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FOREWORD

The National Eutrophication Survey was initiated in 1972 in
response to an Administration commitment to investigate the nation-
wide threat of accelerated eutrophication to fresh water lakes and
reserveirs.

OBJECTIVES

The Survey was designed to develop, in conjunction with state
environmental agencies, information on nutrient sources, concentrations,
and impact on selected freshwater lakes as a basis for formulating
comprehensive and coordinated national, regional, and state management
practices relating to point-source discharge reduction and non-point
source pollution abatement in lake watersheds.

ANALYTIC APPROACH

The mathematical and statistical procedures selected for the
Survey's eutrophication analysis are based on related concepts that:

a. A generalized representation or model relating
sources, concentrations, and impacts can be constructed.

b. By applying measurements of relevant parameters
associated with lake degradation, the generalized model
can be transformed into an operational representation of
a lake, its drainage basin, and related nutrients.

c. With such a transformation, an assessment of the
potential for eutrophication control can be made.

LAKE ANALYSIS

In this report, the first stage of evaluation of Take and water-
shed data ccllected from the study lake and its drainage basin is
documented. The report is formatted to provide state environmental
agencies witn specific information for basin planning [§303(e)], water
quality criteria/standards review [§303{c)], clean lakes [§314(a,b)],
and water quality monitoring [§106 and §305(b)] activities mandated
by the Federal Water Pollution Control Act Amendments of 1972.



iii

Beyond the single lake analysis, broader based correlations
between nutrient concentrations (and loading) and trophic condi-
tion are being made to advance the rationale and data base for
refinement of nutrient water quality criteria for the Nation's
fresh water lakes. Likewise, multivariate evaluations for the
relationships between land use, nutrient export, and trophic
condition, by lake class or use, are being developed to assist
in the formulation of planning guidelines and policies by EPA
and to augment plans implementation by the states.
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NATIONAL EUTROPHICATION SURVEY

LAKE NAME

Allegheny Reservoir

Beaver Run Reservoir
Beltzville
Blanchard Reservoir
Canadohta
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Conewago (Pinchot)
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Pymatuning Reservoir

STUDY LAKES
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Carbon
Centre
Crawford
Crawford
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LAKE CANADOHTA*
STORET NO. 4221

I. CONCLUSIONS
A. Trophic Condition:
Survey data indicate that Lake Canadohta is eutrophic.
It ranked eighth in overall trophic quality when the 17
Pennsylvania lakes sampled in 1973 were compared using a
combination of six lake parameters**, Eight lakes had less
median total phosphorus, one had 1ess and three had the same
median dissolved phosphorus, none had less and one had the
same median inorganic nitrogen, 13 had less mean chlorophyll
a, and seven had greater mean Secchi disc transparency. HNear
depletion of dissolved oxygen with depth occurred in July,
1973.
Survey limnologists reported higher aquatic plants along
the shore, but no algae blooms were evident.
B. Rate-Limiting Nutrient:
The algal assay results indicate that Lake Canadohta was
phosphorus limited at the time the sample was collected (04/20/73).
The lake data indicate phosphorus limitation in July as well but

nitrogen 1limitation in October.

* Table of metric conversions--Appendix A.
** See Appendix B.



C.

Nutrient Controllability:

1. Point sources--The estimated phosphorus load contributed
by the Canadohta Lake Park sewage treatment plant amounted to
2.8% of the total reaching Lake Canadohta during the sampling
year, and shoreline septic tanks were estimated to have contributed
nearly 26% of the total load. However, in a previous study, per-
sonnel of the Pennsylvania Department of Environmental Resources
found that many of the 500 or so septic tank systems were malfunc-
tioning (Boardman, 1975); and, in view of the lack of agreement
between the indicated trophic state and the relatively Tow phosphorus
loading rate, it is likely the estimated septic tank contribution
is too low.

The present phosphorus loading rate of 0.78 g/m?/yr is less
than that proposed by Vollenweider (Vollenweider and Dillon, 1974)
as a eutrophic rate but is more than his suggested oligotrophic
rate; i.e., is a mesotrophic rate {see page 13). Because lLake
Canadohta is phosphorus 1imited at least part of the time, and
because it is presently eutrophic, all phosphorus inputs to the
Take should be minimized to the greatest practicable extent to
slow the aging of this lake.

2. Non-point sources--Over 71% of the total phosphorus input

to Lake Canadohta was contributed by non-point sources during the



sampling year. West Shreve Run accounted for 44.4%, East Shreve
Run contributed 18.5%, and the ungaged tributaries contributed an
estimated 6.5% of the total phosphorus load.

