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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 freshwater lakes and
reservoirs.

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 lake and water-
shed data collected from the study lake and its drainage basin is
documented. The report is formatted to provide state environmental
agencies with specific information for basin planning [5§303(e)], water
quality criteria/standards review [§303(c)], clean lakes [5314{a,b)],
and water quality monitoring [§106 and §305(b)] activities mandated
by the Federal Water Pollution Control Act Amendments of 1972.



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
freshwater 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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ENEMY SWIM LAKE
STORET NO. 4611

I. INTRODUCTION

Enemy Swim Lake was included in the National Eutrophication Survey
as a water body of interest to the South Dakota Nepartments of Environ-
mental Protection and Game, Fish, and Parks. Tributaries and nutrient
sources were not sampled, and this report relates only to the lake
sampling data.
IT. CONCLUSIONS

A. Trophic Condition:

Survey data indicate that Enemy Swim Lake is eutrophic. It
ranked fourth in overall trophic quality when the 31 South Dakota
lakes sampled in 1974 were compared using a combination of six
parameters*. Four lakes had less and one had the same median
total phosphorus, eight had less median dissolved orthophosphorus,
five had less and one had the same median inorganic nitrogen, seven
had less mean chlorophyll a, and 12 had greater mean Secchi disc
transparency.

Survey limnologists noted a light algal bloom in July and
macrophytes in some of the shallow areas in September.

B. Rate-Limiting Nutrient:

The algal assay results are not considered representative of
conditions in the lake at the time the sample was collected
(04/25/74). However, the lake data indicate nitrogen limitation

at all sampling stations and times.

* See Appendix A.



ITI. LAKE AND DRAINAGE BASIN CHARACTERISTICST
A. Lake Morphometry++:
1. Surface area: 8.68 kilometers?.
2. Mean depth: 3.0 meters.
3. Maximum depth: 7.9 meters.
4. Volume: 26.040 x 10° m3.
B. Precipitation*:

1. Year of sampling: 31.3 centimeters.

2. Mean annual: 51.0 centimeters.

t Table of metric equivalents--Appendix B.
t+ Murpheyv, 1974,
* See Working Paper No. 175, "...Survey Methods, 1973-1976".



IV. LAKE WATER QUALITY SUMMARY

Enemy Swim Lake was sampled three times during the open-water season
of 1974 by means of a pontoon-equipped Huey helicopter. The first time,
samples for physical and chemical parameters were collected from several
depths at one station on the lake. On succeeding visits, samples were
collected from two stations on the lake and from two or more depths at
each of the stations (see map, page v). During each visit, a single
depth-integrated (4.6 m or near bottom to surface) sample was composited
from the station(s) sampled for phytoplankton identification and enumer-
ation; and during the first visit, a single 18.9-1iter depth-integrated
sample was collected for algal assays. Also each time, a depth-integrated
sample was collected from each station sampled for chlorophyl] a analysis.
The maximum depths sampled were 6.1 meters at station 1 and 4.3 meters at
station 2.

The sampling results are presented in full in Appendix C and are

summarized in the following table.



PARAMETER

TEMP (C)

DISS OXY (MG/L)
CNDCTVY (MCROMO)
PH (STAND UNITS)
TOT ALK (MG/L)
TOT P (MG/L)
ORTHO P (MG/L)
NO2+NO3 (MG/L)
AMMONIA (MG/L)
KJEL N (MG/L)
INORG N (MG/L)
TOTAL N (MG/L)
CHLRPYL A (UG/L)

SECCHI (METERS)

10.0
300.
(222 X34
224
0.022
0.007
0.040
0.039
0.600
0.070
0.8590
23.9

2.2

RANGE

A. SUMMARY OF PHYS]CAL AND CHEMICAL CHARACTERISTICS FOR ENEMY SwIM LAKE

1ST SAMPLING ( 4/2S/74)

1 SITES
ME AN MEOIAN
- 8.2 745 7.3
- 11.2 1l.0 11.2
- 310, 304, 3o02.
~0000#000000G0000000000

= 240, 231.
- 0.032 0.026
- 0.009 0.008
= 0.100 0,060
- 0.050 0.037
- l.000 0.900
= 0.150 0.097
- l.100 0960
- 23.9 23.9
= 2e2 2¢2

230.
0.025
0.008
0.050
0.035
v.500
0,085
04945

23.9

2e2

STORET COOE 4611

2ND SAMPLING (

2

RANGE

23.9 = 24,2

6.8 - 7.2
S44s = Hab,.

