.68 55.64 3.247 0.20 118.16 62.52

976.2 1003 64.0 16.84 125.36 23.41 181.21 55.85 3.245 0.19 118.53 62.68

976.2 1003 64.0 16.84 125.36 23.41 181.21 55.85 3.245 0.19 118.53 62.68

976.2 1003 64.0 16.84 125.36 23.41 181.21 55.85 3.245 0.19 118.53 62.68

Input Validation: Reviewed By: Date Tested: 03/01/11
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc. Boring SB-12-1

Client Project 091-867 Apex Landfill Expansion Depth 16'-18'

Project No. 31208 Sample ST-1
Test Conditions: Undisturbed Lab Sample No. 31208001
USCS Description: Brown Sandy Lean Clay

AXIAL STRAIN vs. DEVIATOR STRESS

AXIAL STRAIN vs. INDUCED PORE-WATER PRESSURE

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-12-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 31208 Sample ST-1

Lab Sample No. 31208001
USCS Description: Brown Sandy Lean Clay

Test Conditions: Undisturbed 

TOTAL STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σ1σ1σ1σ1 σ3σ3σ3σ3 εεεε (σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2(σ1+σ3)/2 (σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2(σ1−σ3)/2
psi psi psi % psi psi α, α, α, α, deg 21.4

Test 1 11.86 22.00 10.14 6.43 16.0716.0716.0716.07 5.935.935.935.93 a, psi 0.2
Test 2 54.02 94.37 40.35 3.87 67.3667.3667.3667.36 27.0127.0127.0127.01 Φ, Φ, Φ, Φ, deg 23.1
Test 3 102.07 181.32 79.26 4.39 130.29130.29130.29130.29 51.0351.0351.0351.03 C, psi 0.2

Calculations based on: 0,0 and Test 2 Test 3

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST ON COHESIVE SOILS ASTM D 4767

Client Civil & Environmental Consultants, Inc.Boring SB-12-1
Client Project 091-867 Apex Landfill Expansion Depth 16'-18'
Project No. 31208 Sample ST-1

Lab Sample No. 31208001
USCS Description: Brown Sandy Lean Clay

Test Conditions: Undisturbed 

EFFECTIVE STRESS
FAILURE CONDITION: 1st. MAX. EFFECTIVE PRINCIPAL STRESS RATIO

Test No.
Deviator 

Stress

Major 
Principal 

Stress

Minor 
Principal 

Stress

Strain at 
Failure

Mohr's Circle Stress Path Failure Angle

σ1−σ3σ1−σ3σ1−σ3σ1−σ3 σσσσ '1 σσσσ '3 εεεε p' q
psi psi psi % psi psi αααα', deg 29.7

Test 1 11.86 16.49 4.63 6.43 10.5610.5610.5610.56 5.935.935.935.93 a', psi 0.0
Test 2 54.02 74.76 20.74 3.87 47.7547.7547.7547.75 27.0127.0127.0127.01 ΦΦΦΦ', deg 34.8
Test 3 102.07 140.53 38.46 4.39 89.5089.5089.5089.50 51.0351.0351.0351.03 C', psi 0.0

Calculations based on: 0,0 and Test 2 Test 3

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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Note: The Friction Angle and Cohesion using other combinations of test points may yield a higher or lower 
value than the one reported above.



THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-12-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Consolidation Plot Stress, psi 7.1

Project No. 31208 Sample ST-1 Final Test Pressures
Lab Sample No.31208001 Cell Pressure, psi 50.7

USCS Description: Brown Sandy Lean Clay Back Pressure, psi 40.5
Test Conditions: Undisturbed Effective Consol., psi 10.1

Additional Consol. Volume, ml 0.0

Consol. Start Date: 3/1/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.3
0.10 0.32 0.4
0.15 0.39 0.4
0.20 0.45 0.5
0.25 0.50 0.5
0.50 0.71 0.6
1.00 1.00 0.7
2.00 1.41 1.0
3.00 1.73 1.4
5.00 2.24 1.7

10.00 3.16 2.3
15.00 3.87 2.9
20.00 4.47 3.4
30.00 5.48 4.3
40.00 6.32 5.0 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 5.7
60.00 7.75 6.3
75.00 8.66 7.1
90.00 9.49 8.0

120.00 10.95 9.0
150.00 12.25 10.0
300.00 17.32 12.3

1260.00 35.50 14.4
2700.00 51.96 14.4
3180.00 56.39 14.4
2220.00 47.12 14.4
4141.00 64.35 14.4
8460.00 91.98 14.4

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.0 ml. T0 = 0 min. V0 = 0.1 ml. Initial Volume Reading, ml 0.0
T90 = 301.7 min V90 = 12.3 ml. T50 = 64.4 min. V50 = 6.6 ml. Final Volume Reading, ml 14.4
T100 = NA min V100 = 13.7 ml. T100 = 248.2 min. V100 = 13.0 ml. Total Volume Change, ml 14.4
Input Validation: Reviewed By: Date 3/1/2011

COPYRIGHT © 2002   GEOTECHNICAL TESTING SERVICES  1-800-853-7309
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-12-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Consolidation Plot Stress, psi 7.1

Project No. 31208 Sample ST-1 Final Test Pressures
Lab Sample No.31208001 Cell Pressure, psi 80.9

USCS Description: Brown Sandy Lean Clay Back Pressure, psi 40.5
Test Conditions: Undisturbed Effective Consol., psi 40.4

Additional Consol. Volume, ml 13.5

Consol. Start Date: 3/1/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.5
0.10 0.32 0.5
0.15 0.39 0.6
0.20 0.45 0.6
0.25 0.50 0.7
0.50 0.71 0.9
1.00 1.00 1.3
2.00 1.41 1.7
3.00 1.73 2.1
5.00 2.24 2.5

10.00 3.16 3.3
15.00 3.87 3.8
20.00 4.47 4.3
30.00 5.48 4.7
40.00 6.32 5.1 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 5.3
60.00 7.75 5.4
75.00 8.66 5.5
90.00 9.49 5.6

120.00 10.95 5.7
150.00 12.25 5.8
300.00 17.32 5.9

1260.00 35.50 5.9

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.2 ml. T0 = 0 min. V0 = 0.4 ml. Initial Volume Reading, ml 0.0
T90 = 20.1 min V90 = 4.3 ml. T50 = 7.9 min. V50 = 3.0 ml. Final Volume Reading, ml 5.9
T100 = NA min V100 = 4.8 ml. T100 = 44.8 min. V100 = 5.7 ml. Total Volume Change, ml 19.4
Input Validation: Reviewed By: Date 3/1/2011
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THREE DIMENSIONAL TRIAXIAL CONSOLIDATION TEST

Client Civil & Environmental Consultants, Inc.Boring SB-12-1 Staged Consolidation
Client Project 091-867 Apex Landfill Expansion Depth 16'-18' Consolidation Plot Stress, psi 7.1

Project No. 31208 Sample ST-1 Final Test Pressures
Lab Sample No.31208001 Cell Pressure, psi 119.8

USCS Description: Brown Sandy Lean Clay Back Pressure, psi 40.6
Test Conditions: Undisturbed Effective Consol., psi 79.3

Additional Consol. Volume, ml 20.2

Consol. Start Date: 3/1/2011 Log of Elapsed Time vs. Volume Reading
Elapsed Sqrt Volume

Time Time Reading
(min) (min1/2) ml

0 0 0.0
0.05 0.22 0.6
0.10 0.32 0.6
0.15 0.39 0.7
0.20 0.45 0.8
0.25 0.50 0.9
0.50 0.71 1.1
1.00 1.00 1.5
2.00 1.41 2.0
3.00 1.73 2.6
5.00 2.24 2.9

10.00 3.16 3.5
15.00 3.87 3.8
20.00 4.47 4.0
30.00 5.48 4.2
40.00 6.32 4.3 Square Root of Elapsed Time vs. Volume Reading
50.00 7.07 4.3
60.00 7.75 4.3
75.00 8.66 4.4
90.00 9.49 4.4

120.00 10.95 4.4
150.00 12.25 4.4
300.00 17.32 4.4

1260.00 35.50 4.4

Sqrt. of Elapsed Time vs Volume Log of Elapsed Time vs Volume Consolidation Summary
T0 = 0 min. V0 = 0.3 ml. T0 = 0 min. V0 = 0.4 ml. Initial Volume Reading, ml 0.0
T90 = 8.4 min V90 = 3.3 ml. T50 = 2.6 min. V50 = 2.4 ml. Final Volume Reading, ml 4.4
T100 = NA min V100 = 3.7 ml. T100 = 9.6 min. V100 = 4.3 ml. Total Volume Change, ml 24.6
Input Validation: Reviewed By: Date 3/1/2011
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APPENDIX C3-E 

 
GROUNDWATER QUALITY DATA 

FIELD FORMS, COCs, LABORATORY REPORT,  
STIFF & PIPER DIAGRAMS 

 

 
 



























































































































































































































































































































































































 

 
APPENDIX C3-F 

 
HYDROGEOLOGIC TESTING RESULTS AND CALCULATIONS 

SLUG TESTS, PUMP TESTS, & WELL DEVELOPMENT, & HYDROGRAPHS 
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Time vs. Groundwater Elevation - Limestone/Shallow Bedrock SZS 
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Time vs. Groundwater Elevation - Connelsville/Morgantown UAS 
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3745-27-10 GROUNDWATER DETECTION MONITORING PROGRAM FOR A 

SANITARY LANDFILL FACILITY 
 
The groundwater monitoring program for the existing Apex Sanitary Landfill and the contiguous 
lateral expansion is presented in the following sections, in accordance with Ohio Administrative 
Code (OAC) 3745-27-10 Municipal Solid Waste Landfill Regulations.  The Apex Sanitary Landfill 
is located in Springfield Township, Jefferson County and is approximately three miles south of 
Amsterdam, Ohio.  The majority of the proposed contiguous expansion area is positioned along the 
southern portion of the existing Apex Sanitary Landfill within the revised facility boundary and 
Apex owned property. 
 
The existing facility is currently in detection monitoring status in accordance with the approved 
Groundwater Detection Monitoring Program (GWDMP), October 9, 2009, revised December 16, 
2011.  To account for the proposed contiguous lateral expansion, the December 16, 2011October 
2009 GWDMP has been updated and is included herein. 
 
The existing Apex Landfill is rectangular in shape with plan dimensions of 1600 by 3200 feet 
(approximately 118 acres).  The landfill has been and will continue to be constructed by excavating 
the existing mine spoil, underclay, and in some places the Upper Pittsburgh Limestone, placing 
structural fill or added geologic material (AGM) (where additional isolation is required from the 
uppermost aquifer), constructing the liner and leachate collection system, placing the solid waste, 
and covering the waste with a final cap.  Detailed engineering plans have been developed for the 
landfill by Linn Engineering, Inc. of Zanesville, Ohio with several alteration requests submitted by 
CEC.  BBC&M Engineering, Inc. prepared and submitted the revised Hydrogeologic Site 
Investigation (HSI) Report of the site in January of 2001.  At the request of Ohio EPA for additional 
information regarding the Upper Pittsburgh Limestone beneath the permitted landfill, CEC prepared 
the Addendum I to the Hydrogeologic Investigation Report (Addendum I)1. 
 
The proposed landfill expansion area is also generally rectangular in shape with approximate plan 
dimensions of 2100 by 4500 feet (approximately 178 acres) with portions of the proposed 
expansion area overlying the southern permitted facility.  The proposed landfill expansion will be 

1 Addendum I to the Hydrogeologic Investigation Report, Apex Sanitary Landfill, Jefferson County, 
Ohio.  Original HIR prepared by BBC&M Engineering, Inc., November 1994, revised January 
2001.  Addendum prepared by Civil & Environmental Consultants, Inc., Project No. 100-804, 
October 2012. 
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constructed by excavating the existing mine spoil and in some places the Upper Pittsburgh 
Limestone / Sshallow Bbedrock which yields higher amount of groundwater as documented in the 
Hydrogeologic Site Investigation Report (HSIR), August 2011, revised July 2013.  The mine spoil 
and shallow bedrock, where applicable, will be removed from beneath the proposed limits of waste; 
however, will remain beneath the proposed perimeter berm.  Because mine spoil will remain 
beneath the perimeter berm, the mine spoil (were saturated) could potentially act as a contaminate 
pathway.  Subsequently, the saturated mine spoil has been designated as a Significant Zone of 
Saturation (SZS) for the proposed landfill expansion.  For the existing facility, the mine spoil was 
completely removed from beneath the limits of waste and perimeter berm, therefore cannot act as a 
potential contaminate pathway.  Detailed engineering plans have been developed for the proposed 
landfill expansion as detailed in the Permit to Install (PTI) application.  This GWDMP will be 
incorporated in the PTI application in Volume V, Appendix C9-A upon final submittal of the PTI 
application. 
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(A)(1)  APPLICABILITY 
 
The Groundwater Detection Monitoring Program (GWDMP) and all the required elements are 
outlined in the following sections.  Figure 1 is a site map which outlines the approximate location of 
the existing Apex Landfill and proposed expansion area. 
 
(A)(1)(a)  Groundwater Detection Monitoring Program 
 
The following sections detail the GWDMP for the Apex facility.  The purpose of the monitoring 
program is to detect potential chemical degradation of the uppermost aquifer system (UAS) and the 
Significant Zone(s) of Saturation (SZS) from the sanitary landfill facility.  This GWDMP complies 
with all requirements set forth in OAC 3745-27-10(B) through (D) and is based upon accepted 
industry standards.   
 
(A)(1)(b) and (A)(1)(c) 
 
A Groundwater Quality Assessment Monitoring Program and a Corrective Measures Program are 
not required for this site.  Should the need arise for these plans, Apex will prepare them in 
accordance with OAC 3745-27-10(E) and (F), respectively. 
 
(A)(2)  Schedule for Implementation of Detection Monitoring 
 
The Groundwater Detection Monitoring Program was implemented prior to any waste being placed 
in the facility.  The first phase of detection monitoring wells were installed in June and August of 
2005 during the construction of Phase 1 of the landfill. The first samples associated with 
background sampling were collected from the first phase of wells in July 2005 prior to waste being 
placed in the facility in accordance with OAC 3745-27-10(D)(5).  Apex started accepting waste on 
November 28, 2005.  At least five background samples were collected from most of the wells prior 
to waste acceptance.  The eight background sampling events for Phase 1 detection monitoring wells 
were completed in July 2006.   
 
The second phase of detection monitoring wells were installed during July 2006 during the 
construction of Phase 2 of the landfill.  The Phase 2 monitoring well network also monitors Phase 3 
of the landfill.  Background sampling was initiated on the Phase 2 wells in September 2006 and 
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completed on October 1, 2007.  Three independent background sampling events were conducted on 
the Phase 2 wells, prior to Phase 2 excepting waste on November 20, 2006.   
 
The third phase of detection monitoring wells were installed in February 2008 during the 
construction of Phase 4a of the landfill.  Background sampling was initiated on the Phase 4a wells 
in March 2008 prior to waste being placed in Phase 4a.  Apex started accepting waste in Phase 4a in 
August 2008.  Three background events were collected from the Phase 4a wells prior to waste 
acceptance.  As of January 2009, eight background sampling events have been conducted on the 
Phase 4a monitoring wells.  Monitoring well B-413 was installed during the construction of Phase 
4a of the landfill.  However, well B-413 was periodically dry during the background sampling 
events and was only sampled four out of eight events.  Based on correspondence with the Ohio EPA 
dated January 28, 2009, it was suggested that a replacement well (B-413R) be installed if 
monitoring well B-413 continues to produce insufficient groundwater for sampling purposes.  
Therefore, replacement monitoring well B-413R was installed deeper into the UAS on May 5-8, 
2009 just north of well B-413.  B-413 will continue to monitored for the presence or absence of 
groundwater, however not sampled on a routine basis. 
 
The fourth phase of detection monitoring wells were installed in May and August 2009 during the 
construction of Phase 4b of the landfill.  Background sampling was initiated on the Phase 4b wells 
in May and August 2009 prior to waste being placed in Phase 4b.  Apex started accepting waste in 
Phase 4b (cell #1) in October 2009.  Three background sampling events were conducted on the 
Phase 4b monitoring wells prior to waste placement. 
 
The fifth phase of detection monitoring wells were installed in November 2010 during the 
construction of Phase 5 of the landfill.  Background sampling was initiated on the Phase 5 wells in 
December 2011 prior to waste being placed in Phase 5.  Apex started accepting waste in Phase 5 in 
March 2011.  Three background sampling events were conducted on the Phase 5 monitoring wells 
prior to waste placement. 
 
Phase 5 monitoring wells B-405 and B-405S, were installed in December 2010.  Apex began 
collecting background samples from these wells in December 2010.  Three background samples 
were collected from B-405 prior to waste placement in Phase 5 in March 2011.  Sampling was 
attempted at B-405S during each background event; however the well was typically dry.  Partial 
bottle sets were collected from B-405S during two background events.  Apex installed a 
replacement well, B-405S-R in August 2012.  The replacement well was dry during the first several 
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attempts to collect a background sample in 2012.  Well B-405S yielded enough water to sample 
during the 2nd Semiannual sampling event in December 2012.  In May 2013, B-405S-R yielded 
enough water for the first background sample from this well.   
 
Phase 6 monitoring wells B-404 and B-404S were installed in December 2012.  As of June 2013, 6 
background samples have been collected from B-404.  B-404S was dry during the December 2012 
background sampling event, thus only 5 background samples have been collected from B-404S as 
of the date of this revised GWDMP, and waste placement in Phase 6A has not yet begun. 
 
As of October 2011 landfill construction has yet to proceed into Phases 6 and 7 for the existing 
facility.  Therefore, the Phase 6 and 7 monitoring wells have not been installed.  Based on the 
design of the proposed landfill expansion, the locations of these wells (B-404 and B-415) have been 
moved slightly to accommodate the proposed alterations of the landfill perimeter berm.  As 
documented for the existing facility, phased well installation activities with background sampling 
prior to waste placement is an effective tool for implementation of the groundwater monitoring well 
network at the Apex Landfill.  The well network for the proposed landfill expansion will likewise be 
installed in phases based on landfill cell development. 
 
(A)(3)  Implementation of Groundwater Quality Assessment Monitoring Program and 
Corrective Measures Program 
 
A Groundwater Quality Assessment Monitoring Program will be prepared and implemented in 
accordance with OAC Rule 3745-27-10(E) if the conditions of OAC Rule 3745-27-10(D)(7) apply 
at the site. 
 
A Corrective Measures Program will be prepared and implemented in accordance with OAC Rule 
3745-27-10(F) if the Groundwater Quality Assessment Monitoring Program determines that waste 
derived constituents have been detected in the groundwater.   
 
(A)(4)  Detection Monitoring Program Commencement 
 
This GWDMP commenced with the first groundwater samples collected in July 2005 from the 
Phase 1 monitoring wells prior to waste placement on November 28, 2005.  The permanent 
monitoring well network described herein will be installed in phases around the proposed landfill 
expansion after structural fill or AGM has been established to grade along the perimeter berm. 
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(A)(5)  Qualified Groundwater Scientist Certification 
 
Per OAC Rule 3745-27-09, this GWDMP has been certified by a qualified groundwater scientist as 
defined in OAC Rules 3745-27-01(Q)(1).  A signed and notarized affirmation page is included in 
the front of this document. 
 