The phosphorus export rates of East Shreve Run and West
Shreve Run were relatively low (see page 12) and compare well

with the exports of the two tributaries of nearby Conneaut Lake*

(22 and 31 kg/km%/yr).

* Working Paper No. 417.



II. LAKE AND DRAINAGE BASIN CHARACTERISTICS
A. Lake Morphometryf:
1. Surface area: 0.69 kilometers?®.
2. Mean depth: 8.8 meters.
3. Maximum depth: 14.3 meters.
4. Volume: 6.072 x 10°% m3.

5. Mean hydraulic retention time: 100 days.

B. Tributary and Outlet:
{See Appendix C for flow data)

1. Tributaries -

Drainage Mean flow

Name area (km?)* (m?*/sec)*
West Shreve Run 10.0 0.2
East Shreve Run 7.7 0.2

Minor tributaries &
immediate drainage - 2.0 0.4
Totals 19.7 0.8
2. Qutlet -

0i1 Creek 20.4** 0.7

C. Precipitation***:
1. Year of sampling: 116.0 centimeters.

2. Mean annual: 102.8 centimeters.

+ Ulanoski, 1975.

* For 1imits of accuracy, see Working Paper No. 175, "...Survey Methods,
1973-1976".

** Includes area of lake.

*** See Working Paper No. 175.



II1. LAKE WATER QUALITY SUMMARY

Lake Canadohta 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 a
number of depths at a single station on the lake (see map, page V).
During each visit, a single depth-integrated (4.6 m to surface) sample
was collected for phytoplankton identification and enumeration; and a
similar sample was collected for chlorophyll a analysis. During the
first visit, a single 18.9-1iter depth-integrated sample was taken for
algal assays. The maximum depth sampled was 5.2 meters.

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

are summarized in the following table.
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B. Biological characteristics:

1.

Phytoplankton -

Sampling
Date

04/20/73

07/27/73

10/05/73

Chlorophyll a -
Sampling

Date

04/20/73
07/27/73
10/05/73

Dominant
Genera

(S I PN B ]
. s s s n

(SR R SV AN ]
« v ox a8

Asterionella
Dinobryon
Synedra
Microcystis
Flagellates
Other genera

Total

Cryptomonas
Oscillatoria
Flagellates
Microcystis
Sphaerocystis (?).
Other genera

Total

Fragilaria
Anabaena
Aphanocapsa
Flagellates
Blue-green filament
Other genera

Total

Station

01
01
01

Number

Algal Units
per ml

28,496
2,556
301
301
150
677

32,481

469
390
136
45
45
98

1,183

2,342
215
204
124
13
182

3,180

Chlorophyll a
(ug/1)

21.8
23.3
12.4



C. Limiting Nutrient Study:

1. Autoclaved, filtered, and nutrient spiked -

Ortho P Inorganic N Maximum yield
Spike (mg/1) Conc. (mg/1) Conc. (mg/1) (mg/l-dry wt.)
Control 0.012 0.220 0.2
0.050 P 0.062 0.220 6.7
0.050 P + 1.0 N 0.062 1.220 19.2
1.0 N 0.012 1.220 0.1

2. Discussion -

The control yield of the assay alga, Selenastrum capri-

cornutum, indicates that the potential primary productivity
of Lake Canadohta was moderate at the time the sample was
collected (04/20/73). The addition of only phosphorus
produced a significant increase in yield, but no such in-
crease occurred with the addition of only nitrogen. There-
fore, limitation by phosphorus is indicated.

The Take data further substantiate phosphorus Timitation
during April and July. The mean N/P ratios were 31/1 and
23/1, respectively. Limitation by nitrogen in October is

indicated by a mean N/P ratio of 8/1.



IV. NUTRIENT LOADINGS
(See Appendix E for data)

For the determination of nutrient loadings, the Pennsylvania
National Guard collected monthly near-surface grab samples from each
of the tributary sites indicated on the map (page v), except for the
high runoff months of February and March when two samples were col-
lected. Sampling was begun in May, 1973, and was completed in Aprii,
1974.

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

In this report, nutrient loads for sampled tributaries were calcu-
lated using mean annual concentrations and mean annual flows. WNutrient
Toads shown are those measured minus point-source loads, if any.

Nutrient loads for unsampled "minor tributaries and immediate
drainage" ("ZZ" of U.S5.G.S.) were estimated using the means of the
nutrient loads, in kg/km?/year, at stations B-1 and C-1 and multiply-
ing the means by the ZZ area in km?.

