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SUMMARY |
Burke Lake is a man-made lake that has been echriencinﬁg nuisance growth of blue-
green algae and aquatic macrophytes, odor problems and fish kills. This study was initiated
to provide a general assessment of the water quality of Burke Lake, identify sources of lake
water quality degradation, and to propose restoration alternatives to improve the lake’s
water quality. ' D - KN

In March 1989, the South Dakota De art:iiént‘ of Environment and Natural Resources
began a Diagnostic/Feasibility Study on Burke Lake under a contracted agreement with the
City of l?{surke and with the participation of the South Dakota Department of Game, Fish
~and Parks. ' ' Pt e - -

The study consisted of water quality monitoring of the lake and it’s tributaries to -~
evaluate watershed impacts on the lake. Limited groundwater monitoring was also con-
ducted to evaluate potential impacts from an abandoned city landfill in the lake’s water-
shed. In addition, sedimentation and algal surveys were conducted. Most field monitoring
angle suxi\gegyg were completed by July, 1990. Groundwater monitoring was completed in Oc-
tober, . e i

Results of the study indicated that tributaries;to the lake fepeatedly experienced con-
tamination with high levels of fecal coliform bacteria and nutrients. Contaminants carried
to the lake from the tributaries are the primary cause of the lake water quality degradation.

- Watershed sources of the tributary loads of bacteria and nutrients included a dairy feed-
lot operation and animal pastures upgradient of the lake. ' ‘

- Data from this study and from an earlier groundwater study conducted by the South
Dakota Geological Survey for the City of Burke (Hammond, 1990) indicate that nutrient
contamination of the groundwater in the watershed is occurring. However, the nutrient
levels found in groundwater were not substantial enough to account for the gross nutrient
contamination of the tributaries. H ‘ SR

The data suggest that a potential source of groundwater nutrient contamination exists
within or close to the southeastern city limits. The abandoned city landfill did not appear to
be the source of nutrients found in groundwater downgradient from the landfill. A more ex-
tensive groundwater investigation would be needed to thoroughly assess groundwater
quality in the watershed, sources of contamination, and impacts on the laE‘-e.

Recommendations for lake restoration included 1) implementing appropriate engineer-

ing and conservation practices to control surface water pollution from dairy and pasture

ractices in the watershed, 2).conducting education activities directed toward all watershed

and owners to reduce nutrient and sediment contributions to water resources, 3) undertak-
ing a more extensive groundwater quality and lake impact study, 4) repairing the dam, 5)
removing nutrient laden sediments from the lake, 6) removing nutrients from the lake
water, 7) creating supplemental fisheries habitat and 8) designing and implementing an on-
going lake management/protection plan. ‘ ' R :
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BURKE LAKE DIAGNOSTIC/FEASIBILITY REPORT

INTRODUCTION

Burke Lake has been experiencing

degraded conditions which impair the lake’s

designated beneficial uses which include

~sport fishing and swimming. The lake ex-
periences dense algal blooms, nuisance
‘growth of aquatic macrophytes, odor
roblems and fish kills. In addition, there
L Aver?e annual precipitation within the
~ watershe
- the principle receiving water body in the

have been reports of swimmers experiencing
ear and eye infections, and itching. ~

In response to local inquiries for assis-
tance, the State of South Dakota Department

of Environment and Natural Resources

(DENR) working in cooperation with the the
~designed a Diagnos-
- tunities.

local community, ; ,
tic/Feasibility (D/%-")'study,for the lake. The

study was implemented to identify and assess -
the current condition of the lake, determine

water quality Froblems and pollution sources,
and develop

- Comprehensive water quality monitoring
of tributary and in-lake waters was conducted
during the period from March 28, 1989
through June 26, 1990. A sedimentation sur-

vey was conducted in February, 1989 and - 1985).

algal quantifications were conducted from

March, 1989 through March, 1990. In addi-
tion, a groundwater investigation was con-

‘ducted during October, 1990 to evaluate
otential impacts from an abandoned landfill
ocated within the watershed. ‘

Data summaries, discussions, and

management recommendations are
presented in this report. IR

~ Burke Lake is located within Gregory

- County in the extreme south central area of
South Dakota. The lake has a surface area of
approximately 36 acres and a watershed
which encompasses 1568 acres (Figure 1).

The Burke Lake watershed consists
primarily of shortgrass prairie and rangeland

with a small portion being cultivated. A dairy

ake restoration alternatives.

operation is located along the southwest
shore of the lake. The soils of the entire
watershed are of the Anselmo-Holt-Tassel

association which identifies them as well-
“drained loamy soils on the uplands underlain
by sand or sand and gravel. :

is nearly 22 inches. Burke Lake is

watershed and it discharges into Coon Creek

“which flows east to the Missouri River.

~ Burke Lake provides angling, boating,
picnicking, camping and swimming oppor-
ollowing the lake construction in
1936, black bullheads and largemouth bass

- were the dominant fisheries. A later attempt
~ toestablish trout in the lake was unsuccessful.
~Currently, bullheads, perch, northern pike,

crappie, luegill and largemouth bass inhabit

- the lake.

Burke Lake has experienced several par-
tial and two complete winterkills (SD GFP,

Background/Historical Informati

- Burke Lake was constructed in 1936 as a
Work Projects Administration (WPA)
' .Proje‘ct with trees being planted around the
lake in 1949. In 1967, the City of Burke
- deeded the lake to the State of South Dakota
~ under the understanding that the state would

develop the lake as a recreation area.

The City of Burke records indicate that
the lake has experienced algae and aquatic

- vegetation problems since the late 1950’s.

er receivin(f complaints expressing con-

cern that the dairy farm located adjacent to
the lake was polluting Burke Lake, the
DENR inspected the operation in 1986. In
March 1986, the DENR requested that aplan
for controlling runoff from the dairy feedlot
be developed and implemented by the feed-
lot owner. No action was taken by the owner.
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The water quality standards for Burke -
] n the beneficial uses as- -~
signed to the lake by the State of South
Dakota. Each beneficial use category hasa

Lake are based uj

set of water quality criteria established for it.

Burke Lake has the assigned beneficial uses
of warmwater semipermanent fish life

- propagation, immersion recreation, limited
~contact recreation and wildlife propagation
- and stock watering. The water quality criteria
for Burke Lake are a summary of the criteria
“defined for all the use categories using the

most stringent values for individual

~parameters. The water quality criteria for

urke Lake are listed in Table 1.

