







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































lark R. Rowland ® and George R Kunkle P

'sfmc'} ’
‘la the Maumee River Basin of northwestern Ohio the

mcii’al source of ground water is the Silurian-Devonian
;bonate aquifer. The unse rate of ground water. from this
squifer, could rapidly increase many fold in the near future.
siruation demands quantitative informarion on che
csOU(C.e potential of the aquifer, if proper development is
.encouraged.
i relationship between ground-water use and recharge
" through an analysis of the cones of influence is
emgnsc[ar:ecl in this paper. Computed recharge rates for the
; of influence vary from 6,800 to 75,300 gpd/sq mi, and
riation is systemaric in thar the higher recharge rates
oncla:e with the higher pumpage rares, Recharge rates
ppcar to have an upper limit of approximately 100,000 gpd/
mi, which corresponds to a maximization of the vertical
ydrauhc gradient. Although maximization of the vertical
draulic - gradient is impossible to achieve for a given
e "of influence, it can be approached by lowering the
dzometric surface of the aquifer by increasing the pumpage
{e

Assuming thart the safe yield of an aquifer is equivalent
t the rate of recharge, this study demonstrares thac devel-
opment of an aquifer can increase many times its porential.

fruducﬁon
;- The Maumee River Basin drains 4,856 squa:e
. miles of northwestern Ohio in addition to 1,700 square

3 -,close to 3,000 million gallons per day (mgd)is emptied
nto Lake Erie at Toledo (Ohio Division of Water, 1960,
Table 7. N
"The principal source of ground water within - -the
+*laumee River Basin is the Silurian-Devonian carbon-
. ateiaquxfer Wxthdrawa.ls from this aquifer are presently
fstimated ar 60 to 70 mgd. This use rate could rapidly
aC':t:ltsrat:e providing sufficient underground resources’
- available, Burgess and Niple, Ltd. (1967, p. 9)
ate the water demand for industry in the Maumee
:Basin will increase 82 _percent, the demand for
“SEC water supply will more than triple, - and -agri-
A uses could increase many times ducing the

Gcologxst Burgess and Niple, Ld., 1516 King Ave.,
> Columbus, Ohio 43212.
Department of Geology, Umversu:y of Toledo, Tolcdo

" supplied by surface-water sources, the potential

‘i}mlles of Indiana and Michigan. An average flow of

‘and- hydrologic characteristics of these formations do
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Although much of the future water needs will be

increased use of ground water requires quantirative
information on the resource potential of the aquifer if
proper development is to be encouraged. This paper
artempts to show the relationship berween water use
and recharge rates through an analysis of the cones of
influence. The paper is an expansion of swudiés by
Rowland (1969) on a tributary of the Maumee River.

H\/droiogy

As in most large drainage basins, the geology is
too complex to trear in great derail. The following
generalizations provide an adequate geologic frame-
work for understanding the hydrologic system on a
regional basis which is the scope of this paper.

The Msdumee River Basin is mantled with a silty-
clay till, the base of which constitutes the upper
boundary of the Silurian-Devonian aquifer., Although
the formations comprising the aquifer underlie the
eatire basin, the northwestem portion (Figure 1) is
deeply buried beneath the Ohio shale. For practical
purposes the limits of the aquifer may be set as the 1.
subcrop boundaries beneath the till. .

Stratigraphically .the Silurian-Devonian agquifer
includes all the carbonate rocks between the Silurian :
Algef shale and the Devonian Ohio shale (Table 1). :
Although many formations are included in the aggre-
gate thickness of the aquifer, the physical properties

oot at this time appear to warrant their separation.

The thickness of the aguifer varies from 150 to
over 800 feet (Figure 1). Some of the. variation in
thickness is due to stratigraphic thickening into the
Michigan basin while the remainder is due to post-
deposmlonal erosion. Figure 1 shows erosion to be
greatest along the crest of the Findlay Arch and on
the upthrown side of the Bowling Green Fault.

