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SUPREME COURT OF OHIO

State Ex Rel. Wayne T.
Doner, et al.,

Relators,

vs_ : Case No. 2009-1292

Sean D. Logan, Director, .

Ohio Department of Natural:

Resources, et al.,

Respondents.

DEPOSITION

of Pressley L. Campbell, taken before me, Julieanna

Hennebert, a Notary Public in and for the State of

Ohio, at the offi.ces of Richard Cordray, Ohio

Attorney General, 30 East Broad Street, Floor 26,

Columbus, Ohio, on Wednesday, April 28, 2010, at 8:30

a.m.

ARMSTRONG & OKEY, INC.

222 East Town Street, 2nd Floor
Columbus, Ohio 43215

(614) 224-9481 - (800) 223-9481
FAX - (614) 224-5724
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Vorys, Sater, Seymour & Pease, LLP

By Mr. Thomas H. Fusonie

Ms. Martha C. Brewer

52 East Gay Street

Columbus, Ohio 43216-1008

On behalf of the Relators.

Richard Cordray
Ohio Attorney General.
By Mr. William J. Cole

Ms. Mindy Worly
Assistant Attorneys General

Executive Agencies

30 East Broad Street, Floor 26

Columbus, Ohio 43215

On behalf of the Respondents.

ALSO PRESENT:

Mr. Tadd Henson
Mr. Jay Dorsey
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Wednesday Morning Session,

April 28, 2010.

STIPULATIONS

It is stipulated by and among counsel for the

respective parties that the deposition of Pressley L.

Campbell, a witness called by the Respondents under

the applicable Rules of Civil Procedure, may be

reduced to writing in stenotypy by the Notary, whose

notes thereafter may be transcribed out of the

presence of the witness; and that proof of the

official character and qualification of the Notary is

waived.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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INDEX

Pressley L. Campbell
Cross-examination by Mr. Cole 5

Direct examination by Mr. Fusonie 175

Recross-examination by Mr. Cole 177

EXHIBITS PAGE NO.

1 - Affidavit of P.L. Campbell 7

2 - May 2006 Hydrologic and 76

Hydraulic Analysis

2A - November 2006 Addendum to the 143

Hydrologic and Hydraulic

Analysis

3 - Draft Survey Report 84

4 - Mercer County Relator Land 108

Parcels

4

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



5

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

PRESSLEY L. CAMPBELL

being by me first duly sworn, as hereinafter

certified, deposes and says as follows:

CROSS-EXAMINATION

By Mr. Cole:

Q. Dr. Campbell my name is Willi.am Cole and

along with Mindy Worly we're representing the

Department of Natural Resources in this litigation_

Based on your resume I assume you've been

deposed before.

A. I have.

Q. I'm just going to go over a few ground

rules just to keep things going and clear at this

deposition.

If you have any questions, let me know.

I would ask you please give verbal answers because it

is being transcribed. Please wait for me to finish

asking my question before you begin answering. You

may anticipate the answer, but I may change it at the

last or do something. On the same token, I'll do my

best not to ask another question till you're finished

answering.

If I ask you something, it's not clear,

you don't understand, let me know, I'll try to

rephrase. I'm not trying to trick you, I'll break it

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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If there's any objections or the

attorneys start talking, go ahead and wait and unless

you're instructed not to answer if there's an

objection, please go ahead and answer.

And certainly I don't know how long we're

going to be here, you're welcome to take a break

whenever you feel like. The only condition is if

there's a question pending, please go ahead and

answer that before you take a break.

A. Thank you.

Q. Any problems with those conditions?

A. No, none.

Q. Do you have any questions before we

begin?

A. No, sir.

Q. One question I do want to ask you,

Dr. Campbell, are you taking any medication or do you

have any condition that would impact your ability to

understand my questions or answer my questions

truthfully?

A. No.

Q.

this.

Let's go ahead, I would like to mark

MR. COLE: Counsel, are we going -- we

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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7

decided we're doing numbers or letters? I forget how

we did it with the relators.

MR. FUSONIE: I know with the relators we

did it each deposition.

Off the record.

(Off the record.)

(EXHIBIT MARKED FOR IDENTIFICATION.)

Q. Dr. Campbell, why don't you go ahead and

take a look at that exhibit. I think it's going to

be familiar so you don't need to meticulously go

through it, but just skim over and make sure

everything's there.

MR_ FUSONIE: Make sure everything's

there.

Q. As you're looking, Dr. Campbell, I'll

note that the exhibit labels and the Bates stamps at

the bottom were marked when we received them, so

we -- I do not believe that our office has done

anything.

MR. FUSONIE: Exhibit B is a -- or was a

legal size document that has been -- the copy has

been --

A. The photo reduced.

MR. FUSONIE: It didn't get folded over.

A. You call these Bates numbers? Yeah,

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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ther.e's no Bates number between ending in 1180 and

1182. So 1181.

Q. I do have the original and later on we'll

get that admitted as the full one. Thank you for

pointing that out.

MR. FUSONIE: So the record's clear,

Exhibit B to what has been marked as Exhibit 1. is

a--- should be a legal size document that in the

copying a portion of it was not copied because it was

folded over.

MR. COLE: Right. And again, we'll come

back and get that corrected. I'm not going to do it

now though.

A. Yes, I'm familiar with it.

All right. That appears to have been

signed by you, if you want to ].ook on page 7,

September 29th, and what I'd like to ask you,

Dr. Campbell, is are you aware if any of the

statements in your affidavit, any of your allegations

or any of the information there has changed between

then and now?

Is there anything that while it may have

been accurate or true at the time, may not be the

case because of subsequent events?

A. I'm not aware of anything.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. I want to ask you some questions first

about your qualifications and experience, and you may

just want to look at Exhibit A, which is your, I

believe it's your curriculum vitae there.

When did you receive your Ohio engineer's

license?

A. I don't recall.

Q. Roughly?

A. It would be probably after '76.

Q. The first engineer's license you got,

what state was that?

A. Pennsylvania.

Q. Do you recall when that was?

A. No.

Q. I see --

A. Probably '76, '78, '79. Let me think if

I can get my brain to course through it.

Probably in the '75-'76 period of time.

Q. And have you, as far as your Ohio license

gone have you held that continuously? Have there

been any breaks where you may not have been licensed

for whatever reason?

A. No, it's been continuous since I obtained

® 24 1 it.

Was your license ever suspended or was25 Q•

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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any professional. action taken against your license,

your Ohio license?

A. No.

Q. How about any of your engineering

licenses in the other states?

A. No.

Q. How do you -- tell me what you did to

obtain your Ohio license.

A. I made application to the state licensing

system_

Q. How many -- do you recall how many

licenses you had when you applied for the Ohio

license?

A. No, sir.

Q. But you had other licenses. Ohio wasn't

your first.

A. Yes, sir, that's correct.

Q. Did you have to take -- you say an

application. Did you have to take any written tests

or anything like that to get your Ohio license?

A. My recollection is that Ohio re].ied upon

the exam that I took in the state of Pennsylvania.

Q. So would it be fair to say you got the

Ohio license through reciprocity?

A. Well, some states don't like to use that25

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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term, "reciprocity." T don't know, but it certainly

is through qualification through another similar

system.

Q. And as far as your license, and I'm not

an engineer, do you have any special engineer

designations? I see your degree's in civil

9

engineering. Anything beyond that? Do you have any

special certifications or designations?

MR. FUSONIE: Objection as to form.

A. I have I mean several. Certainly I'm a

civil engineer but I do practice in some aspects of

structural engineering and in geotechnical

engineering.

Q. Is there a separate formal designation or

certification that goes with particular types of

engineering?

A. That depends upon the state. So most of

the states have their own independent designations

and licensing systems_ So it would depend upon the

state.

Q. What about Ohio?

A. I don't recall the details of Ohio.

Q. Did you do any engineering work either as

an apprentice or otherwise or any assistance with

engineers in Ohio before you got your ohio license?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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MR. FUSONIE: Objection as to form.

A. I don't recall the precise date that I

obtained the license, so it's virtually impossible

for me to answer that. I know I did a lot of work in

Ohio certainly when I was in -- working in the

Pittsburgh office. So we did a lot of projects in

Ohio. Whether that was before, during, or after my

supposed apprenticeship or my licensure, I don't

recall.

Q• You said "supposed apprenticeship." what

do you mean by that?

A. You used the word "apprenticeship."

Q. Was there an apprenticeship?

A. I don't believe -- there's no such word

as an "apprenticeship" as far as I know with Ohio

professional engineering licensure. I think at that

time I believe that we were called engineers in

training. But I don't think I was ever an

apprentice.

Q. Can you briefly tell me what the minimum

requirements are to take -- to get an Ohio license?

MR. FUSONIE: Objection.

Q. If you know.

A. Based on my recollection I can tell you,

surely. I believe Ohio is similar to most states

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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that i.t requires that you have a minimum of a

Bachelor's degree or a Master's degree in a certain

engineering curriculum followed with a minimum of

four years of training.

(Interruption.)

Q_ Dr. Campbell, were you finished answering

my question?

A. I don't recall exactly.

Q. I believe, Dr. Campbell, you had pointed

out that I may have mischaracterized your experience

prior to getting your licensure as an apprenticeship

and I believe I followed up with what did you need to

do to get licensed as an engineer. I think it was

something like that.

A. Right. And my recollection is I was

explaining that I believe the State of Ohio requires

that you are registered wi.th that state as an

engineer in training and there are minimum

requirements with that and I met that and that you

work as an engineer in training under the supervision

of a registered or licensed engineer for a minimum of

four years, at which time you are then qualified to

be able to take the professional engineer's

examination.

You take the examination then and if you

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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successfully pass that and are still found in good

standing, then you receive your registration or

licensure.

Q. And based on your earlier answer about

being able to get licensed in other states without

taking a full test, I presume that the test you do

take is mult:i.-state, it would be -- the same test

would be in different states? Do you know?

A. Well, I mean I do know. I know that some

states accept the tests of another state and some

states don't. And I don't recall Ohio, but the

record would speak for itself, but my recollection is

that Ohio accepted my examination and testing from

the state of Pennsylvania.

Q• How would you -- how in your words would

you characterize your expertise, your engineering

expertise?

A. I would characterize that I'm qualified

in civil engineering, some areas of structural

engineering, some areas of geotechnical engineering.

I do have many other designations but I don't know

that it's appropriate for me to name them.

I mean, the CV speaks for itself. So

certainly civil engineering and the related branches

of civil.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. Do you have any designations having to do

with either hydrology or hydraulic engineering?

A. Per se specifically, not that I know of.

Not sure that there are any.

Q. It seems from your CV that most of your

training and the projects that you worked on were in

the environmental engineering field, remediation, and

solid and hazardous waste management. Is that a fair

characterization?

MR. FUSONTE: Objection.

A. I'm not sure that I would agree to

characterize it that way. Certainly I mean in terms

if you span the beginning of my career to date, that

would be a dominant area of expertise, yes.

Q. What percentage of your time in, say, the

last five years have you devoted to hydrologic and

hydraulic modeling?

A. My estimate would be between 25 and

50 percent.

Q. And in the past five years what

percentage of your work have you done in Ohio?

A. I'd say it's probably less than that.

Would probably be 10 to 20 percent.

Q. And that would include your work on this

case as well as the Case Leasing case?25

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Yes, and other projects, surely. I've

had a number of projects in the state of Ohio.

Q. Have you ever been retained as an expert

witness in an eminent domain or property taking case

other than this case which is we call it the Doner

case or the Case Leasing? Have you been an expert

witness in cases like these two before? Other than

these two?

MR. FUSONIE: Objection as to form.

THE WITNESS: I should answer though,

yes?

MR. FUSONIE: If you understand the

question.

A. I think I understand the question. And

the answer would be yes, I have.

Q. Can you tell me about that?

A. I've provided technical support for a law

firm in Lafayette, Louisiana that's called Oats &

Hudson law firm. And a number of projects related to

property, property impairment that I don't understand

the legal significance of the term "taking" but

certainly related to property impairment and

compensation and damage related to that.

That's certainly one of a series I

participated for with the law firm in the city of

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Philadelphia for a very large flood event which was

taking an insurance litigation, the Delaware River.

And certainly you can tell it's my PhD thesis

dissertation is in flooding on the Allegheny River in

Western Pennsylvania.

And both my Master's and my Bachelor's

thesis are in hydraulic engineering. So I certainly

came into thi.s entire civil engineering discipline

majoring in hydrology and hydraulics. And it still

remains a dominant role. And many of those

situations where I provided expertise involve

property damage and impairment and/or taking and/or

whatever the damage would be related to it.

So I don't understand exactly all the

background of the question but I've been involved in

many cases like that.

Q- Well., and I don't want to go over all the

legal implications, but as you're probably aware in

this country and in the States, if the government

either deliberately or through its actions

substantially destroys the value of property or

physically invades it, the owners are entitled to

compensation. I assume you understand that basic

approach.

A. That's what my response was related to,

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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that approach. Some impairment which could be

compensation.

In those cases that you have been a

18

witness, on those types of cases have you ever been

an expert for the government agency involved or if it

was a utility company or whatever, that the agency

that or the entity that is being sued or is the one

who's taking the property?

MR. FUSONIE: Objection as to form.

A. Yes.

Q. When was that? Or tell me about that

situation.

A. Well, I mean, that's dominantly the law

firm of Oats & Hudson represents in the state of

Louisiana the Department of Transportation and

Development. So we can look in the details of my CV

but certainly there's three, four, or five of those

particular Z call them projects or litigations that

that was the -- they were the sole source_

The State of Louisiana felt that

soniething happened and they needed to take legal

action in order to either not pay an accused amount

or an asserted amount, pay less, or have no damage

caused by the State of Louisiana.

Q. Were there any eminent domain claims or

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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takings claims associated with Hurricane Katrina that

you worked on?

A. Yes.

Q. Tell me about those.

A. Well, I believe those are also identified

in the CV. But I evaluated over 900 homes as a

result of Hurricane Katrina and a certain percentage

of those damages were litigated because of a

disagreement between the owner and the insurer with

regards to the valuation.

So I did a number of hydrology and

hydraulic evaluation, flooding studies and water

impairment, the cause of damage assessments and

testimony either in deposition or in trial.

Q• Were the Katrina cases that you talked

about, were those you mentioned insurance? Those

were -- those weren't eminent domain cases though,

were they?

MR. FUSONIE: Objection.

A. Not to my recall, no.

Q. Anything with Katrina where you were an

expert on behalf of the State of Louisiana or any

political entity?

A. Not that I recall..

Q. On page 2 of your resume you have I

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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believe you list six hydrology and hydraulic

projects.

A. I do.

Q.

20

I'm going to ask you some questions about

those and the first one I can't pronounce what that

name is.

A. Atchafalaya Basin.

0. Atchafalaya Basin, thank you.

When did you work on that project?

A. Would be certainly within five years. I

don't remember the precise year.

Q. And what models were used on that

project?

A. The same whatever the -- depending upon

the year, the HEC models. Hydrology Engineering

Center models.

Q. Can you break that down even further? Do

you know if it's the HEC HMS, HEC-l, HEC-2?

A. It has to do with the year, so those are

just terms related to whenever when those terms were

whatever designated. Before that the same models

were there, they were just different versions. They

were different names. So again the same hydrologic

models.

Q What can you -- what were the models you

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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used? Can you describe them?

A. I believe I just did. But basically I

don't remember the precise year of that. So I would

have to look at the record to answer your question.

Q. well, do you know if it involved steady

or unsteady flow?

A. Surely.

Q. Which was it?

A. It involved both steady and unsteady

flow.

Q. was there a hydrology component to that

model that you used in the Atchafayala Basin?

A. Yes.

Q. What about hydraulics, was there an

element to that?

A. Yes.

Q• Can you elaborate on those at all? Just

based on your resume and your recollection?

A. Well, that was a thorough evaluation of

some proposed levying and channelization in the

Atchafalaya Basin. And there were many different

jurisdictions involved.

There's situations called levy districts,

and then of course there's in Louisiana are parishes,

in Ohio you have counties, as well as municipalities.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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And the evaluation was very thorough related to

rainfall. runoff and diversion oE water as to protect

properties from certain storm events, so.

So rainfall runoff and stream flow

modeling were all an integral part of that

evaluation.

Q. Were you the -- were there any other

engineers or engineering firms that worked on this

project or were you the only one?

A. No, there were several engineering firms

that worked on that project.

Q. Were you coordinated in your efforts?

A. I acted as a reviewer on behalf of the

law firm Oats & Hudson which acted on behalf of

either the State of Louisiana or one of the levy

boards or levy districts.

So when you say "review," correct me, did

another engineering firm do the legwork and then

reviewed that for accuracy and correctness?

A. And/or several firms evaluated from

different viewpoints. Again, you have multiple

you

entities evaluating levy controls and channelization

projects, and so one levy board may have hired one

firm, a parish may have hired another firm.

So there were multiple hydrology and

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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hydraulic evaluations of the situation and I acted on

behalf of my client Oats & Hudson to review each and

every one of those.

Q. So you were re -- you weren't reviewing

other engineers' work_

A. Yes, I was.

Q. You were, all right.

Was it strictly limited to review though,

or did you do your own modeling and studying of the

situation, or were you just simply reviewing what

others had done?

A. My recollection is that I only reviewed.

I did not do any hands-on modeling.

Q. The next project listed is the Baraboo,

Wisconsin for the industrial facility there. Can you

tell me when that project was done? When you worked

on that one?

A. That one I would think would be between

2000 and 2005. Might go back to '97 or something

like that but it's in that frame.

Q- Do you recall what models were used on

that project?

A. No, I don't.

Q. Do you recall what -- were there

hydrological and hydraulic components to that, do you

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224--9481
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recall?

A. Yes, most definitely.

Q. And steady and unsteady flow, do you

recall?

24

MR. FUSONIE: Objection; vague.

A. Dominantly steady flow were the

assumptions in that project.

Q. Was that a situation where you were

reviewing as in the Atchafalaya or were you doing

hands on?

A. I reviewed and did hands on. I believe I

was the -- my recollection is that I was deposed or

close to being deposed in the litigation before there

was a settlement.

Q- What -- do you know what percentage of

your engineering work is involved with cases in

litigation?

frame.

MR. FUSONIE: Objection; vague as to time

A. Probably about a quarter of them.

Q. Within the last five years?

A. Uh-huh.

Q. Yes?

A. Yes.

Q. Okay.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Didn't mean to mumble, I apologize.

Q. That's all right.

And again, you don't recall for the

Baraboo project what models for hydrology or

hydraulics were used on that?

A. What I recall is again it was the HEC

models were used. What terms, whether they are

HEC-i, HEC-2, HEC RAS, HEC HMS, depending upon the

year that it was, the same HEC models were used.

Q. And just so the record's clear, can you

tell me what does "HEC" mean? It's an abbreviation.

A. Standards for the Hydrologic Engineering

Center. It's an entity of the United States Army

Corps. of Engineers.

Q. And is it the standard to use for

hydrology and hydraulic modeling?

A. It's a standard that's readily accepted.

Q-

accept?

Is it one that you frequently use and

A. Frequently use and accept it, yes.

Q. Are there other ones that can be used

that you've used?

A. Most definitely.

Q• Can you briefly tell me about those?

A. Yes, I can. There are several. They're

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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readily used and readily accepted. And what really

amounts to, it amounts to there has to be a certain

dollar value at stake or at risk because to use one

of the HEC models requires a substantial amount of

energy and setup and problem definition.

And so i will often use more simple, mo.re

straightforward models or engineering calculation

techniques whenever it's not warranted to spend days,

weeks, and months preparing a model.

So many models are accepted and you use

the right model for the right project.

Q• Then would the HEC models, are they

generally more complicated and time consuming, is

that why you don't always use them?

A. That's a characterization that I would

really not rather agree to.

Q. Okay.

A. That it requires certainly much more data

or information about the watershed characteristics,

the extreme characteristics, requi_res a lot more

input data to run one of those models.

Q• And so because of that, cost is a factor

also in deciding whether to use it?

A. The cost and the amount of, well, therels

many factors. But certainly it relates to how much

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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information do you have of the watershed and of the

streams. What are the -- what's the -- what is at

risk or what's the potential damage and impairment --

How much time do you have to obtain an

answer or complete an evaluation and what kind of

precision do you need in your evaluation?

Q• -- are there in your experience accepted,

professionally accepted or industry standard models

that are inore precise than the HEC models?

MR. FUSONIE; Objection.

A. No.

Q. The next project you have listed there is

the Ashville, North Carolina. Can you tell me when

you worked on that project?

A. Since 1997. And probably before 2005.

Q. Okay. That's just somewhere in between

there? That's as good as you can recall?

A. As good as I can recall.

Q. Do you recall what models were used on

that project?

A. Yes, I believe.

Q. And what were those?

A. Used what's called a PC Swim, which is a

stormwater model developed by the EPA, and then I

used another model. I don't remember the name but it

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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was related to erosion. Related to rainfall runoff

and then stream erosion.

Q. I'm not familiar with PC Swim.

model have a hydrology component to it?

A. Yes, it does.

Does that

Q. Does it have a hydraulics components?

A. Yes, it does.

Q• Are both of those involved -- in that

project were both of those at issue in the project?

A. I used both of those.

Q• Were any of the -- do you recall whether

you used the HEC models for that project?

A. I recall I did not.

Q. Why not?

MR. F'USONIE: We seem to be -- I know you

have to ask these questions. I also -- I'm not

counsel obviously for Conestoga but we're wandering

in areas where this is consulting work versus

testifying work and I don't want him to breach any

duty he has to other clients by disclosing reasons

for not using certain models versus using other

models.

So with that said, if you are afraid that

you're going to be disclosing attorney work product

between you and some other client because you were

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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working in a consulting versus testifying capacity,

I'm not instructing you not to answer but I'm giving

you that -- I'm making that comment on the record.

A. I believe I'm able to answer that

question. I did consulting work and testimony in the

state of North Carolina in that particular project.

And I used a model that I thought was appropriate for

the watershed at hand.

Q. And again, why didn't you use any of the

HEC modeling in that?

A. Because it would have cost either ten

times more or a hundred times more. And the data was

not available. It would have cost an immense amount

of money to collect the data that would have been

needed to put into a HEC model.

Q. If you had used a HEC model, do you think

you would have -- that would have given you a better

result than the PC Swim model and the other model you

used?

MR. FUSONIE: Objection; calls for

speculation.

A. No. I specifically did not use the HEC

model because I did not believe it was appropriate.

0 24 I Q Were there any other reasons besides cost

that was inappropriate to use?25

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Yes. My engineering evaluation, it was

not appropriate.

Q. Tell me about that. Why not?

A. Because the HEC model was not the model

that was appropriate for the application in that

watershed.

Q. Can you tell me why it was not the

appropriate model? Why would it --

A. The data was not available.

Q. All right. To input in the model.

A. That's correct.

Q. Anything else?

A. Sir, yes. There are many things

involved. Many things went into my decision. That

was one of them.

Q. What were the other reasons?

A. I can't sit here today and tell you the

ten reasons. But I didn't make a decision for one of

them. I'm giving you my best recollection of that

project.

But the HEC model is not the best model

in the world and I used the best model that I see for

a project at hand. That's my expertise; to evaluate

the watershed at hand, the project objectives at

hand, and use the appropriate model.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. So the other reasons you don't recall,

you're not refusing to answer, you just don't recall

the other reasons why you didn't use the HEC modeling

in that?

A. I believe I answered your question.

Q. Well --

A. The HEC model was not the appropriate

model for that watershed.

Q. And you said there were a number of

reasons and you said you can't give it. I'm just

asking you is it because you don't recall all the

reasons?

A. I recall all the reasons.

Q. All right. Then why can't you tell me

all those reasons?

A. I told you those reasons. The watershed

was small, the project was a project where the party

felt that they were impaired by an action takeri by

the North Carolina Department of Transportation.

The North Carolina Department of

Transportation had completed an analysis. I reviewed

the analysis they had completed. And I believe that

their analysis was not appropriate for the watershed

at hand.

So I selected from the watershed at hand

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224--9481



E

E

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

32

what models might be appropriate to be used. As a

matter of fact, I did two or three of theni and I

applied those and I got answers which were in

conflict with the answers provided by the Department

of Transportation.

I wrote a report, went to trial, and the

outcome was in the favor of the client that I

represented.

Q. The Departinent of Transportation in that

case, did they have an expert? An engineering

expert?

A. They had at least one, maybe two or three

as I recall.

Q. Do you recall what modeling those experts

used on this case?

A. No, I don't.

Q - Did the Ashville project involve steady

or unsteady flow modeling?

MR. FUSONIE: Objection; vague.

A. I believe it was appropriate. All the

parties used steady flow modeling.

Q• The next one you have listed there just

down the line is the Missouri River at Omaha,

Nebraska. When did you work on that project?

A. In the '70s.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. How long has HEC modeling been around, do

you know?

A. I'm sure we can look it up. I don't

recall.

Q. All right.

A. Again, different versions of it have been

worked on for many years.

Q. Do you recall what models were used in

that project? I know it's been some time.

A. I can't recall that much about what

models I used at that project. Apologize.

Q. That's all right. I was very young at

the time too.

Do you recall whether that was a steady

or unsteady flow situation?

A. That was definitely an unsteady --

because it was very - the Missouri River at Omaha

was -- the subject of all that work was quite a large

watershed with many major dams and reservoirs and

releases and records, so clearl.y had a steady and an

unsteady characteristics in its evaluation.

And if you can tie that back very

closely, you can see that that was the topic of my

PhD thesis was the steady and unsteady flow and the

characteristics of that.

ARMSTRONG & OKEY, INC., Columbus, Ohio ( 614) 224-9481
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So this was really my first major

application of a lot of my PhD work in the practical

world for the client and that particular project was

the Omaha Public Power District for a facility in

Omaha.

Did that project involve both hydrology

and hydraulics components to it?

A. Yes.

Q - Then the next one you have listed is the

valuation of the Delaware River near Philadelphia.

When was that project? When did you work on that

project?

A. That would be in the '80s.

Q. Do you recall what models were used on

that project?

A. Yes. I referred to that earlier in the

deposit:i.on when I referred to Philadelphia and

Del.aware River. There were a number of models what

were i_nvolved in that. That was -- the models that

were reviewed on that were the models that were used

by the flood insurance program. So that would have

been all the standard HEC models.

Q. Okay, so they were -- and did you use the

HEC models in that case?

A. Again, what I did in that particular

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481_
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situation was I evaluated the modeling done by others

and provided recommendations with regards to the

boundary conditions that were assumed in those

models.

Q• Did you

A. And again that one also had a favorable

outcome for the clierit where after review, the

company that had completed the fl.ood study, because

those are all done under contract, agreed that my

suggestion on the boundary conditions were an

improvement over what they had in the flood study,

and the flood map was changed as a result of my

evaluation on that.

Q- Did, when you were reviewing or

evaluating, did you -- was it your conclusion that

the ftFC modeling, use of HPC modeling was appropriate

for that project?

A. Yes, it was.

Q. You say there were -- do you know if it

was entirely HEC modeling or if there was other

modeling involved?

A. There was a rainfall and runoff component

as well as a stream flow component.

Q. And was the Delaware River a steady or

unsteady or both modeling?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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MR. FUSONIE: Objection; vague.

A. In the flooding scenario it was -- would

have been modeled for the supposed hundred year flood

flow, a steady flow situation.

Q•

flow?

And so just -- that was just a steady

A. In terms of the, again, the -- I think

you're going to see as we proceed through the day is

that the flood insurance program designates that it's

one steady flow modeling is its rule of thumb. And

in that case it stipulated that. So I didn't dispute

that.

Q. Does that mean that -- you say it was

stipulated, you didn't dispute. It was stipulated in

the litigation that that's what would be done?

A. Well, it was part of the project.

0. All riqht.

A. The client of the law firm that retained

me felt that the flood study caused much of their

property to be designated within the hundred year

flood plane: which causes an economic impact to the

value of that property.

Q• That would be a negative impact.

® 24 1 A. it would be an adverse, that's correct.

It would devalue or lower the value of their25
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proper.ty. And so they contracted and I completed an

evaluation of that study.

Part of the ingredients of that study was

to make a model of a hundred year flood event and so

I took that as a given that I was working on an

evaluation of a hundred year flood event. Which is

what the insurance program prefers. so I didn't

dispute that point because I was able to have it

changed by evaluation of that point in and of itself.

Had that not been successful, I may have

looked at whether or not there needed to be other

points such as whether it would be steady flow or

unsteady flow.

In other words, we won. We won with that

as the point. So you don't need to go to another

point. Whenever they got -- we got the flood study

changed, their property was no longer as much in the

hundred year flood plane, and so they -- instead of

them losing property value, that property value was

restored.

4- The final one you have listed on page 2

is the four dam sites in Pennsylvania and West

Virginia. When did you -- it says you evaluated.

Again based on that I presume you were reviewing

other work?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. I don't think on those --

Q. Make I shouldn't.

A. No, in those ones we actually did

probable maximum flood evaluations.

Q - When did you work on that project?

A. This would either be in the late '70s or

early '80s.

Q. And do you recall what models were used

on that project?

A. Actually I don't.

Q. Both hydrology and hydrological

components?

A. Surely.

Q. Flow modeling steady, unsteady?

MR. FUSONIE: Objection; vague.

A. Mostly steady.

Q. The six that I've just covered, how many

of those -- you've referred to some of them. How

many of those were involved in litigation? And which

ones? Maybe that's a better question. Which ones of

those was there litigation?

A. Baraboo involved litigation, Ashville,

North Carolina involved litigation. Those really are

the only ones that had litigation. It was impaired

property in the one in Philadelphia I've identified.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. In those that were in litigation were you

representing -- you were working with law firms that

represented property owners; is that correct?

A. Certainly in Baraboo. In Baraboo it was

not a property owner, I believe it was a tenant in

Baraboo. And in North Carolina it was a property

owner.

Q. If you could go to page 8 on your resum6,

sir.

A. Yes, sir.

Q• The first full bullet point there is you

refer to hydrology and hydraulic design of spillways,

channels and appurtenances for 15 coal facilities in

various states including Ohio. Do you see that?

A. Yes, sir.

Q. When did you work on that project?

A. I would say one of them continues on to

today, but certainly the dominant part of that work

that I'm referring to would be in the 170s and the

'80s.

Q. What is the one that you say is still

going on, is that in a particular state?

A. Well, I believe I have it identified in

another -- I believe I have it in another -- such a

large project, I broke it out from that one somewhere

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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else in my CV.

But basically there was a failure in West

Virginia that -- actually there was a failure in

Kentucky that then coursed in the river between the

state of Kentucky and West Virginia, and then on into

the Ohio River.

Q. Do you --

A. So that was related to a coal refuse

facility that failed.

Q• Do you recall what models were used on

that project or those cases?

A. In these particular ones here most of

these did not use the HEC models.

Q. Why is that?

A. It's not appropriate for those

watersheds.

Q. Why wasn't it appropriate?

A. Coal refuse embankments there was Mine

Safety Health Admi_nistration promulgated requirement

that the coal refuse facilities be designed for

either probable maximum flood or percentage of

probable maximum flood.

So the dominant part of these projects

were related to the determination of the rainfall

runoff from a selected design storm. Most of those

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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watersheds were small watersheds. Most coal refuse

facilities are constructed near the headwaters of a

watershed. So the use of the HEC models is just not

appropriate.

Q. Is use of HEC modeling usually

inappropriate when you're looking at rainfall runoff?

A. Again, the key that I tried to put on

there, sir, was when you're near the head of the

watershed, then much use of the HEC models is just

not appropriate.

Q. That's a general rule?

A. Yeah, because again, it's the HEC again

but goes back to my previous answer is it relates to

the amount of information and data that is needed to

input into a model that is such degree of

sophistication of the HEC set of models. And when

you're at a very small watershed, the headwater.

Watershed, it's just not appropriate to

use that model. There's nothing wrong with the

model, it's just not the right model for that

particular watershed. Beginning and end, that's it.

It's not the right, you know, it's not the right

model for those watersheds.

Was steady or unsteady fl.ow modeling used

25 in these coal cases here? The coal refuse disposal

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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MR. FUSONIE: Objection; vague.

A. Yeah, again, Mine Safety fieal.th

Administration designated that each and every coal

refuse facility had to be designed and/or verified to

be designed to be able to withstand a certain

percentage of the probable maximum flood event. And

so those are spillway evaluations.

So what you're trying to do there is to

determine the peak runoff so that you then have a

spillway that is designed adequately to protect the

facility from the peak runoff.

So your analysis is you use an

instantaneous peak, you assume it's a steady flow,

and you do the evaluation to make certain that your

appurtenance or spillway will withstand that flow.

And by the way, the one that I talked

about is the very next bullet on that page 8 where

there was a surface impoundment related to a coal

refuse disposal facility where the 250 million

gallons of coal slurry was released into the

environment, and that work continues today.

Q. That's the second full bullet point on

® 24 I page 8?

A. Yes.25
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Q. The Appalachia one?

A. Yes, sir.

Q. Tell me a little bit about -- you led

into it, let me ask you, you say that "continues,"

when did that start? When did you start working on

that?

A. I would have to look that up. About ten

years.

Q. Ten years ago approximately?

A. About ten years ago.

Q. And you say it's ongoing. Are you

actively involved with that project still?

A. I'm not actively involved but the project

still has an active element in it.

What did you do in that project? And

strike that. Let me ask you this, did you use any

hydrological or hydraulic models in that project?

A. Yes, I did.

Q• Can you tell me about those? Did you use

HEC modeling?

A. Actually did not use HEC modeling, no,

sir.

Q. And why not?

A. Because I didn't believe it was

appropriate.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. Why was it not appropriate?

A. Again, where the situation was it was in

the upstream part of the watershed.

Q. Was it similar to the prior one we

discussed?

A. In a way it was similar to that.

Certainly the dominant impediment in that particular

project was the coal slurry. So it was a -- it was

not as much hydraulics but the movement of the

sediment, that was the dominant issue.

So I did very sophi.sticated sediment

transport analyses in that project. And actually had

to create my own models for that because the

available software was not adequate to address the

situation that I was addressing.

Q- I do have a couple more questions, I do

want to go back for a second to the six that we

discussed on page 2. You made a reference I think on

the, I think it was the sixth one, the

Pennsylvania/West Virginia dam sites or possibly the

Delaware River about the hundred year flood event.

Which one of those was that?

A. That was the Delaware River in

Philadelphia.

Q• What is a hundred year flood event?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. That depends on the context. If you ask

it in terms of a hydrologist, it has one answer, but

if it's related to the insurance program, then

there's a very prescribed definition by the United

States government that designates and stipulates what

"hundred year event" is.

Q. Let's -- give me the definition or what

you understand in the general, not what the

government requires.

A. Right, what we would understand as

hydrol.ogi.sts, a hundred year event or a ten year

event or a 50 year event is what we would perceive or

evaluate using engineering tools as some event that

would occur with that recurrence interval.

Q. So the --

A. So what we usually do to do that is we

usually use precipitations that whether we could

prove it or not may have more reliability with

regards to the recurrence interval frequency.

And then we use that to calculate the

corresponding runoff. And then that would be what we

would do as a hydrologist. That would be the way I

would say X recurrence interval five years, ten

years, 25 years, hundred years or whatever. Then I

would -- that's what I would do as a hydrologist.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. So in the Delaware River case, correct me

if I'm wrong, you ran -- you di.d your analysis on a

hundred year flood event recurrence.

A. Not by my definition at all. Not by the

definition I just articulated. That was a flood

study. So that was a hundred year event as

stipulated by the federal government through the

insurance program.

Q. So you were constrained by that.

A. Or that was stipulated. That was part of

the situation.

Okay_ What about -- do you recall

what -- were there recurrence, flooding recurrence

issues in the other projects we went over, we

discussed on page 2? The hydrology and hydraulic

projects.

A. I believe each one would have its own

characteristics with regards to it.

Q. Do you recall what recurrence events you

looked at or ran for those projects specifically?

A. I pretty much do, yes.

Q. Go ahead.

A. Well, the work in the Atchafalaya Basin

was an entire myriad of different hydrologic events.

Because the very jurisdictional entities, i.e., a

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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parish or a levy district or a municipality may have

jurisdiction over certain recurrence interval events

and not another one.

Q- All right.

A. So that project was an analysis of

multiple recurrence interval events. The flood

events at Baraboo was, again, under the jurisdiction

of the Flood Tnsurance Administration and the related

flood maps, so that was the government desigriated

valuation of the hundred year flood.

The Ashville, North Carolina was an

evaluation by the North Carolina Department of

Transportation, and they used multiple recurrence

interval events in their design.

The Omaha Public Power District, because

it was on the Missouri River, had to be designed for

the probable maximum flood. That was the -- that

facility was under the jurisdiction of the Nuclear

Regulatory Commission and, therefore, that facility

had to be able to -- had to be designed to withstand

the probable maximum flood.

Q. Do you recall what that -- what the

probable maximum flood is? Do you recall the

particulars of that?

A. I surely do. Immense recall.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Well, the probable maximum flood is the

maximum flood as the result of a runoff from a

probable maximum precipitation. So it's actually an

optimization.

And this watershed was many over a

hundred square miles, so a given storm event, let's

say a storm event that has an impact area of ten

square miles, you have a probable maximum

precipitation for a ten-square-mile watershed.

You have a 10,000-square-mile watershed,

so you attempt to evaluate where that storm may occur

anywhere within that watershed to produce the maximum

flood at your point of interest.

So that's one point for one size of a

storm. You then hypothesize a 1,000-square-mile

storm event, a probable maximum precipitation, you

then model it throughout your watershed to determine

the resulting flood.

And so do you this for a series of them

and then you evaluate what is the maximum of the

maximum. And that is by definition the probable

maximum flood.

Q. All right_ How about, I think you told

me about Delaware River.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Delaware was an insurance program. And

the dam sites in state of Pennsylvania, again, they

were designated I believe by the, at that time the

Bureau of Reclamation stipulation, law, whatever you

want to call it, that the -- all the dams had to be

evaluated to withstaiid probable maximum flood.

Q. Could you go to page 13?

A. Yes, sir.

Q. And if you go down to the -- go to the

fourth bullet point.

A. Yes, sir.

Q. Can you tell me a little -- where was

this is what you have under "Other Projects and

Experience." Is this mu7.tiple events, multiple

projects, or a specific one you're talking about

there?

A. Yes, sir.

Q. Which? I'm sorry, multiple or a single

event?

A. No, these are multiple. What I'm trying

to do here, sir, is having already articulated a

number of projects for 14 pages of my resume, I'm

trying -- but certainly not in any way designating

each and every one of them, I'm trying to create a

bullet which will allow the reader to understand that

ARMSTRONG & OKEY, INC_, Columbus, Ohio (614) 224-9481
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I've worked on many other projects that would include

those disciplines.

Q. Do you recall in the past five years how

many times you used HEC modeling?

A. No, I surely don't.

4- The past three years, past two years?

MR. FUSONIE: Objection. Which question?

Q. Past three years?

A. No, I certainly don't.

Q. Do you know in the past five years how

many flood studies you've completed?

A. I could probably go through my resume and

calculate probably a half a dozen. Probably one or

two a year. Might be somewhere between five and ten.

Q. For the past five years?

A. Surel.y. What I'm doing is by my memory.

Q. Sure.

A. I'm telling you about one or two a year.

Q. Do you know how many fl.ood studies you've

completed in Ohio in the past, say, five years?

A. Probably one a year.

Q. Did you do a flood study in the Case

Leasing case?

A. I would call that a flood study, yes.

Q. Do you recall the most recent time that

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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you used HEC modeling for steady or unsteady flow

analysis?

MR. FUSONIE: Objection.

A. Other than the particular case that's at

hand?

Q. okay, so you've used it in this case,

correct?

A. Sure. I mean this was part of the work

at hand here.

Q. Right. How about before that?

A. Half a dozen.

Q. Can you tell me a little bit about those

projects? Or those, yeah, those projects that you

worked on that you used HEC modeling the most recent

times?

A. Those projects involved rainfall runoff

and frequently they have at issue flood studies by -

some completed within the jurisdiction of the Flood

Insurance Administration, and it's not uncommon that

when you review those studies they involve

implementation of the HEC models.

Q. What sort of projects or what type of

projects is the steady flow analysis most

appropriate?

MR. FUSONIE: Are you asking him in his

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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professional expertise, FEMA's definition?

Q. In your opinion.

A. Could you repeat the question?

Q. In your professional opinion what type of

projects is the steady flow analysis or modeling most

appropriate?

A. Well, I will almost always complete a

steady flow analysis of every project as a starting

point. And then again depending upon the project,

evaluate the situation and the circumstances and make

a project-by-project determination if something other

than steady needs to be incorporated.

Q. And why do you do that? Why do you

almost always start off using a steady flow?

A. It has to do with the previous answers

that I've already given; It's a good starting point

and it's, generally speaking, even if we know we need

to do an unsteady evaluation, we are still going to

begin with the steady evaluation and then compare the

unsteady evaluation to the steady evaluation.

Q- Is that an industry standard that other

engineers like yourself would use?

A. I don't really want to speak to an

industry standard. That's the way I would do it.

Q - What sort of project is the unsteady flow

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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analysis most appropriate?

MR. FUSONIE: Objection.

Q. In your opinion.

A. If the unsteady flow peak causes

substantially more impairment to a watershed or a

property, then it is usually -- one could argue that

it would be most appropriate to use an unsteady

evaluation.

Q. Tell me what you mean by "substantially

more impairment."

A. Higher stage, higher velocity. More

water. More damage.

Q• Does the type of land you're looking at,

is that a factor whether you use a steady flow or

unsteady flow, the geography of the property?

A. Surely. Again it's probably five, ten,

20, key parameters. Type of land is certainly one of

them.

Q. What are the most important factors that

you consider?

A. Size of the watershed is very important,

size and character of the stream is very important.

Whether there's control structure or not a control

structure is very important. Time of the year. And

seed moisture condition. Vegetation cover. Slope_

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Again, that's everything that's involved in

hydrology.

Q. In this case, in the Doner case did you

use a steady flow analysis?

A. In this case I evaluated --

MR. FUSONIE: Hold on. The only thing

I'm going to --

MR. COLE: I'll rephrase the question.

I'll rephrase it.

MR. FUSONIE: All I'm going to say is

if --- you are here as a testifying expert. I'm not

sure -- and that's it. That's what is discoverable

in this action is what you are here for as a

testifying expert.

With that instruction, you can answer

questions.

MR. COLE: Counsel, I don't understand

your comment. Can you -- you certainly can --

MR. FUSONIE: Rule 26 is pretty clear

Rules of Civil Procedure. So I'm just standing by a

Rule of Civil Procedure 26 that the scope of

discovery is the scope of his testifying -- him as a

testifying witness.

MR. COLE: Okay.

MR. FUSONIE: With that instruction, you

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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MR_ COLE: Are you objecting to the

presume you're objecting to the scope of my last

question?

MR. FUSONIE: I'm objecting to it to the

extent it is somehow going to stray into attorney

work product because there is, under the Ohio Rules

of Procedure, Rule 26, what is discoverable is what

he is testifying -- he is a testifying witness about.

I'm just making sure, I'm only one of

five attorneys on our side. I want to make sure he's

not straying --

MR. COLE: As I am I.

MR. FUSONIE: -- he's not straying into

something that is not Rule 26 as a testifying expert.

MR. COLE: I presume you're not

begrudging me the ability to inquire as to his work

on this case.

MR. FUSONIE: His work on this case as a

testifying expert, correct. I'm not begrudging you

that. I'm simply staying within the scope of Rule 26

and commenting for the benefit of Dr. Campbell as

that as well.

MR. COLE: I do have a few important

to

questions, you can certainly discuss with him at a

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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break, I'd like to take a break and feel free to tal.k

with him on that.

MR. FUSONIE: Sure.

Q. (By Mr. Cole) I'm going to withdraw my

last question and ask you broader, your work on this

case, you've rendered an opinion through an affidavit

and you've done some analyses, correct?

A. That is correct.

Q. What flow analyses have you done in this

case?

A. The record reflects what analyses I did.

Q. Would you tell me anyway?

A. I can read it. I mean, I evaluated the

impact of the replacement spillway.

Q. Did you -- I'm sorry, go ahead.

A. I mean we can read the report. Evaluated

the precipitation data. I looked at the records of

NOAA, ODNR, Mercer County. That was what I did. I

reported on the analysis I did.

Q. Did you conduct a steady flow analysis on

the hydrological and hydraulic aspects of this

litigation?

A. I completed an analysis of stream flow

records. I completed analysis of the ODNR model. I

completed analysis of the Corps. of Engineers' work.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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I did not make an independent model of Grand Lake

St. Marys or the Beaver Creek or the Wabash River.

Q. So you reviewed what others --

A. Period. I didn't. I mean the record

reflects I did what I did.

Q. And just to make it clear then, you

57

looked at what others had done in this case.

A. That's exactly what I -- that's exactly

what's articulated throughout the Grand Lake

St. Marys' evaluation.

Q. And is that also what you did in the Case

Leasing case?

A. Yes. The Case Leasi_ng case record is

there and it reflects what did I in the Case Leasing

case.

Q. When did you do this review and

evaluation in the Doner case?

A. That's ongoing.

Q. All right, well, when did you do your

analysis that formed the basis of the opinions you

set forth in you"r affidavit?

A. Well, I did that evaluation on or before

September 29.

s. 24 1 Well, do you recall exactly when?

A. On or before September 29.25

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Let me ask you this, what --- is it fair

to say the first time you looked at water movement

from Grand Lake St. Marys, would be fair to say the

first time you looked at it was when you were

retained in the Case Leasing case?

A. That's fair to say.

Q• That is true.

A. That's fair to say.

Q. And you did an analysis, you testified in

the Case Leasing case, correct?

A. Except I'm going to correct, I actually

had looked at some flooding along the Wabash River

for other evaluations before the Case Leasing case.

But whatever, as you know, for this project Grand

Lake St. Marys and the Wabash River to the Linn Grove

Station, that really became to my attention as a

result of the Case Leasing case.

Q. Do you -- as far as looking at Grand Lake

St. Marys before Case Leasing do you recal.l when you

did that?

A. No, I didn't say -- what I said was I

looked at the Wabash River. The Wabash River runs

through much of the state of Indiana in a circuitous

path and I did do some work along the Wabash.

Q- When did you do that?

ARMSTRONG & OKEY, INC., Columbus, Ohio ( 614) 224-9481
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A. Tn the '80s. Maybe even in the '90s.

Q. Tell me a little bit about that. What

were you doing when you were looking at the Wabash in

the '80s and maybe the '90s?

A. Again, clients make inquiries and I do

projects in that related. All I'm recalling is that

I did some evaluation when I was in the Chicago

office because they had clients who were affected in

the state of Indiana.

Q. Do you recall --

A. And so there was a number of large flood

events along the Wabash River for many years. I mean

it's a very famous and well-documented river that has

a large history of flooding.

MR. FUSONIE: In the state of. Indiana.

A. In the state of Indiana, uh-huh.

Q. What about the state of Ohio?

A. I'm answering what my recollection i.s.

Q. All right, so when you were looking at

the Wabash in the '80s and '90s, you were only

looking at that river in Indiana, you weren't looking

at it in Ohio?

A. Again, mostly related to inquiries of

clients in the state of Indiana, yeah.

Q. Did you deal with any clients or any

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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situations in Ohio?

A. Not that I recall. Not that I recall.

Q. What was the cause of the -- what's the

cause of flooding of the Wabash iri Indiana? What

causes it to flood?

A. Rainfall, and runoff.

Q. Is that what you were determining while

you were doing this work in the '80s and the '90s, is

that what you were looking at?

A. Yes. And property impairment resulting

thereof.

Q. Were you involved in any litigation as an

expert related to the Wabash before these cases?

A. Not that I --

Q. Before Case Leasing?

A. Not in the Wabash, not that I recall.

Q. Did you -- Case Leasing was, if I recall,

it was tried in the Court of Claims, what, in 2005?

Does that sound right?

A. Perhaps.

Q. You testified as a witness.

A. Sort of sounds right.

Q. All right.

A. I did testify twice, yes, sir.

Q. Did you review any updated data on Grand

ARMSTRONG & OKEY, INC., Columbus, Ohio ( 614) 224-9481
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Lake St. Marys, the spillway, Beaver Creek, or the

Wabash River subsequent to that litigati.on, the Case

Leasing litigation?

A. Yes.

Q. When did you do that?

A. I did a review within the last 30 days.

Q. What about before then? Let me strike

that.

When was the last time you reviewed water

data, hydraulic, hydrological, on the spillway or the

Beaver Creek prior to September of 2009 when you

signed your affidavit?

MR. FUSONIE: Objection as to form.

A. Sir, that's quite a vague question. I

certainly testified in 2006 and have been involved in

this litigation that's been on an ongoing basis. I

don't have any way that I would precisely be able to

recall when I did an evaluation. But obviously 9.t's

been an ongoing project. Often_

Q. Tell ine what you have done since Case

Leasing, since the Case Leasing case ended and this

case was filed, what did you do if anything with

regard to Grand Lake St. Marys, the spillway or water

movement?

A. I've had inquiries from counsel.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. Which counsel?

A. Counsel in the Case Leasing case. I'm

not sure that I would be able to be at liberty to

reveal those.

Q. That's all right. I'm not asking.

A. But those happened periodically,

sporadically, and when an inquiry is made, it causes

me an opportunity to go and look at the record. So

periodically from time to time I go into the, I

believe it's called the Linn Grove, go into the USGS

database, pull down the stream flow record at Linri

Grove.

Q. What else?

A. Then when this litigation came up, it

caused it to bring it up again and review it again.

Q - When were you first contacted by anyone

about this litigation?

A. I'm going to say it was sometime in 2009

but I don't know that date precisely.

Q. And was that from the Vorys law firm?

A. It was.

Q. What did you review? What did you look

at?

MR. FUSONIE: Again, just my limitation

on that you're here as a testifying expert on what

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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you reviewed and in order to prepare yourself for

being a testifying expert in this case.

Q. Consistent with your role as an expert

witness and your retention as an expert witness, what

did you review? What did you look at?

MR. FUSONIE: As a testifying expert.

A. I reviewed a lot of material but three

things that I specifically recall that I reviewed

were the two Case Leasing reports that I prepared,

and the stream flow record at Linn Grove. And there

were other things but sitting right here I can't

recall specifically what all they were and when they

were.

Q. Since 2006 when -- since Case Leasing did

you look at any or did you review any ODNR or State

documents in connection with being an expert in this

case?

MR. FUSONIE: Up to and through today?

MR. COLE: I'm not asking for future.

MR. FUSONIE: Well, since 2006 up through

today is the question.

MR. COLE: Well, actually, no, counsel,

thank you.

Q. Up to the filing of this lawsuit. Which

was in I think it was in July -- June/July of last

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. I don't recall looking at any ODNR

records.

Q. Do you recall looking at any other

records related to Grand Lake St. Marys, Beaver

Creek, the spillway, between the end of the Case

Leasing case and the filing of the lawsuit in the

Doner case?

64.

MR. FUSONIE: Objection as to form.

A. Yes.

Q. What were those?

A. Mercer County records.

Q. Mercer County what kind of records?

A. Any record I could find.

Q. Well, can you be a little more specific?

A. I really can't. I mean looking for

records, you dig for records. I certainly recall

going back and finding the 2003 "survey," if you

would call it a survey, that Mercer County did. I

considered it a reasonable sophisticated or detailed

evaluation to log and survey in highwater marks from

the 2003 event.

Q. Up to the filing of this lawsuit you said

you did not look at any ODNR records?

A. I don't know when this lawsuit was filed.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. Well, it was, I believe it was filed in

the summer of last year. So between 2005-2006, and I

might be getting the appeal --

MR. FUSONIF.,: It's July of 2009.

Q. July.

A. Okay. So between July 2009 and --

Q. And going back.

A. Going back to middle of 2006?

Q. Fair enough.

A. Do I -- the question is do I, in that

period, recall whether I looked at ODNR records?

Q. Yes.

MR. FUSONIE: I want to make sure that

the record's clear. I believe the Case Leasing,

there was one trial that started in August of '06, it

was continued so that further discovery can be

conducted, and the continuation of the trial finished

up in November or December of 2006. So I don't want

there to be confusion because he said go back to

middle.

MR. COLE: I appreciate the

clarification, Counsel.

Q- Let me put it this way, Dr. Campbell,

when your work -- when you were done testifying in

the Case Leasing case, let's say it was sometime in

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



0 1 2006.

66

2 A. Yes.
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We have about three years before the

lawsuit was filed in this case. You were obviously

contacted by the relators' law firm about being an

expert, correct?

A. Yes. In 2009.

Q. Once you were contacted or anytime in

between those two events, did you ever look at any

ODNR records?

A. As I believe I just said, I don't recall

that I did.

Q. Okay. You may have --

A. That's what I said, I don't recall that I

did.

Q. Okay, I thought you said you had not.

A. You can have the record and whatever the

record is. I don't recall that I did.

Q. Do you believe that you would have looked

at ODNR records before you signed the affidavit?

A. If they were available, I might have.

But I don't recall.

Do you recall contacting anyone at ODNR

0
24 I to obtain records to look at?

A. No, I do not recall.25
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MR. COLE: Let's take a short break, if

that's all right.

MR. FUSONIE: Yeah.

(Recess taken.)

Q. Let's go back on.

A. Now if I could, while I was in the

restroom I have two questions that I answered that I

really realized that my answers are not accurate

depiction.

Q. By all means, go ahead.

A. First of all, it's probably a very large

mischaracterization that I'm only doing one or two

flood studies a year. I'm probably doing more like

four and ten. I just may not, you know, they may not

be highly sophisticated but I stil.l. am doing a lot of

flood evaluations. So that's a mischaracterization

on my part.

And the second thing is the inquiry about

have I looked at any ODNR records. I have certainly

looked at lake level records and those are ODNR

records. So I certainly have looked at ODNR --

looked at lake level records which would be ODNR

records.

Q. Thank you for clarifying.

A. Thank you for allowing me to.

ARMSTRONG & OKEY, INC., Coluinbus, Ohio ( 614) 224-9481
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Q. Sure.

When did you -- do you recall when you

looked at those records?

A. I'm pretty sure I've looked at them

within the last month. I certainly can't recall

where between December 2006 and July of 2009 when I

looked at them. That's lost in my memory cells.

Q - But did you look at them between Case

Leasing and the Doner case being filed?

A. Again, for inquiry from counsel in the

Case Leasing case periodically, sporadically, yes.

Q. Did you look at ODNR records prior to

drafting your affidavit and report in this case?

A. Yes. And I would even think that it

might behoove us to be better that it wou].d be lake

level records rather than a generalization of ODNR

records.

Q• Can you quantify percentage of your time

when you're working on a project, are you usually

reviewing what someone else has done, what another

engineer or somebody has done as far as model or

analysis, or are you usually doing the work yourself?

MR. FUSONIE: Objection as to form.

A. Well, within the last five years, because

I have now a reasonable size staff that work under my

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-94$1
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direction, in the last five years I'm not doing a lot

of hands on myself, although I'm doing some hands on,

not nearly the amount that I did in the previous part

of my career.

Q. About what percent would you say you're

doing hands on?

A. That's a mixed bag. Probably somewhere

between 10 and 20 percent are hands on. That's a

mischaracterization because I spent last week three

days in the field drilling holes in the ground.

So, you know, you would try to

mischaracterize my thing that I'm an office person

directing people out in the field where there I was

basically three days in a three-day field effort in

the trenches. So I will work specific when specific

is needed and I will work general when general is

needed.

Q. Well, that's fine. I'm not trying -- I

don't want you to -- I'm not trying to trick you in

anything. If I ask you a question and you think I'm

trying to lead you to a conclusion, let me know.

It's not my goal. I don't know. I don't work with

you.

A. Right.

Q. So when I ask you what percent of time,

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. And what I'm trying to say is that that's

a mischaracterizati_on because a percent of the time

doesn't really matter. I work on a project

specific-by-project specific basis. So I'm -- while

I do have corporate functions, I am a

project-by-project person.

Q. But as you said before, in the last five

years is it fair to say more often than not you are

reviewing work of others?

A. Yes.

Q. Have you, let's say in the last five

years or -- well, strike that.

Have you ever personally built an

unsteady flow model using HEC, HEC RAS or any of the

others?

MR. FUSONIE: Objection; vague.

A. Yes.

Q. When was that?

A. '70s or. '80s. Might be some in the '90s

too. Surely, I have.

Any time in the last five years?23

24

25

Q•

A. Not that I recall.

Q• Don't you think you'd remember something

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



0 1 like that? 71,

11

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. FUSONIE: Argumentative.

A. Not really.

Q. Do you recall when you did build,

personally build those flow models, the unsteady flow

models what you were doing there?

A. Surely. Doing analyses where after doing

a steady analysis I determined that it might be

appropriate to do an unsteady analysis.

Q- Did you build an unsteady flow analysis

model in Case Leasing?

MR. FUSONIE: Objection; vague.

A. As I already identified, I didn't build

any of my own models in Case Leasing case. I used

work done by others.

MR. FUSONIE: What do you mean by

°others"?

A. Well, I used the Ohio DNR model was the

dominant thing I used in the Case Leasing case.

Merely used that identical model without modification

so that I couldn't be accused of adjusting the

parameters so I'd get a preferred outcome.

Q- Did you establish the frequency -- let me

ask you this, just so there's no confusion with

anyone here, can you tell me what is a steady flow

ARMSTRONG & OKEY, INC., Columbus, Ohio (67.4) 224-9487.
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model? What is that?

A. Surely. A steady flow in terms of a

hydraulic engineer means steady as a function of

time.

Q. All right.

A. So for -- in order to do a steady flow

72

model, you select or you're giving a discharge X some

value, for example, in hundreds of cubic feet per

second which is a volumetric flow basis, and then you

model what happens to that flow as that moves along a

stream.

Q. That's a --

A. That's a steady flow model.

Q. According to what, a hydrological

engineer?

A. That's what I would define it.

Q. In your professional designation.

A. Right.

Q. What about can you give me a professional

engineer's -- your definition, professional

definition of what an unsteady flow model is?

MR. FUSONIE: Objection; imprecise,

vague.

A. Well, it is vague in the sense that I

would rather answer the question in an analysis or

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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evaluation rather than a model. I mean because a

model is any representation of the real world or

whatever.

So an unsteady flow, what you're allowing

is that as one moves to a different location along

the stream or river, the discharge quantity changes

as a function of time.

4• All right.

A. So at the -- to be very specific, at the

spillway at Grand Lake St. Marys a steady flow model

would assume X cubic feet per second, comes across

the spillway for many hours, maybe ten hours, maybe a

hundred hours.

In an unsteady flow model it might start

at ten cubic feet per second, build up to a thousand

cubic feet per second, and then decrease to a hundred

cubic feet per second as a function of two hours, ten

hours, 24 hours, a hundred hours.

So unsteady is time, and hydraulic

engineering we usually also imply that unsteady also

means with space. In other words, with distance

along the river. So we usually imply time and space.

Q. That's the distinction between steady and

unsteady?

A. steady and unsteady, yes, sir.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. One other thing, you had testified

previously you used the term "control structure'"?

Can you tell me what you meant by that?

A. Surely. A "control structure," again, in

hydraulic engineering terms a control structure is a

point in which the evaluator knows the parameters of

the stream. The spillway is the most obvious control

structure because we know that for a given point in

time so many cubi_c feet per second are flowing over

the spillway.

And we then, based upon knowing the

thickness of the overflow, we can calculate the

velocity. So we -- that's a control structure. A

control structure to a hydraulic engineer the use of

the term in part explains the term, it's a control

structure, it's a structure where there is control.

So you know --

Q. "Control" being?

A. "Control" meaning that when I know the

stage in Grand Lake St. Marys, I can calculate and

know, and I can control by controlling the stage, I

know what the flow is over the structure. Therefore,

I know what the flow is in the stream.

Q. You have not personally -- and 3

apologize if you've answered this. But you have not

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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personally done any modeling water hydrologic or

hydraulic modeling since the Case Leasing case; is

that correct?

MR. FUSONIE: Objection; form.

A. I think that's accurate, I have not.

Q. Did you establish the frequency,

duration, and/or the depth and aerial extent of

flooding along Beaver Creek?

A. To the degree that I reported it in my

affidavit.

0. All right.

A. As reported in the record at the ODNR

record at the lake and at the Linn gauge stage.

Stream gauge.

Q. You did that by reviewing then?

A. The Linn gauge record. And the ODNR

record at the Grand Lake St. Marys.

Q. Which studies did you use? Did you use

any studies?

A. Not sure "studies" is appropriate. Just

record.

Q. Do you know what models were used for

those?

A. Again, I'm not -- I'm talking about

record data. Data.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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forming -- did you look at any HEC models in forming

your opinions that are set forth in your affidavit?

A- I believe the answer is no, I did not.

Q. I'm going to mark this is Exhibit 2.

(EXI3IBIT MARKED FOR IDENTIFICATION.)

Go ahead and take a look at that. And,

Dr. Campbell, while you're doing that I will tell you

at the very end you had an addendum attached to this-

But go ahead and take a look. Obviously there's a

lot of pages so you don't have to look at everything

but kind of procedurally look at that.

MR. FUSONIE: I think we're going to have

the same problem with legal size documents being cut

off. Tt looks -- maybe not.

MR. COLE: Might have been the same one.

MR. FUSONIE: Well, no, I think -- I'm

sorry. I apologize.

MR. COLE: Let me know if you see any,

Tom.

A. when you refer to "addendum," did you

mean the addendum report? Because there was an

addendum report.

Q. I have one I think it's the last, about

the last 20 pages approximately.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Okay. My recall is that the November

was substantially longer than this.

77

'06

MR. FUSONIE: It's substantially longer

than this. Has all sorts of figures and tables

attached to it.

A. I believe I'm looking at maybe six or

eight pages. I believe it was substantially longer.

Q. Let's take a minute off the record.

(Off the record.)

Q. Let's keep going.

You said that your addendum was November

of 2006, correct?

A. Yes.

Q. All right.

A. And the submittal that you gave me has

the cover page of that addendum, the table of

contents, and seven pages of text. But it did not

have

Q. The data.

A. -- the attached tables and figures and

there's probably many other pages, so it's just this

is an inaccurate record of what it is.

Q- Do you recall the flood level, the

elevation of water on the Case property, the sports

complex, as a result of the July 2003 storm?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9487.
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A. No, I dori't, but I'm sure I can look it

up.

Q. How would you characterize the July 2003

storm?

A. Severe event.

Q. Anything else? What about would that

be -- do you have a duration or occurrence level on

that kind of storm, do you recall?

A. Sitting here today I would not want to

characterize it as some recurrence interval level

storm.

Q. Why not?

A. Because it's not fresh in my mind.

Q. Figure 3 on the exhibit I gave you, I

need to find it too so give me a minute.

Did you find that?

A. I found figure 3, yes, sir.

Q. Now, that shows no flooding on the Case

property from 1927 to 1978; is that correct?

MR. FUSONIE: I'm going to object.

A. I don't think it says that, no. Figure 3

doesn't say that. My interpretation of figure 3 is

not that it says that.

Q. On page 9.

A. Yes.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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1 Q. And if you could go down to the fourth

paragraph.

A. Yes, sir.

Q. Starts with "The historical storms of

record."

You're discussing hundred year storms of

various durations. Do you see that?

A. I do.

Q. How did you determine that the 96-hour

storm results in the most severe flooding?

A. I evaluated these alternatives, 24, 48,

72, 96, and 120, and it had the most flooding of

those events.

Q. When you say you "evaluated," what did

you do?

A. Looked at the rainfall and the runoff.

Q. Why would a 96-hour storm be a more

severe than a 120-hour storm?

A. Because of the characteristics of the

watershed.

Q. Tell me about that.

A. Well, characteristics of the watershed

such that that would cause the maximum storm.

Maximum outflow.

Can you elaborate on that at all?25 Q•

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9487.
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A. Well, the discipline of hydrology has to

do with the evaluation of when precipitation falls

from the sky to the land surface and wheri that water

manifests itself at a point of outfall. So the

reason it took a 96-hour duration for it to be the

maximum outfall was a characteristic of the

watershed.

In other words, the water was retained in

the watershed. Again we're looking at in terms of

all of your questioning so far about steady and

unsteady and what one does when one stud:ies a

different duration storm event times zero, it's not

raining, and then it starts to rain and it rains for

some duration.

And we actually, there are algorithms

which are really models or preconceived evaluations

as to how the precipitation then is distributed

across that duration of a storm event. And then one

thing calculates or maps or charts the flow of the

rain from in the watershed to a common point of

outfall.

So you get what we call an inflow

hydrograph and an outflow hydrograph. And what the

outflow hydrograph is showing is that the 96-hour

storm causes the most significant, the largest

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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outflow for a hundred year rain.

So in other words, if you -- when one

looks up a storm event, one looks up on charts, there

are charts, NOAA charts that says for a hunds-ed year

recurrence interval for a 24-hour duration event, the

precipitation is X, for a 48-hour duration, the

precipitation is Y. And so much and so much and so

much.

And so what that's -- what did I here is

I used 24, 48, 72, 96, 120 hour event and found out

what the discharge was. And the discharge is the

larger for the 96-hour event.

Q. How did you find that out? What did you

run to determine that?

A. I don't recall, sitting here what I used.

Q. Do you recall whether was something

that you or your office created or did you review

something that someone else had done?

A. I don't recall.

Q. What is a hydrograph?

A. It's what I just described. Hydrograph

is discharge as a function of time. And again

hydrograph is usually, hydrologists, we talk about

hydrograph usually as a function of a start of, in

this particular case, where we're talking about

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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hypothetical event.

If the hypothetical event occurs at time

T equals zero, then what is the discharge for. 24

hours, 48 hours, 72 hours, 96 hours, 120 hours after

the beginning of the rain?

Q. Do you know how the hydrograph for -- in

the Case Leasing was developed?

A. Yes.

Q. How was that?

A. The hydrograph in the Case Leasing in the

analysis was -- I used the ODNR model to evaluate the

hydrograph.

Q. All right. Did you run an unsteady flow

analysis to route the storm hydrographs with these

various durations through the lake in Beaver Creek?

MR. FUSONIE: Objection; vague.

A. No, I used the ODNR model which did not

have any unsteady feature in it.

Q• Why did you use the ODNR model?

A. Because 1 was trying to duplicate what

ODNR did.

Q. Do you -- did you feel it gave you an

accurate indication?

