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EXECUTIVE SUMMARY

This performance monitoring program evaluates the progress of remedial actions in the
Clark Fork River Operable Unit (CFROU) of the Milltown Reservoir/Clark Fork River
Superfund sites toward meeting performance goals or identified reference values.
Environmental media monitored in 2014 included surface water, instream sediment,
geomorphology, vegetation, macroinvertebrates, periphyton, and fish. This report summarizes
results of data collected for each of these environmental media and evaluates progress toward
attainment of performance goals or reference values as of 2014.

Heavy metals originating from historic mining, milling and smelting processes associated
with operations in Butte and Anaconda accumulated in the Clark Fork River streambanks and
floodplain over a period of at least 100 years. The primary sources of contamination are tailings
and contaminated sediments mixed with soils in the streambanks and floodplains, which erode
during high streamflow events and enter the river and other surface waters. In addition to
erosion, heavy metals are leached from the contaminated sediments and tailings directly into
the groundwater and eventually to surface water. These contaminant transport pathways result
in impacts to terrestrial and aquatic life along the Clark Fork River as described in the Record
of Decision (ROD) for the site.

The Montana Department of Environmental Quality (MDEQ), as lead agency and in
consultation with the U.S. Environmental Protection Agency (USEPA) and the National Park
Service, oversees, manages, coordinates, designs, and implements remedial actions for the Clark
Fork River site. The MDEQ coordinates with the Natural Resource Damage Program (NRDP) of
the Montana Department of Justice for implementation and integration of restoration
components to supplement the remedial actions. The MDEQ coordinates with the National Park
Service to implement remedial actions on the Grant-Kohrs Ranch.

Data collected in 2014 represents the fifth year of monitoring in the CFROU. Remediation
activities in the CFROU in 2014 included active tailings removals and floodplain reconstruction
in Phases 5 and 6 and revegetation in Phase 1 of Reach A. Reach A of the CFROU, extending
from the Warm Springs Creek and Silver Bow Creek confluence downstream to the Little
Blackfoot River confluence, has the largest volume of streamside tailings in the CFROU.

Monitoring under this program was first conducted by MDEQ and RESPEC personnel in the
spring of 2010, prior to initiation of any remediation actions within the CFROU. Since 2010,
some monitoring sites have been added to the monitoring program in Clark Fork River
tributaries. In addition, this monitoring program has been coordinated with long-term
monitoring by the U.S. Geological Survey (USGS) to complement data collected by the USGS
and minimize data duplication by each program. Monitoring methods and quality assurance
protocols guiding collection and analysis of the data described in this report are summarized in
the project sampling and analysis plan (SAP) and the project quality assurance project plan
(QAPP).

The CFROU monitoring network in 2014 included fourteen sites; six mainstem sites and
eight tributary sites. Not all sites were sampled for each environmental medium or for each



analyte of each environmental medium (e.g., some surface water sites were only sampled for
mercury and methylmercury rather than the full suite of analytes). Monitoring site locations
were generally the same in 2014 as in 2013, although sites changed between 2012 and 2013 to
provide a more detailed spatial representation of the Clark Fork River mainstem in the
upstream most portion of the CFROU where active remediation is occurring. The sample site on
the Little Blackfoot River, a tributary to the Clark Fork River mainstem, was relocated during
the second quarter of 2014 to minimize hazards from local traffic. This sample site will be
permanently relocated. For surface water and instream sediment, the monitoring program
primarily monitored concentrations of metal contaminants of concern (i.e., arsenic, cadmium,
copper, lead, and zinc). However, for surface water, additional data was collected including
nutrient and common ion concentrations, and other field parameters (e.g., acidity). Surface
water samples were collected during each calendar quarter with two additional samples
collected during the spring snowmelt runoff period. Sediment samples were collected during the
first and third quarters. Macroinvertebrate and periphyton samples were collected during the
summer (third quarter). Fisheries data, collected by Montana Fish Wildlife and Parks, included
trout population abundance at long-term reference sites and in situ mortality of confined fish at
selected sites.

Streamflows throughout the upper Clark Fork River watershed were at or slightly above the
long-term median for the period-of-record at nearly all sites during monitoring periods during
2014. Higher streamflows presumably contributed to slightly higher surface water contaminant
of concern (COC) concentrations in 2014 compared to 2013.

Exceedances of performance goals were rare for all COCs in surface water except arsenic and
copper. Of 30 samples collected in the mainstem Clark Fork River in 2014 (from five sites
during six sample periods), no samples (0%) had zinc concentrations exceeding the performance
goal, one sample (3%) had cadmium concentrations exceeding the performance goal, and four
(13%) had lead concentrations exceeding the performance goal. However, arsenic commonly
exceeded performance goals, particularly in Reach A. Of 24 samples collected in the Clark Fork
River in Reach A (four sites during six sample periods), 96% exceeded the dissolved arsenic and
46% exceeded the total recoverable arsenic performance goals. Silver Bow Creek and the Mill-
Willow Creek appear to be sources of arsenic to the Clark Fork River as 94% (17 of 18) of the
samples from those sites exceeded the dissolved arsenic and 78% (14 of 18) exceeded the total
recoverable performance goals in those sites. Total recoverable copper concentration exceeded
the state of Montana chronic aquatic life standard (chronic ALS) in the mainstem Clark Fork
River sites in 95% of the samples collected in the first and second quarters, but only at Deer
Lodge in the third and fourth quarters. These results support the conclusion that copper
contamination in the upper Clark Fork River is strongly related to streamflow and contaminant
loading occurs primarily in Reach A.

The highest instream sediment COC concentrations in the mainstem of the Clark Fork River
were typically observed in the uppermost sample sites in Reach A and the lowest concentrations
were typically observed at the downstream-most site at Turah in 2014. Concentrations of
arsenic, copper, and zinc exceeded the “probable effect concentration” (PEC; the higher of the
two reference values for the CFROU) at all of the Clark Fork River mainstem monitoring
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stations during both sample periods in 2014. Among all sites in the CFROU, arsenic most
commonly exceeded the PEC (88%) followed by copper (83%), lead (79%), zinc (75%), and
cadmium (50%).

Geomorphology data was collected during the third quarter of 2014 in Phase 1 of Reach A in
the CFROU. All monitoring metrics for channel dimension (i.e., cross-sectional area, bankfull
width, mean bankfull depth, and width to depth ratio), pool density, and residual pool depth
were within the specified target ranges. The secondary channel stability performance target
was also met because the secondary channel did not carry more than 10% of the streamflow of
the main channel when streamflows reached the design bankfull level. Performance targets that
were not met included floodplain connectivity and floodplain stability. Failure to meet the
performance targets for channel connectivity and floodplain stability was the result of an over-
connected river channel and floodplain, which results in increased avulsion risk, rather than the
disconnected pre-project channel and floodplain. Performance targets for channel slope,
sinuosity, bank erosion rate, and channel migration rate were not scheduled for monitoring in
Year 1 (2014) but will be evaluated in Year 5 (2018).

Vegetation monitoring data was collected during the third quarter of 2014 in Phase 1 of
Reach A in the CFROU. The only vegetation monitoring metric applicable to Year 1 monitoring
was for overall floodplain plant survival which was 87.7%, exceeding the performance target for
Year 1 (80%). However, survival was 17.2% lower in in the floodplain riparian shrub cover type
(primarily consisting of swales) compared to the other floodplain cover types and survival of
planted birch trees (Betula occidentalis) was particularly low. Low survival in swales may have
been caused by the relatively deep swale excavation in combination with prolonged flood
inundation which resulted in drowning. Other monitoring metrics with Year 1 performance
targets (floodplain total native cover and noxious weed cover) will be monitored in 2015. Some
floodplain plant survival monitoring plots will be monitored for plant survival in 2015 in
planting units that had not yet been planted at the time of monitoring in 2014.

Overall biotic integrity of the macroinvertebrate community was either “none” or “slight” at
all Clark Fork River tributary and mainstem sites; overall biointegrity scores throughout the
CFROU ranged from 84.1 to 90.9. For metals sensitivity, index classifications in the mainstem
were “none” at all sites except at Gemback Road which was “slight”; metals sensitivity scores in
the mainstem ranged from 75.0 to 87.5. Metals sensitivity index classifications in the tributary
sites was “moderate” at Racetrack Creek and Warm Springs Creek, “slight” in Silver Bow Creek
and the Little Blackfoot River, and “none” in Mill-Willow Creek and Lost Creek; metals
sensitivity scores in the tributaries ranged from 56.9 to 88.9. Nutrient sensitivity index
classifications were “none” at all CFROU sites, with scores ranging from 81.9 to 100.0.

Periphyton monitoring results revealed that many of the non-diatom algae observed in the
CFROU were tolerant to elevated nutrients, acidity, metals, or combinations of those conditions.
However, diatom algae dominated the periphyton assemblage at all CFROU sites monitored in
2014 and periphyton samples were scored according to several bioassessment indices.
Impairment from sediment was more likely than not (i.e., >51%) in three tributary sites (Mill-
Willow Creek, 93%; the Mill-Willow Bypass, 77%; and Silver Bow Creek, 81%) and four
mainstem sites (near Galen, 88%; at Galen Road, 57%; at Gemback Road, 79%; and at Deer
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Lodge, 93%). Impairment from metals was more likely than not (i.e., >51%) in one tributary site
(Silver Bow Creek, 74%) and four mainstem sites (near Galen, 74%; at Galen Road, 88%; at
Gemback Road, 76%; and at Turah, 94%).

Based on fish population monitoring in the Clark Fork River, brown trout continue to
dominate the trout species assemblage in the upper Clark Fork River. This is presumably due,
at least in part, to their relatively high tolerance to metals compared to other salmonids. Brown
trout populations appear to be moderately increasing since 2011 at monitoring sites in the mid-
and upper-reaches of the Clark Fork River. Trout abundance in the Bearmouth reach remained
low in 2014, as in prior years, relative to other reaches of the upper Clark Fork River. It is
possible that above average discharge in 2011 increased the quality and quantity of brown trout
spawning and rearing habitat in the upper Clark Fork River and tributaries, resulting in the
modest increase in trout abundance in 2014.

Results of survival monitoring of caged juvenile brown trout indicated that, as in previous
survival studies in the upper Clark Fork River, mortality rates varied among sites and among
months. Most of the mortality in 2014 in the caged fish occurred in April, July, and August.
This bimodal pattern was consistent with results from caged fish studies in 2012 and 2013.
Mortality tended to be highest during spring runoff and on the descending limb of the
hydrograph as water temperatures increased. Brown trout confined in the cages accumulated
both copper and zinc in their tissues at both mainstem Clark Fork River and tributary sites.
Tissue burdens of fish immediately after release from the hatchery were low compared to fish
sampled from cages in the CFROU. Fish from cages in the mainstem had significantly higher
metals burdens compared to fish from tributaries, but the difference was less pronounced for
zinc.
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1.0 INTRODUCTION

The Record of Decision (ROD) for the Clark Fork River Operable Unit (CFROU) identified a
120-mile section of the Clark Fork River as a distinct Superfund operable unit [USEPA, 2004].
The CFROU extends from the Silver Bow Creek and Warm Springs Creek confluence to the
former Milltown Reservoir site at the Clark Fork River and Blackfoot River confluence [Figure
1-1]. Historic mining, milling, and smelting activities in Butte and Anaconda resulted in heavy
metal (cadmium, copper, lead, and zinc) and arsenic contamination in the floodplain soils and
streambanks of the CFROU [Bartkowiak et al., 2011]. Sources of metal contaminants of concern
(COCs) in the CFROU are tailings mixed with soil within the historic 100-year floodplain
(primary source), contaminated surface water and shallow groundwater, contaminated instream
sediments, and contaminants in irrigation ditches adjacent to the CFROU [USEPA, 2004]. In
2008, a consent decree was negotiated between the state of Montana, the U.S. Government, and
the Atlantic Richfield Company for cleanup of the CFROU [Montana v. AR, 2008; U.S.A. v. AR,
2008]. The consent decree established that the state of Montana, through the Montana
Department of Environmental Quality (MDEQ), would serve as lead agency to develop and
implement the remedial design, remedial action, and operation and maintenance of the remedy
for the CFROU [Montana v. AR, 2008; U.S.A. v. AR, 2008].

Remediation in the CFROU began in 2011 with the removal of approximately 10,000 cubic
yards of contaminated soils in the “Trestle Area” in the town of Deer Lodge, Montana
[Bartkowiak et al., 2012]. Remediation activities were conducted in Phase 1 of Reach A [Figure
1-2] throughout 2013 and the cleanup was mostly completed by the end of the year [Bartkowiak
et al., 2013]. Approximately 330,000 cubic yards of contaminated materials were removed from
the floodplain and streambanks of Phase 1 (1.6 river miles) and approximately 189,000 cubic
yards of clean soil and vegetative material were used to reconstruct and revegetate the
floodplain and streambanks [Bartkowiak et al., 2013]. In 2014, remediation began in Phases 5
and 6 of Reach A [Figure 1-2]. According to the remedial design for Phases 5 and 6 (4.5 river
miles), 533,000 cubic yards of contaminated material will be removed, 244,00 cubic yards of
clean fill material will be imported for reconstruction, and remediation will last until fall of
2015 [Bartkowiak et al., 2014]. In 2014, preliminary design plans were also underway for
remediation of Phases 2, 7, 15, and 16 [MDEQ), 2014a].

Specific remediation standards were establishend in the CFROU ROD for surface water,
groundwater, and vegetation but not for other environmental media [USEPA, 2004]. In lieu of
specific standards, reference values have been adopted by MDEQ for instream sediment,
geomorphology, periphyton, macroinvertebrates, and fish. The MDEQ has established this
monitoring program to assess the effectiveness of contaminant removal from remediation on
attainment of remediation standards or reference values. Data is collected to describe abiotic
(surface water, instream sediment, river geomorphology) and biotic (terrestrial vegetation,
periphyton, aquatic macroinvertebrate, and fish) conditions in the CFROU to evaluate if
remediation standards or reference values are met and evaluate if conditions are improving
over time. Data collected in 2014 represents the fifth year of data collected for this monitoring
program, which began in 2010.
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2.0 SURFACE WATER

2.1 INTRODUCTION

Performance goals were establishend in the CFROU ROD for surface water [USEPA, 2004].
The goal for surface water quality is for concentrations of all metal contaminants of concern
(COCs) to be below the concentrations identified in the CFROU ROD [Table 2-1]. The remedy
for the Clark Fork River is expected to achieve these goals through the removal of contaminated
floodplain soils (i.e., “slickens”), in situ (i.e., on site) treatment of floodplain soils with relatively
low COC concentrations, and streambank stabilization. Additional removals of contaminated
floodplain materials, proposed as part of remediation, may reduce arsenic concentrations as
well. When the remediation activities are completed, surface water quality in the Clark Fork
River is expected to fully support the growth and propagation of coldwater fishes (e.g.,
salmonids) and associated aquatic life. Surface waters will be monitored at specific locations
along the Clark Fork River. Performance goals must be met at each location in order for the
remedial actions to be considered successful.

This report evaluates progress toward attainment of surface water performance goals as
defined in the CFROU ROD [Table 2-1]. Water chemistry data were collected in 2014 to
evaluate COC concentrations in order to make direct comparisons to relevant performance
standards. In addition to COC concentrations, data are collected to describe other water quality
characteristics which influence the toxicity of metal contaminants or otherwise influence the
ecology of the Clark Fork River. Other water quality characteristics described include total
suspended sediments, common ion, and nutrient concentrations and other physical properties of
water (e.g., acidity).



Table 2-1. Remediation performance goals for surface water in the Clark Fork River
Operable Unit [USEPA, 2004].

Performance Standard
Contaminant of Aquatic Life Standard? Human Health or
Concern Drinking Water
Chronic (ug/L) Acute (ng/L) Standard (ug/L)
Arsenic 150 340 10/182
Cadmium 0.25 2 5
Copper3 9 13 1,300
Lead 3.2 81 15
Zinc 119 119 2,000
2.2 METHODS

The purpose of the surface water monitoring program is to collect data describing the
temporal and spatial variation of metal and nutrient concentrations, and other physical
properties of surface water in the CFROU. These data provide a long-term record of
environmental conditions in the CFROU. As of 2014, five years of CFROU surface water data
(2010-2014) have been collected under this monitoring program. This long-term record provides
a dataset to evaluate the effect of remediation on environmental conditions in the CFROU over
time. Changes to the surface water monitoring program have occurred over time and a record of
these changes is provided in the project sampling and analysis plan (SAP) [Naughton et al.,
2014].

2.2.1 Monitoring Locations

Surface water was monitored at 14 CFROU sites in 2014 [Figure 2-1]. The monitoring
network included six sites in the Clark Fork River mainstem and eight sites in tributary
streams [Table 2-2]. The monitoring site locations in 2014 were the same as the monitoring site
locations in 2013. However, monitoring sites changed between 2012 and 2013 to provide a more
detailed spatial representation of the Clark Fork River mainstem in Reach A [Figure 2-1].
Additionally, some sites were removed from the monitoring network to avoid duplication of
water quality sampling efforts by the U.S. Geological Survey (USGS).

1 The aquatic life standards for cadmium, copper, lead, and zinc vary in relation to water hardness. The values
displayed in this table correspond to a water hardness of 100 mg/L.

2 The performance standard includes both the federal maximum contaminant level (MCL; 10 pg/L; dissolved
concentration) and the state of Montana standard (18 pg/L; total recoverable concentration).

3 Based on the federal ambient water quality criteria (USEPA 1986; dissolved concentration).




2.2.1.1 Clark Fork River Mainstem

Each of the mainstem sample site locations were selected for a specific monitoring objective.
The four mainstem Clark Fork River monitoring sites in Reach A (CFR-03A, CFR-07D, CFR-
11F, CFR-27H) were included to provide a detailed spatial representation of conditions in Reach
A [Figure 2-1]. The Reach C site (CFR-116A) represents conditions in Reach C at the
downstream end of the Clark Fork River in the CFROU [Figure 2-1]. Currently, no remedial
actions are planned for Reach C. One mainstem site is located downstream from the Flint Creek
tributary (CFR-84F) [Figure 2-1]. Site CFR-84F is intended to assess the influence of Flint
Creek inflows, which typically has elevated mercury concentrations [Langer et al., 2012;
Ingman et al., 2014] on water quality in the mainstem.

2.2.1.2 Tributaries

Tributary site locations were selected to assess the significance of COC or nutrient loading
from sources outside the CFROU. Each tributary has one sample site located near the tributary
confluence with the Clark Fork River, with the exception of Mill-Willow Creek, which has two
sites [Figure 2-1].

2.21.2.1 Mill-Willow Creek

Mill-Willow Creek is a tributary to Silver Bow Creek and flows into Silver Bow Creek
immediately downstream from the Warm Springs Pond outfall [Figure 2-1]. The Warm Springs
Pond system captures the Silver Bow Creek streamflow and routes the water through a lime
treatment facility and a series of tailings ponds designed to precipitate heavy metals [see:
www.cfrtac.org]. Historically, Mill and Willow Creeks conflucenced with Silver Bow Creek

upstream from the Warm Springs Ponds. However, because contaminant levels in Mill and
Willow Creeks were low relative to Silver Bow Creek, streamflows from Mill and Willow Creek
were routed around the Warm Springs Pond system through a designed channel commonly
referred to as the “Mill-Willow Bypass”. The Mill-Willow Bypass was remediated between 1990
and 1995 to remove tailings and contaminated soils along the stream channel and floodplain
and to reduce toxic discharges to Silver Bow Creek and the upper Clark Fork River [see:
www.cfrtac.org].

Two sample sites are located in Mill-Willow Creek: MCWC-MWB and MWB-SBC [Figure
2-1]. MCWC-MWB is located at the upstream end of the Mill-Willow Bypass to demonstrate
background water quality conditions in Mill-Willow Creek. MWB-SBC is located near the Silver
Bow Creek confluence. Increases in contaminant concentrations between MCWC-MWB and

MWB-SBC suggest that contaminant loading is occurring in the Mill-Willow Bypass reach of
Mill-Willow Creek.

2.2.1.2.2 Warm Springs Creek

The Clark Fork River mainstem begins at the confluence of Silver Bow Creek and Warm
Springs Creek [Figure 2-1]. Warm Springs Creek is a major tributary to the Clark Fork River in
Reach A. Warm Springs Creek typically has relatively low nutrient concentrations and
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relatively cool streamflows. Water chemistry in Warm Springs Creek is monitored at site WSC-
SBC [Figure 2-1].

2.21.2.3 Silver Bow Creek

The Silver Bow Creek sample site (SS-25), located immediately upstream from the Silver
Bow Creek and Warm Springs Creek confluence, monitors water chemistry in Silver Bow Creek
immediately downstream from the Warm Springs Ponds discharge and the Mill-Willow Bypass
confluence [Figure 2-1].

2.2.1.2.4 Lost Creek and Racetrack Creek

Lost Creek and Racetrack Creek originate in the Flint Creek Range on the west side of the
Deer Lodge valley [Figure 2-1]. Major portions of both watersheds are used for cattle grazing
and agriculture and streamflows are heavily diverted for irrigation. Surface water monitoring in
Lost Creek and Racetrack Creek was discontinued in 2013 because these tributaries had
relatively low COC concentrations [Ingman et al., 2013]. Water chemistry in Lost Creek is
monitored by the USGS [Dodge et al., 2014]. Instream sediments and biological monitoring were
conducted at these sites in 2014. Monitoring in Lost Creek occurs at LC-7.5 and in Racetrack
Creek at RTC-1.5 [Figure 2-1].

