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CONVERSION FACTORS

For readers who may prefer to use inch-pound units rather than
International System (SI) units or International System units rather than
inch-pound units, the conversion factors for the terms in this report are
listed below:

Multiply By To obtain
centimeter (cm) 0.06102 inch

gram (g) 0.0022 pound

kilometer (km) 0.6214 mile

liter (L) 0.2642 gallon

meter (m) 3.281 foot

milligram (mg) 0.0000353 ounce

millimeter (mm) 25.4 inch

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

foot per second (ft/s) 0.3048 meter per second
inch 25.4 millimeter

mile (mi) 1.609 kilometer

Convert degrees Celsius (°C) to degrees Fahrenheit (°F) by using the formula:

°F = 1.8°C + 32.
Additional abbreviations:

counts/us counts per microsecond

g/L gram per liter

g/m? gram per square meter
rg/g microgram per gram
Lg/L microgram per liter
Lm micrometer

M micrcmoles

us microsiemens

mg/L milligram per liter
mL milliliter

mL/min milliliter per minute
mM millimoles

mM/g millimole per gram
mv millivolts

Use of brand names is for descriptive purposes only and does not constitute
endorsement by the U.S. Geological Survey.

vii



U.S. GEOLOGICAL SURVEY APPLIED RESEARCH STUDIES OF THE
CHEYENNE RIVER SYSTEM, SOUTH DAKOTA: DESCRIPTION AND

COLLATION OF DATA, WATER YEARS 1987-88

Edited by Kimball E. Goddard

ABSTRACT

The Cheyenne River system in western South Dakota has been impacted by
the discharge of about 100 million metric tons of gold-mill tailings to
Whitewood Creek near Lead, South Dakota. 1In April 1985, the U.S. Geological
Survey initiated an extensive series of research studies to investigate the
magnitude of the impact and to define important processes acting on the
contaminated sediments present in the system. The report presents all data
collected during the 1987 and 1988 water years for these research studies.
Data collected in the 1985 and 1986 water years have been published in a
companion report (Goddard, 1988).

Hydrologic, geochemical, and biologic data are available for sites on
Whitewood Creek, the Belle Fourche and Cheyenne Rivers, and for the Cheyenne
River arm of Lake Oahe. Data complexity varies from routine discharge and
water-quality to very complex .photon-correlation spectroscopy and energy-
dispersive x-ray analysis. Methods for sample collection, handling and
preservation, and laboratory analysis are also presented. No interpretations
or complex statistical summaries are included.

INTRODUCTION

Beginning in the 1960’'s, people became more aware of the serious
environmental hazard and economic damage that could result from the continued
use of our Nation‘’s rivers and streams for waste disposal. Resulting
legislation, such as the Federal Water Pollution Control Act Amendments of
1972 (P.L. 92-500), the Toxic Substances Control Act of 1976 (P.L. 97-469),
and the National Pollutant Discharge Elimination System (NPDES) Permit
Program provided the impetus for a nationwide cleanup of rivers and streams.
As a result, the quality of the Nation’s rivers and streams has improved sub-
stantially in several respects, reflected by increased dissolved-oxygen
concentrations and decreased bacterial populations, that are largely
attributable to measures for controlling point-source discharges and the
construction or improvement of wastewater-treatment facilities. However,
numerous other water-quality issues remain and the focus of concern is
shifting from sewage disposal to control of potentially more hazardous wastes
such as toxic metals and synthetic organic compounds.

Recent studies on the geochemical reactions of toxic metals and
synthetic organic compounds in river and stream systems have demonstrated
that these constituents are commonly associated with river or stream
sediments. The extremely low solubilities of some metals, such as mercury
and lead, in normal stream water and the affinity of many synthetic organic
compounds for sediments, generally result in very small to undetectable
dissolved concentrations of these constituents in surface water. However,
these constituents may accumulate in bottom sediments in sufficiently large
concentrations so as to allow uptake by aquatic plants, benthic organisms, or
bottom-feeding fish. Although toxic constituents concentrated in bottom
sediments may be isolated from the environment for long periods by burial,

1



|
they can be exposed and transported during flpods. It is clear that the
adsorption of hazardous constituents onto channel bottom sediments exacer-

bates the difficulty of understanding the processes responsible for the
movement and fate of these constituents in river systems.

In 1985, the U.S. Geological Survey initiated the Toxic Substances in
Surface Waters and Sediments Thrust Program. The program is designed to: (1)
define the occurrence of toxic substanceg in water, sediment, and biota, (2)
conduct research on the transport of toxic substances, and (3) conduct
research to improve sampling and analytical methods. 1In April 1985, the
Cheyenne River basin in western South Dakota was selected for study. Inves-
tigative efforts at the study site are cooperatively divided between District
and National Research Program personnel. |

)

Problgm

About 100 million metric tons of finely %found gold-mill tailings were
discharged into Whitewood Creek near Lead, South Dakota, between 1876 and
1977. The tailings contained substantial concentrations of arsenic, mercury,
and other trace elements resulting in widespread contamination of the
alluvial sediments along Whitewood Creak and the Belle Fourche and Cheyenne

Rivers (figs. 1 and 2). The primary contaminant is arsenic derived from, or
still present as, the sulfide mineral arsenopyrite (FeAsS), a gangue mineral
common to the gold-bearing deposits at Lead. The trace elements antimony,
cadmium, copper, iron, manganese, mercury, and silver also are associated
with the mill tailings and are present in the contaminated alluvial
sediments. !

The gross contamination of Whitewood Creek and the downstream rivers was
alleviated by the discontinuance of tailings discharge in December 1977.
However, the huge deposits of contaminated sediments present along Whitewood
Creek and the Belle Fourche and Cheyenne Rivers continues to degrade surface
water and ground water in the affected portion of the Cheyenne River basin.
Because the contaminated sediment deppsits ﬁere formed by natural surface
flow, the contaminated sediments are subject to resuspension and downstream
movement, particularly during periods of high discharge when sediment enters
the flow from streambed scouring, bank collapse, or by input from overland
runoff. Suspended-sediment samples cdllected from Whitewood Creek and the
Belle Fourche and Cheyenne Rivers since 1977 continue to have unusually large
concentrations of total arsenic, iron, and manganese. Dissolved arsenic,
thought to be derived from alluvial ground-water and desorbed from streambed
material, is present in substantial ¢oncentrations in Whitewood Creek.
Portions of the alluvial aquifers along itewoad Creek and the Belle Fourche
River are contaminated by leachate derived from overlying contaminated
sediment deposits.

d other trace element contamination
ented by previous investigations,
. It is apparent that the original

Although the magnitude of arsenic
in the Cheyenne River basin has been doc
many process-oriented guestions remai
gource of arsenic contamination was arsenopyrite present in the tailings
discharge at Lead. The current source of contamination is much less obvious
because of the dispersed nature of the contaminated sediments. How much of
the originally discharged material rewmains in the basin, how much of the
arsenic mass still exists as arsenopyrite, what mechanisms are responsible
for arsenic transport, and what are the nual rates of downstream transport,
are all questions that remain to be answered. n addition, although it has
been documented that dissolved arsenic is present in substantial concentra-
tions in some ground water and in Whitewood Creek, the source of the
dissolved arsenic, and the factors ontroiling the dissolved arsenic
concentration, are also not currently understood.
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Table l.--Nameg of data-collection siteg digscussed in text.
Location of sites 1 to 16 shown in fiqure 1;

location of sites 17-30 shown in fiqure 2

[Q, continuous discharge; SW, surface-water chemistry; S,

suspended-sediment chemistry; BM, bottom-material chemistry;
AS, alluvial-sediment chemistry; B, biologic]

Site Data Report
number Site name type chapter
1 Whitewood Creek above Lead BM,B B,G
2 Yellow Creek near Kirk Power Plant SW,BM B,D
3 Whitewood Creek above Gold Run SW,BM,B B,E,G
4 Gold Run Creek at mouth SW,BM B,D,E

5 Whitewood Creek below Gold Run B G

6 Lead-Deadwood Sewage Treatment Plant (STP) SW D

7 Whitewood Creek below STP B E

8 Whitewood Creek below Deadwood BM B

9 Whitewood Creek above Whitewood Q,SW,S,BM B,D
10 Whitewood Creek near Whitewood BM B

11 Whitewood transect one (WW1l) AS B

12 Berger site BM,AS B,F
13 Whitewood Creek at Custer Camp SW E

14 Whitewood Creek above Vale Q,SW,S,BM,B B,D,E
15 Whitewood transect two (WW2) AS B

16 Sheeler site BM,B B,C,G
17 Spearfish Creek B G

18 Belle Fourche River below Nisland S B

19 Belle Fourche River at Vale AS A

20 Belle Fourche transect one (BFl) ASs B
21 Belle Fourche River at old Vale bridge BM,AS B

22 Horse Creek above Vale SW D,E
23 Belle Fourche River below Vale BM, AS B

24 Belle Fourche River near Sturgis Q,SW,S,BM,AS A,B,D
25 Belle Fourche transect three (BF3) AS B

26 Belle Fourche River near Hereford BM, AS A,B
27 Belle Fourche River near Elm Springs Q,SW,S,BM,AS A,B,D
28 Cheyenne River near Wasta SW, S B,D
29 Cheyenne River transect one (CR1l) AS B

30 Cheyenne River at Cherry Creek Q,SW,S,BM B,D




Purpose and Scope

This report presents basic data dollected in the 1987 and 1988 water
years during U.S. Geological Survey research studies of the tailings
contamination in the Cheyenne River basin. The report is a companion to a
previously published report (Goddard, 1988) which presents basic data
collected in the 1985 and 1986 water years. These reports were prepared so
that methodology and data obtained during a wide variety of research studies
would be easily available. ©No interpretations or complex statistical
summaries are included. Persons interested in interpretation of these data
should contact individual authors who have prepared interpretive reports or
papers for most chapters. Some of the data included in these reports have
been published in conjunction with interpretive reports.

REFERENCES

Goddard, K.E., ed., 1988, U.S. Geological Survey applied research studies of
the Cheyenne River system, South Dakota: Description and collation of
data, Water years 1985-86: U.S. Geological Survey Open-File Report
88-484, 158 p.




Chapter A. Physical and Chemical Characteristics of Metal-Contaminated
Flood-Plain Deposits Downstream from Lead

By Donna C. Marron

Data in this section have been published previously as part of a more compre-
hensive report by Marron (1988)

SAMPLE COLLECTION AND HANDLING PROCEDURES

Samples of flood-plain sediments were collected during the summer of
1987 to approximately characterize the spatial variability of arsenic
concentrations and grain-size characteristics in representative deposits.
Samples were collected from auger holes that were dug along transects that
were perpendicular to the Belle Fourche River at sites 19, 24, 26, and 27
(figure 2, table 1). Three transects extend away from the channel on the
insides of two consecutive meander bends at each site. Transect and auger-
hole locations were surveyed using a level and tagline. Stainless steel
implements were used to scrape samples from the sides of the auger holes at
0.4 m or smaller depth intervals. Samples were stored in plastic bags and
were air dried before analysis.

ANALYTICAL PROCEDURES AND RESULTS

Arsenic concentration was determined by a semiquantitative confined-spot
method (O'Leary and Meier, 1986). The sample is partly dissolved by molten
potassium hydroxide and the melt is dissolved with hydrochloric acid.
Further treatment of the solution with stannous chloride and metallic zinc
releases arsine gas which is reacted with mercuric chloride paper to form a
yellow- to orange-colored spot. The colored spot is compared against colored
standards for estimation of arsenic content. This method yielded values of
1,400 pg/g and 2,100 ug/g for samples for which total digestion arsenic con-
centrations were determined to be 1,800 ug/g and 2,400 ug/g. Arsenic concen-
trations of samples collected from the auger holes are shown in figures 3, 4,
5, and 6. These figures also show the relation of flood-plain and channel
morphology to the sampling site.

Grain-size data are listed in tables 2, 3, 4, and 5. These data were
obtained using wet sieving to separate the greater than 64-um fraction, and
pipette analysis was used for the less than 64-um fraction. Duplicate values
of grain-size distributions are listed in table 6.

REFERENCES

Marron, D.C., 1988, Field and laboratory data describing physical and
chemical characteristics of metal-contaminated flood-plain deposits
downstream from Lead, West—-Central South Dakota: U.S. Geological Survey
Open-File Report 88-349, 32 p.

O’Leary, R.M., and Meier, A.L., 1986, Analytical methods used in geochemical
exploration, 1984: U.S. Geological Survey Circular 948, p. 6-8.
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Figure 3.--Transect profiles, auger-hole 1
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DISTANCE, IN METERS

Figure 4.--Transect profiles, auger-hole locations,

and depths and

arsenic concentrations of sediment samples at site 24.
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Table 2.--Grain-size distributipn and arsenic concentration of
selected samples collected from auger holes at sgsite 19
[<, less than; --, data not available]
t
Weight Arsenic
Transect Weight percent percent Weight percent content
and hole Depth less than 16 to 64, greater than (micrograms
numbers (meters) 16 micrometers micrometers 64 micrometers per gram)
T1-H1 Surface 15 9 76 500
0.4 23 28 49 2,000
10.4 S - l - 2,600
0.8 22 33 | 45 1,200
1.0 21 23 56 1,800
T1-H2 Surface 16 22 62 2,400
0.4 30 28 42 1,400
0.8 23 25 52 2,000
1.2 16 2 82 100
1.4 16 28 56 200
T1-H3 Surface 30 11 59 550
0.4 28 29 43 150
0.8 25 29 46 350
1.0 33 37 30 300
T1-H4 0.2 31 32 37 1,000
T1-HS 0.2 22 24 54 400
T2-H1 Surface 41 26 33 1,000
0.4 20 46 34 1,000
0.8 12 7 81 1,400
1.0 18 19 63 <200
T2-H2 Surface 24 15 61 1,600
0.4 17 20 | 63 1,200
0.8 17 10 73 2,000
1.2 17 11 ‘ 72 2,200
1.6 16 17 | 67 400
2.0 18 30 | 52 300
T2-H3 Surface 33 30 37 600
0.4 24 20 56 400
0.8 41 45 14 300
1.2 35 31 34 <1G0
T2-H4 0.2 35 23 42 400
T2-H5 0.2 19 15 66 <200
T3-H1 Surface 28 27 45 1,600
0.4 20 29 51 1,000
0.8 18 28 54 800
1.2 22 23 1 55 1,000
1.6 20 27 | 53 300
1.6 -- - - 400
12
|
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Table 2.--Grain-gize digtribution _and arsenic concentration of
selected samplesg collected from auger holes at sgsite 19--Continued

Weight Arsenic

Transect Weight percent percent Weight percent content
and hole Depth less than 16 to 64 greater than (micrograms
numbers (meters) 16 micrometers micrometers 64 micrometers per gram)

T3-H2 Surface 15 20 65 1,100

0.4 27 17 56 400

0.8 31 43 26 400

1.2 12 25 63 <200

T3-H3 Surface 19 - - 1,200

0.4 30 23 47 <100

T4-H1 Surface 41 33 26 1,000

0.4 25 38 37 2,800

0.8 19 58 23 3,000

1.0 18 28 54 1,800

T4-H2 Surface 18 20 62 2,400

0.4 21 26 53 2,400

0.8 14 24 62 1,400

1.2 41 31 28 <200

1.6 48 15 37 <200

T4-H3 Surface 22 22 56 1,600

0.4 26 17 57 <200

lpuplicate value.
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Table 3.--Grain-gize distribution and a‘senic concentration of
selected samples collected from auger holes at site 24

[<, less than; --, tha not (available]
Weight Arsenic
Transect Weight percent pjrcent Weight percent content
and hole Depth less than 16 [to 64 greater than (micrograms
numbers (meters) 16 micrometers micrometersd 64 micrometers per gram)

T1l-H1 Surface 47 24 29 400
0.3 40 32 28 1,000

0.6 35 34 31 1,600

0.8 67 27 6 1,600

T1-H2 Surface 30 18 52 400
0.4 28 28 44 1,800

0.8 13 11 76 1,200

1.0 57 31 12 500

T1-H3 Surface 32 R_7 41 800
0.4 17 20 63 500

0.8 26 32 42 200

1.2 25 43 32 400

T1-H4 Surface 39 R1 40 600
surface!l -- - - 400

T1-HS 0.2 38 28 34 400
0.4 45 25 30 400

0.5 30 6 64 100

T1-H6 Surface 30 29 41 1,000
0.2 58 B34 8 <100

T3-H1 Surface 36 14 50 600
0.3 26 26 48 1,800

0.6 30 38 32 1,800

0.8 29 16 55 <200

T3-H2 Surface 16 4 80 500
0.4 32 22 46 900

0.8 37 17 46 750

1.1 27 10 63 <100

T3-H3 Surface 45 36 19 1,500
0.2 13 9 78 400

0.3 18 0 82 <100

T3-H4 0.2 16 2 82 <100
T4-H1 Surface 35 30 35 350
0.4 22 33 45 1,900

0.8 24 40 36 1,800

1.0 27 16 57 1,400
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Table 3.~~Grain-gize distribution and arsenic concentration of
selected samples collected from auger holes at site 24--Continued