A. Counsel determined, and I didn't

disagree, that we needed to use the ODNR model.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224--9481
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Q. Counsel for Case Leasing?

A. The Case Leasing case. We're in the Case

Leasing report.

Q. So --

A. So there was a decision was made that in

order to be able to evaluate whether ODNR designed or

did not adequately design their spillway, we used the

ODNR model. I used ODNR model in that evaluation in

the Case Leasing case.

Q. That was the only one you used?

A. Yes.

Q. And that was because counsel instructed

you to do that.

A. That was the strategy that we used in the

litigation.

Q. If you would go to page 7 please. You

have some discussion there on HEC modeling. Did you

model the flow in Beaver Creek downstream from Grand

Lake St. Marys?

MR. FUSONIE: Objection.

A. No, I used the ODNR model and it did not

have that.

Q. Did the model you used, did the ODNR

model that you used model the flow in the Wabash

River, the water flow in the Wabash River?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-94g1
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A. My recollection is that it did not.

Q. In rendering your report did you take

into account the backwater affects of the Wabash

River?

A. As I articulated in my affidavit, to the

degree that it was reflected in the record, yes.

Q. So you looked at what was in the ODNR

record as far as backwater; is that what you're

saying?

A. What was in the ODNR model.. I used the

ODNR model. This Case Leasing report uses the ODNR

model.

Q. All right. Did you review, did you read

the 1981 Army Corps_ of Engineers report for Grand

Lake St. Marys?

A. I did.

Q. I have a portion of i.t. Let's go ahead

and mark this as 3.

Q.

(EXHIBIT MARKED FOR IDENTIFICATION.)

I will represent to you this i.s Volume 1

which is the main report. It is not all the

technical data.

A. Thank you. I have it.

MR. FUSONIE: Just so the record's clear,

I'm still flipping through the pages, but this

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481.



E

E

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

document is a front-and-back exhibit.

MR. COLE: Yes, it is a two-sided

document, thank you.

A. Until you get to the exhibits. It's

front and back until you get to the exhibits. And

the exhibits are on the front side.

Q. If you would look at page 15 --

MR. FUSONIE: Before answering any

questions give me a chance to finish flipping

through.
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MR. COLE: Sure, that's fine.

A. Your reference was to page 15 of

Respondent 3?

Q. Yes, sir. If you would go ahead and look

at the last paragraph on that page. That indicates

in that report that local residents and farmers

reported significant flood events at various times;

January of 1949, '57, '58. It's in there. The '64,

'65, and 172. Do you see that?

A. I do.

Q. Do you have any reason to doubt the

accuracy of this information?

A. No.

Q. Do you recall what you concluded or what

you learned about the backwater affects on flooding

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Yes.

Q. What was that?

A. Didn't evaluate it very much. Case

Leasing property is very close to the spillway, so

didn't do a lot of evaluation of the backwater

affect.
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Q. Did you consider the backwater affects on

the Wabash River in your analysis of the properties

in the Doner case?

A. Yes.

Q.

find?

What did you conclude? What did you

A. Well, you find that the backwater does

have affects certainl.y at the further downstream

portions of the reach.

Q• I apologize if I asked this before. when

were you first contacted about working on this case,

the Doner case?

MR. FUSONIE: Objection; asked and

answered.

A. I believe it was in 2009.

Q. Do you recall what month?

A. No, I don't.

Q. What were your -- what was the scope of

ARMSTRONG & OKEY, INC., Colu[nbus, Ohio (614) 224-9481
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your work on this case?

A. The scope was to look at the affects of

the spillway and/or the change in the spillway in the

Beaver Creek, in the area downstream from the Case

Leasing property downstream to the state line,

approximately.

Q. Were you given any instructions by

counsel in proceeding?

A. Not that I recall, no.

Q. How did you proceed? What have you done

in this case?

A. Again, I looked at -- what I recall here

today what I did was I relooked at the Mercer County

record from the 2003 event, because the Mercer County

record from the 2003 event had measurements of the

measured stage at several points within Mercer County

but downstream from the Case Leasing property. So

that was important.

I certainly looked at the stage records

in Grand Lake St. Marys, and as I already indicated,

I looked at the USGS record at the Linn Grove Station

which is five or six m:i.l.es in the state of Indiana.

But very close to the state line.

The point in this particular case I

specifically paid attention to the disparity between

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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the City of Celina flood study and flood map and the

Mercer County flood study and flood map. Because

they do not match at their point where they have a

common point of intersection, which is almost on the

Case Leasing property, by the way.

I believe I did pull. down and look also

at the precipitation records between, again, between

the --- whatever the -- let's just say for

generalities let's say 2003 and 201.0, looked at the

precipitation records, the near precipitation

records, and the Linn Grove record. Whatever.

I mean I think that's basically -- I'm

trying to refresh my recollection of what was done.

I do recall that I read, perhaps not in great detail,

these two reports that you just provided. I would

call the Case Leasing reports the May report and the

November report_

Q. Did you talk with any other experts? And

I should say any other engineering experts.

A. Outside of CRA people?

Q. Yes.

A. Not that I recall.

Q. How about inside CRA?

A. Sure.

Q. Who did you talk with?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. Well, Charles Munce and I were the

dominant preparers of the Celina May and November

reports. That work was supported by Jim Moir.

That's spelled M--o-i-r. And Juraj Cunderlik.

C-u-n-d-e-r-l-i-c-k, or n-k. I don't remember right

off the bat, I'm embarrassed by that but I think it's

i-n-k.

Q. What was his first name?

A. Juraj.

And several other engineers that do

perform hydraulic calculations within Jim's staff

because he is in Waterloo office of CRA. And my

staff in the Baton Rouge office.

So we have a handful of other staff that

we routinely use on these -- on flooding and flow

indications and evaluations probably, there would

probably be six or eight other people in our staffs

that we use.

Q. Where is Mr. Munce located?

A. He's in the Baton Rouge office.

Q. And Mr. Moir, you say is in Waterloo

office?

A. Mr. Moir is in Waterloo, Mr. Cunderlik is

in Waterloo.

Q. Did you ever meet or discuss this case

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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with Richard Vannatta?

A. No, sir.

Q. Jay Gould?

A. That name is vague3.y familiar but not to

my recollection.

Q. Keith Early?

A. Keith Early? I would -- I never

discussed the Doner case but I certainly, well, and

I'm not sure I ever discussed any case with

Mr. Early. But I certainly did discuss the work that

Mr. Early did when he was the engineer with Mercer

County with him on phone interviews. I was never

able to go and visit him.

(Interruption.)

(Off the record.)

Q. Back on.

Have you talked with any of the relators

in this case? Any of the property owners who were

involved in this litigation?

A. No, sir.

Q. Have you visited any of the their parcels

personally?

A. No, sir.

Q. Have, as far as you know has anyone at

your company CRA done so?

ARMSTRONG & OKEY, TNC., Columbus, Ohio (614) 224-9481
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A. Not to my knowledge.

Q. Any witnesses, non-experts in this matter

who told you about flooding in the area?

A. Not to my recollection.

Q. Have you ever personally visited the

spillway, the Grand Lake St. Marys?

A. I have.

Q. When was the last time you were there?

A. I wouldn't recall. I'm going to estimate

2006. Maybe 2007 early.

Q. That was -- what were you -- why were you

visiting at that time?

A. My visit was related to the Case Leasing

case.

Q. How many times did you visit the Grand

Lake St. Marys, personally visit them during that

case?

A. Sitting here today I recall three visits.

Q. All in connection with that litigation?

A. Yes, all related to that. That project.

Q. Had you ever visited the lake before

getting involved in Case Leasing?

A. No, sir.

Q- Had anyone else from your company CRA

visited Grand Lake St. Marys at your direction?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. Or anyone with your company visit Grand

Lake St. Marys in connection with Case Leasing or the

Doner litigation that you know of?

A. That's a compound question. I'm not sure

I can answer that accurately.

0. Let me break it down. Fair enough.

Do you know of anyone in CRA, anyone else

at CRA ever visiting Grand Lake St. Marys?

A. Yes.

Q. who was that and when?

A. We had a survey crew survey in the

highwater marks that I designated. I don't recall

the precise date of when they did.

Q. Approximately?

A. It was during the Case Leasing case. So

my best guess sitting here today that would have been

in 2006. And I believe that Mr. Moir has visited it

on one or more occasions. I believe he visited on

one occasion related to the Case Leasing case and on

one occasion related to the Doner case.

Q- Do you know when he last, approximately

when he last visited?

A. My best guess is within the last 60 days.

Q. Do you know if he visited before then?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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MR. FUSONIE: He's already testified he

visited at Case Leasing.

Q. Good point.

Do you know if he visited it before --

after Lhe suit was filed? Between that and the last

60 days?

A. My guess is that it was not. He was also

accompanied in his recent visit by Mr. Cunderlik.

And there the last three letters are 1-i-k.

Q. So from what I'm getting then, correct me

if I'm wrong, it sounds like as far as the Doner case

litigation goes, Mr. Moir and Mr. Cunderlik visited

Grand Lake St. Marys, the spillway one time

approximately in the last 60 days.

MR. FUSONIE: Objection.

Q. Is that fair?

MR. FUSONIE: You're mischaracterizing

what he said.

Q. To your knowledge.

A. To my knowledge. To my knowledge they

did, yes. And the surrounding area. And they spent

a day there.

Q. Do you know if they visited before or

after March 1st?

A. My recall is that it was after March 1.
25
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Q. Why did they visit?

A. They visited with regards to this

litigation.

Q. In rendering your -- in giving the

information and rendering your affidavit did you

review any pictures of any of the Doner properties?

When I say "Doner," I mean properties in the Doner

case.

A. I recall that I did.

Q-

from?

Do you know where those pictures came

A. They were provided to me by counsel.

Q. Were they -- do you recall, were they

taken by the owners themselves or people from that

area?

A. We would have to learn that from counsel.

They were provided by counsel.

Q. Were the pictures labeled?

A. I don't recall.

Q. Do you recall whether Mr. Moir and

Mr. cunderlik took any pictures on their recent visit

to Mercer County?

MR. EUSONIE: To the extent you know.

A. To the extent I know, they did.

All these --

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. To the extent I know, they did. They

showed me photographs, yes.

Q. One thing I noticed in your report, you

talk about the spillway before 1997 and afterward.

And I believe you refer in your affidavit to -- I say

report, it's affidavit and attachments but I think

you understand what I mean by that.

You refer to the pre-'97 spill.way as a

39.4-inch spillway.

A. 39.4-foot, yes.

Q. Foot, excuse me.

A. Yes.

Q. And then the current spillway, the

post -- the new spillway you refer to a 500-foot

spillway, correct?

A. Yes. As a general characterization of a

pre and a post, yes, sir.

Q. Yeah, why do you -- I mean you're not --

when you're looking at 39.4 and 500, you're not

comparing apples and apples; is that correct?

A. You're comparing two spillways.

Q• All right. But is the -- was the opening

at 39 -- what -- let me ask you this and just keep it

very simple. 39.4-inch spillway, what are you

referring to? What does that number refer to?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. That's the pre'97 spillway.

Q. And what was 39.4 feet?

A. Its overflow area was 39.4 feet long in

length. That's how we talk about spillways, sir. We

talking about the overflow length. So that's the -

to the hydraulic engineers, whatever, the

hydrologist, that has great meaning, the length of

the overflow area.

Q. And what about the 500? what is that?

A. That refers to the 500-foot is the

overflow area.

Q - So those -- so the ODNR increased that

more than ten times.

A. They did.

Q - Does the larger spillway have any safety

benefits to the dam that you know of?

A. Larger spillway was constructed in order

to assure safety of the dam. If you don't recall

that --

Q. I'm just asking you.

A. The Corps. of Engineers wrote the report

that said that the 39.4-foot spillway was inadequate

to withstand the designed storm event as they

determined the designed storm event to be. And so

that was the cause that the ODNR then completed the

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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redesign.

Q. Do you

A. Or the design of the 500-foot spillway•

Q. Do you question that finding?

A. No, I don't question that finding.

Q. Throughout your affidavit I believe you

refer to a flooding event. What is a flooding event

in your words?

A. The Press Campbell determination of a

flood event i.s when a stream exceeds the channel

banks. Now, a flooding event might be a flooding

event at the Case Leasing property because it would

exceed the channel banks at the Case Leasing property

or it may not.

It might still be a flooding event to a,

you know, the adjacent property owner downstream

where the channel bank was in a lower elevation. So

it could be a flooding event for their property. But

to me a floodi_ng event is when it exceeds the channel

banks.

Q- Is there a standardized definition of

"flooding event" in engineering?

A. Yes, there is. we call it the bank full

stage. So in other words, when the river or a stream

gets so that its bank is filled, then that is its

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



E

E

2

3

4

5

6

7

8

9

10

ll

12

13

14

15

16

17

18

19

20

21

22

23

24

25

98

capacity. It has a certain discharge that it's

carrying a volumetric flow cubic feet per second is

the rate that its carrying and when it's at bank full

stage, then it's at capacity.

When the flow is greater than that, then

it flows over the banks. So that's my definition of

a flow. Flood.

Q. So is that the sole criterion then is

overflow? I'm trying to understand.

A. It's my number one standard.

Q. Are there other factors you consider?

A. Well, surely. Because if I have a piece

of property and the flood could come up to that

property but it still could impair my property even

behind a dike, then I could call that a flood event.

Even though I would be impaired behind i.t.

I mean, we certainly saw that very

dramatically at Katrina where there were levies

constructed at a certain elevation and so the levy

retained the water but there was a boil where the

water then, if you want, channelized through the levy

and was causing property damage.

Then that property owner could have

easily called that a flood event. Even though I may

not call it a flood event because it was still within

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. So I can understand how a property owner

could call flooding even though the river was still

in the bank full stage.

Q- You indicated the Press Campbell

defi.nition of flooding event.

A. Yes, that's what I believe when I made my

affidavit that's what I had in mind.

Q. When you refer and use the term "flooding

event," are there any other considerations other than

embankment that you've indicated that you consider?

A. Not that I recall.

0. If you could go back to Exhibit 1, which

is your affidavit and attachments. Please go to your

affidavit paragraph 7. It's on page 2.

A. Thank you.

Q. Off the record.

(Off the record.)

Q. Let's go back on.

Dr. Campbell, do you know if the Linn

Grove gauge that you've referred to is stil]. active?

A. Yes. Was active as of last week.

Q. You looked at the data?

A. I looked at the record I believe midweek

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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last week. So about one week ago.

Q. I'm going to ask you some follow-up

questions. We were talking about backwater. If the

ODNR models that you looked at did not include it,

how did you evaluate the impact of backwater on the

Wabash?

A. Mostly by understanding the hydraulics of

Beaver Creek and by understanding the analysis by the

Corps. of Engineers, and Burgess & Niple also did a

hydraulic study.

There were other studies, certainly

Mercer County did some hydraulic studies. There's

the flood studies that were done. You know, the

Mercer County flood study, so that certainly does

that.

And the Linn Grove gauge being downstream

a priori, that is by its location where it is, is

including what we would say backwater affect, that is

it's reflecting its condition. Which would include

backwater.

Q. Let me ask you broadly. What have you

found the impact of backwater in the Wabash has on

flooding in the properties in its vicinity?

A. I don't think that that --- I don't think

that question -- that's certainly not simple.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. All right.

A. Before we answer that we really have to

define what do we mean by "backwater". Okay?

Because I mean --

Q• What do we mean by "backwater"? Thank

you, I appreciate that.

A. Really what happens is the dominant flow

along Beaver Creek is the closer you are to the

spillway, it's more dominantly affected by the

spillway. And the further you get away from the

spillway, the less it's affected by the spillway and

the more it's affected by backwater.

So the effect of backwater as we're

talking about it has to be somewhat precise as to

where along that reach are we talking about the

affects of backwater. But certainly the further you

are from the spillway, the more important is the

backwater effect. And the closer you are to the

spillway, the less importance of the backwater

affects.

So backwater has more affect closer to

the state line than it does closer to the spillway.

So it's -- it can only be evaluated in the context of

the spillway and in the context of the record at Binn

Grove, all other things being considered.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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So I mean, you know, I mean, it does have

an effect. There's no question it has an effect.

Q. And just my next question would be so

then parcels, properties, that are further downstream

closer to the Indiana line along the Wabash, the

impact of backwater would be greater than on

properties closer to the spillway.

A. Correct.

Q. Did you look at --

MR. FUSONIE: Assuming that their

elevation is the same.

A. Well, there's a whole bunch of other

assumptions. The fact of the matter is that for any

individual storm event, you know, that has a role in

it too. So again, to characterize what backwater

effect is, it's really a misnomer and a

mischaracterization.

Backwater, hydraulic engineers, we know

backwater is an important parameter, we have to

evaluate it, we have to include it, and we evaluate

it. That's the, you know.

Did the backwater cause flooding in this

particular -- on any of these individual properties?

I'm not sure that any of us can make with a hundred

percent certainty a determination whether backwater

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481.
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caused the flooding or not.

Q. So it's possible.

A. It's possible. I'm very certain that

spiliway caused a lot of flooding. So again, it's

more in a gray area.

Q. Did you consider what impacts backwater

had on properties before the new spillway was built?

A. Can you clarify that a little bit?

Q. Yeah. I did eminent domain for five

years, I don't mean to sound like an appraiser. So

we're talking pre-1997. Did you study the impact

that backwater had on flooding of properties along

the Wabash along Beaver Creek?

Again, this is all before the new

spil.l -- the spillway was changed in '97.

MR. FUSONIE: Objection as to form.

q. Do you understand my question?

A. I believe I understand the question. Did

I study it? I mean certainly there are records, for

example, the Corps. of Engineers records, the Burgess

& Niple had records. There are records of the

condition of the downstream Beaver Creek and then

into the Wabash.

Did I study that? I guess I did my best

to try to incorporate that but I don't know whether I

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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would say 7"studied" that. I don't think that I

would characterize my work as "studied."

Q. Have you ever tried to quantify the

backwater affects on any of the Doner properties?

A. The closest I could answer that to the

affirmative is I certainly have considered what I

might do to study the backwater affects.

Q. And what's that?

A. Well, it would take a pretty good

sophi.sticated study to do that.

Q. All right. Which you haven't done i.n

this case.

A. Haven't really done that, no, sir.

Q. What is local inflow?

A. In terms of this case and in terms of

hydrology?

Q. Yes_

A. Local inflow would mean that that is

between the spillway and some point downstream

there's a local tributary which if it's raining on

top of that tributary will bring water flowing down

the tributary, and we would call that local inflow.

Q. Did you consider local inflow in this

case? In evaluating the parcels here?

A. Generically we do, yes. But in terms of

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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did we make a precision or make any modeling effort

to model any local tributaries? Certainly in the

Case Leasing case did not because the Case Leasing

case is very close --

Q. Right.

A. -- to the spillway, so not there. Nor

did the ODNR. So the answer is with a very limited

degree.

Q. What about in Doner?

A. In Doner to a very limited degree also.

Q. Even though we're obviously talking about

a lot more properties here.

A. Right. Except when you look at the Linn

Grove record, you are looking at all of backwater.

So you have all, of that included in your evaluation

when you look at the Linn Grove record.

Q. Does the Linn Grove record; would it give

you a complete data on local inflow?

A. Well, it would give you the total. So

you have what's coming out the spillway plus local

inflow plus backwater from the Wabash, that's what

Linn Grove would reflect. So you have -- there are

elements that would add up to reflect it.

Q. But if you take any parcel halfway in

between, just, for instance, between Case Leasing

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224--9481
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the Indiana line, there might be a creek or a

tributary along the way, you wouldn't be able to get

a -- you wouldn't be able to determine the complete

impact of that inflow by looking either at Case

Leasing property or by looking at the Linn Grove

gauge, could you?

A. No, you wouldn't. Again, that all

relates to how sophisticated of an evaluation are you

going to complete. How thoroughly you're going to

look at it. What are the available topographic

records_

And quite honestly, you don't have

available precipitation records. So to me it's not

really possible to do it accurately and thoroughly

because you don't have the data.

Q• I suppose one way you could do it would

be to literally go and look at every parcel

physically and do it. I mean, it might be very

demanding.

A. Yeah, but you could never get a rain

record there that anybody would necessarily agree

an accurate precipitation record. So again, the

is

topography means a lot but I need a rain record and I

don't have a rain record.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



E

E

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

107

Q• All right. Now, is the new spillway, the

one that's currently there built in 1997, is it a

compound structure?

A. Can you define "compound"? I mean it has

a notch in it. Is that what you're trying to ask?

Q. Right.

A. It certainly does have a notch in it.

Q_ Can you characterize the elevations and

links of the wears and notches there?

A. Surely. It's clearly documented in all

the reports. Sitting here today I don't have that

recall, but it has a notch.

MR. COLE: Let's go ahead and break.

(Lunch recess taken.)
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Wednesday Afternoon Session,

April 28, 2010.

(EXHIBIT MARKED FOR IDENTIPICATION.)

PRESSLEY L. CAMPBELL

CROSS-EXAMINATION CONTINUED

By Mr. Cole:

Q. Let's go back on.

Dr. Campbell, I've handed you what I have

marked as Exhibit 4, Respondent's Exhibit 4. Have

you ever seen this before?

A. Not sure that I have.

Q. Do you recall seeing any maps where the

relators or the landowners in this litigation's

properties are designated and highlighted?

A. Not sure. I believe that counsel gave me

their parcels and I had a draftsman do something

similar to this. But I don't know that this is that

map.

Q. Have you ever looked at a map showing the

parcels in relation to each other, relation to the

Indiana line and the Great Lake St. Marys?

A. I've looked at a map similar to this that

counsel gave me. I don't recall the number of

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



E 1

2

3

4

5

6

7

8

9

10

ll

12

13

14

15

16

17

18

19

20

21

22

23

24

25

109

parcels, and I had the Drafting Department prepare.

Q. When did you first see that?

A. 2009.

Q. Do you know if it was before or after

you -- do you know if you saw a map before or after

you did your affidavit?

A. I don't recall the detail on that.

Q. Do you know if you saw the map before or

after the lawsuit was filed, or do you not recall

that either?

A. No, again, I prepared a map for

Mr. Fusonie, for counsel. He provided the parcels

and I provided a draftsman to plot them.

Q. And if you'll look there right below

"Celina" on the far right side, and it's kind of in

orange there, that is the Case Leasing parcels. Does

that appear to be accurate to you?

A. That appears to be accurate.

Q. In fact, if I'm not mistaken, and I will

let you know that the Doner case parcel.s are all in

yellow. Do you see that?

MR. FUSONIE: Just so the record's

clear

MR. COLE: As prepared by us.

MR. FUSONIE: -- there are 88 parcels

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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identified on this map identified as "Doner, et al•

parcels" that -- there are more than that at issue

than 88.

MR. COLE: Right.

MR. FUSONIE: And there are more owners

at issue than identified in the 88.

Q. (By Mr. Cole) Do you see that?

A. I see that but I really don't have any

I testified as to my knowledge of this map.

Q. Did you refer to a map when you drafted

your affidavit?

A. Yes, but it wouldn't be this map. It

would have been one of the other illustrations_

Something similar. The format I used was something

similar to that format that you see in the Case

Leasing reports.

Q. Are you -- are there any -- do you know

if there are any Doner landowner parcels that are

closer to the spillway than Case Leasing?

A. As I told you, I don't know.

Q. Okay. You say you referred to the map.

How did you use the map in your report? How did it

assist you?

A. lt assists me by understanding the

spillway and the location and the proximity to the

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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tributaries and to the state line.

Q. I'm going to take you -- I'm going to

talk a little bit about the July 2003 storm.

A. Very good.

Q. I think you -- I asked you previously

111

about a recurrence interval. Based on your

experience as an engineer and as someone who was

familiar with hydraulics and hydrology and who has

studied rainfall data, do you believe the Jul.y 2003

flood is typical of what the Mercer County residents

can expect?

MR. FUSONIE: Objection.

A. I don't think that. I would characterize

it that way.

Q. How rare was that? Was that an extreme

event?

A. I forget the term I used this morning but

it's certainly a significant event.

Q. Has --

A. May I look at a figure from the -

Q. Yes.

A. I want to look at the figure in

Respondent's No. 2.

Q. Yes.

A. The format of figure 7A and those other

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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figures, 6A, that's the format where I'm used to

looking at the Beaver Creek and rather than this map

format.

Q• That's fine.

A. I was just trying to let you -- you're

asking questions about this map. I'm more accustomed

to looking at a map in this format than in this

format.

Q. My question about the 2003 flooding

wasn't related to the map, but I'm sorry if I didn't

make that clear.

Let me ask you this, based on your

knowledge, since 1997 has there been a storm that

severe in Mercer County?

A. I haven't studied the storm--by-storm

events that are fresh in my mind since 1997. What I

did, as I indicated earlier, what I did do was go to

the Linn Grove record and pulled the Linn Grove

record for whatever, 64 years of record, and

calculated that the mean flow and the monthly average

flow is higher since '97.

I broke the record of from the beginning

of the Linn Grove record up to 1997, made that a data

set, then I took from 1997 to 207.0 and made that a

data set and calculated the mean monthly flow for the

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-94.81
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record and the two of the -- ten of the 12 months are

higher, two of the 1.2 months are lower.

Q. What did the --

A. But the overa].l average is higher.

Q. What did the Linn Grove gauge data tell

you about the 2003 flood?

A. I would have to look at it. I don't

recall it just sitting here to talk about it without

looking at it.

Q. Do you recall any of the data that you

got from Linn Grove showing a flood of the severi.ty

that July 2003 had?

A. 2003 is a flood of record. It's the

event of record. It's the highest event of the

record. That I recall.

Q. Talked a little bit earlier about --

could the flow increase that you saw at the Linn

Grove gauge be due to factors other than the

spillway?

A. The answer to that question is of course

it could, but is it more likely than not? No. It's

caused by the change in the spillway.

Q. Well, could it be -- could rainfall

affect that?

A. Well, of course rainfall affects, there's

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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no record in any gauge except for there's rainfall.

The rainfall gauge is reflecting the record. The

stream flow gauge is reflecting the rainfall. So T

mean, rainfall causes there to be a record.

I don't understand your question.

Q. Well, let me ask it, what -- besides the

spillway what factors would influence or affect the

flow of, for example, the Wabash River?

A. The flowing of all its tributaries.

Q. What other factors?

A. Again, there's no flow without rainfall

and runoff.

Q. Log jam?

A. Who?

Q. Log jams?

A. Surely. But let's talk about what might

be causing flooding. Yes, log jams can cause floods,

but that's not the reason we're having a litigation.

Q. Well, I understand that's what your

clients feel is the case.

A. Okay, well, log jams.

Q. What about sedimentation, would that

affect it?

A. It can.

Q. I^ow slopes?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. You mean a mild river slope?

Q. Gradient.

A. Can affect it.

Q. What do you know about historical

flooding along the Wabash before the spillway was

modified?

MR. FUSONIE: Objection; vague.

A. I only know what was prepared and written

about it in the Corps. of Engineers report and I

think Burgess & Niple looked at it.

Q. You had no reason to doubt -- I'm sorry,

you weren't finished, go ahead.

A. I think I recall that Burgess & Niple

perhaps looked at it also.

Q. Do you have any reason to doubt that

information, the accuracy of that?

A. None.

Q- What about the Beaver Creek, same answer?

Historical flooding along Beaver Creek?

A. It was the Corps. of Engineers report

when they evaluated the dam, the 39.4-foot spillway,

and the Beaver Creek that they recommended a project

of straightening and that project was done.

So that probably was done virtually

immediately after the Corps. of Engineers report.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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The Corps. of. Engineers language we call it a

desnagging project but they basically straightened

the alignment of Beaver Creek so that it would be

abl.e to carry flow more readily.

And that was done but that still was

not -- that did not address the adequacy of the

spillway, again, as I identify it this morning. So

that was why the ODNR then completed the design

evaluation and then the installati.on of the 500-foot

spillway.

Q. Did you look at any historical data on

flooding along Beaver Creek specifically?

A. Yes.

Q. And what did you find about that?

A. In the Case Leasing case I looked very

carefully at the situation between the spillway and

the property and immediately downstream from the Case

Leasing property.

I recall there's a couple road crossings

and so, again, during my visit to the site I went and

looked at those, looked at the cross sections that

were in the model that the ODNR had, and pretty much

validated or verified that the data that was in there

was based upon my visual inspection what I had seen

or observed. So sure, I had to look at the stream.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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vicinity of Case Leasing property.

A. Sure, and when you look, you're looking

for highwater marks, I mean that's what we do as

hydrologists. When you look at a stream, you're

looking for everything. You're looking for the

places where there was a flood and the grass is moved

or debris in the stream, that's all part of what we

do as hydrologists when we look at a stream.

Q. Did you again or did you look at data

along Beaver Creek for the Doner case? And the

properties that they cl.aim are affected by flooding

there?

A. I looked at the photographic supplement,

we talked about that this morning, that counsel

provided.

Q. So you looked at the pictures that showed

flooding.

A- Yes. And again, as I said this morning,

I went back and re-reviewed the Mercer County record

from the '03 event.

Q- Were the pictures you saw, the

supplemental pictures, of the '03 flooding?

A. I believe they were of the '03 flooding

and more recent flooding, although I don't recall

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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what the events were.

Q. If you would go to paragraph 7 of your

affidavit.

A. Yes, sir.

Q• You indicate you "analyzed all available

rainfall records and storm event data from 1913 to

2006."

Did you -- can you specify what records

those were for rainfall?

A. I believe I document that in the Case

Leasing report. Looked at a number of precipitation

records, attempted to make a selection as to what

records were available for what durati.on and what

records might be applicable to our watershed.

So it was a number pulled -- basically I

tried to work in a thorough and methodical fashion

where I plot all stream gauge stations nearby, all

precipitation records nearby, determine what that

record is, when it started, when it ended, how often

it is compiled, whether or not it's calibrated by

NOAA, calibrated by USGS, what's its reliability, and

I do all that. So that's part of what I do here.

Q• What rainfall records did you look at

O24 1 after 2006 after Case Leasing was over?
,

A. I looked at the record that was the25

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q- The Linn Grove?
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A. Well, Linn Grove is the stream gauge

station.

Q. Right.

A. I don't remember the name of the

meteorological station.

Q. Where was it?

A. I don't recall its name_ What I'm -- I'm

trying to answer the question. I'm trying to tell

you that the station when I went through the overall

exhaustive evaluation of the precipitation stations

that were most appropriate to use for the Grand Lake

St. Marys in the 2009, I came and pulled that record

from the end of whenever I had pulled the record in

the Case Leasing case up to that time. So certainly

up to about September of 2009.

Q- And again, just so -- just because I'm

having a little trouble understanding, that record,

you say a"stati.on record_" Do you know where that

was?

A. Yes, I do. It's in the report. I can't

tell you what it is but there's a -- NOAA has things

that they call precipitation or rain gauges.

Q. All right.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9487.
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all the record of what's in each one, you know, one

of them maybe started in 1920 and ended in 1940. I

go through that entire myriad and i find one that I

believe is the most reliable record, most

representative of the precipitation in the watershed.

Q. You also say "storm event data." Is that

the same thing? Do you do a separate check on that

or does that go hand in hand with looking at the

rainfall records?

A. That goes hand in hand.

Q. Go to the next paragraph if you would.

A. Yes, sir.

Q. You indicate there saying "...would have

caused between 1914 and '97, and now has since 1997,

repeatedly caused frequent and severe flooding in the

Beaver Creek, Wabash-Mercer County, and the

properties in the vicinity of these two waterways."

And that "Such flooding would not have

occurred had ODOT not replaced the spillway --" ODNR

replaced that spillway in '97; is that right?

A. That's what it says, yes, sir.

Q. What do you mean by "frequent and

severe"?

A. Let's do "severe" first.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. Al]. right.

A. "Severe" is above the stage, above flood

stage. We did that this morning.

What i.s my definition of a"flood"?

Flood is outside the bank full stage.

Q. All right.

A. Stage is height. So severe means higher

than the banks.

Q. well, then any flooding would be severe,

wouldn't it?

A. It could be, yes, sir. Severe might mean

two feet, three feet, five feet. Whatever is the

stage, its inundation above the fl.ood stage. And

"frequent" is just an adjective meaning an often

occurrence.

Q. Let me ask you this, what's the

difference between flooding and severe flooding?

A. Severe flooding would be higher than

non-severe flooding.

Q. All right, then what's non-severe

flooding?

A. That's an abstract term.

Q• Well, can you -- are you able to quantify

0 24 I what "severe" is?

A. No.25
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Q. And "frequent" you say means "often."

Can you quantify when you say "has caused" and "would

have caused" frequent and severe flooding, how

frequent were you referring?

A. Sir, if you analyze the record from '14

to '97 and then you analyze the record after 97, at

any -- even at the Linn Grove gauge the stage is

higher which means it's more severe, and the flooding

is more frequent. And so it's more often. So just

study those two records, that's what this sentence is

intended to mean.

Q. So just so I'm clear, your definition of'

"frequent and severe" means more often and greater

depth elevation between after 1997 than before.

A. Okay, this is a -- it's a two sentence

paragraph and it is intended to be all encompassing

with all the factors that are in there. So what it's

saying is you look at the record from 1914 to 1997,

you look from 1997 to 2009 and you look at that

record, you're going to see that the stage is higher,

the stage is higher more often.

Q. Okay. Well, I understand that.

A. That's what that sentence says.

Q - We'll, that's what it says and what I'm

25 1 trying to get is just a little more understanding. I
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understand that that's what you saw and what I'm

trying to understand is you are using "frequent and

severe," I think you use it at multiple places, just

exactly what you mean.

And I believe you said severe means any

flooding over the limit, right? Any time

overtopping, that's severe flooding. Am I right? If

I'm wrong, correct me. I thought that was your

testimony.

A. We can get Webster out and look at

what

Q. I don't want -

A. I mean what Webster means.

Q. What do you mean? You're the expert,

that's why I'm asking.

A. "Severe" is greater than "not severe."

Q• That tells me nothing.

A. That's good. Then you're not going to

get any answer better than that. That's the best

answer I can give you.

Q. All right. So let's say hypothetically

that Beaver Creek flooded once every ten years, just

say that, and now after the spi.llway it floods once

every nine years. Would that be frequent flooding in

your mind because it's more often than before?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. It would be more frequent flooding.

Q. It would be more, all right.

A. In other words, that's right, if you

analyze it statistically as you're indicating in your

hypothesis, then that's the case.

Q. Then let me ask you this, and I don't

1

2

3

4

5

6

want to put words in your mouth, I really don't.

A. Maybe it's better we get the record out

of -- let's get the record out and put the record on

the table and look at the record. Because we're

talking about adjectives and adverbs and, you know,

let's talk about what the record says.

Q. Well, let me ask you this, you say it

repeatedly caused frequent and severe flooding. Are

you saying that what you're -- did you mean to say

more frequent and severe flooding than before? Is

that what you're telling me?

MR. FUSONIE: Objection.

A. Certainly it seems that we're getting

argumentative. It says what it says. That's what I

meant it to say. We can pull the record out and look

at the record. The record reflects for itself.
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23 Q• Are you unable then to quantify what

0 24 I"frequent" means? Or are you unwilling to?

25 MR. FUSONIE: Objection; form.
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A. "Frequent" means "often." And ask me

what "often" means. We can each look them up in the

dictionary.

Q. Don't you think "often" is a relative

term though?

A. So is "frequent."

Q. They're your terms in your affidavit.

I'm just trying to figure out what you meant by them.

A. Wel]., it seems that we're trying to be

argumentative about two modi_fier.s. Again, the record

can just speak for itself.

Q. Did you prepare this affidavit?

A. I did.

Q. Did you type it up?

A. No. I don't type very much.

Q. Who typed it up?

A. Probably one of the clerical staff.

Q. At your office?

A. Would be my recollection, yes.

Q. Was "frequent and severe" something --

did you understand that to be a legal term? Or were

you not using it in that sense?

A. I don't know whether it's a legal term or

24 I not.

10
Q. But they, "frequent and severe" are your
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words on thi.s.

A. To my knowledge it is. But I don't know

whether it's a legal term, no.

Q. But regardless of whether it's legal or

not, "frequent and severe," that is -- that's your

characterization of the flooding since 1997.

A_ Yes_

Q_ Do you know for a fact whether all of the

properties in this litigation have in fact

experienced more frequent and severe flooding because

of the spillway?

A. No.

Q. Would you consider a flood that occurs

every 25 years to be frequent?

A. If that were my property I would, yes.

Q. What's your professional opinion of

whether that's frequent or not?

A. T would think frequent flooding is

anything in the five- to ten-year range.

Q. Did you analyze any flooding events with

the recurrence interval less than once every five

years or once every ten years?

A. T believe when I started I looked at a

typical, whatever we would say, an average annual

storm which is basically a two-year recurrence
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point but I didn't, you know, I just try to get a

feel for the watershed.

Q. When you say you "started," was that

starting on Case Leasing or was that starting on

Doner?

A. Starting on Case Leasing.

Q. What evidence do you have, again, I'm

staying on paragraph 8 here, that a larger spillway

would have caused more frequent and severe flooding

from 191.4 to 1997? I mean, how can you know that?

MR. FUSONIE: Objection to the extent

it's already been established by the post or spec

case.

A. What I know is that's based on the Case

Leasing case work. And merely applying it across the

balance of the stream.

Q• Regardless of what the Court determined,

your own professional opinion, how do you know that

would have occurred?

MR. FUSONIE: Objection.

A. Because it was my analysis. That's how I

made the two Case Leasing reports we have here in

record that we've copied today, and it's very

clear --

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. But --

A. -- that it caused more severe flooding.

Again, it was your depiction if you --

it's not that hard to envision that if you take a

39-foot spillway and make it a 500-foot spiliway,

that the 500-foot length allows substantiall.y more

flow t:o go into Beaver Creek. And that once it's in

Beaver Creek, it merel.y progresses the length from

Beaver Creek to the state line.

But, yes, there's input by other

sub-watersheds, but that's your dominant thing that's

carrying the water.

Q. But you don't know, I mean, you can't

know if that spillway had been there since 1914, you

can't know that it would have flooded all those

properties, would you, severely and frequently?

MR. FUSONIE: I'm having a continuing

objection, it's already been established.

A. I know that as part of my professional

evaluation, that's my professional opinion. I do an

analysis in a hypothetical situation. I set those

parameters down and that was what I did.

Q. What is the basis of that conclusion?

A. My engineering evaluation.

Q. Fine. What in that evaluation leads you

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. I have the water surface elevation

records, I have what is called a stage discharge

relationship for a spillway, I have it for a 39-foot

spillway and I have it for a 500-foot spillway and I

can do the calculation.

Q. That's supposing that all is constant

throughout this time, correct? To be able to --

A. That's a comparison of everything else

being the same what would be the flow at a 39-foot

spillway and what would be the flow at the 500-foot

spillway.

Now, I do per what I wrote about

Dr. DeGroot, I did. make an assumption as to what the

effect of the lake level would be when you have more

outflow than the lake level is lower than if you have

less outflow. And I make an assumption on that and a

calculation on that. So I made an all.owance for the

change in the discharge does have an impact on the

lake elevation.

Q• You indicated you had written soinething

about Dr. DeGroot; is that correct?

A. I thought I had put that in here. No,

when I did this affidaviL I didn't have Dr. DeGroot's

report, I'm sorry. I've received Dr. DeGroot's

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. You've seen it. Have you written

something in response?

A. I have certainly generated for my own

thinking a response, yes.

Q. Well, I'm just asking you mentioned

something, I thought you said you wrote about

Dr. DeGroot's report. Is it -- have you supplemented

your affidavit?

A. No, I have not.

Q. What did you write about his report?

A. I wrote comments that I did not like his

report.

Q. All right. That was to yourself?

A. Yes, to myself.

Q. Were you -- you indicated you did not use

the HEC model in this litigation. You previously

testified to that, right?

A. What I testified was that I used the work

that I had done in the Case Leasing case. I did not

rerun anything for this case.

Q. All right. Why not?

A. Because I didn't think it was necessary.

Q. Were you instructed by someone else not

to?25
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Q. Was cost a factor? In your decision not

to?

A. No, it was not a factor :i.n my decision.

Q. What were the factors in your decision

not to?

A. It was not necessary.

Q. Why wasn't it necessary?

A. Because that's my engineering opini_on,

that it wasn't necessary.

Q. That's a conclusion. Tell me what

factors did you weigh in your mind that made it not

necessary.

A. It wouldn't add any value.

Q. Why not?

A. Because nothing -- because the

simulations that I did then, there's nothing --

there's no difference that would make any difference

in a simu].ation. No change.

In other words, what would be the

benefit? If there's nothing to be gained by doing it

again, then there's no benefit by doing it again.

What did you -- you mentioned

24 Dr. DeGroot's report. What did you not agree with?

What did you not like about it?25
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A. He was critical that it was his opinion

that I did not make an allocation for the change in

the discharge of the 39-foot spillway and the

500-foot spillway and that that would have a change

in the lake elevation. And I did, I made an estimate

on that. And I have that included in the Case

Leasing work.

Q.

about that?

A.

that he

So you think he was simply inaccurate

I don't know what to think. I just think

Q. You don't believe he was right.

A. That's correct. i believe that he was

inaccurate in his portrayal as to what I did or what

I did not do.

Q• What else?

A. That's really what I would recall. I

believe he made some generalizations about my report

that I didn't think were appropriate.

Q. Did you review Stantec's report?

A. Yes.

Q. What did you think about that?

A. I thought the Stantec report was more

professionally prepared than Dr. DeGroot's report.

Q• And what about the Stantec report made
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you feel that way?

A. Their report reported on what they did.

They made an evaluation.

Q. Anything else?

A. That's all I remember. I don't remember

that much about the Stantec report other than that.

But their report did have some evaluation of my

report.

Q. Have you determined which properties in

this litigation have actually experienced more

frequent and severe flooding?

A. I think you asked that already, and I

said I did not.

Q. Okay. On paragraph 9, you have a-- you

use the term "severe storm event_" I know we're

getting back to adjectives, but can you quantify what

constitutes a "severe storm"?

A. In the definition of paragraph 9 it means

that an event that would cause, my interpretation

when I penned that, is one that would cause flooding.

Q. All right. Any flooding or just causing

Beaver or Wabash to overtop?

A. Just flooding. Flooding anywhere along

the Beaver Creek from the spillway to the state line.

Leaving bank full stage.
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Q. If you go to the next paragraph.

A. No. 10 paragraph?

Q. I'm sorry, yes, sir.

You indicate the overwhelming of the two

waterways, and just so I'm clear, is that Beaver

Creek and the lake or is that -- that's Beaver Creek

and the lake; is that correct?

A. It's a compound paragraph again, but in

terms of us obtaining clarification, I mean Beaver

Creek. I mean the discharge comes over the spiliway

and it's in Beaver Creek.

Q- So you're talking about the natural flow

of Beaver Creek plus the overtopping then of from the

spillway?

MR. FUSONIE: Objection.

A. Right ---

MR. FUSONIE: Hold on. I said objection.

MR. COLE: I'm sorry.

MR. FUSONIE: Paragraph 10 of the

affidavit speaks for itself as two waterways, Beaver

Creek and Wabash River in Mercer County.

Q. Is that what you meant?

A. Beaver Creek means over the spillway.

And it's the terminology in those sentences. Beaver

Creek over the spillway.
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Q. You said the overwhelming caused flooding

on the properties in their vicinity. What are the

"properties"? Are they -- what properties are you

talking about?

A. We're talking about the properties in the

Doner case.

Q. All of them?

A. I don't know. Asked and answered. I

didn't --

Q. He gets to do that, not you.

A. I didn't do each property, I already

indicated that.

Q• So you say it caused flooding on the

properties in the vicinity. Some, but you don't know

which ones.

A. It might have been all.

MR. FUSONIE: Objection.

A. I didn't analyze each one.

Q. You didn't analyze any of them, right?

Specifically?

A. Well, I didn't have to analyze some of

them specifically because some of them are

immediately adjacent to Case Leasing property.

Q. So you did.

A. I didn't analyze them each one

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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specifically.

Q. Are any of the landowner properties too

far away to be impacted by the spillway?

MR. FUSONIE: Objection.

A. It's the "too far away" where I think we

have to work on what the meaning of "too far away"

means. There are several of the properties that are

on tributaries to Beaver Creek and/or the Wabash.

And so that requires a more sophisticated evaluation

than those directly along Beaver Creek.

Q. Did you do such a sophisticated

evaluation on those parcels?

A. What I did was I looked at the stage

along Beaver Creek and that -- and the stage i.n these

tributaries would easily have been affected by the

higher stage in Beaver. Creek.

Q. So is that --

A. My answer is yes. But did I do each

parcel by each parcel? No, I did not.

Q. You did it by tributary, is that what

you're saying?

A. I did it along Beaver Creek and along the

Wabash to the state line and then with some of these

parcels are on tributaries.

So 1 looked at the stage on the Beaver
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Creek stream and the Wabash and saw where the

confluence was with the tributary, if the stage was

higher at the point of the confluence.

So, therefore, Lhe stage being higher

being caused by the overflow of the spillway would

have caused the stage to be higher at the property.

We talked about it this morning as tailwater effect.

Q. All right.

A. Or backwater effect. Just so we get it

clear, if I can, I don't know how the record's going

to be in a deposition, but at a given point along

Beaver Creek if the flow over the spillway is higher

which then causes the stage to be higher at a given

point along Beaver Creek, and that given point is on

where a tributary flows into Beaver Creek, then

within that tributary its tailwater is higher because

of the stage in Beaver Creek and therefore the

"backwater" or "tailwater" affect causes its flooding

to be more severe because of the increased flow from

the spillway.

Q. Go ahead.

A. So that's how tailwater is important in

this effort here.

Q. Did you look at -- for those parcels that

are at some distance from Beaver. Creek or the

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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spillway, did you analyze the swelling and the

increased levels in each of the tributaries to

determine whether they experience frequent and severe

flooding?

MR. FUSONIE: Objection.

A. There was no record available to do that.

And so all I was able to do was to look along Beaver

Creek.

Q. All right.

A. And then using my experience, evaluate

what might be the effect within the tailwater of the

tributary.

Q. what might be the effect?

A. Yeah, because there's no record.

MR. FUSONIE: outside the visual

observation of people there.

MR. COLE: Why don't you wait, Counsel.

MR. FUSONIE: Outside of visual

observation.

A. There's a photographic record.

MR. COLE: I'll move to strike that.

MR. FUSONIE: I can ask it now or ask it

at the end. Might as well ask it now.

MR. COLE: I think it's more appropriate

when I'm finished.
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Q. Are you able to, just by sitting here

today, make a determination what parcels there would

not have been impacted by severe flooding due to the

spillway?

MR. FUSONIE: Objection. Assumes certain

facts. He said -- well, I'll leave it at that.

A. I don't think I can do it, not in sitting

here today.

Q. You can't make a determination for sure

or to -- you can't make a determination which parcels

were or were not flooded due to the spillway; is that

correct?

A. Without pulling out the photographic

record, yes, correct, no, I can't.

Q. Well, photographic records don't

necessarily show the cause of the flooding, do they?

Could have been other factors.

A. Okay, again, what I do is I go into the

model and I look at the location along Beaver Creek

with the flow coming from the 39.4-foot spillway, and

then I compare that with the stage with the flow

coming from the 500-foot spillway.

Then I look at that stage what that stage

causes at an individual point and I see is that

difference 2/10 of a foot or two feet?
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at this stream and make an estimate as to whether or

not it would have an impact upstream or not. But

sitting here today I can't tell a yes and I can't

tell a no.

Q. Now, prior to the spillway being modified

in 1.997 you -- your review of records show it did

flood, correct? There was flooding on Beaver Creek?

A. Yes. I believe the record's clear_

Q. And how would you characterize that

flooding with regard for its frequency?

A. Whatever is in the record, sir.

Q. Would you consider that to be frequent

flooding before the spillway? Would you say it's --

would you characterize these properties before the

spillway was built as from the frequent flooding?

MR. FUSONIE: Objection.

A. I prepared a graph that might help us

talk about that. In the May '06 report. And in the

May '06 report, figure 3.

What I did was I studied at the Case

I,easing property what was the bank full capacity of

the stream. And it was 480 cubic feet per second,

approximately.

So whenever there was a historical event

ARMSTRONG & OKEY, INC., Col.umbus, Ohio (614) 224-9481
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that was more than 480, then that would cause

flooding. So then what you do is you take that

record, you then make an evaluation if the 500-foot

spillway were in play and you compare the two. And

that's how I make this determination.

Is it occurring more frequently or less

frequently? And I think it occurs more frequently.

Now, that's all as you're saying, as

you're describing, that's an engineering calculation

that I do. I can also just take the stream flow

record at Linn Grove, which I also arti.culated, and

the stream flow record for the 13-year record from

'97 to 2010 shows that this stage and the discharge

is hi.gher between '97 and 2010 than before '97.

4. Linn Grove, is that gauge at the border

or near the border?

A. It's I believe within five or six miles

of the state line. So it's not in Ohio but it's

close.

4. What is the distance between the Indiana

line and Grand Lake St. Marys, the western side?

A. I recall it was something on the order of

ten or 12 miles. But I'm sure we can scale it from a

inap. It's whatever it is.

So the Linn Grove indicator would beQ.
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approximately 26 miles then from --

A. No. Be 15_ Or 18. 12 and 5 would be

17.

Q. Okay. Five miles, yeah.

A. Let's call it ten. So ten and five,

something like that. So it's something of that

range.

Q. Math's not my strong point. Thanks.

Does the rainfall records you looked at

show a difference in the frequency of rain for the

area before the spillway was built and after?

A. Not substantial, no, sir.

Q• What do you recall? Has it been raining

more recently though?

A. Well, again, not just at our gauge, per

se, but there are a number of hydrologists, it's part

of what I call the global warming scenario where they

are making an evaluation of the, certainly where we

have a good record which would be in the United

States where we have a record that there is more

precipitation.

But I don't know that 1997 is any magical

line to put in the sand. There's a historical trend

which as a statistician I call into question as to

whether it's statistically significant. But there is

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



11

E

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

143

an increased trend in the amount of precipitation

over history. Nothing magical about '97. You know,

whether it's '87, '97, 2007, or '77.

Q. Could the increase in the flow at the

Linn Grove gauge be due to increased rainfall?

A. I don't believe it is, no.

Q. Could it be?

A. It could be.

MR. FUSONIE: Objection.

A. Within the realm of "could," yes, it

could. But more likely than not, no.

Q. If you would go back to Exhibit B and I

understand that it's a cut off but we really, I don't

think -- you know what, let me just take a moment.

I'm going to get the whole Exhibit B here.

(Off the record.)

(EXHIBIT MARKED FOR IDENTIFICATION.)

Q. Back on the record.

Dr. Campbell, I've handed you what I have

marked as Exhibit 2A. I think, as we mentioned

earlier in the deposition, that is -- what did I hand

you, let me -- you put it in your own words.

A. What you handed me as 2A is the

November 2006 report that I prepared on the Case

Leasing case.
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Q. Is that the supplement to your report?

A. It's the supplement in the Case Leasing

report, yes. Or what we would refer to as the

supplement, yes, sir.

Q. And I will note for the record,

Dr. Campbell, you'll probably see that that was our

copy and there are some redactions of notes that we

would have had, comments like right on that next page

that are not yours but we put in.

A. I see those, yes, sir.

Q. And let me ask you this, Dr. Campbell,

are Exhibits 2 and 2A together, is that the total

Case Leasing report that you did in that case?

A. To the best of my knowledge it is, yes,

sir.

Q. Thank you.

Now, Dr. Campbell, did you adjust the

lake level or stage in the Case Leasing evaluation?

A. I did.

Q. How did you do that?

A. When you say did I"adjust," I think what

I'm assuming you to mean, the rest of that question

is when I did calculations for the 500-foot spillway

as a hypothetical spillway before it existed in real

life did I make an adjustment to the lake elevation,
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and the answer to that question is yes, I did.

Q. Can you -- where in the report do you

have -- do you indicate that?

A. I'm not sure I can find that that easily.

I can find that most easily, have you a copy of the

full report?

MR. DORSEY: We have just the addendum.

MR. FUSONIE: You have the addendum

report in front of you.

A. No, that doesn't have all the exhibits.

MS. WORLY: It should. I believe we just

copied everything.

THE WITNESS: It's a very many page --

let me see, maybe it's in the original report. It's

a very many page, it's just data. Goes on forever.

No, you don't have it in either of these.

It's a large attachment and it just has all the lake

records. You know what I'm talking about?

MR. FUSONIE: No.

THE WITNESS: It's maybe 30 or 40 pages.

MR. FUSONIE: That's right.

THE WITNESS: It's smaller than this.

That's where it is. What I'm saying is the easiest

way for me to find that is to look at that reference.

Because where I did that in the text, I made that
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I mean we can go through and methodically

find it, but that -- as the author that's the way I

would most easily go and find it.

Q. (By Mr. Cole) Is it -- it is within your

report though? Your written report?

A. Yes, it is. Because what we did was I

attached all those to the lake elevations as a

reference of those are the lake elevations that I

used that we obtained from the ODNR.

Q. We could find it at a break or something

but it is referenced, yes. Let's keep going. I

appreciate that, thank you.

Did you determine the recurrence interval

from what would be a flooding out of bank event for

any point along Beaver Creek or a probability that an

event would occur in any given year?

A. That's a compound question.

Q. Let me break it down.

A. Let me not do probability because I don't

think I'm going to be able to answer anything about

probability, okay?

Q. Fair enough.

A. What I did was I did a pretty thorough

evaluation at the Case Leasing property.
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creek.

A. Yes, sir. And really after that it's

making an estimation.

Q. Did you do estimates at other locations

along Beaver Creek or is that what you do?

A. That's what one would do. I did not do

any_

Q. And did you do that -- you did that

post-spillway modification, correct?

A. I think I did calculations for pre and

post.

Q. On recurrence intervals?

A. I think on historical events. I don't

know that I calculated recurrence interval.

Q. Do you know what the difference in the

recurrence intervals for out-of-bank flooding is for

pre-spillway and current spillway configuration in

any given year?

A. No.

Q. When you talk about flooding impacts,

what are impacts of flooding upon the Doner

properties? Or even the Case Leasing property.

A. Stage. So that's just inundation, the

possibility of erosion and/or sedimentation. Which
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would be related to velocity, property loss or

whatever perceived property loss.

In other words, as a property owner, my

property has less value if it floods or if the

community knows that it floods. So those are you

know, and then physical literal damage.

in other words, when my property is

inundated, certainly it would apply to a structure

because a structure could experience severe damage by

an inundation. But in terms of many of these Doner

properties are agri.cultural land and it certainly

could affect them by loss of crop and/or loss of

whatever we would say, the seed in the soil.

In other words, whenever I plant the

field if the flood comes and just the moisture comes

in there from up wicking from a shallow groundwater

cable, then it can destroy the seed so I could still

have a loss of crop.

Q. Have you seen any actual evidence of

flooding impacts from any of the Doner owners --

relators?

A. By my recall of the photographs, yes.

The photographs would have depicted some of that.

Q. Can those impacts be quantified?

A. Yes, it's my opinion they can.
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Q. How would they be quantified?

149

A. By someone other than myself. But

obviously there are professionals that would

understand that property that's more frequently

flooded does have an impaired value or depressed

value over one that is not.

To me the loss of the crop is just

straight up the ].oss of the crop. And/or any damage

as Mr. Case had several million dollars of damage to

his structure that he had to have reconstruction.

That's just a straight economic value.

I mean they did an immense amount of that

in the Katrina situation where we just, when the

property is inundated, it takes a certain amount of

rehabilitation just whatever we would say, contractor

work.

Q. Okay.

A. So those are ways. I'm sure there's

probably other things but those are certainly ways to

do that.

Q. What is your knowledge or understanding

of what ODNR's lake level management practice is of

Grand Lake St. Marys before the spillway was changed?

A. Only what we were able to glean from

their record.
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A. I recall but I'm going to try to play it

from recall but I believe I put it in my report.

There was some memos and some record of

the interdepartmental discussion about the lake level

management procedure, and again going back to the

Corps. of Engineers report and the Corps. of

Engineers report recommendation that the 39.4-foot

spillway was inadequate for the designed storm event.

Part of the design criteria when ODNR

redesigned the spillway was they wanted the -- they

wanted to end lake level management. So part of

their goal in the desi-gn of the new spillway was to

have a spiliway that they called -- they would call

unregulated.

Q. Let's not get too far ahead because

you're anticipating my next question_

A. I'm trying to answer the question.

Q. I understand that.

A. That's what I recall in the record.

Q. Do you recall what the actual -- what did

ODNR do to the lake before the spillway? How did

they manage the levels? Did they do anything?

A. They drew the lake down usually, and

that's a very common practice among many entities
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that manage reservoirs. So that's a very

longstanding practice in the United States Army

Corps_ of Engineers where they lower the lake as you

go through the winter coming to spring because you

have spring rains and you have the spring that you --

so you have a lot more water available in the spring.

So what you're doing is you're drawing

the lake down so you have capacity so when the spring

floods come, it's collected in the lake and you don't

have to release the water to flood the downstream

people on the creek.

Q. If ODNR had not changed the spillway but

they stopped doing that practice of drawdown, what

impact would that have had on properties along Beaver

Creek?

MR. FUSONIE: Objection.

A. That's one of the things that was really

an integral evaluation in the Case Leasing

litigation. And I was never able to be able to get

enough information to analyze which was worse or

which caused more flooding. But they both had a

severe impact.

Q. Why weren't you able to get that

information?

A- Because there's not sufficient
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information. The procedure or the policy that was in

place for lowering the lake was not codified. it was

not documented.

So whether they would draw it down let's

say 3/10 of a foot or 6/10 of a foot or a foot, that

wasn't there. So you can't study it when I don't

know what the procedure would be.

I mean, and I'd hate to divert, but what

happens is if you study the Corps. of Engineers and

many -- most reservoirs, the Corps. of the Engineers

lay out a particular program and policy: We will

draw it down one foot in November or one and a half

feet in January or whatever. And there was no such

of a record in the ODNR.

Q. So your opinion is that the frequent and

severe flooding was caused by a combination of the

new spillway and the no longer doing these lalce level

management practices?

A. That's exactly correct, sir. Which is I

recall from the record there was a change with

regards to the stop logs in '88, but the record would

reflect what that is.

Q• But within that you can't attribute it's

24 mostly due to the spillway or it's mostly due to the

lake level management. You can't break that down.25
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A. That's correct. And again, this

engineer, that was my -- that he and I did so much of

the calculations, Mr. Munce.

We kind of flip flop because as you're

doing an evaluation like this day in and day out and

week in and week out, you kind of think this kind of

looks like it's more the lake level, this is more the

length of the spillway.

So we never could get enough information

to be able to make a clear distinction one or the

other. But it's a combination of the two.

Q. In paragraph 14 of your affidavit, that's

in Exhibit 1, it's at the bottom of page 3, top of

page 4_

A. yes, sir, i'm there.

Q. You talk about, and I'm kind of going

toward the end, it's a big sentence, this, but you

say if the prior spillway was in p7.ace and

accompanying lake level management ODNR practice

before 1997 were followed, only one storm event would

have caused the discharge to overflow the banks. Am

I correct that that's the July 2003?

A. It is.

So based on that, your opinion is there

25 would have been overflowing regardless. They
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wouldn't have been able to stop it even if they had

been doing the same thirig.

A. Yes.

Q. In paragraph 17.

A. Yes, sir.

Q. You indicate that the combination of "the

spillway and ODNR's lake level management policies

described more fully below." And again, that policy

is what, not to do lake level management?

A. Yes. Again, that was part of the design

of the 500 was they wanted to have the termi_nology

that's in their literature, an unregulated lake.

Q. So --

A. So in other words, they did not want to

have to manage the lake level.

Q. So assuming that ODNR followed that

policy, they changed the spillway but they have not

been drawing down or doing any other active

management of the lake level. Is that your

understanding?

A. That's my understanding.

Q. All right. 17 you talk about you refer

to the combination of the two has substantially

increased the risk of flooding, a risk that has

become a reality repeatedly since 1997.
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What do you mean by "risk" there? Do you

mean just chance or is it something you can quantify?

A. It's either "risk" or "frequency." That

would have been an alternative term, "frequency."

Q. Your understanding is lake level

management policy has not changed at all since the

spillway has opened, correct?

A. I haven't seen anything that would cause

me to change, no, sir.

Q. Are all of the downstream owners in the

Doner case at an equal risk of the same degree and

duration of flooding?

MR. FUSONIE: Objection.

A. As I previously stated, I didn't study

each one of them so I can't answer that question.

Q. Several points throughout your -- tell me

again, what calculations did Mr. Munce do?

A. Mr. Munce and I worked on this project

together. So we were doing immense -- this analysis

and evaluation we were doing together.

Q. What did you do and what did he do?

A. We worked together. He's really direct

report of mine and so he was working at my direction.

Q. Who calculated the data?

A. Both of us together.
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Q. Was there a particular area that he

handled and you reviewed, or?

A. Not really. I usually don't do my

projects like that.

Q. At several points I noticed when I was

reviewing paragraphs 5, 8, 12, and 14 you talk

about -- and you don't have to look at each one of

those.

A. Okay.

Q. But you referred to using historic lake

level elevation data. And do you know whether the

old spillway included an overflow wearing gates that

could be opened?

A. Yes, I believe it did. That's my

recollection.

Q. Did you get any information, historical

data about being the -- about when those gates were

opened?

A. I certainly asked for. Any data I got

was provided by the ODNR.

Q. Do you recall if and when the gates were

ever opened before the spillway --

A. I don't recall.

Q. Would -- do you know if you included that

in your report?25
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A. I recall the, what I would in my memor.y I

would call the first trial. In the first trial --

Q. You mean case?

A. Yeah, in the first case trial when we

went to trial, the Schottenstein, Zox & Dunn firm had

sought for and asked for all the lake elevation

records possible and when we got to trial the expert

that represented the ODNR referred to some records

that had not been provided to Schottenstein, Zox &

Dunn, so the Court agreed and stipulated both parties

would have all the records.

And then there was another clarification

of a point is the -- there was survey elevation mark

of the elevation of the spillway of the 39.4-foot

spillway notch or the 39.4-foot spillway where the

crest was and then the new 500-foot spillway and

where the notch was.

And so the Court stipulated, we

dispatched a surveyor to go out so that both parties

had supposedly all the records that were available.

And so my answer to your question is by

the Court's directive, all the records that werc

available to the ODNR were provided to the Case

Leasing case counsel and, therefore, I had all those

records as of that point in time.
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So to the best of my knowledge and

belief, if there was any record about any opening of

any sp9.llway or any of this or any of that, it would

have been included in that record that I was provided

at that time. That's a hundred percent of what I

know.

Q. Well, I'm going to ask one more question.

A. You can ask questions but I only know

that we suspended the trial to get all the records

and for all the records to be provided to me.

Q. Right.

A. And so I only know that record and that's

the appendix that I referred to that's printed page

after page after page.

Q. Okay.

A. That was the outcome of that and then

that was the outcome of where I did the analysis that

are documented in the "addendum report."

Q. How did you establish historic lake

levels to determine the discharge with the modified

spillway? How did you use that information?

A. Let me see if I can try to - I think you

may be asking the crucial question related to

Dr. DeGroot's question.

What I did was I -- we assumed that the
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storage, that is the storage capacity of Grand Lake

St. Marys was vertical from the surface area of the

lake.

And what that means, that means something

to ttie hydraulic engineers but what happens is as

the -- if you withdraw more water from a spillway, if

you think about a bathtub, if I have a bathtub and I

have a two-inch drain versus a six-inch drain, if I

drain from the six--inch drain, the water elevation in

the lake will drop faster than if I use the smaller

drain.

Q• And -- hang on, I do want to interrupt

you on this just so I could follow because I think

you're going to get into some things.

A. Sure.

Q. You say you "assume." I presume when you

assume the vertical storage capacity that sometimes

you use it and sometimes you don't. Why did you

assume it here?

A. Well, what happens is when you have a

lake elevation and you have an incoming hydrograph

and you have an outgoing hydrograph, then what we do

to study the relationship is we have what we call a

stage storage curve. What that means is for any

given lake elevation there's a certain storage
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capacity that that lake has.

And so there wasn't one available so I

manufactured one. Again, it relates to this

attachment. Is I took the surface area of Grand Lake

St. Marys and assumed there was vertical walls that

just went straight up like a bathtub. So I then

created an artificial storage relationship and then I

used that in the calculations. So I did make an

assumption.

And if you -- and it's actually in this

report, this table here with the redacted black

marks, where it actually shows the results of that

analysis where I studied there's a column on that

table 1 that shows the difference of the lake

elevation and it shows that it's only a few tenths or

a few or one particular storm it was one foot.

So my point for my explanation for

Dr. DeGroot is theoretically it's correct that you do

have to make an account for it. It doesn't change

the lake elevation that significantly when you have

this 12-square-mile lake that there's a very large

storm volume if you increase it a tenth of a foot or

two/tenths of a foot.

So now, that's a long answer to your

simple question and I hope it explains it.
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Q. I appreciate it. I appreciate that.

A. So I did make account for it.

Q. When you did that assumption did you make

any adjustments on a stage storage?

A. Well, I manufactured a stage storage.

Q. All right.

A. Then I used that stage storage

relationship in the calculation.

0. Did you make any adjustments to offset

that or because of your manufacturing that?

A. No. It's a pretty good assumption.

Q. Why is that?

A. Well, because you have to allow that

there is storage capacity there. And certainly when

you consider the lake elevation, which is only

fluctuating a foot or two, and I don't know whether

you've been to Grand Lake St. Marys but if you've

been to Grand Lake St. Marys, is within the -- within

a foot or two of normal pull, vertical is not a bad

assumption.

If you follow what I'm saying is, you

know, the banks are reasonably steep so within that

foot or two of movement is a pretty good assumption.

If it was flooding 20 feet, then it would

not be applicable. But it's only fluctuating up and
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Q. Now, when did you gather the lake level

data?

A. We gathered a lot of that before the

trial, but then again at the trial when we compared

the lake elevation there was some disparity between

the two parties that were at trial and so then we

were provided all of the records.

And again, that's that appendix that I

printed again for the -- certainly to illustrate

mostly for the record of the Court that here we were

at trial and we got suspended and here's all the lake

records that's there.

So that -- so it goes up to 2006. It

doesn't go past 2006. If that's your question.

