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GREAT FALLS COAL FIELD
WATER TREATMENT ASSESSMENT

1.0 INTRODUCTION

The Montana Department of Environmental Quality (DEQ) Abandoned Mines Section
contracted Hydrometrics, Inc. (Hydrometrics) to evaluate water treatment alternatives for
abandoned coal mine discharges in the Great Falls Coal Field in Cascade County, Montana
(Figure 1-1). The abandoned mine discharges are located within the Sand Coulee Creek
drainage, which includes Mining Coulee, Sand Coulee, Kate’s Coulee, and Straight Creek
near the community of Sand Coulee; Cottonwood Coulee, Ladd Coulee and Number Five
Coulee near Stockett, and the Belt Creek drainage including French Coulee and Lewis
Coulee near Belt, Montana. The four general investigation areas are shown in Figure 1-1

with more detailed maps provided in Figures 1-2 and 1-3.

1.1 PURPOSE AND SCOPE

The purpose of this investigation is to evaluate options and costs for active treatment of acid
mine drainage (AMD) from abandoned coal mines in the Sand Coulee/Stockett and Belt
areas. A prioritization matrix was developed to compare and rank the potential treatment
sites with regard to their current environmental and human health impacts and estimated

treatment costs. The following tasks were performed to address project objectives:

1. A site reconnaissance was conducted on July 13 and 14, 2011 to identify the locations
of abandoned coal mines, point and non-point AMD discharges, and the hydrologic
basins impacted by AMD.

2. Historical data were compiled into a Geographic Information System (GIS) database,
including water quality data, measured flow rates, sampling location coordinates,

previously mapped abandoned mine workings, and other relevant project data. The
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database was used to assess AMD sources and associated surface water impacts, and
to identify data gaps.

3. Synoptic stream flow and water quality data were collected on August 31 and
September 1, 2011 at representative AMD discharge points and at select locations
within the receiving waters for quantitative contaminant loading analyses.

4. AMD discharges were grouped based on the potential for combined treatment, and
the treatability of combined discharges was assessed. The treatment assessment
included bench scale testing of two prospective water treatment technologies.

5. The AMD discharges in the study area were assigned a prioritization ranking based
on contaminant loads, receiving water impacts, potential for human health exposure,
resource potential of the impacted water bodies, AMD treatability, and cost

considerations.

1.2 HISTORICAL BACKGROUND

The communities of Belt, Sand Coulee, and Stockett were established as coal mining towns
within the Great Falls Coal Field, with extensive underground mines developed around these
communities. The mines were a primary source of coal for operation of the Great Northern
Railway, and for the Anaconda Copper Company’s mining and beneficiation operations in
Butte, Anaconda and Great Falls, Montana. The coal mines operated from the late-1870s to
the mid-1940s with limited operations continuing into the 1950s (Renewable Technologies
Inc., 2009).

The mining activity left miles of abandoned underground workings in the Sand
Coulee/Stockett and Belt areas (Figures 1-2 and 1-3). AMD is generated from the
abandoned mines as groundwater seeps into the underground workings and reacts with
metal-sulfide minerals under oxidized aqueous conditions. AMD discharges from the mines
have contaminated adjacent streams and their underlying alluvial groundwater systems. The
2012 DEQ 303(d) list of impaired water bodies identifies metals impairment of Lower Belt
Creek, Cottonwood Creek, Number Five Coulee, Sand Coulee Creek, and Sand Coulee due
to AMD discharges.
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The Mine Waste Clean-up Bureau of the Montana Department of Environmental Quality
(formerly part of the Department of State Lands) has carried out numerous mine reclamation
projects in the area since the 1980s. Most of the reclamation measures have been directed at
removing mine wastes, closing mine portals, implementing drainage improvements, and
reclaiming disturbed lands. DEQ has implemented constructed wetland-based water
treatment methodologies to treat AMD discharges, but these techniques were not successful
due to high metal and acidity loadings and extended winter season in the area. The current

investigation focuses on assessing options for active treatment of the AMD discharges.

1.3 DESCRIPTION OF MINE DISCHARGE SITES AND RECEIVING WATERS

The U.S. Geological Survey (USGS) established 27 AMD monitoring sites in the Sand
Coulee/Stockett and Belt areas during water quality investigations performed from 1994
through 1996 (Figures 1-2 and 1-3). Fourteen of these monitoring sites are AMD discharges
from abandoned mine workings, with the remaining 13 sites located along discharge
conveyances, within receiving streams, or at former wetland treatment sites. All of the AMD
discharge sites identified by the USGS were evaluated for treatment in this study with the
exception of two mine discharge sites and former wetland treatment sites in Tracy that have
already been assessed for treatment (TtEMI, 2007). The discharge sites and receiving waters
were inspected, photographed and mapped for GPS coordinates during the site
reconnaissance conducted July 13-14, 2011. A photo log is included as Appendix A to this

report.

1.3.1 Sand Coulee

The drainage that runs through the community of Sand Coulee is an unnamed tributary to
Sand Coulee Creek. This drainage has been referred to in previous documents as Unnamed
Creek, Rusty Ditch, Sand Coulee Tributary, and Straight Creek, (the name used in this
report). Straight Creek exhibits ephemeral or intermittent flow over most of its length;
however, the section through the community of Sand Coulee is perennial due to discharges
from abandoned mine sites in the area. The headwaters of Straight Creek include three

tributaries previously monitored by the USGS. From east to west, the tributaries are Mining
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Coulee, Sand Coulee, and Kate’s Coulee. Straight Creek is constrained in a ditch through the
community of Sand Coulee. The water and creek bed are bright red due to AMD; the AMD
sources account for virtually all of the stream flow in the creek except during brief seasonal
periods of high runoff. Consequently, water quality in Sand Coulee is highly impacted by
AMD (photos on pages 8-10 of Appendix A).

The USGS monitoring sites include five AMD discharge sources along this short perennial
reach of Straight Creek and its three tributaries. Perennial stream flow begins upstream
(south) of the community of Sand Coulee at two mine discharge sites, one in Mining Coulee
(USGS Site No. 14, Figure 1-2) and one in adjacent Sand Coulee (USGS Site No. 16).
Average discharge rates at these sites range from 6.6 to 12.7 gallons per minute (gpm) (Table
B-1, Appendix B). Additional AMD discharge enters Straight Creek at Kate’s Coulee
(USGS site No. 19). This discharge is comprised primarily of AMD from the Mt. Oregon
Mine that mixes with seasonal flow originating from the overlying Kootenai Formation.
Mixing of AMD from the Mt Oregon mine with the higher pH Kootenai Formation water
causes iron and aluminum hydroxides to precipitate and form thick deposits in the

downgradient stream channel in Kate’s Coulee.

Straight Creek collects additional AMD discharge from the Nelson mine, which borders the
community of Sand Coulee to the east (USGS Site No. 20, Figure 1-2). A series of drains
were installed on the hillside above Sand Coulee to collect AMD from the Nelson Mine. The
AMD is conveyed through a lined ditch and buried drainpipe to Straight Creek; however the
pipeline has become plugged causing flow in the collection ditch to surface and flow down
the hillside. A shallow unlined ditch at the base of the hill collects this discharge and routes
it to Straight Creek approximately 700 feet downstream. Below the community of Sand
Coulee the creek begins to lose water and typically goes dry a short distance downstream

except during periods of seasonal high runoff.
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1.3.2 Cottonwood Coulee

Cottonwood Creek joins Sand Coulee Creek at Centerville. Cottonwood Creek has
intermittent flow in its upper reaches, but becomes perennial approximately three miles
upstream (south) of the town of Stockett. An infiltration gallery collects water for Stockett’s
public water supply from a perennial spring in Cottonwood Coulee, which is adjacent to the
creek approximately 1%/, miles south of the town. A short distance north of the infiltration
gallery is an AMD discharge from the Cottonwood Coal No. 6 Mine (USGS Site No. 7). The
majority of this discharge is captured and routed through a limestone channel and roadside
drainage ditch where it discharges to Cottonwood Creek approximately one mile to the north.
There is evidence of seasonal AMD seeps from the Cottonwood Coal No. 1 and No. 2 mines
along the lower reach of Cottonwood Coulee. The primary discharge from the Cottonwood
No. 2 mine (USGS Site No. 8) flows into a collection ditch and runs down the hillside and
into Ladd Coulee just upstream of the confluence with Cottonwood Coulee. There are
significant accumulations of orange iron hydroxides in the stream channel below the

confluence of these two coulees within the town of Stockett.

Cottonwood Creek receives additional inflow north (downstream) of Stockett from Number
Five Coulee (USGS Site No. 9) and then gradually loses flow downstream becoming

seasonally intermittent by the time it reaches Centerville where it joins Sand Coulee Creek.

1.3.3 Number Five Coulee

Number Five Coulee contains no communities and only a few homes. Number Five Coulee
has a small creek that has perennial flow beginning in the vicinity of the Giffen Mine and
extending approximately one mile downstream of the mine where the creek reportedly begins
to dry up seasonally (Gammons et al., 2010). While there is some groundwater discharge to
the creek in a wetland area within the mine footprint, the primary source of flow is AMD
from a constructed drain outfall from the Giffen mine referred to as the Giffen Spring (USGS
Site No. 6).
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Giffen Spring discharges from an 8-inch diameter PVVC pipe that flows at a rate of 100 to 250
gpm on a year-round basis. The discharge from Giffen Spring mixes with neutral pH stream
water resulting in precipitation of iron hydroxides in the downstream channel. Stream flow
within the coulee during wetter periods extends 4%2 miles downstream to the confluence with
Cottonwood Creek. The Cottonwood Coal No. 4 and No. 5 mines border Number Five
Coulee along its lower reach; however, no point source mine discharges have been identified

along this lower reach.

1.3.4 Belt

The Anaconda Mine is the largest mine in the Belt area and is immediately southwest of the
town of Belt (Figure 1-3). Although there were several smaller mines that were developed to
the east of the town, the Anaconda Mine is the primary source of AMD discharge in this
area. Most of the discharge from the Anaconda Mine (average of 105 gpm) originates at the
Anaconda Mine drain (USGS Site No. 5), which was installed by the Montana Department of
State Lands when the mine portal was closed in the 1980s. AMD also discharges from the
French Coulee collection system to the south of the Anaconda Mine drain. When the
Montana Department of Transportation (MDT) constructed the earthen embankment for the
U.S. Highway 87 crossing at French Coulee, a collection system was installed for AMD
discharging from abandoned mines in French Coulee, which were covered by the
embankment. The USGS identified this discharge as the French Coulee Wetlands inflow
(USGS Site No 11). The USGS monitored a second inflow into the French Coulee wetlands
(Site No 12), which apparently discharged from additional backfilled mine adits in the area.
Mean discharges from sites 11 and 12 have been approximately 22 and 13 gpm, respectively.
AMD from the Anaconda Mine drain and both USGS sites discharge to a common collection
ditch, referred to in this report as Flat Ditch. Flat Ditch is an open, unlined ditch
approximately 1600 feet in length. It runs over Coke Oven Flats, which contains buried coal
waste from mining operations. Flat Ditch discharges to Belt Creek approximately 500 feet
northeast of the Anaconda Mine drain outfall (Figure 1-3). Diffuse AMD seepage to Belt
Creek is evident along the stream banks on the west side of Belt Creek immediately upstream
and downstream of the Flat Ditch outfall (Reiten et al., 2006).
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There are two AMD discharges that originate from mines on the east side of Belt. There is a
closed adit in Lewis Coulee (USGS Site No. 21) that was reclaimed in 1985. The average
flow rate of the Lewis Coulee AMD has been estimated to be approximately 18 gpm,
however flow rates of 30 to 100 gpm have been reported in Lewis Coulee after precipitation

events (Reiten et al., 2006).

There is a second mine drain that discharges approximately 5 gpm of AMD to a shallow
open swale just south of Lewis Coulee (USGS Site No. 13). This discharge site is referred to
in the USGS study as “Lewis Coulee above Castner Park.” The AMD appears to originate
from the location of the former Millard Mine, which was reclaimed in 1986 (Reiten et al.,
2006). AMD from this source flows through a series of culverts and open unlined ditches to

Castner Park where it infiltrates into the ground in an open unlined ditch.

Belt Creek, which ultimately receives the AMD discharges, has high flows in the runoff
season but low flow late in the year and reportedly goes dry during some years in winter
months. Over a two-year monitoring period, Reiten et al (2006) reported an average annual
flow rate in Belt Creek of 130 cfs (measured at the Belt Bridge) with flows ranging
seasonally from 0 to 800 cfs. During low flow periods Reiten indicates that the only source
of flow in Belt Creek at Belt is AMD discharges.
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2.0 COMPILATION OF WATER QUALITY DATA

2.1 DATA SOURCES

Numerous investigations have been conducted assessing AMD impacts from the Great Falls
Coal Field. Much of the work was done under the direction of the Department of State
Lands (DSL) Abandoned Mines Reclamation Bureau (now MDEQ Remediation Division-
Abandoned Mine Section). Earlier investigations include studies by McArthur (1970),
Hydrometrics and Westech (1982), the Bureau of Mines and Geology (Osborne et al, 1983;
Osborne et al, 1987), and Schaefer and Associates (1989). Peccia and Associates (1991)
summarized data presented in these earlier reports and made recommendations for remedial

alternatives.

In 1994, the USGS established a series of AMD monitoring sites in the Sand Coulee/Stockett
and Belt drainages and collected monthly flow and water quality data from July 1994 to
September 1996. In 1997 Maxim Technologies was contracted by DSL to conduct
supplemental water quality monitoring at the USGS sites. Maxim collected four rounds of
water quality monitoring in 1997 and 1998. Maxim generated water quality statistics for

each of the sampling sites based on the USGS and Maxim monitoring data (Maxim, 1998).

Additional investigation of AMD discharges in Belt was undertaken by the Montana Bureau
of Mines and Geology (Reiten et al., 2006) and most recently DEQ published the results of a
Total Maximum Daily Load (TMDL) assessment for the Missouri-Cascade and Belt
Planning Areas which include DEQ water quality sampling results for each of the drainages
covered in this investigation (DEQ, 2011).

2.2 SUMMARY OF HISTORICAL DATA
Hydrometrics has compiled data from investigations from 1994 to present into a GIS
database as part of this water treatment assessment. A statistical summary of the historical

data is in Appendix B and the complete historical database is in included in electronic
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version of the report (Appendix H). A statistical summary of principal AMD constituents

from the mine discharge sites in each of the investigation areas is provided in Table 2-1.

The pH of the majority of the AMD discharges falls in the 2.5 to 3.1 range, and the
discharges contain extremely high concentrations of acidity, iron, aluminum and sulfate.
Three mine discharges, Giffen Spring, Mt. Oregon mine, and Lewis Coulee had slightly
higher average pH values, ranging from 3.1 to 3.7. This condition has been attributed to
more complete flooding of the mine workings at these locations, thus limiting the rate of

pyrite oxidation (Osborne et al., 1987; Gammons et al., 2010).
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TABLE 2-1. STATISTICAL SUMMARY OF HISTORICAL FLOW AND WATER QUALITY DATA FOR SELECTED

PARAMETERS: MINE DISCHARGE SITES

Acidity (as Aluminum | Aluminum Iron Iron
Site Flow Lab pH | Field pH CaCO03) Sulfate TRC DIS TRC DIS
(gpm) (SV) (SV) (mg/L) (mg/L) (mg/L) (mglL) (mg/L) (mg/L)
No. of Samples 29 44 41 29 44 4 44 4 44
USGS Site 5 |No. Below Detection NA NA NA 0 0 0 0 0 0
Anaconda Mine Minimum Value 67.3 2.6 2.5 36 1420 92 68 152 83.1
Drain Average 104.9 2.83 2.9 1008 1874 111 105.09 189 164.1
Maximum Value 155 3.34 3.1 1240 2700 120 126.25 212 206
. No. of Samples 29 27 29 29 29 4 29 4 29
G?ﬁzﬁss psr'itrfgﬁn No. Below Detection| __NA NA NA T 0 0 0 0 0
. Minimum Value 128 2.8 3.7 2 469 2.1 1.1 43.6 14.9
Number Five Average 208.2 37 5.06 187 695 25 10.45 50 67.9
Coulee Maximum Value | 246.8 6.1 6.08 472 1000 2.8 35 56.5 110
No. of Samples 22 22 22 22 22 4 22 4 22
USGS Site 7 |No. Below Detection NA NA NA 0 0 0 0 0 0
Cottonwood Mine| Minimum Value 8 2.5 2.26 1010 4440.0 300 300 680 646
No.6 Average 19.3 2.7 2.66 3890 5817.7 372 389 769 756
Maximum Value 67.3 2.9 3.8 4320 7200.00 457 450 860 840
No. of Samples 28 28 28 28 28 3 28 3 28
USGS Site 8 |No. Below Detection NA NA NA 0 0 0 0 0 0
Cottonwood Mine| Minimum Value 0 2.4 1.98 969 8600 1200 712 1280 720
No.2 Average 9.4 2.5 2.52 9734 13028 1473 1181 1670 1391
Maximum Value 44.9 2.7 3.65 13600 16000 1900 1720 2260 2200
. No. of Samples 24 20 20 20 20 -- 20 -- 19
DLiJsScﬁ:rgSen?r;-rg No. Bglow Detection NA NA NA 0 0 -- 0 -- 0
Minimum Value 0 2.50 2.50 1140 2200 - 100 -- 170
French Coulee Average 116 2.70 2.96 3156 5005 = 371 - 471
Wetlands Waximum Value | 44.9 3.10 3.90 4470 6800 = 570 - 770
No. of Samples 19 19 19 19 19 - 19 -- 18
USGS Site 11 [No. Below Detection| NA NA NA 0 0 -- 0 -- 0
French Coulee Minimum Value 13.5 2.5 2.5 1090 2000 -- 100 -- 170
Discharge Site Average 24.3 2.7 2.7 3634 4947 - 366 -- 709
Maximum Value 53.9 2.8 2.9 5960 7400 - 640 - 1300
No. of Samples 6 6 6 6 6 - 6 -- 6
USGS Site 12 [No. Below Detection| NA NA NA 0 0 -- 0 -- 0
French Coulee Minimum Value 13.5 2.5 3 2230 3300 -- 214 -- 440
Discharge # 2 Average 14.2 2.6 3 3417 4550 - 337 -- 693
Maximum Value 18.0 2.7 3 4870 6000 - 480 - 1000
No. of Samples 28 29 29 28 29 -- 29 4 29
USGS Site 13 [No. Below Detection| NA NA NA 0 0 -- 0 0 0
Belt above Minimum Value 0 1.3 1.8 89 3290 - 182 496 322
Castner Park Average 4.8 2.7 2.7 2798 4168 - 292 534 503
Maximum Value 13.5 3.1 3.7 6220 5700 - 530 580 572
: No. of Samples 28 28 28 28 28 3 28 3 28
L,fﬂsi[ﬁ:g%ﬁj: No. Below Detection] _NA NA NA 0 0 0 0 0 0
Minimum Value 0.2 2.5 2.2 181 7790 780 780 930 891
above Sand Average 6.6 26 26 7212 9661 893 887 1080 1048
Coulee Maximum Value 18.0 3.1 3.0 7940 12000 960 990 1260 1200
. No. of Samples 27 21 21 21 21 2 21 2 21
gZSdSCSC:L‘Tef No. Below Detection] _NA NA NA 0 0 0 0 0 0
Minimum Value 0 2.6 2.83 627 2700 227 121 366 290
above Sand Average 127 2.8 314 1997 3029 284 227 477 354
Coulee Maximum Value 49.4 3.2 3.4 2680 3600 340 300 587 515
No. of Samples 29 27 29 29 29 4 29 4 28
USGS Site 19 Mt|No. Below Detection NA NA NA 0 0 0 0 0 0
Oregon Mine at | Minimum Value 9.0 2.6 3.93 232 2130 16 14 33.8 28
Kate's Coulee Average 30.1 3.1 4.18 1418 2633 119 156 231 284
Maximum Value 80.8 4.2 5.02 1640 3700 180 180 327 340
No. of Samples 29 31 28 31 30 6 31 6 30
USGS Site 20 [No. Below Detection| NA NA NA 0 0 0 0 0 0
Nelson Mine at Minimum Value 4.5 2.5 2.24 71 8490 880 740 1490 1200
Sand Coulee Average 11.5 2.6 2.64 8219 10562 1026 901 1638 1525
Maximum Value 35.9 2.9 3.69 9930 14000 1200 1040 1860 2000
. No. of Samples 29 30 30 29 30 4 30 4 30
LLJeSVﬁ‘SS CSC'E:: No. Below Detection] _NA NA NA 2 0 0 0 0 0
- ) Minimum Value 0 2.6 3.0 5 180 106 0.02 221 2.2
below Mine Adit Average 175 34 39 1806 2946 217 | 202.914 | 464 394.2
at Belt Maximum Value 134.6 7.2 7.4 2730 5100 300 436.295 591 672
No. of Samples 2 2 -- -- -- 2 2 2 2
DEQ Site BCAMD(No. Below Detection NA NA -- -- -- 0 0 0 0
Flat Ditch outfall Minimum Value 98.5 2.85 -- -- - 127 134 177 175
to Belt Creek Average 113.7 2.90 -- -- - 132 141 179 186
Maximum Value 128.88 2.95 - - - 137 147 180 197
NOTES:
gpm = gallons per minute mg/L = milligrams per liter SU = standard units
TRC = total recoverable DIS = dissolved --- =no data available
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3.0 FIELD INVESTIGATION

3.1 SCOPE AND OBJECTIVES
Hydrometrics assessed flow rates and water quality of mine discharges and receiving waters
on August 31 and September 1, 2011 as part of the water treatment assessment. Objectives

of the field-sampling program included:

1. Providing flow measurements and water quality data at each of the AMD discharge
sites and in receiving waters so that compliance with applicable DEQ water quality
standards can be assessed to the required reporting limits.

2. Determining contaminant loading rates within individual mine discharges and in
receiving waters upstream and downstream of AMD discharges. The resulting
loading analysis provides the basis for assessing the relative importance of point
source(s) to a given stream segment versus diffuse sources. The loading data were
also a factor in prioritizing the treatment of mine discharges.

3. Providing supplemental water quality information necessary to assess water treatment
options. The evaluation of feasibility and cost of treatment required a detailed

understanding of the water chemistry including the redox state of iron.

Hydrometrics measured flows and conducted synoptic sampling of water quality on August
31 and September 1, 2011, which included 50 sites in the Sand Coulee/Stockett and Belt
Creek drainages. The sampling sites included springs, ditches, creeks and mine discharges
throughout the study area. Sampling sites were selected to coincide with previous USGS
sampling stations where present in the area. Sampling locations are described in Table 3-1

and are shown on Figures 3-1, 3-2 and 3-3.