Parameter

Total Chlorine Residual
Un-Ionized Ammonia N itrog¢n
Total Cyanide

Free Cyanide

Dissolved Oxygen
Undissassociated Hydrogen Sulﬁde
'pH o ,

Total Alkalinity
“Total Dissolved Solids
Conductivity
Nitrates
Suspended Solids
Temperaturé ,
; Polychlorinated Biphenyls |
: Fecal Coliform Organisms

 Table 1. Burke Lake Water Quality Standards

~ *Based on the mean of a minimum of 5 samples obtained during separate 24-hour
periods for any 30-day period, and this value may not be exceeded in more than 20 percent
of the samples examined in the 30-day period. A sample may not exceed 400 per 100 ml
in any one sample from May 1 to September 30. CoE -

Criterion
< 0.02mgl

<0.04 mg/l

< 0.02mg/1

< 0.005mg/1

>5.0 mg/l

<0.002 mg/l

> 6.5 units and

< 8.3 units

<750 mg/1

<2500 mg/1

<4000 micromhos/cm

<50 mg/ (as N) |

<90 mg/l

<90°F

<0.000001 mg/l

<200 per 100 ml*




' METHODS AND MAT

Lal 1 Tributary S li
Water samples were collected from six

sampling sites in the Burke Lake study area
(Figure 2). Sites 1-3 were located on

tributaries to Burke Lake upstream of the

inlets to the lake. Site 4 was located at the
outlet of the lake where the lake flows into

- Site 4 -

Coon Creek. Sites S and 6 were in-lake sites.

The description of sampling site locations is -

as follows:

Site 1 - Loéated ’ap roximately 50 yards
upstream of the confluence of the
northern tributary to Burke Lake. -

Site. 5 -

Latitude: 43° 10’ 04'N. Lon-
gitude: 99° 15’ 34", Site 1samples
are representative of the water

‘quality of the northern tributary
“inflow to Burke Lake.

Site 2 - Located aptproximatély 50 yards

the confluence of the

upstream o
west tributary to Burke Lake. This

Site 6 -

site is downstream from a far-

‘myard/feedlot which borders the
lake. Latitude; 43° 10’ 26'N.
Longitude: 99° 15° 44". Site 2
- samples are representative of
water quality of the west tributary.

Site 3 - Located approximately 50 yards

upstream of the confluence of the

ERIALS

southern tributary to Burke Lake.
Latitude 43° 10’ 50"N. Longitude
99° 15” 32", Site 3 samples are
representative of the water quality
of the southern tributary.

Located on the east side of Burke

‘Lake at the outlet. Latitude 43° 10
’32"N. Longitude 99° 15’ 22". Site
4 samples are representative of the
outflow of Burke Lake.

Located approximately 100 gards
northeast of sampling site 2 and
centrally located in the southwest
bay of Burke Lake. Latitude 43°
10° 28"N. Longitude 99° 15° 38".
This site provided in-lake data for
the southern half of the lake basin.

Located approximately 100 yards
west of sampling site 4 in the east-
ern part of the lake basin.
Latitude 43° 10’ 34"N. Longitude
99° 15’ 28", This site provided.in-
lake data for the northern half of

- Burke Lake.
The sampling period for tributary and in-

1ake sampling extended from March 28, 1988
through June 26, 1990. During that period, a

~total of 155 samples were collected from the
 six sites (Table 2). ' ‘

 TABLE 2.-Sampling Period and Number of Samples

SITE # ~ SAMPLETIMEPERIOD  # OF SAMPLES
| o ~ FROM: = TO: B
1 5/17/89 - 5/17/89 L 1
2 3/28/89 - 6/26/90 27
3 3/28/89 - 6/26/90 | 22
4 3/28/89 - 6/5/90 17
5 3/28/89 - 6/26/90 4
6 . 3/28/89 - 6/26/90 | 44
' Total Samples: - 155
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Water Temperamre
Air Temperature

Secchi Disk
Dissolved Oxygen

Field pH

Fecal Coliform Bacteria
Speciﬁc Conduetance
Laboratory pH |

Total Alkahmty

Table 3.fWater Quahty Parameters

Total Solids
Total Dissolved Solids
Total Suspended Solids

' |Ammonia
- |Nitrates + Nitrites

. [Total Kjeldahl Nitrogen
(Total Phosphorus
Orthophosphate
Un-ionized Ammonia

In-lake sites were sampled twice a month

at both the surface and bottom. Tributaries

month if flow was present. In addition,

tributaries were sampled during rainfall
Samples were analyzed for the:‘

events.
parameters listed in Table 3.

ling

An abandoned city landfill is located east
of Highway 18 outside the extreme southeast
limits of the City of Burke. Due to the loca-
tion of the landfill and geology of the area,

groundwater contamination to the lake was
suspected. Therefore, a landfill momtormg’

mvesugatlon was mmated

In early October, 1990, the SouthDakota
Geolc:iglcal Survey installed three monitoring
wngradlent of the landfill with a hol-

wells
low auger drilling rig. A City of Burke

municipal well was used as an up]gradlent well -

‘(Figure 2). Observation wells were con-

structed using 2 inch diameter schedule 80
~ PVC casing and screen. On October 9, 1990,

two downgradient wells (W2 and W3) and the

~ parameters which would
- gro lJundwater contamination. The following

' samphng was conducted b

* Groundwater sam
'DENR. Methods used for chemlcalanalyses

gjupg;radlent well (W4) were sampled follow-
: inf a snowfall and melt on October 8, 1990.
and the outflow were also sampled twice a .

: downgradlent of the landfill, was collected on-

50, a sample from the tnbutary
the same date for comparison.

Samples were analyzed for a variety of
indicate

ameters were analyzed: fecal coliform

3 actena, conductivity, pH, total dissolved

'S0

qu ammonia-N, nitrate + nitrite-N, total
jeldahl-N, total phosphorus, ortho—phos-
phorus, and chemical oxygen demand

| ‘(con)

The laboratory analyses were conducted

by the South Dakota State Health Laboratory

in l,’lerre, South Dakota. Lake and tributary
the South Dakota

Game, ‘Fish and Parks Department.
sampling was conducted by the

are listed in Table 4.

i
|
I
|
|




Table 4. Analytical Methods for f’hysu:al and Chemical Parameters.
Parameter Method Reference
Temperatﬁre ' :Thermometfic i APHA (1985)

© Secchi disc?  Shaded side of boat Lind (1974)
| Dissolved oxygen ' rAz‘i_de/Winklef APHA (1985)
pH pHprobe APHA (1985)
Total alkalinity g Potentiometric ; APHA (1985)
Ammonia-N Phenate , " 'EPA(1983)
Nitrate + Nitrite-N Cadmium reduction EPA (1983)
KjeldahlN Colorimetrié APHA (1985)
Ortho-phosphorus Ascorbic acid EPA (1983)
Total phosphorus Persulfat§ digestion EPA (1983)
Total solids Gravime'ttici(1‘03-1_05°C) EPA (1983)
Total suspended solids Gravimetrié, (103-105‘,’0) EPA (1983)
Total dissolved solids Gravimet,ric‘(;mf’C) o EPA (1983) -
Fecal coliforms Membraned filter (1989) APHA (1985)
Conductivity ConductiVity probe '> | EPA (1983) |
 Chemical oxygen demand ~ Colorimetric - EPA(1983)
* In-lake samples only fl ,
Sediment Samuline and Survey T Biological Samuli

A sediment and water depth survey was
conducted on Burke Lake on February 2,
1989. Cross-section transect lines were es-
~ tablished on the lake and water and sediment

depths were measured with calibrated rebar
and recorded at intervals along the transects,

At the same time as the survey, one sedi-

- ment sample was collected from the center of
“the lake and submitted to the U.S. Army
Corps of Engineers Laboratory in Omaha,
Nebraska, for analysis of metals, pesticides
‘and other potentially toxic chemicals.