The thickness of drift covering the aquifer varies
from. zero to over 400 feet (Cummins, 1959, pl. 1). The
maximums coincide with .deeply buried bedrock val- e
leys, preglacial in age. Excepting these extremes the
average drift thickness is uniformly 25 to 50 feet H
chroﬁghout the area.
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" Fig. 1. Isopach mop, Silurian-Devonian aquifer, Maumee River Basin, Ohio.
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< charge t© the aquifer occurs as vertical leakage
+ the overlylng drift or confining bed. Under
condicions the water table and the piezometric
' for.the aquifer show a close correlation and
gl leakage is small, As will be seen, near the
< of pumpage, the vertical hydraulic gradient
and recharge likewise increases.

vement in the aquifer is predominan.ﬂy through
dary openings. Joints, solution cavities, and
g fractures account for most of the aquifer
cability. As in most cacbonate rocks which have
he time been exposed, solution appears to have
rilizupper-part-more permeable. Joints running
theast are particularly permeable and have influ-
d-the position of surface sweams, bedrock val-
«and the configuration of the cones of depression.’
’Because of the heterogeneity of the secondary
Shings, both vertically as well as horizontally,
'fef tests give variable results over a wide range.
alion (1953) reports a coefficient of transmissibility
126,000 gallons per day per foot (gpd/ft). Recent"
;:s by the Ohio Division of Water (verbal communi-
cc'io:n) indicate rransmissibility values as low as 500
pd/ft. Analysis of specific capacity data corrected
‘partial penetration, give a transmissibility value
pe of 6,000 to 1,000,000 with a median value of
{.000 gpd/ft (Rowland, 1969, p. 56). These values
probably on the high side as the data used is

oy

predominantly from wells penetrating the upper part of

" the aquifer which is more permeable.

Except where cones of depression intercept
ground water, movement in the aquifer is toward topo-
graphic lows represented by the major streams and
their tributaries. Along l.ake Erie, the movément is
toward the lake.

The Cone of Influence

There exists, to some extent, a lack of under-
standing of the physical concept of the cone of influ-
ence. Too often the cone of influence is confused with
the cone of depression. As the two cones have much
in common, it would be good to review some basic
definitions.

Theis (1938, p. 891) defined the cone of depres-
sion as the geometric solid included between the wa-
ter table or other piezometric surface after the well
has begun discharging and the hypothetical position
that the water table or other piezometric surface would
have had if there had been no discharge by the well.
Practically speaking, the cone of depression encom-
passes all the area where pumpage had produced
drawdown. The outer limit of the comne in isotropic,

‘homogeneous material is generally assigned as the

circumference of a circle where drawdown is 0.01 foot,
In contrast, the cone of influence, sometimes re-
ferred to as. the area of diversion, delineates a geo-

TABLE 1. GENERALIZED STRATIGRAPHIC SECTION OF THE ROCKS IN NORTHWESTERN CHIO

. System Group Forma tion Lithology Related Terms
Ohio Shale Antrim
Dundee Limestone Delaware
Columbus Limestone
Devonian Detroit Anderdon Dolc;mite
River Lucas Dolomite Upper
'Amerstburg Dolomite Moaoroe
o
Sylvania Sandstone 8
R‘ansm Dolomite a
River v
S
Tymochtee Dolomite Lower e
Salina ©
Greenfield Dolomite Helderberg] g&-
Guelph Dolomite or *:a
Cedarville Dolomire . Lower A
Lockport
Springfield Limestone Monroe
Euphemia Dolomite
Alger Shale Niagara shale
Clinton Brassfield Limestone & Little Lime,
’ Dolomite Packer Shell,
Pencil Cave
Richmond Elkhorn Shale “ Red Medina
Queenston Shale

dodified from Stout, 1941 and 1943; Ehlers, Stumm and Kesling, 19515 Calvert, 1960; and Jaassens, 1968.)
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includes all of the aquifer in which water level gradi-
ents slope toward the well. The outer limit of the cone
of influence is not controlled by drawdown but is
represented by a ground-water divide where ground-
warer gradients (dh/dx) are zero. Ground water within
the area of the cone of influence moves to the well
whereas ground water beyond the outer limit of the
cone moves to some other outlet.

