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INTRODUCT ION

The current situation at Wall Lake Is characteristic of many lakes In
eastern South Dakota., Situated, as it is, 12 miles west of Sioux Falls In
a rural, agricultural environment, Wall Lake Is beset with many of the
classic problems associated with a eutrophic |ake system.

In lake restoration philosophy, especially fa South Dakota's rel atively
shallow prairie lakes and ponds, It Is cruclal to recognize that natural
successional forces are at work In driving the aquatic system toward a
upland cl imax community. This transition normally ooccurs very slowly over
time by the gradual filling of the basin with sediment and the gradual
encroachment of successive vegetational communities. The natural
progression Is from open-water |ake to pond to marsh or swamp or bog to
essentially dry land, with perhaps a channel for normal discharge. In
deep |akes, this process may take tens of thousands of years but in

shal low lakes, |lke Wall Lake, the changes may be seen in a decade or
less.

Given the fact that any body of water is greatly Influenced by Its
watershed and the rate of change In a lake is directly related to the
physical composition and forces which occur within Its watershed, it is
under standabl e that, In an undisturbed watershed, with erosion-resistent
substrate (rocks, cobbles, etc) and natural erosion-control vegetation,
the Influx of sediment and nutrients is minimal and occurs gradually over
time. However, In our "prairie" enviromnment, many artificlal factors have
accelerated the succession process. Native prairie, contalning |akes and
thelr tributarlies, have been plowved for cropland (sometimes up to the |ake
shore or completely across or along small fributaries). Croplands
subsequently have received substantial amounts of fertilizers, herbicides,
and pesticldes. Other lands within the watershed may have been severely
degraded by intensive |livestock grazing which has left |Ittle vegetation
to retard erosion and has concentrated animal waste high In
water-enriching nutrients. SIli+t and nutrients, therefore, are readily
carried to lakes by snowmelt waters and ralnstorm runoff or gradually seep
Into the lakes by subsurface or groundwater connections. Riparlan
vegetation has of ten been destroyed or altered to allow lake shore

devel opment of homes, cottages, and businesses. Fall ing or faulty septic
systems and Improperly designed feedlots around or near lakes contribute
unnecessary nutrients to recelving waters. It is therefore of |ittie
surprise to find that many of our lakes are "over—-enr iched"
(hypereutrophic) and are silting In at ever-increasing rates.

The enrichment and silting of our lakes produces conditions Incompatible
with the public's perception of a high qual Ity, recreational |ake.
Excessive nutrients stimulate algal growth and productivity. In prolonged
or chronlc states of enrichment, large mats of algae are produced. The
water turns green or brown (depending upon al gae specles) and is generally
unattractive to swimmers, boaters, and fishermen. Fish kills due to
overabundant algae or their toxins are not uncommon. Decaying surface
mats of algae and dead fish produce offensive odors and attract a myriad
of Insects and other pests. Dead fish and vegetation that sink to the
bottom of a lake contribute to anaeroblc conditions and may stimulate the



-J-‘-h-.-.-‘-‘

ol o e o Y

Production of hydrogen sul fide. Poor water qual ity favors rough fish and
acts to retard or el iminate most game fish, Polluted waters also

stimul ate fish-Infecting fungl and parasites and may lead to eplizootics
among the entire fish population In the affected |ake. In addition, the
slitation of |akes decreases favarable spawning habltat of desirable game
fish and dlsrupts the food base upon which these fish survive., Silt
deposition decreases the water depth and may affect thermal
stratification. Shallow, warm water holds less dlssolved oxygen than does
deep cold water. Decreased dissolved oxygen levels may become the
significant | imiting factor to aquatic | ife, especially In stressful hot
and dry periods.

Obvlously then, factors which contribute to a degradation of water

qual ity, do not enhance the |ake ecosystem and act to hasten the beginning
of the end of heal thy and useful lakes. Efforts should be made to reverse
the trends, but It Is Important to recognize that what has happened over
many years or decades cannot be expected to revert to pristine (or even
acceptable) conditions overnight. Massive, labor-intensive, and expensive
programs to remedy lakes Ills without consideration of watershed
management and treaitment of polint sources of pollution Is a band-aid
approach, at best. Most of ten such approaches result in only temporary
abatement of severe problems and may, in themselves, create addltional
probl ems.

Therefore, In an effort to specify problem sources within the Wall Lake
water shed and to better utilize |imited funding, a Diagnostic/Feasibll ity
study consisting of a compilation of existing data and Information, and a
compl ete watershed survey and eval uation has been conducted. This report
Is the result of that study.
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DIAGNOSTIC REV IEW

General Morphol ogy

Wal| Lake Is a shallow, giacial lake located in Minnehaha County
approximately 12 miles west of Sioux Falls, SD. The lake covers 215
surface acres to an average depth of 9 feet and a maximum depth of 13
feet. The lake basin Is generally bowl-shaped and consists of sand and
gravel In the littoral or shcreline areas out to the 10 foot depth
contour. The remaining central section of the basin Is covered with an
average of 3.5 feet of sediment. Three intermittent streams feed the lake
from the north, northwest and west. The outiet is |located on the
southeast corner of the lake. Only minor groundwater connections have
been detected (SDGS 1980).

The water shed associated with Wall Lake extends, generally, to the west
and northwest encompassing 3680 acres of primarily agricultural land.

