




































































































































































































































































Fecal Coliform

One of the designated uses for Lake Kampeska is immersion recreation,
such as swimming. The results of fecal coliform bacteria monitoring
during the study did not indicate a concern for public health. In-lake
fecal coliform concentrations were negligible during the sample period,
in spite of the high concentrations found in some of the tributary
samples. The low in~lake results may be attributed to the increased
volume (dilution) of the lake.

In-lake sample results for fecal coliform bacteria never exceeded 160
MPN (most probable number of organisms) per 100 mL. The water quality
standard for Lake Kampeska is 200 MPN per 100 mL (Appendices E3 to E6).

pPH

The pH water quality standard for Lake Kampeska is the range between 6.5
and 9.0 units. The results for surface and bottom samples obtained
during the assessment period were between these standards at all times
(Figures 23 and 24, Field pH Graphs, Surface and Bottom). The median
value was approximately 8.3. This can be attributed to the carbonate
levels in the soils of the watershed being high enough to buffer the
lake. Field pH differentiates primarily in the late winter months as in
February, 1992 and January, 1993. Field pH dropped lower at these times
than during representative warm and cold water months.
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Total Suspended Solids

Suspended solids impair water clarity and aesthetic appearance. As can
be seen from a comparison of Figures 25, 26, and 27, the total suspended
solids levels reflect Secchi disk measurements. Higher suspended solids
concentrations result in decreased depths for Secchi disk measurements.
It was found that high suspended solids and decreased clarity generally
followed periods of sustained wind. Increased Secchi depths during
winter months are partially the result of ice cover, which negates the
effect of the wind.

The levels of suspended solids also fluctuated with periods of lake
mixing in the spring and fall, and with periods of stratification in
depths greater than 12.5 feet (3.8 m), which occur in winter and summer.
Suspended solids concentrations fluctuated the most at the surface
(Figure 25). However, even the higher concentrations pose little direct
threat to fish populations in the 1lake. Fish can be impaired by
concentrations greater than 90 mg/L. The relatively 1low suspended
solids concentrations in the lake seem to suggest that sediment loads
into the lake settle out of the water column qulckly, trapping nutrients
in the bottom sediment until physical re-suspension.

Seasonal trends are apparent for total suspended solids only in the
differentiation of winter versus warm water months. During the winter
months suspended solids concentrations drop, and during warm water
months the concentrations fluctuate, but stay consistently higher than
the cold water months of November to February.
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Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen (TKN) is used to measure organic nitrogen, which
is total organic nitrogen plus ammonia. TKN levels were not
significantly different for the three sampling sites, although bottom
sample results were higher later in the year (Tables E2, E4, and ES6,
Appendix E). These higher levels may be the result of organic nitrogen
being released from large quantities of decaying organic matter.

Total Phosphorus

Phosphorus is a nutrient that is required for the growth and maintenance
of living things. In lakes, excessive levels of phosphorus can cause
nuisance algal blooms which interfere with recreational activities and
drinking water treatment processes. Extensive algal blooms decrease the
aesthetic appeal of lakes.

The phosphorus levels in Lake Kampeska were on a steady rise during the
sample period from October, 1991, to March, 1993. However, the last
sample results in May, 1993, showed a distinct downward trend (Figure
28, Phosphorus Graph, Surface and Bottom). The parallel trends and
concentration similarities between the surface and bottom samples
indicate a uniform distribution of phosphorus throughout the water
column. This allows easy assimilation by the biota of the lake, and is
an indication that the lake is nitrogen limited (nitrogen is the
"critical" nutrient which is in short supply for sustained plant
growth). The nitrogen to phosphorus ratio also shows that the lake may
be nitrogen limited (Table 17, Carlson Index and N to P Ratio Summary,
Page 81). Nitrogen/phosphorus ratios of 1less than 10.0 generally
indicate that a lake is nitrogen limited.

In-lake levels of phosphorus greater than 0.02 mg/L can stimulate the
growth of most types of green and blue-green algae (Wetzel, 1983). The
total phosphorus sample results generally ranged between 0.4 mg/L and
0.7 mg/L, which greatly exceeds the 0.02 mg/L level. Hypereutrophic
levels of phosphorus lead to frequent and extensive algal blooms, which
result in lowered water clarity and decreased aesthetic appeal. The
City of Watertown’s lake drinking water treatment plant is often closed
for several weeks during the year due to algal blooms in late summer.

Total phosphate levels do not appear to have seasonal trends based upon
examination of data collected between October, 1991 and April, 1993.
The in-lake trend appeared to be a steady rise during the sample period
except for a drop occurring in the last samples taken (May, 1993). No
further samples were taken to support these results.

Total Dissolved Phosphorus
The minimum in-lake level for total dissolved phosphorus, or potentially

available phosphorus, was 0.272 mg/L for the bottom sample at Site 9 on
April 15, 1992. Samples taken from October, 1992, to March, 1993,
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showed total dissolved phosphorus concentrations ranging from 0.564 mg/L
to 0.797 mg/L (Appendix E). These levels of phosphorus are 28 to 40
times the amount required for optimum growth of many algal species
(Wetzel, 1983). The percentage of available phosphorus compared to
total phosphorus at the in-lake sites generally ranged from 80% to 90%.
This indicates that the phosphorus in the lake is readily available for
uptake by algae and other aquatic plants.

The percentage of available phosphorus compared to total phosphorus for
the tributary monitoring site results generally ranged from 40% to 60%.
Therefore, the percentage of available phosphorus is greater in the lake
than in the tributaries. This may indicate that phosphorus is being
released from the sediment. The comparative results of available
phosphorus between the tributaries (40% to 60%) and the lake (80% to
90%) seem to indicate that much of the phosphorus entering the lake is
sorbed onto sediment particles. The sediment particles settle to the
bottom of the lake, where phosphorus is released by re-suspension or low
oxygen levels. Although low oxygen levels were not found at the lake
bottom on a consistent basis, this may have been a result of the
dissolved oxygen probe not always being directly in the water/sediment
interface. All of these factors account for the higher available
(dissolved) phosphorus levels in the lake, and the subsequent problem of
extensive algal blooms.

Trophic State Index

Carlson’s Trophic State Index (TSI) is an indicator which can be used to
measure relative trophic state of a given body of water (EPA, 1990).
The Carlson Index was used to determine the trophic status of Lake
Kampeska using both Secchi disk measurements and phosphorus
concentrations (Figure 29 and Table 17). The Carlson Index uses TSI
levels of 65 and over to denote hypereutrophic bodies of water. Lake
Kampeska exceeded the hypereutrophic level on 70 of 100 samples using
the Secchi disk index, and on 100 of 100 samples using the phosphorus
index. The low TSI results for Secchi disk measurements occurred during
the late winter and early spring (December, 1992 to March, 1993), with
only the May 3, 1993, reading occurring without ice cover. The low
Secchi disk TSI for May, 1993, also parallels a drop in the phosphorus
TSI for that date. However, the phosphorus index level only drops from
99 to 94. These fluctuations coincide with improved water quality in
Lake Kampeska during the late winter and early spring, before ice out
(Table 17, TSI Summary).
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Table 17. Carlson Index (TSI) and Nitrogen/Phosphorus Ratio Summaries