The timing of the sampling event was intended to document conditions after spring runoff
had occurred, but prior to dry season conditions when several discharge sites typically go
dry. Surface water monitoring was conducted in a synoptic fashion in each of the drainages,
measuring stream flow and sampling from downstream to upstream in a single day. This

provided information on stream flow gains and losses, and in-stream parameter loading
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TABLE 3-1.

HYDROMETRICS' MONITORING SITES

Monitoring sites established on August 31 and September 1, 2011.
1 Coordinates collected from handheld GPS in the field.
2 TRC and DIS samples collected since not commingled with receiving water.

3 SC6 and SC5 were very close together; SC6 not sampled as a result.

4 No flow, few depressions in channel with water.

5 No upstream flow so water quality same as B-12 on downstream side of culvert.

TRC = total recoverable
DIS = dissolved
--- = No Information

6 USGS 5 located at lower end of flat ditch now also receives water seasonally from French Coulee sources, which discharged to alternate location during USGS study
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USGS Sample Coordinates®
Count Name Type . Drainage Description Longitude Latitude
Site No. Type WGS84 WGS84
1 SC-1 Mine Discharge 14 Sand Coulee TRC + DIS | Mining Coulee Adit Discharge -111.177368 47.38557497
2 SC-2 Surface Water Sand Coulee TRC +DIS? Mining Coulee above Sand Coulee confluence -111.17711 47.39017102
3 SC-3 Mine Discharge 16 Sand Coulee TRC + DIS | Sand Coulee at Adit Discharge Site upstream of Mining Coulee -111.180955 47.38709201
SC-3A Surface Water Sand Coulee None Spring below SC-3 -111.178379 47.38852297
4 SC-4 Surface Water Sand Coulee TRC + DIS? | Sand Coulee immediately above confluence with Mining Coulee -111.177201 47.39009097
5 SC-5 Surface Water Sand Coulee TRC Sand Coulee below Mining/Sand Coulee Confluence; upstream of Kate's Gulch -111.17757 47.39075499
6 SC-6 Surface Water Sand Coulee None® Straight Ck above Kate's Coulee
7 SC-7 Surface Water Sand Coulee TRC Kate's Coulee above Mt Oregon discharge -111.179835 47.39295004
8 SC-8 Mine Discharge 19 Sand Coulee TRC + DIS | Mt Oregon discharge at Portal -111.179646 47.39282104
9 SC-9 Surface Water Sand Coulee TRC + DIS | Kate's Coulee above Straight Ck -111.177975 47.39280797
10 SC-10 Surface Water Sand Coulee TRC Straight Ck below Kate's Coulee -111.177205 47.39309203
11 SC-11 Surface Water Sand Coulee TRC Straight Ck above Nelson Mine Outfall Pipe -111.174179 47.395978
SC-11A Mine Discharge Sand Coulee None Nelson Mine Outfall Pipe below Manhole 111.174086 47.396031
12 SC-12 Mine Discharge 20 Sand Coulee TRC + DIS | Nelson No.1 Discharge at source -111.171901 47.39616198
13 SC-13 Mine Discharge Sand Coulee TRC + DIS | Nelson No.1 Drainage Ditch Discharge to Straight Ck -111.171302 47.39782403
14 SC-14 Surface Water Sand Coulee TRC Straight Ck below Nelson No.1 -111.169533 47.39883296
15 SC-15 Surface Water 4 Sand Coulee TRC Straight Ck below Sand Coulee -111.164287 47.404017
16 NF-1 Surface Water Number Five Coulee TRC No.5 Coulee above Giffin, wetlands, and confluence of two unnamed drainages -111.188533 47.30887603
17 NF-2 Surface Water Number Five Coulee TRC No.5 Coulee above Giffin Spring -111.187072 47.31403702
18 NF-3 Mine Discharge 6 Number Five Coulee TRC + DIS | Giffin Spring upstream of No. 5 Coulee confluence -111.186957 47.31408698
19 NF-4 Surface Water 3 Number Five Coulee TRC No.5 Coulee below Giffin Spring -111.188028 47.31720496
20 NF-5 Surface Water Number Five Coulee TRC No.5 Coulee 1.5 mi downstream from Giffin Spring at road crossing -111.198357 47.33775596
21 NF-6 Surface Water 9 Number Five Coulee TRC No.5 Coulee above confluence with Cottonwood Ck -111.159511 47.37046097
22 CW-1 Surface Water Cottonwood Ck TRC Cottonwood Ck above CMC No. 6 discharge -111.155316 47.33611403
23 CW-2 Mine Discharge 7 Cottonwood Ck TRC + DIS | Discharge from CMC No.6 at source -111.151577 47.33645501
CW-2A Mine Discharge Cottonwood Ck None Mine No. 6 discharge within ditch alongside road, downstream of CW-2 -111.152977 47.34011899
24 CW-3 Surface Water Cottonwood Ck TRC Cottonwood Ck downstream of AMD seep from CMC No. 6 Mine -111.154291 47.33897
25 | CwW-4 Surface Water Cottonwood Ck TRC Cottonwood Ck above confluence with CMC No. 6 limestone (L.S.) channel outfall -111.154613 47.349297
26 CW-5 Mine Discharge Cottonwood Ck TRC + DIS |CMC No.6 discharge from L.S. Channel at road culvert upstream of Cottonwood Ck -111.154341 47.34946297
27 CW-6 Surface Water Cottonwood Ck TRC Cottonwood Ck below culvert/seepage from Mine #1 south discharge -111.156076 47.35210503
CW-6A Mine Discharge Cottonwood Ck None Mine #1 discharge upstream of Cottonwood Ck -111.155866 47.35190696
28 CW-7 Surface Water Cottonwood Ck TRC Cottonwood Ck above No.1 mine discharge culvert -111.160978 47.355911
29 |CWwW-8 Mine Discharge Cottonwood Ck TRC + DIS | Mine Discharge from No.1 at Road Culvert -111.161081 47.356022
30 |CW-9 Surface Water Cottonwood Ck TRC Cottonwood Ck upstream of Ladd Coulee confluence -111.16459 47.35566499
31 | CW-10 Mine Discharge Cottonwood Ck TRC + DIS | No.2 Mine at source collection ditch immediately downstream of 3 inlets -111.160393 47.35370899
CW-10A Mine Discharge Cottonwood Ck None No. 2 Mine drain pipe inflow into collection ditch -111.161144 47.354203
32 CW-11 Surface Water Cottonwood Ck TRC Ladd Coulee above Mine Drainage #2 and seepage off hill upstream of culvert -111.166233 47.35087104
CW-11A Surface Water Cottonwood Ck None Seepage from hillside into Ladd Coulee -111.165647 47.351956
NOTES:




TABLE 3-1. HYDROMETRICS' MONITORING SITES
USGS Sample Coordinates®
Count Name Type . Drainage Description Longitude Latitude
Site No. Type WGS84 WGS84
33 CW-12 Mine Discharge 8 Cottonwood Ck TRC + DIS | Mine #2 Drainage upstream of Ladd Coulee confluence -111.164688 47.35352098
34 | CW-13 Surface Water Cottonwood Ck TRC Ladd Coulee upstream of Cottonwood Ck confluence below USGS 8 confluence -111.164639 47.35558201
35 CW-14 Surface Water Cottonwood Ck TRC Cottonwood Ck below Ladd Coulee -111.164699 47.35590898
36 | CW-15 Surface Water 2 Cottonwood Ck TRC Cottonwood Ck upstream of No.5 Coulee -111.158806 47.36891703
37 CW-16 Surface Water Cottonwood Ck TRC Cottonwood Ck downstream of No.5 Coulee confluence -111.15846 47.37090999
38 B-1 Surface Water Belt Ck None” Lewis Coulee upstream of discharge -110.919657 47.38617897
39 B-2 Mine Discharge 21 Belt Ck TRC + DIS | Mine Portal Discharge to Lewis Coulee -110.919766 47.38614997
40 B-3 Mine Discharge Belt Ck TRC + DIS | Lewis Coulee above collection drain -110.920412 47.38596397
41 B-4 Mine Discharge Belt Ck TRC + DIS | Lewis Coulee outfall to Belt Ck -110.924286 47.38804696
42 B-5 Mine Discharge 13 Belt Ck TRC + DIS | Upstream of Castner Park -110.922263 47.38491104
43 B-6 Mine Discharge Belt Ck TRC + DIS | Open ditch at Castner Park -110.924543 47.38417301
44 B-7 Mine Discharge 11 Belt Ck TRC + DIS | Pipe Discharge Above French Coulee Wetlands -110.929312 47.37779397
45 B-8 Mine Discharge 12 Belt Ck TRC + DIS | MDT outfall adjacent to French Coulee wetlands -110.929159 47.37787996
46 B-9 Mine Discharge Belt Ck TRC + DIS | Flat Ditch below USGS 11&12 -110.928425 47.37885)
47 B-10 Mine Discharge Belt Ck TRC + DIS | Flat Ditch upstream of Anaconda Drain -110.929092 47.38096199
48 B-11 Mine Discharge Belt Ck None® Anaconda Mine Drain -110.929149 47.38102997
49 B-12 Mine Discharge Belt Ck TRC + DIS | Flat Ditch below Anaconda Drain after Culvert at Road Crossing -110.929064 47.38131302
50 B-13 Mine Discharge 56 Belt Ck TRC + DIS | Flat Ditch Outfall to Belt Ck -110.928111 47.38231399
51 B-14 Surface Water Belt Ck TRC Belt Ck upstream of Belt -110.922236 47.37775298
52 B-15 Surface Water Belt Ck TRC Belt Ck below footbridge -110.927991 47.38597596
53 B-16 Surface Water Belt Ck TRC Belt Ck downstream of Belt and Lewis Coulee -110.924124 47.39100401
NOTES:

Monitoring sites established on August 31 and September 1, 2011.

1 Coordinates collected from handheld GPS in the field.

2 TRC and DIS samples collected since not commingled with receiving water.

3 SC6 and SC5 were very close together; SC6 not sampled as a result.

4 No flow, few depressions in channel with water.

5 No upstream flow so water quality same as B-12 on downstream side of culvert.

TRC = total recoverable
DIS = dissolved
--- = No Information

6 USGS 5 located at lower end of flat ditch now also receives water seasonally from French Coulee sources, which discharged to alternate location during USGS study
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trends while minimizing the effects of temporal variability. Field parameters were sampled
at the downstream sampling location at the beginning and end of each day to assess the

amount of temporal variability over the course of the day.

Flow data were collected using a range of techniques depending on site conditions at
individual sampling sites and included: Marsh-McBirney current meter and wading rod,
culvert area and velocity calculations (area-velocity method), a flume or weir (stage-
discharge), a stopwatch and bucket (volumetric method), or visual estimation. In the case of
site B-16 (downstream monitoring site in Belt Creek), the water was too deep for safe
wading, therefore a combination of velocity measurements near the bank with the Marsh
McBirney and estimation of depths and widths were used to derive a reasonable flow
estimate. The sampling and analysis plan (SAP) for this project (Hydrometrics, 2011)
provides additional detail regarding flow measurement techniques. The SAP is included in

electronic format on a compact disk in Appendix H.

Water quality monitoring consisted of the measurement of field parameters, including flow,
water temperature, pH, oxidation-reduction potential (ORP), specific conductance (SC) and
iron speciation (Fe?*/Fe®"). Water quality samples were collected at each site identified in
the SAP for laboratory analysis of pH, SC, total dissolved solids (TDS), total suspended
solids (TSS), common ions, and total recoverable (TRC) metals. Samples from the mine
water discharge sites were also analyzed for dissolved (DIS) metals. The analytical

parameter list and specified detection limits are summarized in Table 3-2.

Flow data was collected at six additional sites which are designated on Table 3-1 with an A
after the site name. These sites were not identified in the original SAP but were included to
assess whether there were any significant changes in flow rates between established
monitoring sites. Water quality data was not collected at these locations. Sampling protocol
is described in detail in the SAP.
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TABLE 3-2. PARAMETER LIST FOR WATER SAMPLES

Project- DEQ-7 DEQ-7
Required Chronic Human Health
Parameter @ | Analytical Method @ | Detection | Aquatic Life Standard
Limit Standard (mg/L)
(mg/L) (mg/L) @
Physical Parameters
pH - - -
SC _— -- -
TDS SM 2540C - - -
TSS - - -
Common lons

Total Alkalinity SM 2320B 4 -- --

Total Acidity -- -- --
Sulfate 300.0 1 -- --
Chloride 300.0/SM 4500CL-B 1 -- --
Fluoride A4500-F C 0.1 -- 4.0
Calcium 215.1/200.7 1 -- --
Magnesium 242.1/200.7 1 -- --
Sodium 273.1/200.7 1 -- --
Potassium 258.1/200.7 1 -- -
Trace Metals (Total Recoverable)

Aluminum (Al) 200.7/200.8 0.03 -- --
Antimony (Sh) 200.7/200.8 0.003 -- 0.0056
Arsenic (As) 200.8/SM 3114B 0.003 0.150 0.01
Barium (Ba) 200.7/200.8 0.005 -- 1.0
Beryllium (Be) 200.7/200.8 0.001 -- 0.004
Cadmium (Cd) 200.7/200.8 0.00008 0.0005 * 0.005

Chromium (Cr) 200.7/200.8 0.001 -- 0.1
Copper (Cu) 200.7/200.8 0.001 0.0204 * 1.3

Iron (Fe) 200.7/200.8 0.03 1.0 0.3#
Lead (Pb) 200.7/200.8 0.0005 0.0102 * 0.015

Manganese (Mn) 200.7/200.8 0.005 -- 0.05 #

Mercury (Hg) 245'2/2?3'11;?0'85'\/' 0.00001 0.00091 0.00005
Nickel (Ni) 200.7/200.8 0.01 0.1132° 0.1

Selenium (Se) 200.7/200.8/SM 3114B 0.001 0.005 0.05
Silver (Ag) 200.7/200.8 0.0005 - 0.1

Strontium (Sr) 200.7/200.8 0.1 -- 4.0
Thallium (TI) 200.7/200.8 0.0002 - 0.00024

Zinc (Zn) 200.7/200.8 0.01 0.2604 * 2.0
Trace Metals (Dissolved)

Aluminum (Al) 200.7/200.8 0.03 0.087 © --
Arsenic (As) 200.8/SM 3114B 0.003 -- --
Copper (Cu) 200.7/200.8 0.001 -- --

Iron (Fe) 200.7/200.8 0.03 -- --
Nickel (Ni) 200.7/200.8 0.01 - -
Zinc (Zn) 200.7/200.8 0.01 - -

dissolved metals.

(1) Mine water samples analyzed for full parameter list; Surface water samples analyzed for all parameters but

(2) Analytical methods are from Standard Methods for the Examination of Water and Wastewater (SM) or EPA’s
Methods for Chemical Analysis of Water and Waste (1983).
(3) Surface water standards for metals and metalloids are based on total recoverable concentrations, except
aluminum, which is based on dissolved concentrations.

(4) Samples analyzed for dissolved constituents field-filtered through a 0.45 um filter.
(5) Dissolved aluminum standards are applicable to pH 6.5 to 9.0 only.

# = narrative standard (guidance level given based on Secondary Federal MCL).

+ = hardness dependent parameter; values shown for a hardness of 250 mg/L.

mg/L = milligrams per liter
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3.2 MONITORING RESULTS

3.2.1 Flow

Flow measurements from mine discharges collected during the August/September 2011
sampling event are summarized in Table 3-3 where they are compared to historical flow data.
As shown in the table, measured mine discharge rates at most sites were higher than the
historical data, due to above average precipitation in the late spring of 2011. Five monitoring
sites had discharge rates above the maximum values shown in the historical data set (Table
3-3, Appendix B), including the Anaconda Mine Drain at Belt, Giffen Spring in Number Five
Coulee, and Mining Coulee in Sand Coulee. In contrast, mine discharges from both the
Lewis Gulch mine site and the mine discharge site above Castner Park in Belt had flow rates

at or below the historical average.

The drainage with the greatest discharge rate of AMD was Number Five Coulee (Giffen
Spring) at 256 gpm, followed by Belt at 241 gpm, Sand Coulee at 214 gpm and finally
Cottonwood Coulee at 50 gpm. Mine discharges in the Sand Coulee area were particularly
high during the August/September 2011 sampling event compared to historical averages with
a total measured discharge rate of approximately 3.5 times the historical average. Table 3-4
presents the flow data from mine discharges and receiving waters measured during the
August/September 2011 sampling event. Measured flows are also depicted on the site maps
in Appendix C — Figures C-1, C-6, and C-11.

3.2.2 Water Quality

Water quality results for the August/September 2011 sampling event are tabulated in Table
3-4 with applicable water quality standards provided in Table 3-5. All mine discharge water
quality is characterized by low pH (typically in the 2.5 range) with elevated iron, aluminum
and sulfate concentrations. lron is typically present in reduced form (Fe*?) within the mine
discharges, but is rapidly oxidized to Fe** in receiving waters. For example, during the
August/September 2011 sampling event the majority of the dissolved iron in the Sand Coulee

mine discharges was present in the form of Fe*? (64-96%), but the percentage of Fe®
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TABLE 3-3. SUMMARY OF MINE DISCHARGE FLOW RESULTS (GPM)

75th
Measured Historical Flow Rate® Percentile

Site No. Description Flow Rate Min Avg Max Flow
SC-1 Mining Coulee above Sand Coulee (USGS 14) 65 0.2 6.6 18 9
SC-3 Sand Coulee above Sand Coulee (USGS 16) 35 0 13 49 20
SC-3A Unnamed Discharge site below SC-3 42 NM NM NM NM
SC-8 Oregon Mine in Kate's Coulee (USGS 19) 50 9 30 81 36
SC-12 Nelson Mine at Sand Coulee 22 5 12 36 14
Sand Coulee Total 214 14 61 184 79
CW-2 Cottonwood No.2 Drain (USGS 7) 38 8 19 67 21
CW-8 Cottonwood No.1 Seepage 1.3 NM NM NM NM
CW-12 |Cottonwood No.2 Discharge 11 0 9 45 14
Cottonwood Coulee Total 50 8 28 112 35

NFE-3 | Giffen Spring in No.5 Coulee 256 128 208 247 238

Number 5 Coulee Total 256 128 208 247 238
B-2 Lewis Gulch (USGS 21) 3 0 18 135 4
B-5 Mine drain above Castner Park (USGS 13) 5 0 5 14 5
B-7 French Coulee Wetlands Inflow (USGS 11) 6 14 24 54 27
B-8 French Coulee Wetlands Inflow #2 (USGS 12) 19 14 24 54 14

B-11 Anaconda Mine Drain 208 67 105 155 126

B-13 @  |Flat Ditch Outfall (USGS 5) 135 99 114 129 121

Belt Creek Total 241 95 176 411 176

Notes

(1) See Historical Data Set in Appendix B
(2) B-13 is fed by B-7, B-8, and B-11
NM = Not Measured
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TABLE 3-4. FLOW, WATER QUALITY RESULTS AND REGULATORY EXCEEDENCES FOR AUGUST/SEPTEMBER 2011

Field Field Eield_ ) ) Conductivi Solids, Total Solids, Total Acidity, Alkalinity,
Site Code Sample Number Lab ID Date Time Flow Water Field SC Dissolved Field pH Omdaupn Field F& Field Lab pH (umhosmostx: Suspended Dissolved TDS Total Zs Total a_Z Chloride Sulfate Fluoride Calcium Magnesium Hardness Potassium
(gpm) Temp Oxygen Fg;c::gﬂgln *2 TOTAL FE SY) m) TSS @ 105 C @180C caco3 caco3 (calculated)