In those rare cases where the original water
table or other piezometric surface is flat, all ground-
water gradients are produced by pumpage, and the

weeergOne--of- depression and the cone of influence will
" coincide. However, where the original water level
surface is sloping, and where the aquifer is homoge-
neous and infinite, the area of the cone of depression
will extend as a perfect circle centered on the well,
but the area of the cone of influence will generally be
tear-drop shaped. The influence of a sloping water
table on the development of the two cones is well

(1963, p. C69-C85). Other factors which affect the
shape of the cone of influence are the location of
sinks and the mutual interfering of cones of influence
created by adjacent pumping centers.

Piezometric Surface Map

In order to delineate the areas of the cones of
influence, a piezometric surface map of the Silurian-
Devonian aquifer was compiled (Figure 2). Such a map
serves as a useful tool to the hydrologist in chat it
shows areas of recharge, directions of ground-water
movement, and areas of discharge.

The map was constructed with a 20-foot conrour
interval with water well data collected from the Ohio
Division of Water. Selected water well information was
plotted at a scale of 1:250,000. Well elevations were
estimated from 7-Y4 minute U. S. Geological Survey
Quadrangle maps with contour intervals of 5 feet. To

] attain sufficient areal coverage of wells, information

covering the periéd 1952-1966 was used. Thus, the
piezometric surface map obtained is a composite
surface representing the average water level condi-
tions for the period of record. While this is an unde-

i sirable featute, the map is believed to be representa-
I tive of the water level conditions existing during the
, b

) late 1950’s.

Another restriction of the map which should be
mentioned is that it is representative only of fluid
' potentials in the upper part of the aquifer. Most wells
penetrate less than 150 feet.into the aquifer, yet the
aquifer in many places greatly exceeds that thickness,
and deep wells may experience lower water levels than
nearby shallow wells. For this reason all deep wells
were ‘eliminated from the study to keep the data
comparable.

Analysis of Cones of Influence

Eighteen cones of influence are delineated on the
. . it N
- piezometric surface map. These cones represent

metric solid whose projected area at the surface
.vertical leakage balancing withdrawals from the

developed in a theoretical smdy presented by Brown

. related principally to the average vertical hydraulic

- over the cone to become equal to m'. Due to the raplt

essentially steady-srate conditions with Iecha[geb
i
aqu;.
fer. g
The basic steady-state equation for the flow .
\ . \ of
water into and out of the cone of influence is:

Q/A = (P'/m') Ah,

where Q is the ground-water pumpage, A is the areg o
the cone of influence, P' is the vertical Pemeabjj;,
of drift, m' is the average saturated thickness °fth‘;
drift; and Ab is the average vertical head loss throug
the drift over the area of the cone. - b

The quotient Q/A is the recharge rate and g gen.
erally computed in gallons per day per square mile
(gpd/sq mi). As would be expected recharge rates vay
depending on the magnirude of (P' /m') Ah.

Table II lists the ground-water use withig the
cones of influence, the area of the cones, and the e
charge rate. Pumpage represents municipal, industrj),
and estimated domestic withdrawals. The latter m'
estimated on the basis of an average rural waty
demand for the Maumee River Basin of 4,500 gpd/sq a
(Woldorf, 1959, Table I). Municipal and industdy
withdrawals were obtained from published water s, -
data (Ohio Division of Water, 1960, Table 15) and by
personal communication with some of the larger indus. '
tries. : .
Computed recharge rates vary from 6,800 ro 75,300 ¢
gpd/sq mi. The variation is systematic in that theé
higher recharge rates correlate wich the higher pump- :

"age rates. This relationship is shown in Figure 3

Rechargeé rates increase rapidly as pumpage increases |

.to about 2 mgd. Thereafter, the recharge rate rapidy"

levels off and appears to approach an upper limit of .
approximately 100,000 gpd/sq mi. The definition of;
the line depends heavily on the Findlay and Lima;
cones of influence. Obviously, more data in this ases
would lend better support to the interpretation. Such
data is not available.