8.8 - 8.9
2ulde = 270,
0037 = 0,040
0.013 - 0.028
0.040 = 0.090
0.030 - 0.060
0900 - 1.000

0.080 - 0.150

0.960 - 1.090
12.2 = 13.4
152 - llS

SITES

ME AN
24.1
7.0
54S.
8.9
259.
0.039
0.017
0.065
0.067
0.933
0.112
0.998

12.8

7/711774)

MEDIAN
24.0
7.0
545,
8.9
259.
0.039
0.016
0.065
0.050
0.900
0.115
0.970

12.8

15.0

367.
8.7
345.
0.029
0.008
0.020
0.020
1.100
0.040
1.120

10.7

3D SAMPLING (

e SITES
ME AN
- 15.4 15.2
- Ye.0 9.4
- 375. 371.
- 8.8 de7
- 430. «0S.
- 0.380 0.119
~ 0.0l4 0.011
- 0,020 0,020
- 0.040 0,030
- 3.900 1.875
- 0.060 0.050
- 3.920 1.895
- 10.86 10.7
- 1.2 le2

9/19/74)

MEDIAN
15.2
9.6
370.
Ae7
403,
0.034
0.012
0.020
0.030
1.250
0.050
1.270
10.7

l.2



B. Biological characteristics:

1. Phytoplankton -

Sampling Dominant Algal Units
Date Genera per ml
04/25/74 1. Chroomonas sp. 3,573
2. Asterionella sp. 2,349
3. Flagellates 1,026
4. Fragilaria sp. 992
5. Dinobryon sp. 529
Other genera 596
Total 9,065
07/11/74 1. Aphanothece sp. 1,576
2. CEroomonas §EF 649
3. Qocystis sp. 417
4. Melosira sp. 278
5. FragiTaria sp. 232
Other genera 371
Total 3,523
09/19/74 1. Fra?i]aria Sp. 1,863
2. Toelosp aerTgm Sp. 1,139
3. Aphanothece sp. 362
4. Qocystis sp. 3N
5. Aphanizomenon sp. 207
Other genera 569
Total 4,451

2. Chlorophyll a -

Sampling Station Chlorophyll a
Date Number (ug/1)
04/25/74 1 23.9

2 -
07/11/74 1 12.2

2 13.4
09/19/74 1 10.7



Limiting Nutrient Study:

A significant loss of nutrients occurred in the assay
sample between the time of collection and the beginning of
the assay, and the results are not indicative of conditions
in the lake at the time the sample was taken (04/25/74).

The lake data indicate nitrogen limitation at all sampling
stations and times; i.e., all of the mean inoraanic nitrogen/
orthophosphorus ratios were 12/1 or less, and nitrogen limi-

tation would be expected.
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VI. APPENDICES

APPENDIX A

LAKE RANKINGS



LA<E DATA TO BE USED IN RANKINGS

LaxE MEDI aN MEDIAN 500~ ME AN 15~ MEO] AN
CODE  LAKE NaME TOTAL P [NORG N MEAN SEC CHLORA MIN DO DISS ORTHO ¥
4601 LAXE ALBE=T 0.321 0.170 489.111 106.289 9.200 0.0!9
«602 ALVIN LaAKE 0,067 0.972 442,833 4.700 3,400 0.017
503 ANGOSTURA RESERVOIR 0.019 0,160 “23,333 3.717 13.000 0.005
4604 HEANT LAKE 0.194 0,130 432.83)3 34.150 11.800 0.113
605 La=E HYRON 0e&43 0.379 488,333 149.350 9.000 0.1l%6
4606 CLEAR LAKE 0.027 V.075S 430.167 11.983 8.800 0.009
4607 CLEAR LAKE 1.400 0.270 495,333 691,000 7.000 0.468
4603 COCHRANE LAKE 0,037 0.150 446,000 15.683 15.000 0.008
4609 COTTONWOOD LAKE 0.685S 0.265 4904333 112.017 8.600 0.417
4610 DEERFIELDO RESERVOIR 0.033 0.080 303.333 3.650 15.000 0.022
611 ENEMY SwWwIM LAKE 0.037 0.08S 442,600 14.200 8.200 0.013
4612 LAKE HERMaN 0.340 0.155 485,000 58.733 8,600 0.17%
4613 ST JOHN LAKE 0369 0.080 489,400 120.880 9.800 0.025
«6l4 LAKE KAMPESKA 0.22¢C 0.105 468.889 20.567 8.200 0.128
4615 MADISON LAKE 0.25% 0.099 445,555 22.578 14.000 0.107
616 LAKE MITCHELL 0.099 0,085 465,833 14,883 13.800 0.015S
4617  LAXE NORDEN 0.256 0.165 488.667 46.800 10.000 0.050
4618 OQAK400D LAKE EAST Oelue 0.175 487,000 113.600 10.000 0.009
4619 OAKWOOD LAKE WEST 0.181 0.135 4854833 159.667 9.600 0.021
620 PACTOLA RESERVOIR 0.011 0.070 C4Be4bs le478 11.000 0.0006
4621 PICREREL LAKE 0.049 0.095 439,833 15.833 9.600 0.009
4622 LAKE POINSETT 0.115 0.315 468,444 40.211 10.000 0.023
4623 LAKE RED IRON SOUTH 0.042 0.110 430.333 6.883 7.600 0.010
462« RICHMOND LAKE 0.187 0.150 410.009 18,467 10.000 0.144
6625 PROUY LAXE 0.03a 0,070 431.000 13.333 11.000 0.010
6626 SAND LaAKE 0.489 0.110 471.800 65.790 12.800 0.288
4627 SHERICAN LAKE 0.053 0,105 394.000 15.433 15.000 0.016