(A)(6)  Detection Monitoring Program Documentation and Operating Record 
 
The GWDMP will be documented in the Operating Record.  Any revision(s) made to this Plan will 
be submitted to the operating record prior to the implementation of the revision(s).  
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(B)  GROUNDWATER MONITORING SYSTEM 
 
(B)(1) Groundwater Monitoring System 
 
Existing Landfill Monitoring Well Network 
The current monitoring well network for the existing landfill consists of 13 14 monitoring wells 
installed into the Uppermost Aquifer System (UAS) and, nine 11 monitoring wells installed into 
the bedrock Significant Zone of Saturation (SZS).  The locations of the wells are shown Drawing 
A-1.  In addition to the monitoring well network, piezometers are also installed surrounding the 
facility to aid in determining the groundwater flow directions of the SZS and UAS.  A summary 
of the existing monitoring wells, piezometers and their construction details is documented on 
Table 1.  All monitoring wells, with the exception of upgradient monitoring wells B-401, B-402, 
and B-403, are constructed on the outside edge of the perimeter haul road.  
 

As of October 2011 landfill construction (no perimeter berm) has yet to allow for the installation 
of the Phase 6 and 7 monitoring wells.  Based on the design of the proposed expansion area, the 
locations of the Phase 6 and 7 well clusters (B-404 and B-415) have been moved slightly to 
accommodate the proposed alterations of the landfill perimeter berm. 
 
Waste placement occurs in landfill cells which are currently identified as Phases 1 through 7 for 
the existing permitted facility.  The proposed landfill expansion will likewise be constructed in 
cells, which are identified as Phases 8 through 1413.  The approximate extent of the landfill 
footprint for each Phase is shown on Drawing A-1.  The installation, development, and sampling 
of the proposed wells will also be phased and correspond with the construction of each waste cell 
as outlined on Table 2 and as shown on Drawing A-1.  The monitoring wells will be installed 
and the initial samples collected prior to waste placement in each corresponding phase.  The 
following tables list the monitoring well network for both the existing landfill and the proposed 
expansion area as they relate to the landfill phasing. 
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PERMITTED / EXISTING LANDFILL  

MONITORING WELL NETWORK 

PHASE 
CONNELLSVILLE/ 

MORGANTOWN 
UAS 

BELLAIRE/ 
SUMMERFIELD  

SZS 
UNDERDRAIN 

1 

B-401 upgradient B-401S downgradient 

SHAUDS-1 

B-402 upgradient B-402S downgradient 

B-403 upgradient B-403S downgradient 

B-410 downgradient  
B-411 downgradient  

B-412 downgradient  
    

2 

B-407 downgradient B-407S downgradient 

SHAUDS-2 
B-408 downgradient B-408S downgradient 

 B-408SS downgradient 

B-409 downgradient B-409S downgradient 

    
4A B-406 downgradient B-406S downgradient SHAUDS-2 

    

4B 

B-413 (piezometer)   

B-413R downgradient  SHAUDS-2 

B-414 downgradient   
    

5 B-405 downgradient B-405S downgradient, 
B-405S-R downgradient SHAUDS-2 

    
6 & 14 B-404 downgradient B-404S downgradient SHAUDS-2 & SHAUDS-3 

    
7 & 8 B-415 downgradient B-415S downgradient SHAUDS-3 

Note:  Well clusters B-404 and B-415 are located near the transition from the existing permitted 
landfill to the proposed landfill expansion; therefore, are designated as both Phase 6 & 14 and 
Phase 7 & 8 monitoring wells. 
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 PROPOSED LANDFILL EXPANSION 
MONITORING WELL NETWORK INSTALLATION SCHEDULE 

PHASE 
CONNELLSVILLE/

MORGANTOWN 
UAS  

BELLAIRE/ 
SUMMERFIELD  

SZS 

LIMESTONE/ 
SHALLOW 

BEDROCK SZS  
(IF SATURATED) 

MINE SPOIL SZS 
(IF SATURATED) 

8 

B-404 downgradient B-404S downgradient 
Not found to be 

saturated near phase 

B-404A downgradient 

B-427 downgradient B-427S downgradient B-427A downgradient 

B-428 downgradient B-428S upgradient B-428A downgradient 

     

9 

B-424 downgradient B-424S downgradient B-424L downgradient B-424A downgradient 

B-425 upgradient B-425S upgradient B-425L downgradient B-425A downgradient 

B-426 downgradient B-426S upgradient B-426L if saturated B-426A if saturated 

     
10 B-423 downgradient B-423S downgradient B-423L downgradient B-423A downgradient 

     
11 B-415 downgradient B-415S downgradient Not saturated B-415A downgradient 

     

12 

B-419 downgradient B-419S downgradient Not saturated B-419A downgradient 

B-420 downgradient B-420S downgradient B-420L if saturated B-420A downgradient 

B-421 downgradient B-421S downgradient B-421L downgradient B-421A downgradient 

B-422 downgradient B-422S downgradient B-422L downgradient B-422A downgradient 

     

13 

B-416 downgradient B-416S downgradient 

Not found to be 
saturated near phase 

B-416A downgradient 

B-417 upgradient B-417S upgradient B-417A downgradient 

B-418 downgradient B-418S upgradient B-418A downgradient 
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 PROPOSED LANDFILL EXPANSION 
MONITORING WELL NETWORK INSTALLATION SCHEDULE 

PHASE 
CONNELLSVILLE/

MORGANTOWN 
UAS  

BELLAIRE/ 
SUMMERFIELD  

SZS 

LIMESTONE/ 
SHALLOW 

BEDROCK SZS  
(IF SATURATED) 

MINE SPOIL SZS 
(IF SATURATED) 

8 B-415 downgradient B-415S downgradient B-415L downgradient B-415A downgradient 

     

10 

B-416 downgradient 
 
B-417 upgradient 
 
B-418 downgradient 

B-416S downgradient 
 
B-417S upgradient 
 
B-418S upgradient 

B-416L upgradient 
 
B-417L upgradient 
 
B-418L downgradient 

B-416A downgradient 
 
B-417A 
downupgradient 
 
B-418A 
downupgradient 

     

11 

B-419 downgradient 
 
B-420 downgradient 
 
B-421 downgradient 

B-419S downgradient 
 
B-420S downgradient 
 
B-421S downgradient 

B-419L downgradient 
 
B-420L if saturated 
 
B-421L downgradient 

B-419A downgradient 
 
B-420A downgradient 
 
B-421A downgradient 

     

12 

B-422 downgradient B-422S downgradient B-422L downgradient B-422A downgradient 

B-423 downgradient B-423S downgradient B-423L downgradient B-423A downgradient 

B-424 downgradient B-424S downgradient B-424L downgradient B-424A downgradient 

     

13 

B-425 upgradient B-425S 
updowngradient B-425L downgradient B-425A downgradient 

B-426 downgradient B-426S upgradient B-426L downgradient B-426A downgradientif 
saturated 

B-429 upgradient B-429S downgradient Not applicable Not applicable 

     

14 

B-404 downgradient B-404S downgradient Not saturated 
 

B-427L downgradient 
 

B-428L downgradient 

B-404A downgradient 

B-427 downgradient B-427S downgradient B-427A downgradient 

B-428 downgradient B-428S 
updowngradient B-428A downgradient 

Note:  Underdrains systems will be installed for the proposed landfill expansion and monitored 
in accordance with the underdrain compliance program (Appendix C). 
 
As noted above and depicted on Drawing A-1, the Connellsville/Morgantown UAS and 
Bellaire/Summerfield SZS monitoring wells will be installed surrounding the proposed landfill 
on approximate 800 foot intervals, with slightly more spacing between wells when they are 
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known to exist upgradient of waste placement.  Both of these units were found to exist beneath 
the entire landfill; however as documented during the installation of the Bellaire/Summerfield 
SZS well network for the existing facility, this SZS unit can sometimes be dry. 
 
Based on the limited occurrence of groundwater within the Limestone/Shallow Bedrock SZS and 
Mine Spoil SZS, monitoring wells will only be installed within the aforementioned units if 
groundwater is encountered during drilling the well cluster.  The UAS monitoring well will be 
the first monitoring well installed at the well cluster location; therefore, all potential groundwater 
producing zones will be identified and the Limestone/Shallow Bedrock SZS and Mine Spoil SZS 
wells will be installed only if groundwater is present in the zone.  The presence of groundwater 
within these zones will be evaluated by the drilling procedures outlined in Section (B)(3). 
 
For the existing landfill the mine spoil has been or will be completely removed from beneath the 
landfill and perimeter berm; therefore, mine spoil cannot be monitored as an SZS.  Additionally, 
the Limestone/Shallow Bedrock SZS was not found to be saturated beneath the existing landfill. 
 
The Ohio Environmental Protection Agency (Ohio EPA) indicated in their Interoffice Memorandum (IM) dated 

March 29, 2013 regarding the Addendum I report that the Pittsburgh Limestone does not qualify as an Uppermost 

Aquifer System (UAS) in the eastern halves of Phases 6 and 7 of the operating landfill.  This determination is based 

on low yields of piezometers P-13L, P-14L and P-15L (piezometer locations shown on Drawing A-1) discussed in 

Addendum I.  The Addendum I information is sufficient to determine that the limestone in the eastern portion of 

Phases 6 and 7 needs to be monitored as a Significant Zone of Saturation (SZS) in accordance with Ohio 

Administrative Code (OAC) 3745-27-10(B).  Thus, existing piezometers P-15L and P-11L will be converted to 

Limestone/Shallow Bedrock monitoring wells in this area to monitor Phase 7. 

 
For the proposed landfill expansion, the mine spoil will be removed from beneath the limits of 
waste; however will remain beneath the perimeter berm of the proposed landfill.  Therefore, the 
mine spoil will be monitored as an SZS when found to be saturated beneath the perimeter berm.  
Additionally, the Limestone/Shallow bedrock, where not removed, will also be monitored as an 
SZS when found to be saturated beneath the proposed landfill. 
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Existing Landfill Underdrains 
Based on the permit drawings and subsequent alteration requests, three separate underdrain 
systems (SHAUDS-1, SHAUDS-2, and SHAUDS-3) have been or will be constructed to control 
hydrostatic pressure beneath the liner system.  During the construction of Phase 1, the first 
underdrain was installed and is currently operational as SHAUDS-1.  During the construction of 
Phase 2, Phase 3, Phase 4a, and Phase 5 the second underdrain system was installed and is 
currently operating as SHAUDS-2.  SHAUDS-2 wasmay also be extended into Phase 6 and is 
explained in greater detail below.  During construction of Phase 4b, the third underdrain system 
was partially installed and is operating as SHAUDS-3.  SHAUDS-3 will be constructed through 
Phases 6 and 7 and is explained in greater detail below.  Locations of the existing SHAUDS-1 
and SHAUDS-2 and SHAUDS-3 are depicted on Drawing A-1.  Please note that SHAUDS-1 
does not have a collection piping system, like SHAUDS-2 and SHAUDS-3; therefore, it is not 
depicted on the drawing.  Each underdrain system is discussed in detail below. 
 
Side Hill Aggregate Underdrain SHAUDS-1 
The side hill aggregate underdrain system (SHAUDS-1) associated with Phase 1 of the landfill 
was constructed during the summer of 2005.  The side hill aggregate underdrain was constructed 
along the top of bedrock and controls groundwater flow into the structural fill during and after 
site construction.  The side hill aggregate underdrain system is generally constructed on 200 foot 
centers and is used to control groundwater flow that can cause structural fill instability.  In 
November 2005 a pipe for sample collection was installed into the toe of the aggregate 
underdrain.  The pipe consists of a four inch diameter; slotted PVC pipe (inlet screen) installed 
approximately six feet into the aggregate and a solid two inch PVC pipe that “Ts” off the inlet 
screen to create a centralized sampling location. 
 
Side Hill Aggregate Underdrain SHAUDS-2 
The side hill aggregate underdrain system (SHAUDS-2) was constructed along the eastern side 
of Phase 2 and Phase 3 and also extends beneath Phase 4a and Phase 5 of the landfill, as depicted 
on Drawing A-1. The aggregate underdrain system was constructed following the same general 
procedures and techniques explained above for SHAUDS-1, with the exception that a six-inch 
HDPE pipe was installed within the aggregate underdrain.  The SHAUDS-2 collection pipe is 
constructed beneath the aggregate and collects shallow groundwater being diverted through the 
aggregate underdrain.  In some places, aggregate filled trenches were also constructed off the 
six-inch pipe.  This piping system and lateral trenches are depicted on Drawing A-1.   
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As documented in the October 2009 version of the GWDMP, SHAUDS-2 was originally 
proposed to only extend beneath Phase 2, Phase 3, and Phase 4a of the landfill.  Within Phase 4a, 
drainage from a clay pipe associated with drift mining of the coal had been tied into the existing 
SHAUDS-2 underdrain pipe and is monitored at the SHAUDS-2 discharge point.  This discharge 
changed the water quality and flow rate of SHAUDS-2.  In accordance with the October 2009 
GWDMP, SHAUDS-2 was to remain in background sampling until the Phase 4a landfill liner 
system had been installed.  In August 2008 the Phase 4a liner system was completed and Phase 
4a began accepting waste.  Subsequently, SHAUDS-2 was then subject to trend testing; however, 
the groundwater chemistry of SHAUDS-2 was continuing to change based on the continued 
extension of the underdrain and subsequent change in source water. 
 
Due to ongoing construction activities in Phase 5, the SHAUDS-2 underdrain is receiving 
surface water infiltration which has previously been documented to affect groundwater quality.  
Additionally, the SHAUDS-2 underdrain will be extended through Phase 5 to provide a “tie in” 
location for Phase 6 in order to capture water that could impede construction.  This engineering 
design is required to provide an outlet for shallow groundwater, if encountered during cell 
construction of Phases 5 and 6.  With the future extension of SHAUDS-2 through Phase 5 and 
likely extension beneath Phase 6, the groundwater quality of SHAUDS-2 will not be consistent 
with data previously collected.  Therefore, an underdrain compliance monitoring program has 
been developed to allow for the collection of groundwater quality data during construction of the 
underdrains.  A discussion of the underdrain compliance monitoring program is presented below 
and summarized in Appendix C. 
 
Side Hill Aggregate Underdrain SHAUDS-3 
The side hill aggregate underdrain system (SHAUDS-3) has been constructed under the western 
portion of Phases 6 and 7 of the landfill and is proposed for installation along the southern 
portion of Phase 7.  Drawing A-1 depicts the already installed sections of SHAUDS-3 and the 
proposed sections.  The aggregate underdrain system has been and will be constructed following 
the same procedures and techniques explained above for SHAUDS-2.  Based on a telephone 
conversation between CEC and Mr. Steve Saines of the Ohio EPA on July 16, 2009, 
groundwater sampling will commence on SHAUDS-3 prior to Phase 6 accepting waste.  As 
presented below and in Appendix C, the underdrain compliance monitoring program will be 
implemented for SHAUDS-3.  Sampling of the SHAUDS-3 underdrain began in December 
2012. 
 
 
Appendix C9-A 13 Apex Landfill 
October 2011 
Revised July 2013  Groundwater Detection Monitoring Program 



 
Proposed Landfill Expansion Side Hill Aggregate Underdrains 
Similar to the design and construction of the existing landfill, side hill aggregate underdrain 
systems will likely be required for the proposed landfill expansion.  This engineering design is 
required to provide an outlet for shallow groundwater, if encountered during cell construction.  
Once these systems are designed, they will be added to Drawing A-1.  There is a probability that 
underdrains will be needed in the existing valleys in the southeastern and southwestern portions 
of the proposed contiguous expansion.  The underdrain compliance monitoring program, as 
documented in Appendix C will be implemented for any underdrain constructed beneath the 
proposed landfill expansion.   
 
Underdrain Sampling Compliance Program 
Based on discussions with the Ohio EPA on April 14, 2005, the side hill aggregate underdrains 
will be included as part of the monitoring system for the Apex Landfill.  However, please note 
that sampling is implemented as a check of liner integrity.  Underdrain sampling will not be 
performed as a routine compliance point to trigger Assessment Sampling as defined in OAC 
3745-27-10 (E), unless it is otherwise determined that there has been a waste derived release to 
the underdrain system.   
 
Underdrain sampling is proposed throughout the operational life of the Apex Landfill.  Should 
the underdrains no longer flow and become dry, sampling will be discontinued.  Please note that 
construction activities which open the underdrains to surface water have proven to alter the 
groundwater geochemistry and bias the analytical results.  Therefore, background sampling to 
establish a database prior to the underdrain being completely installed will be limited.  The 
underdrain outlet points do not represent a discrete zone of monitoring; therefore, detection 
monitoring with a modified data review procedure has been developed as documented in 
Appendix C and discussed below in Section (C)(6). 
 
(B)(2)  Uppermost Aquifer System and Significant Zone of Saturation 
 
Connellsville/Morgantown Uppermost Aquifer System 
The UAS is continuous beneath the site and consists of fine to medium-grained sandstones. The 
sandstones belong to the Connellsville and Morgantown Members of the Pennsylvanian Age 
Conemaugh Formation.  The highest elevation of the UAS within the existing landfill is 1205 
feet msl in the vicinity of Phase 1.  Added Geologic Material (AGM) has been placed in the 
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vicinity of Phase 1 to maintain the minimum separation distance between the UAS and the base 
of the recompacted soil liner. 
 
The UAS beneath the existing landfill is generally unconfined. In contrast, UAS piezometers 
with groundwater elevations above the unit suggest that tThe aquifer, however,  is confined 
below the proposed expansion with the exception of the southwestern and northeastern 
portions.on the southern and eastern portions of the site.   Groundwater flow under the existing 
(northern) facility is from the south to northeast and northwest along the ridge on which the 
facility is located.  The groundwater flow under the majority of the proposed landfill expansion 
also flows toward the north; however, a divide is present in the southwestern portion of the 
landfill expansion.  The groundwater flow turns toward the south near piezometer B-12 where it 
follows a large valley.  It should be noted that along the eastern side of the proposed landfill 
expansion, groundwater flows toward the north, which is opposite the southeastern valley.  This 
groundwater flow is caused by the northerly dip of the Connellsville/Morgantown unit in the 
vicinity.   
 
Two existing piezometers, B-7B and B-403 located south-southeast of the expansion area, 
exhibit water levels that are higher than surrounding piezometers and, thus, a potentiometric high 
is mapped in this vicinity of the UAS.  Geologic cross sections included in the contiguous 
expansion PTI Application indicate that the base of the Connellsville and Morgantown units do 
not exhibit a consistent, site-wide dip direction.  The variable nature of the UAS structure 
appears to influence groundwater flow directions in portions of the UAS.  As indicated on 
Drawing 5D Geologic Cross Section C-C’, the UAS dips to the north in the vicinity of B-7B and 
B-403.  The observed flow direction in the vicinity of these two piezometers may be due to the 
structural dip. 
 
Also, in valley areas where the UAS outcrops/subcrops, it is expect that topographically-
controlled groundwater divides exist.  The approximate location of the 
Connellsville/Morgantown subcrop has been added to Drawing 3R - Connellsville–Morgantown 
Potentiometric Map December 10, 2012 that is included in the revised PTI Application (HSIR).  
The UAS outcrop/subcrop, based on surface elevations in the southern valleys, is expected to be 
found more than 2,000 feet south of piezometer B-7B and is beyond the map area in Drawing 
3R.  Topographic influences that create a groundwater divide and discharge boundary this far 
south of the expansion apparently do not override the structural influence in the vicinity of B-7B 
and B-403.  Apex believes the proposed UAS monitoring well network and designation of 
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upgradient and downgradient wells is accurate based on existing information.  As proposed 
monitoring wells for the expansion area are completed and water levels recorded, another 
evaluation of the UAS flow lines and adequacy of the monitoring well network will be 
completed and reported to Ohio EPA. 
 