B-1 Not Sampled Not Sampled 9/1/2011 0 - -- - -- -- -- - -- - -- - - -- - - -- - -- -- --
B-2 GFCF-1108-223 H11090035-024 9/1/2011| 13:15 3 11.81 4428 0.05 2.93 359.1 375 390 3 3020 84 4800 2200 4|< 20 3300 3 192 131 1019 7
B-3 GFCF-1108-222 H11090035-023 9/1/2011| 12:50 5° 15.49 4109 6.14 3.12 401.9 380 420 3 3380 14 5490 2500 4|< 13 3700 3 199 133 1044 6
B-4 GFCF-1108-226 H11090035-027 9/1/2011| 14:50 6 14.28 4117 7.43 2.81 480.9 74 286 2.8 3390 26 5630 2600 4|< 15 3900 4 214 140 1111 6
B-5 GFCF-1108-224 H11090035-025 9/1/2011| 13:50 5° 11.73 4953 0.84 24 437 370 510 25 4000 10|< 5490 3200 4|< 10 3900 3 133 93 715 1|<
B-6 GFCF-1108-225 H11090035-026 9/1/2011| 14:10 5° 18.9 4522 3.16 2.46 592.9 40 270 2.4 3720 68 5360 2900 4|< 11 3800 3 140 95 741 1|<
B-7 GFCF-1108-220 H11090035-021 9/1/2011| 10:35 6 10.88 5633 2.68 2.3 471 220 600 25 4480 14 7110 3700 4|< 23 4800 6 239 97 996 1|<
B-8 GFCF-1108-219 H11090035-020 9/1/2011 9:20 19 11.2 5483 0.12 2.49 423.7 930 1200 2.7 4340 28 7330 4100 4|< 20 5000 3 153 79 707 3
B-9 GFCF-1108-218 H11090035-019 9/1/2011 9:30 15 11.23 5001 5.25 2.59 450 520 900 2.6 4000 10|< 7260 4200 4|< 28 4900 4 162 81 738 2
B-10 GFCF-1108-217 H11090035-018 9/1/2011 8:40 0 12.65 4922 6.86 2.44 609.2 166 1040 2.4 4080 18 7940 4200 4|< 32 5100 4 175 87 795 2
B-11 Not Sampled Not Sampled 9/1/2011 8:30 208 - -- - -- -- -- - -- - -- - - -- - - -- - -- -- --
B-12 GFCF-1108-216 H11090035-017 9/1/2011 8:15 Note * 10.1 3325 1.95 2.48 446.5 174 222 2.6 2680 10|< 3140 1500 4|< 7 2200 4 152 66 651 1
B-13 GFCF-1108-214 H11090035-015 9/1/2011 7:30 135 10.04 3215 5.47 2.47 458.8 140 190 2.8 2610 14 3270 1700 4|< 6 2200 4 153 66 654 1
B-13 DUPLICATE |GFCF-1108-215 H11090035-016 9/1/2011 7:40 135 - - - - - - - 2.8 2610 12 3160 1600 4|< 6 2200 4 155 67 663 1
B-14 GFCF-1108-221 H11090035-022 9/1/2011| 11:30 38047 13.02 591 8.87 7.8 316 0.03|< 0.11 7.4 509 10 362 4|< 190 2 120 0.2 79 22 288 2
B-15 GFCF-1108-227 H11090035-028 9/1/2011| 16:30 41379 15.74 591 8.62 8.01 280 0.03|< 0.73 7.6 511 14 366 4|< 190 2 120 0.2 74 21 271 2
B-16 GFCF-1108-228 H11090035-029 9/1/2011| 17:00 43800° 15.6 595 8.47 7.98 261.9 0.27 0.74 8.1 516 18 380 4)< 190 2 130 0.2 76 22 280 2
Cw-1 GFCF-1108-114 H11090034-015 8/31/2011| 20:00 309 13.23 593 8.9 8.23 312 0.08 0.34 8.6 513 56 354 4)1< 300 5 25 0.5 57 32 274 3
CW-2 GFCF-1108-112 H11090034-013 8/31/2011| 18:45 38 9.98 6495 13.6 2.51 408.3 720 800 2.7 5110 18 8340 4000 4|< 2|< 6000 9 351 141 1457 6
CW-2A Not Sampled Not Sampled 8/31/2011| 19:00 28 - -- - -- -- -- - -- - -- - - -- - - -- - -- -- --
CW-3 GFCF-1108-113 H11090034-014 8/31/2011| 19:30 243 13.52 679 10.91 7.97 368.4 0.09 1.07 8.4 557 102 370 4|< 310 5 46 0.5 61 34 292 3
CW-4 GFCF-1108-111 H11090034-012 8/31/2011] 18:00 192 14.87 659 9.71 8.43 418.7 0.04 0.48 8.6 555 60 346 4|< 310 5 39 0.5 63 36 306 3
CW-5 GFCF-1108-110 H11090034-011 8/31/2011| 17:30 31 17.54 5649 9.42 2.66 560.7 19 680 2.7 4580 18 8870 4500 4|< 6 6100 9 362 134 1456 4
CW-6 GFCF-1108-109 H11090034-010 8/31/2011| 16:45 234 16.05 1271 12.09 4.23 426.8 2.04 93.67 4.2 1040 346 1070 290 4|< 5 760 2 94 48 432 3
CW-6A Not Sampled Not Sampled 8/31/2011| 17:00 0.8 - -- - -- -- -- - -- - -- - - -- - - -- - -- -- --
CW-7 GFCF-1108-108 H11090034-009 8/31/2011] 16:50 179 15.87 1182 10.35 4.36 464.2 1.34 89 4.3 982 424 988 250 4|< 4 680 1 93 48 430 3
CWw-8 GFCF-1108-107 H11090034-008 8/31/2011| 16:20 1 16.36 13637 8.96 2.22 550.6 830 1960 2.2 12700 237 29300 17000 4|< 10|<| 21000 15 279 265 1788 1|<
CW-9 GFCF-1108-102 H11090034-003 8/31/2011] 11:30 195 13.97 1332 10.02 4.37 340.8 6.5 100.5 4.2 1080 430 1120 320 4|< 4 800 2 103 52 471 4
CWwW-10 GFCF-1108-104 H11090034-005 8/31/2011| 13:40 11 12.48 10962 10.43 2.03 474.9 550 1670 2.2 12100 67 16900 11000 4|< 7 13000 13 275 151 1308 1|<
CW-10 DUPLICATE |GFCF-1108-105 H11090034-006 8/31/2011] 13:50 11 - -- - -- -- -- - 2.2 11900 53 16800 10000 4|< 5|<| 13000 9 248 148 1229 1|<
CW-10A Not Sampled Not Sampled 8/31/2011| 13:00 3° - - - - - - - - - - - - - - - - - - - -
Cw-11 GFCF-1108-106 H11090034-007 8/31/2011| 14:45 11 14.6 925 9.53 8.14 386.4 0.32 2.16 7.9 763 168 534 4|< 290 16 140 0.7 70 60 422 4
CW-11A Not Sampled Not Sampled 8/31/2011| 14:40 5° - -- - -- -- -- - -- - -- - - -- - - -- - -- -- --
CW-12 GFCF-1108-103 H11090034-004 8/31/2011] 12:30 11 19.23 9753 7.03 2.31 508.4 220 1840 2.3 11000 127 18100 10000 4|< 13 13000 15 295 164 1412 1|<
CWwW-13 GFCF-1108-101 H11090034-002 8/31/2011| 11:15 33 17.41 5809 9.28 2.62 518.1 90 770 2.6 4640 26 9440 5000 4|< 6 6600 9 173 101 848 2
CWw-14 GFCF-1108-100 H11090034-001 8/31/2011 9:50 215 12.99 1984 9.21 3.18 497 14 145 3 1730 524 1860 790 4|< 4 1400 2 109 53 490 3
CWw-15 GFCF-1108-117 H11090034-018 9/1/2011 9:15 180 11.92 1875 17.04 3.09 484.6 18 176 3.3 1570 496 1700 670 4|< 4 1300 2 104 53 478 4
CW-16 GFCF-1108-115 H11090034-016 9/1/2011 7:30 423 12.08 1604 10.4 3.37 438.1 10 94.5 3.6 1300 298 1410 440 4|< 4 1000 2 113 51 492 4
NF-1 GFCF-1108-123 H11090034-024 9/1/2011| 13:30 201 17.41 598 12.23 8.68 120.8 0.02 0.12 8.6 508 10|< 350 4|< 320 4 24 0.5 48 32 252 4
NF-2 GFCF-1108-122 H11090034-023 9/1/2011| 12:30 403 12.92 1152 12.16 7.1 -67.4 53 13.5 7.7 969 42 792 4|< 250 5 410 0.8 139 47 541 5
NF-3 GFCF-1108-120 H11090034-021 9/1/2011| 12:00 256 9.46 2023 14.93 3.17 365 180 202 3.2 1660 10|< 1970 790 4|< 4 1400 3 143 49 559 4
NF-3 DUPLICATE |GFCF-1108-121 H11090034-022 9/1/2011| 12:10 256 - -- - -- -- -- - 33 1710 10|< 1970 810 4|< 4 1400 3 142 49 556 5
NF-4 GFCF-1108-119 H11090034-020 9/1/2011| 11:00 463° 11.32 1268 13.67 6.52 -22 40.5 52 6.9 1060 136 994 11 52 4 660 0.6 137 46 531 5
NF-5 GFCF-1108-118 H11090034-019 9/1/2011| 10:00 810 11.36 1163 13.18 6.72 64.1 1.2 33 7.2 972 176 886 27 23 5 620 0.6 138 48 542 5
NF-6 GFCF-1108-116 H11090034-017 9/1/2011 8:30 191 12.4 1269 11.98 4.38 289.8 17 40 4.5 1080 128 1090 130 4|< 4 770 2 126 48 512 5
SC-1 GFCF-1108-213 H11090035-014 8/31/2011| 18:45 65 12.42 9704 0.19 2.37 434.7 1210 1900 25 11200 63 19200 12000 4|< 10{<| 13000 15 236 195 1392 1|<
SC-2 GFCF-1108-212 H11090035-013 8/31/2011] 18:05 70 15 8617 4.31 2.53 451.4 1040 2090 25 9430 33 18300 11000 4|< 13 12000 17 232 179 1316 1|<
SC-3 GFCF-1108-200 H11090035-001 8/31/2011| 11:15 35 10.76 6706 0.28 2.34 397 410 540 25 5640 10 9790 5500 4|< 10 6800 8 223 141 1137 1|<
SC-3A Not Sampled Not Sampled 8/31/2011| 11:30 42 - -- - -- -- -- - -- - -- - - -- - - -- - -- -- --
SC-4 GFCF-1108-211 H11090035-012 8/31/2011| 17:55 81 13.1 5703 4.5 2.62 436.1 740 770 2.7 4860 12 9380 4800 4|< 10 6200 8 239 142 1181 1|<
SC-5 GFCF-1108-210 H11090035-011 8/31/2011] 17:30 155 14.4 6980 4.15 2.62 447.5 640 1360 2.6 5760 14 13500 7300 4|< 5[< 8800 9 205 152 1138 1|<
SC-7 GFCF-1108-208 H11090035-009 8/31/2011| 16:20 3 15.15 859 6.49 7.78 221 0.27 0.3 8.5 768 80 494 4)< 470 18 33 1 51 77 444 12
SC-8 GFCF-1108-209 H11090035-010 8/31/2011] 16:30 50 11.84 2947 0.8 3.76 327 220 230 3.6 2580 10 4060 1900 4|< 7 2600 4 171 121 925 4
SC-9 GFCF-1108-207 H11090035-008 8/31/2011| 16:10 46 13.06 2774 8.06 3.85 351.8 160 170 3.4 2470 30 3620 1500 4|< 7 2400 2 166 120 909 4
SC-10 GFCF-1108-206 H11090035-007 8/31/2011] 15:20 208 15.14 6014 4.57 2.69 454.2 440 980 2.7 5070 24 10700 6200 4|< 10 7000 9 174 123 941 1
SC-11 GFCF-1108-205 H11090035-006 8/31/2011| 14:30 173 17.78 5930 3.26 2.65 469.6 290 1010 2.6 4600 42 11100 5900 4|< 5|< 7300 9 205 147 1117 1
SC-11A Not Sampled Not Sampled 8/31/2011| 14:45 21 - -- - -- -- -- - -- - -- - - -- - - -- - -- -- --
SC-12 GFCF-1108-204 H11090035-005 8/31/2011| 14:10 22 11.25 9176 1.55 2.28 425.3 1590 2060 25 9740 50 16500 9200 4|< 5[<| 11000 16 221 188 1326 1|<
SC-13 GFCF-1108-203 H11090035-004 8/31/2011] 13:40 8 20.5 8125 4.37 2.57 452.5 710 1630 2.6 9880 54 17500 9100 4|< 5 11000 18 278 217 1588 1|<
SC-14 GFCF-1108-202 H11090035-003 8/31/2011| 13:00 186 16.83 5879 3.34 2.66 476.5 250 1110 2.6 5020 32 11500 6300 4|< 5[< 7700 9 184 134 1011 1|<
SC-15 GFCF-1108-201 H11090035-002 8/31/2011| 12:40 186 15.2 5776 5.87 2.58 533.4 80 1100 2.6 4930 32 11500 6400 4|< 5[< 7700 9 201 150 1119 1

32357 dissolved Aluminum apply to pH between 6.5 and 9.0 only. 1 Flow and Water Quality are the same as B-11 umhosmos/cm = micromhos per centimeter gg‘; dissolved Aluminum apply to pH between 6.5 and 9.0 only. 1 Flow and Water Quality are the same as B-11 umhosmos/cm = micromhos per centimeter

Values highlighted in yellow represent DEQ-7 Human Health Exceedences. 2 Flow may be underestimated due to poor gaging conditions. DIS = dissolved Values highlighted in yellow represent DEQ-7 Human Health Exceedences. 2 Flow may be underestimated due to poor gaging conditions. DIS = dissolved

Bold values represent DEQ-7 Aquatic Life Exceedences. e = estimate TRC = total recoverable Bold values represent DEQ-7 Aquatic Life Exceedences. e = estimate TRC = total recoverable

Results are in milligrams / liter (mg/L) unless otherwise indicated. SU = Standard Units gpm = gallons per minute Results are in milligrams / liter (mg/L) unless otherwise indicated. SU = Standard Units gpm = gallons per minute
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TABLE 3-4. FLOW, WATER QUALITY RESULTS AND REGULATORY EXCEEDENCES FOR AUGUST/SEPTEMBER 2011

Site Code Sodium Aluminum Aluminum Antimony Arsenic Arsenic Barium Beryllium Cadmium Chromium Copper Copper Iron Iron Lead Manganese Mercury Nickel Nickel Selenium Silver Strontium Thallium Zinc Zinc
DIS TRC TRC DIS TRC TRC TRC TRC TRC DIS TRC DIS TRC TRC TRC TRC DIS TRC TRC TRC TRC TRC DIS TRC
B-1 - -- -- -- - -- -- - -- -- - - - -- - - - - -- -- - - -- - -
B-2 27 244 242 0.003(< 0.004 0.006 0.016 0.019 0.0268 0.1 0.31 0.332 339 359 0.0082 1.94 0.00001 1.19 1.19 0.002 0.0005|< 1.3 0.0017 3.56 3.56
B-3 24 289 289 0.003|< 0.005 0.005 0.013 0.017 0.0302 0.098 0.355 0.352 358 363 0.0057 1.92 0.00001 1.37 1.38 0.002 0.0005|< 1.3 0.002 4.1 4.15
B-4 24 298 299 0.003(< 0.004 0.004 0.015 0.024 0.0291 0.078 0.333 0.325 263 272 0.0068 2.47 0.00001 < 1.41 1.43 0.002 0.0005|< 1.3 0.0018 4.22 4.3
B-5 22 279 270 0.003|< 0.004 0.004 0.005|< 0.022 0.0612 0.187 0.234 0.232 439 433 0.0005|< 0.685 0.00001 1.74 1.73 0.003 0.0005|< 1.1 0.0008 6.2 5.39
B-6 22 274 278 0.003(< 0.004 0.004 0.005(< 0.023 0.0625 0.187 0.208 0.211 328 354 0.0006 0.733 0.00001 1.67 1.65 0.003 0.0005|< 1.1 0.0007 5.54 5.49
B-7 14 363 354 0.003|< 0.006 0.005 0.005|< 0.038 0.013 0.158 0.166 0.161 566 558 0.0005|< 0.734 0.00001 0.94 0.89 0.004 0.0005|< 2.2 0.0007 4.16 4.21
B-8 15 364 360 0.003(< 0.053 0.052 0.005(< 0.035 0.0106 0.152 0.12 0.122 798 800 0.0086 0.481 0.00001 0.69 0.68 0.004 0.0006|< 1.2 0.0026 2.94 2.94
B-9 15 360 362 0.003|< 0.047 0.047 0.005|< 0.035 0.011 0.158 0.13 0.133 764 764 0.0076 0.506 0.00001 0.75 0.75 0.004 0.0006|< 1.3 0.0024 3.32 3.34
B-10 16 384 381 0.003(< 0.027 0.027 0.005(< 0.037 0.0116 0.16 0.144 0.142 692 685 0.0068 0.541 0.00001 < 0.76 0.75 0.004 0.0006|< 1.4 0.0021 3.55 3.78
B-11 -- - - - -- - - -- - - -- -- -- - -- -- -- -- - - -- -- - -- --
B-12 10 147 135 0.003(< 0.005 0.005 0.005(< 0.022 0.0198 0.081 0.133 0.132 198 179 0.0012 0.504 0.00001 1.24 1.31 0.002|< 0.0005|< 1.3 0.0009 5.17 5.38
B-13 10 147 136 0.003|< 0.005 0.005 0.005|< 0.021 0.0196 0.082 0.13 0.134 199 180 0.0012 0.504 0.00001|< 1.17 1.05 0.002|<| 0.0006|< 1.3 0.0009 5.21 5.41
B-13 DUPLICATE 10 149 135 0.003(< 0.004 0.005 0.005(< 0.021 0.0192 0.081 0.129 0.132 200 178 0.0012 0.5 0.00001 < 1.2 1.32 0.002|< 0.0006|< 1.3 0.0009 5.07 5.13
B-14 6 0.15 0.003(< 0.003(< 0.104 0.001|<| 0.00008|< 0.001< 0.001 0.19 0.0006 0.014 0.00001 < 0.01|< 0.001< 0.0005|< 1.3 0.0002|< 0.01
B-15 6 0.88 0.003|< 0.003|< 0.109 0.001|<| 0.00013 0.001|< 0.002 0.86 0.0005|< 0.014 0.00001|< 0.01)< 0.001|<| 0.0005|< 1.2 0.0002|< 0.03
B-16 6 0.94 0.003(< 0.003(< 0.11 0.001|<| 0.00016 0.001 0.006 0.98 0.0007 0.018 0.00001 < 0.01|< 0.001< 0.0005|< 1.2 0.0002|< 0.03
CW-1 10 0.84 0.003(< 0.003(< 0.304 0.001|<| 0.00008|< 0.001 0.003 0.95 0.001 0.059 0.00001 < 0.01|< 0.001< 0.0005|< 0.3 0.0002|< 0.01
CW-2 14 390 384 0.003(< 0.01 0.01 0.005(< 0.105 0.119 0.07 0.246 0.248 854 848 0.0005 2.64 0.00002 114 11.2 0.007 0.0006|< 1.4 0.0033 49.5 47.6
CW-2A - -- -- -- - -- -- - -- -- - - - -- - - - - -- -- - - -- - -
CW-3 10 2.46 0.003(< 0.003(< 0.329 0.001|<| 0.00026 0.001 0.003 2.35 0.0018 0.345 0.00001 < 0.03 0.001(< 0.0005|< 0.3 0.0002|< 0.11
CW-4 11 1.29 0.003|< 0.003|< 0.302 0.001|<| 0.00012 0.001< 0.002 1.34 0.0009 0.103 0.00001|< 0.01 0.002|<| 0.0006|< 0.3 0.0002|< 0.04
CW-5 13 435 436 0.003(< 0.01 0.016 0.009 0.111 0.136 0.075 0.334 0.336 680 726 0.0031 2.72 0.00002 11.7 12.5 0.009 0.0006|< 1.3 0.003 514 52.7
CW-6 11 55.6 0.003|< 0.003|< 0.254 0.017 0.0216 0.01 0.045 94.7 0.0016 0.466 0.00001|< 1.53 0.002|<| 0.0006|< 0.4 0.0005 6.6
CW-6A - - - - - - - - - - - - - - - - - - - - - - - - -
CW-7 11 50.9 0.003|< 0.003|< 0.256 0.015 0.0192 0.01 0.041 89.3 0.0013 0.41 0.00001|< 1.37 0.002 0.0006|< 0.4 0.0004 5.76
CW-8 4 1660 1850 0.003(< 0.147 0.152 0.056 0.174 0.49 0.388 3.17 3.26 2140 2400 0.0034 20.6 0.00002 7.89 8.78 0.055 0.0006|< 0.9 0.0004 32.1 35.3
CW-9 11 54.9 0.003|< 0.003 0.232 0.013 0.0202 0.011 0.052 105 0.0014 0.475 0.00001|< 1.29 0.002|<| 0.0006|< 0.5 0.0005 5.44
CW-10 7 944 1030 0.003(< 0.082 0.083 0.005(< 0.129 0.308 0.226 1.04 1.05 1380 1460 0.0048 3.05 0.00001 9.94 10.9 0.02 0.0006|< 0.7 0.003 44.2 45.9
CW-10 DUPLICATE 7 1040 1040 0.003|< 0.081 0.081 0.005|< 0.135 0.298 0.219 1.01 1.03 1370 1470 0.0047 3 0.00001 9.85 10.9 0.019 0.0006|< 0.7 0.0029 43.8 45.8
CW-10A - - - - - - - - - - - - - - - - - - - - - - - - -
CW-11 17 1.69 0.003|< 0.003 0.188 0.001|<| 0.00019 0.002 0.004 3.35 0.0029 0.369 0.00001 0.01)< 0.001|<| 0.0005|< 0.4 0.0002|< 0.02
CW-11A - - - - - - - - - - - - - - - - - - - - - - - - -
CW-12 7 975 1060 0.003|< 0.075 0.074 0.006 0.119 0.298 0.221 0.993 1.02 1390 1450 0.0042 3.67 0.00001 10.3 11 0.02 0.0006|< 0.8 0.0026 46.1 47.2
CW-13 12 495 0.003(< 0.04 0.062 0.069 0.157 0.114 0.532 748 0.003 2.05 0.00001 5.12 0.011 0.0006|< 0.6 0.0012 21.8
CW-14 11 98.2 0.003|< 0.007 0.224 0.02 0.0374 0.022 0.103 175 0.0019 0.624 0.00001|< 1.62 0.003 0.0006|< 0.5 0.0004 6.9
CW-15 11 90.7 0.003(< 0.006 0.24 0.019 0.0333 0.02 0.088 158 0.0021 0.7 0.00001 < 1.47 0.003 0.0006|< 0.4 0.0006 6.22
CW-16 14 58.8 0.003|< 0.005 0.153 0.011 0.0157 0.011 0.064 100 0.001 0.806 0.00001|< 0.94 0.002|<| 0.0006|< 0.4 0.0005 3.79
NF-1 20 0.15 0.003|< 0.003|< 0.226 0.001|<| 0.00008|< 0.001|< 0.001 0.22 0.0005|< 0.014 0.00001|< 0.01)< 0.001|<| 0.0006|< 0.3 0.0002|< 0.01
NF-2 17 1.57 0.003|< 0.003|< 0.117 0.001|<| 0.00057 0.001< 0.001|< 14.3 0.0005|< 1.35 0.00002 0.15 0.001|<| 0.0005|< 0.4 0.0002|< 0.47
NF-3 11 63.7 61.9 0.003(< 0.005 0.007 0.031 0.022 0.0144 0.007 0.133 0.137 198 197 0.0013 0.852 0.00001 0.94 0.96 0.002|< 0.0006|< 0.4 0.0011 4 4.06
NF-3 DUPLICATE 11 63.6 62.9 0.003|< 0.005 0.007 0.031 0.023 0.0147 0.008 0.139 0.137 196 199 0.0015 0.857 0.00001 0.92 0.92 0.002|<| 0.0006|< 0.4 0.0012 4.08 4.08
NF-4 15 15.5 0.003(< 0.003(< 0.089 0.006 0.0039 0.002 0.031 52.9 0.0008 1.32 0.00001 < 0.33 0.002|< 0.0006|< 0.4 0.0005 1.22
NF-5 17 14.5 0.003|< 0.003|< 0.09 0.005 0.0036 0.002 0.027 40.5 0.0007 1.27 0.00001 0.31 0.002|<| 0.0006|< 0.4 0.0005 1.15
NF-6 17 25.9 0.003(< 0.005 0.099 0.005 0.0054 0.005 0.045 43.1 0.0007 0.983 0.00001 0.35 0.002< 0.0006|< 0.4 0.0004 1.12
SC-1 15 1140 1130 0.003(< 0.026 0.026 0.005(< 0.093 0.097 0.547 0.566 0.555 1520 1520 0.0005|< 3.55 0.00002 8.49 8.62 0.007 0.0006|< 1.1 0.0005 34 34.6
SC-2 15 1100 1130 0.003|< 0.024 0.025 0.005|< 0.095 0.1 0.529 0.605 0.622 1430 1460 0.0006 3.97 0.00002 8.44 8.43 0.007 0.0006|< 1.1 0.0006 34 34
SC-3 19 521 515 0.003(< 0.082 0.084 0.005(< 0.057 0.086 0.29 0.498 0.487 850 862 0.0055 2.39 0.00002 4.73 4.82 0.006 0.0006|< 1.3 0.009 19.7 19.4
SC-3A - -- -- -- - -- -- - -- -- - - - -- - - - - -- -- - - -- - -
SC-4 20 426 420 0.003(< 0.033 0.032 0.005(|< 0.053 0.07 0.234 0.34 0.334 681 720 0.0032 2.33 0.00002 4.15 4.46 0.006 0.0006|< 1.2 0.0042 18.1 18.3
SC-5 17 716 0.003|< 0.028 0.005|< 0.074 0.093 0.367 0.466 1080 0.002 4.04 0.00002 6.97 0.007 0.0006|< 1.4 0.0027 27.6
SC-7 17 1.13 0.003(< 0.006 0.284 0.001|<| 0.00011 0.001 0.007 2.05 0.0035 0.133 0.00002 0.01|< 0.002 0.0006|< 0.6 0.0002|< 0.02
SC-8 23 188 190 0.003|< 0.013 0.014 0.015 0.023 0.0153 0.023 0.015 0.015 251 259 0.0043 1.23 0.00002 1.35 1.36 0.002|<| 0.0006|< 1.1 0.002 5.33 6.12
SC-9 23 179 176 0.003(< 0.007 0.01 0.027 0.022 0.0139 0.018 0.014 0.014 220 222 0.0035 1.19 0.00001 < 1.27 1.26 0.002|< 0.0006|< 1.1 0.0018 5.12 55
SC-10 17 531 0.003|< 0.022 0.009 0.064 0.066 0.283 0.376 815 0.0023 2.57 0.00002 4.25 0.005 0.0026 1 0.0024 17.2
SC-11 18 534 0.003(< 0.019 0.01 0.065 0.066 0.281 0.356 769 0.0024 2.6 0.00002 4.27 0.004 0.0006|< 1 0.002 17.3
SC-11A -- - - - -- - - -- - - -- -- -- - -- -- -- -- - - -- -- - -- --
SC-12 19 924 920 0.003(< 0.118 0.116 0.005(< 0.09 0.073 0.345 0.757 0.761 1460 1570 0.0005 6.5 0.00004 4.28 4.72 0.006 0.0006|< 1.2 0.0026 15.3 16.1
SC-13 20 960 984 0.003|< 0.084 0.087 0.005|< 0.096 0.086 0.332 0.776 0.796 1400 1450 0.0007 9.45 0.00003 4.75 4.85 0.006 0.0006|< 1.5 0.0021 17.6 18.2
SC-14 18 654 0.003(< 0.028 0.01 0.068 0.078 0.326 0.428 851 0.0024 3.64 0.00002 5.16 0.006 0.0006|< 1.2 0.0022 20.6
SC-15 18 646 0.003|< 0.023 0.008 0.065 0.075 0.277 0.386 813 0.0019 3.89 0.00002 5.49 0.005 0.0006|< 1.3 0.002 21

Notes:

Notes:

DEQ-7 dissolved Aluminum apply to pH between 6.5 and 9.0 only.