4628 STOCKADE LAKE 0.233 0,150 432,000 25.400 15.000 0.109



LAKE

LAXE
CODE

«629
4630

“631

OATA 70 BE USED IN RANKINGS

LAKE NaME
LAXE VERMILLION
WALL LaxEg

WAUBAY LAKE NORTH

MEODIaN MEDIAN
TOTAL P INORG N
0.211 0.100
0.194 0,169
0.093 0.145

500~
MEAN SEC

472.833
441,667
©69.555

MEAN
CHLORA

100.800
55.267
127.033

15-
MIN DO

9.200
T.400
11.200

MEDTI AN
DISS ORTHO P

0.092
0.076
0.023



PERCENT OF LAKES WITH HIGHER VALUES (NUMBER OF LAKES WITH HIGHEN VALUES)

LA<E MEDI AN MEDIAN S00- MEAN 15~ MEODIAN INDEX
CODE  LAKE NAME TOTAL P INORG N MEAN SEC CHLORA MIN DO DISS OKRTHO P NO
4601 LAXKE ALBEFT 20 &) 20 ¢ &) 10 ¢ 3 23 N 68 ( 20} 60 ( 183) 201
4602 ALVIN LAKE 67  20) 0o« 0) ST (17 90 ( 27 63 ( 19) 63 ( 1v) 3«0
4603 ANGOSTURA RESERVOIR 97 ( 29) 30 ¢ %) 87 ( 26) 93 ( 28) 20 ¢ 6) 100 « 30) w27
6606 BRANT (AXKE 40 (12} S3 ( 16) 70 ¢ 21) 47 ( 14) 27 ¢ 8) 23 ¢ 7N 260
6695 LAXE BYRON 10 ¢ 3) 3¢ 1N 17 ¢ 35) 7 2) 73 ( 22) 13 ¢ @) 123
606 CLEAR |LAKE 93 ( 28) 93 ( 23) 83 ( 23) 83 ( 25) 7 (23 90 ( 27 Siv
«607 CLEAR LAKE o« 0) 10 ¢ 3 0 ¢ 0) o« 0 100 ¢ 30) 0o« 0O 110
4£08 COCHRANE LAKE 83 ( 29 40 € 11 50 ( 195) 67 ( 20) S ¢ 0) 93 ( 28) 338
609 COTTON#OOD LAKE 3¢ 1N 13 (&) 3N 20 (¢ 6) 82 ( 24) 3¢ 1N 124
610 DEERFIELD RESERVOIR %0 ( 27) 88 ( 26) 97 ( 29) 97 ( 29) s { 0 53 ( 16) 430
46ll ENEMY SwIM LAKE 80 ( 24) 82 ( 24) 60 ( 18) 77 ( 23) 88 ( 26) 73 ( 22) 60
6612 LAKE HERMAN 17 ¢ S 33 ( 10) 27 ( 8) 33 ( 10) 82 ( 24) 10 ¢ 3) 202
4613 ST JUOHN LAKE 13 ¢ &) 88 ( 26) 7 ¢ 2) 13 ¢ &) 53 ( 16) 43 ( 13) al7
46le LAKE KAMPESKA 33 ¢ 10 6S ( 19) 40 ( 12) S7T (17 88 ( 26) 20 ( 6) 303
4615 MADISON LAKE 21 ( 8) 77 ¢ 23) 53 ¢ 16) 53 ( 16) 13 ¢ &) 30 ¢ 9N 293
4616 LAKE MITCHELL 60 ( 18) 82 ( 24) 47 ( 19) 73 ¢ 22) 17 ¢ S) 70 ¢ 21) 349
4617 LAKE NORDEN 23 1) 23 ¢ 7) 13 ¢ 4) 40 ( 12) 4S5 ( 12) 40 ( 12) 184
618 OAKwOOD LAKE EAST S3 ¢ 16} 17 ¢ S 20 ( 6) 17 ¢ S) 4S5 ( 12) 85 ( 25) 237
619 OAKWOOD LAXE WEST S0 ¢ 15) S0 (¢ 1% 23 ¢ 7} 3¢ 1 58 ( 17) s7T (17 241
629 PACTOLA PESERVOIR 100 ¢ 300 98 ( 29) 100 ¢ 30 100 ¢ 30 35 ( 10 97 ( 29) 530
4621 PICKEREL LAKE 73 ( 22) 73 ( 22) 67 ( 20) 63 ( 19) S8 ( 17) 85 ( 25} 419
4622 LAKE POINSETT ST ( 17 7 C 2) 43 ( 13) 3 ( 13) 4S ( 12) 47 ( 14) 242
523 LAKE RED IRON SOUTH 77 € 23) Sg (17 80 ( 24) 87 ( 2¢6) 93 ( 28) 78 ( 23) 73
4624 RICHMOND LAKE 47 ( 14) 40 € 11 90 ( 27) 60 ( 18) 4S5 ( 12) 17 ¢ S) 299
4625 ROY LAKE 87 ( 26) 98 ( 29 77 ( 29 80 ( 24) 35 ¢ 10) 78 ¢ 23) 4SS
626 SAND LAKE 7 2) 58 (17) 33 ¢ 10) 30 ¢ 9 23 ¢ M 7 ¢ 2) 158
4627 S-ERIDAN LAXE 70 € 21) 65 ( 19) 93 ( 26) 70 ¢ 21) S ( 0} 67 ( 20) 370