Land use In the watershed Is 55% cropland, 29 pasture and 16% other,
which consists of water, farmsteads and residential areas (Table 1).
Approximately 70 homes or cabins are currently situated adjacent to the
lake. Of the 55% cropland, estimates by the Minnehaha County Conservation
District and the Depariment of Water and Natural Resources Indicate that
20% or 404 acres are In need of Best Management Practices.

Current benefliclal uses and subsequent standards appl led to Wall Lake are:
warmwater semipermanent fish | 1fe propagation, Immersion recreation,
limited contact recreation and wildl ife propagation and stock water!ng.
Table 2 |ists the benef iclal uses and assigned standards.

Summary of Existing Information

A number of studies have been done on Wall Lake. Risking
oversimpl if ication of complex and |engthy studies, the following brief
summarles are provided.

A) SCS Soll Erosion Study (1980):

* 653 of the watershed (1,982 of 3,072 acres) needs Best Management
Practices (BMP's) treatment.

¥ Total erosion per year Is 13,121 tons, with 12,695 tons per year
coming from cropland.

¥ Total sediment yleld (sediment deposited In Wall Lake) Is 1,205
tons per year with 1,049 tons (87%) coming from agricul tural land.

B) SDGS Hydrology Study (1981)

*¥ A small outwash deposit of sand and gravel was found along the west
inlet of 21 feet thick from 1 foot to 22 feet below the land
surface.

*¥ Another deposit occurred along the east shore at 6 to 17 feet below
tand surface.



* A third deposit occurred at the outlet at 1 to 9 feet below land

surface.

* There appears to be no Important groundwater connections to Wall

C) Wall Lake Water Qual ity Study (1985)

Lake.

* Paremeter Jn-lake status Iributary status
D. 0. acceptable I ow
Alkal inity acceptabl e acceptable
Diss. Sol ids high excessive
Susp. Sol ids high high
B.0.D. acceptable acceptable
pH excessive acceptable
Tot. Phos. excesslive excessive
F. Col iforms acceptable excessive
TKN high excessive
Ammonl a high high
Nitrate acceptable acceptable
Nifrite acceptable high
Inorg. N high high
Org. N excessive excesslve
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*

Limiting factor appears to be nltrogen.

* Phosphorus and nltrogen loads In 1979 were well above the dangerous
level,

% Majority of nutrlents (88% phosphorus, 85% nitrogen) came fram the
watershed feeding the west Inlet.

¥ Loads to the lake from the west and northwest Inlets were
dangerously high.

* Snowmel t and stormwater runoff are the principle sources of
phosphorus and nitrogen to the |ake.

¥ Fail Ing or poor septlc tanks are a secondary problem.
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D)

E)

F)

* No serious sediment pesticlde problems exist, all except atrizine
are below detectable | imits. Atfrizine appears adhered to soil
particles and does not release to the water column.

Ordinary High Water Mark Study (1983)

* OHWM establ ished at elevation of 1559.5 feet MSL (mean sea level).
Individual Feedl ot Survey (1986)

* Private pollution control facil ity located directly north of Wall
Lake meets state and federal requirements, but proper operation and
mai ntenance of facllity Is imperative fa continued abatement of
nutrient Input to the |ake.

Sediment Nutrient Flux Study (1983)

* Sediments show high concentrations of nutrients but they contribute
| ittle to the water column |ocading.

* Bottom s apparently acting as a nutrient sink.

* Lake should be categorized as HYPEREUTROPHIC.

*¥ Levels of dlissolved nitrogen and phosphorus are high In the |ake
water and provide nutrition for extensive algal blooms which occur
throughout the summer and fall.

* Algal production would be | imited by nitrogen.

* Anaeroblic conditions In the water column occur Infrequently during
Ice-free times.

* Lake has high potential foa severe oxygen depletion under Ilce.
Depletion will cause extensive mortal ity of fish and other aquatic
organl sms.

¥ Consol Icatlon of sediments Is much greater than reported In
previous studies.

* Release of sediment nutrients by wind-caused wave action Is not
conslidered an Important factor.

¥ A general flux (movement) of phosphorus appears to be going INTO
the sediment from the overlying water col umn.

* Sediment appears to be releasing ammonia and nitrate-nitrogen.

* Levels of nufrlents remaln constant throughout a 50 cm sediment
profile.

¥ Dredging 1s NOT recommenced at this time to Improve water qual ity,
al though 1t would Improve recreational potential and fisheries.



lli. [ I‘il - “lll [ .'IIII Ill" L Ii.l IIIIA 'ill L ‘HIII IIII.. N II" an l'il

G) Septic Leachate Study (1985-1986)

* Subsurface discharge of septic effluent does not seem to be a
signiflicant problem, but does contribute a smal | amount of |cading

to the [ake.

* Three sites are primary contributors of high phosphorus and fecal
col ifarms through surface discharges. They are:

1
2)

3)

north Inlet (feed=-lot runoff area)
nor thwest Inlet

west Inlet (maln channel)

H) Wall Lake Dredgling Feasibil ity Study - COE (1979-1980)

* Selective dredging of 2 to 4 feet of sediment would remove
approximately 949,000 cublc yards of material.

* Approximately 56.8 tons of phosphorus and 11.3 tons of nitrogen
would be removed by selective dredging.

* The dredged materlial dlsposal area would require approximately 124
acres.

* COE clalms dredging would yield:

N
2)
3)
4)
5)
6)
7)

decreased potential for winterkills (more diss. oxygen)
decreased nufrient avallabil ity

decreased al gal bloom severity

decreased turbidity

improved f Ishery management potential

Improved aesthetics

potential agricul tural beneflts

* Dredging at 4 foot depth would Increase |ake volume by
approximately 688 acre-feet.