- shed were

From March, 1989 through March, 1990,

- water samples were collected on a bi-weekly
basis and submitted to Mr. Keith E. Camburn

for algal quantifications and identifications.
: Awatershed‘inspecrtironwas conducted by
DENR and U.S. Soil Conservation Service.

(SCS) personnel in July, 1990. Photographs
of potential pollution sources in the water-.

personnel.

en in October 1990 by DENR



RESULTS AND DISCUSSION

In:Lak:.WaIQLQ\Lal!IX

In-lake water g uality mean data are sum-
and the complete data set
is presented in Appendix A. Discussions of

manzed in Table

fmesotrophlc lakes are intermediate in
“nutrient load, and 3) eutrophic lakes are high
in nutrients and support large numbers of

plants and animals. These akes often ex-
penence excessive algal and weed growth.

“the results have been divided into the com- .

gonents of trophic condition, algae, nutrients,

-fecal coliform bacteria, and fisheries i impacts. -

; V_Trophlc Condmon

Lakes are commonl classified according
to trophic condition.

nutrients, are generally clear and support low
num b ers o

ee categories are -
used: 1) ohgotrophlc lakes are low in

ammals and plants, 2)

Lakes naturally age from oligotrophic to
eutrophic conditions over thousands of years.

- Human activities, however, accelerate the
- process as a result of increased nutrient and
£ sedxment additions.

~ The Carlson Trophic State Index
‘a method of ranking the trophic condition of
 the lake based on total phosphorus, Secchi
depth and chlorophyll a measurements The

(TSD)is

Parameter
Secch1 Depth
DO. |
Field pH
Fecal Coliform
Conductivity
Total Solids
Total Dissolved Solids
_ Total Suspended Solids
: Ammoma :
: Nltrate + Nltnte
 Total PO4-P
- Ortho PO4-P ‘

“Table 5. In-Lake Sampling Data Mean Values (n = 88) ~

Combmed mean values for sites S & 6

118 per/lOO ml
341

162 mgl
274mgl

238 mg/l
36 mg/1
0.2 mg/

- 01 mg/l ,
26mgl
034 mg/l
0.07 mg/l




scale runs from 0 to 100 and lakes with values
over 50 are considered to be eutrophic. Each
division of 10 (10, 20, 30 etc.) indicates a_

doubling of algal biomass. i

TSI’s for Burke Lake are based on mean

total phos;illlljorus and mean Secchi depth for
both sampli

study period. Based upon these values, the
TSI value for Burke Lake is 90.8. This value

is near the top of Carlson’s scale classifying
[ S Phosphorus

the lake as highly eutrophic.
Algae

Blue-green algae dominated Burke Lake
during most of the sampling period. Diatoms
, riods of
spring (Figure 3). This relationship biologi- -
cally indicates that the lake 1s highly
eutrophic. Of the blue-green algae identified

were dominant during the cooler

-in the lake, the genera were

the dominant forms present during the study

eriod. are commonl

1974).

- Blue-green algae are similar in structure
to bacteria but unlike bacteria, are al;le to -
ants.

hotosynthesize like other green :
lue-greens often become abundant in

nutrient rich lakes because they have several
adaptations which allow them to outcoxil})ete;
pon

other algae under enriched conditions.

death, blue-green algae cells decompose
causing odor and scum formation. Several
blue-green algae genera produce toxins
which can be poisonous to animals and

- people (Haynes, 1988).

Other algal groups identified in the study
tomonads, and -
versegroupand ‘ : B
. Inorganic nitrogen concentrations in
- Burke Lake exceeded 0.3 mg/l throughout
~much of the 1988 sampling period and oc-

“included
~diatoms.

een algae,
reenalgaearea

-~ are also commonly found in eutrophic lakes.

- Green algae are generally not reported to
- produce toxins. )

i
‘which

periods of the year. They seem to do well

- cell walls and
~ population explosion when conditions are

~ too cold for green and blue-green forms.
- Diatoms can be dominant forms throughout

g sites in the lake over the entire ‘
- much of the year in eutrophic lakes in cooler

large phosphorus s
_ susceptible to algal
-~ weed growth.

‘t,omvonads are a group of motile algae
evelop dense populations during cold

;:under low light conditions and are commonly
found in lakes during ice cover conditions.

: Diatoms are algae which have silicified
ically exhibit an early spring

regions.

. Phosphorus is an essential nutrient for

plant growth and is typically the cause of ex-
cessive growth of algae and aquatic plants.

_ Total phosphorus concentrations in excess of
-0.03 mg/l have been shown to contribute
‘nuisance growth (NIPC, 1989). R

~ During the entire study period, total

‘phg?lsphorus concentrations exceeded 0.03
m

[ nly n‘lgl/l? Surface and bottom samples exhibited
identified as problem algae related with  simi

eutrophication, taste and odor problems,
toxicity and aesthetic nuisance (Taylor,

at both in-lake sites (range 0.14 - 1.76

ar phosphorus concentrations indicating

*the lake remains mixed throughout the year.

These data indicate that the lake has a
lus and therefore is
looms and nuisance

~ Ingeneral, sources of phosphorus to lakes

include detergents, human and animal was-

tes, fertilizers and dead plant materials.

' Nitrogen

- Nitrogen is often the second most'impor-
tant nutrient to aquaticweed and algal growth

~ in lakes. Inorganic nitrogen concentrations

(NO3 + NO2 + NH4) in excess of 0.3 mg/l are

_sufficient to stimulate algal growth (Sawyer,
11952). 4 o ; :

, caSiOnallgin 1990 (Appendix A). Nitrate + -
~ Nitrite (NO3 + NO2) values ranged from -
0.40 mg/l and ammonia (NH4) values ranged

from <0.02- 148 mg/l throughout the study

period.
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Nitrogen is believed to be the limiti’nﬁ
nutrient to algal growth if the ratio of to

nitrogen (N) to total phosphorus (P) is less -

than 10:1 (Shaw, 1989). Blue-green algae are

often dominant in lakes with a low N:P ratio

since they are able to utilize atmospheric

nitrogen which is dissolved in the water.

Other algae cannot utilize atmospheric
nitrogen and rely on inorganic forms. The

N:P ratio in Burke Lake is less than 10:1 thus-

indicating it is nitrogen limited.

These data suggest that nitrogen con-

centrations in Burke Lake often exceed that
‘needed to stimulate excessive algal growth, o . ' ;
. During the sampling period, only one
‘ - sample was collected from tributary site #1
Major sources of nitrogen to lakes are he
- The data collected, however, did not suggest
 that water il

particularly blue-greens.

fertilizers, animal and septic wastes.