The shape of the curve in Figure 3 is felt to be

gradient, Ab/m', P', or the vertical permeability of the
drift is felt to be uniform throughour the area. This
assumption is based on the textural similarities of the
drift both horizontally and vertically.

The asymptotic approach of Q/A to a maximi®
value of 100,000 gpd/sq mi corresponds to a max
mization of Ab/m'. As water levels in the Siluria®
Devonian aquifer are lowered through increased pump.
age rates, Ab, the average difference between
water table and the piezomertric surface approaches®
maximum equal to 7', the saturated thickness of U
drift. Furthermore, lowering of the piezometric surfa®:
below the drifi-bedrock contact cannot increase 3
more than the value of m'. By definition Ah is e
potential drop through the drift only. }

Practically, it is impossible for the averagé M,

flattening of the cone away from pumping well, and [he
o
fact that Ab/m' cannot exceed unity, it becom‘%'
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represent multiple cones of depression which

*mutually interfering. Under these circumstances it

although it is unlikesy that the ratio would reach uniry.

Assuming that a recharge rate of 100,000 gpd/sq
mi would comespond to.an average vertical hydraulic
gradient of unity, the inflow-outflow equation may be
solved for the vertical permeability of the drifr. This

e
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TABLE II. DATA FOR-CONES OF INFLUENCE

solution yields a permeability coefficient of 3.6 x 107
gpd/fr*, a'value in excellent agreement with the nature
of the drift and supported by other investigators, for
example, Rosenshein (1963, p. 15)."

Some lmphcuhons
Assuming that the safe yield of an aquifer is

" equivalent to the rate of recharge, this study demon-

strates that development can increase many times an
aquifer’s potential. However, just as increased pump-
age results in more recharge so also does it increase
the amount of -drawdown. Design of individual well
systems must balance pumpage and available draw-
down with well spacing and recharge rates. Such a
design will be highly dependent on the transmissibility
of the aquifer at the site. Due to the inherent nature
of carbonate aquifers, permeability and hence trans-

‘missibility are extremely variable so that no general

solution is available. Each well site will requu'e a
unique solution.

Another benefit of aquifer development is the
augmentation of streamflow. One of the. main objec-
ytives of the northwest Ohio water development plan is
augmentation of low streamflow (Burgess and Niple,
Ltd., 1967, p. 10). Little of the ground water pumped
is consumed except that used for irrigation. Most of
the present pumpage. is released as effluent to nearby
streams. If no pumpage had occurred, ground water in
the aquiferwould discharge naturally to local streams,
Development of the aquifer short-circuits the natural
system while increasing the recharge and hence dis-

. Gharge' rate. The increase in drscharge rate should

produce a noticeable increase -in low streamﬂow in

. those basins where pumpage is large Such an increase

2 - e

Cone * Pumpage, O Area, A Recharge Raye, 04
(gpd) . (sq mi) (gpd/sq mi)
1. Ada : 236,00Q 14.3 16,500
2. Aclington 103,000 11.8 8,700
3, Beaverdam 38,000 4.0 9,600
4. Bluffron 554,000 24.5 22,600
5. Columbus Grove 392,000 20.5 ' 19,100
6. Cridersville 69,000 6.8 10,100
7. Delphos 773,000 29.7 26,000
woem—reBoxPeshler— - - - ) 363,000 25.0 14,500
9. Dunkirk 60,000 4.5 13,300
10. Findlay 1,954,000 44,0 44,400
11. Forest-Patterson 139,000 20.4 6,800
12. Holgate 228,000 18.0 - 12,700
13. Holland 183,000 11.6 15,800
14. Leipsic 580,000 54.5 10,700
15. Lima 6,594,000 87.6 75,300
" 16. Mr. Blanchard 76,000 6.6 11,500
17. Ottawa-Glandorf : 804,000 46.0 17,500
18. Van Wert 310,000 19.0 _ 15,800
* Numbers are used to designate cones on piezomertric §urface map, Figure 2,