Q- Well, when you gathered the data on lake

levels pre-spillway modification, what -- would the

modified spiil.way affect the lake level data

differently than the spillway in place when that data

was collected? In other words, if the new spillway

had been in place some time ago.

A. Again, we can only do that by a

hypothetical calculation.

0
24 I Q- In paragraph 12 you refer your

calculations in Exhibit B on -- let me wait till you25
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How did you calculate the water flows for

the old spillway? What was your methodology?

A. We had a stage discharge curve and we had

a lake elevation.

Q- Did you change your methodology at all

for the new spillway? Calculating the water flows?

A. No. I just did as I described, we had a

stage discharge relationship from the 500-foot

spillway.

Q. Did you consider discharges from Beaver

Creek watershed -- when you looked at water

discharge, did you only look at Grand Lake St. Marys?

A. Again, yes. That's all we did, we're

doing the HEC-1 and the HEC-2 using the ODNR model

exactly.

Q. Okay.

A. So that model did not make any allocation

for tributary inflow downstream from the spillway.

So you did or did not use any hydrology

models?

A. Well, we keep going back to this same

point. It's in the -- it's very clearly explained in

the May 2006 report, the bottom of page 7. Says "All

modeling conducted by CRA was performed using the
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HEC-1 and the HEC-2 models as set up by ODNR; no

parameters were changed."

Q. And that was again because that was to

stay consistent, that's what the Court had ordered?

A. Again, that was what the -- that was the

strategy of the lawsuit was to not modify the model.

Q. Why was that? What was the follow-up

purpose of that strategy?

MR. FUSONIE: Hold on, objection. I

think that's straight into attorney work product.

And I'm sure the Schottenstein law firm would believe

that was attorney work product that's the strategy

for that decision. I'm not -- I just don't want --

it's up to him to answer.

A. I mean I can answer it as best I can.

Q. Go ahead and answer.

A. Let me answer it as best as I can recall.

Because had I made my own model, then there would

have been tremendous scrutiny and dispute about the

ingredients of that ntodel. By using the ODNR model

precisely as the ODNR did it, I took that parameter

in that argument out of the formula.

And I'll be so much as to tell you, I

might have been the one that proposed that as a point

of argument to counsel, and counsel agreed with it.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

165

But that was the reason is it took that parameter of

the model out of the evaluation.

Because we were not then disputing of

Stantec makes a model, CRA makes a model, DNR makes a

model, John Jones makes a model. How we can look at

the ultimate results of all those different models

determining the ingredients of the models. By just

doing their model we took that out of their

evaluation.

Q. When you adjusted the lake level data for

the 1997 spillway, what was your source of inflow

hydrology?

A. The HEC models. Exactly this right here_

Q- In paragraph 15, a and b, you cite the

lake elevation above 870.6 feet for only 21 percent

of the measurements. They speak for themselves,

let's move on.

A. They do.

Q. How did you reach those figures? How did

you reach those percentages?

A. Just by brute numbers. Comparison of the

numbers. No magic.

Q- In paragraph 16, referring to that, what

type of storm is more likely to cause Beaver Creek to

overflow when its lake elevation is above 870.6 feet?

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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A. I'm not sure there's a precise single

answer to that question.

Q. What can you tell me?

A. My opinion is that when the antecedent

moisture condition is high and then you have a storm,

which in the history of the storms or the history of

the flood events are dominantly what we would call

the spring or early summer. I think if you look at

the historical records is far away the preponderance

of the floods occur in that scenario.

Q. Did you do any -- look at any data or

reach any conclusions with regard to how long water

was remaining on -- I should say proposed.

For post-'97 after the new spillway did

you do any determinations of how long water was --

how long there was standing water on property after

flooding versus what it had been previously?

A. No.

Q. Paragraph 5 which is on page 2.

A. Thank you.

Q. You refer to surveying records. How did

you use those? Or why did you use those?

A. Well, as the author of the sentence what

I believe I was referring to was the Mercer County

surveying records from the 2003 event.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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You see how it says "surveying records

from the Mercer County Soil and Water Conservation."

That's what I believe I was referring to.

Q- I asked you before I believe and I won't

ask you again about the recurrence level of the

July 2003 flood.

Do you -- did you make a determination or

did you see data on the recurrence level of just the

rainfall for that storm?

MR. FUSONIE: Objection as to form.

A. Yes, I did look at that and it's

surprising that it's again it's not a very

significant rain event. Again, that's why antecedent

moisture condition plays a very big role in the

watershed.

Q. Do you know what the recurrence interval

for that kind of rainfall was?

A. I don't recall but it was not especially

severe. If you understand what I mean, it was like

15 year or 25 year. It was no -- it wasn't an

alarmingly adverse recurrence interval precipitation

value.

I mean, I think it's in my report. Let's

talk in terms of this thing because I think it's in

the report.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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If the 100-year rain is 7.9 inches, then

the total rain for -- and that's a 24-hour duration,

then the total rain of this event for five days or

seven days was J.ess than that.

So trying to get -- and it's in the

report but I'm just trying to get it in statistical

perspective.

0. You mentioned you don't recall the

actual -- you mentioned 15, 20 was it? I don't want

to put words in.

A. Yeah, whatever, it's just not a

significant precipitation event. I'm pretty sure I

have that in the report somewhere.

Q. We'll look at that.

And you had testified that you had gotten

the -- again, I'm sorry to make you jump back and

forth here, but 15 in a and b, on the elevations, I

think you earlier testified that the stop logs were

added to the old spillway in 1988; is that right?

A. That's my recollection.

Q• Would the placing of those stop logs

affect the percentages of those percentages on

your -- that you reached in your 15a and b?

A. Cannot fine tune it that much. I mean

that's asking for too much of an analysis. I

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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couldn't get there. I could look at it in terms of

more or less.

Q. They could affect.

A. Well, they do affect it. There's no

question they affect it. Because when they stopped

the lake level management, which was the stop logs.

You understand when the -- by putting the stop logs

in, they ended lake level drawdown.

Q- A1l right.

A. So when they're drawing the lake down,

then they are allowing lake level management.

Q. So let me just get it straight. Your

understanding is lake level management ended in 1988

with the stop logs.

A. That's my recollection.

Q. All right.

A. I could stand corrected but that's my

recollection.

Q. So --

A. So when they stopped that, they ended

lake level management.

Q. I see. Okay, that's fine.

A. So I mean, that's my memory. The record

will reflect whatever the record reflects. That's my

memory.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. I don't know, I don't have actual page

here but in your report on the Case Leasing I believe

you indicated that the inundated area as a resul.t of

the new spillway for the four -- you have four

events, one was in 1913, 1992, 2003, and 2005.

Do you know what the recurrence interval

for any of those events would be?

A. No. Not sitting here today, per se, no,

sir.

4. What is -- what's your understanding of

the current notch -- what is the wear currently in

place in the spillway? What's the size of that?

A. I don't recall. The record says what

is. There's a notch.

0. Fifty-foot sound accurate?

A. Could be. My brain won't pull that

recall out. It's in the record.

Q• Would you expect a 50-foot spillway to

cause significantly more flooding than a 39.4-foot

spillway?

A. No, I would not.

Q• Does Grand Lake discharge through the

50-foot notch for more frequent runoff events?

A. I think Grand Lake discharges through the

50-foot notch most of the time.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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Q. Let's take a break.

(Off the record.)

Q. Let's go back on, please.

Why did you draft the or create the map

of the Doner properties setting those forth? What

was the substantive purpose of that?

A. To see where they were.

Q•

that?

Was that -- why did you need to know

A. well, need to know the relationship

between the Beaver Creek and the Wabash River.

Q. Was that for the relators or for their

counsel to see or strictly for your use?

A. Not for the realtors, for -- so it would

be for me and counsel.

Q. And you testified that you had used

the --- it was a strategic decision to go ahead and

use the ODNR model in the Case Leasing case. Why use

it in this case?

A. Carry over the same logic.

Q. All right.

A. That's what ODNR used.

Q. Any other purpose?

A. To me that's the most logic. It's ODNR's

dam and it's their use, it's their analysis, it's

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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their model.

Q. Did you --

A. Makes it much more complicated when I

start doing my own.

Q. Did you see any flaws in the analysis or

in the modeling?

A. I would think that you could say yes.

Q. Can you elaborate?

A. Well, I would see places -- rather than

call flaw, I would say I would see places for

improvement.

Q. Can you specify what areas can be

improved?

A. Surely. The place I would start with

improvement would be in the development of the

rainfall and runoff analysis that would make

substantial consideration for the antecedent moisture

condition.

Because the history of the watershed was

such that most of the flood events were related to

the whatever again near the break between the winter

and the spring and the spring rain and/or the soil

conditions. So that would certainly be one thing.

Certainly again the ODNR model was

prepared for the spillway redesign and so while it

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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would be preferred obviously to have, if you're

trying to look at downstream conditions to have

hydrologic input from the tributaries downstream,

that would be the place where I would make an

improvement to it.

Certainly for something such as

applicable to this litigation whereas you would take

and modify it in that regard.

So those would really be -- and the other

thing is you have to -- there's this thing of

calibration of a model where you have to take a model

and calibrate it against one or more severe

historical events, and then when you do that you have

to -- you have multiple parameters in the model that

you can then adjust to match the flow.

And so in other words, you have multiple

parameters in the model so what you have is you have

a historical flow so you can simulate the historical

flow.

You then have let's say three or four

sets of model parameters that you can have that ill

still. match your calibration. Then it behooves you

if you're an expert modeler to try to understand what

one might need to do within those parameters to

select the parameters that are best for use of the

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



11

1^1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

model.

174

And my insight into that is that we are

really, we are trying to make a model that is a model

that's designed to handle this severe event. So

while a model is a nice thing to have for the

everyday flow, that's not the point of interest.

So what happens is you -- the other

suggestion that I would have is that the stream and

the flood plane would have in the cross sections the

change that's the mannings in and that's a model

parameter that those of us that do modeling

understand, it's a roughness, an indication of the

roughness, as the stage gets higher, the -- it's the

HEC model allows you to change the manning in whereas

frequently I see so many models in this particular

model kept mannings in as a constant, and that's fine

for running certain sets of discharges.

Q. What's a "manning"?

A. "Manning in" is a roughness coefficient.

That's a gentleman named Manning that developed the

steady uniform flow formula which we apply to

unsteady uniform flow routine. But basically we

apply the Manning formula. I mean HEC uses Manning

formula. So what that means is you then have to make

an estimate of the roughness coefficient.

ARMSTRONG & OKEY, INC., Colnmbus, Ohio (614) 224-9481
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A. Well, I mean, you know, there are many,

many things. But that's where I would start.

MR. COLE: Dr. Campbell, thank you.

MR. FUSONIE: I just have a couple

clarifying questions if I may.

DIRECT EXAMINATION

By Mr. Fusonie:

Q. Dr. Campbell, you have -- I believe your

testimony was you have visually inspected or and

observed the what I call the new spillway; is that

correct?

A. Yes.

Q. Did you visually observe any outlets for

the new spillway?

A. Yes.

Q- And is i.t your professiorral opinion as a

civil engineer that those outlets can still function

to drawdown the lake?

A. Yes.

MR. COLE: Objection; leading.

A. Yes, they can.

Q. And have you attempted to make a

comparison of those outlets compared to any outlets

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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that the old spillway had?

A. I have.

Q. What comparison have you made?

A. Well, the outlets are certainly adequate

for the dam. In the new configuration it's actually

an improvement over what the outlet structures were

in the old dam.

Q. Have you used the HEC HMS model?

A. Yes, I have.

Q. When you use that if you have a stream

gauge available would you calibrate your model to

that stream gauge?

A. Yes. Again, as I was describing to

Mr. Cole, at the beginning of evaluation of any

watershed I try to plot all the records all where

there are records and then select the appropriate

one. In this particular configuration it's what we

call the Linn Grove gauge is the most reliable

longstanding record.

Q. And would you find a HEC HMS model that

does not calibrate to such a river gauge to be

flawed?

A. Yes, I would. It would be a place where

I think you would make an improvement to include

calibration.

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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last word.

MR. FUSONIE: I don't have anything else.

MR. COLE: You know I have to have the

MR. FUSONIE: Only if it's a recross.

RECROSS-EXAMINATTON

By Mr. Cole:

Q. When did you use HEC HMS last?

A. Used it within the last several months.

Different projects.

Q. And how do you use that? How did you use

it?

A. You know, it's a code that we have and we

go in and we put in the cross sections and make the

entries. And model a flow.

Q. Do you -- is HEC HMS steady, unsteady,

both, neither? When is it appropriate to use HEC

HMS?

MR. FUSONIE: Objection as to form.

A. It's appropriate to use HEC HMS when the

project is such of a size that one should go through

the energy and effort to set up that much of a

sophisticated model.

Q. Is it used for steady flow analysis?

A. It is used for steady flow. It also has

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481
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a capability to be used for unsteady flow.

Q. Is it equally valid for both?

MR. FUSONIE: Objection.

A. It's valid depending upon its input

parameters.

Q. Is it equally appropriate assuming all

else is equal?

MR. FUSONIE: Objection.

A. Well, I mean it can be used to evaluate

steady flow and unsteady flow and it's a matter of

having the data so that you can make the entries and

make the evaluation.

Q. Thank you_

A. Thank you.

MR. FIJSONIE: You have the --

Dr. Campbell, you have the right to review your

transcript, to review it to correct any errors that

need to be corrected. I obviously can't advise you

one way or another on that other than it's common in

Ohio to read.

THE WITNESS: I usually like to read it.

(Signature not waived.)

(Deposition concluded at 4:00 p.m.)

ARMSTRONG & OKEY, INC., Columbus, Ohio (614) 224-9481



FEB-16-1996 00:50 p.03i03

Pressley Campbell

q

1

2

3

4

5

6

8

9

10

11

12

13

14

15

16

17

1a

19

20

71

22

23

11 25

^-[^^514nLL.
State of Ohicr-

F'ari5k SS:
('ountp of CF-

^
, ^Sf ^s0.rlb^ ^OucZL :

I, Pressley L. Campbell, do hereby certify
that I have read the foregoing transcript of my
deposition given on Wednesday, April 28, 2010; that
together with the correction page attached hereto
noting changes in form or substance, if any, it is
true and correct.

I do hereby certify that the foregoing
transcript of the deposition of Pressley L. Campbell
was submitted to the witness for reading and signing;
that after he had stated to the undersigned Notary
Public that he had read and examined his deposition,
he signed the same in my presence on the 1044" day
of __- , 2010 -

Notary Public i O tt 83530
Pha,iot.Va CnA.r; -
^Yn.rv^.tSSiOYIr ^Sr^ilo.-^

My commission expires ^k-br1^_ ,

179

TOTRL P.03



El

FEB-16-1996 80:58

Please do not write on the transcript. Any changes in fonn or substance you
desire to make should be entered upon this sheet_

TO THE REPORTER:

P.a2i03

[ have read#he entire transcript of my deposition taken on the 2W4' day

of _, 2016 , or the same has been read to me_ I
request t at the following changes be entered upon the record for the reasons
indicated. I have signed my name•to the signature page and authorize you to
attach the same to the original transcript_

q

11

a

ERRATA SHEET

Chan e Reason

I^J 1 ^ Q n`g h `s-4 ocd.

i (^ P^ Ct a^nt 's r^

_ _---- _ --^^ __

Date rJ 1D t 10 Signature:



180

2 State of Ohio

CERTIFICATE

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

County of Franklin

SS:

I, Julieanna Hennebert, Notary Public in and
for the State of Ohio, duly commissioned and
qualified, certify that the within named Pressley L.
Campbell was by me duly sworn to testify to the whole
truth in the cause aforesaid; that the testimony was
taken down by me in stenotypy in the presence of said
witness, afterwards transcribed upon a computer; that
the foregoing is a true and correct transcript of the
testimony given by said witness taken at the time and
place in the foregoing caption specified and
completed without adjournment.

I certify that I am not a relative, employee,
or attorney of any of the parties hereto, or of any
attorney or counsel employed by the parties, or
financially interested in the action.

IN WITNESS WHEREOF, I have hereunto set my

hand and affixed my seal of office at Columbus, Ohio,
on this 2ND day of May, 2010.

u i anna Hennebert, Registered
Pro ssional Reporter and RMR and
Notary Public in and for the
State of Ohio.

My commission expires February 19, 2013.

(JUL-1554)
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IN THE SUPREME COURT OF OHIO

STATE EX REL. WAI'NE T. DONER,
et al.,

Relators,

Case No. 2009-1292

Original Action in Mandatnus

v

SEAN D. LOGAN, Director, Ohio
Department of Natural Resources, et al.,

Respondents.

AFFIDAVI'I` OF PRESSLEY L. CAI4IPBELL, Pb.D., PE

STATE OF OHIO
) ss:

COUNTY OF FRANKLIN )

My nanie is Pressley L. Campbell, Ph.D., PE. I am over the age of 21, and I an?

competent to make this a£fidavit. The facts stated herein arc within nrv personal knowiedgc and

are true and correct. I state as follows:

1. I am a Registered Professional Engineer (PE) in the State of Ohro, No.56681. A

true and accurate copy of my curriculum vitae is attached as Exhibit A.

2. 1 am in good standing with the Ohio State Board of Registration for Professional

Engineers

3. I am a shareholder with Conestoga-Rovers & Associates in Baton Rouge,

Louisiana.

4. I have evaluated the impact of the replacement in 1997 of a 39 4-foot spillway

with a 500-foot western spillway at Grand Lake St. Marys on flooding along the Beaver Creek

and its tributaries (hereafter referi'ed to as "Beaver Creek") and the Wabash River and its

I DON001158
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tributaries froni its confluence with the Beaver Creek to the Indiana state line (hereafter referred

to as the "Wahash-Mercer Count_v').

5. My analysis was completed usiug precipitation data obtained frorri the National

Occanic & Atmosphenc Adsuinrstration ("NOAA")- I also used Grand Lake St. Marys' water

elevation data from 1927-2006 ohtained from the Ohio Department of Natural Resources

("ODNR") and surveying records from the July. 2003 storm event of Ivlercer Couuty Soil and

Water Conservation District and Mercer County Engineer's Office.

6. in fornung expert professional opinions, I rely on documents, records, and other

materials which are regularly relied upon by persons in my profession, including records on file

with federal, state and local agencies, such as NOAA. ODNR, and the Mercer County Soil and

Water Conservation District and Niercer County Engineer's Office.

7. 1 analyzed all available rainfall records and storm event data fforn 1913 to 2006 to

determine the potential for tloodmg along the Beaver and Wabash-Mercer County_

S. The lake elevation data demonstrates that the 500-foot self-regulated spillway

completed in 1997 would have caused betiveen 1914 and 1997, arrd now has since 1997,

repeatealv caused frcquent and severe flooding in the Beaver Creek, the Wabash-Mercer County

and the properties in the vicrrnty of those two watenvays. Such flooding would not bave

occurred had ODNR not replaced the 39.4-foot spillway with the 500-foot self-regulated

spillway in 1997.

9. When a severe storm event occurs, rainfall causes the water in the Grand Lake St.

Marvs to rise above the crest of the western spillway.

10. When the storm event is sufficiently severe -- an event that has occurred on at

least sixteen occasions between 1913 and 2006, with sevcn of those occasions between 1997 and

I DON001159
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2006 -- the amomt of water that enters Beaver Creek over the 500-foot spil[way ovenvhelms the

Creek's carrying capacity and, eonsequently, overR'helnts the Wabash-Mercer Cotinty's canymg

capacity The overwhelming of these two waterways' carrying capacities caused flooding on the

properties in their vicinity.

11_ In order to determine which historical storm events were "severe", it was

necessary to examine both precipitation data and corresponding streamflow information. The

precipitation data was obtained from seven NOAA meteorological stations within a 35-tnile

radius of the westem spillway; the streamflow was derived from obtaining lake-elevation data to

determine the stage-discharge relationship. e.g.. the height of water at a particular point along a

lake with the rate of water that will flow past that point, i-e., over the westem spillway.

12. Using the historical lake elevation data provided by ODNR, I have calculated the

actual discharge of water that flowed (or would have flowed) over the 39.4-foot spillway and the

500-foot spillway respectively into the Beaver Creek altd the Wabash-lviercer County between

April, 1927 and August, 2006. The results of the calculations are illustrated on Pigure 1,

attached as Exhibit B.

13. As demonstrated by Exhtbit B, it ts highly unhkely, if not impossible, Relators'

property downstream of the 500-foot spillway and in the vicinity of the Beaver Creek artd

Wabash-Ivlereer County would have flooded from Grand Lake St. Marys if the 39.4-foot

spillway were still in place and ODNR had engaged in the lake-level management practices it

had prior to 1997.

14. Using the lake elevation data, this analysis reveals that, had the ODNR-desigted

500-foot spillway bcen constrncted 70 years earlier ( in 1927), fifteen storm events behvecn 1927

and 2006 would have resulted in flow that exceeds the capacity of Beaver Creek and Wabash-

DON001160
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Mercer County, resulting in flooding: an average of approxiniatciv once everv five vears.

Conversely, if the 39.4-foot spillway was in place and accompanying lake-level tnanagement

ODNR practiced pnor to 1997 were followed, only one stonn event would have caused the

discharge to overflow the banlcs of the Beaver Creek and Wabash-Mercer County

15. I also did an analysis of the lake levels from 1927 through 1997 -whet ODNR

ceased managing lake levels -- and 1997 through 2006. when ODNR chose not to manage lake-

levels. The results in table fonn are attached as Exhibit C. The results foliow:

a. Since 1997, 73.3 percent of the daily measurements taken reflect lake elevalions

above 870.6 feet msl (ntean sea level ), the elevation at which water overflows the spillway and

enters into the Beaver Creek. Before 1997. the lake elevation was above 870.6 feet for onlv 21.4

percent of the measurements.

b. Srnce 1997, 26.3 percent of the daily measurements collectcd reflect lake

elevations above 871.5 feet rnsl, the elevation at which water overflows the entire 500-foot

length of the spillway. Before 1997, the lake elevation was above 871.5 feet for only 2.4 percent

of the nteasurements.

16. Based on the data above, since the construction of the 500-foot spillway in 1997

and ODNR's abandonment of prior lake-level manageinent praetiees, the lake elevations of

Grand Lake St. Marys are consistently higher than prior to 1997. When the lake elevation is

above 870.6 feet msf, water is discharging into Beaver Creek. If the lake is at or above that

elevation when a storm event occurs, the storm is more likely to cause flooding outside the banks

of Beaver Creek and Wabash-Mercer County regardless of the severity of the events; and the

higher the lake elevation at the onset of the storm event, the mnre extensive the flood impact
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17. Since 1997. the cotnbination of the 500-foot spillwav and ODl Ilt's lake-level

management policies, described more fttlly below. has substantially incrcased the risk of

flooding for downstream property owners -- a nsk that ltas become a reality repeatedly since

1997

18. The fact that the 500-foot spillway discharges a substantially larger quantity of

water into the Beaver Creek and the Wahash-Mercer County than the 39.4-foot spillway has

resulted in flooding of downstream properties in the vicinity of Beaver Creek and W abash-

Mercer County.

19 Dttring severe storrn events, the water that discharges into the Beaver Creek and

Wabash-Mercer Countv has the potential to be nioving at high velocities and can overflow the

baciks at a sigmificant deptti. These two factors threaten human activity in the vicinity of Beaver

Creek and Wabash-Mercer County downstream of the spillway.

20. 1'he frequent and severe flooding caused by the 500-foot spillway was and is a

necessary consequence of the construction and installation of that spillway.

21. ODNR has been and is able to mitigate the effect of severe precipitation events by

maintaining the Grand Lake St. Marys' elevation water level at less than the crest height of the

western spillway, thus increasing the Lake's storage capacity. When severe c_tonns occur the

Grand Lake St. Marys would be able to store a significant volume of inflow therefore decreasing

the tlow to the Beaver Creek over the western spiilway aad preventing or minimizing flooding.

ODNR has refused. and to my knowledge, continues to refuse to take such steps, rather, electing

to treat the Grand Lake St. Marys as a self-regulated lake.

22. Anotlter option available to ODNR is to develop additional outlet channels

located on the Grand Lake St. Marys to divert some portion of the water that flows into the lake.
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Diversion of some of the water awav from the westem spillway would prevent excess amounts

of water from flowing into Beaver Creek. A possible diversion location is Coldwater Creek.

23. ODNR could also constnict an emergency spillway. The current westetn spillway

could be used to pass noimal inflows, while an emergency spillway could be constructed that

would be designed to engage during large flood events. The emergency spil)way would act to

discharge the additional flows.

24. An eastern outlet structure on Grand I_ake St. Marys exists. It discharges into a

feeder canal, which flows irtto the St_ Marys River. However, because of its size and desigtt,

only very minimal discharges from Grand Lake St. Marys into the canal can occur. ODNR could

modify the eastern outlet and its acconipanving canal to provide an east/west split of the

discharge of overflow from Grand Lake St. Marys, which would decrease the outflows m Beaver

Crcek and Wabash-Mercer County. In my professronal opinion, this option would safely handle

ttte probable niaxinium flood such that the embankments of the Grand Lake St. Ivlarys' dam

would not overtop.

2 5_ It is clearly foreseeable that severe and frequent flooding will continue- By

choosing not to manage Grand Lake St. Marys' lake-levels, ODNR will cause further

downstream flooding over the banks of ttie Beaver Creek and Wabash-Mercer County during

severe storm events

26. 1 have revie d correspondence (true and accurate copies of which are attached

as Exhibit D) that ODNR received irt 1991-1992 prior to the constmctron of the 500-foot

spillway from the commumty and from Mercer County Soil and Water Conservation Disieict

Mercer County Engineer's Office warning that the 500-foot spillway would cause flooding

d
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downstream in the Beaver Creek and Wabash-Merccr County. Thus, the flooding caused by the

500-foot spillway was foreseeable to ODNR when it built that spiliway.

27. From my review of materials, I understand that the western spillway is used by

ODNR to preveat the flooding over the embatil:rnent that serves as the Grand Lake St. Marys'

western shoreline_ However_ the public usc that the western spillway serves has caused, and

continues to cause, frequent and severe flooding downstream of the Grand Lake.

FURTHER AFFIANT SAYETH NAUGHT.

Swom to in my presence and subscribed before me t^tis ^i ay of September, 2009.

i>2oti^U,IFy^,

1

JOSEPHRMILIER
Attomey zttaw

Nutary Puhlic, Stale of Ohlo
My Commission Nas No Eryl2tlon

SecBen 14 7 03 n.C.

DON001164
Il ^



EXHIBIT A

TO

AFFIDAVIT OF

PRESSLEY L. CAMPBELL, Ph.D.,PE

DON001165



.f

PRESSLEY L. CAMPBPLL, Px.D, P.E-

EDUCATION

B.S. Civil Engineering. Carnegie-Mellon University, 1967

M.S. Civil Engineering, Carnegie-n4ellon Universit9, 1969

P{tD Civil Engineering. Carnegie-A4ellon University, 1073

PMPLOYMENT

lonn_ Project Manager/Bharehnlder
Present Conestoga-Rovers & Associates, Baton Rouge, LA

1497-98 paotect Coordmator, CRA Servtces (formerly G&E Engrneermg) Baton I2ouge, LA

1993-97 Director of Engmeermg, Advanced Pollution Technologists. Ltd.. South Send. IN

1959-92 Director of ARajor Projects. IT Corporation. Chicago, IL

1444-89 Regional Technical ]vlanager, TT Corporation/ D'Appolonia, Baton Rouge, LA

1981-84 Group Project Manager, D'Appolonia, LA

1979-81 SeniorLiaison Engineer, D'Appolorua, NewOrleans.I-fi

1977-79 ProtectSupervrsor, I)'Appolonra, Prtt.sburgh. PA

197er77 ProjectEngineer. CAI Consultants. Pittsburgh, PA

7973-76 ProjectSupervisor, D'Appolonia, Pittsburgh, PA

1969-;^ Comnrissioned Officer, National Oceanic and Atniospheric Administration. Norfoll., VA

I l CEN S E S/A FFILL4T IO N S

Licensed Professional Engineer: TN #101880. LA #19704, MS #8842, AR #5772. IN #ti0900194,
AL #11340, OK 413887, T'X #764431, IL #6'_'045195, A'fI #6"_'01036=122, WI #13768. OH #E56681, PA #19613E,
FL #36327, KY #10961, ir1O #E27414. IA #12942, I:_. #10001, NC #^_?373, SC #17667, IN #n0900199, and

WV #014983

American Society of Civil Engineers

Nationa7 Society of Professional Engineers

National Association of Corrosion Engmeers

Society of Petreleum Engmeers

Internabonal Society of Environmental Forensics

National Academy of Forensic Engineers

ASCivf Sustainability Committee

Dr. Campbell has more than 20 years of eXperience irr mulhple states completing multi-drsaphnary
anagem ent. solid ivaste disposal, engineering design, hydrogeology, water

projects in hazardous waste m
ctiunresources, lrydrologY• corrosion, rislc assessnrent, constru, and Client-Agency inh=rface.

PROFILE^ OF PRO__, __.., FESSION'°-'L ACTIVITIES
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PRESSLEY L. CAMPBELL

Dr. Campbell is a hazardous icaste lecturer and has given seminars at local, regional, national, and
international conferences. The majority of his experience in the hazardous waste manageinent field has

involved collection of data, design of site reniediation, coordination with Agencies and Clients,
construction oversight. and project documentation. The range of project types are civil worLs and
hydrologic based and e\tend to landfill and closure design, mme sporl management, groundwater

treatment, cutoff wall and leachate collection systems, btoheatment, buddmg decontamination, watershed

analysis, and audits for corporate acquisiflons and property transfers-

Dr. Campbe6 has directe(i significant groundtvater, soil, and surface water projects, including
sophisticated groundwater computer models, recoverv of groundwater and Dense Non-Aqueous Phase
Liquids (DidAPLs), sophisticated soil arrd goundtvater interactron investigations includ'urg fate and
transport of constituents. corrosion engineering studfes. aerial mapping, dritling, permitting, geotechnical

engitieering evaluations, working cvith on-site operations persotmel to implement engineering
recommendations, aqurfer rLL a<sessment, slurry trench construction, state-of-the-art vault Iandfill

desrgru, and indoor air quality assessnrents Most projects included the development of comprehensrve

wrork plans with sampling and analysis plans, quality assurance project plans, health and safety plans,
and subcontractor plans. Dr, Campbell, as an officer of the TT Corporation frequently, prepared

subcontracts uxluding scope, oversight, and reimbursement

A summary of project eaperience follows:

QEso ^ . ^
HUdrotogtt and 111tdrerrlir Projects

^ ComplePed an eval9ration of the potential surface water impact of a release fmm a facility in the

Atchafalava Basin. Work induded evaluation of EPA and LDEQ models, developmatnt of an

independent model and repnrting to counsel

. Completed an evaluation of the flood events near Barahoo, Wisconsin, for an industrial faci8ty.
Reviewed fIood analyses completed bv the Pederal Emergencv Management Administration fl'FMA)
and local commumttes Recommendations included practical, flood channel modifications (at the

facrhty), and early warmng models to rednce the potentral adverse financial mrpactcaused by future

flood events

• Completed an evaluariorr nf the raurfalt, runoff. and sedunent di.scharge for a watershed near

Ashevil3e, North Carolina. Work included evaluation of analyses completed by others,
implementation of computer models, cost esfimation, and site modifications to mrniuwize impact to

the site. Work involves potential lit9gation and is attorney-client confidential

• Completed a probable maximunr flood and probable rnasirnum precipitation evaluation of the

Missouri River at Omaha, Nebraska for licensure of a nuclear power plant site. Work included
comprehensive evaluation of the watershed, unit hydrographs, precipitation records, and
optimization consistent with the flood studv requirements of the Nuclear Itegulatorv Commission

• Courpietcd an evaluation of the Delaware River near Philadelphia. Work irrcluded a comprehensive
review of the flood study completed by the National Plood hisurance Program (NPIP) and subnrittal

of hydrologic and hydraulic analVses that accompanied a submittal of a challenge to the study. As a
result, the NFIP lowered the 100-year flood plain elevation at the facilitv in question that resulted in a

multimillion dollar savings

• Coaipleted evaluation of four dam sites in Pennsylvania and West Virginia to evaluate the hydraulic
suitabilrty to withstand probable tnasrmum flood events pussuant to dam safety analyses Work was

consistent with federaI standards
I DOtVp01167
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Desagn Engirrecrlng

• Design engineer and oversight engineer for the construction of slurry walls at 11 facdrttres in the Gulf
Coast Region includmg the followuvg Louisiana locations- Baton Rouge, Napoleonville, Lrvingston,

Uncle Sam, and St Francisville. The projects involved hazardous and non-hazardous waste sites;

federal, state, and local rogu)atiorns; and diverse leachates and groundreater conditions. The size of
the slurry rvalis ranged from depths of 72 feet to ^0 feet and lengths of several hundred feet to over

10,000 feet and backfills rnnged frum soil/hentonite to cement/bentonite mixlures The majorityof

the appIications were to affect groundwater containment to reduce potential long-term liabilities

• Design of closure of tavo solid waste (non-hazardous material) landfills at industrial sites in
Louisiana. Work inclrided collection of soil and groundwater samples, alterriative evaluation,

collection of design data. engineering design including drawutgs and specifications, construction

oversight, and submittal of documentatton to regulatory agencies

• Design and agency coordination of a site investigation induding surface runoff, soil, groundwater,
and petroleum bydrocarbon at the former WeGhnghouse facSrty on Choctaw Drive in Baton Itouge,

Louisiana A groundwater recovery program was developed arid implemented to recover
non-aqueous phased bquids (NAPL) that contained substanbat concentrations of polychlorurated
biphenyls (PCBs). A design that removed soil unpaired with PCBs and backfill tvas implemented
The work inc7uded the design and construction oversight of 500 feet of B-foot diameter reudorced

concrete pipe (12CP-) to allow storm water to be conveved in an etisting ditch near the property
boundarV. All work was completed successfully and closure approved by environmental agencies

svith jurisdiction

• Design of the closure of a sofld waste management facility in northern Indiana in accordance with
regulatory requirenxents. Design inclut9ed collection of design data, slurry wall, svnthet3c liner cap,
groundtvater recovery system, dr'awmgs. specifications, construction oversight. and submittal of

documentation to agencies A portion of the cap and sturry waB extended beneath a burlduig and

railroad yard that presented urrique engineeriug and construction criteria

• Design engineer for two hazardous waste landfills and revrewmg engmeer for the design and

construction of four solid waste landfills in the Gulf Coast rep,ron Work included engmeerrng design.

drawings, and specifications; constraction oversight; and permit applications to regulatory agencies

• Design of containment and groundwater recovery, treatment and discharge system at a 17-acre site

under the jurisdiction of a U.S. EPA Region 5- 106 Order '1'he site zs in northerrt Indiana and the

work is funded by a group of respondent PRPs. The constituenLs of concern include oils, solvents,

and heavy metals. Special featrrres involved in the project included zvetlands mitigation, slorry wall
design, recoverv and recharge wells, NPDES permittarg, biological treatment of groundwater, carbon

treatment, and air quality permittuig. Engineering design included drawings and specifications

• Design of investigation plans, cmllection of needed data, design of overaUsite demolition glan at the
former Godcbaux-Henderson sugar refinery in LaPlace. Louisiana, for the Fort of South Louisiana.

Work mcluded preparation of remedration demolition bid
treatment factihhes, two

buildings stacks

building was 1a storres with galbe_ tos-sheet exterior), water
(205 and 255 feet tall), boilers, and related structures mcludrng disposition of asbestnc_cnntarntng
materials, PCB-laden transformers an[l hallasts, fluorescent light bulbs, mercury, and ufher chemicals

and construction debris, recycle of aB material possible, construction oversight and documentation of

activities. Additional related work included administrative submittals to obtain brownfield funds,
public relations plan, OSHA compliance, explosive dennofltion plan, and design of scaffold systems

• Fifteen to twenty on-site remediations involving sludge and drum handling, and design oversight

and docutrrentation of construction

( DON001168
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• Five on-site projects including design/construction ef new ponds/Iandf$ls

• Responsible for over 30 projects involving the remectiation design of brine ponds, permitting of sohds,

water anci waste disposal, environmental baseline and impact reports, corrosion engineering, and

flood/channel'unprovements

• Design of conosion control proteetive measures including implementation of corrective actions at five

Strategic Pelroleum Reserve (SPR) sites in Louisiana and'Lexas for brine collection, puuiping and

transport. Work include:l collection of representative samples, evaluation of extent and impact
caused by corrosion. evaluation of alternative remedies. and oversight of selected renredy to reduce

corroston substantially

• Design of a groundwater pump and treatment system for seve¢al sites impacted bv t3TEX
compounds Tlie sitesuce extraction weLL, air stripper treatment, soil vapor extraction, and

reinlechon wells of permrtted effluent

• Design, construction over'srght. and operahonal rnon.rtonng of a vapor extractto s to the vadosel
industrial sites in Indiana. Illinois, and Mrchigan. The reiease of orgaruc compounds

zone in shallow soils is being effecevely remediated

• Design of an air sparge and soil vapor extraction systeni for a site ui south central Micingan that
exhibited groundivater inrpaitment due to tlte presence of chlorinated solvent couipounds

CERCL4 and btactive Sitrs

Dr. Campbell Iras managed several Comprehensive Environmental Response, Compensatron, and
Liability Act (CERCLA) Superfund projecLS and administrative orders. He has managed activity tvitliin

remedial investigation, feasibility'study, risk assessment, remeclial design, and remedial action phases

with CERCLA. A list of example projects follows.

• Froject Director of RI, risk assessment FS, RD, and RA at Louisiana's No. I Snperfund site, OId Inger.
This site proceedcd through tlre Superfund process from discovery until site restoration from 1983 to

2001 It was of the bioreinediation sites in Superfund. The project scope induded Agency
negotiatron, contract adminisaation, healtli and safety, public liaison, engineering documentation,
and design of site reniedra6on rncludmg on-site land treatntent cells designed consistent with

hazardous waste landfifi cell requirements and groundwater pump and trealment

• Project Manager for one or more RI, FS, RD, or RA tasks at ttre following CERCLA sites:

- Petro Processors, Inc., Baton Rouge, LA

- 13ayou Bonfouca, Slidell, LA
- Cleve Reber, Geisniar, LA

- Loursrana Army Ammnuitions Plant. Minden. LA

- Bayou Sorrell, Plaquemme, LA

Hardage/Criner, h4cClain County, OK
Accordingly, Dr. Campbell is kriowtedgeable with pertinent CERCLA guidance docurnents

• Project manager for the Star Lake Canal Superfund Site m Port Neches, Texas Assrstance m the
preparation of the Tier I Remedial Investigation (RI) work plan including the sample and analysis

plan (SAPI and quality assurance project plan (QAPP). Management of a comprehensive field team
and field effort during complehon of the Tier I RI field work. Review of site data including the

evaluatton of sediments and surface water in a Gdallv fnflacnce coastal envaronrnenf. Preparation

and submittal of the draft Tier L RI Report and revised draft Tier I RI Report. Preparation of a draft

Tier 2 RI worh plan and completion of comprehensive meetings with representatives of the USEPA,
TeNas Conimission on Environmentat Qhrality, National Oceanrc and Atmosphenc Admmistration,

U.S. Fish and Wildlife, Texas Department of Fish and Wildbfe, and numerous other agencies 7"he

i DON001169

lCQ1•IEcTI)GA-RQViiRS & A;StICtATES



PREqSLEY L. CAMPEELI

primary topics of the work included human health risk assessntent, ecological risk asseseurent and

evaluation of potential remedial alternatives

• 1'roject inanager for the plugging and abandonment of over 138 wells at the Tar Creek Superfund Srte
in Ottawa County, Oklahoma. The worj, Fvas authorized by a Record of Decision (ROD) for OperaEle
Unit Nunrber 1(OU 1) that induded actions to eliminate acid mine drainage and protect citizens from
the impact of mining waste over an approNimately 40-square rnile area in southwesteni Missouri,
southeastem Kansas and northeastern tlklahoma. The Tar Creek site includes the Old Piclrer Field
lead and imc muung area Underground murmg using the room-and-pillar method began in the
1840s and ended in the eariy 197Ps As water entered the abandoned mme workings, the reaction

with exposed formations caused acid mine drainage with high concentrabons of inetalc wtth

discharges to ffie surface via springs, boreholes, and shafts. The area has nver 800 acres of fleatation
ponds and over 75 million tons of chat above grade. Tar Creek was previously ran}.edNo. 1 on the
National Priorities List of CERCLA sites. OUl included design and construction of diversion canals

to direct surface runolf along controlled pathwavs rather than through mining wastes and plugging
and abandonment of wells so that grounduater woutd not impact the underiving Roubidoua aquifer,

the prmtary drinSurg water source for the area Dr Campbell attended nunterous public meetings

and presented progress reports Work mcluded daily supervrston of the welt abandonment

• Project Manager for the Ninth Averme Superfund Site in Gary, hrdiana in USEPA Region 5. The
work mcluded mllechen of over 300 sod and groundivater samples wrth the field team in Leve B
personal protective equipment; sample analysis mcludurg data valyda6on; remedial mveshgatron

report including risk assessment, feasibility study, remedial design of a soil bentemte shrrry wall and

related site rernedial action

• Design of containment and groundivater recovery, treatment, and disc'harge system at a 7-acre site

l.nown asthe Goose Farm Superfund site in US. EPA Region 2, New Jersey. The site is funded by
Potentially Responsible Parties (PRPs) aid involved volatile and seinivoiatile organic constituents.

Specialfeatures involved groundwater modeling, design of slurry wall cap, infiltration trenches,

recovery wells. air stripper, fume incinerator, and carbon treatrnent

• Review of the remedial design of a Comprehensive Environmental Response, C'ompensation, and
Liability Act (CERCLA) site witlun U.S. EPA Region 5 and within the jurisdiction of the Illirrois

Fnvrronmerrtal Protectron Agency (IEPA). `Che site remedv involved the cleanup of clilorinated
organics and their transformation compounds m soils and groundwater. The proposed remedy used
a series of off-site recovery wells, au strrpper, carbon adsorption, and uifiltraUon at a cost of about

$4 million. A sigrtificantiy less e\pensive alternative was proposed and iniplemented

• Completion of Risk Assessment and Feasibility Studies for a 1 t4 00-acre Army site near St L.ouis,

Missouri, The rvork Lvas done in accordance with CERCLA and SARA enterra and the constituents of

coocerrr are nitroarontic and lead conrpounds in soils and groundrvater

• Project Director for thvo Superfund sites within USEPA Region 6 under the Superftrnd Amendment
Reauthorization Act (SARA) involving the tcchrricaland-legal-regrilatory issues perLVning-tn volume,

toxicity, and mobility of contaminants and site remedial actions

• Evaluation of the potential impact of facilities within a former topping plant that included tanl: farms,

pipelines, and related facilities. Managed all work that has encompassed several years of effort and
includes the preparation of worl, plans, collection of data, and subnrittal of documents consistent rvith
Louisiana RECAP requirements, Sased on the site urvestigation and successfui risk evaluation, over

90 percent of the site has been released from additional investigation and 4 areas remain as Areas of

Investigation (AOls)

• Dr. Campbell completed an evaluation of the threat of a release to navigable waters, including a
determination of the potential existence of navigable waters m the vecrnrty of the Muslow 20 Tank
Baftery located within the Caddo Pine Island Oil and Gas Field, Caddo Parrsh, Loursrana The site is
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approzimately 28.7 stream miles frotn the Red River. The Muslow Site consisted of a tank bat6ery, an

oil/water separator, 19 production pits, and 17abandoned/orphaned wells. The CoastGuard and
EPA completed a removal action and the basia for the action was a determination that the cornditions

at the Site posed a substantial threat of a release to the environment. The Oil Pollution Act of 1990,
authorizes the appropriate agency to take actions at locatiorrs that present inmtinent and substantial

danger to the envtronment, as a result of a discharge of oil into "navigable waters" Dr. Carnptwll

demonstrated that the unnamed tributary located approsrmately1,0D0 feet south of the Site ^q not a
contiguous body of water and is instead designated as an intermittent stream. Research did not

reveal any data that indicated that the intermittent stream cvas ever used for commerce

Project Director of a Consent Order from U.S EPA Region 6, requiring implementation of prolect
tasks including Agency negotiations, remedia investigation, detailedanalysis of alterna6ves, tiesign

and construcflon management, and closures for 1^ solid ivaste manageinent units (SWMUs). The

work resulted in budgeted evpenditures elceedfng $50 million. The RCRA-driven project

enconipassed 10 vears of site activitv

Groumimw ter Projects

Project Coordinator for a site assessment of a comntercial property in southern Louisiana with impa'ct
by perchloroethvlene to 180 feet3epth. The site received regulatory and legal assessment in the

development of altematlve action plans

. Development of a groundwater recovery program for a site in northern Indiana irrvolving DNAPLs
and Floating Non-Aqueous Phased Liquids (FNAPLs). A recoverv program was snccessful in

DNAPL recovery

• Project Director of several investigations anai remediations involving DNAPLs encountered in the
subsurface at depths to 200 feet. Dr. Campbell has authored teclurical publications and made

presentations at secnmars in this area of specialized expertise

• Completed Underground lnjection Control (UIC) projects for sites in Louisiana. Arkansas. and Texas

consistent wrtlr state and OSEPA regrtlations and pern»t requirements

• Development and oversight of over 20 groundwater monitoring plan.s

• Conducted and completed eight groundwater migration investigations with aquifer risk assessments,

including constituent computer modeling. technical representative for the nation's largest abandoned
hazardous waste srte, and expert testrmony m bhgauon cases Most work routiuely required frequent

Client and Agency batson

• Completed evaluation of the groundrvater at several sites whtch resulted in pursuit of natural

attenuation with momtormg as an altemative

• Completed an evaluation of a groundwater pump and treat project with 20 years of operational data

Prepared a comprehen.stve analysrs report that was accepted by the EPA and state agencies for
reduction and cessation of pumping. The primary constituent of concern was trrchloroethylene

• Conrpleted a comprehensive groundwater model for a portion ef the Red River Waterway watershed
for the U.S. Army Corps of Laigineers, New Orleans District, for the de.sign of five locks and dams.

The objective of the model was to define the impact (if any) of the locks and dams (pools) on the
shallow groundwater table including the potential impact titat the groundavaier may have on the soil

stability and agriculture near tlre waterway

• Project manager in support of fitigatian to defend industrial operations for ^_S-year duration site
activity with dominantlv potential groundwater impact, worSs included evaluation of activities on
ground surface that may have impacted the subsurface including. leaching of salt cavems, brine
ponds, surface water drainage. effectiveness of soil bentonite slurry ivalls, electromagnetic survey
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interpretation, groundwater pmnp treatment, and evaluation of investigation collected data including

Cone Penetrometer Testing

Conlptiauce/ Pennittin8

• ides Profe.ssional @ngineer tPET review of permit applieations for National Pollutant DischargeProv
Eliurination Svstem (NPDES): Publiclv Ow'ned Treatment Work (POTW ) discharge perrniis,

Stormwater Pollutiorr Prevenhon Plan (SWl'PP) permits; Sp'ril Prevention. Control, and

Countermeasurec (SPCC) permrts; and erosron and sediment control plans

• Provides PE review of permitapplications for Comprehensive Nutrient Management Plans (CNMPs)

for agricultural facrbttes throughout tlie Mrdwest and South

• Provides PF review of permrtapphcahons for US Army Corps of Engineers (USACE) Wetlands

Section 40-1 permrt,

• Provides PE revrew of permrtapplicanons for remedial designs in accordance with CERCL.A.IiCtiA.
and state programs rncludrng ivaste minimization planc Snch pernuts frequently mclude an air

permit application or verification of compliance with air quahty regulations

• Prepared a Resource Conservation Recovery Act (RCRA) Faalhty Investigation work plan for a major

chemical facility in northern Ohio that was mider the lunschcnon of the Ohro Envuennrental
Protection Agency (C)EPA), U.S. EPA Region 5 and the Nuclear Regulatory Comrmssion (NRC) The
RFl work plan was implemented and resulted in several additional activities that included a

corrective measure studY (CIv1S) and closure of solid waste management units (S6VMUs) on-site in
accordance with USFPA and the NRC using lOCFP. Part 20.2007. The sanlple collectimi and
laboratory analvsis plans were included in the Quality Assurance Project Plan (QAI'P) consistent witl+
EPA and NRC standards and met all Qualrty Assurance/Qualitv Control (QA/QC) requirements of

NRC and EPA '11?e decrgn and construchon of a RCRA on-sde landfill cell were consistent with all

EPA RCRA criteria The design served as the basis to allow mithorization of the on-site cell to be used

for placement of materials that contained concentrations of uramum withm accepted regulatory lumts

Prroperty Transfer Projects
• Property acquisition analvees at multiple faei7itv locations for five major corporations. Nearly all of

the facilrties had RCRA permits or were applyirig for RCRA permits at various waste managenient
uruts. The work at more than 50 RCRA-regulated facilities involved the preparation of project

planning documents, the execution of field work, analytical testing, data evatuahon, estimation of

potential remediation costs, and completion of compliance review opuuons The rvork v+as

couipleted on a rush basis due to schedule requirements

• Site and building decontaminafion. Removal of drums, contammated scn7s, asbestos, biologic wastes,

stacks, siding, foundations and piping, razing of several structures consistent with Agency

requirements
. Devetopment of remediation plan for a major paint manufaeturing plant, Agency liaison for a

Consent Order, and coordination of building decontamination including razing of structures, asbestos

cleanup. tanks• and associated debris
. Completed several Phase I/Phase II environmentai site assessments and compliance audits in

accordance with ASTM standards

Mute and NfvreTmliug Related Projects

. Promoted, planned, supervised, completed, and reported on over 20 projects in mine tailings disposal
and water resource investigations. Aspects of worl, included sophistlcated subsurface, field and
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laboratory investigations, slope stability analyses using cornputer nrethods, maximum probable 11000
studies, hVdrogeology, seepage, and spillway designs: erosion conbol; and wastewater treatment

designs. Each project included field implementrtion of designed reniedies and frequent Client and

Agency Laison .

• Completed hydrology and hydraulic design of spillways. channels and related appurtenances for

over 15 coal refirse disposal facdities in Penn=ylvania, West Vugtma, Vagmra, Tennessee, FentuckV.
and Oluo All facilities were desrgned to withstand 40 percent of the probable maermunr flood

consistent with federal and state requirements

• Completed site assessment and evaluation of potenttal rmpact to surface water and groundwater by a
release of about 250 million galtons of coal slurry from a nrirung operation in Appalachia. Worl,

included collection of data,developnientof sainpling and analysis plans, coordination witlr
nunierous regulatory agencies, the public, and developmentof a dow-rnstream water user forecast or

notification program, including streamfloiv and sediment transport analyses. The accurate forecast

model resulted in savings to downstream water users of several millions of dollars

• Completed an evaluation of the generation of acid rock drainage (ARD) at a large highly-publicized

gold mine in Colorado that is under the jurisdiction of CERCLA Work was completed on behalf of a
law firm in support of litigation. The work irrcluded evaluation of historical production of ARD and

potenttal addition of ARD as caused by mtning operations durmg the 1980s

• Cornpleted rrrining and mine plan investigation.s for ore reserves in the western U.S. that included

precious metals, ore reserve and environmental studres; completed mmmg plans for coal reserves in

Wyoming, Illinois, Indiana, Ohio, and Pennsylvania that implemented a decr.aron tree matrLx method

of selection of reserves, below gronnd and near surface, ore management facilities plarucurg,
transportation and delivery of product to market. Work in the western U.S. included substantial

envirorrrnental characterization work to nteet fcderat standards

Dcrwatering aed Groundwater Cantroi

Project engineer for the design and implementation of a dewatering project to dewater a 10-ft
diameter huvrel, 80 feet below giade with the static groundwater depth 30 feet below grade and
underlying bedrock. approximately 10 feet deeper than the tunnel invert elevation. Ttte length of the

tunnel was more than 10,000 feet and ttie nuurber of wells was approximately 1.000 (all wells were

not required to be pumped srmultaneously) The groundwater pump for dewatering was discharged
into the aquifer at a distance sufficient so that there was 110 unpaument to the ongomg groundwater

effort. The tunneling project required approximately three years duration for constructron and

periodic evaluation of changes in site conditions and pumpage requirements alor+g the tunnel

aligrunent
. Project engineer for the design and implementation of a deivatering project in southern Louisiana to

dewater an eacavation of depth appioumatety 15 feet below ground surface immediately adjacent
the firewater storage pond of the facility. The tiewatering was accomplished through the design and

construction of a sheet pile wall in combination with well points to depress the groundwater table to

allow stability of the excavation beneath the groundwater table

. Project engineer in southerrr Louisiana of a dewatering svstem using evell points to excavate the

foundation for a landfill approxrmately 15 feet below ground surface for a facility near New Orleans

and near tlre Misstssrppr River The r+%ellpomt dewatering systeni depressed the groundwater table to

allow safe construction without the use of structural barriers fnr a dura6.on of two years

e Project engineer in southern I,ouitarta of a dewatermg system usirrg well points to excavate the

foundation for a large excavation to a depth of approximately 15 feet below ground surface for a
facibty near New Orleans and near the Mississippf River. The wellpomt dewatermg system depressed

1,yA,oloq V
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the groundwater table to allow safe construction without the use of structural barriers for a duration

of one Vear

• Project engineer for the design of a dewatering project for the eNcavation of a loct, altd dam along the
Tennessee'tombigbee Waterwav. The design involved the use of wellpoint system to depress the
groundrvater table nearly 30 feet below its static elevation and maintained the drawdown for a peiiod

of 2 years during construction

Civil Engineering/Gcotecflnical/Vibrartiou

• Fngineer of Record for over 950 structural assessments on behalf of insurance companies for
residenflal attd cornmercral structures in I.ouisiana, Mrsstsstppt, Alabama, and Te+cas following
hurncanes Katrma and Rita Activities mcluded s1te mspections, evaluations and re);ort preparation

The emphasis of the scope of worf, was an estimate of wind and water damage. the potential cause of

damage and recommendationfor repair -

- Geotechmcalengineer of record of the slope stability analyses, structural analyses, and submrttals to
Cool. County, Illinois in the matter of excavation of over 200,000 cubic yards of soil from the streets,

anci neighborhood of Barrie Park. The site was immediately adjacent to an interstate highway, a

railroad, residences, utilities, including water, sewer, telephone, and internet cable. All engineering

was submitted on behalf of Commonwealth Edison to multiple organizations to review to allow

verification that damage to the nearby facilities would not occur

• Completed investigation, analyses and docunrentation of potential damage caused bv vibrations as
the result of pile driving near construction of substantial buildings in Shreveport. Louisiana. Work
mclnded assessment of subsurface geotechnical condithons, review and anatysis of comprehensive
vibration measurement records, uispectinn of utrlrhes, includmg large diameter buried storm sewer,

evaluation of soil settlement, retauung waIIs, and buildmg distress

• Completed inspechon, analyses and documentahon of potenhal damage caused by vtbrabons to eight

residences near Ltvnnta, Louvsiana, as the result of an explosion durmg drrllmg of a deep well Work
included inspection of residences, structural evaluation of potential deflects, preparation of

remediation cost estimates and reporting to counsel. Work is undenvay

• Completed inspection, analyses and docunientation of potential damage to properties including
residences and retaining walls caused by vibrations near a highway conshuction site near New Iberia,

Louisiana. Vibrations were potentially caused by pile driving near a highway construction site.

Work is underway

• Completed geotechnicaI evaluation of deraihnent site in northern Louisiana including analyses and
design of a sophisticated watl system to support railroad loading during excavation of soil. Word,
was reviewed in detail by railroad and Louisiana Department of 1'ransportatiun and Development

(LLIOTD) engmeers to verify geotechnical and structural irttegrity

• Complete inspection. analyses and documentation of potential damage caused bv vibration.s to

properties near the construction of a highway and bridy,e near Columbia. Louisiana. Work is

undernvay

• Evaluahon of construchon durmg 1998 at the Louisiana Department of Wildlife and Fisheries faciLty

at Woodworth, Louisiana regardmg 92 impoundments, soils, synthetic Iiners, pumps, pipes,
racerways, and appurtenances to esflmate the cause for settlenient, cractang, loss of watertight

integrity and impairment. Additional facilities investigated included structures, parking areas,

restrooms, and visitor stations regarding earthu'ork, concrete, and steel construction and quality.

Numerous soil, concrete and synthetic liner samples were obtained, tested and evaluated by several

engineering specialists in an effort to reconcile potential differences in opinions
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• Evaluation of concrete at a facilitv near Aletartdria, Louisiana to define alternative causes of an

incident that included streng0i, surface ucatment. curing chemicals. temperature, and moisture and
the potential inipa'ument to ttte perforurance charactervstics Work mcluded a reasunably

comprehenstve revrew of Amerrcan Concrete Institute (ACI) and Amencan Standard for 3'esturg
Materral-,(ASPM) for concrete Site samples were obtained and tested by CRA and others

• Evaluation of concrete at a constructron site near Lafayette, Louiat,ana. Work mcluded evaluation of
concrete batch design, dehvery records, temperature, tune, placernent tedrniques, water content, and

related matters. The rvork included several site urspections and revietiv of concrete test records
completed tiy others

Risk Assessments

• Development of risk assessments in joint effort with toxicology experts for five sites to submit to
regulatory agencies regarding conecGve action

• Completion of a Risk-Based Corrective Action plan for a groundwater pump and treatment project
involving chlorinated solvents released in a high vield aquifer. fmplementat9on of the punip and

treat has had substantial success during a 15-year pumping history

• Development of a risk assessment for an apartrnent complex near a site impacted by chlorinated
solvent5. Worked with toxicology experts and Louisiana RECAP criteria including submittal to the
Louisiana Departinent of Environmental Quality and Louisiana Department of IIealth Services

• Review of project reports subniitted in accordance ivith the Risk Evaluation Corrective Action

Prograut for sites in Louisiana

Trarrr Derar7nrents

• Project Manager for the evaluatron of subsurface unpact as the result of a tratn derailment near
Shreveport, LouLtana, on June 17, 2002 Approximately 18,000 gallons of a naphthalene-based
solvent was spilled 17re extent of the free product plume was determined and three French drains

were installed tocvllect the LNAPL. Sheet piling was iristalled and approximately 6,800 cubic yards

of impacted soil ivere rernoved A risk assessntent ivas conducted in accordance with the Louisiana

RECAP. The LDEQ issued site closure in less than one year of the derailutent

• Project Manager for the evaluation of subsurface impact as the result ot a train derailment in

Livirrgston, Louisiana, on September'Jli, 7982. Twenty-seven of the 43 cars carried ha7ardnus waste.
One tank car contained perchloroethVlene (PCE) that was lost during ihe deraihnent. A slurry wall,

recovery wells and a sump recoveiy system were installed to recover the PCE from the subsurface.

The extent of impact was determined and approximately 70,000 cubic yards of soil was removed
Groundwater pump and treatment continued for about 10 years

• Techntcaf support mcludmg engineering evatuations, cost analyses, and agency liaison for the
evaluation of subsurface impact from a gasolme spiit In tbe mtd-19$Os a traut struck a 5.O00-gallon
gasoline truck stalled on the tracks in I:etmer, Louisiana. Due to the resulting gasoline spill and
i.nferno, nearby residents were evacuated. The subsequent uivesflgation showed gasoline constituents

in soil and groundwater to depths of 20 feet below grade. The LDEQ took action rvitlr the transporter
and eventually restored the site through the inactive and abandoned site division

• Technical support including engincering evaluations, cost analyses, and agency liaison for the

evaluation of subsurface impact after a train derailment. On August 14, 2003, a train derailment
occurred that consisted of 136 railcars. Of the 33 cars remainittg ott site, four of the railcars had a

release of contents consisting of approximately 15 pounds of cvanuric acid crude, approxinrately
20,000 gallons of petroleum oil, approximately 50 gallons of a Iiquid containing etboxylate, and

approximately 40 gallons of creosote matenal The released matertals were contauted m the proxt_mrty
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of the derailment and did not enter the surface waters of the State. Approzimately 400 cubic yards Of

impacted soil rvas excavated and removed from the site. Groundwater monitoring continues

.9dmirristra tirre OrderWort:

• Development of Agency Consent Order for closure of ove.r?0 waste management units at one srte

including issues of solidification, chemical recovery, incineration, on-site vaulting, iu-place closure,

groundwater control, treatment and disposal, and deep well injection

• Completion of four CERCLA Remedial lnvestigation/Feasibility Study (RI/FS) investigations of

major abandoned sites

o Development of eight closure plans submitted for Agency review

Uadergroutd Storage Tank (UST) Projects

Alanagement of four regional contracts cvith major oil companies for definition, Agency llaison, and

remediation of UST nranagement. Worl, responsihilities included. safety, planning, subcontracting,

drilling. sampling, testing. Agency liaison. and reporting

Agrououry rnrdAgricatturaf Projects

• Completed ecnrrsework and prolects for prcrviding technical services to the United States Department
of Agriculture Natural Resources Conservahon Service in mulhple states Typically these evaluations

and designs include nutrient management planning, rautfall-runoff analyses and vegetahcnr or

revegetation issues

• Completed four projects at sites with the specihc project oblecttve to restore vegetation The

constitaent of concern vcas salt at each site

Otlrer Project,,VEsperiexre
. Project manager for a site evaluation of an industrial facility in Baton Rouge. Louisiana that

discovered concentrations of polychlorurated biphenyls (PCBs) in soils that exceeded the acceptable
regulatorv limit. 'Yhe deiections were encountered beneath concrete pavement, parking areas, and

dramage pathways. After en investigation a plan was prepared, appioved by LDEQ and
implemented that mvotved removal and off-site disposition of concrete and soil, liad.fill, and site

restoration. The investigation, closure and approval were under the jurisdiction of LDEQ

. Project manager of an investigation of potential soil and groundwater impact of a site in northern
Lonisiana rn accordance with Lourstana RECAP requirements. Work required coordination with

regulatory agencies and a confidential chent The prolect area evaluated was several hundred acres
and included potential intpact to residences, comnrercral burldmgs, apartments, churches, pipelines,

and other facilities
• Project manager of site evaluation of detection of polychlorinated biphenyls (PCBs) in a transfornler

at an indnstrial facility near Houma, Louisiana. The transformer oil and carcass tivere tested and an
off-site disposition plan implemented that included incinerator of the PCB-impaired oil and landfiB

disposal of the carcass.
• Project manager for an oavner of':i transformers tlrat included testing, reporting, and off-site

disposition in accordance with applicable regulations of the oil and carcasses of the transformer unils,
p,pprnxrmately 50 percent of the transformers contained oil with concentrations of polychlorinated

biphenyLs (PCBs) that exceeded regulatory limits and required action

• Confrdentral Client Management. documentation, and disposition of destruction of 12 drums of
iyaste contavung's,3,7.fz-tetrachlorodibenzo-p-dioain (TCDD) or dioxin, CAS No. 1i46-01-ti. The
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project included characteriz.ation sampling and testing to define disposal issues, and search for

competent sites to complete the incineration of the solids. The activity included a comprehensive

_ review of U.S. and international packaging, transportation, and destruction of the drum
requirements. Dr. Campbell supervised staff to prepare incineratinn specifications, plan
transportation. accompanv and oversee the shipment by truck, rail and sea to the selected incinerator
site in Sweden Staff traveled to the mcmerator facrfity, oversaw the mcmeration and returned tvith

certiftcatienof destruction The docunientabon submitted to the chent mcluded a comprehensive
chronological log of activity, manifests, records, and photographic record. Confidential Chent;

Location: Illinois; Engineering fees: $35,000; Total cost: $150,000

• Project manager of site evaluation of detection of polychlorinated biplrenyls (PCBs) in a transformer

at an industrial facility near liouma, Louisiana. 'Ihe transformer oil and carcass were tested and an

off-site disposition plan implemented that included incinerator of the PCB-impaired oiiand landfill

disposal of the carcass.

• Project manager for an oxvner of 27 transformers that included testing, reporting, and off-site
disposition in accordance with applicable regulations of the oil and carcasses of the transfurnrer mlits.
Approximatelv 50 percent of the transformers contained oil with concentrations of polychlorinated

biphenyls (PCBs) that exceeded regulatory limits and required action

• Confidential Client. Dr. Cacnpbell provided expert testimony support regarding the loss of integrity
to a benzene pipeline located in Geismar. Louisiana. The benzene pipeline extended beneath a
highway and lost it is mtegrity as a result of corroston bxtensrve emergency response and long-term

response were required to restore the Site An evaluation was performed ou the site and of nearby

pipehnes to determine the potential cause of the failure and the potential mterrelanonshrp of the
surrounding pipelines that may have caused the pipeline failure and potential loss of the pipeline

integrity
• Project manager to evaluate and address the potential for stress corrosion cracking in an ethanol

pipeline near Arlington, 1'exas. It tvas anticipated that an existing 8-inch diameter underground
pipeline constructed of carboo steel in about 1988 was to be used to transport the ethanol. The
prPetii1e was designed and constructed in 1988 and was about 4,0011 feet in length. Dr. Caurpbell
determined that the primary cause for concern for a pipeline in service to carry ethanol is the

"tnsuious" character>_shc that there vs httle oi no indication (or waining) of damage until a failure

occurs

• Prolect manager of an mve.stigation of the indoor air quality (IAQ) complaints at the Lafayette,

Louisiana airport Arr Traffic Controller buildmg Dr Campbell evaluated the history of "asthmatic

conditions" etperienced by workers, lhe buildurg design, eperatton. and mamtenance, and the design,

operation, and inaintpnance of the I-IVAC system. The work included an evaluation of IAQ

circulation and builduig couifort as defined by air conlroIlers. 'Ihe inrvestigation determined that the

HVAC
system was not operated with recommended guidelines. A questionnaire was designed based

on interviews with building user groups

• Project manager for the completion of secondary containment feasibiiity study and preliminary

design for a pipeline terminal in Iefferson Comilv, Texas. The pipeline terminal consisted of eight

80.000 barrel aboveground storage tanl.s and associated station piping. Activities included
topographic survey review, release scenario evaluation. containment volume calculation.

development and evaluation of containment altematives and design calculations and

recomniendations
• Preparafion and submrttal of a Potable Water llvstribution Identification Plan for trivo pipeline

facilities in southern Louisiana. Activities mcluded the tdentrftcation of on-site potable water prptng

and outlets, performance of a formal cross comtection control survey of the facilities, and preparatioa

and submittal of a formal Distribution ldentification Plan for aA on-site piping

PAGG I2I DON001177CONFSTDGA-ROV&RS & ASSOCIATES



PRESSLEY L. CAMPBELL

• Project Coordinator for investigation of a 10-story office building in the southern U.S, to define
existing conditions regarding assertions that the building ethibited poor indoor air quality tIAQI.
The investigation induded review of building design. HVAC system audit, and collection of
qualitativeIAQ samples for determutation of the presence/abseuce of molds, fungi, and bacteria.