Fecal Coliform Bacteria

Fecal coliform bacteria cell counts are
used as indicators of human pathogens in

water. Although the fecal coliforms are not
usually pathogens themselves, they exhibita

close relationship with the human

pathogens
Salmonella and Shigella.

| Recommended microbiological criteria
for South Dakota public swimming beaches

are that any single sample exceeding 200 fecal

coliform/100ml of water is considered as

“possibly unsafe” and and two consecutive
samples exceeding 300 fecal coliform/100ml

is considered unsafe for swimming. =

‘Fecal coliform bacteria concentrations in

Burke Lake did not exceed the swimming

numerous sampling dates in 1989 and on one

- sampling date in 1990. Un-ionized ammonia-
concentrations over the study period ranged

from 0.00 to 0.15 mg/l (Appendix A).

~ This data indicates that ammonia con-
centrations in the lake have reached suffi-
cient concentrations to stress or kill
warmwater game fish species. Several fish
killswere reported prior to implementing this

- study. However, no fish kills were reported
during the study period.

" Tributary Water Quality

due to the lack of runoff from this tributary. -

quality degradation was occurring
in this tributary. o

| Tributary sites #2 and #3 were sampléd o

a total of 27 and 22 times respectively (Table
2). Water quality data indicated that these
tributaries experience high levels of con-
- tamination and in return deliver high con-
- centrations of contamination to Burke Lake.

Water quality parametérs which are most

closely associated with degrading the recrea-

~ tional potential of the lake and are also most

“indicative of pollution sources include fecal

- coliform bacteria and nutrients.

Aspreviously discussed, fecal coliform

- concentrations exceeding 200/100ml of water

- in lakes is considered
~ though this standard does not

criteria during the study period. Fecal

coliform concentrations rm§ed from <10to

120 per 100ml (Appendix A

Fisheries Impacts

The beneficial uses assigned to Burke

tentially unsafe. Al-

; : apply directly
to streams, it does help display tge gigh level

-of contamination occurring in the tributaries.
- During the study period, fecal coliform con-

~ centrations in tributary sites #2 and #3 fre-

E guently exceeded 200/100ml. The range of

Lake include that of warmwater semiper-

manent fish life propagation. During the

study period, most water quality parameters
were sufficient to support a healthy

warmwater fishery. owever, the

warmwater fishery criteria of 0.04 mg/l

ecal concentrations for sites #2 and #3
ranGged from <10 to 4,000,000 and from <10
to 6,300, respectively (Appendix A).

- Also, as previously discussed, excessive
nutrient concentrations are the primary cause

-of excessive blue-green algae and aquatic

of
un-ionized ammonia was exceeded on -

glant growth in lakes. Tributaries #2 and #3
oth co‘nt‘ributedhigh concentrations of

1



phosphorus and nitrogen to Burke Lake con- f
e study period. Total

sistently throughout
phosphorus concentrations for the tributaries
ranged from 0.21 - 18.90 mg/1 at site #2 and

o Hollo»Y and Valentine Formations. These
formations consist of coarse, fine and very

 fine sands. The Ogallala aquifer lies within
-the Valentine formation which is composed

from 0.08 - 2.56 mg/l at site #3. Inorganic

nitrogen concentrations ranged from 0.02 -
at site #2 and from 0.02 to 15.24

2.80 mg/1
-mg/] at site #3 (Appendix A).

Other water quality problems found in
the tributaries also potentially have ne%;[agli(ve
Lake.

impacts on the fish resources in Burke
Some of the problems include low dissolved

monia, and high concentrations of suspended
solids. ‘

Groundwater Investieati

-marized in Table 6. The data ind

‘ B L ~ concentrations of nitrogen and
The landfill property consists of 6.66 acres

of which 4.09 acres were purchased in 1928 -

and the balance was purchased in 1967. The
landfill was used for municipal wastes until
sometime in late 1974 or early 1975. '

The surficial geology in the area of the
landfill includes deposits of theHerrick, Ash

" nitrogen.

that all city we

 of very fine to fine sand with some silt and clay
‘lenses (Hammond, 1990). : '

- Thelandfill is located approximately S000
feetupgradient of the lake and apgroximately

1000 teet upgradient of a lake tri

- direction of groundwater flow from the

~landfill is to the east and northeast moving

- towards the lake (Hammond, 1990).

oxygen concentrations, high un-ionized am- ‘

utary. The

The results of the October, 1990
groundwater and tributary samplin% are sum-
i icate that

groundwater in the watershed has elevated
ghosphorus.

(Hammond, 1990) reports
, 1ls located within city limits
display high concentrations of nitrate-
is study confirmed the elevated

A previous stu

- nitrate in a city well but also indicated

~ elevated nitrate and phosphorus in the
-monitoring well downgradient of the city and

landfill.

Table 6. Re_sults of October, 1990 Groundwater and Tribuiary Sampling.

..................................................................................................... -—

Parameter Background Well __
’FecaIColiforym, 14 o
pH s
Cond. 400 | | h
TDS 288
Ammonia <002
NO3+NO2 61
TKN 0.14
Total PO4-P 0047
OrthoPO4P 0.030
CcoD 2

MW #2  MW#3 _ Trib.
<2 2 3800
122 791 7.52
588 382 515
3’95,' 288 363
0.03 0.03 0.39
25 79 <0.1
0.58 0.88 . 1.56
0.082 0359  0.966
0.073 0350 0367
0 40

30
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It is not clear what the exact source or -
sources of the contamination are from this
investigation, however, data from this study

and from the Hammond investigation indi-
cate that the source(s) of the groundwater
- contamination is likely located within or near

the southeastern city limits.

Although nutrient levels in the

ake,

the gross nutrient contamination of the
tributaries. . In addition, fecal coliform and
ammonia contamination in the tributaries is
not attributable to groundwater. Therefore,

other watershed sources are the primary

f;)kurces of pollution to the tributary and to the
lake. . |

The DENR conducted a sediment and
i 1 facility, and an abandoned landfill.
February 16, 1989. Cross-section locations ' '

water depth survey of Burke Lake on

used for the survey and the respective cross-

section graphs are presented in Appendix B,
: o ‘ 1990 and are included in Appendix D.
- The maximum water depth found during =~ '

the survey was 14.2 feet in the northcentr
part of the lake (Figur

areas (50 feet from shore) have water depths

less than 4 feet deep.

‘The mean sediment depth in the lake is

~Froundwater contribute to problems in the
the nutrient levels found in groundwater
were not substantial enough to account for

lake, it is unclear which tributa?
- source of sediment loading to t

is the major
elake.