. SITE 6 (SOUTHWEST) SURACE NIMR. SITE 10 (MIDDLE) BOTTOM NITR.
PHOS. PHOS.
DATE TIME SITE SDISK  TPO4 RATIO DATE TIME SITE SDISK TPO4 RATIO
TS TSl TSt TSI
10/07/81 800 9 ” o5 1.1 10/07/81 1030 10 77 85 13
02/19/82 1200 8 80 es 1.8 02/19/82 1100 10 57 84 1.2
03/24/82 1200 © 87 82 1.3 03/24/82 1300 10 68 08 0.8
‘\ 04/15/82 1100 9 n 02 1.1 04/15/82 1145 10 71 94 1.2
04/28/82 1000 9 ” 83 0.5 04/29/82 1045 10 7 83 0.7
05/12/82 1000 9 7 o4 1.7 05/12/82 1045 10 80 a3 1.6
05/26/82 1215 @ 7 a3 1.2 05/26/82 1245 10 72 84 21
06/08/862 1130 © 74 o4 1.0 06/098/82 1230 10 73 84 1.8
06/23/82 800 8 7 o4 13 06/23/02 830 10 71 3 1.2
07/08/62 830 © 72 o4 1.2 07/08/92 830 10 7 o4 1.0
07/21/82 1245 © 87 04 2.1 07/21/82 1315 10 67 -] 1.3
08/04/82 1145 8 [al 103 11 08/04/82 1110 10 71 28 1.3
‘t\ og/e6/m2 1118 9 4l o8 1.2 08/26/82 1215 10 7 96 1.0
08/10/82 1030 ¢ % a7 12 08/10/02 1100 10 75 7 1.2
08/22/82 1315 8 7 87 0.5 09/22/82 1345 10 K4l 97 0.8
10/06/2 830 © 71 o8 1.4 10/06/92 200 10 7 88 14
12/30/62 1000 © 61 a7 11 12/30/82 1100 10 42 - 14 0.9
01/14/83 1100 8 81 28 18 01/14/83 1300 10 61 88 1.1
03/04/83 1400 8 54 08 1.2 03/04/83 1430 10 57 o9 1.3
05/03/83 1630 9 58 83 19 05/03/83 1545 10 58 84 1.8
)
SITE 8 (SOUTHW BOTTOM) NITR. SITE 11 (NORTHEAST) SURFACE NITR.
PHOS. PHOS.
DATE TIME SITE SDISK  TPO4 RATIO DATE TIME SITE SDISK TPO4 RATIO
T8I TS! TSt TSl
10/07/81 800 77 o] 1.1 10/07/91 1030 1 k44 95 1.0
02/19/82 1200 © 60 94 13 02/18/82 1000 1" 59 87 27
. 03/24/62 1200 O 87 83 13 03/24/92 1400 11 82 a3 11
04/15/92 1100 8 7 80 13 04/15/82 1215 1 n 83 1.1
04/28/92 1000 © 7 83 0.8 04/28/82 15 1" 7 a3 0.5
05/12/82 1000 @ 77 04 1.3 05/12/82 118 1t 80 82 14
05/26/92 1215 @ Il 84 1.3 05/26/82 1315 1 7t 93 1.3
06/08/82 1130 © 74 85 0.8 06/08/82 1330 2] 73 84 1.3
06/23/92 800 © n 084 1.1 06/23/82 800 11 ral 23 1.6
Qv/08/82 830 9 72 84 1.0 07/08/82 830 1 71 a3 1.5
07/21/82 1245 9 67 96 1.3 07/21/82 1330 11 87 95 1.2
. 08/04/92 1145 9 Il 26 1.1 08/04/92 1035 1 77 85 1.6
08/26/92 1115 9 71 96 1.7 08/26/92 1215 1 70 85 0.2
09/10/82 1030 9 75 97 1.0 09/10/92 1120 11 77 86 1.4
08/22/82 1315 © 72 87 1.2 08/22/92 1415 1 7 87 0.4
10/06/62 830 © kAl 88 0.8 10/08/92 830 1 71 97 1.8
12/30/92 1011 @ 61 a8 0.8 12/30/82 12 1 81 98 0.8
01/14/83 1100 ® 81 88 11 01/14/83 1400 1 87 88 1.3
03/04/83 1400 © 54 -] 1.1 03/04/93 1530 " 55 28 1.7
05/03/83 1630 9 59 84 20 05/03/83 1445 11 57 93 21
LAKE KAMPESKA IN-LAKE SAMPLE DATA, 1891-1993
SITE 10 (MIDDLE) SURFACE NITR. SITE 11 (NORTH BOTTOM) NITR.
PHOS. PHOS.
DATE TIME SITE SDISK  TPO4 RATIO DATE TIME SITE SDisK TPO4 RATIO
TSl Tsi TSt TS
. 10/07/91 1030 10 77 5 1.4 10/07/81 1100 11 77 85 1.3
02/19/82 1100 10 57 75 5.2 02/19/82 1000 1" 59 94 1.5
-y 03/24/82 1300 10 86 N 20 03/24/82 1400 11 62 23 1.0
E 04/15/02 1145 10 n a3 0.8 04/15/82 1215 1 n a2 12
f\ 04/20/92 1045 10 77 84 0.8 04/29/82 1115 1 77 84 0e
‘ 05/12/82 1045 10 80 94 1.1 05/12/62 1115 11 80 82 1.3
] 05/26/82 1245 10 72 a3 1.3 05/26/82 1315 1 kAl 84 13
3 08/08/82 1230 10 73 84 1.1 08/08/82 1330 11 n 84 10
{ 06/23/82 830 10 4l 83 1.2 08/23/82 200 1 kal a3 1.5
% 07/09/82 800 10 71 84 1.2 07/08/92 830 1" kAl 84 1.0
07/21/82 1315 10 87 84 1.3 07/21/82 1330 11 67 84 16
08/04/92 1110 10 n 85 14 08/04/¢2 1035 1 7 84 20
08/26/82 1215 10 7t 26 1.2 08/26/62 1245 11 70 -] 1.2
09/10/82 1100 10 75 97 1.0 08/10/92 1120 1" 77 87 0.8
08/22/62 1345 10 n 87 0.5 08/22/62 1415 11 71 o7 1.4
10/06/82 800 10 7 08 0.2 10/06/82 1200 1 ksl a8 0.8
B 12/30/92 110 10 42 97 0.9 12/30/92 1230 1" 61 88 [ X-]
01/14/83 1300 10 61 28 1.3 01/14/83 1400 1" 67 a8 1.1
03/04/83 1430 10 57 09 1.7 03/04/93 1530 1" 55 a9 14
05/03/63 1545 10 59 a3 1.9 05/03/83 1445 11 57 04 23
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Quality Assurance/Quality control

Quality assurance/quality control (QA/QC) monitoring was conducted in
accordance with methods set forth in "Standard Operating Procedures For
Field Samplers" (SD DENR, Clean Lakes Program, 1992). Three different
samples were to be taken: 1) field duplicate, 2) blank (distilled
water), and 3) phosphorus spike. These samples were submitted to the
South Dakota State Health Laboratory for analysis, together with the
routine samples.

Blank samples were obtained from commercial distilled water sources.
The results obtained for the blank samples (Table 18) basically
represent the detection limits of the laboratory equipment. Smaller
detection limits could be obtained for some parameters such as nitrate
nitrogen, but this would increase the time for analysis, and increase
the cost for test results.

The overall accuracy for field duplicate samples was 92%. This is a
very high rate of accuracy, and indicates good quality assurance
procedures for field sampling and laboratory procedures. These results
indicate no need for changes in sampling or analysis techniques.

The differences in the phosphorus spike results may have resulted from
the inaccuracy of available field measurement equipment. These
differences do not correlate to the overall accuracy of 92% for the
duplicate samples. Similar inaccuracies were found for phosphorus spike
results in other projects. For this reason, the phosphorus spike
analyses were discontinued in this and other projects.