The operator of the Canadohta Lake Park wastewater treatment plant
did not participate in the Survey, and nutrient loads were estimated at

1.134 kg P and 3.401 kg N/capita/year.
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A. Waste Sources:

1. Known muncipal -

Pop. Mean Flow
Name Served Treatment
Canadohta variable act. sludge

Lake Park*

2. Xnown industrial - None

* Treatment plant questionnaire.

Receiving

Water

Lake Canadohta




1

B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
kg P/ % of
Source yr  total
a. Tributaries {non-point load) -
West Shreve Run 240 44 .4
East Shreve Run 100 18.5
b. Minor tributaries & immediate
drainage (non-point 1oad) - 35 6.5
c. Known municipal STP's -
Canadohta Lake Park* 15 2.8
d. Septic tanks** - 140 25.9
e. Known industrial - None - -
f. Direct precipitation*** - _10 _ 1.9
Total 540 100.0
2. Outputs -
Lake outlet - 0il1 Creek 375

3. Net annual P accumulation - 165 kg.

* [stimate based on 25 persons per day for 6 months.

** Cstimate based on 500 lakeshore dwellings (Boardman, 1975); 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/ % of
Source yo total
a. Tributaries (non-point load) -
West Shreve Run 8,930 33.3
East Shreve Run 9,605 35.8
b. Minor tributaries & immediate
drainage (non-point load) - 2,140 8.0
c. Known municipal STP's -
Canadohta Lake Park* 45 0.2
d. Septic tanks** - 5,330 19.9
e. Known industrial - None - -
f. Direct precipitation®*** - 745 2.8
Total 26,795 100.0
2. Outputs -
Lake outlet - 0il1 Creek 33,530

3. Net annual N loss - 6,735 kg.

D. Mean Annual Non-point Nutrient Export by Subdrainage Area:

Tributary kg P/km?/yr kg N/km?/yr
West Shreve Run 24 893
East Shreve Run 13 1,247

* Estimate based on 25 persons per day for & months.

** Fstimate based on 500 lakeshore dwellings (Boardman, 1975); see Working
Paper No. 175.

*** See Working Paper No. 175.
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E. Yearly Loading Rates:

In the following table, the existing phosphorus loading
rates are compared to those proposed by VYollenweider (Vollen-
weider and Dillon, 1974). Essentially, his "dangerous" rate
is the rate at which the receiving water would become eutrophic
or remain eutrophic; his "permissible" rate is that which would
result in the receiving water remaining oligotrophic or becoming
oligotrophic if morphometry permitted. A mesotrophic rate would
be considered one between "dangerous” 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/m2/yr 0.78 0.24 38.8 Joss*

Yollenweider loading rates for phosphorus
(g/m?/yr) based on mean depth and mean
hydraulic retention time of Lake Canadohta:

"Dangerous” (eutrophic rate) 1.08
"Permissible" (oligotrophic rate) 0.54

* There was an apparent loss of nitrogen during the sampling year. This
may have been due to nitrogen fixation in the Take, solubilization of
previously sedimented nitrogen, recharge with nitrogen-rich ground
water, unknown and unsampled point sources discharging directly to the
lake, or underestimation of the nitrogen load from Canadohta Lake Park.
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VII. APPENDICES

APPENDIX A

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 0.3937 = inches

Kilograms x 2.205 = pounds

Kilograms/square kilometer x 5.711 = lbs/square mile



APPENDIX B

LAKE RANKINGS



LAKES RANKED 8Y INDEX NOS,

RANK

10

11-

12
13
14
15
16

17

LAKE CODE LAKE NAME

4224
4220
4222
4228
4227
4223
3641
4229
4221
4219
4204
4226
4213
42le
4225
4201

4207

LAKE NAOMI
BELTZVILLE DaAM
HARVEY 'S LAKE
STILLWATER LAKE
POCONGO LAKE

INDIAN LAKE
ALLEGHENY RESERVOIR
LAKE WALLENPAUPACK
CANADOHTA LAKE
SBEAVER RUN RESERVOIR
CONNEZAUT LAKE
PINCHOT LAKE
PYMATUNING RESERVOIR
SHENANGO RIVER RESERVOIR
ONTELAUNEE DAM
BLANCHARD RESERVQIR

GREENLANE DaAM

INDEX NO

445
423
413
401
389
388
385
371
369
360
307
256
206
157 -
101
85

53



PERCENT OF LAKES WITH fAlGHER VALUES (NUMBEK OF LAKES wlTA HIGHER VALUES)

