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1.0 NATURE AND EXTENT OF IMPACTS RELATED TO MINE WASTES

The investigation revealed five primary sources of metals and arsenic to Silver Bow Creek
and the SST OU:

Upstream offsite sources;
Tailings/impacted soils;
Ground water;
Sediments; and

Railroad materials.

NN

The relative significance of each of these sources varies from subarea to subarea. Control of
upstream/offsite sources is the primary factor impacting the quality of surface water and
sediments within the SST OU. Tailings/impacted soils are the primary onsite source of
potential risk to human health and the environment that will be addressed by the SST OU.

1.1  Upstream Offsite Sources

Upstream sources include, but are not limited to, mine wastes in and near the city of Butte,
the Weed Concentrator and Butte Operations areas. Additional sources of impacts to Silver
Bow Creek include industrial and urban pollution sources, such as the Butte Waste Water
Treatment Plant and urban runoff. Contaminants from these source areas enter the SST QU
primarily in Silver Bow Creek. Offsite contaminants may also enter via ground water from
the Colorado Tailings area and the Rocker Timber Framing and Treating Plant.

1.2 Tailings/Impacted Soils

Relatively persistent and sometimes wide-spread expanses of mine and mill tailings and placer
workings are present along nearly the entire reach of Silver Bow Creek within the SST OU.
Tailings are mixed with native soils and are derived of materials that are the direct or indirect
geologic parents of the soils, so that visual identification of impacted soils is sometimes
difficult. Tailings were primarily carried downstream in a large flood event in 1908. The
widest and thickest deposits are generally upstream of railroad trestles and bridges that existed
in 1908 and restricted the flood flows. There has been minor movement and re-working of
the deposits in the floodplain since 1908 related to flood flows smaller than the 1908 flood.
The lateral and vertical extent of tailings/impacted soils were determined by analysis of 625
samples of tailings/impacted soils and nonimpacted soils. The volume and nature of the
tailings/impacted soils is presented in Table 1. The volume of these materials were estimated
to be 2.4 to 2.8 million cubic yards within 1,270 acres. The tailings/impacted soils range in
thickness from a few inches to greater than 5 feet. Most of these tailings/impacted soils are in
deposits less than 1.5 feet thick and contain arsenic, cadmium, lead, and zinc. In many
locations, the tailings/impacted soils also contain mercury related to extensive placer mine
workings throughout the SST OU.
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1.3 Ground Water

The main objectives of the ground water investigation were to determine if ground water was
contaminated and to define the interaction between ground water and Silver Bow Creek. A
total of 49 monitoring wells and drive points were installed and monitored onsite. The 49
wells installed in the alluvium have been screened at two different depths, within twenty feet
of the ground surface (upper alluvial aquifer) and greater than twenty feet below the ground
surface (lower alluvial aquifer). The screen interval and average concentrations of ground
water from each of these 49 wells is presented in Table 2. Ground water flows toward and
into the creek except in a few reaches where surface water flows into ground water. Elevated
concentrations and exceedances of drinking water standards (MCLs) for metals were found in
ground water samples from scattered areas and were confined to samples from the shallow
alluvial aquifer. Metals contaminants were found at concentrations exceeding MCLs for
arsenic and cadmium in several wells located near, but outside of the SST OU and Rocker
OU and up-gradient of tailings. Wells in the Rocker area are reported as part of the Rocker
OU investigations.

14 Sediments

A portion of the tailings and impacted soil eventually resides as stream bed sediments at the
bottom of Silver Bow Creek, at least for a time, before the sediments are carried downstream
to Warm Springs Ponds. Bed sediments are composed of a mixture of tailings and native
materials. While in the stream, these sediments may serve as a source of metals to the surface
water system or may impact aquatic life in the stream bottom. The volume and nature of the
sediments is presented in Tables 3a and 3b. Studies of the stream show that even if metals
and arsenic were removed from surface water and sediments, urban and industrial impacts
would make it unlikely that a strong, diverse natural aquatic system would become
established.

1.5 Railroad Materials

Certain portions of several historic and existing railroad embankments along Silver Bow
Creek were constructed with mine waste. This material represents a potential minor source of
metals to ground water or to Silver Bow Creek via runoff. The volumes and nature of the
railroad materials containing mine wastes are presented in Tables 4a and 4b.



(56/2272) STXMOWAD\S 318Y.L\HINANE0 I ENMAMLED

"3]qE[reA® Biep ON = (N "19)oWNUID Jad SOYWIOIONA = WI/soyum
“100] 3od swreiBootw = [/8n ‘syun prepuels = 1S
‘304 Jod sureiBijiw = /8w 'J99)9p-UOU € Sem 28RISAB SIY} JB[NO[BD 0} Pasn an[eA AI9AT - )

“HWI] UORIO2IIP POYIAW Y} J[BY-3UO SB PIIAIUI 10319P-UOU 1M PIjeno[ed safeIoAy

“'90BJMS PUNCIZ M0[3q 193] ()7 0} UBY} 2IOW ST [BAISIUT PAUIIIIS Y} JO WONOQ Y} YoIym Ul s[[am sapn[oui 1ajinbe [eianfre samoy sy ()

1s910N
L9°SSI 600 00°08S‘y 9T'1 L9'9€0°1 e 650 v0'v 009¥¢€ Le06 Se9 e
6801 600 0€'8 i 0L'6E vL'e [4%1] 9¢'t L9PET 1L°6T8 80°L -0
91’9 aN €€°€8S°T 80°L €€°560°1 90°C vio 91’6 L9TLI 09°L9L e 8-0
0011 aN aN 00°1 aN 00°01 0s°0 099 aN 00°020°1 0L9 §0-SO
00°911°1 anN aN 0g'e aN $6'8 0T'¢t 00°¢l aN 00'69C°1 059 90-SO
09°LTIT aN 00°000°%1 vL't 00°1T 0T'6C e 90t 0026T SEYOL 6L9 10-SL
IE°101 aN LS'E 660 oLt 09y £V°0 [4h% 00°€el 99°6T¢ LL9 ¢1-0
LELT aN 06'¢ vel Ly'ie 1Ts 0¥'0 ve9 LIVS 0v'0LE €0°L [40)
0L'61 anN LESY 6€'C LLLT ¥0'6 90 88'G 00°€06 01°€69°1 889 -0
9¢'1L aN 06'¢ L0C o019t w6y 0r'0 1249 00'106 89°€9L1 069 01-0
LV'IL aN aN 160 aN 06’1 LEO 06'v aN 09°SLT 819 6-0
S6'Ct n <soo aN eL'1 aN 8€°SI 990 86'8 anN SToSY 0T'L £0-SO
Sv'l n  soo aN €L'0 aN €Tl 0s'1 LTLT aN anN anN 8-Hd
(/3m) (/3m) (/3n) (/3n) (1/3n) /3n) (/3n) (1/3n) (1/3w) (wd/soyum) — (nS) al
iz IS LERE) N sauB3uBy pBa] uoay Jaddo) wnupe) RIUEN Y - 3)BJINS fy1anonpuo) Hd PAM
S[BJIIN PIA[OSSI(] TBIIAY [8211393] [UEIR

y1odoy uoye3nsaau] [BIPIWY Jea( Hu() dqesadQ sSuifie ], IpIswEa}S
(1) sBuypre |, urygiip pajedor] s[RA\ SULIO)UOA 13)EAN punois) Jajinby
[BIAN|[Y JIAMO0T WOJJ S)[NSIY [BINA[BUY puUB SIdjomweled P31, Jo Alewwng

8Z3qEL



5

Table 2b

Summary of Field Parameters and Analytical Results from Upper Alluvial
Aquifer Ground Water Monitoring Wells Located Within Tailings (1)
Streamside Tailings Operable Unit Draft Remedial Investigation Report

