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A lakeshore inspection was conducted around the periphery of Lake Byron in 1991 by
BCCD to verify the conclusions made by an earlier shoreline erosion survey conducted
by SCS, and to note any recent changes in the intensity and pattern of lakeshore erosion.
Probable sources of additional lake sediments as well as the high nutrient levels found in

- Lake Byron were investigated by means of a watershed land-use survey conducted by

BCCD in 1991 that located livestock operations, eroding croplands, and other potential
sources of nutrients, sediments, and bacteria. The 1985 WQSA study indicated that

failing septic tank systems of some lakeshore resudences may be significant contnbutors e

of nutnents and bactena to the lake.

Results of the water quality (WQ) monrtorrng portton of thls assessment lndlcated that the
high levels of phosphorus and nitrogen recorded a decade ago remain in Lake Byron and
its tributaries at the present time. Limited data from previous WQ studies suggest that
incoming suspended solids (TSS) levels from the tributaries may have decreased slightly
over the past decade. However, average lake water clarity (secchi disk visibility) appears
also to have declined in Lake Byron from approxrmately 5 feet (1.6 m)nn 1879 (Koth 1981)
to 2 feet (0.61 m) recorded durrng this study

Low dissolved oxygen levels measured in both tributaries dunng the present assessment
strongly suggested that organic loading to the lake is an ongoing problem. Moreover,
calculated nitrogen and phosphorus loads to Lake Byron during 1991 were clearly

~ excessive, and high fecal coliform bacteria ‘numbers continue to be a contamination

problem in the tributaries. This study concluded that major sources of nutrients, organic
loading, and bacteria to the lake are likely to be watershed livestock operations, possible
dumping of animal waste material into- tributary drainage channels, and secondarily,
overfertilization of crop lands and eroding soil in the watershed croplands and land

‘adjacent to tributary water courses.

The study recommendations for lake restoratron include 1.) establrshlng 4 animal waste
management system (AWMS) and 10 livestock feeding areas in the ‘watershed 2.)
implementing Best Management Practices (BMPs) on crop lands and pasture land 3.)

- stabilizing stretches of eroding stream and lake banks 4.) planting grass cover, trees, and

grass filterstrips 5.) establishing grazing management systems 6.) constructing sediment
basins and 7.) other apphcable rmplementatlon measures such as selective lake dredgmg



5::,Execuﬂvs SUMMARY

Lake Byron is a comparatively large prairie pothole lake located in northeast Beadle
County, east central South Dakota. Lake Byron is a meandered lake whose water levels
fluctuate widely with the amount of annual rainfall. A year of average rainfall in the
watershed is not sufficient to maintain lake water level. As with a number of other natural
lakes in eastern South Dakota, normal lake level or acreage for Lake Byron is indefinable
(State Lakes Preservation Committee Report, 1977). The maintenance of reasonably
stable lake water levels to support recreational uses in the lake has been a continuing
problem for lakeside residents. In past years, the lake acreage has ‘commonly varied
from 1250 acres at low water mark to slightly more than 1900 acres at full capacity. In
the mid 1930's the lake was completely dry for several years. The recent establishment
of a pipeline from the James River has helped stabilize lake levels-to some extent and

served to reduce the magnitude of the fluctuations..

A recent USGS survey established that, at a water surface elevation of 1247.5 feet MSL
(May 1992), Lake Byron had a capacity of 10,645 acre-feet and a surface area of 1907
acres. At that time average lake depth was determined to be 5.6 feet with a maximum
measured depth of 7.0 feet. Due to the present shallow dishpan shape of the lake basin,
small changes in lake level result in relatively large changes in lake surface area.

The contributing watershed of Lake Byron encompasses approximately 116,140 acres
located in Beadle, Spink, and Clark Counties. Approximately 80% of the watershed
consists of the Foster Creek drainage diverted to the lake in the late 1930's.
Approximately 63% of the land in the Lake Byron watershed:is%pre;s,ently,u,sed as crop
land with most of the remainder left to grass land and pasture. The watershed to lake
surface area ratio is moderately large - approximately 65:1. s

Past studies conducted by the South Dakota Department of Environment and Natural
Resources (DENR) from 1979 to 1982 determined Lake Byron was nutrient.enriched.
Data collected from the three lake tributaries indicated high concentrations of phosphorus
and nitrogen were entering Lake Byron throughout that period (Lake Byron WQSA
Report, 1985). Sampling often detected excessive fecal coliform levels in Foster Creek
and the two minor tributaries. During the last decade a number of swimming beach
closures were made necessary due to high in-lake coliform bacteria counts. :

In November 1990, DENR began a Lake Assessment Project under a Contract/Letter of
Agreement with the Beadle County Conservation District (BCCD). Detailed results of that
project are presented in this report. S e e

The lake assessment project consisted of water quality monitoring of Lake Byron, Foster
Creek, and one of the lake's two minor tributaries. In addition, a sediment depth survey
was conducted by USGS in cooperation with DENR and the BCCD. The results of that
investigation showed that 72.6 million cubic yards of sediment had accumulated in the
lake basin to an average depth of approximately 25 feet (7.6m) over the life span of the

“lake. That volume of sediment represents the loss of roughly 3/4 of its water capacity

since the lake basin was formed approximately 9,000 years ago.
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INTRODUCTION

The purpose of this report is to provide information gathered from a Lake Assessment
Project of Lake. Byron and its watershed. The study was conducted from April of 1991
to late summer in 1992. The parties responssble for the completion of the study were the
South Dakota Department of Environment and Natural Resources and the Beadle County
Soil Conservation District. The study was initiated at local request to assess the current
status of the lake and the watershed, to collect water and sediment samples and analyze
the water quality of Lake Byron and of two tributary streams, to identify pollution sources
to the iake and the watershed and develop specific restoration alternatives. '

STUDY SITE DESCRIPTION

Lake Byron

Lake Byron is a large prairie pothole lake wnth a plammetered area of 1749 acres (1 g70)
located in northeast Beadle County, central eastern South Dakota (Figure 1). Specifically

‘Lake Byron is located; Township 133N, Range 61W, Sections 22, 23, 25, 26, 27, 34, 35,

Longitude 44 deg. 33 min. 54 secC. N Longltude 88 deg. 08 min. 24 sec. W (Stewart,

- 1992)

In 1992 Lake Byron had a maximum depth of 7 feet an average depth of 5.6 feet and a
water volume of 10,645 acre-feet, (USGS, 1992). The shoreline is approximately 12.4
miles in length. The basic shape of Lake Byron's basin is spherical with a large bay and
marshy area: protrudmg eastwardly from the lake. ,

Watershed

Lake Byron has a Iarge watershed in excess of 116,000 acres located within three
different counties (Figure 2). The counties are Beadle, Spink,.and Clark. The
physiographic location of the watershed lies in the James River Basin lowland between
the Lakota Plain and the Coteau des Prairie in the Central Lowlands Province (USGS,
1990). The major tributary into Lake Byron is Foster Creek which has a 89, 260 acre
drainage. The other 26,090 acre basin drains directly into Lake Byron. The receiving
water of Lake Byron's unnamed outlet is the James River about 2 miles downstream.
Lake Byrons watershed to lake ratio lS approximately 65:1 (Stewart, 1892).

- The chmate of the Lake Byron watershed varies greatly The watershed receives total
“annual precnpttatlon of 19 inches, 14 inches of the total fall between the months of April

and September. The area receives an average of 40.2 inches of snow a year. The

average mid-afternoon humidity is about 60 percent. The average humlduty at dawnis
_approximately 80 percent. The daily maximum temperature is highest in July and

averages 87°F, the yearly daily maximum average is 56. 6°F. The yearly daily minimum

~ is lowest in January at 1°F, and the yearly minimum average is 32.7°F. The average‘

temperature throughout the year is 44. 7°F (SCS 1979). The annual lake ‘evaporation ns

v approxlmately 40 mches
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WATERSHED (GEOLOGY AND HYDROLOGY'SUMMARY) N

The contrrbutlng watershed of Lake Byron consrsts prrmanly of the Foster Creek dralnage
that was diverted to the lake in the late 1930's to provide supplemental water and stabilize
lake water levels. The present watershed encompasses approximately 116,140 acres in
northeastern South Dakota. It extends north-by-northeast from the northeast corner of
Beadle County, across the southeast corner of Spink, and into the southeast edge of
" Clark County (Figure 2). Approximately three-fourths of the watershed (in Beadle and
Spink Counties.) lies in the James River Basin, a gently undulatrng plain at elevations of
1240 to 1500 feet. Most of the Foster Creek drainage occupies the lower watershed
elevations from 1247 to 1310 feet. The area is drained to the south by the James River.
Drainage is generally poorly developed in the basin. .Much of the precipitation falling on
- this area collects in glacier-formed depressrons until it evaporates or sinks into the
ground Nearly all streams in thrs regron are ephemeral ,

The northern quarter of the watershed in Clark County extends to or shghtly past the
western boundary of the Prairie Coteau physical division, a steeper region of plateau-like
~ highlands irregularly covered by glacial drift at elevations from 1,600 to 2000 feet above
sea level. Along the border of the Prairie Coteau and the James Basin stream gradients
may range from 20 feet per mile to as much as 100 feet/mile. ‘Most of the streams tend
to be short in length and ephemeral Estimates of local stream drscharges range from
0.3t0 3. O cfs dependrng on the size of rndlvrdual drarnage areas. ;

Two surficial glacral aqurfers Tulare and Altamont, and two bedrock: aqurfers Nrobrara
Marl and Dakota, are found in the Lake Byron watershed. -Depth of local groundwater
formations ranges from 20 to 400 feet for glacial aquifers and about 80 to 950 feet for
bedrock aquifers. Due to this greater than normal depth, rnterchange between the
aquifers and surface waters appears neglrglble as evndenced by the ephemeral nature
of watershed streams S ; , ,

The lakes and streams wnthrn the James Rrver Basrn are typlcally hard mlnerallzed waters
of high alkalinity (>200 mg/!) and dissolved solids content. Sulfate, magnesium, sodium,
and chloride represent the most abundant dissolved minerals in local waterbodies.
: Conductrvrty may sometrmes exceed 3000 umhos in a few waters of this region.

Perhaps characterrstrc of surface waters in this area is hrgh sulfate content which may
approach 2000 mg/! in a few instances and elevated chloride levels (max: 500 mg/l).
High chloride concentrations (>100 mg/l) in lakes and streams sometimes constitutes
‘evidence of contamination from human and/or animal wastes as thls element is excreted
by man and anlmals in unaltered form (Appendrx A) e e

Lake Byron has a hrstory of hrgh |n lake phosphorus and nrtrogen concentratlons datrng
back at least 30 years. Much of this nutrient enrichment was probably derived from the
lake watershed which is largely overlain with erodible glacial loams with high organic and
nutrient content; and the effects of various agrrcultural activities on these soils. The
predominant soil in the Foster Creek drainage is Great Bend Silt Loam. Currently (c.
1991), 63% of watershed acreage rs used for crop productron with only 28% left to

4 .



' ;grassland These condmons reemphasrze the rmportance of preventmg soil erosion in thls

drannage to reduce the large nutnent Ioads presently |mpactmg Lake Byron.

- Soils

The general soils map for the Lake Byron drarnage basin is not complete. As soon as

; " it is completed the information will be gathered and added to the next Lake Assessment i
- which will be updated yearly. - T

- LAND USES IN THE WATERSHED

A Iand use survey of the watershed conducted in 1980 using remote sensing technology
was published in 1981. The study used a Landsat satellite to classify the land use in the

~watershed. A percentage of the acreages was then field checked to test the accuracy

of the system. The confidence level of the satellite modeling was 81.8 %. The satellite -
had the lowest confidence level determlnmg the difference between non-irrigated small

~grains and pasture/range The confi dence level of the small graln was 68.5 %.

The acreages and percent conﬂdence Ieve!s for the different land uses are shown in Table '
1. Figure 3 deplcts the Iocatlons of these land uses in the watershed

Table 1 - Lake Byron Land Uses 1n June of 1980.

CATEGORY SR PERCENT »! ACRES ' f%KACCURACY
Watershed 1.7 ';1,940,‘5» ~100.0
Row Crops .~ 12.0 14,644 70.6
Irrigated ‘ "g;; L R .
Row Crops 0.5 612 -~ . 100.0
Small Grains  33.5 38,861 68.5
fIrrlgated‘ R ';'¢ 'ff{;v ' ‘Lf
Small Grains - 0.6 743 . 100.0

~s'.Pasture/ | , " ""Qc
: Rangeland - .51.7 59,340 - . 94.5
TOTALS ©100.0 f116,;40 o 81.8
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Acres of Grasslands B | 9900 | 830 *16,100 35,320

|l Acres ot Croptand | e | 0180 41,800 78980
Aores of Farmstead and Misc. | 300 00 | o400 | 108300
TOTALACRES 2220 | om0 67300 | 124600
(of these Total Acres) ) o :
Acres of Wetlands . 2439 4996 2500 | 993 -
Acres of CRP ‘ 1437 3005 3,160 7,602
Acres of GPCP ‘ 1 e 0 2,160 2,180
Acres of Highly Erodible Sofls | 1688 - o2t 200 | 300
Acresof State OwnedLand | 1180 | a0 o 1,800
Acres of Federal Owned land 80 : 0 o 180
Number of Operators ‘ e 75 100 220" |

A more recent general survey was. completed in 1991 by the Beadle County Conservat:on

~ District (BCCD) that utilized on-the-ground inspection of the watershed acreages and

interviews with local Iand operators. A summary of this latest inventory is presented ‘

below:

Table 2: Land Use And Ownership In The“yl_\.aike Byron Watershed

INDIVIDUAL COUNTY LAND STATISTICS | BEADLE COUNTY | CLARK COUNTY | SPINK COUNTY | TOTALS

}thberof Limited Resource Farmers 2 ; 20 » 2 A 34 .|

DESCRIPTION OF PUBLIC ACCESS

Lake Byron has two public access areas and approximately 100 acres of lakeshore land

owned and managed by the South Dakota Department of Game, Fish and Parks. Game,

- Fish and Parks manages two day use areas located on the west and north sides of the
~ lake. Public lakeshore facilities include convenient access to shore fishing, two boat‘
-~ ramps, pubhc toilets, picnic grounds, plcnnc tables and pnmltnve camping grounds.

T lPOTENTlAL USER POPULATION

 The estimated popula’non within a 65 mlle radius of Lake Byron is 78, 074 and

approximately 31,000 people reside within a 30 mile radius of the project area. The lake
has a permanent population of 25 residents. There are also approximately 200 other '
property owners who spend some time during the year at the lake. The closest
municipality is Huron, the ninth largest city in South Dakota, about 13 miles southwest of'

i Lake Byron. Huron has a population of 12,448.




HISTORICAL AND BACKGROUND INFORMATION

Lake Byron was originally called "Big Toad Lake" because of the appearance of the trees
around the lake from a distance. It was renamed "Byron" by local residents who found
the name of an Indian trader, Byron Paye who camped there in 18685, carved in a tree.
The lake has had extreme fluctuations in the water level. The lake was dry and farmed
from 1933 to 1935. Annual fluctuations can be expected range from plus one to minus
three feet. | e | 0 o R e

~ In 1926, a study by Over and Churchill concluded that diverting water into Lake Byron
from the James River could help stabilize lake water levels (Churchill, 1926). In June of
1984 the Lake Byron Watershed District received a water right (Attachment A) to pump
no more than 3,400 acre-feet a year into Lake Byron and only if the James River was

located in Huron. .

flowing at 20 cfs (April 1 to June 30 flow must be over 60 cfs) over the Third Street Dam

Wildlife

An extensive wetland forms the east end of Lake Byron. The wetland serves as a home
to a variety of species of resident wildiife in the area. The South Dakota Department of
Game, Fish and Parks also owns land located on the south end of the lake ‘which is
habitat to upland species indigenous to the area. L e N

The lake itself serves as a staging area for a variety of migratory species. Snow geese
(Chen  hyperborea) are probably the most prevalent species in Lake Byron proper, while
puddle ducks stage more closely to the marshy wetlands east of the lake.

