









































ITI. LAKE WATER QUALITY SUMMARY

Grand Lake of St. Marys was sampled three times during the open-
water season of 1973 by means of a pontoon-equipped Huey helicopter.
Each time, samples for physical and chemical parameters were collected
from four stations on the lake and from one or more depths at each
station (see map, page v). During each visit, a single depth-integrated
(near bottom to surface) sample was composited from the stations for
phytoplankton identification and enumeration; and a similar sample was
collected from each of the stations for chlorophyll a analysis. A
sample was also collected for algal assays but was lost in shipment.
The maximum depths sampled were 1.2 meters at station 1, 0.9 meters at
station 2, 1.5 meters at station 3, and 0.9 meters at station 4.

The lake sampling results are presented in full in Appendix D and

are summarized in the following table.



PARAMETER

TEMP ()

DISS OXY (MG/L)
CNDCTVY {MCROMO)
PH (STAND UNITS)
TOT ALK (MG/L)
TOT P (MG/L)
ORTHD P (MGAL}
NGZ2+NO3 (MG/L)Y
AMMONTA {MG/1)
KJEL N (MG/L)
INORG N (MG/L}
TOTAL N (MG/L)
CHLRPYL, A (UG/L)

SECCHT {mMETERS)

il.9
8.6
374,
Y
Sd.
0000
4.011
G.5%50
0.090
2.000
0.186
2.104¢
56.0

As SUMMARY OF PHYSICAL AND CHEMICAL CHARACTERISTICS FOH LAKE SAINT MARYS
STORET COOE 3927

IST SAMPLING { 5/ 4/73)

RANGE

4 SETES

ME AN
= 1247 12.2
- G 8.9
= 43¢, 389,
- Be? 79
- 111. 105,
“ $4.303 G213
- 04018 04013
= 0.130 0.108
~ $6.130 04105
= Jaal0 Z2eble
- 0.260 0.2k
“ 3.500 2.721
= laa.5 100.9
- 0.3 0.1

MEDTAN
12.2
8.9
390,
8el
106,
0.203
B.012
0.3105
O.119
24550
0.215
2665
i0l.6

Ol

23.4
6.8
338,
Bs+b
88.
0.115
0.010
04300
0.069
2.000
0.190
2e150

69.7

2ND SAMPLING ( 8/

4 SITES
HANGE, ME AN
- 24.2 23.8
- 8.2 7.5
- 350. 343,
- Sl B.8
- 96, 92.
- 0.136 0.127
- §.018 G.013
- 0.170 Dalad
- 0.130 0.107
- 2.200 24,100
- 0,300 0.252
- 2.360 24245
- 8Bus 8241
- 0.5 G.4

/73

MEDIAN

£3.8
7.6
342,
BeB
33,
6129
G.012
04155
0.1065
2100
G.260
24235
85.1
9.5

194

309,
B.8
B87.

0.083
0.023
0.050
¢.070
1.200
0.129
1.250

4543

0.2

3RO SAMPLING (10/11/73)

4 SETES
RANGE MEAN
~ 21.2 20.1
- 110 Fed
-~ 330. 318,
- 9.2 9.0
- 89. B8.
« 0.480 0.1594
« 0.041 0.032
- 0.060 0.052
- 0.100 0.082
- 1.700 1.375
~ $.160 0,135
- 1.750 o427
- 63.2 54.4
- 1.0 0.6

v

MED AN
15.8
Fed
31%.
9el
89,
0.106
0.032
0050
0.080
1.30¢
0.130
14355
S4eb

07




B. Biological characteristics:

1.

Phytoplankton -

Sampling Dominant

Date Genera

05/04/73 Oscillatoria sp.

1

2. Fragilaria sp.
3. Flagellates
- 4,
5

Stephanodiscus sp.
Scenedesmus sp.
Other genera

Total

08/01/73 Lyngbya sp.
Anabaenopsis sp.
Oscillatoria sp.
Nitzschia sp.
Stephanodiscus sp.
Other genera

T . .

O fa L Py —4

¢

Total

10/11/73 . Lyngbya sp.

Microcystis sp.
Dactylococcopsis sp.
Oscillatoria sp.
Aphanizomenon sp.
Other genera

Ol oo —

Total

Algal Units
per ml

66,768
15,396
7,622
6,707
3,506 .
16,464

116,463

19,563
9,350
5,589
3,049
2,744

10,874

51,1689

10,036
2,936
2,731
1,911
1,638

1,099

26,351



2. Chlorophyll a -

' sanpling Station Chlorophyll a

Date Number (ng/1) -
05/04/73 a1 56.0
02 75.9

03 - 144.5

04 127.3

08/01/73 01 86.2
02 84.1

03 88.4

04 69.7

10/11/73 g 61.8
02 63.2

03 15.3

04 47.4

C. Limiting Nutrient Study:
The sample coilected for algal assays was 1ost in shipment.
The lake data indicate a combination of limiting nutrients.
Following is a tabulation of the mean inorganic nitrogen to
orthophosphorus ratios for each of the stations and sampling

tines with the indicated 1imiting nutrient in parenthesis.