Field Electrical Average Dissolved Metals
Well pH Conductivity Sulfate Arsenic  Cadmium Copper Iron Lead Manganese Mercury Zinc
ID (SU) __ (umhos/cm) (mg/) (ug/t) (ug/l) (ug/h) (ug/l) (ug/l) (ug/l) (ug/l) (ugh)
C-16 7.40 1,749.67 612 14.30 4.50 9.76 85 1.12 61 0.10 789
C-17 7.08 1,558.25 608 13.45 1.88 94.43 154 0.85 258 0.07 378
DP-5 ND ND ND 74.67 ND ND ND ND ND ND ND
GS-01  6.98 343.50 ND 299 0.46 12.10 ND 3.70 ND ND 18
GS-02  6.60 307.00 ND 223 0.40 13.50 ND 1.00 ND ND 81
RH-2 522 711.00 ND 5.27 2.17 4595 ND 0.87 ND ND 2,200
RH-3 6.28 1,260.00 ND 5.53 3.93 5.83 ND 433 ND ND 83
RH-4 573 762.00 ND 3843 1.50 4.67 ND 1.17 ND ND 2,847
GS-04 7.14 508.00 128 30.75 3.61 36.42 423 4.10 16,667 0.14 790
C-13S  6.75 469.10 134 8.66 0.73 28.57 24 1.27 44 ND 71
C-18 6.72 782.75 207 9.03 8.05 12.08 3,853 0.75 3,683 0.20 835
C-19 6.80 426.38 104 6.10 1.01 15.33 17 1.25 1,261 ND 228
C-20 6.75 499.68 102 5.08 1.04 17.00 12 1.04 710 ND 214
C-21 6.30 376.57 54 54.98 0.26 4.62 1,176 1.14 1,697 ND 44
C-22 6.65 1,179.50 438 34.95 0.37 1.17 18,800 0.87 7,970 ND 2,778
C-23 6.91 1,365.25 513 27.20 0.26 2.40 26,600 0.69 15,733 0.12 4,973
C-7 6.20 759.60 424 8.82 7.58 56.80 3,743 0.99 6,503 ND 2,258
C-2 6.12 375.00 108 1.42 1.68 7.94 26 0.88 55 0.10 255
C-3 4.80 391.34 128 1.49 9.64 316.40 36 27.86 836 0.11 1,652
C-4 5.87 475.44 181 5.58 36.42 447.60 3,350 4.43 5,250 0.20 9,968
C-48 6.02 474.56 173 12.12 0.43 2.82 10,033 1.24 » 5,673 0.16 8,520
C-6 6.77 541.40 166 8.16 033 1.86 3,403 0.98 1,190 0.11 163
C-24 6.59 716.30 232 3.60 6.05 17.88 83 1.40 4,167 0.08 506
C-25 6.79 1,145.10 570 3.05 11.78 21.18 145 0.91 5,543 0.09 2,442
C-26 6.67 891.48 202 5.70 0.55 435 337 1.50 1,405 0.12 16
C-28 6.79 905.00 245 11.55 0.33 3.80 2,730 1.33 882 0.09 41
C-27 6.94 719.61 240 5.88 0.45 2.75 20 1.51 172 0.07 77
Notes:

(1) The upper alluvial aquifer includes wells in which the bottom of the screened interval is less than or equal to 20 feet below ground surface.

Averages are calculated using one-half the method detection limit for non-detect analyses.
SU = Standard Units.

hoc/

I

ug/l = micrograms per liter.
ND = No data available.

0s per
mg/l = milligram per liter

CRTWPWINI100\PDRIR\TABLES\GWUP XLS [2/27/95]
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Table 4a
Railroad Bed and Ballast Materials Analytical Statistical Summary
Streamside Tailings Operable Unit

Median Total Metals Concentration (mg/kg)
Material Type Arsenic Cadmium Copper Lead Zinc
Impacted Material 358 11.2 2,468 1,219 3,056
Concentrate Spill 4540 19.8 98,900 1,520 3,542
Slag 1,660 18.0 9,390 2,030 19,500
Waste Rock 375 2.0 1,081 587 687
Notes:

mg/kg=milligrams per kilogram
Calculations are made with 1/2 the undetected values.

Table 4b
Railroad Bed and Ballast Volume Summary
Streamside Tailings Operable Unit

Volume (cubic yards) |
Material Type Subarea 1 Subarea2  Subarea3  Subarea 4 [Total SST OU
Waste Rock 202,654 18,560 60,246 8,317 289,777
Impacted Materials 0 954 0 22,933 23,887
Ore Concentrate 1 0 0 0 1
Slag 74,527 48,474 35,013 0 158,014
Total 277,182 67,988 95,259 31,250 471,679
Notes:

mg/kg=milligrams per kilogram
Calculations are made with 1/2 the undetected values.

CKLR: SST\FIELDTRIP\FLDTRPRR.XLS (2/24/95) PAGE 1 OF 1



2.0 TRANSPORT AND MIGRATION OF IMPACTS RELATED TO MINE
WASTES

Figures 1 through 4 show the current generalized conceptual model of contaminant
movements within the SST OU. Contaminants move through the area and between
environmental media in response to a variety of processes. Some of the primary means by
which contaminants may move within the SST OU include:

1. Erosion and runoff;

2. Surface water flow;

3. Tailings/impacted soils and ground water interaction; and
4. Ground water and surface water interaction.

2.1 Erosion and Runoff

Erosion and runoff are a transport mechanism that carries constituents of concern to Silver
Bow Creek. Particularly, precipitation-generated and snowmelt runoff moves metals-bearing
materials via erosion and carries the contaminants to Silver Bow Creek. During much of the
summer, the arid conditions of the site cause dissolved metals in soil moisture to be wicked to
the surface of tailings due to evaporation. Evaporation causes salts to form on the surface of
the tailings/impacted soils. These salts may be eroded or dissolved and transported by runoff
to the stream. Silver Bow Creek may erode banks and cause direct erosion of streambank
materials. Ice buildup in the stream during winter months may cause streambank erosion and
people and animals may also cause streamside tailings to directly enter the stream.

2.2 Surface Water Flow

Water entering the SST OU from upstream areas (inflow) is contaminated by mining wastes,
urban and industrial effluents. Data presented in Table 5 illustrate the water quality and flow
volume at various locations within the SST OU. The water quality data indicate that
contaminants may be added to Silver Bow Creek in the upper portion of the SST OU during
low flow conditions. Aquatic systems are particularly sensitive to elevated levels of copper
and zinc. Below the mouth of Durant Canyon, water quality generally improves as Silver
Bow Creek flows to the Warm Springs Ponds during low flows. There is a net decrease in
loading of metals through the SST OU. As mentioned above, high flow water quality is
impacted by runoff carrying dissolved salts of the constituents of concern.

23 Tailings/Impacted Soils and Ground Water Interaction

In some areas ground water is in direct contact with tailings for a portion of the year. The
average ground water level fluctuation is estimated at one to two feet. Saturation of
tailings/impacted soils may mobilize metals from the tailings and in turn may contaminate the
ground water. As shown by the formation of salts on the surface of tailings/impacted soils,
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Table 5

Results and Statistical Summary of Inorganic Analysis of Surface Water Samples (1)
Streamside Tailings Operable Unit

River Dissolved Metals
Mile Statistical Discharge Arsenic Cadmium Copper Lead Mercury Zinc
Station ) Parameter (cfs) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)
Chronic Standard (3) 850 (4) 1.1(5) 12 (5) 32(5) 0.012 (6) 110 (5)
Acute Standard (3) NA 39(5) 18 (5) 82 (5) 24 (6) 120 (5)
Maximum Contaminant Level (7) 50 (4) 5.0 1000 (8) 2.00 5000 (8)
§S-07 1.4 Median 20.5 13.0 33 90 3.6 NA 659
Semi-Interquartile Range 1.3 34 0.7 11 0.7 NA 88
Number of Analyses 8 2 2 8 2 0 8
§S-08 35 Median 20.5 13.3 2.5 52 1.1 0.16 605
Semi-Interquartile Range 0.8 1.5 0.3 12 0.2 NA 118
Number of Analyses 8 2 2 8 2 1 8
SS-09 Median 22 NA NA 76 NA NA 494
Semi-Interquartile Range 1 NA NA 6 NA NA 140
Number of Analyses 6 0 0 6 0 0 6
SS-09A 55 Median 17.9 5.0 4.0 48 1.5 0.08 151
Semi-Interquartile Range NA NA NA NA NA NA NA
Number of Analyses 1 1 1 1 1 1 1
SS-10 6.0 Median 19.9 10.8 2.0 59 1.7 NA 382
Semi-Interquartile Range 0.4 0.0 0.0 6 0.0 NA 205
Number of Analyses 4 4 4 4 4 4 4
SS-11 7.9 Median 235 8.0 2.0 54 0.8 0.08 401
Semi-Interquartile Range 2.8 1.7 0.0 5 0.2 NA 85
Number of Analyses 4 2 2 4 2 1 2
Ss-11C 8.7 Median 21.7 5.0 2.0 41 0.3 0.08 390
Semi-Interquartile Range NA NA NA NA NA NA NA
Number of Analyses 1 1 1 1 1 1 1
SS-13 9.0 Median 26 NA NA 54 NA NA 353
Semi-Interquartile Range 1 NA NA 6 NA NA 35
Number of Analyses 2 0 0 2 0 0 2
SS-14 10.7 Median 25.1 44 1.1 47 34 NA 165
Semi-Interquartile Range 22 38 0.9 7 0.2 NA 26
Number of Analyses 8 4 4 8 4 0 8
SS-16 16.1 Median 27.5 4.1 12 48 5.1 NA 77
Semi-Interquartile Range 34 3.7 0.8 4 0.4 NA 21
Number of Analyses 8 4 4 8 4 0 8
SS-16B 19.3 Median 35.1 12.6 1.8 47 0.8 0.08 391
Semi-Interquartile Range 34 3.8 0.1 8 0.5 0.03 108
Number of Analyses 2 2 2 2 2 2 2
SS-17 20.9 Median 23.8 15.0 2.0 56 6.9 NA 55
Semi-Interquartile Range 1.5 NA NA 6 NA NA 12
Number of Analyses 3 1 1 3 1 0 3
SS-19 233 Median 28.2 18.2 2.0 44 1.1 NA 63
Semi-Interquartile Range 1.0 NA NA NA NA NA 13
Number of Analyses 3 1 1 3 1 0 3

Note:

(1) This statistical summary is of the low flow surface water quality sampling events that were determined by the MDHES/ARCO project team to be characteristic of low flow.
Additional data was used to fully characterize the site.