‘Fish

Water flowing out of the lake reaches the James Rivér;'apprOXimyat‘ely’ 2 miles downstream.

Due to this close connection, any fish possible in the James River may be present in Lake
Byron (Table 3). In the 1991 SD GF&P Fisheries Management. Plan, it was stated that
Lake Byron has the potential to support large quantities of catchable game fish.

However, the poor water quality and large rough fish populations are having a detrimental |

effect on the game fish population. According to the management plan, walleye, northern
- pike, and yellow perch are managed as primary species; black crappie, largemouth
 buffalo, white sucker, and freshwater drum are managed as secondary species. =

e —



" |LIchnny Darter

Table 3 = 'F*Qh’ qu

;_ggungu_nang | BCTENTTFIC NAME , »
| short Nose Gar Lgmsgsmulamsmzzms_._. 4
Glzzard_Shad | Dorosoma cepedlanum
| Goldeye ' Hlodon alQ501des -
';Nnrthern_Eike, "Esox lusc1us ;
;Mnskeihnxxz ;  Esox masau1nonav
carp V ,CVDrlnus carolo

S]lyerv M1nnow

| Hvbognathus nuchalis

_Emg;a]d Shlner

'Notrools'athez;ngldgs

Common Shiner

Notropis cornutus

| Notropis lutrgisls

_Red_Sh;ner ,
Sand Qh1n9r Notropis stramlneu5~
| Fathead Minnow leemalﬁs_nmmel.as_ N -

‘Snggglus atromaculatus

Crepk'chub

River Carpsucker

| White Sucker

- Carolodes carpio

Catostomus commersondi

Smallmouth Buffa]o»

Ictiobus'bubalas

Blcmouth,Buffalo

Black Bullhead

| Ictiobus cyprinellus
| Ictalurus melas

‘1Y¥Yellow Ru11hpad

Ictalarus natalis

_Qhanngl Catf1sh'

iétalurﬁs Dunctatus

Tadpole Madtom

--Noturus avrlnus

_Brggk_s:;gkleback kCulaea 1nconstans
’;Hhite_Bassf _Morone chrysons
_Green_Snnﬁlsh Lepomis cyanellus

_Qrangespnt:ed Sunfish
| Bluegill

Leponis humilis

Iowa Darter

_Targemouth Bass Micropterus salmoides
White Crappie Pomoxis apnularis
| Black Crappie Pomoxis nigromaculatus

Etheostoma exile

Etheostoma nigrum
_Xellnn,Perch, Perca Ilavescens
Walleye _Stizostedion vitreunm v1treum
| Freshwater Drum ABLQQ%£2£2==2£EQQ£22§ —

Tol, 1976.

_ Sources: Elsen 1977 Fredrlckson/Houtcooper, 1986; Murphey, 1987,



Lake Byron has an annual contract for rough fish removal. Removal of rough fish is
_contingent on size of the population and also the size of the fish. The contractor usually
drops tests nets down to see if rough fish removal would be economically feasible. Table
4 shows the poundage of rough fish removed from Lake Byron in past years. Lake Byron

is stocked with game fish almost annually. The predominant species stocked are walleye,

northern pike, and yellow perch. Stocking records are listed in Table5.

Table 4. COmmerCialRquh‘Fish‘ Removal

: "Year - | Species e ‘Pounds | ’ "
1674 3  | . :"Carp & Buffaloﬁsh k, 63,000
1975 ~ Carp &Buffalofish 111,000 ;
1976 . CGap 280000
: fo L . Buffalofish . 8000
__Sheephead ~ ~  goo0 -

~ Aquatic Plants "
Survey

On July 23, 1991, an aquatic plant survey was completed on Lake Byron by Kay Joy -
Beadle County District Conservationist, and Connie Vicuna - Biologist for the Soil
Conservation Service. The survey showed aquatic plants present mainly along the
~shoreline (Figure 4). There were scattered patches of emergent macrophytes around the
main lake, but not further than 50 and 100 feet from the . shoreline. The primary
vegetation observed along the shoreline was prairie cord grass and common reeds
(phragmites). . Secondary coverage consisted of areas of bulrush, cattails, and willows.

The smaller eastern bay was almost exclusively covered by cattails.

Seasonal variation in biomass and dominance depend on many biological factors.
Macrophytes can be an important source of nutrient uptake. However, they may also
release large amounts of organic matter and inorganic nutrients when conditions are no
longer conducive to growth. Evaporation of water is also increased by the presence of
- emergent macrophytes. An area with macrophytes will experience more water loss by

evaporation than the same area of water without macrophytes due to the additional water
loss incurred by plant transpiration (Wetzel, 1983). s e S

The estimated shoreline macrophyte coverage in the main lake at the time of the study
‘was 20 to 30 percent. When the bay to the east was included macrophyte coverage was
closer to 50 percent coverage. It was also observed that there were extensive areas of
rocky shoreline and beach front where human activities have disturbed and removed plant
communities. - - T R I i T

10



Table 5 - Lake Byron StocklngkRecord From 1974 to 1992

"YEAR - NUMBER “jSIZE SPECIES
1974 615,000  Fry Walleye
1975 400,000  Fry " Northern Pike
1977 750,000 Fry , ‘Northern Pike
‘ 8,000 Fingerling Yellow Perch
1978 825,000  Fry  Northern Pike
450,000 - Fry Walleye '
- 485 ~Adult Yellow Perch
-100  Adult Northern Pike
1979 750,000 Fry Walleye
1980 900,000 Fry Northern . Plke
. 850,000 Fry Walleye
1981 650,000 Fry Northern Pike
= 65,000 Fingerling Walleye
1982 700,000  Fry Northern Pike
1983 650,000  Fry Northern Pike
1984 1,300,000 Fry Northern Pike
‘ 74,100 Fingerling Yellow Perch
510 Adult Black Crappie
1986 1,300,000 Fry Walleye
S 650,000 Fry Northern Pike
1987 600,000 Fry Walleye
1989 650,000 Fry Walleye
1990 50,400 Large Fingerlingb ‘Yellow Perch
1991 650,000 Fry Northern Pike
1992 1,300,000 Fry Walleye
~ 8,886 : Flngerllng Yellow Perch
SQurce:_~SD GF&P
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" Algae

In 1989 algal samples were taken for the SD DENR Lakes Assessment. Two samples
were taken in the summer of the year, one on June 13 and the other on July 11. These
- samples were sent to-a private contractor for- analysis. Table 6 lists the results of the
analysis. It appears that a diatom bloom was taking place at the time of the first sample
due to the large number of flagellates and diatoms present. During the second sampling
the blue-green algae (cyanobacteria) were the dominant form of algae ‘The most
prevalent blue-green alga at that time, Aphanizomenon flos-aquae, is found in many South
Dakota lakes and is responsible for the floating green mats that sometimes appear on
non-windy days. After a large bloom, these same ﬂoatlng mats are usually blown to
shore where they can cause odor problems ,

WATER QUALITY MONITQRING

Water Quality Standards

The surface water quallty standards for the State of South Dakota are: based on the
highest ranking criteria assigned to a body of water. Lake Byron is given the beneficial
uses of a warmwater marginal fishery, immersion recreation, limited contact recreation,
and wildlife propagatxon/stock watenng The parameters which have water quahty '

2 vstandards are listed in Table 7.

Table 7 -VLake Byron Water Qualitvisﬁandards'

Parameter e - Standard
Total Chloride Residual ' <0.02 mg/L
Un-ionized Ammonia v f ' <0.05 mg/L
Total Cyanide SRRERI & D <0.02 mg/L
Free Cyanide . I ~ <0.005 mg/L
Dissolved Oxygen = L <5.0 mg/L
Undlssassoc1ated Hydrogen Sulflde <0.002 mg/L
pPH B : . >6.5 & <8.3 units
Suspended Solids LT : ,<150 ng/L
Temperature ceT L <90£‘
‘Polychlorinated B1phenyls~j : ~ <0.000001 mg/L
Fecal Coliform Organism : : <200 colonies/100ml
Total Alkalinity ' <750 mg/L ‘
Total Dissolved Solids ‘ . <2500 mg/L ; ,
Conductivity v R ‘ <4000 micromhos/cm
Nitrates - L . <50 mg/L L
Sodium, absorption rate : - <10:1

- SD DENR, Title 74.
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Table 6. jLakeiﬁ ron Alyal S ecies‘ahdZDénSitiés;»f'ﬂ:}l;f

~ June

 July

Taxa

|13, 1989

11, 1989

Number

| 187

fUnits/mlﬂ

‘Number

Units/ml

ChlamYddﬁénasf

»Cyclotéllé*n‘
meneghiniana

10,067
1,830 |

Algae (other)

<

1,669

277

CryptomonaSLSp;>#if”“

NS
[0

Green Algae (other)

1,507

323

Marssoniella

Characium

161

Blue—éreen»(othef)‘i

161

92

Diatbﬁ*(céntric), B

Cryptomonas

108

108

Lyngbya Diguetii

Tetraétrum

_ 54

Dactylococcopsis

Nephrocytium

54 |

Crthomonas~ovata

B [0 R St IR [N [N [V R RO P P

54

Aphanizomenon flos-

aquae.

Lyngbya

Algae (flagellate)
. l306

Total

16,473

305

14
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= Methodsand *Materials

‘Sample Locatton and Schedule

Water samples were collected at 6 mdrvudual samplrng srtes in Lake Byron and its

watershed (Figure 1). Site 1 was the outlet site on the spillway of Lake Byron. Sites2
and 3 were both inlet sites.  Site numbers 4, 5, and 6 were inlake sites. Some special -

samples were taken during the study: Site 20 was the inlet from the James River; site 21
is the tile field discharge entering the lake on the south side; site 22 is on the south side

~where the tile mixed with the lake; site 30 was located on Foster Creek on a bndge one

- mile north of the lake; and site 40 was located on a Highway 28 bridge crossing Foster
- Creek approximately 4 miles north of Lake Byron The descrlptlons of the prmcupal
'sampling srtes are as follows G .

Site 1 Latltude 44 Deg., 34 Min., 23 Sec Longrtude 98 Deg., 8 Mrn 30 Sec.
. Outlet, located on the northwest srde of Lake Byron the NE 1/4 of the
NE1 /4 of Section 28, T113N R61W ' :

Site 2 Latrtude 44 Deg 34 Min., 31 Sec., Longltude g8 Deg 9 Min., 19 Sec.
Foster Creek, located on the northwest side of the lake on the NW 1/4 of
‘the NE 1 /4 of Sectron 21, T113N R61W B :

Site 3 Latitude 44 Deg., 34 Min., 29 Sec Longltude 98 Deg., 7 Mln 24 Sec.
Unnamed creek which flows into Lake Byron located in the SE 1/4 of the
SE 1 /4 of Section 23, T113 R61W ; ,

Slte 4 Latitude 44 Deg., 34 Mln 5 Sec Longxtude o8 Deg 5 Min., 55 Sec
lnlake located on the bndge between Sectlon 25 and 30, T113N RBOW. -

Site 5 Latltude 44 Deg 34 Mln 4 Sec Longitude 98 Deg., 8 Min., 1 Sec.
Inlake, approxnmately 1 /2 mlle west of the least bay in Sectlon 26, T113N ‘
WBOW. ,

Site 6 Latitude 44 Deg 34 Min., 10 Sec Longntude 98 Deg 8 Min., 59 Sec.
Inlake, approxrmately 1 /4 mlle east of the outlet in Section 27, T113N,
RB1W. ; :

The tnbutary sites were sampled dunng runoﬁ events' and the lake samples were taken ,
on a monthly basis. The earliest. samphng date was November 20, 1990, and the last.
sample date was August 5, 1992 There were a total of 70 samples taken (T able 8).

o Tnbutary flow stages were measured with a Steven's stage recorder mstalled at each of
~the tributary sites. Stage recorders were calibrated for discharge by discrete
- measurements with a Marsh- -McBirney portable flow meter Dally stream discharges in
‘cubic feet per second (cfs) were obtained by "best-fit" regression lines generated witha

computer graphics program that related stage height with stream velocity (ft/sec). Using -

those generated graphs (Appendlx B) the water veIocnty correspondlng to any glven stage :
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helght can be found Dally stream flows were then calculated by multlplymg water velocrty
by a prevrously determlned channel cross- sectlonal area for each tnbutary srte i

~ Nutrient and sedlment Ioadrngs were calculated for each sampllng date by multrplymg the
‘known nutrient/sediment concentration by the daily water flow (cfs). Daily loads between
water quality sampling dates were obtained by averaging nutrient and sediment (TSS)
‘concentrations between consecutive dates. The derived loadings were then summed and
divided by the lake area to provnde annual nutnent and sedlment loads e

Table 8 - Samgllng Perlod and Number of Samgles. gt;sﬁfh

v81te.# t'f:; f,~ Sample Perlod i # of Samples

1 : "';06/12/91‘,1 tO‘ 07/23/91 i 3
:  04/16/91 to 08/05/92 14
3 04/16/91 to 08/05/92 14
4 11/19/90 to 08/05/92
6

’-‘ -
n

‘s:j01/15/91‘to;06/21]92 5n1s,
6 etefi,ii/zo/eofto?06/21/9211]
. 11°'f:ffhb;]§j~ : 05/06/91;;1“ o
12 os/0e/91
200 05/21/91 f[h-ﬁh

21 06/17/91 to o7/23/91tj
22 o7/01/91
30 o08/05/92 fg,j;‘:_ |
40 osjossez

TP H B WHE KBRS

Samgle Analysr

The field tests and samples were taken by the staff of the Beadle County SCS The
laboratory analyses were conducted by the South Dakota State Health Laboratory in
Pierre, South Dakota. Samples were analyzed for the parameters llsted in Table 9 The
; analytrcal methods used for samplrng are located on. Table 10 SR
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Table 9 — Water’Qualitx Péfameters
Field ﬁarametets f

WaterﬁTemperatureQu'AirvTemperature : Secchi Disk
" Field pH ~_ Dissolved Oxygen  Depth
e ' - Visible Observations ,

: Labaratqry}Pérametets~

Fecal Coliform Bacteria . . = Laboratory pH

- Total Alkalinity e Total Solids

‘Total Suspended Solids 7 Nitrates-Nitrites
Volatile-Solids B Total Phosphorus
Ammonia ' S - Total Dissolved Phosphorus

Total Kjeldahl Nitrogen

COncentrations;Défived By Calculations

Total Dissolvéd~SoIidsi7 ~ Non-Volatile Solids
Un-ionized Ammonia . Organic Nitrogen
Total Nitrogen L -~ Nitrogen to Phosphorus Ratio

. Carlson's Trophic Status Index
for Secchi Disk and Phosphorus

17



tTable 10 - Methods for th51ca1 and Chemlcal Parameters.p;i

pafaméte:‘

vlTemperature
: Secohl Disk

PH
Depth .