Weight Arsenic
Transect Weight percent percent Weight percent content
and hole Depth less than 16 to 64 greater than (micrograms
numbers (meters) 16 micrometers micrometers 64 micrometers per gram)
T4-H2 Surface 18 24 58 1,800
0.4 20 29 51 1,000
0.8 26 40 34 400
1.2 33 38 29 500
T4-H3 Surface 33 22 45 1,000
0.3 27 3 70 250
0.5 28 2 70 200
T4-H4 Surface 25 13 62 700
0.2 29 53 18 400

lpuplicate value.
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Table 4.--Grain-size disgtribution and agsenic concentration of
selected samples collected from auger holes at site 26
[<, less than; --, data not available]
Weight Arsenic
Transect Weight percent pzrcent Weight percent content
and hole Depth less than 16 |to 64 greater than (micrograms
numbers (meters) 16 micrometers micrometer 64 micrometers per gram)
T1-H1 0.4 36 - - 1,600
.8 29 37 34 2,800
1.2 49 33 18 1,000
T1-H2 .4 31 46 | 23 1,600
.8 33 28 ) 39 2,200
T1-H3 .3 : 21 . 38 41 400
.5 27 18 55 400
T1-H4 .2 30 16 54 200
T3-H1 .4 31 18 51 1,000
.8 17 22 61 900
1.2 21 16 l 63 600
1.7 54 38 ‘ 8 800
T3-H2 .4 19 18 63 400
T3-H3 .2 23 52 25 1,000
.4 40 31 29 1,000
.6 35 17 48 800
T4-H1 .4 30 33 37 1,000
.8 28 14 58 500
1.3 - —= - 3,000
T4-H2 .4 45 21 | 34 800
.8 27 23 50 1,200
1.2 27 10 63 800
1.6 23 14 ; 63 3,200
1.8 24 27 49 1,800
T4-H3 .4 32 34 ‘ 34 1,200
.6 33 37 30 1,000
.8 71 19 10 300
T4-H4 .2 36 34 30 3,000
.3 19 5 76 <200
T4-HS C .2 40 48 12 1,200
.3 38 1 61 <200
T6~-H3 1.2 -- - -— 500
11.2 -- - -- 400
lpuplicate value.
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Table 5.--Grain-gize digtribution and arsgenic concentration of

gelected samples collected from auger holes at gite 27

(<, less than; --, data not available]

Weight Arsenic

Transect Weight percent percent Weight percent content

and hole Depth less than 16 to 64 greater than {micrograms
numbers (meters) 16 micrometers micrometers 64 micrometers per gram)

T1-H1 0.4 37 4 59 <100
.8 - - - 500

1.0 56 21 23 200

T1-H2 .2 32 25 43 1,000
.3 38 30 32 600

T1-H3 .4 44 18 38 300
.8 46 6 48 200

1.2 41 9 50 100

T1-H4 .3 30 42 28 300
.4 76 17 7 <200

T3-H1 .4 7 25 68 100
.8 28 20 52 500

1.2 34 18 48 400

1.6 40 46 14 600

1.8 65 30 5 <100

T3-H2 .4 19 6 75 <200
.8 37 11 52 <100

1.2 44 11 45 <200

T3-H3 .1 61 16 23 200
.3 10 4 86 <200

.4 40 19 41 <200

.5 50 31 19 <200

T4-H1 .4 50 27 23 600
.6 39 36 25 600

.7 37 28 35 400

.8 41 32 27 550

T4~-H2 .4 45 32 23 500
.8 37 34 29 500

T4-H3 .4 39 19 42 450
.8 58 28 14 <100

1.2 50 17 33 <200

T4-H4 .2 - - - <200
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Table 6.--Duplicate values of grain-size distribution

Transect Weight percent Weight percent Weight percent

and hole Depth less than 16 to 64 greater than

numbers (meters) 16 micrometers micrometers 64 micrometers
T1-H1 0.4 23 28 49
T1-H1 .4 26 34 40
T1-H2 1.2 16 2 82
T1-H2 1.2 13 5 82
T4-H1 .8 19 58 23
T4-H1 .8 23 45 32
T1-H1 .6 35 34 31
T1-H1 .6 45 31 24
T1-H4 Surface 39 21 40
T1-H4 Surface 34 34 32
T1-H6 0.2 58 | 34 8
T1-H6 .2 59 ‘ 35 6
T3-H2 .4 32 122 46
T3-H2 .4 26 122 52
T4-H1 .8 24 40 36
T4-H1 .8 21 38 41
T1-H4 .2 30 16 54
T1-H4 .2 31 16 53
T4-H1 1.3 18 37 45
T4-H1 1.3 15 1 43 42
T1-H1 .8 32 35 33
T1-H1 .8 42 30 28
T1-H4 .3 30 | 42 28
T1-H4 .3 37 36 27
T4-H2 .8 37 34 29
T4-H2 .8 45 1 30 25
T4-H4 .2 48 21 31
T4-H4 .2 53 24 23
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Chapter B. Chemical Quality of Sediments in the Cheyenne River Basin

By Thomas E. McKallip

SAMPLE COLLECTION AND PREPARATION

Suspended and bottom sediments were collected from Oct. 1, 1986, to
Sept. 30, 1988, from the active channels of Whitewood Creek and the Belle
Fourche and Cheyenne Rivers, and unoxidized flood-plain sediments were
collected from the flood plains of Whitewood Creek and the Belle Fourche
River.

Suspended-sediment samples were collected concurrently with water-quality
samples using sampling methods and samplers described in Chapter D. Samples
were collected in depth-integrated aliquots from 10 to 25 verticals across the
stream channel. Aliquots were composited and chilled for transport to the
sediment processing lab. The suspended sediment was concentrated by centrifu-
gation using a Beckman model J2-21 centrifuge with a JA-10 fixed angle rotor.
Samples were spun at 5,000 rpm for five minutes. Supernate was removed from
the sediment with a peristaltic pump, and the sediment was freeze-dried,
aggregated, powdered, and homogenized before subsampling for total chemical
analysis.

Bottom sediments were collected within the wetted perimeter of the stream
channel at 10 to 20 stations across the channel. The sediments were scooped
from the top 30 to 50 mm of the channel bottom using a 250-mL plastic cup with
a 60-mm opening. The scooping action was in the upstream direction so that
fine sediment was retained within the cup. Sediments were aggregated and
sieved in the field through a 63-um screen and the larger than 63-um fraction
was discarded. The less-than-63-um fraction was chilled at 4 °C, and excess
water was decanted after the sediment settled. The bottom sediment samples
were then freeze-dried before subsampling for analysis.

Samples of visibly unoxidized (gray) flood-plain and oxidized (red)
flood-plain sediments that appeared to be transported tailings were collected
from cut banks on Whitewood Creek and the Belle Fourche River and freeze-dried
for analysis.

CHEMICAL ANALYSIS

Subsamples of sediments were analyzed chemically by the U.S. Geological
Survey in Denver, Colorado, and the U.S. Geological Survey in Doraville,
Georgia. The subsamples analyzed in Colorado were digested totally with
HF/HC10,/HNO3 acid and quantified by inductively coupled plasma atomic-
emission spectroscopy. Analysis of subsamples in Georgia followed the proce-
dures of Horowitz and Elrick (1985) and Elrick and Horowitz (1985, 1987).
Subsamples of all elements except mercury were digested with a combination of
HF/HC10, /HNO; acids at 200 °C. Subsamples for mercury were digested with
Laforte aqua regia at 100 °C. Quantification was by hydride generation and
atomic absorption spectrophometry. The procedures followed for total organic
carbon analyses were standard U.S. Geological Survey procedures for the
analysis of bottom materials as described by Wershaw and others (1987).
Precision at both U.S. Geological Survey laboratories was monitored by
replicate analyses and was generally better than 10 percent.

Forty-six analyses of suspended sediments are listed in tables 7 and 8;
26 analyses of bottom sediment are listed in tables 9 and 10; and 6 analyses
of unoxidized flood-plain sediment samples and 2 analyses of oxidized flood-
plain sediment samples are listed in table 11.
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Table 7.--Total chemical analysis of susQended sediment performed
by the U.S. Geological Survey in‘Atlanta, Georgia
[Iron, manganese, aluminum, and titanium in weight percent;
#g9/9, micrograms per gram; ft3/s, cubic feet per second;
mg/L, milligrams per liter; <, less than; --, not determined)
Site Sediment
number in Date Time Dis~ concen+ Iron' Manga- Alumi- Tita- Arse-
figures 1 charge tration nese num nium nic
and 2 (£t%/s) (mg/L) (1g/g)
Whitewood Creek above Whitewood
9 04-07-87 1900 63 101 8.4} 0.24 5.2 0.26 820
9 04-07-87 1900 63 101 8.7l .22 6.0 .26 920
9 05-20-87 1645 79 519 7.0 .20 5.7 .26 570
9 05-23-87 1950 83 1,640 7.8 .15 7.3 .33 330
Whitewood Creek above Vale
14 03-05-87 1740 70 448 5.3 0.10 7.7 0.33 480
14 04-06-87 1500 88 244 5'4i .11 6.5 .27 600
14 04-06-87 1500 88 244 5.4 .11 6.1 .27 660
14 05-20-87 1100 40 62 6.2 .15 6.1 .27 670
14 05-23-87 2207 112 894 5.6 .15 4.9 .25 770
|
Belle Fourche River near Sturgis ‘
24 03-06-87 1640 1,270 3,960 4.6 0.09 7.7 0.33 200
24 04-06-87 1720 1,960 3,920 4.1 .05 7.9 .35 60
24 04-06-87 1720 1,960 3,920 4.4 .04 8.8 .48 50
24 04-27-87 1435 434 153 3.5 .14 6.1 .27 200
24 06-01-87 1925 505 684 3.7 .13 7.4 .29 83
24 06-01-87 1925 505 684 4.5 .14 7.9 .30 83
24 06-01-87 1925 501 684 3.8 .13 6.8 .30 80
Belle Fourche River near Elm Springs
27 03-07-87 1240 1,210 7,960 4.9 0.11 7.5 0.36 240
27 03-07-87 1240 1,210 7,960 5.0 .12 7.5 .35 200
27 04-16-87 1230 624 534 3.9 .11 7.5 .29 60
27 05-27-87 1425 4,920 12,900 4.4 .05 8.4 .36 22
Cheyenne River at Cherry Creek
30 02-19-87 1225 400 1314 3.7 0.08 7.5 0.35 20
30 04-01-87 1650 5,460 8,270 3.9 .05 8.7 .33 25
30 04-28-87 1255 1,020 160 2.9 .09 5.4 .24 40
30 06-01-87 1425 3,520 1,460 | 4.0 .06 8.8 .34 22
30 06-01-87 1425 3,520 1,460 | 4.0 .06 7.8 .34 22
30 06-19-87 1200 530 232 2.9 .08 6.0 .27 20
30 08-31-87 1040 405 13,400 3.8, .06 7.9 .33 11
30 08-31-87 1040 405 13,400 3.7 .05 7.8 .32 11
Miscellaneous sites
20 03-07-87 1650 603 3,510 3.5 0.04 8.8 0.39 60
28 03-07-87 1015 3,340 15,600 2.7 .06 6.7 .29 6.2
laverage of duplicate analyses.
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Total
Anti- Cad- Chro- Cobalt Copper Lead Mer- Nickel Sele- Zinc organic
mony mium mium cury nium carbon
(rg/g) (g/g9) (ug/g) (ug/9) (kg/9) (kg/9) (rg/9) (kg/g) (#g/g) (ma/g) (ka/qg)

10.4 3.4 -- 26 324 88 -- 102 5.1 -- -
12.6 2.5 71 25 331 97 2.92 105 4.0 650 5.3
16.2 .8 90 22 274 115 3.30 85 2.7 530 4.8
12.5 .7 126 19 131 132 12.30 61 1.5 360 2.6
1.6 <0.5 72 15 39 22 1.13 32 1.9 135 2.0
3.3 1.8 69 9 86 31 1.01 44 2.7 200 2.5
3.2 2.1 65 9 82 32 1.04 42 2.6 190 2.6
6.6 1.2 77 16 135 57 2.20 62 2.3 310 3.7
3.5 <.5 68 14 90, 31 1.50 46 2.6 180 2.9
1.0 <0.5 67 9 34 18 0.17 33 1.2 129 1.0
1.1 .5 - 6 31 18 .13 35 1.1 144 -
.9 2.8 84 8 32 15 .12 28 1.2 136 <.1
.9 2.1 61 5 37 17 .43 33 1.6 139 2.0
1.1 <.5 65 14 37 20 -- 36 - 122 -
1.2 <.5 63 15 39 21 - 38 -~ 129 -
1.1 1.1 63 15 38 19 - 39 - 126 -
1.0 <0.5 76 2 36 20 0.20 40 1.2 143 1.2
1.1 <.5 76 19 38 12 .18 36 1.3 146 1.0
.9 .5 67 12 31 11 .24 35 1.2 133 1.1
1.0 <.5 91 13 34 15 .24 41 .7 142 <.1
0.9 0.7 60 15 26 13 0.12 23 0.7 121 1.3
1.1 <.5 78 14 31 15 .08 34 1.6 130 <.1
.7 1.3 58 13 27 11 .63 22 1.2 107 2.5
1.0 <.5 81 14 30 16 - 38 -- 124 --
1.0 <.5 80 14 30 14 - 38 - 123 --
.7 .9 51 10 31 17 -- 23 - 97 -~
1.0 <.5 39 13 30 21 - 21 - 119 -
1.0 <.5 39 12 31 21 -- 21 -~ 117 -
1.0 0.6 83 13 25 13 0.10 33 1.2 136 <0.1
.8 <.5 47 11 16 17 .06 14 .6 88 <.l
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Table 10.--Total chemical analysigs of bottom sediments performed

by the U.S. Geological Su‘vev in Atlanta, Georgia

[Iron, manganese, aluminum, ani titanium in weight percent;

#g/g, micrograms per gram; <, less than; --, not determined]
Site
number in Date Time Iron | Manga+ Alumi- Tit- Arse- Anti-
figures 1 nese num nium nic mony
and 2 (ng/g9) (rg/g)
1 05-12-87 1145 2.6 0.04. 5.1 0.32 20 3.1
1 05-12-87 1145 - - - - - -
2 05-12-87 1315 16.5 .10 6.2 .35 80 4.2
2 05-12-87 1315 17.0 .10 7.2 .39 85 4.4
3 05-12-87 1535 6.5 .18/ 5.3 .33 580 17.0
3 05-12-87 1535 7.1 .16 6.1 .33 830 19.0
4 05-12-87 1425 8.6 .20 5.6 .64 520 18.0
4 05-12-87 1425 8.6 .16 6.0 .56 500 19.2
7 05-12-87 1645 8.1 .20 4.7 .27 880 12.4
7 05-12-87 1645 8.1 .18 4.9 .28 910 15.6
9 05-13-87 1045 7.6 | .19 5.1 .26 880 10.7
9 05-13-87 1045 7.9 | .20 5.3 .28 1,100 14.0
10 05-13-87 1145 8.2 .22 4.5 .27 1,550 5.6
12 05-13-87 1230 32.0 ; .07 3.2 .12 23,000 2.8
12 05-13-87 1230 31.0 | .06 3.2 .12 24,000 3.4
14 05-13-87 1300 5.0 .13 5.1 .30 660 2.4
14 05-13-87 1300 - - - - - -
21 05-13-87 1430 5.6 .13 5.8 .32 1,040 1.4
23 05-13-87 1530 4.2 .12 6.8 .32 300 1.1
24 05-14-87 1700 4.7 .12 6.6 .35 600 1.0
24 06-01-87 1200 6.6 .14 5.6 .35 850 1.1
26 05-14-87 1030 4.4 .14 7.1 .35 300 1.1
27 05-14-87 1200 4.4 .10 6.8 .32 180 0.9
27 06-01-87 1630 4.8 .08’ 8.1 .36 130 0.9
30 05-14-87 1445 3.2 .08 7.0 .32 40 0.9
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Total
Cad- Chro- Cobalt Copper Lead Mer- Nickel Sele- Zinc organic
mium  mium cury nium carbon
(kg/9)  (rg/g) (kg9/9) (kg/9) (kg/g) (rg/g) (wg/g) (kg/9) (k9/9) (kg/9)

<0.5 <1 13 14 22 0.19 17 1.2 106 3.5
-- - - - -- - - - - 3.6
1.1 - 32 82 15 -- 75 1.5 410 3.4
.7 55 31 80 18 .25 77 1.2 430 3.6
.9 -- 30 91 48 - 58 2.1 350 -
.7 69 28 87 52 .72 59 1.8 340 3.6
<.5 -- 32 1,790 78 1.60 140 6.9 1240 --
.7 60 24 1,950 86 1.60 141 5.2 1390 3.1
1.4 - 26 402 83 - 95 4.7 700 -
1.1 62 25 388 94 1.73 96 3.2 700 5.3
1.3 - 29 258 80 - 90 3.8 535 5.2
1.5 65 25 255 91 1.66 97 3.0 550 5.1
<.5 59 27 145 44 1.28 52 4.4 260 3.0
<.5 -- 13 234 <1 -- 14 .3 92 1.3
<.5 32 14 225 <1 .37 13 .6 78 1.3
<.5 58 19 58 20 .55 38 2.7 132 2.3
- - -- -- —-— .55 -— - - -
<.5 63 19 41 9 .42 29 3.2 123 1.3
<.5 65 17 33 11 .24 30 2.1 126 1.5
<.5 65 19 36 14 .38 37 1.9 123 1.1
<.5 80 14 42 15 .53 33 1.6 118 .7
<.5 69 19 34 8 .24 36 1.5 130 1.2
<.5 68 18 33 10 .20 33 1.4 128 1.0
<.5 91 16 34 18 .36 42 1.0 130 .7
<.5 49 17 24 17 .07 28 .8 99 <.1
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Table 11.--Total chemical analysis of visually identified
unoxidized and oxidized flood-plain gediments