was nr>ted by Rowland (1969, Table 10) in the ground-
water component of outflow of the Ottawa River whic
drains the Lima cone of influence.
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PROFESSIONAL QUALIFICATIONS
OF

STEPHEN J. CHAMPA

EDUCATION

Bachelor of Science, Geology, The Ohio State University, 1989. Thesis work in Hydrogeology
involved the use of computer generated, two component, mixing diagrams of major cations and
anions to quantify the mixing of three different water types in a municipal well field.

Additional Training

OSHA Health and Safety Training Course for Hazardous Waste Operations (40 hours), 1990
Introduction to Ground Water Geochemistry (24 hours), 1991

OSHA Supervisor Training Course for Hazardous Waste Operations (8 hours), 1993
Water Well Rehabilitation Technology (16 hours), 1998

Centrifugal Pumps (14 hours), 1999

Natural Attenuation for Remediation of Contaminated Sites (24 hours), 2001

CERTIFICATIONS

Passed Association of State Boards of Geologists (ASBOG) exam in September 2007
Received Indiana Professional Geologist License in March 2008

Received Illinois Professional Geologist License in March 2012

Qualified Groundwater Scientist in Ohio

PROFESSIONAL SOCIETIES

National Ground Water Association
Indiana Water Resources Association

EXPERIENCE

Eagon & Associates, Inc. - Hydrogeologist March 1989 to Present
Worthington, Ohio

Project management of water supply development and maintenance for municipal and private water
supplies in Indiana, Ohio, Missouri, and South Carolina. Includes interaction with clients and
regulatory authorities regarding location, property acquisition, and permitting. Design and analysis
of short and long term pumping tests to evaluate aquifer characteristics and well performance.
Analysis of pumping-test data including groundwater flow modeling to determine aquifer
characteristics, well-field capacity, safe yield of wells, and potential impacts on surrounding wells.
Well field design capacities have ranged from 200,000 gallons per day (gpd) to 30 million gallons

Eagon & Associates, Inc. -1- February 2018
ENONCAMO001793




Stephen J. Champa
Resume (cont'd)

per day (mgd). Design and construction supervision of bedrock and sand and gravel wells ranging
from 8-inch diameter rotary installations to large diameter (30 to 36 inch) natural and gravel pack
wells installed by cable tool, rotary, and reverse rotary methods. Supervision of well rehabilitation of
bedrock and sand and gravel wells. Wellhead protection area delineations by analytical and
groundwater flow modeling methods in Ohio and Indiana. Performance of potential
contamination/pollution source inventories. Preparation of Wellhead Protection Management plans
including public meetings and interactions with emergency response agencies. Involvement with
preparation of a Wellhead Protection Ordinance for Hamilton County, Indiana. Design and
performance of residential well surveys. Groundwater flow modeling for quarry permitting and
evaluation of quarry dewatering impacts in Ohio. Groundwater flow modeling in support of
groundwater monitoring for underground injection wells.

