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CONVERSION racrohs
For readers who may prefer to use metrlc (International System) units

rather than inch-pound units, the conversion factors for the terms in this
report are listed below:

Multiply inch-pound unit By To _obtain metric unit
acre 4,047 square meter

acre-foot (acre-~ft) 1,233 cubic meter

cubic foot per second (ft3/s) 0.028317 cubic meter per second
foot (ft) 0.3048 meter

mile (mi) 1.609 ‘ kilometer

inch 25.4 | millimeter

square mile (mi?) 2.590 i square kilometer

|
Temperatutea may be converted to degrees Fahrenheit (°F) or degrees
Celsius (°C) according to the following formulhs.

°F = 9/5(‘C) + 32
°c = 5/9(°F - 32)

chemicgl ggnggntga;;ons in water are giveh in metric units. Milligrams
per liter (mg/L) are approximately equal cp parts per million (ppm), and

micrograms pe liter (ug/L) are approximately equal to parts per billion
(ppb). |

Chemic trations i om sedime biota are reported as
weight per unit of weight. Abundant elements in bottom sediment, such as
iron, are reported in weight percent. Trace elements such as selenium are
reported in micrograms per gram (ug/g), which is equivalent in inch-pound
units to parts per million.

Sea level: 1In this report "sea level"™ refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a

general adjustment of the first-order level‘nets of both the United States
and Canada, formerly called "Mean Sea Level."

his report is for identification purposes only and

i
nstitute endorsement by the U.S. Ge
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RECONNAISSANCE INVESTIGATION OF WATER QUALITY, BOTTOM SEDIMENT,
AND BIOTA ASSOCIATED WITH IRRIGATION DRAINAGE IN THE

RELLE FOURCHE RECLAMATION PROJECT, WESTERN SOUTH DAKOTA, 1988-89
By William R. Roddy, Earl A. Greene, and Charles L. Sowards

ABSTRACT

The U.S. Department of the Interior initiated nine reconnaissance
investigations during 1986-87 in response to nationwide concern about harmful
effects of irrigation drainage on human health, fish, and wildlife. The
investigation of the Belle Fourche Reclamation Project in western South
Dakota ig one of ten additional reconnaissance investigations conducted
during 1988-89.

For this investigation, the U.S. Geological Survey collected a total of
thirty surface-water-quality samples during April, June, August, and October
1988. Six to ten sites were sampled during each sampling period. An addi-
tional 40 surface-water-quality samples were collected at three of the sites
during October 1987 through April 1989, and these results are included in the
discussion. Bottom sediment was collected at eight of the ten water-sampling
sites. The U.S. Fish and Wildlife Service collected fish samples at three
sites during the spring and fall; samples of bird livers and bird eggs were
collected at five sites during the summer; and samples of benthic inverte-
brates and aguatic plants were collected at six sites during the summer.

Maximum concentrations of major ions in water samples were measured
during the non-irrigation season at Horse Creek above vale and at the Belle
Fourche River near Sturgis, two sites receiving irrigation drainage. Maximum
concentrations of selected major ions at these two sites, in milligrams per
liter, were: calcium, 440; magnesium, 410; sodium, 890; sulfate, 4,000; and
chloride, 750.

Concentrations of some dissolved constituents approached or exceeded
relevant water-quality criteria at the downstream irrigation drainage sites.
Maximum concentrations of selected constituents were: nitrite plus nitrate
(as nitrogen), 11 mg/L; boron, 1,500 ug/L (microgrames per liter); molybdenum,

12 pg/L, selenium, 34 ug/L; and uranium, 30 ug/L.

Twenty surface-water samples were collected at six sites and analyzed
for 22 pesticides. Atrazine was detected at three of the six sites, with a
maximum concentration of 0.3 ug/L; alachlor was detected at a concentration
of 0.3 ug/L at two sites; cyanazine was detected in one sample at a concen-
tration of 0.5 ug/L; and prometone was detected in two samples at a con-
centration of 0.1 ug/L.

Concentrations of some trace elements (arsenic, barium, molybdenum,
selenium, and uranium) in bottom sediment at the downstream irrigation
drainage sites were near or exceeded the upper range cf concentrations
measured in western United States soils. The maximum concentration of
arsenic was measured at the Belle Fourche River near Sturgis which has
received arsenic-contaminated sediment from mining activities in the Black
Hills. The pesticides atrazine and carbofuran were not detected in bottom

sediment samples.



Samples of four different groups of biota, including fish, birds, inver-
tebrates, and plants, were collected throughout the investigation area. With
few exceptions, trace-element concentrations in fish, invertebrates, and
plants were less than values known to produce harmful effects on growth or
reproduction.

Aluminum concentrations in fish generally were larger than other samples
from western South Dakota, but the significance of this result is not known.
Arsenic in the majority of samples of fish at the Belle Fourche River near
Sturgis exceeded baseline values; the maximum concentration was 7.6 ug/g
(micrograms per gram). The largest arsenic concentration in plants,
115 pg/g, was in Sago pondweed alsoc from this site.

Concentrations of arsenic and mercury at the Belle Fourche River near
Sturgis greater than at the other sampling sﬂtes probably were the result of
the mobilization of these elements from flood-plain sediments which have been
contaminated by the past release of gold—mine!tailings. Cadmium, copper, and
mercury concentrations in whole-body fish tissue generally were less than
baseline values.

|

The median concentrations of selenium in fish tissue at Horse Creek
(3.0 ug/g) and the Belle Fourche River near Sturgis (2.9 ug/g) exceeded
baseline values. The largest concentration of selenium in duck livers was
27.5 pg/g; three of eight samples had concentrations in the range observed in
livers from the Kesterson Wildlife Refuge in California, where selenium
toxicity is known to be a problem. ‘

A limited number of fish and bird-egg saJplea were analyzed for organo-
chlorine pesticides or polychlorinated biphenyls (PCB‘s). No significant

elevated concentrations of pesticides or PCB’'s were measured in the samples.
|

INTRODUCTION |
|

During the last several years, there has been increasing concern about
the quality of irrigation drainage and its potentially harmful effects on
humans, fish, and wildlife. Concentrations of selenium greater than the
water-quality criterion for the protectioniof aquatic life (U.S. Environ-
mental Protection Agency, 1986a) have been deqected in subsurface drainage
from irrigated land in the western part of the San Joaquin Valley in
California. 1In 1983, incidences of mortalityiibirth defects, and reproduc-
tive failures in waterfowl were discovered by the U.S. Fish and Wildlife
Service at the Kesterson National Wildlife Refuge in the western San Joaquin
Valley, where irrigation drainage was impounded. 1In addition, potentially
toxic trace elements and pesticide residues haVe been detected in other areas
in western states that receive irrigation drainage.

Because of concerns expressed by the U.S.|Congress, the U.S. Department
of the Interior developed a management strategy in late 1985 to identify the
nature and extent of irrigation-induced water-quality problems that might
exist in the Western States. 1In October 1985} an interbureau group known as
the "Task Group on Irrigation Drainage" was formed within the Department of
the Interior. The Tagk Group subsequently prepared a comprshensive plan for
reviewing irrigation-drainage concerns in areas for which the Department of
the Interior has responsibility. %

Initially, the Task Group identified 19llocations in 13 states that
warranted reconnaissance-level field investigations. These locations related
to three gpecific areas of Department of the I#terior responsibilities: (1)
Irrigation or drainage facilities conatructe¢ or managed by the Department,

|
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(2) national wildlife refuges managed by the Department, and (3) other
migratory-bird or endangered-species management areas that receive water from
the Department-funded projects.

Nine of the

during 1986-87.

Arizona-California:
California:
California:

Montana:
Montana:
Nevada:
Texas:

19 locations were selected for reconnaissance investigations
The nine areas are:

Lower Colorado-Gila River Valley area

Salton Sea area

Tulare Lake Bed area

Sun River Reclamation Project area

Milk River Reclamation Project area

Stillwater Wildlife Management area

Lower Rio Grande~Laguna Atascosa National Wildlife
Refuge area

Middle Green River Ba
Kendrick Reclamation

Wil sl e et

In 1988, reports for seven of the reconnaissance investigations were

published.

Reports for the remaining two areas were published in 1990. On

the basis of results of the first nine reconnaissance investigations, four
detailed investigations were initiated in 1988 in the Salton Sea area,
Stillwater Wildlife Management area, Middle Green River Basin area, and the

Kendrick Reclamation Project area.

Eleven more reconnaissance inve qa

tions were initiated in 1988:

California:
California-Oregon:

Nalaradae
(&0 B e)o-tete

Colorado:
Colorado-Kansas:
Idaho:

New Mexico:

Oregon:

South Dakota:
South Dakota:
Wyoming:

All of these aneacxgacxﬁuu were

Klamath Basin Refuge Complex
Sacramento Refuge Complex

Gunnison and Uncompahgre River Basins

Lake

Pine River Project

Middle Arkansas River Basin

American Falls Reservoir

Middle Rio Grande Project and Bosque del Apache
National Wildlife Refuge

Malheur National Wildlife Refuge

Angostura Reclamation Unit

Belle Fourche Reclamation Project

Riverton Reclamation Project

e A
conductad uy interburcau ficld teams

composed of a scientist from the U.S. Geological Survey (USGS) as team
leader, with additional U.S. Geological Survey, U.S. Fish and Wildlife
Service, and U.S. Bureau of Reclamation scientists representing several
different disciplines. The investigations are directed toward determining
whether irrigation drainage: (1) has caused or has the potential to cause
significant harmful effects on human health, fish, and wildlife, or (2) may
adversely affect the suitability of water for other beneficial uses.

Purpose and Scope

This report describes concentrations of selected major constituents,
trace elements, and pesticides in water, bottom sediment, and biota within
the Belle Fourche Reclamation Project, South Dakota, and compares the
analytical results to available baseline information and to various guide-
lines for protection of environmental quality. The data from this report are

intended to help the Department of the Interior determine whether irrigation

Avalina~a fvam +ha Ralla FPaurcsha Reclamation Drninnf haa caused or has the

UL QALUAYS 24Vl LUIT OTLa™ s VRaATLT SATTeRESvTeTe: S =% a2 calt=2x2st UL

potential to cause harmful effects on humans, fish, and wildlife, or has
impaired the suitability of the water for beneficial uses.

3



For surface-water and bottom-sediment sampling, ten sites were selected
upstream, within, and downstream from the invebtigation area. Biota sampling
was conducted at ten sites, three of which cokresponded to the surface-water
and bottom-sediment sampling sites. Most of ﬂhe field work for the recon-
naissance investigation was conducted during the spring, summer, and fall of
1988. samples of surface water and bottom sediment were collected by
personnel of the U.S. Geological Survey; biota samples were collected by
personnel of the U.S. Fish and Wildlife Service. Sample analyses were
performed by laboratories of the respective agencies or laboratories
contracted by the agencies. ‘

The authors thank Bruce Laymon of the U.b. Bureau of Reclamation for
gathering statistical data describing the history, hydrology, and economy of
the project area. This manuscript was reviewed by members of the Department
of the Interior Task Group on Irrigation Drainage, and their assistance is
greatly appreciated. i

|
DESCRIPTION OF THE INVESTI¢ATION AREA

\

The Belle Fourche Reclamation Project inv?stigation area is located in
the Belle Fourche River basin in the undulating plains of western South
Dakota, north and northeast of the Black Hills (fig. 1). The cities of
Spearfish, Belle Fourche, Whitewood, Newell, Nisland, Vale, St. onge, and
Fruitdale are in the investigation area; tte rural areas are sparsely
populated. 1

|

In downstream order, principal features bf the project are the Belle
Fourche Diversion Dam on the Belle Fourche River, the Inlet Canal, the Belle
Fourche Reservoir and Dam on Owl Creek, and an irrigation system which
delivers water from the Inlet Canal and the reservoir to the project lands.
The project lands extend downstream from the Inlet Canal and from the dam
over an area approximately 25 mi long and 12 mi wide. About 57,100 acres can
be irrigated within the project area (U.S. Bureau of Reclamation, 1976).

\

Construction of the project, the second oldest Bureau of Reclamation
project in the Nation, began in 1905 and was completed in 1914 (U.S. Bureau
of Reclamation, 1976). 1Irrigation began in 1908 with the delivery of water
to 12,000 acres. |

: |

The major upstream feature on the Belle Fourche River is Keyhole Dam and
Reservoir in Wyoming, located 146 mi upstr}am from the Belle Fourche
Diversion Dam. Keyhole Dam was completed in 1952, and the reservoir has a
capacity of 193,750 acre-ft at a conservation elevation of 4,099 ft above sea
level. Keyhole Reservoir is used for flood céntrol and storage of water for
riverside irrigation in Wyoming and South Dako@a, and for the Belle Fourche
Reclamation Project.

Downstream of the project, the Belle Fburcha River flows into the
Cheyenne River, which in turn flows into the Oahe Reservoir, a major down-
stream feature. The Oahe Reservoir is located | on the Missouri River about
200 mi downstream of the project and has a caﬁacity of 22.24 million acre-ft
at a normal maximum elevation of 1,617 ft above sea level.
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Land Use

Principal land uses in the investigation area, which consists mostly of
undulating plains, are agriculture (rangeland land farmland), recreation, and
habitat for fish and wildlife. The Black Hills National Forest occupies a
part of the southwest corner of the investigation area.

Agriculture

Agriculture is the major land use in the investigation area. Agri-
culture in the project area is an integrated type of farming operation
(rangeland adjoining the irrigation lands), which generates an annual cash-
crop production worth about 12 million dollars (Bruce Laymon, U.S. Bureau of
Reclamation, written commun., 1989). Irrigated alfalfa and hay account for
48 percent of the project area; irrigated corn and silage account for
24 percent; irrigated pasture accounts for 12 percent; irrigated barley,
oats, and wheat account for 5 percent; and about 11 percent of the land is
used for dryland agriculture (Bruce Laymon, U.S. Bureau of Reclamation,
written commun., 1989).

Recreation

Recreation associated with the Belle Fourche Reservoir includes fishing,
boating, and camping. Recreational use of the reservoir is limited, however,
because of the relatively isolated location and the limited services avail-
able at the reservoir. During 1988, the South Dakota Department of Game,
Fish & Parks reported a total of 50,586 visitor days at the reservoir, which
is much less than the 240,667 visitor days at Angostura Reservoir, a smaller
reservoir on the southern edge of the Black Hills that has better nearby
developments (Bruce Laymon, U.S. Bureau of Reclamation, written commun.,
1989).

Fish and wildlife

I
There is an important fishery in the Belle Fourche Reservoir and small
fisheries in Horse Creek and in the Belle Fourche River near the Wyoming-
South Dakota State line. A developing fishery exists in the Belle Fourche
River downstream of the project area where the river reach is recovering from
the past release of an estimated 110 million/ tons of mine tailings contami-
nated with arsenic and mercury that have been carried into it by Whitewood

Creek (Marron, 1988; Fox Consultants Inc., 1984).

Fish of the Belle Fourche and Cheyenne River basins include 35 species
of native and introduced fishes (table 1). Intensive sampling of the fish in
the Belle Fourche River probably would reveal more than the recognized 35
resident species. During the :aneati.gation,: a diversified fish population,
including numerous large channel catfish, carp, goldeye, and redhorse, was
observed in the river downstream of the project area.

No wildlife refuges are in the project area, although the Belle Fourche
Reservoir was a refuge at one time. The refuge status was removed subsequent
to the construction of thousands of farm ponds in western South Dakota.
There are no refuges on the Belle Fourche River between the project area and
the Oahe Reservoir.



Table 1.--Figh species identified in the Belle Fourche

n

ainage basin

[Source: Balley and Rllum, 1962; personal observation of plains
topminnow by Sowarde during the investigation]

Common name
(native species)

Common name
(introduced species)

Goldeye

Creek chub
Finescale dace
Lake chub
Flathead chub
Sturgeon chub
Longnose dace
Sand shiner
Northern plains minnow
Silvery minnow
Fathead minnow
River carpsucker
Northern redhorse
White sucker
Longnose sucker
Mountain sucker
Black bullhead
Channel catfish
Stonecat

Burbut

Brown trout
Rainbow trout
Brook trout
Carp

Goldfish

Golden shiner
Plains killifish
Plains topminnow
Largemouth bass
Green sunfish
Bluegill
Orangespotted sunfish
Rock bass
Walleye

Yellow perch

Although their populations are small, about 150 to 200 species of birds,
including migratory and wintering waterfowl, use irrigated and downstream
areas. Resident game birds within the irrigated or downstream areas include
ring-necked pheasant, turkey, sharptail grouse, and Hungarian partridge. No
epizootic or large-scale die-offs have been recorded in the investigation
area.

Resident game and fur-bearing mammals that use the irrigated or down-
stream areas include whitetall deer, mule deer, muskrat, mink, weasel,
racoon, beaver, coyote, bobcat, fox, skunk, and badger. Several species of
rodents and shrews also occur in the area, as do a variety of snakes,
turtles, and amphibians.

Several Federally listed endangered and threatened species are present
within the irrigated or downstream areas. The bald eagle (Haliaetus
leucocephalus) winters in the general area, and the peregrine falcon (Aguila
chrysaetos) probably visits the area. Whooping cranes (Grug americana)
regularly migrate over the downstream areas and may use the sandbar areas of
the Belle Fourche and Cheyenne Rivers. The interior least tern (Sterna
antillarum) and piping plover (Charadrius melodus) regularly use the
irrigated or downstream areas. Black-footed ferrets (Mustela nigripes) have
not been observed in the area for many years but isolated populations still
may be present in the downstream areas.



Several species of plants and animals' listed by the State of South
Dakota as endangered or threatened are present in irrigated or downstream
areas: Fendler‘s spurge (Euphorbia fenderi) near Belle Fourche, regal
fritillary butterfly (Speyvyeria idalia) near Milesville, western spiny soft
shell turtle (Trionyx spiniferus) near the confluence of Timber Draw and the
Cheyenne River, sturgeon chub (Hybopsis gelida) east of Wasta, and the
finescale dace (Phoxinus neogaeus, listed as [genus Chrosomus in South Dakota
Fishes) at several locations. The eastern bluebird (Sialia sialis) is listed
as rare by the State of South Dakota.

Physical Setting

The physical setting of the area, including the geology, soils, climate,
and hydrology, was a major factor in the selection of the Belle Fourche
Reclamation Project for investigation. Large amounts of selenium in parent
geologic material is an indication that concentrations of selenium in soils
may be naturally large. Given the small amount of precipitation and large
amount of evaporation in the area, selenium may not be leached from soils
naturally, but might be leached by irrigation. Leached selenium then may

move in surface drainage or through the shallow ground water and enter
surface water in amounte that might be harmful to humans, fish, or wildlife.