* Total project cost would equal approximately $792,000.

1) Copper Intake Study (1981)

¥ Dr, Emmerlick (SDSU, Chem. Dept.) conducted growth and copper intake
studles on corn and soybeans grown on Wall Lake Sediment.

% Copper Intake was only slightly higher than controls and no
probl ems should exist in converting dredged materlal to cropland.
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Wal | Lake Septic Tank Survey (1978)

* Data was gathered from 52 of the approximately 70 lakeshore
| andow ner s.

* Of the 52 septic tanks reported, 27 (52%) are located less than 100
feet from the |ake shcre.

* Year-round use of septic systems was reported by 32 (62%) of the 52
| akeshore landowners surveyed, while 20 landowners (38%) reported
seasonal or part-time use,

* Nearly hal f the septic systems (48f) are used for wash disposal,
whil e 87% accept kitchen wastes.
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a ed area: 680
Cropl and 2024 acres
Pasture 1067 acres
Other 589 acres
LAND USE
Row crops

Small grains
Grass—-pasture

Al fal fa

Fallow

Slough
Farmstead-residential

Water

20% of the cropland or 404 acres are In need of ireatment for

erosion control

WALL LAKE

LAND USE SURVEY

GENERAL DATA

55%
29%
16%

TABLE 1

38%
6%
298
7%
13
3
7%
6%
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Table 2
Wall Lake Beneficial Uses, As
Appears In the South Dakota

Water Qual ity Standards

1. Warm water semipermanent fish l|ife propagation
2. Immersion recreation
3. Limited contact recreation

4, Wildlife propagation and stock watering

Parameter Concentration*
Nitrate as N <50

Total Cyanlde <0.02

Free Cyanide | <0.005
Hydrogen Sul fide <0.002
Suspended Sol ids <90
Temperature (°F) <90

Fecal Coliform 200/ 100mi
Total Alkalinity <750
Conductivity <2500 micromhos/cm@25°
Dissolved Oxygen >5.0

Total Dissolved Sollds <2500

Total Chlorine Residual <0.02
Unionized Ammonla <0.04

pH 6.0<—>8.,3 SU

*All values 1n mg/| unless otherwise stated
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CURRENT EVALUAT ION

Mater Quallty Status

Sampl ing of tributary and Inlake water, conducted In 1979-1980, represent
the most extensive Wall Lake water qual ity survey effort to date. Two
Inlake sites and three iributaries (inlets) were selected for study A
total of 30 inlake samples and 75 tributary samples were col lected and
analyzed. Selected values are presented In Table 3.

Average dissolved oxygen levels of both Inlake and Inlet waters were above
water qual ity standards (5.0 mg/l), but Individual readings in the
fributaries were frequently low, especial ly In the west and northeast
inlets. Dissolved oxygen levels generally tend to Increase during spring
runoff and decrease over the summer.

The average field pH levels of Inlake waters exceeded the establ Ished
water qual Ity standard of 8.3, while Inlet pH levels were general ly
acceptable. A consistently high inlake pH level suggests addl+ional
monitoring of inlake sediment, direct runoff, and septic systems to
determine the source of the elevated pH levels.

Ammonla levels were el evated In both Inlake and Inlet sites, with average
Inlet level s approximately twice as high as inlake levels. The west and
nor theast fributaries had the highest average levels of ammonia.

Average Kjeldahl nitrogen (TKN) levels were similar between inlet and
inlake sites., The highest average levels were found In the northeast
tributary.

Orthophosphate, total phosphate, and total organic nitrogen levels were
excessive at all sltes. The average values far phosphate and organic
nifrogen exceeded the Vol lemelder eutrophic category of 0.10 and 1.20
ng/l, respectively, and thus the lake and the tributarles were considered
hypereutrophic for those parameters. Average Inorganic nitrogen levels
were below the hypereutrophic level concentrations of 1.50 mg/! at all
sltes except In the northeast Inlet. However, some Individual readling of
Inorganic nifrogen were high at all sltes.

Average levels of total sol ids, total dlssoclved sol lds, and total
suspended sol Ids were high to excessive at all sites. Values far each
were lover at Inlake sites than at Inlet sites Indicating that the
tributaries were contributing to the sediment and mineral load of the
lake. Of particular Importance, were the very high levels of sol ids
detected in the northeast inlet. Sources of the loadlngs should be
Identifled and corrective measures should be taken to reduce |ake Input.

Several parameters measured were found to be In normal ranges or In

compl fance wlith standards at both inlet and inlake sites. They were:
Biological Oxygen Demand (B.0.D.), alkal inlty, and nltrate concentration.
Nitrife concentrations were generally low at Inlake sites, and ranged fram
low to high in the tributaries.
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In summary, phosphorus (phosphate) and nltrogen levels of the 1ributary
and Inlake waters were excessive. The 1985 Wal| Lake Water Qual Ity Study
Area Report states that phosphorus and nitrogen lcads in 1979 were wel |
above the dangerous level, that snowmelt and starmwater runoff are the
principle sources of phosphorus and nifrogen to the lake, and that a
majority of nutrients (88% phosphorus, 85% niirogen) came from the
watershed feeding the west Inlet.

Septic System Status

Two studies related to septic systems at Wall Lake have been conducted. A
Wall Lake Septic Tank Survey In 1978 and a Wal |l Lake Septic Leachate
Survey In 1985-1986.