2.2.1.2.5 Little Blackfoot River

The Little Blackfoot River is a major tributary to the Clark Fork River. The Little Blackfoot
River and Clark Fork River confluence is located at the boundary between CFROU Reach A and
Reach B [Figure 2-1]. Water quality and quantity in the Little Blackfoot River may be
influenced by a variety of land uses including agriculture and irrigation in lower portions of the
watershed and abandoned mining in headwater portions of the watershed [Montana Engineer’s
Office, 1959; Lyden, 1987; Ingman, 2002; MDEQ and USEPA, 2011; 2014c].

Water chemistry, instream sediment and aquatic biota in the Little Blackfoot River are
monitored in the Little Blackfoot River. For the first three sample periods of 2014, water quality
in the Little Blackfoot River was monitored at site LBR-CFR [Figure 2-1]. However, the site was
moved upstream approximately four miles for the last three sample periods of 2014 to minimize
safety hazards from road traffic during high streamflow periods when sampling from the road
bridge at LBR-CFR is necessary [Table 2-2].

2.21.2.6 Flint Creek

Flint Creek enters the Clark Fork River near the boundary between Reach B and Reach C
[Figure 2-1]. Flint Creek is a major source of mercury to the Clark Fork River [Langer et al.,
2012; Ingman et al., 2014]. Site FC-CFR monitors water chemistry in Flint Creek [Figure 2-1].
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Table 2-2. Surface water sampling locations in the Clark Fork River Operable Unit,
2014. Streamflows were measured at all sites which did not a have co-located USGS
streamflow gauge.

Co-located Location (GPS
Site ID Site Location USGS coordinates, NAD 83)
Streamflow
Gauge

Latitude Longitude

Mainstem Sites

CFR-03A Clark Fork River near Galen 12323800 46.20877 -112.76740
CFR-07D Clark Fork River at Galen Road none 46.23725 -112.75302
CFR-11F Clark Fork River at Gemback Road none 46.26520 -112.74430
CFR-27H Clark Fork River at Deer Lodge 12324200 46.39796 -112.74283
CFR-84F Clark Fork River near Drummond 12331800 46.71204 -113.33137
CFR-116A Clark Fork River at Turah 12334550 46.82646 -113.81424

Tributary Sites

SS-25 Silver Bow Creek at Warms Springs 12323750 46.18123 -112.77917
MCWC-MWB Mill-Willow Creek at Frontage Road none 46.12649 -112.79876
MWB-SBC Mill-Willow Bypass near mouth none 46.17839 -112.78270
WSC-SBC Warms Springs Creek near mouth 12323770 46.18041 -112.78592
LC-7.54 Lost Creek near mouth 12323850 46.21862 -112.77384
RTC-1.5% Racetrack Creek near mouth none 46.28395 -112.74921
LBR-CFR® Little Blackfoot River near Garrison 12324590 46.51964 -112.79312
FC-CFR Flint Creek near mouth 12331500 46.62891 -113.15151

2.2.2 Monitoring Schedule

At least one monitoring event occurred during each calendar quarter of 2014. Each quarterly
monitoring event occurred near the end of each quarter. The first monitoring event (Q1)
occurred in the late winter, prior to spring runoff, from March 18-19. Three monitoring events
were conducted in the second quarter (Q2) to capture the rising (Q2-Rising), peak (Q2-Peak),
and falling (Q2-Falling) portions of the spring runoff hydrograph. The Q2 monitoring events
were conducted on May 13-14 (Q2-Rising), June 10-11 (Q2-Peak), and June 24-25 (Q2-Falling).

4 1In 2013, LC-7 (GPS Location: 46.22665, -112.76017) was replaced LC-7.5. Site LLC-7 was replaced because it
appeared to be located within the Clark Fork River floodplain.

5 In 2013, RTC-1 (GPS Location: 46.28406, -112.74484) was replaced by RTC-1.5. Site RTC-1 was replaced
because IT appeared to be located within the Clark Fork River floodplain.

6 Site LBR-CFR was replaced by site LBR-CFR-02 (GPS Location: 46.53710, -112.72443) on June 24, 2014.




The late summer (Q3) monitoring event was scheduled during low streamflow conditions on
September 16-17. The late fall (Q4) monitoring event occurred on December 1-2.

2.2.3 Monitoring Parameters

Surface water samples were analyzed for the parameters and analytes listed in Table 2-3.
Parameters and analytes were the same at all sites with the exception of FC-CFR and CFR-83F.
At site FC-CFR, mercury and methylmercury concentrations were analyzed in addition to all
other analytes. At site CFR-84F, a surface water sample was collected but only analyzed for
mercury and methylmercury concentrations.

Eight of the 14 monitoring stations in the MDEQ Clark Fork River monitoring network were
co-located with active USGS streamflow gauging stations [Table 2-2]. USGS streamflow records
were accessed and included in this report. Streamflows at monitoring stations without co-
located USGS gauges were measured manually.

Table 2-3. Sampling parameters and analytes for surface water monitoring of the
Clark Fork River Operable Unit, 2014.

Parameter Analytes
Metal concentrations (total Arsenic, cadmium, copper, lead, zinc, mercury,
recoverable and dissolved)? methylmercury

Nitrogen (total nitrogen, nitrate plus nitrite, ammonia),

Nutrient concentrations phosphorus (total), and carbon (dissolved organic; DOC)

Common ion concentrations (total) Sulfate, alkalinity, bicarbonate

Total suspended sediment (T'SS) concentration, hardness,
Field parameters water temperature, pH, specific conductivity, dissolved
oxygen (DO) concentrations, turbidity

2.2.4 Sample Collection and Analysis

Sample collection, analysis, and quality assurance procedures were described in the quality
assurance project plan [DeArment et al., 2013]. Methods generally followed standard operating
procedures (SOPs) developed for the Clark Fork River [AR, 1992]. Field sampling procedures
were in accordance with MDEQ [2012a] and followed “clean hands/dirty hands” procedures to
minimize sample contamination as described in USGS [2006]8. Composited surface water
samples were collected using width-depth integration according to methods described in USGS
[2006]. When streamflows were high and samples could not be collected by wading, samples
were collected with the aid of a crane mounted D-95 sampler operated from road bridges. Field
parameters (water temperature, pH, dissolved oxygen concentration, and conductivity) were

7 At CFR-84F, no nutrient or metal concentrations were be measured except mercury and methylmercury. At
FC-CFR, mercury and methylmercury were measured in addition to all other analytes.

8 We deviated from the USGS [2006] protocols to minimize sample contamination (Section 4.0.2) in two regards.
First, we did not collect samples sequentially in the order of least to greatest potential for contamination.
Second, samples were processed outside the sampling vehicles, rather than within an enclosed space.
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measured during each monitoring event with a field multimeter (YSI Professional Plus).
Turbidity was measured with a field turbidity meter (Hach Model 2100P Portable
Turbidimeter). Streamflows were measured using a portable electromagnetic streamflow meter
(Marsh-McBirney Flo-Mate 2000). Calibration methods for field meters, data recording and
handling methods, and quality assurance and quality control procedures are described in the
quality assurance project plan [DeArment et al., 2013]. Samples were analyzed by Energy
Laboratories (Helena, Montana). Requested laboratory analysis procedures for each analyte are
presented in Table 2-4.

Table 2-4. Analytes and methods for surface water samples in the Clark Fork River
Operable Unit, 2014. All samples were analyzed by Energy Laboratories in Helena,
Montana.

Parameter Category Method
Arsenic (dissolved and total recoverable) E200.8
Cadmium (dissolved and total recoverable) E200.8
Copper (dissolved and total recoverable) E200.8
Lead (dissolved and total recoverable) Contaminants of Concern E200.8
Mercury (dissolved and total recoverable) E245.1
Methylmercury E1630
Zinc (dissolved and total recoverable) E200.8
Calcium E200.7
Magnesium E200.7
Sulfate E300.0
Total Alkalinity, as CaCOs Common ions and A2320 B

suspended sediment

Bicarbonate Alkalinity, as HCO3s A2320 B
Hardness, as CaCOs A2340 B
Total Suspended Sediment A2540 D
Carbon (dissolved organic) A53310 C
Nitrogen, Ammonia E350.1
Nitrogen, Nitrate plus Nitrite Nutrients E353.2
Nitrogen, Total A4500 N-C
Phosphorus, Total E365.1

2.2.5 Data Analysis

Data analysis included description of spatial trends and temporal (quarterly and annual)
trends in analyte (metals and nutrients) concentrations and physical properties. Attainment of
performance goals was assessed by comparing analyte concentrations at specific sites to
remedial performance goals. Assessment of nutrient monitoring results also included
comparisons of total nitrogen and total phosphorus concentrations to numeric water quality
standards for the Clark Fork River (ARM 17.30.631).
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Evaluation of some performance goals from data collected in this report requires an
assumption that the measured analyte concentrations are consistent over time. For example,
the chronic aquatic life standard (ALS) is typically based on 96-hour mean concentrations
[MDEQ, 2012b]. Similarly, the acute ALS are typically based on a 1-hour mean concentration
[MDEQ, 2012b]. However, in this monitoring program analyte concentrations are measured at a
specific point in time and mean concentrations over time are not available. Therefore, all
assessments of ALS exceedances assume that the measured concentration was representative of
the required mean concentration.

Compliance ratios were computed by dividing each total recoverable arsenic concentration
during the MDEQ monitoring period in the CFROU 2010-2014 by the respective performance
goal or applicable water quality standard. Compliance ratio results are presented as line graphs
on a semi-logarithmic scale ranging from 0.01 to 100, with a value of 1.0 corresponding to 100%
of the performance goal or water quality standard. Values exceeding 1.0 represent exceedances
of the performance goal or water quality standard.

2.2.6 Data Validation

Data quality objectives (DQOs) were established in the CFROU monitoring project quality

”» 3 b [13

assurance project plan (QAPP) for data “representativeness”, “comparability”, “completeness”,
“sensitivity”, “precision”, “bias”, and “accuracy”’ [DeArment et al., 2013]. Methods for field and
laboratory quality assurance and quality control (QA/QC) procedures are also described in detail
in the project QAPP. A completed QA/QC checklist, summary tables of field duplicate and field

blank results, and assessments of data quality objectives are included in Appendix A.

2.3 RESULTS

2.3.1 Streamflows

Streamflows in the upper Clark Fork River watershed were normal or above normal at all
sites during almost all monitoring periods in 2014. Streamflows during the Q1 monitoring event
were near normal for those dates based on long-term USGS streamflow gauging station records.
Streamflows had recently receded following elevated streamflows during the first week of
March in association with an abrupt melt of low elevation heavy snowpack. The three Q2
monitoring events were intended to target the rising limb of the spring runoff hydrograph, near
peak streamflow, and the falling limb of the runoff hydrograph. The three sampling events were
performed on May 13-14, June 10-11, and June 24-25, 2014. Streamflows during the Q2
monitoring events varied from slightly above normal to near normal for those dates. The
intended peak flow event on June 10-11 missed the spring runoff maximum streamflow by
approximately two weeks (May 28). Streamflows during the Q3 monitoring event were above
normal for mid-September, while streamflows during the Q4 monitoring event were normal or
slightly above normal.

Streamflows at the CFROU monitoring stations during the 2014 calendar year are depicted
in hydrographs for USGS gauging stations Silver Bow Creek at Warm Springs (USGS
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12323750) [Figure 2-2], Clark Fork River near Galen (USGS 12323800) [Figure 2-3], at Deer
Lodge (USGS 12324200) [Figure 2-4], near Drummond (USGS 12331800) [Figure 2-5], and at
the Turah Bridge (USGS 12334550) [Figure 2-6].

USGS

USGS 12323750 Silver Bow Creek at Warm Springs MT
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Figure 2-2. Hydrograph for Silver Bow Creek at Warm Springs, 2014.
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Figure 2-3. Hydrograph for Clark Fork River near Galen, 2014.
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Figure 2-6. Hydrograph for Clark Fork River at Turah Bridge, 2014.

2.3.2 Field Parameter

2.3.2.1 Water Temperature

Water temperatures at CFROU sites in 2014 indicated modest seasonal and spatial variation
that was generally within the preferred range of cold water organisms such as trout [Figure 2-7;
Figure 2-8]. Maximum water temperatures at most of the CFROU monitoring stations during
the six monitoring events in 2014 were observed during the Q2-Falling monitoring event, when
temperatures at some sites slightly exceeded the 12—14 C optimal temperature range for trout.
The exceptions were the Clark Fork River at Deer Lodge and the Little Blackfoot River near
mouth, which had the highest water temperature during the Q2-Peak monitoring event. The
maximum water temperature (16.9 C) was measured at the Clark Fork River at Deer Lodge
site. The lowest water temperatures were measured during Q4 and ranged from 0-2.1 C.

There was no clear spatial trend in water temperature at the mainstem Clark Fork River
sites in 2014. Water temperature differences between sites during any single monitoring event
were generally small and were somewhat affected by the time of day monitoring was conducted
at any given station. Water temperatures at CFROU mainstem monitoring stations during 2014
monitoring events were generally within the range of temperatures recorded during the 2010-
2013 monitoring years. The tributary monitoring site on Warm Springs Creek near its mouth
showed the lowest and least variable water temperatures of all sites during the six 2014
monitoring events.

15



20.0

15.0

mQl

10.0 B Q2 - Rising Limb

B Q2 - Peak Flow

m Q2 - Falling Limb

Water Temperature (degrees C)

5.0

mQ3

Q4
0.0

d d n
of Ga\e‘; e Gale® R 46 m\oac\(?\ . cet Lo0ge ) « SuTurR
Qaf Qark ¥ fork \ For C\ar
Qlark Q\ar

Clark Fork Monitoring Station

Figure 2-7. Surface water temperatures at mainstem sampling sites in the Clark Fork
River Operable Unit, 2014.
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Figure 2-8. Surface water temperatures at tributary sampling sites in the Clark Fork
River Operable Unit, 2014.
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2.3.2.2 Acidity

In 2014, pH in the upper Clark Fork River mainstem monitoring stations ranged from 7.65-
9.06 [Figure 2-9]. Tributary monitoring stations had a slightly greater pH range: 7.82-9.48
[Figure 2-10]. Two measurements each from Clark Fork River and Silver Bow Creek stations
had pH values outside the optimal range for the protection of aquatic life (6.5-9.0). These
included the Clark Fork River near Galen in Q3 (9.04), the Clark Fork River at Gemback Road
in Q3 (9.06), and Silver Bow Creek at Warm Springs in each of Q2-Falling and Q3 (9.38 and
9.48, respectively). There was no readily apparent seasonal pattern in pH in 2014, although
highest pH values tended to be measured in Q3. Spatially, the highest pH values tended to
occur in the upstream sites including Silver Bow Creek and the Clark Fork River near Galen
sites. Lime additions to Silver Bow Creek at the Warm Springs Pond inflow were likely a
contributing cause of the higher pH levels in lower Silver Bow Creek and the upper Clark Fork
River stations. The pH levels at several CFROU monitoring stations in 2014 were higher than
any of the previous measurements observed from 2010-2013. These sites included Silver Bow
Creek at Warm Springs, and the Clark Fork River near Galen, at Galen Road, at Gemback
Road, and at Deer Lodge.
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Figure 2-9. Surface water pH at mainstem sampling sites in the Clark Fork River
Operable Unit, 2014.
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Figure 2-10. Surface water pH at tributary sampling sites in the Clark Fork River
Operable Unit, 2014.

2.3.2.3 Conductivity

The highest conductivities at most of the CFROU monitoring sites occurred in Q1 and Q4
when streamflows were lowest. The lowest conductivities occurred during the Q2 monitoring
events. Conductivity in the mainstem Clark Fork River tended to progressively increase from
the headwaters station near Galen downstream to Gemback Road, then stabilize or decrease
slightly at the Deer Lodge station. In the mainstem, conductivity was always lowest at Turah,
downstream from the Rock Creek confluence. Conductivity at CFROU stations in 2014 ranged
from 103.6-593.5 uS/cm [Figure 2-11]. Conductivity increased substantially between the Mill-
Willow Creek and Mill-Willow Bypass sites, particularly in Q1, Q3, and Q4 [Figure 2-12]. The
lowest conductivity occurred in Mill-Willow Creek at the Frontage Road during the Q2-Peak
monitoring event. The highest conductivity occurred in the Mill-Willow Bypass in Q4. The
conductivity range at CFROU monitoring stations in 2014 (103.6-593.5) was slightly greater
than in 2013 (111-560 puS/cm), 2010 (176-466 pS/cm), 2011 (113-439 pS/cm), and 2012 (138-456
uS/cm).
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Figure 2-11. Conductivity at mainstem sampling sites in the Clark Fork River
Operable Unit, 2014.
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Figure 2-12. Conductivity at tributary sampling sites in the Clark Fork River
Operable Unit, 2014.
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2.3.2.4 Dissolved Oxygen

Dissolved oxygen concentrations in the upper Clark Fork River in 2014 ranged from 8.29-
15.23 mg/L. The lowest dissolved oxygen concentration was observed in the Little Blackfoot
River near its mouth in Q2-Falling and the maximum concentration was observed in the Clark
Fork River near Galen in Q2-Rising [Figure 2-13; Figure 2-14]. None of the 2014 dissolved
oxygen measurements indicated water quality or water use limitations associated with
inadequate oxygen concentrations. There were no clear spatial trends in dissolved oxygen
concentration in 2014. The highest dissolved oxygen concentrations at nearly all monitoring
stations were observed during Q2-Rising. The observed range of dissolved oxygen
concentrations at Clark Fork River mainstem sites in 2014 (8.29-15.23) was slightly higher than
in 2010 (8.69-15.03 mg/L), 2011 (8.60-14.85 mg/L), 2012 (8.49-14.05 mg/L), and 2013 (8.45-15.20

mg/L).
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Figure 2-13. Dissolved oxygen concentrations at mainstem sampling sites in the Clark

Fork River Operable Unit, 2014.
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Figure 2-14. Dissolved oxygen concentrations at tributary sampling sites in the Clark
Fork River Operable Unit, 2014.

2.3.2.5 Turbidity

Turbidity at all mainstem Clark Fork River sites were highest during the Q1 2014
monitoring event and lowest in Q3. Turbidity usually increased in the Clark Fork River from
near Galen to Deer Lodge, or Turah, depending on the monitoring event [Figure 2-15]. With the
exception of the Q1 monitoring event, turbidity was generally low at mainstem monitoring sites
during 2014 (range of 1.36-10.70 NTU) [Figure 2-15].

Turbidity at the tributary monitoring sites was more variable and less predictable than at
the mainstem Clark Fork River sites. Highest turbidity was observed during the Q2-Peak or
Q2-Falling monitoring events at three of the six tributary sites in 2014. Two other tributary
sites showed highest turbidity in Q1, and the sixth site (Mill-Willow Creeks at the Frontage
Road) had highest turbidity in Q4. The latter site also showed elevated suspended sediment and
COC metals concentrations (see Sections 2.3.3 and 2.3.6). Turbidity at the tributary monitoring
stations ranged from a low of 0.94 NTU in the Little Blackfoot River in Q3 to a high of 15.60
NTU in Mill-Willow Creek in Q4 [Figure 2-16].

Non-spring runoff period turbidity measurements were similar in each of 2010-2014, with
several exceptions. In Q2 2011, turbidity during peak spring snowmelt runoff conditions was
higher than during the same periods in 2010-2014. Q1 2014 turbidity was higher at the Clark
Fork River at Deer Lodge and Turah sites than during Q1 in each of years 2010-2013. Lastly,
turbidity in Mill-Willow Creek at the Frontage Road was higher in Q4 2014 than during any
prior quarterly monitoring event in the 2012-2014 periods.
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Figure 2-15. Turbidity at mainstem sampling sites in the Clark Fork River Operable
Unit, 2014.
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Figure 2-16. Turbidity at tributary sampling sites in the Clark Fork River Operable
Unit, 2014.
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2.3.3 Total Suspended Sediment

Total suspended sediment (T'SS) concentrations at Clark Fork River mainstem monitoring
stations in 2014 were elevated in Q1, particularly at Gemback Road, Deer Lodge and Turah.
Like turbidity, this was associated with an early snowmelt runoff event in March. Second
highest total suspended sediment concentrations were observed during the Q2 spring runoff
monitoring events, particularly during Q2-Peak. The spatial pattern for total suspended
sediment concentrations in the Clark Fork River was for increasing concentrations from near
Galen to Deer Lodge, followed by similar concentrations at Turah. Largest inter-site increases
in total suspended sediment concentration were noted from Gemback Road to Deer Lodge
during the Q1 monitoring event. The overall range of total suspended sediment concentrations
at mainstem sites was from 1-45 mg/L. Highest concentrations were noted at Deer Lodge and
Turah in Q1 2014, with concentrations of 45 and 39 mg/L, respectively [Figure 2-17].

Total suspended sediment concentrations measured at the tributary monitoring stations
during 2014 were generally less variable than at the mainstem stations [Figure 2-17; Figure
2-18]. On average, Flint Creek near its mouth exhibited the highest total suspended sediment
concentrations of the six tributaries monitored in 2014. Mill-Willow Creek at Frontage Road
had a very high total suspended sediment concentration during the Q4 monitoring event. The
source is unknown, but field notes indicate high levels of turbidity extending well upstream
from the sampling site at Frontage Road. COC metals concentrations were also greatly elevated
at this site in Q4 (see Section 2.3.6). The overall range of total suspended sediment
concentrations at the tributary sites was from less than the analytical reporting level of 1 mg/L
in Mill-Willow Bypass and Warm Springs Creek during some quarters to a high of 37 mg/L in
Mill-Willow Creek in Q4.