Station 05/04/73 08/01/73 10/11/73
01 18/1 (P) 7/1 (N) 4/1 (N)
02 - 25/1 (P} 21/1 (P) 4/1 (N)
03 16/1 (P) 19/1 (P) 471 (N)
04 20/1 (P) 22/1 (P) 5/1 (N)




IV. NUTRIENT LOADINGS
(See Appendix E for data)

For the determination of nutrient loadings, the Ohio National
Guard collected monthly near-surface grab samp1es from eaéh of the
tributany sites indicated.on the map (page v), except for the high
yunoff months of March and April when two samples were collected.
Sampling was begun in May, 1973, and was complieted in April, 1974.

Through an interagency agreement, stream flow estimates for the
year of sampling and a "normalized" or average year were provided by
the Ohio District Office of the U.S. Geological Survey for the
tributary sites nearest the lake.

In this report, nutrient Toads for sampled tributaries were deter-
mined by using a modification of a U.S. Geological Survey computer
program for calculating stream loadings*. Nutrient loads shown are
those measured minus point-source loads, if any.

Nutrient loads for unsampled “"minor tributaries and immediate
drainage" ("ZZ" of U.S.G.S.) were estimated using the means of the
nutrient loads, in kg/km®/year, at stations B-1 and F-1 and multiply-
ing the means by the ZZ area in km?.

The community of St. Henry did not participate in the Survey,
and nutrient loads were estimated at 1.134 kg P and 3.401 kg N/capita/

year.

* See Working Paper No. 175.
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A. Waste Sources:

1. Known municipal* -

Pop. Mean Flow Receiving
Name Served** Treatment (m3/d)*r* Water
St. Henry 1,276 ext. aer. 483.0 Coldwater Creek
2. Known industriaif - |
Name Product  Treatment  (m’/d) Water
Avco New Idea 7 ? ? Coldwater Creek

* Treatment plant questionnaire.

** 1970 Census.

*** Estimated at 0.3785 m®/capita/day.
+ Youger, 1975. '
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B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
kg P/ % of
Source VAl total
a. Tributaries {non-point load) -
Little Chickasaw Creek 825 3.8
Chickasaw Creek : 3,450 15.9
Beaver Creek 2,960 13.7
Coldwater Creek 6,430 29.7
Barnes Creek 635 2.9
Prairie Creek 1,785 8.2
b. Minor tributaries & immediate
drajnage (non-point load) - 3,085 14.2
¢. Known municipal STP's -
St. Henry 1,445 6.7
d. Septic tanks* - 275 1.3
e. Known industrial - Avco New Idea 7 ?
f. Direct precipitation** - 780 3.6
Total 21,670 100.0
2. Outputs -
Beaver Creek 9,695
Lake outlet - wiani & Erie Canal 5,325
Tot. 15,020

3. Net annual P accumulation - 6,650 kg.

* Estimate based on 500 permanent and 169 seasonal shoreline dwellings
and one state park; see Working Paper No. 175.
*% See Working Paper No. 175.
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C. Annual Total Nitrogen Loading - Average Year:

1. Inputs -
kg N/

Source yr

a. Tributaries (non-point load) -
Little Chickasaw Creek 27,335
Chickasaw Creek 61,085
Beaver Creek 58.905
Coldwater Creek 66,625
Barnes Creek 14,295
Prairie Creek 22,515

b. Minor tributaries & immediate

drainage {non-point load) - 82,

c. Known municipal STP's -

St. Henry 4,
d. Septic tanks* - 10,

e. Known industrial - Avco New Idea

965

340
325

?

f. Direct precipitation** - 48,065
Total 406,455

2. Outputs -
Beaver Creek 141,490
Lake outlet -yroni & Erie Canal 96,345
Tot. 237,835

3. Net annual N accumulation - 168,620 kg.

* Estimate based on 500 permanent and 169 seasonal shoreline dwe]?ings

and one state park: see Working Paper No. 175.
*% See Working Paper No. 175,

_—
—_
co

:

—
o
o]
[
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Mean Annual Non-point Nutrient Export by Subdrainage Area:

Tributary kg P/km*/yr kg N/km?/yr
Little Chickasaw Creek 45 1,502
Chickasaw Creek 72 1,281
Beaver Creek 56 1,305
Coldwater Creek 129 1,340
Barnes Creek 68 1,537

Prairie Creek 131 1,656
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Yearly loads:

In the following table, the existing phosphorus loadings
are compared to those proposed by Vollenweider (Vollenweider
and Dillon, 1974). Essentially, his "dangerous" loading is
one af which the receiving water would become eutrophic or
remain eutrophic: his "permissible" loading is that whiéh
would fesu?t in the receiving water remaining oligotrophic
or becoming oligotrophic if morphometry permitted. A meso-
trophic loading would be considered one between "dangeyrous"”
and "permissible”.