(2) River miles ed along the ch 1 of Silver Bow Creek, downstream from the Montana Street Bridge in Butte.

(3) Source: Environmental Protection Agency (EPA), Quality Criteria for Water, May 1991. EPA recommends that water quality standards be compared to dissolved metals values.

(4) Not based on water hardness. Values given are for Arsenic V, which is to be expected in more oxidized conditions, as found within Silver Bow Creek. Arsenic V is currently listed
the Lowest Observed Effect Level (LOEL), with insufficient EPA data to develop an acurate criteria value.

(5) Based on a water hardness of 100 mg/l CaCO3.

(6) Not based on water hardness.

(7) Source: Office of Water, US EPA, December 1993.

(8) Secondary Maximum Contaminant Level.

NA = Not available for the samples chosen for this table.

FLDTRPSW.XLS[2/24/95] Page lof 1




14

the dominant water movement through tailings/impacted is upward. However, some minor
amount of infiltration of water from the tailings on the surface through the unsaturated
(vadose) zone and into the saturated ground water (saturated) zone may transport constituents
of concern to ground water. This is most likely to happen during thunderstorms and during
snowmelt events. Metals from tailings may be leached by the infiltrating water and carried
into the underlying native soils and ground water. Profiles of some soils in the SST OU show
evidence of metals migrations from the tailings into underlying native materials.

2.4 Ground Water and Surface Water Interaction

Ground water flows into Silver Bow Creek along several reaches of the stream. During low
flow conditions where the creek gains flow from ground water, the ground water may impact
the quality of Silver Bow Creek. Since many of the possible pathways for contaminant
movement are inactive during low flow conditions (e.g., runoff and erosion), it is probable
that the primary pathway that would explain the minor increase in surface water metals
concentrations seen in Subarea 1 is ground water inflow. During high flows and in losing
reaches of the stream, surface water may flow into and impact ground water. Such a
mechanism of metals movement would be most probable when the stream stage is high, such
as following a summer thunderstorm or spring runoff. The impact of this "bank storage" of
surface water is for a relatively short distance from the stream (20 to 50 feet).
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3.0 FATE OF IMPACTS FROM MINING WASTES

Silver Bow Creek surface water and bed sediments are the short-term recipient of
contaminants from the tailings/impacted soils as well as from offsite sources. Silver Bow
Creek discharges into the Warm Springs Ponds at the lower end of the SST OU.
Contaminants are transported by Silver Bow Creek in varying forms and are, for the most
part, removed from the water through the treatment system operated at the Warm Springs
Ponds. Therefore, ultimately, nearly all metals which move through Silver Bow Creek will be
deposited in the Warm Springs Ponds. A minor, trace amount may be carried into the upper
Clark Fork River. The time required for the contaminants of concern to achieve this fate will
depend on the magnitude of various mechanisms affecting movement.

The Warm Springs Ponds are designed to treat Silver Bow Creek water at flows up to the
100-year flood flows. Only flows greater than the largest flood expected in 100 years will
bypass the ponds directly into the Clark Fork River. During flows greater than the 100-year
flood flows, untreated contaminants might make their way into the Clark Fork River during
these higher flows.

There are numerous geochemical mechanisms that will tend to immobilize constituents of
concern within the SST OU. Most of these mechanisms operate within the top few feet of
soil underlying tailings/impacted soil, and serve to preserve the majority of the
tailings/impacted soil in place in the floodplain surrounding Silver Bow Creek. Constituents
of concern that may infiltrate to ground water will be move only a relatively minor distance
within the aquifer before the geochemical system is different enough that the constituents of
concern drop out of ground water by the same geochemical mechanisms operating within the
unsaturated zone.

Constituents of concern within and attached to the floodplain soils will remain in an
immobile, stable form unless geochemical conditions alter the chemical stability of the soil
system to re-release the metals. There are no natural mechanisms that are expected to alter
the current in-situ soil geochemical system on the scale of tens or hundreds of years.
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Table 3-2a
Analytical Data for Geologic Cross Sections
Whiskey Gulch Area
Streamside Tailings Operable Unit
Tailings/Soils
Electrical
pH Conductivity Totals (mg/kg)
Cross Section Depth (ft) (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Whiskey Gulch A
C-17 0-0.4 427 402 314 9.5 683 556 2400 —
0.4-12 5.1 112 317 6.6 411 633 2360 -
1.5-2.6 6.4 114 227 ND2.6 369 440 1430 -
TS 1850-5 0-0.2 41 5300 365 17.1 4230 476 4110 —
0.5-0.83 5 720 671 109 2540 3480 7310 -
0.7-1.2 6.9 850 921 9.2 12700 20400 26800 —_
1.2-2.8 73 730 262 18.6 951 3910 6560 —
28 5.6 800 173 4 278 390 1010 —
6-8 6.8 1820 871 239 5310 1530 5890 -
CT 1850-0102 0 - — 521 15 3500 850 2530 -
34-39 — - 5.6 ND4 23.1 123 —_
5 - —_ 21.1 ND0.21 112 597 —
153 — — 1.6 ND0.23 103 53.6 —
CT 1850-0101 0-0.5 — - 888 12.1 3470 %}* 9550 —
335 - — 410 182 513 78700 —
4.5 - - 81.6 11 91.7 499 -
9 —_ - 285 351 1460 2370 —
Ground Watér
Electrical ,?;L“ o
pH Cofiductivity Dissolved (ug/l)
D Date (Std. Units) _ ilmtfos/cm) As Ca Cu Pb Zn He
C-15 1 leSDl:?e“ 7.49 3382 6.70 ND2.8 ND359 NDIL1 24.50 -
C-15 10727, A 7.34 1100 11.00 0.15 ND4 NDO.7 ND17 NDO.16
C-15 3/1293 7.06 1520.00 12.80 NDO.11 ND2.2 4.40 ND6.3 NDO.1
C-15 671193 7.49 2078.00 820 0.12 3.90 220 NDé6 NDO0.06
C-15 8/20/93 7.50 1631.00 18.30 ND0.04 ND3.1 ND1.6 ND7.6 0.14
C-16 10/27/92 759 2092 11.50 6.20 ND21 ND2.8 1,060.00 NDO.16
C-16 67193 7.34 1736.00 16.10 2.90 18.70 1.60 1,300.00 0.07
C-16 827193 7.26 1421.00 15.30 4.40 ND1.6 0.72 8.13 0.12
C-17 10/26/92 6.54 1380 14.70 2.00 104.00 ND3.2 434.00 NDO.16
C-17 3/1293 7.15 1446.00 13.40 1.70 151.00 140 450.00 NDO.1
C-17 6/1/93 738 1759.00 13.80 230 104.00 1.00 351.00 0.10
C-17 8/20/93 7.26 1648.00 11.90 1.50 18.70 0.72 277.00 0.12
Surface Water
Electrical
pH Conductivity  Streamflow Dissolved (ug/l)
ID Location (Std. Units)  (umhos/cm) (cfs) As Cd Cu Pb Zn Hg
Whsikey Guich Area
SS-07 4224’ Upstream 7.80 --- 226 --- .- 78 .- 534 ---
SS-07 4224’ Upstream 7.90 --- 31.6 --- --- 80 . 487 .-
SS-07 4224’ Upstream 6.70 351 --- --- 106 633 ---
S§S-07 4224 Upstream 7.60 .- 28.8 --- .- 67 --- 596 ---
S$8-07 4224' Upstream 7.50 --- 318 124 1.9 ND97 3 531 NDO.1
SS-07 4224’ Upstream 7.58 --- 18.1 19.8 2 65 5 579 NDO.16
§8-07 4224’ Upstn:am 7.20 --- 227 .- --- 88 --- 625 ---
SS-07 4224 Upstream 7.30 .- 212 .- .- 72 - 584 .-
SS07 4224 Upstream 730 19.2 91 801
SS07 4224 Upstream 7.40 19.6 100 745
SS-07 4224 Upstream 7.20 21.9 99 693
SS-07 4224’ Upstream 7.20 --- 19.7 6.1 4.6 100 2.1 1590 --
SS-07 4224’ Upstream 7.58 --- 18.1 19.8 ND4.0 65 5 579 ---
SS-08 6840' Downstream 7.82 --- 19.2 16.3 1.7 69 0.77 417 NDO.16
SS-08 6840' Downstream 7.50 216 .- --- 64 . 712
SS-08 6840' Downstream 7.70 --- 21.2 .- --- 43 --- 668 --