Values highlighted in yellow represent DEQ-7 Human Health Exceedences.
Bold values represent DEQ-7 Aquatic Life Exceedences.

Results are in milligrams / liter (mg/L) unless otherwise indicated.

1 Flow and Water Quality are the same as B-11

2 Flow may be underestimated due to poor gaging conditions.
e = estimate

SU = Standard Units

umhosmos/cm = micromhos per centimeter
DIS = dissolved

TRC = total recoverable
gpm = gallons per minute

DEQ-7 dissolved Aluminum apply to pH between 6.5 and 9.0 only.

Values highlighted in yellow represent DEQ-7 Human Health Exceedences.
Bold values represent DEQ-7 Aquatic Life Exceedences.

Results are in milligrams / liter (mg/L) unless otherwise indicated.

1 Flow and Water Quality are the same as B-11

2 Flow may be underestimated due to poor gaging conditions.
e = estimate

SU = Standard Units

umhosmos/cm = micromhos per centimeter
DIS = dissolved

TRC = total recoverable
gpm = gallons per minute

K:\Project\11033\Report\Table 3-4 Flow_WQ Results.xls 20f2



TABLE 3-5. STATE OF MONTANA NUMERICAL STANDARDS

HUMAN HEALTH STANDARD| AQUATIC LIFE STANDARD
(mg/L) (mg/L)
SURFACE GROUND TRIGGER VALUE REQUIRED
PARAMETER WATER WATER ACUTE CHRONIC (mg/L) REPORTING VALUE|
(mg/L)
Aluminum (Al) - -- 0.750 0.087 0.03 0.03
Antimony (Sb) 0.0056 0.006 -- -- 0.0004 0.003
Arsenic (As) 0.01 0.010 0.340 0.150 NAI 0.003
Barium (Ba) 1.0 1.0 -- -- 0.002 0.005
Beryllium (Be) 0.004 0.004 -- -- NAI 0.001
Cadmium (Cd) 0.005 0.005 0.00541+ 0.00053+ 0.0001 0.00008
Chromium (Cr) 0.1 0.1 -- -- 0.001 0.001
Chromium (111) (Cr (1)) -- - 3.82+ 0.183+ 0.001 -
Chromium (V1) (Cr (V1)) -- -- 0.016 0.011 -- 0.005
Copper (Cu) 1.3 1.3 0.0332+ 0.0204+ 0.0005 0.001
Fluoride (F) 4.0 4.0 -- -- 0.005 0.1
Iron (Fe) 0.3# 0.3# -- 1.0 -- 0.05
Lead (Pb) 0.015 0.015 0.262+ 0.01021+ 0.0001 0.0005
Manganese (Mn) 0.05# 0.05# -- -- -- 0.005
Mercury (Hg) 0.00005 0.002 0.0017 0.00091 NAI 0.00001
Nickel (Ni) 0.1 0.1 1.019+ 0.113+ 0.0005 0.01
Selenium (Se) 0.05 0.05 0.02 0.005 0.0006 0.001
Silver (Ag) 0.1 0.1 0.0196+ - 0.0002 0.0005
Strontium (Sr) 4.0 4.0 - - 0.1 -
Thallium (TI) 0.00024 0.002 -- -- 0.0003 0.0002
Zinc (Zn) 2.0 20 0.260+ 0.260+ 0.005 0.01

All information summarized from MDEQ Circular DEQ-7 (August 2010).

# = narrative standard (guidance level given based on Secondary Federal MCL).

+ = hardness dependent parameter; values shown for a hardness of 250 mg/L as CaCO3.
NAI = no allowable increase

k:\project\11033\report\Table 3-5 DEQ7TABL.XLSDEQ7Table\HLN\03/26/12



declined to only 7% of the total by the time these discharges reached SC-15 in Straight

Creek, downstream of Sand Coulee.

Sites where field parameters were measured at the beginning and end of each day (SC-15 and
CW-14) showed minimal temporal variability in water quality during this sampling event
(Table 3-6). Gammons (2010) had reported encountering diel fluctuations in the
concentration and speciation of iron which he associated with daily fluctuations in stream
temperatures during summer months. The absence of notable diel fluctuations during the
August/September sampling event is attributable to the cool overcast conditions with a

daytime high of only 61°F.

During the August/September sampling event DEQ-7 Human Health and aquatic life
standards were exceeded for at least one constituent at all AMD discharge sites and in all
downgradient-receiving waters (Table 3-4). Most of the AMD discharges exceed both
human health and/or aquatic life standards for pH, fluoride and several metals, including
beryllium, cadmium, nickel, thallium, and zinc, while iron and manganese consistently
exceeded secondary drinking water standards. The arsenic human health standard (0.01

mg/L) was exceeded at many of the AMD discharge sites.

Water quality impacts to receiving waters from the mine discharges varied from drainage to
drainage and were largely a function of the mine discharge characteristics and receiving
water assimilative capacity (i.e., dilution potential and alkalinity). The water quality results

are discussed below by drainage.

Sand Coulee

A total of 14 surface water samples were collected from the Sand Coulee investigation area,
including five mine discharge samples and nine samples from Straight Creek and its
tributaries. Mine discharges in the Straight Creek drainage had pHs ranging from of 2.3 to
3.7, specific conductivity (SC) values of 2,774 to 9,176 uS/cm, hardness of 925 to 15,887
mg/L and sulfate concentrations of 2,600 to 13,000 mg/L (Table 3-4). Measured water
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TABLE 3-6. DIEL MONITORING RESULTS

Site SC-15 CW-14
Date 8/31/2011 8/31/2011
Field Parameters Time 12:40 19:30 Variation 9:50 20:15 Variation
Water Temp. (°C) 14.72 15.2 3% 12.99 14.35 10%
SC  (umhos/cm) 5847 5776 -1% 1984 1936 -2%
DO (mg/L) 3.69 5.87 59% 9.21 10.47 14%
pH (S.U) 2.66 2.58 -3% 3.18 3.19 0.3%
ORP (mvolts) 512 533 4% 497 512 3%
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quality in Straight Creek was very similar to the mine discharge samples, reflecting the fact
that mine water discharges accounted for over 98% of the flow rate in the creek based on

discharge measurements during the August/September 2011 sampling event.

The poorest water quality originates from the Sand Coulee Mine (SC-1) and the Nelson Mine
(SC-12) with low pH (<2.4), high acidity, high metals and high sulfate (Figure 3-1, Table
3-4). In contrast, the Mt. Oregon Mine (SC-8) discharge to Kate’s Coulee has a higher pH

(3.75) with lower sulfate and total recoverable metals concentrations.

Both mine discharges and sampling sites on Straight Creek exceed human health standards
for fluoride, arsenic, beryllium, cadmium, chromium, iron, manganese, nickel, thallium and
zinc. Aquatic life standards were exceeded for pH, cadmium, copper, iron, nickel, selenium

and zinc.

Cottonwood Coulee

A total of 17 surface water samples were collected from the Cottonwood Coulee
investigation area, including 5 mine discharge samples, 11 samples from Cottonwood Creek
and its tributaries, and one duplicate sample. Mine water discharges in Cottonwood Coulee
were similar to Sand Coulee in water quality but were characterized by slightly lower pH and
slightly higher metals concentrations (particularly cadmium). Mine discharge pH ranged
from 2.0 to 2.5, SC values ranged from approximately 5,600 to 13,600 uS/cm, hardness
ranged from 925 to 1,325 mg/L and sulfate concentrations ranged from 13,000 to 21,000
mg/L. Upgradient water quality in Cottonwood Coulee (CW-1, Figure 3-2) did not indicate
AMD impacts, with a pH of 8.23, SC of 593 uS/cm, a hardness of 274 mg/L and sulfate of 25
mg/L. In contrast, the upgradient sample collected in Ladd in Coulee (CW-11) just above the
outfall from the No. 2 mine had a near neutral pH, higher SC (924 uS/cm), higher hardness
(421 mg/L) and higher sulfate (140 mg/L) indicating AMD influence. Stream water quality
downgradient of the Cottonwood mines is impacted although not impacted to the degree
observed in Sand Coulee, likely due to greater dilution with unimpacted stream water.
Downgradient Cottonwood Creek site CW-14 through CW-16 (Figure 3-2) had pH ranging
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from 3.1 to 3.4, SC ranging from 1,604 to 1,984 uS/cm, hardness ranging from 477 to 492
mg/L and sulfate ranging from 1,000 to 1,400 mg/L. Spatial water quality trends in
Cottonwood Creek indicate increased AMD impacts from upstream to downstream

throughout the investigation area.
Cottonwood Creek in the vicinity of Stockett exceeded DEQ-7 Human Health standards for
beryllium, cadmium, iron, manganese, nickel, thallium and zinc and exceeded DEQ-7

chronic aquatic life standards for pH, cadmium, copper, iron, nickel, and zinc.

Number Five Coulee

A total of seven surface water samples were collected from the Number Five Coulee
investigation area, including one mine discharge sample, five samples from Number Five
Coulee upstream and downstream of Giffen Spring AMD discharge, and one duplicate
sample. Water quality at upstream monitoring site NF-1 (Figure 3-2) appears to be
unimpacted by AMD based on the measured pH (8.6), SC (598 uS/cm), hardness (252 mg/L)
and sulfate (24 mg/L) levels consistent with background water quality. The creek gains flow
through a natural wetland area upstream of Giffen Spring, with the pH at site NF-2
(downstream of the wetland but upstream of the spring) decreasing to 7.1 and SC, hardness
and sulfate (410 mg/L) all increasing relative to site NF-1. The Giffen Spring discharge
(NF-3) had a pH of 3.2, SC of 1,660 uS/cm, 559 uS/cm hardness and 1,400 mg/L sulfate.
The Giffen Spring water quality is better than the discharges in Sand Coulee and Cottonwood
Coulee, likely due to a higher degree of mine flooding and the presence of anaerobic
conditions in the Giffen Mine workings. The pH of the creek downstream of Giffen Spring
(NF-4) is near neutral (pH 6.5) with SC of 1080 uS/cm, 531 mg/L hardness and 660 mg/L
sulfate. Samples taken midway down the drainage (NF-5) and near the mouth of Number
Five Coulee (NF-6, Figure 3-2) are similar in quality but the lower station showed a decrease
in the pH (6.72 to 4.4), and increased acidity (27 to 132 mg/l), Fe*? (1.2 to 17 mg/L),
aluminum (14 to 26 mg/L) and several trace metals (Table 3-4). Although additional

investigation of this stream reach would be required to draw definitive conclusions, the data
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indicate that the lower half of Number Five Coulee may be impacted by non-point source (s)
of AMD.

To summarize water quality in Number Five Coulee, all of the sample parameters at the
upstream monitoring site NF-1 were below DEQ-7 water quality standards. NF-2 below the
wetlands only exceeded water quality standards for iron, manganese (human health only),
nickel and zinc (aquatic life only). Below Giffen Spring DEQ-7 standards were exceeded for

beryllium, cadmium, copper, iron, manganese, nickel, thallium and zinc.

Belt

A total of 15 surface water samples were collected from the Belt Creek investigation area,
including nine mine discharge samples, five samples from Lewis Gulch and Belt Creek, and
one duplicate sample. The pH of AMD discharges at Belt range from 2.3 to 3.1, with SCs
ranging from 4,109 to 4,953 uS/cm, hardness ranging from 795 to 1,044 mg/L and sulfate
ranging from 3,300 to 5,100 mg/L. Stream flow at Belt Creek monitoring sites was
approximately 85 to 100 cfs at the time of the sampling event. Samples collected from Belt
Creek upstream and downstream of AMD discharges indicated minimal changes in the water
quality associated with AMD discharges, attributable to dilution provided by Belt Creek at
the time of sampling. There was no measured decrease in the pH of Belt Creek between
upstream sampling site B-14 and downstream sampling site B-16 (pH increased slightly), SC
increased from 591 to 595 uS/cm, hardness decreased from 287 to 280 mg/L and sulfate

increased from 120 to 130 mg/L.

AMD discharge sites exceeded water quality standards for arsenic (sites B-8, B-9, and B-10
located on the west side of Belt Creek), beryllium, cadmium, chromium, iron, manganese,
nickel, thallium and zinc. The only water quality standard exceedance in Belt Creek was the
aquatic life standard for iron at downstream locations B-15 and B-16. The historical
sampling indicates that pH and metals (Fe and Al) in Belt Creek exceed DEQ-7 standards

under low flow conditions (Reiten et al, 2006).
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3.2.3 Loading Analysis

A loading analysis was conducted examining both discharge loads and receiving water loads
within each drainage for iron, sulfate and acidity. These constituents were selected as
representative AMD indicators. Flow rates and water quality concentrations during the
August/September 2011 sampling event were used to calculate the load for each parameter in
pounds per day. Results for each parameter are tabulated in Table 3-7. In general, loading
results show very similar trends for iron and aluminum, and for sulfate and acidity. The
following discussion of loading sources and receiving water trends for each basin focus on
iron and sulfate as representative indicators of the loading results; however, the comparative
trends for iron, aluminum, sulfate and acidity are illustrated in Figures 3-4 through 3-8 with

individual loads for each parameter depicted on maps in Appendix C.

Sand Coulee

The highest loads to Straight Creek in the Sand Coulee area originated from mine discharges
at the two upstream tributaries on Mining Coulee and Sand Coulee (Figure 3-5). The
discharge at Mining Coulee (SC-1) accounted for approximately one half of the total iron and
sulfate loads to Straight Creek. Comparable trends were observed for aluminum and acidity.
Two separate discharge sites (SC-3 and SC-3A) on the upstream Sand Coulee tributary
accounted for approximately 28% of the total iron and sulfate loads. The load contribution
from the Mt Oregon Mine on Kate’s Coulee was small in comparison (8% of iron and 2% of
the sulfate) and the remaining iron load (17%) and sulfate load (14%) originated from the
Nelson Mine. There was about a 20% loss in flow in Straight Creek from upstream (SC-5) to
downstream (SC-15), with a similar percent decrease in sulfate load, but a greater (38%)

decrease in iron load, likely attributable to precipitation of iron hydroxides in Straight Creek.

A stream flow loss of approximately 35 gpm (17%) was measured in Straight Creek between
Kate’s Coulee (SC-10) and the Nelson Mine outfall (SC-11). Iron loads decreased by a
slightly higher percentage (21%) whereas the change in sulfate load was slightly lower
(13%). There was no measurable decrease in flow in Straight Creek downstream of the
Nelson Mine from SC-14 to SC-15.
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TABLE 3-7. SUMMARY OF DISCHARGE LOADS FOR SELECTED PARAMETERS

Load Ib/day
Site Fe (TRC) Al (TRC) S04 Acidity
Sand Coulee
SC-1 1,179 876 10,082 9,306
SC-2 1,227 949 10,082 9,242
SC-3 357 214 2,820 2,281
SC-4 698 407 6,010 4,653
SC-5 2,007 1,331 16,356 13,568
SC-6 -- -- -- --
SC-7 0.1 0.05 14 0.2
SC-8 156 115 1568 1146
SC-9 123 98 1331 832
SC-10 2,035 1,326 17,480 15,483
SC-11 1,599 1,110 15,180 12,269
SC-12 423 248 2962 2477
SC-13 141 95 1066 882
SC-14 1,900 1,461 17,196 14,069
SC-15 1,818 1,445 17,221 14,313
Mine Discharge Total (SC-2, SC-4, SC-8, SC-12) 2,504 1,719 20,623 17,518
Cottonwood Creek
CW-1 3.5 3.1 93 15
CW-2 388 176 2,747 1,831
CW-3 6.9 7.2 134 12
CW-4 3.1 3.0 90 9.2
CW-5 270 162 2,267 1,672
CW-6 266 156 2,137 815
CW-7 192 109 1,461 537
CW-8 37 29 326 264
CW-9 246 129 1,874 750
CW-10 197 139 1,750 1,481
CW-11 0.5 0.2 19 0.5
CW-12 195 143 1,750 1,346
CW-13 296 196 2,608 1,976
CW-13+CW-9 542 324 4,482 2,726
CW-14 452 254 3,620 2,043
CW-15 340 195 2,801 1,443
CW-15+NF-6 439 255 4,570 1,742
CW-16 508 299 5,078 2,234
Mine Discharge Total (CW-2, CW-8, CW-12) 621 347 4,823 3,442
Number Five Coulee
NF-1 0.5 0.4 58 10
NF-2 69 7.6 1,983 19
NF-3 605 190 4,302 2,427
NF-4 294 86 3,668 61
NF-5 393 141 6,023 262
NF-6 99 60 1,769 299
Mine Discharge Total (NF-2, NF-3) 674 198 6,285 2,447
Belt Creek
B-1 -- -- -- --
B-2 12 8 114 76
B-3 23 19 239 162
B-4 20 22 293 195
B-5 26 16 234 192
B-6 21 17 228 174
B-7 40 26 346 267
B-8 184 83 1,148 941
B-7+B-8 224 108 1,494 1,208
B-9 140 66 897 769
B-10 -- -- -- --
B-11 447 337 5,500 3,750
B-12 949 715 11,659 7,950
B-13 291 220 3,554 2,747
B-14 87 68 54,788 1,826
B-15 427 437 59,586 1,986
B-16 517 496 68,613 2,111
Mine Discharge Total (B-5, B-6, B-7, B-8, B-11) 718 478 7,455 5,609

August 31 and September 1, 2011 Sampling Results

"--"indicates no measurable load due to negligible flow at the time of sampling
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Cottonwood Coulee

In Cottonwood Coulee, No. 6 Mine is the largest loading source accounting for 63% of the
total iron and 57% of the total sulfate load to Cottonwood Creek in the Stockett area (Figure
3-6). Discharge from the No. 2 Mine accounts for 31% of the measured iron load and 36%
of the sulfate load to Cottonwood Creek. The load contribution from the No. 1 Mine
accounted 6% of the total iron load and 7% of the total sulfate load to Cottonwood Creek.
There was no evidence of significant load increases in Cottonwood Creek due to nonpoint

source(s).

Cottonwood Creek loses about half of its flow between the upstream monitoring site (CW-1)
and the town of Stockett (CW-9) when adjusted for mine inflows. Flow measurements
suggest it loses another 17% from Stockett (CW-13) to the confluence with Number Five
Coulee (CW-14). Metals loading decrease proportionally with stream flow losses and the
point discharges appear to account for virtually the entire AMD load observed in

Cottonwood Creek.

Number Five Coulee

The wetlands above Giffen Spring contribute a moderate sulfate load but relatively low
metals and little acidity (Figure 3-7). Giffen Spring accounts for approximately 65% of the
total sulfate load and 90% of the total iron load in the Number Five Coulee drainage (Figure
3-7). Flow increases by about 20% between Giffen Spring and Station NF-5 located about 1
mile downstream. Iron and acidity loads decrease substantially over this reach but the sulfate
decreases only slightly suggesting neutralization of the water and precipitation of iron
hydroxide. About 75% of the stream flow is lost between NF-5 and NF-6 at the mouth of
Number Five Coulee and there is a corresponding decrease in both metals load and sulfate

loads, however the acidity load increases 14% in the lower reach.

Belt
The Anaconda mine accounted for 85% of the total AMD discharge flow in the Belt area,
63% of the iron load, and 73% of the sulfate load (Figure 3-8). French Coulee outfalls

accounted for 10% of the remaining discharge flow, 30% of the iron load and 20% of the
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sulfate load. The remaining iron load (5%) and AMD sulfate load (7%) is accounted for by
Lewis Gulch and Castner Park discharges. Flat Ditch, which receives inflow from French
Coulee and the Anaconda Mine, lost approximately 100 gpm (43% of its inflow) prior to
discharging at Belt Creek. The direct discharge from Flat Ditch to Belt Creek accounted for

85% of the increase in iron load in Belt Creek over this reach and 75% of the sulfate load.