Total suspended sediment concentrations at CFROU mainstem monitoring stations during
most monitoring events in 2014 were generally comparable to concentrations measured between
2010 and 2013. However, peak total suspended sediment concentrations measured during Q2
monitoring events in each of years 2010-2012 were substantially higher than any of the total
suspended sediment concentrations measured during 2014.
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Figure 2-17. Total suspended sediment concentrations at mainstem sampling sites in
the Clark Fork River Operable Unit, 2014.
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Figure 2-18. Total suspended sediment concentrations at tributary sampling sites in
the Clark Fork River Operable Unit, 2014. No bars indicate values below the

analytical reporting limit.
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2.3.4 Common lons

2.3.4.1 Hardness

Except during the Q2 monitoring events, water hardness at Clark Fork River mainstem
stations in 2014 ranged from 148-272 mg/L as CaCO3 (i.e., “hard” to “very hard”) [Figure 2-19].
The Clark Fork River at Turah site and Mill-Willow Creek at Frontage Road during the Q2-
Peak monitoring event exhibited the lowest hardness (75 and 46 mg/L, respectively) [Figure
2-19; Figure 2-20]. Particularly high water hardness was observed in the Mill-Willow Bypass in
Q4 (287 mg/L) and Clark Fork River mainstem monitoring stations at Galen Road (259 mg/L),
at Gemback Road (272 mg/L), and at Deer Lodge (252 mg/L). Water hardness during 2014

quarterly monitoring events was generally within the range of values observed in each of years
2010-2013.
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Figure 2-19. Water hardness at mainstem sampling sites in the Clark Fork River
Operable Unit, 2014.
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Figure 2-20. Water hardness at tributary sampling sites in the Clark Fork River
Operable Unit, 2014.

2.3.4.2 Alkalinity and Bicarbonate

Total and bicarbonate alkalinity in the mainstem Clark Fork River in 2014 showed a modest
increasing trend from near Galen to Deer Lodge, followed by lower concentrations at Turah
[Figure 2-21; Figure 2-23]. Among the tributary monitoring stations, the highest alkalinity
occurred in Flint Creek, the Little Blackfoot River and Warm Springs Creek, while lowest
alkalinity occurred in Mill-Willow Creek at Frontage Road [Figure 2-22; Figure 2-24]. Alkalinity
was relatively low during the three Q2 monitoring events. The highest alkalinity was most
commonly observed in Q4. Total and bicarbonate alkalinity at CFROU mainstem and tributary
monitoring stations during monitoring events in 2014 were within the range of values measured
in 2010-2013.
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Figure 2-21. Alkalinity at mainstem sampling sites in the Clark Fork River Operable

Unit, 2014.
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Figure 2-22. Alkalinity at tributary sampling sites in the Clark Fork River Operable

Unit, 2014.
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Figure 2-23. Bicarbonate alkalinity at mainstem sampling sites in the Clark Fork
River Operable Unit, 2014.
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Figure 2-24. Bicarbonate alkalinity at tributary sampling sites in the Clark Fork
River Operable Unit, 2014.
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2.3.4.3 Sulfate

Sulfate concentrations in the mainstem Clark Fork River were generally comparable from
the near Galen to Gemback Road monitoring sites, somewhat lower at the Deer Lodge site, and
lower at Turah [Figure 2-25]. The tributary monitoring stations had the highest sulfate
concentrations in the Mill-Willow Bypass and in Silver Bow Creek at Warm Springs, and the
lowest concentrations in the Little Blackfoot River and Flint Creek [Figure 2-26]. Similar to
alkalinity, sulfate concentrations were relatively low during the Q2 monitoring events and
relatively high in Q1 and Q4. Sulfate concentrations measured at CFROU monitoring stations
during 2014 were within the range of values measured in 2010-2013.
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Figure 2-25. Sulfate concentrations at mainstem sampling sites in the Clark Fork
River Operable Unit, 2014.
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Figure 2-26. Sulfate concentrations at tributary sampling sites in the Clark Fork
River Operable Unit, 2014.

2.3.5 Nutrients

2.3.5.1 Total Nitrogen

Compared to the summertime Clark Fork River water quality standards, total nitrogen
concentrations were periodically elevated in the Clark Fork River at Deer Lodge in 2014 [Table
2-5; Figure 2-27]. The numeric water quality standards for nutrients in the Clark Fork River
(ARM 17.30.631) apply only to the CFROU mainstem monitoring sites during the 2014 Q2-
Falling and Q3 monitoring events, which occurred during the applicable June 21 to September
21 period. Compared to newly adopted summertime base numeric nutrient standards for the
Middle Rockies Ecoregion, which apply to the July 1 to September 30 time period, total nitrogen
concentrations were acceptable in 2014 at all six CFROU tributary monitoring stations [Table
2-5, Figure 2-28]. Based on these criteria, exceedances of the relevant total nitrogen standards
were observed only at the Clark Fork River at Deer Lodge monitoring station in 2014 [Table
2-5].

Total nitrogen concentrations were highest at most stations in Q1. The maximum total
nitrogen concentrations were observed in the Clark Fork River at Deer Lodge in Q1 (0.94 mg/L)
and in Silver Bow Creek at Warm Springs (1.08 mg/L), also in Q1. The lowest total nitrogen
concentrations were observed in Mill-Willow Creek at Frontage Road, Mill-Willow Bypass, and
Warm Springs Creek (all less than the analytical reporting limit) in Q3, and in the mainstem
Clark Fork River at Turah in Q3 [Table 2-5]. Total nitrogen concentrations in the mainstem
Clark Fork River were similar from near Galen to Gemback Road, slightly higher at Deer
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Lodge, and consistently lower at Turah. Total nitrogen concentrations during 2014 monitoring
events were within the range of concentrations measured at CFROU monitoring sites in 2011-
2013.

Table 2-5. Total nitrogen concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.92 0.48 0.20 0.15 0.22 0.64
CFR-07D Clark Fork River at Galen Road 0.86 0.46 0.19 0.15 0.17 0.70
CFR-11F Elojg‘ Fork River at Gemback 0.88 0.39 0.23 0.19 025 | 0.66
CFR-27H Clark Fork River at Deer Lodge 0.94 0.46 0.32 0.30 0.32 0.82
CFR-116A Clark Fork River at Turah 0.70 0.29 0.20 0.08 0.10 0.46
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 1.08 0.67 0.18 0.32 0.27 0.67
MCWC-MWB 1\R/101£(-1W1110w Creek at Frontage 0.16 | 024 | 015 0.21 ND | 0.42
MWB-SBC Mill-Willow Bypass near mouth 0.19 0.31 0.13 0.16 ND 0.31
WSC-SBC Warm Springs Creek near mouth 0.06 0.22 0.14 0.05 ND 0.16
LBR-CFR Little Blackfoot River near 032 | 030 | o021 0.19 0.08 | 0.20
Garrison
FC-CFR Flint Creek near mouth 0.84 0.39 0.35 0.34 0.28 0.50
Exceeds Clark Fork River total nitrogen standard applicable June 21 to September 21 (0.30
mg/L;; ARM 17.30.631), or Middle Rockies Ecoregion total nitrogen standard applicable July 1 to
September 30 (0.30 mg/L) [MDEQ, 2014b].
ND Not detected at analytical reporting limit.
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Figure 2-27. Total nitrogen concentrations (mg/L) at Clark Fork River mainstem
monitoring stations, 2014. Red line represents total nitrogen standard [MDEQ, 2014b].
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Figure 2-28. Total nitrogen concentrations (mg/L) at Clark Fork River tributary
monitoring stations, 2014. Red line represents total nitrogen standard [MDEQ, 2014b].
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2.3.5.2 Nitrate Plus Nitrite Nitrogen

Concentrations of nitrate plus nitrite nitrogen were somewhat elevated in Q1 and Q4 during
low streamflow conditions, and generally low during other quarterly monitoring events in 2014
[Figure 2-29; Figure 2-30]. The spatial trend for nitrate plus nitrite concentrations in the
mainstem Clark Fork River showed increasing concentrations from near Galen to Deer Lodge
during several monitoring events, followed by a decline at the downstream Turah monitoring
site. Nitrate plus nitrite nitrogen concentrations were frequently below the minimum analytical
reporting limit during many of the 2014 monitoring events, at both mainstem Clark Fork River
as well as tributary monitoring stations (41 of 66 site observations were below the reporting
limit) [Table 2-6]. Nitrate plus nitrite concentrations during 2014 monitoring events were
within the range of concentrations measured at CFROU monitoring sites in 2011-2013.

Table 2-6. Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.37 0.07 ND ND ND 0.20
CFR-07D Clark Fork River at Galen Road 0.38 0.08 ND ND ND 0.31
CFR-11F Clark Fork River at Gemback Road 0.38 0.08 ND ND ND 0.32
CFR-27H Clark Fork River at Deer Lodge 0.41 0.06 ND ND 0.03 0.44
CFR-116A Clark Fork River at Turah 0.18 ND ND ND ND 0.17
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.44 0.13 ND ND ND 0.26
MCWC-MWB Mill-Willow Creek at Frontage Road | 0.07 ND ND ND ND 0.12
MWB-SBC Mill-Willow Bypass near mouth ND ND ND ND ND 0.11
WSC-SBC Warm Springs Creek near mouth ND ND ND ND ND 0.13
LBR-CFR Little Blackfoot River near Garrison 0.06 ND ND ND ND ND
FC-CFR Flint Creek near mouth 0.19 ND ND ND ND 0.21
ND Not detected at analytical reporting limit.
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Figure 2-29. Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River
mainstem monitoring stations, 2014.
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Figure 2-30. Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River
tributary monitoring stations, 2014.
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2.3.5.3 Total Ammonia

All but four of 66 samples collected from the CFROU in 2014 had ammonia concentrations
below the analytical reporting limit. In Q1 2014, ammonia was detectable in Silver Bow Creek
at Warm Springs and at three Clark Fork River mainstem sites downstream from Silver Bow
Creek [Table 2-7]. The total ammonia concentration (1.08 mg/L) in Silver Bow Creek at Warm
Springs on March 19, 2014 was 189% higher than the water temperature- and pH-dependent
chronic toxicity ALS and was 86% of the acute ALS.

Spring turnover in the Warm Springs Ponds on Silver Bow Creek was believed to be the
cause of the elevated ammonia concentrations during the Q1 monitoring event. Prior to 2014,
ammonia was not detected at any of the CFROU monitoring stations during any quarterly
monitoring event since 2013.

Table 2-7. Total ammonia concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.11 ND ND ND ND ND
CFR-07D Clark Fork River at Galen Road ND ND ND ND ND ND
CFR-11F Clark Fork River at Gemback 0.06 ND | ND | ND ND | ND
CFR-27H Clark Fork River at Deer Lodge 0.06 ND ND ND ND ND
CFR-116A Clark Fork River at Turah ND ND ND ND ND ND
Tributary Sites

$8-25 Silver Bow Creek at Warm 1.08 ND | ND | ND ND | ND

Springs
MCWC-MWB I\R/I;Ll(-iWﬂlow Creek at Frontage ND ND ND ND ND ND
MWB-SBC Mill-Willow Bypass near mouth ND ND ND ND ND ND
WSC-SBC Warm Springs Creek near mouth ND ND ND ND ND ND
LBR-CFR thtlg Blackfoot River near ND ND ND ND ND ND

Garrison
FC-CFR Flint Creek near mouth ND ND ND ND ND ND

Exceeds the chronic aquatic life standard [MDEQ, 2012b].

ND Not detected at analytical reporting limit.

2.3.5.4 Total Phosphorus

Total phosphorus concentrations in 2014 exceeded the Clark Fork River total phosphorus
water quality standard (0.020 mg/L) at all five mainstem sites during at least one summertime
monitoring event [Table 2-8; Figure 2-31]. Total phosphorus concentrations exceeded the Middle
Rockies Ecoregion total phosphorus water quality standard (0.030 mg/L) at two tributary sites:
Silver Bow Creek and Flint Creek [Table 2-8; Figure 2-32]. Concentrations of total phosphorus
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were highest at most sites during the Q1 monitoring event, when streamflows were still
elevated from the unusual March snowmelt runoff event. All five mainstem Clark Fork River
monitoring sites exceeded the relevant total phosphorus standard during Q2-Falling monitoring
event, whereas four of five mainstem sites exhibited exceedances during the Q3 monitoring
event. Silver Bow Creek and Flint Creek exceeded the relevant total phosphorus standard
during Q3 monitoring event.

Total phosphorus concentrations were highest in Flint Creek, the Clark Fork River at Turah,
and in Silver Bow Creek at Warm Springs during Q1. Total phosphorus concentrations tended
to be similar throughout much of the Clark Fork River mainstem sites. The lowest total
phosphorus concentrations were observed in Warm Springs Creek [Figure 2-32]. Total
phosphorus concentrations in 2014 were within the range of concentrations measured at
CFROU monitoring sites in 2011-2013. However, total phosphorus concentrations at mainstem
Clark Fork River sites during Q2 2011 and Q2 2012 were higher than those observed during the
Q2 2013 and Q2 2014 monitoring events.

Table 2-8. Total phosphorus concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 . ) Q3 Q4
Rising ‘ Peak ‘ Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.080 0.029 0.027 0.027 0.044 0.032
CFR-07D Clark Fork River at Galen Road 0.067 0.027 0.030 0.027 0.035 0.023
CFR-11F g})ﬁ‘ Fork River at Gemback 0.064 0.025 0.028 0.025 0.037 | 0.024
CFR-27H Clark Fork River at Deer Lodge 0.091 0.029 0.045 0.031 0.028 0.031
CFR-116A Clark Fork River at Turah 0.128 0.036 0.037 0.026 0.017 0.037
Tributary Sites
SS-25 Silver Bow Creek at Warm 0.113 0.031 0.037 0.045 0.067 | 0.039
Springs
MCWC-MWB gl;l(-iwlllow Creek at Frontage 0.031 0.032 0.026 0.028 0.018 | 0.059
MWB-SBC Mill-Willow Bypass near mouth 0.027 0.030 0.025 0.033 0.014 0.021
WSC-SBC Warm Springs Creek near mouth 0.008 0.009 0.013 0.009 0.008 0.015
LBR-CFR Little Blackfoot River near 0.074 0.033 0.033 0.028 0.019 | 0.034
Garrison
FC-CFR Flint Creek near mouth 0.144 0.045 0.046 0.048 0.046 0.046

Exceeds Clark Fork River total phosphorus standard applicable June 21 to September 21 (0.020
mg/L; ARM 17.30.631), or Middle Rockies Ecoregion total phosphorus standard applicable July
1 to September 30 (0.030 mg/L) [MDEQ, 2014b].
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Figure 2-31. Total phosphorus concentrations (mg/L) at Clark Fork River mainstem
monitoring stations, 2014. Red line represents total nitrogen standard [MDEQ, 2014b].
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Figure 2-32. Total phosphorus concentrations (mg/L) at Clark Fork River tributary
monitoring stations, 2014. Red line represents total nitrogen standard [MDEQ, 2014b].
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2.3.6 Contaminants of Concern

2.3.6.1 Arsenic

Average concentrations of total recoverable (TR) and dissolved arsenic at CFROU monitoring
stations during 2014 were highest in Mill-Willow Creek at Frontage Road, Mill-Willow Bypass,
Silver Bow Creek at Warm Springs, and the Clark Fork River station at Deer Lodge. Arsenic
concentrations were lowest in the Little Blackfoot River, Warm Springs Creek, and in the Clark
Fork River at Turah [Figure 2-33; Figure 2-34]. Arsenic concentrations were comparable in the
reach of the Clark Fork River from near Galen to Gemback Road, slightly higher at Deer Lodge,
and lower at the Clark Fork River at Turah station below Rock Creek. The single highest
arsenic concentrations were observed in Mill-Willow Creek, Mill-Willow Bypass and Silver Bow
Creek at Warm Springs. Arsenic concentrations showed minimal seasonal variation at most of
the CFROU monitoring stations during most of the six monitoring events. However, lowest
concentrations were observed at most of the monitoring sites in Q4. With the exception of the
second quarter 2011 monitoring event when both streamflows and arsenic concentrations at
some sites were unusually high, arsenic concentrations at CFROU mainstem monitoring
stations during the 2014 calendar year were comparable to those measured in 2010-2013.

A high percentage of arsenic detected at CFROU monitoring stations in 2014 was present in
the dissolved form during all of the six monitoring events [Figure 2-33]. Arsenic concentrations
commonly exceeded the dissolved and total recoverable performance goals [USEPA, 2004] at
seven of the 11 CFROU monitoring stations during the 2014 monitoring year [Table 2-9; Table
2-10]. None of the measured arsenic values during 2014 exceeded the acute or chronic aquatic
life standard (ALS) [MDEQ, 2012b]. The frequencies of arsenic performance goal excursions at
CFROU monitoring sites in 2014 was slightly higher than during monitoring in 2010-2013. In
2014, 61% of the dissolved and 38% of the total recoverable samples in the CFROU exceeded the
performance goals [USEPA, 2004].

The arsenic performance goal [USEPA, 2004] and chronic ALS [MDEQ, 2012b] compliance
ratios for the four selected stations have remained relatively stable over the four year period
[Figure 2-35 through Figure 2-38]. The performance goal compliance ratios for Silver Bow Creek
at Warm Springs and the Clark Fork River near Galen and at Deer Lodge were commonly near
or above 1.0 during monitoring events in the examined period indicating frequent exceedances
of that goal. In contrast, the Clark Fork River at Turah rarely exceeded the 1.0 threshold value
during the same time period. The chronic ALS compliance ratio for arsenic was consistently
below 1.0 at all four of the selected stations. Examining the two human health compliance ratios
for arsenic during the six 2014 monitoring events, ratios were similar at the upper four Clark
Fork River mainstem stations from near Galen to Deer Lodge and were always near or greater
than 1.0, then much lower at the Turah station [Figure 2-39; Figure 2-40]. Among the tributary
monitoring stations, the two arsenic human health compliance ratios during 2014 were near or
greater than 1.0 in Mill-Willow Creek at Frontage Road, Mill-Willow Bypass, and Silver Bow
Creek at Warm Springs, and below 1.0 in Warm Springs Creek, the Little Blackfoot River, and
Flint Creek [Figure 2-41; Figure 2-42].
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Table 2-9. Dissolved arsenic concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling

Mainstem Sites
CFR-03A Clark Fork River near Galen 0.013 0.015 0.014 0.018 0.021 0.010
CFR-07D Clark Fork River at Galen Road 0.015 | 0.014 | 0.015 | 0.017 | 0.020 | 0.011
CFR-11F g})ﬁ‘ Fork River at Gemback 0.015 | 0.015 | 0.016 | 0.018 | 0.021 | 0.011
CFR-27TH Clark Fork River at Deer Lodge 0.014 0.015 0.018 0.016 0.018 0.012
CFR-116A Clark Fork River at Turah 0.007 0.005 0.005 0.006 0.007 0.006

Tributary Sites
SS-25 Silver Bow Creek at Warm 0.014 | 0.017 | 0.022 | 0026 | 0.028 | 0.009

Springs
MCWC-MWB %ﬂ;gc-lWﬂlOW Creek at Frontage 0.019 | 0.025 | 0019 | 0024 | 0.019 | 0.011
MWB-SBC Mill-Willow Bypass near mouth 0.018 | 0.025 | 0.020 | 0025 | 0.019 | 0.014
WSC-SBC Warm Springs Creek near mouth 0.008 0.006 0.005 0.006 0.007 0.005
LBR-CFR ]élt“'? Blackfoot River near 0.004 | 0.004 | 0.006 | 0006 | 0.005 | 0.004
arrison

FC-CFR Flint Creek near mouth 0.008 0.006 0.008 0.009 0.008 0.006

Exceeds specified arsenic surface water performance goal for dissolved concentration (0.010
mg/L) [USEPA, 2004].
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Table 2-10. Total recoverable arsenic concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling

Mainstem Sites
CFR-03A Clark Fork River near Galen 0.016 | 0.016 | 0.015 | 0.020 | 0.021 | 0.012
CFR-07D Clark Fork River at Galen Road 0.018 0.017 0.017 0.020 0.021 0.012
CFR-11F giﬁ‘ Fork River at Gemback 0.020 | 0.017 | 0.018 | 0.020 | 0.021 | 0.012
CFR-27TH Clark Fork River at Deer Lodge 0.023 0.018 0.023 0.021 0.020 0.014
CFR-116A Clark Fork River at Turah 0.012 | 0.006 | 0.006 | 0.007 | 0.008 | 0.007

Tributary Sites
SS-25 Silver Bow Creek at Warm 0.016 | 0.018 | 0.023 | 0.027 | 0.029 | 0.011

Springs
MCWC-MWB %ﬂ;gc-lWﬂlOW Creek at Frontage 0.022 | 0.027 | 0021 | 0026 | 0.020 | 0.019
MWB-SBC Mill-Willow Bypass near mouth 0.020 | 0.027 | 0.021 | 0028 | 0.021 | 0.016
WSC-SBC Warm Springs Creek near mouth 0.008 0.007 0.006 0.007 0.008 0.006
LBR-CFR ]élt“'? Blackfoot River near 0.005 | 0.005 | 0.006 | 0.006 | 0.005 | 0.004
arrison