SSTXSXLSAI VB
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Table 3-2a
Analytical Data for Geologic Cross Sections
Whiskey Gulch Area
Streamside Tailings Operable Unit
(Continued)
Surface Water
Electrical
pH Conductivity ~ Streamflow Dissolved (ug/l)

ID Location (Std. Units)  (umhos/cm) (cfs) As Cd Cu Pb Zn Hg
SS-08 6840" Downstream 7.20 --- 21 40 618
SS-08 6840 Downstream 7.60 .- 19.9 .- --- 56 --- 438 ---
SS-08 6840' Downstream 7.30 19.8 72 591
S$S-08 6840' Downstream 7.30 .e- 18.5 10.2 3 48.8 14 1540 ---
§$5-08 6840" Downstream 7.82 --- 19.2 163 ND4.0 69 0.77 417 0.16
S$S-08 6840' Downstream 7.50 .- 214 .-- .- ND50 --- 444 i
SS-08 6840' Downstream 1.70 --- 322 --- 91 513
SS-08 6840' Downstream 7.30 --- 324 .e- .-- 89 --- 540 .-
S$S-08 6840' Downstream 7.70 .e- 29.6 --- .- 61 --- 536 .-
SS-08 6840' Downstream 7.00 .- 34.1 13.1 0.79 ND51 34 320 NDO.10

Notes:

As = Arsenic
Cd = Cadmium
Cu = Copper
Pb = Lead

Hg = Mercury
Zn =Zinc

ND = Not detected to the limit stated.
- - - = No data available.

Foe/em = mi hos per
mg/kg = milligrams per kilogram.
mg/l = milligrams per liter.
cfs = cubic feet per second.

ﬁ,m«,
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Table 3-2b
Data for Geologic Cross Sections
Silver Bow Area

Streamside Tailings Operable Unit

Tailings/Soils
Electrical
pH Conductivity Total (mg/kg)
Cross Section Depth (ft) (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Silver Bow Area
TS 1350-1 0-0.6 44 3200 1700 253 3440 2670 5860 —
0.6-1.2 48 200 250 8 1420 583 2670 —
1.2-19 5.2 890 29 84 5400 116 1470 —
19-22 49 1600 9.2 9 3450 24 1530 —
CT 1350-202 0-0.5 — - 885 14 1290 1430 6540 —
0.5-1 - — 914 143 2390 4620 7450 —_
8-8.3 - — 49 NDO.19 18.5 379 739 —
20-20.5 — — 43 NDO0.25 203 159 56.9 —
CT 1350-201 0.8-1.3 — - 607 6.8 2560 573 3140 e
3.54 — — 304 9.7 2280 534 2820 —
9-9.5 — 445 328 298 o
19.5-20 — 17.1 133 45.6 —
CT 1350-203 24 —_— 1890 987 -
6-8 — 29.1 205 s 148 NDO.OS
8-10 o 246 165 162 0.12
14-16 - 17.3 26.3 64.1 ND0.07
27-29 — 124 184 53.6 0.12
C-18 0-1 5.28 96.2 175 188 —
2532 6.12 439 316 341 —
AHOI 0-1 { 59.9 NDI1.5 67.8 —
12 e 60.3 NDI1.5 93.5 e
Pty
Ground Water
Electrical
pH Conductivity Dissolved (ug/l)
ID Date (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Silver Bow Area
C-18 10/27/92 5.98 682 13 12.1 ND35 ND2 1380 ND0.16
C-18 3/1193 6.93 380.12 0.50 0.38 4:00 2.80 37.00 ---
C-18 6/9/93 7.08 724.00 5.80 7.20 8.90 ND0.38  657.00 0.29
C-18 8/19/93 6.83 932.00 11.80 6.10 7.90 ND0.38 582.00 0.30
GS-03 1/15/85 74 396 ND7.0 ND1 ND40 1.5 ND27 ---
GS-03 2/28/85 72 455 12 NDO.1 ND27 ND1.0 NDI10 .--
GS-03 6/11/85 6.8 492 12 ND1 ND14 ND1.0 18 .--
GS-03 8/19/88 74 482 84 1.6 21 34 953 ---
GS-04 1/16/85 7.7 490 41 6.9 41 7.1 1700 .-
GS-04 2/28/85 72 476 29 74 115 15 1170 ---
GS-04 6/11/85 6.8 489 27 5 42 46 843 ---
GS-04 3/11/93 7.13 591 21 1.1 10 24 412 NDO0.10
GS-04 6/9/93 7.07 563 26.7 0.71 7 0.81 348 0.19
GS-04 8/19/93 6.95 439 39.8 0.56 35 22 264 0.18
Surface Water
Electrical
pH Conductivity  Streamflow Dissolved (ug/)

ID Location (Std. Units)  (umhos/cm) (cfs) As Cd Cu Pb +Zn Hg
SS-10 OnTransect 7.8 .- 26.4 --- .- 69 641 ---
Ss-10 OnTransect 8 233 --- --- 54 507 ---
SS-10 OnTransect 79 .- 20.6 .- --- 46 --- 521 ---
SS-10 OnTransect 8 .- 18.9 --- --- 63 .-- 242 --
SS-10 OnTransect 82 --- 19.6 --- --- 69 .- 105 .-
SS-10 OnTransect 1.1 .- 20.2 10.8 2 54.6 1.7 908 ---
SS-10 OnTransect 8.1 --- 24.1 .-- --- 57 --- 432 .-
§S-10 OnTransect 8.1 .- 326 --- .- 69 . 385 ---
SS-10 OnTransect 74 .- 348 --- --- ND76 --- 447 --
SS-10 " OnTransect 7.8 .- 304 .- --- 67 --- 479 ---
SS-9A 7000' Upstream 1.7 .- --- 19 0.32 ND67 2.5 414 NDO0.10

SSTXSLSA411q
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Table 3-2b

Analytical Data for Geologic Cross Sections

Silver Bow Area
Streamside Tailings Operable Unit

(Continued)
Surface Water
Electrical
pH Conductivity  Streamflow Dissolved (ug/)

ID Location (Std. Units)  (umhos/cm) (cfs) As Cd Cu Pb Zn Hg
SS-9A 7000' Upstream 7.54 wan 179 ND10.0 .ND4 48 1.5 ND302 NDO.16
SS-11 5700' Downstream 79 --- 35.1 --- .ee ND50.0 337 .-
SS-11 5700' Downstream 14 .- 46.1 .- .- 65 411 .-
8S-11 5700' Downstream 7.6 .-- 55.4 .- .- ND76.0 ..- 354 .-
SS-11 5700' Downstream 74 .- 444 - 63 . 438 .-
SS-11 5700' Downstream 1.717 .- 25.5 89 12 41 033 91 .e-
SS-11 5700' Downstream 7.5 .-- 39.6 .-- .e- 45 --- 384 .
SS-11 5700' Downstream 8.2 .- 38 .e- .-- 26 --- 357 .-
SS-11 5700' Downstream 76 --- 354 --- --- 25 --- 347 .ee
SS-11 5700' Downstream 78 .- 28.6 .- --- 57 --- 365 s
SS-11 5700' Downstream 1.6 ae- 215 .- .- 61 --- 511 -
SS-11 5700' Downstream 8.1 .-- 18.5 114 2 51.6 13 436 .
SS-11 5700' Downstream 7.7 .- 255 ND9.0 ND4.0 41 ND0.66 ND92 NDO.16

Notes: X
As = Arsenic
Cd = Cadmium
Cu = Copper
Pb =Lead
Hg = Mercury
Zn =Zinc
ND = Not detected to the limit stated. T
- - == No data available. ®

fem = micromhos per . 3
mg/kg = milligrams per kiloa“:-iﬁm ’
mg/l = milligrams per liter. :
cfs = cubic feet per second.
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Table 3-2¢