The Wal | Lake Septic Tank Survey was conducted fram 10 October to 12
November, 1978 via questionnaires to |akeshore landowners. The resul ts of
that Inquiry were as follows:

1e Of a total of 52 lakeshore |andowners that responded, 32 (62%)
indicated year round use and 20 (38%) seasomal (part time use).

2. No Indication was made of any septic tank overflow surfacing or
directly flowing In the |ake.

3. 271 (52%) septic systems are located | ess than 100 feet from the
| ake shore,

4. 25 (48%) septic systems are located |ess than 150 feet from
drinking water weils or less than 100 feet fram a clstern or
well 100 feet deep used fa drinking water.

5. 25 (48%) septic systems are used for washing machine water
disposal and 45 (87%) for kitchen sink water disposal.

6. 1 () survey particlpant indicated he used a direct |ake water
hookup for his tollet.

7. Only 1 (28) survey particlpant indicated that a fecal col iform
bacteria sample taken on his drinking water had been found safe
and 7 (13%) Indicated that no sample had ever been taken.

8. Many survey participants Indicated that they would be hooking up
to the local rural water system when It becomes avallable.

The Wal | Lake Septic Leachate Study was conducted by Swanson
Envirommental, Inc. (SEl) for the Minnehaha County Commission (MCC) and
the East Dakota Water Development District (EDWDD). The iInitial study
(November, 1985) was rejected by MCC and EDWDD as Incompl ete because high
winds and rough water Influenced sampl ing and sample results. The |ake
was resurveyed in May, 1986, during acceptable weather conditions.
Resul ts Indicated that subsurface discharge of septic effluent did not
seem to be a significant problem, but that it did contribute a small
amount of |ocading to the lake. Three sites were of primary concern as
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major contributors of high phosphorus and fecal col ifarms through surface
dlscharges. They were the north inlet, the northwest Inlet and the west
inlet (maln channel).

The study concluded that the above three sites were contributing total

phosphorus In excess of background levels and that fecal col iform (origin
not determined) concentrations were a potential health hazard. The study
recommended that efforts be made to Improve water qual ity at these sites.

€ e t

In an effart to determine the status of the Wall Lake watershed, two
studlies were conducted. The first was a prel iminary survey of the 3680
acre watershed by staff members fram DWNR and the Minnehaha County
Conservation District (MCCD) document |and use and mechanical freatment
requirements, The results of this survey show that; of the 3680 acres,
55% is cropland, 38% of which is in row crops; 29% Is pasture and 16% is
other which normally consists of water, wetiands farmsteads or housling
devel opment., Of the total cropland, 20% or 404 acres was in need of
treatment for erosion control (see Table 2).

The second study, Agricultural Non-Polnt (AGNPS) model ing, was conducted
to provide basic runoff water qual ity Information to classify nonpolnt
source pollution problems in the Wall Lake watershed. The model provides
outputs on hydrology, with estimates of both vol une and peak runoff, and
outputs on sediment, with estimates of upland erosion, channel erosion,
and sediment yield. Along with these the model provides estimates of the
pollutants nitrogen (N), phospharous (P), and chemical oxygen demand
(COD), In unlts of concentration and mass, contalned In the runoff and the
sediments.,

The AGNPS model study of the Wall Lake Watershed conducted In 1986-87
Indicated the following: sediment lcading to the lake has been reduced to
approximately .4 tons per acre per year, which Is well below the Soll
Conservation Service minimum standard of 5 tons per acre per year (Table
4). However, the model did indlcate that several 40 acre tracts exhibited
excessive nutrient loading. Subsequent model runs using changes In
manageabl e factars predicted that the concentration of nutrients can be
significantiy reduced by effective use of fertil izers, reduced tillage and
effliclent crop rotation. Costs assoclated wlth reduced fertil izer

appl lcation and phosphate runoff as a function of degree of soill
Incorporation are shawn In Figure 1. If the tillage practice for a wheat
fleld Is changed fram fall plowing with no residue to no tiil with 30%
residue, the phospharus and nitrogen ylield associated with sediment runoff
would be reduced by 50%. Proper fertilizer application Is also a majer
factar In reducing excesslive nutrlent runoff. Frequently, excessive
fertilizer Is appl ied and not Incorporated Into the soil. Cutting
fertilizer application In half will reduce the cost to the farmer by
$20/acre and Insuring compl ete incorporation into the soll should reduce
the nutrient concentrations Iin the runoff to below the excessive loading
limits.

In summary, the majority of the evidence presented to date suggests that,
al though there has been a significant reduction In sediment locading to the
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point where It is no longer a serious problem, the Wall Lake watershed
continues to produce excessive |ocads of nutrients to the lake. This
continuous source of nutrient Inflow must be addressed If there Is to be
any change In the qual ity of the lake. Of the three ifributaries |eading
to the lake, the west branch, which drains 80% of the watershed, appears
to be the most significant problem area. However, the north tributary,
which dralns the area adjacent to the only major feedlot in the watershed,
shoul d be monitored periodical ly to insure compl iance with the existing
permlit,

Of secondary concern Is the possibll ity that undetected septic system
violations may be occurring. There Is some minor evidence, malnly from
fecal col ifoarm sampl ing, that probl ems may exist, but this has not been
documented. It Is suggested that septic tank system operation and
maintenance be reviewed by the local sanitary district to insure

compl iance with existing regul ations,

Final ly, al though there are confl icting statements in the reports, the
concl uslon that the sediment Is not a major source of readlly—-avallable
nutrlents to the water column appears to be the most val id. The sediment
may be acting as a nutrient sink, especially for phosphorus, but the
process may be directly related to the high concenifration of dissolved
phosphorus In the water column, Most of the sediment appears to be two to
four feet thick and is consol icating. The accumulated sediments, however,
may have to be consldered In the overall management plan.