Bellaire/Summerfield Signification Zone of Saturation 
The Bellaire/Summerfield Significant Zone of Saturation (SZS) consists of the shales and 
siltstones of the Bellaire and Summerfield Members of the Pennsylvanian Age Conemaugh 
Formation. This zone is present beneath approximately two-thirds of the existing facility at 
approximately 1183 feet msl and is present beneath the entire proposed contiguous landfill 
expansion.  Groundwater flow within the unit generally follows topography and the dip of the 
bedrock units.  Flow for the northern existing facility flows toward the east following a valley 
which was previously filled during construction of the landfill and also flows toward the south 
along the southeastern permitted limits of waste.  Groundwater flow in this unit in the southern 
proposed contiguous expansion landfill flows toward the southeast from a potentiometric high at 
piezometer P-12S and also exhibits a southerly flow following the valleys along the southern 
proposed waste limits.  This flow direction may change over time as landfill construction 
activities develop in the southern portion of the permitted landfill footprint and additional 
underdrain systems are installed.  During well network installation activities, dry wells have been 
noted within the low yielding Bellaire/Summerfield SZS.  Per previous discussions with Ohio 
EPA, a dry SZS well does not warrant a notice of violation from Ohio EPA for an inadequate 
well network. It is our opinion that dry wells substantiate the fact that no shallow groundwater 
exists; hence potential impacts from the landfill are also minimized.  
  
Limestone/Shallow Bedrock Signification Zone of Saturation 
The Limestone/Shallow Bedrock unit has been classified as a SZS and consists of the first 10 to 
15 feet of bedrock.  This zone is present beneath the entire proposed landfill, however, is not 
present or has been removed during landfill construction from beneath the existing northern 
facility.  Although this unit is present beneath the entire proposed landfill, because it has been 
identified as the first 10 to 15 feet of bedrock, it is found to be saturated and yield a significant 
amount of water in the south central portion of the proposed landfill.  As detailed in the 
expansion PTI Application Hydrogeologic Site Investigation Report (HSIR), this unit has been 
identified as “UAS to be removed” where the unit yields a significant amount of groundwater.    
Groundwater flow within the unit generally follows topography and the top of bedrock surface 
and flows toward the south.  Because portions of this unit will remain beneath the proposed 
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contiguous expansion landfill perimeter berms, the unit has been identified as an SZS (where 
saturated) and well installation is proposed.   
 
Mine Spoil Signification Zone of Saturation (Unconsolidated) 
The Mine Spoil SZS consists of mine spoil and residual soil in unmined areas.  The majority of 
the site consists of mine spoil; therefore, the unconsolidated deposits are referred to as the Mine 
Spoil SZS.  The Mine Spoil SZS is present beneath the entire proposed contiguous expansion 
landfill footprint, however, is not present or has been removed during landfill construction from 
beneath the existing facility.  Groundwater flow, when saturated, generally follows topography 
and the top of bedrock surface.  Groundwater flow in this zone in the northwestern portion of the 
proposed landfill footprint flows to the north/northeast toward the valley.  Groundwater flows 
toward the northeast and south in the eastern portion of the proposed landfill, which follows 
topography.  Groundwater flow within this unit in the southeastern portion of the proposed 
landfill, also follows topography and is to the south.  It should be noted that the underdrain 
(SHAUDS-3) is partially installed along the southern permitted limits of waste and has begun to 
affect the groundwater flow within the Mine Spoil SZS.  This underdrain directs flow toward the 
northwest following the existing topography of the valley.  It is anticipated that landfill 
construction activities will require the installation of permanent underdrain systems, which will 
alter groundwater flow directions and likely dewater areas of the Mine Spoil SZS.  The mine 
spoil is to be fully excavated within the footprint of the existing facility during construction; 
however, will remain beneath the proposed contiguous expansion landfill perimeter berms.  
Therefore, it has been designated as an SZS, where saturated. 
 
(B)(3)  Drilling and Monitoring Well Construction 
 
The borings for the current 400 series monitoring wells have been and will be drilled using air 
rotary and auger drilling methods.  A combination of split-spoon sampling, Aair rotary rock chip 
logging, and continuous rock coring will be used to identify the limits of the SZS and UAS and for 
locating screened intervals for the proposed monitoring wells.  The drilling program will consist of 
completing each monitoring well at the proposed locations presented in Drawing A-1.  Specifically, 
the drilling procedures will consist of the following:  
 

 Split-spoon samplers will be utilized to collect soil samples in five-foot intervals through the 
overburden (mine spoil, native soil, etc.) to determine if the Mine Spoil SZS is saturated.  
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 Steel or PVC surface casing will be used to seal off groundwater from unconsolidated and 

consolidated overburden when bedrock borings are advanced. 
 Bedrock will be continuously sampled using wire-line air coring techniques or equivalent.  

Compressed air will be used to remove cuttings from the borehole as the drill bit is 
advanced.  Unless absolutely necessary, no water will be used during the air core sampling.  

 To evaluate the presence (or absence) of groundwater within the Limestone/Shallow 
Bedrock SZS, boreholes will remain open for no less than 15 minutes and no more than 
overnight once the total depth of the boring has been reached.   

 Install monitoring wells at proposed locations in the UAS and SZS (if saturated) units using 
2-inch diameter PVC screen and riser pipe. Screen lengths will be 5 or 10 feet in length.  
Each well will be constructed as described below. 

 Develop each monitoring well by surging and purging with bailers and pumps when 
appropriate. 

 Survey the horizontal grid coordinates and vertical elevations grid coordinates of each 
boring and piezometer.  

 Install dedicated pumps in each well that does not bail dry during well development 
activities. 

 
Drilling Methodology 
 
Drilling equipment mobilized to the site will be steam cleaned prior to commencement of drilling.  
Any down hole tooling or equipment (drilling rods, augers, bailers, pumps, etc…) will be cleaned 
prior to use at each borehole.  Samples of the unconsolidated material will be taken at five-foot 
intervals from ground surface to bedrock in each soil boring advanced at each proposed location.  
Soil  samples will be collected with a 2-foot split spoon sampler (ASTM D-1586).  Split spoon 
samples will be collected using a 2-inch outer diameter (OD) split spoon sampler, 24 inches in 
length.  The sampler will be driven with a 140-pound slide hammer or equivalent hydraulic hammer 
(Auto-Hammer).  Blow counts will be recorded for every 6-inch advance of the split spoon sampler 
and will be recorded on the boring logs. 
  
In locations where bedrock borings are proposed, the deep boring will be continuously sampled 
from top of bedrock to total depth (i.e. the base of the UAS).  Subsequent borings made in nearby 
locations will not require continuous sampling, except for the screened interval.  These borings will 
only be sampled across the screened interval  The lithology in the unsampled portion of the boring 
will be logged by observation of the drill cuttings, drilling pressure, and bit advance rate.  Soil  
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samples will be collected with a 2-foot split spoon sampler (ASTM D-1586), while rock core 
samples will be collected with air-coring methods.  Visual identification of the samples will be 
noted on each boring log.  
 
Split spoon samples will be collected using a 2-inch outer diameter (OD) split spoon sampler, 24 
inches in length.  The sampler will be driven with a 140-pound slide hammer or equivalent 
hydraulic hammer (Auto-Hammer).  Blow counts will be recorded for every 6-inch advance of the 
split spoon sampler and will be recorded on the boring logs. 
  
The rock coring techniques will consist of a double tube core barrel wire line assembly using 
compressed air to remove cuttings from the borehole as the drill bit is advanced. This allows the 
geologist to identify saturated horizons during drilling.  The coring assembly is advanced through 
rock by the application of downward pressure during rotation and the rock core feeds into the inner 
barrel. The cutting end of the core barrel is equipped with a diamond or tungsten carbide drill bit. As 
coring progresses, high-pressure air is introduced downward between the inner and outer tubes to 
cool the bit and to return cuttings to the surface. The inner tube protects the core from the highly 
erosive action of the air. The rate of advance is controlled to obtain the maximum possible core 
recovery.  Rock Quality Designation (RQD) will be calculated for each core run and recovery will 
be calculated.  Identification of stained rock will be used to assist in identification of fractures zones 
and water producing areas for potential well screen placement.  Visual identification of the samples 
will be noted on each boring log. All rock cores will be boxed, labeled and stored at the Apex 
facility. Upon reaching the total depth of coring, the boring will be reamed with a 6-inch diameter 
tri-cone roller bit to the desired depth of monitoring well installation to provide a larger diameter 
borehole.  When the screen tip is positioned above the corehole bottom depth, granular bentonite 
will be used to backfill the lower portion below the screen tip.  Approximately 1 foot of and filter 
sand will be placed above the granular bentonite backfill and below the screen tip. 
 
Monitoring Well Construction 
 
The boreholes will be converted to monitoring wells generally in accordance with the typical 
monitoring well diagram included as Figure 2.  All drilling equipment and tools which come in 
contact with the soil, bedrock, or groundwater will be thoroughly cleaned with a high-pressure, hot-
water spray cleaner prior to drilling each well.  The materials to be used for construction of the 
monitoring wells will include the following: 
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 2-inch flush joint schedule 40 PVC well casing; 
 2-inch, flush joint, schedule 40 PVC, 10 slot, well screens; well screens will not exceed 10-

foot in lenght; 
 Washed, quartz sand filter pack; 
 3/8-inch bentonite chips (bentonite seal); 
 3/8-inch bentonite chips or 80 mesh granular bentonite (bentonite grout), 
 Steel or PVC surface casing installed through overburden, and, 
 Steel locking protective covers, with keyed alike locks. 
 
The screens will be placed in the borings in accordance with the typical monitoring well diagram 
(Figure 2).  The remaining materials will be poured from the surface into the annulus between the 
well casing and boring wall.  If granular bentonite slurry is used as a grout, the bentonite will be 
mixed with potable water and placed in the annulus from the bottom upward using tremie methods.  
The level to which each material is placed will be measured and the volume of material placed will 
be recorded to ensure the entire volume of the well is sealed.  The protective cover will be cemented 
in place with the concrete mounded at ground surface to prevent ponding at the well head.  Wells 
will be locked with padlocks or equivalent locking devices.   
 
All new monitoring wells will be developed after installation in order to restore the natural 
hydraulic characteristics in the area of the well screen.  The wells will be developed by using a 
combination of pumping, and surging and bailing techniques.  Equipment used to develop the wells 
will be decontaminated prior to its use in each well.  The wells will be developed to remove fines, 
establish low turbidity, and to improve the hydraulic communication between the well/sand pack 
and the surrounding aquifer materials.   
 
Monitoring wells that exhibit sufficient yield required for low flow sampling during development 
(i.e. cannot be bailed dry) will be equipped with a dedicated bladder pump for well sampling. 
 
Boring logs and well completion diagrams for the Phase 1, 2, 3, 4, and 5 and 6 of the existing 
landfill  monitoring wells are included in Appendix D.  The integrity of each monitoring well at the 
site will be maintained through active landfill operations and the closure period.  If during a 
sampling event a problem is observed with any well, repair or replacement activities will be 
performed prior to the next sampling event. 
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Monitoring Well Abandonment 
 
Any groundwater monitoring well which must be abandoned will be decommissioned in 
accordance with the State of Ohio Technical Guidance for Sealing Unused Wells dated 1996.  
The work will be completed by removing the protective steel casing, filling the PVC well screen 
and riser with granular bentonite or bentonite slurry, pulling the PVC casing and well screen, 
over-drilling the boring to the original depth, and grouting the borehole. The grout will consist of 
bentonite slurry placed into the boring from the bottom upward using tremie methods. Granular 
bentonite may also be used to backfill abandoned well borings.  In the event that the inner 
casings and screens cannot be pulled, they will be removed by drilling through the materials.  
Details of the abandonment will be submitted to the Ohio EPA under separate cover after any 
well has been abandoned. In addition the drilling contractor will submit water well sealing 
reports to the Ohio Department of Natural Resources. 
 
Drawing A-1 depicts the groundwater monitoring wells and piezometers which have been or will 
be abandoned during landfill construction activities.  The following table also depicts the wells 
to be abandoned. 

 PROPOSED LANDFILL EXPANSION 
MONITORING WELL / PIEZOMETER ABANDONMENT SCHEDULE 

PHASE MONITORING WELL / PIEZOMETER IDENTIFICATION 
7 B-310 

  
8 B-310, B-401S, B-402A, B-402S, P-11L, P-7A, B-403S, B-401A, P-4LB-309, B-11, B-

11S, P-8A (POSSIBLY NOT ABANDON) 

     
9 B-2A, B-2B, P-10L, B-401, B-402 P-7A, B-403S, B-311, B-403, P-9, P-9S 

     
10 P-1, P-1L, P-1S, P-1A, P-2A, P-2L, P-2S, P-12, P-12S B-401S, P-4L, B-401, B-402A, B-

402S, P-11L, B-402, P-5, P-5A, P-5L, P-5S 
     

11 B-12, P-3A, P-3L, P-3S B-2S, B-2B, B-401A, P-10L 

     
12 B-311, P-5, P-5A, P-5L, P-5S B-12, P-3A, P-3L, P-3S 

     
13 B-403, P-9, P-9S P-2A, P-2L, P-2S, P-12, P-12S, P-1A, P-1, P-1L, P-1S 

14 B-11, B-115, B-309, P-15L 

(B)(4) Numbers, Spacing and Depth of Groundwater Monitoring Wells 
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The proposed and existing locations of the monitoring wells are shown on Drawing A-1.  Details 
regarding the installation of the existing monitoring well network are depicted on Table 1.  
Additionally, details for the installation of the proposed monitoring wells including approximate 
locations, depths, zones monitored, and screen placements are summarized on Table 2.  Similar to 
the existing facility, the proposed monitoring wells will be located on the outside edge of the 
perimeter landfill berm.  The exact monitoring well placement will be determined in the field based 
on site conditions encountered and access.  Should the proposed well location be moved a 
significant amount from the original locations or if an existing piezometer will be converted to a 
monitoring well, the Ohio EPA will be notified. 
 
The downgradient SZS and UAS monitoring wells will be installed on approximately 800 foot 
intervals along the east, south, and west sides of the proposed landfill, with slightly more spacing 
when the well is known to exist upgradient of waste placement.  A typical monitoring well 
construction detail is included as Figure 2.  The location and spacing of the SZS and UAS 
monitoring wells are capable of detecting waste-derived constituents released from the facility in 
accordance with OAC 3745-27-10(B). 
 
(B)(5) Annual Monitoring System Evaluation 
The static groundwater elevation in all wells and piezometers at the site which have not been 
abandoned will be measured during each sampling event.  This includes the following: 
 

• monitoring wells (400 series) installed at the time of the sampling event; and,  
• all piezometers scheduled for abandonment (until actually abandoned). 

 
Potentiometric maps for the UAS and all SZS units will be prepared and submitted with the Semi-
annual Groundwater Detection Monitoring Program Reports.  At least annually, the number, 
spacing, and depth of the wells will be evaluated in order to determine if the Groundwater 
Monitoring System is adequate for the facility.  Results of this evaluation will be submitted with the 
Annual Operating Report submitted pursuant to OAC Rule 3745-27-10(B)(5). If the groundwater 
well network system is found to be inadequate, it will be modified to meet the requirements of OAC 
3745-27-10(B).   
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(C)  GROUNDWATER SAMPLING ANALYSIS AND STATISTICAL METHODS 
 
(C)(1)  General Requirements 
 
The following sections of the GWDMP provide the sampling and analysis procedures and statistical 
methods for groundwater monitoring at the facility.  The procedures and methods were prepared in 
accordance with Ohio EPA and U.S. EPA procedures, and are consistent with accepted industry 
protocol.  The procedures and methods are intended to provide guidance to obtain accurate, 
consistent and meaningful water quality data.  This document will be maintained within the 
Operating Record of the facility and will be available for Ohio EPA inspection. 
 
(C)(2)(a)  Groundwater Elevation Measurements 
 
To insure consistent groundwater elevation data, all monitoring wells will be surveyed by a licensed 
Ohio surveyor for ground surface, top of PVC casing, and pump cap assembly (if applicable), and 
will be tied to a site datum.  Elevations will be accurate to 0.01 foot.  The reference point for water 
levels will be marked with a small notch or permanent marking where all taped depth to water 
measurements will be obtained.  Wells equipped with pumps will be measured from the water-level 
measurement port.  Site-wide groundwater levels will be collected within a 24-hour period prior to 
the initiation of sampling.  Water level measurements will be made using a battery-operated 
electronic water level meter with audible signal and calibrated tape (or equivalent).  The static water 
level and bottom of well will be measured prior to well evacuation and recorded on a Field 
Sampling Form.  If a well has a dedicated pump, well depth will not be measured each event but 
will be measured if the pump is removed for maintenance. 
 
(C)(2)(b)  Detection of Immiscible Layers 
 
OAC 3745-27-10(C)(2)(b) requires that on a semi-annual basis the presence of immiscible layers in 
each monitoring well at the facility be determined.  However, it is CEC’s experience that 
immiscible layers are only detected when volatile organic compounds (VOCs) are present in 
groundwater at concentrations high enough to form dense (or light) non-aqueous phase liquids 
(DNAPLs).  Based on existing groundwater quality data, it is not likely for immiscible layers to be 
present.  Should any evidence suggesting their presence be identified, immiscible layers will be 
evaluated.  Should future analytical data show high detectable concentrations of volatile organic 
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compounds (VOCs) in wells, or if field observations suggest immiscible layers could be present, 
immiscible layer monitoring will be initiated, as detailed below. 
 
An optical interface probe capable of detecting both dense and light phase immiscible layers will be 
used to determine if immiscible layers are present in any of the wells.  This determination will be 
made at the same time the static water levels are being collected.  The interface probe will be 
decontaminated after each use with deionized water.   
 
During purging and sampling activities, field personnel will visually inspect the purge water and 
sample bottles to denote floating or sinking product layers or to detect a “sheen” on the surface of 
the water.  Likewise, non-dedicated sampling equipment will be visually inspected to determine the 
presence of any immiscible layers in the wells at the Apex Landfill. 
 
(C)(2)(c)  Collection of Groundwater Samples 
 
Groundwater samples will be collected in accordance with the procedures outlined below. 
 
(C)(2)(c)(i)  Well Evacuation 
 
Low-Flow Sampling 
The objective of well purging or evacuation is to collect a sample of groundwater that is 
representative of the formation and free from the effects of stagnation in the well.  Conventional and 
low-flow purging methods are acceptable at the site.  With conventional purging techniques, 
stagnate water is removed from the well by removing three well volumes in productive wells or by 
purging the well dry in non-productive wells utilizing a bailer or submersible pump.  Low-flow or 
minimal drawdown purging techniques focus on pumping slowly from the screened interval of the 
well to obtain a sample that is representative of formation water.  Low-flow purging is less invasive 
and often results in the collection of a more representative sample, particularly in the case of non-
productive wells or where turbidity is an issue.  All monitoring wells which can sustain a yield 
required for low-flow or minimum/no purge sampling will be equipped with a dedicated bladder 
pump.  The focus of low-flow purging will be to reach stabilization of field water quality parameters 
rather than to purge a predetermined volume or to purge the well dry.  Conventional and low-flow 
purging methods are acceptable at the site.  In addition, minimum/no purge sampling will be utilized 
in low-yield wells. Purging procedures are summarized below. 
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Low Flow Sampling 
The focus of low-flow purging will be to reach stabilization of field water quality parameters rather 
than to purge a predetermined volume or to purge the well dry.  Low-flow purging and sampling 
will be accomplished with an electric submersible pump or bladder pump.  Flow rates (usually less 
than 500 ml/min) will be selected based on individual well yields.  The flow rate should create the 
least amount of disturbance to the well and produce the least amount of drawdown, as practical. 
Samples of water will be taken directly from the dedicated pump discharge and analyzed for pH, 
specific conductance (SC), turbidity, and temperature. Samples will be collected at intervals of 
approximately 3 to 5 minutes. 
 