‘Fecal Collform
- Total Alkallnlty

‘ Total Sollds

Total Suspended Sollds

Ammonla

Nltrate-Nltrite

Total Kjeldahl

Nltrogen

Total Phosphorus
" Total Dissolved
Phosphate . :

Parameter ;
Total Dlssolved Sollds

Non-Volatlle Sollds

Un-Ionlzed Ammonla

: Dlssolved Oxygen‘;;l'

ANALYTICAL

dtfkuethod

Thermometrlc

- Shaded Side of Boatfj?
.. PH probe - '
~.DO meter

- Tape measure
-Membraned filter , L

~ Potentiometric. tltratlon S
~topHof 4.5 IR
‘,Evaporatlon

Evaporatlon @ 180 C

k'”{Automated phenolate
;iAutomated Cadmlum Reductlonf
ldSeml-Automated Block ‘

 Block Dlgester AAII

Persulfate dlgestlon

 Filtered persulfate .f~h7
'dlgestlon SR S

CONCENTRATIONS DERIVED BY FORMULA

Formula

4‘?Peference

- APHA (1985)
- Lind (1985)
. APHA (1985)
- 'EPA  (1990)
~~ EPA (1990)
~ APHA (1985)

APHA (1980)

~ EPA (1983)
' APHA (1980)
~ EPA (1983)
 APHA (1980)

EPA (1983)

. APHA (1980)
. EPA (1983)

~APHA (1980)
~  EPA (1983)
 EPA (1983)

 EPA (1983)
 EPA (1983)

Total Sollds‘é Suspended Sollds

Suspended SOlldS - Volatlle Sollds )

% (un-lonlzed/loo) * Ammonla concentratlon
‘ where. T = C + 273.2 ‘ :
- pk, = 0.09018 + 2729 92/T

% un-1onlzed 100/1 + antllog*(pk‘-pH)

Organlc Nltrogen = Total Kjeldahl Nltrogenf— Ammonla Nltrogen ,

Total Nltrogen

Total Kjeldahl Nltrogen + Nltrate-Nltrlte

Nltrogen to. Phosphorus Ratlo = Total N1trogen~- Total Phosphorus

'Carlson s TSI Values for Secch1 D1sk —i

" 1n = Natural Log

- 8D = Secchi Depth 1n meters'f

Carlson s TSI Values for Total Phosphorus -‘x

‘1ln = Natural Log -

TP{= Total Phosphorus 1n parts per bllllon

10 * (e -~(1n so / ln 2))

=10 * (6 - ((In 48/TP) / ln 2))
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Sediment Sampling and S”Wey |

Two sediments samples were taken in Lake Byron on June 27, 1990 The samples were
submitted to the U.S. Army Corps of Engineers for analySIS of metals, pesticides, other
toxms and various nutnent parameters

The volume estlmatlon of sediment in Lake Byron was conducted by the United States
Geological Survey (USGS) in Huron, South Dakota. The raw data for the estimation was
acquired from a boat using marine seismic technology This technology uses two high
energy sonic signals which when reflected give both the depth to the top of the sediment
and also the depth to the bottom of the sediment. The information is recorded-on a strip
chart which can be plotted on a lake map. The orientation of the readings taken from the
boat was by moving the boat along a constant speed along a known transect. To satisfy
the study objectives, 15 north/south transects were established, spaced approximately
every 1000 feet across Lake Byron. Two diagonal transects (#16 and #17) were also
established (Flgure 5). The prehmmary results will be discussed later in the report.

RESULTS AND DIVSCUSSION :

In-lake Water Quality

in-lake water quality data is summarlzed in Table 11.and the complete data set is located
in Appendix A. The mean values for the different in-lake sites have been separated
because site 4 is located in a littoral area while sites 5 and 6 are located in Lake Byron
proper. Discussion of results has been divided into four components ‘trophic condmon
nutrients, fecal coln‘orm bactena and ﬂsherles |mpacts

Trophic Condmon

During the natural aging process of most lakes, nutrient concentrations increase over
time. As nutrients increase, so does productivity and the number of living organisms. As
llvmg organisms die, the decomposed bodies break down and release nutrients back into
the system. The particulate matter which isn't broken down becomes part of the

~ sediments and over years decreases the depth of the lake. Although the process may

take thousands of years, the final destiny of many lakes is to cease being an aquatlc
ecosystem and become a terrestrial ecosystem. This process, although natural, is often

"accelerated by human actlwtles WhICh result in lncreased nutrient and sediment loadings.
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Table 11 -}Mean Values for*ihéiake"Data

 Mean Value

: ’ Paramefe: _
| B 8ite 4
’Tdtaiybepth~ ’1‘°6.8 Meters
Wétéf-Téﬁperature 1‘16.7°C e
r ‘Secchi Disk 0.3 Meters
Disé@lVed oxygen S 6.0 mg/L
fiéldpr | 7.7 units
’ Fecal Colohies~ |   3232-pér/10O ml
Tota1*Aikalinity ’rk L238‘mg/L
Totai-Solids 4 V 1,898,mg/L
’ Total Disso1ved Solids   '~1;743 mg/L
Total'Sﬁépendéd»Solids ‘ 85 mg/L
Volatile Solids ’ £7;mg/L’
* ‘Non-VOiatile Solids '_53*mg/;f.
Ammonia‘ o ',0.16 mg/L
Un-ionized Ammonia 10.0040 ng/L
. Nitrate-Nitrite '0;29‘mg/Lwy
Organic Nitrogen : ,2.26 mg/L
~ Total Niﬁ:ogen ’4]2.55 mg/L
o Total Phosphorus ‘fj1;057“mg/1’
Total DissolvelehdsphorusJ«/:Q;530 mg/L
Niﬁrogen,to Phosphorﬁs Ratio"2,90 to 1
¢ TSI fbr,SecchikDisk; . 79.76
TSI for Total Phosphorus 102.99
®

21

Combined Meank‘
5 & 6
1.7 Meters
12.4°
0.61’Metérs
7.55 mg/L
8,33;units
12‘per/;00 ml
256.5 mg/L
2,018 ng/L

1,910 mg/L .

39.5 mg/L

- 14.5 mg/L

25 mg/L
1.0 mg/L
0.0426 mg/L
| 0.31 mg/L
2.315kﬁg/L

3.625 mg/L

0.437 mg/L

0.409 mg/L
9.52 to 1
69.26
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The trophic condition of a lake or, trophy of a lake, refers to the amount of organic matter
~or nutrients in a lake's system and the combined effects th‘ese'nUtrients'» have on a lake
at a given time (Wetzel, 1983). Lakes are commonly divided into four trophic categories:
1) oligotrophic lakes are those which are nutrient poor, relatively clear, and support low
numbers of many species of animals and plants and usually have high diversity (Cole,
1983), 2) mesotrophic lakes are intermediate in nutrient availability which better supports
the plants and animals of the lake system, 3) eutrophic lakes are those with high nutrient
loads, large numbers of few species of plants and animals, tend to be more turbid, and
“have less diversity, 4) hypereutrophic lakes are those which have an overabundance of
nutrients, usually very low species diversity, a tendency to be shallow and turbid, and
large nutrient loads not only from the drainage basin but also from the lake itself. These
lakes, as well as eutrophic lakes, often experience nuisance algal blooms and excessive
‘weed growth. ey T e :

The Carlson Trophic State Index (TSI) is a method of ranking the trophic condition of a
lake based on three different parameters; total phosphorus, Secchi disk visibility, and
chlorophyll a measurements. The scale is ranked from O - 100, an increase in value of
10 (10 to 20, 20 to 30, etc.) represents a doubling of the algal biomass. - A TSI value of
50 is considered eutrophic and a value of 65 is considered hypereutrophic. Although
chlorophyll 2 samples were collected and preserved in storage, analysis of the samples
will not be completed till the winter of 1992-93. At the completion of the analysis, the TSI
for chlorophyll a will be available upon request. "
Trophic state indices for Lake Byron are based on mean total phosphorus and mean
Secchi depth for 1991. The mean TSI value using phosphorus for in-lake sites 5 & 6 was
90.12. Index values using phosphorus depend on the assumption that phosphorus is the
limiting nutrient (Carlson, 1977). ‘Discounting the times when nitrogen was the limiting
factor (N/P ratio < 10) the adjusted mean was 83.52 for site 5 and 83.97 for site 6.
Although TS| values for site 4 were calculated, all were discarded because nitrogen not

phosphorus was the limiting nutrient. The values near 84.0 for sites 5 and 6 are near the

top of Carlson's scale, classifying the lake as high,lyf,e"Utrophic:_

Trophic index values were also calculated using Secchi depths. Since Secchi depth is
dependent on light, the occurrence of an algal bloom could greatly modify the depth at
which the Secchi disk can be seen and thus increase the TSI value. Large seasonal
variations were seen in TSI values which could have been the result of crashes or blooms
in the algal population. This number, however, ‘usually correlates very closely with the
chlorophyll a TSI values (Carlson, 1977). The yearly average for sites 5 and 6 is 69.26
and for site 4, 79.76. These values again are over the hypereutrophic mark according to
the Carlson TSI scale. SR e T T e
Nutrients

Phosphorus is essential for all plant growth. Average concentrations of phosphorus in
Lake Byron were 1.057 for site 4 and 0.437 for sites 5 and 6. Again, the in-lake sites
were separated because site 4 does not represent what is happening in the open water

22



part of the Iake The optimum- growth for most green and blue -green algae IS around
0.02 mg/| of phosphorus (Wetzel, 1983). On December 17, 1991, the minimum in-lake
phosphorus concentration was recorded. (Appendlx A). The level of phosphorus at that
“time was 0.179, aimost 9 times the optimum phosphorus needed. That same level is over
three times the amount used to classify lakes as eutrophic (Wetzel, 1983). Sources of
~ nitrogen can be from precipitation, geology, groundwater land runoff and from plants )
and algae present in the lake system. - , : '

~ Nitrogen is another nutrient vrtally rmportant to the growth of plants. lnorgamc nitrogen
concentrations (NO,+NO, and NH.,) in excess of 0.3mg /[l are suff cuent to stlmulate algal
growth (Sawyer 1952) Yo \

Inorganic nrtrogen concentrations in Lake Byron were in excess of 0.3 mg /L a majonty
of the time in the open water area of the lake. Of the three inorganic nitrogen forms,

ammonia is most readily available for use by plants (EPA, 1990). In the discussion of
ammonia the median will be discussed instead of the mean because: of large fluctuations
over the sample period The ‘average median of ammonia for sites 5 and 6 was 0.57 mg/|,

the median for site 4 was 0.08 for the year 1991. The average mean of NO,+NO, for
sites 5 and 6 was 0.31 mg/I and .28 mg/!| for site 4 (Appendrx A). The total inorganic
nitrogen for sites 5 and 6 was almost three times what is necessary to stimulate algal
growth. Site 4 on the other hand is barely ‘over the amount needed to stimulate algal :

growth. Some probable sources of nitrogen are: fertilizers, decomposition of organic
" matter, nxtrogen fixing bacteria, and anlmal and septlc waste.

Nitrogen is beheved to be the factor hmltlng algal growth if the total nitrogen (N) to total
phosphorus (P) ratio is less than 10:1. Phosphorus is usually the limiting nutrient
because it is normally the least available to plants. However, as lakes become more
eutrophic, internal phosphorus loads increase and in some cases nitrogen becomes the
limiting nutrient (Wetzel, 1983). It is interesting to note that the bay on the east side of
the lake is pnmanly nitrogen limited, averaging a N:P ratio of 2.9. The average of site 5
which is in the main lake away from the bay had an average N:P ratio of 8.17, being
about half nitrogen limited and half phosphorus limited. Site 6, furthest away from the
“east bay had a mean N:P ratio of 10.68 (Appendix A). It seems that the samples which
were taken further away from the east bay were mcreasrngly phosphorus hmfted and
according to. Wetzel less eutrophrc
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Fecal Coliform Bacteria

- Fecal coliform bacteria counts are used as indicators of the presence of human
- pathogens. Atthough fecal coliforms are usually not pathogens themselves they are often
closely associated with the human pathogens Salmonella and Shigella. Fecal coliform
bacteria live in the digestive tract of warm-blooded animals. Sources of fecal coliform

“bacteria in lake water are from wildlife on the lake and in the watershed, domestic

livestock in the watershed, human sewage in the watershed draining directly into the
lake, and failing Iakesidese,ptic tank syStems;jri T ~

- The South Dakota Surface Water Quality ‘Standards state water is unsafe for immersion
‘recreation if a twenty-four hour composite sample has a bacteria count above 200
colonies per 100 ml. It is also unsafe if any one grab sample is found to be over 400
colonies per 100 ml. Site 4 was in exceedence of this standard 3 times during the
sampling period. The standard exceedences were 900 colonies on May 29, 1991, 760
colonies on June 3, 1991, and 1,200 on June 17, 1992. The fecal coliform counts for
both sites 5 and 6 were 12 colonies/100 ml. 'No exceedences at these sites were
detected, o s T B e SIS

Fisheries Impacts -

The beneficial use assigned to the fishery of Lake Byron is that of warmwater marginal
fish propagation. Parameters set under this beneficial use are used to assure healthy fish
populations. The only exceedence of these standards was in regard to the parameter un-
ionized ammonia. Un-ionized ammonia is ;aﬂCalculated‘fraction,Ofammonia which rises
and falls parallel to increases or decreases in pH and water temperature. If
concentrations are above 0.05 mg/I fish kills could result. Five times during the study
concentrations were above the recommended standard. Two of these exceedences,
10.0574 mg/l on June 21, 1991 and 0.1880 mg/I on July 23, 1991 occurred at site 5. Site
6 had three exceedences; 0.0729 on May 21, 1891;.0.1077 mg/I on June 21, 1991; and
0792 on July 23, 1991. Due to the low ammonia _concentrations at site 4, no
- exceedences occurred (Appendix A). “ iR SR

Lakeside OnéSite ‘ Wasiewater Diyspko,sal’ Sy‘stéms"_ P

There are at present approximately 200 lakeside residences around the shoreline of Lake
Byron. Most are located on the south and west shores and all are served by individual
on-site wastewater facilities of varying types and working condition, primarily septic tank
Systems’_‘ ‘ : RN A (R T et s T R P ¢ ,

Septic tank drainfields located near waterbodies present potential contamination problems
with regard to delivery of excessive concentrations of nutrients and bacteria to the nearby
lake or stream. Contamination becomes more likely if on-site systems are poorly
designed and/or maintained or become clogged or otherwise faulty with advanced age.
- Potential for system failure is further increased if local soil conditions are unsuitable for

wastewater disposal as is often the case in IakeShOre‘ areas.
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Soil survey maps (Sorl Survey of Beadle Co SD, SCS 1979) rndlcate that most clay-
based soils surrounding Lake Byron have moderate to severe limitations as sites for
septic tank drainage fields due to low permeabllrty ‘Low permeablhty (slowly-draining)
soils are likely to produce surface failure in on-site wastewater systems. Infrared photo
_ imagery (aerial photography) conducted by EPA (1981 ) identified 4 lakeside residences
~ with a surface failing on-site wastewater facility. More may have escaped detectnon due
~ to presence of trees and dense brush , ,

Potentially srgnrf icant levels of nutrients and bacterra that may be dellvered to Lake Byron

g by failing on-site wastewater facilities at the present time, may be eliminated by early 1994

“with the construction of a centralized sanitary sewer system to process wastewater from
all lakeside residences. To this end, a sanitary district (Lake Byron Watershed District)

 was recently established to sponsor the project; and blueprints for a proposed

stabilization pond system have been drawn. The actual construction of the Lake Byron
facility with the accompanymg wastewater collection system awaits procurement of
sufficient funds. The outlook is favorable. that fundrng will be made available in 1983 to
begin constructron of thls needed facrhty