Analytical Data for Geologic Cross Sections

Ramsay Flats Area

Streamside Tailings Operable Unit

Tailings/Soils
Electrical
pH Conductivity Total (mg/kg)
Cross Section Depth (ft) (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Ramsay Flats Area
TS 1260-3 0-0.3 37 440 1850 259 5040 1620 6620 -
0.7-0.8 3.7 600 1300 17.2 3110 1980 5180 —
0.8-13 35 2050 552 9.8 1650 1160 3680 —
1.5-2 3.7 1400 1610 322 6560 5390 9480 —
2-2.5 5.5 1800 1310 61.9 18100 11900 18500 —
25-2.8 5.9 4200 726 61.6 8540 14400 25700 —
333 59 1600 640 478 2230 7920 17000 —_
4145 6.5 2300 228 48 1450 9150 17600 -
4753 5.9 1160 385 ND4.0 65.8 659 —_
5.8-6.2 5.7 700 6.3 ND4.0 33.1 176 —
C-19 0-1.8 343 2728 1820 193 3640 6180 —
2.5-3.6 5.6 1549 127 453 967 10800 —
4-54 5.4 598 ND5.9 ND2.6 56.6 \ 1720 —
AJO1 0.9-1.5 5.15 518 1410 189 21400 9420 —_
24-2.8 4.68 91 163 3250 1270 —
RRB-16 Surface 5.57 — 352 247 114 381 -
Sediment SS-11 Stream Bed 1.1 374 % 145 1510 769 2430 —
T
o Ground ng?‘ =
fﬁl;[é'&ﬁul
pH anductivity Dissolved (ug/l)
ID Date %@ (Std. Units) (&ﬁhoslcm) As Cd Cu Pb Zn Hg
R Flat 2 T
C-10 7.07 1,788.0 23 ND2.8 ND29.8 NDI.1 3240 —
C-10 6.85 517.0 1.8 027 ND4 ND3.5 ND17 —
C-10 3/1093 7.20 1,650.0 6.7 0.06 NDS 220 7.0 e
C-10 6/193 741 2,034.0 7.7 0.06 ND2.5 NDO0.38 13.5 —
C-10 8/20/93 5.97 1,829.4 37 NDO0.16 NDO.16 0.72 ND7.6 -
C-11 112591 6.99 1,701.0 1.7 ND2.8 ND42 NDI1.1 40.8 —
C-11 10/28/92 6.83 410.0 89 0.47 6.0 ND6.6 ND29 —
C-11 3/1093 7.16 1,652.0 5.7 0.25 ND13 2.60 220 —
C-11 6/1193 7.53 1,995.0 9.0 0.12 ND5.1 NDO0.38 174 —
C-11 8/20/93 5.90 1,707.5 4.1 NDO0.16 NDO0.16 ND0.72 ND7.6 —
C-12 112491 6.27 4110 6.0 ND2.8  ND32.5 130 73.9 —
C-12 10/28/92 7.15 330.0 5.7 0.11 ND4 ND2.6 ND6 —
C-12 3/10/93 7.10 346.9 7.0 0.38 30 2.40 NDé6.3 —
C-12 6/8/93 7.40 387.0 9.1 0.05 20 0.86 ND6 —
C-12 8/19/93 125 3771 39 NDO.16 28 ND0.72 ND7.6 -
C-13 1122491 6.41 581.0 46 ND2.8 NDI18.8 1.90 378.0 —
C-13 10/28/92 6.92 400.0 53 0.14 9.0 ND2.0 111.0 —
C-13 3/10/93 7.06 4732 6.8 0.23 ND22 1.50 ND6.3 e
C-13 6/8/93 7.55 565.0 29 0.32 34 ND0.38 10.6 —
C-13 872093 5.89 609.1 35 ND0.16 NDO0.16 ND0.72 ND7.6 -
C-138 1172491 6.41 642.0 7.3 ND2.8  ND28.9 1.10 205.0 —
C-138 10/28/92 6.93 164.0 9.1 0.53 40 ND2.1 ND13.0 -
C-138 3/1193 7.01 4395 11.6 0.56 5.0 2.90 ND6.3 -
C-138 6/8/93 7.53 556.0 8.1 0.95 1140 NDO0.38 133.0 —
C-138 8/19/93 5.88 544.0 6.8 023 5.4 1.10 ND7.6 —
C-14 1172591 1.22 777.6 5.2 ND2.8 ND308 NDI.I 259 -
C-14 10/28/92 6.47 394.0 89 0.51 ND4 0.92 ND33 NDO.16
C-14 3/12/93 7.08 383.1 73 0.21 3.0 220 ND6.3 ND1.0
C-14 6/9/93 7.48 469.0 1.1 0.10 NDI1.4 2.90 NDé6 ND0.06
C-14 8/20/93 6.10 492.7 6.0 ND0.04 ND3.2 ND1.6 8.0 0.15
C-19 10/28/92 5.86 406.0 6.3 0.42 5.0 ND2.4 86.0 —
C-19 3/11/93 6.93 380.1 8.5 0.38 40 2.80 37.0 —
C-19 6/8/93 7.34 448.0 49 0.72 48.2 ND0.38 151.0 -
C-19 8/19/93 7.07 4714 4.7 2.50 4.1 0.79 637.0 —
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Table 3-2¢
Analytical Data for Geologic Cross Sections
Ramsay Flats Area
Streamside Tailings Operable Unit
(Continued)
Ground Water
Electrical
pH Conductivity Dissolved (ug/l)
ID Date (Std. Units)  (umhos/cm) As Cd Cu Pb Zn Hg

C-20 10/28/92 593 496.0 5.7 14 220 ND2.3 233.0 -

C-20 3/1193 6.93 4504 6.9 0.96 8.0 1.6 213.0 —

C-20 6/8/93 7.20 527.0 2.8 1.4 347 NDO0.38 375.0 -

C-20 8/19/93 6.93 5253 49 04 33 1.2 36.5 -

Surface Water
Electrical
pH Conductivity  Streamflow Dissolved (ug/l)
ID Location (Std. Units)  (umhos/cm) (cfs) As Cd Cu Pb Zn Hg

Ramsay Flats Area

SS-11 On Transect 7.717 --- 25.5 8.9 1.2 41 0.66 91 NDO.16

SS-11 On Transect 79 35.1 --- .- ND50.0 337

SS-11 On Transect 74 .- 46.1 .- --- 65 .- 411 -

SS-11 On Transect 7.6 .- 554 .- .- ND76.0 - 354 --

SS-11 On Transect 74 .- 444 .- B 63 .- 438 --

SS-11 On Transect 7.5 .-- 39.6 --- --- 45 384 .-

SS-11 On Transect 82 --- 38 .-- .- 26 .- 357 ---

SS-11 On Transect 76 .e- 354 .-- --- 25 347 .-

SS-11 On Transect 78 .- 28.6 --- --- 57 --- 365 --

SS-11 On Transect 1.6 .- 21.5 --- --- 61 “ee 511 --

SS-11 On Transect 8.1 .-- 185 114 2 51.6 1.3 436 .-

SS-11 On Transect 7.7 25.5 ND9.0 ND4.0 41 NDO.66 ND92 NDO.16
Notes:
As = Arsenic
Cd = Cadmium
Cu = Copper
Pb = Lead
Hg = Mercury
Za=Zinc
ND = Not detected to the limit stated.
- - - = No data available.

hos/cm = micromhos per

mg/kg = milligrams per kilogram.
mg/l = milligrams per liter.
cfs = cubic feet per second.
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Table 3-2d

Analytical Data for Geologic Cross Sections
Miles Crossing Area
Streamside Tailings Operable Unit