Geology

The investigation area is located in the Great Plains Region of the
northeastern flank of the Black Hills uplift. The topography is charac-
terized by broad, shallow valleys and gently sloping hills. Escarpments up
to 200 ft in height exist along the Belle Fourche River.

The Black Hills uplift, with a core composed of hard and erosion-
resistant Precambrian crystalline rocks, lies to the southwest of the
investigation area. Surrounding this core are outcrops of rocks ranging in
age from Cambrian to Tertiary. The uplift has had a dramatic effect on the
predominantly marine bedrock units causing the older sedimentary units to be
uplifted and exposed in roughly parallel bands in the western part of the
investigation area (fig. 2).

The bedrock in most of the investigationlarea is composed of Cretaceous
sandstones, limestones, and marine shale (fig. 2). These include the Hell
Creek Formation; Fox Hills Sandstone; Pierre Shale; Niobrara Formation;
Carlile Shale; Greenhorn Limestone; Belle Fourche and Mowry Shales,
undivided; and Skull Creek Shale and Inyan Kara Group, undivided (Darton,
1951).

The pre-Cretaceous rocks (fig. 2) located in the southwest part of the
investigation area, but outside of the project area, consist predominantly of
limestone and dolomite with a few layers of sandstone and shale. 1Included
with the pre-Cretaceous rocks are several Tertiary intrusive units located on
the southwest edge of the investigatioq area (DeWitt and others, 1989).

Areas of Quaternary alluvial and terrace deposits consisting of sand and
gravel overlie the bedrock along many of the larger streams. For example,
the extent of alluvium along the Belle Fourche River is quite variable but
averages 25 ft in thickness and 0.5 to 4 mi in width. A conceptual schematic
diagram of the relation between the alluvial deposits, terrace deposits, and
underlying impermeable shale is shown in figure 3.
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Evaporation

| NOT TO SCALE

EXPLANATION

IRRIGATED CROPLAND

7] TERRACE DEPOSITS

ONFARM SUPPLY CANAL, DRAIN,
AND CREEK |

CRETACEOUS SHALE (PIERRE SHALE
- AND EQUIVALENT ROCKS)

ALLUVIUM

«<— — DIRECTION OF FLOIW-- Irrigation water

=x=—— DIRECTION OF IRRIGATION RETURN
FLOW AND CANJIH. LEAKAGE

|
Figure 3.--A conceptual schematic diagram showing representative
hydrogeologic cross sectionfof Horse Creek.
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Soils

Soils of the investigation area are described in four reports by the
U.S. Soil Conservation Service (Johnson, 1976; Ollila, 1978; and Meland, 1979
and 1986). About one-third of the Belle Fourche Reclamation Project area is
composed of flood-plain soils, which are well drained, nearly level to
sloping soils formed in alluvium on terraces and bottom lands. About another
one-third of the project area is composed of shallow, gently sloping to
moderately steep, silty soils over shale and limestone. The remainder of the
project area and most of the land surrounding the project area is composed of
the Pierre-Kyle association, which are moderately deep to deep, nearly level
to moderately steep, clayey soils over clay shale. Most of the land in the
Sulphur Creek drainage, a background area for the investigation (insert area,
figs. 1 and 2), is composed of deep, well drained, nearly level to moderately
sloping loamy and silty soils on uplands and terraces.

In general,; the soils of most of the area are slowly drained, with good
water-holding capacities, that tend to shrink and crack when dry. The soils
of the outer perimeter of the project area, which are derived from shale,
usually are very slowly drained, moderately deep, firm clays on undulating to

rolling uplands. Saline alkali soils exist locally in the project area.
Climate

The climate of the area is characterized by extreme temperatures, low
relative humidity, frequent high winds, and relatively small amounts of
precipitation. Winters normally are harsh, but infrequent "chinoock winds"

can warm temperatures and melt area snows. Lowland snowmelt normally occurs
before Anr{'l ; but nnriqn temperatures i-vnina] lv are cool. Summers are hot,

and temperatures occasionally will exceed 100 °F. Falls are cool, with first
snowfalls usually occurring in November.

During 1988, temperatures at Newell ranged from -21 to 104 °F and were
3 degrees warmer than normal (U.S. Department of Commerce, 1989). Tempera-
tures equaled or exceeded 90 °F for 50 days during 1988, and exceeded 100 °F
several times during June, July, and August. June was especially hot, with
the average temperature being 11 °F above normal.

Precipitation recorded at Newell during 1988 was 10.85 inches, which is
about 75 percent of the 1951-80 average of 14.39 inches (U.S. Department of

~na 10ﬂ°\ Narmalle about two-thirde of the annual ?Pnn(n{kat(nn

Onamma »

vvnuuwa.\—w' e o T L] AV & ll‘“*&, I A Al i A “WassAwE

occurs during the spring and summer; however, this period was drier than
usual during 1988 when the precipitation deficit was 3.75 inches (fig. 4).

Average May through October class-A pan evaporation recorded at Newell
was 46.25 inches through 1970 (Farnsworth and Thompson, 1982). This value
converts to an annual free-water-surface evaporation of about 40 inches
(Farnsworth and others, 1982). Site-specific evaporation amounts during 1988
are not available; however, evaporation would be expected to have been
greater than average, especially during June, because of the high tempera-
tures and dry conditions.
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Hydrology

Nearly all of the irrigation water for the Belle Fourche Reclamation
Project is obtained from the Belle Fourche River at the Belle Fourche
Diversion Dam (fig. 5). Upstream of the diversion dam, the drainage basin of
the Belle Fourche River is 4,310 mi2. Of this total, about 2,000 mi2? are
upstream of Keyhole Dam and Reservoir in Wyoming.

Just upstream of the diversion dam, the average annual flow of the Belle
Fourche River is about 170,000 acre-ft; 98,000 acre-ft of this flow is con-
tributed by the Redwater River. Seasonal baseflows of both rivers are
affected by irrigation drainage and treated sewage discharges from upstream
sources.

At the diversion dam, about 120,000 acre-ft/yr is diverted from the
Belle Fourche River through the 6.5-mile~long Inlet Canal. About
4,460 acre~ft of the flow in the canal is diverted into Johnson Lateral to
irrigate about 2,600 project acres; the rest of the water flows into the
Belle Fourche Reservoir (Bruce Laymon, U.S. Bureau of Reclamation, written
commun., 1989),.

The Belle Fourche Reservoir has an active conservation capacity of
186,900 acre-ft (Bruce Laymon, U.S. Bureau of Reclamation, written commun.,
1989). At a conservation elevation of 2,975 ft above sea level, the
reservoir surface area is 8,000 acres, and the average depth is 23.4 ft. The
reservoir is located within the Owl Creek basin, which contributes an average

9,700 acre-ft/yr to the reservoir.

Water flows from the reservoir in two canals (North Canal and South
Canal), with capacities of 1,190 and 793 acre-ft/d respectively, onto about
54,500 acres of project lands (fig. 5). Within the project lands, the
irrigation and drainage systems consist of 94 mi of canals, 450 mi of
laterals, 223 mi of unlined drains, and 7 mi of closed-pipe drains (U.S.
Bureau of Reclamation, 1976).

Historically, about 120,000 acre-ft of water is used during the irriga-
tion season, which normally begins in May and ends in September. About half
this amount of irrigation water, or 1 acre-ft/acre, is actually delivered to
the fields. 1In response to the dry conditions during 1988, however, the
amount of water used for irrigation was larger than the average for 1952-87
(fig. 6). 1Irrigation releases from the reservoir during 1988 exceeded the
long~-term average by about 36,000 acre-ft.

During the irrigation season, most of the irrigation drainage water
enters the Belle Fourche River or its tributaries and is not reused by the
project. Throughout this period irrigation drainage comprises most of the

streamflow of the Bells Fourche River downstrsam of the project. 1Im 1588,

streamflow was 200 to 300 £ft3/s.

The soil profile beneath the irrigated areas transmits a small amount of
excess water from flood irrigation and leakage from the network of unlined
canals and drains. Water infiltrates through the soil layer to the top of
the almost impermeable marine shales and then moves laterally downgradient
into and through the alluvium along major streams (fig. 3). A portion of
this shallow ground water seeps into drains and streams, accounting for a

large percentage of the base streamflow during the rest of the year.
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Figure 6.--Monthly releases during 1988 and average monthly releases during
1952-87 (April through November) from Belle Fourche Reservoir.



The use of surface or shallow well water for domestic supply is severely
limited by large concentrations of dissolved constituents, particularly
sulfate. The cities of Newell and Nisland and most of the farms and ranches
in the area use ground water obtained from deeper formations (2,000 to
2,700 ft below land surface). Owing to the poor guality of water from
shallow wells, stock water is predominantly provided by surface water, either
from project irrigation delivery and surface dFainage, or from storm runoff

stored in stock ponds throughout the area.

i
PREVIOUS INVESTIGAT&ONS
|
Although there have been several water-quality, geochemical, and bottom-
sediment investigations within and near the prpject area, the effects of the
Belle Fourche Reclamation Project have not been previously investigated.
Several investigators have assessed the impact of contaminated sediment from
mining activities on Whitewood Creek and the Belle Fourche River downstream
of Whitewood Creek (U.S. Environmental Protection Agency, 1971, 1973; Stach
and others, 1978; Fox Consultants, Inc., ﬂ984; Cherry and others, 1986;
Goddard, 1989; Marron, 1988; Roddy and McKQllip, 1988). Surface-water,
ground-water, bottom-sediment, and suspended-sediment samples were collected
during some or all of these investigations. During 1979, the South Dakota
School of Mines and Technology collected ground-water and bottom-sediment
samples in and near the investigation area ag part of a Uranium Resources
Evaluation Project for the U.S. Department of Energy (1980).
|
In addition to these investigations, othek water and fish samples have
been collected within the investigation area; the U.S. Geological Survey has
collected about 1,100 surface-water-quality samples, and the U.S. Fish and
Wildlife Service collected 12 fish samples during 1985-87 that were analyzed
for trace elements.

Surface Water

The release of approximately 110 million tons of gold-mine tailings to
Whitewood Creek from about 1876 to 1977 resulted in large concentrations of
cyanide, arsenic, copper, and mercury in Whitewood Creek and elevated concen-
trations of these constituents in the Belle Fourche River downstream from the
confluence with Whitewood Creek (Marron, 1988; U.S. Environmental Protection
Agency, 1973). Although no tailings have been released since 1977, millions
of tons of contaminated sediment still remain in the flood plain of the Belle
Fourche River downstream from the confluence with Whitewood Creek (Marron,
1988; Goddard, 1989). Since the release of contaminated sediment to
Whitewood Creek was discontinued, concentrations of these contaminants have
decreased. From samples collected at two [sites near the confluence of
Whitewood Creek and the Belle Fourche River, Goddard (1989) reported median
concentrations of cyanide, copper, and mercury during 1983-84 were near or
less than reporting limits (table 2). Median arsenic concentrations in
samples from these two sites were 30 ug/L in Whitewood Creek and 15 ug/L in
the Belle PFourche River, which are still eledated compared to concentrations
from uncontaminated sites.

16




Table 2.--Statistical summary of selected constituent
Jo) rati a e a he th and downs
W w e 983-84

(Cyanide concentrations in milligrams per liter; others in micrograms
per liter. <, less than. Source of data: Modified
from Goddard (1989) table 9, pages 40-41]

USGS station Number of samples

identification
Constituent number? Total Detected? Minimum Median Maximum
Cyanide 06436198 30 22 <0.01 0.02 1.8
06436250 17 6 <.,01 <.01 1.6
Arsenic 06436198 30 29 17 30 80
06436250 17 14 <10 15 43
Copper 06436198 30 7 <2 <50 100
06436250 17 2 <2 <50 100
Mercury 06436198 28 1 <.1 <.2 .3
06436250 16 1 <.2 <.2 <3
Selenium 06436198 29 3 <1 <2 6
06436250 16 9 <1 <2.5 40

1station 06436198, Whitewood Creek above Vale, is within one-half mile of the
mouth of Whitewood Creek. Station 06436250, Belle Fourche River at Vale, is
about 1 mile downstream of the mouth of Whitewood Creek.

2Number of samples in which constituent was detected. Analytical reporting
limits varied among sample sets.

Previous to this investigation, a large amount of USGS surface-water-
quality data was collected at or very near two reconnaissance investigation
sampling sites located within the project area. During the 1968-87 water
years, 182 samples were collected from the Inlet Canal, upstream from the
Belle Fourche Reservoir and the irrigated area. During the 1964-84 water
years, 201 samples were collected from Horse Creek, near its confluence with
the Belle Fourche River, in the downstream portion of the irrigation area
(table 3). Values of pH in water from Horse Creek were slightly lower than
water from the Inlet Canal. Median concentrations of dissolved solids,
magnesium, sodium, sulfate, chloride, nitrite plus nitrate (as nitrogen),

boron, and selenium were much larger in Horse Creek than the Inlet Canal

(table 3). Concentrations of sulfate, nitrite plus nitrate (as nitrogen),
boron, and selenium in samples from Horse Creek (table 3) exceeded relevant
water-quality criteria, standards, or recommended limits for drinking water,
protection of freshwater aquatic life, irrigation, or livestock watering
(table 4).

17



[All constituent concentrations are dissolved. Units in milligrams
per liter unless otherwise noted. ug/L, micrograms per liter;
<, less than. Source of data: USGS WATSTORE computer database]
Number
Surface of
Parameter water! samples Minimum Median Maximum
pH (standard units) Inlet Canal 171 7.3 8.1 9.6
Horse Creek 195 7.0 7.9 8.8
Solids, sum of Inlet Canal 182 354 965 1,560
constituents Horse Creek 201 78 2,920 8,380
Magnesium Inlet Canal 182 13 49 79
Horse Creek 201 4.7 180 550
Sodium Inlet Canal 182 11 30 140
Horse Creek 201 il 350 1,400
Sulfate Inlet Canal 182 190 560 1,000
Horse Creek 201 43 1,800 5,300
Chloride Inlet Canal 182 1.8 4.8 25
Horse Creek 201 1.9 56 230
Nitrite plus nitrate Inlet Canal 155 <0.01 0.2 1.5
(as nitrogen) Horse Creek 112 <.01 1.6 37
Arsenic (ug/L) Inlet Canal 1 8 8 8
Horse Creek 4 <1 i.5 2
Boron (ug/L) Inlet Canal 182 50 100 770
Horse Creek 198 100 515 2,300
Selenium (ug/L) Inlst Canal 1 11 11 11
Horse Creek 3 32

1rnlet Canal includes samples from one site, Inlet Canal near Belle Fourche.
(USGS station identification number 05434500), sampled during 1968-87 water
years. Horse Creek includes samples from two discontinued stations within
one-half mile of the mouth: Horse Creek near Vale (06436800), sampled
during 1964-82 water years, and Hor{; Creek at mouth near Vale
(443900103193001), sampled during the 1984 water year.

18




aquatic 1lif atio: d liv W

[All concentrations are from U.S. Environmental Protection Agency (1986a,

1986b, 1986¢c). Concentrations are in micrograms per liter unless specified.

MCL, Maximum Contaminant Level; SMCL, Secondary Maximum Contaminant Level;
mg/L, milligrams per liter; --, no criteria or standard available]

Drinking water

Aquatic Livestock
Constituent MCL SMCL lifel Irrigation? watering?
PH (pH units) - 6.5-8.5 - - -
Dissolved solids (mg/L) - 500 - - -
Sulfate (mg/L) - 250 - - -
Chloride (mg/L) - 250 - - -
Nitrite plus nitrate 310 - - - 100

(mg/L as nitrogen)

Arsenic ’ 50 - 4850 100 200
Boron - - - 780 5,000
Cadmium 10 - 3.9 10 50
Chromium 50 - 516 100 1,000
Copper - 1,000 18 200 500
Lead 50 - 82 5,000 100
Mercury 2 - 2.4 - 10
Molybdenum - - - 10 -
Selenium 10 - 20 20 50
Uranium 635 - - - -
Zinc - 5,000 120 2,000 25,000

lspecific criteria for the protection o

£ o, a
acute criteria and a water hardness of 100 mg/L
2Recommended limits (National Academy of Sciences-National Academy of
Engineering, 1973).
iPrggosed Maximum Contaminant Level (PMCL).
e
6suggested No Adverse Response Level (SNARL), National Academy of Sciences
(1983).

£
&
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Also previous to this reconnaissance investigation, a large amount of
USGS surface-water-quality data was collected at two sampling sites located
on the Belle Fourche River (table 5). Durt?g the 1960-85 water years, 158
samples were collected from the Belle Fourche River at the Wyoming-South
Dakota State line, which is at the upstream end of the investigation area.
During the 1955-87 water years, 255 samplep were collected at the Belle
Fourche River near Sturgis, which is at the downstream end of the
investigation area. Differences in constituent concentrations between these
two sites were not as great as the differences in water quality between the
Inlet Canal and Horse Creek (table 3), probably because of the effects of
inflow from the Redwater River, Whitewood{Creek, and other surface water.
Maximum concentrations of dissolved solids, sulfate, and selenium (table 5)
exceeded relevant water-quality criteria, standards, or recommended limits
(table 4) at both sites. The maximum concentration of dissolved boron
(2,000 pg/L) at the downstream site exceeded the irrigation criterion
(table 4). Except for dissolved arsenic, maximum concentrations of dissolved
constituents were smaller in water from the Belle Fourche River than from
Horse Creek. The maximum dissolved selenium concentratxon of 70 ug/L at the
upstream Belle Fourche River site probably was not a normal concentration,
because the next largest concentration in the 14 samples from this site was

12 ug/L.
Ground Water

Concentrations of dissolved solids exceeded 1,000 mg/L in wells sampled
by Stach and others (1978) in shallow alluvial aquifers along Whitewood
Creek, and the Belle Fourche and Cheyenne Rivers. Arsenic concentrations
ranged from 25 to 1,530 ug/L in wells in areap where alluvial sediment has
been contaminated with gold-mill tailings. Selenium concentrations exceeded
10 pug/L in 12 of 64 well samples, probably a result of dissolution of
selenium from Pierre Shale.

The U.S. Department of Energy (1980) analyzed 417 ground-water samples
from wells completed in alluvium, Cretaceous shales, and deeper ground-water
sources in and near the investigation area and found large maximum concen-
trations of calcium, 514 mg/L; magnesium, 973 mg/L; sulfate, 7,365 mg/L;
boron, 3,489 ug/L; manganese, 2,699 ug/L; strontium, 13,463 ug/L; and
uranium, 87 pg/L. The maximum concentration of selenium was 6.8 ug/L and the
median concentration was 0.4 ug/L. Of the 417 samples, 165 from wells in the
Pierre Shale had median concentrations of selected constituents as follows:
calcium, 108 mg/L; magnesium, 41.9 mg/L; total alkalinity, 301 mg/L; sulfate,
684 mg/L; boron, 390 ug/L; and uranium, 10.6 Pg/L.