Elutriate Analysrs :

Tabular results of the COE sedrment/elutnate tests are. presented in Appendrx C. Much
of the lake sediment is derived from local salt-laden glacial till and parent formations of
calcareous shales. This accounts for the high sediment values for calcium, iron,

magnesnum aluminum and other metals. Those mineral-laden formations are reflected

in local surface and ground waters whrch often have a hrgh dlssolved solids content (e g
Lake Bryon) L ,

Most of the parameters (metals, organlcs) drd not appear to increase apprecrably in the
elutriate after test mixing of sediment with the receiving water samples except ammonia,

arsenic, manganese, and barium. The latter three elements may have been concentrated 7

(along with ammonia) in a dissolved form in the rnterstmal water of the sedlments to be
released to the elutriate upon mixing. - ; : ,

Ammonia (ammonium) is generally the most abundant morgannc form of nrtrogen present f

~in the sediments of eutrophic lakes. Drsturbrng the sediment by dredging may release

- enough ammonia into the water column to trigger localized algal blooms if other
conditions for algal growth are. favorable and partrcularly rf the lake were nrtrogen hmrted .
;:at the tlme : _ « : S

There appears to be lrttle danger of releasrng suffi crent concentratrons of drssolved heavy

" metals to the water from sediment dredging to create toxic condrtlons in the lake. The

~likelihood of toxic conditions being generated by dredglng is small because of the;
- considerable buffering capacity of the alkaline water in Lake Byron and the minor
concentrations of heavy metals in the lake sediments. Metals, such as mercury,

- cadmium, barium, chromium, lead, and silver, were. present in low concentrations in both

~ sediment and elutriate water, most often less than the detection limits. In all cases the
- South Dakota Water Standards criteria for these elements were not exceeded Herbncrdes
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and pestrcrdes probably were also present but occurred at concentratrons too low to be
- quantrf ed by standard methods S ST e |

USGS Sedrment Survey

The water surface elevatron of Lake Byron at the tlme of the sedrment survey in mud May
1992 was 1247.5 feet MSL. No high water mark (HWM) has been established for this lake
but an examination of limited hydrologlcal data suggests the above elevation is close to
- the HWM. At that point the lake basin is full and water has begun flowing out of the lake
outlet or over the top.of the spillway. Also at 1247.5 feet MSL elevation the Lake Byron
surface area was recorded as 1907 acres, the lake volume was 10,645 acre-feet and the
average' depth was determined as 5.6 fest. Water-depth contours for Lake Byron are
~ presented in Frgure 6. Elevatron/area/capacrty values for Lake Byron are presented in
Tab|e12below : Kb el s , .

'ELewxnoN” | capaenry | ,’AREA }‘
(FEED f]V,aoa;(ACREFEET) ek (ACRES)

12475 77,’~1;? f106451; “??.?"Tﬁi'511907~

l12az . Jie24a |ie o
1246 l1oa;s o o o fqess oo
1245, f1o182 o |1s504 e

1244 |e@s  |qa37 o
1243 lewt |43 o
1242 lss 1191 o

The volume of recently accumulated lake sedrments (from approxrmately 1935 to the
present) was estimated to be 3.7 million cubic yards (2293 acre-feet). Sediment depth

- contours for Lake Byron (Figure 7) show sediment depths in this top layer range from one
_to four feet and average 1.4 foot (0.43m) over the lake basun Interpreted cross-sectronal
profiles are shown in. Flgure 8 for selected transects : : : ,

, Below the recently-deposrted Iayer of loose, soft sedrments drscussed above lres a Iayer

of more consolidated sediments which at one time (c. 1935) was dried and oxidized.
; Lake cores seem to nndlcate Iayers of consolldated mtermedrate materral sandwrched
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This 'l‘MDL is-also available in MSWord97 format or 1N Adobe Acrobat formats. Lo : -

- SD Department of Environment & Natural Resources.

Watershed Protection Program
- Total Maxnmum Daily Load -

Lake Byron Watershed Beadle County South Dakota

March 1999

These TMDLs were developed in accordance with Section 303(d) of the federal Clean Water Act and guidance developed by the US Environmental Protection
Agency. The 1998 303(d) Waterbody List identified Lake Byron as impaired by a measure of Trophic State Index (TSI) which serves as an indicator of the trophic
condition of the lake. Individual TMDLS for accumulated sediment and total phosphorus have been developed and are supported below. The recommended
restoration alternatives have already been implemented for this project. .~ - .

TMDL Summarj}» for Total PhOsphorus

Lake Byron :

‘Waterbody Name |

Hydrologic Unit Code (HUC) 10160006 e it .
TMDL Pollutant k Total PhOsphorus - ) e
Water Quality Tar'get‘ - Inlake total phosphorus TSI of 70 (yearly averaoe)m o

TvMDL Goal 50% reductlon in total phosphorus input S -

303(d) Status 1998 303(d) Waterbody Llst Prlonty 1, Pages 21 29 .

Impaired Beneficial Uses

Warmwater maromal ﬁsh hfe propaoatlon immersion recreatlon hmlted contact

recreatlon

Reference Document -

. Lake 'Assessment PI‘O_]eCt Report Lake; Fmal Report Lake Byron Watershed Pro_|ect

TMDL Summary fof Accumu‘la‘ted.Sedi’ment

Waterhody Name

Lake Byron

Hydrologic Unit Code (HUC)

10160006

Accumulated Sediment

TMDL Pollutant
, ,Water Quality Target - . Decrease annual inlake sediment accumulatlon by 1200 tons/year
TMDL Goal. 50% reduction i in sediment loading S
5 . 303(d) Status 1998 303(d) Waterbody List, Pnor]ty 1 Pages 2l | 2933

Impaired Beneficial Uses

- Warmwater marginal fish life propagatlon 1mmer51on recreatlon llmlted contact

recreation

Reference Document

‘Lake Assessment Project Report; Final Report Lake Byron Watershed Project

1. Executive Summary:

‘http' 11 wwwaat@'M.ﬂd?MW’PM sth@d?rotection/ TMDL/TMDLByron.htm
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Lake Byron is a comparatively large’ prame pothole lake located in Beadle County, South Dakota (FI“UI‘C 1). Lake
Byron is a meandered lake. Water levels fluctuate widely with the amount of annual rainfall. Lake acreage varies
from 1250 acres at low water mark to slightly more than 1900 acres at full capacity.

A USGS survey completed in 1997 estabhshed a water surface elevatton of 1247.5 feet MSL a lake capacity of
10,645 acre-feet and a surface area of 1907 acres. At that time average lake depth was determmed to be 5.6 feet
with a maximum measured depth of 7.0 feet. ; : :

The contrrbutlno ‘watershed of Lake Byron is approxrmately 116,140 acres located in Beadle, Spmk and Clark
counties, South Dakota (Figure 2). The Foster Creek drainage, which was diverted to the lake in the late 1930s,

includes approximately 80 percent of the watershed. Approximately 63 percent of the land in the: watershed is

cropland wrth most of the remamder left to 0rassland and pasture

“Studies completed by DENR during 1979 to 1982 determmed that Lake Byron was nutrient enriched. Data

collected: from"the three lake tributaries mdrcated hrOh concentratlons of phosphorus and nltrooen entered Lake
Byron (Lake Byron WQSA Report, ]985) :

The goal of these TMDLs is to restore the waterquality of Lake -Bryon to a level that allows the lake to meet its -

- beneficial uses of warmwater marginal fish life propagation, immersion recreation and limited contact recreation.

Stakeholders

Beadle, Spink, Clark Conservation Districts - City of Huron

‘ Lake Byron Development Association - SDGFP
~.».Lake Byron Watershed District: = SDDENR
James River Water Development District .~ NRCS

Beadle County Sportsman’s Club- ~~ ~ USFWS

Intent to Submit'as a Clean Water Act Seciion 303((1) L MDL L o

In accordance with Section 303 (d) of the Clean Water Act the South Dakota Department of Env1ronment and

Natural Resources submits for EPA, Region VIII review and approval, the total phosphorus and accumulated

sediment. Total Maximum Daily Loads (TMDLs) for Lake Byron as provided in this summary and attached
documents. These TMDLs have been established at a level necessary to meet the applicable water quality standards
for nutrients and sediment with consideration of seasonal variation and a margin of safety. By significantly
reducing the inflow of sediment and nutrients to Lake Byron, the following desrgnated use classifications will be

protected through implementation of thrs TMDL 1mmersron recreation, lrmrted contact recreatron and warmwater -

marginal fish life propagation.
11 Problem Characterization:
Maps

Maps are included that show Lake Byron Beadle County, South Dakota (Floure 1) and the Lake Byron Watershed
(Figure 2).

Waters Covered by TMDL
-Lake Byron is the benefactor of this TMDL.
Rational for Geograph ic Coverage

The contributing watershed of Lake Byron consists prlmanly of the Foster Creek drainage that was diverted to the
lake in the late 1930’s to provide supplemental water and stabilize lake levels. The present watershed ¢ encompasses

- approximately 116,140 acres in northeastern South Dakota. Approximately three-fourths of the watershed lies in~ -

the James River Basin, a gently undulating plain at elevations of 1240 to 1500 feet msl.-Most of the Foster Creek
drainage occupies ‘lower watershed elevations.(1247 to 1310 feet msl). The area drains south to the James River.
Drainage is oenerally poorly developed -in the basin. Much of the precipitation collects -in glacier- formed
depressions until it evaporates or percolates into the ground. Lake Byron has a history of high in-lake phosphorus
~-and nitrogen concentrations dating back at least 30 years. Much of this nutrient enrichment was probably derived
from the watershed that is largely overlain with erodible glacial loams with high organic and nutrient content, and
- the effects of various agricultural activities on these soils. The main soil in the Foster Creek drainage is Great Bend
- Silt Loam. According to 1991 data, 63 percent of the watershed acreage is used for crop production with only 28
percent left -to - grassland.. The .remaining 9 percent include farmsteads and miscellaneous land uses. These
conditions reemphasize the importance of preventing soil erosion in this dramage to reduce the large nument loads

presently impacting Lake Byron.
http: //www state.sd.us/dent/DF T WatershedProtectron/TMDL/TMDLByron htm
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Pollutants of Concern .

Total Phosphorus
Accumulated Sediment

Use Impairments or Threats

marginal fish life propagation, immersion recreation and limited contact recreation.
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Figure 2 Lake Byren Watershed

Excessive nutrients stimulate aquatic plant growth espec1ally the blue-oreen aloae Apham:omenon
flos-aquae. Accumulated sediment decreases water depth and often covers bottom structures that

hold and attract game fish. Shallow water will warm more rapidly than deep water and will hold less-
oxygen. A shallow warmwater lake with overabundant algae growth will tend to favor rough fish

over game fish and the quality of the fishery will decline. Excessive algae growth and in-lake

sediment detracts from recreational uses such as swimming and boating. Few people will swim or

boat in a 0reen and muddy-lake.

A watershed and lakeshore restoration prolect was mmated by local concerns and funded by a

combmatlon of federa] state, and local sources..

“Probable sources« L

The source of sediment has been ldentlﬁed as sheet and rill erosion from cropland, grassland, and
woodland, and from gully, streambank, and lakeshore erosion. Watershed nutrients are deposited in
the lake alono with the sediment. Several ammal feeding operatlons also contribute nutrient loadmgs
to the lake.- ,

- TMDL Endpoint

Description

The TMDL for this waterbody is a 50 percent decrease in total phosphorus mput and a 50 percent
decrease in sediment deposition into Lake Byron \ ,

Endpoint Link to Surface Water Qualizjy Standards

~ Total phosphorus

For the yenrs 1989 through 1994, TSI total phosphorus values ranged between 83.75 and 90.21. It is
estimated that a 50% decrease in total phosphorus inlake will reduce the TSI to at least 73.8.:Based

on this estimate, the target endpoint has been adjusted to a total phosphorus TSI of 70 as a yearly
- average. :

Accumulated Sediment

The TMDL endpoint shall be a decrease in annual mlake sediment accumulation by 1200 tons/year.

The pre-project inlake accumulated sediment was estimated to be 2,400 tons per year (350 tons from
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Reducing inflow of sediment and nutrients should lead to better water quality, less _enrichment,
[ Y ; greater clarity, and should have a positive effect on the fishery of Lake Byron. Reducing nutrients
, should, over time, reduce the amount and extent of algal blooms and other aquatic vegetation in the
lake. Reducing sediment deposition- should stabilize lake- bottom habitat in favor of a healthier

 fishery. 7
TMDL’An‘alysi‘s"’atzd Develbprﬁehi
Data Sou‘};'esk o : S ‘ ‘
© Much of the Lake Byron TMDL is bés'ekc’i; oﬁ the DENI“{:-1992 Lake Assessment Projectheport.

Implementation activities are based on-the Final Report for the Lake Byron Watershed Project
prepared by the Beadle Conservation District, 1997. , :

P ~ Analysis Techniques or Mbdels :

The Lake Assessment Project, conducted from April, 1991 to late summer of 1992, included water
quality monitoring of Lake Byron, Foster Creek, and one of the lake’s two minor tributaries. Results
~ of the. lake assessment project and follow-up.monitoring performed after implementation indicate
that the high phosphorus concentrations recorded in the past appear to be decreasing (from 0.437
‘mg/l; 1991-1992 to 0.234 mg/l, 1998). This improving trend represents a 46. percent reduction in
[ phosphorus: However, additional sampling is recommended to confirm actual improvements.

The mean total phosphorus TSI was 87.1. A 50% decrease in total phosphorus to meet the TMDL -
goal would reduce the TSI value to 73.8..The TSI measured in early winter 1998 for total
phosphorus and Secchi depth was 68.7; ‘however, this reading probably represents minimal
phosphorus releases during winter. Again, additional sampling is recommended to establish true -
values to represent yearly readings. L e

"The Lake Asessment Study indicated that the tributaries were contributing approximately 350 tons

~of sediment per year to the lake while lakeshore erosion was estimated by NRCS at approximately
2,050 tons per year. A 50% reduction in sediment would cut the sediment load to 1,200 tons per year
from both sources combined. Most of the lakeshore erosion was identified from critical: areas
amounting to 3,410 linear feet of shoreline. A-time allowance is required for recent watershed
implementation activities to take full effect in reducing sediment delivery to the lake.

The U. S. Geological Survey in Cooperation ‘with DENR and the Beadle Conservation District
(BCD) conducted a sediment depth survey. The results of that investigation showed 72.6 million
cubic yards of sediment had accumulated in the lake basin to an average depth of approximately 25
feet (7.6m) over the life span. of the -lake. That volume: of sediment represents the  loss of
_ approximately % of the lake's water capacity since the basin was formed 8,000 to 10,000 years ago.

® Sediment removal through dredging may be a considered alternative to the sediment problem if the
recommended BMPs do not meet the TMDL goal, but funding for a multi-year dredging project may- "
be a significant challenge. However, it is anticipated that activities implemented in the watershed"
and along critical shoreline erosion sites will be sufficient to meet the TMDL goal.

A lakeshore inspection was conducted around the periphery of Lake Byron- during 1991 by BCD to. .
- verify the conclusions made by an earlier- shoreline erosion survey conducted by " the - Soil
o ~ Conservation Service, and to note any recent changes in the intensity and pattern of lakeshore
erosion. Probable sources of additional lake sediments as well as the high nutrient levels found in

Lake Byron were investigated by means of a watershed land-use survey conducted by BCD during .