LAKE MEDIAN MEDI AN S00- MEAN 15- MEDLAN INDEX
CuDE  LAKE NAME TOTAL P INORG N MEAN SEC CHLORA MIN DO 0Iss ¢ NU
3041 ALLEGHENY RESERVOIR 56 (9} 38 ( &) 63 { 10} 100 ( 18} 69 (11} 59 ( 8 385
4201 BLANCHARD RESERVOIR 13 é) 13 ¢ 2) 25 { o) 3L ¢ 5} 3¢ 0} 0o 9 85
4204 CONNEAUT LAKE 44 (T 63 ( 10} 69 { 1y 56 ( 9)_ 34 ( 5) 41 ( 6) 307
4207 OREENLANE DAM ) 6t 1) 6t 1 19 {3 13 ¢ 2} 3t 0} 6 L 1) 53
4213 PYMATUNING RESERVOIR (VI S v 72 € I 6 (1 6t 0} 100 ( 16} éa {  4) 206
4216 SHENANGO RIVER RESERVOIR 1 (3} 44 7) 13 ¢ 2) e L 1) 4T (T 28 ( 4) 157
4219 BEAVER RUN RESERVOIR 94 ( 15) 19 ¢ 3} 88 ( 14)‘ a1 ¢ 13 19 ¢ 2} 59 ( 8) . 360
4220 BELTZVILLE DAM a8 ( 14) 25 ( 4) 94 ( 15} 84 { 15 | 3% ( 5) 88 ( 13} 423
4221 - CANADOHTA LAKE 50 ¢ 8) . 37 { 15) S6 { 9 19 ¢ 3 59 (9} g4 ( 13) 369
4222 HARVEY'S LAKE 63 ( 10) B1 ( 13 100 ¢ 16) 63 ( 10 47 ( T 59 { & 413
4223 INDIAN LAKE 100 ¢ 1&) 1 {5 7% (12} 75 ( 12) 19t 2) 8g ( 13) 388
4224 LARKE NAOMI 81 ( 13} 88 { 14 44 {7 69 (11 88 ( 143 75 (12) 445
4225 ONTELAUNEE DaM 25 {4} o« o 0« o) 44 LN 1¢ ¢ 2} 13 ¢ 23 - 101
4226 PINCHOT LAKE al 5 %6 ( 9 31 ( 5) {6l 81 ¢ 13 19 ¢ 3r Zgb
4227 POCONO LAKE ' 38 (6} 27 {15 50 8} 88 ( 14) 75 {12} 41 ¢ 6} 389
4228 STILLWATER LAKE 12 (1D T2 { 11) 38 (&) 25 ( 4) 94 ( 15} 100 ( 16} 401

4229 LAKE WALLENPAUPACK 72 { 11) 50 ( 8) gl ( 13} 50 ( 8) 59 (N 59 ( 8) 371



LAKE

LAKE
CODE

364l
4201
4204
4207
4213
4216
4219
4220
4221
4222
4223
4224
4225
4226
427
4228
4229

DATA TO BE USEU IN RANKINGS

LAKE NAME

ALLEGHENY RESERVUIR
BLANCHARD RESERVQIR
CUNNEAUT LAKE
GREENLANE DAM
PYMATUNING RESERVOIR
SHENANGO RIVER KESERVOIR
BEAVER RUN RESERVOIR
BELTZVILLE DaM
CANADOHTA LAKE
HARVEY 'S LAKE

INDIAN LAKE

LAKE NAOMI
ONTELAUNEE DaM
PINCHOT LAKE

POGCONO LAXE
STILLWATER LAKE

LAKE WALLENPAUPACK

HEDIAN
TOTAL P

0.016

0.066
0eC70
G.058
0.009
G.010
0.020
0.015
0.008
Da0la
0.040
0.027
G024
04015
0.015

MEDTAN
INORG N

0.380
1.300
G.185
le475
G.180
Qe340
0.835
0.815
0.130
0.160
0.520
0.135
2.150
0.245
G.130
0.180

0.250

500-
MEAN SEC

4164250
4534143
402,000
4604222
“674750
4634555
3844833
362.444
4364000
3384000
4004222
4434333
470,667
453,000
438,800
449,000

J94.583

ME AN

CrLORA

3.700
15.187
7.567
24,011
564333
26,800
5.183
4,856
19.167
5.967
5,211
5.533
11.783
13.950
44980
16.233

9.617

15=

MIN DO

13.800
14.900
144600
14.900

7.700
14,500
14,800
14.600
14,100
14.500
14.800

84000
14,800

11.500

144100

MEDIAN
niss P

0.006
0.048
0.007
0.020
0.008
0.008
0.006
0.005
0.005
0.006
¢.005
0.005
0.011
0.008
0.007
0.004

0.006



APPENDIX C

TRIBUTARY FLOW DATA
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APPENDIX D

PHYSICAL and CHEMICAL DATA
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