Tailings/Soils
Electrical
pH Conductivity Total (mg/kg)
Cross Section Depth (ft) (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Miles Crossing A
TS 1080-1 0-0.6 36 1580 439 83 2230 849 2670 -
0.6-1 3 1010 341 4.6 460 489 1840 —
1.7-2.2 32 320 297 13 354 346 854 —
CT 1080-301 4.5-5 — —_ 17.1 ND4 25.1 45 69.5 —
C-22 0.6-1.8 6.87 991 73.6 39 650 897 1480 —
2-3.7 4.22 244 7.8 5 493 23.6 1890 —
C-23 0.6-1.7 5.43 472 191 15 4930 1250 4400 —
Ground Water
Electrical
pH Conductivity Dissolved (ug/)
ID Date (Std. Units)  (umhos/cm) As Cd Cu Pb Zn — Hg
Miles Crossing A
C-22 1027192 5.8 700 722 0.76 ND4 ND2.7 BSOX ---
C-22 3/1193 6.90 1244.00 28.00 031 1.60 3060.00 ---
C-22 6/9/93 7.16 1035.00 20.70 0.18 1.5 NDO0.38 ND6.0 ---
c22 8/1993 6.73 1220.00 18.90 0.21 ND1. NDO0.72  4250.00 ---
C-23 10/28/92 6.65 1397 275 0.5 5 ND1.6 4950 ---
C-23 3/1193 6.96 1758.00 25.40 023 3.00 2.30 5720.00 .-
C-23 6/9/93 7.24 24.60% 0.23 1.50 NDO0.38  4190.00 ---
C-23 8/19/93 6.80 31.30 ND0.16 NDI1.6 ND0.38  5030.00 0.12
4 Surface Water
Electrical
pH Conductivity  Streamflow Dissolved (ug/)
ID Locatio (Std. Units) (umhos/cm) (cfs) As Cd Cu Pb Zn Hg
Miles Crossing A
SS-14 1250' Downstream 832 472 26.6 144 1.1 36 4.1 56 .-
SS-14 1250° Downstream 8.0 --- 37.1 .- --- 53 --- 379 .--
SS-14 1250' Downstream 8.0 --- 48.0 .- .- 77 --- 422 .-
SS-14 1250' Downstream 7.2 .- 747 .e- .- 78 .- 276 ---
SS-14 1250' Downstream 7.7 58.0 .-- .-- 61 .- 352 ---
SS-14 1250' Downstream 8.0 .e- 36.7 --- .- 204 1.7 633 0.17
SS-14 1250' Downstream 8.1 --- 35.0 .- .- ND?97.6 20 601 0.16
SS-14 1250' Downstream 72 .-- 426 253 37 ND230 28 680 0.1
SS-14 1250' Downstream 1.6 .- 46.8 .-- a-- 48.0 .- 368
SS-14 1250' Downstream 79 . 424 .- —-- 26.0 344
SS-14 1250' Downstream . 81 34.0 38.0 --- 381 .-
SS-14 1250 Downstream 8.0 --- 29.5 .- --- 430 .- 158 ---
SS-14 1250' Downstream 7.8 236 --- ae- 63.0 200
SS-14 1250' Downstream 86 --- 207 143 2 51.9 2.7 171 ---
SS-14 1250' Downstream 83 --- 26.6 NDI44 ND4.0 36 4.1 ND56 ---
Notes:
As = Arsenic
Cd = Cadmium
Cu = Copper
Pb = Lead
Hg = Mercury
Zn=Zinc

ND = Not detected to the limit stated.
- - - = No data available.

boe/em = mi hos per
mg/kg = milligrams per kilogram.
mg/l = milligrams per liter.
cfs = cubic feet per second.
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Table 3-2f

Analytical Data for Geologic Cross Sections

Crackerville Area

Streamside Tailings Operable Unit

mg/kg = milligrams per kilogram.
mg/l = milligrams per liter.
s = cubic foet per second.

Tailings/Soils
Electrical
pH Conductivity Total (mg/kg)
Cross Section Depth (ft) (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Crackerville Area :
C-24 23 6.55 1068 18.7 243 1910 463 4300 -
C-25 229 7.39 259 15.1 3 375 38.6 533 -
BA 1201 0.9-1.15 — - 335 72 4210 35 973 -
1.15-1.5 — — 149 3.6 154 26.6 2370 -
TS 320-2 - — — 478 5.4 614 891 2250 -
- - — 252 ND4.0 335 563 672 -
- — - 158 17.8 2470 5490 8980 —
TS 320-3 - — - 11.6 ND4.0 1470 338 751 -
- —_— — 443 7 6360 4910 5460 e
- - —_ 179 6.7 609 688 1170 —
— - — 1260 115 1370 1610 4640 -
- — - 497 204 2900 2190 7670 -
Ground Water m
Electrical k7
pH Conductivity Dissolved {ug/) =
ID Date (Std. Units)  (umhos/cm) As Cd Cur 7 Pb Zn Hg
Crackerville Area
C-24 10/28/92 6.78 754 49 4.70 ND27 ND2 271.0 NDO.16
C-24 6/8/93 6.79 1020.00 4.1 9.00 210 2.0 7740 0.13
C-24 8/1993 6.04 665.30 35 4.70 17.0 ND0.38 603.0 ND0.12
C-24 03/12/93 6.73 .88 19 5.80 20.0 24 3750 ND1.0
C-25 10/28/92 7.06 30 2.70 ND16 ND2.5 247.0 ND0.16
C-25 6/1/93 6.71 89.00 23 9.60 262 ND1.0 2060.0 0.1
C-25 8/1993 6.36 589.40 34 5.00 19.5 ND0.38 1060.0 0.14
C-25 03/11/9: 7.02 2033.00 35 29.80 ND31 1.7 6400.0 NDO.1
C-26 107289 6.77 890 6.0 0.61 ND14 ND3 ND42 ND.16
C-26 6/1193 6.60 1109.00 48 0.58 4.1 1.4 134 0.1
C-26 8/19/93 6.58 976.90 6.2 ND0.63 23 0.5 27.1 0.23
C-26 03/11/93 6.72 590.00 5.8 0.38 40 2.6 ND6.3 NDO.1
Surface Water
Electrical
pH Conductivity  Streamflow Dissolved (ug/)
ID Location (Std. Units)  (umhos/cm) (cfs) As Cd Cu Pb Zn Hg
Crackerville Area
SS-16 On Transect 8.1 — 482 — — NDS50 — 311.0 -
SS-16 On Transect 84 - 59.5 — — 56.0 — 349.0 -
SS-16 On Transect 74 — 90.7 — - ND76 - 200.0 —
SS-16 On Transect 7.8 — 75.3 — - 50.0 —_ 199.0 —
SS-16 On Transect 7.5 — 523 6.5 — ND90.2 NDI1.6 89.4 0.19
SS-16 On Transect 7.8 — 56.5 6.3 — ND81.6 ND1.6 29.5 0.19
SS-16 On Transect 1.74 — 56.5 — 1.8 ND73.8 ND1.6 82.1 0.18
SS-16 On Transect 8.6 — 46.4 26.2 14 ND85 3.0 179.0 NDO.10
SS-16 On Transect — - — 132 1.2 35 6.6 36 —
SS-16 On Transect 7.1 - 62.6 —_ - 57.0 — 381 —
SS-16 On Transect 7.7 — 535 — —-— 43.0 - 321 -
SS-16 On Transect 7.8 - 455 - — 370 — 356 -
SS-16 On Transect 8.1 — 29.8 — — 50.0 — 81 —
SS-16 On Transect 9.0 — 252 - — 55.0 — 73 —
SS-16 On Transect 9.0 — 19.1 15.7 2 46.8 35 163 -
SS-16 On Transect 73 - 325 NDI13.2 ND4.0 35 6.6 ND36 —
SS-16B On Transect 84 .- 41.81 .- ND9%4.9 ND1.6 391 0.17
SS-16B On Transect 72 --- --- 20.1 1.5 ND133 2.7 455 ND0.10
SS-16B On Transect 8.2 — 283 NDI10.0 ND4.0 33 0.7 ND48.0 NDO.16
Notes:
As = Arsenic
Cd = Cadmium
Cu = Copper
Pb = Lead
Hg = Mercury
Zn=Zinc
ND = Not detected to the limit stated.
- - - = No data available.
hos/cm = micromhos per
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Table 3-2g

Analytical Data for Geologic Cross Sections

Durant Canyon Area

Streamside Tailings Operable Unit

Tailings/Soils
Electrical
pH Conductivity Total (mg/kg)
Cross Section Depth (ft) (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Durant Canyon Area
CT 710-1401 2-3.5 — — 25 ND1.4 1340 61.8 84.6 -
4.2-5.2 — - 6.4 NDO0.25 30.7 18.5 243 -
5.2-5.7 — - 4.8 ND2.8 145 10.2 86.6 -
8.5-10 - — 215 ND0.22 50.7 20.5 50.7 —
12-14 — — 0.93 NDO0.2 10.2 10.8 45.1 —
CT 710-1402 0-1.2 — — 200 NDO.18 218 386 1140 —
2-3 — —_ 247 ND3 533 206 1600 —
5-5.5 - - 314 ND0.2 92.7 284 312 -
6-7.5 —_ - 1.2 NDO.21 13.1 13.9 314 -
Ground Water
Electrical
pH Conductivity Dissolved (ug/)
ID Date (Std. Units)  (umhos/cm) As Cd Cu Pb Zn Hg
C-7 122192 5.67 418.00 16.30 2.70 ND40.4 1.90 ND370 .-
C-7 10/28/92 6.14 548.00 11.20 240 17.00 . ND3.9 850.00 ---
C-7 6/9/93 6.29 1519.00 4.30 21.00 th@‘%‘NDO.SS 6040.00 ---
C-7 8/19/93 6.20 808.00 3.50 5.80 64.8@2‘ ND0.72  2340.00 .-
C-7 03/11/93 6.69 505.00 880 6.00 61.005% ND1.3 1690.00 --
Notes:
As = Arsenic
Cd = Cadmium
Cu = Copper
Pb = Lead
Hg = Mercury
Zn=Zinc
ND = Not detected to the limi
- - == No data available.
hos/cm = micromhos per

mg/kg = milligrams per kilogram.

mg/l = milligrams per liter.
cfs = cubic feet per second.