QA/QC sample results in Table 18 that are underlined exceeded EPA
holding time requirements. Recommended holding times were exceeded for
only two parameters (TKN-N and TPO4) on one set of duplicate samples

(10/7/91). This minor exception indicates excellent compliance with
holding time requirements, and noc need for changes in either sample

shipping or laboratory handling procedures.

82




[ ‘oWl BUIP|oy Yd5 8Ul POPeadXe oABY SUOREBIUeOUOD peuliepun ]

2560 30VAHNS GVHO P £6/81/90
610 1€60 3OV4HNS 8WVHD S-HAVM £6/81/90
€600 3OV4HNS 8VHD PNWA 26/£2/%0
9810 620 3OV4UNS BYYD SHNWH 26/£2/v0
98'0 WOLLo8 avdD LINWI 26/v2/e0
¥220  ¥£9°0  WOLILOH GVHO S-LIAWM 26/v2/€0
16’0 WOLLOS 8vdD  LIAWM 26/61/20
2620 6610  NOLIOS 8YHD S-ILAWY 26/61/20
/Bw )/Bw
JON3H34HIQ dPOdL HLId3A dWNVS  3US  3WIL a1va
DS SNHOHISOHd-
20 650 €L 10 0000 200 ¥ 69 € oL 02 6. 9l €9l  IOV4HNS aVHOD PNV £6/60/50
9i1'0 9910 I} 'O #b0000 200 8 Wb 6 I92 02 6L 9l €9l  3OVIHNS EVHO H-PNWY £6/60/50
6610 2060 812 '} ©I0000 800 02 =28 202 IO} 08 gL vy € 30V4HNS 8VHO YW £6/0€/€0
9610 SOE0 Sk 2 210000 200 9L 98k 202 OOL 09 TL vy € 30V4HNS 8VHOD H-YWWN €6/0E/€0
8960 1290 80 1'0 261000 200 9l £ 6L 88 68 pI2 09l v8 vl St NOLLO8 8VHO  LLAWM 26/22/60
¥SS0 290 L0 40 621000 200 9l ] 12 69€ 06E 8I2 00l v8 ¥ St WNOLIOS 8VHD H-I AW 26/22/60
9910 2660 821 €0 S9LO0  SIO [ 8l €9 S22 88E 9SI £€8 I'62 202 30V4HNS avdo  bINVM £6/81/90
g9G1'0 6E€0 €0 S1'0 S9LI00  SIO 8c ¥¢ 29 g2c 188 SSI 00£2 €8 1's2 202 30V4HNS 8VHO H-bWWM £6/81/80
200 €600 620 10  €S0000 200 v oL L o4 o8y 262 ol v8  g¢ v 3OV4HNS avdo bW 26/£2/0
2200 €110 680 1’0  €S0000 200 9 6 SL  LUbv 2eb 682 oL ve g¢ Lt 30V4HNS avdo W-PAW 26/c2/v0
20¥0 8SY'0 960 1’0 SE0000 2070 0L e SE 602 2 28 St € WOLLO8 8VHD LIAW 26/v2/€0
SOF'0 8bY0 b0 1’0 SE0000 200 0L e vSE 802 2 28 St € WOLLO8 8VHO Y-1LLAWI 26/2/e0
G6€'0 16V'0 S90 10 210000 200 0 2 L 200 e0b 9f£2 2 6L v WOLL08 8vdD LAWY 26/61/20
82’0 89Y0 Z¥0 10 210000 200 b L 8 G6E €0v 852 4 6L v NOLLIO8 8VHO H- LAV 26/61/20
b0 6260 L0 'O 120000 200 2L ek 09 2L ot 1'g 8 #6  30V4HNS GVHOD L1 WWM 16/20/0}
0 140 €€0 10 120000 200 ¥l €9€ WLE L 0S 1’8 8 ¥6  3J0V4HNS GVHO H-LLNWYN 16/L0/0}
yBw Bw Bw  bw 1/Bw yfow yBw  Bw Bw Bw |Bw Bw  JN00L
0Odal +Odl N-NML 2+EON NOWWY NOWWVY 10SXId OSTOA OSSL 0OSAL TOSLIVITVL HOJNOD Hdd dW3L'V dW3L'M  HLd3d dWVS 3US  3JNIL ai1va
Q3ZINOINN O34
-31Vordna a13id-
G000 €100 110 1'0  8EY0000 200 2 91 8 v ot 6L 9ot €94  30VJHNS avHD 8-vWWI £6/60/S0
100 100 V0 1'0  Soavv'e 2000 ] 0 0 et ot 2L € J0V4HNS 8VHD  g-vINWA £6/0€/€0
S00'0 S000 10 1'0  YPEI000 200 v i S () () 82 ol 8 bl St WOLLOS 8VHO 8-) AWM 26/22/60
G000 S000 10 1'0  €£2000 €00 1 € v v 8 ] ot €8 1'62 202 30V4HNS 8YHO 8-+WWI £6/81/90
S000 S000 0 1’0 2650000 200 (] 9 9 8 ¥ 8l oL ve g€ Ly  30V4HNS avdo  a-vWw 26/€2/%0
G000 S000 10 1'0  9YE0000 200 2 8 0 2e A 28 SV € WOLIO8 8vdD 8-LLINVY 26/e/e0
1000 S000 10 10 €210000 200 0 2 4 L 1k 2 2 6L b 12 WOLLOS 8YHD 8-L LNV 26/61/20
/Bw |Bw yBw  |Bw /6w /Bw Bw  ybw  Pw (Bw Bw Bw YN0/
Oddl +vOdl N-NML 2+EON NOWWY NOWWY 1OSXId OSTOA OSSL OSAL TOSLIVIIVL HOSMOO Hdd dW3L'V dW3L'M  HLd3d dAVS 3US  3WIL 3iva
G3ZINOINN o3
4 INVIg-

WISIdWYH IMVT HO4 TOHINOO ALITVYND/AONVHNSSY ALNMVYND'T 31avl

® ® ® @ 9 9 B Y ° Y 1

83



SEDIMENT SURVEY AND SAMPLING

Sediment Surve

During the winters of 1989-1990 and 1990-1991 the Kampeska Chapter of
the Izaak Walton League organized a labor intensive study to determine
the build-up of sediment in Lake Kampeska. Over the two-winter period,
the project entailed the efforts of 70 individuals and included over
1400 hours of labor and equipment.

A grid system of sample sites every 300 feet was surveyed and measured
on the entire lake. A total of 2,214 holes were drilled through the
ice. The water and sediment depths were measured and recorded at each
hole.

Due to 1limitations in measuring equipment, the combined depth
measurement of water and sediment did not exceed 25 feet. Consequently,
the bottom of the sediment could not be reached in 1504, or 68%, of the
measurements. A summary of all the measurements is shown below:

Water Depths in Feet
4 5 6 7 8 9 10 11 12 13 14 15 16
No. of measurements 2 20 84 70 117 124 91 96 99 620 647 222 22
Ave. sedt. depths(ft.) 0 0 0 o 0 .5 .2 .6 2.5 11.2 9.1 9.1 5.1

From this summary, it can be seen that the majority of the sediment is
in the deeper portions of the lake, beginning at about 12 feet. Based on
this information, Lake Kampeska was apparently a much deeper lake.