During 1973-84, the U.S. Geological Survey collected seven samples from
six seeps, mainly along Whitewood Creek, and| 21 samples from wells less than
300 ft deep in the investigation area. Median and maximum concentrations of
dissolved solids, in milligrams per liter, Were as follows: 1,088 and 4,840
from the seeps; 581 and 4,530 from 13 wells dbveleped in the alluvium; and
1,535 and 6,340 from 8 wells developed in the Pierre Shale. Only the 6 seeps
were sampled for arsenic and selenium. The maximum observed arsenic concen-
tration was S00 ug/L; the maximum observed selenium concentration was 6 ug/L.
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Table 5.--Statistical summary of selected surface-water-quality data

measured in the Belle Fourche River upstream and downstream from the
Belle Fourche Reclamatio wate ea. 955-87

[All constituent concentrations are dissolved. Units in milligrams
per liter except as otherwise noted. ug/L, micrograms per liter;
<, less than. Source of data: USGS WATSTORE computer database]

USGS station Number
identification of
Parameter number! sampl Minimum Median Maximum
pH (standard units) 06428500 104 6.6 7.9 8.5
06437000 226 6.9 8.0 8.8
Oxygen 06428500 63 6.4 9.5 13.6
06437000 35 3.2 9.8 13.2
Solids, sum of 06428500 157 410 1,270 2,680
constituents 06437000 254 443 1,550 4,900
Magnesium 06428500 157 17 57 130
06437000 255 21 95 300
Sodium 06428500 157 17 100 200
06437000 255 26 150 840
Sulfate 06428500 157 130 790 1,700
06437000 254 240 990 3,200
Chloride 06428500 158 <1, 7.7 36
06437000 254 3.0 22 140
Nitrite plues nitrate 06428500 39 <0,01 0.01 0.85
(as nitrogen) 06437000 174 .1 1.4 12
Arsenic (ug/L) 06428500 9 <1 1 10
06437000 72 <2 12 100
Boron (ug/L) 06428500 49 60 140 310
06437000 229 80 300 2,000
Molybdenum (ug/L) 06428500 10 <1 2 4
06437000 22 <1 3.5 9
Selenium (ug/L) 06428500 14 <1 2.5 70
06437000 54 1 5 22

1The station at the upstream end of the investigation area, Belle Fourche

River at Wyoming-South Dakota State 1

water years 1960-85 (site 1, fig. 7).

the investigation area,

ine

(06428500), was sampled during
\ v & 4

The station at the downstream end of

sampled during water years 1955-87 (site 18, fig. 7).
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Soils and Bottom §ggﬁmgg;

!

Schultz and others (1980) analyzed the chemical composition of
202 samples of soil developed from the Pierre‘shale and collected throughout
the northern Great Plains Region. The mamimum selenium concentration,
160 ug/g (micrograms per gram), was collected 4n Charles Mix County in south-
central South Dakota. Selenium concentrations in six samples from the
counties in the investigation area ranged fromiless than 1 to 10 ug/g.

The U.S. Department of Energy (1980) collected 514 stream-sediment

samples derived from the various lithologic units in and near the investiga-

+ion area. Maximum concentratione in bottom dnﬂimnni— for streams draininn

from the Pierre Shale were as follows: arsenic, 11.4 ug/g; chromium,
64.1 ug/g; copper, 31.1 ug/g; manganese, 4, 902 ug/g; selenium, 4.5 pg/g;
uranium, 3.9 pg/g; and vanadium, 172 ug/g. The largest molybdenum concentra-
tion, 14 ug/g, and the largest manganese concentration, 5,811 ug/g, were in
samples collected from stream sediment in Graneros Shale (Belle Fourche and
Mowry Shale) in the western part of the area.

Goddard and others (1988) collected bottom sediment in Whitewood Creek
and the Belle Fourche and Cheyenne Rivers. t a Belle Fourche River site
downstream from the project, the arsenic concentration was 260 ug/g, and the
selenium concentration was less than 1 ug/g. he very large arsenic concen-

= Py 2 e e
trations in the Belle Fourche River were gttributed tc the presence of

contaminated sediment originating from gold mining activities, because
arsenopyrite commonly is found with the gold ore in deposits throughout the
northern Black Hills (Noble, 1950).

E

During 1985, 10 fish were collected from the Belle Fourche River and
analyzed for selected elements (table 6). Five of these fish were collected
from a site near the Wyoming-South Dakota State line, upstream from Belle
Fourche and the project area; and the other five were collected from a site
near Enning, downstream from the investigation area. The shorthead redhorse

mamdeemantdmns vrawa 1aw~aar (n +ha

was collected at both sites and arsenic concentrations were larger in the
fish from the downstream site than in the fish from the upstream site.
Mercury and selenium concentrations were abouk two times larger in shorthead
redhorse from the downstream site. ‘

During 1986, two fish were collacted from Horse Creek, which is within
the project area. Arsenic and mercury concentrations were less than
analytical reporting limits; selenium concentrations in white sucker were
about twice the concentrations in fish from the upstream site on the Belle
Fourche River (table 6).

\
During 1987, three fish were collected from Whitewood Creek within the

investigation area. Selenium concentrations in fish were comparable to
concentrations in fish from other sites in the investigation area (table 6).
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DESCRIPTION OF SAMP#ING

Samples for the current study were collected and analyzed for
potentially harmful chemicals in surface water, bottom sediment, and biota.
For consistency among all irrigation drainage investigations, surface-water
samples were analyzed for a standard suite of major ions and trace elements
designated by the Task Group on Irrigation| Drainage (table 7). Bottom-
sediment and biota samples were analyzed for a|l standard suite of elements.
Pesticides were analyzed in selected samplés. The pesticides analyzed in
water and bottom sediment varied between investigation areas and were
selected based upon the common types of agr{;ultural chemicals used on the
irrigated lands. Organcchlorine pesticides and polychlorinated biphenyls

(PCB’'s) were analyzed in samples of biota.

As part of the investigation, the USGS cot}ected surface-water samples
once before, twice during, and once after the May through September
irrigation season of 1988. 1In addition to the samples collected for the
reconnaissance investigation, the USGS collectid 40 additional samples within
the investigation area as part of other investigations.

i
The USGS collected bottom-sediment samples during October and November
1988, after irrigation diversion had ended #nd near the time of maximum
ground-water seepage. Due to laboratory error, additional samples were

00 i e 2 A !
collected in April 1989 at two sites.

|
The U.S. Fish and Wildlife Service collected samples from several
different trophic levels. Fish were collecte§ in the spring prior to the
irrigation season and in the fall after the irrigation season. Aquatic
invertebrates, aquatic plants, birds (for element analysis of livers), and
bird eggs were collected during the summer m&hths after the period of rapid
biological growth and exposure to irrigation wdter. Pesticides were analyzed
only in bird eggs and fish. ‘

i
Sampling Sites |

Ten sites were sampled for water and bottom sediment to provide infor-
mation for a range of hydrologic conditions within the investigation area
(fig. 7 and table 8). Two "inflow" sites were located above the diversion
dam to determine the quality of inflow water. Site 1 was on the Belle
Fourche River at the Wyoming-South Dakota horder, and site 3 was on the
Redwater River near the city cf Belle Pourche. Two "storage"” sites were
located between the Belle Fourche Diversion Pam and the Belle Fourche Dam.
Site 5 was on the Inlet Canal, and site 6 was in the Belle Fourche Reservoir.
Two "irrigation" sites were located on a canal or lateral. Site 7 was on the
North Canal about 300 ft downstream from the Belle Fourche Dam, and site 17
was located on the Meade Lateral near the end of the southern delivery
system. Two "drainage” sites were located on streams receiving irrigation
drainage from the project area. Site 12 was on Horse Creek within the
project area, and site 18 was on the Belle Fourche River about 12 mi down-
stream of the project area. Two "background" sites were located on streams
in basins outside of the project area where shales are geologically predomi-
nant. Site 4 was on Crow Creek upstream of| the confluence with the Inlet

X3 - t
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hur Creek northeagt of the project area.
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near Sturgis (site 18).
Site 2 was on the Belle Fourche River northwest of

Samples of fish were collected at the Belle Fourche River above Belle
Fourche (site 2), Horse Creek above Vale (site 12), and Belle Fourche River
Sites 12 and 18 also were water- and bottom-

sediment-sampling sites.
the city of Belle Fourche, downstream of the corresponding water- and bottom-
Fish were not col-
lected at the ditch or pond sites (table 9) because no fish were available.

sediment-sampling site 1 (fig. 7 and tables 8 and 9).

Table 9.--Sampling sites, types of constituents analyzed,
number of samples collected, and schedule of sampling
during 1988 for the various types of biota

(E, elements; P, pesticides; --, no sample]

Aquatic Aquatic
Birds Fish invertebrates plants
Site
number Site name Schedule E P E P E E
2 Belle Fourche River  April - - - - -
above Belle Fourche August -— - _— - 1 1
September - -- 21 1 - -
8 Nisland Pond August == == == == 1 2
9 Golf Course Pond June 4 1 —-— =-- - -
near Newell
10 Section 18 Pond June 3 1 —_— - - -
near Newell
12 Horse Creek April - -- 21 -- - -
above Vale August -— - -— - 1 2
September -- -- 26 1 - -
13,14 Drain ditches May 3 == - - - -
near Vale
15 Pintail Pond May 2 == == -- - -
near Vale August -— == == - 2 1
16 Homestake Pond May 6 -- -— - - -
near Vale August —-— == —-— - 2 3
18 Belle Fourche River April -— - 24 2 - -
near Sturgis August - - -— - 1 2
September -- -- 27 1 - -
Totals 18 2 128 5 8 11

Grand total - 172 samples
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Aquatic invertebrates and agquatic plants were collected at the Belle
Fourche River above Belle Fourche (site 2), Horse Creek above Vale (site 12),
the Belle Fourche River near Sturgis (site 18), Nisland Pond (site 8),
Pintail Pond near Vale (site 15), and Homestake Pond near Vale (site 16)
(fig. 7 and tables 8 and 9).

Bird livers and eggs were collected within the project area from two
unlined drains and four small ponds that receive irrigation drainage (fig. 7
and tables 8 and 9). A total of 18 bird samples (8 liver and 10 egg samples)
were obtained from the project area. No birds were available for collection
at sites 2, 8, 12, and 18 (fig. 7 and tables 8 and 9).

One sample of efflorescence, a whitish évaporite, was collected from
site 11, a dried depression in a field northwest of Vale and west of
Highway 79. The efflorescence was analyzed for mineral content.

Sampling Techniques and AnalJtical Methods

|
Surface Water1
|

Surface-water samples for chemical quality were collected according to
techniques recommended by the U.S. Geological Survey (Guidelines for the
collection of water-quality samples in the South Dakota District, D.S.

eze d & Py 1000 . B Aeemoada =l MY e 100808, Dismleo o

Hanson, written commun., 4300); Edwards ang u.l.yuuun, 1988; Buchanan and
Somers, 1969; U.S. Geological Survey, 1971). With the exception of the
samples collected at the Belle Fourche Reéervoir (site 6), North Canal
(site 7), and background sites (4 and 19), sadples were a composite of depth-

integrated subsamples collected at about 15 to 20 vertical sections across
the stream. Samples collected from site 6 mrn a compogite sample obtained
by subsampling each of the stratified layers,jor by sampling near the top,
middle, and bottom of the reservoir if there was no stratification. The
site 7 sample was a grab sample collected just upstream of a weir, where the
water was well mixed. The depth of the water as it poured over the crest of
the weir was about 1 ft. The discharges at sites 4 and 19 were very small,
and grab subsamples were collected and coﬂposited at these sites. For
quality-assurance purposes, one triplicate sample was collected at site 6,
and 3 "blank" samples of deionized water also were analyzed. Air tempera-
ture, water temperature, pH, specific condudtance, dissolved oxygen, and

discharge were measured at all surface-water-shmpling sites.

sa.n_\.pleg for ena]ye{__ﬂ_ of digsolved mn-‘nv Mlcnﬂ and trace elementes were

satn Sawwwe v Sl WBaswe wamwe - s S WA

filtered through a 0.45-um (micrometer) filte to remove suspended materials
and isolate the dissolved fraction. Pesticide samples were unfiltered.
Sample treatment and preservation were conducted by field personnel according
to the requirements of the U.S. Geological Survey (1986). Analysis of major
ions, trace elements, and pesticides were rformed by the U.S. Geological
Survey Water Quality Laboratory in Denver, Colorado (Fishman and Friedman,
1985; Friedman and Erdmann, 1982; Wershaw and Pthers, 1987).

Bottom Sediment

Samples of bottom sediment were collected at ten sites within the
investigation area after the 1988 irrigation sspason. Samples wers collected
from streams and canals using a stainless-steel, Teflon-coated scoop. At
least nine evenly spaced subsamples from the upper 2 to 4 inches of sediment
were collected along each cross section. BotEom gsediment from the reservoir
was sampled by obtaining five equal-volume subsamples (Edwards and Glysson,

1988).
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Subsamples were composited and mixed in a stainless steel tray. A 300-g
(gram) split of the sample was submitted to the U.S. Geological Survey
Geologic Division laboratory in Denver, Colorado, and analyzed for trace
elements and organic carbon. For quality-assurance purposes, a triplicate
gplit of the sample from the Belle Fourche Resgervoir (site 6) also was
submitted for analysis. At the laboratory, samples were air dried and sieved
through 2-mm (millimeter) opening screens. The samples were then split, and
one s8plit was passed through a 0.062-mm sieve. The less than 2-mm split and
the less than 0.062-mm split were both analyzed, using methods described in

Severson and others (1987).

A 200-g split of the field sample, with large rocks removed, was sub-
mitted to the Hygienic Laboratory of the University of Iowa, Iowa City, Iowa,
in organic-free glass bottles and analyzed for organic pesticides using
standard analytical methods (U.S. Environmental Protection Agency, 1986d).

Rinta
Si0Ta

All fish were collected with electrofishing equipment. Aquatic inverte-
brates were collected with Surber samplers or kick nets. Contents of the
samplers were placed in shallow pans flooded with distilled water; inverte-
brates were hand picked and quickly frozen. Aquatic plants were collected by
hand, washed in native water at the site or with distilled water at the
laboratory, and frozen. Bird eggs were collected, frozen, thawed enough to
facilitate removal of the shell, and refrozen. Birds were shot with steel
shot, and their livers were removed and put on ice while at the site. Bird
livers were then kept frozen until shipment for analysis.

nin Ananakisiiants Anithla wrma -\MA in

Camnlan A ha analesa’ld A R nAmsran
Iganil constituencts QOus.S

au.nlya.ww W T ﬂllﬂ&xﬂﬂ\l LUI- J- waa \l J-
plastic wrap or plastic bags, placed in insulated boxes with dry ice, and
shipped for analysis to the University of Missouri Environmental Trace
Substances Research Center in Columbia, Missouri, or to Hazleton Laboratories
of America, Inc. in Madison, Wisconsin. Samples to be analyzed for organo-
chlorine pesticides and PCB’s were double wrapped in aluminum foil and then
wrapped in plastic bags, placed in insulated containers with dry ice, and
shipped for analysis to the Mississippi State Chemical Laboratory, Stark-
ville, Mississippi. Fish and invertebrates were analyzed on a whole-body
basis; plants were analyzed as pulled, including roots; total egg contents
were analyzed for elements and pesticides; and bird livers were analyzed for
elements. Analysea were performed in accordance with analytical methods
ipp‘r'(‘)Véa Dy the U.S. Fish and Wildlife Service‘’s Patuxent ana.l.ycxcaj. Control
Facility in Laurel, Maryland (U.S. Fish and Wildlife Service, 1985).

The quality control/quality assurance for all analyses was maintained by
the Patuxent Analytical Control Facility, U.S. Fish and Wildlife Service, in
Laurel, Maryland. The quality control during analysis was carried out by use
of spiked samples, duplicate samples, blanks, and by comparison with paired
samples analyzed by the Patuxent laboratory.

RESULTS OF ANALYSES
Surface Water

The severe drought conditions during 1988 did not seem to appreciably
affect streamflow at the surface-water-quality sampling sites. The inflow
into the Inlet Canal, which is a mixture of water from the Belle Fourche

Diewar and fwam ha Dadvabar Diwvaw wan naamle nAarmal hanainaasa #$ha I nflaw ia
SRAVSE alliQ IXCl TS snSGwalisSl RiAIVEX, wad isal.y LlIfas LSTausdSe viae Liliiailw 4o

regulated by releases from Keyhole Reservoir, sewage discharges, and flow
from springs. The amount of water stored in the Belle Fourche Reservoir
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decreased from 168,340 acre-ft between the April sampling to 32,550 acre-ft
during the October sampling, and this decreagse may have affected the results
for samples collected from the reservoir (site 6). Surface-water flow at the
irrigation sites (7 and 17) during the June sampling was larger than normal
because of the increased irrigation. Streamflow at the drainage sites (12
and 18) during the irrigation season was lesa than maintained by irrigation
drainage and hence near the seasonal average. Streamflow at the drainage
sites during the non-irrigation season were less than normal, although the
largest discharges at these sites occurred during the non-irrigation season
as a result of ice break up or isolated storm runoff. Streamflow discharges
measured at the two background sites (4 and 19) during the first sampling, in

April, were very small. No other samples were ccllected at thesge two gites,

because the streams did not flow during the other sampling periods.

The results of analysis of the surface-Water samples are presented in
the Supplemental Data section at the end of this report. Data for the
reconnaissance samples are included in table | 13 and the data for additional
samples available from other investigations in the area are included in
table 14. |

Concentrations of selected water-quality constituents in water are
presented in figures 8, 10, 11, 12, 13, 14, and 15. For ease of comparison,
sampling sites in these figures are grouped by site type (table 8), and are

amde 4o AA.M-&..A-,.. order
ficGT in GQownscream oraer. ‘

Maximum concentrations of disaolved solids (sum of constituents),
sulfate, chloride, nitrite plus nitrate (as qitrogen), boron, selenium, and
uranium (table 10) approached or exceeded relevant water—quality criteria,
standards, or recommended limits for various uses of water (table 4).
Dissolved-oxygen concentrations were determined at each site and were greater
than 6 mg/L at all sites (table 10). Values of pH ranged from 7.6 to 8.7
(table 10) and generally were within secondary maximum contaminant level
(SMCL) values established for drinking water (table 4). The reported
concentrations of mercury were near the laboratory reporting limit and are
probably in error, because mercury waa detected in quality-assurance samples
composed of deionized water. The other gonstituents, which had maximum
concentrations well above the reporting limit and were not detected in the
quality-assurance samples, are discussed in following sections. Four
herbicides--alachlor, atrazine, prometone, and cyanazine--were detected at
small concentrations and are summarized in following sections.