FC-CFR Flint Creek near mouth 0.013 | 0.009 | 0.012 | 0.012 | 0.008 | 0.007

Exceeds specified arsenic surface water performance goal for total recoverable concentration
(0.018 mg/L) [USEPA, 2004].
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Figure 2-33. Total recoverable and dissolved arsenic (As) concentrations at mainstem
sampling sites in the Clark Fork River Operable Unit (CFROU), 2014. Applicable
water quality standards are the acute and chronic aquatic life standards (ALS)
[MDEQ, 2012b] and the arsenic performance goals from the CFROU Record of
Decision (ROD) [USEPA, 2004]. The ROD performance goals are 0.010 mg/L for

dissolved and 0.018 mg/L for total recoverable arsenic [USEPA, 2004].
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Figure 2-34. Total recoverable (TR) and dissolved (Diss) arsenic concentrations at
Clark Fork River tributary sites, 2014. Applicable water quality standards are the
acute and chronic aquatic life standards (ALS) [MDEQ, 2012b] and the arsenic
performance goals from the CFROU Record of Decision (ROD) [USEPA, 2004]. The
ROD performance goals are 0.010 mg/L. for dissolved and 0.018 mg/L for total
recoverable arsenic [USEPA, 2004].
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Figure 2-35. Total recoverable arsenic (As) compliance ratios for the Silver Bow
Creek at Warm Springs site, 2011-2014. Compliance ratios are based on the chronic
aquatic life standard (As Chronic) [MDEQ, 2012b] and the Clark Fork River Operable
Unit Record of Decision performance goals for dissolved (Diss As) and total
recoverable (TR As) arsenic concentrations [USEPA, 2004].
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Figure 2-36. Total recoverable arsenic (As) compliance ratios for the Clark Fork River
near Galen site, 2010-2014. Compliance ratios are based on the chronic aquatic life
standard (As Chronic) [MDEQ, 2012b] and the Clark Fork River Operable Unit
Record of Decision performance goals for the dissolved (Diss As) and total
recoverable (TR As) arsenic concentrations [USEPA, 2004].
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Figure 2-37. Total recoverable arsenic (As) compliance ratios for the Clark Fork River
at Deer Lodge site, 2010-2014. Compliance ratios are based on the chronic aquatic life
standard (As Chronic) [MDEQ, 2012b] and the Clark Fork River Operable Unit
Record of Decision performance goals for the dissolved (Diss As) and total
recoverable (TR As) arsenic concentrations [USEPA, 2004].
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Figure 2-38. Total recoverable arsenic (As) compliance ratios for the Clark Fork River
at Turah site, 2010-2014. Compliance ratios are based on the chronic aquatic life
standard (As Chronic) [MDEQ, 2012b] and the Clark Fork River Operable Unit
Record of Decision performance goals for the dissolved (Diss As) and total
recoverable (TR As) arsenic concentrations [USEPA, 2004].
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Figure 2-39. Dissolved arsenic compliance ratios for the Clark Fork River mainstem
sites, 2014. Compliance ratio is based on Clark Fork River Operable Unit Record of
Decision performance goal for dissolved arsenic (Diss As) concentration [USEPA,
2004].
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Figure 2-40. Total recoverable arsenic compliance ratios for the Clark Fork River
mainstem sites, 2014. Compliance ratio is based on Clark Fork River Operable Unit
Record of Decision performance goal for total recoverable arsenic (TR As)
concentration [USEPA, 2004].
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Figure 2-41. Dissolved arsenic compliance ratios for the Clark Fork River tributary
sites, 2014. Compliance ratio is based on Clark Fork River Operable Unit Record of
Decision performance goal for dissolved arsenic (Diss As) concentration [USEPA,
2004].
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Figure 2-42. Total recoverable arsenic compliance ratios for the Clark Fork River
tributary sites, 2014. Compliance ratio is based on Clark Fork River Operable Unit
Record of Decision performance goal for total recoverable arsenic (TR As)
concentration [USEPA, 2004].
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2.3.6.2 Cadmium

Concentrations of total recoverable cadmium during 2014 were generally comparable and low
at mainstem Clark Fork River monitoring stations extending from near Galen to Gemback Road
and at Turah, with slightly higher concentrations at Deer Lodge [Table 2-11; Figure 2-43].
Cadmium concentrations were generally somewhat lower at all six of the tributary monitoring
stations [Table 2-11; Figure 2-44]. Concentrations of dissolved cadmium were usually close to
the minimum analytical reporting limit during 2014 monitoring events and most measureable
cadmium was present in a sediment-associated state (i.e., total recoverable).

The highest concentrations of total recoverable cadmium were almost always measured
during the Q1 monitoring event. The maximum concentrations in 2014 were recorded at the
Clark Fork River at Deer Lodge site in Q1 (0.00038 mg/L), and in Mill-Willow Creek at
Frontage Road in Q4 (0.00034 mg/L). Unexplained high turbidity conditions were encountered
in Mill-Willow Creek during the Q4 2014 monitoring event and several COC metals as well as
total suspended sediment were elevated. The lowest concentrations of total recoverable
cadmium were observed during the Q3 monitoring event at all sites except Warm Springs
Creek, which had the lowest seasonal concentration in Q4 [Table 2-11].

The minimum analytical reporting level for cadmium was lowered in 2014 from 0.00008
mg/L to 0.00003 mg/L. This improved detection capability makes direct comparison of the 2014
cadmium concentrations to earlier monitoring years difficult. This is especially true because
many of the 2010-2013 measurements were below the current reporting level. Total recoverable
cadmium concentrations in 2014 only rarely exceeded the chronic ALS, and never exceeded the
acute ALS or the HHSWS at any of the CFROU monitoring stations [Table 2-11]. The Q4 2014
cadmium measurement at the Mill-Willow Creek at Frontage Road site represented the only
exceedance of the chronic ALS. No exceedances of the established ALS or HHSWS performance
goals were observed in 60 site measurements in 2013. In contrast, a higher frequency of
exceedances was observed in each of the prior three years: 2010 (5 of 24 exceedances), 2011 (6 of
28 exceedances), and 2012 (4 of 60 exceedances).

The cadmium chronic ALS compliance ratios for the three selected Clark Fork River stations,
but not for the Silver Bow Creek site, appear to have declined to some degree since 2010 [Figure
2-45 through Figure 2-48]. Chronic ALS compliance ratios have not exceeded 1.0 at any of the
selected stations since Q1 2012. The acute ALS compliance ratios for total recoverable cadmium
were also below 1.0 at all mainstem and tributary monitoring sites examined. The highest
chronic ALS compliance ratios for total recoverable cadmium were observed during the Q1
monitoring event. The Clark Fork River at Deer Lodge most frequently showed the highest
cadmium ALS compliance ratios during 2014, and the Clark Fork River sites from near Galen to
Gemback Road showed the lowest ratios [Figure 2-49]. Among the tributaries, Mill-Willow
Creek at Frontage Road showed the highest cadmium compliance ratios and the Little Blackfoot
River showed the lowest ratios [Figure 2-50].
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Table 2-11. Total recoverable cadmium concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014.

Sample Period

Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen | 0.00018 | 0.00011 | 0.00008 | 0.00008 | 0.00004 | 0.00009
CFR-07D ggﬁ‘ Fork River at Galen 0.00019 | 0.00012 | 0.00011 | 0.00012 | 0.00005 | 0.00007
CFR-11F gg’g‘ Fork River at Gemback | 11000 | 0.00015 | 0.00013 | 0.00012 | 0.00005 | 0.00007
CFR-27H Eia(‘;glz Fork River at Deer 0.00038 | 0.00018 | 0.00021 | 0.00019 | 0.00009 | 0.00013
CFR-116A Clark Fork River at Turah 0.00024 | 0.00012 | 0.00009 | 0.00006 | 0.00006 | 0.00006
Tributary Sites
SS-25 Sg;‘fg}:ow Creek at Warm 0.00019 | 0.00009 | 0.00008 | 0.00010 ND 0.00013
MCWC- Mill-Willow Creek at
MWR Frontage Road 0.00013 | 0.00009 | 0.00010 | 0.00011 | 0.00004 | 0.00034
MWB-SBC ?H/Iglllgﬂlow Bypass near 0.00009 | 0.00007 | 0.00008 | 0.00016 | 0.00004 | 0.00005
WSC-SBC anjigl Springs Creek near 0.00008 | 0.00007 | 0.00007 | 0.00010 | 0.00004 ND
LBR-CFR Little Blackfoot River near ND | 0.00004 | ND ND ND ND
Garrison
FC-CFR Flint Creek near mouth 0.00008 | 0.00006 | 0.00006 | 0.00006 ND ND
Exceeds chronic aquatic life standard [MDEQ, 2012b].
ND Not detected at analytical reporting limit.
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Figure 2-43. Total recoverable (TR) and dissolved (Diss) cadmium concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit, 2014. Applicable
water quality standards are the aquatic life standards (ALS) and the human health
surface water standard (HHSWS) [MDEQ, 2012b].
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Figure 2-44. Total recoverable (TR) and dissolved (Diss) cadmium concentrations at
Clark Fork River tributary sampling sites, 2014. No bars indicate concentrations
below the analytical reporting limit. Applicable water quality standards are the
aquatic life standards (ALS) and the human health surface water standard (HHSWS)

[MDEQ, 2012b].
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Figure 2-45. Total recoverable cadmium (Cd) compliance ratios for Silver Bow Creek
at Warm Springs site, 2011-2014. Compliance ratios are based on the chronic and
acute aquatic life standards [MDEQ, 2012b].
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Figure 2-46. Total recoverable cadmium (Cd) compliance ratios for Clark Fork River
near Galen site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-47. Total recoverable cadmium (Cd) compliance ratios for Clark Fork River
at Deer Lodge site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-48. Total recoverable cadmium (Cd) compliance ratios for Clark Fork River
at Turah site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-49. Total recoverable (TR) cadmium (Cd) compliance ratio in the Clark Fork
River (CFR) mainstem sites, 2014. Compliance ratio is based on the chronic aquatic
life standard (ALS) [MDEQ, 2012b].
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Figure 2-50. Total recoverable (TR) cadmium (Cd) compliance ratio in Clark Fork
River (CFR) tributary sites, 2014. Compliance ratio is based on the chronic aquatic
life standard (ALS) [MDEQ, 2012b].
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2.3.6.3 Copper

Concentrations of total recoverable and dissolved copper during 2014 were elevated in Q1
and Q2 at all mainstem Clark Fork River sites and at several of the tributary monitoring sites.
The highest concentrations of total recoverable copper were observed at the Clark Fork River at
Deer Lodge station [Table 2-12]. Total recoverable copper concentrations increased from the
near Galen site to Deer Lodge, and then declined downstream to the Turah site [Figure 2-51].
The lowest mainstem copper concentrations were observed at the near Galen site. Within the
tributary sites, lowest concentrations were measured in the Little Blackfoot River, followed by
Flint Creek [Table 2-12]. The other tributaries had higher copper concentrations; most notably
Mill-Willow Creek at Frontage Road in Q4 in association with high turbidity (see Section
2.3.2.5) [Figure 2-52]. The highest copper concentrations at all of the CFROU mainstem
monitoring sites were observed during the Q1 monitoring event, while lowest concentrations
were observed in Q3. The tributary monitoring sites did not exhibit any consistent pattern of
seasonality in 2014.

Dissolved copper concentrations were relatively consistent during each 2014 monitoring
event compared to total recoverable copper concentrations.

Total recoverable copper concentrations frequently exceeded the chronic ALS (30 of 66
samples) during 2014 [Table 2-12]. The acute ALS was exceeded in 18 of 66 samples. Each of
the five mainstem Clark Fork River monitoring stations had at least three exceedances of the
chronic ALS during six monitoring events. Samples from the Clark Fork River at Deer Lodge
site exceeded the chronic ALS during all six monitoring events, and exceeded the acute ALS
during four of the six events. Samples from Warm Springs Creek near mouth showed two
exceedances of the total recoverable copper acute ALS, and Silver Bow Creek at Warm Springs
had two exceedances of the total recoverable copper chronic ALS. Mill-Willow Bypass had one
exceedance of the chronic ALS. Only the samples from the Little Blackfoot River and Flint
Creek were consistently below the chronic ALS for total recoverable copper. The overall
frequency of exceedances of the copper ALS at CFROU monitoring stations in 2014 (30 of 66
samples) was somewhat higher than in 2012 (17 of 60 samples) and 2013 (19 of 60 samples), but
lower than in 2011 (16 of 28 samples) and 2010 (15 of 24 samples).

Of the Clark Fork River mainstem stations that have been monitored each year since 2010
(near Galen, at Deer Lodge, and at Turah), the frequency of exceedances of the chronic and
acute ALS for copper was similar in 2014 to each of the previous years. All of the ALS
excursions in 2014 occurred during the Q1 and Q2 monitoring events during periods of elevated
streamflows. Silver Bow Creek at Warm Springs, which has been monitored since 2011, showed
similar total recoverable copper compliance ratios in each of years 2011-2014.

The magnitude of the chronic and acute ALS compliance ratios for total recoverable copper at
the three Clark Fork River mainstem stations that have been monitored each year since 2010
(near Galen, at Deer Lodge, and at Turah) appear to have declined over the five year period
[Figure 2-53 through Figure 2-56] Despite the apparent improvements, ALS compliance ratios
for copper commonly continue to exceed 1.0 at the Deer Lodge station. The seasonal and spatial
trends in ALS compliance ratios for total recoverable copper during 2014 were similar to the
pattern noted for cadmium. The Clark Fork River at Deer Lodge had the highest copper ALS
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compliance ratios during 2014 [Figure 2-55]. The Clark Fork River near Galen had the lowest
copper ALS compliance ratios of the mainstem monitoring sites during 2014 [Figure 2-57].
Among the tributary sites, Mill-Willow Creek at the Frontage Road, Warm Springs Creek near
its mouth, and Silver Bow Creek at Warm Springs had the highest copper compliance ratios and
the Little Blackfoot River had the lowest ratios [Figure 2-58]. The highest copper ALS
compliance ratios at mainstem monitoring sites were observed during the Q1 or Q2-Peak
monitoring event.

Table 2-12. Total recoverable copper concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising ‘ Peak ‘ Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.023 0.012 0.015 0.016 0.005 0.009
CFR-07D Clark Fork River at Galen Road 0.028 0.020 0.024 0.027 0.007 0.008
CFR-11F Clark Fork River at Gemback Road 0.036 0.022 0.027 0.026 0.008 0.009
CFR-27H Clark Fork River at Deer Lodge 0.083 0.033 0.056 0.048 0.019 0.024
CFR-116A Clark Fork River at Turah 0.038 0.017 0.013 0.012 0.007 0.009
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.022 0.009 0.007 0.009 0.004 0.008
MCWC-MWB | Mill-Willow Creek at Frontage Road | 0.008 0.008 0.007 0.008 0.004 0.034
MWB-SBC Mill-Willow Bypass near mouth 0.006 0.007 0.006 0.011 0.003 0.003
WSC-SBC Warm Springs Creek near mouth 0.008 0.008 0.012 0.017 0.006 0.008
LBR-CFR Little Blackfoot River near Garrison | 0.001 0.002 0.002 0.001 ND ND
FC-CFR Flint Creek near mouth 0.004 0.005 0.003 0.003 0.002 0.002

Exceeds chronic aquatic life standard [MDEQ, 2012b].
Exceeds acute aquatic life standard [MDEQ, 2012b].
ND Not detected at analytical reporting limit.
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Figure 2-51. Total recoverable (TR) and dissolved (Diss) copper concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit, 2014. Applicable
water quality standards are the aquatic life standards (ALS) and the human health
surface water standard (HHSWS) [MDEQ, 2012b].
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Figure 2-52. Total recoverable (TR) and dissolved (Diss) copper concentrations at
tributary sampling sites in the Clark Fork River Operable Unit, 2014. No bars
indicate concentrations below the analytical reporting limit. Applicable water
quality standards are the aquatic life standards (ALS) and the human health surface
water standard (HHSWS) [MDEQ, 2012b].
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Figure 2-53. Total recoverable copper (Cu) compliance ratios for Silver Bow Creek at
Warm Springs site, 2011-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-54. Total recoverable copper (Cu) compliance ratios for Clark Fork River
near Galen site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-55. Total recoverable copper (Cu) compliance ratios for Clark Fork River at
Deer Lodge site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-56. Total recoverable copper (Cu) compliance ratios for Clark Fork River at
Turah site, 2010-2014. Compliance ratios are based on the chronic and acute aquatic
life standards [MDEQ, 2012b].
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Figure 2-57. Total recoverable (TR) copper (Cu) compliance ratio in the Clark Fork
River (CFR) mainstem sites, 2014. Compliance ratio is based on the chronic aquatic
life standard (ALS) [MDEQ, 2012b].
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Figure 2-58. Total recoverable (TR) copper (Cu) compliance ratio in Clark Fork River
(CFR) tributary sites, 2014. Compliance ratio is based on the chronic aquatic life
standard (ALS) [MDEQ, 2012b].
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2.3.6.4 Lead

Increasing concentrations of total recoverable lead were observed in the mainstem Clark
Fork River from the near Galen site to the Deer Lodge site during 2014, followed by lower total
recoverable lead concentrations downstream at Turah [Table 2-13; Figure 2-59]. Lowest
mainstem total recoverable lead concentrations were found at the Clark Fork River near Galen
site, and highest concentrations were observed at the Deer Lodge site. Among the tributary
sites, concentrations of total recoverable lead were frequently high in Flint Creek, and were
occasionally elevated in Mill-Willow Creek at Frontage Road, Mill-Willow Bypass, and Silver
Bow Creek at Warm Springs in 2014 [Table 2-13; Figure 2-60]. The highest concentrations of
lead were observed at most stations during the Q1 monitoring event. The overall highest total
recoverable lead concentrations were measured in the Clark Fork River at Deer Lodge in Q1,
and in Mill-Willow Creek at Frontage Road during the Q4 monitoring event when turbidity
(Section 2.3.2.5) and total suspended sediment (Section 2.3.3) were also elevated at that site.
Nearly all detectable lead was present in a sediment associated state; dissolved lead
concentrations were commonly below the minimum analytical reporting limit during most (59 of
66) sampling events.

The maximum annual total recoverable lead concentration at CFROU monitoring stations in
2014 (0.0122 mg/L) was higher than the maximum concentration in 2013 (0.0060 mg/L), but
lower than the maximum concentrations in 2010 (0.0295 mg/L), 2011 (0.0515 mg/L) and 2012
(0.0366 mg/L).

Total recoverable lead concentrations exceeded the chronic ALS at two Clark Fork River
mainstem stations during 2014, including the Deer Lodge station (three exceedances; Q1, Q2-
Peak, Q2-Falling) and the Turah station (one exceedance; Q1) [Table 2-13]. Flint Creek
exhibited four exceedances of the chronic ALS in six measurements (Q1 and all Q2 events),
while Mill-Willow Creek at Frontage Road had two exceedances (Q2-Peak and Q4) and the Mill-
Willow Bypass had one exceedance (Q2-Falling). Samples collected at Clark Fork River
mainstem stations near Galen, at Galen Road, and at Gemback Road, and tributary sites on
Warm Springs Creek and the Little Blackfoot River, were consistently below the chronic ALS
for total recoverable lead during 2014 monitoring events. The overall frequency of exceedances
of the lead ALS at CFROU monitoring stations in 2014 (11 of 66 samples) was somewhat higher
than in 2013 (3 of 60 samples), but lower than in each of 2012 (11 of 60 samples), 2011 (6 of 28
samples) and 2010 (7 of 24 samples).

The lead chronic and acute ALS compliance ratios for the Clark Fork River mainstem
stations near Galen, at Deer Lodge, and at Turah appear to have declined somewhat over the
five-year period since 2010 [Figure 2-61 through Figure 2-64]. The lead compliance ratio for
Silver Bow Creek at Warm Springs was similar in each year from 2011 through 2014 [Figure
2-61].

The Clark Fork River near Galen frequently exceeded the lead chronic ALS compliance ratio
from 2010-2013, but did not exceed the chronic ALS in 2014 [Figure 2-62]. The Clark Fork River
at Galen Road and at Gemback Road also did not exceed the chronic ALS in 2014 [Figure 2-65].
Among the tributary sites, Mill-Willow Creek at Frontage Road, Mill-Willow Bypass, and Flint
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Creek had the highest lead compliance ratios and the Little Blackfoot River had the lowest
compliance ratios [Figure 2-66].

