Appendix F: MRSOU Monitoring Data

Table F-1. Historic Dissolved Arsenic Concentration Data Summary, 2008 to 2015

Compliance . .
V\r;ell Dissolved Arsenic
Number (ng/h)
Month/Y ear Jun- Jan- Jun- Dec- Jun- Jan- Jun- Dec- Jun- Jan- Jun-13 Dec- Jun-14 Dec- Jun-15 | Jan-16
08 09 09 09 10 11 11 11 12 13 13 14

105C 3.24 3.16 3.24 2.98 2.33 2.46 2.29 2.03 2.29 1.71 2.08 1.87 2.03 1.99 1.87 1.85

11R 2242 10.9 23.3 23.3 19.2 22.6 18.8 20.7 21.9 24.8 214
110B 10.40 | 10.25 105 10.6 9.5 9.0 9.17 9.19 9.92 7.70 8.84 7.75 8.47 8.02 9.17 7.79
922D 11.50 | 12.60 13.8 125 12.0 12.4 12.8 11.6 12.8 9.29 12.50 991 12.1 10.1 12.2 9.60
107A 66.50 57.6 42.9 39.5 38.4 45.0 27.7 11.5 26.2 314 25.2 28.5 22.9
104A 11.4 11.8 9.8 11.3 10.2 9.96 9.25 10.9 11.70 11.9 13.9
103B 25.40 | 25.90 30.2 27.3 29.0 21.8 22.9 17.7 25.9 16.0 13.7 18.7 23.2 20.6 21.8 18.4
HLA-2 45,50 43.50 35.6 31.8 26.3 27.1 22.3 34.8 34.1 21.2 10.3 11.2 11.0 12.3 10.9
917B 158 162 133 148 125 116 108 85 97.6 61.1 47.4 57.5 74.9 55.0 67.4 52.8
921A 7.35 6.63 7.19 8.42 6.41 8.80 6.50 8.02 7.09 10.6 7.85 9.12 9.53

TPR-10 2.33 8.22 7.78 16.6 12.7 21.4 12.1 21.1 19.0 25.8 18.8 125
913A 0.649 | 0.8141 1.125 0.994; 1.135 0.867; 1.125
1
111 4.23 0.68 3.420 1.13 443 0.449 | 7.703 2.30 6.51 | well has been replaced by "11R"
]

104B 1 0.18 1.852 well has been replaced by "104A"

905 1 18.10 | 76.80 | 17.60 46.8 18.1 45.9 8.61 DRY 74.9 | wellis damaged, no longer on compliance list
107C1 13.40 | 15.30 | 14.50 15.8 well has been replaced by "107A"

Notes:
J = analyte detected below the reporting limit
1 = former compliance well

2 =sampled on March 1, 2011
3 =sampled on July 1, 2011

ND = not detected above the method detection limit (MDL)
Bold denotes exceedance of MCL
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Table 2. Surface Water Data Summary, 2015