Potential pollution sources which were reviewed and determined not to be
probl ems and therefore el iminated fram further consideration Include;
direct precipitation, groundwater connection and shorel ire devel opment,
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Table 3. WaHv Lake selected water quality parameters

WALL LAKE WATER QUALITY STATUS
(based upon 1979-1980 data)

INLAKE STATUS

TOTAL TOTAL TOTAL TOTAL

DISSOLVED FIELD ORTHO- TOTAL ORGANIC INORGANIC YOTAL DISSOLVED SUSPENDED
SITE # SAMPLES OXYGEN pH ___AMMONIA TKN PHOSPHATE  PHOSPHATE  NITROGEN NITROGEN SOLIDS SOLIDS SOLIDS
5-INLAKE 16 9.48 8.51 0.123 2.03 0.522 0.627 1.88 0.38 1139.6 1123.3 16.3
6-INLAKE 14 9.03 8.50 0.178 2.04 0.566 0.622 1.92 0.33 1164.3 1153.4 10.9
INLAKE AVERAGE 9.25 8.50 0.151 2.03 0.544 0.625 1.90 0.36 1152.0 1138.4 13.6
INLEYT STATUS
TOTAL TOTAL TOTAL TOTAL

DISSOLVED FIELD ORTHO- TOTAL ORGANIC INORGANIC TOTAL DISSOLVED  SUSPENDEC
SITE # SAMPLES OXYGEN pH___AMMONIA TKN_ PHOSPHATE  PHOSPHATE  NITROGEN NITROGEN SOLIDS soLIDS SOLIDS
2-W INLET 25 7.97 7.53  0.385 2.18 0.650 0.763 1.89 1.02 1196.4 1184.9 11.5
3-NW INLET 29 10.29 7.74 0.148 1.48 0.286 0.383 1.38 0.73 793.5 776.3 17.2
4-NE INLET 21 7.17 7.50 0.389 "2.60 0.815 0.913 2.26 1.51 1956.3 1928.9 27.4
INLET AVERAGE 8.48 7.59 0.307 2.08 0.584 0.686 1.84 1.09 1315.4 1296.7 18.7 =




Table. 4. Agricultural Non-Point Source Pollution Model for Wall Lake
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* AGNPS Version 2,3FC Input file: a:wall.dat 4
¥ AGRICULTURAL NON-POINT SOURCE POLLUTION MODEL ¥
¥ Katerched studied: warne +

RN F R R RN R R R IR A R S R R TR R RN R IR R R R R RO I A R R Y

The area of the watershed is: 3480 acres

The area of each cell is: 40,0 acres

The tharacteristic storm precipitstion is: 4.7 inches
The store energy-intensity value is: &5

The cell paraseters are derived for:

RUNDFF:

funoft volure lin,): 2,30

Peak runoff rate {cfs): 1504

KUTRIENTS:

Total nitrogen in sediment (lhs/acre): 1.61

Total scluble nitrogen in runoff {lbs/acre): 1.0l

Soluble nitregen concentration in runcéf (ppe): 1.9

Tatal phosphorus in sediment (1bs/acre): .1

Total coluble phosphorus in runoff (lbs/acre): b

Seivble phosphorus corcentration in runctf (ppel: 03

Total soluble chemical oxygen demand {lhs/acre): o4.91

Soluble cherical crygen derand concentration in runoff (ppmds 105

SEDIKENT ANALYSIE:

frea Weighted fArea
Erosion  Delivery Hean keighted

Particle Upland Channel Ratic Enricheent Concentration Yield  VYield
Type {t/a) (t/a) {%) Ratio {ppe} {t/z) {tons)
CLAY 01 .08 58 3 219, Jd 1963
SILT L0163 84 { 189, 00 1894
SAG6 L7 05 47 0 217. Jd 0 1945
LAGG L0448 37 { 746, .2 beEZ
SAND MRS 1 38 2 234, g0 209,85
107L A48 .78 46 1 160¢, .4 14381
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WALL LAKE MONITORING PROGRAM
Jributary and Inlake Sampl ing

Several modifications in sampl ing site location are proposed for the 1988
Wal | Lake Implementation Monitoring program. To assess the sediment and
nutrient lcading and degree of retention In the north pond and the west
inlet, two sampl ing stations are proposed for each area. The northwest
tributary and the outlet will be stationed as before, but only one
centrally located inlake site will be sampled. The proposed sampi ing site
locations are shown In Figure 2.

Sampl ing at the tributaries (sites 2,3,4,5,6) should begin with the onset
of snowmel T runoff and inlake sampl ing (site 7) should commence fol|owing
lce pack melt. Outlet sampling (site 1) should begin with the onset of
discharge flows. |If spring sampling is not possible In 1988, sampl ing
shoul d begln as soon as personnel and equipment are available. The

monl taring program should then extend beyond the 1989 spring season to
gather the necessary runoff data.

Inl ake samples are collected twice a month from both the surface and
bottom from April through September and once a month from both levels from
October through March. A total of 36 inlake samples are collected for the
year. ‘

Normal ly, snowmelt runoff occurs fram mid-March to mid-May, but according
to snow depth and local climatic conditions, runoff may vary. Several
options exist In the duration and frequency of fributary and outlet

sampl Ing. The Wall Lake region recelves approximately two 24~hour
ralnstorm events per year. If two automatic samplers are installed at
Wall Lake (sites 3 and 6) and samples are faken every two hours during the
storm event, a total of 48 stam samples will be collected.