Table 2-13. Total recoverable lead concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.0051 0.0013 0.0015 0.0018 0.0003 0.0011
CFR-07D Clark Fork River at Galen Road 0.0054 0.0021 0.0024 0.0027 0.0005 0.0008
CFR-11F Clark Fork River at Gemback Road 0.0060 | 0.0025 | 0.0027 0.0027 0.0005 | 0.0007
CFR-27H Clark Fork River at Deer Lodge 0.0122 0.0035 0.0061 0.0046 0.0018 0.0026
CFR-116A Clark Fork River at Turah 0.0079 | 0.0028 | 0.0018 0.0016 0.0008 | 0.0010
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.0056 0.0012 0.0010 0.0012 0.0004 | 0.0012
MCWC-MWB | Mill-Willow Creek at Frontage Road | 0.0020 0.0012 0.0014 0.0016 0.0008 | 0.0112
MWB-SBC Mill-Willow Bypass near mouth 0.0015 0.0011 0.0011 0.0027 0.0004 0.0007
WSC-SBC Warm Springs Creek near mouth 0.0005 0.0005 0.0011 0.0015 0.0003 0.0005
LBR-CFR Little Blackfoot River near Garrison | 0.0003 | 0.0009 | 0.0004 0.0003 ND ND
FC-CFR Flint Creek near mouth 0.0087 0.0042 0.0051 0.0048 0.0009 0.0020
Exceeds chronic aquatic life standard [MDEQ, 2012b].
ND Not detected at analytical reporting limit.
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Figure 2-59. Total recoverable (total recoverable) and dissolved (Diss) lead
concentrations at mainstem sampling sites in the Clark Fork River Operable Unit,
2014. Applicable water quality standards are the aquatic life standards (ALS) and the
human health surface water standard (HHSWS) [MDEQ, 2012b].
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Figure 2-60. Total recoverable (TR) and dissolved (Diss) lead concentrations at
tributary sampling sites in the Clark Fork River Operable Unit, 2014. No bars
indicate concentrations below the analytical reporting limit. Applicable water
quality standards are the aquatic life standards (ALS) and the human health surface

water standard (HHSWS) [MDEQ, 2012b].
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Figure 2-61. Total recoverable lead (Pb) compliance ratios for Silver Bow Creek at
Warm Springs site, 2011-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-62. Total recoverable lead (Pb) compliance ratios for Clark Fork River near
Galen site, 2010-2014. Compliance ratios are based on the chronic and acute aquatic
life standards [MDEQ, 2012b].
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Figure 2-63. Total recoverable lead (Pb) compliance ratios for Clark Fork River at
Deer Lodge site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012b].
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Figure 2-64. Total recoverable lead (Pb) compliance ratios for Clark Fork River at
Turah site, 2010-2014. Compliance ratios are based on the chronic and acute aquatic
life standards [MDEQ, 2012b].
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Figure 2-65. Total recoverable (TR) lead (Pb) compliance ratio in the Clark Fork
River (CFR) mainstem sites, 2014. Compliance ratio is based on the chronic aquatic
life standard (ALS) [MDEQ, 2012b].
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Figure 2-66. Total recoverable (TR) lead (Pb) compliance ratio in Clark Fork River
(CFR) tributary sites, 2014. Compliance ratio is based on the chronic aquatic life
standard (ALS) [MDEQ, 2012b].
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2.3.6.5 Zinc

Zinc concentrations in the Clark Fork River mainstem increased at each monitoring station
throughout Reach A, from near Galen to Deer Lodge, and then decreased downstream at Turah
in 2014 [Table 2-14; Figure 2-67]. Lowest concentrations at mainstem monitoring sites were
seen in the Clark Fork near Galen, while highest concentrations were observed at the Deer
Lodge site. All samples from the CFROU tributary sites had low zinc concentrations in 2014,
with two exceptions [Table 2-14; Figure 2-68]. These included the Mill-Willow Creek at
Frontage Road site in Q4 during the high turbidity event, and Silver Bow Creek at Warm
Springs in Q1 which may have corresponded to spring turnover in the Warm Springs Ponds
based on other parameters. Like most of the COC metals during 2014 monitoring events, the
highest zinc concentrations in 2014 were usually observed during the Q1 monitoring event. This
temporal pattern was not distinct for the tributary sites where zinc concentrations were lower
overall.

A relatively high proportion of the zinc present at many of the mainstem monitoring stations
during many of the quarterly monitoring events was present in a dissolved state [Figure 2-67].
This was less pronounced during higher flow conditions in Q1 and Q2 when more of the zinc
was present in a sediment associated state. The highest total recoverable zinc concentration at
CFROU monitoring stations in 2014 (0.075 mg/L) was higher than the maximum concentration
in 2013 (0.04 mg/L), but much lower than the maximum concentrations in 2010 (0.17 mg/L),
2011 (0.25 mg/L) and 2012 (0.22 mg/L)). The minimum analytical reporting limit for zinc was
lowered in 2014 to 0.008 mg/L from the prior limit of 0.01 mg/L which applied to 2010-2013
monitoring years.

The zinc ALS compliance ratios for the Clark Fork River mainstem stations near Galen, at
Deer Lodge, and at Turah appear to have declined somewhat since 2010 [Figure 2-69 through
Figure 2-72]. The tributary station on Silver Bow Creek at Warm Springs did not show a similar
declining trend [Figure 2-69]. The seasonal and spatial trends in ALS compliance ratios for total
recoverable zinc during the six 2014 monitoring events were similar to the patterns noted for
cadmium, copper, and lead. The Clark Fork River at Gemback Road and at Deer Lodge most
frequently had the highest zinc ALS compliance ratios during 2014, and the highest mainstem
ratios occurred during the Q1 monitoring events [Figure 2-73]. All of the tributaries had
compliance ratios that were consistently below 0.1 [Figure 2-74]. The mainstem stations also
had compliance ratios during 2014 that were consistently below 1.0. Compliance ratios at all of
the mainstem Clark Fork River stations examined appear to have declined since 2010 [Figure
2-70; Figure 2-71; Figure 2-72]. Compliance ratios at the Silver Bow Creek at Warm Springs
station appear unchanged since 2011 [Figure 2-69]. The overall frequency of exceedances of the
zinc ALS at CFROU monitoring stations in 2014 (0 of 66 samples) was comparable to 2013 (0 of
60 samples), but lower than in each of 2010 (2 of 24 samples), 2011 (2 of 28 samples), and 2012
(3 of 60 samples).
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Table 2-14. Total recoverable zinc concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-03A Clark Fork River near Galen 0.037 0.014 0.011 0.013 ND 0.019
CFR-07D Clark Fork River at Galen Road 0.036 0.021 0.018 0.027 ND 0.015
CFR-11F Clark Fork River at Gemback Road 0.041 0.023 0.021 0.020 ND 0.015
CFR-27H Clark Fork River at Deer Lodge 0.075 0.033 0.040 0.035 0.015 0.027
CFR-116A Clark Fork River at Turah 0.060 0.027 0.019 0.016 0.011 0.015
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 0.041 0.014 0.008 0.011 ND 0.027
MCWC-MWB | Mill-Willow Creek at Frontage Road 0.021 ND ND 0.010 ND 0.054
MWB-SBC Mill-Willow Bypass near mouth 0.017 ND ND 0.014 ND 0.010
WSC-SBC Warm Springs Creek near mouth 0.009 ND ND 0.010 ND ND
LBR-CFR Little Blackfoot River near Garrison ND ND ND ND ND ND
FC-CFR Flint Creek near mouth 0.029 0.016 0.017 0.015 ND ND

ND Not detected at analytical reporting limit.
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Figure 2-67. Total recoverable (TR) and dissolved (Diss) zinc concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit, 2014. No bars
indicate concentrations below the analytical reporting limit. Applicable water
quality standards are the aquatic life standards (ALS) and the human health surface
water standard (HHSWS) [MDEQ, 2012b].
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Figure 2-68. Total recoverable (TR) and dissolved (Diss) zinc concentrations at
tributary sampling sites in the Clark Fork River Operable Unit, 2014. No bars
indicate concentrations below the analytical reporting limit. Applicable water
quality standards are the aquatic life standards (ALS) and the human health surface
water standard (HHSWS) [MDEQ, 2012b].
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Figure 2-69. Total recoverable zinc (Zn) compliance ratios for Silver Bow Creek at
Warm Springs site, 2011-2014. Compliance ratios are based on the aquatic life
standards [MDEQ, 2012b].
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Figure 2-70. Total recoverable zinc (Zn) compliance ratios for Clark Fork River near
Galen site, 2010-2014. Compliance ratios are based on the aquatic life standards
[MDEQ, 2012b].
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Figure 2-71. Total recoverable zinc (Zn) compliance ratios for Clark Fork River at
Deer Lodge site, 2010-2014. Compliance ratios are based on the aquatic life standards
[MDEQ, 2012b].
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Figure 2-72. Total recoverable zinc (Zn) compliance ratios for Clark Fork River at
Turah site, 2010-2014. Compliance ratios are based on the aquatic life standards
[MDEQ, 2012b].
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Figure 2-73. Total recoverable (TR) zinc (Zn) compliance ratio in the Clark Fork River
(CFR) mainstem sites, 2014. Compliance ratio is based on the chronic and acute
aquatic life standard (ALS) [MDEQ, 2012b].
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Figure 2-74. Total recoverable (TR) zinc (Zn) compliance ratio in Clark Fork River
(CFR) tributary sites, 2013. Compliance ratio is based on the chronic and acute
aquatic life standard (ALS) [MDEQ, 2012b].
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2.3.7 Other Metals

2.3.7.1 Mercury

Monitoring for mercury at CFROU monitoring stations began in 2012. In 2013-2014,
mercury monitoring was reduced to two stations: Flint Creek near mouth and Clark Fork River
near Drummond. In 2014, the minimum analytical reporting level for mercury was lowered
from 0.000010 mg/L to 0.000005 mg/L.

With the lower reporting levels, mercury was detected in 12 of the 12 (100%) samples
collected in 2014 [Table 2-15]. The highest mercury concentrations at both monitoring sites in
2014 occurred during the Q1 monitoring event. The second highest mercury concentration
occurred in Flint Creek during the Q2-Peak monitoring event [Figure 2-75]. Flint Creek
mercury concentrations were consistently higher than the Clark Fork River near Drummond
concentrations, with Flint Creek the likely source of mercury at the latter, downstream site.

All 2014 samples from Flint Creek exceeded the mercury HHSWS [Table 2-15]. One of six
samples from the Clark Fork River near Drummond (Q1) exceeded the HHSWS in 2014;
however, all three Q2 sample concentrations (ranging from 0.000037-0.000050 mg/L)
approached or attained the HHSWS (0.000050 mg/L). Overall, mercury concentrations at these
two stations in 2014 were within the range of concentrations observed at these stations in 2012-
2013. The maximum concentration measured in 2014 was also similar to the highest
concentration measured in 2013. In 2013, Flint Creek had four of six samples exceeding the
HHSWS and the Clark Fork River near Drummond showed no excursions. In 2012, Flint Creek
had two of four samples exceeding the HHSWS and the Clark Fork River near Drummond
showed one of four excursions. Compliance ratios for mercury at the Flint Creek near mouth
and Clark Fork River near Drummond sites in 2012-2014 did not demonstrate apparent upward
or downward temporal trends [Figure 2-76; Figure 2-77].

Table 2-15. Total mercury concentrations (mg/L) at Clark Fork River Operable Unit
monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 . : Q3 Q4
Rising ‘ Peak ‘ Falling
Mainstem Sites
CFR-84F Clark Fork River near 0.000160 | 0.000050 | 0.000041 | 0.000037 | 0.000020 | 0.000013
Drummond
Tributary Sites
FC-CFR Flint Creek near mouth 0.000400 ‘ 0.000230 ‘ 0.000360 ‘ 0.000220 | 0.000058 | 0.000190

Exceeds human health surface water standard [MDEQ, 2012b].
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Figure 2-75. Total mercury (Hg) concentrations at sampling sites in the Clark Fork
River Operable Unit, 2014. Applicable water quality standards are the aquatic life
standards (ALS) and the human health surface water standard (HHSWS) [MDEQ,
2012b].
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Figure 2-76. Total mercury (Hg) compliance ratios for Flint Creek near mouth site,
2012-2014. Compliance ratios are based on the chronic aquatic life standard and the
human health surface water standard, or the drinking water standard (DW) [MDEQ,
2012b].
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Figure 2-77. Total mercury (Hg) compliance ratios for Clark Fork River near
Drummond site, 2012-2014. Compliance ratios are based on the chronic aquatic life
standard and the human health surface water standard, or the drinking water
standard (DW) [MDEQ, 2012b].
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2.3.7.2 Methylmercury

In 2014, methylmercury was detected in all samples collected from each of the Flint Creek
and Clark Fork River near Drummond stations [Table 2-16; Figure 2-78]. Like total mercury,
these two sites are the only sites sampled for methylmercury within the CFROU network of
stations. Methylmercury concentrations were highest during the Q2-Peak monitoring event in
Flint Creek, and highest in Q1 at the Clark Fork River near Drummond site. Flint Creek
consistently had methylmercury concentrations that were nearly two-fold to nearly four-fold the
concentrations of the Clark Fork River near Drummond site [Table 2-16].

Methylmercury concentrations in 2014 were within the range of concentrations observed in
samples from those sites in 2012 and 2013. However, the maximum 2014 methylmercury
concentrations at each site were lower in 2014 than in either of 2012 or 2013.

Table 2-16. Methylmercury concentrations (ng/L) at Clark Fork River Operable Unit
monitoring stations, 2014.

Sample Period
Site ID Site Location Q2
Q1 Q3 Q4
Rising | Peak | Falling
Mainstem Sites
CFR-gap | Clark Fork River near 0.615 0.343 0.323 0.319 0.237 0.151
Drummond
Tributary Sites
FC-CFR Flint Creek near mouth 1.140 0.807 1.190 0.990 0.455 0.547
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Figure 2-78. Methylmercury concentrations at sampling sites in the Clark Fork River
Operable Unit, 2014.

2.3.8 Data Validation

Data derived from laboratory analysis of surface water samples collected at upper Clark Fork
River locations were validated through field quality control samples (i.e., field duplicates and
field blanks) and laboratory control samples (lab duplicates, blanks, spikes, and reference and
calibration standards. Analysis of field quality measures are described in Appendix A. Results
of laboratory quality control measures are described in Appendix B.

Analysis results for surface water field duplicate samples were within acceptable limits for
the majority of chemical parameters during all quarters of 2014. In total 288 field sample and
field duplicate pairs were compared and 101 of those pairs had analyte concentrations which
were less than five times the reporting limit and therefore relative percent difference (RPD)
comparisons were not valid according to the project QAPP [DeArment et al., 2013]. Of the
remaining 187 sample and duplicate pairs, 177 (95%) had RPDs <25%. Sample and duplicate
pairs with RPD >25% were total mercury (three pairs with RPDs of 34%, 37%, and 74%),
methylmercury (two pairs with RPDs of 36% and 40%), total nitrogen (three pairs with RPDs of
37%, 38%, and 71%), and total suspended sediment (two pairs with RPDs of 13% and 40%).

Analyte concentrations were below reporting limits (RLs) in 267 of 288 (93%) of the field
blank samples (i.e., deionized water samples prepared in the same manner as field sample) in
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2014. Analyte concentrations in field blanks which exceeded the reporting limits in 2014
included dissolved organic carbon (six samples with concentrations ranging from 0.3-0.5 mg/L;
RL = 0.1 or 0.5 mg/L), chloride (one sample with concentration of 7 mg/L; RL = 1 mg/L), total
nitrogen (two samples with concentrations of 0.08 and 0.11 mg/L; RL = 0.05 mg/L), total
phosphorus (one sample with concentration of 0.05 mg/L; RL = 0.05 mg/L), total suspended
sediment (two samples with concentrations of 3 mg/L and 3 mg/L; RL = 1 mg/L), and dissolved
zinc (nine samples with concentrations ranging from 0.009-0.19 mg/L; RL = 0.008 mg/L).

2.4 DISCUSSION

2.4.1 Streamflows

Streamflows in the upper Clark Fork River watershed were normal or above normal at all
sites during almost all monitoring periods in 2014. The streamflows were also higher than in
2013, but much lower than some prior years such as 2011. Higher streamflows presumably
contributed to slightly higher COC concentrations in 2014 compared to 2013. Average to above
average streamflows also almost certainly influenced other parameters such as water
temperatures, nutrient levels, conductivity, turbidity, common ion concentrations, and total
suspended sediment concentrations.

2.4.2 Field Parameters

2.4.2.1 Water Temperature

Water temperature has considerable chemical and biological significance in riverine systems.
Stream temperatures reflect seasonal changes in net solar radiation as well as daily changes in
air temperature, and vary as a function of stream morphological characteristics, groundwater
inputs, shading, the presence of particulate matter in the water column, and other variables.
Optimal water temperatures for most trout species is approximately 12—-14 C. Sustained
temperatures in the 2025 C temperature range can be fatal for trout.

Temperature monitoring results for the upper Clark Fork River monitoring stations during
2014 indicated modest seasonal and spatial variations that were generally within the preferred
range for cold water organisms such as trout. The maximum recorded water temperature was
16.9 C at the Clark Fork River at Deer Lodge site. However, stream temperatures are extremely
variable as a result of weather and diel variation and this monitoring program is not intended
to capture extreme temperature swings. More detailed hourly temperature data collected by
Montana Fish, Wildlife and Parks indicated that water temperatures in the Clark Fork River
and tributaries are extremely stressful for trout, regularly exceeding 20 C and may occasionally
exceed 25 C in the summer months at many of these sites (see Section 8.0).
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2.4.2.2 Acidity

Water pH measures the acidity of water as the concentration of hydrogen ions on a
logarithmic scale. Acidity is influenced by water temperature, although the relationship is not
linear, and typically shows a weak inverse relationship to streamflow as concentrations of base
minerals tend to become diluted during runoff conditions. Acidity typically fluctuates on a diel
cycle in relation to stream metabolism, with pH highest during the day. As dissolved carbon
dioxide (a weak acid) levels increase during the night (because photosynthesis does not occur),
pH levels decrease. Stream pH has direct and indirect effects on water chemistry and the biota
of aquatic systems. Declines in pH below 6.5 may reduce salmonid egg production and hatching,
and can reduce the emergence of some aquatic insects. The solubility of some metals varies with
pH. This is important in systems such as the Clark Fork River where metal concentrations in
sediments are elevated. Stream pH also affects a variety of other instream chemical equilibria,
for example the proportion of ammonia present in the toxic (un-ionized) form.

The Montana Department of Environmental Quality has concluded that pH levels need to be
maintained within the 6.5-9.0 range to protect aquatic life. Generally, pH measured in the
Clark Fork River during 2014 monitoring events was within these recommended levels.
However, pH in Silver Bow Creek immediately upstream from the Clark Fork River mainstem
regularly exceeds 9.0 during the summer (S. Lubick, Pioneer-Technical Services, unpublished
data). Two measurements from Silver Bow Creek at Warm Springs site had pH values of 9.38
and 9.48 in Q2-Falling and Q3, while two Q3 measurements in the Clark Fork River near Galen
and at Gemback Road had values of 9.04 and 9.06, respectively. It is unclear if elevated daytime
pH in Silver Bow Creek below the Warm Springs Ponds and at downstream Clark Fork River
mainstem sites is the result of excessive liming, diel cycles related to high productivity from
nutrient enrichment, or both [Nimmick et al., 2011; Chatham, 2012].

2.4.2.3 Conductivity

Conductivity is a quantitative measure of the ability of an aqueous solution to convey an
electrical current and is a function of water temperature and the concentration of dissolved ions
in water. Conductivity provides an approximation of the concentration of dissolved solids in
water as well as its potential suitability for uses that may be limited by excessive salinity.
Conductivity also gives general insight into spatial and seasonal changes in water chemistry.

Elevated levels of conductivity reflecting high dissolved solids may limit some water uses,
such as irrigation, or drinking water. Very low conductivity, as affected by watershed geology,
may contribute to low productivity of associated biological systems. Conductivity tends to be
inversely proportional to streamflow due to dilution from spring snowmelt runoff. Conductivity
in the upper Clark Fork River in 2014 reflected seasonal variation consistent with annual
snowmelt runoff. Conductivity in the Clark Fork River mainstem in 2014 ranged from 168-579
puS/ecm. In comparison, the USEPA states, “Studies of inland fresh waters indicate that streams

supporting good mixed fisheries have a (conductivity) range between 150 and 500 pS/cm”
[USEPA, 2015].

98



2.4.2.4 Dissolved Oxygen

Dissolved oxygen refers to the amount of oxygen dissolved in water. The capacity of water to
hold oxygen in solution is inversely proportional to water temperature. In addition to water
temperature, instream dissolved oxygen concentrations are affected by respiration of organisms,
photosynthesis of aquatic plants, the biochemical oxygen demand of substances in the water,
and the dissolution of atmospheric oxygen in the water by rapid movement. Dissolved oxygen
levels fluctuate seasonally and over diel cycles due to variation in rates of stream metabolism.

Acceptable levels of dissolved oxygen for the protection of aquatic life are defined in the
Montana water quality standards [MDEQ, 2012b]. Values that apply to the upper Clark Fork
River range from a high of 9.5 mg/L,, measured as a seven-day mean concentration where
sensitive early life stages are present, to a low of 4.0 mg/L. measured as a one day minimum for
settings where other than early life stages of aquatic life are present [MDEQ, 2012b].

Adequate levels of dissolved oxygen are required by biological stream communities and for
the decomposition of organic matter in the stream. No dissolved oxygen measurements in the
CFROU in 2014 indicated water quality or water use limitations associated with low oxygen
concentrations (overall range of 8.3-15.2 mg/L). However, the lowest dissolved oxygen
concentrations generally occur in the pre-dawn hours and monitoring occurred in the daytime at
all sites.

2.4.2.5 Turbidity

Turbidity refers to the amount of light that is absorbed or scattered by water, and is an
optical property of water. Increasing turbidity or “cloudiness” in surface waters usually results
from the presence of suspended silt or clay particles, organic matter, colored organic compounds,
and microorganisms. Turbidity does not always correlate well with the weight of suspended
matter in solution because of different particle sizes, weights and refractive properties of the
substances that contribute to turbidity.

Elevated turbidity levels can impede recreational and aesthetic uses of water, and turbidity
1s an important parameter for drinking water. High turbidity adversely affects feeding, growth,
and suitable habitat of salmonid fishes, and it may contribute to increases in surface water
temperatures. The MDEQ has established maximum allowable increases above naturally
occurring turbidity. The allowable increase is 10 nephelometric turbidity units (NTU) for C-2
class streams (Clark Fork River from Warm Springs Creek to Cottonwood Creek), and five units
for C-1 (Clark Fork River from Cottonwood Creek to the Little Blackfoot River) and B-1
(remainder of Clark Fork) class streams [ARM 17.30.623, 2007; ARM 17.30.626—627, 2007].