Arsenic Arsenic Cadmium Cadmium Copper Copper Lead Lead zZinc zZinc Hardness
DISS TOT DISS TOT DISS REC DISS REC DISS REC NA
Units ug/L pg/L pg/L ug/L ug/L ug/L pg/L ug/L pg/L pg/L mg/L
12340500 - Clark Fork River near Missoula
3/25/2015 1.9 2.5 < 0.030 0.03 1.3 4.7 0.07 0.77 <2.0 7.7 96.5
4/22/2015 2.2 2.6 < 0.030 < 0.030 1.7 4.2 0.04 0.59 <2.0 6.5 99.8
5/13/2015 2 1.9 < 0.030 < 0.030 1.6 2.4 0.14 0.30 <20 3.1 89.6
5/28/2015 3.3 5.8 < 0.030 0.06 3 8.6 0.19 1.11 2.1 3.9 95.2
6/10/2015 3.7 4.8 < 0.030 0.10 2.2 10.8 0.07 1.51 <2.0 13.1 105
7/15/2015 3.1 3.3 < 0.030 < 0.030 1.9 2.8 < 0.040 0.17 <20 3.5 129
8/12/2015 3.3 3.6 < 0.030 < 0.030 1.6 2.8 < 0.040 0.30 <2.0 4.3 143
10/21/2015 4 4.6 < 0.030 < 0.030 1.3 3.7 < 0.040 0.51 <2.0 5.8 158
12340000 - Blackfoot River near Bonner
4/22/2015 0.8 0.89 < 0.030 < 0.030 < 0.80 0.9 < 0.040 0.15 <2.0 <20 93.2
5/13/2015 0.79 0.82 < 0.030 < 0.030 < 0.80 < 0.80 < 0.040 0.11 <20 <20 89.9
5/28/2015 0.96 1.1 < 0.030 < 0.030 0.96 1.3 0.167 0.39 <2.0 <2.0 95.9
7/15/2015 1.2 1.3 < 0.030 < 0.030 < 0.80 < 0.80 < 0.040 0.05 <2.0 <20 132
8/12/2015 1.2 1.4 < 0.030 < 0.030 < 0.80 < 0.80 < 0.040 0.06 <20 <20 133
10/21/2015 1.1 1.4 < 0.030 < 0.030 < 0.80 < 0.80 < 0.040 < 0.04 <2.0 <2.0 142
12334550 - Clark Fork River at Turah Bridge
3/25/2015 3.6 5.2 0.03 0.077 2.6 12 0.11 1.85 3.3 16.8 110
4/22/2015 4.1 5.4 < 0.030 0.054 3 9.3 0.09 1.26 2.3 12.7 111
5/13/2015 3.5 3.9 < 0.030 < 0.030 2 4.1 0.06 0.45 <20 4.9 85.1
5/28/2015 7.3 9.9 0.08 0.2 17.9 37.8 2.79 6.16 17.4 44.6 100
6/10/2015 7.4 9.6 < 0.030 0.15 4.3 27.9 0.17 3.94 5.1 30.7 110
7/15/2015 4.8 5.5 < 0.030 < 0.030 2.7 5 < 0.040 0.39 <20 4.9 133
8/12/2015 5.2 6 < 0.030 0.041 2 5.2 0.042 0.56 <2.0 8.2 155
10/21/2015 5.9 6.7 < 0.030 0.037 1.8 7.2 < 0.040 1.05 2.4 10.5 179
Notes:

Bold values denote exceedance of Montana DEQ-7 surface water standard which are measured as total recoverable concentrations.
Bold italic values denote exceedance of federal standards which are measured as dissolved.
The performance standard for copper is derived from the federal water quality criteria measured as dissolved.
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Appendix G: CFROU Monitoring Data Summary
Surface Water

Arsenic and copper are the site COCs in surface water with regular exceedances. Of 30 samples
collected in the mainstem Clark Fork River in 2014, no samples had zinc concentrations
exceeding the performance goal. One sample had cadmium concentrations exceeding the
performance goal. Four samples 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, 96 percent exceeded the dissolved arsenic
and 46 percent 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; 17 of 18 of the samples from those sites exceeded the dissolved arsenic and 14 of 18
samples from those sites exceeded the total recoverable performance goals. Total recoverable
copper concentration exceeded State of Montana chronic aquatic life standard in the mainstem
Clark Fork River sites in 95 percent 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.
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Sediment

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) at all of the Clark Fork River
mainstem monitoring stations during both sample periods in 2014. Among all sites in the
CFROU, arsenic most commonly exceeded the PEC (88 percent) followed by copper (83
percent), lead (79 percent), zinc (75 percent) and cadmium (50 percent).

G-2



Geomorphology

Geomorphology data were 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 specified target ranges. The secondary channel stability performance target was also met
because the secondary channel did not carry more than 10 percent 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).
They will be evaluated in Year 5 (2018).

Vegetation Monitoring Data

Vegetation monitoring data were 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 percent, exceeding the performance target
for Year 1 (80 percent). However, survival was 17.2 percent 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.

Macroinvertebrate

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
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 percent) in three tributary sites
(Mill-Willow Creek, 93 percent; the Mill-Willow Bypass, 77 percent; and Silver Bow Creek,
81%) and four mainstem sites (near Galen, 88 percent; at Galen Road, 57 percent; at Gemback
Road, 79 percent; and at Deer Lodge, 93 percent). Impairment from metals was more likely than
not (i.e., > 51 percent) in one tributary site (Silver Bow Creek, 74 percent) and four mainstem
sites (near Galen, 74 percent; at Galen Road, 88 percent; at Gemback Road, 76 percent; and at
Turah, 94 percent).