While purging, field measurements of pH, specific conductance, turbidity, and temperature will be 
collected at approximately three to five-minute intervals.  Stabilization of pH, specific conductance 
and temperature will be the criteria for determining when purging is complete and the well is ready 
to be sampled.  Stabilization of field parameters will be obtained when the previous reading for each 
parameter has stabilized in accordance with the following schedule: 
 

• pH     ± 0.1 units 
• Specific Conductance   ± 3% 
• Temperature    ± 0.5ºC 
• Three Consecutive Water-Level Measurements Vary by less than 1.0 feet 

 
Turbidity will be measured during purging and sampling however, will not be used as a stabilization 
parameter.  If the above stabilization criteria cannot be achieved the sampling team will stop 
purging, allow the well to recover, and perform one of the alternate purging sampling procedures 
described below.   
 
Minimum / No Purge Sampling 
Minimum/no purge sampling will be conducted in accordance with the previously approved 
GWDMP (Revised December 2011) for the operating landfill and Section 4.5.4 of the Ohio EPA 
Technical Guidance Manual for Groundwater Investigations (May 2012)for the existing landfill.  
for This procedure is utilized on monitoring wells that yield an insufficient volume for low-flow 
purge techniques (less than 100 ml/min).  Minimual/no purge sampling is especially important 
during the collection of background data from low yield wells.  The object of this method is to 
obtain a sample from within the well screen and above the pump intake by withdrawing a limited 
volume of water prior to sampling.  A portable pump may be used for minimal/no purge sampling 
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because well sampled using this method are often seasonally dry.  Groundwater will be pumped a 
rate or 100 ml/min or less until a volume equal to the volume of the pump and discharge tubing is 
withdrawn.  Once this volume has been withdrawn, a measurement of the field parameters pH, 
specific conductance, and temperature will be collected to fulfill the requirement of OAC 3745-27-
10 (d)(5)(d).  Turbidity will also be field measured at this time.   
 
Sampling will proceed once the volume of groundwater in the tubing and pump has been removed 
and a minimum of one set of field parameter measurements have been collected.  Because of the 
low-yield of some of the wells, drawdown may be unavoidable.  Therefore, drawdown will be 
monitored by collecting depth-to-water readings during sampling to ensure that water present above 
the screened interval does not enter the pump.  The amount of drawdown allowed will be no more 
than the distance from the top of the screen to the position of the top of the pump intake, minus a 2-
foot safety margin.  As presented in Table 3, measurements were collected to evaluate the top of 
screen and top of pump intake elevations for the monitoring wells with dedicated pumps.  Based 
upon these elevations, additional calculations were completed to determine the allowed drawdown 
distance for each monitoring well (including the 2-foot safety margin), and an estimated volume of 
groundwater that can be removed before the drawdown limit is reached.  It should be noted that the 
volume calculations will only be used for reference purposes and that the wells will likely be able to 
yield a higher volume of water than presented in Table 3 before the drawdown limit is reached.  In 
the event the depth-to-water measurement reaches the maximum drawdown level included in Table 
3, sampling will be postponed.  Sampling will recommence when the well has recharged 
sufficiently to meet the remaining sampling volume requirements, and always within 24 hours. 
 
Conventional Purging Procedure (Bailing Low Yield Wells) 
Low yielding wells which cannot be purged using a dedicated pump system may be sampled with a 
dedicated or disposable bailer. Purging will be initiated and continue until at least three well 
volumes are removed or until the well is purged dry.  One well volume (V) will be calculated as 
follows: 
 
 V = π r2 h x 7.48 gals/ft3 
  where: 
  π  = 3.1415, 
  r  = radius of the casing in feet, and 
  h  = height of water in the casing in feet. 
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Temperature, pH, turbidity and specific conductance measurements will be collected at the initiation 
of purging, after each well volume is completed and during sampling.  Purging will continue until 
the well goes dry, or three well volumes have been removed.  
 
In low yielding wells that can only be purged with a bailer, samples will be collected as soon as 
there is sufficient groundwater to fill the majority of the sample bottles.  To minimize extended 
recovery times after purging, attempts to collect adequate sample volumes in a well will not exceed 
24 hours. 
 
All wells will be evacuated using dedicated or non-dedicated bladder pumps,  or by hand bailing, no 
more than 24 hours prior to sampling.  The volume of water and the rate at which water is purged 
from the well will be recorded on the Field Sampling Form (Appendix A) 
 
Purge Water Management 
Purge water collected during well evacuation will be disposed of directly to the ground, away from 
the monitoring well being sampled.  Should hazardous or volatile compounds be detected in the 
groundwater during future sampling events, the purge water will be containerized from the affected 
wells(s) and disposed in the facility’s leachate collection system. 
 
(C)(2)(c)(ii)  Sample Withdrawal 
 
Samples will be collected immediately after purging of each well.  If the sample is collected 
utilizing a bailer, the sample will be slowly poured into the sampling containers to minimize 
aeration of the sample.  If any well is bailed "dry", purging will be terminated and sufficient time 
(no more than 24 hours) will be given for water to seep back into the well before collecting the 
sample.  If water has not re-entered the well by the end of the sampling event or within 24 hours, it 
may be necessary to collect a partial sample or the well will be considered to be “dry” for the 
sampling event. 
 
If low flow techniques are utilized, the operational procedures are shown below: 

• Prior to arrival at the monitoring well, check controller unit and compressor or power source 
for any signs of wear or leaks. 

• Upon arrival at the monitoring well, set up gas-powered engines (if any) at least 20 feet 
downwind from the well. 

• Purge the well at or below the well’s recharge rate, if possible. 
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• Samples for volatile constituents (VOCs) should be completely filled to form a meniscus 

and will not contain atmospheric air bubbles.  
• Samples for other constituents should be collected at the low-flow or minimum/no purge 

sampling purge rate.  If the well was purged using conventional methods, the sample will be 
collected with the dedicated or disposable bailer. 

 
If a pump is not working properly, a well may be sampled utilizing dedicated or disposable bailers.  
Samples will be obtained by lowering the bottom-emptying bailer suspended from a clean rope or 
string, stainless steel wire or heavy test monofilament line.  The bailer will be slowly raised and 
lowered to minimize agitation and aeration of samples.  
 
Underdrain sampling does not require purging protocols due to the assumption that the drain 
continuously flows.  Therefore, samples from the underdrain will be collected from the “discharge 
pipe”.  Sample bottles will be filled directly from the discharge pipe and care will be taken not to 
disrupt flow or suspend any sediment that may have settled at the base of the pipe.  After 
groundwater collection, approximate flow measurements will be made to assess seasonal 
fluctuations from the pipe and noted on the field sampling form. 
 
If contamination is known to be present and non-dedicated or non-disposable sampling equipment is 
utilized, samples will be collected from the least to most contaminated wells, to minimize the 
potential for any cross-contamination.  After the collection of the metals and field parameters 
aliquots, samples will be collected and containerized according to the volatility of the requested 
analytes.  A specific collection order is as follows: 
 

1. Total Metals 
 2. Field Parameters  

 3. Volatile Organics 
 4. Wet Chemistry Parameters 
 
Total metals are sampled prior to the organics due to the need to minimize turbidity within the wells 
assuming bailing sampling protocols.  It is assumed that the low yields of the units may require 
bailing methods rather than low-flow pumps which will stir up sediment within the well screen and 
gravel pack. 
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(C)(2)(c)(iii)/(iv)  Sample Containers, Handling & Preservation 
 
Precleaned and pre–preserved sample containers will be provided by the laboratory.  All samples 
will be containerized and preserved according to the following table - Recommended 
Containerization and Preservation of Samples.  In the goal to obtain the most representative sample 
possible, preserving the sample for transportation and storage to the laboratory is also important.  
Methods of preservation are intended to retard biological action and retard hydrolysis of chemical 
compounds and complexes.  Samples requiring refrigeration to 4ºC (+/- 20C) will be accomplished 
by placing the sample containers immediately into coolers containing wet ice and delivering the 
samples to the analytical laboratory as soon as possible.   
 
New containers used to collect samples will be provided by the laboratory. In the field, containers 
will be carefully handled and filled to prevent loss of preservatives. Once filled, containers will be 
sealed tightly and placed in a cooler with wet ice in preparation for transport to the laboratory. 
 
A list of sample containment, preservatives, handling, and holding times follows:  
 

RECOMMENDED CONTAINERIZATION AND  
PRESERVATION OF SAMPLES 

Measurement 
Typical 

Volume (mL) Containera Preservative Holding 
Times 

Specific Conductance, pH, 
Temperature and Turbidity 500 P,G Field Measure  

Total Dissolved Solids 
(TDS) 200 P,G Cool, 4oC 7 Days 

Total Metals 500 P,G HNO3 to pH<2 6 months 
Alkalinity 200 P,G Cool, 4oC 14 days 
Chloride 200 P,G None 28 days 

Nitrogen Ammonia 400 P,G Cool, 4oC 
H2SO4 to pH<2 

28 days 
 

Nitrate plus Nitrite 200 P,G Cool, 4oC 
H2SO4 to pH<2 

28 days 
 

Sulfate 100 P,G Cool, 4oC 28 days 
VOCs  
except EDB & DBCP 

3 x 40 G, Teflon™ 
septum cap 

Cool, 4oC 
HCL to pH<2 

14 days 

EDB & DBCP 3 x 40 G, Teflon™ 
septum cap 

Cool, 4oC 
Na-Thiosulfate 

14 days 

Notes:  a -Plastic (P) or Glass (G).  For metals, polyethylene with an all-polypropylene cap is 
preferred. 
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Samples shall be shipped from the field to the analytical laboratory by utilizing an overnight courier 
service or delivery by site personnel.  Samples will be shipped in sealed insulated shipping 
containers.  Standard shipping containers will be of sturdy water-proof design (ice chests are 
commonly used) equipped with cushion material to prevent breakage during shipment.  Since wet 
ice is the most common means by which to refrigerate the samples, appropriate measures will be 
taken to fully waterproof the contents from leakage. 
 
(C)(2)(d)(i)  Performance of Field Analysis 
 
A copy of the form used to record raw data and conditions of sample collection is provided in 
Appendix A (Field Sampling Form).  
 
(C)(2)(d)(ii)  Field Equipment Calibration 
 
All field equipment shall be calibrated prior to the sampling event.  Equipment calibration 
procedures shall be those set forth in the manufacturer's instructions manual which are kept with the 
sampling equipment.  Field calibrations will be performed at a minimum of once per day (at the 
beginning of each day), or as needed should field readings indicate results significantly different 
from historical field results.  Field calibrations performed during a sampling event will be noted on 
a minimum of one Field Sampling From. 
 
(C)(2)(e)  Decontamination of Equipment 
 
With the exception of the water-level meter and field parameter meters, non-dedicated equipment 
typically will not be used. Disposable, factory-cleaned and sealed bailers may be used.  All non-
disposable equipment entering the well casing, except dedicated pumps, will be decontaminated at 
each sampling point.  This is to include field analytical equipment and filtration devices (if used) 
coming in contact with groundwater samples.  The following procedure will be used to 
decontaminate this equipment: 
 

1. All non-dedicated or non-disposable equipment entering the well casing (except the 
water level indicator) will be decontaminated using the following procedure: 

a. Wash with a non-phosphate detergent and potable water; 
b. Rinse with potable water; 
c. Rinse with deionized/distilled water. 
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2. Should light or heavy phase organic compounds be found in a well the procedure for 

decontamination will be:  
a. Wash with a non-phosphate detergent and potable water; 
b. Rinse with potable water; 
c. Rinse with deionized/distilled water; 
d. Rinse with methanol; 
e. Rinse with deionized/distilled water. 

 
3. The water level meter will be wiped down with a clean disposable paper towel saturated 

with deionized water.  If light or heavy phases are found in a well, a clean disposable 
paper towel soaked with methanol will be used to wipe all parts in contact with the well, 
followed by repeated flushing with copious amounts of deionized water.   

 
4. No other non-dedicated equipment will be used for the routine detection sampling with 

the exception of field parameter meters. These meters (pH, temperature, specific 
conductance and turbidity) will not be placed down the well and have no potential to 
cross-contaminate the detection network wells.   They will be rinsed between wells with 
deionized or distilled water. 

 
(C)(2)(f)  Chain of Custody Tracking Forms 
 
Chain-of-custody information will be maintained on a standardized form provided by the analytical 
laboratory.  A chain-of-custody form will accompany the sample shuttles at all times (see example 
in Appendix A).  While in the field, the sampler will fill out appropriate information in ink and sign 
the form.  If the sampler delivers the samples to the receiving laboratory, the next signature, date, 
and time should be completed by the laboratory personnel logging in the samples.  From this point, 
internal tracking of forms should be maintained.  In the event a third party (delivery service) 
delivers the samples to the lab, a chain-of-custody form should be placed in each cooler and the 
cooler should be sealed with a tamper-proof device.  The internal temperature of the sample 
cooler(s) shall be documented on the chain of custody by the receiving laboratory's personnel. 
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(C)(2)(f)(ii)  Sample Labels 
 
Waterproof sample labels will be provided by the laboratory and shall contain sample identification, 
type of analysis, sample date and time, internal laboratory identification (if any), samplers names, 
preservatives and any special instructions. 
 
(C)(2)(g)  Field and Laboratory Quality Assurance/Quality Control 
 
(C)(2)(g)(i)  Field Duplicates 
 
One field duplicate set of samples will be taken at a particular monitoring point and labeled “Field 
Duplicate”.  These are independent samples which are collected as close as possible to the same 
point in space and time.  They are two (2) separate samples taken from the same source, stored in 
separate containers, and analyzed independently.  Field duplicates are useful in documenting the 
precision of the sampling and analytical process.  Samples shall be collected in proper alternating 
order for the sample point and field duplicate for each parameter (e.g. VOA – VOA, metals – 
metals, etc).  Field duplicates shall be taken and analyzed at a batch minimum of 1 in 20.   
 
Site-specific matrix spike and matrix spike duplicate samples may be collected as part of the overall 
laboratory QA/QC program. Matrix spikes are added to the sample, at the lab, prior to sample 
preparation and analysis.  The matrix spike is used to determine the bias of a method in a given 
sample matrix.  Matrix spike duplicates are intra-laboratory split samples spiked with identical 
concentrations of target analyte(s). The spiking occurs at the lab prior to sample preparation and 
analysis.  They are used to document the precision and bias of a method in a given sample matrix.  
 
(C)(2)(g)(ii)  Equipment (Rinsate) Blank 
 
If equipment (i.e. non-dedicated sampling pump) is decontaminated and re-used between wells, 
equipment blanks will be prepared in the field immediately following decontamination cleaning 
procedures on any non-dedicated equipment used for purging, and sampling.  Following 
decontamination, field supply organic free water is passed through the non-dedicated equipment in 
the same procedure as a groundwater sample.  This blank confirms proper field decontamination 
procedures on non-dedicated equipment utilized in the field.  
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(C)(2)(g)(iii)  Trip Blank 
 
Trip blanks will be prepared in the laboratory by filling the appropriate clean sample containers with 
organic free water and adding the applicable chemical preservative, if any, for each type of sample.  
These containers are to be labeled “Trip Blank”, the analyses to be performed on each container 
indicated, and then shipped in the typical transportation cooler to the field and back to the laboratory 
along with the other sample set containers for a given event.  This blank is tested for any 
contamination that may occur as a result of the containers, sample coolers, cleaning procedures, or 
chemical preservatives used.  At least one set of trip blanks will be prepared by the laboratory and 
accompany the groundwater samples at all times during the groundwater sampling event.  Trip 
blanks will generally not be collected in the field. 
 
(C)(2)(h)  Well Maintenance 
 
Wells in the monitoring program will be evaluated each time they are sampled to assure their 
integrity. Well maintenance issues will be noted on the Monitoring Well Condition Report, or the 
comments section of the Field Sampling Form (Appendix A).  Issues that affect the integrity of the 
well and its groundwater samples will be repaired prior to the next semiannual event or sooner if 
warranted.  
 
(C)(3)  Measurements of Groundwater Elevations 
 
In accordance with OAC 3745-27-10(C)(3), Ppotentiometric surface maps will be prepared  in 
conjunction with any major sampling event.  If dry monitoring wells preclude the ability to prepare 
representative potentiometric contours, then only a plot of the data for these wells will be shown on 
the map.  whenever more than 50 percent of the detection-network wells are sampled in a particular 
zone. Groundwater depths will be measured in all the wells to be sampled prior to purging in as 
short a time as possible (within a 24-hour period at a maximum) to avoid temporary variations in 
groundwater levels which may complicate the determination of the true groundwater flow rate and 
direction. 
 
The total depth of each well, not equipped with a dedicated pump, will be measured prior to purging 
and sampling in all wells at least annually.  The top of PVC casing will be marked with a small 
notch or permanent mark where all taped depth to water measurements will be obtained.  Wells 
equipped with pumps will be measured from the water-level measurement port.  If a well is 
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equipped with a dedicated pump that does not allow total depth measurements, the depth of that 
well will be measured whenever maintenance allows (i.e. the dedicated pump is removed from the 
well). 
 
(C)(4)  Background Groundwater Quality 
 
Apex proposes to establish a background data set for each detection monitoring well (both 
upgradient and downgradient).  This dataset establishes the baseline (i.e., unaffected by facility 
operations) for which any subsequent sample will be compared. As outlined in section (C)(9) below, 
each data set will consist of at least eight sample points (or the appropriate number required for the 
applied statistical method).  In accordance with OAC 3745-27-10(D)(5), a minimum of eight 
independent samples will be collected within the first year after well installation, with a minimum of 
four independent samples within 180 days of monitoring.   
 
The monitoring well network has been and will be installed along the perimeter berm of the landfill 
once the perimeter berm has been constructed.  Background groundwater sampling is than initiated 
on the monitoring wells prior to waste placement in the associated landfill phase for which the well 
is to monitor.  All attempts will be made to conduct as many background sampling events as 
possible prior to waste placement in the phase as the perimeter construction allows. 
 
Prior to establishing the background data set, the data will be examined to assess the presence of 
outliers, anomalies, and/or trends that could unnaturally skew the statistical limits, which could 
cause misinterpretation of the compliance data during statistical evaluation.  Outliers and anomalies 
are defined as inconsistently large or small values that can occur due to sampling, laboratory, 
transportation, or transcription errors, or even by chance alone. If present, outliers will be removed 
from the data set and replaced with additional data (i.e., resamples, historical data, etc.).   
 
(C)(6)  Statistical Methods 
 
UAS and SZS Monitoring Wells. 
Due to the heterogeneous hydrogeology (e.g., Pennsylvanian Age Conemaugh formation and 
overlying mine spoil deposits) underlying the site which contributes to the significant variability of 
groundwater characteristics, Apex has implemented intra-well statistical methods for the UAS and 
SZS well network for the existing facility and will be the chosen method for the proposed landfill. 
An intra-well approach compares each new measurement for a given constituent at an individual 
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well to its own historical background data set instead of changes between upgradient and 
downgradient wells.  This method eliminates the possibility that spatial variation between 
upgradient and downgradient wells can cause an erroneous conclusion that a release has occurred.  
In addition, this method assumes that the historical data at the detection wells have not been 
impacted by the facility.  The Apex facility fulfills this assumption and is the ideal situation in 
which to implement intra-well analysis.  Therefore, intrawell analyses are the most appropriate 
statistical method for use at the proposed landfill expansion. 
 