SST-XS X844 4
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Table 3-2¢

Analytical Data for Geologic Cross Sections

Stuart Area

Streamside Tailings Operable Unit

Tailings/Soils
Electrical
pH Conductivity Total (mg/kg)
Cross Section Depth (ft) (Std. Units) (umhos/cm) As Cd Cu Pb Zn Hg
Stuart Area
CT-250 225 — — 13.5 0.54 581 20.5 523 —
401 445 - - ND5.6 ND4 85.5 307 164 -
6-6.5 — — 79 NDO0.22 167 333 178 -
10.4-10.9 - - 28 NDO.19 133 119 195 —
CT-250 0-0.4 - — 635 73 2600 884 3460 —
402 0.4-0.8 —_ —_ 123 126 2800 542 4040 -
4.5-5 — — 144 ND4 19.7 21.7 92.1 -
6.6-7.1 — — 43 NDO0.24 37 21 69.1 e
CT-250-0406 003 — — 1690 104 5580 6380 5210 —
CT-250-0403 03-0.8 e — 305 152 3400 3810 3830 —
223 - — 106 13 627 651 768 —
24-28 — - 7.1 NDO0.21 219 21.6 40.1 —
Ground Water
Electrical
pH Conductivity Disulv_edmgjl)
ID Date (Std. Units)  (umhos/cm) As Cd Cu; ﬂ Pb Zn Hg
Ws.mm e
C-2 7121/83 - - 5.00 .-- ND3.0 .--
C-2 122192 5.45 ND20.2 1.5 NDI179 ---
C-2 10/28/92 5.95 ND18 ND3.4 258 0.16
C-2 6/9/93 6.67 9.50 NDO0.38 285.00 0.12
C-2 8120193 5.85 ND1.6 ND0.72 308.00 NDO.12
C-2 03/1 ]/9/}3’»*"% 6.66 11.00 ND1.3 243.00 NDO.1
C3 11239 5.01 281 134 2110 NDO.19
C3 10/27/92355 4.74 283 ND2.6 1240 NDO.16
C3 6/9/93 4.5 360.00 0.66 1740.00 0.14
C3 8/19/93 4.69 355.00 0.93 1690.00 ---
C3 03/10/93 4.79 303.00 2.40 1480.00 NDO.1
C4 1172581 6.08 86 15.6 9250 a--
C4 1027192 5.8 200 ND2.7 8190 NDO.16
C4 6/9/93 5.79 633.00 1.40 11000.00 0.19
C4 8/19/93 5.717 760.00 1.60 11300.00 0.47
C4 03/10/93 593 5.80 41.10 559.00 2.20 10100.00 NDI1.0
C4S 172092 5.8 112 04 ND?9.6 22 ND6200 .--
C4S 1022792 6 16.4 0.45 ND9.0 ND2.1 7390 - NDO.16
C4S 6/9/93 6.10 9.10 025 1.70 ND038  10300.00 0.16
C-4S 8/19/93 5.94 12.00 NDO0.45 NDO.16 0.47 9920.00 0.23
CA4S 03/10/93 627 11.90 0.62 3.00 230 8790.00 0.15
C-5 1722192 6.2 24 13 ND18.5 24 ND52.7 .e-
C-5 1027192 6.61 36 0.16 ND4 ND2.7 ND68 NDO.16
C-5 6/8/93 6.40 4.20 0.42 1.70 1.70 253.00 0.06
C-5 8/19/93 6.17 3.9 0.56 NDO.16 NDO0.38 281.00 0.15
C-5 03/10/93 6.38 6.10 0.49 4.00 ND1.3 184.00 ND1.0

SST-XS US4V 14
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Table 3-2¢
Analytical Data for Geologic Cross Sections
Stuart Area
Streamside Tailings Operable Unit
(Continued)
Surface Water
Electrical
pH Conductivity ~ Streamfl Dissolved (ug/l)
D Location (Std. Units)  (umhos/cm) (cfs) As Cd Cu Pb Zn Hg

Stuart Area
SS-16B 50' Downstream 82 387 283 ND10.0 ND4.0 33 0.7 ND48.0 NDO.16
SS-16B 50' Downstream 84 .-- 41.81 --- ND94.9 ND1.6 391 0.17
SS-16B 50' Downstream 7.2 --- --- 20.1 1.5 ND133 27 455 NDO.10
Notes:
As = Arsenic
Cd = Cadmium
Cu = Copper
Pb = Lead
Hg = Mercury
Zn = Zinc

ND = Not detected to the limit stated
- - - = No data available.

b oe/em = mi hos per
mg/kg = milligrams per kilogram.
mg/l = milligrams per liter.
cfs = cubic feet per second.

SSTXSXLSA41IBq
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4.0 CONTAMINANT CHARACTERIZATION

This section presents an evaluation of data collected during this RI and pertinent data collected
by previous investigators of the SST OU. This evaluation describes the nature and extent of
impacts of contaminants of concern at the site, which is the primary objective of the RI. This
section is organized to:

* Provide a general understanding of the current conceptual model of characteristics and
movement of contaminants in the study area (Section 4.1);

* Describe some of the terms and methods of data analysis that are common to the
various subarea discussions that follow (Section 4.2);

* Provide more detailed descriptions of the nature and extent, transport and fate of
contaminants of concern, and interactions between environmental media for each
subarea (Sections 4.3 to 4.6); and

+ Discuss media that were studied on a site-wide basis, including air and terrestrial and
aquatic resources (Sections 4.7 and 4.8).

4.1 Site-Wide Conceptual Model

A preliminary site-wide conceptual model was developed to support the preparation of the SST
OU Work Plan (ARCO, 1991a). In this model, the SST OU was divided into four subareas
(Section 3.1), differentiated primarily by geologic features. These geologic features affect
stream characteristics, ground water occurrence and movement, and distribution and movement
of contaminants of concern. In addition, the geologic features are a controlling factor for the
geomorphology of the area, which in turn control features such as the extent of
tailings/impacted materials, and current and future likely land use of the operable unit.

To provide a basis for understanding the conceptual models presented in this section, the logic
for dividing the SST OU into four subareas is summarized below. Subsequent discussions
included in this subsection present the general explanation of sources, transport mechanisms,
pathways, and fate of contaminants of concern within the SST OU.



4.1.1 General Physiographic Controls

The general bedrock geology of the SST OU was illustrated in Figures 3-1 and 3-2. Figure
3-1 shows a cross-section through the site of the generalized geology of the four subareas that
comprise the SST OU. Figure 3-2 presents the generalized geologic map. The primary means
of transport of contaminants of concern from tailings/impacted materials are related to surface
and ground water movement and occurrence. In general, the geologic characteristics that
appear to affect surface water and ground water occurrence and movement and the distribution
and movement of contaminants of concern in the SST OU include the following:

s Bedrock Control -- Near surface bedrock is present beneath Silver Bow Creek in both
Subareas 1 and 3. Because of this, only a very thin and narrow alluvial system has
developed in these areas. As well, Silver Bow Creek exhibits relatively higher stream
gradients in these reaches (about 0.5%) as compared to Subarea 2. These high energy
stream reaches are characterized by straight channels sections and relatively small areas
of mine and mill tailings deposition along the stream.

« Fault Control -- The Rocker Fault, located near the center of Subarea 1 (Figure 3-1),
created a down-dropped block which resulted in the formation of a basin between
Rocker and Durant Canyon filled with several hundred feet of sediments at its eastern
end. This down-dropped block lies within both Subarea 1 and Subarea 2 and contains
relatively large expanses of streamside tailings, many of which are present in flat areas
within the first stream terrace.

» Volcanics -- The extrusion of Lowland Creek Volcanics in Durant Canyon (Subarea 3)
has impacted the character of the lower reaches of Silver Bow Creek. Materials shed
from these volcanics were transported into the upper Deer Lodge Valley (Subarea 4)
by various processes, including fluvial transport (Figure 3-2). The presence of these
relatively recently deposited materials in a basin which contains a substantial amount
of other types of unconsolidated sediments, may have caused Silver Bow Creek to
become braided in this reach. The braided nature of the water course in Subarea 4 is
indicative of a relatively high energy environment. The physiography of Subarea 4 also
allows for ice jams to occur relatively frequently during winter months which
sometimes causes out-of-bank flows to occur in Silver Bow Creek (MultiTech, 1987).
Because of out-of-bank streamflow events caused by ice jams, precipitation, and
snowmelt, mine and mill tailings in Subarea 4 are relatively widespread.
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4.1.2 Oécurrence and Distribution of Contaminants of Concern

As discussed in Section 3.0, the primary contaminants of concern at the SST OU include

arsenic, cadmium, copper, lead, mercury, and zinc. These contaminants are present in varying

concentrations in soil and tailings, surface water, ground water and potentially in air at the SST
OU (MultiTech, 1987). The potential sources of contaminants of concern at the SST QU
include the following:

Off-site Sources -- Upstream sources include, but are not limited to: mine wastes in and
near the City of Butte; discharges from the Butte Sewage Treatment Plant; materials
containing organic contaminants at the Montana Pole NPL site; and, mine and mill
tailings in the Colorado Tailings and Butte Reduction Works. Contaminants from these
source areas enter the SST OU primarily within Silver Bow Creek, at the eastern end
of the study area. Off-site contaminants may also enter the SST OU via ground water

- throughflow from the LAO and the Rocker OU from airborne and/or water borne

transmission of contaminants of concern from various locations (e.g., mine waste dumps
located west of Butte) and from irrigation return flow, especially near the lower end of

the SST OU.