Dissolved Solids and Major Ions

Dissolved solids are the residue after evaporation of a water sample
that has been passed through a 0.45-um filte#. The most common major ions in
oxygenated water are calcium, magnesium, sodium, potassium, bicarbonate
(calculated from measured alkalinity), sulfate, and chloride. Excessive
dissolved-solids concentrations (principally sodium suifate and magnesium
sulfate) can have laxative effects on humans. In addition, excessive concen-
trations of dissolved sodium in drinking water can have adverse physiological
effects on certain people with heart disease and on women with toxemia
associated with pregnancy (U.S. Environmental Protection Agency, 1986a). To

nenbkant amainad +thasa haaldth affacnta +ha IT_¢ Public Health Service l1°ﬁ7\

PEVLTULL AYALlior LIUITOT LiISG4vii TaaSroew) wus ve A M aLw TR e Wil V - -

recommended a criterion for drinking water ?f 500 mg/L for dissolved solids,
and the U.S. Environmental Protection Agency  (1986a) recommended that neither
dissolved sulfate nor dissolved chloride concentrations should exceed
250 mg/L (table 4). Excessive concentrations of dissolved solids (concentra-
tions greater than about 1,000 mg/L) in irrigation water can adversely affect
many crops (National Technical Advisory Comﬁittee to the Secretary of the
Interior, 1968).
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Table 10.--

[mg/L, milligrams per liter; ug/L, micrograms per liter; <, less
than reporting limit; --, not detected at any site]

Site
(fig. 7)
Number where
of maximum Dats cf
Property samples Minimum Median Maximum occurred maximum
pH, field (standard units) 69 7.6 8.3 8.7 5 11-09-87
Oxygen, dissolved (mg/L) 34 6.4 9.4 14.6 5 10-25-88
Oxygen (percent saturation) 22 67 100 131 3 06-20-88
Alkalinity, lab (mg/L) 70 72 166 513 12 01-20-89
Major dissolved inorganic
constituents (mg/L)
Solidg, sum of 69 481 1,490 5,970 12 02-03-88
constituents
Calcium 69 87 210 440 12 02-03-88
Magnesium 69 22 88 410 12 02-03-88
Sodium 69 7.3 130 890 12 02-03-88
Sulfate 69 240 990 4,000 12 02-03-88
Chloride 69 2.8 19 750 12 03-18-88
Nitrite plus nitrate 68 <0.1 0.25 11 18 05-10-88
(as nitrogen)
Trace dissolved inorganic
constituents (ug/L)
Arsenic 48 <1 <1 16 18 08-29-88
Boron 67 50 250 1,500 12 02-03-88
Cadmium 43 <1 <1 1 3 sites (!)
Chromium 41 <1 2 4 12 10-16-87
Copper 43 <1 <1 4 4 gites (1)
Lead 39 <5 <5 <5 - (H
Mercury 37 <0.1 <0.1 0.3 19 04-28-88
Molybdenum 38 <1 5.5 12 3 10-27-88
Selenium 41 <1 2 34 18 03-26-88
Uranium 30 5.3 8.1 30 12 04-28-88
Vanadium 39 <1 <1 3 3 04-25-88
Zinc 48 <i0 <1i0. 150 5 06-13-88

l1Multiple dates not given.
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Concentrations of dissolved solids (sum of constituents) exceeded
1,000 mg/L at all of the sites and in most of the samples collected from 1987
through 1989 (fig. 8); exceptions were two samples collected at the Redwater
River (site 3) and six samples at the Inlet Canal (site 5). Comparing the
results of the samples collected at sites 5, 12, and 18 shows that dissolved-
solids concentration tends to increase as water passes through the irrigation
project (fig. 8). The maximum dissolved-solids concentration was 5,970 mg/L
at Horse Creek (site 12) in a February 3, 1988, sample; this concentration
was less than the maximum of 8,380 mg/L measured at the site during previous
sampling (table 3). {

Concentrations of dissolved solids in su#face water at Horse Creek (site
12) were much smaller during the irrigation season than during the rest of
the year. The median dissolved-solids concentration from 5 samples collected
during the irrigation season (May through September) was 1,560 mg/L, and the
median concentration from 12 samples collected during the non-irrigation
season was 4,540 mg/L. Largest concentrationb of major ions at site 12 were
measured in February 1988, during the winter low-flow period (fig. 9).
During this period, the streamflow in Horse Creek was maintained by seepage
from shallow ground water probably derived from irrigation water. Dissolved
solids were concentrated in stream water as winter ice built up on the stream
surface. Major ion concentrations in Horse treek during spring were similar
to concentrations during spring in Sulphur Creek, but less than concentra-

tions during winter in Horse Creek. During the spring, before the start of

irrigation, dilute snowmelt water mixes with the shallow ground-water seepage
to sustain surface-water flows. Finally, jor-ion concentrations in Horse
Creek during the summer were nearly identical to concentrations in Belle
Fourche Reservoir during the summer, indicating that the streamflow in Horse
Creek is sustained by irrigation surface drainage during the irrigation
season. These seasonal differences indicatd‘that project irrigation results
in larger streamflow in Horse Creek during the irrigation season. Seepage
from the shallow ground water to Horse cdeek probably is the result of
percolating irrigation water. Based on winter samples, ground-water seepage
probably contains large concentrations of sulfates and other constituents

dissolved from shales. Thus, irrigation proﬂably results in an increase of

the annual loads of dissolved constituents in Horse Creek and the Belle
Fourche River. |
\

Concentrations of dissolved sulfate exdeeded the drinking water SMCL of
250 mg/L (table 4) at all sites and in nearly every sample (tables 10, 13,
and 14). The maximum sulfate concentration of 4,000 mg/L was measured at
Horse Creek from sampling conducted in Februiry as part of additional sam-
pling. The maximum concentration of chloride (750 mg/L) at drainage site 12
exceeded the drinking-water SMCL (table 4) of 250 mg/L in a March 1988 sample
(table 14). Concentrations of chloride dt this and other reconnaissance
sampling sites did not exceed 250 mg/L in any other samples. Compared to
nationwide surface-water-quality samplin; results reported by Smith and
others (1987), measured concentrations of calcium, magnesium, sodium, and
sulfate were larger than the national baseli%és for surface water.

Dissolved NitroJen

Nitrcgen is a chemical element that qg neceggary
nutrition and is a major ingredient in agricultural fertilizers (Hem, 1985).
Nitrogen can be present in water in several chemical forms or "species,”
which are oxidized by bacteria in the following order: organic nitrogen,
ammonia, nitrite, and nitrate. Excessive concentrations of nitrate in
drinking water may cause methemoglobinemia in infants. The proposed
drinking-water MCL is 10 mg/L of nitrogen in the nitrate form (U.S.

Environmental Protection Agency, 1986a).

for plant and animal
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In this investigation, samples were analyzed for nitrite-plus-nitrate
nitrogen. In oxygenated surface water, nitrite concentrations are normally
less than 0.1 mg/L, which is the analytical reporting limit for nitrate, and
the concentration of nitrite plus nitrate is virtually equivalent to nitrate.

Concentrations of nitrite plus nitrate measured in samples collected
during the reconnaissance study (table 13) generally were similar to measured
values from other studies (table 14) and previous sampling at the same sites
(table 3). The largest concentrations of nitrite plus nitrate from the
reconnaissance samples were observed at drainage sites 12 and 18 (fig. 10).
The maximum concentration (11 mg/L) was observed during additional sampling
(table 14) at the Belle Fourche River drainage site 18. This concentration
is smaller than the maximum observed in previous sampling, which was 37 mg/L
from Horse Creek site 12 (table 3).

A seasonal difference in nitrite-plus-nitrate concentrations was evident
at Horse Creek (site 12). The median concentration of four samples collected
at site 12 during the irrigation season was less than 0.1 mg/L, and the range
was less than 0.1 to 0.15 mg/L. The median of 12 samples collected during
the non-irrigation season was 0.845 mg/L, and the range was 0.11 to 1.8 mg/L.
A similar difference was evident at the Belle Fourche River near Sturgis
(site 18). The median of five samples collected during the irrigation season
was 0.44 mg/L, compared to the median of 2.7 mg/L from 12 samples collected
during the non-irrigation season. These larger nitrite-plus-nitrate concen-
trations at the drainage sites during the non-irrigation, low-flow season
indicate that crop fertilizers may be percolating through the soil into the
shallow ground water or that irrigation may be leaching nitrogen from the

soils.
Trace-Inorganic Elements

Trace~inorganic elements usually are measured in microgram-per-liter
concentrations in surface water. Arsenic, boron, molybdenum, selenium, and
uranium are trace elements that are of interest in the investigation area or
were measured in concentrations that could be potentially harmful to human
health, crops, or aquatic life.

ved eni

Arsenic is a shiny, gray, brittle element normally found in trace

concentratione in surface water (Hem, 1985). The drinking-water MCL fo

arsenic is based on its toxicity and is 50 ug/L (table 4).

Concentrations of arsenic were small at all sites, except at the Belle
Fourche River near Sturgis (site 18), downstream of irrigation return flow
(fig. 11). Even though the release of the gold-mill tailings has ceased,
arsenic is being mobilized upstream of this site from the arsenic-
contaminated sediment remaining in the flood plains of Whitewood Creek and
the Belle Fourche River (Marron, 1988; Goddard, 1989). The maximum
concentration of arsenic (16 ug/L) measured during the investigation was
observed at this site. This was less than the maximum arsenic concentration
(100 ug/L) measured in previous sampling at site 18 during the release of

mine tailings (table 5). All values from this study were below both

freshwater aquatic life criteria and the MCL for drinking water.

37
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Dissolved boron

Boron is an element that is essential to plant growth in small concen-
trations but is toxic to plants in excessive concentrations. The recommended
limit for irrigation of sensitive plants is 750 pg/L (table 4).

i

Concentrations of boron were smaller thab 500 ug/L at all of the sites,
except for Horse Creek (site 12), where the maximum concentration measured
during the investigation was 1,500 ug/L (fig.|12). The observation of large
boron concentrations in water from Horse Creek is consistent with previous
data, where the largest concentration of bbron in previous sampling was
2,300 ug/L at Horse Creek (table 3). Concentrations at the background gites
and at site 18 were smaller than at site 12 bﬁt slightly larger than at the
rest of the sites (fig. 12).

The median boron concentration of five‘samples collected at site 12
during the irrigation season, 290 ug/L, was much smaller than the median
concentration of 970 ug/L from 12 samples collected during the non-irrigation
season, This seasonal difference in con%entrations is similar to the
seasonal difference noted in major ion concentrations. During the non-
irrigation season, the generally low streamflow is maintained by ground-water
seepage which probably is derived from percolated irrigation water and may
contain large concentrations of boron. ‘

Dissolved molybdenum

Molybdenum is an essential element in animal and plant nutrition.
Molybdenum from soils or irrigation water ¢an accumulate in vegetation,
causing problems for grazing animals (Dye and O’Hara, 1959; Hem, 1985). The
irrigation-water criterion is 10 ug/L (table 4). cConcentrations equaled or
exceeded 10 ug/L at four sites, with a maximum of 12 pg/L measured in a
sample from the Redwater River (site 3), an inflow site. This maximum
concentration at an inflow site was larger than the maximum of 9 Bg/L
observed in 22 previous samples from the Belle Fourche River near Sturgis, a
drainage site (table 5).

Concentrations of molybdenum generally were slightly smaller at the
drainage and background sites than at the other sites (fig. 13). Molybdenum
concentrations may be smaller at the drainage sites (concentrations did not
exceed 7 ug/L) because of uptake by plants lor because of chemical precipi-
tation with calcium.

Digssolved selenium

tion, but it is toxic or teratogenic (causging birth defects) in excessive
concentrations (Hem, 1985). The drinking-water standard of 10 ug/L (table 4)
is proposed to be revised to 50 ug/L (Marc Parrotta, U.S. Environmental
Protection Agency, oral commun., 1989). The ﬁ.s. Environmental Protection
Agency (1986a) freshwater criterion for thr protection of aquatic life is

20 ug/L.
|

Selenium concentrations were less than 4| ug/L, except at the two drain-
age sites (sites 12 and 18), where some concentrations were equal to or
greater than 10 ug/L (fig. 14). The largest concentration of selenium
measured during the investigation period was 34 ug/L. This concentration was
measured in a March 1988 sample (table 10) from the Belle Fourche River near
Sturgis (site 18) and exceeded the freshwater priterion for the protection of
aquatic life (table 4). This value is| comparable to the largest
concentration observed previously in Horse Creek (33 ug/L, table 3), and in

the Belle Fourche River at Vale (40 ug/L, table 2).
40 ‘

Selenium is a nonmetallic element}necessary for plant and animal nutri-
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SELENIUM, IN MICROGRAMS PER LITER
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Although only three selenium samples were collected from Horse Creek
during the irrigation season, a comparison of these samples with the five
samples collected during the non-irrigation season indicates that there is a
significant difference in selenium concentrations at Horse Creek. The
concentrations of samples collected during the irrigation season were 1, 3,
and 4 ug/L, while the concentrations of samples collected during the non-
irrigation season were 6, 9, 11, 13, and 14 p#g/L. These larger selenium
concentrations during the non-irrigation season would indicate that ground-
water seepage, probably derived from irrig#tion water, sustains the streams
baseflow during the non-irrigation season. |

1ce n of the investigation period (34 ug/L)
was measured in a sample collected in March 1988 at the Belle Fourche River
near Sturgis during ice breakup. During this breakup, the stage of the river
rose several feet because of ice jams, allowing the river water to dissolve
crustal deposits of salts that had accumulated along the banks at small
seeps. These deposits, called efflorescences, commonly are seen in the
project area; a sample was collected in April 1989 at site 11 (fig. 7).
Predominant minerals in the sample were bloedite and konyaite, which are
hydrated magnesium sodium sulfate; and the concentration of selenium in the
salts was 4.4 ug/g (Theresa Presser, U.S. Ge logical Survey, oral commun.,
1989). The concentration of selenium is very large in these salts, probably
because it accumulates in the sulfate lattice of the efflorescence (Marc
Sylvester, U.S. Geclogical Survey, oral commun., 1989). These efflorescences
can then be washed into streams during storms or ice-breakups, resulting in
short-term increases in selenium concentratiéns.

3

Selenium concentrations measured duriﬁg this investigation are much
smaller than reported concentrations from lsome of the other reconnaissance
investigations, which may be the result of tﬂree factors. The first is that
concentrations of selenium in shales within the investigation area probably
are much smaller than the observed maximdm in Pierre Shale of 160 ug/g
reported by Schultz and others (1980). Of [the eight samples collected near
the project area by Schultz and others (1986), concentrations ranged from
less than 1 to 10 ug/g. A second factor}is the possibility that readily
soluble selenium in the top layers of project lands was leached away during
the early years of irrigation. Selenium}concentrations in drainage water
would have thus decreased during the 80 years of project operation. A third
factor is the difference in hydrologic sétting between the Belle Fourche
Reclamation Project and other irrigation drainage reconnaissance-
investigation areas in which much larger selenium concentrations were
measured. Typically in these other areas, drainage water is ponded in a lake
or wetland area where selenium is concentriated biologically or by evapora-
tion. In the Belle Fourche Reclamation Proj ct, no comparable concentration
occurs because drainage water flows down the Belle Fourche and Cheyenne
Rivers into the Oahe Reservoir. 1In other words, the Belle Fourche investiga-
tion area is a flow-through drainage system, kather than an internal drainage
system. Given these differences, although some selenium concentrations do
exceed water-quality criteria or standards, it is unlikely that selenium
concentrations in streams in the Belle Fourche Reclamation Project area will
approach those found in some of the other investigations.

Dissolved uranium

Uranium is an element that occurs las several isotopes, of which
uranium-238 is predominant. The drinhing—watbr Suggested No-Adverse-Response
Level (SNARL) criterion of 35 ug/L (table 4) is based on the fact that
uranium-238 is radioactive. Uranium concentrations in most natural water
ranges between 0.1 and 10 ug/L (Hem, 1985).
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Uranium concentrations were less than 12 ug/L, except in 4 samples
collected during the non-irrigation season. Three of the 4 samples were from
the drainage sites (12 and 18) and one was from the background site Crow
Creek (site 4) (fig. 15). The maximum concentration of 30 ug/L was measured
in the April 1988 sample at Horse Creek (site 12).

Pesticides

Pesticides can be toxic or carcinogenic in extremely small concentra-
tions, and some persistent pesticides such as DDT can become concentrated in
biological tissues. Whole-water samples from six of the surface-water sam-

=1
pling sites wsers analyzad for 22 pesticides known to be used in the proiject

area, including Sevin, carbofuran, and aldicarb herbicides (table 7). Of the
20 samples analyzed, only four pesticides--alachlor, atrazine, cyanazine, and
prometone--were detected (table 13), and all of these detections were in
small concentrations.

The only detected concentrations of alachlor, 0.3 ug/L, were in samples
collected from drainage sites Horse Creek (site 12) and the Belle Fourche
River near Sturgis (site 18). Atrazine was detected in concentrations
greater than the analytical reporting limit at 3 of the 6 sites, most fre-
quently in June (fig. 16). The maximum concentration (0.3 ug/L) was measured
at the Redwater River (site 3), an inflow site, and at site 18. The only
measured concentrations of cyanazine, 0.5 jug/L, was in a sample collected
from site 18. The only detected concentrations of prometone, 0.1 ug/L, were

in two samples collected from site 3.

All but one of the pesticide detections were measured in samples
collected during the irrigation season (table 13). Most likely, pesticide
residues were transported by irrigation drainage, although they could also
seep or be blown into surface water. Ground-water and soil sampling would be
needed to determine if these pesticides persisted in the area during the rest

of the year.

Bottom Sediment

Because of geochemical processes, including precipitation and sorption,
bottom sediment may contain appreciable amounts of contaminants even when
overlying water does not. These contaminants may then enter the food chain
through uptake by benthic invertebrates or other bottom feeders, or

contaminants may be dissclved back into the water column by a change in

ambient water-quality conditions.

Bottom sediment samples from eight sites were analyzed for trace-
inorganic elements, such as arsenic, mercury, and selenium, and from seven
sites for pesticides atrazine and carbofuran. These results are presented in
the Supplemental Data section (table 15). A statistical summary of the
trace-inorganic sampling (table 11) contains results which are similar to
those of the U.S. Department of Energy (1980). No pesticides were detected
in bottom sediment.