[Iron, manganese, aluminum, and [titanium in weight percent;

pg/g, micrograms per gram; <, less than; --, not determined)
Site
number in Date Time Iron Manga- Alumi- Tita- Arse- Anti- Cad-
figures 1 nese num ninum nic mony mium
and 2 (pg/g9) (pwg/g) (kg/q9)
Unoxidized flood-plain sediments
\
12 06-01-87 7.0 0.45 3.5 | 0.21 4,300 1.8 <0.5
21 06-01-87 15.5 .45 3.0 | .19 3,800 1.3 <.5
23 06-01-87 14.5 .40 3.3 | .19 2,200 .9 <.5
24 06-01-87 15.0 .40 3.0 | .18 3,200 1.0 <.5
26 06-01-87 8.9 .25 4.8 . .24 540 1.2 <.5
27 06-01-87 12.5 .35 4.4 .26 1,100 1.0 <.5
Oxidized flood-plain sediments |
12 10-14-87 - - - - 4,100 - -
21 10-14-87 -- - - - 2,700 - -
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Total
Chrom- Cobalt Copper Lead Mer- Nickel Sele- Zinc organic
inum cury nium carbon

(6g/g) (#g/9) (6g/g) (mg/qg) (#g/9) (#g/9) (8g/g) (#g/9) (kg/g)

46 11 112 5 8.3 12 1.8 129 1.1
38 11 86 <1 4.30 15 2.4 91 2
42 7 69 <1 2.00 13 1.6 105 .9
35 10 73 <1 2.10 14 1.8 85 .9
55 13 53 8 1.60 28 1.6 129 1
60 12 78 5 2.60 24 2.1 124 1.3
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HEAVY MINERAL FRACTIQ

Heavy-mineral separations were
5 bottom-gediment, 2 unoxidized flood-pl
plain sediment samples. The samples
between October 1986 and September 1988
plain samples and a suspended-sediment
in September 1986. Total chemical an
tables 12 to 14. Total chemical analys
1984 and September 1986 are in Marron (1

NATION OF SEDIMENTS

performed on 5 suspended-sediment,
ain sediment, and 5 oxidized flood-
that were fractionated were collected
with the exception of oxidized flood-
ample from site 6 which were collected
lyses of the samples are listed in
8 of samples collected between October
988) and Roddy and McKallip (1988).

The procedure for heavy-mineral Jeparations consisted of weighing about

2 g of sediment with a precision of O
containing 20 mL of bromoform. The samp
ultrasonic bath. Following dispersa
8,000 rpm for 10 minutes after which th
small mass of heavy minerals in the sampg
cutting the centrifuge tube and split
light-mineral fractions were recovere
drawing off the bromoform with a pipet,
before oven drying at 40 °C for 4 hou
weighed with a precision of 0.0001 g and
sample. In order to recover as much
possible, the resulting light-minera
procedure 2 to 5 times. The heavy mine

.001 g into a 50-mL centrifuge tube
le was then dispersed for 1 hour in an
1 the samples were centrifuged at
e fractionated sample was frozen. The
les was collected without remixing by
ting the frozen bromoform. Heavy- and
d by mélting the bromoform pellets,
and rinsing the fractions with ethanol
rs. The heavy-mineral fraction was
recorded as a percentage of the total
of the heavy-mineral fraction as

1 fraction was subjected to the above
als separated by repetitions of this

procedure were aggregated. A heavy-min

when the mass of heavy minerals recovered in t
10 percent of the total mass of heavy minerals collected.

method of heavy-mineral separations wa

percent of the heavy minerals in replicate samples.

ral separation was considered complete
ge last repetition was less than
Precision of the
monitored by the determination of
Percentages of heavy

minerals in 17 samples are listed in table 12.

The heavy- and light-mineral fractions of 8 sediment samples were

analyzed chemically at the U.S. Geological Survey laboratory in Georgia.

results of the total chemical analyses

Particle sizes were determined by 1
following the methods of Guy (1969). Th
mineral fractions of 5 flood-plain sampl

SCANNING ELECTRON MI

A Phillips 505 scanning electron mi
E.D.S. EDAX (energy dispersive x-ray)
diameter and arsenic, iron, sulfur, mang
zircon content of about 200 randomly
fractions of 17 samples and one replicat
the institute for Ultrastructrual Re
Athens, Georgia.

The SEM/EDAX program determines s
tions on the surfaces of grains in the
scans the entire grain, and its resul
trations within grains. Summary statist
table 15.
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The
re listed in table 13.

the U.$. Geological Survey in Iowa,
e particle size distribution in heavy-
es is listed in table 14.

CROSCOPE ANALYSES

croscope (SEM) with a Tracor Northern
system was used to analyze the average
anese, |calcium, barium, silicon, and
selected grains from the heavy-mineral
e sample. Analyses were performed at
earch |at the University of Georgia in

i-quantitative constituent concentra-
eavy-mineral fractions. The program
s do nat reflect variations of concen-
ics of SEM/EDAX analyses are listed in




Table 12.--Percentages of heavy-minerals in selected
alluvial sediment samples

Site
number in Percentage
figures 1 of heavy
and 2 Date Time minerals
Suspended
9 05-20-87 1645 2.2
14 05-23-87 1950 2.7
24 09-25-86 .6, 2(.9)
27 03-07-87 1240 1.1
30 04-01-87 1650 .5
Bottom
S 05-13-87 1045 6.9, 2(6.0)
16 08-20-87 1.7
24 05-14-87 1700 2.1
27 05-14-87 1200 2.1
30 .8
Oxidized flood plain
11 1wwiB1 - - 32
11 wwia2 - - 32
15 1ww2a4 el - 27
20 1BF1B3 - - 20, 2(22)
25 1BF3al - - 39, 2(36)
23  !cria4 - - 14
Unoxidized flood plain
13 10-14-87 1100 56
23 10-14-87 1300 48

l1sample designation used by Marron (1988).
2puplicate.
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Table 13.--Total chemical analyses of heavy~ and light-mineral
fractions of alluvial
U.S. Geological Survey in Atlanta, Georgia

=

[Iron, manganese, aluminum, and titanium in weight percent; H, heavy
minerals; L, light minerals; ug/g, micrograms per gram; <, less than]

Site ‘ Percent

number in | in
figure 1 Density density Manga- Alumi-
and 2 Date Time category fraction Iron nese num

Suspended sediment

24 09-25-86 H 0.75 35.0 0.99 2.5
24 09-25-86 L .99 4.0 .04 6.2
»
Bottom sediment
9 05-13-88 1045 H 6.5 30.0 0.74 3.3
9 05-13-88 1045 L 93.0 5.8 .13 4.7
16 08-20-87 H 1.7 31.0 .43 2.2
16 08-20-87 L 98.3 4.2 .05 5.5
216 08-20-87 L 98.3 4.2 .05 5.3
Flood-plain sediment (oxidized)
15 1ww2a4 - - H 26.9 28.0 0.31 5.4
15 lww2a4 - - L 73.1 8.0 .05 2.2
20 1BF3A1l - - H 37.3 28.0 .30 3.2
20 1BF3a1l - - L 62.7 7.8 .02 2.0
29 1cR1a4 - - H 14.1 29.0 .95 3.0
29 1CR1A4 - - L 85.9 3.8 .08 4.6
229 1cR1An4 - - L 85.9 4.0 .08 4.9
Flood-plain sediment (unoxidized) !
12 10-14-87 1100 H . 55.7 25.0 0.90 4.5
12 10-14-87 1100 L 44.3 4.2 .09 2.1
21 10-14-87 1300 H 48.1 22.0 .50 2.7
21 10~-14-87 1300 L 51.9 2.3 .03 1.8

lsample designation used by Marron (1988).
2puplicate analyses.
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Tita- Arse- Anti- Cad- Chro- Cobalt Copper Lead Nickel Zinc
nium nic mony mium mium

(ug/9) (ng/9) (ug/9) (ug/g9) (ug/9) (ug9/9) (ug9/9) (#g/9) (ug9/9)

0.83 3,700 8.3 <0.5 66 41 83 73 50 350
.34 300 1.2 <.5 717 11 26 12 31 101
1.03 6,000 50.0 2.5 20 44 232 90 102 530
.17 700 9.5 1.3 59 20 165 74 92 380
1.32 9,900 16.0 .4 132 36 171 17 72 400
.26 600 l.6 -4 62 10 25 11 33 100
.26 600 1.6 .4 63 10 25 14 28 98
0.35 7,700 4.1 <0.5 62 12 167 21 21 230
.09 3,800 2.0 <.5 23 4 81 13 7 64
.25 7,500 3.0 <.5 43 4 66 14 4 109
.11 3,500 1.5 <.5 24 2 34 5 1 33
.71 3,100 2.7 <.5 82 16 101 1 22 160
.18 450 .7 <.5 39 8 25 9 20 79
.19 470 .7 <.5 38 8 25 10 15 76
0.29 8,500 4.0 <0.5 55 17 175 16 11 180
.07 520 1.2 <.5 22 3 14 1 3 49
.18 5,200 3.0 <.5 34 18 122 5 28 109
.08 69 .6 <.5 18 3 13 1 1 34
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Chapter C. Application of a Sequentﬂ
Contaminated with Gold-Mill Tailings, Whi

By Julie J. Dorfschmidt, Walter Ficklin,

al Extraction Procedure to Sediments
ltewood Creek

and Kimball E. Goddard

SAMPLE COLLECTION AND HANDLING PROCEDURES

The study concentrated on oxidized b

the quiet water upstream of the Sheeler
table 1).

scooping oxidized material from the to

ottom-gsediment material collected in
Seep site (site 16 in fig. 1 and

This location was chosen fon the ease of collecting fine-grained
sample material and because of the 1
geochemical data already collected at t
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EXTRACTION PROCEDURE

Step 1. Exchangeables, Solubles, and Carbonates
REAGENT -- 1 M NaOAc at pH 5.0 (adjusted with glacial acetic acid)

PROCEDURE ~-- A 1l-g sediment sample (table 16) is mixed at room temperature
with 8 mL of 1 M sodium acetate freshly adjusted to pH 5.0 with glacial
acetic acid. Dissolution of the carbonate was complete after 5 hours of
leaching with continuous agitation. (The time period varied somewhat
depending on the particle size of the carbonate fraction and the amount of
carbonate present.) The suspension was centrifuged at 1,500 rpm for
15 minutes and the supernatant decanted. The supernatant was filtered
through a 0.1-um filter and preserved with ultrapure nitric acid for
analysis. The residue was then washed with 10 mL of deionized water with
continuous agitation for 5 minutes. This suspension was centrifuged at
2,500 rpm for 15 minutes and the wash water decanted. The centrifugation,
supernatant preservation, and deionized water wash was the same for each of
the following extractions (Tessier and others, 1979).

Step 2. Manganese Oxides
REAGENT ~-- Hydroxylamine Hydrochloride in 0.01 M nitric acid

PROCEDURE -- 25 mL of 0.1 M hydroxylamine hydrochloride in 0.01 M nitric acid
at pH 2.0 was pipetted into the test tube containing the remaining sample
from step 1 and the mixture was shaken for 30 minutes at room temperature.
The solution was then centrifuged and the supernatant solution was decanted
for analysis (Chao, 1972).

Step 3. Organic Matter

REAGENTS -~ a. NaOCl adjusted to pH 9.5
b. 2 percent Sodium Carbonate - Sodium Bicarbonate at pH 9.5

PROCEDURE -- 20 mL of sodium hypochlorite freshly adjusted to pH 9.5 with 6 M
hydrochloric acid was pipetted into the test tube containing the remaining
sample from Step 2. The test tube was placed in a boiling water bath for
15 minutes, then centrifuged for 10 minutes at 1,500 rpm. The solution was
decanted and the procedure was repeated for a total of three treatments. The
supernatant from each treatment was combined and preserved for analysis.

A 50-mL aliquot of 2 percent sodium carbonate-sodium bicarbonate
adjusted to pH 9.5 was added to the remaining sample in the test tube. This
mixture was heated in a boiling water bath for 15 minutes to promote
flocculation, and then centrifuged for 10 minutes at 1,500 rpm. The solution
was decanted and the procedure was repeated for a total of three treatments.
At the end of the third treatment, the mixture was centrifuged for 10 minutes
at 2,500 rpm. After the final decantation, the sample was shaken for
12 hours with 10 mL of deionized water (Anderson, 1963). The supernatant
from the three treatments was combined and preserved for analysis.
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Table 16.--Weights of individual samples used in
sequential extraction procedure

[(All weights in grams; weights in parentheses are air-dried duplicates]

Sample type

Sample

identifier! Fresh Frozen Freeze-dried
FA 1.0904 (0.49797)
FB 1.1654 (0.53223)
FRA 1.0053 (0.45911)
FRB 1.2462 (0.56913)
FRC 1.4549 (0.66444)
sSs1 1.0529
§S82 1.0406
SSEX1 i 1.0377
SSEX2 1.0063
SSEX3 ﬁ 1.0691
SSEXS5 | 1.0125
SSEX6 1.0349
SSEX7 1.0094
SSTEX2 1.0702
SSTEX4 1.0634
SSTEXS5 1.0084
SSTEX6 1.0044
ER1 (1) 1.7146 (0.78304)

EAS1D100 (4) 1.1295 (0.51583)
EAS1D200 (5) 1.5111 (0.69010)
EAS2D100 (11) 1.5945 (0.72819)

EAS1W100 1.0214
EAFE 1.0350
BFR1 (2) 1.4123 (0.64498)

BFAS1D100 (6) 1.4080 (0.64302)
BFAS2D100 (7) 1.4429 (0.65896)
BFAS2D200 (12) 1.7360 (0.79281)

BFAS1W100 1.0558
BFAFE 1.0550
csl (3) 1.2507 (0.57118)

CSAS1D100 (8) 1.4192 (0.64813)
CSAS2D100 (9) 1.5905 (0.72636)

CSAS1W100 1.0755
CSAFE1 1.0542
CSAFE2 \ 1.0685
AMFE1 1.0474 (0.47834)

AMFE2 0.9913 (0.45272) ‘

AMFE3 0.9382 (0.42847) |

lperivation of sample identifier shown in figure 7.
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Step 4. Amorphous Iron Oxide
REAGENTS -- Acidified Hydroxylamine Hydrochloride

PROCEDURE -- 25 mL of 0.25 M hydroxylamine hydrochloride - 0.25 M hydro-
chloric acid was pipetted into the test tube containing the remainder of the
sample from Step 3. The test tube was placed in a water-bath shaker at 50 °C
for 30 minutes. The mixture was centrifuged at 1,500 rpm for 15 minutes and
the supernatant decanted and preserved for later analysis (Chao and Zhou,
1983).

Step 5. Sulfides

REAGENTS -- a. Potassium Chlorate in concentrated HC1l
b. 4 N Nitric Acid

PROCEDURE -- 1 g of potassium chlorate was added to the sample remaining in
the test tube from Step 4. Ten milliliters of concentrated hydrochloric acid
was pipetted into the test tube and the mixture gently stirred. AaAfter
standing for 30 minutes, the solution was diluted with 10 mL of deionized
water, mixed, and then centrifuged. The supernatant was decanted and
preserved for later analysis. The remaining sample was gently boiled in
20 mL of 4 N nitric acid in 50 mL beakers. After 20 minutes, 20 mL of
deionized water was added to the beaker and the contents transferred back to
the test tube (Chao and Sanzolone, 1977).

Step 6. Residuals

The sample remaining in the test tube following Step 5 underwent a
"total" digestion using HF/HC10,/HNO4 acid.

QUALITY ASSURANCE

Ideally, to determine the effectiveness of the extraction procedures on
the bottom sediment samples, a known standard must be prepared and analyzed.
Several different standards were used to test the extraction procedure. A
"total" digestion was also done on all samples to verify the results of the
extractions.

An amorphous iron oxide sample was precipitated from ground water
collected at the Sheeler Seep site (site 16, fig. 1 and table 1). This
sample was used to test the effectiveness of the amorphous iron oxide and
manganese oxide extractions. Extractions were analyzed for iron, manganese,
and arsenic concentrations, and a split was analyzed by total digestion.

A pure arsenopylite sample also was used to test the effectiveness of
the extraction procedures. A single large crystal of arsenopyrite was
obtained from Homestake Mining Company and crushed. The resulting powder
underwent extraction steps 5a and 5b (sulfides) and a total digestion.

A native stream sediment study was done on bottom sediment collected
from Whitewood Creek above Lead (Englewood) and Belle Fourche River near
Nisland. These bottom sediments were collected and preserved using the same
methods described previously. A combined sediment sample also was made by
mixing 50 percent (w/w) of each sample. This sample simulated the sediment
below the confluence of the Whitewood Creek and the Belle Fourche River.
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These sediments were used for arsenic
extraction experiments.

For the arsenic adsorption, an ar
from a stock solution of 1,000 mg/L A
a solid/liquid ratio of 1:20 could be
sediments with porosities of 50 percen
of sediment and 200 mL of solution wer
ments were done at 1 day, 2 days,
period, the samples were centrifuge
extraction procedure.
concentration analysis.
samples.