Project management of groundwater monitoring programs at seven municipal solid waste landfills in
Ohio including detection, assessment, and corrective measures programs. Project management of the
groundwater monitoring program for a municipal solid waste Superfund landfill in Dayton, Ohio.
Interaction with clients and State and Federal regulatory authorities including public presentations.
Supervision of monitor well, gas probe, gas vent, and gas and leachate extraction well installations
and abandonments. Supervision of groundwater contamination investigations. Performance of
geophysical surveys to define bedrock topography and to delineate waste limits, groundwater
contamination, and underground mine voids. Analysis and interpretation of groundwater
geochemistry. Duties include preparation of numerous plans and reports and responses to comments
from regulatory agencies. Groundwater flow modeling using MODFLOW modular three
dimensional finite difference groundwater flow model. Preparation of geologic and hydrogeologic
cross sections from well-log and test-hole data. Computer data management and analysis of
water-quality and water-level data. Performance of hydrogeologic testing of landfill monitoring
wells using state-of-the-art groundwater level monitoring equipment. Analysis of pump, slug, and
packer testing results using computer graphics and mathematical methods. Sampling of residential
and monitoring wells. Performance of residential well surveys.

Burgess & Niple, Ltd. 1976 - 1979
Columbus, Ohio

Rodman on Survey Crew

MILITARY SERVICE

United States Army, 5th Special Forces Group (Airborne), Fort Bragg, North Carolina. Held Secret
Security Clearance. Honorably discharged at pay grade E-5. 1979 - 1983
Eagon & Associates, Inc. -2- February 2018
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CAM-Mad River Township, et al., v. Division of Mineral Resources Management, et al.
Reclamation Commission Case Nos. RC-17-004-006

Index to Testimony of Mr. Stephen Champa,
Hydrologist, Eagon & Associates, Inc.

1) Volume IV (begins at p. 793)
a) Testimony of Mr. Champa: pp. 961 — 1079
i) Mr. Champa testifies about the creation and calibration of the hydrology model he
prepared and submitted to ODNR for the Enon Sand & Gravel, LLC mining site.
2) Volume V (begins at p. 1082)

a) Continued Testimony of Mr. Champa: pp. 1097-1212
i) Mr. Champa continues his testimony regarding the hydrology model

ii) Mr. Champa discussed the putative wetland located southwest of the mine site as
follows:

(1) p. 1177

(a) It is supplied by a perched aquifer separated by an aquitard from the lower
aquifer.

(2) p. 1203-04

(a) Because it is supplied by a perched aquifer, dewatering of the quarry would
have no effect on it.

(3) p. 1205-07

(a) Deepening the quarry would also not impact it given its higher elevation than
the bedrock in the area and the lack of a hydraulic interconnection between it
and the lower aquifer.

(b) It is fed by ground water and surface water.
(4) p. 1208-09

(a) It is fed by a perched aquitard separated by an aquitard beneath it. It is not fed
by water under pressure coming from below.

4567666 .1



(b) Well log data in the area leads to the conclusion that it is fed by a perched
aquifer.

(5) p. 1211

(a) The perched aquifer is separate from the underlying aquifer.

4567666 .1
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BEFORE THE RECLAMATION COMMISSION

STATE OF OHIO

CAM-Mad River Township, et:
al., :

Appellants,
vs. : Case Nos. RC-17-004-006

Division of Mineral
Resources Management,

Appellee,
and
Enon Sand & Gravel, LLC,

Intervenor.

PROCEEDINGS
before Reclamation Commission, State of Ohio, at the
Reclamation Commission, Ohio Department of Natural
Resources, 2045 Morse Road, Building E, 1st Floor,
Columbus, Ohio, called at 8:33 a.m. on Thursday,

April 26, 2018.
VOLUME IV

ARMSTRONG & OKEY, INC.
222 East Town Street, Second Floor
Columbus, Ohio 43215-5201
(614) 224-9481 - (800) 223-9481
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RECLAMATION COMMISSION:

Mr. Sean A. McCarter, Chairman
Ms. Koral A. Clum

Mr. Richard Birt

Mr. George E. Mizer

Mr. Ray Rummell

Mr. Craig N. Porter

Ms. Linda Osterman, Hearing Officer

APPEARANCES:

Fair Shake Environmental Legal Services
By Mr. James Yskamp
and Nathan A. Hunter
159 South Main Street, Suite 1030
Akron, Ohio 44308

On behalf of the Appellants.