Turbidity during the 2014 Q1 monitoring event was significantly elevated compared to other
monitoring events presumably due to an early lowland snowmelt runoff event prior to sampling.
Although the hydrograph had declined from earlier highs during the Q1 monitoring event,
streamflows were still higher than normal for that time of the year. Turbidity was generally low
during the other five monitoring events. One exception to this pattern was Mill-Willow Creek at
Frontage Road which had elevated turbidity in Q4, the cause of which is unknown.
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2.4.3 Total Suspended Sediment

Suspended sediment refers to sediment suspended in the water column, as opposed to
sediment transported along the stream bottom, which is known as bedload. Suspended sediment
in streams generally includes a range of particle sizes which will vary with watershed geology,
stream velocity, bed form, and turbulence. Excess fine sediment interferes with most water uses
and has particularly adverse effects on benthic invertebrate and salmonid fish growth and
reproduction. Increased suspended sediment can reduce light penetration and affect primary
production by aquatic plants, and may affect the morphology of alluvial stream channels. In the
Clark Fork River system, transport of many of the COCs is directly correlated with suspended
sediment.

Total suspended sediment concentrations during most 2014 sampling events at most sites
were similar to prior years and generally as expected given streamflow conditions. Spatial and
seasonal patterns were similar to those for turbidity, with highest total suspended sediment
concentrations observed in Q1. Mill-Willow Creek at Frontage Road also had greatly elevated
total suspended sediment in Q4, as was noted for turbidity. The source of that apparently
episodic, localized event remains unknown.

2.4.4 Common lons

Common ions describe basic water chemistry. Certain ions, such as sulfate, may indicate the
presence of mine related contaminants. Calcium and magnesium ions contribute to water
hardness, which helps to buffer the toxic effects of some metals. Aquatic life toxicity criteria for
metal COCs vary directly in relation to hardness. Hardness mitigates metals toxicity by
impeding the rate at which aquatic organisms absorb metals through the gills. Carbonate and
bicarbonate alkalinity contribute to the buffering system of surface waters to resist changes in
pH. Levels of water hardness and alkalinity also strongly influence the productivity of aquatic
systems. Western freshwater fisheries typically have alkalinity of 100—200 mg/L. In 2014, the
Clark Fork mainstem alkalinity ranged from 68-170 mg/L.. Based on previous monitoring,
calcium is the dominant cation at the upper Clark Fork River monitoring network stations.

Water hardness at the Clark Fork River mainstem stations in 2014 would be categorized as
“hard” to “very hard” except during major runoff conditions. In comparison, most rivers in
western Montana have “moderately hard” to “hard” water [USGS, 2015a]. The moderately
elevated water hardness in the Clark Fork River relative to other regional rivers is likely
beneficial overall for aquatic life because water hardness mitigates toxicity of heavy metals
[USEPA, 1986]. Moderate alkalinity in the upper mainstem Clark Fork River reflect a well
buffered system, with good potential for fish production barring other limitations. Sulfate is the
second most prevalent anion in the upper Clark Fork River watershed, behind bicarbonate.

2.4.5 Nutrients

Numeric water quality standards have been adopted for nutrients in the Clark Fork River
from the Warm Springs Creek confluence to the Blackfoot River confluence, a river section
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which encompasses most of the CFROU (ARM 17.30.631). The standards apply only to the
summer season (June 21 through September 21). The standards for this segment of the Clark
Fork River are 0.300 mg/L for total nitrogen and 0.020 mg/L for total phosphorus (ARM
17.30.631). The standards do not apply to sample sites located on tributaries to the Clark Fork
River. Instead, summertime base numeric nutrient standards for the Middle Rockies Ecoregion
apply to the tributaries during the July 1 to September 30 time period. These standards are
0.300 mg/L for total nitrogen and 0.030 mg/L for total phosphorus [MDEQ, 2014b].

Total nitrogen concentrations were highest during the Q1 and Q4 monitoring events. The
maximum total nitrogen concentrations were observed in the Clark Fork River at Deer Lodge
and in Silver Bow Creek at Warm Springs in Q1. The Clark Fork River at Deer Lodge site
exceeded the total nitrogen water quality standard in Q2-Falling and Q3. No other mainstem or
tributary sites exceeded the relevant total nitrogen standards during 2014 monitoring events.

Concentrations of total phosphorus were highest in the Clark Fork River at Turah, Silver
Bow Creek at Warm Springs, and Flint Creek near its mouth, all during the Q1 2014
monitoring event. All of the Clark Fork River mainstem monitoring sites, plus Silver Bow Creek
at Warm Springs and Flint Creek near its mouth, exceeded the summertime total phosphorus
water quality standard in either or both of the applicable Q2-Falling (late-June) and Q3
(September) monitoring events.

Ammonia concentrations exceeded the chronic toxicity aquatic life standard in Silver Bow
Creek at Warm Springs during the Q1 2014 monitoring event. Since no ammonia was detected
upstream in the Mill-Willow Bypass, we assume the high level of ammonia in Silver Bow Creek
originated from the Warm Springs Pond discharge. The streamflow in Mill-Willow Bypass on
March 19 was 22.63 cfs, compared to 143.63 cfs in Silver Bow Creek at Warm Springs.
Therefore, the Pond 2 discharge streamflow was approximately 121 cfs. These exceedances
occurred in the spring and may have occurred in association with dimictic mixing (lake
overturning) in the Warm Springs Ponds although. Ammonia had not previously been detected
at any of the mainstem Clark Fork River monitoring stations in any other monitoring event
since 2011.

2.4.6 Contaminants of Concern

Surface water monitoring data collected in 2014 represent the fifth year of monitoring in the
CFROU. Remediation activities in the CFROU began in early 2013. Active remediation was in
progress in the uppermost 1.6 mile reach of the Clark Fork River (Phase 1 of Reach A),
immediately downstream from the Warm Springs confluence, through 2013. The Phase 1
cleanup activities were completed on April 4, 2014. Additional vegetation was planted in April,
May and in the fall of 2014. This portion of the river, from just below the Warm Springs Ponds
and running 1.2 miles north of the Morel Road Bridge, is closed to the public until September
15, 2015. This closure includes the floodplain and streambanks.

Overall, Reach A, extending from the Warm Springs Creek confluence to the Little Blackfoot
River confluence, has the largest volume of streamside tailings in the CFROU. In particular, the
uppermost portion of the river located upstream from the town of Deer Lodge has been
identified as an area of relatively heavy COC loading to the Clark Fork River [Sando et al.,
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2014]. Construction work for Phases 5 and 6 began in summer 2014. Phases 5 and 6 involve two
private landowners and cleanup on working ranches. The remediation project will consist of
tailings removal on 4.5 river miles and is scheduled to last 400 calendar days. As of December
2014, 50,000 cubic yards of contaminated material had been removed from the Clark Fork River
floodplain and over 5,000 linear feet of stream banks had been rebuilt. In addition, internal
haul roads have been completed and on-site borrow areas have been developed. This phase will
continue through winter 2015 with an anticipated completion date of Fall 2015. MDEQ 1is
currently working with private landowners and the Grant-Kohrs Ranch on the Preliminary
Design Plans for Phases 2, 7, 15 and 16. These plans begin to lay out the design for the phases
where future remediation work will be conducted.

Monitoring from 2010-2012 represented baseline conditions in the CFROU, immediately
prior to the start of remediation. Because remedial activities were just beginning in 2013, it was
considered unlikely that monitoring in 2013 would demonstrate much change in COC levels in
the river. The 2014 monitoring was the first year following complete cleanup of the Phase 1
project area.

In 2014, exceedances of performance goals were rare for all COCs except arsenic and copper.
Of 30 samples collected in the Clark Fork River in 2014 (from five sites during six sample
periods) no samples (0%) had zinc concentrations exceeding the performance goal, only one
sample (3%) had cadmium concentrations exceeding the performance goal, and only four (13%)
had lead concentrations exceeding the performance goal.

Arsenic commonly exceeded the performance goals in 2014 in mainstem sites in Reach A. Of
24 samples collected in the Clark Fork River in Reach A (four sites during six sample periods),
96% exceeded the dissolved arsenic and 46% exceeded the total recoverable arsenic performance
goals [USEPA, 2004]. Silver Bow Creek and the Mill-Willow Creek were clearly sources of
arsenic to the Clark Fork River as 94% (17 of 18) samples from those sites exceeded the
dissolved arsenic and 78% (14 of 18) exceeded the total recoverable performance goals in those
sites [USEPA, 2004]. These results support findings of the USGS monitoring program. Recent
analysis by the USGS identified the Warm Springs Ponds, the Mill-Willow Bypass, and
groundwater in the vicinity of the Warm Springs Ponds as substantial arsenic sources to the
upper Clark Fork River [Sando et al., 2014].

In addition to arsenic contamination in the Clark Fork River mainstem in 2014, total
recoverable copper exceeded the chronic ALS in the mainstem Clark Fork River sites in 95% (19
of 20) of the samples collected in Q1 and Q2, but only at Deer Lodge in Q3 and Q4. In Q1 and
Q2, total recoverable copper exceeded the acute ALS in 70% (14 of 20) of the samples. These
results support conclusions of Sando et al. [2014] that the Clark Fork River reach upstream
from Deer Lodge is a major source of copper loading and copper concentrations throughout the
river are strongly related to streamflows.

2.4.7 Other Metals

Monitoring data continues to implicate Flint Creek as a primary source of mercury and
methylmercury to the Clark Fork River. Mercury concentrations in Flint Creek exceeded the
HHSWS [MDEQ, 2012b] during all sample periods, by as much as 8.0 times in Q1. In the Clark
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Fork River near Drummond, the mercury HHSWS was only exceeded in Q1. Methylmercury
concentrations were typically 2-3 times higher in Flint Creek compared to the Clark Fork River

near Drummond.

2.4.8 Data Validation

Generally, this monitoring program has satisfied the data quality objectives and data quality
indicators specified in the QAPP [DeArment et al., 2013]. However, quality control procedures
have consistently demonstrated that trace level contamination of dissolved field samples with
zinc occurs. We continue to suspect that the field filtering apparatus is responsible for the zinc
contamination and over the last two years we have implemented additional steps in an attempt
to reduce zinc contamination in the dissolved samples. Beginning in Q4 2012, all field filters
were rinsed with deionized water prior to filtration of dissolved samples. However, this
approach did not reduce the frequency of dissolved zinc contamination in 2013. In 2014, all
dissolved sample bottles, field filters, and syringes were triple rinsed with laboratory pure
deionized water stored only in sterilized glass bottles in a further attempt to reduce zinc
contamination in filtered samples. This approach also does not appear to have reduced zinc
contamination in the dissolved samples; zinc was still detected at concentrations above the
reporting limits in 75% (9 of 12) of the field blanks in 2014. This rate of zinc detections in the
dissolved blanks was higher than in prior years and this was partially due to a reduced
analytical reporting limit for zinc in 2014 (from 0.01 mg/L in 2013 to 0.008 mg/L in 2014).
However, even at the prior reporting limit (0.01 mg/L) 58% (7 of 12) of the dissolved field blank
samples in 2014 would have had detectable levels of zinc. It is worth noting that although the
contamination of dissolved samples with zinc introduces a slight positive bias (i.e., reported
dissolved zinc concentrations are higher than what actually occurs in the river), all field sample
dissolved and total recoverable zinc concentrations were well below the performance goals in
2014 indicating that the zinc contamination in the dissolved samples is minimal relative to the
action levels.
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3.0 SEDIMENT

3.1 INTRODUCTION

No specific remediation performance standards were established within the CFROU ROD for
concentrations of COC metals in instream sediments [USEPA, 2004]. In lieu of performance
standards the “threshold effect concentration” (TEC) and “probable effect concentration” (PEC),
consensus-based sediment quality guidelines for benthic organisms [MacDonald et al., 2000],
provide useful reference values for instream sediment quality [Table 3-1]. At metal COC
concentrations above the TEC, benthic organisms may be affected by that COC. At metal COC
concentrations above the PEC, benthic organisms are likely to be affected by that COC.

Remedial actions within the CFROU to remove floodplain tailings deposits and reduce
streambank erosion are expected to result in reduced COC concentrations in instream
sediments within the Clark Fork River. Therefore, instream sediment COC concentrations will
be monitored in the CFROU prior to, during, and following remediation. This report reviews
spatial and temporal trends in instream sediment metals concentrations in the CFROU during
the 2014 and prior monitoring years.

Table 3-1. Reference values for contaminant of concern (COC) concentrations
(expressed as dry weight concentrations [DW]) in instream sediments within the
Clark Fork River Operable Unit. The threshold effect concentration (TEC) and
probable effect concentration (PEC) were described in MacDonald et al. [2000].

Contaminant of Concern Threshold Effect Concentration Probable Effect Concentration
(mg/kg-DW) (mg/kg-DW)
Arsenic 9.79 33
Cadmium 0.99 4.98
Copper 31.6 149
Lead 35.8 128
Zinc 121 459

3.2 METHODS

3.2.1 Monitoring Locations

Instream sediment was monitored at 14 CFROU sites in 2014 [Table 3-2; Figure 3-1]. The
monitoring network includes six sites on the Clark Fork River mainstem and eight sites on
tributary streams [Table 3-2]. The monitoring site locations in 2014 were the same as the
monitoring site locations in 2013. However, monitoring sites changed between 2012 and 2013 to
provide a more detailed spatial representation of the Clark Fork River mainstem in Reach A.
Additionally, some sites were removed from the monitoring network to avoid duplication of
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water quality sampling efforts by the USGS. A record of changes to this monitoring program
since monitoring began in 2010 is provided in Appendix A of the project sampling and analysis
plan [Naughton et al., 2014].

Table 3-2. Instream sediment sampling locations in the Clark Fork River Operable
Unit, 2014.

Co-located Location (GPS
Site ID Site Location USGS coordinates, NAD 83)
Streamflow
Gauge

Latitude Longitude

Mainstem Sites

CFR-03A Clark Fork River near Galen 12323800 46.20877 -112.76740
CFR-07D Clark Fork River at Galen Road none 46.23725 -112.75302
CFR-11F Clark Fork River at Gemback Road none 46.26520 -112.74430
CFR-27H Clark Fork River at Deer Lodge 12324200 46.39796 -112.74283
CFR-84F Clark Fork River near Drummond 12331800 46.71204 -113.33137
CFR-116A Clark Fork River at Turah 12334550 46.82646 -113.81424

Tributary Sites

SS-25 Silver Bow Creek at Warms Springs 12323750 46.18123 -112.77917
MCWC-MWB Mill-Willow Creek at Frontage Road none 46.12649 -112.79876
MWB-SBC Mill-Willow Bypass near mouth none 46.17839 -112.78270
WSC-SBC Warms Springs Creek near mouth 12323770 46.18041 -112.78592
LC-7.59 Lost Creek near mouth 12323850 46.21862 -112.77384
RTC-1.510 Racetrack Creek near mouth none 46.28395 -112.74921
LBR-CFRM Little Blackfoot River near Garrison 12324590 46.51964 -112.79312
FC-CFR Flint Creek near mouth 12331500 46.62891 -113.15151

9 In 2013, LC-7 (GPS Location: 46.22665, -112.76017) was replaced LC-7.5. Site LC-7 was replaced because it
appeared to be located within the Clark Fork River floodplain.

10 Tn 2013, RTC-1 (GPS Location: 46.28406, -112.74484) was replaced by RTC-1.5. Site RTC-1 was replaced
because IT appeared to be located within the Clark Fork River floodplain.

11 Site LBR-CFR was replaced by site LBR-CFR-02 (GPS Location: 46.53710, -112.72443) on June 24, 2014.
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3.2.2 Monitoring Schedule

At least one surface water monitoring event occurred during each calendar quarter of 2014.
Instream sediment samples were collected during the first quarter (Q1) and third quarter (Q3)
surface water monitoring events. Each quarterly monitoring event occurred near the end of each
quarter, except during the second quarter (Q2). The first monitoring event (Q1) occurred in the
late winter, prior to spring runoff, from March 18-19. Three monitoring events were conducted
in Q2 to capture the rising (Q2-Rising), peak (Q2-Peak), and falling (Q2-Falling) portions of the
spring runoff hydrograph. The Q2 monitoring events were conducted on May 13-14 (Q2-Rising),
June 10-11 (Q2-Peak), and June 24-25 (Q2-Falling). The late summer (Q3) monitoring event
was scheduled during low streamflow conditions on September 16-17. The late fall (Q4)
monitoring event occurred on December 1-2.

3.2.3 Monitoring Parameters

Instream sediment samples were analyzed for wet weight (WW) and dry weight (WW) total
extractable metal (arsenic, cadmium, copper, lead, and zinc) concentrations.

3.2.4 Sample Collection and Analysis

Sediment samples were collected by compositing subsamples from at least five deposition
zones in wadeable locations at each monitoring site. Sediment was scooped from the streambed
with a plastic spoon following the MDEQ standard operating procedure [MDEQ, 2012a]. The
fine fraction (particle diameter <0.065 mm) portion of each sample was isolated from each
composite sample by wet sieve in the laboratory shortly after collection and retained for
analysis of metal concentrations. Each sample was analyzed for total extractable wet weight
concentrations (mg/kg-WW) and dry weight concentrations (mg/kg-DW) of arsenic, cadmium,
copper, lead, and zinc following methods identified in Table 3-3. The relative proportion (by
weight) of the fine fraction sediment in each sample was also determined. Sediment samples
were analyzed by Energy Laboratories (Helena, Montana). Prior to 2013, each sediment sample
was sieved into three size fractions (<0.065 mm, 0.065—1 mm, and 1-2 mm), and each size
fraction was independently analyzed for metal concentrations.

From 2010-2013, all CFROU sediment metals samples have been analyzed on a wet weight
(WW) basis. Wet weight analyte concentrations are normally lower than dry weight (DW)
analyte concentrations because the sample drying process reduces the total mass of the sample
without reducing the mass of the analyte. The TEC and PEC sediment performance goals are
expressed on a DW basis. In 2014, the sediment samples were analyzed for both WW and DW
concentrations to allow direct comparison with the TEC and PEC reference values. In addition,
analysis of both WW and DW concentrations in the CFROU in 2014 will provide data to inform
estimation of DW concentrations from measured WW concentrations when the corresponding
DW concentration was not measured (i.e., all CFROU sediment samples from 2010-2013). This
analysis was conducted using the CFROU and Streamside Tailings Operable Unit data [Ingman
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et al.,, 2015a]. Wet weight COC concentrations from 2014 monitoring in the CFROU are
presented in Appendix D.

Table 3-3. Sediment analysis methods for determination of metals concentrations in
the Clark Fork River Operable Unit, 2014.

Parameter Category Method
Arsenic SW6020 or SW6010B
Cadmium SW6020 or SW6010B
Copper Contaminant of Concern SW6020 or SW6010B
Lead SW6020 or SW6010B
Zinc SW6020 or SW6010B

3.2.5 Data Analysis

Data were analyzed to assess spatial and temporal patterns in sediment COC
concentrations. In addition, COC concentrations at each sample site were compared to the TEC
and PEC reference values [Table 3-1] to assess exceedances.

Analysis of both WW and DW concentrations in the CFROU in 2014 provided data to inform
estimation of DW concentrations from measured WW concentrations when the corresponding
DW concentration was not measured (i.e., all CFROU sediment samples from 2010-2013). This
analysis was conducted using the CFROU and Streamside Tailings Operable Unit data in 2014
[Ingman et al., 2015a].

3.2.6 Data Validation

Data quality objectives (DQOs) were established in the CFROU quality assurance project
plan (QAPP) for “data representativeness”, “comparability”, “completeness”, “sensitivity”,
“precision”, “bias”, and “accuracy” [DeArment et al., 2013]. Methods for field and laboratory
quality assurance and quality control (QA/QC) procedures are also described in detail in the
project QAPP. A completed QA/QC checklist, summary tables of field duplicate and field blank
results, and assessments of data quality objectives are included in Appendix A.

Variability in sediment metals concentrations among samples was assessed by comparing
field duplicate samples to field samples. Field duplicate samples were collected at the same
location and at the same time as field samples and were processed and analyzed by the same
methods. The relative percent difference (RPD) between the concentration in the field duplicate
and field sample pair was determined for each metal. Two field duplicate samples were collected
during each sampling event and RPD statistics were calculated for each field duplicate and field
sample pair.
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3.3 RESULTS

3.3.1 Sample Size Fraction

The proportion of sediment by size fraction in each 2014 CFROU sediment sample is
displayed in Table 3-4.

Table 3-4. Proportion of each sample collected in the Clark Fork River Operable Unit
composed of fine fraction (<0.065 mm) sediment particles, 2014.

Site ID Site Location Sample proportion (%)
Q1 Q3
Mainstem Sites
CFR-03A Clark Fork River near Galen 31.8 6.9
CFR-07D Clark Fork River at Galen Road 15.7 3.5
CFR-11F Clark Fork River at Gemback Road 6.2 7.7
CFR-27H Clark Fork River at Deer Lodge 33.4 1.2
CFR-116A Clark Fork at Turah 414 26.7
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs 3.6 3.5
MCWC-MWB Mill-Willow Creek at Frontage Road 2.0 1.8
MWB-SBC Mill-Willow Bypass near mouth 2.3 1.2
WSC-SBC Warm Springs Creek near mouth 2.9 22.8
LC-7.5 Lost Creek near mouth 11.6 3.0
RTC-1.5 Racetrack Creek near mouth 0.6 1.1
LBR-CFR Little Blackfoot River near Garrison 8.4 2.4
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3.3.2 Contaminants of Concern

3.3.2.1 Arsenic

The spatial trend for sediment arsenic concentrations at mainstem Clark Fork River
monitoring sites was a decrease in concentrations from the near Galen site to the Turah site
[Figure 3-2]. This spatial pattern was in contrast to the trend observed in 2013, when
concentrations increased from near Galen to Deer Lodge, then declined at Turah [Ingman et al.,
2015b]. Among the tributary stations that were monitored in 2014, the Mill-Willow Bypass
showed the highest sediment arsenic concentrations, followed by Silver Bow Creek at Warm
Springs and Mill-Willow Creek at the Frontage Road [Figure 3-3]. Mill-Willow Bypass had
similar sediment arsenic concentrations to the Clark Fork near Galen, and these two sites
represented the highest values observed among the sites examined in 2014. The Little Blackfoot
River had the lowest sediment arsenic concentrations of all the sites.