1991. This-survey located livestock operations, eroding croplands, and other potential sources: of :

nutrients and sediment. A 1985 WQSA study indicated that failing septic tank systems:of some

lakeshore residences also might be significant contributors of nutrients to the lake.

o  The lake assessment study concluded that the major sources of nutrients to the lake are likely to be .-
watershed livestock operations and possible dumping of animal waste material into- tributary
~ drainage channels. Secondarily, cropland runoff also “contributes nutrients. The lake assessment
~+ study recommended the following restoration activities: 1) establish animal waste management .
~~systems and animal feeding areas; 2) implement Best Management Practices on crop lands and .
pastures; 3) stabilize stretches of eroding stream and lake banks; 4) plant grass and trees for cover

; “and filter; 5) establish grazing management systems; and 6) construct sediment basins and other -
Y , applicable measures to further restoration. - S ' Lo

- .Seasonality

Seasonalitykwas inherent in the Lake Byron TMDL ‘since the assessment study evaluated the
- cumulative impacts of the various seasons on the waterbody. The assessment of the major tributary .

® http‘://www.state.s@.u%?ggn?/ﬂ%mgtercs ¢ q1}‘(’)%%C?fé%ﬁ?%ﬂéy%ﬁfﬁ{]mamumn’ Some 9f ‘t,h ¢ ’ 07/24/200!



management, and grazmg management.
- Margin of Safety

- The margin of safety for the Lake Byron TMDL is that the implementation activities were developed
with a hroh level of detail on a site-specific basis and were based on the. technically accurate Lake |
Assessment Project Report. The report and 'subsequent implementation were done in a scientifically
sound manner that involved on-site investigation, collaborative efforts with professional NRCS field
.personnel, and quality.control data collection, analysis, and interpretation. Adjustments to watershed
Best:Management Practices will be made as conditions change and are warranted. -

The margin of safety continues to be met by at:Complishments of the individual implementation -
objectives as follows (See Implementation section for further explanation of recommendations): ‘

,0b|ect1ve 1. Dlssemmauon of lnformatlon continues through conservation dlstrlct '
newsletters and personal contacts w1th area producers

Objective 2. The actual number of conservatlon tillage acres reported was 4,642;
however more acres were planted using no-till or minimum till but not reported for
v documentatlon when lt was dlscovered the cost- share for this practlce was depleted.

Objective 3. In lieu of planting all‘200‘acres in ﬁlterstrlps, the following activities
were implemented to slow nutrients and sediment from entering the lake: 300 trees

- were planted and 7,500 feet of shoreline were fenced-to exclude cattle from the
-riparian zone surroundmg the lake and from the lake shore itself.

Objective 4. The streambank sites were stabilized and four ponds were constructed.

“Two other pond sites were identified; however, the watershed areas above the sites
were too large for U. S. Fish and wildlife technolog gy. One dam:was constructed

“ which “was not -inthe original ‘work plan but serves as a sediment trap. It is -
recommended that these dams be. mamtamed by periodic removal of accumulated

. sediment. - S :

_Objective ' S. “The assessment study recommended restoration of 3,410 feet of
shorelme A total of 5, 000 feet was stab1hzed durmg the 1mplementatlon activity.

ijectlve 6. Two of three anlmal wastetmanagement systems.were installed. One is
- on hold (one went out of business). Four animal feeding areas were installed. It is
hoped that livestock _producers in the watershed will elect to have additional systems
and areas installed in the future as these features contmue to be incorporated into -
- plans and specnﬁcatlons for their operatlons o

V. Allocation of T MDL L,oads or Responsibilities:‘ :
Wasteload AIlocution

There are no pomt ‘sources of pollutants ‘of concern in-this watershed Therefore, the "wasteload
allocation” component of this TMDL is considered a zero value. The TMDL is considered wholly '
included within the "load allocatlon component

Load AIIocation :

» 'Analys1s of nutr1ent and sednment loadmg to Lake Byron durmo the Lake Assessment Study- -« .~
“revealed that Foster Creek was:contributing approxrmately 93-% of the total yearly phosphorus load S
. ‘and approxnmately 92 % of the total yearly sedlment load to the lake.

Loadmgs from a monitored unnamed trrbutary fell within acceptable (permissible) limits during
1991 (Lake Assessment Study, 1992). Sediment from tributary sources is estimated at 350 tons per
year. Additional sediment load to the lake is due to shorelme erosion, estimated at approx1mately( :
2,050 tons (Lake Assessment Study, 1992)... g : ; :

Allocatum of Responszblhtjy

Durmg 1992, the Department of Envrronment and Natural Resources produced a report of a Lake
~Assessment PrOJect on Lake Byron conducted from November, 1990 to the summer of 1992. Based
upon information available at that time, recommendations made for lake restoration included
management of animal waste and animal feedmg areas, implementing best management practices.in-

http /l'www state. s%%%MMé%MMMWWB@&MH&&PW&M% o 07/24/2000
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specific recommendations of the Lake Assessment Project. The implementation project began during
October 1993, and was completed during December 1997. Total expenditures exceeded $850, 000
~ with $211,150 expended from Section 319 EPA grant funds and over $323,000 raised in local
“match. The specific activities of the 1mplementat10n pro;ect are found in the section VI of this
document , :

-Some goals of the project were reallzed and exceeded while others were more drfﬁcult to attain. The
Conservation Reserve Program greatly assisted in getting cropland planted to grass. Grass filterstrips .

.- were more difficult. to 1mp1ement Tree shelterbelts were planted; however not to the degree
originally planned. The conservation tillage program was a highly successful portion of the project.
More shoreline stabilization. was mstalled than' originally planned. Cabin owners-around-the lake
became involved in private stabilization.: The SD ' Department of Game, Fish and Parks stabilized
some of their shoreline also. Much was accomplished through the 1mp]ementat10n project, but there
is a need to stabilize. more shoreline: of Lake Byron. Many Best Management Practices were
implemented in the watershed, but there are always opportumtles todo more..

VI. Implementation:

The Section 319 implementation project goal was to restore full beneﬁcral uses of Lake Byron by
decreasing the amount of sediment and nutrierits entering from' the watershed by 50 percent and
-reducing ‘the fecal coliform bacteria levels to, within state standards. To accomplish the goal, six
major objectlves were developed. Followmo each objectlve is  the actual work accompllshed in
lmplementmg the 319 project. "

Objective 1. Implement a full watershed project by making use of the information gained from the
Foster Creek Riparian Demonstration Project. . To be accomplished by disseminating information
gained through the Foster Creek Riparian. Demonstration Project to operators in the watershed
through news articles, tours, public meetings, existing newsletters and personal contacts. -

- Accomplishment: A public meeting was held for operators at the Lake Byron Lodge.
‘A tour was taken to various sites in the watershed as well as viewing of large sections
of shoreline stabilization. ‘District” Supervisors, NRCS . personnel, Department of
Agriculture. and DENR' officials were invited. The district -newsletter covered
progress regularly. The project coordinator shared information as he-made personal
contact with operators throughout the watershed

Objective 2. Reduce sediment and nutrient' loadmg from the watershed by 50 percent through
- installation of conservation tillage systems on 5,000 acres of cropland using conservation tillage,
crop residue use, pesticide and fertilizer management grass waterways, and wrndstrrp croppmg
Plant 150 acres of trees and 1, 000 acres of grass

Accomplishment: The conservation trllage was 1mplemented on. 4,642 acres using
no-till or minimum till. Grazing management plans were completed for. 3,500 acres.
Operators were instructed in proper use > of pesticides and fertilizer. Grass was planted
on 980.9 acres. erty-erght acres of trees were planted.

Objective 3 Improve water qualrty suﬁ' crently 10 support fish and other aquatzc organisms through '
the restoration of riparian areas by planttng 200 acres of grass bufferstrtps to include f eld borders

Accomplishment: This was a diffi cu]t practlce to sell to producers Seventy acres
were planted to filterstrips. Another 7,500 feet along the shoreline was fenced 30 to
50 feet back from the lake to keep cattle out of the lake. A total of 300 Bur Oak trees
were planted to assist in stabilizing the shoreline and improve the rlpanan area. '

Objective 4 Decrease sediment carried by tributaries through the construction of 6 sediment basins
"and complete 3 streambank stabilization activities to reduce the amount of sediment entering the
lake, create wrldhfe habitat, and provide water for livestock.

Accomplishment: Four sediment ponds and three streambank stabilization sites were

completed. The streambank - stabilization . activities - consisted ~of planting
_approximately 100 Bur Oak trees at each of three different sites where beaver had

destroyed the previously ex1stmg trees. One dam was constructed.: : :

" Objective 5 Reduce sediment entering the lake from shoreline erosion by 50 percent by stabilizing
3,410 feet of the most critical area through complete excavatron rip-rap, grass seeding and fencmg

Accomplishment: Stabxllzatlon of the lake and streambank - shoreline was

accomplished by the use of the Rosgen-type method of streambank stabilization with
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-north shore of Lake Byron: Excavation’ was done and rip- rap - placed. ‘During the
summer of 1996, another 800 feet was stabilized near the boat ramp and on the
hogsback. Three hundred willow trees were planted on the hogsback area. During the

- winter of 1997 another 800 feet was stabilized in the northwest park area and along
the east side of the south boat ramp. Nearly 40 cabin owners: completed shoreline
stalgg{!za‘tjion on private property. All activities resulted in over 5,000 feet of shoreline
stabilized. SRR I : i ,

If the shoreline stabilization is successful in preventing lakeshore erosion, the amount
- sediment loading to the lake will be decreased by nearly 85% (2,400 tons/year to 350 -
tons/year) and the goal of the accumulated sediment TMDL will be met.
- Effectiveness will be measured by the level of success achieved in reducing or
~ preventing future shoreline erosion in the previously identified critical areas.

Objective 6 Reduce nutrient loading into the lake by constructing ten animal feeding areas and 4
animal waste management systems. : N ) :

Accomplishment: Two animal waste management systems were installed. One
-+ previously identified site is no longer in business and the other is on hold while the
- owner is investigating a large commercial hog business. Four animal feeding areas
- were installed; two of which were highly visible areas near the lake. Both previously
had cattle standing in the lake during summer. By moving the feeding areas, the cattle

- are no longer in the lake.

It is the Best Professional Judgement of DENR that the goal of 50 percent reduction

in sediment and nutrient will be accomplished through the implementation activities
of the 319-program. The TMDL 'may be madified in the future after sufficient time
“for response has elapsed. e 8

- VIL-Public Participation
Summary of Public Review

The Lake Byron Assessment Project was begun in November, 1990 under a contract/letter - of
-agreement ' between DENR ‘and the Beadle Conservation District (BCD).The Section 319 -
Implementation Project began October 1, 1993. Beadle Conservation District agreed to sponsor the
project and secure the needed local match. The total budget for implementation was $864,925 with’
~an EPA grant award of $245,275. Accrued local match totaled $323,263. In June, 1995, The project
was awarded a South Dakota Consolidated Water Facilities Construction Program Grant in the
-amount of $30,000 to assist shoreline stabilization activities. The application was presented in public
-forum to the State Board of Water and Natural Resources for funding consideration. =~

In addition to EPA and DENR support, funds also were secured from the South Dakota Department
of Game, Fish and: Parks, the South Dakota Conservation' Commission, the James. River Water
Development District, and the Lake Byron Association. A number of agencies and organizations

- were involved with various aspects of the implementation project, including: =

Beadle, Spink and :Clark Conservation Districts: Beadle Conservation District was the pfoject 3
sponsor.- Al district employees addressed all facets of the project, including planning, information
- and education, monitoring and follow-up, and assistance with BMP implementation.

Lake Byron Development Association and Lake Byron Wate,rshc»dj_)js:t[ict_: Provided local direction
and financial and administrative support. = - : o L

' Beadle County Commiss'ioners”jnd the <Ci’ty‘ -of Huron,. South Dakota: Provided manpower,.
equipment as needed and in-kind financial support.

SD DENR: Provided technical assistance and grant administration. '

S_D_GF&P: Provided technical expertise and in-kind financial support‘

V'Q§DA/NRCS: Pro'vided technical assistance for BMP implementation. and . financial progiams_' e
~ available to install conservation practices. : ‘ : L

James River Water Development District: Provided technical and financial support. -

Lake Byron _lan'downen;sf and operators: Provided cost share,support to install conservation ’pract’ices.'

http://www.state.sd.uS/dénr/DFTA/ WatershedProtection/TMDL/TMDLByron.htm : -07/24/200(




'Beadle Lount} bportsman ) uuo Provrded Imancral and in- l\md support.

u. S Fish and Wildlife Servrce Prov1ded ﬁnancnal and in- kind support through -the Pond
, evelopment Program. ,

g ,Summary of Public Review

A record of the public involuement in the’feview of this TMDL asksubmitted is summarized below:

Electronic media ~ Mailings Public Comments Received
December 1998 - - e i - Interested Parties - Comments received during
Assessment summary added to -7 -March 10, 1999 ' project meetings and review-of
- department website. - el i E “o . the draft report and findings were
: - Stakeholders ,consrdered '
- March 1999 _ March 10, 1999
TMDL Summary posted on I
department website  Daily Newspaper
~~March'8, 1999

VIII ,Supparting Develbpment Documenrs (attéblted)

Lake Assessment Project Report Lake Byron Beadle County, South - Dakota. South Dakota Lake Assessment
Program, Division of Water Resources Management South Dakota Department of Envrronment and Natural '
Resources, December, 1992. : ‘

Lake Byron Watershed Project, Section 319 PrOJect Implementanon Plan Sponsor Beadle Conservation Dlstrlct
South Dakota Department of Env1ronment and Natural Resources July, 1993.

Section 319 Nonpomt Source Control Program Watershed PrOJect Final Report Lake Byron Watershed Pl‘O_]CCt
Beadle Conservation District, December 1997.

~Lake Byron..1995 South Dakota Lakes Assessment Fmal Report South-Dakota Department of Envrronment and
Natural Resources, August 1996.

Watershed Protection Home | SD. DENR Home | SD State Government Home i
: Top of page | Feedback | Help i
g If you have site comments, questions or concerns, please contact: DENRINTERNET@state sd.us.