Extractions also were performed o
background stations.
these sediments.

and 1 week.

adsorption and amorphous iron oxide

senic solution of 250 ug/L was made

by dilution. Wuolo (1986) determined
sed to model arsenic adsorption in
or less. For these experiments, 10 g
used. The arsenic adsorption experi-
At the end of each time
and prepared for the sequential

The supernatant was preserved for arsenic
Extractions were performed on fresh and freeze-dried

the raw sediment samples from the

There were sample splits made for total digestions of

As a further quality assurance step, Art Horowitz (NRP, Atlanta, Ga.)
suggested that each individual step of the extraction procedure be performed

alone on a sample split.
bottom sediment samples.

This was done on the freeze-dried Sheeler Seep site
Along individual

the procedure was

done to a particular step and then the remaining sample was subject to total

digestion (fig. 7). For example, samp
then onto Step 6, while sample Y will
Step 6 and sample Z will go through
Step 6, etc. (fig. 7).

LABORATORY

All of the chemical determinationg for iron,

were done by conventional flame atomic
Arsenic was determined by grap
spectrophotometry (GFAAS) in the

(Aruscavage, 1977).
dilution that matrix interferences

e{tractions,

e X will only go through Step 1 and
go through Steps 1 and 2 and then onto
Steps 1, 2, and 3 and then go onto

ANALYSIS

manganese, copper, and zinc
absorption spectrophotometry (AAS).
hite furnace atomic absorption
solutions from steps 1, 2, and 4

The sensitivity of GFAAS for arsenic required sufficient

ere mostly overcome. The strong

oxidizing solutions in steps 3, 5, and 6 produced enough matrix material that
arsenic could not be determined directly from these solutions by GFAAS or by

hydride generation AAS. In order to d
ion exchange procedure was used. The p
arsenic on an ion exchange column whi
from the column. After elution of the
was eluted using a dilute acid soluti
Survey, personal commun.). Arsenic wa

modification. Arsenic also was determ
step 1 by hydride generation AAS. The
20, and 21.
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termine arsenic in these solutions, an
rocedure consisted of "catching” the
le the jmatrix of the sample was eluted
matrix| (major cations), the arsenic
on (Walter H. Ficklin, U.S. Geological
determined by GFAAS following matrix
ned at 'low levels in some samples from
data are listed in tables 17, 18, 19,
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Table 17.--Concentration of arsenic measured in extracts, SLE of extracts, and total concentration

[All data corrected for sample weight and water content; mg/kg,
milligrams per kilograms; ug/L, micrograms per liter; <, less than])

Sum
Sequential extraction (mg/kg) Water of Total
Sample wash  extracts digestion

identifier Step 1 Step 2 Step 3a Step 3b Step 4 Step 52 Step 5b Step 6 (ug/L) (mg/kg) (mg/kg)

FA 38.0 280.0  18.0 36.0 248.0 128.0 7.8 655.80

FB 36.0 222.0  18.0 26.0 316.0 28.0 8.0 654.00

FRA 7.00 700 204.0 3.2 54.0 320.0 30.0 8.8 0.039 697,04

FRB 8.60 74.0 114.0 134 70.0 304.0 50.0 5.4 0.038 629.44

FRC 6.00 62.0 104.0 150.0 94.0 364.0 5.0 26 0.040 760.04

ss1 3.60 55.0 54.0 1000 64.0 240.0 '48.0 7.5 1029 482.13 650

sS2 4.20 55.0  90.0 1,7 67.0 280.0 54.0 7.7 0.031 559.63

SSEX1 5.30 560.0 565.30

SSEX2 17.0 1 590.0 607.00

SSEX3 57.0 9.2 420.0 486.20

(RPT)

SSEX5 126.0 320.0 446.00

SSEX6 510.0 70.0  12.0 592.00

SSEX7 940.0  30.0 970,00
Combined water from all SSEX extractions 0.094 0.09

SSTEX2 4.60 34.0 X 560.0 0.017 598.62

SSTEX4 510 25.0 102.0 '135.0 410.0 -034 677.13

SSTEX5 510 33.0 96.0 7.3 57.0 260.0 0.003 458. 40

SSTEX6 4.10 33.0  60.0 9.2 68.0 240.0 26.0 0.056 440,36

ER1 (1) 10.06 3.4 7.2 j<1.0 1.8 14.4 5.6 5 0.028 37.49 30

EASID100 (4) 0.06 6.6 9.6 1.0 1.6 1.2 3.0 3.8 0.030 35.89 38

(RPT) 6.4 N ‘ 6.40

EAS1D200 (5) 7.6 9.6 1<1.0 2.4 5.2 4.2 5.2 0.042 34.24

EAS2D100 (11) 0.04 6.6 9.6 1<1.0 3.6 3.6 6.4 3.8 0.046 33.69 36

EAS1W100 <0.5 3.9 6.1 1<1.0 3.6 9.6 4.3 2.6 0.002 30.10 38

EAFE <0.5 1.3 10,0 <10 3.5 10.0 6.7 3.0 0.003 34.50 28

BFR1 (2) .02 0.6 <10 l<1.0 0.6 4.0 1.4 2 0.014 8.63 14

BFAS1D100 (6) 10.02 3.4 <100 1.4 12.4 1.4 2 0.014 20.63 6

BFAS2D100 (7) 10.02 3.0 <1.0 l<1io 1.4 4.0 1.4 <1.0 0.014 9.83 16

BFAS2D200 (12) l0.02 5.4 16,8 1<1.0 1.8 6.4 0.8 1.8 0.018 33,04

BFAS1W100 <0.5 1.5 2.4 <10 2.4 6.0 1.2 1.9(11) 10 15,40 6

BFAFE <0.5 0.7 <1.0 1Y<ilo 1.2 4.2 1.0 2.1(11) 10 9.20 29

cs1 (3) 5.02 1.8 <1.0 I<1.0 0.8 5.2 2.2 2 0.012 12.03 15

(RPT) 1 N

CSASID100 (8) 10.04 4.8 2.4 1<1.0 2.2 9.2 2.6 2.6 0.028 23.87 25

CSAS2D100 (9) 10.04 4.6 4.8 1<1.0 2.4 9.6 4.0 6.4 0.028 31.87 19

CSAS1W100 <0.5 3.6 6.1 1<1.0 2.5 9.4 2.8 2.6 0.002 27.00

CSAFE1 <0.5 1.4 13.0 ‘5100 1.8 8.6 3.4 2.0(16) 14 30.20 24

CSAFE2 <0.5 1.4 11.0 1.2 1.6 7.6 3.7 1.6(13) 16 28.10

(RPT) 1.4 1.40

AMFE1 B.40 28.00 72.00 1374.00 2,580.00  660.00 18.40 2.8 0.108 3,743.71 1,840

AMFE2 14.80 20.00 6.500.00 420 0.188 6.954.99

AMFE3 5.760.00 820 0.151 6.580.15

FeAsS1 150, 000 3b0,$00 0.61 490,001 540,000

FeAsS2 150,000 380,000 0.46 530,000

B <0.5 <0.2  <1.0 <0.2 <0.5 <0.2

B4 <0.5 <0.2 <1.0 1<1.0 <0.2 <0.5 <0.2

B5 ;0.5 <0z <10 l<il0 <0.2 0.5 <0.2

BLANK (10) <0.01 <0.2 <1.0 1<1.0 <0.2 <0.5 0.3 <0.005

FC <1.0 <1.0 3.0 <1.0 1.3 <1.0

WH-WD-CK 0.006 0.01

l'( ) - Hydride generation.
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Table 18.--Concentration of copper measured in extracts, sum of extracts, and total concentration

[All data corrected for sample weight and water content; mg/kg,
milligrams per kilograms; ug/L, micrograms per liter; <, less than]

Sum
Sequential extraction (mg/kg) Water of Total

Sample wash  extracts digestion
identifier Step 1 Step 2 Step 3a Step 3b Step 4 Step 5a Step 5b Step 6 (ug/L) (mg/kg) (mg/kg)
FA 5.0 <6 <6 8.0 12.6 4.2 6 35.8
FB 4.6 <6 <6 7.6 13.2 4.2 6 35.6
FRA <1.0 11.6 13.2 <2.0 11.0 8.4 5.4 4 <0.01 53.6
FRB <1.0 5.6 13.2 <2.0 9.2 5.4 6 <0.01 39.4
FRC <1.0 2.0 14.4 <2.0 19.0 12.0 5.4 8 <0.01 60.8
Ss1 <1.0 8.2 5.4 <2.0 10.0 7.4 4.5 4 <0.01 38.5 40
Ss2 <1.0 8.8 5.4 <2.0 11.0 8.0 5.4 3 <0.01 41.6
SSEX1 <1l.0 41 41
SSEX2 0.8 39 39.8
SSEX3 7.2 <2.0 35 42,2
(RPT) <2.0
SSEXS 16.0 23 39
SSEX6 28.0 6.0 5 39
SSEX7 53.0 6 59

<0.01

SSTEX2 <1.0 0.5 40 <0.01 40.5
SSTEX4 <1.0 0.2 6.6 <2.0 35 <0.01 41.8
SSTEXS <1.0 1.3 6.6 <2.0 14.0 18 <0.01 38.9
SSTEX6 <1.0 0.2 7.8 <2.0 14.0 7.8 6. <0.01 36.1
ER1 (1) 0.2 7.6 14.0 <2.0 7.6 3.6 3.6 8 0.012 44.612 17
EAS1D100 (4) 0.2 4.0 14.0 <2.0 5.0 2.4 2.4 4 <0.01 32 22
(RPT) 5.0 49,412
EAS1D200 (S5) 4.4 18.0 <2.0 6.6 4.4 3.0 8 0.012 ERR
EAS2D100 (11) 0.2 3.0 12.0 <2.0 5.6 3.6 3.0 6 0.014 33.414 19
EAS1W100 <1.0 1.5 8.4 <2.0 4.2 1.6 2.4 20 <0.01 38.1 20
EAFE <1.0 <0.1 8.0 <2.0 4.2 1.4 2.7 4 <0.01 21.3 g
BFR1 (2) 0.2 7.0 12.0 <2.0 13.0 4.4 2.4 4 0.014 43,014 23
BFAS1D100 (6) 0.2 8.0 13.0 <2.0 10.4 4.0 3.0 6 0.014 44.614 26
BFAS2D100 (7) 0.2 8.4 12.0 <2.0 10.4 2.4 1.8 5 0.014 40.214 23
BFAS2D200 (12) <1.0 8.0 12.0 <2.0 10.0 4.0 2.4 4 0.018 40.418
BFAS1W100 <1.0 4,2 8.4 <2.0 8.0 63.0 12.0 3 <0.01 98.6 61
BFAFE 0.5 7.2 <2.0 10.0 2.2 1.8 3 <0.01 24,7 23
CS1 (3) 0.2 5.0 13.0 <2.0 7.0 0.6 1.2 6 0.012 33.012 23
(RPT) 6.0 6
CSAS1D100 (8) 0.2 5.6 14,0 <2.0 8.0 2.8 1.8 6 <0.01 38.4 22
CSAS2D100 (9) 0.2 5.0 13.0 <2.0 10.4 2.8 1.8 8 0.012 41.212 23
CSAS1W100 <1.0 2.2 8.4 <2.0 7.0 1.8 2.1 4 <0.01 25.5
CSAFE1 <1.0 8.4 <2.0 7.2 2.2 2.1 4 <0.01 23.8 21
CSAFE2 <1.0 0.5 6.6 <2.0 7.0 2.0 1.8 4 <0.01 21.9
(RPT) 0.2 2.0 2.2
AMFE1 <1.0 7.6 15.6 <2.0 7.6 4.4 0.6 2 <0.01 37.8 16
AMFE2 <1.0 8.4 4.4 8 <0.01 20.8
AMFE3 13.0 9. <0.01 22.6
FeAsS1 5.7 3.3
FeAsS2 5.4 3.6
B <1.0 <0.1 8.0 <2.0 <0.1 0.6 <0.1 <0.01 9.6
B4 <1.0 <0.1 8.4 <2.0 0.2 0.4 <0.1 9
BS <1.0 <0.1 6.0 <2.0 <0.2 0.0 <0.1 6
BLANK (10) 0.2 <0.1 5.4 <2.0 0.8 0.4 0.3 <0.01 7.1
FC 1 <6.0 <6.0 0.8 1.5 0.6
WH-WD-CK <0.01
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Table 19.-~-Concentration of iron measured in extracts, sum of extracts,

and total concentration

[All data corrected for sample weight and water content; mg/kg,

milligrams per kilograms; ug/L, micrograms per liter; <, less than]

‘ Sum
Sequential extraction (m&/kg) Water of Total

Sample wash  extracts digestion
identifier Step 1 Step 2 Step 3a Step 3b Step 4 Step S5a Step 5b Step 6 (ug/L) (mg/kg) (mg/kg)
FA 1,240 120 440 3,600 (13,500 11,400 14,000 44,300.0
FB 1,160 120 360 3,800 15,900 13,200 14,000 48,540.0
FRA 40 2,550 120 360 9,800 280 15,840 10,000 20.0 39,010.0
FRB 230 1,700 120 240 260 18,360 15,400 17.4 36,327.4
FRC 160 1,600 120 690 13,800 300 17,400 14,400 19.6  48,489.6
Ss1 8 1,425 60 225 9,100 220 13,140 10,800 15.0 34,993.0 46,900
ss2 10 1,325 60 195 10,000 250 16,800 9,000 19.0 37,659.0
SSEX1 11 39,800 39,811.0
SSEX2 250 36,700 36,950.0
SSEX3 60 180 35,000 35,240.0
(RPT) 150
SSEX5 9,450 31,700 41,150.0
SSEX6 440 ;13,560 12,200 26,200.0
SSEX7 57,600 10,800 68,400.0
SSEX 24.0 24.0
SSTEX2 9 650 38,000 1.3 38,660.3
SSEX4 11 650 60 90 38,200 2.4 39,013.4
SSTEXS5 15 625 60 255 9,500 28,200 7.5 38,662.5
SSTEX6 12 750 60 105 10,150 210 18,250 19.0 29,556.0
ER1 (1) 30 2,300 240 620 5,100 92 8,340 14,000 16.8 30,738.8 25,500
EAS1D100 (4) 30 2,150 120 150 3,650 64 5,220 8,000 12.4 19,396.4 27,000
(RPT) 2,400 , 2,400.0
EAS1D200 (5) 2,100 120 180 5,950 92 " 7,080 13,600 15.4  29,137.4
EAS2D100 (11) 24 1,700 120 210 4,150 60 7,860 10,000 19.6  24,143.6 26,200
EAS1W100 12 1,050 60 150 4,600 56 7,800 8,500 13.0 22,241.0 25,800
EAFE 13 550 60 90 4,850 50 9,780 8,000 14.0 23,407.0 26,503
BFR1 (2) 30 2,100 120 210 15,600 132 18,840 13,000 26.0 50,058.0 28,800
BFAS1D100 (6) 28 2,656 120 180 12,500 76 11,940 13,600 22.0 41,122.0 38,300
BFAS2D100 (7) 28 1,800 120 180 12,250 88 13,440 11,600 26.0 39,532.0 36,600
BFAS2D200 (12) 26 1,900 120 150 8,600 92 15,600 14,000 24.0 40,512.0
BFAS1W100 29 900 60 195 9,150 74 11,400 8,800 17.0  30,625.0 33,900
BFAFE 14 550 60 75 9,950 100 13,380 9,500 14.0  33,643.0 34,700
CS1 (3) 36 1,950 120 470 6,150 84 7,080 11,000 15.0 26,905.0 30,100
(RPT) 80
CSAS1D100 (8) 30 1,850 120 180 8,150 92 10,200 12,400 22.0 33,044.0 31,000
CSAS2D100 (9) 24 1,800 120 180 10,700 108 110,800 10,000 18.0  33,750.0 32,600
CSAS1W100 12 925 60 255 7,850 96 - 9,600 10,200 17.0  29,015.0
CSAFE1 10 60 75 8,100 92 l10,320 10,000 12.0 28,669.0 34,600
CSAFE2 13 500 60 75 8,250 80 '11, 580 10,000 14.0 30,572.0
(RPT) 475 84
AMFE1 460 22,700 120 840 143,000 152 4,020 4,500 60.0 175,852. 110,000
AMFE2 540 22,700 170,000 14,000 78.0 207,318.0
AMFE3 215,000 ' 18,500 60.0 233,560.0

|
FeAsS1 150,000 280,000 430,000.0
FeAsS2 150,000 320,000 470,000.0
B 0 <1 60 90 <1 0 <10 0.1 150.1
B4 0 <1 60 75 <1 0 <10 135.0
BS5 4} <1 60 75 50 0 <10 185.0
BLANK (10) 4 <1 60 75 <1 <1 <10 0.0 139.0
FC 5 60 16 12 48 ; 70
|

WH-WD-CK ! 0.4 .