Other conclusions drawn from the sediment survey include the following:

1) 36% of the 1lake volume that could be measured with the
available equipment is currently filled with sediment

82% of the lake contains measurable sediment deposits

64% of the lake has sediment deposits in excess of 9 feet
deep

wWwn
~ ~

Based on an average sediment depth of 6.9 feet (1.98 m) in the 2,214
sample sites, it has been calculated that the total sediment volume that
could be measured was 50,922,000 cubic yards. It is presumed that the
actual total volume of sediment in the lake is much greater than this
amount. Maps showing the elevations of water depths and sediment depths
are included in APPENDIX F, Lake Kampeska Sediment Survey Maps.

Sediment Sampling

Sediment and water samples were collected from Lake Kampeska at two
sites (Site 9, Southwest and Site 11, Northeast) on September 30, 1991.
The samples were submitted to the U. S. Army Corps of Engineers
Laboratory in Omaha, Nebraska, for analysis. The analyses were
conducted on the sediment sample, the lake water sample (receiving
water), and the water sample resulting from mixing of the sediment and
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lake water (elutriate water). The purpose of running these tests was to
determine if removal of sediment from the lake might cause detrimental
effects in the receiving water or in areas of sediment disposal. All of
the samples were analyzed for metals, pesticides, and other toxic
substances. In addition, the receiving water and elutriate water were
tested for hardness, nutrients, chemical oxygen demand, total cyanide,
and oil and grease. The sample results are shown in Table 19, Lake
Kampeska Elutriate Sample Data--Site 9, Southwest; and Table 20, Lake
Kampeska Elutriate Sample Data--Site 10, Northeast.

Although the sediment samples were not analyzed for nutrients, some
assumptions can be made about nutrients in the sediment by comparing
concentrations in the lake water (receiving water) with concentrations
in the elutriate water (lake water mixed with sediment). The sediment
appears to release ammonia nitrogen from bacteria decomposing organic
material, and Kjeldahl nitrogen which could be organic material not yet
decomposed. No definite assumptions can be made about nitrate-nitrite
nitrogen as there are only very small differences between the receiving
water and the elutriate water. The total phosphorus concentrations are
smaller in the elutriate water than in the receiving water. This would
tend to indicate that phosphorus is not being retained in the sediment,
but rather is being used by algae and other aquatic plants.

The main purpose of analyzing the sediment, lake water, and elutriate
water was to determine concentrations of metals, pesticides, and other
toxic substances. The results showed that the sediment, lake water, and
elutriate water did not appear to contain high concentrations of
contaminated material. The results are similar to results for other
South Dakota lakes, and indicate that adverse effects from any potential
future dredging projects should be minimal.
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Tablel9. Lake Kampeska Elutriate Samﬁle‘Data—-Sitg 9, Southwest
DEPARTHMENT OF THE ARMY
Missouri River Division, Corps of Engineers
Division Laboratory -
Omaha, Nebraska

Project: Section 22 PAS Project for South Dakota

. Date Sample Taken: 30 Sep 91 Customer Sample I1d: Lake Kampeska 9(SW)
Date Sample Received: 01 Oct 91 Lab Sample No: 911003-W001, w002, & w003
Sample Description: Water and Sediment . Sample Container: 1-1 gal wide mouth glass (sed)

Time Sample Taken: 0900 3-1 gal amber glass (water)

. _ ‘ " Receiving Elutriate
: o Sediment C .Y Mater . - Water
Analysis _Result_  Units ©. 'Result  Units  ~  Result  Units
Ca and Mg Hardness - C 1266 - mg/L 265 mg/L
Ammonia Nitrogen . 0.04 mg/L 0.20 mg/L
Chemical Oxygen Demand 14 - mg/L 22 mg/L
Total Cyanide : <0.02 mg/L <0.02  mg/L
Nitrate-Nitrite Nitrogen 0.09 mg/L 6.07 mg/t
Total Phosphorus 0.48 mg/L 0.16 mg/L
Total Kjeldahl Nitrogen 0.74 mg/L 1.2 mg/L
- 0il and Grease <5 mgst <5 mg/L
*Antimony <0.5 mg/kg : <1 po/t <1 ug/L
Arsenic 5.3 mg/kg 6 pro/L 2 Hg/t
Barium 430 mg/kg 180 ung/L 220 ug/L
Bery(lium <0.1 mg/kg . y <1.0 ug/t <1.0 ug/L
Cadmium <0.5 mg/kg <0.1 ug/L <0.1 pg/L
Chromium 56 mg/kg 6 1o/l 1 1o/t
Copper 28 mg/kg <10 ug/L <10 ng/L
Iron 31000 mg/kg 80 o ug/L - 60 pHa/L
Lead 33 mg/kg <1.0 pa/L 1.0 ug/L
Magnesium 20000 mg/kg 33 mg/L 34 mg/L
Manganese 3600 mg/kg <5 ra/t 1900 ug/L
Mercury <0.1 mg/kg <0.2 ug/L <0.2 ug/L
Selenium <1 mg/kg 1.1 prg/L 6.1 ug/L
Zinc 120 mg/kg <10 ug/L <10 ug/L
Nickel 28 mg/kg -4 ug/t 3 ug/L
Aluminum 33000 mg/kg 80 ug/L <50 ug/L
Calcium 63000 mg/ky 52 mg/L S0 mg/L
Sodium 200 mg/kg 14 mg/L 12 mg/L
Potassium 3100 mg/kg 8.1 mg/L i mg/L
Silver <1.0 mg/kg <10 ug/l <10 ug/L
Simazine {(Princep) <100 ug/ka <0.10  ua/L <0.10  pg/L
Metribuzin (Lexone) <100 ug/kg <0.10  pg/L <0.10  pg/t
Atrazine (Aatrex) <100 ug/kg 0.1 ug/L 0.14 pg/L
Aldrin <10 ug/kg <0.01  pgsL <0.01  ugsL
alpha-BHC <10 ug/kg <0.01  pg/L <0.01  pg/L
beta-BHC <10 ug/kg <0.01  pg/L <0.01  ug/L
gamma-BHC (Lindane) <10 ug/kg <0.01  pgst <0.01  pug/L
Mirex <10 ug/kg <0.01  pg/L <0.01  ug/L
Chlordane <10 pg/kg <0.01  pg/t <0.01  upg/L
P'PUDDD <10 1g/kg <6.01  pug/t <G.01  ug/t
P'P"DDE <10 ug/kg . <0.01  pug/L <0.01  pg/L
P¢PUDDT ) <10 ug/kg <0.01  ug/L <0.01 pug/L
Dieldrin <10 ug/kg .<0.01  pg/L <0.01  pg/t
Endosul fan 1 <10 ug/kg <0.01  pg/L <0.01 g/t
Propachlor (Ramrod) <100 ug/kg <0.10  ug/L <0.10  pg/L
Metotachlor (Dual) <100 19/kg 0.16  pug/L 0.14  pg/L
Alachlor (Lasso) <100 #g/kg <0.10  pug/L <0.10  ug/L
Diazinon <100 ua/kg <0.10  ug/L <0.10  pg/L
Endrin <10 ng/kg <0.01  ug/L <0.01  ug/L
Heptachlor <10 ug/kg <0.01  pug/L <0.01  ug/L
Heptachlor epoxide <10 ug/kg <0.01  ug/L <0.01  pug/L
Methoxychlor <10 ug/kg <0.01  pg/L <0.01  ug/L
Toxaphene <500 1ug/kg <0.50 ug/t <0.50 ug/L
PCB-1016 <100 ug/kg <0.10 pug/t <0.10  ug/L
PCB-1221 <100 ug/kg <0.10  pug/L <0.10  pg/L
PCB-1232 <100 1g/kg <0.10  pg/L <0.10 pg/t
PCB-1242 <100 ug/kg <0.10  pug/L <0.10  pg/L
PCB-1248 <100 #9/kg <0.10  ug/L <0.10  pg/L
PCB8-1254 <100 ug/kg <0.10 pg/L <0.10 pg/tL
PCB-1260 <100 1g9/kg <0.10  ug/L <0.01  ug/L
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Table 20. Lake Kampeska Elutrlate Sample Data--Site 10, Northeast