Background data collection has been and will continue to be collected for the existing facility.  
Background will also be collected on the Phase 8 through 13 well network.  Intra-well statistical 
methods are used and will be used for future data analyses.  More specifically Combined Shewhart-
CUSUM control charts are used for statistically analyzing inorganic constituents.  The statistical 
limits for organic compounds are the current Practical Quantitation Limits (PQLs) which are below 
drinking water Maximum Contamination Limits (MCLs) and the Ohio EPA’s Target Quantitation 
Limits (TQLs) as described in OAC Rule 3745-27-10(C)(7)(e).  In addition, Apex proposes to 
review the analytical data on a regular basis to determine if the most appropriate statistical test is 
utilized based on data distributions, percentage of non-detects, or equality of variances which can 
change as the groundwater monitoring program matures. 
 
No matter which statistical method is applied, statistical parameters will consist of those outlined in 
OAC 3745-27-10(D)(5).  These parameters will be reviewed during each sampling event to 
minimize the site-wide false positive rate and maintain the statistical power of the analyses. The 
statistical evaluation will be provided with each semiannual detection monitoring report.  Any 
revisions to the statistical methods will be submitted to the Ohio EPA thirty (30) days prior to 
submitting the first set of data analyzed using the revised method. 
 
Should the statistical analysis show that the reported concentration of a constituent exceed its 
respective statistical limit, the “1 of M Resampling Method” using an Ohio EPA 1 of 2 resampling 
procedure will be utilized.  The confirmation sample(s) will be collected from the affected well(s) 
and analyzed for the constituent(s) in question.  The results of both the initial sample and 
verification resample must be statistically significant, otherwise the result is considered a false 
positive.  This resample helps eliminate random false positives caused by sampling or analytical 
errors. 
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If the resample results are obtained prior to submitting the original data report to Ohio EPA and the 
resample is below the statistical limit, both the original and resample results will be presented but 
the potential statistically significant increase (SSI) will be reported as unverified.  If the resample 
results are obtained after the semi-annual data report is submitted to Ohio EPA, the report will list 
the SSI.  If results of the resample, once received, show that the initially reported SSI has been 
disproved, Apex will submit the new information to Ohio EPA with a request for the well to remain 
in the detection monitoring program according to OAC 3745-27-10(D)(7)(c). 
 
Underdrains 
Since the existing and proposed underdrains do not provide “representative” samples and/or discrete 
samples of specific zones (in fact the underdrains produce composite samples), Apex will not 
perform statistical analysis on the underdrains with the concurrence of the Ohio EPA1.  Apex will 
utilize graphical comparisons (i.e., time series graphs, piper diagrams, stiff diagrams, or other 
relevant graphical form) and trend testing as a means to classify and compare groundwater results 
obtained from the underdrains as outlined in Appendix C and discussed below.Apex will follow the 
procedures provided in the flow chart in Appendix C to evaluate water quality data from the 
underdrain system at the facility.  If it is determined that there has been a waste derived release to 
the underdrain system, assessment activities will be initiated in accordance with OAC Rule 3745-
27-10(E) if deemed appropriate by the Ohio EPA. 
 
The underdrains will be sampled on a semi-annual basis for the same constituents as the SZS 
monitoring wells.  The flow of each underdrain will also be measured at the time of sampling.  
The underdrain groundwater quality results will be submitted with the semi-annual groundwater 
quality report.  The report will also contain time series plots for the underdrains for SZS 
parameters ammonia, chloride, potassium, and sodium for all groundwater data collected to date.  
Based on the changing groundwater quality noted during construction and numerous extensions 
of the underdrains, the semi-annual sampling and subsequent time series plots will be prepared 
for the underdrains until the underdrain is completely installed.  Once the underdrain is 
completely installed, the groundwater quality data collected after the completion date of the 
underdrain will be subject to trend testing.  By only conducting trend testing on the groundwater 
data collected after the underdrain is completed, should minimize erroneously reporting 
increasing trends which are due to the changing groundwater source and the underdrain being 
open to surface water infiltration during construction.   

1
 April 14, 2005 Ohio EPA agrees that statistical analyses of the underdrain analytical results are not required. 
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Should results of the trend testing indicate that an increasing trend is noted for two consecutive 
semi-annual sampling events, a further data review will be completed.  This further review will 
be submitted with the semi-annual groundwater quality report and could included, but not be 
limited to, comparing flow rates of the underdrain, comparing groundwater quality to other 
monitoring wells and leachate, and preparing stiff and piper diagrams.  If appropriate, submit 
demonstration report documenting other source of impact no related to the landfill.  If it is 
determined that there has been a waste derived release to the underdrain system, the Ohio EPA 
will be notified and assessment activities will be initiated in accordance with OAC Rule 3745-
27-10(E). 
 
Volatile Organic Compounds (VOCs) part of the SZS parameter lists will be analyzed at the 
underdrains sampling locations.  If one or more VOC(s) are detected above the statistical limit, 
verification resampling will be conducted.  A statistical exceedance (statistically significant increase 
above background - SSI) will be recorded if any single VOC is measured above the PQL and 
confirmed in the verification resample(s).  If appropriate, submit demonstration report documenting 
other source of impact no related to the landfill.  If it is determined that there has been a waste 
derived release to the underdrain system, the Ohio EPA will be notified and assessment activities 
will be initiated in accordance with OAC Rule 3745-27-10(E). 
 
(C)(7)  Performance Standards for Statistical Methods 
 
Apex will use appropriate statistical tests as outlined in the U.S. EPA Unified Guidance “Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities”, March 2009.  Apex reserves the 
right to use any other statistical test generally accepted by the professional community which meets 
the performance standard requirements and accepted by the Ohio EPA.  In general, the statistical 
method used to evaluate groundwater monitoring data must be appropriate for the distribution of 
constituents, i.e., normal vs. non-normal distribution; the method must account for type I error 
levels (for certain statistical procedures); the statistical method must account for data below the limit 
of detection; if necessary the statistical method must account for seasonal and spatial variability as 
well as temporal correlation in the data. 
 
Following establishment of background for each detection monitoring well, background will be 
updated in blocks of at least four, pursuant to OAC 3745-27-10(C)(7)(g).  This rule states that the 
new data must be statistically compared to the existing background data before adding the new data.  
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Since the analytical results for each well are statistically analyzed using intra-well statistical 
methods, any new data has already been statistically compared to the background database during 
each semiannual event and further comparisons are not required for updating background. 
Therefore, background for wells using intra-well procedures will be updated to include the non-SSI 
data after four or more statistically independent samples are collected. In accordance with the Rule, 
data that exhibit SSIs may be added to background with written approval of the Director or if it is 
determined that the SSI does not originate from a waste derived constituent (i.e., approved ASD). 
 
Based on the timing for the installation of the well network, the desire to use intra-well statistical 
methods, and the date that waste was first placed in the landfill.  Apex does not anticipate 
submitting an intra-well statistical demonstration per OAC 3745-27-10(C)(7)(h). However, if future 
background results demonstrate a statistically significant change in the analytical results following 
the date of waste acceptance, Apex will provide an intra-well demonstration on a constituent-
specific basis. 
 
(C)(8)  Determination of Statistically Significant Increase from Background Values 
 
Once groundwater analytical results have been collected, checked for QA/QC consistency and 
determined to be above the appropriate statistical level, the results must be verified in accordance 
with the objectives of 40 CFR Part 258.53 and OAC 3745-27-10(C)(8).  Verification resampling is 
an integral part of the statistical methodology described by U.S. EPA Unified Guidance “Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities”, March 2009.  Without verification 
resampling, much larger statistical limits would be required to achieve site-wide false positive rates 
of 5% or less.  Furthermore, the resulting false negative rate would be greatly increased.  The 
following procedure will be performed for each compound determined to be initially above its 
statistical limit.  Only compounds that initially exceed their statistical limit will be sampled for 
verification purposes.  Under this program, a verified statistical exceedance is not declared unless 
the initial sample and one subsequent resample exceed the statistical limit (i.e., a “pass 1 of 1 
resample” which is a pass 1 of 2 per Ohio EPA definition).  Resampling will be performed such that 
the resample results can be submitted within 75 days of the initial sampling event.  If resamples are 
not collected or the results are not available in the 75 day time frame, the Ohio EPA must be 
notified of the exceedance based on the initial sample results.  Thereupon, the resampling results 
will be used in making an alternate source demonstration to Ohio EPA and be submitted to Ohio 
EPA under separate cover. 
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Should a statistically significant increase (SSI) be determined, Apex will submit written notification 
to the Director of the Ohio EPA or his authorized representative no later than 75 days after the 
initial sample date of the monitoring well(s) and constituent(s) designated SSIs.  A copy of the 
notice will also be placed in the facility’s Operating Record.  
 
If one or more VOCs are detected above the statistical limit, verification resampling will be 
conducted.  A statistical exceedance (statistically significant increase above background - SSI) will 
be recorded if any single VOC is measured above the PQL and confirmed in the verification 
resample(s). 
 
Following submittal of the notice to the Director, Apex will prepare a report for submittal to the 
Ohio EPA (director or authorized representative).  The report will identify the significance of the 
SSI.  If it is determined that the SSI is the result of an error in sampling, an error in analysis, an error 
in statistical evaluation, an alternative source, or a natural variation in groundwater quality, Apex 
will request approval to continue detection monitoring according to Rule OAC 3745-27-
10(D)(7)(c)(ii).  If Apex does not receive Ohio EPA approval to return to detection monitoring 
within 210 days of the initial sampling, Apex will initiate an assessment monitoring program in 
accordance with OAC 3745-27-10(E). 
 
Appendix I of OAC 3745-27-10 lists the parameters evaluated in order to monitor groundwater 
quality in the UAS and SZS zones. The UAS wells will be statistically analyzed for parameters 1-66 
of Appendix I and the SZS wells will be statistically analyzed for parameters 18, 25, 33, 61, 63, 64, 
65 and 66 of Appendix I (benzene, chloroethane, 1,1-dichloroethane, vinyl chloride, ammonia, 
chloride, sodium and potassium) as described in Sections (C)(6) and (C)(7).  The determination of a 
statistically significant increase from background values for each parameter or constituent required 
in this particular groundwater monitoring program will be made on semiannual (six month) 
intervals. 
 
(C)(9)  Sample Number 
 
The appropriate number of background samples collected will be consistent with the appropriate 
statistical methods chosen pursuant to paragraphs (C)(6) and (C)(7) of this Plan.  It is anticipated 
that a minimum of eight background samples will be obtained from each compliance well in the 
network. 
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(C)(10)  Submission of Results 
 
A letter report providing the results of field, laboratory, and statistical analyses of the groundwater 
samples collected from the monitoring well network will be submitted to the Ohio EPA and placed 
in the Operating Record no later than 75 days after sampling the well.  The accompanying text will 
include, at a minimum: 
 

• Lab Data Sheets 
• Field and Lab QA/QC data 
• Chain of Custody and Sample Receipt Forms 
• Data Summary Tables 
• Statistical Analysis Results and Summary Tables including Normality Test Results 
• Potentiometric Surface Maps of the UAS and SZS zones 
• Description of Analytical methods used including Method Detection Limits and Practical 

Quantitation Limits 
• Underdrain sampling results, graphical comparisons and trend testing. 

 
These items may be submitted on an electronic format with the exception of the Chain of Custody 
and Field Information Forms. 
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(D)  GROUNDWATER DETECTION MONITORING PROGRAM 
 
(D)(1)  Monitoring Parameters 
 
Monitoring parameters will consist of constituents listed in OAC 3745-27-10, Appendix I.  This list 
of chemicals can also be reviewed in Appendix B of this Plan. 
 
(D)(2)  Alternate Monitoring Parameter List 
 
No constituents are proposed to be deleted at this time.  In accordance with the specifications of 
OAC Rule 3745-27-10(D)(2) Apex reserves the right to propose to the director at a later date an 
alternate list of inorganic testing parameters. 
 
(D)(3)  Alternate Inorganic Parameter List 
 
No constituents are proposed to be deleted at this time.  In accordance with the specifications of 
OAC Rule 3745-27-10(D)(3) Apex reserves the right to propose to the director at a later date an 
alternate list of inorganic testing parameters. 
 
(D)(4)  Alternate Parameters for Low-Yield Wells not Screened in the UAS 
 
In accordance with the specifications of OAC Rule 3745-27-10(D)(4), Apex reserves the right to 
propose to the Director at a later date an alternate list of testing parameters for low-yield wells not 
screened in the uppermost aquifer system and for sampling points for the underdrain system. 
 
(D)(5)  Monitoring Parameters, Frequency, Location 
 
This section summarizes the parameters, frequency and location for groundwater monitoring of the 
landfill.   
 
(D)(5)(a)(i)  UAS Parameters & Frequency 
 
Following establishment of background, UAS wells will be monitored for parameters 1-66 in the 
Appendix I list semiannually, and for parameters 1 through 78 of the Appendix I list annually. 
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(D)(5)(a)(ii)  UAS Semiannual Sampling 
 
When intra-well statistics are performed on a new UAS well, a minimum of eight independent 
samples will be collected within the first year after well installation, with a minimum of four 
independent samples within 180 days of initial monitoring.  Samples will be analyzed for 
parameters 1-66 of the Appendix I list semiannually, and for parameters 1 through 78 of the 
Appendix I list annually beginning one year after the GWDMP is implemented.  
 
(D)(5)(a)(iii)  UAS Statistical Analysis Schedule 
 
Statistical evaluation of the UAS water quality data will be conducted semi-annually on parameters 
1-66 of Appendix I of Rule OAC 3745-27-10.  
 
(D)(5)(b)(i)  Non UAS Wells - Sampling Parameters & Frequencies 
 
Following establishment of background, SZS wells will be monitored for parameters 18, 25, 33, 61, 
63, 64, 65 and 66 in the Appendix I list (benzene, chloroethane, 1,1-dichloroethane, vinyl chloride, 
ammonia, chloride, sodium and potassium) semiannually, and for parameters 1 through 78 of the 
Appendix I list annually. 
(D)(5)(b)(ii)  Non-UAS Semi-Annual Sampling 
 
When intra-well statistics are performed on a new non-UAS well, a minimum of eight independent 
samples will be collected within the first year after well installation, with a minimum of four 
independent samples within 180 days of monitoring.  Samples will be analyzed for 18, 25, 33, 61, 
63, 64, 65 and 66 of the in Appendix I list (benzene, chloroethane, 1,1-dichloroethane, vinyl 
chloride, ammonia, chloride, sodium and potassium) semiannually, and for parameters 1 through 78 
of the Appendix I list annually beginning one year after the GWDMP is implemented. 
 
Eight (8) baseline samples from the underdrain system(s) will be collected within 12 months and 
semi – annually thereafter and analyzed for parameters 18, 25, 33, 61, 63, 64 ,65, and 66 of the 
Appendix I list. 
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(D)(5)(b)(iii)  Non-UAS Statistical Analysis Schedule 
 
Statistical evaluation of the non-UAS water quality data will be conducted semi-annually on 
parameters 18, 25, 33, 61, 63, 64, 65 and 66 (benzene, chloroethane, 1,1-dichloroethane, vinyl 
chloride, ammonia, chloride, sodium and potassium) of Appendix I of Rule OAC 3745-27-10.  
 
Apex proposes that no statistical evaluation be performed on the underdrain system samples; 
however, graphical reporting and trend testing as described in the Underdrain Sampling Compliance 
Program (see Appendix C) will be performed on the data.  
 
(D)(5)(c)  Appendix I List Minimum Frequency  
 
All monitoring wells will be monitored for all parameters in OAC 3745-27-10 Appendix I (1-78) at 
least annually. 
 
(D)(5)(d)  Field Parameters 
 
Samples from all wells and underdrains will be field analyzed for temperature, pH, and specific 
conductance during each monitoring event. Turbidity will also typically be measured in the field. 
Laboratory measurements (except temperature) may be conducted in lieu of field measurements in 
the event of field instrument failure.   
 
(D)(5)(e)  New or Replacement Well Schedule 
 
The groundwater data from new or replacement wells shall be statistically analyzed as soon as 
possible after 8 independent background samples have been collected, but no later than one year 
after installation.  
 
(D)(6)  Alternate Sampling and Statistical Analysis Frequency 
 
No alternate sampling and statistical modification is requested at this time.  Apex reserves the right 
to propose an alternate frequency at a later date. 
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(D)(7)(a)  Determination of Statistically Significant Increase 
 
If a confirmed SSI over background is determined, the following procedures will be executed. 
 
(D)(7)(b)  Notification to Ohio EPA 
 
If a SSI over background is confirmed for any of the constituents statistically analyzed, the Ohio 
EPA will be notified in writing no later than 75 days after sampling the well showing the SSI.  The 
notification will indicate which wells and parameters have shown a SSI over background levels.  A 
copy of this notification will be placed in the Operating Record. 
 
(D)(7)(c)  Demonstration of a False Positive 
 
If Apex determines that a statistical increase over background is a false positive determination, 
Apex may do one of the following:  
 
(D)(7)(c)(i)  Confirmation Resampling Method/False Positive Demonstration 
 
Apex may choose to resample the well with the suspected false-positive detection (referred to as the 
“1 of M Resampling Method” in Section (D)(7)(c)(i)). Pursuant to the Ohio EPA DSIWM Guidance 
Document No 606 (an Interoffice Communication from Lindsay Taliaferro to Division of Drinking 
and Groundwater District Supervisors, dated August 26, 1996), Apex may choose to use the 1 of 2 
resampling strategy for all statistical procedures.  If the validated resampling result is also at a 
statistically significant concentration, the false-positive hypothesis will be refuted.   
 
(D)(7)(c)(ii)  Alternate Source Demonstration  
 
If Apex can demonstrate that a source other than the sanitary landfill facility caused the 
contamination or that the statistically significant increase resulted from error in the sampling, 
analysis, statistical evaluation, or natural variation in groundwater quality, a report documenting this 
demonstration will be submitted to the director or his authorized representative.   
 
If Apex does not obtain approval to continue detection monitoring within 210 days from the initial 
sampling, Apex shall initiate an assessment monitoring program as required by 
OAC 3745-27-10(E).  
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(E)  GROUNDWATER QUALITY ASSESSMENT MONITORING PROGRAM  
 
Unless the Ohio EPA approves the alternative source demonstration report, a Groundwater Quality 
Assessment Plan (GWQAP) will be submitted to the Ohio EPA within 135 days of notifying the 
Agency of a statistically significant increase over background in accordance with OAC Rule 3745-
27-10(D)(7). The GWQAP will comply with OAC Rule 3745-27-10(E). 
 
Pursuant to OAC 3745-27-10(E)(8), a Compliance Monitoring Plan may be submitted along with 
the Groundwater Assessment Report if the assessment parameters exclusively consist of parameters 
63 through 78 of Appendix I of the Rule, and the other criteria in the Rule are met.  
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(F)  CORRECTIVE MEASURES PROGRAM 
 
Unless the Ohio EPA Director reinstates detection monitoring, or a Compliance Monitoring Plan is 
submitted pursuant to OAC 3745-27-10(E)(8), a Corrective Measures Plan  will be submitted to the 
Ohio EPA within 180 days of making a determination of rate, extent and concentration of waste-
derived constituents. 
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Page 1 of 3

Top of

Casing Well

Elevation Diameter

(ft. MSL) (in.)