Table 20.--Concentration of manganese measured in extracts, sum of extracts, and total concentration

[All data corrected for sample weight and water content; mg/kg, milligrams
per kilograms; ug/L, micrograms per liter; <, less than; >, greater than]

Sum
Sequential extraction (mg/kg) Water of Total
Sample wash extracts digestion

identifier Step 1 Step 2 Step 3a Step 3b Step 4 Step 5a Step Sb Step 6  (ug/L) (mg/kg) (mg /kg)

FA 76 24 <? 66 90.0 102 >0.02 358.0
FB 74 24 <? 60 96.0 90 >.02 344.0

FRA 880 136 24 <2.0 76 76.0 90 42 1.6 1,325.6

FRB 740 96 24 <2.0 66.0 96 32 1.2 1,055.2

FRC 740 120 24 <2.0 90 80.0 96 62 1.4 1,213.4

ss1 430 305 12 <2.0 80 64.0 81 88 1.5  1,061.5 940
ss2 430 295 12 <2.0 85 73.0 93 75 1.6 1,064.6

SSEX1 460 620 1,080.0

SSEX2 450 480 930.0

SSEX3 12 <2.0 780 792.0

(RPT) <2.0

SSEX5 750 238 988.0

SSEX6 1,020.0 137 80 1,237.0

SSEX7 1,290 92 1,382.0

SSEX 3.0

SSTEX2 440 278 370 1.9  1,089.9

SSEX4 430 270 12 <2.0 360 1.4 1,073.4

SSTEXS 510 135 12 <2.0 ) 220 1.5 980.5

SSTEX6 500 155 12 <2.0 100 60.0 125 1.9 953.9

ER1 (1) 260 150 24 <2.0 40 22.0 42 38 0.8 576.8 450
EAS1D100 (4) 220 104 24 <2.0 , 36 15.2 24 18 0.6 441.8 450
(RPT) 106 ‘

EAS1D200 (5) 136 24 <2.0 44 20.0 36 42 0.6 302.6
EAS2D100 (11) 200 100 24 <2.0 46 168.0 36 30 0.6 604.6 430
EAS1W100 193 118 12 <2.0 35 13.0 30 48 0.8 449.8 440
EAFE 162 150 12 <2.0 50 13.0 39 50 0.6 476.6 480
BFR1 (2) 260 86 24 <2.0 60 26.0 78 20 0.8 554.8 440
BFASID100 (6) 240 80 24 <2.0 56 17.6 72 20 0.6 510.2 460
BFAS2D100 (7) 240 76 24 <2.0 56 17.6 54 18 0.4 486.0 450
BFAS2D200 (12) 220 70 24 <2.0 44 20.0 60 20 0.6 458.6
BFAS1W100 177 118 12 <2.0 50 15.0 48 25 0.6 445.6 430
BFAFE 172 98 12 <2.0 72 18.0 54 25 0.5 451.5 460
CS1 (3) 220 80 24 <2.0 40 14.8 36 28 0.6 4434 430
(RPT) 96 15.2

CSAS1D100 (8) 240 120 24 <2.0 50 19.2 48 25 0.8 527.0 430
CSAS2D100 (9) 260 244 24 <2.0 60 22.0 48 45 0.6 703.6 440
CSAS1W100 185 12 <2.0 50 18.0 39 42 0.6 346.6

CSAFE1 171 12 <2.0 60 13.0 42 45 0.5 343.5 420
CSAFE2 176 138 12 <2.0 62 16.0 45 42 0.5 491.5

(RPT) 138 16.0

AMFE1 780 250 24 <2.0 56 52.0 54 42 2.4 1,260.4 720
AMFE2 900 256 70 98 3.6  1,327.6

AMFE3 500 110 0.6 610.6

FeAsS1 45 9 54.0

FeAsS2 48 12 60.0

B 0 <1 12 <2.0 <1 0.6 <1 0.0 12.6

B4 0 <1 12 <2.0 10 1.0 <1 23.0

BS <1 12 <2.0 2 0.0 <1 14.0

BLANK (10) 1 <1 12 <2.0 <1 1.2 <1 0 14,2

FC <1 12 <? 10 <1 <1

WH-WD-CK 0.1 0.1
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Table 21.--Concentration of zinc measured in extracts, sum of extracts, and total concentration
{All data corrected for sample weight and water content; mg/kg,
milligrams per kilograms; ug/L, micrograms per liter; <, less than]
! Sum
Sequential extraction (mg/kg) Water of Total
Sample y wash extracts digestion

identifier Step 1 Step 2 Step 3a Step 3b Step 4 [Step Sa | Step Sb Step 6 {ug/L) (mg/kg) (mg/kg)
FA 11.0 <6 <6 20.0 36.0 80.0 26.0 173.0
FB 8.0 <6 <6 15.6 70.0 68.0 26.0 188.6
FRA 12.8 16.0 18.0 26.0 40.0 32.0 58.0 20.0 0.2 223.0
FRB 15.0 12.0 13.2 24.0 30.0 76.0 32.0 0.2 202.4
FRC 12.4 16.0 14.4 24.0 60.0 50.0 66.0 8.0 0.3 251.1
Ss1 4.8 16.0 7.8 13.0 28.0 27.0 51.0 18.0 0.23 165.8 130.0
Ss2 4.5 15.0 6.0 8.0 44.0 31.0 60.0 6.0 0.16 175.7
SSEX1 6.0 118.0 124.0
SSEX2 7.0 | 120.0 127.0
SSEX3 8.4 8.0 ! 122.0 138.4
(RPT) 7.5
SSEXS 32.0 80.0 112.0
SSEX6 68.0 54,0 21.0 143.0
SSEX7 170.0 211.0 381.0
SSEX 0.29
SSTEX2 6.1 11.0 118.0 0.12 135.2
SSTEX4 5.6 12.0 7.2 7.5 115.0 0.08 147.4
SSTEXS 9.6 11.0 8.0 10.0 32.0 52.0 0.15 123.8
SSTEX6 12,0 10.0 7.8 10.0 35.0 23.0 37.0 0.24 135.0
ER1 (1) 25.0 56.0 14.8 32.0 28.0 20.0 54.0 28.0 0.18 258.0 100.0
EAS1D100 (4) 19.6 48.0 19.2 26.0 26.0 19.6 34.0 18.0 0.16 210.6 110.0
(RPT) 46.0
EAS1D200 (5) 44,0 15.6 24.0 28.0 44.0 46.0 28.0 0.18 229.8
EAS2D100 (11) 20.8 36.0 15.6 24.0 24,0 42.0 58.0 20.0 0.16 240.6 100.0
EAS1W100 8.9 26.0 8.4 8.0 22.0 | 10.0 51.0 5.0 0.21 140.5 100.0
EAFE 7.5 18.0 8.4 8.0 18.0 10.0 42.0 15.0 0.18 128.1 100.0
BFR1 (2) 19.4 30.0 13.2 26.0 50.0 42.0 80.0 28.0 0.20 288.8 95.0
BFAS1D100 (6) 17.2 26.0 20.0 20.0 42.0 66.0 76.0 26.0 0.50 283.7 40.0
BFAS2D100 (7) 42.6 44,0 14.4 24.0 58.0 24.0 86.0 26.0 0.22 318.2 140.0
BFAS2D200 (12) 26.0 36.0 12.0 18.0 44,0 42.0 66.0 32.0 0.20 276.2
BFAS1W100 13.0 15.0 7.8 10.0 33.0 44.0 60.0 18.0 0.22 201.0 130.0
BFAFE 12.0 10.0 14.0 S.0 32.0 16.0 52.0 19.0 0.24 164.2 120.0
Cs1l (3) 18.4 26.0 16.8 26.0 34.0 26.0 80.0 22.0 0.14 250.3 110.0
(RPT) 26.0
CSAS1D100 (8) 18.8 32.0 26.0 20.0 36.0 22.0 52.0 24.0 0.16 231.0 120.0
CSAS2D100 (9) 19.4 40.0 12.0 18.0 44,0 22.0 54.0 20.0 0.98 230.4 120.0
CSAS1W100 12.0 20.0 7.8 12.0 28.0 16.0 40.0 20.0 0.17 156.0
CSAFE1 g.1 8.4 7.5 27.0 14.0 ' 40.0 1.0 0.17 125.2 130.0
CSAFE2 8.5 15.0 6.6 7.5 26.0 13.0 | 39.0 22.0 0.24 138.8
(RPT) 15.0 13.0
AMFE1 18.6 24,0 15.6 24.0 28.0 13.6 24,0 28.0 1.8 177.6 64.0
AMFE2 26.0 26.0 17.0 | 20.0 0.2 89.2
AMFE3 104.0 i 21.0 1.1 126.1
FeAsS1 8.4 S.0 17.4
FeAsS2 8.7 12.0 20.7
B 1.0 0.8 9.0 18.0 4.0 2.8 10.0 0.13 45.7
B4 5.5 0.5 8.4 10.0 1.3 2.2 8.3 37.2
BS 1.4 2.2 8.4 10.0 4.0 0.0 12.0 38.0
BLANK (10) 3.8 2.2 12.0 12.0 21.0 15.0 | 18.0 0.06 84.2
FC 2.5 <6 <6 1.5 10.0 | 15.0 29.0
WH-WD-CK 0.10 0.1
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Chapter D. Discharge, Surface-Water Qu
Sites on Whitewood Creek and the Belle

By William R. Roddy and Thomas E. McKall

ility, lnd Streambed Data at Selected
'our

che and Cheyenne Rivers

ip

DISCHARGE DATA

Continuous discharge data were obtained at 5 streamflow-gaging stations,

and instantaneous discharge data wer
quality sites (figs. 1 and 2, table

obtained at 5 miscellaneous water-
). Discharge data were obtained

following procedures by Buchanan and Somers (1969, 1982); Craig (1983); and

Kennedy (1983, 1984).

Discharge measurements were calculated by summing the products of width,
depth, and velocity at 20 to 40 subsections along a cross section of the

stream.
metal cable.

pygmy meter.
tions.
measurements were made with fewer subs
measurements than published guidelines.
were checked against the water stage-
acceptably accurate.

Calculations of daily mean disc
record gages were based on records of w
and on water stage-discharge ratings.
gage manometer and punched on paper
recorder. Water stage-discharge rat
between monthly and high-flow discharge
stages. Records are accurate except f
the streams. Records during periods of
considered poor.

WATER-QUAL]

Water-quality data were obtained
years (figs. 1 and 2, table 1). Mont
runoff samples were collected at 5 monit
Whitewood, Whitewood Creek above Vale,
Belle Fourche River near Elm Springs
Three samples were collected at Cheyenn
collected at Horse Creek above Vale,
three other sites.

and one
Chemical analytical results are listed in tables 26-32.

Depths were measured with a graduated wading rod or with a weighted
Water velocities were determined using either a Price "AA" or a

Widths were measured based on the midpoints between subsec-
In a few instances, because of |ice effects or fast-rising stages,

ctions or with less time for velocity

In every case these measurements
discharge rating and were found to be
ter stiges recorded every 15 minutes
Water stages were sensed by a bubble-
tape every 15 minutes by a digital
ings were derived from the relation
measurements and corresponding water

or periods in winter when ice covered
ice cover have been adjusted and are

arges (tables 22-26) at continuous-

TY DATA

1 at 10|sites during the 1987-88 water
hly or bimonthly samples and storm
toring stations--Whitewood Creek above
Belle| Fourche River near Sturgis,
and Cheyenne River at Cherry Creek.
River near Wasta, three samples were
ample was collected at each of

7

Normally five field readings--air temperature, water temperature,
disgsolved oxygen, pH, and specific conductance~-were determined at the site.
Most often stream readings were determined at the centroid of the stream,
while at other times averages were computed from readings determined at 3 to
5 verticals across the channel. Several meters were used in the study: a
hand thermometer for air temperatures, Hydrolab Environmental Data Systems
Model 4041 Digital 4-parameter meter, a |YSI (Yellow Springs Instrument) Model
54 dissolved oxygen meter, a YSI Model |32 conductance meter, and an Orion
SA-250 pH meter. The hand thermometer was checked for calibration the first
time it was used, and the other meters were calibrated at each site or at
least daily.
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Table 22.--Daily mean discharge, in cubic feet per second, for Whitewood Creek above Whitewood, S. Dak.

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR AFR MAY JUN JUL AUG SEP
1 14 16 16 11 13 11 18 41 53 18 17 15

2 18 16 16 10 13 12 16 38 48 18 16 13

3 23 14 18 10 13 14 18 40 46 20 17 13

4 18 15 20 10 13 16 27 36 44 21 22 16

5 18 16 20 11 12 18 41 34 41 22 16 16

6 17 17 20 12 13 23 48 33 39 23 17 14

7 16 19 20 8.5 13 23 55 31 38 25 26 15

8 15 18 20 8.5 13 25 60 31 37 23 24 14

S 15 16 18 8.5 13 21 63 28 36 22 18 14
10 16 15 15 10 13 18 51 28 35 23 17 14
11 17 16 17 10 13 17 41 27 33 24 16 17
12 15 16 17 13 13 18 38 27 32 22 17 15
13 15 16 16 14 13 19 33 238 30 22 17 15
14 16 15 15 14 14 21 32 28 28 20 18 14
15 15 15 14 14 15 18 38 28 27 21 17 14
16 15 15 13 14 14 18 51 27 26 18 20 14
17 15 16 13 13 13 19 67 32 26 19 16 15
18 15 17 12 13 13 17 82 27 25 18 15 14
19 15 18 12 13 13 18 82 27 28 18 15 14
20 15 18 12 13 14 20 71 52 25 18 16 14
21 15 i8 12 13 13 22 61 48 23 17 14 13
22 16 18 12 13 14 26 54 44 22 17 16 13
23 19 17 12 12 13 20 53 66 22 17 15 14
24 17 18 12 12 13 17 54 66 21 17 14 14
25 16 17 12 13 '13 17 56 66 21 17 16 14
26 16 18 11 14 12 17 55 61 20 16 20 14
27 16 17 11 15 12 18 52 58 18 15 18 14
28 15 16 12 15 12 17 49 53 18 17 16 14
28 15 16 12 15 - 17 47 55 18 16 15 15
30 16 14 12 13 == 18 43 61 18 16 15 15
31 16 - 12 13 - 19 -—= 57 -== 16 16 ==
TOTAL 503 493 454 381.5 366 575 1460 1282 901 588 532 430
MEAN 16.2 16.4 14.6 12.3 13.1 18.5 48.7 41.4 30.0 18.3 17.2 14.3
MAX 23 18 20 15 15 26 82 66 53 25 26 17
MIN 14 14 11 8.5 12 11 16 27 18 15 14 13
AC-FT 998 878 901 757 726 1140 2800 2540 1780 1180 1060 853

CAL YR 1886  TOTAL 9218.6 MEAN 25.3 MAX 152 MIN 6.0 AC-FT 18280
WIR YR 1987 TOTAL 7875.5 MEAN 21.9 MAX 82 MIN 8.5 AC-FT 15820
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DAY OCT
1 14
2 14
3 15
4 14
5 13
6 14
7 14
8 14
9 15
10 16
11 15
12 15
13 16
14 15
15 14
16 15
17 15
18 15
19 15
20 15
21 15
22 15
23 15
24 16
25 15
26 15
27 15
28 15
29 15
30 15
31 15
TOTAL 459
MEAN 14.8
MAX 16
MIN 13
AC-FT 910
CAL YR 1887

WIR YR 1988

e Estimated

DISCHARGE, CUBIC FEET PER SECOND, WATE

NOV

14
15
15
14
14

14
15
15
14
15

15
15
15
15
18

14
14
14
14
14

14
13
13
13
13

14
13
el3d
el3
el3

425
14.2
18
13
843

Table 22.--Daily mean dischargg, in cubi

feet per second, for

Whitewood Creek above Whitewood, S.|Dak.--Continued

DEC

el4
els
14
15
15

14
14
15
14
15

el4
el
el3
el3
el3

elé
el4
el3
el3
el3

els4
el?7
els
els
el3

els
els
el4
el3
el3
el2

430
13.9
17
12
853

JAN

el2
el2
el3d
el2
ell

ell
el2
el2
el2
el2

el3
el2
el2
ell
el2

el2
el2
ell
ell
ell

el2
el2
el3
el3
el3

el3
ell
el4
els
el3
el2

376
12.1
14
11
746

FEB

ell
ell
el2
elld
el3

el3
el3
el3
el3
el3

ely
el5
elb
el5
el6

el6
el5
15
16
16

17
17
el6
el?
elg

e20
e20
21
19

445
15.3
21
11
883

TOTAL 7839.5 MEAN 21.5 MAX 82 MIN 9.5
TOTAL 7795.5 MEAN 21.3 MAX 136 MIN 8.0
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MEAN VALUES |

MAR MAY
18 7 34
17 7 40
17 2 39
18§ 8 41
18 5 3g
18 34 41
19 48 47
18 51 127
18 87 130
22 86 136
elg 85 133
el0 40 116
e8.0 42 100
e9.0 40 87
els 38 75
el8 36 66
el8 38 59
e16 35 60
e27 34 55
e35 33 54
30 82 47
32 81 42
32 81 40
38 0 38
32 Fo 37
32 31 35
40 80 33
37 31 32
30 30 31
28 32 30
25 --- 31
708.0 1044 1875
22.8 34.8 60.5
40 51 136
8.0 27 30
1400 2070 3720

AC-FT 15550

AC-FT 15460

JUN

29
28
27
27
26

26
24
23
24
24

24
26
33
30
26

26
25
24
23
22

20
20
e22
e20
e20

e20
20
18
25
22

724
24.1
33
18
1440

iR YEAR OCTOBER 1987 TO SEPTEMBER 1988

AUG SEP
14 10
16 10
17 12
16 13
13 11
12 12
11 12
13 12
12 12
11 13
11 13
14 15
13 16
12 16
11 16
10 16
10 15
11 16
10 18
12 16
12 15
14 13
10 13
9.5 14
11 15
11 14
12 14
13 35
14 27
11 17
14 -—=
380.5 451
12.3 15.0
17 35
9.5 10
755 895



Table 23.--Daily mean discharge,

in cubic feet per second, for Whitewood Creek above Vale, S. Dak.