There was no clear seasonal pattern for sediment arsenic concentrations at the mainstem
and tributary monitoring stations in 2014. Concentrations were generally similar during each of
the Q1 and Q3 monitoring events, with some exceptions.

Dry weight sediment arsenic concentrations exceeded the dry weight based TEC and PEC
monitoring benchmarks at all mainstem Clark Fork River sites, and at all of the tributary sites
except the Little Blackfoot River and Racetrack Creek, during both 2014 monitoring events
[Table 3-5]. The Little Blackfoot River exceeded the TEC but not the PEC during both 2014
monitoring events. Racetrack Creek exceeded the PEC during the Q1 event, and the TEC
during the Q3 event. Of the five COC sediment metals evaluated, arsenic showed the highest
overall frequency of exceedances of the PEC at the CFROU monitoring sites during the 2014
monitoring events.
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Figure 3-2. Total arsenic concentrations (dry weight) in Clark Fork River mainstem
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Figure 3-3. Total arsenic concentrations (dry weight) in Clark Fork River tributary
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Table 3-5. Total arsenic concentrations (mg/kg dry weight) in fine fraction (<0.065
mm) instream sediment samples from the Clark Fork River Operable Unit, 2014.

Sample concentration (mg/kg-DW)

Site ID Site Location
Q1 | Q3
Mainstem Sites
CFR-03A Clark Fork River near Galen
CFR-07D Clark Fork River at Galen Road
CFR-11F Clark Fork River at Gemback Road
CFR-27TH Clark Fork River at Deer Lodge
CFR-116A Clark Fork at Turah
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs
MCWC-MWB Mill-Willow Creek at Frontage Road
MWB-SBC Mill-Willow Bypass near mouth
WSC-SBC Warm Springs Creek near mouth
LC-7.5 Lost Creek near mouth
RTC-1.5 Racetrack Creek near mouth
LBR-CFR Little Blackfoot River near Garrison 22 29

Exceeds threshold effect concentration [MacDonald et al., 2000].

_ Exceeds probable effect concentration [MacDonald et al., 2000].
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3.3.2.2 Cadmium

The spatial trend for sediment cadmium concentrations at mainstem Clark Fork River
monitoring sites was variable with no consistent trend. Highest concentrations were observed at
the uppermost site near Galen. Lower and similar concentrations were observed at the next two
sites at Galen Road and Gemback Road. Intermediate concentrations were measured at the
Deer Lodge site, and lowest mainstem concentrations were measured at the Turah site [Figure
3-4].

Among the tributary stations monitored in 2014, the upper three sites on Mill-Willow Creek
at Frontage Road, Mill-Willow Bypass, and Silver Bow Creek at Warm Springs showed the
highest sediment cadmium concentrations [Figure 3-5]. These three tributary sites had similar
sediment cadmium concentrations to the Clark Fork near Galen, and these four sites
collectively represented the highest values observed among the 12 sites examined in 2014. The
Little Blackfoot River had the lowest sediment cadmium concentrations of all the sites, followed
by Racetrack Creek.

There was no clear seasonal pattern for sediment cadmium concentrations at the mainstem
and tributary monitoring stations in 2014. Concentrations were generally similar during each of
the Q1 and Q3 monitoring events.

Sediment cadmium concentrations exceeded the TEC reference values at all mainstem Clark
Fork River sites, and at all of the tributary sites, during both 2014 monitoring events [Table
3-6]. All of the mainstem Clark Fork River sites, except Turah, exceeded the PEC during at
least one of the two monitoring events. The upper three tributary sites (Mill-Willow Creek, Mill-
Willow Bypass, and Silver Bow Creek at Warm Springs) exceeded the PEC during both 2104
monitoring events. Of the five COC sediment metals evaluated, cadmium showed the lowest
overall frequency of exceedances of the PEC at the CFROU monitoring sites during the 2014
monitoring events.
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Figure 3-4. Total cadmium concentrations (dry weight) in Clark Fork River mainstem
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Figure 3-5. Total cadmium concentrations (dry weight) in Clark Fork River tributary
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Table 3-6. Total cadmium concentrations (mg/kg dry weight) in fine fraction (<0.065
mm) instream sediment samples from the Clark Fork River Operable Unit, 2014.

Site ID Site Location Sample concentration (mg/kg-WW)
Q1 | Q3

Mainstem Sites

CFR-03A Clark Fork River near Galen

CFR-07D Clark Fork River at Galen Road

CFR-11F Clark Fork River at Gemback Road

CFR-27TH Clark Fork River at Deer Lodge

CFR-116A Clark Fork at Turah
Tributary Sites

SS-25 Silver Bow Creek at Warm Springs

MCWC-MWB | Mill-Willow Creek at Frontage Road

MWB-SBC Mill-Willow Bypass near mouth

WSC-SBC Warm Springs Creek near mouth 4.2 4.7

LC-7.5 Lost Creek near mouth 3.4 2.5

RTC-1.5 Racetrack Creek near mouth 2.1 1.9

LBR-CFR Little Blackfoot River near Garrison 1.1 2.0

Exceeds threshold effect concentration [MacDonald et al., 2000].
_ Exceeds probable effect concentration [MacDonald et al., 2000].

117



3.3.2.3 Copper

The spatial trend for sediment copper concentrations at mainstem Clark Fork River
monitoring sites was similar to that observed for cadmium. Highest concentrations were
observed at the uppermost site near Galen. Lower and similar concentrations were observed at
the next two sites at Galen Road and Gemback Road. Intermediate and only slightly higher
concentrations were measured at the Deer Lodge site, and lowest mainstem concentrations were
measured at the Turah site [Figure 3-6].

Among the tributary stations monitored in 2014, Warm Springs Creek near its mouth and
Silver Bow Creek at Warm Springs showed the highest sediment copper concentrations [Figure
3-7]. The Little Blackfoot River had the lowest sediment copper concentrations of all the sites,
followed by Racetrack Creek. Overall, the tributary sites had substantially lower sediment
copper concentrations than all of the mainstem Clark Fork sites except Turah.

There was no clear seasonal pattern for sediment copper concentrations at the mainstem and
tributary monitoring stations in 2014. Concentrations were generally similar during each of the
Q1 and Q3 monitoring events, with some exceptions. The Clark Fork River site at Galen Road
showed an approximately 55% higher sediment copper concentration in Q3 versus Q1. Warm
Springs Creek and Silver Bow Creek at Warm Springs also showed appreciably higher
concentrations in Q3 compared to Q1.

Dry weight sediment copper concentrations exceeded both the TEC and PEC by a large
margin at all mainstem Clark Fork River sites during both 2014 monitoring events [Figure 3-7].
All of the tributary monitoring sites exceeded the TEC during both 2014 monitoring events, and
all of the tributaries exceeded the PEC in both quarters, except the Little Blackfoot River and
Racetrack Creek. Of the five COC sediment metals evaluated, copper showed the second highest
overall frequency of exceedances of the PEC at the CFROU monitoring sites during the 2014
monitoring events.
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Figure 3-6. Total copper concentrations (dry weight) in Clark Fork River mainstem
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Figure 3-7. Total copper concentrations (dry weight) in Clark Fork River tributary
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Table 3-7. Total copper concentrations (mg/kg dry weight) in fine fraction (<0.065
mm) instream sediment samples from the Clark Fork River Operable Unit, 2014.

Site ID Site Location Sample concentration (mg/kg-DW)
Q1 | Q3

Mainstem Sites

CFR-03A Clark Fork River near Galen

CFR-07D Clark Fork River at Galen Road

CFR-11F Clark Fork River at Gemback Road

CFR-27TH Clark Fork River at Deer Lodge

CFR-116A Clark Fork at Turah
Tributary Sites

SS-25 Silver Bow Creek at Warm Springs

MCWC-MWB | Mill-Willow Creek at Frontage Road

MWB-SBC Mill-Willow Bypass near mouth

WSC-SBC Warm Springs Creek near mouth

LC-7.5 Lost Creek near mouth

RTC-1.5 Racetrack Creek near mouth 92 108

LBR-CFR Little Blackfoot River near Garrison 41 47

Exceeds threshold effect concentration [MacDonald et al., 2000].
_ Exceeds probable effect concentration [MacDonald et al., 2000].
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3.3.2.4 Lead

The spatial trend for sediment lead concentrations at mainstem Clark Fork River monitoring
sites was similar to that observed for copper and cadmium. Highest concentrations were
observed at the uppermost site near Galen. Lower and similar concentrations were observed at
the next two sites at Galen Road and Gemback Road. Sediment lead concentrations at the Deer
Lodge site were slightly higher than those two upstream sites in Q1 but slightly lower in Q3.
Lowest mainstem concentrations were measured at the Turah site [Figure 3-8].

Among the tributary stations monitored in 2014, Silver Bow Creek at Warm Springs and
Racetrack Creek near its mouth showed the highest sediment lead concentrations [Figure 3-9].
The Little Blackfoot River had the lowest sediment lead concentrations of all the sites, followed
by the Clark Fork at Turah. Overall, Silver Bow Creek at Warm Springs, followed by the Clark
Fork at Galen, had the highest sediment lead concentrations of the CFROU monitoring sites.

There was no clear seasonal pattern for sediment lead concentrations at the mainstem and
tributary monitoring stations in 2014. Concentrations were generally similar during each of the
Q1 and Q3 monitoring events, with some exceptions. The Mill-Willow Bypass site showed an
approximately 42% lower sediment lead concentration in Q3 versus Q1. Eight CFROU
monitoring sites showed slightly higher sediment lead concentrations in Q3 versus Ql1,
compared to four of 12 sites showing lower concentrations in Q3 compared to the Q1 monitoring
event.

Dry weight sediment lead concentrations exceeded both of the dry weight based TEC and
PEC reference values at all mainstem Clark Fork River sites except Turah during both 2014
monitoring events [Table 3-8]. The Turah site exceeded the TEC during both monitoring events,
but not the PEC. All of the tributary monitoring sites also exceeded the TEC during both 2014
monitoring events. Mill-Willow Creek, Mill-Willow Bypass, Silver Bow Creek at Warm Springs,
Warm Springs Creek, Lost Creek, and Racetrack Creek also exceeded the PEC during one
(Warm Springs Creek) or both of the two monitoring events. Of the five COC sediment metals
evaluated, lead showed the third highest overall frequency of exceedances of the PEC at the
CFROU monitoring sites during the 2014 monitoring events.
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Figure 3-8. Total lead concentrations (dry weight) in Clark Fork River mainstem
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Figure 3-9. Total lead concentrations (dry weight) in Clark Fork River tributary
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Table 3-8. Total lead concentrations (mg/kg dry weight) in fine fraction (<0.065 mm)
instream sediment samples from the Clark Fork River Operable Unit, 2014.

Sample concentration (mg/kg-WW)

Site ID Site Location
Q1 | Q3
Mainstem Sites
CFR-03A Clark Fork River near Galen
CFR-07D Clark Fork River at Galen Road
CFR-11F Clark Fork River at Gemback Road
CFR-27TH Clark Fork River at Deer Lodge
CFR-116A Clark Fork at Turah
Tributary Sites
SS-25 Silver Bow Creek at Warm Springs
MCWC-MWB | Mill-Willow Creek at Frontage Road
MWB-SBC Mill-Willow Bypass near mouth
WSC-SBC Warm Springs Creek near mouth
LC-7.5 Lost Creek near mouth
RTC-1.5 Racetrack Creek near mouth
LBR-CFR-02 Little Blackfoot River near Garrison

Exceeds threshold effect concentration [MacDonald et al., 2000].

_ Exceeds probable effect concentration [MacDonald et al., 2000].
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3.3.2.5 Zinc

The spatial trend for sediment zinc concentrations at mainstem Clark Fork River monitoring
sites in 2014 showed highest concentrations at the near Galen site, slightly lower
concentrations at Galen Road, Gemback Road and Deer Lodge, and lowest concentrations at
Turah [Figure 3-10]. The relative differences in sediment metals concentrations between sites
were smaller for zinc than for the other COC metal and metalloids.

Among the tributary stations, Silver Bow Creek at Warm Springs had the highest sediment
zinc concentrations by far [Figure 3-11]. Mill-Willow Bypass had the second highest sediment
zinc concentrations. The Little Blackfoot River and Racetrack Creek had the lowest sediment
lead concentrations of all the sites. Overall, Silver Bow Creek at Warm Springs, followed by the
Clark Fork at Galen, had the highest sediment zinc concentrations of the CFROU monitoring
sites.

Like the other four COC metals and metalloids, there was no clear seasonal pattern for
sediment zinc concentrations at the mainstem and tributary monitoring stations in 2014.
Concentrations were very similar during each of the Q1 and Q3 monitoring events at nearly all
of the stations, with two exceptions. The Clark Fork at Galen Road site showed an
approximately 57% higher sediment zinc concentration in Q3 versus Q1 [Figure 3-10]. The
Silver Bow Creek at Warm Springs site showed an approximately 65% higher sediment zinc
concentration in Q3 versus Q1 [Figure 3-11].

Dry weight sediment zinc concentrations exceeded both of the TEC and PEC reference values
at all mainstem Clark Fork River sites during both 2014 monitoring events [Table 3-9]. All of
the tributary monitoring sites exceeded the TEC during both 2014 monitoring events. Mill-
Willow Creek, Mill-Willow Bypass, Silver Bow Creek at Warm Springs, Warm Springs Creek,
and Lost Creek also exceeded the PEC during at least one of the two monitoring events. Of the
five COC sediment metals evaluated, zinc showed the fourth highest overall frequency of
exceedances of the PEC at the CFROU monitoring sites during the 2014 monitoring events.
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Figure 3-10. Total zinc concentrations (dry weight) in Clark Fork River mainstem
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].
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Figure 3-11. Total zinc concentrations (dry weight) in Clark Fork River tributary
sediment samples, 2014. Red lines represent the “threshold effect concentration”
(TEC) and the “probable effect concentration” (PEC) [MacDonald et al., 2000].

128



Table 3-9. Total zinc concentrations (mg/kg dry weight) in fine fraction (<0.065 mm)
instream sediment samples from the Clark Fork River Operable Unit, 2014.

Sample concentration (mg/kg-WW)

Site ID Site Location
Q1 | Q3

Mainstem Sites

CFR-03A Clark Fork River near Galen
CFR-07D Clark Fork River at Galen Road
CFR-11F Clark Fork River at Gemback Road
CFR-27TH Clark Fork River at Deer Lodge
CFR-116A Clark Fork at Turah

Tributary Sites

SS-25 Silver Bow Creek at Warm Springs

MCWC-MWB | Mill-Willow Creek at Frontage Road

MWB-SBC Mill-Willow Bypass near mouth

WSC-SBC Warm Springs Creek near mouth

LC-7.5 Lost Creek near mouth

RTC-1.5 Racetrack Creek near mouth 191 201
LBR-CFR-02 Little Blackfoot River near Garrison 134 213

Exceeds threshold effect concentration [MacDonald et al., 2000].
_ Exceeds probable effect concentration [MacDonald et al., 2000].

3.3.3 Data Validation

All RPD comparisons between the field sample and field duplicate pairs concentrations for
each COC in each analysis type (i.e., wet weight and dry weight) were below the project target
(40%) specified in the SAP [DeArment et al., 2013]. Mean RPD among all pairs (n = 30) was
6.1% (range: 0-16.3%). Mean RPD of wet weight pairs (n = 15) was 6.7% (range: 0-14.6%). Mean
RPD of dry weight pairs (n = 15) was 5.5% (range: 0-16.3%). Mean RPD of the wet weight
samples in prior years was 9.7% in 2010, 9.9% in 2011, 9.6% in 2012, and 11.7% in 2013.

3.4 DISCUSSION

3.4.1 Sample Size Fraction

Variability in sediment metals concentrations at any given monitoring site during any
particular sampling event may be influenced by channel morphology and depositional processes.
These factors may cause variability in the size composition of the sample, which in turn
influences the concentrations of metals in the sample as size fraction is strongly related
(inversely) to metal concentration in sediment samples in the CFROU. The proportion of
sediment in the fine size fraction (<0.065 mm) was highly variable among sites and among
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sample periods, and even among field sample and duplicate sample pairs collected at the same
site during the same monitoring event. Sediment samples in the CFROU were analyzed in only
the fine size fraction to minimize variability due to size fraction.

3.4.2 Contaminants of Concern

The highest dry weight sediment COC metals concentrations tended to be found at the upper
river mainstem monitoring location at Galen Road, with second highest concentrations typically
observed at Deer Lodge. The lowest mainstem sediment metals concentrations were
consistently observed in the Clark Fork at Turah. Clark Fork tributaries in the CFROU
monitoring network showed elevated sediment metals concentrations in Mill-Willow Creek at
Frontage Road (arsenic, cadmium, copper, lead and zinc), the Mill-Willow Bypass (arsenic,
cadmium, copper, lead and zinc), Silver Bow Creek at Warm Springs (arsenic, cadmium, copper,
lead and zinc), Warm Springs Creek (arsenic, copper, lead and zinc), Lost Creek (arsenic,
copper, and lead), and Racetrack Creek (arsenic and lead). The lowest overall concentrations of
sediment metals were found in the Little Blackfoot River.

Concentrations of arsenic, copper, and zinc exceeded the PEC (the higher of the two reference
values) at all of the Clark Fork mainstem monitoring stations during both the Q1 and Q3 2014
monitoring events. Concentrations of cadmium and lead exceeded the PEC at all of the Clark
Fork mainstem monitoring stations except Turah during one or both of the Q1 and Q3 2014
monitoring events. Among the tributary monitoring stations, concentrations of arsenic and lead
exceeded the PEC at all of the sites except the Little Blackfoot River during one or both of the
Q1 and Q3 2014 monitoring events. Concentrations of copper and zinc exceeded the PEC at all
of the tributary sites except the Little Blackfoot River and Racetrack Creek during one or both
of the Q1 and Q3 2014 monitoring events. Concentrations of cadmium exceeded the PEC during
both the Q1 and Q3 monitoring events at the Mill-Willow Creek, Mill-Willow Bypass, and Silver
Bow Creek at Warms Springs tributary monitoring sites but not at the other tributary sites.

Examining COC metals exceedances at all CFROU monitoring stations during the two 2014
monitoring events, arsenic showed the highest frequency of exceedances of the PEC (21 of 24
site measurements). Copper showed the second highest frequency of exceedances of the PEC (20
of 24 samples), lead showed the third highest frequency of exceedances of the PEC (19 of 24
samples), zinc showed the fourth highest frequency of exceedances of the PEC (18 of 24
samples), and cadmium showed the lowest frequency of exceedance of the PEC (12 of 24
samples)

3.4.3 Data Validation

All RPDs from field sample and field duplicate pairs in 2014 were within 40% thus satisfying
the project goal for “overall precision”. A complete analysis of data validation procedures and
results is described in Appendix A.
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4.0 GEOMORPHOLOGY

4.1 INTRODUCTION

Geomorphology monitoring was performed in Phase 1, Reach A of the Clark Fork River
Operable Unit (CFROU) in 2014 to evaluate progress toward attainment of project performance
targets, to assess ongoing maintenance needs, and to inform adaptive management decisions for
design of other phases of the CFROU [Sacry et al., 2012]. The remedial design for Phase 1
covered the upstream-most 1.6 mile section of the CFROU [Sacry et al., 2012]. Geomorphology
monitoring in 2014 represents the first year of monitoring in Phase 1.

Remediation in Phase 1 was intended primarily to reduce exposure of metal contaminants in
floodplain tailings to humans and the environment. Approximately 330,000 cubic yards of
contaminated materials were removed from the floodplain and streambanks of Phase 1 and
approximately 189,000 cubic yards of clean soil and vegetative material were used to
reconstruct and revegetate the floodplain and streambanks [Bartkowiak et al., 2013]. In Phase
1, no instream sediments were removed from the streambed and channel alignment was not
altered. However, the streambanks on both sides of the channel were treated and the floodplain
was reconstructed in 2013. Types of remedial streambank treatments included single (SVSL)
and double (DVSL) vegetated soil lifts, brush trenches (BT), and preserve vegetation (PV).
Descriptions of each streambank treatment type are provided in Section 5.0. Vegetative
treatments on the floodplain were begun in 2013 and continued in 2014. Thus, only a portion of
the vegetative treatments on the floodplain had been completed at the time geomorphology
monitoring occurred in 2014.

Geomorphic and vegetative treatments are expected to have reciprocal benefits. Throughout
Phase 1, the floodplain elevation was lowered because the river had been entrenched due to
excessive floodplain aggradation [Sacry et al., 2012]. Lowering the floodplain elevation was
intended to facilitate water, nutrient, and sediment exchange between the river and floodplain.
Increased connectivity of the river and floodplain will likely facilitate growth of riparian and
floodplain vegetation, which would result in improved streambank and floodplain stability.
Additionally, dissipation of streamflows across the floodplain during high discharge periods will
reduce scour and channel incision, promoting connectivity of the stream channel and floodplain
over the long term.