In addition to the water qual ity analysis, an assessment of the iributary
sediment between sites 2 and 3 and between sites 5 and 6 is suggested.
This procedure will identify the occurrence and concentration of nutrients
of the sediment and will ald watershed management effoarts. The project
sponsor, with assistance from DWNR and EDWDD, should collect sediment
samples. If the sediments contalin excesslve nutrients, plans can then be
devel oped to remove the sediment thereby el Iminating potential nutrient
flushing during runoff events. Cost for sediment analysis Is $1,500.

Options and costs for sampl ing Wall Lake are as follows:
OPTION A - Tributaries and outlet sampled twice weekly
STUDY TRIB INL AKE STORM TOTAL  SAMPLE COST  SED. TOTAL

LENGTH  SAMPLES SAMPLES SAMPLES SAMPLES §$ 52/SAMPLE (QQSTS QOSTS

6 WEEKS 72 36 48 156 $8,112 $1,500 $9,612
8 WEEKS 96 36 48 180 $9,360 $1,500 $10,860
10 WEEKS 120 36 48 204 $10,608 $1,500 $12,108
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OPTION B - Tributaries and outlet sampled three times a week

STUbDY  TRIB INNAKE  STORM  TOTAL  SAMPLE 0OST  SED. TOTAL
LENGTH SAMPLES SAMPLES SAMPLES SAMPLES §$ 52/SAMPLE Q0STS QSTS
6 WEEKS 108 36 48 192 $9,984 $1,500 $11,484

78 KS 144 36 48 228 $11,856 $1,500 $13,356
10 WEEKS 180 36 48 264 $13,728 $1,500 $15,228
Watershed Monitoring

As previously mentioned, the agricul tural non-point source (AGNPS)
pollution model was appl ied to the Wal| Lake watershed to assess the
nutrient and sediment inflow. A grid of identical 40-acre cells was
establ ished to encompass the entire Wall Lake watershed. The model,

appl led to each cell, simulates nutrient and sediment runoff uslng current
and projected land-use practices and physical characteristics of the land
in question. Based upon the analysis of data obtalned, eleven 40-acre
cells were ldentiflied as problem areas, Those cells are contributing
excessive amounts of nutrients, primarily nitrogen and phosphorus, and are
those most In need of corrective management practices. Although cells
which recelve drainage from the problem cells may be, In themselves, a
contributor of pollution, the Intent of the model Is to Identify the
ariglin of the problem. It Is expected that as source pollution is

el iminated or greatly reduced, water qual ity of the adjacent cells will
improve. The problem cells are highl ighted on Figure 3 and the location
and owner(s) are |listed in Table 5. Ownership was obtained from the Wail
Lake plat map (enclosed).

The South Dakota Department of Water and Natural Resources suggests that
the Wall Lake Assoclation be the lead entity In watershed management. The
Assoclation should contact the Soll Conservation Service and the Minnehaha
County Conservation District and prepare a watershed workplan. The Soll
Conservation Service and/or the Minnehaha County Conservation District
shoul d contact al| watershed | andowners to describe and discuss the Wall
Lake restoration efforts., Specific efforts should be made to devel op
cooperative agreements and plans to Impl ement watershed management
programs with the owners of the problem cells. The management program
woul d consist of:

1. Soil testing In areas where fertil izer use Is high to determine If a
reduction In total appl ication Is economical ly feasible.

2. A public Information program, In cooperation with the County
Extension Service, to pramote:

A. proper timing of fertilizer application

. fertilizer Incorporation as a regular management practice
. integration of reduced tillage operations

. crop rotation as a regul ar management practice.
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Table 5. Wall| Lake Watershed Problem Cells, Location, and Owner (s)

Cell Number Cell Geographic Location Qwner(s)
12 7 SE4,NH4,517,TIOIN,RB1 W Larry Anderson
16 SE4 ,NH4 ,S16, TIOTN,RB1W Martl in and Mabel Grave
21 NE4 ,SE4,S18,TIOIN, R61 W Ernest Oakl eaf
24 NW4 ,SE4,S17 ,TIOIN, RS1W Lowel | Grave
36 W4 ,SE4,S17 ,TIOIN, RS 1 W Lowel|l Grave
37 SE4 ,SE4,S17 ,TIOIN, R51W Lowell Grave
52 NE4 ,NE4 ,S21,TIOIN, RS1W Grant Larson
60 W4 ,NW4,S821,TIOIN, RB1W Grant Larson
86 NE4 ,N¥4,S29, TIOIN,RG1W Fred and Merie Grave
87 N¥4 ,NE4 ,S29,TIOIN,RB1W Merl e Grave
88 NE4 ,NE4,S29, TIOIN, RS 1W Merle Grave
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RECOMMENDAT IONS

Based on the avallable Infarmation that has been presented in this report,
a variety of alternatives were considered far the restoration of Wall
Lake. Among the many practices consldered were watershed treaiment,
dredging, retention ponds and septic system renovation. Although none of
the practices were speclifical ly excluded from consideration, one emerged
as the most praminent to begin the restaration process. The DWANR
recommends that fer+til izer appl ication, reduced tillage and crop rotation
manragement on selected areas of the watershed serve as a first step in the
restoration of Wall Lake (Figure 4).

Several factors |ed to the recommendation that these management practices
should be given first consideration:

The AGNPS model Indicated that al though sediment was not a problem,
nutrient Inflow continued at an excessive rate.