The investigation is contmumg

• Project manager assessing the IAQ odor problem experrenced at the Methodist student center on the

I SU-Natchrtoches campus After buildntg rnspection and mterview with nranagement, the potential

cource of IAQ molds, consfituents, and odors was defined 'fhe building was modified by elirmnatron

of the potential odor source and the problem resolved

• Promoted, platwed, supervised, and reported on over 15 projects in soil mechanics, water resources,

and land development. Woil, elements included dam and spillNvay designs; fonndation settlements,
river modeling, shopping center developments, pipeline subsurface investigations, vibration analyses,

and expert testimony. The majority of the projects requircd securing numerous permits from

multiple regrrlatnry- agencies

• Promoted, planned, conducted, supervised, and reported on projects in civil engineering including

soils, water, and environmental aspects. Work elements inchtded probable maxinrum flood studies,
expert testimony, hydrographic surveying. dredging. environmental irnpact studies. pipeline design,
dam and spillway design. sediment transport, and hydrogeologic investigation.s. The nrajority of ttte

work requtred frequent Agency liaison

• Completect analysis. testing, and modificalion of pnmp and piping networls experiencing corrosion.
erosion, surface detcreoration; desegn and analysis of materials of constructron to combat attack from -
products beeng transported and the environment, includmg desepir of double-walled piping systems

to reduce the potential of a release tn the environment

• Served as a conwrusroned officer aboard NCI-0 shrps Rude, 1-teck and Whtting on Atlantic ared Gulf
Coasts from 1969 to 1972. Also, served for engineering underwater diving for dam safety inspections

from 1973 to 1976.

• Served as operations officer aboard tivee survey sliips conducting photogrammetsic, hydrographic,

and oceanographic surveys along the Atlantic and Gulf coasts

Ezper?Testiutouy and Lectures

• Expert witnes.s in litigation involving techrrical Lssues

• Lecturer at conferences and association meetings

• International lecturer at Conturoncvealth of Independent States (CIS) hazardous waste seminars and

other international, regional, and local conferences

• participated in comprehensive revieiv of work plans, agency review history, data collection
prograrns, RIFs and ecological rislc assessment of an ecological site reportedly impacted by surface
water discharges for a 50-year duration. The southern Louisiana site received lrigh visibility and
review by federal, state, and local regulators. Thc+work involved coordination with and management

of speciaiists in plaruring, estnarine ecology, surface water and dredge spoil assessment, leachate
studres, and construcbon cast estimation. The worlc product resulted in settlement of the litigation

PDBLICATIONS RESENTATIONS

Campbell, P.L., H.L. Crouse, and J.T. Gormley, "Carbon Dioxide Problema in Compressed Air
Tunneling", Proceed'nrgs Rapid Excavation and Tunneling Conference, published by the American

Institute of Mining, Metallurgical and Petroleum Engineers, Inc., VoI 1, pp. 20h2-11, 1979
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• Campbell, P.L. and B.P. Bundy, "Clean-up of the 7'ate Cove Abandoned Plazardous Waste Site.

Evangeline Parish, Louisiana". ASCF.. Environrnental Division Conference, Atlanta, GA. 1981

• Campbell, PL., R.C. Bost, andR.W. Jacobsen. "Subsurface Organic Recovery and Contaminant

Migration Siuudatiou". Proceed, Fourth National Symposium and Fxposition of Aquifer
Restoration and Ground Water Momtormg, Columbus, Ohio, 19f_44

• Par]`, D.W. N,E. Garland, and P.L. Campbell, "Case History: Remedial Action Program for Grormd
Water Contamination with Chlorinated Hydrocarbons at Major Industrial Srte", AIChE, Hazardous

Waste Conference. 1984

• Camplxll. P.L, "Automated HydmgraphicSurvey Systems", Ocean Engmeermg III Conference,

Newarl., Delaware, 1975. .. .. . . . . . . . . .. . .

• Campbell, P.L., "Trme Series Analysis of Stream Flow Data at Adjacent Allegheny River Gagzng
Stations", Doctoral Disqsertahon, Carnegie-Mellon IIruversity, Pritsburgh, Pelntylvarua, 1973

• Campbell, P L,"Recovery of Heavy Organics, Case History", Canadtan Petroleum Association,

Prevenhoti and Treatment of Groundwater and Soil ur Cagary, Alberta, Canada, May 1989

^ Thud• Campbell, P L, "Recovery of Dense Non-Aqueous Phase Liquids Usmg Wells", Proceedrngs
Annual Hazardoue Matenals Management Cenference/C'entxal, Rosemont, Ilhnors, March 1990

• Campbell, P L,"I fydrolegy ReIated to Hurricane ICatrma", Loumana Cl.auns Assocration 12il, Annual
Educatlenal Conference & Eepe, ParagonCasmo Resort, Mar6sville, Loulsrana, June 2006

• Campbell, P L, "Protechng Groundwater Resources Through a Successful Welllread Protechon

Program m Louisiana", Lorman Educahen Services, Lxaton Rouge, Loulsrana, July 2006

• Campbell, P L. ,"PAI I Baodegradahon TecJmtques and Apphcatlons• Old Inger Superfund Site &
Paradis Gas Plant°, Envtronmental Protection Agency Region 6, and the Louisiana Department of

Enviromnental Quality, Louisiana, August 2007
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MERC
S®II.. & WATER Ca

717 W. Logat Stret

•N ^ '

Telephor

V"'- } v ^ Lr
Vo..,7r i c°' .0^

Larry Vance
Ohio Department of Natural Resour
Fountain Square Building E.
Columbus, Otf 43224

Dear Mr. Vance;

^vr~,be Je r'a o /^k ne„^Gz^ v 1 t99.
^O n 1

oFS+-4-H^ ^r^'up Y
^:^ t. Pa 1'1A^FR

wi,s7ctaa cut fh^ qSa or^ w'cg^qtlON

^,7rYrta+ ^ Gr-^r .

Larry, there rs much heated discusston on ttic proposed west bank
spillway. Much of the heat comes from the fact that the Dtvtsten () ,gr

0 \1^`,A. y
I`t d^

of Water has not had a good answer or any answer to questions ttre

^,y^

C.oncerns about Pioposed Spt l lway i^jd
Yti^ ^11}'f D'

F ^^rtcl

Many to be affected _landowners also were unaware of the meeting. `v;`-
hof the public meeting held tn t e county by the Divtston of Water. y

landowners along Beaver have. The Mercer SWCD oftice was not informedA,V','
- -

1. Data from the Diviston of Water irtdtcated higher flows in Beaver'flry
Creek with proposed spillway but only out of bank flow at one

This is not reasonable to anyone ^vho sees Beaver Creek tlace .p
flow out of bank every year-

W1a"
_'. A study needs to be done showtng whatwtll happen to flood Cpt' A yr'j '

levels when sptitway is operating and when the tributaries r'
downstream of the lake are a(so contributtng water to Beaver ve

Creek. ^r
0

3. The proposed sptllway wtll remove water frorn the lake faster 'pLP 7
h r c t !(w How witl v st t d b r d ^Veen e t n oa tt i ah

4.

. ges r^.e p sp y. g rant
be affected by this increase flow?

How wiII the extsting road hridges affect flood levels and
duratton?

5. The Wabash River is the outlet for Beaver Creek. How will the
increase flow aftect the floodtng at this bettleneck?

F.• what effect wtll the increase flow from the proposed sptliway
have on crops, bridges, roads and buildings? Wtll damage be
more or less, wtih numbers to back up the state.ments^

,RECEiViEi.,
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7. The landowners in the Beaver Creek watershed downstream of
the lake did pay construction assessments and an paying
maintenance assessments. They have a right to know what will
happen - not just someone's best guess.

8. What does it take to have the state pay cheir share toward
maintenance^

9. A manag enent plan for drawdown of the lake needs to be
developed. This would seem the best way of solving the varied
interests between farmers and recreationists.

Your assistance in this matter is greatly appreciated.

64-qtJ 97A,04'.z_
Ro r Knapke
Mercer SWCD Board Chairman

dw
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MERCER COUNTY ENGINEER NON 2(, 1991

101 N. MAIN ST. - CflURT HOUSE - ROOM ZOS

CEUPtA, OHIO 45822 O^tt. a1 ltatu[al 8esources

PHOrlE 419486-7709

November 19, 1991

Francis Buchholzer
Director. Ohio Department of Natural Resources

Building 30
Fountain Square
Columbus, Ohio 432z4

RE: crand Lake West Spillway Replacement

Dear Ms. Buchbolzer,

...,.. ^n nf 4iptp<

The replacement of the west spillway is an important safety
related project. I have reviewed information supplied by O.D.N.R.,
and I have reviewed the 1981 •'Survey Report for Flood control and
Allied Purposes" prepared by the Louisville, Kentucky District of
the Army Corps of Engineers. There are wide discrepancies between
the two sources of data and I believe additional detailed analysis

should be performed.

The Corps Report indicates an observed bankful flow of the
Beaver Creek outlet beig about 250 c_f.s. O.D.N-R. indicates a

capacity of over 700 c.f.s_ The Corps report indicates peak stage
lake levels for the ten year through 100 year storms being
approximately one foot higher than O.D.N.R. based on 51 years of
record measurements. If the Corps report is correct, larger
outflow will pass oncontrolled for long periods over the proposed
40 percent enlarged spillway to an outletting stream of very

limited capacity. This situation could cause very costly damages
especially to structures such as the Lakefront Racket and Health

Club.

it appears to me that enlarging the spillway crest would cause
more damage than good, even if O.D.N.R. figures are correct-
outlet graphs supplied by O.D.N.R. indicate no reduction in lake
peak stage elevations for storms smaller than a 50 year storm.
Even the 10o year storm only shows a 0.2 foot peak stage reduction.
It appears that this minute rarely occurring reduction would be
more than offset by increased damages along the Beaver Creek
outlet. According to O.D.N.R. charts, the peak discharge is
quadrupled for all storms larger than a ten year event and smaller

storms were not analyzed.

It appears desirable for a lake regulation policy which
balances the value and probability of attaining the desired

poo l
dg around

desired
andlalo g thenBeaver Creek

damag- like ly to occur

.^l(efeea ^'a.<n!-ye _ _ .^'^[ce% en .`_^'slary., a _Z<a«<y ^'^a ^ i^.y..e...i.^..e an.^ ^ !^ art :i^<e>ea,aan
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outlet. Perhaps the Beaver creek outlet could economically be
improved to safely handle increased outflows. Perhaps combining
this increased capacity with a lake regulation policy, that
includes the benefits of weather forecasting, could allow routing
of peak flows through the Beaver Creek outlet at times when the
outlet can handle the flow, and allow holding back flows during
short periods while the-peak from local storms subsides. Wideninq
the upper three miles by approximately six feetis one alternative

I believe should be studied.

A detailed study such as those desiqned by the Corps of

Engineers Hydraulic Engineering Center (HEC) would be time
consuming and expensive, but valuable. It is quite possible that
such a study could not only provide much improved results, but even

reduce construction cost. The study should include detailed damage
analysis around the lake and along the outlet including acres
inundated, crop damage, structure damage, transportation and
utility damage, along with benefit analysis for different

alternatives along with an optimization procedure_

pTercer County maintains ten bridges over the Beaver. Creek
outlet and has long range plans to replace six of these structures.
We intend to utilize federal highway off system funds known as BRZ
funds. Perhaps enlarging those structures should also be studied.

S sincerely hope that O.D.N.R. gives these items adequate

consideration.

Sincerely,

Keith Earley, P.E., P.9-
Mercer County Engineer

KGEJarn

cc: Mercer County Commissioners
Senator Robert Cupp
Representative Jim Davis

^ DON001187



.<EITH G. EARLEY, P.E.: P.S.

MERCER COUNTY ENGINEER

101 N. MAIN ST. - COURT ryOUSE - ROOM 205

CELINA, OHIO 45822

PHONE dt9-566-7759

February 12, 1992

Bob Goetemceller
Ohio Departmerit of Natural Resources
Building 3D
Fountain Square
Columbus, Ohio 43224

RE: Grand Lake West Spillway Replacement

Dear Mr. Goetemoeller,

.itCE1VEIi.
FE814 1992

nrpt. of Natural Resource^
nWisinn of 1AJator

The additional information which you provided to me was
helpful and the meeting was also helpful. The improved lakeside
flood relief of the proposed spillway is quite valuable and
evidently the dam safety requirements do not allow any reduction in
outlet capacity. It also appears that any additional flooding
along the Beaver Creek is negligible in the lower portions of the
Beaver Creek. However, I still have concerns regarding flooding
near the spiliway especially at the Lakefront Racquet and Health
Club. The ground floor elevation at that facil.ity is 858.8 and the
lowest floor elevation is about three feet lower, where there are
two racquet ball courts, locker rooms, saunas, whirlpools, tanning
beds, baby sitting room, laundry room, and a furnace room, much of
which is carpeted. ]f flood elevations get above 859 there could
be some very expensive damage.

It appears certain that the new spillway will increase the
likelihood of very damaging flooding to this facility. Perhaps
this increased flooding could be eliminated by removing bottlenecks
in the upper threemiles of the Beaver Creek without any damage to
the downstream owners. Perhaps a capacity equal to a twenty-six
foot wide bottom width could be obtained at a reasonable price. z
believe that floodplain elevations should be determined for the
proposed spiliway with the existing channel and for the proposed
spillway with an enlarged channel. Those elevations should then be
compared to the existing floodplain elevations.

The proposed spilrway without the enlarged outlet stream will
probably be a benefit to many people, but a detriment to a few.
with the enlarged outlet stream, it could be a benefit to all.
Since FEMA evaluated the current floodplain in 1989, it should be
revised for any significant changes in the watershed. It shouldn't
take that much additional work to elevate an enlarged channel

condition at the same time. If it is relatively certain that the
effects of this study would not change the spillway design, then
this would not delay that project and could prevent future delays.

,/ier^e e» .,/LeJl.a^_ u. ^^+*.^'o-. a^ ,l gseeulli..ra an ( C..iel¢'`.oa 3Co-co-^4^
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We appreciate the work and commitment that you have devoted to
this project. It is to our mutual benefit that all aspects are

adequately studied-

Sincerely,

7^LOG
Keith G. Earley,"^.E., P.S.

Mercer County Engineer

KGE/an

cc: file

DON441189
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MERCER COUNTY
SOIL & WATER CONSERVATION I3I3TRICT

717 W. Logan Strcet a Celina, Ohio 45822

Telephone7 (419) 586-2548

_eo.r'jarv 28. ].°9^_

,_ _....i. Tn _ 'jesl--1n ^°e... wPg _s

s1^!e 91%p°-

_ -4^ Gott^ID

^ :: ..':^10 ,. •ri'ue
3:33.14 __-

DON001190

^Jhio Dept. ci Nar.ural

Division of Waser
Fountain Square. Bldg.
Columbus. ^^Fi 4.3234

Dear Chiea.

Resources

E-3

hlAR 0 2 ^94

S "^ ^ 1. & 1.ArGY
coPISERLA i Icrd

We, as a board of supervisorn. =eel the proposed

spilleray at Grand Lake St. I9ary-s needs several things
addressed or iurth^,r studied to procect Lhe croplar,d along

Beaver C_sek.

We underatand the weir is being raised "ov 4" to the
aiank. that is now acroas the existing weir. If thia is
done, we request that the lake draw down be kapt at the
ori-inal -Neir ie-tel and the plank be used as a buffer =cne,
rde feel che management of the lake le,e1 is arery impertant
issue. A written management plan needs --o be ieveloped

before spiiiw.ay is built.

We feel the Department of Nacural_ Hesources hae
forgotten --ne aarmer. as the Q10 design oi the spillway mi21
put 4 fzEc'`in Beaver Creek i^self_, The past year we had Q25
5LCr'J19 which puts out additional 3 feet c£ water in to
8eaver. The increased flaod over a dam of this riature will
cause hiaher peak Ylews in Beaver Creek. We have a total of
7 feer oi -.aater into Beaver wi.chouz any consideration of

.arainaoe into the Peaver Creek. Ihe charts ODNR has, does

not reileet a true picture of the banks. There is a
diMference between'spoil bank and field levels. The average
dept of Beaver Creek without spoil 'oank= is aporoaimately 8

feet.

We 3s a Ooard o.'. sUper`linCr° r_e'3i1es-ad Cllr etaff to

cai-u_3tP ^{te 3esi;:^ of Beaver ^ruaY wit:: drainage from zarm

ian"1 '__lt ` Beaver at ZLate _".CUte 1_n. There ar'= -i(i

ji,.ch h_ 7a psed :v9e the CC-Sr1t1?3 3H i'll2^_t OZ.acr4s. =.^e esi,^

3o a.._.
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The Beaver Creek. xt3el*. wcuid have t.4 feet of water

in ii. Thed3.tch icselzis approximately 8' deep average.
Therefore, in a peak rainfall all the drainage ia Qcing to be
much greater with a 500 foot dam with a 50" weir 11" deep-
Sure the epillway will handle Q10- but if not kept down below
the buffer zone there will be no protection for the farmers
downstream. We need to know what L'ne new peak flood

elevations will be and their duration.

Another thins ae would like to address is the statee

wacer- if a landcWner uses water irrm sne lake for anytning.

thev must have eermiseion ana pap -^r ic. We feei. if you

claim owne_snip oi the water :hen you have an obligation when

the water entars xnto Beaver Oreeic_ There has been no

inalIILenance money paid to the county =or th•- permanenL eount'i

maintenance 3a of thia date- It can"t be ail a one way

street. :ne state assumed 213 of the cast of clean out and

ahould :nclude in their budget on a:ontinning basis an

3mcunt fzr 2!3 of the annual maintenance. We realize :heix

will be slooding at times. but aometimeS measure_e ssn be

;;aken -_ ?reven= theee things before the get out oi hand.

n'inCe.

San i?eli•.+arth Jr-
!'hairman
aercer Z.W.C.P-

cc: 7im DWs
%(ercer Co. Conmissioners

3ob Bash
Senator Cupp

DON0011g1 q
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DEPARTMENT OF THEARFAY
U.S. ARMY ENGINEER OISTRICT. tOUISVILLE

CORPS OF ENGINEERS

P.O. 8OX 59

LOllI6VILLE, KENTUCKY n02U'-0059

November 23, 1992

Operations and Readiness Division

Regulatory Branch (North)

ID No. 194141165-pmr

Mr. J. Bruce Pickens
Ohio Department of Natural Resources
Office of Chief Engineer
Fountain Scquare
Columbus, Ohio 43224

^^^^111po

OEr)

4ritt, - •t$

Dear Mr. Pickens;

This is in regard to your letter dated October 13, 1992, concerning
a proposal to place fill material to replace an existing spillway,

construct a new lake drain, and replace a bridge in Grand Lake St.

Marys, in Celina, Mercer County, Ohi.n.

We have reviewed the hydrology and hydraulics data submitted
involving the new spillway design. It has been_.detecmined,that there is

insufficient Lnfosination to make a decisioqas to the effects that .

increasing the spillway capacity will have on iloodfrequencies and .

damages_ You need to reevaluate the discharges downstream of the dam^

for the full range of events and use those discharges in the HHC-2 and

evaluate the startrng elevation used in the RxC-2 analysis. !Fui-ther, it

has been determined that the Ordinary High Water iOHa) elevation on the
lake,^..3oI'A-=be8874.5 shown on the application drawings.

pur point of contact regarding the additional information requested is

Mr. Ron Holmberg. Mr. Holmberg can be reached at (502) 582-5513.

if you nave any questions concerning this matter, please contact

this office at the above address, ATTN: CEORL-OR-FC7 or call Mrs. Rucker

at (502) 582-5607.

^ Shel on
Chief, No h Section

atanchRegulatory

N14'.1 U i992

^ DON001 192 i



I-IYDROLf)GIC ANI3 TiYI3T;ALiLIC ANALYSIS
GRAND I,ATCE SI'. MARYS DISCHfY]tGE'IO BE"ER CREEK

i1+tER CER A21F3 AL7C=LAIZE Ct3'tltsTTIES 0 H10

:easing and Rental, Inc. Property
43hio

Prepared £or

SrizoYtensfein Zox & I}rznn Co, Lt'A
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Prepareti by:
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Fax: 225292-3614
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This reporfl was preparedby Conestoga-Rovers & Associates (CRA) at the request of Mr.

Stephen P. Sainuels oi the Schottensteiri Zok & Dunit Co:, LPA law firni (SZD), Columbus,

Ohio, counsel forCase Leasing and Rental, Inc. (Case):

Case owns 21 acres of property in the City of Celina, Mercer Connty, Ohio, adjacent to Beaber

Creek, arid a few hundred yards downstream of the intersection of Beaver Creek with the west

shoreline of Grand Lake St Marys. The Iake is oivned and operated by the Ohio Department of

Natural Resources (ODNR). Iin Jniy, 2003, following several days of raln, Case s property was

flooded, resulting in apptoxiirnately two rrm"rllion dollars ($2,000;000) of damage to a 87,500

square foot sports complex that Case had construeted on the property. CRA was retained to

investigate the cause of the flooding. As a result of the investigation, CRAhas deterrriiiied that

the flooding v,ras caused by the design and replacement- by ODNR of a 39.4-foot long spillway

with a 500-foot long spillivay (occasionally referred to beIow as the "replacement spillway')_ in

1997, wEiich allows'exce'ssive auiourits of water to discharge from the Lake into Beaver Creek,

(Photographs taken following the 2003 flood of the ivestern spillway, the Case recreational

complex and other affected areas are attached in Appendix A-)

CRA's evaluation of the, iutpact of the.spilltivay on flooding along Beaver Creek included the

review of all pertinent ODNR documents, the available historical rainfall and streainflow

recoids for the area; an analysis of historical disdiarges into Beaver CTeek, a review of previous

hydrologic and hydraulic investigations performed by ODNR and others, computer modeting

of historical and hypothetical stoinm events, and th.€ determination of the magnitude and

frequency of potential flooding along beavea Creek. Based on this evaluation, CRA found that

ODNR did not review and analyze most of the:historical precipitation and streamflow data, and

failed to perfovn a n"utnher of essential calculations- .

As a result of these and other devia.tions from accepted engineering practice, ODNR

significantly underestimated the severity and frequertcy of the flooding that the 500-foot

spillway would carise in and adjatent to Beaver Creek- The design of the replacement spillway

selected Uy ODNR has caused and wiil continue to cause. significant flooding of properties,

roads¢aiul bridges near Beavei Creek. ODNR's evaluatiort, analysisand selection of the 5oQ-

foat gillway alt-ernat"sve to address flooding in the area of Grand Lake St.11!Iarys and,

specifically; Beaver Creek was not consistentwith accepted engineering practice.

"Ilre opiaions_ lieieia arebasedon infonnation availab7e at tfie.t'enic ofsu[imittal.

CONESI'OGA=ROVERS Er A::QOASES
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INTlt(lDUGTION

This report is organized as follows- 'fhe first section ("Background") provides some basic

inforination about Grand Lake St.. Marys, its spillways and the Case property. 9'he second

section ("N.Iethodoloe') identifies the m?jvr topics, documents and information that CRA

considered and reviewed to deteniune the basis of ODNR's design of the replacementspillway,

the analyses performed (and not performed) by ODNR before its selection of a flood

management alterrtative i.e. the 500-foot spiliway) plan, ttte standards and guidance pertinent

todam management and spfllway design, and the alternatives available to handle higii water

conditions at the Lake. The third ("Analysis') aiid fourth ("Results of Analysis") sections

describe the caiculations,. computer modeling and evaluations performed by CRA; and the

resuits of that work. The fifth section. ("Impacts Resulting from tite SpiUway Replacement")

describes the effects of the 500-foot spillwayon the frequency and magnitude of floodingin and

adjacent to Beaver Creek. The last secEion ("Altematives") identifies a numbet of flood

controt/tnanagement measures that were or should have been considered and impleinented by

ODNR, instead of or in additionto the 500-foot spittcvay design that was selected.

BACICGRC>UND

Take Sf. NlaivsGrand

Graitd LakeSt, Marys (occasionalty referied to in this.report as the "Lake" or the "Reservoir") is,

iocated in Mercer arid Auglaize Counties in Northivest ()hio_ It was constructed in 7845 tp

serve as a"feeder take i.e. a source of water) for the Miamf and F.rie Canal system. The Lake

currently has two outlet structures (also known as spillways) that altow; in theory, for water to

flow'oGt of (discharge from) the lake-

The History of the Spillways

An "outlet structure' (sometinles more casually referred to as a"spiIlway") is a man=made

structure that aAows water to flow out of (discharge from) a reservoir (or body of water) in a

contcolled niariner.

Grand Lake St. Marys cuirently has two outlet structures, located on the eastern and westem

shorelines. 'the eastern outlet structure was originaily built in approximately 1852 and.

dischatges iitto a feeder cattal w3rich flows into the St Marys River. In ?988; the east-ern outlet

structure was inodified. Secanse of the size and design of it, only very minimal discharge frnm

the Lake into the canal can occuz. In 1914, a western spillway was constructed at'.Beaver Creek-

(previously, the western ontletJspiIlway was located at Coldwater Creek, which is

CqnMnGA-RovOcS & AsSOCta ns.



approxiniately 1.5 miles south of Airaver Creek.) When coiistructed, the 1914 Beaver Creek

spillway was 399 feet in length with a crest elevation (height) of 870.27 feet above inean sea

level (insl)_ In' 1988; the height of the spillway was raised to 870.6 feet to better accommodate

boatingint.erests.

ln 1979; the United States Army Corps of Engineeis ("Corps") inspected Grand Lake St. Marys

and determined that the p'robable maximiun flood event (PMF) would cause t3te Reservoir to

overtop the embankment that serves as the western shoreline, and recomniended that ODNR,

the owner and operator of tiie Lake, "develop and inipiement an acceptable plan to convey the

design flood (the PMF) safely through the reservoir without overtopping the enibankmuits."

(The PMF is deCuned by ODNR as "the flood that may be expected from the most severe

combination of criflcal meteorologic and hydrologic conditions that are reasonably possible in

the drainage basin under study"). ODNR is the agency with oversight and regulatory

authority over the pFartning; dnsign, per)nitting, eonstruction and operation of all dams in Ohio,

to assure that they do not constitute a hazard to life, healtih or property.

As is discussed in gxeater length below; ODNR did not investigate and adequately ekaniine the

available alternatives to comply with the Corps: reconimendation to safely manage flood

conditiotts at the Lake. One alternative it did consider was the.modif'ication and use of the

eastern spillway to handle a, portion vf the PMF, which would reduce the flow into Beaver

Creek from the western spillway during flood events. However,.despite the reconunendation

by its consultant, Burgess & Niple Linvted, this alternative was not iinplemented.. Iii.stead,

ODNR selected and implemented:a plan that routes all flood waterinto Beaver Creek by way of

the western spillway- In 1997; ODNR replaced the 39.4-foot 7ong zvestern spilhvay with a

horseshoe-sliaped one that is 500-feet in lengtb:r (Photographs of the current western spillway,

Beaver Cieek, and the feede:rcanal onthetheeast sof the Lake, which weze taken during a CTA,

site visit on November 2, 2005, are attached in Appendix B. The locations of the roads and other

2.)featiires iri the photographs aie depicted on Figure

The increase in the length of the spiflwayfrom the pre-19971ength of 39,4 feet to the post-7997

length of 500 feet has resulted in a substantial increase in the amount of ivater that can

discharge into Eeaver Cieek duringprecipitation events. This has and will conturue,to resu)t in

substantial and frequentfloodiitg to properties along Beaver Creek downstream of thespillway:

z The eevierfitty (50) feet of the-spillv.ay-fhc'Siotclx"-is at clevatiun 870 6 fcet msl, thGsamc as ehc prcvious
yfstitltivay_ q'he?eniainingA56fedtofthereplaceiuentspiilwayisattlevation970.75feetrrislandovectiowsinto

Beavet Creekdilring larger wet weadur:events:

2 CoNFSCOCA-liovfRS& ASSC)CtAr(-5
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nie Case propertv and surrotindin area.

(he Case property (shown nn Figure 1) is located at 6301 U.S. Roule 127just seuth of

do+Yntot+n Celina, and encompasses approximately .21 acres. The portion of Beaver Creek

ti•hich ties appiosintately 800 feet to 1060 feet downstream of lheweslerti spiliway fi.trinv4 the

norttiem property boundary of the Case property• Case purdiased the pnperti• in 1972, and

construeted an a}.Yp'oxi,matelv 87;500 sqiiare font athletic/recreatiorial cotnpl.ex on it. In 20113,

flooding caused by (he 500=foiit spillway floodedthe first floor of the sports complex to a depth

of ne'arly four feet-the recreational facilities, lacker rooms and other operations loiat'ed on the

lqwer floor were completely inundated-causing severe damage to the annplex. (r?:erial

photographs,taken betzvee-n 1.973 and 2006;of llie area in the vicinity of the Casepropertyaie

attached in flppendix C.)

METHODOLOGY

CRA obtained and revietiaect documents, iriforniation and other niaterial related to the

replacentent of the western outlet structure at the Lake to determine the basis of design

("mcluding the calculations that had been performed and the evaluations that had. been

conducted); historical precipitation, streamflow and Lake conditions; drainage basin

characteristius; fer3eral arid state regulations and policy and guidance docuinents applicatile to

datiis atid spitlways; the potential alternatives available to ODIdR to safelyliandle flood waters

at the Lake; and tither related topics. The topics, documents, inft3imation and items reviecveci

include the following:

• Historical data, including precipitation iecords froin the.National Oceanic & Attnospheric

Administratioii (NOAA) meteorological stations, streaniflow records from ttte United States

Geological Sirvey (USGS) gaoging stations, and Reservoir clevations ("Lake levels") from

the:Corps of Errgineers and ODNR;
• Drajnage basili charactenstics for the Grand Lake St. Marys drainage hasin,.including area,

shape,.slope,.land use, topography, soil types, Reservoir area arid storage and other features.,

the l:ake drainage liasin Q.e. the geograpltical area tliat drains intoGrarid Iake St. Marys)

is shriwn oin Figure 2;
• Characteristics of Beaver Creek, including geometry, slope, roughness, constriction^ and

other features;

• Statutes, regu3ations, polic,y, guilance and other clocuments applicable to dams and

sfiillways, including those pertinent to or authored by ODNR, tlie.Federal Emergency

Manager"rient Agency (FEIvIA); the Corps, and the:t3nited States Pefiartmcrit of Agriculture

Soil Conservation Service;
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e Previous analyses, calculations, modeling and other evaluations of tiie Lake and the

sirrrouiiding areas, the spiliways and the alternatives perforined by, among others, the

Corps; tlie Oliio Departrnentof Administrative Services; ODNR and itsconsultants;

All documerits obtained from ODNR relatiog to [his matter pursuant to formal discovery by

coiuinsel for Case;
e An on-site inspection of the Case property (and other areas proxirnate to the Lake).

ANALYSIS

The rnajor tasks performed by CltA were the following:

(1) Using actual historical recordedIake.Ievel measurements, a calculation of the amotint.of

water that was (or wotdd have) discharged over the 39.4-foot spillway and the 500-foot

spillway; respectively, into Beaver Creek. Based on the docvments ieviewed; this analysis was

notperfonned by ODNR during spillway nrvestigatioir/ design.

(2) A determination of the most significant precipitation events.(i.es those that caused the

most severe flooding) in the Lake area from 1913-2005 (tbe period for which precipitation data

exists)- Based on the:documents reviewed, this analysis was not performed by ODNR (or

others) during spillway irivestigationJdesign.

{3} Using the same computer models employed by ODNR, a simulation of actual histqrical

storm events to determine the discharge that was (or would.have) actually discharged over the

39.4 and 500-foot spillways into Beaver Creek during and following significant storm events?

Based oa the documents reviesved, tlris analysis was inadequately performed by ODNR driring

spiliway iitvestigation/design_

(4) A simulation, using CIDNR's: computer models, to coriipare the discharge into Beaver

Creek for the 39.4-foot spillway ac?d tlte 500-foot spillway during and follo1ving hypothetical

stnrm events of various intensities (10-, 25-, 5Q-,10D-year).

(5) An evaluation of tlte increase in the magnitude; frequency and exterit of flooding along

Beaver Creek for both historical arnd hypothetical storm events as the result of the replacement

of the westem.spiIlway. Based on the documents reviewed,#his analysis was not performed by

ODNR during spi3lway irtvestigation/design.

''ILe arialyses desenluit in pa'ag(sP6s I and 3 arc, two dif't'erent tools (using difterent mpuu aqdrnethodologies and
therefory genestingsoinewhat diifeting outputs) that ran 6e, end shoutd 6ave bccn; used:to deteramine the effect that

the5tl<wt`ootsp7awaywuldhave.andwillhave.onBoad"mginEeaveiCreek:
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RESULTS DF ANALXSIS

(

A. III STORICAL STORM E V L'ITI'CS

C$lculation and Comparison of the Historical D'rschaiee:'tnto Beaver Creek

in lay terrns, a stage-discIiarge relationship (sometimes called: a rating curve) correlates the

height of water at a particular point along a stream (or in a lake.) with the autount of water that

will flOw past thatpoint for, iri the case of Grand Lake St. Marys, over the western spiIlway] in

any given unit of tinre, such as cubic feet per second (cfs). (I'o take a"commonplace' example,

one could construct a rating curve to determine the rate at tivhich water would overfloiv a sink

based on the amount of water one poureci inta the sink.)

In the case of Grand Lake St Marys (or indeed any reservoir where a major change to a spilhvay

is contemplated), accepted engineering practice (and common se.nse) dictate that a

coinprehensive analysis of the effect of a change in spiDway size be: performed. One essenfial

aspect of such an analysis is a caicutation of the amountof water that did or would have flowed

over the 39.4-foot spilFway and the 560-foot spillway into Beaver Creek based on historical

levels of the Lake. CRA performed this analysis.

RecordeYLivater surface etevations in Grand Lake St. Marys from 1927 to 197$1 were used_with

tliestage-disc:harge relationship"sfor the:39.4:foot spillway to calculate the amount of water

discharged into Seaver t'seek through'the spillway during. that period. These same water

surface eievations were used with the stage-discharge relation.ships for the 500-foot spilhray to

simulate the conditions that would have occvrred had. tlre 500-foot spiIIWay been in ,place

betweeri 1927 and 1978.

Figure 3 depicts the amountof water, measured as cubicfeet per second (cfs), which did/would

have discharged into Beaver Creek between 1927 to 1978 for the 39.4-foot spolway and the 500-

foot spipways, respectively. Figure 3 shosvs that with the 39:4-foot spilfway, there was no

instance during the 49-year period that the Case property was (or would have been) flooded by

Beaver Creek: By contrast .had the 5p0-foot spiIlway beetr in place during that time period;

Beaver Creek would have overflowed its banks seven (7) times.

An analogy lnay help :tn expl.ain these results. Beaver Creek is similar to a kitchen sink
(iricludmg the drain pipe). The drain is sufficient to evacuate the waterthat can flow itito the

sink thi•ough the faucet (the metaphor for the spillway), even if the faueef is fully opened.

However, if a.tiYe hcne is substituted for the faucet, the drain pipe is unable to handle the

substantiallyincreased amount of water that the fire.hose can generate. The result is that the

sink overflows. The replace,ment of, the 39.4-foot spillway witli the 500-foot spiltway had the

IAt.ttjetime:GltA prepared t4is:report,osty thistime.pesiod oflake teveli wereavailable:
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same effect on Beaver Creek that replacing a kitchen faucet with a fire hose has orr the kitchen

sink. Beaver Creek: can no longer contain aud evacuate the increased amount of water.

7lierefore, it overflowed onto adjacent property, including rliat osmed byCase.

There isnoindicatioir in the ODNR records that this type of analysis was performed by ODNR.

The faifufe to perforum this anatysis of fustorical discharges to Beaver Creek to deternune_the

potential impact that the 500-foot spillway would have on flooding violates sound engineering

practice.

Determinatiomof Historical Storni EventsofRecord

in order to determine which historical stprms were potentially "severe", it is necessary to

exanrine both predpitation data and corresponding streaniflow information. The precipitation

data dating back to 1910 were obtained from se'ven NOAA meteorological stations within a 35-

nzile radius of the western spillway; the stream flow (discharge) information was derived as

described in the previous section. Based on these data, CRA deterrnined that the following

events had both a relatively large aaiouittof rainfaii and a correspondingly large amount of

discharge into Beaver Creek and, accordiiigly, were chosen as "severe"^ historical stornts of

record that could potentially restift in floodiitgfoi the area:

MarchJApre7 1913

Decernber%January 1930

May 1943

2vlarrlt/April 1957

May/jnne 1958

April/May 1972

July 1992

June/July 2003

January 2005

Obviously, ODNR could not have evatuated the 2003 and 2005 events prior to 1997, when it

replaced the westem spillway. However, the ODNR recordsindicate that.ODNR did not

arialyze the effects of the severe storm:eve.rits that did occur prior to its design of the 506-foot

spillway.

31ie importance of ctetermining and analyzu,g the significank storm events of record duri.ng.a

flood management study is to obtain an underst:xnding of how rainfall.in the area has

previoitsly caused flooding. ODNWs failure to have performed this analysis is like redesigning

a road without reviewing the amount oftraffic; that previously traveled on that road duriitg

ntsh hour. ODNR's failtirc to deterrnine and aiialyr.e the actual severe historieaIstorms of
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r&ord for the Grand Lake area that had a high potential to have;resul_tect in flooding of 13eaver

Creek is notin accord with sound engineering practice;

Simulation of FTistorical StormEvents

The internet=based Wiklyedia de}ines.';hydrology" and "hydraulics ` as follows:

Hydrology is the study of the movea3ent, distributitm and quality of water.
Observations of hydrologic processes are iued to nyake predzctions of future
water moventent and quantity. By anaiyziug the statistical properties of
hydrologic records; siich as rainfall or river flow, hydrologists cati estimate

future hy<lrologicphenoutena.

I-Iydranlics is a branch of saence and engineering concemed with the
mechanical properties of liquids and focuses on the engineering uses of fluid
properties. Hydraulic topics range through most. science and engineering
disciplines; and cover concepts such as pipe flow; dam. design, flow

measurement arid rivei channel hehavior, among others.

Hydrologic and hydraulic modeling was conducted by CRA using the widely used and

accepted Corps of Errgineers-developed 14EC-1 and HEC-2 computer programs. These are the

same computer modets that ODNR utilized in performing its pre-1997 flood

management/spillway design 'analysis CRA does not disagree crith ODNR's decision to

employ tbese tools. However,.QDNR fas.lei3 tei use tlic•se toolsto perfcirin mtical evahiations

and.simulations necessary to complete a sound engine_enng analysis;

In general terms, the HEGI compxrter program uses tainfalf and hydrologic inforination

(drainage basin physical and clinmatological parameters) to determine the discharge (amount of

flow) that Wi4 occur:at a given point- 'I1ie computer model also ha;s the ability to calculate the

discharge as a funclion of tune. This type of modeling is conimonly used to simulate the effect

of preapitation events.

ingeneral terms, tlie 1-fEC-2 computer program tises a discharge value (arnount offlow per unit

of 6me; ee, cubic feet per sec.ond) and.cross-section information (e.g width, depth, slope) .at.a

number of points along a stream to catculate the elevation of the water at those poiints. This

type of modeling is commonly used to simu3ate the water surface elevations resulting from a

discharge into a channel, such as Beaver Creelc;

The docvments obtained from ODNR contained HEC-1 and FTLC-2 iriodels as "set up" by

ODNR during design of the sliiliway replaceuiedc In other v?ords, the models liad the Inputs

seleeted by ODNR for the relevant parameters (such as drainage basin characteristi cs and

Beaver Cteek cross sections). All ,modeling conducted by t3LAwas'performed using the I IEC-I

and HEC-2 models as set up by ODNR; rio parameters were changed. As ODNR had donei
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CRA peiforrned the simvlations based on an initial take elevation of.870.6 mst, the crest

el'evation of the cvestem spillway- 1'his water elevation was choscn because it represents a

likely-to-occur-but by no. means worst c-ase-condition i.e: the Lake is full but not

overflowing):

ODNR used the model to predict the urtpact of the 500-foot spilfway on Beaver Creek solely

dtiring the period February 1989 through )une 1991- What ODNR failed to do was use the

model to determine the effect that the 500-foot spillway would have during seveie storms.

CItA. input the historical storm events pf record into the conrputer models to calculate the

discfiaige into Beaver Creek for the 39.4-foot spillway and the 500>foot spill.ivay that would

resutt from severe storms: The resnits are shown on Table 1.

The model results of the nine historical stornis demonstrate that, with the 39.4-foot spillway, the

Case sports complex is not flooded during a single eveni. However,- with the t"ilm-foot spillway,

water in Beaver Creek overflows the channel banks and inundates the Case property during

three of the historical events:1913,1992 and20lY3. The lower floor of the sports complez.would

be completely filled with water; watei onthefirst floor would be; depending on the event,

between two and four feetdeep.

The Case properLy is not the onty p=operty.affected- Modeling of Lhe effect-of the.500-foot

spiliway with historical storms of record reveals that the500-foot spiLlway directly impacts

many other properties. The extent of flooding resvltirtg from the storm events that occurred in

1913; 1992; 2003 and 2005 zs shown on Figures 4a and 4b through 7a and 7b. As these figures

sho+v,. the 50(kfoot" spillway results in. repeated flooding of nutnerous properfies over a

significant area.

]nformation about the impact of the 1913 and 1992historical storm events was accessiUle to

ODNR prior to the design of the 500-foot spillway. To derive it, CRA. simply applied OllNR's

model to all actual historical storm data,on record. ODNR should have performed this analysis.

ODM11R's failure to undertake this analysis; and its coristiiiction of a spiltway that will

repeatedly cause a stream to overflow its banks and flood adjacerie property, does not comply

with acceptable engineei-ing practice.
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B. HYPOI"fIEl'1CtLL STORM kVENTS

T7etermination.of tlie A Yo griate Desik Storm Duration

One way of categorizing the intensity of storm events is by their frequency, A storm event that

produces a substantial amount of precipitation occtirs less; often than an event that generates a

modest amount of rain. Hydrologists refer to these stornvs by the likelihood that they will

occur in any giuen year (t.Z, 1 in 10,1 in 50) or, atternately stated, the number of years that is

likely to pass before a storm of a giveu intensity will recur (a return period of 25 or 100 years).

These events are termed 10-, 25-, 50-, and 100-year hy-pothetical storms.

A factor that influences the elfect that a given stoYm (historical or hypothetical) will have is the

duration of the precipitation. Different drainage basuis do not respond in the same marmer to

storms. Some experience the maxirrnrm flood impact soonet, sQme later. Sound engirieering

practiee (and coinrnon sense) dictatethat, in determininE how to manage floods or design a

spillway;. the dam owner should deteiniine the storm dltration that caases the: greatest amount

of flooditig:ui tliat particular drainage basin.

The hypothetical storm modeling performed by QDNR during design of the replaeement

spillvvay induded the 2-, 10-, 25 , 50-, and 100-year events, using a dniation of 72 hours. The
probable inaximum flood (PMF) was also modeled- `I'o t3etemiine if the 72-hour duration

selected by.ODNR to model hypothetical storm events iiras appropriate, CRA evaluated the

rainfall durations for historical storms of record.

The historical storms of record that have: resulted in flooding in Beaver Creek have occurred

with dvraiions of approximately 120 hours or longer. Aocrordingly; CRA modeled the

hypothetical 100-year storm fordurations of 24, 48, 72, 96, atid 120 hours and deterinined that

the 96-hour storm iluration is the storm duration that results in the most severe flooding for the.

100-year storui eveiit:

`I'here is no indication in the documents produced by OlMR that it analyzed the historical

storm events to determine what duration storm has the most significantimpact on flooding in

Beaver Creek. Seeniingly arbitiarily, ODNR selected a 72 hour storm duration for its

mudeling purposes. As a result, ODNR underestimated the flooding that the S00-foot spillway

would causein Beaver Creek.

Sii;tuiation af 3H -othetic.al Storm Events

Howev,er, even the 72-hour storrn causes uriacceptable resiilts. CRA ireputt}ie ODNA-se]ected

72 hourlxypothetical storrnevents into the computer model, as set upb,y ODNR, and calculated

the dischaazge into Beaver Creek for the 39.4-foot spillway aud the 50-foot spillway. The
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results, which are ideritical to those obtained by ODNIt, are shown on Table 2. Although

ODNR did model the discharge into Beaver Creek for (72-hou= duration) hypothetic.al stoim

events, the records reflect that ODNR did not take the critical next step: modeling the flows in

Beaver Cieek to determine the increase in water surface elevation. Had it done.so, as sound

engineering pract3ce dictates it should; ODNltwould havediscovered that the spillway ivould

cause an unacceptable iiicrease in the tvater surface elevation of the 100-year floodplain.

'Ihe model results indicate tliat the spsllway replacement has significantly inc-reased the

frequeircy and magnitude for flooding of Beaver Creek and the surrounding properties. The

model shows that discliarge from tlte 39.4-foot spillway for the 100-year hypothetical storm

event is contained within tlie Beaver Creek channel banks. However, the 500-faot spillway will

discliacgr:, quantities of water such that storuu even smaller than the 72 hour 50-year

hypothetical event will qverflow Heaver Creek and flood the suirounding properties. `I'he

model also reveals that the spillway replacement has resulted in an increase in the water surface

elevation in the 100-year flood plain by more than four (4) feet, a.r,esult that is inconsistent with

accepted engineering practice, Ohio I2evised Code Section 1521.13 andODNR regulation OAC

1501:21-1:1-11.

pDI4R shouldliave I:nown, prioi to replacement of the spillway, that theinuease in length

froni 39.4 feet to 500 feet would significantly increase the flooding potential for properties

surrounding Beaver Geek, 'to constzuct a spillway that sul>stantiallyincreases thelikelihood of

flooding,to occur to roads, hridges, and property downstieam of a spiliway is strongly against

accepted engineering practice.

IIVIPACTS RE9UIT7NG FIZOMTI1T SPILLWAY REPLACEMENT

Inereased Potential for Flaodine AIonQ Beaver Creek durinQ Storm Events

The replacement of the 39.4-foot spillway with the 500-_foot spillway at the weste'm

embankment of the Lake;has caused a significant increase in the amount of water that is

discltarged into Beaver Creek. When a storm event occurs,,rainfall causes the water in the Lake

to rise above the crest of the western spiliway. When the storm-is snfficiently severe-an event

that has occurred multiple tirnes over the last 90-odd years-the arnount of water that enters

Beaver Creek over the 500-foot spillway oventi•helms the Lreek`s carryingcapacity and causes

flooding on the properties, including that owned b}' Caw, in the vicinity of the i::reek.. (See

figures 4a t'vough 4d).
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The replacement of the western spilhvay has increased the 1D0-year flood {the elevation of

water that will res-iilt from a 100-}+ear storm] in the area surrounding Beaver Creek. Sciund

engineering practice dictates that the, floodplain must be maintained without increasing the

water surface elevation of the 100-year flood more .than one foot at any point. ODNR's

replacement of the 39.4-foot spillway cvith the 500-foot spiltway has increased the 100-year

flood elevation by approximately 4.4 feet at the Case property (I'ab1eZ). During the 100-year

hypotheticai stonn event significant flooding now occurs, and will continue to oce.^ur, along

Beaver Creek, where it did not occur prior to the spillway replacement.

The Case Propertyand the lUQ-year Iloodpiain

The Case property is Iocated witM.n the City of Celina, Ohio. The City of Celina Flood

Insurance Rate Map (FIRM) was effective on lyiarch 18,1986. T1ie. FiR1vS is a niap developed by

the National Flood Insurance Program (NFip) witliin FL'MA to show base flood elevations, risk

iories; and dloodplain boundaries. On March `18, 1986, the Case property. was designated as

Zoiie C, i:e.; located in an "Atea of inini.uial flooding." Subseyuent to the replacement of the

western spillway and flood of July 2003, the FIRM was revised arid became effective on

November 1, 2004.. The revised FIRM designated the Case property as Zone A, "areas of the

10D-year fiood, base.ffood elevations and flood hazard factors not-determined." (The 1986 and

2604 FIRNI maps.are attached as Appendix O )

The replacement of the western spillway d'uecQy resulted in higher flooding potential for

projieities located directly downstream, and this change of flood risk 'has been recognized by

F EivIA.

I3tcr'eased Potential to Endanger F3nman Life and Safetv

The ability of the 500-foot spillway to discharge a significantly larger quanflty of water into

Beaver Creek than the 39.4-foot spitlway has resulted in an iincreased potential for injury and

loss of life. For severe storrn events, there are no preventative measuirs in place that ii ill act to

reduce.the flow into Beaver Creek- The water that discharges into Beaver Creek from the 500-

foot spillway has the potential to be moving at high velocities and can overflow the banks at a

significant depth. These two factors have the potential to threaten human activity in the area

surrounding Beaver Creek downstream of the spillway during severe stonn events_

AdditionaHy; ttiis discharge causes stress to the roads and bridges crossing Beaver Creek

di;ectly downstream of the spillway. Any use of these ioads or bridges during or follovviiig a

life and safety:severe storm eould be dangero.ns and a potential threat to
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AL7 ERiVAT1VES TO SAFI:I.Y fIAI+IDLE F'L.OOD CONDFrIONS

Although it is well. beyond the scope of this repozt to fully analyze all of the alternatives that

should have beeii thoroughly evaltiated by ODNR before constructing the 5l)tl-foot spillcvay-

altematives that should now be considered to safely irianage flood conditions in GrandI.ake Sk

Marys and Beaver Cieek and to avoid future flooding of:the properties along Beaver Creek (see

Figures 4a-4d) -such altematives do exist.

Use of the Eastern SyillwaV

In 1979, ODNR's consuttants completed ui evaluation to safely handle the probable maximum

flood (PMF) through a combination of the eastem and western outlet structures. The evaluation

recomrnended an alternative that included modification to the easteril discharge structure and

accompanying tanals to, "provide an east/west split of uncontrolled discharge capacity which

is proportional to the drauiage areas contribnting rmioff to the lake" Storm modeling

computations conducted by ODNR duruig the study indicated that a modification of the eastetn

spillway would, deerease the otrtflows in Beaver Creek, increase the outflows in the ^eeder

Canal, and safely handle the PMF s.uch'that it would not overtop the'embankments_ The

recommended alternative was nbt impiemented.

Constraction of an Emergency Spillway

Anqther alternative is the use of an emergericy spillway: A priniary spilfway is used to pass

normal infiows; an emergency spillway is designed to engage during large flood eveints.

Evaluation of the potential need for an emergeney sp311way is typically completed during

desigir ol a spillway. Based on the documents produced by bDNR, ODNR did not evaluate the

poteiitial use of an emergency spiilway when it decided to replace the 39.4-foot spillway with

the 500-foot spillioay. Use of an emergency spilhaay may have allowed for the design flood to

be accommodated through the Lake without havirig to increase the length of the spillway at

Beaver Creek, or at least without increasing it by an order of magnitude, as was done. In the

event that the design (or some significant perc:entage of the design) flood were to occur, the

emergency spSiway would act to di.scliarge the additional tiows.

Enla ement of BeaverCreek.

lleaver Creek could be enlarged by deepening or widening the channel, changing the side

slopes; redesigriing bridge piers and/or oiher modifica6ons. Such itnprrovements would

fitnciion in much the same way as would a laiger drain in a sink, allowing more water to flow

into and through Beaver Creek without causing it to flood. Based on a.review of. documents
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produced by ODNR, tliis altema6ve did oc,-cur to ODNR prior to the spillway replacernentt It

was,however, ixot implemented.

The Use of Additional Diversions

Some portion of the water that tlows fnto the lake could be diverted to additional outlet

channels (rivers, creeks) located on.the Lake. Diversion of soine of the water away froin. the

westem spillcvay would prevent excess amounts of water froin flowing into Beaver Creek_

Possible diversion locations include Fourmile Creek and Coldwater Creek. Based on the

ilocuments produced by ODNR, this evaluation was not conducted.

Manay,ement of Lake Levels

Another tool available to mitigate the effect of severe precipitation events would be to maintain

the Lake level at less than the crest hzight of the western spillway, thus increasing the Lake s

storage capacity. when severe storms occur the Lake would be, able to store a significatit

volume of inflow, tlterefore decreasing-the flow to Beaver Creek over the westernspillway:and

preventing or miiiin izing:fiooding.

Even when concerns were raised byreviewing agencies and knowledgeable members of the

community (see the correspondence and telephone memorandum attached in Appendix $)

about the Iiketihood that the 500-foot spillway would cause flooding in Beaver Creek-sonte of

the letters even niention the Case property--, ODNR failed to adequately consider: arid

impiernent altematives.
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CONCI;t3SIOA!

it isnot Case s or CRA`s placc io fully evaluate'ttieseaiternauves and determine svhich of thein,

singly. pr in combination, is the best option for managing severe storm events. As the owner

and operator of Giand Lake St. Marys, ODNR was responsible for the develnpment anil

impleniintation o€ a plan thatsxould safely manage and convey flood waters through the Lake

without endangering life, health oi propetty. It tGaf riot do that. Its dec.isioii to replace tlre 39.4

faot spillway with the 500 €nat spillway did not eomply with accepted engineering- praetice,

causeci severe tloo ciing in. Beaver Creek and the suriournding properties and severe damage to

the recreational complex on the Case property. If QDNR does not take action tocorrect its

rnistake,floodingalongBeaverCreekwfficontinuetooccur.

All of Whith is Respectfully Sutimitted,

CONr.STC7GA-ROVERS & ASSOCfATES

d4z^,M
PressIey L. Cainl>hell, Ph:D.; t'E

Ohio.P,E 5660
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'O
y .C

j^ y
V

^y V N N M N

m ^ q

----- ---

^^

- - -- -

°o
E

^

^ D q ^D W N W r^D^ ^â W N

C w
1i Q

`L'

H

t. 4x M .-+

ry

^o ^ ad .o d ui v^ vi ro t^

Y. ti P P P P N ^ N N

W



i Y'

o
y

m
o

w
N

m
.o

v
w

l v G n ^

In
o

"
" W

N
m

+e^ N N Op

w

^ y

o Z d

oo w ^

>
o
°

a a
A ^3 w0

F a

aq

y a^ E m m i^ i; y

o y y. kl ^ iD [O m U

O`H

M

R

Q A

03 m m

4P^
r

5.1

O c]

up

`aa

y a E^ F ryN
'w'
-d

In
d C

o U ^ w ro
Z2

w m p

w
o

!^

M w W N
L"

a Aj

A

^
4 ?
C a

S O ^i^ ^i m

V

y^

Ea
rn

t2 Z2
p wW k ^+ iry

M

y

N^A

J 4 ^ m

•Y

N
C]

N
N la

0.
CCC

I] 41 ^ Q

C M

W"^ C ^ n O C'! (^D
w ^ x

N
^

p ^
M

^

C^ p l^ n n h

94

eC^ dx c^ e^ rn v

a

K A

a

Yn a

^

9

V

TCi



I



APPENDTX A

PHOTOGRAFHS OF THE 2003 FLOOD EVENT

(Referenced in the text on page i)
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APPF.NDIX B

PHOTOGRAPHS TAKEN DURING TI-IE CRA SITE VISI1' ON NOVEMBER 2,2005

(Referenced in the text on page 2)



r
Viekv of Beaver Creek immediately downstream from the western
spillway (looking west).

I CONESTOGA-ROVERS & ASSOCIATES

ti



Li

View of the feeder canal downstream from the eastern outlet of
Grand Lake St. Marys (looking east).

CONESTOGA-ROVER4 & ASSOCIATES



AFPENnIX c

AGAIAL PH(YIY]GRAPHS OF CASE LHASINC AND RLNtAL, INC

AND SURROUNDING AREA

(Refivamced in the text onpage 3)

P



^.-^. e_71. ^_^ :-- ^_-.-.:m



^__. .__._



.__, !'i.1 na-vi w ioF





" ..... L-In a"_n t'_ 3 :.''m! !6`ti! !:"i"0



. __: _^ ^ ^ ^ F°y r-rll.



APPENDIX D

FLOOD iNSURANCE RA'fE Iv1APS FOR THE C11'Y OF CELINA AREA

(Referenced in tde text on page 11)
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APPENDIX E

CORRESPONDENCE FROM REVIRWING AGENCIES

(Referenced in the text on page 13)
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MERC
SOIL&WATERCa
. ". QPQF (n}-q%.a

717 W. Logan Strc4 d
/ .!S '-^) - z um^e^.c^p, e t99i

``i) t^?' ^tt+^ u. ^^r^ l^^n^au tut^r'o ỳ1^a m^ku Ss^tt,&tvAYER
4RVAti4N" ^ ^

a
CONS^L^ - L1 ="^4^ V ^ /;WCU ^ ^t •

iw ( a

Larry Vance

. ic ^ ^
^ ,^^, 1Lt

,
Ohio Department of Natural Resour
Fountain Square Building E.
Columbus, q-1 43224

Dear Mr. Vance:
e

Si ^d wLarry, there is much heated discussion on the proposed west bank ar^
spillway. Much of the heat comes from thefact that the Division tsr `
f W ao ater has not had good answer or any answer to questions the

laridowners along Beaver have. The Mercer SWCD office was not informed^'a•
of the public meeting held in the county by the Division of Water. ,

2. A study needs to be done showing what will happen to flood C^a^^
levels when spiliway is-operating and when the tributaries
downstream of the take are also contributing water to Beaver
Creek.

flow out of bank every year. ai
place.. This is not reasonable to anyone who sees Beaver Creek p r

p p p ay u on y out of bank flow at one
^

1. Data from the Division of Water indicated higher flows in Beaver y4^ry
Creek with ro osed s illw b t 1

Concerns about Proposed Spi l l.way.

Many to be affected landowners also were unaware of the meeting,

y ease owcr
than the present spillway. How will existing _road tiridges ^ty ^
be affected b this in fl ^

r mov• r r p y e water from the lake faster3 The ro osed s illwa wiil "p"e

4. How will the existing road bridges affect flood levels and
duration?

5. The Wabash River is the outlet for Beaver Creek. How wilt the
increase flow affect the flooding at this bottleneck?

6. What effect will the increase -flow from the proposed spillway
have on crops, bridges, roads and buildings? Will damage be
more or less, with numbers to back up the statements? RECEIVE6

DEC 2 1991

11a91. of Natural NesoufCes
nluixlnn nt Ilfafor



2
7. The landowners in the Beaver Creek watershed downstream of

the take did pay construction assessments and an paying
maintenance assessnients. They have a right to know what will
happen - not just son'ieone's best guess-

8- What does it take to have the state pay their share toward
rnaintenance?

9- A nianagement plan.for drawdown of the lake needs to be
developed. This would seem the best way of sotving the varied
interests between farmers and recreationists-

Your assistance in this inetter is greatiy appreciated-
.-.

Rogrdr Knapke
Mercer SVICD Board Chairman

dw

Enclosure

4



KEiTH G. EARLEY. P.E., P.5-

MERCER COUNTY ENGINEER

101 N. MAIN ST. - COURT HOUSE - ROOM 205

CELINA, OHIO 45822

PHONE 419.396q769

November 19, 1991

CE I V E^

NOt! 26 1991

at !tatura! Hesources

=.Yt

- -r_-....._

Francis Buchholzer

c

F

^..:Director, Ohio Department of Natural Resources
Building 3D
Fountain Square
Columbus, Ohio 43224

RSS. Grand Lake West Spillway Replacement

Dear Ms. Buchholzer,

The replacement of the west spillway is an important safety
related project. I have reviewed information supplied by O.D.N.R.,
and I have reviewed the 1981 "Survey Report for Flood Control and
Allied Purposes" prepared by the Louisville, Kentucky District of
the Army Corps of Engineers. There are wide discrepancies between
the two sources af data and I believe additional detailed analysis
should be performed.

The Corps Report indicates an observed bankfulflow of the
Beaver creek outlet being about 250 c.f.s. O.D.N.R. indicates a
capacity of over 700 c.f.s. The Corps report indicates peak stage
lake levels for the ten year through 100 year. storms being
approximately one foot higher than O.D.N.R. based on 51 years of
record measurements. If the Corps report is correct, larger
outflow will pass uncontrolled for long periods over the proposed
40 percent enlarged spillway to an outletting stream of very
limited capacity. This situation could cause very costly damages
especially to structures such as the Lakefront Racket and Health
Club.

It appears to me that enlarging the spillway crest would cause
more damage than good, even if O.D.N.R. figures are correct.
outlet graphs supplied by O.D.N.R. indicate no reduction in lake
peak stage elevations for storms smaller than a 50 year storm.
Even the 100 year storm only shows a 0.2 foot peak stage reduction.
it appears that this minute rarely occurring reduction would be
more than offset by increased damages along the Beaver Creek
outlet. According to O.D.N.R. charts, the peak discharge is
quadrupled for all storms larger than a ten year event and smaller
storms were not analyzed.

it appears desirable for a lake regulation policy which
balances the value and probability of attaining the desired
recreation pool during desired periods with the cost of flood
damages likely to occur around the lake and along the Beaver Creek

L 3[^..eea '(+'.o.catC,ej e .%i^i^i s'n ^dlc, ^, d ^a^^ ^ie ^:u^^aercllu^.w onco/ ^C^aw ^<ereule"o.n,



1

outlet. Perhaps the Beaver Creek outlet could economically be
improved to safely handle increased outflows. Perhaps combining
this increased capacity with a lake regulation policy, that_
includes the benefits of weather forecasting, could allow routing
of peak flows through the Beaver Creek outlet at times when the
outlet can handle the flow, and allow holding back flows duri'ng
short periods while the-peak from local storms subsides. Widening
the upper three miles by approximately six feet is one alternative
I believe should be studied.

A detailed study such as those designed by the Corps of
Engineers Hydraulic Engineering Center (REC) would betime
consuming and expensive, but valuable. It is quite possible that
such a study could not only provide much improved results, but even
reduce construction cost: The study should include detailed damage
analysis around the lake and along the outlet including acres
inundated, crop damage, stracture damage, transportation and
utility damage, along with benefit analysis for different
alternatives along with an optimization procedure.

Mercer County maintains ten bridges over the Beaver Creek
outlet and has long range plans to replace six of these structures.
We intend to utilize federal highway off system funds known as BRZ
funds. Perhaps enlarging those structures should also be studied.

I sincerely hope that O.D.N.R. gives these items adequate
consideration.

Sincerely,

Keith Earley, P.E., P.S.

Mercer County Engineer

KGE/arn

cc: Mercer county Commissioners
Senator Robert Cupp
Representative Jim Davis



. RE1T H G. EARLEY, P.E.. P.S.

MERCER COUNTY ENGINEER
101 N. MAIN ST. - COURT HOUSE - ROOM 205

CELINA, OHIO 45822

PHONE 419S36-7759

February 12, 1992 .itCEIV-E,,I...

Bob Goetemoeller FEA 14 1992

Ohio Department of Natural Resources
Building 3D Br-¢t. of Natural Hesaurce^
Fountain Square niqisinp ollyalDr
Columbus,Ohio 43224 _

t
f;

T

RE: Grand Lake West Spillway Replaoement

Dear Mr. Goetemoeller,

The additional information which, you provided to me was
helpful and the meeting was also helpful. The improved lakeside
flood relief of the proposed spillway is quite valuable and
evidently the dam safety requirements do not allow any reduction in
outlet capacity. It also appears that any additional flooding
along the Beaver Creek is negligible in the lower portions of the
Beaver Creek. However, I still have concerns regarding flooding
near the spillway especially at the Lakefront Racquet and Health
Club. Theground floor elevation at that facility is 858.8 and the
lowest floor elevation is about three feet lower, where there are
two racquet ball courts, locker rooms, saunas, whirlpools, tanning
beds, baby sitting room, laundry room, and a furnace room, much of
which is carpeted.. If flood elevations get above 859 there could
be some very expensive damage.

It appears certain that the new spillway will increase the
likelihood of very damaging flooding to this facility. Perhaps
this increased flooding could be eliminated by removing bottlenecks
in the upper three miles of the Beaver Creek without any damage to
the downstream owners.. Perhaps a capacity equal to a twenty-six
foot wide bottom width could be obtained at a reasonable price. I
believe that floodplain elevations should be determined for the
proposed spillway with the existing channel and for the proposed
spillway with an enlarged channel. Those elevations should then be
compared to the existing floodplain elevations.

The proposed spillway without the enlarged outlet stream will
probably be a benefit to many people,. but a detriment to a few.
With the enlarged outlet stream, it could be a benefit to all.
Since FtXri evaluated the current floodplain in 1989, it should be
revised for any significant changes in the watershed. It shouldn't
take that much additional work to elevate an enlarged channel
condition at the same time. If it is relatively certain that the
effects of this study would not change the spiliway design, then
this would not delay that project and could prevent future delays,

_^e. - - au ^Cl.Q^O^/i^) GL m^iC2S6^R C^/t ^(JqeGCGGG/jG<'RA R tG^ t'.JIG(^p69 iJLQG^Q'^

Ga'la^i'S!G"a/Ged^.nmGC ^ 2, !/B6P _



we appreciate the work and commitment that you have devoted to
this project. It is to our mutual benefit that all aspects are
adequately studied.

Sincerely,

Keith G. Earley,"P.E., P.S.
Mercer County Engineer

xGE/an

cc: file

A

T



MERCE . R CO^TNTY'
SOIL & WATER CONSERVA.TIOl`T DISTRICT

:y t.°'"^ ^

Ohio nept_ of Natural-Resources
Division of Water
Fountain Square, Bldg, E-3
Columbus. OH 43224

Dear Chief,
MAR 0. 2 1992

SQI1. & WATER

CONSERYAT1Gfv
We. as a board of supervisors, feel the propesed

spillwayat Grand Lake St. Mary"s needs severai things
addressed or further studied to protect the crepland along
Beaver Creek.