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR AFR MAY JUN JUL AUG
1 20 20 20 15 17 14 70 49 80 18 12

2 24 21 20 15 18 18 55 47 68 16 11

3 86 20 20 15 18 25 59 50 64 15 12

4 41 20 21 15 18 39 102 40 58 18 18

5 28 21 22 16 17 50 108 37 56 17 13

6 286 22 22 16 19 42 98 37 52 16 10

7 24 25 22 16 19 36 95 37 49 18 17

8 21 19 21 15 19 31 85 36 46 20 39

9 22 17 18 16 17 24 101 35 43 17 20
10 19 17 18 17 17 24 83 32 43 18 15
11 22 17 19 18 17 22 65 29 36 22 12
12 20 18 18 21 17 21 60 27 30 25 13
13 20 17 17 20 17 23 52 25 26 21 13
14 20 18 17 18 20 23 45 24 23 20 14
15 19 18 18 17 17 23 53 23 22 18 11
16 19 19 17 16 17 23 69 25 20 18 19
17 19 19 17 16 18 24 83 34 21 17 13
18 19 20 16 18 19 25 102 28 21 21 13
19 18 21 14 20 18 25 107 27 24 19 12
20 18 21 14 20 17 31 95 45 23 16 12
21 18 22 14 18 18 7.8 80 80 21 16 11
22 19 43 14 17 16 30 71 57 20 15 12
23 24 34 15 16 16 43 70 72 21 13 16
24 21 32 15 16 18 28 74 108 19 16 13
25 22 34 15 17 17 26 72 116 17 17 13
26 21 24 14 18 15 25 72 110 18 16 22
27 21 25 14 19 15 24 67 97 17 14 21
28 21 22 14 18 14 22 64 85 17 15 17
29 20 21 15 17 --- 20 57 82 17 15 13
30 20 19 16 16 === 25 55 85 18 13 12
31 18 --= 16 17 - 34 - 85 -=- 12 13
TOTAL 731 666 533 530 486 827.8 2280 1675 991 532 462
MEAN 23.6 22.2 17.2 17.1 17.4 26.7 76.0 54.0 33.0 17.2 14.9
MAX 86 43 22 21 20 50 108 116 80 25 33
MIN 18 17 14 15 14 7.8 45 23 17 12 10
AC-FT 1450 1320 1060 1050 964 1640 4520 3320 1970 1060 916

CAL YR 1886 TOTAL 12020.6 MEAN 32.9 MAX 390 MIN 6.5 AC-FT 23840
WIR YR 1987 TOTAL 10081.3 MEAN 27.6 MAX 116 MIN 7.8 AC-FT 20000
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Table 23.--Daily mean d:schargze,

VALUES
DAY OCT NOV DEC JAN FEB MAR APR
1 12 14 elb e9.0 ell e2p 26
2 12 14 17 el0 ell elB 29
3 12 15 17 el0 ell elB 32
4 12 13 17 el0 el2 e2p 37
5 12 13 17 e9.0 elld e22 35
6 13 13 16 e9.0 elld e22 33
7 14 13 16 e8.0 12 e23 43
8 14 13 16 e8.0 ell e2pR 46
9 13 13 17 e8.0 el5 e2B 38
10 16 14 17 e8.0 el5s e25 33
11 16 15 19 ell ely elB 33
12 15 15 el? ell eld elp 38
13 15 15 15 el0 els ep.5 40
14 16 15 15 el0 el? eB.5 38
15 15 17 el4 el2 el?7 elk 38
16 16 15 el2 el2 el? el? 39
17 16 14 el2 el0 el6 elB 39
18 15 els el3 el0 elb e2D 39
19 16 13 el3 ell el6 e2y 38
20 14 14 el2 ell el6 e3b 36
21 13 14 ell el0 el? e35 35
22 12 15 ell ell el? e37 35
23 12 14 ell ell el6 e3b 34
24 13 14 el0 el0 el6 e4D 33
25 14 14 el0 el0 el? e3db 31
26 14 14 el0 el0 el9 e3b 34
27 13 15 el0 ell e22 e4D 133
28 13 13 el0 el3 e24 e4l 33
29 14 el4 el0 el6 e22 e3b 32
30 14 el5 el0 el6 - e3p 32
31 14 ~-= e9.0 ell ~-= e2b ---
TOTAL 430 425 420.0 326.0 461 787.0 1062
MEAN 13.9 14,2 13.5 10.5 15.9 25.4 35.4
MAX 16 17 19 16 24 42 46
MIN 12 13 9.0 8.0 11 B.5 26
AC-FT 853 843 833 647 914 1560 2110
CAL YR 1987 TOTAL 9426.3 MEAN 25.8 MAX 116 MIN 7.8 AC-FT 18700
WIR YR 1988 TOTAL 6970.7 MEAN 19.0 MaX 126 MIN 2.4| AC-FT 13830
e Estimated

in cubic feet per secpnd, for Y

itewood Creek above Vale,

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1987 TO SEPTEMBER 1988
MEAN

56

MAY

32
45
40
40
40

40

JUN

28
26
24
24
23

21
20
18
19
19

17
18
20
29
22

19
18
15
14
14

12
11
15
12
8.7

9.0

8.9
12
12
19

528.6
17.7
29
8.7
1050

JUL

14
14
14
12
11
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Table 24.--Daily mean discharge, in cubic feet per second, for Belle Fourche River near Sturgis, S. Dak.

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 302 83 80 80 75 50 246 389 538 263 245 245

2 267 84 80 60 65 75 777 377 475 279 230 230

3 346 84 65 60 65 100 1590 407 430 284 256 206

4 847 84 75 70 65 150 1960 430 397 307 299 202

5 601 82 85 80 60 199 2410 482 359 325 314 168

6 411 83 85 80 65 1110 1980 411 301 329 301 197

7 323 75 85 60 70 1390 1660 376 278 332 33¢ 228

8 251 60 80 50 70 991 1080 339 252 351 588 258

9 213 50 55 50 70 300 728 214 231 338 619 290
10 186 40 50 50 75 220 727 226 227 325 544 242
11 167 40 60 65 75 200 906 222 200 314 457 240
12 158 40 80 75 80 187 792 210 163 398 408 227
13 151 35 80 75 75 170 696 182 157 445 437 221
14 140 45 80 65 75 150 601 166 153 436 492 202
15 130 50 80 45 70 139 543 158 152 381 315 185
16 125 65 80 40 75 132 508 150 158 309 277 162
17 121 70 90 35 70 127 491 170 145 257 279 150
18 114 60 70 45 70 126 497 234 141 274 289 171
19 113 60 60 55 75 126 516 260 142 351 249 191
20 109 70 60 55 65 148 528 315 129 365 225 186
21 106 80 60 55 55 270 541 1060 168 357 203 176
22 105 100 60 45 55 280 517 938 160 331 199 179
23 104 150 75 40 55 280 488 670 165 320 221 173
24 101 150 100 35 55 320 467 821 161 310 267 165
25 99 200 100 35 45 326 446 786 155 305 273 165
26 95 200 90 42 30 109 447 777 177 296 272 171
27 0 180 100 50 20 106 435 1070 214 293 270 184
28 90 150 100 60 30 110 429 854 243 285 282 167
29 89 130 100 65 il 100 424 614 237 274 274 176
30 86 100 100 75 === 95 408 655 256 275 240 178
31 83 --= 100 75 --- 140 === 676 == 269 238 ---
TOTAL 6124 2700 2465 1772 1755 8226 23838 14639 6965 9979 9913 5936
MEAN 198 90.0 79.5 57.2 62.7 265 785 472 232 322 320 198
MAX 847 200 100 80 80 1390 2410 1070 538 445 618 290
MIN 83 35 50 35 20 50 246 150 129 257 199 150
AC-FT 12150 5360 4890 3510 3480 16320 47280 29040 13820 19780 19660 11770

CAL YR 1986 TOTAL 122328 MEAN 335 MAX 6520 MIN 35 AC-FT 242600
WIR YR 1987 TOTAL 94312 MEAN 258 MAX 2410 MIN 20 AC-FT 187100
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Table 24.--Daily mean discharge,
Belle Fourche River near St

DAY OoCT Nov DEC JAN FEB AFR MAY JUN JuL AUG SEP
1 156 e48 e55 el e7.0 95 55 320 1140 223 235

2 157 e48 e58 e9.0 e8.0 87 76 305 562 222 231

3 145 e48 e54 e6.0 e7.0 85 96 285 486 224 226

4 124 e48 e58 e4.5 e7.0 87 111 284 387 273 230

5 98 e47 e65 e3.5 e8.0 89 92 281 357 330 237

6 80 e38 57 e3.0 el0 83 79 256 338 314 255

7 72 eld7 53 e3.0 e9.0 78 82 261 297 297 254

8 65 e36 e40 e2.9 e8.0 79 86 246 234 290 224

9 59 ed4 e30 e3.1 e7.0 82 153 220 201 309 204
10 59 e34 e29 e5.0 e7.0 7 241 231 193 287 208
11 59 e38 e25 e4.0 e8.0 Bi 1901 228 207 259 250
12 58 e42 e24 e5.0 ell 6 154 243 214 240 250
13 59 e42 e20 e6.0 el8 65 201 260 212 237 282
14 59 e42 e20 e7.0 elg 68 221 323 188 231 291
15 59 e40 e20 e7.5 elg 69 1901 329 153 234 287
16 58 e37 e22 e7.5 elg 67 210 309 155 237 264
17 55 e42 e24 e7.5 elg 65 187 292 187 222 226
18 53 e90 e24 e9.0 e20 65 172 261 208 232 146
19 53 el50 e24 ell e20 65 156 227 233 232 108
20 53 el50 e24 el3 e23 64 173 215 233 256 93
21 53 el40 e23 elld e20 6 172 208 210 265 82
22 53 el40 e23 el2 el?7 6 147 216 220 273 68
23 53 el150 e23 ell els 7 161 231 230 2893 65
24 53 el60 e20 ell el8 6 173 246 243 268 61
25 53 el40 el9 el3d e20 6 155 259 225 223 58
26 53 el30 el el e40 70 182 248 215 222 56
27 53 ell0 el9 e26 e55 69 187 231 200 233 52
28 53 e70 el8 e33 eb65 59 200 242 207 232 54
29 53 e40 el2 e29 e60 55 211 258 230 253 61
30 53 e38 e8.0 e20 - 149 54 243 488 216 267 77
31 52 - eg.0 ell --- 115 --= 281 === 208 260 -—-
TOTAL 2165 2209 919.0 324.5 564.0 5484 2146 5039 8005 8589 7948 5137
MEAN 69.8 73.6 29.6 10.5 19.4 177 71. 163 267 277 256 171
MAX 157 160 65 33 65 550 9 281 489 1140 330 291
MIN 52 34 8.0 2.9 7.0 50 5 55 209 153 222 52
AC-FT 4280 4380 1820 644 1120 10889 426 9990 15880 17040 15760 10190

|
CAL YR 1887 TOTAL 88316.0 MEAN 242 MAX 2410 MIN 8.0 |AC-FT 175200
WIR YR 1988 TOTAL 48529.5 MEAN 133 MAX 1140 MIN 2.9 |AC-FT 96260

e Estimated
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Table 25.--Daily mean discharge, in cubic feet per second, for Belle Fourche River near Elm Springs, S. Dak.

DAY OCT
1 444
2 372
3 389
4 829
5 992
6 709
7 511
8 401
9 323
10 261
11 219
12 192
13 177
14 168
15 156
16 146
17 137
18 128
19 118
20 114
21 111
22 106
23 106
24 101
25 96
26 97
27 92
28 90
29 86
30 85
3l 86
TOTAL 7842
MEAN 253
MAX 992
MIN 85
AC-FT 15550
CAL YR 1986
WIR YR 1987

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

200

218
272
291
251
207

3066
102
291

30

6080

TOTAL 194560 MEAN 533 MAX 13300 MIN 30 AC-FT 385900
TOTAL 120296 MEAN 330 MAX 4720 MIN 16 AC-FT 238600

DEC

197
185
98
84
92

120
134
65
45
40

55
70
80
90
100

100
90
70
60
60

75
85
112
123
129

129
133
135
132
139
129

3156
102
197

40

6260

JAN

127
115
120
124
128

127
110
100
0
80

85
100
100
100

80

80
70
50
60
60

50
45
40
35
35

40
45
50
55
60
65

2436
78.6
128
35
4830

FEB

65
60
50
50
70

80
85
117
112
111

98
99
109
94
84

90
100

1965
70.2
117
16
3900

MEAN VALUES
MAR

20
70
80
80
80

70
700
2300
1080
627

444
345
279
279
291

226
200
225
308
325

348
474
207
196
156

144
193
152
150
180
276

10505
339
2300
20
20840

59

AFPR

643
1070
2410
3760
4720

3530
2440
1740
1200

889

952
936
823
731
665

612
571
549
536
534

542
533
503
483
466

457
451
445
438
425

34054
1135
4720

425

67550

MAY

410
405
422
435
456

473
426
400
362
213

205
201
187
153
128

118
187
153
231
531

677
1380
966
2440
2200

2080
4460
3060
1340
1020

914

26633
859
4460
118
52830

JUN

795
638
559
506
481

458
401
355
320
330

315
299
193
175
165

158
170
156
136
143

129
167
167
161
145

136
153
178
217
214

8420
281
795
129

16700

JuL

229
251
241
271
313

339
330
335
343
335

332
306
411
453
428

380
302
240
240
341

357
347
308
291
284

269
260
264
253
228
242

9523
307
453
228

18890

AUG

228
199
226
213
244

270
277
380
561
536

478
415
382
443
433

267
209
211
215
163

144
120
115
120
185

220
219
198
199
191
155

8216
265
561
115

16300

SEP

147
147
139
127
124

106
126
174
217
256

208
198
185
175
149

142
120
114
124
152

154
141
138
132
134

128
131
124
131
137

4480
149
256
106

8890



DAY OCT
1 136

2 128

3 133

4 124

5 107

6 90

7 76

8 64

9 57
10 54
11 53
12 51
13 51
14 52
15 51
16 50
17 48
18 48
19 48
20 50
21 48
22 47
23 47
24 45
25 47
26 46
27 43
28 44
29 46
30 44
31 37
TOTAL 1967
MEAN 63.5
MAX 136
MIN 37

AC-FT 3900

CAL YR 1987
WIR YR 1988

e Estimated

DISCHARGE, CUBIC FEET PER SECOND, WATER YEA

NOV

37
38
44
42
3s

36
36
34
33
34

35
38
38
36
34

33
32
26
55
145

144
148
149
148
153

149
150
131
87
59

2163
72,1
153
26
4290

TOTAL 111334.0 MEAN 305 MAX 4720 MIN 8.0 AC
TOTAL 53065.0 MEAN 145 MAX 1230 MIN 3.0 AC

Table 25.--Daily mean discharge, in
Belle Fourche River near Elm Spri

e20

e20
e20
e25
e25
e25

e25
e25
e25
e22
e20

e20
e20
e20
el5s
ell

e8

972
31

8
18

EC JAN

e9.0
ell
e7.0
e5.0
e4.0

e3.0
e3.0
e3.0
e3.0
e3.0

e5.0
e4.0
e5.0
e6.0
e8.0

e8.0
e8.0
e8.0
e9.0
ell

el2
el4
eld
el0
el(

el5
e20
e30
e35
e20
.0 elS

.0 316.0
.4 10.2
67 35
.0 3.0
30 627

FEB

e9.0
e7.0
e8.0
e8.0
e7.0

e9.0
ell
e9.0
e8.0
e7.0

e7.0

e9.0
el?7
el8
e20

e20
e20
e20
e20
e20

e24
e20
el7
elS
el8

e20
e40
e50
e65

522.0
18.0
65
7.0
1040

MEAN VALUES
MAR

e60
e55
e60
e55
e50

e70
e90
130
el70
e70

e60
e50
e60
e60
e70

e70
e70
e80
el20
el40

el70
e650
e550
e450
e400

426
844
874
525
402
285

7176
231
874

50
14230

60

AFR

242
217
213
221
202

139
122
108
82
78

76
71
64
60
59

62
63
62
63
62

60
60
63
66
65

72
72
69
64
56

2923
97.4
242
56
5800

~FT 22080
~FT 10530

MAY

| 56
129
| 197
177
153

131

|

| 104

1142
297

378
283
199
227
241

197
219
203
196
221

223
212
185
177
' 209

198
215
247
248
245
279

| 6286
203
378

56

12470

JUN

340
408
382
341
312

298
271
285
276
243

241
305
282
336
384

357
326
307
258
210

179
175
197
204
222

227
212
193
237
412

8420
281
412
175

16700

JUL

1230
1060
659
543
435

384
376
318
246
190

166
179
200
189
168

132
125
157
205
237

247
206
210
223
259

238
225
210
207
228
212

9685
312
1230
125
18210

AUC

199
226
242
248
299

363
336
321
308
329

316
265
237
227
217

221
226
205
210
226

240
253
261
292
265

210
203
207
210
232
256

7851
253
363
189

15570

SEP

257
220
2089
204
205

207
222
218
196
178

170
201
206
237
254

257
239
207
151
105

g1
80
73
64
62

56
53
53
54
54

4784
158
257

53

9480



Table 26.--Daily mean discharge, in cubic feet per second, for Cherry Creek at Cherry Creek, S. Dak.