A sediment sample collected from the
center of the lake was analyzed for a variety
of metals, pesticides and other potentially
toxic chemicals. Results indicated no toxic

levels of chemicals in the elutriate (Appendix
‘C). Therefore, the analysis indicated that dis-

-turbance of sediments via dredge activities

- should not
: lake. '

present a toxicity problem to the

~ OnJuly 31, 1990, DENR and SCS repre-

- sentatives conducted a watershed survey-to

 Burke
- identified including a dairy operation, a horse

e 4). Most nearshore |
- The dam was inspected on May §, 1990 by

identif{ potential sources of pollution to
e. Several potential sources were

asture, a mule pasture, a fertilizer storage

Photographs documenting watershed
pollutant sources were taken on October 3,

- Dam Inspection

 the DENR Division of Water Rights. The
DENR recommended that the following

repair and maintenance activities

2.76 feet with a maximum sediment depth of

7.2 feet occurring in the central portion of the

lake (Figure 5). Most nearshore areas have
sediment depths of less than 2 feet deep. The

lake has as an approximate sediment volume

of 125,000 cubic yards.
- High concentrations of total suspended

- 2. Erosion df the u;

 solids were recorded entering the lake from

tributary sampling site #2 (Appendix A)and

-~ typically corresponded with elevated organic

“nitrogen values (TKN - Ammonia) indicatin

~ that the solids are at least partially organic. It
is unclear to what extent the load is made u
of inorganic sediment (i.e. soil particlesf.
Due to the ease at which sediments likely
become redistributed in such a small shallow

13

formed:

‘be per-

Trees, brush and the root systems of the
larger trees should be removed from both
slopes of the dam and the holes backfille

- with impervious material.

L

e upstream slope should be

- repaired and sufficient riprap should be

- placed along the slope to prevent further
-erosion.

3. Trees and brush should be removed from
the spillway discharge channel and the
channel should be leveled to provide
uniform flow.

4, Majoi spalls, cracks, and deteriorated
joints should be repaired. | ‘




Burke Lake Bathymetric Map.

Figure 4

Note: Survey Data Collected 2/16/89

Scale

180 FEET

1 INCH =

14



~ Figure 6. Burke Lake Sediment Thickness ‘Contour Map.

Note: Survey Data Collected 2/16/89.
Scale: 1 INCH = 180 FEET |



CONCLUSIONS |
- inspection suggests that a mule pasture lo-
- cated along,the north tributary could poten-
tially contribute significant contamination to
- the tributary due to the improper storage of

.Burke Lake is highly eutrophic due to
excessive nutrients entering the lake.
Nutrients are entering the lake primarily
from the west and south tributaries.

Nutrients carried within the general

groundwater flow to the lake are also likely

contributing to the nutrient enrichment of

the lake. However, the nutrient contribution
from groundwater is likely much less than |
- within or near the southeast city limits.
~ Potential sources of the contamination in-
“cluded a fertilizer storage facility and the

that from the west and south tributaries.

Potential sources of nutrients to all the-
tributaries included a dairy operation, a horse -

pasture, a mule pasture, and cropland. Fecal

~manure piles on tributary s

opes.

- The source or sources of groundwater

nutrient contamination in the western por-

tion of the watershed appear to be located

- abandoned landfill. A more comprehensive

- groundwater monitoring study would be

coliform data suggests that animals are the -

primary source of contamination in the west
and south tributaries. These data in conjunc-

tion with the findings of the watershed in-

spection indicate that the dairy operation,
“located adjacent to the west and south

tributaries, is the primary source of nutrient

cated adjacent to the west tributary, is an
additional source of nutrient and fecal con- |
However, due to the small and shallow char-

tamination in the west tributary.

Due to the limited flow of the north

tributary during the study period, it is not

needed to thoroughly evaluate the sources of

- groundwater contamination and the impacts

‘of groundwater quality on the lake.

. Based upon the evidence from this study,

-the most threatening source of pollution to
- the lake is the dairy operation.

and fecal contamination entering the west ‘
and south tributaries. A horse pasture, lo- -

* Data from the sediment survey and from

~water quality sampling suggest that sediment

clear if this tributary could contribute sig-

nificant contamination to the lake in times of

16

of cientdepth.
heavy precipitation. However, the watershed i

loading is not a major problem in Burke Lake.

acter of the lake, the nutrient rich sediments

likely have alarge imlpact on algal and aquatic

weed growth in the lake and also likely con-
tribute to winter fish kills due to lack of suffi-



- RESTORATION ALTERNATIVES

Watershed Restoration

All restoration alternatives should begin

with addressing contamination sources -
within the watershed. Reducing pollutant

loading from the watershed will accelerate

the control of aquatic vegetation in the lake,
improve the fishery through the reduction of
winterkill, and will improve swimmability.
Watershed restoration activities should in-
clude those discussed below. ‘

Foremost, an adequate system to control '[

pollution coming from the dairy operation

needs to be developed and implemented. In

In-lake restoration can be approached

'éither actively or passively. The passive a;ﬁ,

proach is to take no action in the lake.

- watershed contributions of nutrients to the

- lake are controlled, the lake may slowly im-

prove in water quality over a period of several

‘years. How much the lake would improve
- and to what extent it would improve are un--

known. However, it is likely the lake would
continue to. experience algal and aquatic

~vegetation problems for many years.

-~ Active in-lake restoration alternatives

addition, pasture and cropping activities

within the watershed need to be addressed via

will be discussed in regards to the desired

- goals. The goals discussed are algae/weed

information to land owners on how to mini-

‘mize manure, fertilizer and sediment con-

sources of nutrient contributions to

oundwater in the watershed need to be
identified and controlled. A more com-
~complished
©  nutrients available for
T ~ direct removal of plants.
Although sediment loading to the lake.

prehensive groundwater study may be

needed to identify sources.

does not appear to be as accelerated as in

many South Dakota lakes, it is a problem =~ L ,
Nutrient availability from lake sediments

which threatens the fishery and contributes to

the eutrophic condition of Burke Lake. Ad-

dressing watershed activities to control

sedimentation via education of land owners
is the first step. Should this prove ineffective,

a sediment/nutrient control system may have

to be considered. An example of such a sys-

tem would be the installation of one or more -

sediment detention basins or constructed
wetlands within the watershed to act as sedi-

ment and nutrient traps and filters.

Prior to the implementation of any in-

lake restoration activities, the lake’s dam
should be renovated and approved by the c«
~toa

DENR Division of Water Rights. Renova-

tion recommendations were outlined pre-

viously.