Top Bottom Top Bottom

B-2B Jun-91 TBD 1265.9 159.0 1268.23 1142.50 1133.50 123.4 132.4 4 -----

B-3* Jul-91 Oct-04 1228.3 155.0 1230.83 1085.40 1076.40 142.9 151.9 4 Abandoned

B-4 Jun-91 TBD 1205.3 143.0 1207.75 1083.80 1074.80 121.5 130.5 4 7' of filter pack

B-5 Jun-91 TBD 1174.2 96.0 1176.74 1093.70 1084.70 80.5 89.5 4 -----

B-6 Jun-91 TBD 1247.9 133.0 1250.41 1159.90 1150.90 88 97.0 4 4' of filter pack

B-7B Jul-91 TBD 1244 130.0 1246.53 1130.00 1121.00 114 123.0 4 7' of filter pack

B-8 Jul-91 TBD 1172.4 52.0 1174.92 1134.90 1125.90 37.5 46.5 4 9' filter pack

B-9B* Sep-91 Sep-08 1256.9 157.0 1259.42 1132.90 1123.90 124 133.0 4 Abandoned

B-11 Jul-91 TBD 1243.9 141.0 1246.36 1140.70 1131.60 103.2 112.3 4 9' filter pack

B-12 Aug-91 TBD 1282.3 193.0 1284.83 1109.10 1100.10 173.2 182.2 4 18.5 of filter pack

B-13* May-92 1992 1249 180.0 Exploratory boring.  No well installed.

B-14* May-92 1992 1262 206.0 Abandoned

B-15* May-92 TBD 1240 180.0 Abandoned

B-101* Sep-94 Sep-08 1193.6 120.0 1194.66 1119.30 1109.90 74.3 83.7 4 Abandoned

B-102* Aug-94 Oct-04 1204.8 118.5 1206.79 1111.50 1097.10 93.3 107.7 4 Abandoned

B-103* Aug-94 Oct-04 1206 113.0 1208.07 1117.80 1108.30 88.2 97.7 4 Abandoned

B-104* Aug-94 Oct-04 1221.1 133.0 1221.96 1131.70 1117.40 89.4 103.7 4 Abandoned

B-105 Aug-94 TBD 1227.3 140.0 1229.12 1108.80 1099.30 118.5 128.0 4 4' of filter pack

B-106* Aug-94 Jan-06 1165 85.0 1166.76 1096.50 1087.00 68.5 78.0 4 Abandoned

B-401 Jun-05 ----- 1262.95 145.0 1265.63 1130.23 1120.23 132.72 142.72 2 Upgradient Monitoring Well

B-402 Jun-05 ----- 1263.12 155.0 1266.19 1118.66 1108.66 144.46 154.46 2 Upgradient Monitoring Well

B-403 Jun-05 ----- 1224.47 118.0 1226.84 1116.55 1106.55 107.92 117.92 2 Upgradient Monitoring Well

B-404 Dec-12 ----- 1243.07 128.0 1246.17 1133.07 1123.07 110.00 120.00 2 Downgradient Monitoring Well

B-405 Dec-10 ----- 1231.11 152.0 1234.20 1119.11 1109.11 112.00 122.00 2 Downgradient Monitoring Well

B-406 Feb-08 ----- 1227.47 144.0 1230.13 1102.16 1092.16 125.31 135.31 2 Downgradient Monitoring Well

B-407 Jul-06 ----- 1233.15 150.0 1235.74 1108.19 1098.19 124.96 134.96 2 Downgradient Monitoring Well

B-408 Jul-06 ----- 1238.07 138.0 1240.71 1118.76 1108.76 119.31 129.31 2 Downgradient Monitoring Well

B-409 Jul-06 ----- 1245.12 127.5 1247.57 1143.37 1133.37 101.75 111.75 2 Downgradient Monitoring Well

B-410 Jun-05 ----- 1242.79 137.0 1245.32 1132.00 1123.00 110.79 119.79 2 Downgradient Monitoring Well

B-411 Aug-05 ----- 1237.07 139.0 1240.13 1121.50 1111.50 115.57 125.57 2 Downgradient Monitoring Well

B-412 Sep-05 ----- 1233.74 128.0 1236.38 1115.96 1105.96 117.78 127.78 2 Downgradient Monitoring Well

B-413 Feb-08 ----- 1240.11 107.0 1242.11 1148.12 1138.12 91.99 101.99 2 Downgradient Monitoring Well

B-413R May-09 ----- 1238.88 146.0 1241.61 1115.34 1105.34 123.54 133.54 2 Downgradient Monitoring Well

B-414 Aug-09 ----- 1229.42 125.0 1231.50 1121.20 1111.20 108.22 118.22 2 Downgradient Monitoring Well

P-1 Sep-10 TBD 1327.11 270.0 1329.37 1138.72 1128.72 188.39 198.39 2 -----

P-5 Sep-10 TBD 1240.98 189.0 1243.49 1127.49 1117.49 113.49 123.49 2 -----

P-9 Sep-10 TBD 1256.94 163.0 1259.50 1122.70 1112.70 134.24 144.24 2 -----

P-12 Feb-11 TBD 1300.36 141.0 1303.25 1176.69 1166.69 123.67 133.67 2 -----

TABLE 1

EXISTING MONITORING WELL AND PIEZOMETER CONSTRUCTION SUMMARY

APEX SANITARY LANDFILL

Uppermost Aquifer Monitoring Wells

Connellsville/Morgantown

Connellsville/Morgantown

Well No. Date Installed Date Abandoned

Morgantown

Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Morgantown

Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Morgantown

Comments

Morgantown

Summerfield/Connellsville

Morgantown/Birmingham

Morgantown/Birmingham

Morgantown

Connellsville/Morgantown

Morgantown

Morgantown

Screen Interval

(ft MSL)

Ground 

Elevation

(ft. MSL)

Boring Total 

Depth

(ft. BGS)

Screen Interval

(ft BGS)Stratigraphic Unit

Birmingham

Connellsville/Morgantown

Connellsville/Morgantown

Unknown

Unknown

Unknown

Connellsville/Morgantown

Unknown

Unknown

Unknown

Morgantown

Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Connellsville/Morgantown

Civil & Environmental Consultants, Inc.



Page 2 of 3

Top of

Casing Well

Elevation Diameter

(ft. MSL) (in.)

Top Bottom Top Bottom

TABLE 1

EXISTING MONITORING WELL AND PIEZOMETER CONSTRUCTION SUMMARY

APEX SANITARY LANDFILL

Well No. Date Installed Date Abandoned Comments

Screen Interval

(ft MSL)

Ground 

Elevation

(ft. MSL)

Boring Total 

Depth

(ft. BGS)

Screen Interval

(ft BGS)Stratigraphic Unit

B-4S Jun-91 TBD 1205.8 36.0 1206.81 1181.40 1172.00 24.4 33.8 2 -----

B-11S Apr-95 TBD 1244.3 60.0 1246.63 1195.20 1185.80 49.1 58.5 2 6' of filter pack

B-101S* Sep-94 Sep-08 1193.7 49.0 1196.44 1151.10 1146.40 42.6 47.3 2 Abandoned

B-104S* Aug-94 Oct-04 1221.2 35.0 1223.22 1192.90 1188.60 28.3 32.6 2 Abandoned

B-105S Sep-94 TBD 1227.7 44.6 1228.37 1198.30 1183.80 29.4 43.9 2 14.5' of screen; 4' of filter pack

B-106S* Sep-94 Jan-06 1164.7 28.6 1166.36 1146.20 1136.70 18.5 28.0 2 Abandoned

B-201 Apr-95 TBD 1209.3 40.0 1210.63 1180.20 1170.80 29.1 38.5 2 -----

B-202 Apr-95 TBD 1201.1 31.5 1201.63 1179.70 1170.30 21.8 30.8 2 -----

B-203* Apr-95 Jun-05 1213.7 40.0 1215.33 1194.90 1185.50 18.8 28.2 2 Abandoned

B-204* Apr-95 Jul-07 1196.8 50.3 1198.25 1167.80 1158.40 29 38.4 2 -----

B-301* Aug-95 Jan-06 1163.9 31.0 1166.37 1138.50 1134.20 25.4 29.7 2 Abandoned

B-302* Aug-95 Jan-06 1173 22.0 1174.43 1164.00 1154.60 9 18.4 2 Abandoned

B-303* Aug-95 Jul-07 1190.2 25.0 1192.12 1181.70 1172.30 8.5 17.9 2 -----

B-304* Aug-95 Jul-07 1215.93 50.5 1218.13 1187.90 1178.00 27.7 37.6 2 -----

B-305* Aug-95 Jul-07 1216.74 87.0 1218.43 1177.60 1167.70 38.3 48.2 2 4' of filter pack
B-306* Aug-95 Jan-06 1201.4 30.3 1202.99 1182.60 1172.70 18.8 28.7 2 Abandoned

B-307* Unknown Jul-07 1216.56 45.0 1218.96 1181.00 1171.60 34.00 44.00 2 -----

B-308 Unknown TBD 1220.84 1198.40 1189.00 2 -----

B-309 Unknown TBD 1214.63 1190.30 1180.90 2 -----

B-310 Unknown TBD 1254.20 1146.30 1137.00 2 -----

B-311 Unknown TBD 1233.87 1145.80 1136.40 2 -----

B-312* May-96 Jul-07 1215.00 40.0 1217.00 1187.80 1177.90 27.20 36.70 2 -----

B-313* May-96 Jul-07 1178.30 20.0 1179.84 1169.40 1159.50 8.90 18.80 2 -----

B-401S Jun-05 ----- 1275.52 115.0 1278.27 1170.20 1160.20 105.32 115.32 2 Downgradient Monitoring Well

B-402S Jun-05 ----- 1257.59 90.0 1258.61 1178.25 1168.25 79.34 89.34 2 Downgradient Monitoring Well

B-403S Jun-05 ----- 1275.55 134.5 1277.75 1150.92 1140.92 124.63 134.63 2 Downgradient Monitoring Well

B-404S Dec-12 ----- 1242.26 81.0 1245.09 1172.26 1162.26 70.00 80.00 2 Downgradient Monitoring Well

B-405S Dec-10 ----- 1230.41 58.0 1233.55 1190.47 1180.47 39.94 49.94 2 Downgradient Monitoring Well

B-405SR Aug-12 ----- 1230.44 81.5 1232.94 1160.44 1150.44 70.00 80.00 2 Downgradient Monitoring Well

B-406S Feb-08 ----- 1227.54 73.0 1230.24 1169.92 1159.92 57.62 67.62 2 Downgradient Monitoring Well

B-407S Jul-07 ----- 1232.74 72.0 1235.55 1170.25 1165.25 62.49 67.49 2 Downgradient Monitoring Well

B-408S Jul-06 ----- 1238.80 60.0 1241.40 1193.49 1183.49 45.31 55.31 2 Downgradient Monitoring Well

B-408SS Jul-06 ----- 1238.80 32.0 1241.37 1213.55 1208.55 25.25 30.25 2 Downgradient Monitoring Well

B-409S Jul-06 ----- 1245.09 68.0 1247.55 1194.80 1184.80 50.29 60.29 2 Downgradient Monitoring Well

P-1S Sep-10 TBD 1326.50 150.0 1329.18 1200.95 1190.95 125.55 135.55 2 -----

P-2S Sep-10 TBD 1236.44 90.0 1238.75 1183.16 1173.16 53.28 63.28 2 -----

P-3S Sep-10 TBD 1278.33 127.0 1281.02 1174.26 1164.26 104.07 114.07 2 -----

P-5S Sep-10 TBD 1242.01 72.0 1244.40 1187.37 1177.37 54.64 64.64 2 -----

P-6S Sep-10 TBD 1244.12 100.0 1246.75 1173.92 1163.92 70.20 80.20 2 -----

P-9S Sep-10 TBD 1257.81 98.0 1260.76 1187.56 1177.56 70.25 80.25 2 -----

P-10S Aug-10 TBD 1201.78 42.1 1204.05 1181.71 1176.71 20.07 25.07 2 -----

P-12S Feb-11 TBD 1300.58 82.0 1303.04 1229.34 1219.34 71.24 81.24 2 -----

Unknown

Unknown

Unknown

Bellaire

Bellaire/Summerfield

Summerfield

Bellaire/Summerfield

Summerfield

Summerfield

Summerfield

Bellaire/Summerfield

Bellaire/Summerfield

Bellaire/Summerfield

Bellaire/Summerfield

Bellaire/Summerfield

Bellaire

Bellaire/Summerfield

Bellaire / Summerfield Significant Zone of Saturation Monitoring Wells

Summerfield

Summerfield

Bellaire/Summerfield

Bellaire/Summerfield

Bellaire/Summerfield

Unknown

Bellaire/Summerfield

Unknown

Unknown

Bellaire/Summerfield

Fill / Bedrock

Bellaire/Summerfield

Summerfield

Summerfield
Bellaire/Summerfield

Bellaire/Summerfield

Unknown

Bellaire/Summerfield

Bellaire/Summerfield

                    Bellaire / Summerfield Significant Zone of Saturation Monitoring Wells (Continued)

Summerfield

Summerfield

Summerfield

Bellaire

Bellaire/Summerfield

Bellaire/Summerfield

Unknown

Bellaire

Bellaire/Summerfield

Summerfield

Bellaire

Summerfield

Bellaire/Summerfield

Summerfield

Civil & Environmental Consultants, Inc.
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Top of

Casing Well

Elevation Diameter

(ft. MSL) (in.)

Top Bottom Top Bottom

TABLE 1

EXISTING MONITORING WELL AND PIEZOMETER CONSTRUCTION SUMMARY

APEX SANITARY LANDFILL

Well No. Date Installed Date Abandoned Comments

Screen Interval

(ft MSL)

Ground 

Elevation

(ft. MSL)

Boring Total 

Depth

(ft. BGS)

Screen Interval

(ft BGS)Stratigraphic Unit

B-401A Jul-06 ----- 1266.75 50.0 1269.45 1226.15 1221.15 40.60 45.60 2

B-402A Jul-06 ----- 1258.03 60.0 1260.50 1232.62 1222.62 25.41 35.41 2

B-1A Jul-91 TBD 1293.90 64.0 1296.4 1235.40 1231.40 58.50 62.50 2 4' of filter pack

B-2A Jul-91 TBD 1265.50 46.0 1268.04 1226.50 1222.50 39.00 43.00 2 4' of filter pack

B-7A Jul-91 TBD 1243.70 21.3 1246.18 1228.20 1224.20 15.50 19.50 2 -----

B-9A* Jul-91 Sep-08 1256.50 26.0 1258.97 1235.50 1231.50 21.00 25.00 2 Abandoned

B-9C Jul-91 NA 1261.80 26.0 NA NA NA NA NA NA Monitoring Well Never Installed

P-1A Aug-10 TBD 1287.61 47.6 1290.04 1245.09 1240.09 42.52 47.52 2 -----

P-2A Aug-10 TBD 1236.68 14.0 1239.05 1228.26 1223.26 8.42 13.42 2 -----

P-3A Aug-10 TBD 1278.34 55.9 1280.87 1233.94 1223.94 44.40 54.40 2 -----

P-5A Aug-10 TBD 1241.24 28.4 1243.60 1225.09 1220.09 16.15 21.15 2 -----

P-7A Aug-10 TBD 1263.93 42.1 1266.64 1231.15 1226.15 32.78 37.78 2 -----

P-8A Aug-10 TBD 1209.50 22.2 1211.20 1199.59 1194.59 9.91 14.91 2 -----

P-1L Sep-10 TBD 1327.18 101.0 1330.30 1238.99 1228.99 88.19 98.19 2 -----

P-2L Sep-10 TBD 1236.62 32.0 1238.64 1215.62 1205.62 21.00 31.00 2 -----

P-3L Sep-10 TBD 1277.28 87.0 1279.00 1213.96 1203.96 63.32 73.32 2 -----

P-4L Aug-10 TBD 1260.88 54.1 1263.34 1218.47 1208.47 42.41 52.41 2 -----

P-5L Sep-10 TBD 1240.08 39.0 1242.43 1177.39 1167.39 62.69 72.69 2 -----

P-6L Sep-10 TBD 1243.35 37.0 1246.18 1216.18 1206.18 27.17 37.17 2 -----

P-10L Sep-10 TBD 1266.43 84.0 1268.83 1216.19 1206.19 50.24 60.24 2 -----

P-11L Oct-10 TBD 1257.31 53.0 1259.54 1215.85 1205.85 41.46 51.46 2 -----

P-13L Jul-12 Jun-13 1260.40 61.6 1262.65 1215.40 1205.40 45.00 55.00 2 -----

P-14L Jun-12 Jun-13 1230.06 16.0 1232.80 1227.06 1222.06 3.00 8.00 2 -----

P-15L Jun-12 TBD 1285.30 66.3 1287.35 1232.30 1222.30 53.00 63.00 2 -----

B-103S* Sep-94 Oct-04 1206.10 33.3 1208.17 1177.90 1173.40 28.20 32.70 2 Abandoned

B-1B Jul-91 TBD 1293.50 193.0 1295.96 1129.50 1120.50 164.00 173.00 4 -----

B-10* Jul-91 Jul-07 1254.80 207.0 1257.28 1069.60 1060.60 185.20 194.20 4 12' of filter pack

Notes:

* Abandoned Monitoring Well

TBD=To Be Determined

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Limestone/Shallow Bedrock

Birmingham/Gaysport

Gaysport

Mine Spoil

Mine Spoil

Connellsville

Limestone / Shallow Bedrock Significant Zone of Saturation Monitoring Wells

Mine Spoil

Mine Spoil/Residual Soil

Mine Spoil

Miscellaneous Wells

Limestone/Shallow Bedrock

Mine Spoil

Mine Spoil

Mine Spoil

Mine Spoil Significant Zone of Saturation Monitoring Wells

Mine Spoil

Mine Spoil

Mine Spoil

Mine Spoil

Limestone/Shallow Bedrock

Mine Spoil/Residual Soil

Civil & Environmental Consultants, Inc.
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(in.)