DEPARTMENT .OF THE ARMY

Missouri Rwer Division, Corps of Engineers
pivision Laboratory
Omaha, Nebraska

Project: Section 22 PAS Pro;ect for South Dakota

Date Sample Taken: 30 Sep 91 Customer Sample I1d: Lake Kampeska 10(NE)
Date Sample Received: 01 Oct 91 * Lab Sample No: 911003-w004, W00S, & w006

_ Sample Description: Water and sed\ment

Sample Container: 1-1 gal wide mouth glass
Time Sample Taken: 0900 L -

3-1 gal amber glass (ugter)

: . Receiving gElutriate
o Sediment . <. v - Mater Water
‘__Analysis _Result  Units . Result  Units Result  Units
Ca and Mg Hardness . .280 mg/L 286 mg/L
Ammonia Nitrogen : ) 0.04 mg/L 0.25 mg/L
Chemical Oxygen Demand 19 mg/L 26 mg/L
Total Cyanide <0.02 mg/L <0.02 mg/L
Nitrate-Nitrite Nitrogen 0.09 mg/L 0.12 mg/L
Total Phosphorus 0.48 mg/L 0.32 mg/L
Total Kjeldahl Nitrogen 0.85 mg/L i.4 mg/L
0il and Grease <5 - mg/L <5 mg/L
Antimony 1.2 mg/kg 3.5 ug/L 1.7 ng/t
Arsenic 5.1 mg/kg - S pg/L 2 g/l
Barium 450 mg/kg 170 pg/L 260 ug/L
Beryllium <0.1 mg/kg <1.0 pg/L <1.0 ug/L
Cadmium <0.5 mg/kg 0.2 pg/L 0.1 pg/L
Chromium 58 mg/kg 2 ug/t <1 ug/L
Copper 29 mg/kg <10 pg/L <10 ng/t
Iron o 30000 mg/kg 2700 pg/L . 1900 rg/L
tead 26 mg/kg <1.0 pg/L <1.0 ug/t
Magnesium 20000 mg/kg 34 mg/L 36 mg/L
Manganese 3300 mg/kg <5 ug/L 2300 pa/L
Mercury <0.1 mg/kg <0.2 ug/L <0.2 pug/L
Setenium <1 mg/kg 1.5 ug/t 1.1 ng/L
Zinc 120 mg/kg 10 ug/L <10 ug/L
Nickel 28 mg/kg 2 ug/t 3 ua/L
Aluminum 33000 mg/kg <50 pg/i <50 ug/t
Calcium 66000 mg/kg 56 mg/L 55 mg/L
Sodium 250 mg/kg M mg/L 12 mg/L
Potassium 3100 ma/kg 8.0 mg/L 1" mg/L
Silver <1.0 mg/kg <10 ug/t 10 ug/L
Simazine (Princep) <100 ug/kg <0.10 ug/L <0.10 ug/L
Metribuzin (Lexone) <100 ug/kg <0.10 ug/L <0.10 ug/L
Atrazine (Aatrex) <100 1ug/kg 0.1 ug/L 0.1 ug/L
Aldrin <10 ug/kg <0.01 g/l <0.01 pg/t
alpha-BKC <10 ug/kg <0.01 ug/L <0.01 ug/L
beta-8HC <10 ng/kg . <0.01 ug/L <0.01 ug/t
gamma-BHC (Lindane) <10 ug/kg <0.01 ug/L <0.01 ug/L
Mirex <10 ug/kg <0.01 ug/L <0.01 ug/L
Chlordane <10 ug/kg <0.01 ng/L <0.01 ug/L
P*P"DOD <10 pg/kg <0.01 ug/i <0.6%  po/L
P*P*DDE <10 ug/kg <0.01 ug/t <0.01 ug/L
PtP“DDT <10 ng/kg <0.01 ug/L <0.01 ug/L
pDieldrin <10 ug/kg <0.01 ug/L <0.01 ug/L
Endosul fan | <10 ng/kg <0.01 u9/tL <0.01 ug/t
Propachlor (Ramrod) <100 ug/kg <0.10 pug/L <0.10  pug/tL
Metolachlor (Dual) <100 ug/kg . 0.16 pug/L 0.16 ug/lL
Alachlor (Lasso) <100 ung/kg . <0.10 png/L <0.10 ug/L
Diazinon <100 ug/kg <0.10 ug/L <0.10 ug/t
Endrin <10 ng/kg <0.01 png/L <0.01 ug/t
Heptachlor <10 ug/kg <0.01 ug/L <0.01 u#g/t
Heptachlor epoxide <10 ug/kg <0.01 ug/L <0.01 pg/L
Methoxychlor <10 rg/kg <0.01 ug/L <0_01 ug/L
Toxaphene <500 wg/kg <0.50 ug/L <0.50 ug/L
PCB-1016 <100 1g/kg <0.10  pg/L <0.10  pg/L
PCB-1221 <100 rg/kg <0.10  ug/L <0.10  ug/t
PCB-1232 <100 ug/kg <0.10  pg/L <0.10  ug/t
PCB-1242 <100 1g/kg <0.10  pg/L <0.10  pg/L
PCB- 1248 <100 pg/kg <0.10 rg/sL <Q0.10 ug/L
PCB- 1254 <100 ug/kg <0.10  ug/l <0.10  pug/tL
PCB- 1260 <100 1g/kg <0.10  pg/t <0.10  ug/L
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BIOLOGICAL RESOURCES AND ECOLOGICAL RELATIONSHIPS

Plants

Lake Kampeska is located in the Coteau des Prairies division of the
Central Lowlands physiographic province. The flora of the region is
characterized as Eastern Deciduous and Tall Grass Prairie. Although
substantial amounts of grassland still occur west of the Missouri River,
the Tall Grass Prairie in the eastern part of South Dakota has largely
been plowed and its potholes drained so that very few remnants remain.
The prairie remnants that remain are either heavily overgrazed or so
disturbed that only indicator species can be found (Van Bruggen, 1976).

Trees, shrubs, and aquatic plants considered typical of the Eastern
Deciduous Region are 1listed in Table 21, Representative Listing of
Trees, Shrubs, and Agquatic Plants Characteristic of the Eastern
Deciduous Region. In addition to these typical vegetative types,
several relatively rare plants are found in the Lake Kampeska area. A
listing of these rare plants is included in Table 22, List of Rare
Plants in the Lake Kampeska Reglon.

Several State and Federal endangered or threatened spec1es are present
in the Lake Kampeska region. These species are listed in Table 23,
State and Federal Endangered or Threatened Species in the Lake Kampeska
Region.
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Table 21. Representative listing of trees, shrubs, and aquatic plants
characteristic of the Eastern Deciduous region.