Concentrations of aluminum were largest at Sulphur Creek (site 19), a
background site, and concentrations of molybdenum were largest at Crow Cresk
(site 4), also a background site. Concentrations of calcium, magnesium, and
strontium were largest at Redwater River (site 3), an inflow site. These
concentrations probably relate closely to the geology and soils in the

respective basins.
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Figure 16.--Concentrations of atrazine in whole-water samples
collected at surface-water-quality sampling sites, 1988.
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[Concentrations of aluminum through 'sodium in weight percent;

concentrations of arsenic through zin
mm, millimeter; <, less than analy

Table 11.--St 1 summary of selected elements in bottom-sediment

ic in micrograms per gram;
rtical reporting limits)

Particle
size
Element (mm) Minimum Median Maximum
Aluminum <2 2.7 4.1 5.9
<.062 3.6 5 6.3
Calcium <2 2.4 3 13
<.062 1.9 4.2 12
Carbon <2 1.1 1.9 6
<.062 1.2 2.1 4.4
Iron <2 1.4 4.2 8.7
<,062 1.5 2.9 6.8
Magnesium <2 0.3 0.8 1.3
<.062 .6 1.1 1.7
Phosphorus <2 0.07 0.1 0.5
<.062 .08 .09 .2
Potassium <2 1.3 1.6 1.8
<.062 1.4 1.6 1.8
Sodium <2 0.4 0.5 1.2
<.062 .4 .5 1.2
Arsenic <2 7.5 22 180
<.062 5.9 12 370
Barium <2 110 | 595 1,670
<.062 91 560 1,140
Boron <2 0.6 1.9 3.6
<.062 .7 1.6 5.6
Chromium <2 21 40 54
<.062 32 55 62
Cobalt <2 7 16 20
<.,062 7 14 19
Copper <2 10 18 22
<.062 1 9 31
Lead <2 10 17 47
<.062 11 16 19
Manganese <2 320 1,150 1,800
<.062 220 708 1,770
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Table 11.--Statistical gummary of selected elements in bottom-sediment

gsample lle Fourche Recl on Proijec
investigation area, 1988-89!--Continued
Particle
size
Element (mm) Minimum Median Maximum
Mercury <2 <0.02 0.015 0.10
<.062 <.02 <.02 .20
Molybdenum <2 <2 2 9
<.062 <2 <2 5
Selenium <2 0.7 0.9 3.5
<.062 .6 .9 2.8
Strontium <2 206 220 460
<.062 180 246 460
Uranium <2 1.1 2.3 5.6
<.,062 1.2 2 5.3
Vanadium <2 33 80 133
<.062 40 100 140
Zinc <2 33 91 150
<.062 35 87 112

lpight samples were collected throughout the investigation area. Three
splits of the sample from the Belle Fourche Resevoir were analyzed, and the
average of the results was used in the summary.

Some concentrations of arsenic exceeded the baseline range, and concen-
trations were largest at the drainage site Belle Fourche River near Sturgis.
L.arge concentrations of arsenic, as well as the presence of mercury, in
bottom sediment at this site probably were a result of bank sloughing of
contaminated flood-plain sediment originating from gold-mining activities in

the Black Hills, particularly in the Whitewood Creek drainage.

The maximum concentrations of arsenic (370 ug/g), barium (1,670 ug/g),
molybdenum (9 pg/g), selenium (3.5 ug/g), and uranium (5.6 pg/g) measured in
samples from Crow Creek, Horse Creek, and the Belle Fourche River near
Sturgis were near or exceeded the upper limit of the baseline ranges measured
in western United States soils (R.C. Severson, U.S. Geological Survey,
written commun., 1987; based on information in Shacklette and Boerngen,

1984). Irrigation drainage from the Belle Fourche Reclamation Project area
en a factor contributing to these maximum concentrations.
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samples of four different groups of biota, including fish, birds, inver-
tebrates, and plants, were collected throughout the investigation area. The
results of the sampling are presented in the Supplemental Data section
(tables 16 and 17). Where possible, results of the fish sampling were
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compared to results of the National Contaminant Biomonitoring Program (Lowe
and others, 1985). Analysis of bird livers and eggs were compared to data
from the San Joaquin Valley, where appropriate. Selected results of analysis
of invertebrates and plants were noted as an indication of possible
biomagnification or bioconcentration.

In the process of biomagniqicatioh, a constituent concentration
increases with each step up the food chain, resulting in concentrations in
predator fish or birds that can be many times larger than surface-water
concentrations. A constituent may be accumulated by an organism by means
other than food. Thus, a fish can accumulate a contaminant through the gill
membranes in concentrations that can be hundreds of times greater than the
ambient water concentrations. Because OF biomagnification, analyses of
biological samples can detect toxic levels of constituents, such as DDT, even
when these constituents were undetectable inisurface water.

i
One major disadvantage to biological sampling of mobile organisms i
that the source and areal extent of contamination is uncertain. In thi
respect, organisms that are less mobile, such as plants and invertebrates may

be more indicative of local contamination th@n are mobile organisms.

Populations of fisli, invertebrates, andiplants in the project area did
not appear to be seriously affected by the drought of 1988. Likewise, the
drought had little effect on the waterfowl populations in the vicinity of the
Belle Fourche Reclamation Project because drainwater or irrigation water,
both habitat controls, were not significantly affected by the drought. The
small number of waterfowl collected and the lack of eggs from nests within

the irrigated areas were a function of a limjited habitat resulting in small

waterfowl populations throughout the investigation area.
|

___________ ) e aL-20232= LA

Inorganic Eleme@ts

Discussions of chemical elements and pesticides sampled in biota are
limited to what is considered to be associated with irrigation drainage. The
following discussions of elements are limited to aluminum, arsenic, cadmium,
copper, mercury, selenium, and zinc because of their toxicity to fish and
wildlife, the potential for these alement# to occur at elevated concentra-
tions compared to the National Contaminant Biomonitoring Program (NCBP)
85th-percentile baseline value, or large ¢oncentrations of elements at the
sample sites. Under each of these elements, residues found in specific taxa
(fish, aquatic invertebrates, aquatic plants, and bird livers or eggs) are
discussed. When available, literature is cited to help explain the potential
effects of element concentrations to the biological organism or the potential
relationship to other organisms in the aquatic system.

Aluminum concentrations in fish wer4 larger than in most samples
previously collected in western South Dakota by the U.S. Fish and Wildlife
Service. The concentration of aluminum in fish samples from sites 2, 12, and
18 ranged from less than 3 to 4,100 ug/g diy weight, and the median concen-
tration was 131 ug/g (table 12). 'The maximum sample concentration of

A e loe cemo mmmammissemd Formmm o wlesmse mmmsmaizmlomes Formmn Iasoma Muamle doemd ommmea

1,100 PY]Y wWaD MS&BUISqG ITIOM a river TarpsuCshAsr IO nGIss UISSK L asliays

site 12 (table 16). Median concentrations decreased downstream and generally
were smaller in samples collected durlng the fall sampling period. (fig. 17).
Aluminum concentrations generally were greater in aquatic invertebrates and
aquatic plants. The reasons for this difference is not known.
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The largest aluminum concentration for invertebrates (2,980 ug/g) and
plants (2,020 ug/g) were from samples from Horse Creek (site 12). The second
largest concentration of aluminum sampled in plants (1,640 pg/g) was at
Nisland Pond (site 8). The large aluminum concentration in invertebrates at
site 12 was substantially larger than aluminum concentrations in inverte-
brates at the other biological sampling sites.

Arsenic

Arsenic concentrations in fish at sampling sites ranged from less than
0.2 to 7.6 ug/g (table 12). The distribution of arsenic concentrations in
fish tissue (fig. 18) showed the majority of samples from the Belle Fourche
River near Sturgis (site 18) were greater than the 85th-percentile
concentration of 0.81 ug/g dry weight reported by the National Contaminant

Biomonitoring Program (Lowe and others, 1985).

There is no criterion for acceptable whole-body arsenic concentrations
in fish for human consumption, but the U.S. Department of Agriculture (1988)
recommends that arsenic in edible portions of swine and poultry not exceed
0.50 ug/g wet weight. Using this limit, 54 percent of the fish collected
from the Belle Fourche River near Sturgis (site 18) in the spring would not
be recommended for human consumption. Several of the fish had whole-body
concentrations that were three times as great as the recommended limit.

R 7 PUpEpTpy PRPRpU g STy Mmoo wesmessm sumas 2
Although arsenic concentrations were smaller in fish from site 18 during the

fall, several of these fish also had arsenic concentrations greater than the
recommended limit and the median value was greater than the NCBP 85th-
percentile concentration of 0.81 ug/g dry weight (fig. 18).

Arsenic concentrations in invertebrates tended to be larger than in fish
(table 16), especially during the fall. The concentration in the inverte-
brate sample collected at site 18 in the fall was 33.3 ug/g, while the median
concentration in the fish at this site that had presumably fed on inverte-
brates was only 1.22 ug/g. Arsenic concentrations in aquatic plants
collected at sites on the Belle Fourche River (sites 2 and 18) generally were
larger than concentrations observed in invertebrates that supposedly fed on
the plants. The arsenic concentration in Sago puuuWGEu collected at the
Horse Creek site (site 12) was similar to the concentration in invertebrates

collected from this site.

Arsenic concentration in bird livers ranged from 0.094 to 0.485 ug/g dry
ight. All of these values are less than the concern level of 7.2 to

6.0 ug/g dry weight of arsenic residue in bird livers (Geode, 1985).

W §

Large concentrations of arsenic in fish, invertebrates, and plants at
site 18 indicate that there is a large amount of biologically available
arsenic in that reach of the river, presumably from contaminated flood-plain
sediment originating from mining activities in the Black Hills. The general
decrease of arsenic concentrations with higher trophic levels, supports
Eisler’s (1988) assertion that bioconcentration by organisms rather than
biomagnification in the food chain is more important in arsenic cycling.

Cadmium

Ccadmium concentrations in fish, invertebrates, plants, and bird livers
and eggs generally were less than the analytical reporting limits. The
median concentration and majority of sample concentrations were below the
NCBP 85th-percentile value of 0.24 ug/g dry weight in fish (Lowe and others,
1985). The maximum value of cadmium concentration was 1.5 ug/g dry weight,
sampled at site 2, upstream of irrigation return flow.
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Copper

Lowe and others (1985) show that the National Contaminant Biomonitoring
Program 85th-percentile baseline value for copper in fish is 3.67 ug/g dry
weight. Median concentrations of copper in fish tissue at sample sites 2,
12, and 18 were less than this baseline value (fig. 19). Even though
75 percent of the samples from each sampling site had concentrations below
the NCBP 85th-percentile value, all three sites had sample concentrations
greater than the baseline value (fig. 19).

Mercury

Mercury concentrations in fish ranged from 0.038 to 1.1 pg/g at sampling
sites 2, 12, and 18 (table 12). The median concentration of mercury at the
Belle Fourche River near Sturgis (site 18) was much greater than the median
concentrations at sites 2 and 12 and was only slightly less than the 85th-
percentile of 0.65 pug/g dry weight for the National Contaminant Biomonitoring
Program (Lowe and others, 1985) (fig. 20). The median concentration
(0.637 pg/g dry weight) from site 18 converts to 0.16 pg/g wet weight and is
far less than the U.S. Food and Drug Administration (1988) action level of
1.0 ug/g wet weight.

Based on the 8seasonal values of mercury concentrations in fish at all
three sampling sites and the fact that mercury concentrations wers similar at
the inflow site 2 and the drainage site 12, it appears that irrigation water
makes only a slight contribution to the increased mercury concentrations in
the fish at site 18. It is probable that the majority of the increased

mercury concentration in the fish noted at site 18 is a result of the
mobilization of mercury from contaminated sediment in the flood plains of the

MIVWVLALALLEBVAWIL Vi v WwwWey W Awreswinsr e asta wrwe e wsamsstes S - 2= A& A

Belle Fourche River.

Although the reporting limits of some of the analyses for mercury in
invertebrates and plants were relatively large, the mercury concentrations in
invertebrates and plants collected at sites 2, 12, and 18 were all less than
0.275 ug/g (table 12). No samples of mercury in bird livers collected within
the investigation area exceeded 4.3 ug/g, which is the mean liver residue
level of mercury in female mallard ducks associated with reduced reproduction
" (Heinz, 1979).

Selenium

The median concentration of selenium in fish tissue sampled at sites 2,
12, and 18 (table 12) was equal to the National Contaminant Biomonitoring
Program 85th-percentile value of 2.8 ug/g dry weight (Lowe and others, 198S5).
The median values of selenium concentrations in fish were above the NCBP
85th-percentile value at Horse Creek (site 12) and the Belle Fourche River
near Sturgis (site 18) (fig. 21); both of these sites receive irrigation
return flow. Baumann and May (1984) evaluated cases of obvious selenium fish
toxicity problems and suggested that residue levels of 7.1 pg/g dry weight or
more might cause toxic effects, whereas Lillebo and others (1988) suggest
that the effect level of selenium residue in whole fish tissue is 10.0 ug/g
dry weight. The greatest value of selenium in whole-body fish tissue was
5.7 ug/g sampled at site 18, downstream of all irrigation return flow. This
value of 5.7 pg/g is below the suggested values of selenium toxicity in fish
tissue.
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The selenium concentrations in the aquatic invertebrates ranged from
less than 2.2 to 5.4 ug/g dry weight and in p}ants ranged from less than 0.51
to 2.0 ug/g dry weight. These concentrations generally are similar to
concentrations of selenium in fish from sites 2, 12, and 18. These concen-

trations are less than the 7.0 ug/g dry weight dietary effect level for the

protection of birds (Hoffman and others 1990).
P { ’
|

|

The maximum selenium concentration in four blackbird egg samples at the
Golf Course Pond near Newell (site 9) was 3.8 ug/g; their diet is unknown,
but it is assumed to be primarily terrestrial organisms. The maximum
selenium concentration in three samples of pied-billed grebe eggs at
Section 18 Pond near Newell (site 10) was 10 yg/g. This level would approach
the concentration which might cause embryo toxicity in coot eggs (Ohlendorf,
Hothem, Bunck, Aldrich, and Moore, 1986). The maximum selenium concentra-
tion in duck eggs, all recovered from the abdominal cavities of female ducks,
was 8.0 ug/g. These concentrations may not represent concentrations that
would be found in completely matured eggs. {

|

The selenium concentrations in the livers of eight ducks from four sites
ranged from 6.5 to 27.5 ug/g (table 12). Three of these samples were in the
range of selenium concentrations in duck livers found in the Kesterson
Wildlife Refuge, California, in 1983 (Ohlendorf, Hoffman, Saiki, and Aldrich,
1986), where embryo toxicity was suggested to be attributed to selenium
concentrations in the liver. While these birds may have accumulated large
selenium burdens from wintering grounds or ar&as outside the project area,
their large selenium burdens also could be accumulating from the Belle
Fourche Reclamation Project area, given thatithis area contains soils and

geologic formations that are enriched in selenium.
1

I:’;’h

The National Contaminant Biomonitoring Brogram 85th-percentile baseline
value of zinc concentrations in whole-body figh tissue is 155 $g/g dry weight
(Lowe and others, 1985). The majority of samples collected at the biological
sample sites had zinc concentrations less than this baseline value (fig. 22).
The largest median concentration (89.2 #g/gidry weight) was from site 2, an
inflow site. i
Pesticides and Polychlorinaﬁed Biphenyls

|

Two fish collected at site 18 during khe spring and one fish each
collected at sites 2, 12, and 18 during the fall were analyzed for organo-
chlorine pesticides and PCB’s (table 17 in the Supplemental Data section).
The concentrations of the pesticides and PCB’ls were less than the laboratory
analytical reporting limits in all but four fﬂsh. Detected concentrations of
a DDT metabolite, P,P’-DDE, were 0.01 ug/g dry weight in one carp from Horse
Creek (site 12) and one carp from the Belle Fourche River near Sturgis (site
18) and 0.02 and 0.03 ug/g dry weight in two goldeyes from site 18. 1In
addition, detected concentrations of P,P’'-DDD were 0.01 ug/g dry weight from
the two goldeyes at site 18 and one detection of dieldrin at a concentration
of 0.01 ug/g from one goldeye at site 18. All concentrations of pesticides
and PCB’s in blackbird and grebe egg samples were less than the analytical
reporting limits.

SUMMARY AND CONCLUSIONS

In 1986, the Department of the Interior initiated nine reconnaissance
investigations in response to concerns about| potentially adverse effects of

<2 2 329 - _

irrigation drainage on humans, fish, and wildlife; four of these areas were
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selected for more detailed investigations in 1988-90. Eleven new areas,
including the Belle Fourche Reclamation Project in western South Dakota, were
selected for reconnaissance investigation during 1988-89. The Belle Fourche
Reclamation Project was selected for investigation because of concerns that
large amounts of selenium, which are present naturally in the area’'s
Cretaceous-age shales, might be leaching into the environment by irrigation
drainage.

During the investigation, samples of surface water, bottom sediment, and
biota were collected and analyzed for major inorganic constituents, trace-
inorganic elements, and organic pesticides. Samples were collected upstream,
within, and downstream of the project area. Ten surface-water sites were
sampled by the U.S. Geological Survey before, during, and after the
irrigation season in 1988. Additional water samples were collected at three
of these sites during October 1987 through April 1989, and data from these
samples were included in the analysis. Bottom sediment was sampled at ten
sites after the 1988 irrigation season. Fish-tissue samples were collected
at three sites before and after the 1988 irrigation season. Samples of
aquatic invertebrates, aquatic plants, bird livers, and bird eggs were
collected during the summer of 1988 at several locations throughout the

investigation area.

Dissolved-solids concentrations in water samples exceeded 1,000 mg/L at
all ten surface-water sites and in most of the samples. The largest concen-
trations were measured most frequently at Horse Creek above Vale and at the
Belle Fourche River near Sturgis, two sites that receive irrigation drainage.
The maximum concentration (5,970 mg/L) was measured in a sample collected
from Horse Creek during the non-irrigation season. Dissolved-solids concen-
trations at Horse Creek and the Belle Fourche River near Sturgis were much

The distribution and seasonal variation of major-ion concentrations were
similar to dissolved-solids concentrations. Large maximum concentrations of
major ions, including calcium (440 mg/L), magnesium (410 mg/L), sodium
(890 mg/L), sulfate (4,000 mg/L), and chloride (750 nmg/L), were measured at

Horse Creek during the non-irrigation season.

Small concentrations, less than 1 mg/L, of dissolved nitrite plus
nitrate (as nitrogen) were measured in samples from most surface-water sites.
Larger concentrations, including the maximum of 11 mg/L, were measured in
non-irrigation-season samples from the Belle Fourche River near Sturgis.
Larger concentrations also were measured in samples from Horse Creek. The
maximum concentration measured previously was 37 mg/L in a sample obtained at

Horse Creek.