Mike DeWine, Ohio Attorney General
By Mr. Brian Ball
and Ms. Molly Corey,
Senior Assistant Attorneys General
2045 Morse Road, Build A-3
Columbus, Ohio 43229

On behalf of the Appellee.

Fastman & Smith Ltd.

By Mr. Matthew D. Harper
One SeaGate, 24th Floor
Toledo, Ohio 43604

and

By Mr. Brian P. Barger

100 East Broad Street, 21st Floor
Columbus, Ohio 43215

On behalf of the Intervenor.

794

[4/6/2017] CAM Mad-River - Volume

v




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

CHATRMAN McCARTER: Follow-up? Follow-up

on behalf of the Division?

MR. BALL: None, thank you.

CHAIRMAN McCARTER: Thank you for your

testimony, Mr. Garrison.

Champa.

being by me

THE WITNESS: Thank you.
CHATRMAN McCARTER: Next witness.

MR. HARPER: We would call Mr. Steve

CHATRMAN McCARTER: Okay.

STEPHEN CHAMPA

first duly sworn, as hereinafter

certified, deposes and says as follows:

DIRECT EXAMINATION

By Mr. Harper:

Q.

sir.

A.

Q.

Would you state your name for the record,

Stephen Champa.
Where do you work, Mr. Champa?
Fagon & Associates.

There should be a small binder there

maybe in front of you underneath the other one.

Right there.

If T can direct your attention to what

has been marked as Intervenors' Exhibit No. II. It
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should be at tab 2.

A.

A.

Q.

Uh-huh.

Are you familiar with that document?
Yes, I am.

What is it, sir?

That's my statement of qualifications.
Your curriculum or biographical --
More of a resume.

Resume? Is it true and correct?

Yes.

OCkay. I'm going to ask a little bit of

your experience. How long have you worked for Eagon

& Associates?

A.

Q.

Over 29 years.

And prior to that, what -- did you work

in any other engineering firms?

A.

I worked for Burgess & Niple engineers.

I was working on a survey crew, did that prior to and

after my military service.

0.
A.
0.
University?
A.

Q.

When did you serve in the military, sir?
1979 to 1983.

And you went to the Ohio State

That's correct.

When did you go there?
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A. 1985 to 1989.
Q. And did you graduate from Ohio State

University with a degree?

A, I did.

Q. And what was that degree, sir?

A. Bachelor of Science.

Q. Did you have any particular focus in your

Bachelor of Science?

A. Geology.

Q. Looking at Exhibit II, your professional
qualifications, under "Education,"™ there's a sentence
starts out "Thesis work in Hydrogeology"?

A. That's correct.

Q. Do you see that? Can you describe what
that thesis was for me?

A. For a Bachelor of Science at Ohio State,
a senior thesis was required. And so I worked with
Dr. Scott Bair on three-component mixing models of

water quality types for the Columbus south well.

Q. And you've been with Eagon & Associates
for I believe you said -- 28 or 29°?

A. Over 29 years, yes.

Q. And what portion of your work at Eagon is

related to hydrogeology?

A. All of 1it.
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Q. And in the course of your work for Eagon,
do you -- are you familiar with the concept of

groundwater modeling?

A. Certainly am.

Q. What's your experience with groundwater
modeling?

A. I've completed over 50 groundwater

models. Started working with a couple of the other
hydrogeologists there at Eagon and learned modeling
through them and through study of the MODFLOW manual.
And so I've done, say, over 50 models myself,
reviewed several other models done by other people,
supervised execution of models by other people.

Q. Have any of the groundwater models that

you have prepared or reviewed been done for purposes

of establishing a cone of depression for -- used by
the ODNR?

A. Yes.

0. How many?

A. About 10.

Q. And how recently have you prepared a
groundwater model for use by the ODNR?

A. Within the last year.

Q. Okay.

A. Within the last six months.

964