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 1340 425 530 350 430 260 5270 800 3820 399 319 366

2 2050 427 518 350 370 300 7580 760 2990 401 316 343

3 3620 430 465 350 360 700 7230 750 2400 402 368 325

4 7650 431 400 340 370 1550 8980 1000 2070 408 364 316

5 5050 437 350 340 390 3080 13600 1500 1640 423 348 302

6 1140 439 340 330 400 6340 15700 1450 1390 429 327 293

7 920 445 340 320 380 6650 11500 1030 1250 422 339 291

8 654 468 330 300 350 5500 8560 986 859 480 436 280

9 560 472 320 300 340 4000 6650 932 763 497 466 302
10 539 397 300 320 350 3000 4710 846 723 476 528 322
11 519 340 340 340 500 4900 3810 711 671 519 673 369
12 469 330 380 300 700 3810 3330 566 819 471 620 374
13 441 320 400 250 850 2810 3130 567 1130 453 762 339
14 422 350 420 200 1000 1700 2770 506 784 465 861 328
15 422 380 450 186 950 1130 2450 472 752 513 600 316
16 441 400 430 180 600 1730 2220 427 760 502 735 317
17 370 450 400 190 500 1990 2030 399 663 469 561 306
18 387 450 400 200 392 1910 1830 386 592 728 483 301
19 396 450 385 200 399 1850 1670 411 563 453 433 282
20 390 470 385 190 372 4240 1540 427 536 403 415 269
21 380 500 385 180 353 14300 1490 1090 565 396 376 270
22 370 550 400 190 344 18000 1480 5710 544 930 350 288
23 362 1000 400 190 357 8790 1410 4010 452 524 330 293
24 370 1200 400 190 379 8070 1220 3080 436 423 311 282
25 400 1100 385 200 '358 6950 1080 10900 415 391 298 277
26 420 700 370 240 353 6330 1150 8180 404 385 313 271
27 430 600 370 300 286 5660 1100 6610 402 369 391 267
28 427 600 370 350 270 5110 1020 13500 399 362 399 258
29 420 550 360 380 === 4260 950 7920 399 357 408 253
30 422 550 360 420 === 3050 900 5220 399 342 406 253
31 425 === 360 450 --= 2100 --- 4490 -—- 325 394 -==
TOTAL 32206 15661 12043 8636 12703 140070 126360 85646 29590 14118 13930 9053
MEAN 1039 522 388 279 454 4518 4212 2763 986 455 449 302
MAX 7650 1200 530 450 1000 18000 15700 13500 3820 930 861 374
MIN 362 320 300 180 270 260 900 386 399 325 298 253

AC-FT 63880 31060 23890 17130 25200 277800 250600 169800 58680 28000 27630 17960

CAL YR 1986  TOTAL 620415 MEAN 1700 MAX 21400 MIN 90 AC-FT 1231000
WIR YR 1987 TOTAL 500016 MEAN 1370 MAX 18000 MIN 180 AC-FT 991800
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Table 26.--Daily mean discharge,

DAY OCT
1 255

2 257

3 264

4 263

5 256

6 244

7 234

8 215

] 203
10 183
11 191
12 180
13 189
14 186
15 183
16 182
17 182
18 182
19 180
20 178
21 178
22 176
23 176
24 174
25 174
26 174
27 171
28 167
29 168
30 163
31 160
TOTAL 6108
MEAN 197
MAX 264
MIN 160

AC-FT 12120

CAL YR 1887
WTR YR 1988

e Estimated

in cubic feet per second, for Ch

DISCHARGE, CUBIC FEET PER SECOND, WAT
MEAN

NOV

162
163
170
172
175

174
174
173
170
165

165
163
163
165
165

165
165
165
162
163

177
240
251
258
260

261
263
263
270
248

5830
194
270
162

11560

TOTAL 456745 MEAN 1251 MAX 18000 MIN 110 AC-FT
TOTAL 106315 MEAN 290 MAX 3170 MIN 20 AC-FT

DEC

180
162
137
174
178

194
210
221
204
184

174
170
158
135
132

el30
el25
ells
el25
el35

el45
el40
el38
el30
e135

el40
el35
el30
el2s
el20
ell0

4701
152
221
110

9320

JAN

e100
e90
e80
e60
e45

e42
e38
e35
e38
e42

e4l
e40
e39
e3s8
e42

e4l
e40
e3s
e38
e38

e38
e3s
e40
ed?7
e33

e36
e42
e50
e60
e70
e55

1466
47.3
100
33
2910

FEB

e40
e35
e30
e28
e25

e27
e30
e28
e25
e22

e20
e23
e27
e32
e3d7

e45
e51
e60
e58
e55

e66
eb4
e60
e70
e90

el20
el60
e200
0240

1768
61.0
240
20
3510

[ [ ®0O 0D O [

[ ]

RN e e

20305
855
2350
210
40270

62

AFR

809
633
533
528
530

608
596
504
446
411

3863
324
296
281
257

238
219
211
215
216

202
198
197
196
203

218
234
234
253
275

10428
348
808
196

20690

806000
210900

MAY

228
239
1180
1070
549

414
363
338
379
310

339
412
390
336
292

296
303
285
297
320

1780
2510
683
442
345

310
292
271
267
263
255

15758
508
2510
228
31260

JUN

252
279
308
324
299

280
271
256
241
245

236
222
218
273
258

270
328
322
294
262

226
201
300
211
187

204
236
221
218
995

8441
281
995
187

16740

[OBER 1987 TO SEPTEMBER 1988

JUL

1280
3170
1800

778
1370

1020
590
492
428
351

285
236
209
204
108

197
180
151
141
168

197
266
273
237
225

225
241
229
233
216
210

15800
510
3170
141
31340

AUG

214
205
205
238
294

862
573
443
387
338

320
320
308
277
253

228
207
218
218
205

205
204
226
268
260

267
247
223
221
227
233

8896
287
862
204

17650

rry Creek at Cherry Creek, S. Dak.--Continued

SEP

250
266
257
238
230

227
231
233
250
252

238
228
228
252
262

286
295
290
274
255

220
191
178
177
175

167
162
168
168
162

6812
227
285
162

13510



The Hydrolab instrument was used most often during 1987 to determine
water readings. The Hydrolab instrument consists of a Sonde unit, which
contains the sensors, a connecting cable, and an indicator unit. The Sonde
consists of a temperature thermistor, a 4-electrode conductivity cell, a
glass pH electrode, a Lazaran reference electrode, and a Clark polarographic
dissolved-oxygen cell. The indicator unit consists of a digital readout, a
rotary switch to select the parameter for readout, and calibration controls.
The instrument is fully temperature compensated. The other 3 meters were
used during most of 1988. The YSI meter uses a Clark polarographic probe and
is temperature and pressure compensated. The Beckman meter is equipped with
a glass conductivity probe containing platinum electrodes; meter readings
were standardized to 25 °C using a temperature-compensation chart. The Orion
PH meter is equipped with pH and reference electrodes and is temperature
compensated and auto-calibrating.

Water samples were collected and analyzed according to procedures
published by the U.S. Geological Survey (Guy, 1969; Barnett and Mallory,
1971; Skougstad and others, 1979; Friedman and Erdmann, 1982; Guy and Norman,
1982; Wershaw and others, 1987). 1In the field, except for organic carbon,
samples normally were obtained by wading the stream and collecting depth-
integrated aliquots with a sampling rod that held two 2-liter bottles
equipped with sampling nozzles. Normally aliquots of stream water were
collected at from 10 to 25 verticals across the channel.

Water to be analyzed for suspended-sediment concentration was collected
in 2-L bottles and shipped to the U.S. Geological Survey sediment lab in Iowa
City, Iowa. Water to be analyzed for suspended-sediment chemistry concentra-
tions was composited in plastic containers, placed on ice, and transported
back to Rapid city for concentration (see chapter F). Water to be analyzed
for inorganic constituents was composited in a sample=-splitting churn and
processed on site.

Subsamples to be analyzed for total concentrations of inorganic constit-
uents were withdrawn from the churn while the water and sediment were being
mixed. Subsamples to be analyzed for dissolved concentrations were filtered
from the churn using a peristaltic pump. Prior to April 1987, dissolved
samples were filtered through a 0.45-um cellulose filter; beginning in April
1987, dissolved samples were filtered through a 0.l1-um filter. Subsamples to
be analyzed for nitrogen species and phosphorus were placed in brown poly-
ethelene bottles, preserved with mercuric chloride, and put on ice. Sub-
samples to be analyzed for dissolved trace elements and major cations were
preserved with nitric acid. Subsamples to be analyzed for dissolved mercury
were placed in glass bottles and preserved with chromic acid. Subsamples to
be analyzed for cyanide were preserved with NaOH and put on ice. Subsamples
were then shipped to the U.S. Geological Survey'’s Central Laboratory in
Arvada, Colorado, for analysis.

Samples for organic carbon analyses normally were collected by depth
integration at the centroid of the stream. Samples for total organic carbon
were collected in small glass bottles. Samples for dissolved organic carbon
analyses were collected in a stainless steel container and filtered through
0.45-um silver filters, pressurized with nitrogen gas, into similar small
glass bottles. The bottles were then put on ice and shipped to the Central
Laboratory for analysis.
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There were times when normal sampl
During some storms, the streams were

ing protedures could not be followed.
too deep to wade or the stage was

changing too fast to take a 10~ or 25-vertical sample. During these storms,

aliquots were collected from a bridge or
sample was collected by wading to
practicable. At these times, some sample
taken from the churn rather than fro
other times, 5 to 8 vertical samples

covered with thick ice and weather condi

Two water-chemical samples and seve
collected by Manning automatic samplers
a tube runs from the sampler, housed i
intake submerged in the stream. The s
stream-stage sensor and starts pumping w
height reaches storm-runoff stage. Wh
back through the tube to flush the tube,
rinse the sampling bowl, pumps the ri
aliquot of water, and dumps this water
holds 24 bottles which may be filled
and time. The water samples were stored
shelter and picked up and preserved wi
of water-chemical samples, collected by
1988, at Whitewood Creek above White
footnoted.

Results of analysis of additional
on Whitewood Creek above Whitewood and t
are listed in table 33. The suspended-s
River near Sturgis were collected by
collected from April 21 through Sept
relation between discharge and suspended
period, the observer collected weekly
at a single vertical near the centroid o
pint glass bottles using a cable-susp
Iowa sediment lab for analysis.

STREAMBED
Three types of streambed data we
particle sizes of bulk bed material,

surface cf the streambed.

Bedload is "the sediment that mo

along on or within a few grain diameters of lthe streambed”

Glysson, 1988, p. 308). Four samples o
the Belle Fourche River near Sturgis usi
field techniques published by the U
Glysson, 1988). Samplers had a 3-inch
ratio and were equipped with nylon bags
sample collection, the sampler rested on
material that rolled through the opening
held sampler weighed 4 pounds,
65 pounds.
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and th

cable way at 5 to 8 verticals, or a
a poimnt nearest the centroid as
for organic carbon analyses were
the centroid of the stream. A few
ere collected when the stream was
ions were dangerous.

al suspended-sediment samples were
Model $-4050). With these samplers,
a shelter near the stream, to an
ler is connected electronically to a
ter from the stream when the gage
n the sampler turns on, it pumps air
pumps an initial aliquot of water to
se back out the tube, pumps a second
nto a sample bottle. The sampler
n a number of combinations of groups
in a chest-type refrigerator in the
hin 12 hours of collection. Results
he Manning samplers on May 9 and 10,
ood, are listed in table 27 and are

suspen&ed-sediment samples collected
e Belle Fourche River near Sturgis
diment samples for the Belle Fourche
\an observer. These samples were
mber 26, 1988, to help define the
sediment concentration. During this
nd high-flow samples from the bridge
flow. Samples were collected in
nded sampler and then shipped to the

DATA

re collected: bedload discharge,

Tnd particle sizes of material on the

ves by| sliding, rolling, or bouncing
(Edwards and
f bedload discharge were collected at
ng Helley-Smith bedload samplers and
S. Geological Survey (Edwards and
by 3-inch opening and a 1.4 flare
with a mesh size of 0.25 mm. During
the bdttom of the stream, and bed
was collected in the bag. The hand-
1e cable-suspended sampler weighed




Table 27.--Chemical analyses of surface-water samples collected at Whitewood Creek above Whitewood, S. Dak.

[<, less than; E, estimated]

WATER QUALITY DATA

BARO- SPE- OXYGEN,
METRIC SPE- CIFIC DIS-
PRES- STREAM- CIFIC CON- SOLVED
TEMPER-  SURE  FLOW,  CON- DUCT- OXYGEN,  (PER- PH
ATURE (M INSTAN- DUCT-  ANCE DIS- CENT  (STAND-
DATE TIME  WATER OF  TANEOUS  ANCE LAB SOLVED SATUR-  ARD
(DEG C)  HG) (CFS)  (US/CM) (US/CM)  (MG/L) ATION) UNITS)
(00010) (00025) (00061) (00095) (90095) (00300) (00301) (00400)
OCT 1986
21... 1340 10.5 668 15 876 828 1.2 115 9.70
NOV
24... 1050 3.5 665 17 828 773 1.1 97 8.71
DEC
05. .. 1114 0.0 -- 22 850 -- -- -- --
22.., 1451 -0.5 668 14 850 855 12.8 99 8.53
JAN 1987
0s... 1515 -0.5 670 9.4 871 881 13.0 100 8.55
FEB
11... 1355 3.5 670 13 901 899 13.1 113 8.88
MAR
05... 1520 8.0 - 17 -- -- -- -- 9.17
... 0950 E3.0 - 17 - - -- -~ -~
19... 1230 6.0 657 21 852 -- 12.0 113 9.00
19... 1640 7.5 659 20 755 756 11.2 108 9.06
APR
06... 1320 -- -4l -- -- -- -- --
07... 1900 -- -- <60 -- -- -- -- --
08... 2005 8.0 660 E70 470 - 9.5 85 8.41
10... 2045 -- -- 49 -- -- -- -- --
15... 1650 13.0 -~ 36 ' -- -- -- -- --
21... 1530 11.0 674 58 425 444 9.6 98 8.88
MAY
19... 1615 15.5 664 27 680 696 9.8 113 9.44
20... 1645 8.5 672 79 510 -- 9.9 9% 8.45
23... 1950 10.0 -- 83 417 -- -- -- 8.36
JUN
26... 1520 23.0 -- 23 787 798 7.8 -- 8.88
JUL
15... 1420 24.0 865 22 904 892 9.4 129 9.33
AUG
30... 1145 15.5 876 15 947 927 8.8 100 9.04
30... 1150 15.5 676 15 947 927 8.8 100 9.04
SEP
28. .. 1115 9.5 874 14 911 918 1.1 110 8.86
ocT
20... 1555 5.0 875 15 920 9086 10.8 96 9.80
NoV
17... 1410 2.0 669 13 1020 1040 12.2 100 9.25

65

PH

LAB

(STAND-

ARD

UNITS)
(00403)

9.
8.