Note that Vollenweider's model may not be applicable to

water bodies with short hydraulic retention times.

Total Phosphorus Total Nitrogen

Total Accumulated Total Accumulated

grams/m?/yr 0.49 0.15 9.1 3.8

Vollenweider phosphorus loadings
{g/m?/yr) based on mean depth and mean
hydraulic retention time of Grand Lake of St. Marys:

“Dangerous” {eutrophic loading) 0.28
"Permissible” (oligotrophic loading) 0.14
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VI. APPENDICES

APPENDIX A

LAKE RANKINGS



LAKE DATA TO BE USED IN RANKINGS

LARE MEDIAN MEDIAN 500~ MEAN 15~ MEDTAN
CODE  LAKE NAME TOTAL 7 INORG N MEAN SEC CHELORA MInN 00 DISS ORTHO P
3901 BEACH CITy RESERVOIR 0.122 1.490 489,000 16.867 I1+46060 ¢.015
3902 BUCKEYE LAKE 0179 0,380 490,000 186.567 2600 0.020
3905 CHARLES MILL RESERVOIR 0.127 04665 482.555 67,144 15.00¢ 0.011
3906 DEER CREEK RESERVOIR §.098 2.980 470.1285 $.8B7 13.909 0036
3907 ODELAWARE RESERVYOIR 0.086 2,340 44111 10.856 14.500 D.024
3908 DILLION RESERVUIKR 0.163 1,590 481.250 27.400 14308 0.037
3912 GRANT L AKE 04113 0,570 486,333 40,533 12.200 0.019
3914  HOOVER RESERVUIR G040 1.640 462.750 13.017 14.800 0.008
3915 INDIAN LAKE f.120 0.2380 4B5.222 76.855 144200 0.012
3917 LORAMIE LAKE 04185 1.380 494,000 104,100 8.200 0.019
3921 MOSQUITO CREER RESERVOIR 0.058 0,150 465333 36.267 11.600 0«0006
3924 PLEASANT HILL LAKE 0.036 G.455 456,833 22.850 14.700 6-0]0
3927 LAKE SAINT MARYS Del4s G.200 4844167 79150 8.200 Ge014
3928 ATWUOD RESERVUIR Ge031 0.205 462.000 Ibeua?2 14.700 0.005
3929 BERLIN RESERVOIR 0,042 0.500 465,435 15,496 13.600 0.0086
3930 HOLIDAY LAKE fGel25 0,575 4654333 55,350 15.000 0.034
363} CYSHAUGNESSY HESERVOIR B.208 3.070 479,333 5.522 14.900 ) G159
3932 ROCKY FORK LakE 0.067 0,790 473,000 38.022 15.000 L 0010
3933 SHAWNEE LAKE 0.069 2,380 474,333 39,567 15.000 0.0609
3934 TAPPAN LAKE 0.04) 0.280 466,111 37.711 15,000 C+007




PERCENT OF LAKES WITH HIGHER VALUYES (NUMBER OF LAKES #ITH HIGHEKR vALUES)

LAKE MEDI AN MEDI AN 500~ MEAN 15=- MEUDIAN INDEX
CODE LAKE NaME _ TOTAL P INORG N MEAN SEC CHLORA MIN DO DISS URTHO P Ny