628 STOCKADE LAKE 30 ¢ 9) 40 ( 11) 73 ( 22) S0 ( 15) S 0 27 & 8) 225



PERCENT OF LAKES WlTH HIGHER VALUES

LAKE
CODE

“629
46130

46131

LAKE NAME
LAKE VERMILLION
wALL LAKE

WAUBAY LAKE NORTH

MED AN
TOTAL P

37 ¢ 11
43 ( 13

63 19

MEDIAN

INORG N

70
27

7

2D

(

(

8)

14)

(NUMBER OF LAKES wlTH HIGHER VALUES!

S00-
MEAN SEC
30 ¢ 9)
63 ( 19
37 ¢ 11}

ME AN
CHLORA

27 ( 8)
37 € 11)

10 ¢ )

15-
MIN 00

68 ( 20)
97 ( 29)

30 ¢ 9)

MEDI AN

OISS
33
37

S0

ORTHO P
¢ 10)
« 1
« 15)

INDEX
NO

265
304

237



LAKES RANKED BY INDEX NOS.

RANK

[

&

O ® N &0

10
11
12
13
14
15
16
17
18
19
20
2l
22
23
24
25
26
21
28

LAKE CODE LAKE NAME

4520
4506
4623
4611
4625
4610
4603
4621
4627
4616
4602
©608
4630
4616
4624
4629
4604
4515
4622
4619
4631
4618
4628
4513
4612
4601
4617
4626

PACTOLA RESERVOIR

CLEAR LAKE

LAKE REQ IRON SOUTH

ENEMY SWIM LAKE

ROY LAKE

OEERFIELD RESERVOIR
ANGOSTURA RESERVOIR

PICKEREL LAKE
SHERIDAN LAKE
LAKE MITCHELL
ALVIN LAKE
COCHRANE LAKE
WALL LAKE

LAKE KAMPESKA
RICHMOND LAKE
LAKE VERMILLION
BRANT LAKE
MAOISON LAKE

LAKE POINSETT
OAKWOOD LAKE WEST
WAUBAY LAKE NORTH
OAKWOOD LAKE EAST
STOCKADE LAKE

ST JOHN LAKE

LAKE HERMAN

LAKE ALBERT

LAKE NORDEN

SAND LAKE

INDEX NO

530
519
473
460
4SS
430
%27
419
370
349
340
338
304
Jo3
299
265
260
253
262
2461
237
237
225
217
202
201
184

153



LA%ES

RANK

29
30

31

RANKED 8Y INDEX NOS.