Last Update 07/17/00 10:41 AM

http://www.state.sd.us/denr/DFTA/WatershedProtection/TMDL/TMDLByron.htm ' k E - 07/24/200(
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' between many dlfferent layers ofa "hard pan“ matenal Thrs suggests the lake sedlments
were dried and oxidized many times during the 8,000 to 10,000 year life span of Lake
“Byron. Most of the sediments were deposited by non-pomt source runoff. The estimated
mean sediment depth to the original lake bed (glacial till) was 25 feet. The total sediment
volume ln Lake Byron was estumated at approxrmately 72. 6 mllhon CUbIC yards

Obwously, dredgrng that amount of sediment would be economlcally prohlbmve
Dredging operations, when they become necessary for lake restoration, may have to be
limited to relatively small areas of the lake basin where, for example, boatlng hazards
would otherwise exist after lake water levels fell during a dry year. Other areas receiving
heavy recreational use could also be conSIdered surtable such as swnmmmg beaches
fishing holes and boat Iandlngs ‘ e l :

Potential dredglng srtes that wnll yleld the greatest benef t to the lake can be located after
a thorough survey of lake basnn configuration, sedlment maps ‘andan examination of lake
hydrology budgets ‘and past lake history. A detailed presentatlon of the methods,
verification procedures, and results of the Lake Byron sediment survey will presented by
USGS in an open-frle report that is in preparation at the present time. This publication
should be useful in the desugn of dredglng pro;ects at Judrmously selected lake srtes

Shorelme Eros:on

Whrle no recent surveys of Iake shorehne erosion appear to have been conducted rt is
believed that the pattern and extent of shoreline erosion at Lake Byron have not changed
apprecnably in the last decade. In view of this, a comprehensnve lake shore survey carried
out by SCS during 1981 is presented |n thls report (Lake Byron WQSA Report 1985)

“The SCS study drvnded the shorelrne |nto 34 segments of varylng Iength (Flgure 9) which
~ were then studied separately to determine the sediment produced from erosion by the
- "direct volume" method. The amount of erosion, length of the segments, and the intensity
of erosion, length of the segments, ‘and the intensity of erosion are indicated in Table 13.
It is noted that the most severe lake shore erosion occurred at cut banks located on the
relatively undeveloped east end of the lake in segments 20, 25, and 32 with a combined
~ length of 3410 feet. Total contrlbutlon of sediment to Lake Byron from shorellne erosion
- was calculated at 2, 051 tons or 1 6 acre-feet per year :
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Table 13Ok‘f 'ffi f7‘ff:' G DL '7?L>‘-»;,»
e e : LAKE BYRON SHORELINE EROSION

v e é/, j :;;~ ~,,,N_,L7 Shorellnek‘l .
Segment =" ;Oﬁ.Sed/Yr.?fo‘ - Length Sedlment Produced/Ft of Shorellne
(No. ) . (Toms) .~ (Ft.) =~ .~ o (Tons/Llneal Ft ) i

54,00 . 1,500 j_;gr} V'JO,036,_;T
37.80.. . 1,050  0.036
- 50.85 1,130 ... 0.045
©29.25 1,300 00023
0 36.45 810 o 0.045.
g 11.70- ..~ 650 - 0,018
. 36.45 810 - o 0.045
1.0 - 210 o 0.090
3 13.50 .. 600 - . 0.023
. 17.28 . 480 - 0036
11 14,85 - 550 00027
12 14,40 . 1,600 o 0:009
13 . 18.54 1,030 0,018
4 ' 98.83 1,690"i . 0.056
5 1566 580 g7
6 . 106,20 2,360 . goss
17 - 2142 1,190 f;“.-o 018
18 D0 LR SR 2 00T S e
19 68,40 - 950
20 . 393.75 - 1,250
21 80.64 1,120
2 - 0 1,920
23 . 12,600 700
26 0 S 750
25 . 4455 330
26 . .9.00 - - 500
22 .0 - 6,500
28 . 31.59 . 1,170
29 0 6,000
30 142,02 . 2,630
31 43.20 EI 2, 400 : o S0 S
32+ 247,05 1,830 . 93
33 . 342.00 “1w3,800 . 0.090
34 40,50 - 1,800 .. 0.023

O OOSNAWL LW -

;O OfO:CfO_O QjCﬂC?Cfcici

(TOTAL  2,051.38 - 53,50 oo, -

1/, Dlrect volume method used to compute sedlment produced
2/ Segment locat1ons shown on the map of Lake Byron.;:
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N 2

Parameter Inflow (Sites 2 & 3) Outflow (Site 1) Acbumulated :
Water Flow' 7070 768 | B302
‘acre-feet/yr ; Ce R , ;
Total Nitrogen? o 8g68 | .34 | sosa
Ngrams/mifyr | | | Lot
Total Phosphorus® | 1127 | 038 | 1089
grams/m?2/yr et A T 5 |
Sediment (TSS)> 41434 | 2802 38.632
| grams/m?/yr | , |

Nutrient and Sediment Loadings to Lake Byron

The extent of nutrient and sediment loadihgiin, Lake Byron from two of its three tributaries

- during 1991 was estimated in the final phases of this assessment. Periods of stream flow
- during that year of above average rainfall extended, with one short interruption, from April
- 16 through October 28 in Foster Creek (site 2) and from April 16 to October 20 in the

- unnamed northern tributary to the east (site 3). The third and easternmost tributary

(Figure 1) was not monitored during this study due to difficulty in gaining access to a

~ suitable sampling site during a high water year. Table 14 and 15 present total and areal

loadings to Lake Byron and the net nutrient and sediment lOadsaccumulated_ in the lake

- during 1881.

Table 14.  Lake Byron Water, Nutrient and Sediment Mass Balance, April to October
1ge1. niMass Be il to October

"Includes inflow from the James River ‘pibéli’n:efor, April-Oc‘t;.;‘1991,.

‘ 2Nu':rientk‘and sediment loads from the James River pipeline ,not calculated.

The tabulated values suggest Lake Byron is receiving extrémely high loads of phosphorus

(TP) and nitrogen (TN) from its large watershed. Not surprisingly, Foster Creek
contributed nearly all of this loading - 93% of total phosphorus and nearly 98% of total
nitrogen. Sediment loads (total suspended solids) entering the lake from its watershed

- appeared to be negligible during 1991 with the Foster Creek drainage‘p,rovid,ing the bulk
- of incoming suspended sediments. (Table 15, Appendix‘A). ; .

Due to the relatively small outflow of water ftom Lake Byron in 1991, most of the incoming
nutrients and sediments were retained (accumulated) in the lake (Table 14).

"k_Limited loa‘di’ng data indicate that the Foster Creek drainage is by far the larger

contributor of nutrients. Due to much smaller flows in the monitored, unnamed tributary,

- nutrient loads from this source fell within acceptable (permissible) limits during 1991
(Table 15). However, the excessive loads of total phosphorus and nitrogen from Foster
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Creek may have to be reduced by an estlmated 94% and 88%, respectively, to achieve

permissible levels of these nutrients that are carried into the lake primarily by snowmelt

and rainstorm runoff. The above percentages represent reductions of approximately 9

tons (8 metric tons) of TP and 65 tons (59 metric tons) per year of TN. -Only minor-
reductions in phosphorus loads (<10%) from the unnamed intermittent creek (srte 3)

would be requrred to attain the same: goal for thrs minor tnbutary ,

Tributary Water Quality

During this assessment tributary inlet sutes #2 and #3 were sampled a total of 14 times.

Water quality data indicated that Foster Creek (site #2) experienced high levels of
phosphorus and nitrogen contamination and in turn delivered those high concentrations
of contamination to Lake Byron. lncomrng ‘sediments (T SS) from both monitored
tributaries did not appear to exert as great a potentral impact on the lake as nutnents and
bacterra during the monrtonng perlod ;

_ Both trlbutarles were. responsrble for hrgh Ievels of collform bacterra entering the lake '
Similarly high levels of nutrients and bacteria in the minor tributary (monitored by site #3)
were considered a secondary priority for poliution abatement efforts due to much smaller
stream flows in this tributary (mean: 1.14 cfs) compared to those of Foster Creek (mean:

12.65 cfs) - The minor easternmost (northeast) tributary that was not sampled during this
study is believed to-have moderately higher flows than the monitored northern tributary
due to a somewhat larger drainage (approximately 12% of the entire watershed versus
7%). Assuming similar levels of contaminants, its impact on Lake Byron could be slightly
hrgher than that of the-neighboring stream but still far below that of Foster Creek which
is estimated to drain 80% of the Lake Byron watershed

Fecal Colrform ;

Fecal coliform (FC) concentratrons exceedlng 200 per 100 ml of lake water is consrdered .
. potentially unsafe for immersion recreation as previously discussed. Although this
~ standard does not apply directly to streams, it may be used to illustrate the amount of -

- contamination that may be occurring in the tributaries. During the study period, fecal
coliform concentrations exceeded 200/100 ml in 67% of samples taken at the Foster
Creek rnlet (srte #2) and in 69% of samples from Srte #3 (Appendrx A).

When FC concentrations were averaged for those dates when both trrbutarres were
sampled, FC mean densities were very slmllar for both sites, approxumately 730/1 oolml
Clearly, fecal coliform bacteria numbers are excessive in both tributaries. However, the
FC problem becomes more serious-in Foster Creek where flows averaged more than 10
times hrgher than those of. the mrnor tributary (Appendlx A).

: Whrle hrgh tributary FC levels were not reflected in water samples from the maln basrn of

Lake Byron (sites #5 and #6), sources of fecal collform contamination should be
identified and controlled to protect immersion recreation in the lake. For example,
coliform numbers were high (340-1200/100 ml) in 1/3 of samples taken from the large
slough-like area on the eastern shore of the main lake basin (site #4). A part of those




FC densrtles may have been derrved from waterfowl and other wuldllfe known to
congregate in this wetland while larger FC populatlons may have entered the sample area
from the northeastern tnbutary ~ : ; i

Nrtrogen :

Excesswe nutrlent concentratnons are the pnmary cause of uncontrolled growth of
nuisance blue-green algae and aquatic weeds in- ‘many state lakes. Both tributaries
contributed high concentrations of nitrogen and phosphorus to Lake Byron, particularly
Foster Creek (site #2). Total nitrogen averaged 6.0 mg/! at site #2 and 3.7 mg/| at site
#3 (Table 16). Approximately half of the total nitrogen recorded for Foster Creek during
this study entered Lake Byron dunng the last week of August 1991 in a perlod of hlgh
stream ﬂow (Appendlx A) , S , ) :

Inorganlc N (ammonla and nrtrates), the form of nltrogen most utlllzable by algae
fcompnsed 45% of tributary total nitrogen lnput Site' #2 accounted for 3.22 mg/! of
~ inorganic nitrogen (54% of TN) and site #3 averaged 1.41 .mg/l or 38% of total nitrogen

at this tributary inlet. Total nltrogen (TN) concentrations were almost 62% hlgher in Foster
Creek than in: the mrnor tnbutary during thls assessment ; ~ :

Organlc nrtrogen made up 55% of tnbutary nrtrogen Mean organlc nrtrogen
concentration at the Foster Creek inlet site was 2.76 mg/l and site #3 averaged only
slightly lower at 2.52 mg/I (Table 16) Concentrations of organic nitrogen usually range
below 1.0 mg/!Iin unpolluted waters (Boyd, 1979) The organlo nitrogen values obtained
for the Lake Byron tnbutary inlets strongly suggest organlc pollutlon from anlmal waste
or farm site fertilizer. i 3 ,

: Phosphorus

Total phosphorus (T P) levels at tnbutary sites were approxrmately twice as' hrgh as those
in the main lake basin (sites #5 and #6) but slightly to moderately lower than the average
concentration at the lake slough site #4 (Tables 11 and 16). The maximum phosphorus
levels recorded at site #4 (.06 mg/l) could have resulted pnmanly from the proximity of
the northeast tributary inlet to this sampling site. Additional sources of phosphorus at site
#4 may have mcluded waterfowl waste and decaylng wetland vegetatlon e

Total phosphorus averaged O 94 mg/l and 0. 86 mg/l at sntes #2 and #3 respectlvely
Unlike nitrogen means, there was relatively: little difference in TP averages between the
‘two tributaries. Dissolved phosphorus made up 69% (site #2) and 49% (site #3) of total
- phosphorus at those sites. This compared with 94% for lake basin sites (#5 and #6) and
50% for site #4. These high percentages of dissolved phosphorus may be lndlcatlve of

water contamlnatlon from animal or human wastes and secondanly, runoff from
overfertlllzed crop land ' S . i



Table 16. Tnbutary Sampllng Data Ranges and Mean Values, April 16, 1991 to August 5, 1992 :
(n=14143. o A
Parameter <1 Mean values and ranges for sites
, ‘Site2 ~ Site 3 Site 1
D.0. (mg/)) 40 (0.0-123)  48(0.1-128) 5.5 (4.2-7.5)
Fleld pH (s.0) | 76(6.798) 75 (6.46.6) 88 (7.99.7)
Fecal Coliform (#per/100 ml) : 572;(1053600) 1615 (10-13000) 1673 (10-5000)
Total Alkalinity (mg/1) 284 (138-811) 217 (74-274) 210 (207-214)
Total Solids (mg/l) 1625 (738-2886) 1870 (302:3475) 1634 (1565-1673)
Total Dissolved Solids (mg/) 1506 (680-2544) 1740 (222-3295) 1550 (1519-1574)
Total k'SuspendVed Solids (mg/l) 57-‘(14}160) o 72 (4-276) 27 (12-38)
Total Volatile Solids (mg/l) 31 (290) 19 (2:34) 14 (10-22)
Total Non-Volatile Solids (mg/) 26(270) 53 (2:249) 13 (2-20)
Total Ammonia (mg/l) ' 233‘(.0237.60) 728 (.024.75) 20 (.02-52)
Un-ionized Ammonia‘ (mg/h) .ms(.omgz.7za)' o om (-000-.060) .145(.003-,339)
Nitrate + Nitrite (ma/) | 34(101.40) .68 (1055) .70 (:50-.90)
TKN (mg/l) 564(874300) .25 (10-5.37) 251 (2.16:2.71)
Organic Nitrogen (mg/l) 2.76 (.74:-'5;69)~ : 252 (.70-5.32) 2.30 (2.09-2.63)

Total Nltrogen (mg/I)
Total Phosphorus (mg/l)

Dissolved Phosphorus (mg/l)

598 (97-43.10)
.939 (:302-3.980)
847 (159-2.560)

37

3.70 (.60-14.40)

863 (246-1.590)

422 (.90-.929)

3.21 (2.86-3.61)
.327 (.26-.420)
212 (:210-.217).




Suspended SOlldS |

Exceedences of the 150 mg/l water quality standard for total suspended sohds (T SS)
were few at both tributary sites (3) considering that this assessment was conducted
during a perrod of above average rainfall in the watershed (April 1991 to August 1992).
However, six readings measuring more than 90 mg/| were recorded for the two sites.
They included 160, 120, and 104 mg/I of TSS at the Foster Creek inlet (site #2) and 98,
164, and 276 mg/! at site #3 (Appendix A). While half of these. readings were under the
TSS limit for marginal warmwater fisheries (Foster Creek and Lake Byron), all of them
were considered excessive because those levels of TSS contrlbute substantlally to lake
water turbldrty : R

Total suspended sol:ds averages for the study perrod were 57 and 72 mg/l for the
respective sites. The organic f fractron of TSS at Foster Creek (54%) was more than twuce
thatofsrte#3(26%) ' R INE P S

However very low dlssolved oxygen levels (O- 2 3 mg/l) at both srtes durlng late spnng
and summer, 1991 (Appendix A) strongly suggested considerable quantities of organic
matter had been decomposed (oxidized) upstream of both inlet sites. This organic matter
(probably animal waste) was likely a product of livestock operations in the watershed.
In the process of undergoing decay (oxidation) excessive organic ‘material in a stream
may deplete local oxygen supplres faster than they can be replenlshed from the air.

While itis belleved that incoming suspended solids (T SS) added srgnlflcantly to lake water
turbidity during this assessment, calculated sediment loads to Lake Byron from the
monitored tributaries were relatively minor. Foster Creek contnbuted 323 tons of
sediment in 1891 and the unnamed monitored tributary (site #3) added only a little over
27 tons for a total of 350 tons or less than O 3 acre-feet of sedlment per year for 1991
(Appendlx A) g , : : R ,

Drarnﬂeld Plpe Dlscharge Ei

Some drstance from the three tnbutary lnflows on the western eastern and northern Iake
shoreline, a twin-pipe (12 in. dia.) surface outlet (from an underground tile drainage
- system immediately south of the lake) discharges to a point on the southern shoreline of
‘Lake Byron in the northwest quarter of section 35 (35-113N-61W) (Figure 1). Two water
quality samples taken from the discharge pipe (site #21) in June and July 1991 indicated
primarily. high levels of suspended solids (221 mg/l), nitrates (0.9 mg/l) and total
phosphorus (1.26:mg/l) were entering the lake from this source during stormwater runoff.