We understand the weir is being raised by 4" to the
plank, thac is now across the existing weir. If this is
done. we request that the lake draw down be kept at the
original weir level and the plank be used as a buffer aone_
We feel the management of the lake level is a very important
issue. A written management plan needs to be developed
before spiiiwayis built.

We feel the Department of Natural Resources has
forgotten the farmer. a9the Q10 design of the spillway will

The past year we had Q25
stcrms which puts out additional 3 feet of water in to
Beaver. The increased flood over a dam of this nature will
cause higher peak flows in Beaver Creek. We have a total of
7 feet of water into Beaver without any consideration of
drainage into the Beaver Creek. The charts ODNR has,.does
not reflect a true picture of the banks. There is a
difference between,spoil bank and field level3_ The average
dept ^^Beaver Creek without spoil banks is approximately 8
f^et.

We as a board of supervisors requested our staff to
calculate the design of Beaver Creek with drainage from farm
land into Beaver at State Route 118. There are 6828.40
acres_ The ditch desien used was the counties as built of
Beaver ^;rsek. The design ueed was ac fo,i:ow•

(a3 2:1 side slope
b_4" bottom

!c. '.,JU03 slope f` vift
!d? 0_+0140 n" value
tr. ,:.spac:*j -3-83.14 -'b'S Requi_._- __. 8c^8.46

717 W. Logan Streec • Celina; Ohio 45822

Telephone: (419) 586-2548

Februai:a 28, 1992



Spillwaa
page 2

p

The Beaver Creek, itsolf, would have 6.4 feet of water
in it. The ditch itself.ia approximately 8' deep average.
Therefore, in a peak rainfall all the drainage is going to be
much greater with a 500 foot dam with a 50' weir 11" deep.
Sure the spillway will handle Q10. but if not kept down below
the buffer zone thare will be no protection for the farmers
downstream. We need to know wHat the new peak flood
elevations will be and their duration.

Another thing we would like to address is t,he states
water. If a landowner uses watar irom -he lake for anything,
they must have permission and pay for it. We feel, if you
claim ownership of the water then you have an obligation when
the water enters into Beaver Creek. - There ¢as been no
inain'tenance money paid to the county ior the permanent county
maintanance as of this date_ It can't be all a one way
street_ T'ne state assumed2.:3 of the cost of cleanout and
should include in their budget an a continuing basis an
smcunt for 2/3 of the annual maintenanea. We realizz `hei.r
will be iiooding at times, but sometimes measuree can be
taken to ?revenz these things before the get out of hand.

5incsreLr." _

Sam iiellwarth Jr.
Chairman
ilercer S.W.C.D.

cc: Jim Davis
.4lercer Co. Corrmissioners
3ob Bash
5enator Cupp



DEPAHTIVIENi' QF :7KARMY
U.3. ARMY ENGlNEER 013FRICT, LOUISVILLE

CORPS OF ENGINEERS

P.O. BOX 59
LOUI3VILLE. KENTUCKY 4020t-0059

lvovemt>er 23, 1992

Operations and Readiness Division
Regulatory Branch (North)
ID No, 199101165-pmr

11.f

N'v 1992
dEf1 ,,

c'rG
G Cii411,w1 ^CS

Mr. S. Bruce Pickens
Ohio Department of Natural Resources
Office of Chief Engineer
Fountain Square -
Columbus, Ohio 43224

Dear Mr. Pickens:

This is in regard to your letter dated October 13, 1992, concerning
a proposal to place fill material to replace an existing spiilway,
construct a new lake drain, and replace a bridge in Grand Lake St.
Marys, in Celina, Mercer County,Ohio.

We have reviewed the hydrology and hydraulics data submitted

involving the new spillway design. It hag.;beep-._detQrmiqol..there is
insufta4cjent i.n€6riaation teimake c3&!C;L§}gp has^q_.,the effeGts that i
i.nc^reasiri^"the spil.Iway capacity wi1.1 have on £lood frequencies,a}id q
^daknag.es2^- -You need to reevaluate the discharges downstream of the dam-
forthe full range of events and use those discharges in the HEC-2

andJ
evaluate the starting elevation used in the BEC-2 analysis. iEarEher, it
haS been.de e ,r, ,^ e, ,th ^t_the

her^'}ian
Ordinary High Water (OHW) elevation on the^ , ..a..^...lak.^^:i`is^^-li^'=8'^^^^'",̀"O'^'"`rat 874,5 shbwn on the application drawixigg_

Our point of contact regardingthe additional information requested is
Mr. Ron Holmberg. Mr. Holmberg can be reached at ( 502) 582-5513.

Zf you have any questions concerning this matter, please contact
this office at the above address, ATTNcCEORL-OR-FN or call Mrs. Rucker
at (502) 582-5607.

D g Shel on
Chief, Noi+th Section
Regulatory Branch



Grand Lake St. Marys, Mercer County, #0444-001

n

Ca

CONVERSATTQLY/S^ VICIT RFCORD

Conference _

"Cime Date -
9:15 a.m. 7/20/95

Telephon
X Incotng

ut o'n

re Tetenhone Ne.

Pat Rucker & Ron Hohnberg, LouisviUe District, Corps of Engineers
(502)582-5607 . _ , . : - -. - .

NamgQfPgy;on(,s) Contacted
or in CgQtact with vou

Ma Rucker & Mr. Holmbergca0ed to disruss the issue of ffooding in Deaver Creek downstream
of the proposed Grand Lake spillway. Mr. IIohnberg indicated that the Cotps needed either .
calculations to.ahniy tJtattheee wpij^ iho add'nional flood'mg in Beaver Creek or agreemetrts
from the property owners along the creek saying they accept the additional flooding. He stated
that the ealeulations he would need are modelv showing the existing vs. proposed spiitway flows
into the creek along with d!s inflows into Beaver Creek and backwater effects from the Wabash
River. I told him I have nutdels showing the eiT'eats of the increased spolway flows routed with
inflow loeal to Beaver Creek for the 5, 10, 25, 50 and 100-year floods_ I tofd him the models
show no significant increase in peak water levels. I also stated that the models do not take into.
account backwater conditions from the Wabash, but that adding additional backwater from the
Wabash would only furtlter drown the increased spillway effects. lie indicated he would like to
see models for floods less than the 5-year. I explained that I do not have that infonnation, but
that since the 50-foot notch is designed to handle flows up to the 10-year flood, the impact
should be nunimaL He agreed that the floods above the 10-year when the full 500-foot width of
the spitlway would flow would be the most critical.
I told them that I had submitted most of this information previousty and that during my
conversation with W. Holmberg from 12/18/92 he had indicated they would study what we had
subnutted and call us ifadditional information was needed I told thecn that I had not received a
request for information siitce that time. Mr. Holmberg indicated that he had moved twice since
that time and had lost some of what I bad sent to them. I said that it was my understanding that
everything else involved with the 404 was complete and I asked how quickly they could review
the modeling infotmation_ Mr. Hotmberg said he could look at the information the sante day he
received it. I told them I would send the infonnation today and asked that they call me right
away if there are any questions. I told tltem I would be on vaca6on from July 28, 1995 and
asked that this a0 be resolved before then if possible.

Name of P on Dacumen 'n . nve ation Date
AWO

Mark B. Ogden,P.E.

Action Taken
July ^O, 1995

Sent flood studies to Pat Rucker. Call Ms. Rucker by 7/26195 if I have not heard from them

c: Gary Harsanye, Div. Of Engineering
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EXECUTIV E SUMMARY

This addendum report was prepared as a supplement to the May, 2006 report, Hydrologic and

Hydraulic Analysis Grand Lnke St. Marys Dischnrge to Beaver Creek, Mercer and Auglaize Counties,

Ohio prepared by Conestoga-Rovers & Associates (CRA).

The CRA May 2006 Report evaluated the irnpact of the replacement of the spillway at Grand

Lake St. Marys (GLSM) on flooding along Beaver Creek and analyzed nine severe historical

storm everits between 1913 and 2006. The modeling of these storm events was conducted using

the historical rainfall data in the GISM area. The discharge of water over the 39_4-foot spillway

was compared to the discharge of water over the 500-foot spfllway installed in 1997. The

purpose of this analysis was to determine whether and to what extent the design and

construction of the 1997 spiliway affected the frequency and severity of flooding on properties

(and specifically the Case property) along Beaver Creek.

After the trial of this matter was continued on August 29, 2006, CRA was finally able to obtain

accarate GLSM Jake level data from 1927 to 2006: Using this informarion, CRA was able to

complete a more accurate analysis of historical storm events. A total of sixteen severe storm

events were analyzed to determrne the potential for flooding along Beaver Creek. The

additional analysis by CRA, using the best available data, demonstrates that never during the

entire period of record did the 39.4-foot spillway cause the Case sports complex to flood.

However, the 500-foot spillway would have caused the Case property, and numerous other

properties, to flood ten (10) times.

Contrary to accepted engineering practice, ODNR did not consider and/or model actual

historical rainfall data or historical lake elevations during the development and implementation

of its plan to manage the probable maximum flood through GLSM. Had ODNR completed

such an evaluation, they would have known that their decision to replace ttle 39,4-foot spillway

with their 500-foot spillway would cause - indeed, has now four times since its installation

caused (July and December, 2003; January 2005; and June 2006)1 - severe flooding in Beaver

Creek and the nearby properties. ODNR's design and instatlation of the existing 500-foot

spillway is indefensible. Feasible alterrlatives were and are available to ODNR, bnt these

alternatives were not employed. If ODNR does not take action to correct its lnistake, flooding

along Beaver Creek will continue to occur.

1 Refer to Table I and Figures 7a and 7b 1luough 10a and 10b.
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BACKGROUND

A. The CRA May 2006 Report and Efforts to Obtain I..ake Level Data Prior to

August 28, 2006

'I'he CRA May 2006 Report analyzed ODNR lake level data (reported in feet above mean sea

level, msl) between 1927 and 1978, that was provided to CRA by the l,ouisville District At-my

Corps of Engineers (USACE). In addition, ODNR directly provided to CRA lake level

measurenrents (reported as ± inches above an arnbiguously described elevation2) ttla.t it had

collected between 1972 and 2006, as well as some field notes that puiported to explain how to

translate ODNIt's measurements into a standard elevation . i.c. feet m.sl). Prior to the August

28, 2006 trial, Case (both thsongh its couiisel and CRA) repeatedly contacted ODNR in an

attempt to obtain clarification of the ODNR nteasurement technique and field notes, but was

never able to obtain this clarificaflon. As a result, CRA did not have accurate lake elevations

and completed its historical storm modeling for the May 2006 Report using historical recorded

rainfall data.

B. The A.ugust 28-29, 2006 Trial

On August 28, 2006, Dr. Pressley Campbell testified on behaff of Case regarding the impact of

the replacement of the western spiltway at GISM on flooding along Beaver Creek. During the

testimony of ODNR's witness, Doyle Ilartman, it was learned that Hartman was reiying on lake

level data--provided to him ortly a couple of days before trial-that was never provided

and/or explained to Case's counsel or CRA prior to trial. On ttle basis of this data, Hartman

criticized the CRA modeling of Iiistorical storms because CRA's modeling was not performed

using GISM lake levels. As a result, the trial was postponed to allow Case to take necessary

steps to obtain accurate lake level data. CRA traveled to GLSM on August 29th and met Mr.

Steven Dorsten of ODNR to observe and photograph the GLSM gauge located on the castern

2 During the deposition of Steve Dor.sten an Septeinlvr 8, 2006, ODNR's lake measurement practices were revealed. According to

Dorsteu -whose understanding of the nwthematics involved is based solely on the oral history provided lum by his long-departed

supervisor-ODNR coliects measurentents at one of ifvee 7ike garges, not al( of which are at the same elevation, in ± inches of the

'b' marking on 1he gauge. For readings cotlected prior tu Julv 1988, 3 inches were to be added to the reading. For ruad'utbrs

collected after July 1998, 7 inches were to be added to the reading. The basis for the addition of 3 inches to the measurement was

that whcn the eastecn out3et structure gauge was uulal7ed in approxiuately 1940, it was reportedly installed 278 indies below the

crest of the 39.4-foot spillway and since the elevation of the spillway crest was known, nne could back-calculate the lake elevation.

The measurements began adding 7 inches bccause in Ju1v 1988 the crest nf the 39.4-foot spillway was raised by approximately 4

inches, so 7 inches were needed in the back-calculation procedure.

2 CONESTOGA-ROVERS & A4SOC7A7FS



outlet structure. Dorsten was personally responsible for recorcling measurements from fl e

Gi5M gauges since 1976.

C. Survey of the Lake Gauees

On September 8, 2006, Mr. Dorsten was deposed and testified that there are three different

gauges at GLSM. Dorsten also testified that the elevation of the gauges was not known by

ODNR; specifically, that no survey of any of the existing gauges (to determine if they were

accurately measuring the elevation of the lake) was to be found in ODNR's files. Accordingly,

ODNR and Case jointly arranged for the completion of a survey of the elevation of the three

gauges by a licensed professional land surveyor. On September 19, 2006 Lee Surveying, Inc., of

Bellefontaine, Ohio, completed this survey, the results of which are attached as Appendix A.

The survey revealed that the gauges were not at the eleva6ons ascribed to them by ODNR,

meaning that the GLSM lake leveLs have been consistently under-reported by ODNR.

ADDITIONAL ANALYSIS PERFORMED BY CItA

In order to accnrately determine the lake levels between 1927 and 2006 and complete an

accurate analysis of the impact of the spillway replacement, CRA completed the following tasks:

(1) CRA calculated the GLSM lake levels for the period April 1, 1927 to August 21, 2006

based upon the actual elevation of the three lake gauges at GCSM, as determined by the survey.

The survey demonstrates that flie lake elevations reported by ODNR for the last seventy-nine

years were less than the actual lake elevations. The lake elevation data are attached ui

Appendix B.

(2) Using the correct historical lake levels, CRA catculated the actual discharge of water that

flowed (or would have flowed) over the 39.4-foot spillway and the 500-foot spillway,

respectively, into Beaver Creek bctween April 1927 and August 2006. The results of the

calcvlaflons are fflustrated on Revised Figure 3 attached as Appendix C. Using the accurate

lake levels, this analysis reveals that, had the ODNR-designed 500-foot spillway been

constructed 70 years earlier (in 1927), fifteen storm events between 1927 and 2006 would have

resulted in flow that exceeds the capacity of Beaver Creek, resulting in flooding; an average of

approximately once every live years.

(3) CRA evaluated the rainfall record from 1913 to 2006 and the accurate historical lake

levels from 1927 to 2006 to identify the historical periods where rainfall resulted in high lake

elevations, the factors that can cause severe runoff and flooding in the GLSM area. Ttte

evaluation identified sixteen storm events that had sudi an impact

3 CoNISt'oGA-ROV82S&AS50LI nrFS
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Marcli/April 1913 June/July 1993

January 1930 February/March 1997

April 1938 July/ August 1998

May 1943 May 2002

February 1950 June/July 2003

April/May 1972 December 2003

May 1981 January 2005

July 1992 June 2006

(4) Using the HEC-2 compufier niodel employed by ODNR, CRA determined the water

surface elevation along Beaver Creek that had (or would have) occiirred from the discharge

over the 39.4 and 500-foot spiIlways for the sixteen most significant storm events that occurred

between 1913 and 2006. 1'hese results demonstrate that, with the 39.4-foot spillway, the Case

sports complex would not have flooded during a single event. However, with the 500-foot

spillway, water in Beaver Creek overflows the channel batrks and inundates the Case

property ten times: in 1913, 1930, 1943, 1981, 1992, 1993, July 2003, December 2003, 2005, and

2006. The results of this niodeting are presented on Table I and illustrated on Figures 1a and'lb

through l0a and 10b.

(5) CRA completed an analysis of the lake levels from 1927 through 1997-when ODNR

ceased nianaging lake levels-and 1997 through 2006, when ODNR no longer nianaged lake

levels. The results of the lake level analysis are presented on Table 2. The results follow:

o Since 1997, 73.3 percentof the measurements taken reflect lake level elevations above

870_6 feet msi, the elevation at which water overflows the 50-foot long notch in the

spillway and enters Beaver Creek. Before 1997, the lake level was above 870.6 feet

for only 21.4 percent of the measurements.

o Since 1997, 26.3 percent of the measurements collected reflect lake level elevations

above 871.5 feet rnsl, the etevation at which water overflows the entire 500-foot

length of the spillway. Before 1997, the lake level was above 871.5 feet for only 2.4

percent of the measurements.
o Since 1997, 10 percent of the measurements taken reflect lake level elevations above

871.8 feet msl, the lake elevation at which the 500-foot spillway discharges a quantity

of water that will overflow the Beaver Creek charutel banks at the C'ase property.

Before 1997, the lake level exceeded 871.8 feet for only 1 percent of the

measurements.

As evident above, since the construction of the 500-foot spillway in 1997, the lake levels of

GLSM are consistently and significantly higher than historically. Wlien the lake level of GISM

is above 870.6 feet ntsl, water is dischargiuig into Beaver Creek. If the lake is at or above that
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elevation when a storm event occurs, the storm is more likely to cause flooding in Beaver Creek,

regardless of the size of the event; and the higher the initial lake elevation, the more dramatic

the impact will be. The combination of the 500-foot spillway and the ODNR policy of not

managing the lake levels drastically, increases the risk of flooding for downstream property
ocvners. This risk has become reality four times since the con.struction of the 500-foot spillway,

(July and December, 2003; January 2005; and June 2006)-l.

For eaample, on July 2, 2003, thxee days before the storm began that inundated Case, the

elevation of the lake was 871.2 feet msl, more than seven (7) inches above the inotch (870.6 feet).

For the December, 2003 event, the initial lake elevation was 871.7 feet msI, more than one foot

above the notch and two inches higher than tlle remairting 450 feet of the spillway (871.5 feet).

ANALYSIS OF DOYLE HARTMAN'S REPOR'1' AND METHODOLOGY

During his testiunony on August 28, 2006 and in his report dated July 14, 2006, Mr. Hartnkan

implied that the frequency and severity of flooding in Beaver Creek resulting form the 1997

spillway replacement are uiinimaL However, when CRA evaluated the new Iake elevations, in

conjunction with the historical rainfall information, the analysis disclosed that Ilartman's

conclusions are not supported by the data. (Indeed, the potential for flooding in Beaver Creek

as a result of the 500-foot spillway 9nstallation is far more severe than initially reported in the

May 2006 CRA report.) CRA examined Hartman's methodology to determine why his

calculations of the frequency and severity of flooding in Beaver Creek underestimated the

problem. To that end, CRA obtained and evaluated the I IEC-HMS and HEC-RAS models used

by Hartman.

A. Hartman's Use of a 24-Hour Duration Storm Event

Hartman used a 24-hour duration storm event in Iiis modeling and analysis to predict the

magnitude of flooding that would be caused by ODNR's 500-foot spillway. However, Hartman

did not exatnine the historical record to determine if his selection of the 24-hour duration event

corresponded with recorded storm durations of the past. It does not. The storm event

durations that have historically resulted in the most severe flow in Beaver Creek were 72-hour,

and longer events. Hartman's selection and use of the 24-hour duration event mislead"uzgly

suggests that the severity of flooding in Beaver Creek caused by the 1997 spillway is

significantly less than what the Creek and adjoirting properties experience during the numerous

storm events that exceed 24 hours- His model does not accurately reflect the conditions of the

GLSM area.

s Re[er to Table 1 and Eigures 7a and 7b throngh i0a and IOb.
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B. 'the Flaws in FIartman's Model

The models used by Hartman, HEC-I-IMS and HEC-RAS, were developed by the U.S. Army

Cotps of Engineers, which also promulgated guidance for the proper use of the models.

Hartman's modeling deviated from the Army Corps of Engineers guidance in, at least, two key

respects:

(1) Hartman modeled the 2003 storm event to determine the potential flood'nig along

Beaver Creek. However, during tnodeling, Hartman used the precipitation data from only one

meteorological station (Coldwater), rather than using the HEC-recommended method that

prescribes the use of all available records at multiple stations. Hartman states in his July 14,

2006 report, "there were not enough detailed data to accurately determine the actual amount

and distribution of rainfall in the various segments of the overall watershed." "I1tis is not true.

Seven National Oceartic & Atmospheric Administration (NOAA) meteorological stations are

located within a 35-mile radius of the western spillway at GISM with precipitation data dating

back to 1910. Hartman did not input the publicly available rainfall data at the six otlier stations,

"includirig stations at Celina and St. Marys. Instead Hartman assumed, in construc6ng his

model, that the amount of rainfall recorded at the Coldwater station was the arnount of rainfall

that fell over the entire 296 square mile drainage basin he used in his model. That is not what

happened. The distribution of rainfall, as recorded by the seven stations, was not sinular to the

distribution used by Hartman in his modeling.

Standard modeling practice is to collect the available data including rainfall, streamflow, and

lake levels, and inpttt this known recorded data into the model. Once the model is set up wifft

the known data, unknown variables, such as soil condiflons and antecedent moisture

conditions, can be adjusted in an attempt to match actual recorded conditions such as, in this

instance, the flood elevatlons measured during the 2003 flood. It violates standard practice and

common sense to adjust the known, recorded data such as rainfall, as Hartman did. For his

model, Hartman admits that he selected a rainfall amouxit from one location and assumed it

was distributed uniforrnly over 296 square miles, "Although the actual rainfall distribution

varied widely across the entire watershed, a uniform distribution was asstmred in the entire

watershed analysis." 1'his is a gross nzisuse of the modeling process. The results from a model

that bases its conclusions on inaccurate depictions of known, recorded conditions, such as the

amount of rainfall and rainfall distribution, is not credible.

(2) Hartman modeled the 2003 storm event using the methodology described above. His

conclusion was that the flood elevations in Beaver Creek immediately downstream of GLSM

were approximately 861 feet msl for the 500-foot spiIlway and approximately 857.5 feet znsl for

the 39.4-foot spillway. This is approximately a 3.5 foot difference in elevatiort as a result of the

replacement of the spillway as stated by Hartman in his July 2006 Report. 'Che Mercer County

Engineers Office surveyed the 2003 flood elevation on July 9, 2003 during the flooding, directly
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downstream of the 500-foot spillway aid determined the flood elevation to be 861.8 feet nvs1.

This differs from HarUnan s model by approximately 0.8 feet. Therefore, the model used by

Hartman underestimates the amount of flooding that occurred in 2003 at the Case property and

likely also underestimates the amount of flooding caused by other storni.s. There is no

indication that Hartman made an attempt to verify the accuracy of his model by comparing the

model output to recorded flood elevations, as standard engineering practice dictates.

CONCLUSION

The use of accurate historic lake elevations in the calculations and modeling of discharge into

Beaver Creek from GLSM demonstrates that the potential for flooding as a result of the

instaIlation of the 500-foot spillway is substantially worse than originally reported in the CRA

May 2006 Report, which used precipitation data to predict flooding. However, because ODNR

failed to consider and analyze historical lake level data or precipitation data -as is standard

engineering practice-, it did not reafize that the installation of the 500-foot spillway would

cause, and now has repeatedly caused, frequent and severe flooding in Beaver Creek, and the

surrounding properiies (including the Case property).

The impact of this error has been greatly compounded by ODNR's decision to adopt a laissez

faire approach towards lake level "management"; a decision that was apparently made without

any consideration, or scientific analysis, of the effect that this decision would have, and has had,

on Case and the people living and working in the vicinity of Beaver Creek.

As stated in CRA's earller report and in the testiniony of Dr. Campbell, ODNR had feasible

alteniatives available in 1997 to prevent GLSM from overtopping the etnbankinents separating

the lake froin the City of Celina, without sacrificing the property and endangering the safety of

the residents near Beaver Creek. ODNR failed to utilize those nieasures. It has also failed to

take the simple measure of opening the gates in the spillways, as necessary, to avoid the risk

that higher lake elevations have on flooding. ODNR's actions, omissions and practices, as

described in this Report, do not comport with accepted engineering standards.

All of which is Respectfully Submitted,

CONESTOGA-ROVERS & ASSOCIATES

Pressley L. Campbell, Ph.D., PE

Ohio PE 56681
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RxL^CUTIVr SUMMARY

This addendum report was prepared as a supplelnent to the May, 2006 report, Hydrologic and

Hydraulic Anatysis Grand Lake St. Marys Diseharge, to Beaver Creek, Mercer and Auglaize Counties,

Ohio prepared by Conestoga-Rovers & Associates (CRA).

The CRA May 2006 Report evaluated the impact of the replacement of the spillway at Grand

Lake St. Marys (GLSM) on flooding along Beaver Creek and analyzed nine severe historical

storm events between 1913 and 2006. The modeling of these storm events was conducted using

the historical rainfall data in the GLSM area. 1'he discharge of water over the 39.4-foot spillway

was compared to the dischai•ge of water over the 500-foot spillway installed in 1997. The

purpose of this analysis was to determine whether and to what extent the design and

construction of the 1997 spillway affected the frequency and severity offlooding on properties

(and specifically the Case property) along Beaver Creek.

After the trial of this matier was continued on August 29, 2006, CRA was finaIly able to obtain

accurate GLSM lake level data from 1927 to 2006. Using this information, CR11 was able to

complete a more accurate analysis of historical storm events. A total of sixteen severe storm

events were analyzed to determine the potential for flooding along Beaver Creek. The

additional analysis by CRA, using the best available data, demonstrates that never during the

entire period of record did the 39.4-fot spillway c.ause the Case sports complex to flood.

However, the 500-foot spillway would have caused the Case property, and nunlerous other

properties, to flood ten (10) times.

Contrary fo accepted engineering practice, ODNR did not consider andJor model actual

historical rainfall data or historical lake elevations during the development and implementation

of its plan to manage the probable maximum flood through GLSM, llad ODNR completed

such an evaluation, they would have known that their decision to replace the 39.4-foot spillway

with their 500-foot spillway would cause - indeed, has now four times since its installation

caused (July and December, 2003; January 2005; and June 2006)1 - severe flooding in Beaver

Creek and the nearby properties. ODNR's design and installation of the existing 500-foot

spilIway is indefensible. Feasible alternatives were and are available to ODNR, but these

alternatives were not employed, If ODNR does not take action to correct its mistake, flooding

along Beaver Creek will continue to occur.

i Refer to Table I and Figures 7a and 7b tllrough 10a and 10b.
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BACKGROUND

A. The CRA May 2006 Report and Efforts to Obtain Lake LevelData 1'rior to

August 28, 2006

"I'he CRA May 2006 Report analyzed ODNR lake level data (reported in feet above meari sea

level, msl) between 1927 and 1978, that was provided to CRA by the Louisville District Army

Corps of Engineers (USACE). In addition, ODNR directly provided to CRA lake level

measurements (reported as + ixuhes above an ambiguously described elevation2) that it had

collected between 1972 and 2006, as well as some field notes that purported to explain how to

translate ODNR's measurements into astandard elevation ie. feet msl). Prior to the August

28, 2006. trial, Case (both through its counsel and CRA) repeatedly contacted ODNR in an

attempt to obtain clarificaflon of the ODNR lneasurement techtuque and field notes, but was

never able to obtain this clarification. As a result, CRA did not have accurate lake elevations

and completed its historical storm modeling for the May 2006 Report using historical recorded

rainfall data.

B. The August 28-29, 2006 Tria1

On August 28, 2006, Dr. Pressley Canlpbell testified on behalf of Case regarding the impact of

the replacement of the western spillway at GLSM on flooding along Beaver Creek. During the

testimony of ODNR's witness, Doyle Hartman, it was leamed that llartman was relyuig on lake

level data-provided to him only a couple of days before trial-that was never provided

and/or explained to Case's counsel or CRA prior to trial. On the basis of this data, Hartnian

criticized the CRA modeling of historical storms because CRA's modelinp, was not performed

using GLSM lake levels- As a result, the trial was postponed to allow Case to take necessaiy

steps to obtain accurate lake level data. CRA iT-aveled to GLSM on August 29th and met Mr.

Steven Dorsten of ODNR to observe and photograph the GISM gauge located on the eastern

2 During the deposition of Steve Dorsten on Septenrber 8, 2006, ODNR's lake measurement practices were revealed. According to

Dorsten-whose understanding of the mathematics involved is based solely on the oral history provided him by his tongdeparted

supervisor-ODNR collects measurements at one of three lake gauges, not all of wtuch are at the same elevation, in ± uuhes of the

"0" marking on the gauge. For readings collected prior to July 1988, 3 inches were to be added to the reading. For readings

collected after July 1998, 7 inches wcre to be added to the reading. The basis for the adclition of 3 inche.s to the measurement was

that when the easteern outlet structure gauge was installed in approximately 1940, it was reportedly installed 278 inches below the; _ p„_5

crest of tlie 39.4-foot spitlway aud since the elevation of the spillway crest was known, one could back-calculate the lake clevafion. e^a -,

The rneasurements began adding 7 indtes because in Joly 1988 the crest of tLe 39.4-foot spillway was raised by approxiinately 4{ q^`_ fl^-q, Lfi

inches, so 7 indies were needed in the badc-caloilation procedure.
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outlet structure. Dorsten was personally responsible for recording measurements from the

GLSM gauges since 1976.

On September 8, 2006, Mr. Dorsten was deposed and testified that there are three different

gauges at GISM. Dorsten also testified that the elevation of the gauges was not known by

ODNR; specifically, that no survey of any of the existing gauges (to determine if they were

accurately measuring the elevation of the lake) was to be found in ODNR's files. Accordingly,

ODNR and Case jointly arrutged for the completion of a survey of the elevation of the three

gauges by a licensed professional land surveyor. On September 19, 2006 Lee Surveying, lnc., of

Bellefontaine, Ohio, completed this survey, the results of which are attached as Appendix A.

The survey revealed that the gauges were not at the elevations ascribed to therri by ODNR,

meaning that the GLSM lake levels have been consistently under-reported by ODNR.

ADDITIONAL ANALYSIS PERFORMED BY CRA

In order to accurately determine the lake levels between 1927 and 2006 and complete an

accurate analysis of the impact of the spillway replacement, CRA completed the following tasks:

(1) CRA calculated the GLSM lake levels for lhe period April 1, 1927 to August 21, 2006

based upon the actual elevation of the three lake gauges at GLSM, as determined by the survey.

The survey demonstrates that the lake elevations reported by ODNR for the last seventy-nine

years were less than the actual lake elevations. The lake elevation data are attached in

Appendix B.

(2) Using the correct historical lake levels, CRA calculated the actual discharge of water that

flowed (or would have flowe(l) over the 39.4-foot spillway and the 500-foot spillway,

respectively, into Beaver Creek between April 1927 and August 2006. The results of the

calculations are illustrated on Revised pigure 3 attached as Appendix C. Using the accurate

lake levels, this analysis reveals that, had the ODNR-designed 500-foot spillway been

constructed 70 years earlier (in 1927), fifteen storm events between 1927 and 2006 would have

resulted in flow that exceeds the capacity of Beaver Creek, resulfing in flooding; an average of

approximately once every five years.

(3) CRA evaluated tlie raiY7fall record from 1913 to 2006 and ihe accurate historieal lake

levels from 1927 to 2006 to identify the historical periods where rainfall resulted in high lake

elevations, the factors that can cause severe runoff and flooding in the GISM area. The

evaluation identified sixteen storm events that had such an impact:
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March/April 1913 June/July 1993

January 7930 February/March 1997

April 1938 July/August 1998

May 1943 May 2002

February 1950 June/July 2003

April/May 1972 December 2003

May 1981 January 2005

July 1992 June 2006

(4) Using the I-IEC-2 computer model employed by ODNR, CRA determined the water

surface elevation along Beaver Creek that had (or would have) occurred from the discharge

over the 39.4 and 500-foot spillways for the sixteen most significant storm events that occurred

between 1913 and 2006. These results demonstrate tliat, with the 39.4-foot spillway, the Case

sports complex would not have flooded during a single event. 14owever, with the 500-foot

spillway, water in Beaver Creek overflows the channel banks and inundates the Case

property ten times: in 1913, 1930, 1943, 1981, 1992, 1993, July 2003, December 2003, 2005, and

2006. The results of this model'uig are presented on Table 1 and illustrated on Figures la and lb

through 10a and lOb.

(5) CRA completed an analysis of the lake levels from 1927 through 1997-when ODNR

ceased managing lake levels-and 1997 through 2006, when ODNR no longer managed lake

levels. The results of the lake level analysis are presented on Table 2. The results follow:

o Since 1997, 73.3 percent of the measurements taken reflect lake level elevations above

870.6 feet msl, the elevation at which water overflows the 50-foot long notch in the

spilIway and enters Beaver Creek. Before 1997, the lake level was above 870.6 feet

for orily 21.4 percent of the measurements.

o Since 1997, 26.3 percent of the measurements collected reflect lake level elevations

above 871.5 feet msl, flie elevation at which water overflows the entire 500-foot

length of the spillway. Before 1997, the lake level was above 871.5 feet for only 2.4

percent of the measurements.

o Since 1997, 10 percent of the measurements taken reflect lake level elevations above

871.8 feet msl, the lake elevation at which the 500-foot spillway discharges a quan6ty

of water that will overflow the Beaver Creek channel baiilcs at the Case property.

Before 1997, the lake level exceeded 871.8 feet for only 1 percent of the

measurements.

As evident above, since the construction of the 500-foot spillway in 1997, the lake levels of

GLSM are consistently and significaritly higher than historically. When the lake level of Gt.SM

is above 870.6 feet msl, water is discharging into Beaver Creek. If the lake is at or above that
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elevation when a storm event occurs, the storm is more likely to cause flooding in Beaver Creek,

regardless of flxe size of [lie event; and the higher the initial lake eleva6on, the more dramatic

the impact will be. The coinbination of the 500-foot spillway and the ODNR policy of not

nianaging the lake levels drastically increases the risk of flooding for downstream property

owners. 'fhis risk has become reality four tirnes since the constrnrcfion of the 500-foot spillway,

(July and December, 2003; January 2005; and June 2006)3-

For example, on July 2, 2003, tllree days before the storm began that inundated Case, the

elevation of the lake was 871.2 feet msl, nwre than seven (7) inches above the notch (870.6 feet).

For the December, 2003 event, the initial lake elevation was 871.7 feet rnsl, more than one foot

above the notch and two inches h9gher than the remaining 450 feet of the spillway (871.5 feet).

ANALYSIS OF DOYLE HART'MAN'S" REPORT AND METHODOLOGY

During his testimony on August 28, 2006 and in his report dated July 14, 2006, Mr. Hartinan

implied that the frequency and severity of flooding in Beaver Creek resulting form the 1997

spillway replacement are minimal. However, when CRA evaluated the new lake elevations, in

conjunction with the historical rainfall iriformation, the analysis disclosed that Hartman's

conclusions are not supported by the data. (In(leed, the potential for flooding in Beaver Creek

as a result of the 500-foot spillway installation is far more severe than initially reported in the

May 2006 CRA report.) CRA examined Hartman s methodology to determine why his

calculations of the frequency and severity of flooding in Beaver Creek underestimated the

problern. To that end, CRA obtained and evaluated the HEC-HMS and HEC-RAS models used

by Hartman.

A. IIartnrau's Use of a 24-Hour Duration Storin Event

Hartinan used a 24-hour duration storm event in his modeling and analysis to predict the

magnitude of flooding that would be caused by ODNR's 500-foot spillway. However, Hartman

did not exainine the historical record to determine if his selection of the 24-hour duration event

corresponded with recorded storm durations of the past. lt does not. The storm event

durations that have historically resulted in the niost severe flow in Beaver Creek were 72-hour,

and longer events. Hartrnan's selection and use of the 24-hour duration event misleadingly

suggests that the severity of flooding in Beaver Creek caused by the 1997 spillway is

significantly less than what the Creek and adjoining properties experience during the numerous

storm events that exceed 24 hours. His model does not accurately reflect the conditions of the

GLSM area.

' liekr to Table I and Fignres 7a nnd 7b tluougii 1OZ and 10b.
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B. The Flaws in Hartnran's Model

"The ntodels used by Hartman, HEC-HMS and HEC-RAS, were developed by the U.S. Army

Corps of Engiraeers, which also promulgated guidance for the proper use of the nwtlels.

Harftnan's modeling deviated from the Army Corps of Engineers guidance in, at least, two key

respects:

(1) Hartman modeled the 2003 storm event to determine the potential flooding along

Beaver Creek. However, during modeling, Hartman used the precipitation data froni only one

meteorological station (Col(lwater), rather than using the HEC-recommended method that

prescribes the use of all available records at multiple stations. I-Iartman states in his July 14,

2006 report, "there were not enough detailed data to accurately determine the achial atnount

and distribution of rainfall in the various segments of the overall watershed." This is not true.

Seven National Oceanic & Atmospheric Administration (NOAA) meteorological stations are

located within a 35-mile radius of the western spiliway at GiSM with precipitation data dating

back to 1910. Hartrnan did not input the publicly available rainfall data at the six other stations,

including stations at Celina and St. Marys. Instead Hartman assuined, in constructing his

model, that the amount of rainfall recorded at the Coldwater station was the amount of rainfall

that fell over the entire 296 square mile drainage basin he used in his model. That is not what

happened. The distribution of rainfall, as recorded by the severt stations, was not similar to the

distiibution used by 1Iartman in his modeling.

Standard modeling practice is to coltect the available data including rainfall, streamflow, and

lake levels, and ialput this known recorded data into the niodel. Once the model is set up with

the known data, unknown variables, such as soil conditions and antecedent moisture

conditions, can be adjusted in an attempt to match actual recorded conditions such as, in this

instance, the flood elevations rneasured (luring the 2003 flood. It violates standard practice and

common sense to adjust the known, recorded data such as rainfall, as Hartman did. For his

model, Hartman admits that he selected a rainfall amount from one location and assumed it

was dishibuted urvformly over 296 square miles, "Althougll the actual rainfall distribution

varied widely across the entire watershed, a uitiform distribution was assumed in the entire

watershed analysis" This is a gross misuse of the modeling process. `i'he results from a model

that bases its conclusions on iraccurate depictions of known, recorded conditions, such as the

amount of rainfall and rainfall distribution, is not credible.

(2) I-Iartman modeled the 2003 storm event using tlie methodology described above. His

conclusion was that flle flood elevations in Beaver Creek imrnediately downstream of GL.SM

were approximately 861 feet msl for the 500-foot spillway and approximately 857.5 feet msl for

the 39.4-foot spillway. This is approximately a 3.5 foot difference in elevation as a result of the

replacement of the spillway as stated by Hartrnan in his July 2006 Report. The Mercer County

Engineers Office surveyed the 2003 flood elevation on July 9, 2003 during the flooding, directly
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downsLream of the 500-foot spillway and determined the flood elevation to be 861.8 feet msl.

This differs from Hartman's model by approximately 0.8 feet. Therefore, the model used by

Hartman underesflmates the amomlt of flooding that occurred in 2003 at the Case property and

likely also underestimates the atnount of flooding caused by other storms. There is no

indication that Hartman made an attempt to verify the accuracy of his model by comparing the

model output to recorded flood elevations, as standard engineering practice dictates.

CONCLUSION

The use of accurate historic lake elevations in the calculations and modeling of discharge into

Beaver Creek from GLSM demonstrates that the poten6al for flooding as a result of the

installation of the 500-foot spillway is substantially worse than originally reported in the CRA

May 2006 Report, which used precipitation data to predict flquaing. However, because ODNR

failed to consider and analyze historical lake level data or precipitation data -as is standard

engiireering practice-, it did not realize that theinstallaflon of the 500-foot spillway would

cause, and now has repeatedly caused, frequent and severe flooding in Beaver Creek, aud the

surrounding properties (including the Case property).

The impact of this error has been greatly compounded by ODNR's decision to adopt a laissez

faire approach towards lake level "inanagement"; a decision that was apparenily made without

any consideration, or scientific analysis, of the effect that this decision would have, and has had,

on Case and the people living and working in the vicinity of Beaver Creek.

As statcd in CRA's earlier report and in the testimony of Dr. Campbell, ODNR had feasible

alternatives available in 1997 to prevent GLSM from overtopping the embankments separating

the lake from the City of Celina, without sacrificing the property and endangering the safety of

the residents near Beaver Creek. ODNR failed to utilize those measnres. It has also failed to

take flie simple measure of opening the gates in the spillways, as necessary, to avoid the risk

that higher lake elevations have on flooding. ODNR's actions, omissions and practices, as

described in this Report, do not comport with accepted engineering standards.

All of whicli is IZespectfully Submitted,

CONESTOGA-ROVEIZS & ASSOCIATES

Pressley L. Campbell, Ph.D., PE

Ohio PE 56681
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APPENDIX A

LAKE GAUGE SURVEY RESUL'PS

(Referenced in the text on page 3)



09/19/2006 13:10 9375937444 LEE SURVEYING PAGE 02

Let 1wappoh C^'0o9 ^oca
Land Surveys ° Topography ^ Subdivisions ^ Consiruction Layout

117 N. M(adriver StreeE Phone: (937) 593-7335

tieltefantaineO4ll 43311 Pax: (937) 593-7444

9 'ge °^ ^^ a IW(M 07 W.MOMMAMWO2

September 19, 2006

Schottenstein Zox & Dunn Co., LPA
P.O. Box 165020
Columbus OH 43216

ATTN.: Stephen Samuels

RE: Survey of Gauges and Spiliway Notch on Grand Lake St. Marys, Ohio

Dear Mr. Samuels:

This p'roject was personally surveyed by my associate, William K. Bruce, P.S., Ohio Registered
Surveyor Number 7437. He completed the field portion of the survey yesterday aftemoon and checked
his final notes in the late afternoon. He ran the survey in approximate one mile loops a distance of
twelve mites around the lake (24 survey miles) using a Zeiss Model DINi Electronic Level (SN 207427).
The pair of level rods are matching rods manufactured by Zeiss and Trimble (Model TD24). The level
was checked for accuracy prior to proceeding with the survey. The survey proceeded at a fast pace in
all types of weather including heavy rains on the first day of the survey. The final field work was
completed at a speed of less than two hours per mile of survey by using extra personnel and dwo rods
instead of the usual one.

Initially, Mr. Bruce had communication problems with the prior survey company regarding the location
of the bench marks to use. The problem was unavoidable due to the absence of Mr. Charles Munce
from his office for two days. Since it was imperative that the project be completed quickly, Mr. Bruce
used an assumed elevation for his beginning point and completed the survey with that basis for
elevations- Once, he obtained the bench mark locations required to match the prior surveys, he tied
his survey to a point designated Bench Mark 2 in the Mercer County Engineer's Records.

Bench Mark 2 is a chiseled "O" cut in the southeast wing of the U.S. Route 127 bridge over Beaver
Creek opposite center-line Station7+50 per the 1977 highway plans. The published elevation for
Bench Mark 2 is 860.72 feet.

The correction to his assumed elevations will require adding 17.003 feet to each of his field elevations,
Mr. Bruce's unadjusted closure for the total twenty-four mile distance is 0.04 feet of error in the twelve
miles. 0.04 feet is about 1/2 inch_

Your original scope for this project requested that we provide the following information:

1. The elevation of the 50-foot notch in the center of the spillway located on ihe western
side of Grand Lake St. Marys. PdotP that Mr. Brur.e simply called this the top of spillway in his notes.

2. The elevation of the gauge on the East Bank of Grand Lake St. Marys.

3. The elevation of the gauge on the Westem Bank of Grand Lake St. Marys.

4.
St. Marys.

The elevation of the gauge on the boathouse located on the north side of Grand Lake

4914096"Itt"wp;
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During a phone conversation with you. I was Instructed to use the same mark on all of the gauges with
a preference to use the 3 feet mark. Additionally, we were to, also, verify the elevations of each end of

the dam and the top of the "V" slot in the dam.

The results of the survey after the addition of the 17.003 feet and necessaryvariations from the original
scope are as follows: All elevations are in feet and thousands of a foot:

Top of the dam on the north side of the spillway

Top of the spillway on the north side

Top of the dam on the south side of the spillway

Top of the spiilway on the south side

The gauge on the west bank does not exist anymore.

871.487'

879.646'

871.483'

870.620'

Mercer County Bench NAark 810 is the TBM for the wost bank gauge if it is to be replaeed.
The tocation is defined on the attached county document at the end of this report
The published elevation is 877.01 feet. The elevation from our field survey is 877.003'

The top of the 2 feet mark on the gauge at the O.D_N.R. maintenarlce area boat building_ 872.764
There is no 3 feet mark on this gauge. This gauge could not be found at the beginning of the survey.

A"MAG" nail TBM was set in the west side of a light pole in the middle of the maintenance
area parking lot. The top of the head of the MAG nail is 875.581

Top of the 3 foet mark on the water gauge at the east end of the iake 873.308

TBM at the water gauge area is a chiseled "+" on top of a bolt at the base
of the hoistlcrane. 878.612

I have attached a copy of Mr. Bruce's original field notes as well as a copy of the Mercer County Bench
Mark notes as cited above. If you have need for any further information, please contact us.

Sincerely,

Oh1c(Professionai Surveyor 6359
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APPENDIX B

LAKE ELEVATION DATA
(Referenced in the text on page 3)



APPENDIX C

REVISED FIGURE 3 FROM THE CRA MAY 2006 REPORT

(Referenced in the text on page 3)
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May 1981

GRAND IL.AK^ à ST. MARYS

SURVEY REPORT FOR
FLOOD CONTROL AND ALLIED PURPOSES

AUGLAIZE AND MERCER COUNTIES, OHIO

THE STUDY AND REPORT

PURPOSE AND ALTI'HORITY

The purpose of this study was to investigate flood and related water resources prob-

lems and needs of the Grand Lake St. Marvs area and describe rhe various alternatives

considered to help solve the problems.

This report has been prepared in response to Section 217 of the Flood Control Act

of 1970 (Title II, Public Law 91-611), dated 31 December 1970, concerning flood control

and allied purposes, including channel and major drainage improvements, and floods aggra-

vated by or due to wind or tidal effects.



The State of Ohio, Depattment of Administrative Services, Division of Public

Works, studied possible diversion of greater flows through the eastern embankment out-

let and canal system and also repair measures for the Grand Lake lock, St. Marvs

Feeder Canal, the Kopp Creek culvert, and the aqueduct over the St. biarys River.

The project, as yet, has not been funded for construction.

The Ohio Water Development Authority had a report prepared in June 1977

entitled, "Grand Lake Regional Sewer System Facilities Plan," which was a planning

study for the conveyance and treatment of sanirary.wastes generated within the Grand

Lake Regional Sewer System planning arca.

The U. S. Environmental Protection Agency developed information on nutrient

sources, concentrations and impact on the lake as part of a report entitled, "Report

on Grand Iake St. Marys, Narional Eutrophication Survey."

t
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RESOURCES AND ECON®1VjY

®F THE STUDY AREA

ENVIRONMENTAL SETTING AND NATURAL RESOURCES

The Grand Lake St: Marys study area is situated in Mercer and Auglaize Counties

in west-central Ohio on the low watershed divide betu^een the Wabash and St. Man's

Rivers (Maumee River Basin) as shown on the General Map, Plate 1.

. Grand Lake is formed by a dam at its west end on Beaver Creek and a dam at

its east end on Chiekasaw Creek which drains to the St. Marys River via the St. Marvs

Feeder Canal. The impoundment covers the low watershed divide forming a lake with

a surface area of some 21 square miles at approximately 870.5 mean sea level (msl).

The lake is approximately eight miles in Iength east to west and averages over two

miles in width north and south with a shore line of approximately 55 milcs. Average

depth of the lake is 6.8 feet. The total drainage area to the lake is some 112.1

square miles, of which over 18 percent is lake surface. Its principal triburaries are

Coldwater, Upper Beaver, Prairie, Chickasaw, Little C'hickasaw and Barnes Creeks, all

entering from the south. The State of Ohio owns the lake, together with a few small

parcels of lakefront property. Lake operation is by the Ohio Department of Natural

Resources and the Ohio Department of Public Works.

The Ohio Division of Wildlife operates the St. Marys Fish Itatchery and the A4ercer

County Waterfowl Refuge at the lake. Several areas along the lake are operated as

part of the Grand Lake St. Marys State Park. The lake is surrounded by a combiria-

tion of agricultural, recreational, permanent and seasonal residential, and urban land

uses. Beaver Creek, the western outlet channel, descends gradually through agricultural

lands of Mercer County before merging with the Wabash River. Principal urban areas

include CeIina and St. Marys, with 1980 populations of 9,127 and 8,368, respectively.

The study area is approximately 100 air miles due north of Cincinnati, Ohio, and

95 air miles northwest of Columbus, Ohio.

5



The projeci study =2 is in the Ttlls Plain Section. The topography is genth^ roll-

ing with elevations ranging from highs of 910 feet NGVD to approximately 850. The

terrain falls generally toward the lake which has a normal water surface elevation of

870.5 feet NGVD.

The agricultural land adjacent to Beaver Creek is predominantly Defiance-Wabasha

silty day loam which is a very poorly drained soil occupying low lying, level and

depressional positions on flood plains. Drainage is difficult to establish due to a lack

of suitable outlets on the nearly level topography. Soils in the lake watershed are

dominantly in the Blount-Pewamo and Blount--Glynveood soil associations. These

soils are nearly level to sloping, somewhat poorly to very poorly drained silty cla}'

loam or clay loam glacial till rvhich have poor bearing values, are subject to occasional

flooding and are generally unsuitable for septic tank systems. Agricultural productivity

is moderate to moderately high, and although naturally poorly drained, provide good

farming wben properly drained with tile.

The climate of the area is continental with warm summers and is characterized

by abundant precipitation, fairly long growing seasons, and wide ranging annual and

daily temperature. During January, the coldest month, the average daily temperature

is 27' F., and in July, the warmest month, the average daily temperature is 73o F.

Average annual precipitation is 37.5 inches, with rainfall distributed fairly evenly

throughout the year. Showers and thunderstortns furnish much of the precipitation

during the growing season. Heaviest rains occur in June. Frost-free days average 160

days. The normal rainfall is such that lake water level is relatively stable except dur-

ing drought and beatT rainfall periods.

Grand I.ake St. Marys is far from being a clear lake because of algal growth,

turbidity and sediment entry. The proportion of pollutants in the lake has been

aggravated by increased agricultural development and population growrh- Despite

the algal condition of the lake, it is a good warmwater fishery and is used exclusively

for recreation and as a munieipallindustrial water supply.

Much of the land in the Grand Lake St. Marys watershed is agricultural. Mercer

and Auglaize Counties are among the most important agricultural counties in Ohio

with eash grain farming dominated by corn and soybeans as the major farm enterprise.

I
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Livestock operations (beef, dairy, swine and poulirt')are also major farm enterpriscs.

particularly in the lake watershed.

- Less than 10 percent of the land in the Grand Lake St. Marys watershed area

remains wooded. Forest areas are comprised of small, isolated woodlots surrounded h?

corn-soybean dominated fanning. Travel corridors for wildlife are, to a large exteni,

limited to stream corridors. Some mammal species remain common, such as muskrat,

raccoon, oppossum, fox and gray squirrel, cottontail rabbit and whitetail deer, although

destruction of lakeshore wetlands, the removal of fencerows and large woodlots, and

residential development has had adverse impacts upon a number of mammalian species.

The area has been one of the best locations in Ohio for observing a diverse group of

birds. Because of the lake's large surface area and the exceIIent wetland habitat

surrounding the lake, it has become an imporrant concentration area for waterfowl.

The area lies within the Mississippi Flyway, a major north-south migratory route for

many passerine species. As such, thousands of migratory ducks and geese use the lake

as a resting area during spring and fall migrations.

Endangered or threatened species such as the Eskimo curlew, bald eagle, and the

American peregrine falcon migrate through Ohio, but sitings in the area are very rare.

The range of one endangered mammal, the Indiana bat, is known to include the study

area.

There are no documented archeological sites, either prehistoric or historic, in the

Grand Lake general studv area and no surveys have been undertaken on lands included

in the Grand Lake study area; however, undocumented reports have inclicated possible

sites in or near Celina and St Man^s. The-re is a high potential for the existence of

undocumented prehistoric and historic archeologic sites, especially in the vicinity of the

Beaver Creek-Wabash River confluence; lands on a ridge extending towards L.rastus

along Beaver Creek; lands adjacent to Montez.uma Bay; and lands bordering Chickasaw

Creek and other creeks tributary to the lake. A total of 248 historically or architec-

tural3y significant sites have been documented in the Grand Lake study area. Qf

these, three are listed in the National Register of Historic Places, one has been nomi-

nated to the National Register, and another is in the process of being nominated.
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Grand I.ake St. Marys came into being as a reservo'u to supply water for the Miami-

Erie Canal. Construction started in 1837 and was completed in 1845 at a cost of approxi-

matelv $528,000 (Clark, 1960). The then 17,500-acre reservoir was for many years the

largest man-made body of water in the world: With a current estimated surface area of

13,920 acres, it is the largest inland water body in the State of Ohio. The lake has a long

and interesting history and played an important part in the development of the Northwest

Territory. The St. Marys River served as a vital link between the Great Lakes and the

Ohio River via the Miami-Erie Canal. The lake once supported a vast commercial fishm.

The canal era, however, was short-lived as much of the business of transporting goods was

taken over by the expanding railroads. The area experienced anotlter boom in the late

1890's when oil was discovered and for a time the lake was dotted with oil derricks. Today

a pile of rocks near the center of the lake marks the spot of the last producing well. The

lake has gained growing popularity among retreationists and sportsmen since 1915 when

the General Assembly of the State of Ohio passed an act through which this body of water

and adjacent lands owned by the State were dedicated and set apart forever for the use

of the public, as public parks or pleasure resorts.

Today the lake exists primarily for recreation purposes and is a favorite spot for thou-

sands of vacationists from Ohio and neighboring states. It is also the principal water supply

for Celina, Ohio, and St. Marys, Ohio, uses lake water for cooling purposes at their power

plant. Primary recreational activities at the lake include boating, fishing, picnicking, swim-

ming, winter sports, and camping. Several areas along the lake are operated as part of the

Grand Lake St. Marys State Park. Grand Lake St. Marys Park is located along the north-

east shore of the lake and provides recreational activities such as camping, fishing, hiking,

picnicking, swimming, and boating. Approximately 500,000 persons visit the park annually.

in addition, tlte Ohio Division of Mriidlife operates the St. Marys Fish Hatchery located

at the extreme eastern edge of the lake. The Division also operates the.1,400acre Mercer

County Waterfowl Refuge at the southwest section of the lake which provides a.haven for

migrating as well as nesting Canada geese. Thousands of birds stop at this refuge during

spring and autumn migrations.

The lake is fairly heavily used, having at least six major marinas, one State campground,

a 4-H camp, and two church camps. Fishermen abound during early spring_ Hunters vie

for licenses and blind privgeges during early winter. There are three public bcacbes on the

lake and.hundreds of private beach areas.
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HUMAN RESOURCES AND ECONOMIC DF,VELOPMENT

Out of 88 counties, Mercer County ranks 56th and Auglaize 51st in Ohio countAl popu-

lations with 1980 populations of 38,242 and 42,461, respective]y. Li'hile there are no iargc•

urban developments in Mercer and Auglaize Countics, those areas that are urbaniz.ed are

located on or around the Grand Lake St. Marvs rim, where most of the popularion li ves

Celina, in Mercer Countv, and St. Marvs, in Auglaize County, are ehe two most populated

areas in the vicinitp of Grand Lake St. Marys with 1980 census populations of 9,127 and

8,368, respectively. The Villages of Coldwater (population 4,000) and Montezuma (popul-

ation 270) are also in the studv area.

Between 1950 and 1960 the population of the lake area, including Celina and Franklin

Township in Mercer County, and St. Marys and Jefferson Township in Auglaize Counrc,

increased by 24.4 percent. This compares to a national increase of 18 percent during the

same period. However, from 1960 to 1970, the U. S. population inereased by approxi-

matel}' 14.3 percent, while that of the lake area increased by only 8.1 percent. For the

total period from 1950 to 1970, the U. S. popalation rose by 34.9 percent, while the lake

area population grew• by a comparable 34.5 percent

From Memorial Day to Labor Day, the seasonal vacation population of Grand Lake

St. Man,s increases by approximately 20,000 persons, nearly niatching the permanent

population (23,500).

Most of (xlina and St. Nlarvs is residential, with the major portion of homes beinr

single familr. The land surrounding the lake is predominantly agricultural and open land

except those areas immediately adjacent to the lake. A great portion of the lake's drainage

area to the south is classified as prinie farmland. The land immediately adjacent to the

lake consists of many private and commercial settlements, used mostly for recreational

purposes. Cottages, campgrounds, and trailer parks are found around the lake, with highest

concentrations on the south side. Adjacent to the lake are several permanent, year-round

residential subdivisions.
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Land around the lake is presently unzoned, and current growth has been random, with

no efforts made to control lot sizes or land use. Consequently, developed land abuts areas

of undeveloped agricultural land. Because of its attractiveness for recreational use, the

land imniediately adjacent to Grand Lake St. A4arys is anticipated to be used largely for

residential and recreational purposes in the furure.

In 1970, the labor force of the two-county study area was 29,068, or about 39 percent

of the total population. Of, this number, 2.6 percent was unemployed, considerably below

unemployment levels statewide and nationally.

The major sectofs of employment during 1970 were manufacturing (40 percent),

service industries, including government and education (19.4 percent), wholesale and retail

trade (19.2 percent), construction (5.3 percent), and agriculture, forestry and fisheries

(8.1 percent). Mining activities accounted for less than 1 percent of the two-county work-

force. Sizeable increases in the manufacturing, trade, and services sectors, with declining

numbers in agricultural, forestry, and fishery occupations are typical of the state-wide

employment trends in recent decades.

Agriculture and industry promote a successful economy in the study area. Mercer

County is one of the leading agricultural producers in Ohio and ranks second only to Drake

County in cash receipts. In 1970 the county contained about 2,000 farms, with acreage

totalling over 289,000. Industrial development has also helped Mercer and Auglaize Count-

ies to remain economically sound.

Per capita income in 1970 aas $2,450 in Mercer County and $2,668 in Anglaize

County. During the decade 1970 to 1980, per capita income was projected to rise to

$3,580 in Mercer Counry and to $3,760 in Auglaize County, or 41 percent in both counties.

From 1980 to 2000, per capita income levels are expected to show steady gains of some 74

percent in both Mercer and Auglaize Counties. By 2020, the expected per capita income for

Mercer County is $10,116 and $10,626 for Auglaizc County. These per capita incomc

figures, unadjusted for inflation, indicate about a three-fold increase in levels between the

present and the year 2020 in both counties.

I
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The permanent population of the Grand Lake St. Marys stvdv arca and vicinity is pro-

jected to increase 34 percent from 21,700 in 1970 to 29,095 by 2000. -This contpares ro

2 projected State-wide population increasc of 24 percent during the same period. 'thc

population growth in the urbanized and urbanizing areas of both counties (Celina and

St. Marys) are expected to be 14 percent lower (20 percent) than the overall populat on

growth rate of the study area. Permanent population growth along the perimeter of the

lake will be limited by space and basic service facilities, yet it is anticipated thac the per m-

eter
will support a great deal more than the present population. The summer seasonal

resident population is projected to increase 54 percent from 17,600 in 1970 to 27,050 in

2000.
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PROBLEMS AND NEEDS

The purpose of this section is to define and discuss the water and resource problems,

needs and opportunities in the study area, including the status of existing plans of various

Federal and non-Federal agencies and improvements desired by local interests. The study

authority has indicated that the major water, resource problem to be addressed is flood

damages but as is true in most areas, there are general needs and desires for additional

outdoor recreational opportunities and enhanccment and preservation of the existing

natural environment.

STATUS OF EXISTING PLANS AND IMPROVEMENTS

Beaver Creek

A Beaver Creek improvement project has been planned by Mercer County and the

State of Ohio. The restoration program encompasses a 10.6-mile reach of Beaver Creek

and includes dearing and cleaning the channel of flow restrictive debris and shoals togerher

with reshaping the ehannel cross section and repiacement of tile drain outlets. Beaver Creek

was last restored in a similar improvement project in 1951 but was not followed by a

regular maintenance program. The project cost estimatc of approximately $500,000 was

tentatively to be shared equally with $250,000 funding by the State of Ohio and matching

funds by the Board of Mercer County Commissioners but the state share, to date, has not

been funded.

t
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Soil Conservation Service

The Soil Conservation Service (SCS) constructed three single purpose floodwater retard-

ing stnactures to provide flood proiection to 19.3 square miles of the 125-square-mile

watershed of the Wabash River upstream of its junction w•itlt Beaver Creek. This PL-566

project named "Upper Wabash Watershed," included about 30 miles of major channel

improvement on the Upper Wabash River rnain stem and tributaries upstream of the city of

Fan Recovery. Flood plains not protected by this project include the Wabash River main

stem downstream of Fort Recovery to the Ohio-Indiana state line and along the entire

length of Beaver Creek below Crand Lake St. Marys and was the subject of additional SCS

studies. The proposed strucniral measures include a multiple purpose flood prevention-

water quality control structure, a multiple purpose flood prevention-recreation structure,

two miles of multiple purpose flood prevention-drainage channel with six drainage pumps,

and 13.4 miles of flood prevention channel improvements (Beaver Creek). Costs were

estimated at $4,136,500 (1969 dollars) but the project has nor been constructed because of

lack of a local sponsor.

Grand Lake Regional Sewer System

This is a Public law 92-500, Section 201 project for U.S. EPA construction grants

to buitd a$14 miliion-plus, sewage collection and sewage treatment plant expansion and

upgrading system for portions of Mercer and Auglaize Counties immediately adjacent ro

the lake. The original plan divided the lake area sewer system into two portions at the

Mercer--Auglaize County line and conveys the Auglaize County flow to the exisring

St. Marys wastewater treatment facility and the Mercer Counry flow to the existing Celina

wastewater treatment facility. The primary objective of this plan is the protection of

Grar d Lake St. Marys by elimination of human waste loads to the lake, especially the

high coliform content.

The project has met with local opposition because of high costs. The Farmers Home

Administration and U.S. EPA have tentatively withdrawn loan or construction grant

approval pending additional studies and review for a modified lower-cost project or other

altemative wastewater management plans.

13



Grand Lake/Miami and Erie Canal

The OhioDepartment of Administrative Services, Division of Public Works, has had pre-

pared a plan to provide greater flow capacity through the St. Marys feeder canal (the Grand

Lake eastern outlet channel) together with significant repair of the eastern embankment

lock structure, the Kopp Creek culvert, and the aqueduct over the St. Marys River. A major

part of the plan calls for lowering the east spillw'ay crest elevation to that of the west spill-

way crest elevation in order to "provide an east/west split of uncontrolled discharge capac-

ity which is proportional to the drainage areas contributing runoff to the lake." To date

the $951,500 improvement project has not been funded for construction.

FLOOD PROBLEMS

Flooding has been reported for years, not only around Grand Lake St. Marys, but also

along Beaver Creek, the lake's natural outlet channel. Periodic flooding of primarily agri-

cultural land along Beaver Creck is attributed to a combination of factors including a very

limited flood control capability of Grand Lake St. Marys, poor surface. drainage, low stream

gradient (1.5 feet per mile), high stream stages which cause inadequate outlet conditions

for numerous artificial agricultural drains, and constrictions to flow from vegetation on the

banks, shoals, and debris throughout the entire 10.6-mile reach. Flooding problems along

Beaver Creek are from both overbank inundation and subsurface saturation as a conse-

quence of long periods of near bankful flow in the flat gradient channel. Peak discharges

from the lake's western outlet are not great enough to cause instantaneous flooding, and are

lcss than would be experienced without the lake. However, it often requires several wecks

of steady outflow to pass flood runoff from the lake. This condition is sufficient to keep

Beaver Creek near bankfull for long periods of time and is damaging to agricultural opera-

tions, part'rcularly in the spring and early summer in the flood plain.

Periodic flooding occurs along the south shore of the lake where the topography and

developments are generally at a low elevation- The flooding is attributed to tnany factors

including poor natural drainage plus a high water table, and to a high lake level combined

14



with wind-induced wave acrion which causes water to runup on the shore with subsequent

damage to residential buildings and contents. In most years; the lake level does not exceed

one foot above west spillway crest (870.75 NGVD), but this rise is sufficient to cause flood

damage on the south shore when the effects of wind setup, seiche effect and wave runup

are considered. The recreation-oriented developments around the lake tend to make an^

lowering of the water surface undesirable.

Lake pool elmtion 871.75 was identified as the water surface elevarion, together with

wind-induced wave action where lake shore flooding begins.

Limited data has restricted the analysis of historical flood events. However, the storms

which occurred in March 1913, and were centered near Bellefontaine, Ohio, produced the

flood of record for a majoriry of long-term gaging stations in both northeastern Indiana

and southwestern Ohio. The 5-day rainfaU total was 11.1 inches at Sellefontaine which

is approximately 40 niiles southeast of Grand Lake. Available water surface elevation

records for the Grand Lake pool began in March 1927 and provide an indicattori of addi-

tional flood periods. The maximum pool level of recorded data occurred on 15 January

1930 at elevation 872.83. The Ohio Division of Parks and Recreation records also note

an absence of gate operations during this high water period. This laek of outlet openings

produced the maximum attainable pool structurally possible from available inflows. The

peak take inflow, during the period of recorded data, was estimated to be nearly 12,000 cfs.

This event occurred on 18 May 1927 and was the result of a high intensity storm of short

duration and low volume- This storm produced a peak pool elevation of 871.75 feet

NGVD.

Table 1 presents 11 of the 12 observed annual events which exceeded elevation 871.75

for the period of record. Seven of the 12 events occurred during the recreation season.

Local residents and farmers along Beaver Creek were interviewed and reported sio-nifi-

cant flood events during January 1949, Decen ber 1957 through January 1958, March

through April 1964, A4arch 1965 and May 1972. Several lesser floods were reported during

the June through November months when crop losses are greatest. No gaged data of his-

torical floods are available for Beaver GYeek.
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TABLE I

HISTORICAL LAKE POOL ELEVATIOrS

Observed Data

Date

Peak Pool
Elevation

Days Above
Elev. 871.75

Peak Mean
Daily OutfloW

(feet)
(cfs)

Jan 1930 872.83 18 300

67872
24 330

May 1943 . 32 310
Apr 1972 872.67

19
550

Apr 1938 872.42 520
Feb 1950 872.42 24

37 380
Apr 1978 872.17

8 19
260

Jan 1949 872.0
23

550
Apr 1957 872.08

11
380

Jun 1958 871.92
5

490
May 1933 871•92

9
510

Nov 1972 871.92

i
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Flood Damages

Thc areas under consideration include Beaver Creek downstream from the lake and

portions of the developed lake shore. The extent of flood damages has been identified

by developing hydrologic and field data which considered such aspects as stream charac-

teristics, lake releases, extent and character of the drainage basin and flood plain, pro-

jected future characceristics in the case of Beaver Creck and lake levels, wind and wave

action and character of shoreland in the case of southshore flooding. These data werc

used in developing estimated present and future flood damages. Damages were developed

for siream reaches and developed shoreland areas shown on Plate 2 in order to identify

damage centers.