In addition to the Water Rights recom-

mendations, cattails, sediment and debris
- should be removed from the area just in front
of the upstream dam lip. . :

- other sealing materials over

control, fishery improvement and swim-

edi - mability improvement.
tributions to water resources. Finally, = "
. Algae/Weed Control

Algae/a ua‘tic« weed control is yacy-” :
y reducing the amount of
plant growth or by

can be reduced by a variety of methods in-

- cluding sediment consolidation, bottom seal-

sediment oxidation and full or partial
dredging. : T '

Sediment consolidation involves draining

alake and allowing the bottom sediments to |

dry out and become hardened. As a result,

nutrients become bound in the hard sediment
- and sediment volume decreases due to

dryin,g.5 Sediments may take from several
months to more than ayear to dry sufficiently.
Hardening the sediments may decrease or
completely eliminate groundwater recharge
ake. Since groundwater is an important
Lake, this method is

source of water to Burke

- not recommended. -

Bottom sealing invclvesplacinf plasﬁc or
the sediment sur-

face to stop the ;exchange of nutrients be-

tween the sediments and water. Oxidation
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involves treating the upper sediment layér;
~chemically to enhance the removal of

nutrients.  Of the methods described, only
dredging has been demonstrated to be an

effective long
nutrient control. -

term method of sediment

Full lake dredging involves the removal of
sediments from most or all of the lake. Selec- -

tive dredging involves the removal of sedi-
‘ments from only specific areas of the lake.
For example, sediments could be removed
from specific shorelines in order to create

‘contracti

~dred
- $220,

dredge, and constructing sediment holding
Sediments mixed with water are
pumped through a pipe to a sediment dis-
posal pond. | |

& The State of South Dakota currently owns

, : ‘ S i ‘and operates four dredges. By doing so, the
Dredging involves the physical removal of
nutrient rich sediments from the lake bottom.

state has been able to substantially reduce the
cost of hydraulic dredging in comparison to
nt with a private dredging company.
The cost for the state to operate a 8 inch
580for one year is approximately

00. This cost includes all labor and
disposal pond construction costs. Private

- contracting costs per cubic yard of sediment

improved depth for swimming and to control

aquatic vegetation growth.

Selective dredging will aid in the control
of growth of aquatic weeds and algae, in-

crease lake accessibility to boaters and in-
crease swimmability. This apé)roach will
likely be less costly than full lake

will also likely not result in as si

redging but
ificant a

reduction of algae and weeds. As with full

lake dredging, care must be taken to maintain
‘water habitats for fish ,
' ey gﬁcipitate that settles into the sediments.

adequate shallow
production.

‘are approximately two to three times higher
- than the state cost. . g

Nutrient availabilityyfrom the lake water

itself can also be reduced. The best
‘demonstrated method for accomplishing this
~is alum (AISO4) treatment.

um can be
added to the water under controlled chemical

- conditions. The alum reacts with phosphorus

Dredging can be accomplished by

hydraulic dredging, drag-line
mechanical dredging with a backhoe fo

ing a partial or complete drawdown of the

oo

lake. In general, drag-line and mechanical

dredging are most economical if the volume

of sediment to be removed is small. These

methods of dredging are more labor intensive

than hydraulic dredging and involve trucki

.

the removed sediments away to a dispo
time intensive than hydraulic dredging.

in the water and forms an insoluble

s method works best in hard water lakes
that are thermally stratified but it has been
demonstrated to be effective for shorter
durations in shallow mixed lakes. The alum
must be a;?lied in highly controlled condi-
tions in order to prevent formation of sub-

- stances that are harmful to aquatic life. Also,
- application of enou

, alum to coat the lake
‘bottom with a thick layer of alum is desirable
for sediment nutrient inactivation and longer

~ duration water nutrient inactivation.
area. In addition, these methods are more ' '

Average costs to conduct mechanical -

dredging on two lake projects in South

Dakota were $2.63 per cubic yard of sedi-
ment. Average costs for hydraulic dredging

by the State of South Dakota are $1.46 per
- cubic yard with a 10 inch dredge.

Hydraulic ‘dredging is most economical
when large volumes of sediment are to be
removed ]
in transporting the dredge, setting up the

cause of the initial costs involved
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Alum treatment is small shallow lakes can
result in the presence of the precipitate or

‘floc on shores and on the lake bottom. This

may be undesirable to lake users. In addition,
alum treatment can result in a increase in
water clarity which in turn can encourage an
initial increase in aquatic weed growth.

The major cost involved in alum treat-
ment is generally labor. A 40 acre lake in
Ohio was treated with 100 tons of alum at a
cost of $14,000 for the alum alone. The treat-
ment costs will decrease if lower doses of



alum are used as would be the caSe if the

objective is to remove phosphorus fromthe ~ '
: -~ " Fishery improvement can be ac-

water column only.

Agquatic plants can be removed from the
lake through harvesting or chemical treat-

ments. Chemical treatments typically result

in short term aesthetic results and do not aid

~_Fishery Improvement

complished through preservation and enhan-

- cement of critical habitats (i.e. nursery, food

~ production and winter habitats) and

ough

the attainment of a balanced fishery

(predator/prey balance). Nursery and food

in the removal of nutrients from the system.

In addition, toxic chemicals used in the treat-
ments can accumulate in the lake sediments.

~Harvestin
and as a res
system. Harvesting
proximately $140 to $310 per acre.

~production habitats can be identified,

fg;eserved and enhanced and a balanced

hery can be attained via cooperation with

~and recommendations from the South

- Dakota Game Fish and Parks Department.

 removes weeds from the lake
t removes nutrients from the
costs range from ap-

Harvéstin can be used alone or in addi- .
tion to dredging. However, if a dredge pro-

gram is properly planned, the dredge activity

can remove nuisance vegetation and create

sufficient water depth to ] ,
‘weed growth from selected areas.

imit further aquatic -

~ Critical habitat can be enhanced to

reduce the risk of winterkills by creating suf-
- ficient deep water areas in the lake and by
- removing excessive aquatic vegetation and
‘organic sediment materials. This can be ac-
complished via dredging. '

~ Swimmability Improvement

 Swimmability of the lake can be improved
~ through control of nuisance vegetation.
- Methods for the control of vegetation were

 discussed previously.
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where the highest é)nonty recommendations
should be mplemented‘ N
~ pacts from the landfill and those from the

are listed ﬁrst an

RECOMMENDATIONS

Recommendations for the restoration of v
Burke Lake will be listed in order of priority,

prior to, or in conjunction with, the im-

tions.

1.

coming

plementatlon of lower pnonty recommenda- - ,

An ade(}r uate system to control pollutlon :
om the dairy operation needsto

be developed and implemented. The

land owner working in cooperation with
- the Soil Conservation Service, should be -
responsible for the installation of ade-

quate pollution control structures. The
operation must achieve comphance with

ARSD 74:03:18 regulations pertammg to

animal feeding operations.

The design and installation of two animal
waste control ponds was estimated byf, et

SCS to cost approx1mately $150,000.

2. Pasture and crop mg activities within the

watershed nee

to be addressed via -

provision of information to land owners

on how to minimize manure, fertilizer,
~and sedlment contrlbutlons to water
" resources. ,

3. Sources of nutrient contributions to
-groundwater in the watershed should be -
‘1dentified and controlled. As a start, the

South Dakota Department of Agriculture il

should be notified to conduct a com-

fphance 1nspect10n at the grain

elevator/fertilizer storage facility located

near the southeast city limits. Inaddition, =~
a more comprehensive groundwater

study is needed to identify sources.