©

® ©® o owwm® O ©

20

40

.20
.19

.80

20

.80
.80

.60
.10

.80

NITRO-
GEN,
TOTAL
(MG/L
AS N)
(00600)

w w



Table 27.--Chemical analyses of surface-water samples collected at Whitewood Creek
above Whitewood, § Dak . --Continued
WATER QUALITY DATA

NITRO-  NITRO- NITRO- SOLIDS,
GEN,AM- GEN,AM-  NITRO- GEN, PHOS- CARBON, RESIDUE
MONIA + MONIA + GEN, NO2+NO3  PHOS-  PHOROUS CARBON, ORGANIC CYANIDE AT 180
ORGANIC ORGANIC NO2+NO3 DIS-  PHORQUS DIS- ORGANIC DIS- DIS- DEG. C
TOTAL DIS. TOTAL SOLVED TOT SOLVED TOTAL  SOLVED SOLVED DIS-
DATE (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L SOLVED

AS N) AS N) AS N) AS N) AS P) AS P) AS C) AS C) AS CN) (MG/L)
(00625) (00623) (00630) (00631) (00665) (00666) (00680) (00681) (00723) (70300)

OCT 1986 i
21... - 2.5 - 6.40 == 0.178 2.5 2.4 0.03 707
24, .. - 0.60 - 5.30 -- 0.187 1.6 1.6 0.05 550

05... - -- - -- -- -- - -- -- --

22... - 1.1 - 6.40 - 0.260 2.9 1.9 0.05 614
09... -- 1.5 == 7.90 == 0.435 1.9 1.7 0.04 602
11... -- 2.4 -- 8.80 -- 0.236 2.3 2.2 <0.01 634

05... -- -- -- - -- - -- -- -- --

[y

0.02 522
<0.005

1
1
]
>
(=]
[}
[}

0.20 651

.310
.160

0

7

9 <0.01 648
.2 0.02 648
2

1

0

~
(=3
[}
1
[=N=]
~ (VRS ] o© [N

.232 <0.01 612

.10 -- 0.194 <0.01 620

w
=)
1
i
© O O MR
NN N NN NN

o N
N W N e w N

[
o
1
1
-] ~ 2] @™ ®
N
(=)
1
1
[=3

.00 == 0.280 <0.01 751

66




Table 27.--Chemical analyses of surface-water samples collected at Whitewood Creek
above Whitewood, S. Dak.--Continued

WATER QUALITY DATA

SOLIDS,
SUM OF  HARD-  ALKA- MAGNE- SODIUM POTAS-  CHLO-
CONSTI- NESS  LINITY CALCIUM  SIUM, SODIUM, AD- SIUM, RIDE,
TUENTS, TOTAL LAB DIS- DIS-  DIS- SORP- DIS-  DIS-
DIS-  (MG/L  (MG/L  SOLVED SOLVED SOLVED TION SOLVED  SOLVED
DATE SOLVED  AS AS (MG/L  (MG/L  (MG/L  RATIO  SODIUM (MG/L  (MG/L
(MG/L) CACO3) CACO3) AS CA) AS MG) AS NA) PERCENT AS X)  AS CL)
(70301) (00900) (90410) (00915) (00825) (00930) (00931) (00932) (00935) (00940)
OCT 1986
21... 595 380 148 82 43 47 1 21 7.8 16
Nov
24. .. 552 360 175 75 41 42 1 20 7.3 18
DEC
05 -- -- -- -- -- -- -- -- -- --
22... 607 390 176 81 45 48 1 21 8.4 10
JAN 1987
09... 524 390 -- 84 43 46 1 20 8.2 17
FEB
11... 620 390 148 85 43 53 1 22 8.9 14
MAR
05. -- -- -- -- -- -- -- -- -- --
14 -- -- -- -- -- -- -- -- -- --
19... -- -- -- -- -- -- -- -- -- --
19... 533 340 159 77 35 43 1 21 7.3 16
APR
06 -- -- -- -- -- -- -- -- -- --
07 -- -- -- -- -- -- -- -- -- --
08 -- -- -- -- -- -- -- -- -- --
10 -- -- -- -- -- -- -- -- -- --
15... -- -- -- -- -- -- -- -- - --
21... 286 180 136 44 17 18 0.6 18 3.6 12
MAY
19... 450 290 146 65 30 33 0.9 20 6.5 12
20 -- -- -- -- -- -- -- -- -- --
23, -- -- -- -- -- -- -- -- -- --
JUN
26... 519 330 161 76 35 s 0.9 19 7.0 10
JuL
15... 630 370 151 83 40 54 1 23 9.2 14
AUG
30... 643 390 158 85 42 51 1 22 9.5 12
30... 644 390 156 87 42 51 1 22 9.6 12
SEP
28... 625 390 178 86 43 48 1 21 1.3 16
ocT
20... 641 400 148 88 44 50 1 21 8.9 14
Nov
17... 721 460 159 94 54 55 1 20 9.2 18

67



Table 27.--Chemical analyses of surface-water s s collected at Whitewood Creek
above Whitewood, Dak.--C%Etinued

WATER QUALITY DATA

FLUO-  SILICA, MANGA-
SULFATE RIDE, DIs- ARSENIC CADMIUM COP , IRON, NESE, MERCURY  ZINC,
DIs- DIS- SOLVED DIS- DIS- DIS DIS- DIS- DIS- DIS-
SOLVED  SOLVED (MG/L SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED  SOLVED
DATE (MG/L (MG/L AS (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L

AS SO4) AS F) S102) AS AS) AS|CD) ASCU) ASFE) AS MN) AS HG) AS ZN)
(00945) (00950) (00955) (01000) (01025) (01040) (01046) (01056) (71890) (01080)
OCT 1986
21... 280 0.70 1.5 29 2 6 13 17 <0.1 5
Nov
24... 230 0.80 9.1 25 <1 5 16 96 <0.1 7
DEC

05... - -- ~- - -- - -- -- -- --
22... 270 0.80 10 33 <1 5 20 97 <0.1 11
09... 280 0.90 10 27 <1 5 14 110 <0.1 3

11... 280 1.0 7.4 18 <1 "8 10 95 <0.1 10

19... 220 0.80 8.0 20 1 8 7 58 <0.1 8

21... 91 0.50 11 <1 <1 |<1 5 35 <0.1 6
19... 190 0.60 7.8 29 <1 8 7 14 <0.1 15
26... 220

.80 11 24 <1 5 6 12

15... 290 .70 11 31 <1 10 32

30... 300
30... 300

Z
Q
oo o o
NN o

.90 5 31 <1l <0.

28... 290

o

6 1

5 3

10 6 <0.1

5 1

.80 32 <1 7 <0.1 <3
20... 310 0.80 7

.1 34 <1 <0.1

o ou o o
o

~N [«;] W ~NOoO
N
o

17... 350 0.90 6 22 <0.1 [

68




Table 27.--Chemical analyses of surface-water samples collected at Whitewood Creek

ANTI-
MONY,
DIS-
SOLVED
DATE (UG/L
AS SB)
(01095)
OCT 1886
21, ., 2
NOV
24, . <1
DEC
05... -~
22... 1
JAN 1987
0g8... 1
FEB
11.. <1
MAR
05... -
14.. -
18... -~
18.. 1
APR
06.. -
07.. --
08.. -
10.. -
15.. --
21.. <1l
MAY
18.. 6
20.. --
23.,. --
JUN
26. . 2
JUL
15 11
AUG
30.. 5
30.. 3
SEP
28. . 6
OCT
20.. 4
Nov
17.. 4

SEDI-
MENT,
SyUs-
PENDED
(MG/L)
(80154)

NSNS O N

12
18
10
64
101
131
27
23
14

518
1640

above Whitewood, S. Dak.--Continued

SED.
SUSP.
SIEVE
DIAM.
Z FINER
THAN
.062 MM
(70331)

85
100

100

WATER QUALITY DATA

SED.
SUSP.
FALL
DIAM.
% FINER
THAN
.002 MM
(70337)

%

SED.
SUSP.
FALL
DIAM.
FINER
THAN

.004 MM
(70338)

69

SED.
SUSP.
FALL
DIAM.
%2 FINER
THAN
.008 MM
(70338)

SED. SED.
SUSP. SUSP.
FALL FALL
DIAM. DIAM.
%z FINER 2 FINER
THAN THAN
.016 MM .062 MM
(70340) (70342)
82 96
92 --

SED.
SUSP.
FALL
DIAM,
% FINER
THAN
L125 MM
(70343)

SED.
SUSP.
FALL
DIAM.
% FINER
THAN
.250 MM
(70344)



DATE

DEC 1987
22...
JAN 1988
27...

FEB
29...

MAR
19...
20...
21...
21...
30...

Table 27.--Chemical analyses of surface-wat

r samples| collected at Whitewood Creek

above Whitewood, S.

WATER QUALITY DATA

BARO-
METRIC SPE-
PRES- STREAM- CIFIC
TEMPER- SURE FLOW, CON-
ATURE (M INSTAN-  DUCT-
TIME WATER OF TANEOUS  ANCE
(DEG C) HG) (CFS) (us/cM)
(00010) (00025) (00061) (00095)
0930 0.0 663 17 1000
1235 0.0 669 11 893
1550 4.0 668 17 819
1655 0.0 -- 5.0 --
1800 1.0 -- 36 750
1955 6.0 -- 35 728
2025 5.5 -- 37 728
1805 3.0 672 27 775
1550 11.0 668 30 620
1015 5.0 666 38 546
2012 9.5 670 143 3893
2015 9.5 670 160 393
1045 8.0 -- 135 356
1225 18.5 664 31 617
1500 27.0 667 21 881
1230 23.0 670 14 950
1545 22.0 673 12 1010
1255 17.5 665 E12 1080
1300 17.5 665 12 1080

70

SPE-
CIFIC
CON-
DUCT-
ANCE
LAB
us/cM)
90095)

975
921
827

722

722
639

400
627
869
| 906
973

1050
1050

ak . --Contiinued
|

YGEN,

DIS-

OLVED
(MG/L)
(D0300)

10.1

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

102
116

101
101

120
104
142

128

PH

(STAND-
ARD

UNITS)

(00400)

=]

©o ©o © © =] w0 ™o wo (o] -] ™

.35
.41
.61

.76

58

.99
.23

.00
.20

20

.38
.32

.88
.36
.55

.31
.31

PH

LAB

(STAND-
ARD

UNITS)
(00403)

8.
8.

Y © W ® ©O

20
30

.40

.50

.50
.10

NITRO-
GEN,
TOTAL
(MG/L
AS N)
(00600)



DEC

Table 27.--Chemical analyses of surface-water samples collected at Whitewood Creek
above Whitewood, S. Dak.--Continued

NITRO-
GEN, AM-
MONIA +
ORGANIC
TOTAL
DATE (MG/L
AS N)
(00625)

1987

NITRO-
GEN, AM-
MONIA +
ORGANIC

DIS.

(MG/L

AS N)
(00623)

0.40
0.50
0.60

4.4
0.50

0.50
0.40

0.30

0.40

NITRO-
GEN,
NO2+NO3
TOTAL
(MG/L
AS N)
(00630)

2.40

1.10

WATER QUALITY DATA

NITRO-
GEN,
NO2+NO3
DIS-
SOLVED
(MG/L
AS N)
(00631)

8.
6.

N W W

W O ~N u»v N

50
50

.80

.60
.90

.90
.60

.10

.20
.00
.50
.60

.70
.00

PHOS-
PHOROUS
TOTAL

(MG/L

AS P)
(00665)

71

PHOS-
PHOROUS

DIS-
SOLVED

(MG/L

AS

P)

(00666)

o o O OO o

00O O o o o

.310
.280
.208

.148
.161

.161
.110

.061

.08g8
.230
.200
.247

.247
.268

CARBON,
ORGANIC
TOTAL
(MG/L
AS C)
(00680)

CARBON,
ORGANIC
DIS-
SOLVED
(MG/L
AS C)
(00681)

NN NN

(3]
w

N
[N

CYANIDE

DIS-

SOLVED
(MG/L
AS CN)
(00723)

<0.

<0.
<0.

<0.
<0.

<0.
<0.
<0.
<0.

oo o

.02

01

.01

01
01

01
01

01
01
01

01

.01

.02
.01

SOLIDS,
RESIDUE
AT 180
DEG. C
DIS-
SOLVED
(MG/L)
(70300)

738
618



Table 27.--Chemical analyses of surface-watgr sgﬂ% collected at Whitewood Creek
above Whitewood, S.|Dak.--Continued

WATER QUALITY DATA

SOLIDS,
SUM OF  HARD-  ALKA- MAGNE- SODIUM POTAS-  CHLO-
CONSTI- NESS  LINITY CALCIUM  SIUM, SODIUM, AD- SIUM, RIDE,
TUENTS, TOTAL LAB DIS- DIS-  DIS- SORP- DIS-  DIS-
DIS- (MG/L (MG/L  SOLVED SOLVED SOLVED TION SOLVED  SOLVED
DATE SOLVED  AS AS (MG/L (MGJL (MG/L  RATIO  SODIUM (MG/L (MG/L
(MG/L) CACO3) CACO3) AS CA) AS MG) AS NA) PERCENT AS K)  AS CL)
(70301) (00S00) (90410) (00915) (00925) (00930) (00931) (00932) (00935) (00940)
DEC 1987
22... 741 450 166 93 54 56 1 21 10 19
JAN 1988
27... 632 390 189 82 45 48 1 21 9.2 14
FEB
29... -- -~ 169 -- -~ -- -- - -- --
MAR
19... -- - -- -- -- - - - -- --
20... 474 290 150 65 32 43 | 1 24 6.7 28
21... -- -- 163 - - k- - - -- --
21... -- -- -- -~ -- - - -- - -
30... -- -- 1863 - -- -— - -- - -
APR
11... - -- 147 -- -- - - -— - -
MAY
02 - -- - - -- - - -- - -
109. .. -- - - -- -- -- -- - -- --
109 .. 251 180 97 42 18 13 0.4 13 3.3 11
10... - -- -- -- - -- - -- -- -
31... - - 146 - - .- - - -- --
JUN
27... - -- 201 - -- -- - -- -- --
JuL
22... 694 430 157 91 49 54 1 21 10 18
AUG ‘
25... -~ -- 158 -- -- - -- -- -- -~
SEP
06... - -—- 171 - -~ - -- - -- --
06... - -- 170 - -- - -- -- - -

72




Table 27.--Chemical analyses of surface-water samples collected at Whitewood Creek
above Whitewood, S. Dak.--Continued

SULFATE
DIS-
SOLVED
(MG/L

AS S04)

(00845)

DATE

DEC 1987
22. ..
JAN 1088
27...
FEB

29. .. --
MAR

19... --

20... 180

21, .. --

21... -

30... -
APR

11... --
MAY

02... --

09. .. --
iog... 88
10... -
31, .. -
JUN

27... --
JuL

22. .. 340
AUG

25... --
SEP

06. .. -

06. .. -

360
280

FLUO-
RIDE,
DIS-
SOLVED
(MG/L
AS F)
(00950)

0.90

0.80

SILICA,
DIS-
SOLVED
(MG/L

AS
SI02)
(00855)

11
11

12

WATER QUALITY DATA

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

23

20
19

20
16

16
20

44

41
40

CADMIUM
DIS-
SOLVED
(UG/L
AS CD)
(01025)

<1

<1

73

COPPER,
DIS-
SOLVED
(UG/L
AS CU)
(01040)

=)

nwo o

IRON,
DIS-
SOLVED
(UG/L
AS FE)
(01046)

34
230

15
10

10

28

MANGA-
NESE,
DIS-
SOLVED
(UG/L
AS MN)
(01056)

57

47
44

27
54

54
27

MERCURY
DIS-
SOLVED
(UG/L
AS HG)
(71890)

<0.1

<0.1
<0.1

<0.1
<0.1

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

180
<3
21



Table 27.--Chemical analyses of surface-wiater samples collected at Whitewood Creek
above Whitewood . Dak,--Continued

WATER QUALITY DATA

SED. SED. SED. SED. SED. SED. SED.
ANTI- SUSP. SUSP. SUSP. SUSP. SUSP. SUSP. SUSP.
MONY, SEDI- SIEVE FALL FALL FALL FALL FALL FALL
DIS- MENT, DIAM. DIAM. DIAM. DIAM. DIAM. DIAM. DIAM.
SOLVED  SUS- Z FINER % FINER Z FINER % FINER Z FINER 2 FINER 2 FINER
DATE (UG/L PENDED THAN THAN THAN THAN THAN THAN THAN

AS SB) (MG/L) .062 M .002 M .0D4 MM .016MM 062 M .125MM .250 MM
(01095) (80154) (70331) (70337) (70338) (70340) (70342) (70343) (70344)

DEC 1987
22... 4 9 59 --

27... 3 41 75 -— ] - -- - - -

29 3 -- -- -- -- - -- -- --

19... -- 140 9 -- -- -- -- -- --

... 1 610 -- 22 36 66 94 97 99
21.., 2 184 95 -- -- -- -- - --
21... -- 259 98 -- -- -- -- -- --
30... 2 9 99 -- -- -- -- -- --

11... <1 8 92 -- -- -- -- -- --

02... -- 26 93 -~ -- -- -- -- --
09... -- 149 96 -- - -- -- -- --
09... 4 162 93 - -- -- -- -- --
10... -- 89 96 -- -- - -- -- --
31... 2 -- -- -- -- -- -- -- --

[

~

&
]
]
1
1
)
]
)
]

[
(%]
[ M) N [
)
)
)
)
]
]
)
]
L]
'
]
]
]
1
]
1

1Sample collected by Manning automatic sampler.
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SED.
SUSP.
FALL
DIAM.
% FINER
THAN
.500 MM
(70345)



Table 28.--Chemical analyses of surface-water samples collected at Whitewood Creek above Vale, S. Dak.
[<, less than]

WATER QUALITY DATA

BARO- SPE- OXYGEN,
METRIC SPE- CIFIC DIS-
PRES- STREAM- CIFIC CON- SOLVED PH NITRO-
TEMPER-  SURE  FLOW,  CON- DUCT- OXYGEN,  (PER- PH LAB GEN,
ATURE (M4 INSTAN- DUCT-  ANCE DIS- CENT  (STAND- (STAND- TOTAL
DATE TIME  WATER OF  TANEOUS  ANCE LAB SOLVED SATUR-  ARD ARD (MG/L
(DEG C)  HG) (CFS)  (US/CM) (US/CM) (MG/L) ATION) UNITS) UNITS)  AS N)
(00010) (00025) (00061) (00095) (90095) (00300) (00301) (00400) (00403) (00600)
OCT 1986
22... 1309 11.0 689 18 1200 1180 9.3 9 8.18 8.20 --
NOV
24... 1510 6.0 683 32 1080 1020 9.9 920 8.34 8.20 --
DEC
19... 1535 -0.5 688 12 1330 1420 14.4 108 8.25 8.00 --
JAN 1987
08... 1555 -0.5 690 15 1320 1410 13.3 100 8.30 8.03 --
FEB
13... 1615 6.5 684 17 879 1170 14.2 130 8.62 7.98 --
MAR
05... 1740 7.5 -- 70 -- -- -- -- 8.20 -- --
24... 1245 0.0 687 28 1170 1110 12.0 91 8.23 7.68 --
APR
06... 1500 11.5 697 88 855 -- 9.1 91 8.23 - 17
07... 2005 -- --<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>