Septlic system surveys did not indicate serious or continuing problems
al though there are indications that they may be a contributing factor.

Nutrient release fram the sediments was not a major factor when compared
to nutrient Inflow.

In order to assess the effectiveness of thls first step and to determine
I other restoration methodol ogles are required to attaln acceptable water
qual ity In Wall Lake, the fol lowing scenario Is suggested:

The project sponsor, with assistance fran DWNR and the East Dakota
Water Development District, develop and implement, as soon as possible,
a rigorous water qual ity monitoring program fa the lake and
tributaries. This Is recommended, first, to collect updated basel ine
data In light of the changes made In the last 5 years relative to land
use and feedl ot management. Second, to determine the effectiveness of
impl ementation activities and/or If other restoration methods are
required, and, last, to detect any violation of water qual Ity
standards. The monitaring progam should be In place at |east one year
prior to the Implementation of any restoration measures, although this
may vary. The recommended |ength for regular tributary/outiet
monitoring Is elght weeks, usually from mid-March to mid-May. We also
recommend a regular iributary/outiet sampl Ing frequency of two times a
week. Costs fa the water qual Ity monltoring program are estimated at
$10,860. These figures Include costs for amalysis of tributary
sediment but they do not Include costs for donated time and labor far
management Impl ementation.

In conjunction with the establ ishment of a water qual Ity monltoring
program, the project sponsor should make appropriate contacts to

devel op cooperative agreements and plans to Implement the watershed
management progams. As noted in the AGNPS survey, incorporation
alone should reduce phosphorus |cading from cropland runoff to below
dangerous |levels. Average annual cost fa soll testing Is
approximately $30.00 per unit., Total for the Wall Lake watershed would
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range from $300 to $500 per year. Total fertilizer costs to the farmer
would potentially decrease. However, fuel costs may rise because of
necessary Incorporation. Neither of these costs will be avallable
until management plans are devel oped.

In addition to the Impl ementation of monltoring and fertil izer management
programs, the project sponsors are urged to revive the existing Wall Lake
Sanitary District and conduct a review of individual sewage systems, both
In terms of operation and malntenance, to determline If each Is In

compl fance with existing regulations. Should violations be detected,
documentation should be prepared and steps taken to correct the problem.
DWNR will provide technical assistance on a case by case basis.

At least six groups or agencles have been ldentified as contributors to
the Wall Lake restoration project. Cooperative efforts wiil be required
for a timely and successful completion of the work. The restoration study
Is mul tifacted and will require coordination among all parties Involved.
For each specific restoration activity, the responsible party, and support
group(s) have been suggested and are |isted In Table 6.

The ef fect of the proceedl ng recommendations is to decrease nutrlent
icading to Wall Lake and subsequently Increase water qual ity at the least
possible cost. As noted previously, fertilizer management alone has the
potential to reduce nutrient loading to below excessive levels. However,
In the event that the management plans are not acceptable or other sources
become pramlinent with the reduction In inflow concentrations, the
followling section provides additional al ternatives that may be considered
foa restoration,
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Table 6. Suggested Responsibl] 1ties for Wall Lake Restoration
Restoration Activity Responsible Group/Agency* Cooperative Assistance*
Diagnostic/Feasibil ity DWNR WLA
Study Plan
Impl ementation Monitoring WLA DWNR
Program:

Tributary Monitoring
Inlake Monitoring
Sampl e Analyses

Water shed Management WLA

Septic System Evaiuation WLSD

Data Evaluation and DWNR
Report

Prepare Implementation WLA
Plan

Funding Appl ication WLA

Impl ementation Monitoring DWNR, WLA

Compl eted Project Report DWNR

*¥The Players:

DWNR, SCS, MCCD, MCC
DWNR, WLA

none

DWNR

DWNR

MCC, MCCD, SCS

WLA, MCC, MCCD, SCS WLSD

DWNR -South Dakota Departiment of Water and Natural Resources

MCC =Minnehaha County Commission

MCCD -Minnehaha County Conservation District

SCS ~United States Depariment of Agricul ture Soil Conservation Service

WLA -Wall Lake Assocliation
WLSD -Wal| Lake Sanitary District
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AL TERNAT IVE RESTORAT ION TECHNIQUES

A) Additional Watershed Management

Al though watershed management practices reportedly have been Improving,
additional efforts should be directed to Include 1005 of the watershed.
Techniques to conslder Include: 1) Increasing buffer-zone width al ong
tributaries by planting native vegetation (grasses and shrubs), 2)
restricting | ive-stock use of the fributaries and el iminating |ake-shcre
use by |lve-stock, 3) encouraging area farmers to use less fertilizers,
pesticides, and herblicides, and to Incorporate chemicals used, 4)
encourage conservation tillage practices to Include contour farmling on

sl opes and erosionprone solls, 5) identify and el iminate dump sites that
may be contributing nutrients or harmful chemlcals to the watershed, 6)
assess cropland location and types of crops planted to determine 1f
erosionprone areas could best be planted in a different type of crop that
woul d retard erosion, 7) encourage wlise pasture management by minimizing

| Ivestock overcrowding and subsequent degradation of pasture vegetation,
8) encourage a pasture rotation system to ensure agalnst overgrazing, 9)
encourage |andbanking practices to remove fram production those lands with
erodible solls, o at least to rotate on a regular basls from production
to Idie land and, 10) assess the |akeshore drainage and recommend _
corrective actions to the owners (l.e. minimize free-clearing, use of lawn
fertil izers, appl fcation of copper sul fate, Indiscriminate dumping of
waste Into the lake, or any other |ake treaiment done on an Indlvidual
basis). Cost for these practices are applied on a case by case basls.