LAKE CODE LAKRE NAME

4609 COTTUNWOO0D LAKE
4605 LAKE BYRON
4697 CLEAR LAKE

INDEX NO

124
123
110



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 10™% = 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 = 1bs/square mile



APPENDIX C

PHYSICAL and CHEMICAL DATA



STINET RETRIFVa JaulZ 73/711723
4611901
45 26 300G U936 16 1540
ENEY SWIM LAKE

“5437 SubT~= varUT A
11EPALES ¢l1l1202
< 0026 FEET ODERPTH
vgnlo 0030y 077 00u34 00400 00«10 000510 00625 00630 00671
JaTE TIME DIPTa  WATER Do TearSrE CvouCTvy e T ALK NA3=IN TOT nJEL NO2&NO3 Pr0S=-UIS
FrOM OF TEve SECCr! FIELD CACO3 TOTAL N N=-TOTAL URTHOU
T0 pay FEET CenNl A1G/L INCHED> MICROMRU sU MO/L MG/L MG/L MG/L MG/L P
Tu/y6e/25 1S NS (00D g2 of 310 224 0.050 1.000 0.100 0.008
15 ¢S5 0ud> 7.6 11.2 303 230 ve030 0.900 V.040 0.007
1S S V1S5 7.1 11.2 301 230 0.030 0.800 0.050 0.0086
S 05 0020 7.0 16.6 300 240 0040 0.900 0.050 0.009
764/67/711 15 30 0GQV o ls Teu ou 545 3490 268 0.060 1.000 0.090 0.01%
1S a0 060A 2wav Te0 544 8.90 248 0.050 0.900 U.070 0.013
1S 00 vd2v 3.y 6e8 Sada 590 248 Ue050 0900 0.070 0.016
Tu/Jiv/19 13 685 ¢u00 1561 9.6 Y] 369 8.175 «30 V.030 1.400 0.020K 0.01v
13 55 0029 15. 2 L -] 3o7 BeT7 3485 0.030 1.100 0.029K 0.014
¢ L5605 32217 v 031l
DATE TIME OePTH PnOS=TOT  C(rbl=RkrYL  EINCOT LT
FRUV OF a REMNING
T0 vaY FekT MG/L P uG/L FerCenT
74706725 1S 65 2090 ve022 23.9
15 65 ¢0US C.02«
15 05 001> J.027
15 0S5 Gu2d $.037
TarsnT71t Y3 060 HOLO [Ty 12,2
Is €3 w03 veGuy)
15 0C 029 C.000
Ta/u9/719 13 55 0000 9.02> 1va7
13 &3 000h 5C.0
13 55 uo13l S.0
13 53 vdey (o024 1ed

K VALUE KNOwWN TO BE
LESS THAN INDICATED



aT3=r7 wREVTWRIEvaAL o&fc 72/11/2H
40}l102
45 44 15,0 (97 15 00.6C
LNEMY SwM LAKE
“b SYUTr yARUIT A
L1IEPALES 2111292
3 0016 FEET DEPTr
02512 JA3e0 C2377 [N T 00400 00410 00010 00625 00630 00671
L TI F °Z2TH wATER 20 TrANSE ChDUCivry PH T ALK NH3=N TuT KJEL NO2anN0O3 PROS-UIS
Fau OF TEMP SECCrI FIELY Ccacol TOT AL N N=TOTatL URTRHO
To Dar FeIT Ce .t MG/L InNCHES MICRUMAD Su MG/L MOG/L ML/L MG/L MG/L P
7707711 1 35 4000 26.c 1.2 wg S46 8.30 2170 0.040 1.000 0.040 0.014
I« 35 00uS 2642 bed Sub 8480 262 0.050 0.900 0,060 0.016
i 15 001}e 244u 7.0 S4S 8.40 256 Ue030 0.900 0.060 0,028
74709719 14 12 0000 1S.4 Q.6 “3 375 Be73 395 0.020 1.100 0.02UK 0,008
ls jJ2 €Ol 15.2 A.b 371 8.73 @10 0.040 3.900 0.020K 0.014
00665 32217 uJl031
OLTE TIME DEPTH PrOS-TOT CHLRPAYL INCUT 07
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K VALUE KNOWN TO BE
LESS THAN INDICATED