Fish

Fish Population

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.

Caged Fish

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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Appendix H: MRSOU Sediment Accumulation Areas
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Appendix I: Surface Water Data Evaluation
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Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Volume
gallon (gal) 3.785 liter (L)
Flow rate
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m*/s)
Mass
pound, avoirdupois (I1b) 0.4536 kilogram (kg)

Supplemental Information

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm).

Concentrations of chemical constituents in water are given either in micrograms per liter (ug/L)

or milligrams per liter (mg/L).

Load estimates are given in kilograms per day (kg/d).

Water year is defined as the 12-month period from October 1 through September 30 of the
following calendar year. The water year is designated by the calendar year in which it ends. For
example, water year 2010 is the period from October 1, 2009, through September 30, 2010.
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Water-Quality Trends and Constituent-Transport Analysis
for Selected Sampling Sites in the Milltown Reservoir/
Clark Fork River Superfund Site in the Upper Clark Fork
Basin, Montana, Water Years 1996-2015

By Steven K. Sando and Aldo V. Vecchia

Abstract

During the extended history of mining in the upper Clark
Fork Basin in Montana, large amounts of waste materials
enriched with metallic contaminants (cadmium, copper, lead,
and zinc) and the metalloid trace element arsenic were gener-
ated from mining operations near Butte and milling and smelt-
ing operations near Anaconda. Extensive deposition of mining
wastes in the Silver Bow Creek and Clark Fork channels and
CVCT OOV E 0 0 B 0 20 ) 1) fects onlwater quality. Federal
Superfund remediation activities in the upper Clark Fork Basin
began in 1983 and have included substantial remediation near
Butte and removal of the former Milltown Dam near Mis-
soula. To aid in evaluating the effects of remediation activities
on water quality, the U.S. Geological Survey began collecting
(101010010 01 [ [Rquality data in the upper Clark Fork
Basin in the 1980s.

TOODODODDOO0O00000O0000000000000

selected trace elements (arsenic, copper, and zinc), and
suspended sediment for seven sampling sites in the Milltown
Reservoir/Clark Fork River Superfund Site for water years
1996-2015. The most upstream site included in trend analysis
is Silver Bow Creek at Warm Springs, Montana (sampling

site 8), and the most downstream site is Clark Fork above Mis-
soula, Montana (sampling site 22), which is just downstream
from the former Milltown Dam. Water year is the 12-month
period from October 1 through September 30 and is designated
by the year in which it ends. Trend analysis was done by using

gooobooboonoobooboonbobboobodobobt
tical probability level was less than 0.01.

In conjunction with the trend analysis, estimated normal-
ized constituent loads (hereinafter referred to as “loads”) were
calculated and presented within the framework of a constitu-
gooogbooboooooooboonbobbogbouobobt
adjusted concentrations (FACs) in the context of sources and
transport. The transport analysis allows assessment of tem-
poral changes in relative contributions from upstream source
goooboobooonooboonbobou.booon

Trend results indicate that FIJ (1 [ [ 00 0 [0 00 0F 00 CF 00 00 01 [0
copper decreased at the sampling sites from the start of
period 1 through the end of period 4; the decreases ranged
from large for one sampling site (Silver Bow Creek at Warm
Springs [sampling site 8]) to moderate for two sampling sites
(Clark Fork near Galen, Montana [sampling site 11] and Clark
Fork above Missoula [sampling site 22]) to small for four
sampling sites (Clark Fork at Deer Lodge, Montana [sampling
site 14], Clark Fork at Goldcreek, Montana [sampling site 16],
Clark Fork near Drummond, Montana [sampling site 18], and
Clark Fork at Turah Bridge near Bonner, Montana [sampling
site 20]). For period 4 (water years 2011-15), the most notable
changes indicated for the Milltown Reservoir/Clark Fork
gooogbooboooooooboonbobbogbouobobt
FOOODODOOO0O0Oo0oOoooDoooooooooooooooo
sites 8 and 22. The period 4 changes in F[ [ [ [ [ [ ) [] [
recoverable copper for all other sampling sites were not statis-
gooobogooogo