Seepage losses (approximately 100 gpm) on Flat Ditch would more than account for the
remaining metals load in Belt Creek. The flow at the downstream Belt Creek site (B-16) was
too deep on this reach to measure flows directly, therefore flows were estimated based on
one measured flow velocity taken approximately 4 feet from the stream bank and using an
estimated stream width and average depth for the remaining channel cross section. Based on
the flow estimate there is an additional increase in metals load on this lower reach of about
20% (about 90 Ib/day of iron). Discharge from Lewis Gulch does not account for the
estimated increase in flow and load on this lower reach, indicating that seepage losses from

Flat Ditch may be contributing to the metals load.
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4.0 WATER TREATMENT ASSESSMENT

Metals are generally precipitated and removed as hydroxide, sulfide or carbonate complexes
in water treatment. The appropriate treatment process can be selected based on the chemistry
of the constituents of the water of concern. Most metals are removed effectively by
neutralization and precipitation as metal hydroxides/oxides. Lime is commonly used as the
neutralizing agent because of its low cost, favorable settling properties, ability to remove
sulfate and because it does not add detrimental ions (such as sodium). This process, typically
referred to as lime precipitation or lime treatment utilizes a lime product (CaO or Ca(OH),)
to increase the pH of the contaminated water and facilitate the precipitation of dissolved
metals. Although lime precipitation has many inherent advantages, these systems are
difficult to operate remotely and therefore, when alkalinity demands are low, sodium
hydroxide, magnesium hydroxide or ammonia may be chosen. Limestone is sometimes used
primarily because it is inexpensive but it has limited effectiveness on water containing high

concentrations of metals.

4.1 PREVIOUS DEQ ASSESSMENT

In 2007 DEQ contracted Tetra Tech EM Inc. (TtEMI) to develop cost estimates for AMD
treatment facilities at three sites in the Great Falls Coal Field, consisting of the Belt AMD
discharges located on the west side of Belt Creek (USGS sites 5, 11, and 12), the Tracy No. 1
Coal Mine (USGS sites 22 and 23) and the Tracy No. 2 Coal Mine (USGS sites 24, 25, and
27). The cost estimates included Net Present Value (NPV) analysis of capital to fund the
construction, including engineering and project management, and operation and maintenance
of the three water treatment facilities for a 100 year period. The three sites were selected to
assess treatment costs for a range of flow conditions. Average flow rates at these sites were
135 gpm (Belt), 40 gpm (Tracy No. 1) and 10 gpm (Tracy No. 2). No bench-scale or pilot
testing was conducted, so the design of the treatment systems was primarily conceptual in
nature. For all three sites, the water treatment design utilized pH adjustment in two separate
stages to precipitate the dissolved metals in the AMD. Estimated treatment costs included

capital costs, annual operation and maintenance (O&M) expenses, and periodic costs for

H:\FilessMTDEQ\11033\GFCF Wtr Treatment Rpt\R12 GFCF Witr Treat Assessment.Doc\HLN\3/26/12\065
4-1 3/26/12 2:30 PM



critical component replacement. Cost estimates were prepared using cost estimating
software, engineer’s estimates, historic costs for similar projects, and vendor quotes. The
100 year present values calculated at a three (3) percent discount rate were $27,778,500 for
Belt, $14,902,200 for Tracy No. 1, and $8,724,600 for Tracy No. 2 (TtEMI, 2007). A copy
of the final report documenting the water treatment cost estimates is included in electronic

format in Appendix H.

4.2 SCOPE AND OBJECTIVES
Lime-based treatment represents a well documented and effective technology for AMD
treatment and was the focus of the current assessment. The scope of the assessment included

the following issues:

1. Estimation of basin-wide costs for AMD treatment. This work included the
identification of groupings of AMD sources which could be treated by centralized
treatment facilities.

2. Evaluation of lime-based methods to treat AMD constituents to DEQ-7 water quality
standards.

3. Estimation of the amount of sludge which will require handling and disposal.

4. ldentification of primary system operational processes.

Given the low pH of the AMD discharges, the lime requirement for water treatment is
expected to be significant. The assessment of lime utilization efficiency was included in the
bench testing. In addition, the AMD contains elevated concentrations of dissolved iron and
manganese, indicating that oxidation of these metals is potentially beneficial to achieving
water quality standards. The two treatment processes investigated were the rotating cylinder
treatment system (RCTS) and conventional tank reactor treatment. As tested, both methods
utilized lime and oxygen to increase pH, oxidize dissolved metals, and treat the AMD

through the precipitation and removal of metal oxides and hydroxides.
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4.3 COMBINING SITES FOR TREATMENT

The cost associated with construction and operation of an active water treatment system
precludes individually treating AMD at each mine site. After examining the sites in the field,
the most logical configuration for treatment is the construction of a centralized treatment
plant in each of the identified drainages. This would allow AMD to be collected at the
individual sources and routed to a central location while minimizing the transport distances
and need for pumping the water. Maintaining pumps and pipelines over longer distances for

low pH and metals laden water would be operationally difficult and expensive.

A suitable treatment site requires year-round accessibility for large trucks, level open land
for sludge settling ponds and utility access. All of the drainages contain open land in nearby
areas that could potentially meet these criteria; however, suitable sites in Sand Coulee and
Stockett are the most limited due to the narrow confines of the coulees. In both cases there is
open land in the vicinity that could be reached by a gravity drainage collection system.
Giffen Spring has suitable sites in surrounding open meadows and Belt Creek has a large
field adjacent to the Anaconda Mine Drain owned by MDT that could provide a treatment

site.

4.4 BENCH TESTING COMBINED DISCHARGES

Samples from the primary AMD discharge sites in Sand Coulee, Cottonwood Coulee,
Number Five Coulee and Belt drainages were taken by DEQ on November 9 and 11, 2011
and sent to TKT’s laboratory in Reno, Nevada for bench scale treatment testing. All samples
were contained in flexible plastic sample containers that were filled with no air-filled
headspace present. The samples were prepared by bubbling nitrogen gas at a rate of
approximately 10 ml/min for a minimum of five minutes and were capped immediately to

exclude oxygen. The following sites were sampled:

e Sand Coulee — Sampling sites SC-1, SC-3, SC-8 and SC-12 that correspond to mine
discharge sites in Mining Coulee, Sand Coulee, Kate’s Coulee and the Nelson Mine,

respectively.
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e Cottonwood Coulee — Sampling sites CW-2 and CW-10, which correspond to mine
discharges from Cottonwood Coal Company No. 6 and No. 2 mine discharge sites,
respectively. There was no discharge from Cottonwood Coal Company No. 1 on
November 9, 2011, so sampling was limited to Cottonwood No. 6 and No. 2
discharges.

e Number Five Coulee — Sampling site NF-3 from Giffen Springs.

e Belt — Sampling sites B-3, B-5, B-7, B-8, and B-11, which correspond to AMD
discharges from Lewis Coulee, Castner Park, French Coulee Inflow #2, French

Coulee Inflow, and the Anaconda Mine Drain, respectively.

Samples from individual drainages were composited in the laboratory by TKT on a flow
proportional basis and tested with a bench scale RCTS and with a bench scale tank reactor to
evaluate the effectiveness of each treatment system. Photographs of both units can be found
in the Bench Testing Report, included in Appendix D. Each unit operated with a 1 liter fluid
capacity. The bench scale RCTS was constructed by TKT to simulate a full scale RCTS and

turns at speed that produces a comparable oxidation rate to a full sized unit.

A 2-liter beaker equipped with a 2-inch stir bar turning at 600 rpm was utilized to simulate
the tank reactor. Air was pumped into the beaker at 6.5 liters per minute to mimic the
addition of compressed air that is common to tank reactor systems. Bench testing was
conducted with a ten percent lime slurry composed of high calcium-calcium hydroxide
(Ca(OH),) and distilled water. Titration tests were conducted to assess lime requirements for
neutralization of the AMD samples using the RCTS and tank reactor. Treatability tests were
conducted at six pH values (pH 7.5, 8.0, 8.5, 9.0, 9.5 and 10.0) using the RCTS and the tank
reactor to establish optimum operational pHs. Operational requirements at each treatment
site were assessed based on these results, which included an estimate of lime requirements,
the volume of sludge that would be generated, and sludge settling properties for both RCTS

and tank reactor treatment.
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The following parameters were noted for each treatment.

1. Chemical consumption rates were determined using sodium hydroxide (caustic) and
calcium hydroxide (hydrated lime).

2. The optimum pH for metals removal was determined. Metals and sulfate
concentrations were determined following 1 hour, 24 hours and 48 hours of settling.
Samples were analyzed for sulfate, total and dissolved aluminum, cadmium, copper,
iron, manganese, nickel, and zinc in TKT’s laboratory by atomic absorption
spectrophotometry. Samples were also taken following 72 hours of settling to
explore benefits of increased system settling time, to provide better sensitivity and
lower detection limits for cadmium, copper, manganese and nickel, and to determine
treated concentrations of arsenic, beryllium, chromium, lead, mercury, selenium and

thallium. These samples included the following treatments:

a. RCTS and Beaker: Sand Coulee and Cottonwood Coulee water at pH 9.0, 9.5,
and 10.0 (12 samples total).

b. RCTS only: Number Five and Belt water at pH 9.0 and 9.5 (four samples
total).

The 16 samples described above were submitted to Energy Laboratories of Helena,
MT for analysis of arsenic, beryllium, cadmium, chromium, copper, lead, manganese,

mercury, nickel, selenium and thallium by ICP/ICP-MS.

3. Sludge settling rates and volumes were determined utilizing Imhoff cones.

4. Photos were taken following treatment to document the extent of scaling.

A copy of the Bench Testing Report is included in Appendix D to this report and provides a
detailed description of the testing protocol and results. The following is a summary of the

findings:

AMD Treatability

Lime-based treatment was able to meet DEQ-7 water quality targets for all constituents with

the exception of thallium (all four sites) and fluoride (Sand Coulee and Cottonwood Coulee
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sites). The two treatment methods achieved comparable improvements in water quality, but
the RCTS treatment generally achieved lower metals concentrations. With the exception of
thallium and fluoride, the RCTS treatment combined with 72 hours settling of suspended
solids achieved DEQ-7 standards at all four sites at a treatment pH of 9.0. The testing results
indicated that the pH range in which cadmium, nickel, manganese, and aluminum were
effectively treated occurred in a narrow interval around pH 9.0. Analysis of the bench
testing results indicates that two-stage treatment is desirable in order to improve
effectiveness in removing metals, and enhance the ability of the treatment system to treat
AMD with temporal variability in water quality. The first stage would increase pH in the
range of 6.5-8.0, resulting in the precipitation of the majority of the dissolved metals,
including iron and aluminum. A target pH of 9.5 is recommended for the second stage of

treatment to ensure removal of cadmium, nickel, and manganese.

Treatment Efficiency

Titrations on the AMD from each site were conducted using 1.175 N sodium hydroxide
(NaOH) and hydrated lime to pH 9.5. The Sand Coulee AMD had an initial pH of 2.78 and
required 4756 mg/L NaOH to reach pH of 9.5. Lime amounts of 5360 and 5340 mg/L
Ca(OH), were required to achieve a pH of 9.5 with the RCTS and the tank reactor unit,
corresponding to 82.1 and 82.4 percent lime efficiency, respectively. The Cottonwood
Coulee AMD had an initial pH of 2.51 and required 5555 mg/L NaOH to reach pH of 9.5.
Lime amounts of 5700 and 6035 mg/L Ca(OH), were required to achieve a pH of 9.5 with
the RCTS and the tank reactor unit, corresponding to 90.2 and 85.2 percent efficiency,
respectively. The Number Five Coulee combined AMD had an initial pH of 2.80 and
required 705 mg/L NaOH to reach pH of 9.5. Lime amounts of 790 and 860 mg/L Ca(OH),
were required to achieve a pH of 9.5 with the RCTS and the tank reactor unit, corresponding
to 82.6 and 75.9 percent efficiency, respectively. The Belt Creek combined AMD had an
initial pH of 2.73 and required 1528 mg/L NaOH to reach pH of 9.5. Lime amounts of 1600
and 1645 mg/L Ca(OH), were required to achieve a pH of 9.5 with the RCTS and the tank
reactor unit, corresponding to 88.4 and 86.0 percent efficiency, respectively. Titration results

are displayed in Figures 1.1 through 1.4 and Table 1.1 in Appendix D — Bench Testing
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Results. The estimated hydrated lime demands needed to adjust discharges to pH 9.5 for the

observed flow rates are summarized in Table 4-1.

Sludge Generation and Scaling

The volume and settling rates of lime neutralized sludge were measured using 1 liter Imhoff
cones at all six treatment pH values (7.5, 8.0, 8.5, 9.0, 9.5, and 10.0) for all four sites (see
Appendix D - Figures 3.1 through 3.21). At pH 9.5, 290 mL of wet sludge per liter water
was generated for the Sand Coulee AMD by the RCTS, while 300 mL sludge was generated
by the tank reactor following 72 hours of settling. For Cottonwood Coulee, 360 and 280 mL
wet sludge per liter water were generated by the RCTS and tank reactor at pH 9.5. For
Number Five Coulee, 48 and 60 mL sludge were generated, and at Belt Creek, 84 and 100
mL sludge were generated per liter water. Photos were taken after 72 hours of settling to
display the amount of scaling that occurs following treatment (Appendix D — Figures 4.1
through 4.4). The most scale was observed on Cottonwood Coulee, followed by Sand
Coulee, Belt, and then Number Five. Easy access to equipment was incorporated in

treatment assessment to accommodate for removal of scaling.

4.5 TREATMENT ASSESSMENT

TKT prepared a treatment assessment report that evaluates treatment options considering a
separate treatment system within each off the four drainage reaches. The report is included
as Appendix E of this report and the assessment and design recommendations and costs are

summarized below.

The State of Montana water quality criteria in Circular DEQ-7 were utilized as treatment
targets (Table 3-5). Aquatic life standards for cadmium, chromium (1), copper, lead, nickel,
and zinc are based on the hardness of the receiving water. Hardness values ranging from 252
mg/L to 287 mg/L were observed in receiving waters at monitoring sites upstream of
impacted reaches (see Section 3.4). A hardness of 250 mg/L was used for determining

hardness-based aquatic life standards for the purposes of this assessment.
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TABLE 4-1. ESTIMATED LIME DEMAND AT PH 9.5
AND DESIGNATED FLOW RATES

Sand Coulee Coétglrj;/;/god Number Five Belt
79 gpm 238 gpm 162 gpm
(79 gpm) (G5opm) | (2389pm) | (162gpm)
Pounds per day 5100 2410 2260 3120
Tons per 30 days 76 36 34 47
Tons per Year 930 440 430 570
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4.5.1 Metals Precipitation and Treatment Processes

All of the treatment sites evaluated have high acidity, negligible alkalinity, and high metals
concentrations. Lime precipitation is recommended as the primary treatment method to
remove the metals and reduce the amount of sulfate. Based on the bench testing results, two-
stage treatment utilizing a combination of RCTS and tank reactor treatment has been selected
to provide the advantages of both system types. High-density lime precipitation was ruled
out due to the higher operational and capital costs associated with the technology. However,
if available space is extremely limited for sludge management, high-density technology
should be considered, which could reduce the space required for sludge dewatering by as
much as a factor of 2, but would increase capital and operation and maintenance costs

significantly, particularly if variable treatment flows and chemistry are encountered.

Additional treatment for fluoride and thallium will require an additional stage of treatment.
Potential treatment options for these constituents are identified in this report along with

estimated costs based on representative data from other sites.

RCTS Technology

The RCTS provides aeration/oxidizing and mixing in a lime precipitation system. The RCTS

is implemented to lower lime consumption and sludge production and to reduce energy costs.
Comparisons on similar projects have demonstrated a 20%-40% reduction in lime usage,
reduced sludge production and reduced energy requirements when compared to tank reactor
lime treatment systems with compressed air aeration. Bench testing results indicate that
reductions in lime usage using the RCTS were primarily achieved below pH 8.0. As
designed, the RCTS would be incorporated in the first stage of a two stage pH adjustment

process, operating between pH 6.5 and pH 8.0.

Bench scale testing confirmed that lime treatment combined with aeration effectively
removed iron and manganese in the four source waters tested. Arsenic and chromium (111)
are commonly removed from water through co-precipitation and sorption with iron

hydroxide precipitates. The AMD source water in all four investigation areas contains
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elevated concentrations of iron and relatively low concentrations of chromium and arsenic.
Arsenic and chromium were removed effectively by neutralization during lime precipitation
treatment and removal rates would likely be further enhanced using two-stage treatment.
Aluminum, cadmium, chromium (111), copper, nickel and zinc are all precipitated and
removed effectively as metal hydroxide complexes during neutralization. Aluminum
typically has a minimum solubility between pH 6 and 7, while cadmium and nickel require a
higher pH for removal. This condition will be addressed by utilizing two operating treatment

pH levels to sequentially remove metals.

4.6 TREATMENT SYSTEM EVALUATION AND DESIGN
The Treatment Assessment Report (Appendix E) provides an evaluation of alternatives for
treatment and based on selected technologies develops conceptual designs for the treatment

system and costs.

The primary basis for the conceptual designs is the August/September 2011 sampling results,
the bench testing (Appendix D), and monthly monitoring results documented by the USGS
(Karper, 1998). A lack of space for the treatment system footprint could be a limiting factor
at the Sand Coulee and the Cottonwood Coulee sites. The extended winter season and low
winter temperatures are considerable factors in the design of the system. The system
evaluated in this report requires a heated building to house the oxidation, mixing and primary
sludge separation components. Space must be maximized to house these components and
reduce heating costs. The system evaluated also utilizes sludge dewatering by sand filtration,
which requires enough space to contain sludge during the winter months so that dewatering

can occur in the summer months.

Based on the chemistry, flow, and space available the most viable option for primary
treatment of the AMD in the Great Falls Coal Fields is lime precipitation. Further treatment
for fluoride (Sand Coulee and Cottonwood Coulee) and thallium (all four sites) will be

required.
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The technology evaluated for fluoride removal was absorption onto activated alumina. EPA
has developed generalized flow-based treatment costs to achieve secondary maximum
drinking water standards. These EPA data were used to develop capital costs and operational
and maintenance costs for this analysis. Zeolites are low cost sorbants that have been used
successfully for treatment of thallium. Approximate cost estimates are included using
zeolites for thallium removal based on observed concentration ranges and representative
adsorption rates. Costs are based on capital costs for installation of counter-current columns

and zeolite replacement costs.

This evaluation focuses on treatability by lime precipitation using a combination of RCTS
and traditional tank style reactors. An emphasis was placed on operational simplicity and
maintenance labor control, which is intended to limit operator labor requirements, with
oversight monitoring for quality control. The operational labor components are estimated
with the assumption that personnel will be available to work at multiple treatment system

sites based on their proximity to each other.

This evaluation provides conceptual design options and explains the challenges and benefits

of the proposed systems. Included are:

e Estimated capital equipment costs +50%/-30%;
e Operational and monitoring methodology and labor estimates; and

e Continued operation and maintenance estimates including +25% contingency.

Considering the comparable chemistry, expected discharge requirements, flow rates and lime
feed rates, the four proposed water treatment sites would utilize similar water treatment
systems. This provides redundancy of system components with the goal of minimizing long

term operational costs.

Two-stage lime addition is recommended for all four sites due to the presence of cadmium,
nickel, manganese and aluminum in the AMD. The first stage at each site will utilize the

RCTS to maximize lime efficiency and oxidation. The majority of the lime will be added in
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the first stage of treatment to a pH of 6.5-8.0, which will target iron, aluminum and arsenic
removal. The majority of the sludge will also be generated in this stage and must be
removed from the treatment stream to prevent aluminum from re-dissolving from suspended
particles in the second stage. Clarification with the use of flocculent addition and fabricated
plate clarifiers will be followed by a second stage pH adjustment to 9.5-10.5. Additional
oxidation and mixing will be provided by a compressed air system. The second stage will be
followed by a similar clarification step. A polishing pond will be utilized to provide
additional treatment residence time. Bench testing indicates that even at a treatment pH of

10, the final pH of the water will be less than 9 after 48 hours of settling.

A sludge drying system consisting of primary sludge settling, secondary sludge thickening
and final sludge dewatering will be utilized as components of the total system. This is a low
cost, low labor alternative to an active filtering process, but requires a substantially larger
treatment site to implement. The space requirements for sludge drying relative to space
available at potential treatment sites are discussed further below. A schematic diagram

outlining the treatment steps is shown in Figure 4-1.

Sand Coulee

Systems were sized based on the 2012 measured flow rates, which were at the high end of
historical flow ranges. Long-term treatment costs were based on 75" percentile flow rates
calculated from historical measurements, which provide a conservative estimate of average
treatment requirements based on historical flows. The following assumptions are taken from

Sand Coulee bench testing:

1. Lime consumption will be approximately 5100 Ibs/day at 79 gpm.

2. Significant oxidation and system residence time will be required. A minimum
reaction time of 12 minutes is recommended with RCTS treatment and 90 minutes
with tank reactor system.

3. Sludge settling followed by sludge thickening and passive drying will be required.

4. Sludge production will be extensive, requiring active sludge management and

removal. Based on bench testing, more than 45,000 gallons per day of primary
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FIGURE 4-1. TREATMENT SYSTEM SCHEMATIC DIAGRAM
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settled sludge generation can be expected. Following thickening and dewatering the
final volume of sludge can be expected to be reduced to 60 to 85% of the volume of
primary sludge.

5. Additional treatment will likely be required for removal of fluoride and thallium.

Preliminary cost estimates are included in Section 4.7.

Space will likely be a limiting factor at the Sand Coulee site, and if the treatment site is
limited in size, use of an active sludge dewatering system such as a filter press could be
required. A simple sludge management system would require a minimum area of 60,000 to
100,000 square feet (approximately 1.4 to 2.3 acres) for treatment and sludge drying.
Although open space within Sand Coulee is extremely limited, there is some open land at the
south end of Sand Coulee and in the lower end of Mining Coulee that may be adequate for
the proposed treatment method which includes a 1 million gallon, 72-hour pond for polishing

and a 3 million gallon sand filter system for sludge drying.

For the purposes of this evaluation it is assumed that a treatment site can be obtained with
large enough area to employ the simpler sludge management system to reduce costs. Other
options short of active filtration, may still be feasible if the treatment site has marginal space,

but would require additional evaluation based on space available.

Calcium Oxide vs. Calcium Hydroxide

Based on the bench testing results, a 5100 Ib/day lime delivery rate at Sand Coulee is
required for the design flow rate of 79 gpm, which is nearly 40% of the lime required on all
four sites. An immediate design decision is whether to use calcium oxide (quicklime, CaO)
or calcium hydroxide (hydrated lime, Ca(OH),) in the treatment process. While calcium
oxide has higher alkalinity and lower cost by weight, several factors favor the use of calcium
hydroxide. The use of calcium oxide would require a slaker processing plant to produce the
calcium hydroxide required for each water treatment system. The plant would require capital
and labor to operate and generated calcium hydroxide slurry will have to be transported from

the plant to the individual treatment systems. Based on a preliminary analysis, it appears
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likely that much of the initial savings associated with the use of calcium oxide would be
consumed by O&M costs associated with the slaker system. In addition, the operation of all
four treatment systems would be dependent on the successful continuous operation of the
slaker plant, a process generally considered to be maintenance intensive. The redundancy
and reliability that can be realized with individual hydrated lime delivery systems at the four
sites justifies the additional chemical costs. Therefore, hydrated lime systems are proposed
(Appendix E).