Minimally, it is recommended that the
- wells sampled in the D\F study be

- resampled in the spring after at least one

~ moderate spring rainfall event. In addi-
- tion, two additional wells should be in-
-stalled and sampled at the same time as

‘the others. One well should be installed

‘upgradient of the landfill and
- downgradient of the
tilizer storage facility 1n order to distin-

ain elevator/fer-

‘ gulsh potentlal nutrient 1mpacts from the

20

~ shoul

~ elevator facility. A second well should be
installed downgradient of the landfill and
‘upgradient of the adjacent pasture. This

well will serve to distinguish between im-

~ pasture. Another upgradient well which

~ can be sampled alike to the other

. downgradient wells, should also be
~ sampled.

Installanon of two new wells by SDGS

‘and one time sampling of four wells by the

DENR would cost approximately $2,000.

4. :Pnor to the implementation of any in-lake

restoration activities, the lake’s dam must

- be renovated by undergoing the followmg '
" repairs and mamtenance

—~ Trees, brush and the root systems of
the larger trees should be removed
from both slopes of the dam and the

“holes backfilled with impervious
material.

- Erosion of the upstream slope should
~ be r?alred and sufficient riprap
; be placed along the slope to
~ prevent further erosion.

= Trees and brush should be removed

from the spillway discharge channel
and the channel should be leveled to '
provide uniform flow. s -

R Major spalls, cracks and deterlorated

joints should be repalred

_ Cattails, sediment and debris should
* beremoved from the area Just infront
of the upstream dam lip. ‘

GFP working in conjunction with the
“local sponsor should

respon51ble for
dam repalrs

In-lake restoration is recommended to

. include the followmg

— Full lake dredgm to remove sedi--
ment nutrients and nuisance stands of
aquatic vegetation, and to create



deep water areas which will limit
regrowth of aquatic vegetation and

create deep fish habitat holes to

prevent winterkills. Since lake sedi-

ments contain and often recycle

nutrients to the lake, they representa

pollution source to the lake. Sedi-

ment removal via dredging is often

utilized as away of improving thelake T (
~ private contractor is estimated to be ap-

quality through removal of nutrients

and enhancement of lake usability by

increasing depth. Lake deepening -
can increase storage capacity, prevent
winterkills, expand recreational areas,

~decrease area available for plant -

growth and may aid in the reduction

of resuspended sediments (Sefton,
~1983). A fish management plan
- should be developed with the GFP
department
tivities.

Full lake dredging by DENR is estimated
to take approximately 1.5 years to com-
plete with an 8 inch dredge. Dredging
approximately

costs are estimated to be
$330,000.

— Following dredging activities, a one

prior to any dredging ac-
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tions in order to prevent formation of
‘substances that are harmful to aquatic
life. Also, application of enough alum

to coat the lake bottom with a thick

~layer of alum is desirable for sediment
‘nutrient inactivation and longer dura-

tion water nutrient inactivation. B

The cost of alum and application by a

proximately $12,000. Additionally, the
cost of contractor travel is estimated tobe

- up to $10,000 based upon an applicator

~ located in Pennsylvania. Travel costs per
- lake can be substantially reduced if more
- than one lake is treated during the trip.

Upon completion of the outlined lake res-

~ toration techniques, an ongoing lake
~-management/protection plan for the lake

should be developed and implemented.

A system of long term water quality
-~ monitoring should be developed as part
- of that strate

to detect problems early.

~This plan should be developed as a

 cooperative effort between G
- and the City of Burke. '

.

time alum treatment would aid in

reducing nutrient availability from the

lake water itself. This method works =

best in hard water lakes that are ther-

mally stratified. After the completion
~of dredgi

holes, the

lake will likely strati

, DENR,

If aquatic ,vefetation continues to persist.
at nuisance levels after dredging is com-

. pleted, selective weed harvesting may be
~used as an option in the long term lake

' management strategy. A small scale har-
- vester such as a Hockney could be pur-

g and the creation of deep
to

some extent and will therefore likely
benefit from alum. The alum mustbe -

21

chased through cooperative funding and

~operated by a local or state entity. The

purchase price of a Hockney is ap-

- proximately $10,000 without shipping.
applied in highly controlled condi- : ' '
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Lake Basin Cross Sections
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- Burke Lake Survey Cross-Section Locations.

Note: Survey Data Collected 2/16/89.
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. FElutriate Sample Data



V MRD LAB 'No. 897672 .
. s DEPARTHENT OF THE ARMY : . e .
Hlssoun River Division, Corps of Engmeers‘~
Division Laboratory B
‘Omaha, Nebraska