Trend results indicate that FI'J (1 [ [ 00 [ [0 00 0F 00 CF 00 00 0 [0

oo oo oo o i i EE LTo [ Tarsenic decreased at the sampling sites from period 1 through

provide temporal resolution of changes in water quality, trend
analysis was conducted for four sequential 5-year periods:
period 1 (water years 1996-2000), period 2 (water years
2001-5), period 3 (water years 2006—10), and period 4 (water
years 2011-15). Because of the substantial effect of the inten-
tional breach of Milltown Dam on March 28, 2008, period 3
was subdivided into period 3A (October 1, 2005-March 27,
2008) and period 3B (March 28, 2008—September 30, 2010)
for the Clark Fork above Missoula (sampling site 22). Trend

period 4 (water years 1996-2015); the decreases ranged from

minor (sampling sites 8-20) to small (sampling site 22). For

period 4 (water years 2011-15), the most notable changes indi-

cated for the Milltown Reservoir/Clark Fork River Superfund
JoooooooooogooonDn DACs and loads
gooogbooboooooooboonbobbogbouobobt
0000000000000 o0o0oDoDoO0000Thel 0O OO0
period 4 changes in F[J [ [ [ 0 (1 00 00 CF 00 00 01 00 00 CF 00 0 B0 00 [ 0
gooogbooboooooooboonbobbogbouobobt



2 Water-Quality Trends and Constituent-Transport Analysis for Selected Sampling Sites

Trend results indicate that FACs of suspended sediment FOooooooooooooooboooooooooooooo
decreased at the sampling sites from period 1 through period 4  during period 4 was proportionally much larger than the
(water years 1996-2015); the decreases ranged from moderate  decrease for the Clark Fork at Turah Bridge near Bonner
(sampling site 8) to small (sampling sites 11-22). Forperiod4 OO0 000 0000000000000 000000000000«0
(water years 2011-15), the changes in FACs of suspended sed-  copper and arsenic from sources within reach 9 are smaller for
ODooooooooonoooonnoonnoisites) [ [period 4 than for period 1 when the former Milltown Dam was
The reach of the Clark Fork from Galen to Deer Lodge in place, providing evidence that contaminant source materials
is a large source of metallic contaminants and suspended sedi-  have been substantially reduced in reach 9.
ment, which strongly affects downstream transport of those
constituents. Mobilization of copper and suspended sediment
gooogbooboooooooboonbobboobod -
and its tributaries within the reach results in a contribution qﬁthﬂlﬁ ction

of those constituents that is proportionally much larger than L o
OO0 0000 0000000000000 CWithin) (1 (1 Mining in the upper Clark Fork Basin in Montana began

OO0 0D OO0 0000000000000 in1864,when small-scale placer mining operations extracted

copper loads increased by a factor of about 4 and suspended- gold from Silver Bow Creek an@ its tributaries in al}d near
sediment loads increased by a factor of about 5, whereas Butte (Freeman, 1900; U.S. Environmental Protection Agency,

00000000000000000000000000 &4 00000000000000000000-00000L
period 4 (water years 2010 [ [ [1 [ (1 [0 (1 (] (] 0] [0 () [2 () [] Hons had transitioned to larger scale underground silver and
per and suspended-sediment loads sourced from within the copper mining owned by the former Anaconda Mining Com-

reach accounted for about 41 and 14 percent, respectively, of ~ Pany (AMO), With most Of .the ore being processed at AMC
the loads at Clark Fork above Missoula (sampling site 22), milling and smelting facilities near Anaconda (U.S. Environ-
OO0 000 0000000 00000000000 fmentalProtection Agency, 2005, 2010; Gammons and others,
OO0 00000000000 0000000000000 0 2006).In 1955, the AMC mining operations began to transi-
During water years 1996-2015, decreases in FACs and loads tion from underground to open-pit mining, with the opening
000000000000 o0oDo0ooDoooDoooononon m)fjhf ]éerkeley Pit north of Butte. The Berkeley Pit mining
the reach generally were proportionally smaller than for most ~ operations and AMC milling and smelting operations contin-

other reaches. ued until closure in the early 1980s.