@

9

Acer saccharum
Sugar Maple

Amelanchler sanguinea
serviceberry

Celtis occidentals
Hackberry

Corylus americana
American Hazelnut

Euonymous atropurpurea
Burning - bush

Gymnocladus dioca
Kentucky coffee tree

Juglans nigra
Black Walnut

Ostrya virginiana
Ironwood

Anemone gquingquefolia
Wood Anemone

Arabis canadensis
Rockcress

Asarum canadense
Wild Ginger

Caulophyllum thalictroldes

Blue Conosh

Cystopteris bulbifera
Bulblet Bladder Fern

Ervthronium albidum
Glacier Lily

Hystrix patula
Bottlebrush Grass

Prunus americana
American plum

Quercus macrocarpa
Bur Oak

Rhamnus lanceolata
Buck thorn

Ribes cynosbatl
Prickly Gooseberry

Tilia americana
Basswood

Ulmus thomasil
Rock Elnm

Viburnum lentago
Sweet Viburnum

Viburnum rafinesqulanum
Downy Arrow-wood

Prenanthes alba
White Rattlesnake Root

Solidago flexicaulis
Goldenrod

Trillium_ cernum
Nodding Trillium

Trillium nixale
Snow Trillium

Uvularla grandiflora
Small-Flowered Bellwort

Geranium maculatun
Geranium
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Table 21 continued

AQUATIC PILANTS

Alisma plantago-aguatica Potamogeton pectinatus
Water Plantain Sago Pondweed

Cicuta maculata Sagittaria cuneata
Water Hemlock Arrowhead

Cyperus ferruginescens Scirpus validus
Galingale Bullrush

Eleocharis macrostachya Sparganium eurycarpum
Spike Rush Bur Reed

Equisetum hyemale Typha angqustifolia
Horsetail Cattail

Juncus dudleyi Typha latifolia

Rush Cattail

Lemna minor Utricularia vulgaris
Duckweed Bladderwort

Potemogeton nodosus
Pondweed

Van Bruggen, 1976

90



Table 22. List of Rare Plants in the Lake Kampeska Region.

Acer saccharum
Sugar Maple

Acorus americanus
Sweetflag

Anemone guinquefolia
Wood anemone

Aralia racemosa
Spikenard

Asarum_ canadense
Wild Ginger

Aster borealis
Rush Aster

Aster umbellatus‘
Flattop Aster

Cacalla plantaginea
Indian Plantain

Carex capillaris
Hair Sedge

Carex lacustris
Lake Sedge

Carex pedunculata
Peduncled Sedge

Caulophyllum thalictroides

Blue Cohosh

Corallorhiza trifida
Pale Coral-root

Cypripedium candidum
White Lady-slipper

Dentaria laciniata
Toothwart

Gentiana puberulenta
Downy Gentian

Gentianopsis procera
Small Fringed Gentian

Geranium maculatum
Wild Cranesbill

Hystrix patula
Bottlebrush Grass

Juncus articulatus
Jointed Rush

Lactula floridana
Florida Lettuce

Leersia virginica
Virginia cutgrass

Najas marina
Water Nymph

Populus balsamifera
Balsam Poplar

Potamogeton amplifolius

Largeleaf Pondweed

Prenanthes alba
White Rattlesnake Root

Salix humills
Prairie Willow

Sparganium chlorocarpum

Green-fruited Bur Reed

Spiraea_alba
Meadow Sweet

Spiranthes magnicamporum

Nodding Ladies Tresses

Trillium cernuum
Nodding Trillium

Trillium flexipes
Declining Trillium

Uvularia grandiflora
Large-flowered Bellwort

Zizania aquatica
Wild Rice

91



Table 23. State and Federal Endangered or Threatened Species in the
Lake Kampeska Region.

NAME

Plantanthera leudophaea
Prairie Fringed Orchid

Hesperia dacotae
Dakota Skipper Butterfly

Falco peregrinus
Peregrine Falcon

Grus americana
Whooping Crane

Hallaeetus leucocephalus
Bald Eagle

Umbra limi
Central Mudminnow

Percopsis omiscomaycus
Troutperch

Storeria dekayl
Texas Brown Snake

Storeria occipitomaculata

Redbelly Snake

STATUS

Federal Candidate Species

Federal Candidate Species

Federal, State Endangered

Federal, State Endangered

Federal, State Endangered

State Endangered

State Threatened

State Threatened

State Threatened

Houtcooper, et. al. 1985
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Animals

The animal species of the Lake Kampeska region are quite diverse because
of the intermixing of the Eastern Deciduous habitat with the Tall Grass
Prairie habitat. Game animals and birds managed by the South Dakota
Department of Game, Fish and Parks and their relative densities are
listed in Table 24, Relative Densities of Game Species in the Lake
Kampeska Region.

In addition to game species, the Lake Kampeska region supports many non-
game and/or rare species. These species, which are sensitive to habitat
changes or other disturbances, are listed in Table 25, Non-Game and Rare
Species in the Lake Kampeska Region.

Table 26, Non-Game and Rare Species Potentially Occurring in the Lake
Kampeska Region, lists other species that could potentially occur in the
Lake Kampeska area, but have not been confirmed. In addition to the
species 1listed previously, the habitat surrounding Lake Kampeska
supports a large variety of other animals, plants, and birds common to
both the Eastern Deciduous and Tall Grass Prairie biomes.

Table 24. Relative Densities of Game Species in the Lake Kampeska Region

SPECIES RETATTIVE DENSITY

White-tail deer

medium-high

Mule deer very low
Antelope very low
Wild turkey very low
Sharp-tailed grouse very low
Ring-necked pheasant medium
Gray partridge medium-high
Ducks (native) medium
Geese (native Canada) medium
Mourning dove low
Cottontail rabbit medium
Tree squirrel high
Mink high
Beaver high
Muskrat low
Skunks low
Weasels medium
Badger low
Coyote medium-low
Foxes medium
Raccoon high
Jackrabbits medium

South Dakota Department of Game, Fish and Parks
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Table 25. Non-Game and Rare Species in the Lake Kampeska Region.

Accipiter cooperi Opheodrys vernalis
Cooper’s Hawk Western Smooth Green Snake
Culaea inconstans Tamias striatus

Brook Stickleback Eastern Chipmunk

Hyla versicolor
Gray Treefrog

Midwest Research Institute, 1974.
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Table 26. Non-game and Rare Species Potentially Occurring in the Lake
Kampeska Region.

Amia calva Nycticorax violaceus
Bowfin Yellow-Crowned Night Heron
Buteo platypterus Podiceps grisegena
Broad-Winged Hawk Horned Grebe
Butorides striatus Podiceps grisegena
Green-Backed Heron Red-Necked Grebe
Charadrius melodus Rana sylvatica

Piping Plover Wood Frog
Clethrionomys gapperi Scolopax minor
Gapper’s Red-Backed Vole American Woodcock
Egretta caerula Sialla sialis

Little Blue Heron Eastern Bluebird
Hiodon tergisus Sorex arcticus
Mooneye Arctic Shrew

Larsus californicus Sorex palustris
California Gull Water Shrew
Lophodytes cucullatus Sterna hirundo

Hooded Merganser Common Tern
Microsorex hovl Vireo flayltrons
Pygmy Shrew Yellow-Throated Vireo
Moxostoma erythrurum Zapus princeps

Golden Redhorse Western Jumping Mouse

Necturus maculosus
Mudpuppy

Midwest Research Institute, 1974
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SUMMARY AND CONCLUSIONS

In summary, many factors are contributing to the degradation of water
quality in Lake Kampeska. According to the watershed analysis, the
Upper Big Sioux River subwatershed is contributing the greatest loads of
suspended solids. However, because of its distance from the lake, it is
not recommended as a top priority subwatershed for restoration efforts.
The watershed analysis also indicated high loadings of suspended solids
from the Mud Creek subwatershed. Nevertheless, the majority of the time
these loadings do not enter Lake Kampeska. For this reason, the Mud
Creek subwatershed is given very low priority for implementation of
restoration measures. The subwatersheds recommended as highest
priorities for a Phase II restoration project, based on the results of
the watershed analysis are as follows:

1) Middle Sioux, 2) Soo Creek, 3) Indian River 4) Mahoney
Creek, and 5) Upper Sioux.