Lime Addition

Bench testing showed that the RCTS was more efficient with regard to lime utilization in the
pH range of 4.0-8.0 s.u., particularly in the Sand Coulee and Cottonwood Coulee samples
(Appendix D, Figures 1-1 and 1-2).

Above pH 8.0, the RCTS was no more effective than the tank reactor system with regards to
lime efficiency. Therefore the preliminary design incorporates the RCTS as the primary
component of the first stage pH adjustment to improve lime efficiency at each of the sites
while reducing system footprint. Specifically, the design incorporates the RCTS for first
stage treatment followed by a clarification/settling system to remove sludge containing iron
and aluminum. This will be followed by second stage pH adjustment for manganese, nickel

and cadmium removal, which will utilize compressed air for oxidation.

Bench testing showed that removal of cadmium, nickel, manganese and aluminum may be
possible in a single stage, however the pH would have to be maintained precisely and
changes in chemistry and flow could result in inefficient treatment and discharge
exceedences. By treating in two stages, the greatest lime efficiency will be realized and the
system will be more robust allowing for a broader treatment pH range and a greater capacity
to treat variable influent water quality. Although the capital cost of treating in two stages
will likely be more than if single stage treatment were utilized, the single stage treatment
would require a higher level of pH control with more expensive system programming and

more frequent monitoring.
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Clarification and Sludge Separation

Given the high metals loads, a key element to the design of the treatment system at these
sites will be the clarification, separation, and management of sludge. Bench testing revealed
that following 72 hours of settling a volume of 275 to 400 milliliters of sludge per liter of
water treated will be produced at the Sand Coulee site. This equates to a system that will be
required to clarify, separate, and thicken, in two stages, an anticipated volume of 21-31
gallons per minute of sludge continuously. Given the large sludge volume generated and the
cold winter temperatures in the area, the system was designed to provide the most storage

volume in the least amount of space to be heated.

As a solution to the limited space available and the necessity to operate year round in cold
conditions, this design includes the use of the foundations of the treatment system buildings
as a 1% stage clarifier, 2" stage pH adjustment cell, and 2" stage clarifier systems. This
design, based on municipal wastewater treatment oxidation loops, would result in a
maximized settling volume with a small footprint. Air operated diaphragm sludge pumps
will pump settled sludge to thickener tanks, and then thickened sludge will be pumped to a
sand drain passive sludge drying system. The sludge pumps will operate on the compressed

air system used for oxidation in the 2" stage pH adjustment.

The foundation cells will be constructed to accommodate light equipment for periodic
maintenance. Scale removal from the foundation would likely not require confined space
entry permitting. Another benefit is that flow through the system would be driven entirely by
gravity. There is no pumping of treatment water in the system design, simplifying the
system, which accommodates management plans for system upset scenarios. In combination
with a polishing pond this design is the most accommodating system with regard to operator
simplicity. Due to the extended residence time required for treatment and the volume of

flow, a two building system is recommended.
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Sludge Drying System and Polishing Pond

The recommended volume for the sludge drying system is 3 million gallons and a 1 million
gallon polishing pond is recommended for the Sand Coulee site. However, passive sludge
drying with sand filtration may require upwards of 4 million gallons of volume to contain
sludge during the extreme cold winter months and dry sludge during the warmer months,
depending upon the duration of extreme cold conditions and how much reduction in volume

can be achieved during sludge thickening.

Each of the remaining sites also has a sludge drying system and polishing pond as a
component of the treatment system. The volume of the polishing pond is proportional to the
flow and required settling times from testing. The sludge drying system is proportional to
the sludge volume generated. If space is available, larger ponds will reduce sludge

maintenance intervals and increase treatment effectiveness.

Each treatment building will have a 30 ton hydrated lime silo and lime delivery system,
which will allow a two to three week delivery interval. The 1% stage building will include
two RCTS units, a flocculent addition system, foundation clarifier and sludge thickening and
pumping system. The 2" stage building will house the second stage clarification, air

compressor and diffuser system, and second stage sludge thickening and pumping systems.

4.6.1 Cottonwood Coulee
High metals concentrations in Cottonwood Coulee will result in similar sludge management
challenges although flows are significantly lower than at Sand Coulee. In order to reduce

costs a larger single building design is proposed.

Based on the bench testing, the system will require a 2410 Ib/day lime feed rate at 35 gpm,
which again was utilized based on the 75™ percentile flow rate. A single 30-ton silo will

allow a two to three week delivery interval.
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Again the system utilizes RCTS for 1% stage pH adjustment and aeration, used in
combination with 2" stage compressed air delivery. With a slower feed rate this system may

utilize a lime slurry pump delivery system for finer pH control throughout the treatment.

4.6.2 Number Five and Belt

The treatment systems at Number Five and at the Belt site will be virtually identical to the
system at Sand Coulee, utilizing the same process flow and components. Belt treatment
costs assume treatment of all of the AMD sources including discharges from Lewis Coulee
and from the outfall above Castner Park. Estimated costs are included for piping these
discharges to a treatment site on the opposite side of Belt Creek. However, this could be a
potentially complex task depending on the pipeline route and consequently costs could vary

substantially.

4.7 TREATMENT COSTS

4.7.1 Capital Costs

The Water Treatment Assessment Report (Appendix E) provides a detailed breakdown of
estimated capital costs for construction of the treatment facilities. Estimated totals for capital
costs are summarized in Table 4-2. Capital costs have been developed utilizing the peak

flow rates for each treatment site.

4.7.2 Operational Costs

This system is designed based in large part on the principle that it can be operated with a 4
hour per day operator with qualified monitoring and oversight. Daily operations would
include system monitoring and sampling, with 80% operator time dedicated to sludge system
management. This is expected to entail a two-man crew, servicing all four sites on a rotating
interval to coincide with lime delivery and maintenance requirements. It is anticipated that
with the proper instrumentation monitoring capabilities these sites can operate without daily

site work for extended periods.

The oversight-monitoring budget represents involvement from qualified technical personnel

for operations directives and instruction on system operation.
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TABLE 4-2. ESTIMATED WATER TREATMENT COSTS

CAPITAL COST FOR CONSTRUCTION OF TREATMENT SYSTEMS

Description Sand Coulee Cottonwood Number Five Belt
Coulee Coulee
Collection System $ 301,000 | $ 282,000 | $ 10,000 | $ 220,000
Treatment System Eoundatlon and $ 243,000 | $ 135,000 | $ 243,000 | $ 243,000
Installation
Treatment System Building and o 450,000 | $ 337,500 | $ 450,000 | $ 450,000
Construction
Sludge Drying Constructionand | ¢ 164 999 | ¢ 80,000 | $ 80,000 | 80,000
Installation
Polishing Pond Construction $ 70,000 | $ 40,000 | $ 70,000 | $ 70,000
30 Ton Lime Silo $ 160,000 | $ 90,000 | $ 160,000 | $ 160,000
Lime Delivery System $ 69,500 | $ 38,500 | $ 69,500 | $ 69,500
Lime Slurry Tank and Pump System | $ 10,500 | $ 10,500 | $ 10,500 | $ 10,500
Dosing Tank and Mixer $ 12,000 | $ 7,000 | $ 12,000 | $ 12,000
RCTS $ 155,000 | $ 78,000 | $ 155,000 | $ 155,000
Compressed Air System 30HP $ 32,000 | $ 17,000 | $ 32,000 | $ 32,000
Fabricated Plate Clarifiers $ 90,000 | $ 90,000 | $ 90,000 | $ 90,000
2nd Stage Mixers $ 18,000 | $ 18,000 | $ 18,000 | $ 18,000
Sludge Thickening Tank $ 45,500 | $ 45,500 | $ 45,500 | $ 45,500
Sludge Pumps $ 37,000 | $ 28,000 | $ 37,000 | $ 37,000
Electrical $ 45,000 | $ 45,000 | $ 45,000 | $ 45,000
Piping $ 38,000 | $ 38,000 | $ 38,000 | $ 38,000
Electrical Controls and Monitoring $ 80,000 | $ 80,000 | $ 80,000 | $ 80,000
Removable Floor Fabrication $ 92,000 | $ 92,000 | $ 92,000 | $ 92,000
Bobcat $ 25,000 $ 25,000 | $ 25,000
Thallium treatment $ 50,000 | $ 50,000 | $ 50,000 | $ 50,000
Fluoride treatment $ 161,500 | $ 47,500
Parking Landscaping Fencing, Etc. | $ 125,000 | $ 125,000 | $ 125,000 | $ 125,000
Subtotal $ 2,470,000 | $ 1,774,500 | $ 1,937,500 | $ 2,147,500
Construction Contingencies (25%) | $ 617,500 | $ 443,625 | $ 484,375 1 $ 536,875
Subtotal $ 3,087,500 | $ 2,218,125 | $ 2,421,875 | $ 2,684,375
Project Admin (5%) $ 154,375 | $ 110,906 | $ 121,094 | $ 134,219
Design and Engineering (8%) $ 247,000 | $ 177,450 | $ 193,750 | $ 214,750
Construction Management and Facility
Startup (6%) $ 185,250 | $ 133,088 | $ 145,313 | $ 161,063
Subtotal $ 586,625 | $ 421,444 | $ 460,156 | $ 510,031
Total Capital Costs $ 3,674,125| $ 2,639,569 | $ 2,882,031] $ 3,194,406
ANNUAL O&M COSTS
Description Sand Coulee Cottonwood Number Five Belt
Coulee Coulee
Lime Delivered $ 139,613 $ 65,974 | $ 64,500| $ 85,500
Power 60KW $ 21,000| $ 42,000 | $ 57,000 $ 38,400
Chemical, Other $ 17,500] $ 17,500 | $ 23,800] $ 16,000
Sludge Disposal (includes labor) $ 87,500| $ 105,000 | $ 142,500 $ 96,000
Treatment and Discharge Monitoring | $ 19,200| $ 19,200 | $ 19,200 $ 19,200
Site Monitoring $ 23,000| $ 23,000 | $ 23,000] $ 23,000
Site Operator 1/4 -1/2 Time $ 46,800 $ 46,800 | $ 46,800 $ 46,800
Site Maintenance $ 20,000 $ 20,000 | $ 20,000] $ 20,000
Thallium Treatment $ 43,500 $ 19,500 | $ 130,500| $ 89,000
Fluoride Treatment $ 25,600] $ 13,600
EPA and Safety $ 42001% 42001 $ 42001 $ 4,200
Subtotal $ 447,913 $ 376,774 | $ 531,500 $ 438,100
O&M Contingency (25%) $ 111,978 $ 94,193| $ 132,875 $ 109,525
Total yearly O&M Costs $ 559,891| $ 470967] $ 664,375| $ 547,625
Periodic Replacement Costs
Five year Periodic Cost $ 187,080 | $ 138,060 | $ 163,800 | $ 180,600
Periodic contingencies cost (25%) $ 46,7701 $ 34,5151 $ 40,950 | $ 45,150
Subtotal $ 233,850 | $ 172,575 | $ 204,750 | $ 225,750
30 year periodic costs $ 3,674,125 $ 2,639,569 | $ 2,882,031 1% 3,194,406
Periodic contingencies cost (25%) $ - $ - $ - $ -
Subtotal $ 3,674,125 | $ 2,639,569 | $ 2,882,031 ] $ 3,194,406
NVP 3% (100 yrs) [$ 24999,731]$ 20,156,359 |$ 26,838,829 | $ 23,776,893

Captal construction costs determined using peak flows

O&M costs determined by using 75th percentile values

Qpeak~250 gpm
Q75th~79 gpm

Qpeak~50 gpm
Q751~35 gpm

Qpeak~ 250 gpm
Q75th~238 gpm

Qpeak~ 250 gpm
Q751162 gpm

Treatment Cost Summary v2.xIs NPV Summary




Site maintenance budget represents an annual maintenance overhaul and yearly maintenance
requirements. While on-site daily labor is expected to be low, annual maintenance of the

system should be anticipated and scheduled accordingly.

Estimated annual O&M costs from the Treatment Evaluation Report (Appendix E) are
summarized in Table 4-2. O&M costs have been developed using the 75" percentile flow
value. The 75™ percentile value is the upper bound of the mean flow value. This value is a

conservative value to prevent underestimation of annual operation and maintenance costs.

4.7.3 Replacement Costs

Table 4-2 above includes yearly costs to maintain and replace critical components (see line
item maintenance). An additional 20 to 30 percent of total capital costs should be expected
for items like the building, concrete and controls upgrades as a replacement cost over a

period of 30 years.

Periodic replacement costs have also been included for critical equipment replacement due to
continual service or harsh conditions of the raw influent. Periodic periods have been broken
down into a five-year period, for more routine equipment replacement and a 30-year period

for complete treatment works replacement activities.

4.7.4 Net Present Value (NPV) Costs

Based on the capital costs, O&M costs and periodic replacement costs a NPV evaluation has
been completed. NPV results are summarized in Table 4-2 and the NPV calculations for
individual sites are included in Appendix F. The NPV calculation returns a present day
monetary amount to fund a potential project for a fixed return period using a constant
discount rate. A NPV amount has been calculated for each treatment site using a discount
interest rate of 3% and a return period of 100 years. The estimated NPV amounts to
construct, operate and maintain treatment systems at each of the sites is approximately 25
million dollars for Sand Coulee, 20 million for Cottonwood Coulee, 27 million for Number

Five Coulee and 24 million dollars for Belt.
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5.0 TREATMENT PRIORITIZATION

Due to the considerable expenses associated with water treatment, a ranking system for
prioritization of AMD sources for treatment was developed. An evaluation matrix was
developed as a framework for ranking individual sites based on six site characteristics. The

evaluation characteristics include:

1. Pollutant Load
a. lron load
b. Sulfate load
c. Acidity load

2. Receiving Water Impacts
a. Human Health Standards
b. Aquatic Life Standards

3. Exposure Potential
a. Population in Impacted Drainage
b. Existing Containment
c. Proximity to High Risk Zones (schools, parks, recreation sites, etc)

4. Resource Potential
a. Water Supply
b. Agquatic Life
c. Recreation

5. Treatment Feasibility
a. Proximately of Adequate Area for Treatment Site
b. Site Utilities and Access
c. Required Length of Water Collection Conveyance
d. Treatability of Water

6. Treatment Cost
a. Capital Cost
b. Operational Costs
c. Long Term Replacement Cost.
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Each of these characteristics was evaluated based on a number of criteria (as listed above),
for which numeric scores were assigned. The numeric scoring system is based on a rating of
1 to 5, where 1 represents a lower pollution load, better receiving water quality, less
opportunity for exposure, lower resource value of the impacted water body, lower treatment
feasibility and a higher treatment cost (i.e., lower prioritization for treatment). The scores for
individual criteria were averaged to derive a numeric score for each characteristic and then
the six characteristics were summed for each treatment site and an average total score
determined. A higher score generally indicates treatment would achieve greater reduction in

pollutant load and exposure and restoration of beneficial use relative to treatment cost.

A weighting variable has been included in the matrix for each characteristic to facilitate
variable weighting of each of the five individual characteristics. Two characteristics,
Exposure and Resource Potential, were assigned a weighting factor of 2.0, while the
remaining four characteristics received a weighting factor of 1.0. This weighting emphasizes
DEQ’s identified objectives for water treatment on protection of human health and
restoration of beneficial uses of the water bodies impacted by AMD. The decision matrix
worksheets with the ranking information for each of the criteria and characteristics are

presented in Appendix G. The results are summarized in Table 5-1 and discussed below.

5.1 POLLUTANT LOAD

Sand Coulee had the highest AMD load by a factor of 4 over the other drainages which is
attributable to four mine discharges over a short reach, three of which have very high acidity,
metals and sulfate concentrations. Belt Creek has the next highest pollutant load followed by
Cottonwood Coulee and Number Five Coulee. Cottonwood Coulee and Number Five Coulee

had the same ranking score based on the similar load ranges.

5.2 RECEIVING WATER IMPACTS
Sand Coulee also scored highest for impacts to receiving waters as a result of both the high
concentrations of AMD parameters in the mine discharges and the absence of any dilution

flows in the creek. Numerous standards for human health and aquatic life are exceeded
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TABLE 5-1. SUMMARY OF DECISION MATRIX RANKING

Drainage
FACTOR
Sand Coulee Number 5 Cottonwood Ck Belt Ck
Initial Score 4.3 0.7 0.7 13
Pollutant .
L oad Weight 1.0 1.0 1.0 1.0
Weighted Score 4.3 0.7 0.7 13
Initial Score 5.0 35 45 25
Receiving
Water Weight 1.0 1.0 1.0 1.0
I mpacts
Weighted Score 5.0 35 4.5 25
Initial Score 4.0 25 4.0 45
Exposure Weight 20 20 2.0 2.0
Weighted Score 8.0 5.0 8.0 9.0
Initial Score 1.7 23 2.3 4.3
Resource .
Potential Weight 20 20 2.0 2.0
Weighted Score 33 47 4.7 8.7
Initial Score 25 4.0 2.8 38
Treatment .
Feasibility Weight 1.0 1.0 1.0 1.0
Weighted Score 25 4.0 2.8 3.8
Initial Score 2.0 2.7 33 23
Treatment .
Cost Weight 1.0 1.0 1.0 1.0
Weighted Score 2.0 27 33 23
TOTAL 4.2 34 4.0 4.6
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along the entire length of Straight Creek. Cottonwood Coulee was next highest, followed by
Number Five Coulee and Belt Creek. Receiving water quality in these three drainages is
primarily a function of the amount of in stream dilution. It should be noted that Belt Creek
has high seasonal flows that improve water quality in the creek substantially. During low

flow periods Belt Creek would rank higher due to minimal dilution of the AMD.

5.3 EXPOSURE

Belt Creek rated highest for exposure due to greater population density and proximity to
high-risk areas. Although the mine discharges are largely restricted to constructed
conveyances, the majority of these are open ditches that run through parks and residential
areas. The primary outfall discharges immediately downstream of an established swimming
hole. While conducting the August/September 2011 sampling, a teen on a four-wheeler was
observed recreating in Flat Ditch, and a pair of muddy child’s tennis shoes were present on
the edge of the conveyance ditch in Castner Park where pH 2.5 AMD is present (Appendix A
- Page 25).

While there has been some effort to limit the extent of AMD discharges with constructed
conveyances in Sand Coulee and Stockett, the efforts have not been completely successful
(see Appendix A — Page 14) and both have high AMD concentration discharges present in
the middle of the community. Number Five Coulee is relatively remote with few residences

and no parks or recreation facilities in the vicinity of the discharge sites.

5.4 RESOURCE POTENTIAL

All of the impacted streams have a B classification, which reflects the beneficial uses they
are intended to support. B classification streams should be capable of supporting domestic
uses, agricultural and industrial water supplies, recreational uses and aquatic life and
wildlife. The streams in each of the basins investigated are listed as impaired for one or
more of these uses based on nonattainment of water quality standards (MDEQ, 2011).
Treatment of AMD sources would potentially allow the streams to achieve a broader range of

beneficial uses, however their comparative value for water supply, recreational use and
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fishery habitat varies therefore an examination of resource potential is useful in assessing

prioritization of treatment sites.

The resource potential of the streams within each of the subject basins was ranked to reflect
potential use as a water supply, as aquatic life habitat and for recreational uses. The streams
in these drainages have potential to supply water for stock water and agricultural use. None
of the streams have a high potential for direct use as a potable water supply, however all of
the streams recharge underlying aquifers and treatment would decrease the potential for
impacts to nearby water supply wells. All of the sites were given comparable rankings in

this category.

Belt Creek was given the highest ranking for aquatic life resource potential since it is a larger
stream that has a long perennial downstream reach, it has more diverse stream habitat (riffles,
runs, pools, etc.) and is connected to a significant downstream fishery (the Missouri River).
Straight Creek in Sand Coulee was given the lowest ranking for aquatic habitat due to the
limited reach with perennial flow and the severely altered channel morphology associated

with channelization.

Belt Creek was also given the highest ranking as a recreational resource because of greater
potential to support fishing, boating and swimming activities due to higher flows and greater

water depths.

5.5 TREATMENT FEASIBILITY

A large site with a relatively flat area is required for settling ponds since the high AMD loads
associated with these sites will generate large volumes of sludge. The first criteria was
availability of suitable area for a treatment site and the next criteria was suitable access for
trucks and the proximity of utilities. Belt Creek rated the highest since a large open field is
present in the vicinity of Flat Ditch and is currently owned by MDT. This is an ideal site in
terms of size, access and utilities and therefore was ranked the highest. Number Five Coulee

was next highest. It has a large open area surrounding Giffen Spring with nearby electrical
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lines. Suitable treatment sites are much more restricted in Sand Coulee and Stockett due to
the narrow confines of the Coulees. Both have open land in the upstream areas that may still

support gravity flow conveyances from the AMD sources.

The length of the conveyances required to route water from the AMD sources to the
treatment plant were also considered, not just due to costs of installation, more significant is
long term maintenance costs since these pipelines can be prone to plugging and deterioration.
The sites were ranked based on minimum pipeline distances. These may vary based on the
final site selection. Number Five Coulee required the least collection conveyances followed

by Belt (with collection of east side AMD sources), Sand Coulee and Cottonwood Coulee.

Treatability rankings reflect differences in the level of treatment or propensity for more
complex maintenance or water handling requirements due to specific treatment or site
characteristics. Based on the initial treatment tests all of the AMD has similar characteristics
and will require similar levels of treatment. Sand Coulee and Cottonwood Coulee discharges
have a slightly greater likelihood of scaling and require greater removal rates to meet water
quality objectives. In general, these two sources also contain higher concentrations of
fluoride, which may require an additional step in the treatment process. Number Five Coulee
and Belt Creek have been ranked slightly higher since lower removal rates are necessary to

meet in stream water quality objectives.

5.6 TREATMENT COST
Potential costs for treatment are developed and discussed in Section 4.5. Lower costs result
in a higher ranking. Cottonwood Coulee has the highest ranking followed by Sand Coulee,

then Belt, then Number Five Coulee.

5.7 OVERALL RANKING RESULTS

Belt Creek has the highest final prioritization ranking with a score of 4.6, followed by Sand
Coulee with 4.2, Cottonwood Coulee with 4.0 and then Number Five Coulee with 3.4. While
this ranking compares the sites based on a range of factors it is only intended to provide an
initial framework for examining treatment prioritization and may be modified as the process

moves forward.
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APPENDIX A

PHOTO LOG
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Discharge from No.6 Mine above Stockett (USGS 7) Cottonwood No.6 at Source
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Ponded area' alond Ditch from No.6 Mine

K:\Project\11033\Report\Photolog1



)
2
@

0=
5]

@

(m}
o)

=

AM

No
K:\Project\11033\Report\Photolog1

Unnamed discharge from No.1 Mine above...