B)_Inlet Water Treatment

Assuming that farming and ranching will continue in the area and that
runoff of nutrients fram farml and may not be sufficlently reduced by
recommended management practices, inlet water treatment will have the
longest lasting and greatest beneflts to the restoration of Wall Lake.

The three Inlets have been identified as the direct sources of nutrient
input to Wall Lake. Conslderation of the fol lowing restaration methods Is
suggested:

1) Construction of water-retention basins at two of the three
Inlets Just upstream of where the Inlets enfer the lake and
excavation to the settl ing area near the mouth of the north
tributary. Retention ponds should be of suffliclent size to
accommodate at |east 50% of the probable maximum flood.
Estimated costs per structure based on dam construction costs at
Lake Herman Is $100,000 for the west Inlet structure and
currently unavallable for the structure on the NW I[nlet,

2) Construction of a small-scale water treatment facll ity at each
of the above water retention basins (Figure 5). The basin would
act as an effective sediment trap and the water ireaiment
facll 1ty would serve to el iminate most of the Incoming
phosphorus, I|f the phosphorus el Imination process, (Bernhardt,
1981) Is adaptable to the Wall Lake situation, perhaps a simllar
percentage (95-99%) of phosphorus could be el Iminated from
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Incoming waters. The removal system has additional benefits In
that |t removes 95-99% of the col ifam bacteria, chlorophyll,
and turbldity. Specifications and costs of the treatment

factl ity are not known at present (literature has been
requested), but the process apparently uses iron 1l to
precipitate orthophosphate followed by a cationic

polyel ectrolyte to form a large floc. The water Is then

f 11 tered through a |ayered system of activated carbon,

hy drcanthraclte, and quartz sand. The resul tant water is of
drinking water qual ity.

Treatment of Inlet waters woul d accompl Ish several goals: 1) allow pondl ng
of runoff to permit particles of soll and organic material to settle, 2)
minimize discharge of particulates and dlssolved chemicals, especial ly
phosphorus, to the lake, 3) allow dilution of high inlake chemical
concentrations, especially phosphorus and nitrogen, 4) permlit natural
flushing to occur with clean water and, 5) serve as a reservolr of

suppl emental water to support lake levels in times of drought or
Inadequate rainfall/snowfall. It Is also possible that the treated water
coul d serve as a secondary source of potable water for the lake's
residents and visltors.

Central to this discussion of Inlet treatment would be the establ Ishment
of a sclentiflcally sound sampl ing program to document pre-ireatment
conditions, to gather water qual ity samples during treatment, and to
assess the effectiveness of Introducing treated water into Wall Lake for
several years durlng operation of the treatment facllity.

DWNR real izes that this suggested treatment is rather unconventional, but
if appl Icable and successful, It just might serve as a mode|l program and a
showcase of modern |ake restoration methods.

An option to the water treatment facll ity might be direct treatment of the
reservolr water, but such treatment might create more problems
(contamInated sludge disposal) than It Is Intended to solve.

aKe e C (2]

" Periodic monitaring of lakeshore waters should be conducted to detect

addltional fallures and to assess the degree of contamination due to
faulty systems. A serious attempt should be made to enl ist the support of
the homeowners In monltoring and upgrading faulty systems. A positive
publ Ic relations campaign should stress the benef Its of having adequate
sewage treatment systems and the result of sewage ef fluent entering the

| ake.

= (-] e

If the Inlet water treatment plan Is adopted, It would be Inadvisable to
conduct a dredging program at the same time slnce quantification of
variables and el imination of outside factars Is of prime Importance during
monl toring of the water treatment program. A stirring of the sediments
durlng dredging and subsequent potential release of nutrients to the water
col umn may mask resul ts obtalned during the water ireatment program. One
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shoul d recognize that it may take several years to dilute the Inlake
waters to acceptable levels of nutrients. It is also possible that as
water nutrient levels become |less than that in the sediment, the sediment
may exhibit reverse flux and discharge accumul ated nutrients into the
water column., However, with continual flushing and abatement of other
sources of nutrients, a gradual Improvement should be seen In the water
qual ity of Wall Lake. If It is determined, at a later date, that the
sediment accumul ation of nutrients is excessive and will not respond to
dilution and flushing, a program of selective dredging may be appropriate.
Estimated dredging costs, not including pond construction, are $500,000.
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SUMMARY

Wall Lake, |ike many of the lakes In eastern South Dakota, can be
classlfled as hypereutrophic. However, the lake Is somewhat unusual In
that i+ Is no longer plagued by excesslve sedimentation. The Inflow of
nitrogen and phosphorus fram the watershed appears to be sustalning the
present degraded condition of the lake. Recognizing this fact has

resul ted in the recommendation to apply Best Mamagement Practices to

sel ected areas of the watershed and monitor the water qual ity to determine
effectiveness of the program. If other factas begin to dominate with the
reduction of nutrient concentrations in the runoff, other al ternatives
Including dredging and retention basins are provided. Total estimated
first year costs, not including tIme and |abor for management

impl ementation s $10,860. Primary particlipations In the Implementation
process are expected to be: the Wall Lake Assocletion, Wall Lake Sanl fary
District, Minnehaha County Commlssion, Minnehaha County Conservation
District, Depariment of Water and Natural Resources, Soll Conservation
Servlce and Extenslion Service.