The Beaver Creek flood damage study extends from its confluence with the Wabash

River upstream to the western outlct of Crand Lake St. Marys, a streani distance of about

10.6 miles. Table 2 shows the monetary damages that could be expected to result from

the occurrence of three specific flood events (a flood that occurs on the average of once

in 5 vears, a flood that occurs on the average of once in 10 years, and a 100-year fre-

quency flood). Table 3 provides the average annual equivalent damages that can be ex-

pected for each stream reach.

The southshore flood damage study area extends from west of Montezuma Bay (Zeb's

Landina) eastward to Barnes Creek (Southmoor Shores) and includes most of the shore-

land development in between. Flood damages for the lake shoreline area are attributed

to a high lake level combir ed with wave action and wind setnp.

Flood damage surveys were made for sclected residences along the shoreline arca_s.

Commercial establishntents were not evaluated since most are located either at elevations

out of reach of flooding or sufficiently distant from the shore, such that damages are vir-

mallv non-existent. The total value of all residences along the southshore is estimated to

be $6,000,000. Present annual damages to residences in the form of structure and content

damage are estimated to be $150,200 for approximately 142 private shoreline properties

(Table 4).
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TABLE 3

AVERAGE ANTNUAL. DAMAGES
BEAVER CREEK

(Present 1979 Conditions)

Damaee Cateenrs- 2/

Reach
BC_1 BC-2

Damage
1'otals

Crop
$30,850 $32,350 $63,200

Non-Crop
9,700 3,200 12,900

Transportation Facilities 1,400 1,310 2,710

Public Utilities
3,950 2,240 6,190

Totals
$45,900 $39,100 $85,000

i/ See Plate 2.
2/ Crop -{or major crops produced;corn,soybeansand hay

Noncrop - agricuhural properties such as siltation of tiles, debris removal,

land erosion and repair, surface ditch maintenance, farm roads and levees.

Transportarion facilities -- roads, fills, bridges, culverts
Public utilities - after flood maintenance of telephone, gas and electric,

and other public utiliry services.
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TABLE 4

AVERAGE ANNUAL DAMAGES
SOUTH SHORE OF

GRAND LAKE ST. MARYS

Location 1/

Estimated h'umber
of Properties

Subject to Damages

Estimated
Annual

Damages 2/

1 10 $ 10,680
2 31 32,500
3 39 42,610
4 14 14,940
5 6 6,900
6 18 15,750
7 12 15,000
8 7 7,480

5 5,3409

Totals 142 $150,200

1/ See Plate 2
2/ Structure and contents damage

1
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WATER QUALITY PROBLEMS

Based on local observations and on actual data collected. on Grand Lake St- Marvs,

lake water quality has been declining in recent years. This can be seen through increased

siltation and atgac blooms. Previous studies have shown that the primary contributors to

the decline in lake water quality are from phosphoius and sediment. As the water qualin

declines, the qualiry of the recreational experience the lake will support will also decline.

The Grand Lake St. Marvs area has been the object of several water quality relared

sttidies in the past few years. T'he lake is used primarily as a recreational facilit}, and is

administered by the Ohio Departrnent of Nlatural Resources. Its recreational uses include

boating, fishing, and body contact water activities stieh as skiing and swrmming. Another

imporcant use is as a water supplv source for the City of Celina.

The lake is classified as an exceptional warm water habitat, a public water suppl}',

and as bathing waters. Its tributaries are classificd as warm water habitats.

Because the lake has three designated uses, no one set of Staaze water qnality criteria

is exclusively applicable to it. In the case where several sets of criteria exist for the same

body of water, the most stringent criteria apply-

The water quality of Grand Lake St- Marys has been examined in connection with its

eutrophication problems. The lake experiences ntassive algal biooms several times each

year, and taste, odor, and fish-tainting problems with the water have been reported fre-

quentlv. In a survey conducted by the U.S. Environmental Protect on Agency on Grand

Lake St. Marys, algal produc-eivity was found to be phosphorus-limited during the spring

and summer and nitrogen-limited in the fall. The estimated phosphorus loading of the

lake (0.49 g/m2lyr) was 1.8 times greater than the commonlv accepted eutrophic loading

limit of 0.28 g/m2/yr. -
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In addition to the U.S. EPA study, the Mercer-Auglaize Environmental Research

Association monitored water quahry in the Grand Lake St. Marys area from 1973 to 1975

at ten locations. In general, the data support the high nutrient loadings found during the

U.S. EPA study, but it also indicated significant bacterial pollution of the lake. The average

fecal coliforrn concentrations from 1972 to 1975 exceeded the state water quality criteria

for bathing waters (200 coliforml100 ml) at all ten sites sampled. A Master's thesis by

james P. Loughran (1973) entitled, "The Analysis of Tributary Outfalls as Possible Sources

of Micro-biological Contamination of Grand Lake-St. Marys," concluded that the bacterial

pollution of the lake was severe enough to warrant action discouraging its use for priman

body contact recreation. Data presented in this thesis indicated that bacterial contamina-

tion of the lake was from both human and animal sources, although the relative magnitude

of each of these sources was not identified.

The bacterial contamination of the lake has been attributed to the Mercer Wildlife

Refuge on Montezuma Bay; however, considering the large number of persons that visit

the lake annually and the extensive use of septic tanks in many unsuitable areas along the

south shore, it is probable that a large part of the lake's microbiological contamination is

due to human waste.

Severe taste and odor problems have been reported with the water of Grand Lake

Si. Marys. People living around the lake frequently complain of a musty odor in the air

and the City of Celina experiences taste and odor problems with botlr the raw water it

withdraws from the lake and with finished water distributed to its customers. Odorous

compounds of biological origin known to taint water supplics were reported by

A. A. Rosen, et. al in 1970 as being found in Grand Lake St. Marys. These compounds

include geosmin and 2-methylisobomeol, which are produced by certain strains of

actinomycetes. Although geosmin is characteristically associated with the musty odor of

heavy algae blooms in reservoirs, data indicated that 2-methylisoborneol constituted 68

percent of the odor from Grand Lake. In a 1964 taste and odor study of Celina's water

supply (Grand Lake) conducted by Finkbeiner, Pettis & Strout, Ltd. algae, either directly or

indirectly, were identified as responsible for the majority of the taste and odor problems.
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More recent studies undertaken bY Finkbeiner, Penis & Strout, Ltd. in August 1980

on Grand Lake St- Marys centered on water quality adjacent to greateg development and

on parameters indicative of hunian wastes. The investigation confirmed previous studies

of lake pollutant loadings and showed ttiat human wasteload originating from lake shorc

development continues to degrade lake water qualit}'. Bacterial counts confirmed the

presence of sewage, creating a problem which at peak use periods affects the entire lake.

In summary, the primary water pollution problems in Grand Lake St. Marys is the

eutrophication of the lake as described above. The main water quality problems are asso-

ciated with nuisance algae blooms and inadequate sewage treatment- Taste and odor prob-

lems in the lake have been linked to the algae blooms, which also interfere with recreation

and water supply uses. Other information indicates significant bacterial pollution of the

lake,

Other than in Grand Lake St. A4arys, water pollution problems are associated with

Beaver Creek- During dry periods, the flows in the upper reaches of Beaver Creek essentiall}

cease and the only flow in Beaver Creek is the effluent from the Celina wastewater treat-

ment plant. This has resulted in serious water quality problems in the creek, including high

levels of suspended solids and nutrient concentrations and low dissolved oxygen. Facilities

plans arc presently being prepared for improvements to the Celina wastewater treatment

plant that will alleviate this problem.
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Sources

The drawing below shotvs a conceptualization of phosphorus and sediment pollution

sources which contribute to lake water quality problems.
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Phosphorus input sources have been categorized as either "point" or "non-point"

sources for purposes of estimating total annual phosphorus loadings to the lake.

Point sources are those which discharge effluent at known locations and include one

municipal sewage treatment plant (St. Henry) and 17 small premanufactured (package)

treatment plants surrounding the lake, each of which discharge effluent with varying degrees

of treatment directly or indirectly to the lake.

Non-point sources include phosphorus from such diverse sourccs as precipitation, agri-

eultural and livestock areas, waterfowl, septic tank-soil absorption systems, and direct

urban and suburban runoff. Phosphorus contained in rainwater falling direcrly on the lake

surface is generally uncontrollable and the abiliry of algae to utilize the phosphorus is still in
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question with researchers. Oropland and animaI concenlration areas (feedlots) both con-

tribute nutrients and sediments through runoff and erosion. The high concentration and

number of waterfowl at Grand Lake has been suspected of contributing phosphorus and

bacterial contamination of the lake. Although the concentration of septic rank-soil absorp-

tion systems around the lake is generally known, they are considered non-point sources

because pollution from them seeps into the lake over a dispersed area. Urban and suburban

runoff contributes pollutants after rainfall events from residential areas and streets.

Finally, erosion of watershed lands, streambanks and shoreline contribute sediments

whicb cause turbidity and phosphorus-bound particulate matter which causes the pro-

liferation of odor and taste-producing algae throughout the lake.

Annual Phosphorus Loads

it is estimated that approximatelv 33,000 kilograms of total phosphorus are currenth°

contributed to Grand Lake on an annual basis. The estimated phosphorus loading rate

of 0.49 gram per meter square per year to the lake is nearly 1.8 times greater than the

commonly accepted loading limit. This means rhat Grand Lake St. Marys can be con-

sidered cutrophic. The excess nutrient concentration results in increased biological activitv

and culminates in nuisance algal growths, reduced oxygen content, and noxious tastes and

odors. With these conditions the lake may become unacceptable as a source of water

supply and recreation.

Of the total phosphorus loading, it is estimated that, on the average, approximately

15,000 kilograms are removed from the lake annually via Beaver Creek and the St. Marys

Feeder Canal. At the carrent estimated rates of phosphorus input and output, approxi-

mately 18,000 kilograms of the total phosphorus accumulates annually in the Iake.

Several sources of phosphorus which were thought to be significant, specificallv septic

tank systems and waterfowl, are contributing only small quantiries of phosphorus to the

lake.
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The estirnated percentage contributed by each source is identified in Table 5. The

most significant contribution of phosphorus to Grand Lake St. Marys and to the rapid

rate of eutrophication of the lake appears to be from non-point sources or rural, primarilN°

agricultural land and livestock concentration areas.

TABLE 5

ESTIMATED ANNUAL
TOTAL PHOSPHORtJS LOADINGS FROM SPECIFIC SOURCES

GRAND LAKE ST. MARYS, OHIO

Source Kilograms

Percentage

of Total

Precipitation 780 2.3

Waterfowl (Geese) 216 .6

Animal Concentration Areas (Feedlots) 7,500 22-6

Aa iculturallRural Land 21,000 62.9

Municipal Point Source (St. Henrys) 1,449 4.3

Domestic Point Sources 746 2.2

Septic Tank-Soil Absorption Systems 610 1-8

Runoffbd S bb 0881 3_3ur anuan anDirect Ur ,

Totals 33 ,389 100.0
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EROSION AND SEI?IldlENT PROBLENIS

Soii erosion and sedimentation pose major problems to lakes and streams. In bulk,

sediment is the greatest single water pollutant nationwide and is no exception at Grand

Lake St. Marys. The introduction of sediment to the lake occurs as part of natural +'ater-

shed processes. However, ntan's activities which have dictated the land use and manipu-

lated the vegetative covcr have greatly accelerated this process over a long period of time

by removing protective vegetation from the watershed. The effect of erosion-induced

sediment accumulation in the lake is realized in many ways. Phy:sically, turbidity caused

by suspended and resuspended sediments decreases light penetration and thereby affects

photosynthesis which in mm may reduce oxygen production. Sediment accumulation is

suspected of destroying fish spawning areas; curtailing recreational activities, especially

boating; reducing aesthetic values; and creating shallower areas which cause an increase in

biological activity. Besides the physical effects of sedimentation, fine-grained suspended

solids composed predominantly of clays have a high absorption capacity. Sediments may

bind or immobilize pollutants and remove thcm from the water. On the other hand, if the

sediments are overloaded with pollutants, thcy may be released to the water column. In the

Grand Lake St. Marys watershed, most soiIs being of the silty clay loam type would absorb

pollutants, particularly phosphorus carried to the lake. The release of these nutrients can

also be increased when bottom sediments are stirred up by power boats, carp and other

bottom scavengers. Evidence exists which supports the occurrence of these changes at the

lake.

Erosion has been identified in six categories of concern Eo lake users: farm drainage

erosion, streambank erosion, lake shoreline erosion, channel erosion, island erosion and

dredge spoil erosion.

Farm Di'ainage Erosion

Erosion of the soils in the lake's watershed consists of moderate sheet erosion. Nearly

all waters obscrved entcring the lake have considerable amounts of suspended silt. l"later-

shed erosion from primarily agricultural lands, includes washoff of soils and farm chemicals
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dissolved in the runoff. Soil erosion creates economic problems because fertile soil and

components are depleted from the surface_ Soil erosion creates emironmental problems

because suspended and dissolved solids affect water quality, sedimentation and shallovvinr

of the lake, and bottom dwelling organisms. Significant improvements in lake water qualin

are tied to reducing suspended sediment loading from the lake's agricultural drainage basin.

Streambank Erosion

Streambank erosion occurs in the study area although this type of erosion is considered

moderate. Soils notable for erosion problems - Blount and Glynwood - occur thropghout

the lake watershed. The most notable streams having erosion problems include Coldwater,

Burntwood, and Chickasaw Creeks. Coldwater Creek banks have developed serious erosion

problems due to runoff scour which increases sediment load delivered to the lake.

Lake Shoreline Erosion

Lake shoreline erosion is caused by a number of factors including wind-driven waves,

boat wake attack, high water, and winter ice. in general, the north, east and west shores

of the lake have adequate bank protection througb use of seawalls and.riprap. Although

a few exceptions are noted along inlet channels and embayments, shoreline erosion prob-

lems are limited to the southshore. It is reasonable to state that developed shoreline is

protected and undeveloped shoreline is not. Bank erosion along the undeveloped south-

shore areas is the most dramatic in the stndy area, with approximately 5-foot vertical

drops and uprooted trees observed nearly throughout. Some riprapping of these mostly

State-owned areas has been undertaken, but the success of any such program is limited

by acocss problems and funding. The rate of shorelinc erosion has not been quantified

because of a lack of Iong xerm survey data; however, the amount of unprotected shore-

line is estimated at 60,000 linear feet, or 11.3 miles. This represents some 23 percent

of the total lake shoreline.
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Channel Erosion

This erosion problem results from a combination of factors and affects boat channels,

boat basins, and narural inlcts in the lake. The shaUow depth makes the channel banks

susceptible to wave scour. Rapid surface runoff erodes soils and results in silt deposition

in natural inlets. Prop wash and boat wakes, together wirh a general lack of coarse gravels

and rock or bottom vegetation contribute to the erodibiliry of channels and other bottom

features.

[sland Erosion

Existing islands in the lake are especially susceptible to ice and wave-induced erosion

because of their small size and exposure from any side. Except for Safety lsland, most all

island formations are generally unprotected from these effects. The contribution of sedi-

ment to the lake is considered minor compared to other erosion sources, but they arc

the most susceptible to erosion and should be preserved for their intended long-term use

as waterfowl areas.

Dredge Spoil

Dredged spoil material placed in unprotected rows and left unprotected erodes quickl}

back into channels and into other parts of the lake. Unprotected dredge rows are suspected

of contributing sediment back into the lake and channels where turbidity is increased for

long periods of time. Contained spoil areas for dredge materials are warranted in a large

water body
such as Grand Lake St. Marys which is subject to high wind and wave activity".

Summarv

Erosion of the unprotected shoreline, streambanks, and upland areas in the watershed

contributes to the rate of sediment accumulation in the lake. The estimated annual loading

of sediment to Grand Lake St. Marys from tributary streams and upland areas is approxi-

mately 26,000 tons. No estimate was made as to the amount of eroded shoreline island or

dredge spoil material which accumulares in the lake annually.

29



Although sedimentation does not appear to be sesiously depleting the 3al:e storage,

the material accumulates in places where it is especially noticeable and troublesome. Sedi-

ment accumulations are most prevalent around the perimeter of the lake where water

velocity is low. The combination of shallow water and wind-induced wave action creates

circulation patterns capable of eroding and transporting sediments in the lake.

The general problem categories of flooding, lake water quality, and erosion/sedimenta-

tion impact on several other water-related problems that exist at the lake. These include:

shallowmess, siltation, tasie and odor, and wind and wave problems, all of which impact

on the quality of the recreational experience, water supply, and fish and wildlife resources.

FISH AND WILDLIFE NEEDS

According to the U. S. Fish and Wildlife Service the natural productivity of desirable

fish and wildlife resources has declined at Grand Lake St. Mar,vs over the last 75 years.

During the early years up to 1900 the lake was used as a very successful commercial fishery'

with dominant fish being black bass, sunfish, perch and catfish. Between 1890 and 1900,

several droughts lowered the lake level considerably causing heavy fish kills, stump and

snag removal, and the disappearance of aquatic vegetation. When the lake refilled after the

drought, wave action and turbidity increased and the lake changed from a relatively clear,

cool body of water to a turbid, warmwater area with increased wave action. The fish

population changed to less desirable species (carp, white crappie, bullhead and channel

catfish). Since the time the lake was turned mrr for recreational purposes, in the 1930's,

many attempts were made to improve fish habitat, and in recent years fishing has improved

greatly. Several decades of intensive efforts were made to replicate earlier conditions which

contributed to the lake's excellent fisbery resources. This included regulation of angling

during spawning seasons, rough fish removal, stocking of fish, and habitat improvement.

Despite these efforts, returning the fishery population to its former condition has not been

accomplished.
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Since the formation of Grand lake St. Marys, tlic changes of the fishery pol ulat.ion

has been as drastic as the changes which occurred to its aquatic environment. With a more

degraded condition of water quality and diminished fishery habitat, populations of more

desirable sport fish have decreased. Nevertheless, agood warmwater fishery is maintained

which provides fishing enjoyment for many thousands of sport fishermen.

Current wildlife habitat populations in the Grand Iake St. Marys area are very much

.dependent on cover and nesting habitat. Intensive farming in the watershed has resulted

in the destruction of necessary habitat to maintain a high density of upland wildlife. The

area still provides adequate wetland habitat to make it important for waterfowl popula-

tion, but this condition must be maintained or enhanced.

With continued development around the lake, the quality and quantity of the existing

resource base is expected to erode. The problem is complex; however, degraded water

qualirv and degraded fish and wildlife habitat are two key factors which account for the

resource losses. The U. S. Fish and Wildlife Service further concludes that associated

wetlands are vital segments in Grand Lake's resource production and perpetuation and

will be further jeopardized if reduced or committed to non-resource use.

GENERAL RECREATION NEEDS

The State of Ohio Comprehensive Outdoor Recreation Plan indicates significant defici-

encies in realizing the recreational potential for boating, camping, sailing, swimming, and

picnicking in the Mercer and Auglaize County area. The Plan, for example, states that

the study area "has not developed its full potential because of lake siltation and pollu-

tion problen s, lack of adequate lands to balance water area and unconsolidated land owner-

ship surrounding the lake." Although a large portion of the lake's 50-mile shoreline has

been developed for water-associated recreation, including lakeside residences, public and

private beaches and docks, and public park areas, a comparison of visitor numbers at other

lake facilities in a 60-mile radius region generally indicates that Grand Iake St. Marys is

underutilized. A sntaller than usual amount of boating occurs for such a volume of water
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as tbis. The reasons are manv and varied, but water-related problems indudang shallow-

ness, siltation, pollution, submerged objects, odors and wind and wave problems create

difficulties with the existing and potential recreational use. Lowering of the lake level,

for any reason, is considered a detriment by recreation interests- As discussed in "11'ater

Quality Problems" another detriment to recreation is the periodic growth of blue-green

algae in Grand Lake St. Alarys.

Review of other study area problems and needs indicated that there was a need to

include opportunities for improvement, restoration, or enhancement of overall warer

quality of the lake as a planning objective as well as erosion control apd sedimentation

controt. All of these objectives are oriented toward enhancing and increasing the poten-

tial of water-oriented outdoor recreation opportunities.

1
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IMPROVEMENTS DESIRED

State and local officials and organizations have from time to time since 1970 expressed,

through rneetings, correspondence, and minor reporring efforts, their desires for improve-

ments to problems in the areas of flood control, drainaae, water quaiirt', erosion and water-

related recreation. Local intcrests cite lake water quality problems including adverse odor

and taste caused by frequent widespread blue-algae blooms, severe wave action, shallow• lake

water depths, and erosion as problem areas of primary concern. The State of Ohio,

Department of Natural Resources, bas indicated that erosion control, pool level control, and

nutricnt-algae control are the State's primary concerns as relared to the lake's priman

purpose which is water-related recreation. Local concerns would like to have the water

quality improved and the lake level stabilizcd to enhance recreation potential and control

flooding of portions of the lake perimeter. Do^nmstream farmers along the lake's western

outlet channel, Beaver Creek, seek relief from periodic field flooding caused by restrictive

channel conditions, low stream gradient, inadequate tile outlets and releases from the lake.

Planning Objectives

The primary objectives of this survey investigation were to report to Congress an in-

ventory of the publlcly identified water and related resources problems and needs in the

study arca and to investigate a range of feasible alternatives for resolving water-related

problems that may be implemented individually or collectively by local, state, and Federal

agencies. The general overall objective is to dererntine what, if any, feasible, economic

measures could be undertaken to restore and enhance Grand Lake St. Man•s and its environs

as a viable water resource.

For the Beaver Creek and lake shore area, specifically, planning objectives were estab-

lished to provide for problems and needs which were identified. The authorization for this

investigation made particular reference to the flood problems at Grand Lake St. b4arys.

Therefore, flood control for the south side of the lake and for Beaver Creek was established

as a primary planning objective.
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FORMULATION OF ALTERNATIVES

The following section is intended to identify and discuss the range of alternatives

considered for the three general problem categories of flooding, lake water quality and

erosionlsedimentation and the two main problem areas: Beaver Creek and Grand Lake

St. Marys. Each alternative discussion contains information wbere applicable on: descrip-

tion, impacts and effects, costs, economic data and comments on economic, technical,

and institutional feasibility. Table 6 is the list of possible mcasures initially developed.

The first subsection, Initial Screening, offers comments on those altematives which have

not been given detailed consideration. The second subsection offers a summary of alterna-

tives worthy of more detailed consideration.

INITIAL SCREENING

Beaver Creek Floodin¢

Natural [mpoundments (A3ternative IA.3).

Few natural impoundments exist, either naturally or as might be modified, outside of

Grand lake St. Marys itself, to retard peak flows entering from the uncontrolled drainage

area of Beaver-Creek: Therefore, this altemative was given no further consideration-
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Weather Modifications (Alternative IA.4).

The effectiveness of identifying and then modifying potential storm centers is not

sufficiently accurate at this time to warrant further consideration.

Pre-flood Emergency Action (Altemative 1B.3)

There are no established pbysical ernergency actions that can be effectively employed b}-

landowners because potential flooding problems are not localized, but extend throughout

the Beaver Creek reach_

Flood Proofing and Permanent Evacuation (Alternative 1C.3,-.4)-

Since few structures are located along the Beaver Creek reach and none are affected,

this alternative is not an alternative to the primarily agriculturally-related flood problems.

Floodplain Zoning, Land Use Regulation (Altemative IC.3).

These alternatives offer little opportunity by themselves along Beaver Creek since

major damages occur to cropland and no change or variance in this existing land use is

expected in the future.

Flood Forecasting and Temporary Flood Evacuation (Alternative ID.1).

Flood forecastinr infonnation 'is and will continue m be used in the Beat-er Creek

reach, but the predictive capability of the method in a drainageAake system such as exists

at Grand Lake St. Marys makes this an ineffective solution in reducing flood damages.

Temporary evacuation is not a realistic solution to rural, agricultural flood damage

problems. -

Flood Insurance (Atternative ID.2).

Insurance does not prevent flood damage or future losses, but indemnifies a policv'

holder for financial losses suffered during a flood. Insurance available through the National
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Flood Insurance Program does not cover growing crops, or livestock, and therefore is not

available for agricultural crop damages. The Federal Crop insurance Act of 198o (FCIA),

however, offers farmers new alternatives for reducing crop production risks from natural

disasters such as flooding. For the 1981 crop year farmers may elect Agricultural Stabili-

zation and Conservation Service (ASCS) disaster payments, Federal Crop Insurance corpora-

tion (FCIC) payments, or both, depending upon whether their FCIC premiums are subsi-

dized. Beginning in 1982 the ASCS disaster payment program will be discontinued- Disaster

payments will he replaced by a crop insurance program w'hich pennits farmers to select

the level of protection desired and pay a corresponding premium. Mercer and Auglaizc

Counties wIll offer the ne'n' crop insurance program in 1981 and 1982. Since this Federal

program is available to affected farmers, no further evaluation is necessarp in this stud} -

Lake Shore Floodin

Natural impoundments (Alternative IIA.4).

Fcw natural impoundments exist either naturally or as might be modified to retard

peak flows entering from the lake's watershed. Those that do exist have insufficient capac-

ity to result in flood daniage reduction to lake shore property.

Floodproofing Exisring Dwellings (Alrernative I1C-1).

This involves the modification of dwellings by waterproofing or raising them to prevent

floodwater 3nnvsion- waterproofing measures such as dosures and wal1 stnrcrures placed

in contact with affeeted frame-type dwellings are not considered practical or effecc ve

protection from the hydrostatic and uplift pressures exerted by waves nor would they

provide a secure watertight seal for the crawl space and dwelling at and above the first
_

floor elevation. It has been determined that due to the expense and scope of the require-.

ments inherent in waterproofing, it is also not cost effective as a primary solution.
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Permaneot Evacuation (Alternative 11C.2).

This alternative involves the purchase of all properties affected, which at the flood

damage level, involves some 131 to 142 properties. The alternative was found to be un-

desirable and economically infeasible. It would require abandonment of desirable sbore-

line property. The economic analysis showed unfavorable benefit-to-cost ratios of 0.48

and 0.45 with and without conversion of vacated lands to recreation, respectively, making

the alternative economically impractical.

Structure Relocation (Altemate IIC.3)-

This alternative was eliminated from further consideration since, even though most

dwellings are rclocatable, most effected structures are not primary dwellings, the desirable

recreation objective would be lost and unfavorable bencfit-to-cost ratios of 0.77 and 0.76

resulted with and without conversion to recreation, respectiveh.

Floodproofing Future Facilities (Alternative 11C.4).

As will be discussed below, Mercer County, as a participant in the National Flood Insur-

ance Program, will be required eventually to adopt ordinances or other controls to regulate

land use and construction within the 100-year flood plain (land area inundated once per

hundred years, on the average). With this alternative, future development would addi-

tionally be required to be floodproofed to the level of the standard project flood, which

is a flood representing the critical flood runoff volume and peak discharge that may be

expected from the most severe combination of meteorologic and hydrologic conditions

that arc considered reasonably chaazacteristic of the hydrologic region involved. Flood-

proofing would consist of elevating future buildings on pads or piles, constructing dikes,

providing watertight closures and anchorage sysrems, waterproofing, or using any such

method designed to resist inundation. Because expenses would be borne by individual prop-

erty owners, the increased costs of floodproofing may tend to discourage development in

the flood plain. This plan, however, would not protcct existing development, and the

economic and individual costs of floodproofing new and replacecnent structures may prove

to be excessive.

1
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Temporary Fvacuation (Alternate IID.1).

This alternative, while questionable in regard to levels of damages prevented or reduced,

does offer a principal means of protecting the personal safery and personal property aspects

of risks associated with the type flooding at Grand Lake St. Marys. To be effective, a

flood warning system, which gages the critical parameters of lake ievels, wind velocit}'

and wind direction, would need to be utilized to signal the threat of flooding; The effec-

tiveness of an evacuation plan and response of the communin• to it cannot be accurately

predetermined and consequently neither can potential flood damage reduction.

Flood Insurance (Alternative IID.2),

Flood insurance does little or nothing to prevent or reduce damages from flooding,

but rather indemnifies the insured property owner against economic loss. Pafticipation

in the National Flood Insurance Program is a local option in which Mercer Counry is en-

rolled in the first or "emergency" phase and limited Federally subsidized coverage is avail-

able to all property oumers. A Flood Insurance Study (F.I.S.) to convert from the emer-

gency to the "regular" phase has not been scheduled for Mercer Counry as of Februan

1981. Auglaize County was identi5ed by the Federal Emergency Management Agency as

having flood-prone areas but to date the county has chosen not to participate in the

program- Since this Federal program is available to the local governments, no further

evaluation in this study is deemed necessary.

Flood Plain Management, Future Development

Zoning, wbdivision regularions, and building codes for the lalce shore flood plain could

bc accomplisbed on xhe basis of the flooded area. Ordinances could be developed that

would allow only certain types of development in different flood zones. Developments

suth as parks, etc., which will not impede flow or be easily damaged may be permitted.

Residenrial and commercial development could be permitted in areas subject to flooding,

but not required for flowage provided that improvements were constructed or flood proofed

to provide protection to the levels of protection specified by the public agencies involved.

Although this approach will not improve the flood problem for existing construction,
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it will help to eliminate or gzeatly reduce the damages that would have otherwise occurred

for future construction. This is particularly important in the study area in light of the

potential for inCreased future development from implementation of centralized waste-

water management alternatives. Regulations adopted by local governments either volun-

tarily or as required by participation in the Flood lnsurance Program are considered to

be one of the more practical non-structural measures that could be used to reduce future

datnages. _

Lake water Quality Improvement Altematives

Lake water quality restoration measures considered but deemed inappropriate for

various reasons are described as follows:

pestratification/Aeration (Alternative I1IB.2)•

This is a restorative technique applicable to lakes in which the hypolimnion, (the

bottom rhird layer in a stratified lake) is essentially devoid of oxygen. The objective is to

artificialty increase oxygen levels by mechanical means, thereby promoting the oxidation of

organic substances and enhancing biotic disrribution. The method is not a viable alterna-

tive for Grand Lake St. Marys since (1) oxyoen levels in the lake are generally high from

top to bottom, (2) the lake does not stratify because of its shallow depth, and (3) the

technique would not restore the lake since it treats the symptoms rather than the source.

Nutrient InactivationfPrecipitation (Alternative II13B.3).

This restorative tecbnique is the physical addition to the IaJ:e of somc type nf chemical

or inert tnaterial whieh absorbs or chemically bonds with soluble phosphorus and removes

it from the water column: Chemicals such as aluminum sulfate are used. to control nuisance

algae and plant growth by settling nutrients to the bottom and making them unavailable to

plants. Although relatively new as a lake restoration technique, it is essentially an extension

of existing wastewater and water supply treatment technologies. The effectiveness of this

in-lake treatment process is doubtful at Grand I-ake St-Marys for several reasons: (1) the

lake is well mixed throughout its depth and the chemical flocs formed would probably not
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sertle to the bottom as would be required, but would remain in suspension and be shifted to

lake shore areas; (2) addition of chemicals such as aluminum sulfate (alum) to lakewater

would impact adversely on existing water treatment; (3) tremendous aniounts of materials

would be required (1,500 tons every three years) at a cost of $232,000 per year, and

(4) Iong-term impacts on fish and wildlife are unpredictable. _

DilutionlFlushing (Alternative 1115.4).

Another lake water quality improvement alternative investigated involves replacing

the nutrient-rich lake water witlr nutrient-poor (higher quality) water from another source.

The technique is used to prevent algae and plant growth by releasing excess nutrients

from the lake. Several factors make this method imp'racticable for use at Grand Lakc

St. Marvs. First, there is no adequate, dependable supply of dilution water in-the.tegi2n

that can replace the lake contents. Second, groundwater is high in rninerals, and would not

be suitable unless treated prior to introduction to the lake. Thirdly, a low-nutrient water

source is not available in proximity to the lake. Surface water supplies such as the St. Marvs

River and nearby Lake Loramie are undependable, expensive sources.

Drawdown (Alternative 111I3.5).

Drawdown is a technique used for water quality improvement in which the lake level

is drawn doHm to expose and consolidate botrom sediments. It accomplishes several objec-

tives including controlling rooted aquatic vegetation and stabilizing bottoni sediments to

prevent nutrient release from them. It also results in deepening the lake and increasing

lalce volume through sediment consolidation andlor removal after the drawdoum. ?'he

mcthod, however, has several dra%vbacks which make it unsuitable at Grand Lake St. Marvs.

it would be difficult to release water from the lake at a greater rate than inflow without

causing some flooding downstream in Beaver Creek. There are inadequate outlet facilities

to accomplish the drawdown over a short period of time. There would be a loss of rec-rea-

tion, and fish and wildlife resources. More importantly, there would be a significant reduc-

tion in now dependable water supply for Celina, severe aescheric loss, and potentiall)•

offensive odors for an extended period of time.
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lake Bottom ge^ling (Alternative IIIB.b).

It may be more feasible to prevent nutrient release from sediments by covering the

sediments rather than by dredging or drawdown. Sealing, using such methods as covering

sediments with polyethylene sheets, sand, clay or flyash, was examined but eliminated from

further consideration since cost and material availability would prohibit its use on a lake of

this size. In addition, not enouRh is known as to the permanance and stabilit}• of the

treatment and the effects these sealants have on bottom living organisms and fish spawning

areas.

Biotic Harvesting (Alternative IIIC.l).

Algae harvesting by mechanical means has been considered as an alternative for improv-

ing water quality, but is impractical at Grand Lake St. Marys because of the large lake sur-

face area and widespread dispersal of algae blooms. Aquatic plant harvesting has also been

discarded because of a lack of concentration of growth at the lake. The few aquatic plant

areas that do exist should be preserved as habitat for bottom organisms, youngrof-the-year

fish, and w•ildlife. Harvesting of rough fish such as carp, which release nutrients by dis-

turbing bottom sediment, has not been sufficientl), studied to evaluate its impact on u•ater

quality and expected nutrient reductions.

ALTERNATIVES CONSIDERED IN DETAIL

This subsection discusses alternatives given active and more detailed consideration cither

becavse they have been svggestcd by local, rcgional and state interests, or because ther

would appear to have technical merit.

Flood Control

Structural plans considered for Beaver Creek and lake shore together, included deten-

tion basins, divcrsion and spiBwayloutlet modifications. Sn addition, non-structural reser-

voir regulation alternatives were examined. Structural plans considered for Beaver Creek
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alone included chaatncl improvement alternatives (cleaning, clcaring and snagging; and

channel enlargement), and agricultural levees. Structural plans considered for lake shore

alone included breakwaters, groins and shoreline levees.

Detention Basins on Tributaries (Alternative 1A.1).

Detention basins refer to structures in which runoff from the lake's watershed would

be stored in the basin during peak flood flows and released downstreani to the lake as soon

as conditions perinit. The purpose is to reduce flood damage on the lake rim and store

runoff that would otherwise be released through the lake to Beaver Creek. The ultimate

objective is to prevent the lake level from rising ntore than one foot above west spillway

crest. This elevation, 871.75; is the start of lake shore flood datnage. With this plan,

detention reservoirs would be constructed on four tributary streams, nanteiy Coldwater,

upper Beaver, Chickasaw, and Little Chickasaw Creeks, as shown on Plate 3, controlling

areas of 9.3, 18.9, 15.3, and 6.6 square miles, respectively, for a total of 50.1 square miles

or 45 percent of the total lake drainage area. Studies determined that those sites were not

econoinically feasible to adequately reduce Beaver Creek and lake shore flooding and the

costs of such a system would greatly exceed benefits. Total cost for constructing the four

reservoirs was estimated at $14,800,000; average annual costs would total about

$1,400,000. Considering that average annual equivalent daniages are $235,000 for Beaver

Creek and lake sltore, rhis alternative would not be economically feasible. Adding recrca-

tion and sediment control benefits to the plan would still not result in a favorable project.

Diversion to Fourmile Creek (Alternative IA.2).

A plan consisting of diverting excess flow from the lake to another basin was also con-

sidered. The primary objectives were to reduce flood damages along Beaver Creek by

allowing outflows from the lake in proportion to the historic drainage areas of the lake

(59 percent Wabash River Basin, 41 percent St. Marys River Basin) and also prevent the

lake level front rising more than one foot above the existing west spillway crest elevation

which is the start of lake shore flood damages (elevation 871.75). This plan consisted of

diverting lake overflows to the St. Marys River via Fourmile Creek as shown on Plate 4. The

plan requires a new outlet structure and approximately 2 miles of deep-cut channel connect-

ing the lake pool, through a portion of the State Park west of Villa Nova, to Fourmile

Creek near U.S. Route 33. T'otal first cost of this plan is estimated at $3,500,000 and
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average annual costs total $299,000. Since total annual costs exceed potential annual

flood damage reduction benefits for both Beaver Creek and lake shore ($235,000) the

diversion plan was eliminated from further consideration.

Spillway/Outlet Modification (Alternative IIA.3).

This subject has been addressed in a report prepared in August 1979 for the Ohio

Department of Public Works as previously discussed under "Status of Existing Plans and

lmprovements." The plari as proposed includes replacenient of the existing east bank

bulkhead with a new concrete ogee spillway having the same crest elevation as the present

west spillway (870.75) and channel improvements providing greater flow capacity through

the St. Marys Feeder Canal. According to the report the proposed modification provides for

a west/east split of iake outflow equivalent to 59/41 percent which is the percentage of

Grand Lake St. Marys drainage area tributary to the Wabash and St. Marys River Basins.

The modification, according to the report, results in: (1) decreases in the outflows to

Beaver Creek, (2) approximately the same maximum lake elevation, and (3) greater in-

creases in east outflow to the St. Marys Feeder Canal.

'Che modification is expected to decrease outflows to Beaver Creek but of such low

magnitude (on the order of 5 efs and 15 cfs for 25-year, and 100 recurrences, respectively)

as to result in negligible flood control impacts on Beaver Creek. In addition, because

the expansive lake surface is capable of storing large volumes of inflow, the modified east

spillway, though giving a large increase of cast outflow, creates only a slight decrease in lake

levels (on the order of 0.1 inch) thereby provid'utg no measurable flood control impacts

on the south shore.

Lake Regulation (Alternative IA.5).

Several plans for modifying the operation of Grand Lake St. Marys for flood control

were investigated. The objective of this attetnative is to reduce flood damages along the

lake shore and Beaver Creek, as well as providing greater flexibility and dependability in

obtaining and maintaining a stable seasonal recreational pool level. -

A regulation schcdule or plan of operation was apparently non-existent during the

early years. However, after examining a 51-year record of pool elevations, it has been
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noted that there has been increasing emphasis on lake regulation during the last 15 to

20 years, with a corresponding emphasis for recreation and agricultural considerations

The ekisting "rule curve" includes a one-foot drawdown from recreation pool elevation

870.75 beginning the first of November. However, after the one-foot of flood storage is

attained, minimal effort is exercised to maintain elevation 869.75 through the winter

months. A practice of impounding some excess runoff earh- in the calendar year, to aid in

artaining recrcation pool by late March or early April, appears to prevail.

Alternatives considered in this study have included variations in (1) winter pool dra c-

down which would provide additional flood control storage, (2) initiation of pool fillinn

to attain recreational pool requirements, and (3) controlled releases from the west spill-

way outlet to reduce flood damages along Beaver Creek and also south shore. Develop-

ment, analysis and evaluation of hydrologic and hydraulic relationships of observed condi-

tions for the period of record, existing operation schedule, and the variations of drawdown,

filling, and releases revealed thas the current operating proceclures for lake regu3ation as

followed by the State of Ohio provide an appropriate balance in minimizing flood damao-es

for Beaver Creek and lake shore and maintaining a desirable recreation pool.

Ciearing, Cleaning and Snagging (Alternative 1B.l.a.).

This chanpel improvement alternative consists of removal of flow-obstructing objects

such as debris, logjams, shoals and bank vegetation for the purpose of restoring the channel

to provide better hydraulic characteristics for Beaver Creek. Some excavation and reshap-

ing would be required in addition to extensive replacement of tile outlets. Srump removal

would not be included in order to preserve streambank stability and fish and wildlife habitat

to the extent possible. This alternative, while being the least costly of channel improve-

ments, was found to be the least effective in reducing flood flow heights and provides

only short-term solutions since new growth and obstructions require that the operation

be repeated at some later time. Total first cost of this alternative for 9.6 miles of channel

improvement is $1,000,000. Average annual costs would total $97,000- Annual flood

damage reduction benefits from the alternative would amount to $38,000. Since annual

costs exceed annual bencfits, this alternative is economically infeasible.
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Cl.annel Enlargement (Alternative IB.1_b).

This alternative was investigated for the purpose of increasing the Beaver Creek carrti'-

ing capacity t+•hile lowering creek stages for better tile outlet discharge. The plan seeks to

reduce agricultural flood damages. Two channel sizes were investigated.. The smaller

channel would have a bottom width of 40 feet at the upstream liinit and 65 feet at the

downstream limit. Total capital costs would be $1,610,000 and average annual costs

would be $228,000. Annual flood damage reductions would be $70,800 making the alter-

native economically infeasible. The larger channel would have a bottom width of 60 feet at

the upstream limit and 70 feet at the downstream limit. Total first cost is $5,342,000 and

average annual costs would be $523,000. Average annual benefits of $77,100 are consider-

ably lower than average annual costs making this alternative economically infeasible.

AgriculturaI Levees(Alternative IB.2)

Agricultural levees provide a possible means of reducing agricultural flood damages

related to overbank flows. The plan examined consisted of 12.5 miles of levee, as shown

on Plate 5, affording a 10-year level of protection for 1,148 acres along Beaver Creek.

Total first costs are estimated at $4,000,000 with average annual costs of $308,000. Annual

benefits attributed to the plan in the form of damages prevented amount to $60,700.

Since average annual costs exceed average annual benefits, this altcrnative is economicaly

infeasiblc.

Breakwaters (Alternative 11B.1).

The use of breakwaters at Grand Lake St. Marys was considered primarily as a measure

to reduce shoreline flooding caused by wind set-up. Flooding of the shoreline due to

wind set-up has been shown to be possible, particularly if the lake level is high. Break-

waters also have potential to reduce shore erosion by dampening wave impact forces and

they can also improve water quality by reducing lake turbidity. For recreation, break-

waters could create stillwater areas for boating, thereby increasing boater safety, and pro-

viding access to deeper water for fishermen. Breakwaters also provide an obstruction to

ice movement.

i
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Of ihe many types of fixedand floating breakwater concepts available, two types in

each category were selected as being applicable to the Grand Lake St. Marys wave situa-

tion. Fixed breakwaters examined include diked dredge islands, suitably contained, and

rubblemound breakwaters since both represent the least expensive of fixed breakwaters,

materials are available locally, and the shallow lake depth and wave situation are conducive

to their use. Floating breakwaters examined include rigid floating concrete and flexible

floating tire breakwaters, since the former has had application in similar wave environments

and the latter has received considerable attention as an inexpensive alternative for reducing

wave action in inland lakes.

It was found that to bc effective for flood reduction, an extensive, complex and costh

breakwater system would be required to realize significant reductions in wave action over

the entire lake. Segmented, longitudinal fixed breakwaters (Plate 6, Figure 6A) oriented

parallel to and close to shore have a greater potential for alleviating or reducing south shore

flooding and erosion problems. Floating breakwaters would have little value for reduction

of wind set-up at the shore but would assist in reducing wave-induced shoreline erosion.

Costs of breakwaters depend on several factors including location, orientation, and spac-

ing in the lake. Order of rnagnitude costs have been developed based on a configuration

which parallels the shore. It is estimated that costs to parallel the south shore with break-

waters would be $8,000,000 for dredge islands, $18,000,000 for rubblemound hreak-

waters, $12,000,000 for floating concrete breakwaters, and $2,000,000 for a floating tire

system-

Based on the cost analysis conducted in this study, a single breakwater is not expected

to produce enough of an effect on wave heights, shore erosion, or water quality to result

in measurable direct or indirect monetary benefits. An extensive series of breakwaters

would be required before benefits based solely on improvements to these problems could

be realized. The most significant benefits to be realized would be for recreation with

respect to boating and fishing in the form of income potential due to increased or restored

lake visitation.
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Groins

Groins are structures similar to rubblemound breakwaters, but connected to and some-

what perpendicular to land (Plate 6, Figure 6B). lt was determined that because of the

northerly exposure of the southshore, groins, connected to and in a northeasterly orienta-

tion to the southshore, may not be effective in alleviating the worst problem conditions

resulting from wave action. They are not expected to achieve the desired impact of shore-

line protection and from a benefit standpoint are not perceived to be economically feasible.

Shoreline Levees (Alternative IIB.2).

The concept of constructing shoreline levees for the purpose of protecting against flood-

ing from high water levels, wind set-up and waves was also considered (Plate 6, Figure 6C).

Two levee heights, 2 feet and 5 feet, were selected to provide protection from storms pro-

ducing high water levels and winds up to 50 mph.

Two levee layouts were examined. The first retains total channel access by construction

of the levee to follow the existing shoreline. The second minimizes levee length by cutting

across boat access channels- Plate 7 shows a typical system conceptualized for the devel-

oped area west of Moorman Road.

There are many problems with this approach, the most notable of which are: ageravated

upland drainage and ponding problems, disruption of privately owned waterfront property,

reduction in access to open water and to boat docks, obstruction to lake view, and con-

siderable rights-of-way across private propert3' are necessarc. Costs would be extremel}

high to protect aB affected developed areas and are not cost effeaive for the expected leve]

of reduced damages. Benefit to cost ratios for either of the approaches are less than 1.0

indicating that shoreline levees are infeasible.
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Lake Water Qualitv Improvement Alternatives

Treatment of N'astets•ater Inflows (Alternative IIIA.1).

The deterioration of lake water quality is artributed, in patt, to contaniination b'

domestic wastewaters. A great portion of homes, resorts, and other public and private

facilities surrounding the lake are not currentav connected to public facilities and, there-

fore, use individual on-site systems (septic tanks) or small package treatment plants. Both

methods have severe shortcomings when located near an impoundment because of im-

properly treated sewage seeping or discharging into the lake. Two disposal approaches

were examined in dealing with wastewater inflows. The first involves elimination of all

septic tank and package plants surroundina the lake and providing for collection, trear-

ment and disposal of effluent directly to the lake. The method would require very high

levels of treatmcnt, at great expense, to reniove excess nutrients prior to discharge to the

lake. The second approach is to collect, divert, and treat domestic wastewater away from

the perimeter of the lake such that no effluent would be allowed to discharge to the lake.

A regional sewage facilities plan for the developed immediate areas surrounding the

lake has been prepared by Finkbeiner, Pettis & Stroud, Ltd. Wastewater would be col-

lected and treated at plants in Celina at St. Marys with effluent discharged other than

directly to the lake. Elimination of septic tank systems and numerous point source dis-

charges through local management solutions utilizing the conventional collection and

treatment alternative was seen as a positive step toward reducing pollutants to the lake

and in particular bacteriological pollution emanating from human sources.

The contribution of nutrients from 20 domestic wastewater treatment plants that

currently discharge directly or indirecr3y to the lake is ntinor, being approximately 2 per-

cent of the total load entering the lake on an annual basis. This nutrient discharge will

have a negligible impact on the long-range overall water quality of the lake with respect

to phosphorus load and concentration. Likewise, phosphorus input to the iake from fauln,

septic tank-soil absorption systems close to the lake are contributing only small quanti-

ties of phosphorus to the lake (less than 2 percent). The implementation of a regional

sewage system that encompasses the south shore is expected to reduce the existing phos-

phorus loading to Grand Lake by less than 10 percent and little improvement in the
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phosphorus concentration or trophic state of Grand La.ke St. Marys would be anticipated as

a result. (This may not be the critical concern, however, since the primary water qualirc

improvement associated with the proposed sewage system is the reduction of bacterial

pollution to the lake.)

Although the planned $14,000,000 regional sewerage project is seen to be a positive

step toward reducing pollutants to the lake and in particular bacteriological pollution

emanating from human sources and would effect a lifting on rhe currently imposed con-

struction ban, a major unresolved question is whether centralized collection and treatment

of wastewater, as planned, is justified because of the financial burden it places on its resi-

dents due to the high costs of collecting wastewater from each dwellina, especially along

the south shore where houses are scattered.

Studies to re-evaluate regional sewerage needs to include modifying the scope of the

existing plan; alternative and innovative on-lot systems, either on an individual household

or group of households basis; and upgrading or converting existing treatment plants to

include tertiary treatment and chlorination, are necessary but beyond the scope of this

study. Federal funding is available to local governments through the Public Law 92-500,

Section 201 Construction Grants Program to facilitatesuch smdies.

Agricultural Source Controls (Alternative IIIA.2a)

Soil erosion, migration of phosphorus and other nutrients from cropland, barnyard

runoff, and the application of manure on frozen ground are all problems in the Grand

Lake watershed affecting water quaiitv- To a large eartent< the Prohlems of eutrophica-

uon in the lake are the result of intensive agricultvra7 land use within its watershed_ Esti-

mates are that 26,000 tons of sediment and 23 tons of total phosphorus reach the lake

annually from agricultural areas. This phosphorus loading represents approximately 60

percent of the total annual load reaching the lake from all sources. From the standpoint

of types of crops being grown, surface susceptibility to erosion is high, with 60 to 70

percent of the cropland area being planted in low density row crops, mainly corn and

soybeans. In addition, farmers have been applying increasing amounts of phosphate fer-

tilizer throughout northem Ohio. In Mercer and Auglaize Counties, there has been an

approximate doubling of available phosphorus values for field crops between 1961 and
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1976: from 30 pounds per acre to 51 pounds per acre in Mercer County and from 21

pounds per acre to 44 pounds per acre in Auglaize Counry. Reduction in phosphate yields

to streams in the Grand Lake St. Marys watershed will, therefore, require controlling not

only the loss of sediment from cultivated lands, but also the rate of fertilizer applications.

The use of aericultural land management has as its primary objective the abatement

of soil and nutrient loss. From the standpoint of Grand lake and its identified problems,

the consequential benefits that can potentially be realized are (1) a reduction in sediment

load, (2) a reducrion in nutrient input, and (3) anproved water qualiry. No significant

adverse environmental impacts on the lake should occur as a result of improved agricul-

tural pracrices.

A number of agricultural conservation practices are available for promoting and en-

hancing long-term productivity of the soIl. Although few of these practices were originally

developed to improve vcater quality, these practices are now recognized as being bene-

ficial to water quality and soil protection as reflected in new cost-sharing programs. Con-

servation practices available through cost-sharing programs include: conservation tillage;

establishing hay or rotation pasture; improving permanent hay or grass stands; stripcrop-

ping, terraces: diversions; winter crop cover; shaping and seeding critical soil loss areas;

scdiment retention, erosion or water control structures; stream protection and soil water-

ways. In general, the following cultivation techniques appear most suitable for the Grand

Lake St. Marys watershed: delayed plowing and residue management, cover or green nianure

crops, minimum tillage, and no-till planting-

The purpose of the cost-sharing programs is to encDurage landowners ro install con-

servation practices to protect and preserve the land for futute use. The proper use of the

practices and costs involved are dependent upon detailed conservation planning for indi-

vidual farm units, taking into account the needs and objectives of the individual landowner,

and are beyond the scope of this stndy. Likewise, total benefits and costs to be realized

in the Grand Lake St. Marys waterslred by the implementation of various agricultural

waste management and conservation techniques cannot be specified. However, both Mercer

and Auglaize Counties rank high as preferred areas for agr icultural management practices.
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Potential benefits to individual landowners include increased crop yields, long-term reduc-

tion in topsoil and nutrient losses, decreased fertilizer requ'trements, and potential reduc-

tions in labor if fewer operations are involved.

In general, costs to individual landowners would exceed these benefits, but Federal

andlor State cost-sharing could shift the balance to favor implementation and reduce the

economic burden. indirect monetary beneftts to "downstream" users would be difficult to

ascertain, but would include increased lake usage due to water quality improvements.

If all cropland in the watershed could be managed to satisfy Soil Conservation Service-

designated maximum allowable erosion rates (T-factors), the following estimates of im-

provement could be realized:

- Gross erosion could be reduced from the current 4.28 tons per acre

per year to 2.05 tons per acre per year, a 52 percent reduction

- The annual sediment load to Grand Lake could be reduced from

0.428 tons per acrc to 0205 tons per acre, a 52 percent reduction

- The annual phosphorus load to Grand Lake could be reduced by

9.6 tons, or 40 percent of the estimated total phosphorus load

to the lake.

- I.onb term water quality improvement.

- Increase in productivity and crop yield for some agric-ultural land

management alternatives.

Livestock Waste Management (Alternative IIIA.2b)

Potential pollution of water courses as a result of livestock operations is partieularly

critical in the Grand Lake St. Marys watershed due to the widespread presence of animal

feedlots. Animal concentration areas are a problem when rainfall runoff carries rnanure

with high concentrations of suspended solids, nutrients, bacteria, and oxygen-demanding

materials into surface water. I
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There are approximately 12,000 animal units producing 236 tons of total phosphorus

per year in the lake's watershed. A conservative estimate is that 5 peicent of produced

phosphorus will be exported to a watercourse if livestock operations are located within

3,000 feet of a receiving stream. Approximately seventv (70) percent of the livestock are

so located. Therefore, the annual phosphorus load to Grand Lake as a result of livestock

operations is estimated to be 8.3 tons. If discharges from livestock operations can be

completely eliminated, a 35 percent reduction in the annual nutrient input to the lake

can be realized and result in reduced phosphorus concentrations in the lake-

Proposed State of Ohio Regulations call for zero pollutant discharge from some pollu-

tant sources and minimizing pollution poteniial for all "concentrated animal feeding opera-

tions." Most of the livestock operations in the Grand Lake St. Marrs watershed wiU be

subject to the regulations.

The State of Ohio has developed a Livestock Waste Management Guide which helps

the livestock operator to make decisions in choosing and operating a livestock wasre

handling system which controls pollution. In addition, primary benefits to the livestock

operator are increased value of manure for crop production, an increase in feed efficiency,

and potentially reduced labor requirements. Typical capital investment costs for dain'

cows, beef cattle, and swine (the predominant watershed livcstock types) are $200 per head,

$100 per head, and $20 per head, respectively. Typical annual operating costs per head are:

dairy cows, $50; beef cattle, $25; and swine, $5.00. In general, costs to the individual

owner/operator exceed benefits. Cost sharing could shift the balance and encourage imple-

mentation. Indirect benefits would be to downstream water users, including increased lake

usage due to improvement in lake water quality.

Treatment of Tributary inflows (Alternative iIIA.2c)

This is a method of treating tributary flow with chemical flocculents with the objective

to remove phosphorus and suspended sediment by settling them out prior to inflow to the

lake. Facilities would be required on each of the five major tributaries to the lake. Several

problems exist with this approach, however. Chemical treatment is limited by the extreme

fluctuations in flow rate and the need to vary the chemical rate. Vdhile actual chemical
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addition has a relatively low cost due to low phosphorus coneentrations, the process pro-

duces sludge that would cause environmental and water quaiiry concerns and facilities for its

removal would be cost prohibitive. Treatment facdities would be required capable of

treating 43 million gallons per day which is, by comparison, twelve times the design floNi'

rate for the Celina Sewage Treatment Plant, and is therefore physically and economically

infeasible by a wide margin.

Other Non-Point Source Controls

Precipitation Phosphorus Control -

Precipitation contributes an estimated 780 kilograms of phosphorus or 2.3 percent

of the annual total to Grand Lake St- Marys. This phosphorus originates principally out-

side the lake basin from such sources as wind-induced soil erosion, industrial ash, smoke,

certain mining activities, and the addition of organic phosphates to gasoline. It takes the

form of particulate phosphorus carried by wind and other input processes which is later

removed by rainfall and other precipitation. In general, it can be said that the phosphorus

content of direct precipitation on the lake surface, besides being small as compared to

other sources, is not manageable or controUable by man. In addition, the availability of

phosphorus in rainfall to algae is still in question with researchers.

Goose Population Control

Less than one percent of the total annual phosphorus load to the lake is attributed

to waterfowl (primarill' geese), but the amount available to the Iake system is considered

insignificant. Therefore, any program recommending a reduction in waterfowl population

on Grand Lake by hazing or hunting is expectcd to have little impact on lake water quality.

Urban and Suburban Runoff Control

Direct urban and suburban nxnoff in areas directly adjacent to the lake contributes

approximately 3 percent of the total phosphorus load to the lake. In addition, fertilizers,

pesticides, detergents, oil, grease, salts, domestic animal wastes, and street litter are carried

through ditches directly to the lake. Property owners can have a positive effect on water
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quality by reducing the amount of pollutants in stormwater runoff to the lake. This can

be aceomplished by minirnizing fertilizer and pesticide applications, composting vard

debris, frequent street cleaning, and using low phosphate detergents.

Dredging (Alternative IItB.I).

A widespread dredging of Grand Lake St. Marys has been considered since in-lakc

dredging addresses more planning objectives than any other alternative. ln addition to

deepening the lake for the benefit of recreation uses, dredging is a potential lake restoration

teclinique for improving water quality by removing the accumulated products of degrada-

tion (phosphorus-enriched sediment) from the lake system. It has been determined that

Grand Lake St. A4ary-s contains high concentrations of sediment-bound phosphorus. ln

shallow lakes such as Grand Lake St. Marys, nutrient release from the sediments by wind-

generated mixing, boat motors, and bonom scavengers can be a major source of excessive

nutricnts. Thus, dredging to expose a nutrient-poor layer can, in theorv, result in nutrient

concentration reductions in the water column. Porential secondary considerations from

dredg ng include decreasing wind-generated wave action and lake shore erosion, improving

lake level fluctuations, and improving water-relatcd recreation.

With regard to %vater quality, the results of modeling the lake s,vsrem under various

scenarios and conditions of external load reductions, sediment mixing (with and without),

spoil disposal (in-lake arid out-of-lake), and dredging (no dredging, 3 feet of dredging),

have indicated that no significant improvements in the phosphorus concentration and

related biologically-oriented nuisance condition (proliferation of algae) can be expected

from the dredging of bottom sediments at Grand Lake St. Marys. In fact, some degradation

of water quality could result if the dredged spoil material is contained wirhin tbe lake.

in-lake disposal appcars to be the only practical method since t3te flat topography and lack

of suitable sites inhibit disposal on the watershed. The primary reason for a negative

impact on water qualiry is ttrat any projected wide-scale dredging operation would either

remove an insignificant depth of sediment over the entire lake, thereby exposing more

of the same phosphorus-laden sediment, or as removing all the accumulated sedinient from

an inconsequential portion of rhe lake as is now being done. The analysis of the move-

ment of sediment in the lake due to wind and resultant bottom transport have shown that

no significant reduction of suspended sediments can be expected, even for the extreme
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case of 3 feet of sediment removal, and, therefore, no noticeable improvement in water

quality can be expected as a result of the alleviation of wind-mixing effects by dredging.

With regard to physical improvements due to dredging, flooding of downwind shore-

lines due to long period set-up of the water surface could be reduced by a wide-scale dredg-

ing program, but in conflict with this, results indicate that the existing severe wave action

is expected to be aggravated further by extensive dredging of the lake bottom. A similar

conclusion is reached regarding erosion of the lake shoreline. Even though wind set-up

impacts on the erosive process, a greater concern is intense wave action and the overtopping

of erosion control s¢uctuTes. Lake bottom dredging intensifies short-period waves and

would be detrimental to shoreline erosion.

Long-term fluctuation in lake levels will not be significantly influenced by dredging.

]f anything, the siruation would be aggravated if dredge spoil is contained within the lake

because as the surface area is reduced, the change in water level resulting from a unit in-

crease or decrease in water volume is greater.

The major benefits of a wide-scale dredging program at the lake are associated with

water-based recreation. These would include increased boater access to extended por-

tions of the lake, improved boater safety by elimination of shallow (and stumped) areas,

enhancement of frsh habitat and related recreational fishing in the long-term. Additionally,

dredging has the potential for extending wildlife areas by the creation of dredge islands

or other new landforms from dredge spoil materials.

The two major constraints to dredging are (1) proper containment and disposal of

huge volumes Df dredged materials and (2) economic feasibtlitt•.

As mentioned earlier, in-lake disposal-appears to be the only practical method since

the flat topography and lack of suitable sites inhibit disposal on the watershed. A large-

scale, lake-wide dredging program, however, may be cost prohibitive. Costs and volumes

for comparison are given as follows:

I
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Average Lake

Depth, Feet

Cost to Achieve

Average Lake Deptb

Dredged Material Volume

Million Cubic Yards

4 $13,200,000 6.6

6 37,200,000 18.6

8 88,600,000 44.3

An estimated $135,000,000 would be required to remove an average of 3 feet of sedi-

ment througltout rhe lake ro achieve an 11-foot average lake depth.

Dredging would have negligible direct monetary impact on nuisance south shore flood-

ing, erosion, and wave attenuation; however, improvements in water-based recreation as a

result of a wide-scale dredging program would provide indirect monetary bcnefits from

increased lake usage. A direct benefit of a dredging program would be increased revenue

generated from the sale of dredge islands, peninsulas, or other newly created land forms to

offset the cost of dredging.

Erosion and Sediarentation Control Alternatives

Erosion control alternatives were investigated for unprotected shoreline, streambanks,

and upland areas of the lake watershed.

Shoreline Erosion Protection

In addition to breakwaters previously discussed, other alternatives to eliminate or

reduce shoreland erosion are the traditional uses of riprap, gabions, bulkheads (Plate 8,

Figures 8A, 813, 8C) or concrete fabriform mats. Each of these structural measures has the

beneficial effect of reducing erosion, protecting against loss of shoreland, and reduction in

sediment load to the lake. Of these methods, bulkheads and concrete mats would impair

drainage behind them. All methods would contribute somewhat to reductions in access to

open water and boat docks, require land to establish desired slope at the shore and cause

localized disruption during construction.
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In general, shoreline erosion problems are limited to the southshore where bank erosion

occurs along the undeveloped shore reaches. Some attempt has been made to riprap these

publicly-owned areas, but the success of any program is limited by access problems.

Complete protection of 60,000 feet of currently unprotected, irregular southshore

areas would cost $1.62 million for riprap, $2.5 million for gabions, $3.6 million for bulk-

heads, and $3.74 million for concrete mats. Use of these measures, however, are more cost

effective than near shore breakwaters. Treatment of privately-owned shoreline is the

responsibility of the owner. Unprotected public shoreline is the responsibility of the state

of Ohio.

Streambanks

Tributary streambanks have the lowest protected length among the four categories

(streambank, channels, lake shore, and islands) at Grand Lake and therefore, appear the

most susceptible to the disposal of erodible material to the lake. Retardation of streambank

erosion would be beneficial in stabilizing land bordering the tributary and reducing sediment

load to the lake. While the dominant sediment load is watershed soil loss, streambank

erosion could increase in the future with progressive development and urbanization of the

watershed. This is of particular concem on Coldwater Creek due to the high current and

projected rates of development around the municipality of Coldwater. The range of typical

costs to completely protect accessible portions of seven tributaries are estimated as follows:

Feet

(Least Cost)
Riprap

(Greatest Cost)
Concrete Mats

Coldwater Creek 18,000 $486,000 $1,120,000

Chickasaw Creek 15,000 405,000 936,000

Little Chickasaw Creek 6,000 162,000 374,000

Prairie Creek 9,000 243,000 936,000

Barnes Creek 6,000 162,000 374,000

Monroe Creek 4,000 108,000 250,000
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Coldwater Creek should be given priority streainbank protection due to high potential

for upstream development which will increase peak flow rates and promote erosion of

banks.

1\'atershed Soil Erosion

Conservation practices available through government cost sharing prograrirs include

among others: establishing Irav or rotation pasture, improving permanent hay or grass

stands; strip cropping; terraces; minimum or no tiliage practices; winter crop cover; sedi-

mer t retention structures; erosion control structures; stream protection; sod waten+•a1's;

grass buffer strips between crops and waterways. The purpose of these conservation meas-

ures is to protect and preserve the land for future use and would be effective in controlling

sediment and nutrients from entering the streams which drain to the lake. The proper use

of the practices and costs involved are dependent upon detailed conservation planning for

individual farm units, taking into account the needs and objectives of the'individual land

owner. Locations where priorities should be given to specific agricultural practices are the

Coldwater Creek, Beaver Creek, and Chickasaw Creek watersheds.

Sedinientation Ponds

These physical structures have been considered to reduce the amount of sedirnenr

and nutrients entering the lake: The purpose of the ponds is to provide a containment area

in which flowing water is slowed long enough to settle large amounts of suspended anci

settleable particulate matter during runoff events thereby reducing the sediment load to

downstream water bodies and providing for easier removal of the collected matter. In

addition, sediment ponds would remove nutrients atrached to rhe captured sediments. The

long-term effect of these ponds is improvement of the lake's water quality. Adverse

impacts of sedimentation ponds are the creation of localized nuisance conditions (wceds),

threat of possible washout, need for currently productive land, long-term commitment to

operation and maintenance for periodic cleanout and disposal of sediment.

Depending on the design retention time required, estimated total cost of seven sedi-

mentation basins (one each of the major tributaries to the lake) is on the order of

$1,280,000 for 4-hour retention and $6,220,000 for 20-hour retention.
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DISCUSSION

The purpose of this section is to discuss the more pertinent findings in the related

problem categories examined in the Grand Lake St. Marys survey investigation.

FLOODING, BEAVER CREEK

1. Periodic flooding of agricultural land along Beaver Creek is attributed, in pan,

to a limited flood control capability of Grand Lake St. Marys, poor surface drainage, low

stream gradient, inadequate outlet for numerous artificial agricultural drains, and con-

strictions to flow from vegetation on the banks, shoals, and debris throughout 9.6 miles

of the 10.6-mile reach.

2. Flooding problems along Beaver Creek are due to both overbank inundation

and subsurface saturation as a consequence of long periods of near bankfull flow in the

flatgradient channel.