The overall goal for geomorphology in Phase 1 is for minimal geomorphic adjustment in the
short term (i.e., first 15 years after reconstruction) as streamside and floodplain vegetation
becomes reestablished [Sacry et al., 2012]. Over the longer term, the goal is to allow for dynamic
equilibrium [Sacry et al.,, 2012]. This monitoring program is intended to evaluate progress
toward attainment of performance targets related to the short term goal for geomorphology in
Phase 1.
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4.2 METHODS

Geomorphology monitoring in Phase 1 was guided by the Phase 1 geomorphology and
vegetation monitoring plan [Sacry et al., 2012] as amended in 2014 [Sacry et al., 2014].

4.2.1 Monitoring Locations

Geomorphology monitoring occurred throughout Phase 1, Reach A of the CFROU in 2014
[Figure 1-1].

4.2.2 Monitoring Schedule

The frequency of geomorphology monitoring for Phase 1 of the CFROU varies by monitoring
metric [Sacry et al., 2012]. The 2014 monitoring season was the first year (Year 1) of monitoring
for Phase 1. Additional monitoring will occur in Phase 1 in 2018 (Year 5), 2023 (Year 10), and
2028 (Year 15). For some metrics, monitoring will be required in Phase 1 only when the
streamflow exceeds the bankfull design level (522 cfs) [Sacry et al., 2012].

Prior to data collection activities, a site visit occurred on May 21, 2014 to review conditions,
monitoring protocols, and consider adaptations to the protocols based on recent conditions. The
site visit included project managers from the Montana Department of Environmental Quality
(MDEQ), members of the design team, and monitoring field staff.

Field data was collected during three site visits. On May 28, 2014, a survey of flood
inundation area was conducted. Channel cross-section dimensions were measured on July 22,
2014 by Brown and Associates. The remainder of the field data was collected from August 19-20,
2014.

4.2.3 Monitoring Parameters

Monitoring metrics, and performance targets for those metrics, were selected by the design
team and are described in Sacry et al. [2012] and amended in Sacry et al. [2014]. The
monitoring metrics, performance targets, and timeline for monitoring are identified in Table
4-1. The monitoring metrics selected by the design team provide an assessment of stream
channel dimensions, pool density and depth, floodplain connectivity and stability, and
secondary channel stability. The timeframe for evaluation of performance targets varies by
monitoring metric. For example, channel slope and sinuosity are not required for evaluation of
performance targets in Year 1 but are required in Years 5, 10, and 15 [Table 4-1]. Additionally,
some monitoring metrics (floodplain connectivity, floodplain stability, and secondary channel
stability) are only to be monitored during years in which streamflows exceed the bankfull design
level [Table 4-1]. Additional monitoring metrics will be evaluated in future monitoring years
(Year 5, 10, and 15) including the longitudinal channel profile, channel planform, streambank
erosion, and channel migration rate.
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Table 4-1. Performance targets for geomorphic monitoring metrics in Phase 1 of the
Clark Fork River Operable Unit following remediation [Source: Sacry et al., 2012].

Year (post-remediation)
Monitoring Metric
1 5 10 15
Cross-Sectional Area (square feet) 119-179 119-179 119-179 119-179
Bankfull Width (feet) 44-66 44-66 44-66 44-66
Mean Bankfull Depth (feet) 2.2-3.2 2.2-3.2 2.2-3.2 2.2-3.2
Width-Depth Ratio 18-27 18-27 18-27 18-27
Channel Slope (%) 0.17-0.19 0.17-0.19 0.17-0.19
Channel Sinuosity 2.20-2.44 2.20-2.44 2.20-2.44
Pool Density (pools/mile) >14.3 >14.3 >14.3 >14.3
Residual Pool Depth (feet) >2.4 >2.4 >2.4 >2.4
Bank Erosion and Channel Migration
Rate (feet/year)!? <0.8/1.3 <0.8/1.3 <0.8/1.3
Floodplain Connectivity (%)3 18-38
Floodplain Stability4
Secondary Channel Stability (cfs)® 47-57

4.2.4 Sample Collection and Analysis

The following sections describe methods for measurement of each monitoring metric.

4.2.4.1 Channel Cross-Sections

Prior to remediation (in 2009), a total of 16 stream channel cross-sections were surveyed
using standard methods described by Harrelson [1994] and a survey-grade GPS unit. Each
cross-section was resurveyed in 2014 to compare changes in cross-sectional area over time.
These cross-sections will be resurveyed according to the schedule identified in Table 4-1.

For each cross-section, at least ten points (i.e., spatial coordinates including latitude,
longitude, and elevation) were surveyed (accuracy +3 cm) within the bankfull channel including
points at the water edge, thalweg, and all substantial slope inflection points within the channel.
For each channel cross-section surveyed, the bankfull width, mean bankfull depth, cross-

12 The higher value applies in any year when streamflow exceeds the 10-year discharge (1,090 cfs).

13 Floodplain connectivity will be assessed only during the first year when the bankfull design streamflow (522
cfs) is met.

14 River channel remains free of any secondary channels which develop connectivity at both the upstream and
downstream end of the primary channel when the bankfull design streamflow (522 cfs) is met.

15 Secondary channel stability will be assessed only during the first year when the bankfull design streamflow
(522 cfs) is met.
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sectional area, and channel width to depth ratio was calculated. Photographs were collected at
each cross-section including upstream and downstream views, and views from each streambank.

4.2.4.2 Channel Slope and Sinuosity

Channel slope and sinuosity were not evaluated in Year 1. In subsequent monitoring years
these metrics will be determined by surveying a longitudinal profile of the stream channel
throughout Phase 1. The longitudinal profile will include consistent measurement of survey
points for the left and right channel bankfull indicators, water surface, and thalweg. A survey
grade GPS will be used with a maximum spacing between survey points of 100-feet and points
will be spaced more closely where the channel curves and secondary channels occur. The
longitudinal profile will extend at least 300 feet upstream into Warm Springs Creek from the
confluence with the Clark Fork River to include the Warm Springs Creek channel and
floodplain that lies within the Clark Fork River 100-year floodplain. The longitudinal profile for
lower Warm Springs Creek will be monitored for slope alterations, as any adjustments to this
slope will be an indicator of channel profile adjustment on the Clark Fork River.

Channel sinuosity will be calculated as the proportion of stream channel length to valley
length. The stream channel length will be calculated from the longitudinal profile. The
floodplain valley length will be determined by aerial imagery.

Channel slope will be calculated as the ratio of the difference in river elevation to the stream
channel length. The change in elevation and channel lengths will be determined from the
longitudinal profile.

4.2.4.3 Pool Density

Pools were identified in the field and survey points were collected at the point of maximum
depth for each pool. Pool density was calculated as the frequency of pools per mile.

4.2.4.4 Residual Pool Depth

Residual pool depths were calculated for each pool as the difference between the maximum
pool depth and the depth at each pool’s hydraulic control (i.e., the pool tail crest; Lisle [1987]).
The maximum pool depth and hydraulic control depth for each pool was measured manually.

4.2.4.5 Streambank Erosion and Channel Migration Rate

Streambank erosion and channel migration rates were not evaluated in Year 1. Lateral
channel migration rate will be evaluated by comparing repeat longitudinal surveys.
Streambank erosion rates will be evaluated by comparing repeat cross-sections.

4.2.4.6 Floodplain Connectivity

Floodplain connectivity was monitored by a field survey of the flood inundation area when
streamflow was near the design bankfull streamflow level. When streamflow in the project area
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was at the design level a surveyor paced the perimeter of all standing surface water and tracked
the area with a conventional GPS unit (accuracy +5m). From this survey, GIS shapefile
polygons were created and the total area inundated was calculated from those polygons. The
inundated area was then compared to the entire Phase 1 area to determine the proportion of the
floodplain inundated at the design streamflow level.

4.2.4.7 Floodplain Stability

Floodplain stability was monitored in conjunction with the flood inundation survey when the
design bankfull streamflow was exceeded. In addition, following the spring runoff period, areas
where secondary channels formed were reassessed to evaluate evidence channel formation
including headcut development at points of secondary channel return to the main channel, or
continuous rill development on the floodplain surface.

4.2.4.8 Secondary Channel Stability

Secondary channel stability was evaluated in conjunction with the floodplain connectivity
assessment to identify as-built connectivity of engineered secondary channels. At each
engineered secondary channel, the streamflow was estimated visually.

4.2.5 Data Analysis

For channel dimension monitoring metrics (i.e., cross-sectional area, bankfull width, mean
bankfull depth, and width to depth ratio), and mean residual pool depth, all measurements
were averaged throughout Phase 1 and the mean of those measurements was compared to the
performance target. The Phase 1 flood inundation area and project area were calculated using
GIS software.

4.3 RESULTS

4.3.1 Channel Cross-Sections

The mean for each channel dimension monitoring metric was within the performance target
range in 2014 [Table 4-2]. Mean cross-sectional area in Phase 1 was 163 square feet (standard
deviation [SD] = 72 square feet). Mean bankfull width in Phase 1 was 60 feet (SD = 22 feet).
Mean bankfull depth was 2.7 feet (SD = 0.6 feet). Mean width to depth ratio was 23 (SD = 9).

Although the mean of each channel dimension metric was within the performance target
range, multiple individual measurements for each metric were outside the target range [Table
4-2]. One cross-section (XS7) appeared to be an outlier with a cross-sectional area, bankfull
width, and width to depth ratio of 3.0, 3.4, and 2.7 standard deviations above the mean for each
metric, respectively [Table 4-2].
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Table 4-2. Cross-section monitoring results for geomorphic monitoring in Phase 1 of
the Clark Fork River Operable Unit, 2014.

Cross- Mean
Cross- Instream Bank Bank Sectional Bar}kfull Bankfull | Width/Depth
section Feature Treatment Trea}tment Area Width Depth Ratio

Type (left)16 (right) (square (feet) (feet)

feet)
XS1 riffle DVSL DVSL 79 34.9 2.3 15.3
XS2 pool BT DVSL 243 69.6 3.5 20.0
XS3 pool DVSL PV 150 57.6 2.6 22.1
XS4 riffle PV BT 169 66.3 2.6 25.9
XS5 riffle BT PV 122 50.6 2.4 21.1
XS6 riffle PV DVSL 121 58.7 2.1 28.4
XS7 pool BT DVSL 380 133.8 2.8 47.1
XS8 pool BT PV 191 50.2 3.8 13.2
XS9 pool BT PV 128 54.3 2.4 22.9
XS10 pool DVSL BT 125 44.1 2.8 15.6
XS11 pool DVSL BT 221 68.2 3.2 21.1
XS12 riffle/run PV PV 107 47.6 2.2 21.2
XS13 pool DVSL /BT DVSL 180 51.0 3.5 14.5
XS14 riffle DVSL DVSL 111 67.7 1.6 41.5
XS15 pool BT DVSL 141 47.7 3.0 16.1
XS16 riffle PV PV 132 52.9 2.5 21.1
Performance Target Range 119-179 44-66 2.2-3.2 18-27
Mean 163 60 2.7 23
Standard Deviation 72 22 0.6 9

16 Treatment abbreviations: single vegetated soil lift (SVSL), double vegetated soil lift (DVSL), brush trench
(BT), and preserve vegetation (PV).
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Figure 4-1. Channel cross-sections for geomorphic monitoring in Phase 1 of the Clark
Fork River Operable Unit, 2014.
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4.3.2 Slope and Sinuosity

Slope and sinuosity was not monitored in 2014. These metrics will be monitored in 2018

(Year 5).

4.3.3 Pool Density and Residual Pool Depth

In 2014, the channel length of the Clark Fork River in Phase 1 was 8,560 feet (1.62 miles)
[Sacry et al., 2012] and 30 pools were identified in that river section [Figure 4-2]. Therefore,
pool density in 2014 was 18.5 pools/mile (30 pools/1.62 miles). The performance target for pool
density for Year 1 is at least 14.3 pools/mile. Therefore, the performance target for pool density
was achieved in 2014.

Mean residual pool depth in Phase 1 was 3.3 feet (SD = 0.9 feet) which exceeded the Year 1
performance target of at least 2.4 feet [Table 4-3]. During the survey (August 20, 2014),
streamflow at the nearest USGS gauge (USGS station number 12323800) was approximately
100 cfs. Maximum pool depths ranged from 3.0 feet to 6.7 feet and pool tail crest depths ranged
from 0.8 feet to 2.6 feet. All of the identified pools appeared to be formed by lateral scour along
the meandering river channel.
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Figure 4-2. Pools identified in Phase 1 of the Clark Fork River Operable Unit, 2014.
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Table 4-3. Residual pool depths in Phase 1 of the Clark Fork River Operable Unit,

2014.
Pool ID Pool Tail Crest Depth Maximum Pool Depth Residual Pool Depth
(feet) (feet) (feet)
14-1 1 3.5 2.5
14-2 1.5 3.7 2.2
14-3 1.3 3 1.7
14-4 1.2 3.9 2.7
14-5 1.8 4.6 2.8
14-6 1.3 4.4 3.1
14-7 2 6.7 4.7
14-8 1.3 4.4 3.1
14-9 1.3 5.6 4.3
14-10 2.2 4.6 2.4
14-11 1.3 4.9 3.6
14-12 1.5 3.9 2.4
14-13 2.6 5.6 3
14-14 1.3 4.8 3.5
14-15 1.3 5.4 4.1
14-16 0.8 3.5 2.7
14-17 1.5 5.1 3.6
14-18 1.2 4.8
14-19 2 4 2
14-20 2 4.5 2.5
14-21 1.1 4 2.9
14-22 1 5.8 4.8
14-23 1.7 4.7 3
14-24 1.3 4 2.7
14-25 1 5.9 4.9
14-26 1.6 4 2.4
14-27 1.7 5.8 4.1
14-28 2 5.5 3.5
14-29 1.5 5.4 3.9
14-30 1.5 5.2 3.7
Performance Target >2.4
Mean 3.3
Standard Deviation 0.9
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Figure 4-3. Pool depth in the Clark Fork River Operable Unit, 2014. Pool lengths are
approximated.
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4.3.4 Bank Erosion and Channel Migration Rate

Bank erosion and channel migration rates were not evaluated in Year 1 because no time had
yet elapsed from which erosion and migration rates could be determined. The channel cross-
sections and longitudinal profiles in Phase 1 will be re-surveyed in Years 5, 10, and 15 and
those results will be compared to results obtained in 2014 to assess bank erosion rates and
channel migration rates.

The locations of the channel cross-sections in 2013 relative to the streambank treatments are
displayed in [Figure 4-4]. Of the 16 surveyed cross-sections, only one (XS16) does not include a
treated streambank on either side of the channel [Figure 4-4]. All of the other cross-sections
included a reconstructed streambank on at least one side of the channel and most include a
reconstructed streambank on both sides of the channel [Figure 4-4].
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Figure 4-4. Streambank treatments and channel monitoring cross-sections in the
Clark Fork River Operable Unit, 2014.
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4.3.5 Floodplain Connectivity

In 2014, peak annual streamflow in the Clark Fork River near the Phase 1 project area
[Figure 4-5] was 556 cfs (107% of the design bankfull streamflow) and occurred on May 27, 2014
[Figure 4-6]. The design bankfull streamflow for the river in Phase 1 is 522 cfs [Sacry et al.,
2012]. Floodplain connectivity was assessed on May 28, 2014 from approximately 3:00 pm to
7:00 pm. During that period, mean streamflow at USGS 12323800 was 508 cfs, or 97.3% of the
design bankfull streamflow. Based on the inundation survey [Figure 4-7], 51% of the floodplain
area (32.1 acres inundated out of a total floodplain area of 63.2 acres) was inundated which
exceeded the performance target range of 18-38% floodplain inundation at the design bankfull
streamflow [Table 4-1].
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Figure 4-5. Location of nearest USGS streamflow gage (USGS 12323800) to Phase 1
project area in the Clark Fork River Operable Unit, 2014.
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Figure 4-6. Streamflow in the Clark Fork River near the Phase 1 project site during
the spring snowmelt runoff period of 2014 [Source: USGS, 2015b].
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Figure 4-7. Inundated area of the Phase 1 floodplain of the Clark Fork River on May
28, 2014. Streamflow in the Clark Fork River at Galen (USGS 12323800) during the
survey was 508 cfs compared to a bankfull design streamflow of 522 cfs.
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4.3.6 Floodplain Stability

During the 2014 spring runoff event, two overflow channels developed on the floodplain. The
approximate locations of these overflow channels (“Overflow Channel 17 and “Overflow Channel
2”) are identified in Figure 4-8. The point where each overflow channel left the main river
channel (the “inlet”) occurred along the same double vegetated soil lift (DVSL) streambank
treatment [Figure 4-8]. The inlet of Overflow Channel 1 formed near the boundary between the
DVSL and the upstream preserve vegetation (PV) treatment [Figure 4-8; Figure 4-9] whereas
the inlet of Overflow Channel 2 formed just downstream in the center of that same DVSL
[Figure 4-8; Figure 4-10]. The point of return (or “outlet”) of Overflow Channel 1 was in a DVSL
treatment [Figure 4-8; Figure 4-11] and the outlet of Overflow Channel 2 was in a brush trench
treatment [Figure 4-8; Figure 4-12].

Both overflow channels were identifiable as rill features on the floodplain following the
runoff period. No headcutting was observed at outlet of either overflow channel during the field
survey on August 20, 2014. Vegetation along the streambank appeared stable at the inlet and
outlet of each overflow channel. A small sediment deposit was observed along the streambank
and in the main channel at the outlet of Overflow Channel 1.
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Figure 4-8. Overflow channels which developed in Phase 1 of the Clark Fork River
Operable Unit in 2014 during the spring snowmelt runoff period.
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Figure 4-9. View of Overflow Channel 1 inlet on August 20, 2014 (upper panel) and on
May 28, 2014 (lower panel) in Phase 1 of the Clark Fork River Operable Unit. Mean
daily streamflow at the Clark Fork River at Galen site [USGS, 2015b] was 100 cfs on
August 20, 2014 and 508 cfs on May 28, 2014.
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Figure 4-10. View of Overflow Channel 2 inlet (upper panel) and facing down the

channel from the inlet (lower panel) in Phase 1 of the Clark Fork River Operable Unit

on August 20, 2014. Mean daily streamflow at the Clark Fork River at Galen site
[USGS, 2015b] was 100 cfs on August 20, 2014.
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Figure 4-11. Views of Overflow Channel 1 facing up the channel from the outlet
(upper panel) and at the outlet (lower panel) in Phase 1 of the Clark Fork River
Operable Unit on August 20, 2014. Mean daily streamflow at the Clark Fork River at
Galen site [USGS, 2015b] was 100 cfs on August 20, 2014.
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Figure 4-12. View of Overflow Channel 2 facing up the channel from the outlet (upper
panel) and at the outlet (lower panel) in Phase 1 of the Clark Fork River Operable
Unit on August 20, 2014. Mean daily streamflow at the Clark Fork River at Galen site
[USGS, 2015b] was 100 cfs on August 20, 2014.
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4.3.7 Secondary Channel Stability

One secondary channel was included in the Phase 1 design [Figure 4-8]. The design for this
secondary channel was to carry no more than 10% (i.e., <562 cfs) of the total streamflow of the
mainstem channel at the design bankfull streamflow [Sacry et al., 2012]. During the floodplain
inundation survey (May 28, 2014), when the Clark Fork River was approximately 508 cfs,
streamflow in the designed secondary channel was visually estimated at less than 5 cfs. At that
time the entire floodplain area surrounding the designed secondary channel was inundated by
floodwater. The designed secondary channel had no surface water streamflow on May 21, 2014
or on August 20, 2014 [Figure 4-13]. On May 21, 2014 mean daily streamflow in the Clark Fork
River was 384 cfs and on August 20, 2014 mean daily streamflow was 100 cfs. The streambank
height at the inlet of the designed secondary channel was approximately 1.6 feet above the
surface water elevation of the main channel on August 20, 2014 [Figure 4-14]. It appeared that
any surface water carried by the secondary channel during periods of high streamflow was
dissipated across the floodplain rather than carried in a focused channel back into the main
channel [Figure 4-15]. This was reflected in an extensive inundated portion of the floodplain on
the west side of the river channel at the downstream (north) end of the project area [Figure 4-7].
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Figure 4-13. Views of designed secondary channel inlet in Phase 1 of the Clark Fork
River Operable Unit on August 20, 2014. Mean daily streamflow at the Clark Fork
River at Galen site [USGS, 2015b] was 100 cfs on August 20, 2014.
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Figure 4-14. View of designed secondary channel elevation at inlet in Phase 1 of the
Clark Fork River Operable Unit on August 20, 2014. Mean daily streamflow at the
Clark Fork River at Galen site [USGS, 2015b] was 100 cfs on August 20, 2014.
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Figure 4-15. View of designed secondary channel where the channel passes through
browse protection fence (upper panel) and after passing through the fence (lower
panel) in Phase 1 of the Clark Fork River Operable Unit on August 20, 2014. Mean
daily streamflow at the Clark Fork River at Galen site [USGS, 2015b] was 100 cfs on
August 20, 2014.
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4.4 DISCUSSION

The results of geomorphic monitoring of Phase 1 in 2014 indicate that the project met some
Year 1 performance targets but did not meet all of the targets. All monitoring metrics for
channel dimension (i.e., cross-sectional area, bankfull width, mean bankfull