Concentrations of arsenic ranged from less than 1 ug/L to a maximum of
16 ug/L in samples from the Belle Fourche River near Sturgis. Concentrations
of arsenic generally were larger at this site than at the other sampling
sites because of the presence of extensive arsenic-contaminated sediments
from gold mining activities in the Whitewood Creek watershed.

Concentrations of trace elements measured in water generally were small
in comparison to water-gquality criteria, standards, or recommended limits.
The few instances in which water-quality guidelines for human consumption
were exceeded occurred in water that is not used for domestic water supplies.
The few instances in which water-quality guidelines for aquatic life were
exceeded are minor and indicate that there probably are no adverse water-

quality effects on aquatic life in the study area.
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The largest concentrations of boron were measured in samples from Horse
Creek (maximum of 1,500 ug/L) and from the Belle Fourche River near Sturgis.
The maximum concentration of molybdenum was 12 #g/L in one sample from the
Redwater River site upstream of the project area; concentrations decreased
slightly within the project area, possibly because of plant uptake or
chemical precipitation with calcium. The maximum concentration of selenium
(34 pg/L) was measured in a sample collected during the non-irrigation season
from the Belle Fourche River near Sturgis. ﬂranium concentrations were less
than 12 ug/L for most samples; the maximum concentration (30 pug/L) was
measured at Horse Creek during the non-irriga&ion season.

Twenty surface-wate amples collected at six sites were analyzed for 22
pesticides and only four--alachlor, atrazine,| cyanazine, and prometone--were
detected. All but one of the detections weke from samples collected during
the irrigation season. Atrazine was measured in concentrations greater than
the analytical reporting limit at three of the six sampled sites; the maximum
concentration was 0.3 ug/L at the Redwater River and at the Belle Fourche
River near Sturgis. Alachlor was detected at a concentration of 0.3 ug/L at
Horse Creek and at the Belle Fourche River near Sturgis. Cyanazine was
detected at a concentration of 0.5 ug/L in one sample from the Belle Fourche

River near Sturgis. Prometone was detected at a concentration of 0.1 ug/L in
two samples from the Redwater River.

|

Bottom-sediment samples from eight sites were analyzed for trace ele-
ments and samples from seven sites were analyzed for two pesticides. No
pesticides were detected in any samples. Fhe maximum concentrations of
arsenic, barium, molybdenum, selenium, and uranium measured in samples from
Crow Creek (a background site), Horse Creek, and the Belle Fourche River near
Sturgis were near or exceeded the upper limit of the baseline ranges measured
in western United States soils. The relatively large concentrations of
arsenic and mercury in bottom sediment at the Belle Fourche River near
Sturgis probably are a result of the mobilization of arsenic from flood-plain

sediment contaminated with gold-mine tailings,
!

Samples of four different groups of diota, including fish, birds,
invertebrates, and plants, were collected throughout the investigation area.
Fish were collected at three sites, birds at five sites, and invertebrates
and plants at six sites. With few exceptions, element concentrations in
fish, invertebrates, and plants were less than values known to affect growth

or reproduction. ‘

Aluminum concentrations in fish ranged ﬁiom less than 3 to 4,100 ug/g
and generally were larger than concentrations in fish samples collected in
western South Dakota in connection with other studies. Aluminum concen-
trations were greater in aquatic invertebrate# and plants.

\

Arsenic concentrations in whole fish‘ranged from less than 0.2 to
7.6 pg/g; large concentrations of arsenic | in fish from the Belle Fourche
River near Sturgis probably were a result oflmobilization of arsenic from
contaminated flood-plain sediment originating from the past release of gold
mine tailings. Arsenic concentrations in invertebrates and plants generally
were larger than concentrations in fish. 1

Cadmium and copper concentrations in whole-body fish tissue generally
were less than baseline values. The maximum value of cadmium (1.5 »g/g)
measured in fish was at the Belle Fourche River upstream of irrigation return
flow. Even though median values of copper concentrations in fish were less
than the baseline value, all three sampling tee had individual fish samnla

aseillle i TR RN LAliVMAVAMUGSE L2408 CaQnipLaT

ail

concentrations greater than the baseline valu%
|

1
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Mercury concentrations in fish ranged from 0.38 to 1.1 ug/g. Median
concentrations of mercury in fish were greater at the Belle Fourche River
near Sturgis (0.67 ug/g) as compared to Horse Creek (0.21 ug/g) and the Belle
Fourche River above Belle Fourche (0.13 ug/g). Elevated concentrations of
mercury at the Belle Fourche River near Sturtng nggb_a_blv ware also a result

of mobilization of mercury from contaminated sediment from past gold mining
activities.

The median concentrations of selenium in fish at Horse Creek (3.0 ug/g)
and the Belle Fourche River near Sturgis (2.9 ug/g) exceeded baseline values.
Measured concentrations of selenium in duck livers tanged from 6.5 to
27.5 ug/g. Three of these samples had selenium concentrations that were in
the range of concentrations measured in duck livers from areas in the
Kesterson Wildlife Refuge, California, where embryo toxicity was suggested to

be attributed to selenium.

Zinc concentrations in whole-body fish tissue g

ner
baseline values. The largest median concentration (89.2 ug/g) was measured
at site 2, an inflow site for biota data.

ally were leass than

S Q
(D

Five fish samples and two bird-egg samples were analyzed for organo-
chlorine pesticides and polychlorinated biphenyls (PCB’s). Most concen-
trations in fish and all concentrations in bird eggs were less than the
analytical reporting limits. No significant elevated concentrations of
pesticides or PCB’s were measured in the fish samples. Data from the limited
number of samples indicate that pesticides are not a problem in biota in the
study area.
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DATE

STATION 06428500, BELLE FOURCHE R AT WY-SD STATE LI

AFR 1988
27...
JUN
2z...
AUG
31...
OCT
27...

TIME

TEMPER-

ATURE
WATER

(DEG C)
(00010)

MTQADTT T ANDNIT
FlA OVl iut vy

6.5 680
25.0 681
24.0 -
-2.0 --

BARO- DIS-
METRIC CHARGE,
PRES-  INST.
TEMPER- SURE  CUBIC
ATURE oM FEET
-AIR OF PER
(DEG C)  HG) SECOND
(00020) (00025) (00061)

STATION 06432900, REDWATER RIVER AB WILLOW CK AT

AFR 1988
25...
JUN
20...
AUG
29...
OCT
27...

AFR 1988

26...

AFR 1988

26...
JUN
22...
AUG
29...
OCT
25...

1600
1515
1440

0845

1000

1800
1045

6.0
27.5
20.0

6.5

8.5

[
<
<

1.0 681
31.5 678
28.5 --

0.0 --

7.0 685

188

4.7
5.4

147

STATION 06434496, CROW CREEK NR BELLE FOURCHE, SD

0.15

STATION 06434500, INLET CANAL NEAR BELLE FOURCHE

186
41
72

asa
189

68

©

~
[l
ey

@ O
© »

123
F

ATION)
(00301)

100

109
131

91

14N LONG 103 49

[Number in parentheses in column heading is parameter code identification.
degrees Celsius; MM, millimeters; MG/L, milligrams per liter; US/CM, microsiemens
per centimeter at 25 °C; UG/L, micrograms per liter; --, no data; <, less than]

SPE-
CIFIC
CON-
DUCT-
ANCE
(us/c)
(00095)

1080
1500
1600
1150

44 42 29N LONG 103 51

1810

1280

Table 13.--Water-quality d for reconnaissance investigation s ling o
the Belle Fourche Reclamation Project vestigation are 1988

DEG C,

SPE-

CIFIC

CON-

DUCT- PH
ANCE (STAND~

LAB ARD

(US/CM) UNITS)
(90095) (00400)

(LAT 44 44 59N LONG 104 02 48W)

1600 8.48
1470 8.26
1470 8.49
2060 8.07

BELLE FOURCHE (LAT 44 38 28N LONG 103 49 19W)

1100 8.45
1610 8.20
1550 8.26
1170 8.39
01W)

2210 8.53
23W)

1270 8.67
1560 8.14
1550 8.40
1310 8.54



DATE

STATION 06428500, BELLE FOURCHE R AT WY-SD STATE LINE (LAT 44 44 59N LONG 104 02 48W)

AFR 1988
27...
JUN
22...
AUG
31...
OCT
27...

STATION 06432800, REDWATER

AFR 1088
25...
JUN
20...

APR 1988

26...

AFR 1888
26...

Table 13.--Water-quality data for reconnaissance investigation sampling of
the Belle Fourche Reclamation Project investigation area, 1988--Continued

PH
LAB
(STAND-
ARD
UNITS)
(00403)

8.20
8.20
8.30

8.10

8.30
8.20
8.30
8.10

8.10

[
N
o

<o
[ w o
o ©

® o
o

NITRO-
GEN,

NO2+NO3

DIS-
SOLVED
(MG/L
AS N)

(00631)

<0.100
<0.100
<0.100

<0.100

0.170
<0.100
<0.100

0.320

<0.100

[~]
[
N
[~]

A
«
[
«©
«©

A

[~ -~
[~
[~]

N
[
o

MISCELLANEOUS STATION ANALYSES

CALCIUM
DIS-
SOLVED
(MG/L

AS CA)
(00915)

210
120
100

210

180
250
270
200

190

190
130
130
210

MAGNE-
SIUM,
DIS-

SOLVED

(MG/L

AS MG)
(00925)

61
46
50

78

42
75
66
48

69

SODIUM

DIS-
SOLVED
(MG/L
AS NA
(00930

69
140
170

150

7.3
27
17

7.7

240

69

’

)
)

STATION 06434496, CROW CREEK NR BELLE FOURCHE, SD

SODIUM
AD-
SORP-
TION
RATIO

PERCENT )
(00931) (00932) (90410)

L 7 B

N

0.1
0.4
0.2
0.1

SODIUM

16
38

N
-

RIVER AB WILLOW CK AT BELLE FOURCHE (LAT &4

N & O N

(LAT 44 42 29N

41

STATION 06434500, INLET CANAL NEAR BELLE FOURCHE (LAT 44 42 14N

165
115
156

133

POTAS-
SiumM,
DIS-

SOLVED

(MG/L

AS K)

(00935)

7.1
10
10

¥

CHLO-
RIDE,
DIS-
SOLVED
(MG/L
AS CL)
(00940)

4.7
27

-
o«

38 28N LONG 103 49 18W)

184 1.9
216 5.6
188 3.6
206 6.8
LONG 103 51 01W)
226 7.0
LONG 103 48 23W)
177 3.8
135 9.9
162 10

190 5.0

2.8
4.3
4.9
3.4

19



DATE

STATION 06428500, BELLE FOURCHE R AT WY-SD STATE LINﬁ (LAT 44 44 56N LONG 104 02 489W)

1088

STATION 06432900, REDWATER RIVER AB WILLOW CK AT BELLE F(

AFR 1088
25...

AFR 1988
26...
JUN

22...
AUG

29...
oCT
25...

Table 13.--Water-

SULFATE

DIS-
SOLVED
(MG/L
AS S04)
(00845)

790
620
640
1100

440

ARSENIC
DIS-
SOLVED
(UG/L
AS AS)
(01000)

<1
1
1
<1

N N

N

ality data for reg¢onnaiss

Water-quality data for re¢onnaissande investigation sampling of
the Belle Fourche Reclamation Project investigation area, 1988--Continued

MISCELLANEOUS STATION ANALYSES

BORON, CADMIUM
DIS- DIS-
SOLVED  SOLVED
(UG/L (UG/L
AS B) AS CD)
(01020) (01025)

CHRO-

MIUM, COPPER,
DIS- DIS-
SOLVED.  SOLVED
(UG/L (UG/L
AS CR) AS CU)

(01030) (01q40)

vest t

LEAD,
DIS-
SOLVED
(UG/L
AS PB)
(01049)

180
200
180
250

<1 <1
<1 2
<1 <1
<1 2

<1 <1
<1 2
<1 1
<1 2

1 <5
1 <5
11 <5
1 2 <5

1 <5
<1 <5
1 <5
2 <5

s ling o

MOLYB-
DENUM,
DIS-
SOLVED
(UG/L
AS MO)
(01060)

3
6
3
3

10
8
7

12

VANA-
DIUM,
DIS-
SOLVED
(UG/L
AS V)
(01085)

<1
<1
<1
<1

N N W

N

STATION 06434496, CROW CREEK NR BELLE FOURCHE, SD (LAT 44 42 28N LONG 103 51 01W)

STATION 06434500, INLET CANAL NEAR BELLE FOURCHE (LAT 44 42

590
690
690
580

-

N = N e

100
210
180
100

<1 <1

1 2
<1 1
<1 1

70

1 <5
1 <5
1 <5
1 <5

10

A
Py

14N LONG 103 49 23W)

<1

<1

ZINC,
DIS-
SOLVED
(UG/L
AS ZN)
(01090)

<3
<3
<10

<10

URCHE (LAT 44 38 28N LONG 103 49 19W)

N » o

n

36
34
10



DATE

Table 13.--Water-

ality data for reconnaissanc

estigation s

ling o

the Belle Fourche Reclamation Project investigation area, 1988--Continued
MISCELLANEOUS STATION ANALYSES

SOLIDS,

SELE- RESIDUE
NIUM, AT 180

DIS- DEG. C
SOLVED DIS-
(UG/L SOLVED
AS SE) (MG/L)
(01145) (70300)

SOLIDS,
SUM OF
CONSTI-
TUENTS,

DIS-
SOLVED
(MG/L)
(70301)

MERCURY
DIS-
SOLVED
(UG/L
AS HG)
(71880)

URANIUM
RATURAL
DIS-
SOLVED
(UG/L
AS U)
(22703)

STATION 06428500, BELLE FOURCHE R AT WY-SD STATE LINE (LAT 44 44 59N LONG 104 02 48W)

AFR 1988
27...
JUN
22...
AUG
31...
oCT
27...

STATION 06432800, REDWATER RIVER AB WILLOW CK AT BELLE

AFR 1988
25...
JUN
20...

AT

aAVS

28...
oCT
27...

STATION 06434496, CROW CREEK NR BELLE FOURCHE, SD (LAT

AFR 1988
26...

AFR 1988
26...
JUN

2 1260
2 1100
1

-
=t
<«
=3
(=]

858
1400
1340

N N NN

825

<1 1760

1]
[
[
©
(=1

N -
-
(=3
[-]
o

1240
1030

785
1280
1260

891

1760

<0.1
<0.1
<0.1

<0.1

<0.1
<0.1

<0.1

<0.1

<0.1

<0.

(=Y

<0.1
<0.1

6.2
5.3
6.1

8.5

5.6
7.5
8.2
7.3

14

71

TRI-
FLURA-
PRO- LIN METHO- SIME-
PAZINE TOTAL MYL PROPHAM TRYNE
TOTAL RECOVER  TOTAL TOTAL TOTAL
(UG/L) (UG/L) (UG/L) (UG/L) (UG/L)
(39024) (39030) (39051) (39052) (39054)
<0.10 <0.10 <2.0 <2.0 <0.1
<0.10 <0.10 <0.5 <0.5 <0.1
<0.10 <0.10 <0.5 <0.5 <0.1
<G.i0 <0.id <0.5 <0.5 <0.1
FOURCHE (LAT 44 38 28N LONG 103 49 18W)
<0,10 <0.10 <2.0 <2.0 <0.1
<0.10 <0.10 <0.5 <0.5 <0.1
<0.10 <0.10 - -- <0.1
<0.10 <0.10 <0.5 <0.5 <0.1

STATION 06434500, INLET CANAL NEAR BELLE FOURCHE (LAT 44 42

14N LONG

44 42 29N LONG 103 51 01W)



DATE

(UG/L)
(39055)

PROME -

TONE
TOTAL
(UG/L)
(39056)

(UG/L)
(39057)

Lamation Project
MISCELLANEOUS STATION ANALYSES

ATDA-

saanie

ZINE,

TOTAL

(UG/L)
(39630)

{ 1
oject

ootinD

SEVIN, AL
TOTAL

(UG/L) /L)
(39750)

(77}25)

PVYAN .
v A5V

AZINE
TOTAL
(UG/L)
(81757)

METRI-  METOLA-
BUZIN  CHLOR
WATER  WATER
AME- WHOLE  WHOL

TRYNE TOT.REC TOT.REC

TOTAL (UG/L) (UG/L
(82184) (82611) (8261

STATION 06428500, BELLE FOURCHE R AT WY-SD STATE LIN4 (LAT 44 44 59N LONG 104 02 48W)

APR 1988

27... <0.10
JUN

22... <0.10
AUG

31... <0.10
ocT

27... <0.10

<0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1
<0.1

<0.10
<0.10
<0.10
<0.10

<2.
<0.
<0.
<0.

STATION 06432800, REDWATER RIVER AB WILLOW CK AT

AFR 1988

25... <0.10
JUN

20.. <0.10
AUG

29.. <0.10
ocT

27. <0.10

1988

1988

<0.1
0.1
0.1
<0.1

<0.1

<0.1

<0.1

<0.1

<0.10
0.30
0.20
0.10

<2.
<0.

<0.

0

50
50
50

BELLE

0
50

50

)
2)

<q.1o <0.10  <0.10 <0.1 <0.1
<0.10 <0.10  <0.10 <0.1  <0.1
<0.10 <0.10 <0.10 <0.1 <0.1
<0.10 <0.10 <0.10 <0.1 <0.1
FOURCHE (LAT 44 38 28N LONG 103 49 19W)
i
<0.10 <0.10 <0.10  <0.1  <0.1
<0.10 <0.10  <0.10 <0.1 <0.1
|
<0.10  <0.10  <0.10 <0.1 <0.1
<0.10  <0.10  <0.10 <0.1 <0.1

STATION 06434486, CROW CREEK NR BELLE FOURCHE, SD (LAT 44 42

STATION 06434500,

INLET

72

29N LONG 103 51 01W)



DATE

STATION 06435000, BELLE FOURCHE RESERVOIR NEAR BELLE

APR 1988
26...

AFPR 1988
28...

21...

Ay
fauG

30...
26...

JUN 1988
23...

AUG
30...

Table 13.--Water-quality data for reconnaissance investigation sampling of
the Belle Fourche Reclamation Project investisation area, 1988--Continued

MISCELLANEOUS STATION ANALYSES

BARO- DIS- OXYGEN,
METRIC CHARGE, DIS- SPE-
PRES- INST. SOLVED CIFIC
TEMPER- TEMPER- SURE CUBIC  OXYGEN, (PER- CON-
ATURE ATURE (M FEET DIS- CENT DUCT-
TIME WATER AIR OF PER SOLVED SATUR- ANCE
(DEG C) (DEG C) HG) SECOND (MG/L) ATION) (US/CM)
(00010) (00020) (00025) (00061) (00300) (00301) (00095)

1335 8.0
0830 --
0800 18.0
0915 8.0

STATION 06436760,

0850 9.0
0900 24,0
1050 15.5
1600 9.0

STATION 06436850, NORTH CANAL NR FRUITDALE, SD (LAT 44 44 12N

1000

0825 18.0

-]
<
1
]

HORSE CR ABOVE VALE

8.5 692 2.
30.0 687 66
21.0 - 51
20.0 - 2.