Streamside Tailings and Impacted Soils -- Mine and mill tailings are present along
nearly the entire reach of Silver Bow Creek within the SST OU. These tailings were
primarily derived from mines and mills historically located in and near Butte. The
tailings were stored beside and placed in Silver Bow Creek as a disposal measure and
were carried downstream by stream flows (MultiTech, 1987). Tailings deposits visible
today along Silver Bow Creek are located on the floodplain of the stream, and were
deposited primarily by flood events. Sparsely vegetated areas beside the stream are
generally associated with areas of tailings deposition. The edge of tailings deposits on
the outside of the floodplain, away from Silver Bow Creek, generally coincides with
either the base of a higher stream terrace or railroad embankments.

Tailings materials were mixed with native soils as they were transported downstream
by Silver Bow Creek, which makes the precise identification of tailings difficult. In
addition, the underlying soils may also contain contaminants of concern where these
constituents have been transported from the tailings deposits to the underlying soils or
where underlying soils were derived from rock enriched in these constituents.

Detectable concentrations of contaminants of concern in tailings and tailings impacted
soils reflect, to some degree, the native ore that was mined in Butte. In addition, some
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of the tailings deposits and/or soil at the site contain detectable mercury concentrations.
Mercury was used in gold and silver mining and milling processes (Malone, 1981).
The probable source of the mercury in the tailings and soils in the Silver Bow Creek
flood plain is either in-situ wastes from historical placer operations along Silver Bow
Creek or transported wastes associated with gold and silver milling operations in Butte
that employed mercury.

o Streambed Sediments -- A portion of the tailings and/or impacted soil that either enters
the SST OU from off-site or is present on-site enters Silver Bow Creek and contributes
to the bed sediments. These bed sediments are naturally moved downstream by Silver
Bow Creek. While in the stream, bed sediments containing a component of
tailings/impacted soils may serve as a source of contaminants to the surface water

system.

- Railroad Materials -- Portions of several historical and existing railroad beds along
Silver Bow Creek within the SST OU were constructed with mine waste rock and/or
mine and mill tailings. Portions of the railroads also contain ballast comprised of slag.
Impacted materials have also been identified. This material represents a potential
source of metals to ground water through infiltration of precipitation or snowmelt, or
to Silver Bow Creek through surface water run-off.

4.1.3 Geochemical Considerations

In this section, mechanisms that may release and move contaminants of concern from the
sources discussed in Section 4.1.2 are explained and discussed. The basis for determining
potential mechanisms include (1) data from the SST OU, (2) theoretical geochemistry, and (3)
geochemistry of similar areas. Citations included here are not necessarily site-specific. ~Site-
specific data illustrating and supporting this discussion are presented within the subarea
discussions in Sections 4.3 through 4.7.

Contaminants of concern impact the environment within the SST OU when present in a
concentrated form. Contaminants become mobile in soil pore water, surface water or ground
water. The potential mobility of each constituent is determined by chemical reactions
occurring in tailings that release metals and arsenic in soluble forms, and the physical and
chemical mechanisms that allow dissolved contaminants to be transported from the tailings in

pore water.
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Contaminants of concern were originally present in tailings as sulfide minerals, such as enargite
(Cu;AsS,) and sphalerite (ZnS) (Meyer, et al, 1968). The tailings also contain pyrite (FeS,).
These minerals become unstable when exposed to oxygen in subaerial conditions (Mason and
Moore, 1982). As a result of this exposure, chemical reactions occur that result in mobilization
of metals, arsenic and sulfate.

4.1.3.1  Release of Contaminants of Concern from Sulfide Minerals

The primary chemical reactions in tailings that affect constituent mobility are acidification by
oxidation of sulfide minerals and hydrolysis of ferric iron ions to form ferric hydroxide. Each
of these reactions create acid [hydrogen ions (H*)]. In general, the solubility of contaminants
of concern increases as pH decreases (Butler, 1964; Snoeyink and Jenkins, 1980; Sawyer and
McCarty, 1978). Arsenic behaves somewhat differently than the other metal contaminants as
it tends to have a lower solubility at low pH and its solubility increases as the pH rises.

When exposed to oxygen, pyrite (FeS,) and other sulfide minerals become unstable and slowly
oxidize. Oxygen, with bacteria acting as a catalyst, causes the oxidation of pyrite, and
produces sulfate (SO?,), ferric iron (Fe**), and protons (H') according to the following
reactions (Singer and Stumm, 1970):

FeS, + 7/2 0, + H,0 = Fe* + 2 SO?, + 2 H (1)
Fe* + 1/4 0, + H' = Fe* + 1/2 H,0 @)
FeS, + 14 Fe** + 8 H,0 = 15 Fe* + 2 SO, + 16 H' 3)

In a low pH environment, the rate of Reaction No. 2 is slow. However, the bacterium
Thiobacillus ferrooxidans, which is ubiquitous in most environments, greatly accelerates the
reaction rate (Dugan, 1975; Fenchel and Blackburn, 1970; Freney and Williams, 1983).

Thiobacillus ferrooxidans and Reaction Nos. 1 and 2 require oxygen (Dugan, 1975; Fenchel
and Blackburn, 1970; Freney and Williams, 1983). Therefore, this bacterially-mediated
chemical reaction is also influenced by physical factors that control the amount of reactants
(i.e, oxygen) that are available. In fine tailings where pore spaces are filled with water and
percolation of water through the tailings is slow, oxygen may become depleted within the
tailings. Oxygen depletion limits oxidation of pyrite, acid formation, and metals and arsenic
mobility. In coarser tailings, water may move more rapidly through the pore spaces, bringing
a fresh supply of oxygen that facilitates acidification and metals movement.
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Where oxygen depletion is occurring, boring logs indicate tailings are fine grained and change
in color from yellow (oxidized) near the surface to gray (unoxidized) at depth. Where tailings
are typically coarser grained, pore water carries oxygen (and dissolved metals) through the
tailings, and no distinct color zones are evident.

The mobility of metals and arsenic also is limited by the hydrolysis of ferric iron to form
amorphous ferric hydroxide:

Fe** + 3 H,0 = Fe(OH), ,y + 3 H' (4)

or other minerals, including jarosite [(H,Na,K)Fe,(SO,),(OH)¢], or poorly -crystallized
oxyhydroxysulfate of iron (Bigham, et al, 1990). Precipitation reactions, such as shown in
equation no. 4, result in some proton production but the precipitates formed have the beneficial
effect of removing metals from pore water through adsorption and coprecipitation reactions
(Mason and Moore, 1982). Soluble arsenic is adsorbed by ferric hydroxides (Pierce and
Moore, 1982; Fuller, et al, 1993; Bowell, 1994) as are lead, copper, zinc and cadmium
(Benjamin and Leckie, 1981; Schultz, et al, 1987). Precipitation of ferric hydroxides and
adsorption of metals increases as pH increases.

The protons resulting from Reaction Nos. 1 and 3 in tailings cause the pore water pH in the
tailings to decrease. However, within the tailings and underlying soils there is a definite trend
of increasing pH in the pore water as depth below the surface of the tailings increases.
Figure 4-1 is a schematic diagram of the geochemical processes occurring in the tailings and
underlying soils and illustrates this trend. The increase in pH as depth increases indicates that
protons are being removed from the pore water. The most likely cause for this is reaction of
the pore water with other components of the tailings and native soils. This pH increase
demonstrates that the tailings and underlying soils have an inherent capacity to remove protons
resulting in increased pH. This may be referred to as "buffering capacity" (Stumm and
Morgan, 1981; Butler, 1964; Snoeyink and Jenkins, 1980). Figure 4-1 illustrates the
relationship between pH and buffering capacity.

In general, buffering capacity depends on mineral composition (Stumm and Morgan, 1981;
Sawyer and McCarty, 1978). The mineralogy of the tailings is not documented because RI
work and previous investigations focused on metals content of the tailings rather than the bulk
mineralogy. However, the major mineral components of the tailings and underlying soils are
likely to include gangue (non-ore) minerals from the Butte ore body and host rock, alluvial
material from the Silver Bow Creek drainage, and sulfide minerals. As discussed in Section
3.3, the ore bodies mined in Butte are hosted by the Boulder Batholith which is composed
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