Collection Ditch Stockett No.2 Mine Discharge from Cottonwood No.2 Mine above Stockett
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Discharge from No.2 Mine Ladd Coulee upstream of No.2 discharge




Upstream of Giffen Spring and Giffen Wetlands Number 5 Coulee at Giffen
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Confluence of discharges from USGS 14 & 16
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USGS 3 Below Giffin
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USGS 16 with Landowner improvements
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Kate's Coulee confluence with Rusty Ditch
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Kate's Coulee, Sand Coulee MT
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Adit Portal at Kate's Coulee
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Nelson mine dsicharge Kate's Coulee, Sand Coulee
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Drain pipe from Nelson Mine
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Discharge at Nelson Mine, Sand Coulee MT
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Sand Coulee Creek above Centerville Nelson Mine Drain Pipe
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MDT Embankment drain at French Coulee
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USGS 11 & 12 discharge sites
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French Coulee Wetland Cell

Flat Ditch, Belt MT Anaconda Mine Discharge to Flat Ditch
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Potential Treatment Site at Belt
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Belt Creek looking downstream at Anacondaa Mine Discharge
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Anaconda Mine Discharge to Belt Ck
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Stained Bank Seeps on Belt Creek
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Seeps from bank below Anaconda Mine discharge site to Belt...
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Lewis Gulch at former mine portal
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Lewis Gulch Above Castner Park Lewis Gulch Dlscharge Point to Belt Ck
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Belt Creek, Flat Ditch recreational activity.

Belt Creek, Castner Park (B-6) recreational activity.
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APPENDIX B

HISTORICAL WATER QUALITY
DATABASE AND SUMMARY STATISTICS
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Table B-1 : Historic Water Quality Summary

BCAMD (B13)

USGS/Maxim Site 5 & MBMG 200616 (B11)

Number of Number of
Samples Samples
Number of Below Minimum Maximum || Number of Below Minimum Maximum
Parameter* Samples | Detection Value Average Value Samples | Detection Value Average Value
Flow (gpm) 2 NA 98.5 113.7 128.88 29 NA 67.3 104.9 155.0
Lab Specific Conductivity (umhoscm) 2 NA 2523 2747 2970 44 NA 2080 2405 2770
Field Specific Conductivity (umhoscm)2 -- -- -- -- -- 42 NA 1040 2292 2580
Lab pH (SU) 2 NA 2.85 2.90 2.95 44 NA 2.60 2.83 3.34
Field pH (SU) -- -- -- -- -- 41 NA 2.51 2.89 3.10
Total Dissolved Solids® - - -- - -- 15 NA 2003 2346 2620
Total Suspended Solids 2 NA 5.0 27.9 50.8 -- -- -- -- --
Total Hardness (as CaCQO3) 2 NA 740 756 772 25 0 611 668 723
Alkalinity - - -- - -- 4 4 1 1 1
Acidity (as CaCO3) -- -- -- -- - 29 0 36 1008 1240
Acid Neutral Capacity (as CaCO3) -- -- -- -- -- -- -- -- -- --
Calcium -- -- -- -- -- 40 0 140 157 177
Carbonate (CO3) -- -- -- -- -- 15 0 0 0 0
Fluoride -- -- -- -- -- 38 6 0.25 1.75 5
Magnesium -- -- -- -- -- 40 0 63 68.3 73.5
Sodium -- -- -- -- -- 40 0 9.4 10.2 11.0
Potassium -- -- -- -- -- 40 0 2.5 3.01 3.7
Bicarbonate (HCO3) -- -- -- -- -- 19 4 0 0.2 1
Chloride -- -- -- -- -- 40 10 2.2 6.71 50
Bromide -- -- -- -- -- 15 15 0.25 0.95 5
Sulfate (SO4) -- -- -- -- -- 44 0 1420 1874 2700
Silica -- -- -- -- -- 40 0 49.9 187.1 5302
Nitrate -- -- -- -- -- 15 15 0.25 1.13 5
Orthophosphate -- -- -- -- -- 15 15 0.25 0.95 5
Aluminum TRC 2 0 127 132 137 4 0 92 111 120
Aluminum DISS 2 0 134 141 147 44 0 68 105.09 126.25
Antimony TRC 2 2 0.00025 | 0.00025 | 0.00025 -- -- -- -- --
Antimony DISS -- -- -- -- -- 15 15 0.01 0.011 0.02
Arsenic TRC 2 0 0.0037 0.0070 0.0102 4 4 0.003 0.003 0.003
Arsenic DISS -- -- -- -- -- 44 25 0.001 0.003 0.01
Barium TRC -- -- -- -- -- -- -- -- -- --
Barium DISS -- -- -- -- -- 40 17 0.002 0.006 0.02
Beryllium TRC -- -- -- -- -- 4 4 0.05 0.05 0.05
Beryllium DISS -- -- -- -- -- 44 5 0.01 0.0201 0.05
Boron TRC -- -- -- -- -- 4 3 0.2 0.2 0.2
Boron DISS -- -- -- -- -- 44 8 0.056 0.145 0
Cadmium TRC 2 0 0.0131 0.0134 0.0137 4 4 0.005 0.005 0.005
Cadmium DISS -- -- -- -- -- 39 5 0.0035 0.0076 0.026
Chromium TRC 2 0 0.0151 0.0328 0.0505 4 2 0.01 0.02 0.03
Chromium DISS -- -- -- -- -- 44 3 0.01 0.035 0.05
Cobalt DISS -- -- -- -- -- 36 0 0.222 0.308 0.5
Copper TRC 2 0 0.058 0.062 0.066 4 3 0.01 0.01 0.01
Copper DISS 2 0 0.0545 0.0608 0.067 44 27 0.01 0.023 0.05
Iron TRC 2 0 177 179 180 4 0 152 189 212
Iron DISS 2 0 175 186 197 44 0 83.1 164.1 206
Lead TRC 2 0 0.0011 0.0012 0.0013 4 4 0.003 0.003 0.003
Lead DISS 2 0 0.0011 0.0016 0.002 44 35 0.001 0.009 0.03
Lithium DISS -- -- -- -- -- 40 0 0.17 0.200 0.219
Manganese TRC -- -- -- -- -- 4 0 0.32 0.4 0.45
Manganese DISS -- -- -- -- -- 44 0 0.19 0.412 0.5
Molybdenum DISS -- -- -- -- -- 40 38 0.001 0.011 0.1
Nickel TRC 2 0 1.06 1.07 1.07 4 0 0.75 0.83 0.91
Nickel DISS -- -- -- -- -- 44 0 0.3 0.682 0.88
Selenium DISS -- -- -- -- -- 27 27 0.001 0.004 0.01
Silver TRC 2 1 0.00025 | 0.00039 | 0.00052 -- -- -- -- --
Silver DISS -- -- -- -- -- 40 37 0.002 0.004 0.010
Strontium DISS -- -- -- -- -- 40 0 1.4 1.623 1.969
Thallium DISS -- -- -- -- -- 15 15 0.02 0.025 0.05
Titanium DISS -- -- -- -- -- 15 11 0.001 0.0014 0.005
Uranium DISS -- -- -- -- -- 14 4 0.0025 0.0029 0.0035
Vanadium TRC -- -- -- -- -- 4 4 0.2 0.2 0.2
Vanadium DISS -- -- -- -- -- 44 25 0.01 0.0442 0.2
zZinc TRC 2 0 4.41 4.49 4.57 4 0 3.09 3.58 3.86
zZinc DISS 2 0 4.48 4.53 4.57 44 0 1.9 3.31 3.8
Zircon DISS -- -- -- -- -- 15 5 0.002 0.0039 0.01
Source: Data from Montana Department of Environmental Quality Water Quality
Bureau (DEQ WQB) and Abandoned Mines (DEQ AM), Maxim, and the United States
Geological Survey (USGS) compiled by Hydrometrics (Database_GrFlisCoalfield.xls).
Period of Record: January 1994 - July 2011
Notes:
All units are in mg/L unless otherwise indicated. Detection limits were used to calculate statstics when values below detection.
Site IDs indicate historical data tabulated and summarized, and the corresponding Hydrometrics Site ID in parentheses.
SU = Standard pH units
DISS = Dissolved
TRC = Total Recoverable
= Not Applicable
1 Total Recoverable metals include Total (Maxim) and Total Recoverable.
2 Eight anomolous values for field conductivity were removed from 12/16/97 Maxim data prior to calculating statistics.
3 Includes Calculated Dissolved Solids and Total Dissolved Solids
4 Includes USGS and MBMG sites that may not be identical locations along Lewis Coulee.
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Table B-1 : Historic Water Quality Summary

USGS/Maxim Site 6 (NF3) USGS/Maxim Site 7 (CW2)
Number of Number of
Samples Samples
Number of Below Minimum Maximum || Number of Below Minimum Maximum

Parameter* Samples | Detection Value Average Value Samples | Detection Value Average Value
Flow (gpm) 29 NA 128.0 208.2 246.8 22 NA 8 19.3 67.3
Lab Specific Conductivity (umhoscm) 27 NA 916 1228 1630 22 NA 3780 5050 5330
Field Specific Conductivity (umhoscm)2 28 NA 710 1354 6400 21 NA 2550 5709 8860
Lab pH (SU) 27 NA 2.8 3.7 6.1 22 NA 2.5 2.7 2.9
Field pH (SU) 29 NA 3.70 5.06 6.08 22 NA 2.26 2.66 3.80
Total Dissolved Solids® -- -- -- -- -- 2 NA 7830 8000 8170
Total Suspended Solids -- -- -- -- -- -- -- -- -- --
Total Hardness (as CaCQO3) 25 0 436 459 481 18 0 1320 1421 1530
Alkalinity 4 0 43 64 85 4 4 1 1 1
Acidity (as CaCO3) 29 1 2 187 472 22 0 1010 3890 4320
Acid Neutral Capacity (as CaCO3) -- -- -- -- -- 2 NA 1 1 1
Calcium 25 0 110 115 120 18 0 330 348 380
Carbonate (CO3) -- -- -- -- -- -- -- -- -- --
Fluoride 24 0 0.2 0.9 1.5 15 4 1 2.5 5.6
Magnesium 25 0 39 42 44 18 0 120 133 140
Sodium 25 0 11 14 17 18 0 13 14 15
Potassium 25 0 4.4 5.3 6.3 18 0 0.5 2.7 5.7
Bicarbonate (HCO3) 4 0 52 78 104 4 4 1 1 1
Chloride -- -- -- -- -- -- -- -- -- --
Bromide -- -- -- -- -- -- -- -- -- --
Sulfate (SO4) 29 0 469 695 1000 22 0 4440 5818 7200
Silica 25 0 16 20 25 18 0 83 93 100
Nitrate -- -- -- -- -- -- -- -- -- --
Orthophosphate -- -- -- -- -- -- -- -- -- --
Aluminum TRC 4 0 2.1 2.5 2.8 4 0 300 372 457
Aluminum DISS 29 0 1.1 10.45 35 22 0 300 389 450
Antimony TRC -- -- -- -- -- -- -- -- -- --
Antimony DISS -- -- -- -- -- -- -- -- -- --
Arsenic TRC 4 4 0.003 0.003 0.003 4 4 0.003 0.003 0.003
Arsenic DISS 29 4 0.001 0.001 0.003 22 22 0.001 0.005 0.025
Barium TRC -- -- -- -- -- -- -- -- -- --
Barium DISS 25 0 0.023 0.028 0.04 11 0 0.1 0.12 0.13
Beryllium TRC 4 4 0.05 0.05 0.05 4 0 0.1 0.1 0.11
Beryllium DISS 29 4 0.0022 0.0114 0.05 22 0 0.09 0.114 0.13
Boron TRC 4 4 0.2 0.2 0.2 4 2 0.2 0.3 0.5
Boron DISS 28 4 0.05 0.103 0.2 19 2 0.2 0.46 0.57
Cadmium TRC 4 4 0.005 0.005 0.005 4 1 0.005 0.019 0.036
Cadmium DISS 29 4 0.001 0.007 0.018 22 1 0.005 0.071 0.11
Chromium TRC 4 4 0.01 0.01 0.01 4 3 0.01 0.01 0.02
Chromium DISS 29 4 0.005 0.006 0.01 22 12 0.01 0.046 0.083
Cobalt DISS -- -- -- -- -- -- -- -- -- --
Copper TRC 4 3 0.01 0.01 0.02 4 1 0.01 0.10 0.33
Copper DISS 29 4 0.01 0.02 0.08 22 7 0.01 0.10 0.21
Iron TRC 4 0 43.6 50.0 56.5 4 0 680 769 860
Iron DISS 29 0 14.9 67.9 110 22 0 646 756 840
Lead TRC 4 4 0.003 0.003 0.003 4 4 0.003 0.003 0.003
Lead DISS 29 4 0.001 0.003 0.01 22 22 0.001 0.002 0.004
Lithium DISS 25 0 0.06 0.073 0.086 18 0 0.55 0.65 0.73
Manganese TRC 4 0 0.28 0.31 0.33 4 0 1.92 2.05 2.19
Manganese DISS 29 0 0.11 0.37 0.51 22 0 1.48 2.27 2.5
Molybdenum DISS 25 0 0.001 0.004 0.01 18 7 0.001 0.0018 0.0046
Nickel TRC 4 0 0.21 0.22 0.23 4 0 8.94 9.56 10.7
Nickel DISS 29 0 0.21 0.35 0.57 22 0 7.30 10.46 12
Selenium DISS -- -- -- -- -- -- -- -- -- --
Silver TRC -- -- -- -- -- -- -- -- -- --
Silver DISS 25 0 0.001 0.001 0.002 18 17 0.003 0.009 0.011
Strontium DISS -- -- -- -- -- -- -- -- -- --
Thallium DISS -- -- -- -- -- -- -- -- -- --
Titanium DISS -- -- -- -- -- -- -- -- -- --
Uranium DISS -- -- -- -- -- -- -- -- -- --
Vanadium TRC 4 4 0.2 0.2 0.2 4 3 0.2 0.2 0.2
Vanadium DISS 29 4 0.006 0.036 0.2 22 5 0.06 0.147 0.24
Zinc TRC 4 0 0.74 0.81 0.9 4 0 43.7 49.9 56.9
Zinc DISS 29 0 0.28 1.37 2.5 22 0 40.7 49.7 56
Zircon DISS -- -- -- -- -- -- -- -- -- --

K:/Project/ 11033/ WQ Data\ Database GrHIsCoalfield.xIs\SatsTable_Mine

Source: Data from Montana Department of Environmental Quality Water Quality
Bureau (DEQ WQB) and Abandoned Mines (DEQ AM), Maxim, and the United States
Geological Survey (USGS) compiled by Hydrometrics (Database_GrFlisCoalfield.xls).
Period of Record: January 1994 - July 2011
Notes:
All units are in mg/L unless otherwise indicated. Detection limits were used to calculate statstics when values below detection.
Site IDs indicate historical data tabulated and summarized, and the corresponding Hydrometrics Site ID in parentheses.
SU = Standard pH units
DISS = Dissolved
TRC = Total Recoverable
= Not Applicable
1 Total Recoverable metals include Total (Maxim) and Total Recoverable.
2 Eight anomolous values for field conductivity were removed from 12/16/97 Maxim data prior to calculating statistics.
3 Includes Calculated Dissolved Solids and Total Dissolved Solids
4 Includes USGS and MBMG sites that may not be identical locations along Lewis Coulee.
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Table B-1 : Historic Water Quality Summary

USGS/Maxim Site 8 (CW12) USGS Site 10 (B9)
Number of Number of
Samples Samples
Number of Below Minimum Maximum || Number of Below Minimum Maximum
Parameter* Samples | Detection Value Average Value Samples | Detection Value Average Value
Flow (gpm) 28 NA 0 9.4 44.9 24 NA 0 11.6 44.9
Lab Specific Conductivity (umhoscm) 28 NA 6080 8452 11100 20 NA 2770 4552 6130
Field Specific Conductivity (umhoscm)® 27 NA 6470 8891 10800 20 NA 2880 4601 6180
Lab pH (SU) 28 NA 2.4 2.5 2.7 20 NA 2.5 2.7 3.1
Field pH (SU) 28 NA 1.98 2.52 3.65 20 NA 2.5 3.0 3.9
Total Dissolved Solids® 8 NA 10800 15963 18900 - - -- - --
Total Suspended Solids -- -- -- -- -- -- -- -- -- --
Total Hardness (as CaCQO3) 25 0 1620 2299 3070 20 0 810 1336 2040
Alkalinity 3 3 1 1 1 - - -- - --
Acidity (as CaCO3) 28 0 969 9734 13600 20 0 1140 3156 4470
Acid Neutral Capacity (as CaCO3) 8 NA 1 1 1 -- -- -- -- --
Calcium 25 0 320 425 520 20 0 200 324 490
Carbonate (CO3) -- -- -- -- -- -- -- -- -- --
Fluoride 20 8 1 3.1 8.5 18 8 1 2 5
Magnesium 25 0 200 300 430 20 0 75 128 210
Sodium 25 0 4.7 8.8 12 20 0 12 23 44
Potassium 25 0 0.3 2.2 5.7 20 0 3 12 33
Bicarbonate (HCO3) 3 3 1 1 1 -- -- -- -- --
Chloride -- -- -- -- -- 20 0 8 18 29
Bromide -- -- -- -- -- -- -- -- -- --
Sulfate (SO4) 28 0 8600 13028 16000 20 0 2200 5005 6800
Silica 25 0 38 97 140 20 0 55 92 130
Nitrate -- -- -- -- -- -- -- -- -- --
Orthophosphate -- -- -- -- -- -- -- -- -- --
Aluminum TRC 3 0 1200 1473 1900 -- -- -- -- --
Aluminum DISS 28 0 712 1181 1720 20 0 100 371 570
Antimony TRC -- -- -- -- -- -- -- -- -- --
Antimony DISS -- -- -- -- -- -- -- -- -- --
Arsenic TRC 3 2 0.003 0.004 0.006 -- -- -- -- --
Arsenic DISS 28 23 0.001 0.006 0.025 20 20 0.001 0.001 0.002
Barium TRC -- -- -- -- -- -- -- -- -- --
Barium DISS 25 15 0.11 0.18 0.2 20 3 0.004 0.021 0.1
Beryllium TRC 3 0 0.18 0.21 0.27 -- -- -- -- --
Beryllium DISS 28 0 0.11 0.18 0.30 20 0 0.015 0.04 0.062
Boron TRC 3 2 0.2 0.7 1.6 -- -- -- -- --
Boron DISS 26 2 0.2 0.7 1.2 20 0 0.15 0.28 0.51
Cadmium TRC 3 0 0.078 0.171 0.235 -- -- -- -- --
Cadmium DISS 27 0 0.056 0.289 0.51 20 7 0.002 0.005 0.01
Chromium TRC 3 1 0.01 0.06 0.1 -- -- -- -- --
Chromium DISS 28 7 0.01 0.13 0.27 20 1 0.016 0.058 0.11
Cobalt DISS -- -- -- -- -- 15 0 0.091 0.261 0.42
Copper TRC 3 0 0.18 0.25 0.34 -- -- -- -- --
Copper DISS 28 1 0.18 0.43 0.82 20 13 0.03 0.07 0.14
Iron TRC 3 0 1280 1670 2260 -- -- -- -- --
Iron DISS 28 0 720 1391 2200 19 0 170 471 770
Lead TRC 3 2 0.003 0.009 0.02 -- -- -- -- --
Lead DISS 27 25 0 0.002 0.01 20 13 0.001 0.005 0.01
Lithium DISS 25 0 1.1 1.5 2 20 0 0.2 0.48 0.75
Manganese TRC 3 0 8.01 9.28 10.7 -- -- -- -- --
Manganese DISS 27 0 5.38 8.46 17 20 0 0.79 2.77 6.4
Molybdenum DISS 24 14 0.001 0.002 0.006 20 20 0.001 0.004 0.01
Nickel TRC 3 0 11.3 14.6 20.8 -- -- -- -- --
Nickel DISS 26 0 8.5 12.6 17.6 20 0 0.23 0.67 1.1
Selenium DISS -- -- -- -- -- 12 12 0.001 0.003 0.01
Silver TRC -- -- -- -- -- -- -- -- -- --
Silver DISS 25 25 0.001 0.014 0.04 20 16 0.001 0.005 0.018
Strontium DISS -- -- -- -- -- 20 0 1.1 2.0 2.9
Thallium DISS -- -- -- -- -- -- -- -- -- --
Titanium DISS -- -- -- -- -- -- -- -- -- --
Uranium DISS -- -- -- -- -- -- -- -- -- --
Vanadium TRC 3 2 0.2 0.2 0.2 -- -- -- -- --
Vanadium DISS 22 17 0.006 0.136 0.24 18 16 0.012 0.053 0.1
zZinc TRC 3 0 57.1 73.7 101 -- -- -- -- --
zZinc DISS 28 0 42 63.6 96.8 17 0 0.81 3.02 7.4
Zircon DISS -- -- - -- - -- -- - -- -
Source: Data from Montana Department of Environmental Quality Water Quality
Bureau (DEQ WQB) and Abandoned Mines (DEQ AM), Maxim, and the United States
Geological Survey (USGS) compiled by Hydrometrics (Database_GrFlisCoalfield.xls).
Period of Record: January 1994 - July 2011
Notes:
All units are in mg/L unless otherwise indicated. Detection limits were used to calculate statstics when values below detection.
Site IDs indicate historical data tabulated and summarized, and the corresponding Hydrometrics Site ID in parentheses.
SU = Standard pH units
DISS = Dissolved
TRC = Total Recoverable
= Not Applicable
1 Total Recoverable metals include Total (Maxim) and Total Recoverable.
2 Eight anomolous values for field conductivity were removed from 12/16/97 Maxim data prior to calculating statistics.
3 Includes Calculated Dissolved Solids and Total Dissolved Solids
4 Includes USGS and MBMG sites that may not be identical locations along Lewis Coulee.
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Table B-1 : Historic Water Quality Summary