535

13.0 370

73

1400
1430

|

1
o«
o

|
1
[y
[
o
[}
i

SD (LAT 44 39 08N LONG 103 21
2 10.4 101 4790
6.8 90 1720

9.5 -- 2200

5 10.3 -- 4980
LONG 103

-- -- 1420

8.6 -- 1520

SPE-
CIFIC
DUCT- PH
ANCE (STAND-
LAB ARD
(US/CM) UNITS)
(80095) (00400)

1410
1420

59W)

4930
1940
2030
4520

40 19W)

1420
1480

FOURCHE SD (LAT 44 44 10N LONG 103 40 10W)

8.53
7.58
8.39
8

(4]
v

8.24
8.18
8.35
8.11

7.83
8.30



MISCELLANEOUS STATION ANALYSES

NITRO-
GEN, MAGNE- SOWE!H ALKA- POTAS-  CHLO-
PR NO2+NO3 CALCIUM SIlM, SODIUM, AD- LINITY SItM, RIDE,
LAB DIS- DIS- DIS- DIS- - LAB DIS- DIS-
(STAND- SOLVED SOLVED SOLVED SOLVED T (MG/L SOLVED  SOLVED
DATE ARD (MG/L (MG/L (MG/L (MG/L RATIO SODIUM AS (MG/L (MG/L

UNITS) AS N) AS CA) AS MG) ) | PERCENT CACO3) AS K) AS CL)
(00403) (00631) (00915) (00925) (00930) (ood;n (00932) (90410) (00935) (00940)

1
STATION 06435000, BELLE FOURCHE RESERVOIR NEAR BELLE m SD (LAT 44 44 10N LONG 103 40 10W)

APR 1988 |

26... 8.10 <0.100 100 55 49 0.8 13 139 5.0 5.4
... 8.20 <0.100 200 57 52 Tp.o 13 72 4.8 5.6
... 8.30 <0.100 190 62 67 1 17 103 6.3 8.9
.. 8.00 <0.100 200 82 63 A 15 127 7.0 16

STATION 06436760, HORSE CR ABOVE VALE SD (LAT k4 39 08N LONG 103 21 59W)
AFR 1888 ‘

28... 8.10  0.110 200 270 630 7 43 286 10 100
... 8.30  0.150 210 90 120 2 22 107 9.0 15
%... 8.30 <0.100 240 07 130 2 22 155 8.6 17
%. .. 8.00 0.410 360 300 490 5 33 321 17 66

STATION 06436850, NORTH CANAL NR FRUITDALE, SD (LAT 44 44 12N LONG 103 40 19W)
JuN 19088

23... 8.20 <0.100 200 57 52 0.9 13 74 5.3 5.6

. .. 8.00 <0.100 190 59 63 | 16 102 6.3 8.9

74




Table 13.

SULFATE ARSENIC
DIS-
SOLVED  SOLVED

(MG/L (UG/L
AS SO4) AS AS)
(00945) (01000)

MISCELLANEOUS STATION ANALYSES

)
(01020)

(01025)

CHRO-
MIUM, COPPER,
DIS-  DIS-

SOLVED SOLVED

(UG/L (UG/L
AS CR) AS CU)
(01030) (01040)

MOLYB-  VANA-

LEAD, DENUM, DIUM,
DIS- DIS- DIS-
SOLVED SOLVED SOLVED
(UG/L (UG/L (UG/L
AS PB) AS MO) ASYV)
(01048) (01060) (01085)

ZINC,
DIS-
SOLVED
(UG/L
AS ZN)
(01080)

STATION 06435000, BELLE FOURCHE RESERVOIR NEAR BELLE FOURCHE SD (LAT 44 44 10N LONG 103 40 10W)

710 1
710 <1
800 1
770 1

STATION 06436760, HORSE CR ABOVE VALE SD (LAT 44 39 08N

2900 1
990 1
1100 1
2700 1

130
130
150
160

940
290
280
1000

<1

1
<1
<1

<1
<1

<1

2

2
2 1
2
2 4

<1

75

<1

-

<5 11 <1
<5 7 <1
<5 8 <1
<5 11 <1
LONG 103 21 58W)

<5 1 1
<5 7 2
<5 5 <1
<5 3 1

A
(V]

LONG 103 40 19W)

<3
12
<10
21

<10
40
10
30

<3



DATE

STATION 06435000,

APR 1988
26...
JUN
23...

AUG
al...

o8
[¥]

SOLIDS, SOLIDS,

SELE- RESIDUE SUM OF URANIUM TRI-

RIUM, AT 180 CONSTI- MERCURY NATURAL | FLURA-

DIS-  DEG. C TUENTS,  DIS- DIS- FRO LIN METHO-

SOLVED  DIS- DIS-  SOLVED SOLVED PAZINE  TOTAL MYL  PROPHAM
(UG/L  SOLVED SOLVED (UG/L  (UG/L TOT. RECOVER TOTAL  TOTAL
AS SE) (MG/L) (MG/L) AS EG) AS U) (UG/L)  (UG/L) (UG/L) (UG/L)
(01145) (70300) (70301) (71890) (22703) (39024) (39030) (39051) (39052)

1150
1160

N NN

[}
[y
N
w
(=]

STATION 06436760,
9 4800
3 1690
4 1830
11 4400

MISCELLANEOUS STATION ANALYSES

1100
1070

STATION 06436850, NORTH CANAL

3 1160
2 1270

1080
1180

BELLE FOURCHE RESERVOIR NEAR BELLE FOURC

<0.1 6.
<0.1 7.

0.2 8.
<0.1 8.
ABOVE VALE
<0.1 30
<0.1 9.
<0.1 11
<0.1 22

NR FRUITDALE, SD

<0.1 S.

<0.1

76

8.

jtion area, 1988--Continued

<0.5
<0.5
<0.5

<0.5

8 - - -

1 - -— -

0 - - P

g - - -—

SD (LAT 44 39 08N LONG 103 21 59W)
<0.10 <0.10 -

4 <0.10 <0.10 <0.5
<0.10 <0.10 <0.5
<0.10 <0.10 <0.5
(LAT 44 44 12N LONG 103 40 18W)

4 <0.10 <0.10 <0.5

5 <0.10 <0.10 <0.5

<0.5

(UG/L)
(39054)

HE SD (LAT 44 44 10N LONG 103 40 10W)



DATE

STATION 06435000, BELLE FOURCHE RESERVOIR NEAR BELLE FOURCHE SD (LAT 44

APR 1088
28...

21...

OCT
26...

JUN 1988
23...

AUG
30...

Table
t

SIMA-
ZINE
TOTAL

(UG/L)

(38055)

<0.10
<0.10
<0.10

<0.10
STATION

<0.10

13.--Water-quality data for rec aissance inves on s 1in,
1le Fourche Rec vest ~~Continued
MISCELLANEOUS STATION ANALYSES
METRI-
ALA- BUZIN
PROME- PROME-  ATRA~ CHLOR CYAR- WATER
TONE TRYNE ZINE, SEVIN, TOTAL AZINE AME-~ WHOLE
TOTAL TOTAL TOTAL TOTAL RECOVER TOTAL TRYNE TOT.REC
(UG/L) (UG/L) (UG/L) (UG/L) (UG/L) (UG/L) TOTAL (UG/L)
(38056) (38057) (39630) (38750) (77625) (81757) (82184) (82611)

STATION 06436760, HORSE CR ABOVE VALE SD
<0.1 <0.1 <0.10 -
<0.1 <0.1 0.20 <0.50
<0.1 <0.1 0.10 <0.50
<0.1 <0.1 <0.10 <0.50

06436850, NORTH CANAL NR FRUITDALE,
<0.1 <0.1 0.10 <0.50
<0.1 <0.1 0.10 <0.50

<0.10

77

(LAT 44 38 08N
<0.10 <0.
0.30 <0.
<0.10 <0.
<0.10 <0.
sD
<0.10 <.
<0.10 <0.

LONG 103
10 <0.
10 <0.
10 <0.
10 <0.

[y
©
A
(<]

-
o
A
o

21

10
10
10
10

(LAT 44 44 12N LONG 103

[
[+

[
(=]

50W)

<0.1
<0.1
<0.1
<0.1

40 19W)

A
[+]
[y

A
o
-

(82612)

44 10N LONG 103 40 10W)

<0.1
<0.1
<0.1
<0.1

A
w
-

A
o
.
-



DATE

JUN 1988
21...
AUG

30...

AFR 1988
27...
JUN
22...
AUG
28...
oCT
26...

AFR 1988
28...

Table

ng o
nued

MISCELLANEOUS STATION ANALYSES

BARO- DIS-

METRIC CHARGE,

PRES- INST.
TEMPER- TEMPER- SURE  CUBIC .
ATURE ATURE (] YEET p1s-
TIME  WATER AIR OF PER VED
(DEG C) (DEG C) BG) SECOND  (MG/L)
(00010) (00020) (00025) (00061) (00300)
STATION 06436950, MEADE LATERAL NR VALE, SD (LAT 44
1200 24.5 34.5 687 6.0 7.4
1240 19.0 27.5 -- 0.03 10.3
STATION 06437000, BELLE FOURCHE R NEAR STURGIS SD (LAT
1430 13.5 - 693 61 10.9
1345 26.5 37.0 694 225 7.4
1000 15.0 21.5 700 250 9.6
1200 6.0 7.0 -- 42 112.9

;

OXYGEN, SPE-
DIS- SPE- CIFIC
SOLVED CIFIC CON-
(PER- CON- DUCT- PH
CENT DUCT- ANCE (STAND-
SATUR- ANCE LAB ARD
ATION) (US/CM) (US/CM) UNITS)
(00301) (00085) (80085) (00400)

36 20N LONG 103 16 00W)

99 1300

1580

1440

1510

44 30 47N LONG 103 08 11W)

116 1870 1880
103 1910 1840
104 2050 1870
-= 2490 2460

|
STATION 06438700, SULPHUR CREEK NEAR NEWELL, SD (QAT 44 52 30N LONG 102 47 30W)
|

1110 9.0 19.5 693 0.07

78

89 4310 5090

8.05
8.44

8.45
8.23
8.38
8.10

8.58



Table 13.--Water-quality data for reconnaissance investigation sampling of
the Belle Fourche Reclamation Project investization area, 1088

ch at ct_inv 88--Continued
MISCELLANEOUS STATION ANALYSES
NITRO-

GEN, MAGNE- SODIUM ALKA- POTAS-

PH NO2+NO3 CALCIUM SIUM, SODIUM, AD- LINITY SIUM,
LAB DIS- DISs- DIS- DIS- SORP- LAB DIS-

(STAND- SOLVED SOLVED SOLVED SOLVED TION (MG/L SOLVED
DATE ARD (MG/L (MG/L (MG/L (MG/L RATIO SODIUM AS (MG/L
UNITS) AS N) AS CA) AS MG) PERCENT AS X)

AS NA) CACO3)
(00403) (00631) (00815) (00925) (00830) (00931) (00832) (80410) (00935)

STATION 06436950, MEADE LATERAL RR VALE, SD (LAT 44 36 20N LONG 103 16 00W)
JUN 1988

21... 8.10 0.120 190 57 54 0.9 14 123 6.4
AUG
30... 8.10 <0.100 190 62 7 1 17 103 6.8

STATION 06437000, BELLE FOURCHE R NEAR STURGIS SD (LAT 44 30 47N LONG 103 08 11W)

AFR 1988

27... 8.30 1.00 160 96 130 2 26 166 7.8
Jgg.. . 8.30 0.440 210 a3 120 2 22 109 8.2
Agg. . 8.30 0.380 230 96 120 2 21 148 8.1
ng ces 8.10 1.00 250 130 170 2 24 189 11

STATION 06438700, SULPHUR CREEK NEAR NEWELL, SD (LAT 44 52 30N LONG 102 47 30W)
APR 1988

28. 8,30 <0.100 160 280 240 3 25 221 11

79

CHLO-
RIDE,
DIS-
SOLVED
(MG/L
AS CL)
(00940)

5.9
13

24
15
17
28

25



MISCELLANEOUS STATION ANALYSES

CHRO- MOLYB-  VARA-
SULFATE ARSENIC BORON, CADMIUM MIUM, COPPER, LEAD, DENUM, DIUM, ZINC,
DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS-

SOLVED SOLVED SOLVED SOLVED SOLVED LVED SOLVED SOLVED SOLVED SOLVED

DATE (MG/L (UG/L (UG/L (UG/L (UG/L (YG/L (UG/L (UG/L (UG/L (UG/L
AS SO4) AS AS) AS B) AS CD) AS CR) CU) ASPB) ASMO) ASV) AS ZN)

(00945) (01000) (01020) (01025) (01030) (O ‘ 040) (01048) (01060) (01085) (01080)

STATION 06436850, MEADE LATERAL NR VALE, SD (LAT 44 36 20N LONG 103 16 00W)

JUN 1988

21... 730 1 140 <1 2 <1 <5 11 1 6
AUG

30... 800 1 160 <1 <1 1 <5 7 <1 16

STATION 06437000, BELLE FOURCHE R NEAR STURGIS SD|(LAT 44 30 47N LONG 103 08 11W)

920 7 250 <1 <1 3 <5 3 <1 5
JUN
22... 1100 1 280 <1 2 1 <5 7 2 5
AUG
29... 1100 16 270 <1 2 1 <5 6 <1 23
oCT
26... 1400 ] 400 <1 2 4 <5 4 <1 20

STATION 06438700, SULPHUR CREEK NEAR NEWELL, SD (LAT 44 52 30N LONG 102 47 30W)

28... 3100 2 430 <1 <1 1 <5 2 <1 <10

80




Tab

MISCELLANEOUS STATION ANALYSES
SOLIDS, SOLIDS,

SELE- RESIDUE SUM OF URANIUM TRI-

NIUM, AT 180 CONSTI- MERCURY NATURAL FLURA-

DIS- DEG. C TUENTS, DIS- DIS- PRO- LIN METHO-

SOLVED DIS- DIS- SOLVED SOLVED PAZINE TOTAL MYL PROPHAM

DATE (UG/L SOLVED SOLVED (UG/L (UG/L  TOTAL RECOVER  TOTAL TOTAL
AS SE) (MG/L) (MG/L) AS HG) AS U) (UG/L) (UG/L)  (UG/L)  (UG/L)
(01145) (70300) (70301) (71890) (22703) (39024) (39030) (39051) (398052)

STATION 06436950, MEADE LATERAL NR VALE, SD (LAT 44 36 20N LONG 103 16 00W)

JUN 1988
21... 3 1180 1120 <0.1 7.8 <0.10 <0.10 <0.5 <0.5
AUG
30.. 2 1310 1200 <0.1 8.0 <0.10 <0.10 <0.5 <0.5
STATION 06437000, BELLE FOURCHE R NEAR STURGIS SD (LAT 44 30 47N LONG 103 08 11W)
AFR 1088
27... 3 1560 1440 <0.1 8.5 <0.10 <0.10 <2.0 <2.0
JUN
22.. 4 1680 1610 <0.1 8.7 <0.10 <0.10 <0.5 <0.5
AUG
29.. 5 1740 1670 <0.1 11 <0.10 <0.10 <0.5 <0.5
oCT
26. 3 2210 2110 <0.1 16 <0.10 <0.10 <0.5 <0.5
STATION 06438700, SULPHUR CREEK NEAR NEWELL, SD (LAT 44 52 30N LONG 102 47 30W)
APR 1988
28... 3 4640 3950 0.3 11 - -- - --

81

(UG/L)
(39054)

<0.1
<0.1

<0.1
<0.1
<0.1

<0.1



DATE

JUN

1988

21...

1988

Table 13.--Wat ling o
anﬂmmmmmw -Continued

MISCELLANEOUS STATION ANALYSES

smMa-
ZINE
TOTAL

(UG/L)

(39055)

STATION 06436950, MEADE LATERAL NR VALE, SD (LAT 44

<0.10
<0.10

STATION 06437000, BELLE FOURCHE R NEAR STURGIS SD

<0.10
<0.10
<0.10
<0.10

TONE
TOTAL
(UG/L)

(39056)

<0.1
<0.1

<0.1
<0.1
<0.1
<0.1

(UG/L)
(39057)

<0.1
<0.1

<0.1
<0.1
<0.1
<0.1

ATDA
fninn

ZINE,

TOTAL

(UG/L)
(39630)

0.10
0.10

<0.10
0.30
0.10
<0.10

SEVIN,

TOTAL

(UG/L)
(39750)

<0.50
<0.

<2.
<0.
<0.
<0.

50

0

50
50
50

STATION 06438700, SULPHUR CREEK NEAR NEWELL,

82

METRI-

-~ BuzIN
WwinANT nalon

AL  AZINE AME- WHOLE
TOTAL TRYNE TOT.REC

(UG/L) (UG/L) TOTAL (UG/L)
(77825) (81757) (82184) (82611)

<0.10
<0.10

(LAT 44

<0.10
0.30
<0.10
<0.10

SD (LAT 44 52 30N LONG 102

36 20N LONG 103 16 00W)

<0.10 <0.10 <0.1
<0.10 <0.10 <0.1
30 47N LONG 103 08 11W)
<0.10 <0.10 <0.1

0.50 <0.10 <0.1
<0.10 <0.10 <0.1
<0.10 <0.10 <0.1

47 30W)

METOLA-
CHLOR

WATER
WHOLE
TOT.REC
(UG/L)
(82612)

<0.1
<0.1

<0.1
<0.1
<0.1
<0.1



Table 14.--Water-quality data for additional sampling of the Belle Fourche
Recl

[Number in parentheses in column heading is parameter code identification.

be

7

88
DEG C,

degrees Celsius; MM, millimeters; MG/L, milligrams per liter; US/CM, microsiemens
per centimeter at 25 °C; UG/L, micrograms per liter; --, no data; <, less than]

DATE TIME
STATION
OCT 1087
05... 1345
Nov
ge... 1830
DEC
17... 1415
FEB 1088
02.. 1515
MAR
21.. 1630
JUN
13... 1230
AUG
09.. 1530
SEP
06.. 1145
oCT
19.. 1430
Nov
29... 1345
JAN 108¢
19... 1315
MAR
13.. 1530
AFR
25.. 1200

MTYSCELT ANENIS S
MU A

TEMPER- TEMPER-

ATURE

WATER
(DEG C)
(00010)

ATURE
AIR
(DEG C)
(00020)

ATTON ANAT YSFS
Saa ANSEY suavesas s msares

BARO- DIS-
METRIC CHARGE,
PRES-  INST.
SURE CUBIC OXYGEN,
oM FEET DIS-
OF PER SOLVED
HG) (MG/L)
(00025) (00061) (00300)

068434500, INLET CANAL NEAR BELLE FOURCHE (LAT

12,

o~
.
(=]

23.
26.
17.
11.