The values of other measured water quality parameters fell wrthln or below lake averages.

~The magnltude of impact on the lake from this point source is unknown at this time.

However, it is estimated the tile field drains an area of less than 500 acres. Half of this
acreage may have been former wetlands converted to cropland 40 to 50 years ago at
which time a renewable permit was issued for a pipe discharge to the lake. Considering
the relatively small acreage drained (<500 acres) by the tile field, gross impact on Lake
‘Byron is believed to be smaller than that of the northern or northeastern lake trlbutary
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Watefshed lnSpection

There are 220 farmsteads/land operators in the Lake Byron watershed, including 45 in

Beadle, 75 in Clark, and 100 in Spink County according to a survey conducted in 1991
by Beadle Conservation District personnel (Table 2). The same survey recorded 3,099

acres of highly erodible soils in the drainage, 54% of which were in Beadle County in the
- general vicinity of Lake Byron. A preliminary inspection of watershed farmsteads/livestock

~ operations indicated that at least four livestock operations will require animal waste

- management systems (AWMS) and 10 animal feeding areas may need to be established
away from natural drainage pathways. The Beadle County Conservation District has
- recently submitted a proposal for a more comprehensive survey of watershed livestock
operations (feedlots and livestock confinement areas) that will rate these facilities
-according to their relative impact on water quality in the Lake Byron watershed. :
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CONCLUSIONS

; Very hlgh concentratlons of phosphorus (mean 0 437 mg / l) were present in Lake
Byron during this. assessment from April 16, 1891 to August 5, 1992. According
to several literature sources, ‘concentrations greater than 005 mg/l TP are
mdlcatlve of extreme eutrophy (hypereutrophy) : u

~ 'Dlssolved phosphorus (DP) made up nearly 94% of ln-lake total phosphorus (sites

5 and 6) during the study strongly suggestlng the presence of one or more
‘poliution sources on the lake periphery ‘or in the lake: watershed.  Most likely
‘contamlnants contnbutlng DP may be anlmal and/or human wastes ‘

; = Tributary phosphorus (T P) averages were twnce as hlgh (0 939 and 0 863 mg/l) as

in-lake means (sites 5 and 6) indicating that the two monitored tributaries,
partlcularly Foster Creek are major contrlbutors of phosphorus to the lake ,

' Mld lake mean values for orgamc nrtrogen and ammonra were also excessrve 2 3
and 1.0 mg/|, respectively. Values above 1.0 mg/l of organic nitrogen suggest
organic pollution from watershed fertilizers (e.g. manure spreading) and animal
waste. Five violations for un-ionized ammonia (>O 05 mg/!) were detected for mid-
~ lake stations 5 and 6 dunng thls study No ammonla vuolatlons were recorded at
slough srte 4. : SR

The northern trlbutary (SIte 3) ammonia average was sllghtly lower than the mid-
lake mean. However, the average for Foster Creek (2.88 mg/l) was nearly three

~ times as high. This was attributable to a single peak of extremely high ammonia
~ concentration (37.60 mg/l) recorded at the Foster Creek inlet (site 2) on August
- 26, 1991 The cause or source of thrs peak i is not known at the present trme

 Low dlssolved oxygen Ievels recorded at both tnbutary srtes in late spnng and
- summer (0.0 - 2.3 mg/l) strongly suggested the presence of large quantities of
- decomposable organic matter upstream of the monrtored inlet. srtes probably
denved from ammal wastes T S

Water quallty momtonng lndlcated that both phosphorus and nltrogen are present
in the main basin of Lake Byron in abundance.  Serious limitation is not
consistently indicated for either nutrient (mean annual N/P ratio = 9.5/1). Based
on these nutrient levels, conditions are favorable for the productlon of algal blooms
- or nuisance weed growth, if other growth factors such as mlcronutnents and water
' :turbldlty are not llmmng s . ‘ L

Lake Byron is expenencmg excessive phosphorus and nltrogen loadlng from the
" Foster Creek drainage. ' It was estimated nutrients from this source may have to
be reduced by approxrmately 80% to achleve 5|gn|t” icant |mprovements 1n lake
water quallty : e -
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Calculated sedlment loads to Lake Byron from the two monrtored trlbutanes ‘
appeared to be mlnor amountlng to only 350 tons (<0. 3 acre-feet) per year for ,

R 1991,

- 10.

A USGS sedlment depth survey conducted in Lake Byron durlng May 1802
: ,;lndlcated 3.7 million cubic yards of soft sedlment had accumulated in the lake
~ basin since the mid 1930's when the lake was dry ThlS represented an estrmated

17% loss of lake capacity in 57 years

1.

A past SCS study rndlcated shorellne erosion contrlbuted 2 051 tons or1.6 acre-‘
- feet of sediment during 1981. Approxrmately 3410 linear feet of cut banks on the

east side of Lake Byron that are exposed to strong north westerly wrnds

12.

13.

14,

15,

16.

it expenenced the most severe erosion.

In- lake fecal colrform concentratrons were low durmg the monrtonng penod o
averaging 12/100 ml at sites 5 and 6. Bacteria densities were far below the lake, .

. crrterlon of 150/ 100 ml for a marglnal warmwater ﬂshery

| Tnbutary fecal coln‘orm (FC) levels: exceeded .200/100 ml in 67% of samples fromi

Foster Creek (mean: 672/100ml) and 69% of samples from the northern tributary
monitored by site 3 (mean: 1615/100 mi).  Although the high tributary FC

densities were not reflected in mid-lake ‘samples, the source(s) of these high
Y bactenal levels should be ldentlfled to protect immersion recreatlon |n the lake.

', Hrgh fecal collform densities were also observed on one date at the lake outlet site
~ #1 and on most sampling dates at the slough site #4. Congregating waterfow!

and [input from the northeast tributary may be responsmle for high FC densities at

~ site #4. The reason(s) for the snngle mstance of hlgh FC numbers at Slte #1 are
; not clear at this time. , - ,

: Average water clarlty (secchi dlsk vrsrbllrty) in Lake Byron for 1991 was rated asT
‘poor (0.6 meter = 2,0 ft). A large part of this water turbidity may be caused by

incoming tributary suspended solids (TSS), shore bank erosion, and resuspensmn )
of lake bottcm sediments by wrnd and wave actlon e

Examlnatlon of limited past data (1979 -82) for in-lake and trlbutary monrtonngs

- suggests nrtrogen and phosphorus levels have not changed greatly during the past
~decade. Similarly high N and P concentrations were found in-lake and entering
~ from the tributaries. In- lake and trlbutary TSS levels may have been moderately 1

o hlgher 10 years ago

Floatlng and submerged aquatic weeds have not been reported as a problem ln e
- Lake- Byron since 1982-83 when a weed harvesting program was completed.
‘However nuisance algal blooms continue to be a reourrlng problem '
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1 ',; - RECOMMENDATIONS

Based on the results of thls study, the DENR recommends the followung alternatlves for

restoration. - These recommendations should provide a basis for the development of a
complete restoratlon work plan and subsequent |mplementat|on The recommendations
are ‘provided for review only. “They are not to be considered as the only possible

1

. methods of restoratlon In approxrrnate order of lmportanoe they are the follownng
;Ag Waste Management Systems | n i '

‘lnstallatlon of anlmal waste management systems (AWMS) at the feedlots in the
- watershed would represent an lmportant stepto reduce nutrient: and fecal coliform
~ bacteria input. Animal waste is a major contaminant to Lake Byron and its
tributaries at the present time. Approximately four AWMS's would be needed to
~_contain a large portion of the present feedlot runoff. In addition, 10 animal feeding
g areas need to be establlshed away from trlbutary dralnage pathways S

‘ Best Management Practlces on Cropland

o Best Management practrces should be applled to cropland and pastures where
_necessary, to reduce nutrient loading and sedimentation to the lake. Minimum
tillage practuces should be stressed as a preferred method of crop residue

; ':management on 10, 000 acres ’ e e

Shorellne Erosron

Approxnmately 3410 Ilnear feet of nprapplng is needed to stablllze the severe
; shorellne erosnon areas on the east snde of Lake Byron e o s

, Grass Fllterstrlps

‘ 'Approxrmately 200 f lterstnps need to be establlshed mostly on the banks of lower
' Foster Creek to prevent erosron and sedlmentatlon to Lake Byron o

' Grass Seedlng

Grass cover needs to be establlshed on 1000 watershed acres to prevent erosuon
Sedlment Baslns ﬁ e ; |

SIX sediment basms need to be constructed on Foster Creek and smaller-_ s

B ‘watershed tnbutanes
‘ Tree Plantlng

To stablhze watershed solls and reduce wrnd erosron tree plantlng needs to be

carrred out on 150 watershed acres
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8.

10.

~ Planned GrazingSyst'ems:,f‘ i

improve range condition.

‘Planned Grazing Systems ?Sh:OI‘J:Id be applied‘» on 5000 acres of native range to |

Centralized Wastewater Fa;iilifyi

Planning should continue on construction of a centralized sewer system that would

~serve lakeside residences and  eliminate potential - nutrient and - bacteria

~contamination to Lake Byron from failing septic tank systems.

Selective Lake Dredging: i

General sediment remOval;”sho,Lﬂd fbel conducted in concert with watershed

stabilization measures such as those listed above or, more advantageously, after
these activities have been completed and shown to be successful in reducing
-sediment and nutrient input to the lake. Due to high costs and the large size of the

lake basin, extensive dredging is not recommended in this case. Limited dredging
may be justified if significant public benefits will result. “In Lake Byron, selective

~dredging has potential for removing possible boating hazards that may develop

during low water periods, reducing winter fish kills, improving fishing success at

~public access areas, and improving ccnditions at. public swimming beaches.
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- ‘JamesBiv,e'r‘Pipél'ihe Water Right
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' FORM 2: Appliation'fm iniption (type or print) ~ o - ’k o k ) ’ Max] to: Water nghls Div.

Nt}..ﬂBr Hgdro]oglc .Unit ‘0‘69006 DWNR, Foss Bldg.
Map No. —_ Basin ’Jamev,s River - Pierre, SD 57501
Newspaper Daily Plalnsman o R ~ (605) 7733352

"‘4‘1

Applicuﬂon For Parmh To Approprluu Waur Wifh!n 'l'ho State Of Soufh Dukota
Type of Apphcauon Check one or more of the followmg, . ¢

o New E Vested Right D Future Use D
- O Apphcanon to amend Permit No._______ wnh old priority date retained
' D Change diversion: poml(s) D Add dxversxon pomt(s) D Change acreage D Other L \
D Apphcauon to: D Change use D Change dlversxon p&m(s) D Add diversion point(s)

e D Add Acreage - Increase dwersxon rate D Othcr _ See Permit No..
' D Application to: D Use D Transfer water reserved by Future Use Permn No. ‘ ;
1. Name of Applicant BIRON WATER SHED DISTRICT PhoneNo. ._35_2-12__
Post Officé A d dms 201 Farmers & Merchants Building Huron Stay ‘S D. 57350 -
e R 2.0 cfs ‘ Fot t 4" o'o" 7 5
2. Amount of water clalmed (c.t.s) s S 'fma-l-'acres—élﬂgmeé ot to oxaee per yr-
~JAMES RIVER .~ . = : ‘

- 3. Source of Water supply : T i
4. Location of point of diversion'- ~ JAMES RIVER mile 234,25~ plua or mims- 16“0 ft K., 0 W of SE

corner section 33, Tawnship 113 N.-Range 61 W

Couniy T BEADLE

BEADf.E

5.7 Counties where fwat‘er will be uSed :
‘When flow is greater then 20 cfs over 3rd street dar

.6. Annual period during which water is  to bc used
7. List below each forty acre subdxvxsxon, or lot or fracuon ‘thereof and show number of acres to be xmgated in each.

Land Description: No. Acres Irr.. | . Land Description - " No. Acres Irr.

Amch shm if mon space is needtd

B vae a bne[ descnptmn of proposed project. When available include any prelxmmary engineering report or other
~reports or information that will help explain the project. (Attach sheet if more space is needed) -
The project involves the pumping of water from the James River to Lake Byron to
provide for the stabilization of. water: levels of the Lake & to provide for the
. storage of water which could be returned to the Ja.mes River to provide a supple-
, mental source of water for the City o:l' Hu.ron. : ‘ o

SEE ATTACHHENTS' Preliminary Raport
Hyd.rological Study

\!l;l(llmenlS’ Auach Form ;A if dwersnon from a well or dugout or if slorage of water, is pmposod Ana(h map

(see 1mtrncuon)
QTATE OF SOUTH I)AKOTA)

lhe apphram ce mf) that I have 1c. ul

'|h( fore gomg applualum have exammed the attached map and that the ma crem ‘;l (dan wrucand that Tinte nd, and
“amableto cnmplote the necessary mm(rucu(m :

Slgm‘d

: . : ‘ =
Subscnbed and sworn to be fore me this _L____B/’ day of “ ot o — '9-8—2* :

////’//""‘>'
/" Q"/:y/«QD




WATER PERMIT

The Water Managemem Board hereby approves Waler Permu Apphcauon No S_O 27 3

)—adZe %L\V‘ON w&\'ev-s\\ec‘ b\s o l'(urou _
o (Apphc:m) i : ) TP e (Post Oflice Addres:)r e, ;
Sadth B&\ZDTQ S 5-73 S-O : Wuh the [ollowmg quahfxcauons Sl
(State) o : ’ g _ B “(Zip Code) e
~See A;ttka‘chrhén‘tfl\’\ e by
Date of first’ recexpt of apphcauon el e o f" \’3 UL)Q llt ',;’lQ 84
Date of return t6 applxcant for correcuon amendmenis or 'changes‘reqmrcd el 19—
Date of- rece:pt oi correcned apphcahcm . : -, Approvea 'becem\oevr g o .19 84
The Water Managemem Board hereby approrves thls Water Permn No SO 9—7 3 authonzmg the
construction of-the water use system and the ;S'lacmg of water lobenehcxal use as stated in the Apphmnon and asqualified in
the Water Pcrmn approval, SUbjCCl, however, to lhe Iollong llmllauoni‘ arid condmons waFloas garann
1. The date h'om whlch applncam may clalm rlght is 3_() ue 4 .19 84
2: One-fifth o[ the work is to be C‘omplcted on-or beidr f - -~ \5 uve. S' ] 1987
8. The who]e of sald work is to be completed on or be[ore 4 BQQQV"’\\ﬁQ\" S— — . lQBq
4. The time hmu [or proo[ o[ bene[xc:al use of water is . NS BQQQM\)Q\P g_ ~ 19 93

5. The. water appropnated shall be used for the purpose of L&QQ STQb \ 20~TOA/

6. The prior rnghl of a]l persons who, by comphance wuh the laws of the State o[ South Dakota have acquxred a nght to
the use of ‘water must not be unlawfully xmpaxred by thls approprxanon ~

o.e.ve t;g:_\' e 320& -

7. sThr' amount n! lhr appmmnlmn lu rein gmnud \Inll nm X ngoo eubiedeet priaceand: ne lthn shull