USGS Site 11 (B7) USGS Site 12 (B8)
Number of Number of
Samples Samples
Number of Below Minimum Maximum || Number of Below Minimum Maximum
Parameter* Samples | Detection Value Average Value Samples | Detection Value Average Value
Flow (gpm) 19 NA 13.5 24.3 53.9 6 NA 13 14 18
Lab Specific Conductivity (umhoscm) 18 NA 2450 4343 6000 6 NA 3420 4273 5470
Field Specific Conductivity (umhoscm)® 19 NA 2300 4733 6550 6 NA 3640 4433 5550
Lab pH (SU) 19 NA 2.5 2.7 2.8 6 NA 2.5 2.6 2.7
Field pH (SU) 19 NA 2.5 2.7 2.9 6 NA 2.6 2.8 2.8
Total Dissolved Solids® - - -- - -- - - -- - --
Total Suspended Solids -- -- -- -- -- -- -- -- -- --
Total Hardness (as CaCQO3) 19 0 547 893 1120 6 0 660 831 1030
Alkalinity - - - - - - - - - -
Acidity (as CaCO3) 19 0 1090 3634 5960 6 0 2230 3417 4870
Acid Neutral Capacity (as CaCO3) -- -- -- -- -- -- -- -- -- --
Calcium 19 0 110 199 250 6 0 140 183 230
Carbonate (CO3) -- -- -- -- -- -- -- -- -- --
Fluoride 17 8 1.0 1.5 3.6 6 1 1 2.7 3.9
Magnesium 19 0 66 96 120 6 0 75 90 110
Sodium 19 0 11 14 17 6 0 12 13 13
Potassium 19 0 2.8 4.6 5.9 6 0 0.8 4.3 5.8
Bicarbonate (HCO3) - - -- - -- - - -- - --
Chloride 19 0 4.5 15.2 38 6 0 9.1 11 13
Bromide -- -- -- -- -- -- -- -- -- --
Sulfate (SO4) 19 0 2000 4947 7400 6 0 3300 4550 6000
Silica 19 0 41 87 120 6 0 70 88 100
Nitrate -- -- -- -- -- -- -- -- -- --
Orthophosphate -- -- -- -- -- -- -- -- -- --
Aluminum TRC -- -- -- -- -- -- -- -- -- --
Aluminum DISS 19 0 100 366 640 6 0 214 337 480
Antimony TRC - - - - - - - - - -
Antimony DISS - - - - - - - - - -
Arsenic TRC -- -- -- -- -- -- -- -- -- --
Arsenic DISS 19 0 0.002 0.019 0.039 6 1 0.002 0.009 0.022
Barium TRC -- -- -- -- -- -- -- -- -- --
Barium DISS 19 11 0.003 0.008 0.017 6 0 0.008 0.013 0.019
Beryllium TRC -- -- -- -- -- -- -- -- -- --
Beryllium DISS 19 0 0.012 0.040 0.064 6 0 0.026 0.041 0.056
Boron TRC -- -- -- -- -- -- -- -- -- --
Boron DISS 19 0 0.09 0.32 0.47 4 0 0.23 0.3 0.39
Cadmium TRC -- -- -- -- -- -- -- -- -- --
Cadmium DISS 15 4 0.001 0.007 0.011 6 0 0.005 0.008 0.01
Chromium TRC -- -- -- -- -- -- -- -- -- --
Chromium DISS 19 0 0.027 0.135 0.21 6 0 0.1 0.13 0.19
Cobalt DISS 12 0 0.099 0.253 0.44 6 0 0.22 0.32 0.48
Copper TRC -- -- -- -- - -- -- -- -- -
Copper DISS 19 13 0.03 0.07 0.15 6 6 0.05 0.1 0.12
Iron TRC -- -- -- -- -- -- -- -- -- --
Iron DISS 18 0 170 709 1300 6 0 440 693 1000
Lead TRC -- -- -- -- -- -- -- -- -- --
Lead DISS 19 11 0.001 0.005 0.01 6 1 0.001 0.002 0.004
Lithium DISS 19 0 0.17 0.45 0.67 6 0 0.32 0.46 0.65
Manganese TRC -- -- -- -- -- -- -- -- -- --
Manganese DISS 19 0 0.20 0.67 1.10 6 0 0.43 0.65 0.93
Molybdenum DISS 19 19 0.001 0.004 0.01 6 5 0.001 0.001 0.002
Nickel TRC -- -- -- -- -- -- -- -- -- --
Nickel DISS 19 0 0.23 0.79 1.3 6 0 0.49 0.78 1.1
Selenium DISS 12 10 0.001 0.004 0.01 -- -- -- -- --
Silver TRC -- -- -- -- -- -- -- -- -- --
Silver DISS 19 18 0.003 0.007 0.015 6 4 0.005 0.015 0.029
Strontium DISS 19 0 0.89 1.82 2.4 6 0 1.2 1.7 2.3
Thallium DISS -- -- -- -- -- -- -- -- -- --
Titanium DISS -- -- -- -- -- -- -- -- -- --
Uranium DISS -- -- -- -- -- -- -- -- -- --
Vanadium TRC -- -- -- -- -- -- -- -- -- --
Vanadium DISS 19 3 0.018 0.127 0.29 6 2 0.06 0.07 0.087
zZinc TRC -- -- -- -- -- -- -- -- -- --
zZinc DISS 19 0 1.2 3.7 5.8 6 0 2.3 3.6 5.1
Zircon DISS -- -- - -- - -- -- - -- -
Source: Data from Montana Department of Environmental Quality Water Quality
Bureau (DEQ WQB) and Abandoned Mines (DEQ AM), Maxim, and the United States
Geological Survey (USGS) compiled by Hydrometrics (Database_GrFlisCoalfield.xls).
Period of Record: January 1994 - July 2011
Notes:
All units are in mg/L unless otherwise indicated. Detection limits were used to calculate statstics when values below detection.
Site IDs indicate historical data tabulated and summarized, and the corresponding Hydrometrics Site ID in parentheses.
SU = Standard pH units
DISS = Dissolved
TRC = Total Recoverable
= Not Applicable
1 Total Recoverable metals include Total (Maxim) and Total Recoverable.
2 Eight anomolous values for field conductivity were removed from 12/16/97 Maxim data prior to calculating statistics.
3 Includes Calculated Dissolved Solids and Total Dissolved Solids
4 Includes USGS and MBMG sites that may not be identical locations along Lewis Coulee.
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Table B-1 : Historic Water Quality Summary

USGS/Maxim Site 13 (B5) USGS/Maxim Site 14 (SCT1)
Number of Number of
Samples Samples
Number of Below Minimum Maximum || Number of Below Minimum Maximum
Parameter* Samples | Detection Value Average Value Samples | Detection Value Average Value
Flow (gpm) 28 NA 0 4.8 13.5 28 NA 0.2 6.6 18.0
Lab Specific Conductivity (umhoscm) 29 NA 3660 4632 23700 28 NA 6340 6790 6970
Field Specific Conductivity (umhoscm)® 29 NA 2020 4417 9500 27 NA 4366 7134 7620
Lab pH (SU) 29 NA 1.3 2.7 3.1 28 NA 2.5 2.6 3.1
Field pH (SU) 29 NA 1.8 2.7 3.7 28 NA 2.2 2.6 3.0
Total Dissolved Solids® 1 NA 4873 4873 4873 11 NA 11800 12691 14600
Total Suspended Solids -- -- -- -- -- -- -- -- -- --
Total Hardness (as CaCQO3) 24 0 854 935 1040 25 0 1310 1537 1640
Alkalinity 4 4 1 1 1 3 3 1 1 1
Acidity (as CaCO3) 28 0 89 2798 6220 28 0 181 7212 7940
Acid Neutral Capacity (as CaCO3) -- -- -- -- -- 11 NA 1 1 1
Calcium 25 0 110 123 203 25 0 210 281 310
Carbonate (CO3) 1 0 0 0 0 -- -- -- -- --
Fluoride 22 12 1 1.27 2.91 20 9 1 2.4 8.4
Magnesium 25 0 24 31 147 25 0 190 202 220
Sodium 25 0 0.35 1.36 25.1 25 0 17 20 23
Potassium 25 0 4.3 8.61 26 25 0 0.1 0.2 0.4
Bicarbonate (HCO3) 5 4 0 1 1 3 3 1 1 1
Chloride 25 1 4.3 9.3 26 11 0 1 1 1
Bromide 1 1 2.5 2.5 2.5 -- -- -- -- --
Sulfate (SO4) 29 0 3290 4168 5700 28 0 7790 9661 12000
Silica 25 0 70 82 88 24 0 55 118 140
Nitrate 1 1 2.5 2.5 2.5 -- -- -- -- --
Orthophosphate 1 1 2.5 2.5 2.5 -- -- -- -- --
Aluminum TRC -- -- -- -- -- 3 0 780 893 960
Aluminum DISS 29 0 182 292 530 28 0 780 887 990
Antimony TRC -- -- -- -- -- -- -- -- -- --
Antimony DISS 1 1 0.02 0.02 0.02 -- -- -- -- --
Arsenic TRC 4 4 0.003 0.003 0.003 3 2 0.003 0.003 0.004
Arsenic DISS 29 22 0.001 0.003 0.025 28 14 0.001 0.005 0.012
Barium TRC -- -- -- -- -- -- -- -- -- --
Barium DISS 25 14 0.003 0.011 0.02 25 14 0.072 0.09 0.1
Beryllium TRC 4 4 0.05 0.05 0.05 3 0 0.09 0.09 0.09
Beryllium DISS 29 5 0.02 0.026 0.05 28 0 0.04 0.086 0.1
Boron TRC 4 2 0.2 0.3 0.4 3 1 0.2 0.7 1.2
Boron DISS 26 5 0.2 0.26 0.32 28 1 0.2 0.662 0.89
Cadmium TRC 4 0 0.021 0.029 0.038 3 0 0.021 0.079 0.192
Cadmium DISS 29 3 0.005 0.039 0.065 27 1 0.005 0.078 0.098
Chromium TRC 4 1 0.01 0.04 0.11 3 0 0.04 0.12 0.25
Chromium DISS 29 3 0.01 0.11 0.19 28 2 0.01 0.29 0.4
Cobalt DISS 25 0 0.52 1.42 5.9 25 0 2.9 4.1 9.5
Copper TRC 4 1 0.01 0.03 0.04 3 1 0.01 0.17 0.42
Copper DISS 29 4 0.01 0.08 0.2 28 17 0.01 0.13 0.25
Iron TRC 4 0 496 534 580 3 0 930 1080 1260
Iron DISS 29 0 322 503 572 28 0 891 1048 1200
Lead TRC 4 4 0.003 0.003 0.003 3 2 0.003 0.028 0.07
Lead DISS 29 23 0.001 0.004 0.02 28 27 0.001 0.002 0.01
Lithium DISS 25 0 0.39 0.45 0.52 25 0 1.1 1.2 1.5
Manganese TRC 4 0 0.64 0.7 0.74 3 0 2.85 2.89 2.97
Manganese DISS 29 0 0.11 0.88 1.23 27 0 2.58 3.32 3.9
Molybdenum DISS 25 24 0.001 0.007 0.1 25 10 0.001 0.0022 0.01
Nickel TRC 4 0 1.55 1.88 2.08 3 0 6.56 7.88 9.43
Nickel DISS 29 0 1.3 2.0 2.2 28 0 6.56 7.77 8.7
Selenium DISS 25 1 0 0 0.01 12 11 0.001 0.003 0.01
Silver TRC -- -- -- -- -- -- -- -- -- --
Silver DISS 25 23 0.003 0.007 0.011 25 23 0.001 0.013 0.054
Strontium DISS 25 0 1.3 1.508 1.888 25 0 1.1 1.2 1.3
Thallium DISS 1 1 0.1 0.05 0.05 -- -- -- -- --
Titanium DISS 1 1 0.01 0.01 0.01 -- -- -- -- --
Uranium DISS 1 0 0.024 0.024 0.024 -- -- -- -- --
Vanadium TRC 4 4 0.2 0.2 0.2 3 0 0.2 0.3 0.4
Vanadium DISS 29 12 0.031 0.09 0.2 20 2 0.12 0.33 0.49
zZinc TRC 4 0 6.21 6.83 7.22 3 0 29.1 32.7 34.8
zZinc DISS 29 0 1.07 7.06 8.3 28 0 27.6 33.4 38.0
Zircon DISS 1 1 0.02 0.02 0.02 -- -- -- -- --
Source: Data from Montana Department of Environmental Quality Water Quality
Bureau (DEQ WQB) and Abandoned Mines (DEQ AM), Maxim, and the United States
Geological Survey (USGS) compiled by Hydrometrics (Database_GrFlisCoalfield.xls).
Period of Record: January 1994 - July 2011
Notes:
All units are in mg/L unless otherwise indicated. Detection limits were used to calculate statstics when values below detection.
Site IDs indicate historical data tabulated and summarized, and the corresponding Hydrometrics Site ID in parentheses.
SU = Standard pH units
DISS = Dissolved
TRC = Total Recoverable
= Not Applicable
1 Total Recoverable metals include Total (Maxim) and Total Recoverable.
2 Eight anomolous values for field conductivity were removed from 12/16/97 Maxim data prior to calculating statistics.
3 Includes Calculated Dissolved Solids and Total Dissolved Solids
4 Includes USGS and MBMG sites that may not be identical locations along Lewis Coulee.
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Table B-1 : Historic Water Quality Summary

USGS/Maxim Site 16 (SCT3) USGS/Maxim Site 19 (SCT8)
Number of Number of
Samples Samples
Number of Below Minimum Maximum || Number of Below Minimum Maximum
Parameter* Samples | Detection Value Average Value Samples | Detection Value Average Value
Flow (gpm) 27 NA 0 12.7 49.4 29 NA 9.0 30.1 80.8
Lab Specific Conductivity (umhoscm) 21 NA 2990 3312 3720 28 NA 2600 2946 3350
Field Specific Conductivity (umhoscm)® 20 NA 2800 3262 3480 27 NA 2040 2949 6800
Lab pH (SU) 21 NA 2.6 2.8 3.2 27 NA 2.6 3.1 4.2
Field pH (SU) 21 NA 2.83 3.14 34 29 NA 3.93 4.18 5.02
Total Dissolved Solids® - - -- - -- - - -- - --
Total Suspended Solids -- -- -- -- -- -- -- -- -- --
Total Hardness (as CaCQO3) 19 0 792 850 945 25 0 895 938 961
Alkalinity 2 2 1 1 1 4 4 1 1 1
Acidity (as CaCO3) 21 0 627 1997 2680 29 0 232 1418 1640
Acid Neutral Capacity (as CaCO3) -- -- -- -- -- -- -- -- -- --
Calcium 19 0 160 167 180 25 0 160 166 170
Carbonate (CO3) -- -- -- -- -- -- -- -- -- --
Fluoride 19 7 1 1.6 3.1 24 5 1 1.9 3.4
Magnesium 19 0 95 105 120 25 0 120 127 130
Sodium 19 0 18 19 21 25 0 22 24 25
Potassium 19 0 1.6 1.8 2.0 24 0 4.1 4.6 5.2
Bicarbonate (HCO3) 2 2 1 1 1 4 4 1 1 1
Chloride 19 0 3.9 7.4 15 25 0 3 6.2 17
Bromide -- -- -- -- -- -- -- -- -- --
Sulfate (SO4) 21 0 2700 3029 3600 29 0 2130 2633 3700
Silica 19 0 53 64 71 25 0 34 38 41
Nitrate -- -- -- -- -- -- -- -- -- --
Orthophosphate -- -- -- -- -- -- -- -- -- --
Aluminum TRC 2 0 227 284 340 4 0 16 119 180
Aluminum DISS 21 0 121 227 300 29 0 14 156 180
Antimony TRC -- -- -- -- -- -- -- -- -- --
Antimony DISS -- -- -- -- -- -- -- -- -- --
Arsenic TRC 2 0 0.016 0.024 0.032 4 0 0.017 0.029 0.044
Arsenic DISS 21 2 0.001 0.005 0.013 29 0 0.006 0.016 0.044
Barium TRC -- -- -- -- -- -- -- -- -- --
Barium DISS 19 1 0.003 0.018 0.03 25 0 0.012 0.018 0.028
Beryllium TRC 2 2 0.05 0.05 0.05 4 4 0.05 0.05 0.05
Beryllium DISS 21 2 0.026 0.032 0.05 29 4 0.023 0.029 0.05
Boron TRC 2 1 0.2 0.4 0.5 4 2 0.2 0.2 0.3
Boron DISS 20 1 0.129 0.266 0.36 25 3 0.2 0.25 0.31
Cadmium TRC 2 0 0.007 0.046 0.084 4 3 0.005 0.009 0.022
Cadmium DISS 20 0 0.007 0.029 0.05 22 3 0.005 0.008 0.009
Chromium TRC 2 1 0.01 0.05 0.08 4 2 0.01 0.02 0.02
Chromium DISS 21 1 0.01 0.073 0.10 29 2 0.01 0.030 0.047
Cobalt DISS 19 0 0.8 1.3 2.3 18 0 0.51 0.65 0.74
Copper TRC 2 1 0.01 0.10 0.18 4 4 0.01 0.01 0.01
Copper DISS 21 21 0.01 0.04 0.06 29 29 0.01 0.03 0.06
Iron TRC 2 0 366 477 587 4 0 33.8 231.2 327
Iron DISS 21 0 290 354 515 28 0 28 284 340
Lead TRC 2 2 0.003 0.003 0.003 4 3 0.003 0.004 0.006
Lead DISS 21 21 0.001 0.003 0.01 29 23 0.001 0.004 0.01
Lithium DISS 19 0 0.31 0.36 0.4 25 0 0.38 0.42 0.47
Manganese TRC 2 0 1.23 1.37 1.5 4 0 1.06 1.07 1.09
Manganese DISS 21 0 1.1 1.28 1.49 29 0 0.62 1.20 1.3
Molybdenum DISS 19 16 0.001 0.003 0.01 25 7 0.0085 0.0161 0.03
Nickel TRC 2 0 2.77 2.87 2.96 4 0 1.4 1.70 2.44
Nickel DISS 21 0 2.00 2.38 2.88 29 0 1.39 1.52 1.6
Selenium DISS 6 6 0.001 0.003 0.005 12 12 0.001 0.002 0.005
Silver TRC -- -- -- -- -- -- -- -- -- --
Silver DISS 18 17 0.003 0.004 0.006 25 21 0.003 0.004 0.01
Strontium DISS 19 0 0.94 1.03 1.1 25 0 1.1 1.2 1.3
Thallium DISS -- -- -- -- -- -- -- -- -- --
Titanium DISS -- -- -- -- -- -- -- -- -- --
Uranium DISS -- -- -- -- -- -- -- -- -- --
Vanadium TRC 2 2 0.2 0.2 0.2 4 4 0.2 0.2 0.2
Vanadium DISS 21 3 0.036 0.111 0.2 29 5 0.024 0.115 0.2
zZinc TRC 2 0 11.1 12.4 13.7 4 0 5.36 5.79 6.24
zZinc DISS 21 0 9.2 10.5 13.9 29 0 3.36 5.91 6.6
Zircon DISS -- -- - -- - -- -- - -- -
Source: Data from Montana Department of Environmental Quality Water Quality
Bureau (DEQ WQB) and Abandoned Mines (DEQ AM), Maxim, and the United States
Geological Survey (USGS) compiled by Hydrometrics (Database_GrFlisCoalfield.xls).
Period of Record: January 1994 - July 2011
Notes:
All units are in mg/L unless otherwise indicated. Detection limits were used to calculate statstics when values below detection.
Site IDs indicate historical data tabulated and summarized, and the corresponding Hydrometrics Site ID in parentheses.
SU = Standard pH units
DISS = Dissolved
TRC = Total Recoverable
= Not Applicable
1 Total Recoverable metals include Total (Maxim) and Total Recoverable.
2 Eight anomolous values for field conductivity were removed from 12/16/97 Maxim data prior to calculating statistics.
3 Includes Calculated Dissolved Solids and Total Dissolved Solids
4 Includes USGS and MBMG sites that may not be identical locations along Lewis Coulee.
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Table B-1 : Historic Water Quality Summary

USGS/Maxim Site 20 (SCT12) USGS/Maxim Site 21 (B2)
Number of Number of
Samples Samples
Number of Below Minimum Maximum || Number of Below Minimum Maximum
Parameter* Samples | Detection Value Average Value Samples | Detection Value Average Value
Flow (gpm) 29 NA 45 11.5 35.9 29 NA 0 17.5 134.6
Lab Specific Conductivity (umhoscm) 31 NA 6640 7397 8010 30 NA 796 3208 4300
Field Specific Conductivity (umhoscm)® 26 NA 6810 7842 9000 30 NA 818 2971 3810
Lab pH (SU) 31 NA 2.5 2.6 2.9 30 NA 2.6 3.4 7.2
Field pH (SU) 28 NA 2.24 2.64 3.69 30 NA 3.0 3.9 7.4
Total Dissolved Solids® 7 NA 11900 14400 17200 5 NA 484 1860 6728
Total Suspended Solids -- -- -- -- -- -- -- -- -- --
Total Hardness (as CaCQO3) 25 0 1420 1578 1810 25 0 368 879 1040
Alkalinity 6 6 1 1 1 4 4 1 1 1
Acidity (as CaCO3) 31 0 71 8219 9930 29 2 5 1806 2730
Acid Neutral Capacity (as CaCO3) 8 NA 1 1 1 4 NA 179 222 265
Calcium 25 0 190 249 280 26 0 58 170 226
Carbonate (CO3) -- -- -- -- -- 1 0 0 0 0
Fluoride 18 7 1 2.8 7.3 22 15 1 1.27 2.2
Magnesium 25 0 210 232 270 26 0 54 113 152
Sodium 25 0 16 20 24 26 0 19 25.3 60
Potassium 25 0 0.3 0.8 2 26 0 0.523 5.591 7.7
Bicarbonate (HCO3) 6 6 1 1 1 5 4 0 1 1
Chloride 8 0 1 1 1 26 1 7.2 10.9 17
Bromide -- -- -- -- -- 1 1 1.25 1.25 1.25
Sulfate (SO4) 30 0 8490 10562 14000 30 0 180 2946 5100
Silica 24 0 59 126 150 26 0 7.9 60.7 105
Nitrate -- -- -- -- -- 1 1 2.5 2.5 2.5
Orthophosphate -- -- -- -- -- 1 1 2.5 2.5 2.5
Aluminum TRC 6 0 880 1026 1200 4 0 106 217 300
Aluminum DISS 31 0 740 901 1040 30 0 0.02 202.914 | 436.295
Antimony TRC -- -- -- -- -- -- -- -- -- --
Antimony DISS -- -- -- -- -- 1 1 0.01 0.01 0.01
Arsenic TRC 6 0 0.046 0.096 0.13 4 3 0.003 0.004 0.007
Arsenic DISS 30 0 0.016 0.06 0.11 30 29 0.001 0.002 0.005
Barium TRC -- -- -- -- -- -- -- -- -- --
Barium DISS 25 15 0.01 0.049 0.1 26 1 0.009 0.028 0.13
Beryllium TRC 6 0 0.09 0.10 0.11 4 4 0.05 0.05 0.05
Beryllium DISS 31 0 0.04 0.097 0.14 30 4 0.0005 0.0215 0.05
Boron TRC 6 3 0.2 0.6 1.2 4 2 0.2 0.3 0.4
Boron DISS 27 3 0.2 0.70 1 27 4 0.04 0.22 0.