3901 BEACH CITY RESEHVOIR . 3T ¢ 7 21 (&} 1Lt 2} B4 { 167 B2 ( 15} 42 ¢t 8 2i?
3902 BUCKEYE LAKE it ¢ 2 76 { 14) S-¢ 1 20 ( O 89 ( 17} 26 ( 5i 207
3905 CHARLES MILL RESERVOIR 26 (5} 63 ( 12} ar ¢ N 21 { @) 1 S 58 { 11} 26
39006 DEER CREEK RESERVOIR %3 { 10} 5 ¢ b 63 ( 12} 35 { 18} 63 ( 2} 11 ¢ 2) 290
3907 DELAWARE RESERVOIR 8 ( 11} 16 { 3) 3z 6} 89 { 17 4T (9N 21 ( &) 263
3908 OILLION RESERVOIH 16 ¢ 3} 3z 6} 42 (8} 58 11} 33 ( 16} 5 { 1} 206
3912 GRANT LAKE _ 47T + 9} 58 ( 11} 6. { 3) 32 ( 6} T ( 14} 3a ( &} 26l
3914 HOOVER RESERVUIR 87 ¢ 16} 26_( S} 89 ( 7} 79 (13 32 ( 6} 79 { 15) 32
3915  INDIAN LAKE 42 ( 8} 76 { 14) 21 (&) ie ¢ 3 58 ( 11} 53 (1@} 266
3917 LORAMIE LAKE 5 ¢}l ar i N o ( 0} s { 1 97 { 18) 34 { 06} 178
3921 MOSQUITO CREEK RESERVOIR T4 U 14} 109 { 19} g2 (15} 53 { 10} a2 ( 15} g2 ( 17} 483
3924 PLEASANT rILL CAKE 95 { 18} 68 ( 13} 100 ¢ 19 63 { 12} 34N 66 ( 12} 431
3927 LAKE SAINT MARYS ¢l  4) 95 {18} 26 ( 3) it ¢ 2} 37 ¢ 18) 4t { 9) 237
3928 ATWOOD RESERVOIR g8 ( 19} 849 17 95 ( 18y 68 € 13 39 ¢ 7 160 { I9) 491
3929 BERLIN RESERVOIR 79 ( 15) 42 8} T4 (14 T4 € 14} 68 ( 13 92 ( 11} 429
3930 HOLIDAY LAKE 32 . eY 53 ( 19} 82 ( 1%} 26 ¢ 5y - 1% U &) 16 { 3 220
3v¥31 OYSHAUGNESSY HESERVOIR g ¢ O g { O «7 { 9 100 ¢ 19} 26 (5} ¢ { &) 173
3932 ROUCKY FORK LAKE 68 ( 13 4T (9 58 ¢ 11) 42 8} i1 ¢ 0 66 { 12t 292
3933 SHAWNEE LAKE 63 (12} | S 53 ( 16} 3TN 11 ¢ O} T4 ( 14} 249

3934 TAPPAN LARE 87 t 16} g4 ( 16) 68 { 13} 47 9} i1 d 0 84 ¢ le} k131



LAKES RANKED BY INDEX nNOS,

HANK

10

1l

12

i3

ta,

| =1
i6
17
18
19

20

8

LAKE CODE LAKE NAME

3924
3321
3324
3929
39}e

3934

3927

3932
3306
3901
3915
3907
3312
3333
3930
35
asee
3908
%7

3831

ATWUUD RESERVULR
MOSQUITO CREER RESERVOIR
PLEASANT HILL LAKE
BERLIN RESERVOIR
MOOVER KRESERVOIR
TAPPAN [ AKE

LAKE SAINT MARYS

ROCKY FORK LAKE

DEER CREEK RESERVOIR
BEACH CITY wESERVOIR
INDIAN LARE

DELAWARE RESERVUIR
GRANT LAKE

SHAWNEE LAKE

HMOLIDAY LAKE

CHARLES MILL RESERVOIR
BUCKEYE L AKE

DILLION RESERVOKE.
LORAMIE [ AKE

O¢SHAUGNESSY RESERVOIR

INDEX NO

491
483
431
429
392
381
297
292
290
277

263
261
249
220
216
207
206
178

173




APPENDIX B

CONVERSION FACTORS



CONVERSION FACTORS

Hectares x 2.471 = acres

Kilometers x 0.6214 = miles

Meters x 3.281 = feet

Cubic meters x 8.107 x 107% = acre/feet
Square kilometers x 0.3861 = square miles
Cubic meters/sec x 35.315 = cubic feet/sec.
Centimeters x 00,3937 = inphes-

Kilograms x 2.205 = pounds

Kilograms/square kilometer x 5.711 = Tbs/square mile




APPENDIX C

TRIBUTARY FLOW DATA
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LAKE CODE 3927

MEAN MONTHLY FLOWS AND DAILY FLOWS{CMS)

TRIBUTARY

3927F1

392761

392727

MUNTH

s
DD~ AR

f
[

[ et b [
D P e D b € D 00 O N B P e N e DD 0 O N L PN e Y

TRIBUTARY FLOW INFORMATION FOR OnIO 1727715

GRAND LLAKEs ST. MARYS

YEAR

MEAN FLOW

0406
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Geld
Gai8
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0.05
Q.07
0437
Q.03
0.17
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0.09
.25
006
0.12
£.00
f.u2
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Geil
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Q.12
Ga2%
0.25
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D42
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0e31
Terd
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FLOW
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DAY
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APPENDIX D

PHYSICAL and CHEMICAL DATA
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