- exceed the capacity of the above described water supply: syﬂcm nor shall it exceed the athount of water needed for

beneficial uses served. For i lmgauon purposes said appropriationt must be limited-fo'not more than 2 acre feet per acre
per.year and be limited to not. more than one- -seventieth (1/70) of onecublc footof water-per second-pfpmeloregchacre
of land 10 which’ water is actually and benehmally applied for i lrngauon on or before- December T

19_:5_ sald walcr to be used durmg thc following descrlbed annual penod 3, T e Cev '¢Y‘3
DinET ~rl" " . qrn 5!9-;7\

_ WATER MA £y AT BOARD
' By /{/( -

CQ R " Chiel Engluer o
. DIVIS] of Waler Rights: =~ ¢
,fDepl of Water and Natural Resources At

January 3, S lERTET fv]q 85




ATTACHMENT A i

Permit No. 5027 3 Lake Byron Water Shed Dnstrlct

1. Low flows as needed for downstream domestlc use and prior water raghts
- must be bypassed. The minimum bypass at Huron for domestic use

s 20 cfs. During the pericd of April 1 through Juhe 30 of each
calendar year, diversions are authorized only when 60 'cfs or more are
by-passed after diversion for domestlc ‘use or prior water rights,. ;
unless a lower flow by-pass based upon ‘the need for water in Lake Byron
-versus the need for water downstream,-is authorlzed by the Chief Engineer.
This permit does not authorize dsversnon of water from the James River
after June 30th of each calendar year ‘unless written orders have been

so issued by the Chief Englneer In the management of the James River
under this permit, flows will be monltored at all gaging statlons, and

cutoffs will be timed to insure water supplies for domestic use and
fprlor vater rlghts ‘ g

2. This Permlt is approved subject to‘a‘yearly report being submitted bY
- January 31 to the Chief Engineer on the quantlty of water dlverted
‘each month in the preV|ous calendar year s

3. Before a. c0ntrolled release of water occurs, the Lake Byron Watershed
District shall collect water quality samples from Lake Byron and the James
River, have an approved laboratory analyze the. samples. and submit the

~ laboratory results to thekChuef Engineer for review by the Division

~ of Environmenta! Quality. If the results are satlsfactorx,the Chlef

~Englineer may approve a controlled release of water if:

r,a. The quallty of the Lake: Byron water wlll not vtolate James Rlver
Stream Standards. durnng a controlled release; or~'

b. The quality of water in Lake Byron ls equal to or. better then the
James River water quallty. e :

1, at any time during the controlled release, the James River Stream-
~Standards are violated due to the dlscharge, the Chlef Engtneer wull requlre .
the controlled release of water to cease.n, SR

4, The elevatlon of outlet control structures for Lake Byron and Connors’
Lake may not exceed elevatlon l2b8 l feet msl. ,




~ APPENDIX A

Water Quality Data
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MRD LAB NO. 90/270A
Sheet 1l of 3

'DEPARTMENT OF THE ARMY | - 12 SEP 19
MISSOURI RIVER DIVISION, CORPS OF ENGINEERS
DIVISION LABORATORY
'OMAHA, NEBRASKA 68102

Subject:

Project: South Dakota Water and Natural Resorces
Intended Use:
Source of Materlal Laxe Bzron Sltes 1 and Slte 2 (South Dakota)

'Submltted by: CEMRO=-PD-D : :
-Date Sampled:__06-26-90 ",‘”, ‘Date Received:_ 06-27-90
‘Method of Test or Spec;fzcatzon‘» EPA and Standard Methods

References 1 Omaha District Letter Reggest dated 05 -09- 90
_ 2. Lake Byron, Beadle County South Dakota :

3. MRD. Lab Sample Ident;flcatlons. 90/270A

-- REMARKS -
1. One gallon sedlment and three gallons rece1v1ng waterkc011ected from
Lake Byron, South Dakota = were submltted in the laboratory for Standard

Elutriate Test - followed by analyses of varlous parameters. The test
results are given on ‘the attached sheet. A

2. Sedlment_results are\basedfon dry welght of'the sediment.-

3. The symbol‘““<" 1nd1cates less than thev‘deteCtion_!limit. The
detection 1limit is glven.' % ' : S v -

4. Ms. Ann. Denholm was notlfled of the results on 09/06/90-

itted by,

 RYCHERD L DONOVAN, P.E.
“‘Acting Director, MRD Laboratory -

Arora/qgm/444-4318




. : B SR ': IEne [ OIS HRD LAB No 90/270
iR . AR : T ST sheet20f3
: o - : et DEPARTHENT DF THE ARMY ALY . B
H:ssour'l River Division, Corps of Engmeers
‘Division Laboratory - : :
Omaha, Nebraska RS TR

Project: SOUth Dakota Department of Water and Natural Resource . g :

Date Sample Taken: 25-Jun 90 .. . -Customer Sample 1d: Lake Byron 51tes 1 :

Date Sample Received: 27 duni90 - - 7" 'MRD-Lab Sample - No: M-1243 ’ y

sample Description: Water and Sechment Sanple contauner' 3 1gal glass (uater) and 1- 1gal glass (sedlment)
Time Sample Taken:  1: 45 e ’ : : S .
Comments: Lake Byron (Beadle Co. ) South Dakota s

e , - Receiving' ,f ©°. Elutriate
L » ; S sediment ST Mater T e s ‘Water ’
“-Analysis o Result Units = Result o Units . ,.Result . Units
‘Ca and Mg Hardness = TR AR 557 : ~~'080 ~'rmg/L
Ammonia: Nitrogen R 0. 12.‘ S 2,9 o mg/L
Chemical Oxygen Demand ‘( L Toaasd 2.0 i ST malL
Total Cyanide - N e S e0L02 emgfU T <0027 T mg /L
Nitrate-Nitrite Nitrogen : - 045 omg/L o 0007w/t
Total Phosphorus . N i e LT 0,47 mg/L
Total Kjeldahl N1trogen e 5.3 0 mg/L
0il and Grease I , S<S T omg/L
Antimony ~ ° - SR e <0 05 - ma/Kg w5 ug/L
Arsenic B AN ey O R -7/ (- R <20 S ugfL
CBapdum ol o 200 e mg KRG 430 ug/L
Beryllium .0 o 1A ma/Ke Sl <t s ug/L
Cadmiun <0 ma/Kg “<0.1 - ug/L
Chromium© . 2% m/Kg - 2 gL
Copper . k2 me/Kg C<10 o ug/L
fron- . . S e 30000 mg/Kg 210 T ug/L
Cibead o3t o me/Kg <1 :g:,, ug/L
"Magnesium  mg/Kg 7 ma
~ Manganese - mg/Kg - 3300 ug/L
i Mercury mg/Kg v"'<0 2 s ug/l
R R V- T
Ciet0 e Tug/L
L5 e ug/L
<500 s ugfL
o LTB T mgfL
£ 280 o mafb
g “omg/L
©.<10° ug/L
S <041 g/l
<01 oug/L
' oo ugfL
S ug/L
: o0oug/L
o «<0.01 0 ug/L
- <0.01 " ug/L
~<0.01 < g/l -
<0.01 o ug/L
i .<0.01 7 ug/L
0 <0.017 - ug/L
T <0.01 oug/l
<0.01 - ug/L
<0.01 . ug/L
@t uglt
w0.23 o ug/L
<0.1 0 ug/L
<06 ‘ug/L
o <0.01 0 o ug/L
-~ 7<0.01 ug/L
Lot <0007 ug/L.
S <0:01 5 ug/L
. <0.50 . ug/L
<010 L ug/L
S <0.10- 7 ug/L
- <0.10- - ug/L
Co 0,100 ug/L
. <0.10 7 ug/L
S «0,100 00 ug/L
<0.10 - wg/L-

ma/Kg
mg/Kg .
mg/Kg
mg/Kg

Selenium .
o Zine
7 Nickel
~Aluminum
caleium. mg/Kg
“Sodium. S S : mg/Kg
" potassium_ .. .t 06200 o mg/Kg
Silver: L et S mg/Kg
‘- simazine (Prmcep) et <10 - ug/Kg
_Metribuzin (Lexone) - - <10 ug/Kg ..
. Atrazine (Aatrex) 1 [ ug/Kg
Aldrin R e 1 | E ug/Kg
- alpha=BHC ; et ‘ug/Kg -
“beta-BHC. . i Slel0t . ugfKg
 gamma- BHC (Lmdane)‘ Sl <10 ug/kg o
‘Mirex ' Sl et ug/Kg
Chlordane = .. - . SRR [ ug/Kg
CpeMpDDT <10 ug/Kg
S PWPMDDE Lo<10 o ug/Kg -
-P'PUDDT EE s <10 S ug/Kg .
~ pieldrin <10 ug/Kg
~ Endosulfen 1. [ Coug/Kg
propachlor (Ramrod) <10 0 ug/Kg
" Metolachlor (Dual) - g .. <10 ug/Kg :
Alachlor (Lasso) ST <10 ug/Kg
Diazinon i " <10 ug/Kg oo
Endrin. I e o«100 0 ug/Kg
Heptachlor = = el @ e uglKg et
- Heptachlor epoxtde Tche s el ug/Kg
~“Methoxychlor ol T«10 - oug/Kg
" Toxaphene - o <500 ugfKg
pcB-1016 <00 ug/Kg
pcB-1229 . <100 0 ocug/Kgo
PCB-1232 0o <100 cug/Kg L
pCB-1262 . <100 ug/Kg .
- .pcB-1268 . . <100 " ug/Kg
. pcB-125%4. .o .. <100 . . ug/Kg
pcB-1260 . . ..<100 ug/Kg -




fﬁPro]ect:'SOUth.Dakdta Départment,of Water and Natural ﬁeéource
- -Date-Sample Taken: 26 Jun 90
. Date Sample Received: 27 Jun 90

“Sample Description: Hater and Sediment

- Time Sample-Taken:

- Comments: Lake Byron (Beadle Co.) South Dakota

DEPARTMENT OF THE ARMY

Missouri River Division, Corps-of Engtneers
; Il Division‘Laboratory :
Omaha, Nebraska

‘Customer Sample ‘1d: Lake Byron Sites 2
MRD Lab-Sample No: M-1242
Sample Conta:ner. 3-1gal glass: (uater) and 1 1gal glass (sedlment)

" MRD LAB No.90/270
- sheet 3.0f 3 :

Analysis

Ca and.Mg Hardness’
Ammonia Nitrogen

Chemical Oxygen Demand

Total Cvanide

Nitrate-Nitrite Nltrogen

Total. Phosphorus

Total Kjeldahl Nltrogen
- 0il and Grease °

Antimony

Arsenic

Barium

Beryllium
Cadmium

Chromium

Copper

iron

Lead

Magnesium
- Manganese

Mercury

Selenium

Zinc

Nickel

Aluminum

Calcium

Sodium

Potassium

Silver - )
- Simazine (Princep)

- Metribuzin (Lexone)
Atrazine (Aatrex) -
Aldrin
" alpha~BHC
“beta-BHC

gamma-BHC (Lin&ane)

Mirex

Chlordane

P'PYDDD

_P'PYDDE

PIPUDDT -

Dieldrin
Endosulfan 1
Propachlor ‘(Ramrod)
" Metolachlor (Dual) -
Alachlor (Lasso)
Diazinon

Endrin

Heptachlor

- Heptachlor epoxide
" Methoxychlor

" Toxaphene )
PCB-1016

PCB-1221.

PCB-1232

PCB-1242

PCB-1248"
PCB-1254 .~
PCB-1260

Sedimen{

Result

<0.05
5.0
260

1.2°°

<0.1
240
"880 -

32000

28
17000 -
4200
<0.10
0.27
1300
550
34000

71000

1400
6400
o«

<10
<10
<10
<10
<10

<i0
<10
<10
<10

<10

<10
<10
<10
- <10
<10
<10
<10
<10
L <10
<10
-<10
- <500
<100
<100
<100
<100 -
<100

<100 - .

<100

Units

mg/Kg

mg/Kg

- mg/Kg
mg/Kg .
S omg/Kgl
mg/Kg
- mg/Kg
mg/Kg. &
mg/Kg .o
T omg/Kg -
mg/Kg. o
o mg/Kg -
“mg/Kg
- mg/Kg

mg/Kg

~omg/Kg. o
mg/Rg
mg/Kg - o
mg/Kg:: L
‘mokg
BELT T/ - B
ug/Kg: . -
.ug/Kg. -
ug/Kg .-
‘ug/Kg-
ug/Kg -
ug/xXg -

ug/Kg

ug/Kg
ug/Kg -
ug/Kg . -

ug/Kg

ug/Kg oo
- ug/Kgeo
L ug/Kg
- ug/Kg
- ug/Kg
- ug/Kg
ug/Kg
- ug/Kg
- ug/Kg

ug/Kg

‘ug/Kg

ug/Kg

-ug/Kg

ug/Kg
ug/Kg
ug/Kg

ug/Kg -
ug/Kg

Receiving
Water
Result

571

©-0.10
49
<0.02
©0.34
0.18
2.4
<5
<1
8
60
<1 -
<0.1
)
<10

210

<1
85
19
<0.2

1
<10
[}
170
87

- 300

43
<10

<0.1

<0.1

<01

<0.01
<0.01
<0.01
<0.01
<0.01.
<0.01
<0.01
<0.01
<0.01
-<0.01
<0.01
-<0.1.
<0.1
~<0.1
<0.1
<0.01
<0.01
<0.01
<0.01
<0.50
- <0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Units

- mg/L

mg/L
mg/L
mg/L
mg/L

‘mg/L

mg/L
mg/L

T ug/L
‘ug/L
ug/L .

ug/L
ug/L.
ug/L

.ug/L

ug/L

S ug/L

mg/L

- ug/L.

Cug/L

ug/L
ug/L

ug/L

ug/L
- mg/L

mg/L
mg/L

-ug/b

ug/L
ug/L
ug/L

“ug/L

ug/L
ug/L
ug/L

‘ug/l

ug/L
ug/L -
ug/L
ug/L

Lug/L

ug/L
ug/L
ug/L

vg/L

ug/L
ug/L-

ug/L
~ug/L

ug/L
ug/L

ug/L

ug/L

“ug/L

ug/L
ug/L
ug/L

S ug/t

. 520

Elutriate
Water
- Result .

3.2
55

<0.02 -

0.06

0.80

© 5.3
<5
I B
38
150
<1
<0.1
26
<10
150
2
79 .
3500
<0, 2
)
<10°
16
70
78

- 270

46

<10

<0.1
<0.1
<0.1
<0.01
<0.01
<0.01

<001

<0.01
<0.01
- <0.01
<0.01

<0.01-

<0.01
<0.01

<0.1-

<0.1
«<0.1
. <0.1
<0,01
<0.01

<0.01 "

'<0.01
<0.50
<0.10
<0.10
<0.10

"~ <0.10

<0.10-

<0.10

<0.10

Units

mg/L -

mg/L -

mg/L
mg/L

mg/L

mg/L
mg/L
ug/L
ug/L

ug/L

ug/L
ug/L

ug/L
.-ug/l
‘ug/L
ug/L
- mg/L
~ug/L

mg/L -

ug/L -

“ug/L

ug/L

ug/L
ug/L -

mg/L

. mg/L

mg/L

~ug/L

ug/L
ug/L
ug/L

ug/Ll”
‘ug/L

ug/L

ug/L

ug/L

o ugfL
-ug/L
ug/L

ug/L

ug/l
ug/l

ug/L-
ug/L
ug/L

wg/t

ug/L -

ug/L-
ug/L.

~ug/L

Cug/lo

ug/L
ug/L
ug/L

ougfh
~ug/Ll
-ug/l -

ug/L