11,

o O o

OOO;&MOMMOOO

8.0

281
78
73
49

161

142

133

704

143

83

OXYGEN, SPE-
DIS- SPE- CIFIC
SOLVED CIFIC CON-
(PER- CON- DUCT- PH
CENT DUCT- ANCE (STAND-
SATUR- ANCE LAB ARD
ATION) (US/CM) (US/CM) UNITS)
(00301) (00095) (800985) (00400)
44 42 14N LONG 103 49 23W)

-- 1400 1380
-- 1340 1310
-- 1390 1430
-- 1380 1390
-- 1350 1370
- 1800 1550
- 1520 1500
- 1480 1550
- 1300 1260
- 1260 1270
- 1190 1200
- 670 664
- 1380 1370

(-
»
(-]

(-
.

(7
(=]

8.40
8.40
8.30
8.40
8.50
8.50
8.40
8.40
8.20
8.40



Table 14 --Watsr-gquality data for additional sampling of the Bslls Fourchs Rsclamation
ct ct D 989--Continued
MISCELLANEOUS STATION MYSES
NITRO- '
GEN, MAGNE- SODIUM ALKA-  POTAS- -
PH NO2+NO3 CALCIUM SIUM, SODIUM, AD- LINITY SIUM, RIDE,
LAB DIS- DIS- DI1s- DIS- SORP- LAB DIS- DIS-
(STAND- SOLVED SOLVED SOLVED SOLVED TION (MG/L SOLVED SOLVED
DATE ARD (MG/L (MG/L (MG/L (MG/L RATIO SODIUM AS (MG/L (MG/L
UNITS) AS N) AS CA) AS MG) A8 NA) | PERCENT CACO3) AS K) AS CL)

(00403) (00631) (00915) (00925) (00930) (00‘31) (00832) (90410) (00935) (00840)

|
STATION 06434500, INLET CANAL NEAR BELLE FOURCHE (LA 44 42 14N LONG 103 49 23W)
OCT 1987 ’
05.. 8.20 0.210 240 53 27 io 4 7 178 7.3
Nov ‘
08.. 8.30 0.230 220 54 26 0.4 7 128 3.1
DEC |
17... 8.10 0.430 220 51 29 10.5 8 154 3.3
FEB 1988
02... 8.10 0.540 270 53 11 0.2 3 243 2.9
MAR
21.. 8.10 0.290 200 50 47 0.8 13 182 5.5
JUN
13.. 8.30 <0.100 150 53 130 ‘2 32 161 9.6
AUG
09.. 8.40 <0.100 120 51 140 3 37 159 11
SEP
086.. 8.20 <0, 100 120 55 150 3 38 164 10
ocT
is. 8.10 .180 200 53 31 8.5 8 192 3.8
NOV
29... 8.20 0.480 200 50 21 0.4 6 214 2.9
JAN 1889
18... 8.10 0.820 180 45 15 0.3 5 217 2.6
MAR
13.. 7.60 0.350 87 22 20 0.5 12 107 5.2
APR
25.. 8.10 0.170 220 52 30 0.5 8 191 3.8

84

26
29
31

(-]
(-]

w W oo uw o
W N N O -

> w w o
. . . .
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Table 14, --Water-quality data for additional sampling of the Belle Fourche Reclamation

Project investigation area, October 1887 through April 1989--Continued
MISCELLANEOUS STATION ANALYSES
CHRO- MOLYB-  VANA-
SULFATE ARSENIC BORON, CADMIUM MIUM, COPPER, LEAD, DENUM, DIUM, ZINC,
DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS-
SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED
DATE (MG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L

AS S04) AS AS) AS B) ASCD) ASCR) ASCU) ASPFB) ASMO) ASYV) AS 2N)
(00945) (01000) (01020) (01025) (01030) (01040) (01049) (01060) (01085) (01090)

STATION 06434500, INLET CANAL NEAR BELLE FOURCHE (LAT 44 42 14N LONG 103 49 23W)

OoCT 1987

05... 640 - 90 - - - - - - -—
NOV

09... 570 -- 90 -- - - . - - -—
DEC

17... 610 - 100 - - - - - - -
FEB 1988

02... 620 - 60 - - - - - - -
MAR

21... 640 - 110 - - - - - - -
JUN

13... 690 1 210 <1 2 2 <5 6 <1 150
AUG

09... 660 - 180 - - -- - -— - -
SEP

06... 680 . - 190 - - - - - - -
oCT

19... 550 - 100 - - - -— - -— -
NOV

29... 570 - 80 - - - - - - -
JAN 1989

19... 500 - 70 - - - - - - -
MAR

13... 240 <1 70 <1 2 4 <5 'y 2 35
APR

25 6830 - 110 - - - - - - -
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DATE

STATION 06434500, INLET CANAL NEAR BELLE FOURCHE JLAT 44 42 14N LONG 103 48 23W)

oCT 1
05..
NOV

FEB 1

887

ses

MISCELLANEOUS
SOLIDS,
SELE- RESIDUE
NIUM, AT 180
DIS- DEG. C
SOLVED DIs-
(UG/L SOLVED
AS SE) (MG/L)
(01145) (70300)

STATION ANALYSES

SOLIDS,
SUM OF
CONSTI-
TUENTS,
DIS-
SOLVED
(MG/L)
(70301)

1080

966
1030
1120
1070
1160
1110

86

AS EG)
(71880)
|

|
|
|
|
|
|
|
i

URANIUM
NATURAL
DIS-
SOLVED
(UG/L
AS U)
(22703)



Table 14.--Wat

DATE

TIME

MISCELLANEOUS STATION ANALYSES

BARO- DIS-
METRIC CHARGE,
PRES- INST.

TEMPER- TEMPER- SURE CUBIC OXYGEN,
ATURE ATURE (M FEET DIS-
WATER AIR OF PER SOLVED
(DEG C) (DEG C) HG) SECOND  (MG/L)
(00010) (00020) (00025) (00061) (00300)

OXYGEN,
DIS-
SOLVED
(PER-
CENT
SATUR-
ATION)
(00301)

SPE-
CIFIC
CON-
DUCT-
ANCE
(US/CM)
(00095)

SPE-
CIFIC
CON-

DUCT- PH
ANCE (STAND-
LAB ARD
(US/CM) UNITS)
(90095) (00400)

STATION 06436760, HORSE CR ABOVE VALE SD (LAT 44 39 08N LONG 103 21 58W)

1030
1100
1115
1745
1130
0900
1030
0830
1030
1045

6.5 5.0 - 4.2 ==
4.0 11.5 -- 3.4 ==
0.0 0.0 -- 2.4 -
0.0 -9.0 -- 1.5 -
0.5 4.0 -- 2.4 ==
18.0 16.0 - 78 -
22.5 31.5 - 66 ==
16.0 14.5 - 52 ==
0.0 5.5 == 2.4 ==
1.0 12.5 -- 2.4 ==
0.5 -8.5 -- 2.1 -
5.0 12.0 -- 132 ==
4.0 1.5 == 16 ==

87

3800
4500
5500
5430
1880
1920
1950
4980
5600
5350
2290
3860

3750
4600
5660
6660
4980
1870
1970
1990
5250
6000
5310
2290
3900

8.40
8.30
8.10
7.80
8.00
8.21
8.20
8.30
8.10
7.98
8.20
8.10
8.40



Table 15.--Water-§falit§ data for addffifgif sffflifg of bgo Efllo Fourche Reclamation
Project investigation area, Octob 1987 thrpugh April 1989--Continued

DATE

OCT 1987

PE

LAB
(STAND-

ARD
UNIIS)
(00403)

STATION 06436760, HORSE CR ABOVE VALE SD (LAT

8.10
8.20

NITRO-
GEN,

PEYN

NOZ+NO3
DIS-
SOLVED
(MG/L
AS N)
(00631)

- O o

-

<0.
<0.

© O O = o

.300
. 420
.10
.80

.870

100
100

.860
.20

.9890
.830
.180

MISCELLANEOUS STATION ANALYSES

maw mereme

LALL1IUM

DIS-

SOLVED

(MG/L
AS
(00915

CA)

)

MAGNE-

SIUM,
DI1Ss-
SOLVED
(MG/L
AS MG)
(00925)

100
310
360
330

96
230

AS NA)
(00930)

88

SODIUM
AD-

TION
m;'Io

4
5
6

~

> o @ o N N N o

)

SODIUM

34
37
39
41
38
21
22
23
37
43
38
38
39

ALKA-
LINITY
LAB

(MG/L
AS

| PERCENT  CACO3)
(00931) (00932) (90410)

183
245
303
117
391
161
159
150
408
513
435
133
247

POTAS-
SIUM,

DIS

SOLVED

(MG/L
AS X)

(00935)

44 39 08N LONG 103 21 59W)

@ ©® N O O © N o™

- -
= M = e O
.

o > © N O W W o

CHLO-
RIDE,
DIS-
SOLVED
(MG/L
AS CL)
(00940)

52
78
110
130
750
14
16
17
85
100
89
54
63



9--Continued
MISCELLANEOUS STATIOR ANALYSES

CHRO- MOLYB-  VANA-
SULFATE ARSENIC BORON, CADMIUM MIUM, COPPER, LEAD, DENUM, DIUM, ZINC,
DIS-’ DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS-
SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED
DATE (MG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L

AS SO4) AS AS) AS B) ASCD) ASCR) ASCU) ASPB) ASMO) ASV) AS ZN)
(00945) (01000) (01020) (01025) (01030) (01040) (01048) (01060) (01085) (01080)

STATION 06436760, HORSE CR ABOVE VALE SD (LAT 44 39 08N LONG 103 21 S8W)

OCT 1887

16... 2100 2 720 <1 L} 2 <5 2 <1 40
NOV

08... 2500 -- 920 - - -- - - -- -
DEC

18... 3400 -- 1200 -- - - - -- - -
FEB 1088

03... 4000 -- 1500 -- -- -- -- -- -- --
MAR

18... 2900 - 930 -- -- -- -- -- -- -
JUN

14... 950 1 270 <1 2 2 <5 6 1 70
AUG

15... 1000 - 290 - - - - -- - -
SEP

06.. 1100 -- 290 - -- -- - -- -- --
NOV

30... 3io00 <i 1100 <1 2 i <5 1 2 <10
JAN 1988

20... 3700 - 1300 -- - -- - -- -- --
FEB

28.. 3200 <1 1100 -- 2 -- -- -- -- 10

31.. 1200 - 290 -- -- - - -- - --

28.. 2200 -- 700 e -- -- -- -- - --

89



MISCELLANEOUS STATION MYSIS
SOLIDS, SOLIDS,
SUM OF

SELE- RESIDUE URANIUM
NIUM, AT 180 CONSTI- KATURAL
DIS- DEG. C TUENTS, DIS- DIS-
SOLVED DIS- DIS- VED SOLVED
DATE (UG/L SOLVED  SOLVED UG/L (UG/L
AS SE) (MG/L) (MG/L) BG) AS V)
(01145) (70300) (70301) (71890) (22703)
STATION 06436760, HORSE CR ABOVE VALE SD (LAT |44 38 O8N LONG 103 21 58W)
OCT 1087
16... 6 - 3140 - -
NOV
09... -- -- 3770 - -
DEC
18... -- - 4970 - -
FEB 1888
03... - -- 5970 -- -
MAR
18... - -- 5040 -- --
JUN
14... 1 -- 1480 -- -
AUG
15... -- -- 1560 - --
SEP
06... - -- 1670 - --
NOV
30... 13 -- 4710 -- -
JAN 1989 :
20... -- -- 5740 - --
FEB
28... 14 - 4880 <0.1 --
MAR
3l... -- -- 1840 - -
AFR ‘
28... - -- 3350 -- --

90




DATE

TIME

MISCELLANEOUS STATION ANALYSES

BARO- DIS-
METRIC CHARGE,
PRES- INST.

TEMPER- TEMPER- SURE CUBIC  OXYGEN,
ATURE ATURE (L FEET DIS-
WATER AIR OF PER SOLVED
(DEG C) (DEG C) HG) SECOND  (MG/L)
(00010) (00020) (00025) (00061) (00300)

STATION 06437000, BELLE FOURCHE R NEAR STURGIS SD (LAT

OCT 1987

1345
1035
1420
1550
1440
1715
1625
1310
1435
1200

8.0 9.5 698 - 11.9
0.0 0.0 696 -- 12.1
0.0 11.0 687 -- 8.8
0.5 13.0 6985 -- 10.6
13.5 14.5 693 -- 10.9
20.0 22.5 701 - 8.0
20.5 18.5 699 -- 8.9
25.0 32.0 702 -- 9.4
17.0 21.5 696 -- 9.2
13.5 18.5 - 3.15 -
0.0 0.0 - 3.08 -
0.0 10.0 - 3.92 --
0.0 -10.0 -- 3.94 -
8.0 11.0 - 3.68 --

91

OXYGEN, SPE-
DIS- SPE- CIFIC
SOLVED CIFIC CON-
(PER- CON- DUCT- PH
CENT DUCT- ANCE (STAND-
SATUR- ANCE LAB ARD
ATION) (US/CM) (US/CM) UNITS)
(00301) (00085) (90085) (00400)
44 30 47N LONG 103 08 11W)
111 2320 2440 8.40
82 2560 2670 8.38
67 2820 2840 7.71
81 == 4010 8.34
116 1870 1870 8.45
108 2750 2790 8.31
109 1790 1120 8.48
125 1930 1940 8.40
105 2240 2230 8.34
- 2480 2460 8.40
- 2870 2950 8.40
== 3000 2900 8.07
- 2350 2330 8.10
- 2350 2380 8.30



DATE

" ocT 1987
23...

JAN 1988

UNITS)
(00403)

STATIOR 06437000, BELLE FOURCHE R NEAR STURGIS SD (LAT 44 30 47N

8,
8.
7.
7.
8.

ON N O ® o ® o N

10
20
70
80
20

.80
.30
.00
.30
.20
.00
.90

.80
.00

)
(00631)

1.60
2.90
3.00
5.40
1.00
11.0
0.270
0.780
0.920
4.40
2.60

2.80
6.20

CALCIUM

DIS-

MISCELLANEOUS STATION ANALYSES

SOLVED

(MG/

L

AS CA)

(0081

230
230
280
180
160
150

180
230
270
290
320

240
160

5)

MAGNE-
SIUM,
DIS-

SOLVED

(MG/L
AS MG)
(00925)

120
130
135
150

21
120

89
110
140
160
150

120
100

SODIUM,

DIS-

SOLVED
(MG/L
NA)

AS
(00830)

180
210
190
550
130
350

110
150
170
240
200

170
270

92

SODTUM

TION
RA‘IO

(00931)

SODIUM

PERCENT
(00932)

27
29
25
53
27
46
22
24
22
27
23

25
42

ALKA- POTAS-
LINITY SIUM,
LAB DIS-
(MG/L SOLVED
AS (MG/L
CACO3) AS K)
(80410) (00935)

LONG 103 08 11W)

110 7.7
116 7.7
235 10
176 10
166 7.0
136 8.6
148 -
132 8.7
166 11
182 22
274 10
322 11
250 8.4
140 8.7

AS CL
(0084

23
30
34
55
17
40

)
0)



Table 14.--Water-quality data fo ditional s 4 the Belle Fourche Reclamatio
roject investigati a b hrou; 9--Continued
MISCELLANEOUS STATION ANALYSES
CHRO- MOLYB-  VANA-
SULFATE ARSENIC BORON, CADMIUM MIUM, COPPER, LEAD, DENUM, DIUM, ZINC,
DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS-

SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED

DATE (MG/L  (UG/L  (UG/L  (UG/L  (UG/L  (UG/L  (UG/L  (UG/L  (UG/L  (UG/L
AS SO4) ASAS) ASB) ASCD) ASCR) ASCU) ASPB) ASMO) ASV)  AS ZN)
(00945) (01000) (01020) (01025) (01030) (01040) (01049) (01060) (01085) (01080)
STATION 06437000, BELLE FOURCHE R NEAR STURGIS SD (LAT 44 30 47N LONG 103 06 11W)
oCT 1987
23... 1200 8 390 <1 3 2 <5 2 <1 <10
NOV
17... 1500 6 400 <1 - <1 -- - -- <10
JAN 1988
29... 1400 5 400 <1 - 2 -- -- -- 10
MAR
26.. 2100 5 230 <1 2 4 <5 2 <1 10
APR
27.. 920 8 250 - -- - -- - -- 6
MAY
10.. 1400 1 250 <1 -- 3 -- -- -- <10
JUN
30.. -- 1 - -- -- - -- -- -- <10
JUL
21.. 1000 12 270 -- -- -- -- -- -- 17
SEP
22.. 1200 10 - -- -- - - -- - 20
ocT
20.. 1400 10 420 <1 1 1 <5 4 <1 <10
NOV
28... 1600 -- 400 -- -- -- -- -- -- --
JAN 1989
20... 1500 -- 420 -- -- -- -- -- -- -
MAR
01... 1200 5 310 - 2 - -- -- -- 10
30... 1200 <1 260 <1 <1 2 <5 1 <1 <10

93



in.d v

MISCELLANEOUS STATION ANALYSES
SOLIDS, SOLIDS,

SELE- RESIDUE SiM OF URANTINM
NIUM, AT 180 CONSTI- MERCURY KATURAL
DIS- DEG. C YUENTS, | DIS- DIS-
SOLVED  DIS- DIS- LVED  SOLVED
DATE (UG/L  SOLVED SOLVED (UG/L (UG/L
AS SE) (MG/L) (MG/L) BG) AS U)
(01145) (70300) (70301) (71890) (22703)
STATIOR 06437000, BELLE FOURCHE R NEAR STURGIS SD (LAT 44 30 47N LONG 103 08 11W)
OCT 1987
23... 3 2160 1840 - -
Nov
17... - 2440 2180 <0.1 -
JAN 1988
29... - 2600 2220 <0.1 -
MAR
26... 34 3470 3180 <0.1 -
AFPR
27... -- - 1430 -- --
MAY
10... -- 2290 2200 <0.1 -
JUN
30.. - - - - -
JUL
21.. -~ -- 1490 - -
SEP
22 - - 1830 - --
oCT
20.. 4 - 2150 - -
NOV
28,.. -~ -~ 2530 - --
JAN 1989
20... -- - 2420 - --
MAR
o1.. 6 - 1840 <0.1 -
30.. 14 -- 1800 - -

94
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