Top Bottom Top Bottom

Proposed Connellsville/Morgantown Uppermost Aquifer System Wells

B-415 8 282406 2409044 1240.9 1197.2 43.7 Connellsville/Morgantown 1076 1120 1110 120.9 130.9 1140 2 downgradient

B-416 10 282415 2408129 1282.4 1297.1 (-14.7 cut) Connellsville/Morgantown 1075 1130 1120 152.4 162.4 1140 2 downgradient

B-417 10 282424 2407244 1315.7 1246.9 68.8 Connellsville/Morgantown 1115 1160 1150 155.7 165.7 1160 2 upgradient

B-418 10 281643 2407265 1304.4 1255.5 48.9 Connellsville/Morgantown 1115 1160 1150 144.4 154.4 1160 2 downgradient

B-419 11 280827 2407244 1295.9 1309.3 (-13.4 cut) Connellsville/Morgantown 1115 1160 1150 135.9 145.9 1160 2 downgradient

B-420 11 280029 2407247 1282.9 1279.9 3.0 Connellsville/Morgantown 1094 1135 1125 147.9 157.9 1140 2 downgradient

B-421 11 280022 2408032 1289.5 1258.5 31.0 Connellsville/Morgantown 1095 1135 1125 154.5 164.5 1140 2 downgradient

B-422 12 280072 2408825 1298.6 1180.6 118.0 Connellsville/Morgantown 1068 1135 1125 163.6 173.6 1140 2 downgradient

B-423 12 280207 2409641 1306.3 1267.8 38.4 Connellsville/Morgantown 1067 1135 1125 171.3 181.3 1140 2 downgradient

B-424 12 280336 2410426 1314.1 1258.4 55.7 Connellsville/Morgantown 1085 1135 1125 179.1 189.1 1140 2 downgradient

B-425 13 280331 2411237 1308.4 1223.4 85.0 Connellsville/Morgantown 1095 1135 1125 173.4 183.4 1140 2 upgradient

B-426 13 280791 2411948 1297.9 1276.9 21.0 Connellsville/Morgantown 1098 1120 1110 177.9 187.9 1140 2 downgradient

B-427 14 281384 2411854 1280.7 1225.0 55.7 Connellsville/Morgantown 1098 1120 1110 160.7 170.7 1140 2 downgradient

B-428 14 281908 2411668 1261.2 1223.0 38.2 Connellsville/Morgantown 1120 1140 1130 121.2 131.2 1140 2 downgradient

B-429 13 280356 2410869 1314.7 1196.2 118.5 Connellsville/Morgantown 1095 1125 1115 189.7 199.7 1140 2 upgradient

Proposed Bellaire/Summerfield Significant Zone of Saturation Wells

B-415S 8 282406 2409044 1240.9 1197.2 43.7 Bellaire/Summerfield 1165 1180 1170 60.9 70.9 1225 2 downgradient

B-416S 10 282415 2408129 1282.4 1297.1 (-14.7 cut) Bellaire/Summerfield 1186 1201 1191 81.4 91.4 1225 2 downgradient

B-417S 10 282424 2407244 1315.7 1246.9 68.8 Bellaire/Summerfield 1185 1200 1190 115.7 125.7 1225 2 upgradient

B-418S 10 281643 2407265 1304.4 1255.5 48.9 Bellaire/Summerfield 1192 1207 1197 97.4 107.4 1225 2 upgradient

B-419S 11 280827 2407244 1295.9 1309.3 (-13.4 cut) Bellaire/Summerfield 1192 1207 1197 88.9 98.9 1225 2 downgradient

B-420S 11 280029 2407247 1282.9 1279.9 3.0 Bellaire/Summerfield 1171 1186 1176 96.9 106.9 1190 2 downgradient

B-421S 11 280022 2408032 1289.5 1258.5 31.0 Bellaire/Summerfield 1175 1190 1180 99.5 109.5 1190 2 downgradient

B-422S 12 280072 2408825 1298.6 1180.6 118.0 Bellaire/Summerfield 1167 1182 1172 116.6 126.6 1190 2 downgradient

B-423S 12 280207 2409641 1306.3 1267.8 38.4 Bellaire/Summerfield 1167 1182 1172 124.3 134.3 1190 2 downgradient

B-424S 12 280336 2410426 1314.1 1258.4 55.7 Bellaire/Summerfield 1065 1080 1070 234.1 244.1 1190 2 downgradient

B-425S 13 280331 2411237 1308.4 1223.4 85.0 Bellaire/Summerfield 1175 1190 1180 118.4 128.4 1190 2 upgradientdowngradient

B-426S 13 280791 2411948 1297.9 1276.9 21.0 Bellaire/Summerfield 1185 1200 1190 97.9 107.9 1210 2 upgradient

B-427S 14 281384 2411854 1280.7 1225.0 55.7 Bellaire/Summerfield 1184 1199 1189 81.7 91.7 1210 2 upgradient

B-428S 14 281908 2411668 1261.2 1223.0 38.2 Bellaire/Summerfield 1167 1182 1172 79.2 89.2 1210 2 downgradient

B-429S 13 280356 2410869 1314.7 1196.2 118.5 Bellaire/Summerfield 1140 1180 1170 134.7 144.7 1185 2 downgradient

NOTES:

All well  depths and reference elevations are estimated.  Actual coordinates, boring depths, screened interval, and top of aquifer measurements will be

presented upon well installation.

TBD=To Be Determined

NA=Not Applicable

upgradient/downgradient=upgradient/downgradient from proposed limits of waste.

stratigraphic unit column = anticipated stratigraphic unit of well screen.  

Estimated Existing 

Ground Elevation (ft. 

MSL)

Estimated Thickness 

of Structural Fill 

(feet)

TABLE 2

Estimated Top of 

Aquifer

(ft. MSL)

Well   

Diam. Estimated Gradient Position

North East

PROPOSED MONITORING WELL CONSTRUCTION SUMMARY

APEX SANITARY LANDFILL

Well No.
Monitoring 

Phase

Coordinates
Estimated Ground 

Elevation on 

Proposed Berm

(ft. MSL)

Stratigraphic Unit

Estimated 

Boring Total 

Depth
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Estimated Screen 

Interval

(ft. BGL)
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(in.)

Top Bottom Top Bottom

Estimated Existing 

Ground Elevation (ft. 

MSL)

Estimated Thickness 

of Structural Fill 

(feet)

TABLE 2

Estimated Top of 

Aquifer

(ft. MSL)

Well   

Diam. Estimated Gradient Position

North East

PROPOSED MONITORING WELL CONSTRUCTION SUMMARY

APEX SANITARY LANDFILL

Well No.
Monitoring 

Phase

Coordinates
Estimated Ground 

Elevation on 

Proposed Berm

(ft. MSL)

Stratigraphic Unit

Estimated 

Boring Total 

Depth

(ft. MSL)

Estimated Screen 

Interval

(ft. MSL)

Estimated Screen 

Interval

(ft. BGL)

Proposed Limestone / Shallow Bedrock Significant Zone of Saturation Wells

B-415L 8 282406 2409044 1240.9 1197.2 43.7 Limestone/Shallow Bedrock 1205 1220 1210 20.9 30.9 1225 2 downgradient

B-416L 10 282415 2408129 1282.4 1297.1 (-14.7 cut) Limestone/Shallow Bedrock 1220 1235 1225 47.4 57.4 1235 2 upgradient

B-417L 10 282424 2407244 1315.7 1246.9 68.8 Limestone/Shallow Bedrock 1220 1235 1225 80.7 90.7 1235 2 upgradient

B-418L 10 281643 2407265 1304.4 1255.5 48.9 Limestone/Shallow Bedrock 1215 1230 1220 74.4 84.4 1230 2 downgradient

B-419L 11 280827 2407244 1295.9 1309.3 (-13.4 cut) Limestone/Shallow Bedrock 1220 1235 1225 60.9 70.9 1235 2 downgradient

B-420L 11 280029 2407247 1282.9 1279.9 3.0 Limestone/Shallow Bedrock 1195 1210 1200 72.9 82.9 1210 2 if saturated

B-421L 11 280022 2408032 1289.5 1258.5 31.0 Limestone/Shallow Bedrock 1195 1210 1200 79.5 89.5 1210 2 downgradient

B-422L 12 280072 2408825 1298.6 1180.6 118.0 Limestone/Shallow Bedrock 1195 1210 1200 88.6 98.6 1210 2 downgradient

B-423L 12 280207 2409641 1306.3 1267.8 38.4 Limestone/Shallow Bedrock 1195 1210 1200 96.3 106.3 1210 2 downgradient

B-424L 12 280336 2410426 1314.1 1258.4 55.7 Limestone/Shallow Bedrock 1195 1210 1200 104.1 114.1 1210 2 downgradient

B-425L 13 280331 2411237 1308.4 1223.4 85.0 Limestone/Shallow Bedrock 1195 1210 1200 98.4 108.4 1210 2 downgradient

B-426L 13 280791 2411948 1297.9 1276.9 21.0 Limestone/Shallow Bedrock 1215 1230 1220 67.9 77.9 1230 2 downgradient

B-427L 14 281384 2411854 1280.7 1225.0 55.7 Limestone/Shallow Bedrock 1215 1230 1220 50.7 60.7 1230 2 downgradient

B-428L 14 281908 2411668 1261.2 1223.0 38.2 Limestone/Shallow Bedrock 1175 1190 1180 71.2 81.2 1230 2 downgradient

Proposed Mine Spoil Significant Zone of Saturation Wells

B-404A 14 282172 2411129 1245.4 1230.3 15.1 Mine Spoil 1210 1220 1210 25.4 35.4 TBD 2 downgradient

B-415A 8 282406 2409044 1240.9 1197.2 43.7 Mine Spoil TBD TBD TBD TBD TBD TBD 2 downgradient

B-416A 10 282415 2408129 1282.4 1297.1 (-14.7 cut) Mine Spoil 1240 1250 1240 32.4 42.4 TBD 2 downgradient

B-417A 10 282424 2407244 1315.7 1246.9 68.8 Mine Spoil 1235 1245 1235 70.7 80.7 TBD 2 downgradientupgradient

B-418A 10 281643 2407265 1304.4 1255.5 48.9 Mine Spoil 1235 1245 1235 59.4 69.4 TBD 2 downgradientupgradient

B-419A 11 280827 2407244 1295.9 1309.3 (-13.4 cut) Mine Spoil 1235 1245 1235 50.9 60.9 TBD 2 downgradient

B-420A 11 280029 2407247 1282.9 1279.9 3.0 Mine Spoil 1210 1220 1210 62.9 72.9 TBD 2 downgradient

B-421A 11 280022 2408032 1289.5 1258.5 31.0 Mine Spoil 1210 1220 1210 69.5 79.5 TBD 2 downgradient

B-422A 12 280072 2408825 1298.6 1180.6 118.0 Mine Spoil 1210 1220 1210 78.6 88.6 TBD 2 downgradient

B-423A 12 280207 2409641 1306.3 1267.8 38.4 Mine Spoil 1210 1220 1210 86.3 96.3 TBD 2 downgradient

B-424A 12 280336 2410426 1314.1 1258.4 55.7 Mine Spoil 1210 1220 1210 94.1 104.1 TBD 2 downgradient

B-425A 13 280331 2411237 1308.4 1223.4 85.0 Mine Spoil 1210 1220 1210 88.4 98.4 TBD 2 downgradient

B-426A 13 280791 2411948 1297.9 1276.9 21.0 Mine Spoil 1230 1240 1230 57.9 67.9 TBD 2 if saturated

B-427A 14 281384 2411854 1280.7 1225.0 55.7 Mine Spoil 1230 1240 1230 40.7 50.7 TBD 2 downgradient

B-428A 14 281908 2411668 1261.2 1223.0 38.2 Mine Spoil 1200 1210 1200 51.2 61.2 TBD 2 downgradient

NOTES:

All well  depths and reference elevations are estimated.  Actual coordinates, boring depths, screened interval, and top of aquifer measurements will be

presented upon well installation.

TBD=To Be Determined

NA=Not Applicable

upgradient/downgradient=upgradient/downgradient from proposed limits of waste.

stratigraphic unit column = anticipated stratigraphic unit of well screen.  



 

Total Well Estimated Estimated

Ground Reference Depth from Screened Continual Top-of- Top-of Allowed Volume Volume ID Tubing and Tubing and

Well/ Surface Point Reference Well Screen Interval Screen Screen Drawdown Screen Pump Intake Drawdown of Drawdown of Drawdown Tubing Tubing Tubing Pump Pump Suggested

Piezometer Elevation Elevation
1

Point Diameter Length Elevations
2

Volume Volume Occurred? Elevation Elevation Distance
3

Permitted Permitted Diameter Length Volume Volume Volume Flow Rate

(feet amsl) (feet amsl) (feet) (inches) (feet) (feet amsl) (gal) (ml) (yes/no) (feet amsl) (feet amsl) (feet) (gal) (ml) (inches) (feet) (ml) (ml) (gal) (ml/min)

Significant Zone of Saturation

B-401A 1266.75 1269.45 48.30 2 5.0 1226.15 - 1221.15 0.82 3,085 no 1226.15 1221.45 2.70 0.44 1,666 0.17 46.5 207 337 0.09 ≤ 500

B-401S 1275.52 1278.27 118.07 2 10.0 1170.20 - 1160.20 1.63 6,170 na 1170.20

B-402A 1258.03 1260.50 37.88 2 10.0 1232.62 - 1222.62 1.63 6,170 no 1232.62 1223.10 7.52 1.23 4,640 0.17 35.9 160 290 0.08 ≤ 500

B-402S 1257.59 1258.61 92.10 2 10.0 1178.25 - 1168.25 1.63 6,170 na 1178.25

B-403S 1275.55 1277.75 136.83 2 10.0 1150.92 - 1140.92 1.63 6,170 yes 1150.92 1142.75 6.17 1.01 3,807 0.17 133.5 596 726 0.19 ≤ 100

B-404S 1242.26 1245.09 81.36 2 10.0 1172.26 - 1162.26 1.63 6,170 na 1172.26

B-405S 1227.7 1228.37 53.09 2 10.0 1198.30 - 1183.80 1.63 6,170 na 1193.80

B-405SR 1230.44 1232.94 83.19 2 10.0 1160.44 - 1150.44 1.63 6,170 na 1160.44

B-406S 1227.54 1230.24 70.32 2 10.0 1169.92 - 1159.92 1.63 6,170 yes 1169.92 1161.24 6.68 1.09 4,122 0.17 67.5 301 431 0.11 ≤ 100

B-407S 1232.74 1235.55 70.30 2 5.0 1170.25 - 1165.25 0.82 3,085 na 1170.25

B-408SS 1238.80 1241.37 32.82 2 5.0 1213.55 - 1208.55 0.82 3,085 na 1213.55

B-408S 1238.80 1241.40 57.91 2 10.0 1193.49 - 1183.49 1.63 6,170 na 1193.49

B-409S 1245.09 1247.55 62.75 2 10.0 1194.80 - 1184.80 1.63 6,170 na 1194.80

Uppermost Aquifer System

B-401 1262.95 1265.63 145.40 2 10.0 1130.23 - 1120.23 1.63 6,170 no 1130.23 1121.13 7.10 1.16 4,381 0.25 141.0 1,360 1,755 0.46 ≤ 500

B-402 1263.12 1266.19 157.53 2 10.0 1118.66 - 1108.66 1.63 6,170 yes 1118.66 1109.69 6.97 1.14 4,301 0.25 153.0 1,476 1,871 0.49 ≤ 100

B-403 1224.47 1226.84 120.29 2 10.0 1116.55 - 1106.55 1.63 6,170 yes 1116.55 1107.84 6.71 1.09 4,140 0.25 115.5 1,114 1,509 0.40 ≤ 100

B-404 1243.07 1246.17 123.11 2 10.0 1133.07 - 1123.07 1.63 6,170 no 1133.07 1126.17 4.90 0.80 3,023 0.25 116.5 1,124 1,519 0.40 ≤ 500

B-405 1231.11 1234.20 127.72 2 10.0 1116.48 - 1106.48 1.63 6,170 no 1116.48 1111.20 3.28 0.53 2,024 0.25 119.5 1,153 1,548 0.41 ≤ 500

B-406 1227.47 1227.47 137.97 2 10.0 1102.16 - 1092.16 1.63 6,170 yes 1102.16 1094.47 5.69 0.93 3,511 0.25 129.5 1,249 1,644 0.43 ≤ 100

B-407 1233.15 1235.74 137.55 2 10.0 1108.19 - 1098.19 1.63 6,170 yes 1108.19 1103.24 2.95 0.48 1,820 0.25 129.0 1,245 1,640 0.43 ≤ 100

B-408 1238.07 1240.71 131.95 2 10.0 1118.76 - 1108.76 1.63 6,170 no 1118.76 1113.71 3.05 0.50 1,882 0.25 123.5 1,192 1,587 0.42 ≤ 500

B-409 1245.12 1247.57 114.20 2 10.0 1143.37 - 1133.37 1.63 6,170 no 1143.37 1138.57 2.80 0.46 1,728 0.25 105.5 1,018 1,413 0.37 ≤ 400

B-410 1242.79 1245.32 122.32 2 10.0 1132.00 - 1122.00 1.63 6,170 yes 1132.00 1124.32 5.68 0.93 3,505 0.17 119.5 533 663 0.18 ≤ 100

B-411 1237.07 1240.13 128.37 2 10.0 1121.50 - 1111.50 1.63 6,170 no 1121.50 1113.13 6.37 1.04 3,930 0.17 125.5 560 690 0.18 ≤ 170

B-412 1233.47 1236.38 130.42 2 10.0 1115.96 - 1105.96 1.63 6,170 yes 1115.96 1106.88 7.08 1.15 4,369 0.25 126.0 1,216 1,611 0.43 ≤ 100

B-413 1240.11 1242.11 103.69 2 10.0 1148.12 - 1138.12 1.63 6,170 na 1148.12

B-413R 1238.88 1241.61 136.27 2 10.0 1115.34 - 1105.34 1.63 6,170 no 1115.34 1106.34 7.00 1.14 4,319 0.17 132.3 590 720 0.19 ≤ 500

B-414 1229.42 1231.50 120.30 2 10.0 1121.20 - 1111.20 1.63 6,170 yes 1121.20 1112.71 6.49 1.06 4,004 0.17 116.3 519 649 0.17 ≤ 100

1
 = Reference elevation is the top of PVC cap for wells with dedicated sampling pumps and the top of PVC riser for all other wells.

2
 = Screened interval does not include sand pack.

3 
 = Allowed drawdown. Value is the distance between the top of the screen and the top of the pump intake, minus a 2-foot safety margin.

na = Well is sampled with a disposable bailed or the well is typically dry.