The results of the water quality monitoring program support the findings
of the watershed analysis. The Middle Sioux subwatershed, which
included flows from Mahoney Creek, Soo Creek, and Indian River, was
found to have the highest loadings of sediment and nutrients. The Mud
Creek subwatershed was found to have the second highest loadings, but
again is not considered a top priority because the majority of the time
the flow from this creek does not reach Lake Kampeska. The Upper Sioux
subwatershed was found to have the next highest loadings of sediment and
nutrients. Therefore, based on the results of the water quality
monitoring program, the subwatershed areas would be ranked as follows
for restoration efforts:

1) Middle Sioux subwatershed (including Mahoney Creek, Soo Creek,
and Indian River), and
2) Upper Sioux subwatershed.

The water sample results indicated that the total sediment loading to
Lake Kampeska is contributing greatly to the sedimentation of the lake.
The results of the sediment sampling survey bear witness to this fact.

The results of aerial and onsite surveys of the watershed indicated that
there are numerous feedlots distributed throughout the watershed. These
livestock feeding operations are contributing significant loadings of
sediment and nutrients to Lake Kampeska.

A survey of the lake shoreline showed that in spite of past efforts,
there are still numerous areas of moderate to severe erosion. These
areas of erosion are directly contributing to siltation in the lake.

The in-lake monitoring program determined that Lake Kampeska is in a
hypereutrophic condition. Continued high loadings of sediment and
nutrients to the lake will contribute greatly to the ongoing
eutrophication process.
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RESTORATION PRACTICES

The

following 1list contains practices for consideration in the

restoration of Lake Kampeska and the Big Sioux River watershed:

1)

2)

3)

4)

5)

Lake Shoreline Stabilization/Management

This practice would focus on the Immediate  Kampeska
subwatershed. It would consist of rip-rapping and stabilization of
the highly erodible shoreline areas. Emphasis would also be placed
upon shoreline property owner education in the use and application
of fertilizers and pesticides, as well as the proper management of
construction site runoff and waste materials.

Construction of Small Ponds/Dams

This practice would involve the installation of small dams on
tributaries in the watershed. The resulting ponds (two- to three-
acre impoundments) would help control flood waters, and decrease
the sedimentation of the lake basin.

Grassed Waterways

A practice to control erosion from cropland is the installation of
waterways in cropland fields. These waterways would decrease sheet
and rill erosion, and help to retain sediment.

Filter Strips/Grass Seedings

The planting of permanent grass or grass/alfalfa mixtures in
cropland areas adjacent to the Big Sioux River and its tributaries
would reduce sediment loadings from the watershed. This best
management practice would be implemented through programs available
from the ASCS; SCS; South Dakota Game, Fish and Parks; and South
Dakota Department of Agriculture, Division of Forestry.

Animal Waste Management Systems

A best management practice to control the runoff from livestock
feeding areas 1is the construction of animal waste management
systems. Other alternatives may include diversions of clean water
away from livestock feeding areas, or planting of vegetative buffer
strips between feeding areas and receiving waters.
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6)

7)

8)

9)

10)

Streambank Stabilization/Riparian Area Management

Implementation of grazing management on pastureland and rangeland
is a conservation practice that would stabilize streambanks and
improve the management of riparian areas. This practice would
include rotational grazing and offsite water development (dugouts
or wells). Canoe trips down the Big Sioux River in May, 1993,
revealed many areas that have severe streambank erosion. (See
Figure 30 at the end of this section of the report.) Areas of
extreme sheet and rill erosion were observed adjacent to the river.

Information and Education Program to Promote Best Management

Practices

An information and education program should be started to promote
best management practices in priority subwatersheds. This would
involve promotion of practices such as Integrated Crop Management,
which includes fertilizer and pesticide management, as well as crop
residue management.

Wetland Restoration/Creation

Through the implementation of these practices, wetlands that have
been partially drained and farmed would be restored. Other areas
would be investigated in priority subwatersheds for the creation of
new wetlands. These restored and newly created wetlands would act
as sediment sinks and nutrient filters.

Conservation Reserve Program (CRP)

No CRP program signup was announced for 1993. If a signup is
announced, it will be for 1994 contracts. The bidding system has
changed to be competitive nationwide based on environmental
benefits. The CRP program should be utilized to the fullest extent
possible.

Septic System Survey

A survey of septic wastewater systems should be conducted in
priority subwatersheds to determine their impact upon the trophic
state of the lake. Also included would be landowner education in
the proper 1location and maintenance of septic tanks and
drainfields, as well as the modification of existing deficient
systems to meet current state rules for the design and function of
septic waste systems.
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11)

12)

13)

14)

Construction of Flow Control Structure

The major problem of sediment deposition in Lake Kampeska occurs
during periods of high flow, such as during flooding events.
Construction of a structure to divert flows downstream would be of
the greatest benefit in reducing loads of both sediment and
nutrients to the lake.

Selective Dredging

The sediment survey determined that the sediment volume in the
lake is in excess of 52 million cubic yards. Although total
dredging of the lake is not feasible or economical, selective
dredging in the areas of deepest sedimentation would improve
the fisheries habitat of the lake, and could potentially reduce
the release of nutrients from the bottom sediments.

Construction of Flood Control Facilities

The U.S. Army Corps of Engineers is currently conducting a
feasibility study for the construction of a flood control dam on
the Big Sioux River upstream of Lake Kampeska. Construction of
this dam, or other smaller flood control structures, would reduce
sediment loadings to Lake Kampeska.

Construction of a Lake Outlet

Lake Kampeska originally had a surface water outlet. However
this outlet was blocked off during the construction of the
Watertown Regional Airport in the 1940’s. Construction of an

outlet would decrease the hydraulic residence time in the lake, and
in turn reduce deposition of suspended nutrients and sediment.
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Photographs of Big Sioux River Streambank Erosion, May, 1993.

Figure 30.



RECOMMENDATIONS

Based on the results of the Phase I Diagnostic/Feasibility Study, the
following activities are recommended for the restoration of Lake
Kampeska and the Big Sioux River watershed:

Primary Activities

The following primary restoration activities are recommended because
they would have the most immediate impact on improvement of water
quality in Lake Kampeska and the Big Sioux River watershed, and because
of their economic feasibility.

1)

Lake Shoreline Stabilization/Management

It is recommended that 2,000 feet (609 m) of highly erodible
shoreline be rip-rapped or stabilized by other methods.
Implementation of this recommendation should begin in areas that
have moderate, moderate/severe, and severe erosion. Implementation
in areas of minor erosion should be undertaken as time and
resources permit. The estimated cost of implementing this
recommendation is $100,000 (2,000 feet of shoreline at $50 per
linear foot).

In addition to shoreline stabilization, a program of property owner
education should be implemented for residents 1living around
the lake. This education program would include information on the
following topics:

a) Fertilizer/pesticide application. Fertilizers without
phosphorus should be applied to lawns, only as needed.
Pesticides should be used for spot treatments, rather
than for application to entire lawns. Neither
fertilizers or pesticides should be applied before rain
events. Commercial companies should be instructed to
avoid the application of fertilizers and pesticides to
sidewalks or driveways, to the greatest extent possible.

b) Leaf/grass disposal. Composting of grass clippings and
leaves should be promoted. Mulching of grass should be
encouraged to leave grass clippings on lawns, which will
act as natural fertilizer. Prevention of grass
clippings, leaves, and other yard wastes from entering
the lake will reduce nutrient loadings.

c) Waste o0il disposal. Lake residents should be informed of
facilities that will accept and recycle waste oil.
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2)

3)

4)

5)

d) Construction site erosion control. Property owners
and/or contractors building new homes or other buildings
and facilities around the lake should be advised of
techniques to control erosion. The successful
implementation of this recommendation may necessitate the
strict enforcement of existing city ordinances which
require erosion control around the lake.