OO0 000000000000 00000000000 (buring the extended history of mining in the upper Clark
reaches of the Clark Fork between Deer Lodge and Turah Fork Basin, large amounts of waste materials enriched with
Bridge near Bonner (just upstream from the former Mill- metallic contaminants (cadmium, copper, lead, and zinc)
town Dam) were proportionally smaller than contributions and the metalloid trace element arsenic were generated from
J000 0000000 0000000000000 0D (mining pperations near Butte and the milling and smelting
contributed proportionally much less to copper loading operations near Anaconda (Andrews, 1987; Gammons and
in the Clark Fork than the reach between Galen and Deer others, 2006). Extensive deposition of mining wastes in the

Lodge. Although substantial decreases in FACs and loads of gooooobonooonoboonoooooooootn
00000000000 0000000000000 00 rhad substantial effects on water quality. Federal Superfund

indicated for Silver Bow Creek at Warm Springs (sampling remediation activities in the upper Clark Fork Basin began in
site 8), those substantial decreases were not translated to 1983 and have included substantial remediation near Butte and
downstream reaches between Deer Lodge and Turah Bridge removal of the former Milltown Dam near Missoula in 2008
near Bonner. The effect of the reach of the Clark Fork from (U.S. Environmental Protection Agency, 2004, 2010; CDM,
Galen to Deer Lodge as a large source of copper and sus- 2005; Sando and Lambing, 2011). The various Superfund
pended sediment, in combination with little temporal change activities are distributed among three National Priorities List
in those constituents for the reach, contributes to this pattern.  sites: the Silver Bow Creek/Butte Area Site, the Anaconda
With the removal of the former Milltown Dam in Smelter Site, and the Milltown Reservoir/Clark Fork River
2008, substantial amounts of contaminated sediments that Superfund Site, which are described in the “Description of
0000000000000 0000000000000 CStudy Aréa” section of this report.
(downstream from Turah Bridge near Bonner) became more Water-quality data collection by the U.S. Geological
available for mobilization and transport than before the dam Survey (USGS) in the upper Clark Fork Basin began during
removal. After the removal of the former Milltown Dam, the 198588 with the establishment of a small long-term monitor-

Clark Fork above Missoula (sampling site 22) had statistically ~ ing program that has expanded through time and continued
Jooooooo0o0o0o0oo00o0U0nD0UUddoo throuogh present (2016). Sando and others (2014) analyzed

in period 3B (March 28, 2008, through water year 2010) that OooOoooooooooooooooogogoooooooooocL
continued in period 4 (water years 2011-15). Also, decreases mining-related contaminants for 22 sampling sites in the Silver
mFOOOODODOODODOO0O0O000000DO0OOOOE D Bow Creek/Butte Area Site, the Anaconda Smelter Site, and

ment were indicated for period 4 at this site. The decrease in the Milltown Reservoir/Clark Fork River Superfund Site in the
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Figure 1. Location of study area, selected sampling sites, and data-summary reaches in the upper Clark Fork Basin, Montana; the Milltown Reservoir/Clark Fork River Superfund Site
includes the reaches from sampling site 8 to sampling site 22.
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upper Clark Fork Basin for water years 1996-2010 (water year Early Federal Superfund activities in the upper Clark
is the 12-month period from October 1 through September 30  Fork Basin involved designation of three areas as National
and is designated by the year in which it ends). An update of Priorities List sites in 1983: the Silver Bow Creek Site, the
()01 01 0V 0 ) 0 [ 4quality trends for the monitoring data was ~ Anaconda Smelter Site, and the Milltown Reservoir Site. The
needed for seven sampling sites to provide timely information  Silver Bow Creek Site was redesignated as the Silver Bow

for the 2016 5-year review for the Milltown Reservoir/Clark Creek/Butte Area Site in 1987 and includes remnants from
Fork River Superfund Site. The USGS, in cooperation with mining operations near Butte and about 26 river miles of
the U.S. Environmental Protection Agency, conducted this Silver Bow Creek extending from near Butte to the outlet of

OO OO oo oo oo oo e e o0 0 Warm Spridgs Ponds (U.S. Environmental Protection Agency,
JooooooooDoonooo0oooooDoyyUUnn 20005 CDM,12005). The Anaconda Smelter Site includes about
Milltown Reservoir/Clark Fork River Superfund Site by using 300 mi?, primarily in the Mill, Willow, Warm Springs, and
a joint time-series model (TSM; Vecchia, 2005) for concentra-  Lost Creek drainage basins near Anaconda (U.S. Environ-
OO OO oo oo o e o et e f 0 B0 [nlental Protection Agency, 2010). Many remediation activities