TABLE 3

APEX SANITARY LANDFILL

No dedicated pump.  Well typically dry

Well typically dry.  Replaced with B-413R

No dedicated pump. Well typically dry

Disposable bailer used for sample collection

Disposable bailer used for sample collection

Disposable bailer used for sample collection

No dedicated pump.  Well typically dry

Disposable bailer used for sample collection

EXISTING MONITORING WELL PURGING REQUIREMENTS

Disposable bailer used for sample collection

Disposable bailer used for sample collection
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FIELD SAMPLING FORM AND CHAIN OF CUSTODY FORM 
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OAC 3745-27-10 APPENDIX I PARAMETER LIST 
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UNDERDRAIN SAMPLING COMPLIANCE PROGRAM 
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BORING LOGS AND WELL COMPLETION DIAGRAMS 

 

























































1240.6

1226.6

1224.1

1220.7

1219.6

1213.8

1212.8

GB
1

GB
2

GB
3

GB
4

GB
5

GB
6

RC
1

RC
2

6" Steel
Surface
Casing

Bentonite
Grout

2-Inch Solid
PVC Riser

Bentonite
Grout

57
(48)

77
(69)

Brown to gray SILTY CLAY; some siltstone fragments, some limestone fragments,
DRY (STRUCTURAL FILL)

Brown to gray SILTY CLAY and SILT; some shale fragments, some limestone
fragments, trace sand, DRY (MINE SPOIL)

Note: encountered limestone boulder from 3.0' to 4.0'

Note: encountered limestone boulder from 9.5' to 11.0'

Gray SHALE; few limestone fragments, hard (BEDROCK)

Gray SHALE; trace limestone inclusions, smooth to rough texture, moderate hard,
DRY (BEDROCK)

Note: horizontal fracture @ 19.7'
Note: horizontal fracture w/ slight weathering @ 20.5' and 21.1'

Dark gray LIMESTONE; very hard, high reaction to HCL, DRY (BEDROCK)
Note: horizontal fracture @ 22.9' and 24.5'
Dark gray SHALE; trace interbedded limestone, rough to waxy texture, highly
weathered, soft, DRY (BEDROCK)
Note: broken and crumbled w/ high weathering from 23.9' to 24.7'

Gray to light gray LIMESTONE; very hard, high reaction to HCL, DRY (BEDROCK)

Dark gray SHALE; trace limestone inclusions, rough texture, moderate hard, DRY
(BEDROCK)

Note: horizontal fracture @ 32.5', 33.9', and 35.2'

2.5

16.5

19.0

22.4

23.5

29.3

30.3

DRILLING METHOD Air Rotary / HQ Core

CHECKED BY JD

DATE STARTED 12/3/12 COMPLETED 12/4/12

LOCATION Northing: 282116.08   Easting: 2411184.30

LOGGED BY BRB AT END OF DRILLING 107.0 ft / Elev 1136.1 ft

HOLE SIZE 9.75" / 5.00"

GROUND WATER LEVELSGROUND WATER LEVELS:

GROUND ELEVATION 1243.07 ft

DRILLINGCONTRACTOR Duncan Brothers TOP OF PVC ELEVATION 1246.17 ft
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BORING NUMBER B-404

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1205.1

1196.1

1187.1

1178.1

1169.1

1168.1

RC
3

RC
4

RC
5

RC
6

Bentonite
Grout

2-Inch Solid
PVC Riser

Bentonite
Grout

92
(92)

82
(82)

81
(63)

100
(94)

Dark gray SHALE; trace limestone inclusions, rough texture, moderate hard, DRY
(BEDROCK) (continued)

Dark gray SHALE; few limestone inclusions, trace sandstone laminations, rough
texture, moderate hard, DRY to MOIST (BEDROCK)

Note: horizontal fracture @ 39.3' and 39.8'
Note: horizontal fracture w/ slight weathering @ 40.9'
Note: first trace of water @ 40.9'

Note: horizontal fracture @ 43.1'

Note: horizontal fracture w/ slight weathering @ 45.0'

Note: horizontal fracture @ 46.3'

Dark gray SHALE; few limestone inclusions, smooth to rough texture, moderate hard,
DRY (BEDROCK)

Note: horizontal fracture @ 47.8' and 50.5'

Note: horizontal fracture w/ moderate weathering @ 51.8'

Note: horizontal fracture @ 52.9' and 54.2'

Dark gray SHALE; few limestone inclusions, rough texture, moderate hard to soft,
DRY to WET (BEDROCK)
Note: moderately fractured w/ slight weathering from 56.0' to 57.7'
Note: horizontal fracture w/ high weathering @ 58.5'

Note: partially wet cores in core run #5

Note: horizontal fracture @ 60.2', 60.5', 62.4', and 65.8'

Dark gray SHALE; some sandstone laminations, trace limestone inclusions, trace
plant fossils, rough to gritty texture, moderate hard to hard, DRY (BEDROCK)

Note: diagonal fracture @ 67.2'

Note: horizontal fracture w/ slight weathering @ 72.0'

Note: horizontal fracture @ 73.0', 73.3', and 73.5'
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BORING NUMBER B-404

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1162.2

1160.1

1151.1

1142.1

1133.1

RC
7

RC
8

RC
9

RC
10

RC
11

2-Inch Solid
PVC Riser

Bentonite
Grout

Hydrated
Bentonite
Chips

#5 Filter Sand

0.010-Inch
Slotted Screen

94
(87)

100
(100)

100
(100)

100
(97)

100
(100)

Dark gray to black SHALE; few sandstone laminations, few plant fossils, rough
texture, moderate hard to hard, WET to DRY (BEDROCK)
Note: horizontal fracture @ 75.5' and 76.0'
Note: mostly wet cores in core run #7

Note: horizontal fracture w/ high weathering @ 77.2' and 77.6'
Note: horizontal fracture w/ moderate weathering @ 78.1'

Note: horizontal fracture w/ high weathering @ 80.6' and 80.9'

Dark gray interbedded SHALE and SANDSTONE; trace mica, sand fine grained,
gritty to rough texture, moderate hard, WET to DRY (BEDROCK)

Gray SANDSTONE; few shale laminations, fine to medium grained, micaceous, hard,
DRY (BEDROCK)

Note: horizontal fracture @ 85.1'

Note: horizontal fracture @ 88.6'

Note: horizontal fracture @ 91.7'

Gray SANDSTONE; few shale laminations, fine to medium grained, micaceous,
moderate hard, DRY to WET (BEDROCK)

Note: horizontal fracture @ 96.5', 98.3', and 101.6'

Gray SANDSTONE; some coal laminations, few plant fossils, trace shale
laminations, fine to medium grained, micaceous, hard, DRY (BEDROCK)

Note: horizontal fracture @ 102.8'

Note: calcareous from 104.7' to 108.1'

Note: horizontal fracture @ 108.3', 108.6', 108.9', and 110.5'

Gray SANDSTONE; few coal laminations, trace calcite inclusions, trace plant fossils,
fine to medium grained, micaceous, hard to very hard, WET (BEDROCK)

Note: horizontal fracture @ 112.2'

Note: horizontal fracture w/ brown oxidized staining @ 112.9' and 114.6'
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BORING NUMBER B-404

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1124.1

1115.1

RC
12

0.010-Inch
Slotted Screen

#5 Filter Sand

Hydrated
Bentonite
Chips

100
(97)

Gray SANDSTONE; few coal laminations, trace calcite inclusions, trace plant fossils,
fine to medium grained, micaceous, hard to very hard, WET (BEDROCK) (continued)

Note: horizontal fracture @ 118.7'

Gray SANDSTONE; few coal laminations, few plant fossils, trace calcite inclusions,
fine to medium grained, micaceous, hard, WET (BEDROCK)

Note: horizontal fracture @ 122.4', 123.6', 124.7', and 125.5'

Bottom of hole at 128.0 feet
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BORING NUMBER B-404

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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6" Steel
Surface
Casing

Bentonite
Grout

2-Inch Solid
PVC Riser

Bentonite
Grout

Blind drilled from 0' to 50'.  See B-404 boring log for description.

DRILLING METHOD Air Rotary / HQ Core

CHECKED BY JD

DATE STARTED 12/4/12 COMPLETED 12/5/12

LOCATION Northing: 282116.73   Easting: 2411195.56

LOGGED BY BRB AT END OF DRILLING DRY

HOLE SIZE 9.75" / 5.00"

GROUND WATER LEVELSGROUND WATER LEVELS:

GROUND ELEVATION 1242.26 ft

DRILLINGCONTRACTOR Duncan Brothers TOP OF PVC ELEVATION 1245.09 ft
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BORING NUMBER B-404S

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1192.3

1182.3

1173.3

RC
1

RC
2

RC
3

Bentonite
Grout

2-Inch Solid
PVC Riser

Hydrated
Bentonite
Chips

#5 Filter Sand

0.010-Inch
Slotted Screen

81
(66)

100
(93)

100
(97)

Blind drilled from 0' to 50'.  See B-404 boring log for description. (continued)
Note: Water Level = DRY (13 hours after 35' TD)

Dark gray SHALE; few limestone inclusions, smooth to rough texture, moderate hard
to soft, DRY to MOIST (BEDROCK)

Note: diagonal fracture @ 50.9'

Note: trace of water from 50.0' to 52.0'
Note: horizontal fracture @ 51.2', 51.5', 51.8', and 52.7'

Note: horizontal fracture @ 54.4' and 57.8'

Note: Water Level = DRY (20 minutes after core run #1)

Dark gray SHALE; some limestone inclusions, trace sandstone laminations, rough to
smooth texture, moderate hard to hard, DRY (BEDROCK)

Note: horizontal fracture @ 60.1', 60.3', 62.4', and 62.7'

Note: diagonal fracture @ 65.1'

Note: horizontal fracture @ 65.9'

Note: Water Level = DRY (35 minutes after core run #2)

Dark gray to black SHALE; few sandstone laminations, trace plant fossils, rough to
gritty texture, moderate hard to hard, DRY to WET (BEDROCK)
Note: wet cores and fractures from 70.4' to 72.0'

Note: horizontal fracture @ 69.8', 70.4', 70.9', and 71.3'

Note: horizontal fracture w/ moderate weathering @ 72.0'
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BORING NUMBER B-404S

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1164.3

1161.3

RC
4

0.010-Inch
Slotted Screen

#5 Filter Sand

100
(100)

Note: horizontal fracture @ 73.5', 75.5', 75.8', and 76.8'
Dark gray to black SHALE; few sandstone laminations, trace plant fossils, rough to
gritty texture, moderate hard to hard, DRY to WET (BEDROCK)
Note: wet cores and fractures from 70.4' to 72.0' (continued)
Note: Water Level = DRY (35 minutes after core run #3)
Dark gray to black SHALE; few sandstone laminations, few plant fossils, rough
texture, moderate hard to hard, DRY (BEDROCK)
Note: horizontal fractures w/ high weathering @ 79.5' and 80.9'

Note: Water Level = DRY (75 minutes after borehole completion)
Bottom of hole at 81.0 feet
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BORING NUMBER B-404S

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1224.4

1223.4

1217.9

1212.2

1211.3

1208.2
1207.9

1204.0
1203.5

1198.8

1197.9

1195.4

GB
1

GB
2

RC
1

RC
2

RC
3

RC

Hydrated
Bentonite
Chips

2-Inch Solid
PVC Riser

Hole Collapse

58
(44)

100
(87)

43
(34)

100

Brown to tan SILT; some clay, some rock fragments, loose, dry (STRUCTURAL
FILL)

note: few inches of mine spoil on top of structural fill

Gray to dark gray SHALE; rough texture, moderate-hard (BEDROCK)

Gray to brownish-gray LIMESTONE; trace calcite inclusions, very hard, high reaction
to HCl (BEDROCK)

note: horizontal fracture @ 7.3' and 8.1'
note: horizontal fracture w/ brown oxidized staining @ 8.7'
note: horizontal fracture @ 9.6'

Gray to dark gray SHALE; some interbedded limestone, rough texture, hard,
moderate reaction to HCl (BEDROCK)

note: horizontal fracture @ 13.6', 13.7', 14.8', 15.8', 16.2', 18.0', and 19.0'

Dark gray LIMESTONE; very hard, high reaction to HCl (BEDROCK)

Dark gray to gray SHALE; some interbedded limestone, highly weathered, rough
texture, soft to moderate-hard, moderate reaction to HCl (BEDROCK)

note: horizontal fracture w/ moderate weathering @ 19.8', 20.2', and 21.1'

Dark gray LIMESTONE; very hard, high reaction to HCl (BEDROCK)
NO RECOVERY; assumming highly weathered shale due to drilling observations

Dark gray to gray SHALE; highly weathered, rough texture, soft (BEDROCK)
Light gray to gray LIMESTONE; very strong, high reaction to HCl (BEDROCK)

note: unable to retrieve 1.5' of limestone from the core barrel (this section of limestone
is not included in recovery and RQD calculations)
note: horizontal fracture @ 30.1'

Interbedded LIMESTONE and SHALE; soft to moderate-hard, moderate reaction to
HCl (BEDROCK)
note: horizontal fracture @ 32.2' and 32.4'
Dark gray SHALE; some limestone inclusions, rough to smooth texture,
moderate-hard to soft (BEDROCK)

6.0

7.0

12.5

18.2

19.1

22.2
22.5

26.4
26.9

31.6

32.5

35.0

DRILLING METHOD Hollow Stem Auger & HQ Core

CHECKED BY JD

DATE STARTED 8/6/12 COMPLETED 8/9/12

LOCATION Northing: 282489.58   Easting: 2411278.05

LOGGED BY BRB AT END OF DRILLING DRY

HOLE SIZE 8.25" / 5.88" / 3.88"

GROUND WATER LEVELSGROUND WATER LEVELS:

GROUND ELEVATION 1230.44 ft

DRILLINGCONTRACTOR Terra Testing TOP OF PVC ELEVATION 1232.94 ft
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CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1192.9
1192.4

1188.1

1183.1

1178.1

1173.1

1169.0

1167.9

1163.1

1158.1

1155.4

4

RC
5

RC
6

RC
7

RC
8

RC
9

RC
10

RC
11

RC

Hole Collapse

2-Inch Solid
PVC Riser

Hydrated
Bentonite
Chips / Pellets

#3 Filter Sand

0.010-Inch
Slotted Screen

(94)

100
(100)

98
(98)

94
(82)

98
(94)

100
(100)

100
(88)

96
(90)

100

Dark gray SHALE; some limestone inclusions, rough to smooth texture,
moderate-hard to soft (BEDROCK)
note: diagonal fracture @ 33.5'
note: horizontal fracture @ 33.2', 34.3', 35.1', and 36.0'
note: overdrilled borehole w/ 5.88" roller bit to set temporary 4" surface casing
Dark gray SHALE; few limestone inclusions, smooth to rough texture, moderate-hard
(BEDROCK)

note: horizontal fracture @ 38.4' and 39.4'
note: horizontal fracture w/ moderate weathering @ 40.3'

Dark gray SHALE; trace sandstone laminations, trace mica, smooth to rough texture,
moderate-hard (BEDROCK)

note: horizontal fracture @ 43.4' and 44.8'
note: diagonal fracture w/ slight weathering @ 44.1'
note: horizontal fracture w/ moderate weathering @ 45.6'

Dark gray SHALE; some sandstone laminations, trace mica, trace limestone
inclusions, rough to smooth texture, moderate-hard (BEDROCK)

note: horizontal fracture @ 47.7', 48.0', 48.8', 50.8', 51.3', and 51.5'

Dark gray SHALE; few plant fossils, rough to smooth texture, moderate-hard
(BEDROCK)

note: horizontal fracture w/ moderate weathering @ 52.8'
note: horizontal fracture @ 54.7' and 56.7'

Dark gray SHALE; few plant fossils, trace calcite inclusions, smooth to rough texture,
moderate-hard (BEDROCK)

note: horizontal fracture w/ slight weathering @ 59.6' and 60.0'

Dark gray SILTSTONE; trace calcite inclusions, trace mica, gritty texture,
moderate-hard to hard (BEDROCK)
Dark gray SHALE; some plant fossils, few sandstone laminations, trace limestone
inclusions, smooth to rough texture, moderate-hard to hard (BEDROCK)

note: horizontal fracture @ 62.5', 63.0', 63.1' 64.1', 64.3', 65.5', and 66.7'

Dark gray SHALE; some plant fossils, trace sandstone laminations, trace mica,
smooth to rough texture, moderate-hard (BEDROCK)

note: horizontal fracture @ 68.3', 69.0', 69.9', and 70.2'

Dark gray to black SHALE; some plant fossils, trace mica, smooth to rough texture,
moderate-hard to hard (BEDROCK)

note: horizontal fracture @ 73.1', 75.2', and 76.5'
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BORING NUMBER B-405SR

CLIENT Apex Environmental, LLC PROJECT NAME Apex Sanitary Landfill

PROJECT LOCATION Amsterdam, OHCEC PROJECT NUMBER 100-804
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1153.1

1148.9

12

RC
13

0.010-Inch
Slotted Screen

#3 Filter Sand

(100)

100
(86)

note: horizontal fracture w/ moderate weathering @ 75.6'
Dark gray to black SHALE; some plant fossils, trace mica, smooth to rough texture,
moderate-hard to hard (BEDROCK)

Dark gray to black SHALE; some plant fossils, trace sandstone laminations, trace
mica, smooth to rough texture, moderate-hard (BEDROCK)

note: horizontal fracture @ 77.5', 77.7', 80.1', and 80.4'

Bottom of hole at 81.5 feet
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APEX ENVIRONMENTAL, LLC.
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JEFFERSON COUNTY, OHIO

1 7/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING
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APEX ENVIRONMENTAL, LLC.
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JEFFERSON COUNTY, OHIO

1 7/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12.
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1 7/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12.
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333 Baldwin Road  -  Pittsburgh, PA  15205
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DRAWN BY: CHECKED BY: APPROVED BY:

PROJECT NO:
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agray
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APEX ENVIRONMENTAL, LLC.
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CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO

1 7/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12.
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1 7/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED GRADES FOR PHASING
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1 7/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED GRADES FOR PHASING
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JEFFERSON COUNTY, OHIO

1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.
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GENERAL OPERATION NOTES

1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.
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EPA NOD DATED 4/26/2016.

DESCRIPTIONDATENO

SUBMITTAL RECORD

APEX ENVIRONMENTAL, LLC.
PERMIT TO INSTALL APPLICATION

CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO

LEGEND
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CONSTRUCTION NOTES
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1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.
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DESCRIPTIONDATENO
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2 12/2015 UPDATED AEP POWER LINE LOCATION. REVISED UNDERDRAIN SYSTEM IN RESPONSE TO OHIO EPA COMMENT DATED 6/18/2015 AND

SEDIMENTATION POND NO. 3 LOCATION.
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SUBMITTAL RECORD

LEGEND
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APEX ENVIRONMENTAL, LLC.
PERMIT TO INSTALL APPLICATION

CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO

CONSTRUCTION NOTES

GENERAL OPERATION NOTES

1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.
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APEX ENVIRONMENTAL, LLC.
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CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO

CONSTRUCTION NOTES

GENERAL OPERATION NOTES

LEGEND

8

1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.

2 12/2015 UPDATED AEP POWER LINE LOCATION. REVISED UNDERDRAIN SYSTEM IN RESPONSE TO OHIO EPA COMMENT DATED 6/18/2015 AND

agray
Snapshot
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APEX ENVIRONMENTAL, LLC.
PERMIT TO INSTALL APPLICATION

CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO

CONSTRUCTION NOTES

GENERAL OPERATION NOTES

LEGEND

8

1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.



NOTES

*

REFERENCE

8

A

B

34567 12

C

D

E

F

G

H

8 34567 12

A

B

C

D

E

F

G

H

333 Baldwin Road  -  Pittsburgh, PA  15205
Ph: 412.429.2324 · 800.365.2324 · Fax: 412.429.2114

www.cecinc.com

DATE: DWG SCALE:

DRAWN BY: CHECKED BY: APPROVED BY:

PROJECT NO:

DRAWING NO.:

PHASE 14
DEVELOPMENT PLAN

091-8671"=200'7/1/13
MJI MRB RJB*

6H

NORTH

Bidding
Design Dev.

Survey
ConstructionPermitting

Authorized Use:

-



DESCRIPTIONDATENO

REVISION  RECORD

SEDIMENTATION POND NO. 3 LOCATION.

DESCRIPTIONDATENO

SUBMITTAL RECORD

APEX ENVIRONMENTAL, LLC.
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APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO

CONSTRUCTION NOTES

GENERAL OPERATION NOTES

LEGEND
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1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.

2 12/2015 UPDATED AEP POWER LINE LOCATION. REVISED UNDERDRAIN SYSTEM IN RESPONSE TO OHIO EPA COMMENT DATED 6/18/2015 AND

agray
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CONSTRUCTION NOTES

GENERAL OPERATION NOTES

LEGEND

1 4/2013 RESPONSE TO OHIO EPA NOD DATED 12/28/12 AND REVISED PHASING.
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APEX ENVIRONMENTAL, LLC.
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CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL
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LINER AND FINAL COVER
SYSTEM DETAILS

(SHEET 2 OF 3)
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Authorized Use:
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APEX ENVIRONMENTAL, LLC.
PERMIT TO INSTALL APPLICATION

CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO
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DRAWN BY: CHECKED BY: APPROVED BY:

PROJECT NO:

DRAWING NO.:

LINER AND FINAL COVER
SYSTEM DETAILS

(SHEET 3 OF 3)
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APEX ENVIRONMENTAL, LLC.
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CONTIGUOUS EXPANSION
APEX SANITARY LANDFILL

JEFFERSON COUNTY, OHIO
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