: Pro;ect- “South Dakota Departnvnt of Uater and Natural Resource

Date Sample Taken: 16 Feb 89 -~ = ' ‘Customer Sample Id: Burke Lake
' Date Sample Received: 21 Feb 89 7 Lab'Sample No: M-983 . - ’
‘Sample Description: Water and Sed\ment Sanple Contamer' 2- 1gal glass (uater) and 1 1gal glass (sedlment)
Time Sample Taken: 3:45pm e ; ‘ :
. Comments:” Burke Lake (Center of Lake PT 12) Gregory County,
A © Receiving o Elutriate -
: ‘ ) Sediment- . : " Water Sl Mater . e
Analysis ' R . Result / ~Units’ ‘Result © Units oo Result - Units
. Ammonia Nitrogen’ T R o 10 82 . 'mg/L ‘ 3.6 " mg/L
.Chemical Oxygen Demand - : : ¢ ‘ 43 ;omg/L oo 5T.00 mg/L
Total Cyanide - : : B R ©.<0.02 0 o mg/L . <0.02 . ‘mg/L
Nitrate-Nitrite Nitrogen . - , o e © . 0.28 T mg/L <0.01 - mg/L
‘Total Phosphorus o : s e 202220 0 mafL “0.14 - mg/L
Total Kjeldahl Nitrogen A L3 mg/L 1.6 Comg/L
0il ‘and Grease' ' - R S L <5 Cooomg/L 10 - mg/L
“Antimony - S - 0.42 . .mg/Kg .o <t ug/lo <1 ug/L
© Arsenic : R I R mg/Kg S o ug/l o 4 ug/L
Barium - . 340 mg/Kg - 420 f' ug/L. - 210 - ug/l
Beryllium 1.0 - ‘mg/Kg RENE 4 I Seugll o <1 ug/L
. Cadmium / .<0.5  mg/kKg i T<0g ‘l ug/L <0.1 . ug/L
- Chromium - 7 ; 20 mg/Kg SRRy ug/L - <1 ug/L
Copper . R 26 mg/Kg i <5 g/l ] S ug/l
- Iron o ;. o 27000 ‘mg/Kg . 70 Loug/L w2200 ug/L
" tead - C S€§ o mg/Kg o <1 ug/L o <t ugfli e
Magnesium - 7400 L mgl/Kg A k1 mg/L- . 100 mg/L -
Manganese ' o630 mg/Kg 13 ug/L - 990 ug/l o
Mercury ' N T - <0.1 mg/Kg . LT <0020 ug/L S <0.2 7 ug/L
Selenium- .« o 12 Tmg/Kg o et uglL Sk ug/L
Zine e ST mg/Kg <2 ug/L - : <2 - ©oug/L
- Nickel T e , A2 0 mg/Kg 2 ug/Ll s« ugfL
Aluminem 0 -, 33000 . mg/Kg <40 ug/l T eh0 e TugfL
Calcium -~ - o oo 1430000 T mg/Kg St mg/L : 42 7 mg/L
Sodium G TUO240 . mg/Kg 16 mg/L 16 mg/L
‘Potassium [ 4500 mg/Kg o o2k 0 mg/L o mg/L
“Silvers el U mg/Kg <0.2: - ug/L ‘ <0.2.. i ug/L
Simazine (Prlncep) <100 - ug/Kg e <01 oug/lo <0.1 " ug/L
‘Metribuzin (Lexone) <100 T ug/Kg Coe<001 ug/L” <0.1 " ug/L
“-Atrazine (Aatrex) i <100 © - ug/Kg Lousoo<01 o ug/l <001 ug/L o
Aldrin o : <10~ . ug/kg . <0,01 ougfL v ©.<0.01° ug/L
alpha- BHC T o €10 - ug/Kg . <0.01" ug/L <0.01- - ug/l
“ beta-BHC © . 10T ug/Kg © . <0.01 -ug/L” <0.01 -~ uwg/L
~ .. gamma-B8HC (Lmdane) - <10 . ug/Kg o S <0.01 o ug/li -<0.01" ug/L
oo Mirex . o100 uglKg e S <0,015 Cugft <0.01 ug/L .
- Chlordane. ST <10 Loug/Kg S 0,010 s ugfL 1 <0.01 - ug/Ll
PIPUDOD. <10 ug/Kg ST <0,01 0 ug/L ©<0.01 " ug/L
P/PWDDE . Te10. L ug/Kg. oo %0.01 ug/l o <0.01" . ug/L
P/PHDDT G e <100 ug/Kg S 0,01 ug/L e <0.01 0 ug/l
Dieldrin U <100 - - ug/Kg S <0,01 0 ug/Ll 1. <0,01 ug/Ll
- Endosul fan 1 IR 3 {1 5 ug/Kg Ll <0001 g/l S <801 ug/l
. propachlor (Ramrod) T iei00 - ug/Kg -~ <0.1 - ug/L . <0.1 - ug/L’
‘Metolachlor (Dual) * <100 cug/Kg. S <001 ug/L <0.1. = ug/L
Alachlor (Lasso) SO <100 ug/Kg - <0.1 C.oug/L . «<0.1- ‘ug/L
Diazinon - ) oo 1000 uglKgl s <00 ug/L . <0.1 " ug/lo
Endrin Shn <0 ug/Kg - <0.01 - ug/L <0.01 ug/l:
" “Heptachlor s L0 o ug/Kg S <0.01 0 oug/l oo <0.01  wuwg/Llr
-Heptachlor: epoxtde ‘ <107 Tug/Kg o <0001 ugl/t : ©<0.01. " ug/L-
Methoxychlor - S © <10 ug/Kg i ~.«<0.01 . ug/L o <0.01 - ug/L
Toxaphene - - - <500 - . ug/Kg . o <050 o ug/l - «<0.5 . ug/L
PC8-1016 . - - <1000 . ug/Kg <01 ug/t <0.1 ug/L
pcB-1221 " <100 ~ug/Kg <0.1 vg/L <0.1  ug/L
PCB-1232: .7 - 0t o0 <1000 ug/Kg <0.1 . cug/L - <0.1 ug/L.
pPCB-1242 L E : <100 Cug/Kg .<0.1 ‘ug/L - <0.1"
PCB-1248 - S <100 o ug/Kg - <0.1 ug/t v <001 g/l
PCB-1254 " Lo <1000 ug/Kg <0.1 ug/l <g.1 0 ug/L
PCB-1260 UL T <1000 T ug/Ke <0.1 ug/L <0.1 - oug/ti

wil
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' Photograph 1.

- Date: 10-3-90 ' -

?Photographer' P. Szewczykowskl

© Orientation: Looklng west towards abandoned
H;flandflll. o -
Description: D/F study monltorlng well #2.~ Well is
~located directly east and approximately 1500 feet .
downgradlent of the abandoned c1ty landflll. '

Photograph 2.

Date: 10-3-90 i
Photographer: P. Szewczykowskl e :
Orientation: Looking southwest towards the abandoned:;
© - landfill. : e
- Description: D/F study monltorlng well #3. Well is

. located northeast and approximately 1750 feet

ddowngradlent of - the abandoned c1ty landflll.



Photograph 3.
‘Date: '10-3- 90 , :
Photographer~ P. Szewczykowskl

- Orientation: Looking northeast towards the western
tributary to Burke Lake. ~

Description: The tributary bed was dry at thls tlme
of year and ‘was belng utlllzed for gra21ng horses.

- Photograph 4.

‘Date: 10-3-90 ‘ ‘ :

Photographer: P. Szewczykowsk1,~ ‘
_Orientation: Looking north from the east-west county
road which leads to the lake access road.
"Descrlptlon. Manure piles .in the watershed of Burke
- Lake. During precipitation events, this manure can
- wash into a trlbutary to Burke Lake and can 1mpact
~groundwater. ‘



~

- -Photograph-
- Date: 10-3-90 S ’ B

- Photographer: P. Szewczykowski RN
Orientation: Looking west from the southwest shore

Photograph 5.
Date: 10-3-90 e A P :
‘Photographer: P. Szewczykowski : R
‘Orientation: Looking west from the southwest shore
~of Burke Lake. 5 Gl 1 S
Description: Dairy operation located along the
southwest and west borders of Burke Lake. Runoff
from the feedlot can directly enter the lake.

o :

6.

- of Burke Lake. .

Description: Dairy operation located along the

southwest and west borders of Burke Lake.



~ Photograph 7.

Date: 10-3-90 e

Photographer: P. Szewczykowski

Orientation: Looking east from the dairy operatlon.
Description: Aquatic vegetationion Burke Lake. B

. Photograph 8. ‘
"~ Date: 10-3-90 ; ’
,*Photographer' p. Szewczykowsk1 _
Orientation: Looking east at Burke Lake near
~ tributary sampling site #3.
‘~Descr1ptlon. Turbldlty in Burke Lake.




~ Photograph 10 .

Photograph 9.
Date: 10-3-90

,ePhotographer' P Szewczykowskl
- Orientation: Looking. northeast.
" Description: The outlet structure at Burke Lake.

The structure- 1syovergrown wlth vegetation.

o
4 i

Date: 10-3-90

4,Or1entatlon. Looklng east and downstream from the

‘outlet.
‘Description: Debrls and trees at the bottom of the.

’outlet." RS L o
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