3. Peak discharges from the Grand Lake St. Marys western outlet are not great enough

to cause instantaneous flooding, and are less rhan would be experienced without the lake.

The lake does provide some limited flood control, but extends the period of bankfnll flow

in Beaver Creck. Current regulation practices for the Grand Lake St. Marys westetn outlet

will reduce natural peak discharges from excessive runoff to a modified condition. Lake

outflows are maintained, when structurally possible, to reduce natural Beaver Creek flows to

a maximum bankfull flow_ Lake storage capacity is estimated to be 1-3/4 inches of runoff

(based on total contributing drainage area including the lake) from elevation 869.92 to

elevation 870.75 (west spitlway crest). Additionally, from elevation 870.75 to one foot

above west spillway crest an estimated 2-1/4 inches of runoff storage is available. To

deplete stored waters at a net outflow rate of 150 cfs will require approximately 35 days
I
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and 46 davs for the 1-3/4 inches and 2-1/4 inches of runoff, respectively. Thereforc,

the flood control capability of Grand Lake is considered Iimited_

4. Flood damages to crop, non-crop, transportation facilities, and public utilities

in the Beaver Creek reach from its confluence with the Wabash River upstream to the

western outlet of Grand Lake St. Marys is estimated at S85,000 annually. Of this total.

approximateiY 74 percent is damage to major crops produced - corn, soybeans, and har.

5- Non-structural flood protection measures considered that would modify damaRc

susceptibilitv, such as weather modification, pre-flood emergency action, flood proofin„

evacuation, flood plain zoning, land use regulation, flood forecasting and flood insurance,

are not viable solutions because of the agricultural character of the Beaver Creek flood
plain.

6. Strucrural plans considered for Beaver Creek, including detention basins, diver-

sion to another basin, clearing and cleaning, channel improvement and agriculmral levees,

were all found not to be cost effective means for reducing flood damages along Beaver

Creek. This finding is based on Fcderal cost analysis procedures which tend to reflect

higher costs than would locally sponsored projects.

%. The Ohio Public Works proposal to release a greater proportion of lake peak

inflows to the St. Marys River Basin through modification of the eastern embankment

outlet works and channel is expected to decrease outflows to Beaver Creek, but of such

low magnitude as to result in negligible flood control impacts on Beaver Creek.

FI.OODING, SOtJTIi SHORE

1. Periodic flooding occurs along the south shore of Grand Lake St. Marys where

the topography and developments are generally at a low elevation. The flooding is attrib-

uted to n any factors incIud-ing poor natural drainage plus a high water table, and to a high

lake level combined with wind-induced wave action which causes water to run up on the

shore with subsequent damage to residential buildings and contents. In most years, the
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lake level does not exceed one foot above west spillway crest, but this rise is sufficient

to cause'flood damages on the south shore.

2. Present annual damages to residences in the form of structure and contents damaoe

are estimared to be $150,000 for approximately 142 private shoreline properties.

3. Non-structural measures such as permanent or temporary evacuation, relocation,

flood plain zoning, subdivision regulation, and building codes were considered alternatives

to existing impacted properties, but were eliminated from further consideration because

these flood plain measures have negligible effects on reducing flood damages to structures

currently in the flood plain.

4. Flood proofing, involving waterproofing or raising structures to prevent flood

water intrusion, is inhibited by the predominance of single-family frame structures on

individual lots and is not cost effective as a primary solution to reducing or eliminating

south shore flood damages.

5- Thc considered structural alternatives such as detention basins, diversion, and

shoreline levees are not cost effective methods of preventing or alleviating south shore

flood damages.

6. Several plans were examined for modifying the operation of Grand Izke St. D4arys

in order to reduce flood damages along the lake's south shore and Beaver Creek, as well

as for providing greater dependability in obtaining and maintaining the seasonal recrea-

tional pool level, It was found that the current operating procedures for lake regulation,

consisring of maintaining a lake levc] about 10 incbes below the west spilawa}' crest during

the winter months and closing the gates on 15 March for refilling provide an appropriate

balance in minimizing flood damages and maintaining a desirable recreation pool.

7- Periodic flooding of the shoreline due to wind setup has been shown to be pos-

sible, particularly if the lake water level in Grand Lake is higb. Therefore, relief, under

these conditions, could be provided by strategic placement of fixed breakwaters such as

dredge islands or rubblemound breakwaters. Floating breakwaters would have no effect

on wind setup.
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S. A fixed breakwater system that spans the length of the south shore is perceived

to be an appropriate technical solution for alleviating both south shore erosion and flood-

ing problems due to wave action, but an extensive series of breakwaters abour 40,000

feet long and close to shore would he required before benefits based solely on improve-

ments to these two problems could be realized.

9. Fixed breakwaters are not perceived to be economically feasible solely from a

flood damaPe reduction benefit standpoint, but from a recreational usage, water qualitv

and physical improvement standpoint, an cxpenditure for construction of a properly de-

signed breakwater system would be preferred to the dredging that could be done for the

same amount.

10. A fixed breakwater system parallel to the south shore could prove more bene-

frcial for shoreline erosion and flooding problems due to wave action than a groin svstem

placed someGVbat perpendicular and connected to the south shore.

11. The Ohio Public Works proposal to release a greater proportion of lake peak

inflows to the St. Marys River Basin through modification of the eastern embankment

outlet works and channel is expected to create only a slight decrease in lake levels (on

the ordcr of 0.1 inch), thereby providing no measurable flood control impacts on the

lake south shore.

LAKE WATER QUALITY

1 La3ce water quality has been declining in recent ycars. Four separate water qualin-

problems have been identified as causing the deterioration. Baeterial contamination from

human sources threatens body contact recreation, particularly in areas of greatest develop-

ntent. High nutrient concentrations result in severe blooms of algae which cause taste

and odor problems. Water clarity is reduced by algae and suspended sediment, resultina

in unattractive conditions for recreators. Accumulation of sediment, eroded from upland

areas, and unprotected shoreline has reduced the lake depth.
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2. The lake's ambient to'tal phospborus concentrarion of 178 microg
arams per liter

(ug/1) remains well above 15 ugR, the generally accepted threshold level for algal blooms

in northern lakes. Continuing nuisance growth of algae in the lake indicates that the prob-

1em of cultural eutrophication needs to be resolved.

3. The present phosphorus loading rate of 0.49 gram per square meter of lake surface

per year is nearly 1.8 times the rate commonly considered as a dangerous eutrophic rate

indicating that phosphorus inputs should be reduced or minimized to slow the cultnral

aging of the lake,

4. Appcoximatel}' 33,000 kilograms of total phosphorus are currently contributed

to the lake on an annual basis from all sources. of this total appioximately 45 percent is

removed from the lake annually via Beaver Creek, the St. Marys feeder canal, direct fish

harvest, and absorption into lake sediments. At current estimated rates of phosphorus

input and output, approximately 18,000 kilograms of total phosphorus accumulate annually

in the lake.

5. Total annual phosphorus loadings to Grand Lake St. Marys from specific sources

are estimated as follows:

Total Phosphorus Percent

Pounds Kilograms of Total

Precipitation
1,720 780 2.3

475 216
6

«^aterfowl (geese)

Animal Concentration Areas (fetdio2s) 16,540 7,500 22.6

Agricultural Runoff 46,305 21,000 62-9

Municipal Point Source (St. Henty) 3,195 1,449 4.3

Domestic Point Sourees 1,646 746 2.2

3451 610 1-8
Septic Tanks

noffRb b

,

2,394 1,088 3.3
uanurDirect Urban and Su

62073 33,389 100.0
Total ,
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6. Several sources of phosphorus input which were previously thought to be sig-

nificant, specifically septic tank systems and waterfowl, are contributing only small quanti-

ties of phosphorus to the lake.

7. The most significant contribution of phosphorus to the lake appears to be from

non-point sources or rural, primarily agricultural land and livestock concentration areas.

These areas contribute an estimated 86 percent of the total annual phosphorus load to

the lake.

EROSION AND SEDIMENTATION

1. The shoreline in several areas around the lake, particularly State-owned lands

along the south shore, is undergoing moderate erosion and needs stabilization. Until lake

banks are stabilized and lake fluctuations are controlled, turbidity levels in the lake, due

in part to shoreline erosion, will continue to remain high.

2. Erosion of unprotected shoreline areas contributes to the turbidity level of the

lake but only when beatry wave action is present. At these times turbidity levels are raised

considerably in the immediate area of the erosion, but it is doubtful that the complete

stabilization of the lake's shoreline would reduce the turbidity and sedimentation of the

lake by any appreciable degree. The major cause of turbidity and sedimentation at Grand

Lake is the introduction and subsequent resuspension of sediment from thousands of

a¢es of eroding farm land located in the drainage basin above the lake.

. 3. The rate of streambank erosion is currently not excessive even though the stream-

banks of the tributaries to Grand Lake have the lowest pcrcentage of protected length

among the four categories of streambank, shoreline, island, and dredge spoil. However,

streambank protection can become important in the future and streanibank erosion rates

could be significantly increased as progressive development and urbanization cause increases

in peak discharge rates in the tributaries.
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4_ Streambank erosion is of particular concern in Coldwater Creek (due to the bigh

current and pro}eeted rates of development around the municipality of Coldwater) where

noticeable widening of doHmstream reaches has already occurred.

5. To a large extent, the problems of sedimentation and water quality problems

(eutrophication) in the lake are the result of intensive agriculrural land use within its water-

shed. It is estimated that 26,000 tons of sediment and 23 tons of total phosphorus reach

the lake annually from agricultural areas. From the standpoint of types of crops being

grown, surface susceptibility to erosion is high, with 60 to 70 percent of the cropland

area being planted in low density row crops, mainly corn and soybeans.

6. Erosion and sedi.ment loads from boat access channels around Grand Lake

St. Marys are not a severe problem since these channels are not subjected to the erosive

forces of streamflow and waves, and a large percentage of boat channel lengths has already

been protected from boat wake attack. The potential effects of channel erosion are better

handled by individual property owners using protection measures similar to streambank

protection.

7. Existing islands, although especially susceptible to ice and wind-induced wave

erosion because of their small size and exposure from any side, contribute minimally to

both the annual sediment load to the lake and the overall recreational usage of the lake.

What is in question, however, is the preservation of these islands for their intended long-

term use as waterfowl areas.

8. in the case of existing islands, alternatives for preventing continued erosion include

rerrofittusg shore' protection measures, allowing the natural loss of the islands to proceed,

or developing a large scale plan related to creation of large dredged material containment

areas that could include the existing islands within protected dikes.

9. Grand Lake St. Marys is currently a eutrophic water body and can be expected

to remain as such until an approximate 60 percent reduction in the annual phosphorus

load is realized. This percent reduction is quoted with reservation since the high degree

of wind-induced resuspension of nutrient-rich bottom sediments limits the use of gener-

ally accepted trophic state criteria.
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10. Lake water quality will not be improved by dredging of bottom sediments. bl

fact, some degradation of water quality could result if the spoil material is contained wiLhin

the lake. Water quality problems and physical problems would not be significantly im-

pactcd by an extensive lake-wide dredging program. The extent of dredging required for

large-scale recreation improvement is cosr prohibitive.

11. Reducing the nutrient load to the lake is the niost effective measure for improv-

ing lake water quality. Because of a lack of permanent phosphorus loss to the sediments,

and because phosphorus does not appear to be readily available for release into the lake

duc to the aerobic nature of the lake water, the reduction in the steady-state concentration

of total phosphorus in the lake water is proportional to the reduction in the loading rate.

12. Within three years of a reduction in nutrient loads, the total phosphorus concen-

tration in Grand Lake is expected to reach approximately 90 percent of its ne-v steady-

state value.

13. The contribution of nutrients from 20 package domestic wastewater treatment

plants that discharge directly or indirectly to the lake is minor, being less than 2.5 percent

of the total load. The discharge of the treated sewage froni these plants will have a ner

ligible impact on the long-range overall water quality of the lake as far as phosphorus load

and concentration is concerned. The major concern with these point discharges, accord-

ing to recent studies (August 1980 by Finkbeiner, Pettis and Strout, Ltd. ) is related to

high bacteriological concentration whicla at peak week-end periods of use affect the entire

lake. Likewise, potential phosphorus migration from 500 permanent and 169 seasonal

septic tank-soil absorption systems is estimated at less than 2 percent of the total phos-

phorus loading to the lake and is, rhereforc, considered to be a minor conrribution-

14. The implementation of a regional sewage system along the south shore is expected

to reduce the existing phosphorus loading to Grand Lake from septic tank, systems and

domestic point sources by less than 10 percent. Little improvement in the phosphorus

concentration or trophic state of Grand Lake would be anticipated as a result of elimina-

tion of this source alone. This is not the critical concern, however, since the primary

water quality improvement associated with the sewage system is the public health-related

reduction in bacterial pollution to the lake.
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15. A major unresolved question is wbether collection and centralized treatment

of wastewater generated along the lake shore, as has been proposed by ongoing Section

201 planning, is feasible because of the financial burden it places on its residents due to

the high cost of eollecting wastewater from each dwelling, especially where houses
are

seattered.

16. ff all cropland in the watershed could be managed to sa$sfy Soil Conservation

Service designated maximum allowable erosion rates (T-factors), the following estimates

of improvements could be realized:

- Gross erosion rates could be reduced from the current 4.28 tons per year to 2.05

tons per acre per year, a 52 percent reduction.

- The annual phosphorus load to Grand Lake could be reduced by 9.6 tons, or

40 percent of the estimated total phosphorus load to the lake.

- Long-term water quality improvement.

An increase in productiviry and crop yield for some agricultural land management

alternatives.

17. Agricultural management practices are technically feasible, but results would

vary with the practice and individual sites to be treated.

18. Both Mercer and Auglaize Counties rank high as preferred areas for agricuJtural

management pracrices.

19. The annual phosphorus load to Grand Lake as the result of livestock operations

is estimated to be 7,500 kilograms.

20. If discharge from livestock operations can be completely eliminated, a nearly

25 percent reduction in the total annual nutrient input to the lake can be realized and

result in reduced phosphorus concentrations in the lake.
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21. A mechanisn exists, chrough Staze of Ohio Regulations, for zero pollutant dis-

elrarge from some pollutant sources and minimizing pollution potential for all "concen-

trated animal feeding operations;" however, in general, eosts to the individual owner/

operator exceed benefits. Public cost sharing is available to assist in offsetting costs because

some benefits are to the general public.

22. Treating tributary inflows; directly, with the objective to remove phosphorus

and suspended sediment is cost prohibitive.

23. According to estimates in this investigation, less than one percent of the total

phosphorus load is attributed to migrating and nesting geese and the amount available to

the biological system is judged to be insignificant. Any program recommending a reduc-

tion in goose population on Grand Lake St. Marys would have little impact on water

qualitn•.

24. Ljrban and suburban runoff in the Grand Lake St. Marys watershed originates

froni the Vfllage of C^oldwater, portions of Celina adjacent to the lake, and developed direct

drainage areas surrounding the lake. The phosphorus loading from these areas makes up

an estimaied three percent of the total phosphorus loading to the lake.
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CONCLUSIONS

The following conclusions have been reached as a result of the Corps of Engineers inves-

tigation at Grand Lake St. Marys. The conclusions and subsequent recommendations reflect

Corps of Engineers judgments regarding desirable future actions and priorities, not neces-

sarily limited by existing feasibility or authorizations.

BEAVER CREEK FLOODING

Channel clearing and cleaning is the most cost effective measure for reduction of flood

damages along Beaver Creek.

LAKE SHORE FLOODING

Nonstructural measures sueh as raising structures in-place and temporary evacuation in

combination with a flood warning system may best reduce structural flooding problems

as exist along the south shore.

Shoreline erosion and property damage can effectively be reduced by measures such as

rubblemound breakwaters. Consideration should be given to a demonstration project

uriiizing a partial fixed breakwater system or islands along an affected south shore area.

PHOSPHORUS REDUCTION

Continued efforts should be directed toward phosphorus reduction from sewage wastes.

This can be accomplished by regional collection, treatment and disposal outside the lake

watershed or by improved on-lot and "package" plant alternatives or a eombination of

solutions. Because of the relatively high cost of installation of a centralized sewerage
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system, the Ohio Water Development has received a grant from the U. S. Environmental

Protection Agency to perform additional faciliry planning and consider alternatives to the

proposed centralized system. From the point of view of best lake water quality manage-

ment, discharge of all sewage effluent to some point outside the lake watershed would he

the prcferred alternative.

SEDIMENf RED[ICTIC7N

Shoreline protection utilizing a combination of protectivc measures (riprap placed over a

thickness of filter material) and no acrion (allowing the shore to assume a natural angle

of repose) offers the best opportunities with priority areas as follows:

1. Portions of Montezuma Bay

2. North cxposure reaches of the Mercer County 14'aterfowl Refuge shore

3. West of Prairie Creek

4. West of Moorman Road

5. West of Behm Road (Duckfoot's Landing)

6. East and west of mouth of Chickasaw Creek

7. Area between South Shore Acres and Channel Isle

8. Wesi of Barnes Creek

9. East enibankment recreation area.

Streambank protection should be utilized where erosion is occurring through such

measures as streambank fencing, grading and seeding of banks, or rearranging pasture and

cropland with priorities in Coldwater Creek and Chickasaw Creek.

Erosion and sediment control practices, in accord with Soil Conservation Service and

Ohio Department of Natural Resources standards and specifications, should be utilized at all

construction sites.

In-Lake disposal of dredged material appears to be the most practical method of dis-

posal. Riprap should be placed along shoreline facing the lake with additional consideration
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given to one or two large islands constructed to serve as breakwaters and then several

small islands constructed behind them (riprap shoreline of large islands only).

SEDIMENT CONTROL AND PHOSPHORUS REDUCTION

Management methods for runoff control should be employed in the following areas:

1. Efficient fertilizer and pesticide application - lakeshore residents; areas adjacent

to the lake including cropland areas.

2. Composting yard debris - lakeshore residents;
areas adjacent to drainageways

to the lake.

3. Frequent street sweeping - developed areas adjacent to the lake (Celina,

Montezuma, north and south shore); Coldwater.

4- Use of low phosphate detergents - north shore from Harbor Point to Lakeland

Beach, Northwood and Sandy Beach; southshore from Village of Montezuma to

Southmoor Shores.

5. Reduce sediment and phosphorus loadsfrom agriculrural areas bv "best manage-

ment practices" implemented under traditional soil conservation progiams.

6. Bring all agricultural land under Soil Conservation Service criteria for allowable soil

loss_

7. Investigate measures to increase funding levels of current conservation programs.

B. Consider legislation at the State level to enforce standards to reduce soil loss.

9. Conservation practices should be promoted in the lake watershed through State

and Agricultural Stabilization and Conservation Service cost-sharing programs.

I
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10. A detailed inventory of the potential sediment, phosphorus, and animal waste

pollution problem areas should be conducted in the lake watcrshed to more accu-

rately determine the extent of the problem-

11. The practice of conservation tillage and ultimatelv no-tillage should be encouraged

in the lake watershed on properly drained soils-

12. Animals should be housed on or above an impervious base- ln no case should

runoff from livestock areas be allowed to discharge directlh7 to waterwavs of the

watershed. Meiliods such as frequent waste7emo va1 and storage, dircct application

to land, manure storage facilities, interceptor trenches, holding ponds and fenced

waterways should be encouraged.

13. Priority areas for livestock waste management practices are those within 3,000 feet

of waterwaVs where an estimated 70 percent of animal concentration areas are

- located-

14. Grass buffer strips between row crops and waterways should be encouraged in areas

adjacent to Prairie, Coldwater, Chickasaw, Barnes and upper Beaver Creeks.

15. Existing wetlands should be preserved to aid in filtering out nutrients and sedi-

ments; priority areas are Chickasaw, Prairie and Barnes Crecks, and small wetlands

adjacent to animal concentration areas or critical soil/nutrient areas-

16. Close cooperation is considered necessary between the U.S. Fish and Wildlife

Service, the Ohio Department of Natural Resources, and the Corps of Engineers in

determining and evaluating suitable dredge spoil sites and project design-

17. The Dredging Operations Technical Support (DOTS) team, an activity of the

Environmental Laboratory of the Waterways Experiment Station, U-S. Army Corps

of Engineers, Vieksburg, Mississippi, should be consulted as a possible means of

assisting the State in preparing a long-range dredging plan for the lake.
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19. ]n-lake dredging should be limited to selective dredging of nearshore
zones for

lake access, boater safety improvements, and public lands development.

19. The
conclusions reached with regard to sediment control and phosphorus reduc-

tion provide the basis for consideration of a Section 314 Clean Lakes
project.
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TENTATIVE

RECOMMENDATIONS

Based on the conclusions contained in this report and following coordination with perti-

nent Federal, State and local interests, whose comments and responses generally concur

in the study conclusions, it is recommended that the Corps of Engineers give no further

consideration, at this time, to providing improvements in the intcrest of flooding, water

quality, and other water and related resources at Grand Lake St. Marys, ohio.
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GRAND LAKE ST. MARYS

SURVEY REPORT FOR
FLOOD CONTROL AND ALLIED PURPOSES

AUGLAIZE AND MERCER COUNTIES, OHIO

THE STUDY AND REPORT

PURPOSE AND AU'THORITY

The purpose of this study was to investiga[e flood and related water resources prob-

lems and needs of the Grand Lake St. Marvs area and describe the various alternatives

considered to help solve the problems.

This report has been prepared in response to Sec[ion 217 of the Flood Control Act

of 1970 ('ritle II, Public Law 91-611), dated 31 December 1970, conceming flood control

and allied purposes, including channel and major drainage improvements, and floods agzra-

vated by or due to wind or tidal effects.



'The State of Ohio, Department of Administrative Services, Division of Public

Works, srudied possible diversion of greater flows through the eastern embankment out-

let and canal system and also repair measures for the Grand Lake lock, St. Man-s

Feeder Canal, the Kopp Creek culvert, and the aqiueduct over the St. Marys River.

The project, as yet, has not been funded for construcrion.

The Ohio Water Development Authoriry had a report prepared in June 1977

entitled, "Grand Lake Regional Sewer System Facilities Plan," which was a planninz

"study for the conveyance and treatment of sanitary wastes generated within the Grand

Lake Regional Sewer System planning area.

The B. S. Environmental Protection Agency developed information on nutrient

sources, concentrations and impact on the lake as part of a report entitled, "Report

on Grand Lake- St. Marys, National Eutrophication Survey."



RESOURCES AND ECONOMY
OF THE STUDY AREA

ENVIRONMENTAL SETTING AND NATURAL RESOURCES

The Grand Lake St. Marys study area is situated in Mercer and Auglaize Counties

in west-central Ohio on the low watershed divide between the Wabash and St. Mans

Rivers (Maumee River Basin) as shown on rhe General Map, Plate 1.

Grand Lake is formed by a dam at its west end on Beaver Creek and a dam at

its east end on Chickasaw Creek which drains to the St. Marys River via the St. Man's

Feeder Canal. The impoundment covers the low watershed divide forming a lake with

a surface area of some 21 square miles at approximately 870.5 mean sea level (msl).

The lake is approximately eight miles in length east to west and averages over two

miles in width north and south with a shore line of approximately 55 miles. Average

deptlr of the lake is 6.8 feet. The total drainage area to the lake is some 112.1

square miles, of which over 18 percent is lake surface. Its principal triburaries arc

Coldwater, Upper Beaver, Prairie, Chickasaw, Little Chickasaw and Barnes Creeks, all

entering from the south. The State of Ohio owns the lake, together with a few small

parcels of lakefront property. Lake operation is by the Ohio Department of Natural

Resources and the Ohio Department of Public Works.

The Ohio Division of Wildlife operates the St. Marys Fish Natchery and the Merter

County Waterfowl Refuge at the lake. Several areas along the lake are operated as

part of the Grand Lake St. Marys State Park. The lake is surrounded by a combina-

tion of agricultural, recreational, permanent and seasonal residential, and urban land

uses. Beaver Creek, the western outlet channel, descends gradually through agricultural

lands of Mercer County before merging with the Wabash River. Principal urban areas

include Celina and St. Marys, witb 1980 populations of 9,127 and 8,368, respectivelp.

The study area is approximately 100 air miles due north of Cincinnati, Ohio, and

95 air miles northwest of Columbus, Ohio.

5



The project study area is in the Tills P1ain Section. The topography is genth- roll-

ing with elevations ranging from highs of 910 feet NGVD to approximately 850. The

terrain falls generally toward the lake which has a normal water surface elevation of

870.5 feet NGVD.

The agricultural land adjacent to Beaver Creek is predominantly Defrance-wabasha

silty clay loam which is a very poorly drained soil occupying low lying, level and

depressional positions on flood plains. Drainage is difficult to establish due to a lack

of suitable outlets on the nearly level topography. Soils in the lake watershed arc

dominantly in the Blount-Pewamo and Blount-Glynwood soil associations. These

soils are nearly level to sloping, somewhat poorly to very poorly drained silty clay

loam or clay loam glacial till which have poor bearing values, are subject to occasional

flooding and are generally unsuitable for septic tank systems. Agricultural productivity

is moderate to moderately high, and although naturally poorly drained, provide good

farming when properly drained with tile.

The climate of the area is continental with warm summers and is characterized

by abundant precipitation, fairly long growing seasons, and wide ranging annual and

daily temperature. During January, the coldest month, the average daily temperature

is 270 F., and in July, the warmest month, the average daily temperature is 730 F.

Average annual precipitation is 37.5 inches, with rainfall distributed fairly evenly

throughout the year. Showers and thunderstorms furnish much of the precipitation

during the growing season. Heaviest rains occur in June. Frost-free days average 160

days. The normal rainfall is such that lake water level is relatively stable except dur-

ing drought and heatiy rainfall periods_

Grand Lake St. Marys is far from being a clear lake because of algal growth,

turbidity and sediment entry. The proportion of pollutants in the lake has been

aggravated by increased agricultural development and population growth. Despite

the algal condition of the lake, it is a good warmwater fishery and is used exclusively

for recreation and as a municipal/industrial water supply.

Much of the land in the Grand Lake St. Marys watershed is agricultural. Mercer

and Auglaize Counties are among the most important agricultural counties in Ohio

with cash grain farming dominated by corn and soybeans as the major farm enterprise.
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Livestock operations (beef, dairy, swine and poultry} arc also major farm enterprises.

particularly in the lake watershed.

Less than 10 percent of the land in the Grand Lake St. Marys watershed area

remains wooded. Forest areas are comprised of small, isolated woodlots surrounded by

corn-soybean dominated farming. Travel corridors for wildlife are, to a large extenr,

limited to stream corridors. Sonie mammal species remain common, such as muskrat,

raccoon, oppossum, fox and gray squirrel, cottontail rabbitand whitetail deer, although

destn ction of lakeshore wetlands, the removal of fencerows and large woodlots, and

residential development has had adverse impacts upon a number of mammatian spccies.

The area has been one of the best locations in Ohio for observing a diverse group of

birds. Because of the lake's large surface area and the excellent wetland habitat

surrounding the lake, it has become an important concentration area for waterfowl.

The area lies within the Mississippi Flyway, a major north-south migratory route for

many passerine speeies. As such, thousands of migratory ducks and geese use the lakc

as a resting area during spring and fall migrations-

Endangered or threatened speeies such as the Eskimo curlew, bald eagle, and the

American peregrine falcon migrate through Ohio, but sitings in the area are very rare.

The range of one endangered mammal, the Indiana bat, is known to include the study

area.

There are no documented archeological sites, either prehistoric or historic, in the

Grand Lake general study area and no surveys have been undertaken on lands included

in the Grand Lake study area; however, undocumented reports have indicated possible

sites in or near Cdina and St Nlarys. There is a high potential for the existence of

undocumented prehistoric and historic archeologic sites, especially in the viciniry of the

Beaver Creek-Wabash River confluence; lands on a ridge extending towards Erastus

along Beaver Creek; lands adjacent to Montezuma Bay; and lands bordering Chickasaw

Creek and other creeks tributary to the lake. A total of 248 historically or architec-

turally significant sites have been documented in the Grand Lake study area. Of

these, three are listed in the National Register of Historic Places, one has been nomi-

nated to the National Register, and another is in the process of being nominatcd.
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Grand Lake St. Marys came into being as a reservoir to supph' water for the Mian i--

Erie Canal. Construction started in 1837 and was completed in 1845 at a cost of approxi-

matelv $528,000 (Clark, 1960). The then 17,500-acre reservoir was for many years the

largest man-made body of water in the world. With a current estimated surface area of

13,920 acres, it is the largest inland water body in the State of Ohio. The lake has a long

and interesting history and played an important part in the development of the Northwest

Territory. The St. Marys River served as a vital link between the Great Lakes and the

Ohio River via the Miami-Erie Canal. The lake once supported a vast commercial fisher}-.

The canal era, however, was short-lived as much of the business of transporting goods was

taken over by the expanding railroads. The area experienced another boom in the late

1890's when oil was discovered and for a time the lake was dotted with oil derricks- Toda •

a pile of rocks near the center of the lake marks the spot of the last producing well. The

lake has gained growing popularity among recreationists and sportsmen since 1915 when

the General Assembly of the State of Ohio passed an act through which this body of water

and adjacent lands owned by the State were dedicated and set apart forever for the use

of the public, as public parks or pleasure resorts.

Today the lake exists primarily for recreation purposes and is a favorite spot for thou-

sands of vacationists from Ohio and neighboring states. It is also the principal water supply

for Celina, Ohio, and St. Marys, Ohio, uses lake water for cooling purposes at their power

plant. Primary recreational activities at the lake include boating, fishing, picnicking, swim-

ming, winter sports, and camping. Several areas along the lake are operated as part of the

Grand Lake St. D4arys State Park. Grand Lake St. Marys Park is located along the north-

east shore of the lake and provides recreational activities such as camping, fishing, hiking,

picnicking, swimming, and boating. Approximately 500,000 persons visit the park annually.

in addition, the Ohio ISivision of Wildlife operates the St. Marys Fish Hatchery located

at the extreme eastem edge of the lake. The Division also operates the 1,400-acre Mercer

County Waterfowl Refuge at the southwest section of the lake which provides a haven for

migrating as well as nesting Canada geese. Thousands of birds stop at this refuge during

spring and autumn migrations.

The lake is fairly heavily used; having at least six major marinas, one State campground,

a 4-H camp, and two church camps. Fishermen abound during early spring. Hunters vie

for licenses and blind privileges during early winter. There are three public beaches on the

lake and hundreds of private beach areas.
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HUMAN RESOURCES AND ECONOMIC DEVELOPMENT

Out of 88 counties, Mercer County ranks 56th and Auglaize 51st in Ohio county popu-

lations with 1980 populations of 38,242 and 42,461, respectively. While there are no large

urban developments in Mercer and Auglaize Counties, those areas that are urbanized are

located on or around the Grand Lake St. Marys rim, where mosr of the population lives

Celina, in Mercer County, and St. Marys, in Auglaize County, are the two most populated

areas in the viciniry of Grand Lake St. Marys with 1980 census populations of 9,127 and

8,368, respectivelv. The Villages of Coldwater (population 4,000) and Montezuma (popul•

ation 270) are also in the study area. -

Between 1950 and 1960 the population of the lake area, including Celina and Franklin

Township in Mercer County, and St. Marys and Jefferson Township in Auglaize Counn,

increased by 24.4 percent. This compares to a national increase of 18 percent during the

same period- However, from 1960 to 1970, the U. S. population increased by approxi-

mately 34.3 percent, while that of the lake area increased by only 8.1 percent. For the

total period from 1950 to 1970, the U- S. population rose by 34.9 percent, while the lake

area population grew by a comparable 34.5 percent.

Froni Memorial Day to Iabor Day, the seasonal vacation population of Grand Lake

St. Marys increases by approximately 20,000 persons, nearly matching the permanent

population (23,500).

Most of Celina and St. Niarys is residential, with the major portion of homes being

single family. The land surrounding the lake is predominantly agricultural and open land

except those areas immediately adjacent to the lake. A great portion of the lake's drainage

area to the south is classified as prime farmland. The land inunediately adjacent to the

lake consists of many private and commercial settlements, used mostly for recreational

purposes. Cottages, campgrounds, and trailer parks are found around the lake, with highest

concentrations on ttie south side. Adjacent to the lake are several permanent, year-round

residential subdivisions.

9



Land around the lake is presently unzoned, and eurrent growth has been random, with

no efforts made to control lot sizes or land use. Consequently, developed land abuts areas

of undeveloped agricultural land. Because of its attractiveness for recreational use, the

land immediately adjacent to Grand Lake St. Marys is anticipated to be used largely for

residential and recreational purposes in the future.

In 1970, the labor force of the two-county stud)' area was 29,068, or about 39 percenr

of the total population. Of this number, 2_6 percent was unemployed, considerably belo'+'

unemployment levels statewide and nationally.

The major sectors of employment during 1970 were manufacturing (40 percent),

service industries, including government and education (19.4 percent), wholesale and retail

trade (19.2 percent), construction (5.3 percent), and agriculture, forestry and fisheries

(8.1 percent). Mining activiries accounted for less than 1 percent of the two-county work-

force. Sizeable increases in the manufacturing, trade, and services sectors, with declining

numbers in agricultural, forestry, and fishery occupations are typical of the state-wide

employment trends in recent decades.

Agriculture and industry promote a successful economy in the study area. Mercer

County is one of the leading agricultural producers in Ohio and ranks second only to Drake

County in cash receipts. In 1970 the county contained about 2,000 farms, with acreage

totalling over 289,000. Industrial development has also helped Mercer and Auglaize Count-

ies to remain economically sound.

Per capita income in 1970 u2s $2,450 in Merccr County and $2,668 in Anglatze

County_ During the decade 1970 to i980, per capita income was projected to rise to

$3,580 in Mercer County and to $3,760 in Auglaize County, or 41 percent in both counties.

From 1980 to 2000, per capita income levels are expected to show steady gains of some 74

percent in both Mercer and Auglaize Counties. By 2020, the expected per capita income for

Mercer County is $10,116 and $10,626 for Auglaize County. These per capita income

figures, unadjusted for inflation, indicate about a three-fold increase in levels beatveen the

present and the year 2020 in both counties.
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The pcrmanent population of the Grand Iake St. Marys study area and vicinitp is pro-

jected to increase 34 percent froni 21,700 in 1970 to 29,095 by 2000. This contpares to

a projected State-wide population increase of 24 percent during the same period. The

population growth in the urbanized and urbanizing areas of both counties (Celina and

St. Marvs) are expected to be 14 percent lower (20 percent) than the overall population

growth rate of the study area. Permanent population growth along the perimeter of che'

lake will be limited by space and basic service facilities, yet it is anticipated that the perim-

eter will support a great deal more than the present population. The summer seasonal

resident population is projected to increase 54 percent from 17,600 in 1970 to 27,050 in

2000.
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PROBLEMS AND NEEDS

The purpose of this section is to define and discuss the water and resource problems,

needs and opportunities in the study area, including the status of existing plans of various

Federal and non-Federal agencies and improvements desired by local interests. The study

authority has indicated that the major water resource problem to be addressed is flood

damages but as is true in most areas, there are general needs and desires for additional

outdoor recreational opportunities and enhancement and preservation of the existing

natural environment.

STATUS OF EXISTING PLANS AND IMPROVEMENTS

Beaver Creel<

A Beaver Creek improvement project has been planned by Mercer County and the

State of Ohio- The restoration program encompasses a 10.6-mile reacb of Beaver Creek

and includes clearing and deaning the channel of flow resrrictive debris and shoals together

with reshaping the channel cross section and replacement of tile drain outlets. Beaver Creek

was last restored in a similar improvement project in 1951 but was not followed by a

regular maintenance program. The project cost estimate of approximately $500,000 was

tentatively to be shared equally with $250,000 funding by the State of Ohio and matching

funds by the Board of Mercer County Commissioners but the state share, to date, has not

been funded.
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Soil Conse rvation Service

The Soil Conservation Service (SCS) constructed three single purpose fl oodwater retard-

ing stmctures to provide flood protection to 19.3 square miles of the 125-square-mile

watershed of the Wabash River upstream of its junction with Beaver Creek- This PL-566

project named "Upper Wabash Watershed," included about 30 miles of major channel

improvement on the Upper wabash River main stem and tributaries upstream of the cirY of

Fort Recovery. Flood plains not protected by this project include the Wabash River main

stent downstream of Fort Recovery to the Ohio-Indiana state line and along the entire

length of Beaver Creek below Grand Lake St- Marys and was the subject of additional SCS

studies. The proposed structural measures include a multiple purpose flood prevention-

water quality control structure, a multiple purpose flood prevention -recreation structure,

two miles of multiple purpose flood prevention-drainage channel with six drainage pumps,

and 13.4 miles of flood prevention channel improvements (Beaver Creek). Costs were

estimated at $4,136,500 (1969 dollars) but the project has not been constructed because of

lack of a local sponsor.

Grand Lalke ReAional Sewer System

'fhis is a Public Law 92-500, Section 201 project for U.S. EPA construction grants

to build a $14 million-plus, sewage collection and sewage treatment plant expansion and

upgrading system for portions of Mercer and Auglaize Counties immediately adjacent to

the lake- The original plan divided the lake area sewer system into two portions at the

Mercer--Auglaize County line and conveys the Auglaize County flow to the existing

St- Marys wastewater treat3nent facility and the Mercer County flow to the existing Celina

wastewater treatment facilit}•- The primary objective of this plan is the protection of

Grand Lake St. Marys by elimination of human waste loads to the lake, especially the

high colifonn content.

The project has met with local opposition because of high costs. The Farmers Home

Administration and U.S. EPA have tentatively withdrawn loan or construction grant

approval pending additional studies and review for a rnodified lower-cost project or other

altemative wastewater management plans.
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Grand TakelMiami and Erie Canal

The Ohio Department of Administrative Serviccs, llivision of Public Works, has had pre-

pared a plan to provide greater flow capacity through the St. Marys feeder canal (the Grand

Lake eastem outlet channel) together with significant repair of the eastern embankment

lock structure, the Kopp Creek culvert, and the aqueduct over the St- Marys River. A major

part of the plan calls for lowering the east spillway crest elevation to that of the west spill-

way crest elevation in order to "provide an eastJwest split of uncontrolled discharge capac-

ity which is proportional to the drainage areas contributing runoff to the lake." To date

the $951,500 improvement project has not been funded for construction.

FLOOD PROBLEMS

Flooding has been reported for years, not only around Grand Lake St. Marys, but also

along Beaver Creek, the lake's natural outlet channel. Periodic flooding of primarily agri-

cultural land along Beaver Creek is attributed to a combination of factors including a very

limited flood control capabiliry of Grand Lake St. Marys, poor surface drainage, low stream

gradient (1-5 feet per mile), high stream stages which cause inadequate outlet conditions

for numerous artificial agricultural drains, and constrictions to flow from vegetation on the

banks, shoals, and debris tbroughout the entire 10.6-mile reach. Flooding problems along

Beaver Creek are from both overbank inundation and subsurface saturation as a conse-

quence of long periods of near bankful flow in the flat gradient channel. Peak discharges

from the lake's western outlet are not great enough to cause instantaneous flooding, and are

less than would be experienced without the lake. However, it often requires several weeks

of steady outflow to pass flood runoff from the lake. This condition is sufficient to keep

Beaver Creek near bankfull for long periods of time and is damaging to agricultural opera-

tions, particularly in the spring and early summer in the flood plain.

Periodic flooding occurs along the south shore of the lake where the topography and

developments are generally at a low elevation. The flooding is attributed to many factors

including poor natural drainage plus a high water table, and to a high lake level combined

1
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with wind-induced wave action which causes water to rnnup on the shore with subsequcnt

damaae to residenrial buildings and contents. In most years, the lake IeveI does not exceed

one foot above west spiIlway crest (870.75 NGVD), but this rise is sufficient to cause flood

damage on the south shore when the effects of wind serup, seiche effect and wave runup

are considered. The recreation-oriented developments around the lake rend to make any

lowering of the watcr surface undesirable.

Lake pool elevation 871-75 was identified as the water surface elevation, togetber with

w•ind-induced wave action where lake shore flooding begins.

Limited data has restricted the analysis of historical flood events. However, the storms

which occurred in A4arch 1913, and were centered near Bellefontaine, Ohio, produced the

flood of record for a majoriry of long--term gaging stations in both northeastern Indiana

and southwestern Ohio. The 5-day rainfall total was 11.1 inches at Bellefontatne which

is approximately 40 miles southeast of Grand Lake. Available warer surface elevation

records for the Grand Lake pool began in March 1927 and provide an indication of addi-

tional flood periods. The maximum pool level of recorded data occurred on 15 January

1930 at elevation 872.83. The Ohio Division of Parks and Recreation records also note

an absence of gate operations during this high water period. This lack of outlet openings

produced the maximum attainable pool structurally possible from available inflows. The

peak lake inflow', during the period of recorded data, was estimated to be nearly 12,000 cfs.

This event occurred on 18 May 1927 and was the result of a high intensity storm of short

duration and low volume. This storm produced a peak pool elevation of 871.75 feet

NGVD.

Table i presents 11 of the 12 observed annual events which exceeded elevation 871.75

for the period of record. Scven of the 12 events occurred during the recreation season.

Local residents and farmers along Beaver Creek were interviewed and reported signifi-

cant flood events during January 1949, December 1957 through January 1958, March

through April 1964, March 1965 and May 1972. Several lesser floods were reported during

the June through November months when crop losses are greatest. No gaged data of his-

torical floods are available for Beaver Creek.
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TABLE 1

HISTORICAL LAKE POOL ELEVATIONS

Observed Data

Date

Peak Pool
Elevation

Days Above
Elev. 871.75

Peak Mean
Daily Outflow

(feet) (cfs)

Jan 1930 872.83 18 300

May 1943 872.67 24 330

Apr 1972 872.67 32 310

Apr 1938 872.42 19 550

Feb 1950 872.42 24 520

Apr 1978 872.17 37 380

Jan 1949 872.08 19 260

Apr 1957 872.08 23 550

Jun 1958 871.92 11 380

May 1933 871.92 5 490

Nov 1972 871.92 9 510
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Flood IYamaQes

The areas under consideration include Beaver Crcek downstream from the lake and

portions of the developed take shore. The extent of flood damages has been idencified

by developing hydrologic and field data which considered such aspects as streanr charac-

teristics, lake releases, extent and character of the drainage basin and flood plain, pro-

jected future characreristics in the case of Beaver Creek and lake levels, wind and wave

action and character of shoreland in the case of southshore flooding. These data were

used in developing estimated present and future flood damages. Damages were developed

for stream reaches and developed shoreland areas shown on Plate 2 in order to identif}

damage centers.

The Beaver Creek flood dantage study extends from its confluence with the Wabash

River upstream to the western outlet of Grand Lake St. Marys, a stream distance of about

10.6 miles. Table 2 shows the monetary damages that could be expected to result from

the occurrence of three specific flood events (a flood that occurs on the average of once

in 5 years, a flood that occurs on the average of once in 10 years, and a 100--year fre-

quency flood). Table 3 provides the average annual equivalent damagesthat can be ex-

pected for each stream reach.

The southshore flood damage study area extends from west of Montezuma Bay (Zeb's

Landing) eastward to Barnes Creek (Southmoor Shores) and includes n3ost of the shore-

land development in between. Flood damages for the lake shoreline area are attributed

to a high lake level combined with wave action and wind setup.

Flood damage surveys were made for selected residences along the shoreline areas.

Commercial establishments were not evaluated since most are located either at elevations

out of reach of flooding or suf6ciently distant from the shore, such that damages are vir-

tually non-existent. The total value of all residences along the southshore is estimated to

be $6,000,000. Present annual damages to residences in the form of structure and content

damage are estimated to be $150,200 for approxitrately 142 pnvare shoreline properties

(Table 4).
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TABLE 3

AVERAGE ANNUAL DAMAGES
BEAVER CREEK

(Present 1979 Conditions)

Damaee Categon' 2/

Reach ^
-BC-2BC- 1 --

Damage

Totals
-`

$30,850 $32,350 $63,200

Crop

9 ,700 3,200 12,900

Non-Crop

4001 1,310 2,710
Transportation Facilities

,

3,950 2,240 6,190

Public Utilities

$45,900 $39,100 $85,000

Totals -._^------f

1/ See Plate 2.
2/ Crop - for major crops produced; corn, soybeans and hay

Noncrop - agricultural properties such as siltation of tiles, debris removal,
land erosion and repair, surface ditch maintenance, farm roads and levees.

Transportation facilities - roads, fills, bridges, culverts
Public utilities - after flood maintenance of telephone, gas and electric,

and other public utiliry services.
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TABLE 4

AVERAGE ANNUAL DAMAGES
SOUTH SHORE OF

GRAND LAKE ST. MARYS

Location i/

Estimated Number
of Properties

Subject to Damages

Estimated
Annual

Damages 2/

1 10 $ 10,680
2 31 32,500
3 39 42,610
4 14 14,940
5 6 6,900
6 18 15,750
7 12 15,000
8 7 7,480
9 5 5,340

Totals 142 $150,200

1! See Plate 2
2/ Structure and contents damage

1
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WATER QL7ALI"I'Y P110BZ'EMS

Based on local obsen,ations and on actual dara collectcd on Grand Lake St.Man's,

lake water quality has been declining in recent years. This can be seen through increased

siltation and algae blooms. Previous studies have shown that the primary contributors tO

the decline in lake water quality are from phosphorus and sedimcnt. As the water qualin

declines, the quality of the recreational experience the lake will support will also declinc.

The Grand Lake St. Mams area has been the object of several water quality related

studies in the past few years. The lake is used primarily as a recreational facilitv and is

administered by the Ohio Department of Natural Resources- Its recreational uses include
water activities such as skiing and swimmtng. Anorher

fishing, and body contactboating,
important use is as a water supply source for the City of Celina.

The lake is classified as an exceptional wann water habitat, a public water suppl)'.

and as bathing v<'aters. Its tributaries are classified as warm water habitats.

Because the lake has three designated uses, no one set of State water quality criteria

is exclusively applicable to it. In the case where several sets of criteria exist for the same

body of water, the most stringent criteria apply.

The watcr quality of Grand Lake St. Marys has been examined in connection with its

eutrophication problems. The lake experiences massive algal blooms several times each

year, and taste, odor, and fish 2ainting problems with the water have been reponed fre-

quentlv. In a survey conducted by the U.S. Envuonmental Protection Agency on Grand

Lake St. Marys, algal productivity was found to be phosphorus-limited during the spring

and summer and nitrogen-limited in the fall. The estimated phosphorus loading of the

lake (0.49 gIm21Yr)

was 1.8 times gTeater than the commonlp accepted eutrophic IoadinQ

limit of 0.28 g/m2Jyr.
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In addition to the U.S. EPA study, the Mercer-Auglaize Environmental Research

Association monitored water quality in the Grand Lake St. Marys area from 1973 to 1975

at ten locations. In general, the data support the high nutrient loadings found during the

U.S. EPA study, but it also indicated significant bacterial pollution of the lake. The average

fecal coliform concentrations from 1972 to 1975 exceeded the state water quality criteria

for bathing waters (200 coliforml100 ml) at all ten sites sampled. A Master's thesis by

James P. Loughran.(1973) entitled, "The Analysis of Tributary Outfalls as Possible Sources

of Micro-biological Contamination of Grand Lake-St. Marys," concluded that the bacterial

pollution of the lake was severe enough to warrant action discouraging its use for primary

body contact recreation. Data presented in this thesis indicated that bacterial contamina-

tion of the lake was from both human and animal sources, although the relative magnitude

of each of these sources was not identified.

The bacterial contamination of the lake has been attributed to the Mtrcer Wildlife

Refuge on Montezuma Bay; however, considering the large number of persons that visit

the lake annually and the extensive use of septic tanks in many unsuitable areas along the

south shore, it is probable that a large part of the lake's microbiological contamination is

due to human waste.

Severe taste and odor problems have been reported with the water of Grand Lake

St. Marys. People living around the lake frequently complain of a musty odor in the air

and the City of Celina experiences taste and odor problems with both the raw water it

withdraws from the lake and with finished water distributed to its customers. Odorous

compounds of biological origin known to taint water supplies were reported by

A. A_ Rosen, et. al in 1970 as being found in Grand Lake St. Marys. These compounds

include geosmin and 2-methylisoborneol, which are produced by certain strains of

actinomycetes. Although geosmin is characteristically associated with the musty odor of

heavy algae blooms in reservoirs, data indicated that 2-methylisoborneol constituted 68

percent of the odor from Grand Lake. In a 1964 taste and odor study of Celina's water

supply (Grand Lake) conducted by Finkbeiner, Pettis & Strout, Ltd. algae, either directly or

indirectly, were identified as responsible for the majority of the taste and odor problems.

1
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More recent studies undertaken by Finkbeiner, Pettis & Strout, Ltd. in August 1980

on Grand Lake St. T4arys centered on water quality adjaceut to greatest devclopment and

human wastcs. The investigatton confirmed previous stndies
on parameters indicative of
of lake pollutant loadings and showed that human wasteload onginating from lake shorc

continues to degrade lake water quality. Bacterial counts confimied the
development creating a problem which at peak use periods affects the entire lake.
presence of sewage,

water pollution problems in Grand I,ake St. Marys is the
In summary, the primary

eutrophication of the lake as described above. The marn water quality problems are asso-

ciated with nuisance algae blooms and inadequate sewage xreatmerit Taste and odor prob

lems in the lake have been linked to the algae blooms, which also interfere with recreation

and water supply uses. Other information indicates significant bacterial pollution of the

lake.

Other than in Grand Lake St. Marys, water pollution problems are associated with

Beaver Creek. During dre periods, the flows in the upper reaches of Beaver Creek essentiall

cease and the only flow in Beaver Creek is the effluent from the Celina wastewater treat-

ment plant. This has resulted in serious water quality problems in dbe creek, including high

levels of suspended solids and nutrient conecnrrations and low dissolved oxygen. Facilities

plans are presently being prepared for improvements to the Celina wastewater treatmenx

plant that will alleviate this problem.
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Sources

The drawing below shows a conceptualization of phosphorus and sediment poilution

sources which contribute to lake water quality problems.
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Phosphorus input sources have been categorized as either "point" or "non-point"

sources for purposes of estimating total annual phosphorus loadings to the lake.

Point sources are those whicb discharge effluent at known locations and include one

municipal sewage treatment plant (St. Henry) and 17 small premanufactured (package)

treatment plants surrounding the lake, each of which discharge effluent with varying degrees

of treatment directly or indirectly to the lake.

Non-point sources include phosphorus from such diverse sources as precipitation, agri-

cultural and livestock areas, waterfowl, septic tanksoil absorption systems, and direct

urban and suburban runoff. Phosphorus contained in rainwater falling directly on the lake

surface is generally uncontrollable and the ability of algae to utilize the phosphorus is still in
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question with researchers. Cropland and anirnal concentration areas {feedlots) both con-

tribute nutrients and sediments through runoff and erosion. The high concentration and

number of waterfowl at Grand Lake has been suspected of contributing phosphorus and

bacterial contamination of the lake. Although the concentration of scptic tank-soii absorp-

tion systems around the lake is generally known, thev are considered non-point sources

because pollution from them seeps into the lake over a dispersed area- Urban and suburban

runoff contributes pollutants after rainfall events from residential areas and streets.

Finally, erosion of watershed lands, stteambanks and shoreline contribute sediments

which cause turbidity and phosphorus-bound particulate matter which causes the pro-

liferation of odor and taste-producing algae throughout the lake.

Annual Phosphorus Loads

It is estimated that approximatelv 33,000 kilograms of total phosphorus are currenth°

contributed to Grand Izke on an annual basis- The estimated phosphorus loading rate

of 0.49 gram per meter square per year to the lake is nearly 1.8 times greater than the

commonly accepted loading lunit. This means that Grand Lake St-Marys can be con-

sidered eutrophic. The excess nutrient concentration results in increased biological activity

and culminates in nuisance algal grou'ths, reduced oxygen content, and noxious tastes ar d

odors. With these conditions the lake may become unacceptable as a source of water

supply and recreation.

Of the total phosphorus loading, it is estimated that, on the average, approximately

15,000 kilograms are removed from the lake annually via Beaver Creek and the St. Man's

Feeder C'anal. At the current estimated rates of pbosphorus input and output, approx -

mately 18,000 kilograms of the 2otal phosphorus accumulates annually in the lake.

Several sources of phosphorus which were thought to be significant, specifically septic

tank systems and waterfowl, are contributing only small quantities of phosphorus to the

lake.
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The estiniatcd percentage contributed by each source is identified in Table 5- The

most significant contribution of phosphorus to Grand Iake St. Marys and to the rapid

rate of eutrophication of the lake appears to be from non-point sources or rural, primarily

agricultural land and livestock concentration areas.

TABLE 5

E STIMATED ANNUAL
TOTAL PHOSPHORUS LOADINGS FROM SPECIFIC SOURCES

GRAND LAKE ST. MARYS, OHIO

Source Kilograms

Percentage
of Total

Precipitation 780 23

Waterfowl (Geese) 216 .6

Animal Concentration Areas (Feedlots) 7,500 22.6

Aa icultural/Rural Land 21,000 62.9

Municipal Point Source (St. Henrys) 1,449 43

Domestic Point Sources 746 2.2

Septic Tank-Soil Absorption Systems 610 1.8

Direct Urban and Suburban Runoff 1,088 3.3

Totals 33,389 100.0
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EROSION AND SEDIMENT PI?.OBLEMS

Soil erosion and sedimentation pose major problems to lakes and streams. In bulk,

sediment is the greatest single water pollutant nationwide and is no exception at Grand

Lake St. Marys. The introduction of sediment to the lake occurs as part of namral water-

shed processes. However, man's activities which have dictated the land use and manipu-

lated thc vegetative cover have grear]y accelerated this process over a long period of time

by removing protective vegetation from the watershed. The effect of erosion-induced

sediment accumulation in the lake is realized in many ways. PhysicaUy, turbidity caused

by suspended and resuspended sediments decreases light penetratton and thereby affects

photosynthesis which in tum may reduce oxygen produetion. Sediment accumulation is

suspected of destroying fish spawning areas; curtailing recreational activities, especial3y

boating; reducing aesthetic values; and creating shallower areas which cause an inereasc in

biological activity. Besides the physical effects of sedimentarion, fine-grained suspended

solids composed predominantly of clays have a high absorption capacity. Sediments may

bind or immobilize pollutants and remove them from the water. On the other hand, if the

sediments are overloaded with pollutants, they may be released to the water column. In the

Grand Lake St. Marys watershed, most soils being of the silty clay loam type would absorb

pollutants, particularly phosphorus carried to the lake. The release of these nutrients can

also be increased when bottom sediments are stirred up by power boats, carp and other

bottom scavengers. Evidence exists which supports the occurrence of these changes at the

lake.

Fsosion has been identified in six categories of concera to lake users: farm drainage

erosion, streambank erosion, lake shoreline erosion, channel erosion, island erosion and

dredge spoil erosion.

Farm DrainaQe Erosion

Erosion of the soils in the lake's watershed consists of moderate sheet erosion. Nearly

all waters observed entering the lake have considerable amounts of suspended silt. water-

shed erosion from primarily agricultural lands, includes eeashoff of soils and farm chemicals
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dissolved in the runoff. Soil erosion creates economic problems because fertile soil and

components are depleted from the surface. Soil erosion creates etrvironmental problems

because suspended and dissolved solids affect water quality, sedimentation and shallowing

of the lake, and bottom dwelling organisms. Significant improvements in lake water quaiit^

are tied to reducing suspended sediment loading from the lake's agricultural drainage basin.

Streambank Erosion

Streambank erosion occurs in the study area although.this type of erosion is considered

moderate. Soils notable for erosion problems - Blount and Glynwood - occur throughout

the lake watershed. The mosr notable streams having erosion problems include Coldwater,

Burntwood, and Chickasaw Creeks. Coldwater Creek banks have developed serious erosion

problems due to runoff scour which increases sediment load delivered to the lake.

Lake Shoreline Erosion

Lake shoreline erosion is caused by a number of factors including wind-driven waves,

boat wake attack, high water, and winter ice. In general, the north, east and west shores

of the lake have adequate bank protection through use of seawalls and riprap. Although

a few exceptions are noted along inlet channels and embayments, shoreline erosion prob-

lems are limited to the southshore. It is reasonable to state that developed shoreline is

protected and undeveloped shoreline is not. Bank erosion along the undeveloped south-

shore areas is the most dramatic in the study area, with approximately 5-foot vertical

drops and uprooted trees observed nearly throughout. Some riprapping of these mostly

State-owned areas has been undertaken, but the succes.s of any such program is limited

by access problems and funding. The rate of shorel.ine erosion has not been quantified

because of a lack of long-term survey data; however, the amount of unprotected shore-

line is estimated at 60,000 linear feet, or 11.3 miles. This represents some 23 percent

of the total lake shoreline.
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Channel Erosion

This erosion problem results from a combination of factors and affects boat channels,

boat basins, and natural inlets in the lake. The shallow dcpth makes the channel banks

susceptible to wave scour. Rapid surface runoff erodes sods and results in silt deposition

in natural inlets. Prop wash and boat wakes, together with a general lack of coarse gravels

and rock or bottont vegetation contribute to the erodibility of cliannels and other bottoni

features.

Isiand Erosion

Existing islands in the lake are especiall}' susceptible to ice and wave-induced erosion

because of their small size and exposure from any side. Except for Safet}= Island, most all

island formations are generally unprotected from these effects. The contribution of sedi-

ment to the lake is considered minor compared to other erosion sources, but the}• are

the most susceptible to erosion and should be preserved for their intended long-term use

as waterfowl areas.

Dred e Spoil

Dredged spoil material placed in unprotected rows and left unprotected erodes quickh'

back into channels and into other parts of the lake. Unprotected dredge rows are suspected

of contributing sediment back into the lake and channels where turbidity is inereased for

long periods of time. Contained spoil areas for dredge materials are warranted in a large

water body such as Grand iake St. Marys which is subject to high wind and wave acuvttn-.

Summarv

Erosion of the unprotected shoreline, streambanks, and upland areas in the watershed

contributes to the rate of sediment accurnulation in the lake. The estimated annual loading

of sediment to Grand Lake St. Marys from tributary streants and upland areas is approxi-

matei} 26,000 tons. No estimate was made as to the amount of eroded shoreline island or

dredge spoil material which accumulates in the lake annually.

29



/,]though sedimentation does not appear to be sesiously deplet.ing the lal:e storage,

the material accumulates in places where it is especially noticeable and troublesome. Sedi-

ment accumulations are most prevalent around the perimeter of the lake where water

velocity is low. The combination of shallow water and wind-induced wave action creates

circulation patterns capable of eroding and transporting sediments in the lake.

The general problem categories of flooding, lakc water quality, and erosion/sedimenta-

tion impact on several other water-related problems that exist at the lake. These include:

shallowness, siltation, taste and odor, and wind and wave problems, atl of which impact

on the qualitv of the recreational experience, water supplv, and fish and wildlife resources.

FISH AND WILDLIFE NEEDS

According to the U. S. Fish and Wildlife Service the narural productivity of desirable

fish and wildlife resources has declined at Grand Lake St. Marys over the last 75 years.

During the earlv years up to 1900 the lake was used as a very successful commercial fishery

with dominant fish being black bass, sunfish, perch and catfish. Between 1890 and 1900,

several droughts lowered the lake level considerably causing heavy fish kills, stump and

snag removal, and the disappearance of aquatic vegetation. V+Yhen the lake refilled after the

drought, wave action and turbidity increased and the lake changed from a relatively clear,

cool body of water to-a turbid, warmwater area with increased wave action. The fish

population changed to less desirable species (carp, white crappie, bullhead and ehannel

ptfish) Since the time the lake was tutned over for recrearional purposes, in the 1930's,

many attempu were made to improve fish habitat, and in recent years fishing has improved

greatly. Several decades of intensive efforts were made to replicate earlier conditions which

contributed to the lake's excellent fishery resources. This included regulation of angling

during spawning seasons, rough fish removal, stocking of fish, and habitat 'smprovement.

Despite these efforts, returning the fishery population to its former condition has not been

aecomplished.

1
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Since the formation of Grand Lake St. Mary>s, the changes of the fishery population

has been as drastic as the changes which occutTed to its aquatic environment. With a more

degraded condition of water quality and ditninished fishery habitat, populations of more

desirable sport fish have decreased. Nevertbeless, a good warmwater fishery is mamtained

which provides fishing enjoyment for many thousands of sport fishermen.

Current wildlife habitat populations in the Grand Lake St. Marys area are very much

dependent on cover and nesting habitat. Intensive farming in the watershed has resulted

in the destruction of necessary habitat to maintain a high density of upland wddlife. The

area still provides adequate wetland habitat to make it important for waterfowl popula-

tion, but this condition niust be maintained or enhanced.

With continued development around the lake, the quality and quantity of the existing

resource base is expected to erode. The problem is complex; however, degraded water

quality and degraded fish and wildlife habitat are two key factors which account for the

resource losses. The U. S. Fish and Wildlife Service further concludes that associated

wetlands are vital segments in Grand Lake's resource production and perpetuation and

will be further jeopardized if reduced or committed to non-resource use.

GENERAL RECREATION NEEDS

The State of Ohio Comprehensive Outdoor Recreation Plan indicates significant defici-

encies in realizing the recmational potential for boating, eamping, sailing, s`°'inm`ing, and

picnicking in the Mercer and Auglaiie County area. The Plan, for example, states that

the study area "has not developed its full potential because of lake siltation and pollu-

tion problems, lack of adequate lands to balance water area and unconsolidated land owner-

ship surrounding the lake." Although a large portion of the lake's 50-mile shoreline has

been developed for water-associated recreation, including lakeside residences, public and

privare beaches and docks, and public park areas, a comparison of visitor numbers at other

lake facilities in a 60-mile radius region generally indicates that Grand Lake St. Marys is

underutilized. A smaller than usual amount of boating occurs for such a volume of water
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as this. The reasons are many and varied, but water-re]ated problems including shallow-

ness, siltation, pollution, submerged objects, odors and wind and wave problems create

difficulties with the existing and potential recreational use. Lowering of the lake level,

for any reason, is considered a detriment by recreation interests. As discussed in "41'ater

Quality Problems" another detriment to recreation is the periodic growth of blue-green

algae in Grand Lake St. Marys.

Review of other study area problems and needs indicated that there was a need to

include opportunities for improvement, restoration, or enhancement of overall water

quality of the lake as a planning objective as well as erosion control and sedimentation

control. All of these objectives are oriented toward enhancing and increasing the poten-

tial of water-oriented outdoor recreation opportunities.

1
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IMPROVEMENTS DESIRED

State and local officials and organizations have from time to time since 1970 expressed,

through meetings, correspondence, and minor reporting efforts, their desires for improve-

ments to problems in the areas of flood control, drainage, water quality, erosion and water-

related recreation- Local interests cite lake water qualiry problems including adverse odor

and taste caused by frequent widespread blue-algae blooms, severe wave action, shallow lake

water depths, anc3 erosion as problem areas of primar • concern- The State of Ohio,

Department of Natural Resources, has indicatcd that erosion control, pool lcvel control, and

nutricnt-algae control are the State's primary concerns as related to the lake's primarn'

purpose which is water-related recreation. Local concerns would like to have the water

quality improved and the lake levelstabilized to enhance recreation potential and control

flooding of portions of the lake perimeter. Downstream farmers along the lake's western

outlet channel, Beaver Creek, seek relief from periodic field flooding caused by restrictive

channel conditions, low stream gradient, inadequate tile outlets and releases from the lake,

Planning Objectives

The primary objectives of this survev investigation were to report to Congress an in-

ventory of the publicly identified water and related resources problems and needs in the

study area and to investigate a range of feasible alternatives for resolving water-related

problems that may be implemented individually or collectively by local, state, and Federal

agencies. The general overall objective is to determine what, if any, feasible, economic

measures could be undertaken to restore and enhance Grand Lake St. Marvs and its environs

as a viable water resource.

For the Beaver Creek and lake shore area, specifically, planning objectives were estab-

lished to provide for problems and needs which were identified. The authorization for this

investigation made particular reference to the flood problenis at Grand Lake St. Marys.

Therefore, flood control for the south side of the lake and for Beaver Creek was established

as a printary planning objective.
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FORMULATION OF ALTERNATIVES

The following section is intended to identify and discuss the range of alternatives

considered for the three general problem categories of flooding, lake water quality and

erosion/sedinientation and the two main problem areas: Beaver Creek and Grand Lake

St. Marvs. Each alternative discussion contains information where applicable on: descrip-

tion, impacts and effects, costs, economic data and comments on economic, technical,

and institutional feasibility. Table 6 is the list of possible measures initiaDy developed.

The first subsection, Initial Screening, offers conunents on those alternatives which have

not been given detailed consideration. The second subsection offers a summary of alterna-

tives worthy of more detailed consideration.

INITIAL SCREENING

Beaver Creek Flooding

Natural lmpoundmentu (Alternative IA.3 ).

Few natural impoundments exist, either naturally or as might be modified, outside of

Grand Lake Sr. Marys itself, to retard peak flows entering from the uncontrolled drainage

area of Beaver Creek. Therefore, this alternative was given no further consideration.
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Weather Modifications (Alternative iA.4)-

The effectiveness of identifying and then modifying potential storm centers is not

sufficiently accurate at this time to warrant further consideration.

Pre-flood Emergency Action (Aliemative IB.3)

ished physical emergenc}' actions that can be effectivel}' employed b}'
There are no establ

otential flooding problems are not localized, but extend throughout
Iandowners because p

the Beaver Creek reach.

Fiood proofing and Permanent Evacuation (Alternative 1C.3,^-4).

res are located along the Beaver Creek reach and none are affected,
Since few struttu

this alternative is not an alternative to the primarily agriculturall}' related flood problems.

Floodplain Zoning, Land Use Regulation (Alternative 1C.3).

These alternatives offer little opportunity by themselves along Beaver Creek since

r to cropland and no change or variance in this. existing land use is
damages occumajor

expected in the future.

Flood Forecasting and Temporary Flood Evacuation (Alternative lD.i).

Flood forecasting tnformaaon is and will continue to be used in the Beat-er Creek

, but the predictive capabiliry of tbe method in a drainage(lake system sucb as exists
reach tion inat Grand Lake St. Marys makes this an ineffective solu reducing flood damages.

Temporary evacuation is not a realistic solution to rural, agricuhural flood damage

problems.

Flood Insurance (Aiternative ID.2).