Construction of Small Ponds/Dams

Approximately 75 small dams need to be constructed on tributaries
in the watershed. The two- to five-acre impoundments created by
these small dams will act as sediment sinks and water retention
facilities. This can be accomplished through an existing
cooperative grant program with the U. S. Fish and Wildlife Service
and several other organizations under the local direction of the

Codington, Grant, Day, and Roberts Conservation Districts. The
cost for constructing these dams is estimated at $2,000 to $3,000
each. Therefore, the total cost of implementing this

recommendation is $150,000 to $225,000.

Grassed Waterways

It is recommended that approximately 100,000 linear feet of grassed
waterways be constructed in priority subwatersheds. At a cost of
$1.50 per foot, the total cost to complete this recommendation
would be $150,000.

Filter Strips/Grass Seedings

Under this recommendation, approximately 1,000 acres adjacent to
the Big Sioux River and its tributaries would be planted to
permanent vegetation. At a rate of $40 per acre, the total cost to
complete this recommendation would be $40,000.

Animal Waste Management Systems

It is recommended that 50 animal waste management systems be
constructed, with nutrient management systems and follow-up
monitoring to ensure proper application of wastes. The amount of
cropland required for the proper disposal of wastes would be
approximately 15,000 acres. The average cost to construct an
animal waste management system is $25,000 to $30,000. The total
cost of implementing this recommendation is therefore $1,250,000 to
$1,500,000.
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6)

7)

8)

9)

10)

Streambank Stabilization/Riparian Area Management

Grazing management systems should be implemented on 2,000 acres of
pastureland and rangeland in priority subwatersheds. Critical area
seedings should also be planted on severely degraded sideslopes.
Livestock will need to be excluded from critical areas by fencing
priority acreages that are likely to heal naturally. Innovative
riparian area management techniques should be explored.

Information and Education Program to Promote Best Management

Practices

The implementation of this recommendation would include the
following:

a) Provide technical/financial assistance for Best
Management Practices in priority subwatersheds.

b) Apply crop residue management on 10,000 acres, which is
approximately 50% of the steeper cropland in the priority
subwatersheds.

c) Apply Integrated Crop Management on 10,000 acres in
priority subwatersheds.

Wetland Restoration/Creation

Through this recommendation, 100 acres of prior converted wetlands
or farmed wetlands (wetlands partially drained and farmed, but
still with wetland characteristics) would be restored. In
addition, areas in priority subwatersheds would be investigated for
the possibility of creating new wetlands. Programs of this type
are currently provided by the South Dakota Department of Game,
Fish and Parks, and Ducks Unlimited (MARSH program: Matching Aid
to Restore State Habitats).

Conservation Reserve Program

If the Conservation Reserve Program (CRP) is continued through
1995, consideration should be given to designating the Lake
Kampeska watershed as a Hydrologic Unit Priority Area. In
addition, an incentive program should be developed to keep land
under expiring CRP contracts in permanent grassed vegetation.

Septic System Survey

It is recommended that a survey be conducted in priority
subwatersheds to determine the impact of failing or inadequate
septic systenms. (Septic systems around the 1lake have been
eliminated by the construction of a sanitary sewer system.) If the
survey in priority subwatersheds indicates significant problems,

103



efforts should be undertaken to correct the problems. These would
include landowner education on proper construction and
maintenance of individual on-site wastewater systems. In addition,
state rules would need to be enforced to ensure compliance with
current requirements. Counties should be encouraged to develop and
enforce ordinances in conformance with the state rules.

11) Construction of Flow Control Structure

An englneering study should be conducted to determine the
feasibility of building a structure to divert water in the Big
Sioux River downstream, away from Lake Kampeska, during periods of
high flow. The study would need to take into account downstream
effects, such as increased flooding in Watertown, at Pelican Lake,
and other downstream areas. A cost/benefit analysis would need to
be included in the study to compare benefits to Lake Kampeska
versus the cost of mitigating adverse downstream effects.

Secondary Activities

The following activities are listed as secondary recommendations because
of their high costs. Although these activities would result in
improvements in Lake Kampeska and the Big Sioux River watershed, they
should be undertaken only after major progress has been accomplished
toward implementation of the primary recommendations listed above.

12) Selective Dredging

The following alternatives are recommended to accomplish selective
removal of sediment, improvement of fisheries habitat, and a
reduction in the release of nutrients from bottom sediments.

a) Dredging of the lake in areas of greatest sedimentation,
and construction of islands positioned in the lake to act
as windbreaks and park areas. Strategically located
islands would allow for stabilization of lake shoreline.

b) Dredging of the lake to create a centralized channel, and
construction of settling and retention ponds. This would
facilitate the construction of an outlet by allowing
flushing of the lake to occur down a centralized channel.

c) Purchase of a dredge by the City of Watertown and/or
other local entities for use on the above dredging
projects, as well as other possible correlated goals.
Selective dredging in the lake would allow for increased
stratification, which would decrease turbidity from wind
action. Decreased turbidity would permit the
establishment of increased macrophytic plant life on the
lake bottom (less than 5% of the lake presently has
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13)

14)

submergent or emergent aquatic vegetation).
Accomplishment of this goal would improve the fisheries
habitat of the lake. 1In addition, decreased turbidity
would enhance the aesthetic appeal of the 1lake for
recreational activities.

Construction of Flood Control Facilities

It is estimated that construction of a major flood control facility
on the Big Sioux River north of Lake Kampeska, such as the dam
being studied by the Army Corps of Engineers, would retain 80% to
90% of the sediment loadings in the river. Construction of this
proposed dam, or other smaller flood control structures, would
contribute significantly to improvement of water quality in Lake
Kampeska by preventing the deposition of solids and associated
nutrients. The present schedule for completion of the Army Corps
of Engineers’ feasibility study for construction of a dam at the
proposed Mahoney Creek site is June, 1994.

Construction of a Lake Outlet

It is recommended that the following alternatives be investigated
for the construction of a new outlet on Lake Kampeska, after
significant progress has been made toward implementation of the
primary recommendations discussed previously.

a) Investigate construction of an outlet from the southwest
portion of Lake Kampeska that would direct overflow water
to Goose Lake, and eventually to Pelican Lake. The
overflow water would maintain water levels in Goose Lake,
and enhance its role as a waterfowl rookery and migratory
flyway habitat. The flushing of water from the west end
of Pelican Lake through the outlet at the east end would
help to prevent deposition of solids from the Big Sioux
River into Pelican Lake.

b) Investigate construction of an outlet from the southeast
shoreline of Lake Kampeska. This outlet would connect
Lake Kampeska with the Big Sioux River downstream of
Watertown. The result would be decreased hydraulic
residence time in Lake Kampeska, and thus decreased
deposition of solids in the lake.
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APPENDIX B.

Summary of Concentration Data for Tributary Sites
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APPENDIX C. 1992 Tributary Loading Tables
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APPENDIX E.

In-Lake Concentration Tables
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APPENDIX F.

Lake Kampeska Sediment Survey Maps
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.LAKE KAMPESKA

Topographic Map Depicting
Top of Sediment Layer
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