"cy

Insuranc ^a does
lo

not
ssesrsuffered dur' gaa floodr Insvr ncesavailable

hrough tbe Na oonal

holder for f
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Flood Insurance Program does not cover growing crops, or livestock, and therefore is not

available for agricultural crop damages. The Federal Crop Insurance Acf of 1980 (FCIA),

however, offers farmers new alternatives for reducing crop production risks from namra]

disasters such as flooding. For the 1981 crop year farmers may elect Agricultural Stabili-

zation and Conservation Service (ASCS) disaster payments, Federal Crop Insurance Corpora-

tion (FC1C) paymenrs, or both, depending upon whether their FCIC premiums are subs -

dized. Beginning in 1982 the ASCS disaster payment program will be discontinued. Disaster

payn ents will be replaced by a crop insurance program which permits farmers to select

the level of protection desired and pay a corresponding premiurn. Mercer and Auglaize

Counties wiIl offer the new crop insurance progam in 1981 and 1982. Since this Federal

program is available to affected farmers, no further evaluation is necessarv in this study.

Lake Shore Floodine

Natural Impoundments (Alternative 11A.4),

ist either naturally or as might be modified to retard
Few natvral impoundments ex

peak flows entering from the lake's watershed. Thosc that do exist havc insufficient capac-

ity to result in flood damage reduction to lake shore property.

Floodproofing Existing Dwellings (Alternative IIC.1).

This involves the modification of dwellings by waterproofing or raising them to prevent

floodwater antxvson- waterproofmg measurea s'ch as closures and wall suucrures placed

in contact with affected frame-type dwellings are not considered practical or effective

protection from the hydrostatic and uplift pressures exerted by waves nor would they

provide a secure watertight seal for the crawl space and dwelling at and above the first

floor elevation. It has been determined that due to the expense and scope of the require-

ments inherent in waterproofrng, it is also not cost effective as a primary solution.
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Permanent Evacuation (Alternative IIC.2).

This alternative involves the purchase of all properties affected, which at the flood

damage level, involves some 131 to 142 properties. The alternative was found to be un-

desirable and economicallv infeasiblc. It would require abandonment of desirable shore-

line property. - The economic analysis showed unfavorable benefit-to-cost ratios of 0.48

and 0.45 with and without conversion of vacated lands to recreation, respectively, making

the alternative economically impractical.

Structure Relocation (Alternate IIC.3).

This alternative was eliminated from further consideration since, even though most

-dwellings are relocatable, most effected structures are not primary dwellings, the desirable

recreation objective would be lost and unfavorable benefit-to-cost ratios of 0.77 and 0.76

resulted with and without conversion to recreation, respectively.

Floodproofing Future Facilities (Alternative I1C.4).

As will be discussed below, Mercer County, as a participant in the National Flood Insur-

ance Piogram, will be required eventually to adopt ordinances or other controls to regulate

land use and construction within the 100-year flood plain (land area inundated once per

hundred years, on the avcrage). With this alternative, future development would addi-

tionally be required to be floodproofed to the level of the standard project flood, which

is a flood representing the critical flood runoff volume and peak discharge that may be

expected from the most severe combination of meteorologic and -hydrologic conditions

that are considered reasonably characteristic of the bydrotogic region involved. Flood-

proofing would consist of elevating future buildings on pads or piles, constructing dikes,

providing watertight closures and anchorage systems, waterproofing, or using any such

method designed to resist inundation. Because expenses would be borne by individual
prop-

erry owners, the increased costs of floodproofing may tend to diseourage development in

the flood plain. This plan, however, would not protect existing development, and the

economic and individual costs of floodproofing new and replacement structures may prove

to be excessive.
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Temporary ENacuation (Alternate 11D.1).

This alternative, while questionable in regard to levels of damages prevented or reduced,

does offer a principal means of protecting the personal safety and personal property aspects

of risks associated with the type flooding at Grand Lake St. Marys. To be effectivc, a

flood warning system, which gages the critical parameters of lake levels, wind velocitt

and wind direction, would need to be utilized to signal the threat of flooding. The effec-

tiveness of an evacuation plan and response of the conimunitv to it cannot be accurateh

predeter nined and consequently neither can potential flood damage reduction.

Flood Insurance (Alternative IID.2).

Flood insurance does little or nothing to prevent or reduce damages from flooding,

but rather indemnifies the insared property owner against economic loss. Participation

in the National Flood Insurance Progra.m is a iocal option in which Mercer County is en-

rolled in the first or "emergency" phase and limited Federally subsidized coverage is avail-

able to all property owners. A Flood Insurance Study (F.I.S.) to convert from the emer-

gency to the "regular" phase has not been scheduled for Mercer County as of Februan-

1981. Auglaize County was identified by the Federal Emergency Management Agency as

having flood-prone areas but to date the county has chosen not to. participate in the

program. Since this Federal program is available to the local governments, no further

evaluation in this study is deemed necessary.

Zoning, subdivision regulations, and building codes for the lake shore flood plain could

be accompiished on -tbe basis of the flooded area. Ordinances could be developed that

would aIIow only certain types of development in different flood zones. Developments

such as parks, etc., which will not impede flow or be easily damaged niav be permitted.

Residential and commercial development could be permitted in areas subject to flooding,

but not required for flowage provided that improvements were constructed or flood proofcd

to provide protection to the levels of protection specified by the public agencies involved.

Although this approach will not improve thc flood problem for existing construction,
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it will help to eliminate or greatly reduce the damages that would have otherwise occurred

for future eonstruction. This is particularly important in the study area in light of the

potential for increased future development from implementation of centralized waste-

water management altematives. Regulations adopted by local governments either volun-

tarily or as required by participation in the Flood Insurance
Program are considered to

be one of the more practical non-structural measures that could be used to reduce future

damages.

Lake R'ater Quality Improvement Alternatives

Lake water quality restoration measures considered but deemed inappropriate for

various reasons are described as follows:

Destratification/Aeration (Alternative 11113.2).

This is a restorative technique applicable to lakes in which the hypolimnion, (the

bottom third layer in a stratified lake) is essentially devoid of oxygen. The objective is to

artificially increase oxygen levels by mechanical means, thereby promoting the oxidation of

organic substances and enhancing biotic distribution. The method is not a viablc alterna-

tive for Grand Lake St. Marys since (1) oxygen levels in the lake are generally high from

top to bottom, (2) the lake does not stratify because of its shallow depth, and (3) the

technique would not restore the lake since it treats the symptoms rather than the source.

Nutrient Inactivation/precipitation (Alternative Ill 3B.3).

This restorative technique is the physical addition to the iake of some type of chcmical

or ineri material which absorbs or chemicalty bonds with soluble phosphorus and removes

it from the water column. Chetnicals such as aluminum sulfate are used to control nuisance

algae and plant growth by settling nutrients to the bottom and making them unavailable to

plants. Although relatively new as a lake restoration technique, it is essentially an extension

of existing wastewater and water supply treatment technologies. The effectiveness of this

in-lake treatment process is doubtful at Grand Lake St. Marys for several reasons: (1) the

lake is well mixed throughout its depth and the chemical flocs formed would probably not
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settie to the bottom as would be required, but would remain in suspension aud be shiftcd to

lake shore areas; (2) addition of chemicals such as alunrinu n sulfate (alum) to lakewater --

would impact adversely on existing water treatment; (3) tremendous amounts of materials

would be required (1,500 tons every three years) at a cost of $232,000 per year, and

(4) long-term impacts on fish and wildlife are unpredictable.

Dilution/Flushing (Alternative IIIB.4).

Another lake water quality improvement alternative investigated involves replacing

the nutrient-rich lake water with nutrient-poor (higher quality) water from another source.

The technique is used to preverit algae and plant growth by releasing excess nutrients

from the lake. Several factors make this method impiacticabIe for use at Grand Lake

St. Marvs. First, there is no adequate, dependable supply of dilution water in 2hesi:egion

that can replace the lake contents. Second, groundwater is high in minerals, and would not

be suitable unless treated prior to introduction to the lake. Thirdly, a low-nutrient water

source is not available in proximity to the lake. Surface water supplies such as the St. Marvs

River and nearby Lake Loramie are undependable, expensive sources.

Drawdottim (Alternative IIIB.S).

Drawdown is a technique used for water quality improvement in which the lake level

is drawn down to expose and consolidate bottom sediments. lt accomplishes several objec-

tives including controlling rooted aquatic vegetation and stabilizing bottom sediments to

prevent nutrient release from them. lt also results in deepcning the lake and increasing

lake
volume through sediment consolidation andlor removal after the drawdown. The

method; however, has several drawbacks which make it unsuitable at Grand Lake St. Marys.

It would be difficult to release water from the lake at a greater rate than inflow without

causing some flooding downstream in Beaver Creek. There are inadequate outlet facilities

to accomplish the drawdown over a short period of time. There would be a loss of recrea-

tion, and fish and wildlife resources. More importantly, there would be a significant reduc-

tion in now dependable water supply for Celina, severe aesthetic loss, and potenrially

offensive odors for an extended period of time.
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Lake Bottom Sealing (Alternative IIIB.6).

lt may be more feasible to prevent nutrient release from sediments by covering the

sediments rather than by dredging or drawdown. Sealing, using such methods as covering

sediments with polyethylene sheets, sand, clay or flyash, was examined but eliminated from

further consideration since cost and material availability would prohibit its use on a lake of

this size. In addition, not enough is known as to the permanance and stability of the

treatment and the effects these sealants have on bottom living organisms and fish spawning

areas.

Biotic Harvesting (Alternative 111C.1).

Algae harvesting by mechanical means has been considered as an alternative for improv-

ing water quality, but is impractical at Grand Lake St. Marys because of the large lake sur-

face area and widespread dispersal of algae blooms. Aquatic plant harvesting has also bcen

discarded because of a lack of concentration of growth at the iake. The few aquatic plant

areas that do exist should be preserved as habitat for bottom organisms, young of-the-year

fish, and wildlife. Harvesting of rough fish such as carp, which release nutrients by dis-

turbing bottom sediment, has not been sufficiently studied to evaluate its impact on water

quaiit;? and expected nutrient reductions.

ALTERNATIVES CONSIDERED IN DETAIL

This subsection discusses alternatives given active and more detailed cons'sderation either

because they have been suggested by local, regional and state interests, or because thex,

would appear to have technical merit.

Flood Control

Structural plans considered for Beaver Creek and lake shore together, included deten-

tion basins, diversion and spillway/outlet modifications. In addition, non-structural reser-

voir regulation alternatives were examined. Structural plans considered for Beaver Creek

1
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alone included channel improvement alternatives (cleaning,. clearing and snagging; and

channel enlargement), and agricultural levees. Structural plans considered for lake shore

alone included breakwaters, groins and shoreline levees.

Detention Basins on Tributaries (Alternative IA.1).

Detention basins refer to structures in which runoff from the lake's watershed would

bc stored in the basin during peak flood flows and released downstream to the lake as soon

as conditions permit. The purpose is to reduce flood damage on the lake rim and store

runoff that would otherwise be released through the lake to Bcaver Creek. 'I'he ultimate

objective is to prevent the lake level from rising more than one foot above west spiilway

crest. This elevation, 871.75; is the start of lake shore flood damage. With this plan,

detention reservoirs would be constructed on four tributary streams, namely Coldwater,

upper Beaver, Chickasaw, and Little Chickasaw Creeks, as shown on Plate 3, controlling

areas of 9.3, 189, 15.3, and 6.6 square mIles, respectively, for a total of 50-1 square miles

or 45 percent of the total lake drainage area. Studies detennined that those sites were not

economically feasible to adcquately reduce Beaver Creek and lakc shore flooding and the

costs of such a systern would greatly exceed benefits. Total cost for constructing the four

reservoirs wa.s estimated at $14,800,000; avcrage annual costs would total about

$1,400,000. Considering that average annual equivalent damages are $235,000 for Beaver

Creek and lake shore, this alternative would not be economically feasible. Adding recrea-

tion and sedinient control benefits to the plan would still not result in a favorable project.

Diversion to F'ourmile Creek (Alternative lA_2).

A plan consisting of diverting excess flow from the lake to another basin was also con-

sidered. The printary objectives were to reduce flood damages along Beaver Creek by

allowing outflows from the lake in proportion to the historic drainage arcas of the lake

(59 percent Wabash River Basin, 41 percent St. Marys River Basin) and also prevent the

lake level from rising more than one foot above the existing west spillway crest elevation

which is the start of lake shore flood damages (elcsvation 871.75). This plan consisted of

diverting Iake overflows to the St. Marys River via Fourmite Creek as sl-iown on Platc 4. 7'he

plan requires a new outlet structure and approximately 2 miles of deep-cut channel connect-

ing the lake pool, through a portion of the State Park west of Villa Nova, to Fourmiie

Creek near U.S. Route 33. Total first cost of this plan is estimated at $3,500,000 and
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average annual costs total $299,000. Since total annual costs exceed potential annual

flood damage reduction benefits for both Beaver Creek and lake shore ($235,000) the

diversion plan was eliminated from further consideration.

SpillwayJOutlet Modification (Alternative IIA.3).

This subject has been addressed in a report prepared in August 1979 for the Ohio

Department of Public Works as previously discussed under "Status of Existing Plans and

Improvements." The plan as proposed includes replacement of the existing east bank

bulkhead with a new concrete ogee spillway having the same crest elevation as the present

west spillway (870.75) and channel improvements providing greater flow capacity through

the St. Marys Feeder Canal. According to the report the proposed modification provides for

a west/east split of lake outflow equivalent to 59/41 percent which is the percentage of

Grand Lake St. Marys drainage area tributary to the Wabash and St. Marys River Basins.

The modification, according to the report, results in: (1) decreases in the outflows to

Beaver Creek, (2) approximately the same maximum lake elevation, and (3) greater in-

creases in east outflow to the St. Marys Feeder Canal.

The modification is expected to decrease outflows to Beaver Creek but of such low

magnitude (on the order of 5 cfs and 15 cfs for 25-year, and 100 recurrences, respectively)

as to result in negligible flood control impacts on Beaver Creek. In addition, because

the expansive lake surface is capable of storing large volumes of inflow, the modified east

spillway, though giving a large increase of east outflow, creates only a slight decrease in lake

levels (on the order of 0.1 inch) thereby providing no measurable flood control impacts

on the south shore.

Lake Regulation (Alternative IA.5).

Several plans for modifying the operation of Grand Lake St. Marys for flood control

were investigated. The objective of this alternative is to reduce flood damages along the

lake shore and Beaver Creek, as well as providing greater flexibility and dependability in

obtaining and maintaining a stable seasonal recreational pool level- -

A regulation schedule or plan of operation was apparently noncxistent during the

early years. However, after examining a 51-year record of pool elevations, it has been
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noted that there has been increasing emphasis on lakc regulation during the last 15 to

20 years, with a corresponding emphasis for recreation and agricultural considerations.

The existing "rule curve" includes a one-foot drawdown from recreation pool elevation

870.75 beginning the first of November. However, after the one-foot of flood storage is

anained, minimal effort is exercised to maintain elevation 869.75 through the winter

months. A practice of impounding some excess runoff early in the calendar year, to aid in

attaining recreation pool by late March or early April, appears to prevail-

Alternatives considered in this study have included variations in (1) %vinter pool draw-

down which would provide additional flood control storage, (2) initiation of pool filling

to attain recreational pool requirements, and (3) controlled releases from the west spill-

way outlet to reduce flood damages along Beaver Creek and also south shore. Develop-

ment, analysis and evaluation of hydrologic and hydraulic relationships of observed condi-

tions for the period of record, existing operation schedule, and the variations of drawdown,

filling, and releases revealed that the current operating procedures for lake regulation as

followed by the State of Ohio providc an appropriate balance in minimizing flood dama?es

for Beaver Creek and lake shore and maintaining a desirable recreation pool.

Clearing, Cleaning and Snagging (Alternative 1 B.l.a.).

This cbannel improvement alternative consists of removal of flo +•-obstructing objects

such as debris, logjams, shoals and bank vegetation for the purpose of restoring the channel

to provide better hydraulic characteristics for Beaver Creek. Some excavation and reshap-

ing would be required in addition to extensive replacement of tile outlets. Stump removal

would not be included in order to preserve streambank stability and fish and wildlife habitat

to the extent possible. This alternative, while being the least costly of channel improve-

ments, was found to be the least effective in reducing flood flovv heights and provides

only short-term solutions since new growth and obstructions require that the opcration

be repeated at some later time. Total first cost of this alternative for 9.6 miles of channel

improvement is $1,000,000. Average annual costs would total $97,000. Annual flood

damage reduction benefits from the alternative would amount to $38,000. Since annual

costs exceed annual benefits, this alternative is economically infeasible-
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Cl.annet Enlargement (Alternative

This alternative was investigated for the purpose of increasing the Beaver Creek carry-

ing capacity while lowering creek stages for better tile outlet discharge. The plan seeks to

reduce agricultural flood damages. Two channel sizes were investigated.. The smaller

channel would have a bottom width of 40 feet at the upstream limit and 65 feet at the

downstream limit. Total capital costs would be $1,610,000 and average annual costs

would be $228,000- Annual flood damage reductions would be $70,800 making the alter-

native economically infeasible. The larger channel would have a bottom width of 60 feet at

the upstream limit and 70 feet at the downstream limit. Total first cost is $5,342,000 and

average annual costs would be $523,000- Average annual benefits of $77,100 are consider-

ably lower than average annual costs making this alternative economically infeasible.

Agricultural Levees (Alternative IB.2)

Agricultural levees provide a possible means of reducing agricultural flood damages

related to overbank flows. The plan examined consisted of 12.5 miles of levee, as shown

on Plate 5, affording a 10-year level of protection for 1,148 acres along Beaver Creek.

Total first costs are estimated at $4,000,000 with average annual costs of $308,000. Annual

benefits attributed to the plan in the form of damages prevented amount to $60,700.

Since average annual costs exceed average annual benefits, this alternative is economically

infeasible,

Breakwaters (Alternative IIB-1).

The use of breakwaters at Grand Lake St. Marys was considered primarily as a measure

to reduce shoreline flooding caused by wind set-up. Flooding of the shoreline due to

wind set-up has been shown to be possible, particularly if the lake level is high. Break-

waters also have potential to reduce shore erosion by dampening wave impact forces and

they can also improve water quality by reducing lake turbidity. For recreation, break-

waters could create stillwater areas for boating, thereby increasing boater
safety, and pro-

viding access to deeper water for fishermen. Breakwaters also provide an obstruction to

ice movement.
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EXHIBIT NO. 29 South shore developments (Moorman Road, BaYviewl and

adjaeent agricultural lands, (Dec. 1978)

EXHIBIT NO. 30 Westem Embankment. Celina. Ohio, at top and public land

deveiopment in lower taft wrnar. (Oec. 1978)



EXHIBIT NO. 27 Mouth of Coldwater Creek at touthwest corner of lake.

Sediment input to the lake. (Dec. 1978) -

EXHIBIT NO.28 Beach at $ate Park on north shore showing good example

of protection from ware action. (Dec. 19781



EXH4BIT NO. 25 View of Mercer County Waterfowl Refuge, Route 703 in

foreground, Montezuma Bay in background. (Dec. 1978)

EXHIBIT NO. 28 Chickasaw Creek winding through prime agricuiturst land

aouth of the take. Lake on the horizon. lDec. 1978)



EXHIBIT NO. 24 Southwest corner

of lake at mouth

of Coldwater

Creek.

(Dec. 1979)

EXHIBIT NO. 23 Windy Point Pier

and Recreation

Area (Dec. 1979)



EXH18IT NO. 22 Chickasaw Creek

winding through

farmland.

Lake is on the

horizon. (Dec. 1979)

EXHIBIT NO. 21 Wave action and

rbahow lake areas

on northshore,

Vicinity of

Holiday Park.

(Dec. 1979)



EXHIBIT NO. 19 Western Embankment

and Beaver Creek Out-

let Channel. (Dec 1979)

EXHIBIT NO. 20 Wertern end of

Grand Lake and

City of Caline

(Dec. 1979)



Of the many types of fixed,and floating breakwater concepts avaIlable, two types in

each category were selected as being applicable to the Grand Lake St. Marys wave sttna-

tion. Fixed breakwaters examined include diked dredge islands, suitably contained, and

rubblemound breakwaters since both represent the least expensive of fixed breakwaters,

materials are available locally, and the shallow take depth and wave simation are conducive

to their use. Floating breakwaters examined include rigid floaring concrete and flexible

floating tire breakwaters, since the former has had application in similar wave environments

and the latter has received considerable attention as an inexpensive alternative for reducing

wave action in inland lakes.

It was found that to be effective for flood reduction, an extensive, complex and costlc

breakwater system would be required to realize significant reductions in wave action over

the entire lake. Segmented, longitudinal fixed breakwaters (Plate 6, Figure 6A) oriented

parallet to and close to shore have a greater potential for alleviating or reducing south shore

flooding and erosion problems. Floating breakwaters would have little value for reduction

of wind set-up at the shore but would assist in reducing wave-induced shoreline erosion-

Costs of breakwaters depend on several factors including location, orientation, and spac-

ing in the lake. Order of magnitude costs have been developed based on a configuration

which parallels the shore. It is estimated that costs to parallel the south shore with break-

waters would be $8,000,000 for dredge islands, $18,000,000 for rubblemound break-

waters, $12,000,000 for floating concrete breakwaters, and $2,000,000 for a floating tire

system-

Based on the cost analysis conducted in this study, a single breakwater is not expected

to produce enough of an effect on wave heights, shore erosion, or -mater quality to result

in measurable direct or induect monetary benefits. An extensive series of break-waters

wouid be required before benefits based solely on improvements to these problems could

be realized. The most significant benefits to be realized would be for recreation with

respect to boating and fishing in the form of income potential due to increased or restored

lake visitation.

47



Groins

Groins are structures similar to rubblemound breakwaters, but connected to and some-

what perpendicular to land (Plate 6, Figure 6B). It was determined that because of the

northerly exposure of the southshore, groins, connected to and in a northeasterly orienta-

tion to the southshorc, may not be effective in alleviating the worst problem conditions

resulting from wave action. They are not expected to achieve the desired impact of shore-

line protection and from a benefit standpoint are not perceived to be economically feasible.

Sboreline Levees (Alternative I1B.2).

The concept of constructing shoreline levees for the purpose of protecting against flood-

ing from high water Ievels, wind set-up and waves was also considered (Plate 6, Figure 6C).

Two levee heights, 2 feet and 5 feet, were selected to provideprotection from storms pro-

ducing high water levels and winds up to 50 mph.

Two levee layouts were examined. The first retains total channel access by construction

of the levee to follow the existing shoreline. The second minimizes levee length by cutting

across boat access channels. Plate 7 shows a typical system conceptualized for the devel-

oped area west of Moorman Road.

There are many problems with this approach, the most notable of which are: aggravated

upland drainage and ponding problems, disruption of privately owned waterfront properrt,

reduction in access to open water and to boat docks, obstruction to lake view, and con-

siderable rights-of-way across private property are necessan-. Costs would be extremel}

high to protect all affected developed areas and are not cost effective for the expected level

of reduced damages. Benefit to cost ratios for either of the approaches are less than 1.0

indicating that shoreline levees are infeasible.
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Lake t4arer Qualitv Improvement Altematives

Treaunent of Wastewater Inflows (Alternative IIIA.1).

The deterioration of lake water quality is attributed, in part, to contamination by

domestic wastewaters. A great portion of homes, resorts, and other public and private

facilities surrounding the lake are not currently connected to public facilities and, there-

fore, use individual on-site systems (septic tanks) or small package treatment plants. Both

methods have severe shortcomings when located near an impoundment because of im-

properly treated sewage seeping or discharging into the lakc. Two disposal approaches

were examined in dealing with wastewater inflows. The first involves elimination of all

septic tank and- package plants surrounding the lake and providing for collection, treat-

menr and disposal of effluent directly to the lake. The ntethod would require very high

levels of treatment, at great expense, to remave excess nutrients prior to discharge to the

lake. The second approach is to collect, divert, and treat domestic wastewater away fron

the perimeter of the lake such that no effluent would be allowed ro discharge to the lake.

A regional sewage facilities plan for the developed immediate areas surrounding the

lake has been prepared by Finkbeiner, Pettis & Stroud, Ltd. Wastewater would be col-

lected and treated at plants in Celina at St. Marys with effluent discharged other than

directly to the lake. Elimination of septic tank systems and numerous point source dis-

charges through local management solutions utilizing the conventional collection and

treatment alternative was seen as a positive step toward reducing pollutants to the lake

and in particular bacteriological pollution emanating from human sources.

7'hc contribution of nutrients from 20 domestic wastewater treatment plants that

currently discharge directly or indirectly to the lake is minor, being approximately 2 per-

cent of the total load entering the lake on an annual basis. This nutrient clischarge will

have a negligible impact on the long-range overall water quality of the lake with respect

to phosphorus load and concentration. Likewise, phosphorus input to the lake from faulty

septic tank-soil absorption systems close to the lake are contrihuting only small quanti-

ties of phosphorus to the lake (less than 2 percent). The implementation of a regional

sewage system that encompasses the south shore is expected to reduce the existing phos-

phorus loading to Grand Lake by less than 10 percent and little improvement in the
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phosphorus concentration or trophic state of Grand Lake St- Marvs would be anticipated as

a result. (This may not be the critical concern, however, since the primary water qualit\'

improvement associated with the proposed sewage system is the reduction of bacterial

pollutioi'Tto ihe lake.)

Although the planned $14,000,000 regional seweragc project is seen to be a positive

step toward reducing pollutants to the lake and in.particular bacteriological pollution

emanating from human sources and would effect a lifting on the currently imposed con-

gtruction ban, a major unresolved question is whethercentralized collection and treatment

of wastewater, as planned, is justified because of the financial burden it places on its resi-

dents due to the high costs of collecting wastewater from each dwelling, especially alon,

the south shore where houses are scattered-

Studies to re-evaluate regional sewerage needs to include modifying the scope of the

existing plan; alternative and innovative on-lot systems, either on an individual household

or group of households basis; and upgrading or converting existing treatment plants to

include tertiary treatment and chlorination, are necessary but beyond the scope of this

study. Federal funding is available to local governments through the Public Law 92-500,

Section 201 ConstructionGrants Program to facilitate such studies.

Agricultural Source Conuols (Alternative IIIA.2a)

Soil erosion, migration of phosphorus and other nutrients from cropland, barnyard

runoff, and the application of manure on frozen ground are all problems in the Grand

Lake watershed affecting water quality- To a large extent, the problems of eutrophica

tion in the ]ake are the result of intensive agricultaral land use wirhin its watershed. Esti-

mates are that 26,000 tons of sediment and 23 tons of total phosphorus reach the lake

annually from agricultural areas. This phosphorus loading represents approximately 60

percent of the total annual load reaching the lake from all sources. From the standpoint

of types of crops being grown, surface susceptibility to erosion is high, with 60 to 70

percent of the cropland area being planted in low density row crops, mainly corn and

soybeans. In addition, farmers have been applying increasing amounts of phosphate fer-

tilizer throughout northem Ohio. In Mercer and Auglaize Counties, there has been an

approximate doubling of available phosphorus values for field crops between 1961 and
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1976: from 30 pounds per acre to 51 pounds per acre in Mercer County and from 21

pounds per acre to 44 pounds per acre in Auglaize County. Reduction in phosphate yields

to streams in the Grand Iake St. Marys watershed will, therefore, require controlling not

only the loss of sediment from cultivated lands, but also the rate of fertilizer applicattons.

The use of agricultural land management has as its primary objective rhe abatement

of soil and nutrient loss. From the standpoint of Grand Lake and its identified problems,

the consequential benefits that can potentially be realized are (1) a reduction in sediment

load, (2) a reduction in nutrient input, and (3) improved water qualiry. No significant

adverse environmental impacts on the lake should occur as a result of improved agricul-

tural practices.

A number of agricultural conservation practices are available for promoting and en-

hancing long-term productivity of thc soil. Although few of these practices were ortginalh

developed to improve water quality, these practices are now recognized as being bene-

ficial to water quality and soil protection as reflected in new cost-sharing programs. Con-

servation practices available through cost-sharing programs include: conservanon tillage;

establishing hay or rotation pasture; improving permanent hay or grass scands; stripcrop-

ping, terraces: diversions; winter crop cover; shaping and seeding critical soil loss areas;

sediment retention, erosion or water control structures; stream protection and soil water-

wavs. In general, the foIlowing cultivation techniques appear most suitable for the Grand

Lake St. Marys watershed: delayed plowing and residue management, cover or green rnanure

crops, miniinum tillage, and no-till planting.

The purpose of rhe coscsbaring programs is to encourage 3andow-ners to install con-

servation practices to protect and preserve the land for future use. The proper use of the

practices and costs involved are dependent upon detailed conservation planning for indi-

vidual farm units, taking into account the needs and objectives of the individual landowner,

and are beyond the scope of this study. Likewise, total benefits and costs to be realized

in the Grand Lake St. Marys watershed by the implementatton of various ag-riculnrrat

waste management and conservation techniques cannot be specified. However, both Mercer

and Auglaize Counties rank high as preferred areas for agricultural management practices.
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Potential benefits to individual landowners include increased crop yields, long-term reduc-

tion in topsoil and nutrient losses, decreased fertilizer requirements, and potential reduc-

tions in labor if fewer operations are involved.

in general, costs to individual landowners would exceed these benefits, but Federal

and/or State cost-sharing could shift the balance to favor implementation and reduce the

economic burden. Indirect monetary benefits to "downstream" users would be difficult to

ascertain, but would include increased lake usage due to water qualitv improvements_

If all cropland in the watershed could be managed to satisfy Soil Conservation Service-

designated maximum allowable erosion rates (T-factors), the following estimates of im-

provement could be realized:

- Gross erosion could be reduced from the current 4.28 tons per acre

per year to 2.05 tons per acre per year, a 52 percent reduction

- The annual sediment load to Grand Lake could be reduced from

0.428 tons per acre to 0.205 tons per acre, a 52 percent reduction

- The annual pbosphorus load to Grand Lake could be reduced by

9.6 tons, or 40 percent of the estimated total phosphorus load

to the lake.

- Long-term water quality improvement-

- increase in productivity and crop yield for some agricuitural land

management alternatives.

Livestock tfaste Management (Alternative IIIA.2b)

Potential pollution of water courses as a result of livestock operations is particularly

critical in the Grand Lake St. Marys watershed due to the widespread presence of animal

feedlots. Animal concentration areas are a problem when rainfall runoff carries manure

with high concentrations of suspended solids, nutrients, bacteria, and oxygen-demanding

materials into surface water. I
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There are approximatel; 12,000 animai unirs producing 236 tons of total phosphorus

per year in the lake's watershed. A conservative estimate is that 5 percent of produced

phosphorus will be exported to a watercourse if livestock operations are located within

3,000 feet of a receiving stream. Approxunately sevent}, (70) percenr of the livestock are

so iocated. Therefore, the annual phosphorus load to Grand Lake as a result of livestock

operations is estimated to be 8.3 tons. If discharges from livestock operations can be

completelr eliminated, a 35 percent reduction in the annual nutrrent input to the lake

can he rea_lized and result in reduced phosphorus concentrations in the lake.

Proposed State of Ohio Regulations call for zero pollutant discharge from some poliu-

tant sources and minimizing pollution potential for all "concentrated animal feeding opera-

tions." iViost of the livestock operations in the Grand Lake St. Marvs watershed will he

subject to the regulations.

The State of Ohio has developed a Livestock Waste Management Guide which helps

the livestock operator to make decisions in choosing and operating a livestock wasre

handling system which conrrols pollution. In addition, primary benefits to the Iivestock

operator are increased value of manure for crop production, an increase in feed efficiency,

and potentially reduced labor requirements. Typical capital investmeni costs for dairy

cows, beef cattle, and swine (the predominant watershed livestock types) are $200 per head,

$100 per'head, and $20 per head, respectively. Typical annual operating costs per head are:

dairy cows, $50; beef cattle, $25; and swine, $5.00. In general, costs to the individual

owner/operator exceed benefits. Cost sharing could shift the balance and encourage imple-

mentation. indirect benefits would be to downstream water users, including increased lake

usage due to improvement in lake water qualiry.

Treannent of Tributary Inflows (Alternative IIIA.2c)

This is a method of treating tributary flow with chemical flocculents with the objective

to remove phosphorns and suspended sediment by settling them out prior to inflow to the

lake. Facilities would be required on each of the five major tributaries to the lake. Several

problems exist with this approach, however. "Chemical treatment is limited by the extreme

fluctuations in flow rate and the need to vary the chemical rate. While actual cbemical
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addition has a relatively low cost due to low phosphorus concentrations, the process pro-

duces sludge that would cause environmental and water quality concerns and facilities for its

removal would be cost prohibitive. Treatment facaities would be required capable of

treating 43 million gallons per day which is, by comparison, twelve times the design floNv

rate for the Celina Sewage Treatment Plant, and is therefore physically and economically

infeasible by a wide margin.

Other Non-Point Source Controls

Precipitation Phosphorus Control

Precipitation contributes an estimated 780 kilograms of phosphorus or 2.3 percent

of the annual total to Grand Lake St. Marys. This phosphorus originates principally out-

side the lake basin from such sources as wind-induced soil erosion, industrial ash, smoke,

certain mining activities, and the addition of organic phosphates to gasoline. It takes the

form of particulate phosphorus carried by wind and other input processes which is later

removed by rainfall and other precipitation. In general, it can be said that the phospborus

content of direct precipitation on the lake surface, besides being small as compared to

other sources, is not manageable or controllable by man. In addition, the availability of

phosphorus in rainfall to algae is stHl in question with researchers.

Goose Population Control

ent of the total annual pbosphorus load to the lake is attributed
Less than one perc

rn waterfowl (primarily geese), but the amount available to the lake s,vstem is considered

insignificant Therefore, any program recommending a reduction in waterfowl population

on Grand Lake by bazing or hunting is expected to havc little impact on lake water quality.

Urban and Suburban Runoff Control

Direct urball and suburban runoff in areas directly adjacent to the lake contributes

approximately 3 percent of the total phosphorus load to the lake. In addition, fertilizers,

pesticides, detergents, oil, grease, salts, domestic animal wastes, and street litter are carried

through ditches directly to the lake. Property owners can have a positive effect on water
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quality by reducing the amount of pollutants in stormwater ntnoff to the lake- This can

be accompllshed by minimizing fertilizer and pesticide applications,
compostmg yar^j

debris, frequent street cleaning, and using low phosphate detergents.

Dredging (Alternative II1B.1).

A widespread dredging of Grand Lake St. Marys has becn considered since in-lake

dredging addresses more planning objectives than any other alternative. In addition to

deepening the lake for the benefit of recreation uses, dredging is a potential lake restoration

technique for improving water quality byaemoving the accumulated products of degada-

tion (phosphorus-enriched sediment) from the lake system. It has been determined that

Grand Lake St: Marys contains bigh concentrations of sediment-bound pbosphorus. In

shallow lakes such as Grand Lake St. Marys, nurrient release from the sediments by wind-

generated mixing, boat motors, and bottom scavengers can be a major source of excessive

nutrients. Thus, dredging to expose a nutrient-poor layer can, in theory, result in nutrient

concentration reductions in the water column. Potential secondary considerations from

dredging include decreasing wind-generated wave action and lake shore erosion, improving

lake level fluctuations, and improving water-related recreation.

Wirh regard to water quality, the results of modeling the lake system under various

scenarios and conditions of external load reductions, sediment mixing ( without),

spoil disposal (in-lake and out-of-lake), and dredging (no dredging, 3 feet of dredging),

have indicated that no significant improvements in the pbosphorus concentration and

related biologically-oriented nuisance condition (proliferation of algae) can be expected

from the dredging of bottom sediments at Grand Lake St. Marys. In fact, some degradation

of water quality could result if the dredged spoil material is contained within the lake.

1n-lake disposal appcars to be the only practscal method since the flat topographi and lac1:

of suitable sites inhibit disposal on the watershed. The primary reason for a negarive

impact on water quaiity is that any projected wide-scale dredging operation would either

remove an insignificant depth of sediment over the entire lake, thereby exposing niore

of the same phosphorus-laden sedanent, or as removing all the accumulated sediment from

an inconsequential portion of the lake as is now being done. The analysis of the move-

ment of scdiment in the lake due to wind and resultant bottom transport have shown that

no significant reduction of suspended sediments can be expected, even for the extreme
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case of 3 feet of sediment retnoval, and, therefore, no noticeable improvement in water

qualirv can be expected as a result of the alleviation of v.rind-mixing effects by dredging.

With regard to physical improvements due to dredging, flooding of downwind shore-

lines due to long period set-up of the water surface could be reduced by a wide-scale dredg-

ing program, but in conflict with this, results indicate that the existing severe wave action

is expected to be aggravated further by extensive dredging of the lake bottom. A similar

conclusion is reached regarding erosion of the lake shoreline. Even though wind set-up

impacts on the erosive process, a greater concem is intense wave action and the overtopping

of erosion control structures. Lake bortom dredging intensifies short-period waves and

would be detrimental to shoreline erosion.

I,ong-term fluctuation in lake levels will not be significantly influenced by dredging.

ff anything, the situation would be aggravated if dredge spoil is contained within the lake

because as the surface area is reduced, the change in water level resulting from a unit in-

crease or decrease in water volume is greater.

The major benefits of a wide-scale dredging program at the lake are associated with

water-based recreation. These would include increased boater access to extended por-

tions of the lake, improved boater safety by elimination of shaUow (and stumped) areas,

enhancement of fish habitat and related recreational fishing in the long-term. Additionally,

dredging has the potential for extending wildlife areas by the creation of dredge islands

or other new landforms from dredge spoil materials.

The two major constraints to dredging are (1) proper containment and disposal of

buge volumes of dredged materials and (2) economic feasbtlit}•-

As mentioned earlier, in-lake disposal appears to be the only practical method since

the flat topography and lack of suitable sites inhibit disposal on the watershed. A large-

scale, lake-wide dredging program, however, may be cost prohibitive. Costs and volumes

for comparison are given as follows:

1
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Average Iake

Depth, Feet

Cost to Achieve

Average Lake Deptb

Dredged Material Volume

Million Cubic Yards

4 $13,200,000 6.6

6 37,200,000 18.6

8 88,600,000 44.3

An estimated $135,000,000 would be required to remove an average of 3 feet of sedi-

n ent throughout the lake to achieve an 11-foor average lake depth.

Drcdging would have negligible direct monetary impact on nuisance south shore flood-

ing, erosion, and wave attennation; however, improvements in water-based recreation as a

result of a wide-scale dredging program would provide indirect monetary benefits from

increased lake usage. A direct benefit of a dredging program would be increased revenue

generated from the sale of dredge islands, peninsulas, or other newly created land forms to

offset the cost of dredging.

@rosion and Sedimentation Control Aitematives

Erosion control altematives were investigated for unprotected shoreline, streambaiiks,

and upland areas of the lake watershed.

Slioreline Erosion Protection

In addition to breakwaters previously discussed, other alternativcs to eliminate or

reduce shoreland erosion are the traditional uses of riprap, gabions, bulkheads (Plate 8,

Figures 8A, 8B, 8C) or concrete fabriform mats. Each of these structural measures has the

beneficial effect of reducing erosion, protecting against loss of shoreland, and reduction in

sediment load to the lake: Of these methods, bulkheads and concrete mats would impair

drainage behind them. All methods would contribute somewhat to reductions in access to

open water and boat docks, require land to establish desired slope at the shore and cause

localized disruption during construction.
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In general, shoreline erosion problems are limited to the southshore where bank erosion

occurs along the undeveloped shore reaches. Some attempt has been made to riprap these

publicly-owned areas, but the success of any program is limited by access problems.

Complete protection of 60,000 feet of currently unprotected, irregular southshore

areas would cost $1.62 million for riprap, $2.5 million for gabions, $3.6 million for bulk-

heads, and $3.74 million for concrete mats. Use of these measures, however, are more cost

effective than near shore breakwaters. Treatment of privately-owned shoreline is the

responsibility of the owner. Unprotected public shoieline is the responsibility of the State

of Ohio.

Streambanks

Tributary streambanks have the lowest protected length among the four categories

(streambank, channels, lake shore, and islands) at Grand Lake and therefore, appear the

most susceptible to the disposal of erodible material to the lake. Retardation of streambank

erosion would be beneficial in stabilizing land bordering the tributary and reducing sediment

load to the lake. While the dominant sediment load is watershed soil loss, streambank

erosion could increase in the future with progressive development and urbanization of the

watershed. This is of particular concem on Coldwater Creek due to the high current and

projected rates of development around the municipality of Coldwater. The range of typical

costs to completely protect accessible portions of seven tributaries are estimated as follows:

Feet

(Least Cost)
Riprap

(Greatest Cost)
Concrete Mats

Coldwater Creek 18,000 $486,000 $1,120,000

Chickasaw Creek 15,000 405,000 936,000

Little Chickasaw Creek 6,000 162,000 374,000

Prairie Creek 9,000 243,000 936,000

Barnes Creek 6,000 162,000 374,000

Monroe Creek 4,000 108,000 250,000
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Coldwater Creek should be given prioriry streambank protection due to high potential

for upstream development which will increase peak flow rates and promote erosion of

banks.

Watershed Soil Erosion

Conservation practices available through government cost sharing programs include

among others: establishing hay or rotation pasture, improving permanent hay or grass

stands; strip cropping; terraces; minimum or no tillage practices; winter crop cover; sedi-

mertt retention structures; erosion control siructures; streain protection; sod waterway.s;

grass buffer strips between crops and waterways. The purpose of these conservation meas-

ures is to protect and preserve the land for future use and would be effective in controlling

sediment and nutrients from entering the streams which drain to the lake. The proper use

of the practices and costs involved are dependent upon detailed conservation planning for

individual farm units, taking into account the necds and objectives of the individual land

owner. Locations where priorities sTiould be given to specific agricultural practices are the

Coldwater Creek, Beaver Creek, and Chickasaw Creek watersheds.

Sedimentation Ponds

These physical srructures have been, considered to reduce the amount of sediment

and nutrients entering the lake. Thc purpose of the ponds is to provide a containment area

in which flowing water is slowed long enough to settle large amounts of suspendcd and

settleable particulate matter during runoff events thereby reducing the sediment load to

downstream water bodies and providing for easier removal of the collected matter. In

addition, sediment ponds would remove nutrients attached to rbe captured sediments. The

long-term effect of these ponds is improvetnent of the lalce's water qualiry. Adverse

impacts of sedimentation ponds are the creation of localized nuisance conditions (weeds),

threat of possible washout, need for currently productive land, long-term commitment to

operation and maintenance for periodic cleanout and disposalnf sediment.

Depending on the design retention time required, estimated total cost of seven sedi-

-mentation basins (one each of the major tributaries to the take) is on the order of

$1,280,000 for 4-hour retention and $6,220,000 for 20-hour reiention.
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DISCUSSION

The purpose of this section is to discuss the more pertinent findings in the related

problem categories examined in the Grand Lake St. Marys survey investigation.

FLOODING. BEAVER CREEK

Periodic floodin, of agricultural land along Beaver Creek is attributed, in plou

to a limited flood control capability of Grand Lake Si_ Marys, poor surface drainage,

stream gradient, inadequate outlet for numerous artificial agricultural drains, and con

iaions to flow from vegetation on the banks, shoals, and debris throughout 9.6 miles
sa

of the i0.6-mile reach.

Z. Flooding problems along Beaver Creek are due to both overbank inundation

and subsurface saturation as a consequence of long periods of near bankfull flo^e in the

flat'gradient channel.

3. Peak discbarges from the Grand Lake St. Marys western outlet arc not great enough

to cause instantaneous flooding, and are less than would be experience^ o^banltfull flo;

'1'he lal;e does provide some limited flood control, but exzends tht peri

in Beaver Creek. Cutrent reguiation practices fot the Grand Lake St. Marys western outlet

will reduce natural peak discharges from excessive runoff to a modified condition. Lake

outflows are maintained, when structurally possible, to reduce natural Beaver Creek flows to

a maximum bankfull flow. lake storage capacity is estimated to be 1-3/4 inches of rnnoff
ori 869 -92

(based on total contributing drainage area including the a eleartion 870.75 to one fooo

elevation 870.75 (west spillway crest). Additionally, from
above west spiiiway crest an estimated 2-1/4 incbes of runoff storage is available. To

deplete stored waters at a net outflow rate of 150 cfs will require approximately 35 days
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and 46 days for the 1-314 incbes and 2-1/4 inches of runoff, respectively. Therefore,

the flood control capability of Grand Lake is considered limited.

4. Flood damages to crop, non-crop, transportation faeilities, and public utilities

in the Beaver Creek reach from its confluence with the Wabash River upstream to thc

western outlet of Grand Lake St. Marys is esrimated at $85,000 annualle. Of this total,

approximately 74 percent is damage to major crops procluced -- corn, soybeans, and hax-.

5. Non-structural flood protection measures considered that would modify damage

susceptibility, such as weather rnodification, pre-flood emergency action, flood proofing,

evacuation, flood plain zoning, land use regulation, flood forecasting and flood insurance,

are not viable solutions because of the agricultural character of the Beaver Creek flood

plain.

6. Scructural plans considered for Beaver Creek, including detention basins, diver-

sion to another basin, clearing and cleaning, channel improvement and agricultural levees,

werc all found nor to be cost effective means for reducing flood damages along Beaver

Creek. This finding is based on Federal cost analysis procedures which tend to reflect

higher costs than would locally sponsored projects.

7. The Uhio Public Works proposal to release a greater proportion of lake peak

inflows to the St. Marys River Basin through modificatior of the eastern embankment

outlet works and channel is expected to decrease outflows to Beaver Creek, but of such

low magnitude as to result in negligible flood control impacts on Beaver Creek.

FLOODING, SOUTH SHORE

1. Periodic flooding occurs along the south shore of Grand Lake St. Marys where

the topography and developments are generally at a low elevation. The flooding is attrib-

uted to many factors including poor natural drainage plus a high water table, and to a high

lake level combined with wind-induced wave action which causes water to run up on the

shore with subsequent damage to residential bufldings and contents. In most years, the
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lake level does not exceed one foot above west spillway cTest, but this rise is sufficient

to cause flood damages on the south shore.

2. Present annual damages to residences in the form of structure and contents damage

are estimated to be $150,000 for approximately 142 private shoreline properties.

3. Non-structural measures such as permanent or temporary evacuation, relocation,

flood plain zoning, subdivision regulation, and building codes were considered alternatives

to existing impacted properties, but were eliminated from further consideration because

these flood plain measures have negligible effects on reducing flood damages to structures

currently in the flood plain_

4. Flood proofing, involving waterproofing or raising structures to prevent flood

water intrusion, is inhibited by the predominance of single-family frame sttuctures on

individual lots and is not cost effective as a primary solution to reducing or eliminating

south shore flood damages.

5. The considered structural alternatives such as detention basins, diversion, and

shoreline levees are not cost effective methods of preventing or alleviating south shore

flood damages_

6. Several plans were examined for modifying the operation of Grand Lake St. Marys

in order to reduce flood damages along the lake's south shore and Beaver Creek, as well

as for providing greater dependability in obtaining and maintaining the seasonal recrea-

tional pool leveI. it was found rhat the current operating procedures for lake regulation,

consisting of maintaining a lake level about 10 inches below the west spillway crest during

the winter montlts and closing the gates on 15'March for refilling provide an appropriate

balance in minimizing flood damages and maintaining a desirable recreation pool.

7. Periodic flooding of the shoreline due to wind setup has been shown to be pos-

sible, particularly if the lake water level in Grand Lake is high. Therefore, rclief, under

these conditions, could be provided by strategic placement of fixed breakwaters such as

dredge islands or rubblemound breakwaters. Floating breakwaters would have no effect

on wind setup.
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g. A fixed breakwater systern rhat spans the lengtli of the south shore is perceived

to bc an appropriate technical solution for alleviating both south shore erosion and flood-

ing problems due to wave action, but an extensivc series of breakwaters about 40,000

feet lona and close to shore would be required before benefits based solely on improt'e'

ments ta these rwo problems could be realized.

9. Fixed breakwaters are not perceived to be economically feasible soleh7 from a

flood damage reduction benefit standpoint, but from a recreational usaee, water qualin
of

and physical improvement siandpoint, an expcnditure for conscructnon a properl ° de'

signed breakwater systern would be preferred to the dredgng rhat could be done for the

sarne amount.

10. A fixed breakwater systctn parallel to the south shore could prove more bene-

ficial for shoreline erosion and flooding problems due to wave action than a groin syscem

placed somewhat perpendicular and connected to the south shore.

11. '17he Ohio Public Works proposal to release a greater proportion of lake peak

inflows to the St. Marys River Basin through modification of the eastern embankment

outlet works and channel is expected to create only a slight decrease in lake levels (on

the order of 0.1 inch), thereby providing no measurable flood control impacts on the

lake south shore.

LAKE WATER QUALITY

1 ^ke
wm^ quality has been declining in recent yeazs. Four separatc water qvalin'

ationproblems have been identified as causing the deterior. Bactenat eontamination from

human sources threatens bodv contact recrcation, particularly in areas of greatest develop-

ment. Iligh
nutrient concentrations result in severe blooms of algae which cause taste

and odor problems. Water clariry is reduced by algae and suspended sediment, resultini,

in unattractive conditions for recreators. Accumulation of sediment, eroded from upland

areas, and unprotected shoreline has reduced the lake depth.
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The lake's ambient iatal-phosphorus conCentraeno^ °5od levelrfor algal blooms

(ug(1) remains well above 15'ug/1, the generally accepted
in northern lakes. Continuing nuisance growth of algae in the lake indicates that the prob-

lem of cultural eutrophication needs to be resolved.

3. The present phosphorus loading rate of 0.49 gram per square meter of lake surface

per year is nearly 1.8 times the rate commonly considered as a dangerous eutrophic rate

indicating that phosphorus inputs should be reduced or minimized to slovt^ the cuhural

aa ng of the lake.

4. Approximately 33,000 kilograms of total phosphorus are currently contributed

to the lake on an annual basis from all sources. Of this total approximately 45 percent is

removed from the lake annually via Beaver Creek, the St. Man's feeder canal, direct fish

harvest, and absorption into lake sediments. At current estimated rates of phosphorus

input and output, approximately 18,000 kilograms of total phosphorus accumulate annually

in the lake_

5_ Total annual phosphorus loadings to Grand Lake St. T4arys from specific sources

are esrimated as follows:

Total Phosphorus
Percent

Pounds Kilograms of Total

7201 780 2.3

itationciP
,

.6pre 475 216
terfowl (geese)W 22.6a

Animal Concentration Areas (feedlots)
16,540

30546

7,500

21,000 62.9

ricultural RunoffA
,

4.3g
l Point Source (St. Henry)i i

3,195 1,449
2 2pacMun

1,646 746 .

mestic Point SourcesD 1.8o
1,345 610

tic TanksSe 3.3p

Direct Urban and Suburban Runoff

Total

2,394

73,620

1,088

33,389
100.0
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6. Several sources of phosphorus input which were previoush thought to be sig-

nificant, specifically septic tank systems and waterfowl, are contributing only small quanti-

ties of phosphorus to the lake.

7. The most significant contribution of phosphorus to the lake appears to be from

non-point sources or rural, primarily agricultural land and livestock concentration areas.

These areas contribute an estimated 86 percent of tbe total annual phosphorus load to

the lake.

EROSION AND SEDIMENTATION

I. The shoreline in sevcral areas around rhe lake, particularly State-owned lands

along the south shore, is undergoing moderate erosion and needs stabilization. Until lake

banks are stabilized and lake fluctuations are controlled, turbidity levels in the lake, due

in part to shoreline erosion, will continue to remain high.

2. Erosion of unprotected shoreline areas contributes to the turbidity level of the

lake but only when heavy wave action is present. At these times turbidity levels are raised

considerably in the immediate area of the erosion, but it is doubtful that the complete

stabilization of the lake's shoreline would reduce the turbidity and sedirnentation of the

lake by any appreciable degree. The major cause of turbidity and sedimentation at Grand

Lake is the introduction and subsequent resuspension of sediment from thousands of

acres of eroding fann land located in the drainage basin above the lake.

3. The rate of streambank erosion is currently not excessive even tbough the srream-

banks of the tributaries to Grand Lake have the lowest percentage of protected length

among the four categories of streambank, shoreline, island, and dredge spoil. However,

streambank protection can become important in the future and streambank erosion rates

could be significantly increased as progressive development and urbanization cause increases

in peak discharge rates in the tributaries.
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4_ Streambank erosion is of particular concern izt Coldwater Creek (due to the high

current and projected rates of development around the municipality of Coidwater) where

noticeable widening of downstream reaches has already occurred.

5. To a large extent, the problems of sedimentation and water quality problems

(eutrophication) in the lake are the result of intensive agricultural land use within its water-

shed. It is estimated that 26,000 tons of sediment and 23 tons of total phosphorus reach

the lake annually from agricultural areas. From the standpoint of types of crops being

grown, surface susceptibility to erosion is high, with 60 to 70 percent of the cropland

area being planted in low density row crops, mainly corn and soybeans.

6. Erosion and sediment loads from boat access channels around Grand Lake

St. Marys are not a severe problem since tbese channels are not subjected to the erosive

forces of streamflow and waves, and a large percentage of boat channel lengths has already

been protected from boat wake attack. The potential effects of channel erosion are better

handled by individual property owrters using protection measures similar to streambank

protection.

7. Existing islands, although especially susceptible to ice and wind-induced wave

erosion because of their small size and exposure from any side, contribute minimally to

both the annual sediment load to the lake and the overall recreational usage of the lake.

What is in question, however, is the preservation of these islands for their intended long-

term use aswaterfowI areas.

S. tn the case of existing islands, alternatives for preventing continued erosion include

retrofitting shore protection measures, allowing the natural loss of the islands to proceed,

or developing a large scale plan related to creation of large dredged material containment

areas that could include the existing islands within protected dikes.

9. Grand Lake St. Marys is currently a eutrophic water body and can be expected

to remain as such until an approximate 60 percent reduction in the annual phosphorus

load is realized. This percent reduction is quoted with reservation since the high degree

of wind-induced resuspension of nutrient-rich bottom sediments limits the
use of gener-

ally accepted trophic state criteria.
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10. Lake water quality 'will not be improved by dredging of bottom sediments. In

fact, some degradation of water quality could result if the spoil material is contained within

the lake. Water quality problems and physical problems would not be significantly un-

pacted by an extensive lake-wide dredging program. The extent of dredging required for

large-scale recreation improvement is cost prohibitive.

11. Reducing the nutrient load to the lake is the most effective measure for improv-

ing lake water quality. Because of a lack of permanent phosphorus loss to the scdiments,

and because phosphorus does not appear to be readily available for release into rhe lake

due to the aerobic nature of the lake water, the reduction in the steady-state concentration

of total phosphorus in the lake water is proportional to the reduction in the loading ratc.

12. Within three years of a reduction in nutrient loads, the total phosphorus concen-

tration in Grand Lake is expected to reach approximately 90 percent of its new steady-

state value.

13. The contribution of nutrients from 20 package domestic wastewater treatment

plants that dischargc directly or indirectly to the lake is minor, being less than 2.5 percent

of the total load. The discharge of the treated sewage from these planzs will have a neg-

ligiblc impact on the long-range overall water quality of the lake as far as phosphorus load

and concentzation is concerned. The major concern with thesc point discharges, accord-

ing to recent studies (August 1980 by Finkbeiner, Pettis and Strout, Ltd. ) is related to

high bacteriological concentration which at peak week-end periods of use affect the entire

lake. Likewise, potential phosphorus migration from 500 perrnanent and 169 seasonal

septic tank-soil absorption systems is estimated at less than 2 percent of the total phos-

phorus loading to the lake and is, therefore, considered to be a minor contribution.

1q. The implementation of a regional sewage system along the south shore is expected

to reduce the existing phosphorus loading to Grand Lake from septic tank systems arrd

domestic point sources by less than 10 percent. Little improvement in the phosphorus

concentration or trophic state of Grand Lake would be anticipated as a result of elimina-

tion of this source alone. This is not the critical concern, however, since the primary

water qualiry improvement associated with the sewage system is the public bealth-related

reduction in bacterial pollution to the lake.

67



15. A major unresolved question is whether collection and centralized treatment

of wastewater generated along the lake shore, as has been proposed by ongoing Section

201 planning, is feasible because of the financial burden it places on its residents due to

the high cost of collecting wastewater from each dweIling, especially where houses are

scattered.

Soil Conservation16. ff all ci'opland in the watershed could be managed to satisfy

Service designated maximum allowable erosion rates (T-factors), the following estimates

of improvements could be realized:

- Gross erosion rates could be reduced from the current 4.28 tons per year to 2.05

tons per acre per year, a 52 percent reduction.

- The annual phosphorus load to Grand Lake could be rcduced by 9.6 tons, or

40 percent of the estimated total phosphorus load to the lake.

- Long-term water quality improvement.

An increase in productivity and crop yield for some agricultural land management

alternatives.

17. Agricultural management practices are technically feasible, but results would

vary with the practice and individual sites to be treated.

18. Both Mercer and Auglaize Counties ranlc high as preferred areas for agricultural

management practices.

19. The annual phosphorus load to Grand l.ake as the result of livestock operations

is estimated to be 7,500 kilograms.

20. If discharge from livestock operations can be completely eliminated, a nearly

25 percent reduction in the total annual nutrient input to the lake can be realized and

result in reduced phosphorus concentrations in the lake.
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21. A mechanism exists, through State of Ohio Reb lations, for zero pollutant dis-

charge from some pollutant sources and minimizina pollution potential for all "conccn-

trated animal feeding operations;" however, in general, costs to the individual owz erl

operator exceed benefits. Public cost sharing is available to assist in offsetting costs because

some benefits are to the general public.

22. Treating tributary inflows, directly, with the objective to remove phosphorus

and suspended sediment is cost prohibitive.

23. According to estimates in this investigation, less than one percent of the vntal

phosphorus load is attributed to migrating and nesting geese and the amount available to

the biological system is judged to be insignificant. Any program reconrmending a reduc-

tion in goose population on Grand Lake St. Marys would have little impact on water

quality.

24. Urban and suburban runoff in the Grand Lake St. Marys watershed orig natcs

from the Village of Coldwater, portions of Celina adjacent to the lake, and developed direct

drainage areas surrounding the lake. The phosphorus loading from these ateas makes up

an estimated three percent of the total phosphorus loading to the lake.
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CONCLUSIONS

The following conclusions have been reached as a result of the Corps of Engineers inves-

tigation at Grand Lake St. Marys- The conclusions and subsequent recommendations reflect

Corps of Engineers judgments regarding desirable future actions and priorities, not neces-

sarilv limited by existing feasibility or authorizations.

BEAVER CREEK FLOODING

Channel clearing and cleaning is the most cost effective measure for reduction of flood

damages along Beaver Creek.

LAKE SHORE FLOODING

Nonstructural measures such as raising structures in-place and temporay evacuation in

combination with a flood warning system may best reduce structural flooding problems

as exist along the south shore.

Shoreline erosion and property damage can effectively be reduced by measures such as

rubblemound breakwaters. Consideration should be given to a demonstration project

ualizing a partial fixed breakwater system or islands along an affected south shore area.

PHOSPHORUS REDUCTION

Continued efforts should be directed toward phosphorus reduction from sewage wastes.

This can be accomplished by regional collection, treatment and disposal outside the lake

watershed or by improved on-lot and "package" plant alternatives or a combination of

solutions. Because of the relatively high cost of installation of a centralized sewerage
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systen , the O?hio Water Development has received a grant from the U. S. Environmental

Protection Agency to perform additional facilir}° planning and consider alternatives to the

proposed centralized system. From the point of view of best lake water quality manage-

ment, discharge of all sewage effluent to some point outside the lake watershed would be

the preferred alternative.

SEDIMENT REDUCTION

Shorcline protection utilizing a combination of protective measures (riprap placed over a

thickness of filter material) and no action (allowing the shore to assume a natural anglc

of reposc) offers the best opportunities with priority areas as follows:

1. Portions of Montezuma Bay

2. North exposure reaches of the Mercer County Waterfowl Refuge shore

3. West of Prairie Creek

4. West of Moorman Road

5. West of Behm Road (Duckfoot's Landing)

6. East and west of mouth of Chickasaw Creek

7. Area bemeen South Shore Acres and Channel Isle

8. West of Barnes Creek

9_ East embankment recreation area.

Streambank protection should be utilized where erosion is occurring through such

measures as streambank fencing, grading and seeding of banks, or rearranging pasture and

cropland with priorities in Coldwater Creek and Chickasaw Creek.

Erosion and sediment control practices, in accord with Soil Conservation Service and

Ohio Department of Natural Resources standards and specifications, sbould be utilized at all

construction sites.

In-Lake disposal of dredged material appears to be the most practical method of dis-

posal_ Riprap should be placed along shoreline facing the lake with additional consideration
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given to one or two large islands conseructed to serve as breakwaters and then

small islands constructed behind them (riprap shoreline of large islands only).

several

SEDIMENT CONTROL AND PHOSPHORUS REDUCTION

Management methods for runoff control should be employed in the following areas:

1. Efficient fertilizer and pesticide application - lakeshore residents; areas adjacent

to the lake including cropland areas.

2. Composting yard debris - lakeshore residents; areas adjacent to drainagewa}'s

to the lake.

3. Frequent street sweeping - developed areas adjacent to the lake (Celina,

Montezuma, north and south shore); Coldwater.

4. Use of low phosphate detergents - north shore from Harbor Point to Lakeland

Beach, Northwood and Sandy Beach; southshore from Village of tvlontezuma to

Southmoor Shores.

5. Reduce sediment and phosphorus loads from agricultural areas by "best manage-

ment pracrices° implemented under traditional soil conservation programs_

6. Bring all agricultural land under Soi] Conservation Service criteria for allowable soil

loss.

7. Investigate measures to increase funding levels of current conservation programs,

g. Consider legislation at the State level to enforce standards to reduce soil loss.

9. Conservation practices should be promoted in the lake watershed through State

and Agricvltural Stabilization and Conservation Service costsharing progrIs.

I
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10. A detailed inventory of the potential sediment, phosphorus, and animal waste

pollution problem areas should be conducted in the lake watershed to3nore accu-

rately determine the extent of the problem-

11. The practice of conservation tillage and ultimatelh' no-riIlage should be encouraged

in the lake watershed on properlp drained soils.

12. Animals should be housed on or above an impervious base. In no case should

runoff from livestock areas be allowed to dischame directly to waterwa}'s of the

watershed. Methods such as frequent waste removal and storage, direct application

to land, manure storage facilities, intereeptor trenches, holding ponds and fertced

waterways should be encouraged.

13- Priority areas for livestock waste management practices are those within 3,000 feet

of waterways where an estimated 70 percent of animal concentration areas are

located.

14. Grass buffer strips benveen row crops and waterways should be encouraged in areas

adjacent to Prairie, Coldwater, Chickasaw, Barnes and upper Beaver Creeks.

15. Existing wetlands should be preserved to aid in filtering out nutrients and sedi-

ments; priority areas are Chickasaw, Prairie and Barnes Creeks, and small wetlands

adjacent to animal concentration areas or critical soillnutrient areas.

16. Close cooperation is considered necessary between the U.S. Fish and Wildlife

Service, the Ohio Department of Natural Resources, and the Corps of Engineers in

determining and evaluating suitable dredge spoil sites and project design.

17. The Dredging Operations Technical Support (DOTS) team, an activity of the

Environmental Laboratory of the Waterways Experiment Station, U.S. Army Corps

of Engineers, Vicksburg, Mississippi, should be consulted as a possible means of

assisting the State in preparing a long--range dredging plan for the lake-
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lg. In-lake dredging should be limited to selective dredging of nearshore zones for

lake access, boater safery improvements, and public lands development.

19. The conclusions reached with regard to sediment control and phosphorus reduc-

tion provide the basis for consideration of a Section 314 Clean Iakes project.
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TENTATIVE

RECOMMENDATIONS

Based on the conclusions contained in this report and following coordination with perti-

nent Federal, State and local interests, whose comments and responses generally concar

in the study conclusions, it is recommendcd that the Corps of Engineers give no further

consideration, at this time, to providing improvements in the interest of flooding, water

quality, and other water and related resources at Grand Lake St. Marys, Ohio.
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EXHIBITS



EXHIBlT NO. I Aerial view Grand Lake St. Marys

_EXHIBIT NO. 2 View of Beaver Creek west frnm Meyers Road Bridge

(April 19791



EXHIBIT NO. 3 Low-lying developed area on aouth afiore. Some riprap bank

protection.(7979)

EXHIBIT NO. 4 East embankment

recreation area showing

sloughing banks, the

result of wavas over-

topping riprap. (1979)
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EXHIBIT N0.5 View lookinp ncrth aiong east embankment recreation ana

showing ripraP and alou9hin9 banks. (1979)

^ EXHIBIT NO.6 Li[tle Chickasaw Creek at S.R. 219 showinp erodin9 banks

3,060 feet from iake. (1979)



EXHIBIT NO. 7 Eroding dredge spoil site, wuth shore. (1978)

EXHIBIT NO.B Serara bank erosion on 9tateownad scuth shore lendt



EXHIBIT NO. 9 Severe bank erosion on lake aouth shore channel inlet. (1979)

EXH181T NO. 10 Boat access channels requirinp frequent maintenance dredging.

10ee. 1978)



EXHI9IT NO. 11 View of cleared portion of Beaver Creok approximatety

one mile from take outlet. (1979)

EXHIf;iT NO. 12 Grand Lake Sate Park on north side near Villa Nova. (1979)



EXHI@IT NO.13 MercerCounty Waterfowl Refuge in Lower SouthwegCorner

af Grend Lake St. Marye. (Dec. 1979)

EXHIBIT NO. 1t Western Embankment and Beaver Creek Outtet Channal,

Chy of Celina to the north. (Oac. 9979)



EXH IBIT NO. 15 Development and aqricultural lands to the scuth, eart of

Windy Point Pier. (Dec. 1979)

EXHIBIT NO..16 East Em6ankment Outlet, St. Marya Feeder Canal and

Fish Hatchery. (Dec. 1979)



EXHIBIT NO. 17 Grand Lake 9t. Marys looking to nonheast, Montezuma

Bay in foreground. (Dec. 1979)

EXHIBIT NO. 18 State Campgrounds and Beach on north shore. (Dec. 1979)
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