Blackfoot River near Garrison, Montana [sampling site 15; within the Anaconda Smelter Site are administered within the
OO0OO0oooo oo oo oo oo m oo oo [Regiondl Water, Waste, and Soils Operable Unit (Henry Elsen,
statistically summarizing water-quality data collected during U.S. Environmental Protection Agency, written commun.,
water years 201115, but the period of water-quality data col- ~ January 2016). The Milltown Reservoir Site was redesignated
Oo0oODoo0ooooooDooooooooooooo as the Milltown Reservoir/Clark Fork River Superfund Site

in 1992. The Milltown Reservoir/Clark Fork River Superfund
Site includes two primary operable units: the Milltown Res-
ervoir Operable Unit and the Clark Fork Operable Unit. The
Milltown Reservoir Operable Unit includes about 0.84 mi?
a] D][D][D][D][D][D][D][D][D
ion

Purpose and Scope

The primary purposes of this report are to (1) character-
googogbooboooooooboonbobbobod
googogbooboooooooboonbobbobod
those trends in the context of source areas and transport of
those contaminants through the Milltown Reservoir/Clark
Fork River Superfund Site in the upper Clark Fork Basin.
TOODODODOO0DO0000D0D0D00000o0o0oooooog
trace elements (arsenic, copper, and zinc), and suspended sedi-
ment for seven sampling sites for water years 1996-2015. This
report provides an update of and supersedes the trend results
reported by Sando and others (2014) for seven sampling sites
in the Milltown Reservoir/Clark Fork River Superfund Site.

This report presents the trend results and information on
googogbooboooooooboonbobbobod
data-related factors that affect trend results. This information

is presented to assist in evaluating trend results; however, it is
beyond the scope of this report to provide detailed explana-
tions for all observed temporal changes.

Mllltown Reservoir (U.S. Environmental Protec-
gency, 2004). The Clark Fork Operable Unit includes
streamside areas of the 115-mi reach of the Clark Fork
extending from the Warm Springs Ponds outlet to the start of
n Reservoir Operable Unit (Montana Department of
nv1r0nmental Quality, 2016).
goboooooboobobboobouboboizoboon
voir/Clark Fork River Superfund Site, which includes the
Clark Fork Operable Unit and the Milltown Reservoir Oper-
able Unit, and extends about 123 river miles from the outlet
of Warm Springs Ponds on Silver Bow Creek (represented by
site 8) to the outlet of the former Milltown Reservoir
represented by sampling site 22, which is about 3 river miles
downstream from the former Milltown Dam). Sampling sites
included in this study are located on the main-stem channels
of Silver Bow Creek and the Clark Fork. Sando and others
(2014) included trend analyses for several sampling sites on
tributaries to Silver Bow Creek or the Clark Fork in the Mill-

Description of Study Area town Reservoir/Clark Fork River Superfund Site; however,
data collection for most of the tributary sampling sites was dis-
The Clark Fork drains an extensive region in western continued in water year 2004. No tributary sampling sites were

Montana and northern Idaho in the Columbia River Basin (not  included in this study. The sampling site numbers and reach
(101 [ 01 01 ) [ Thelmain-stem Clark Fork begins at the con-  designations assigned by Sando and others (2014) generally
CVCT 000y B 0 D'Warm Springs Creeks near Warm have been retained to facilitate comparisons. An exception is
OO00ooooooo oo oo oo oo m oo Clark Fork above Little Blackfoot River near Garrison (USGS
Montana and Idaho. [ [ [ [0 07 [) 00 01 0F 03 01 00 00 0 00 [0 ) 1) streamgage 12324400), for which data collection began in

upper Clark Fork Basin in west-central Montana upstream water year 2009. Streamgage 12324400 was not included in
from Clark Fork above Missoula, Montana (sampling site 22, Sando and others (2014). A discontinued tributary sampling
table 1), with a drainage area of 5,999 square miles (mi?). site (Little Blackfoot River near Garrison, Montana; USGS
Sando and others (2014) presented somewhat detailed infor- streamgage 12324590) was designated as sampling site 15 in

mation describing the hydrographic, physiographic, climatic, Sando and others (2014), but in this study Clark Fork above
and geologic characteristics of the upper Clark Fork Basin and  Little Blackfoot River near Garrison (USGS streamgage
an overview of mining and remediation activities. 12324400) is designated as sampling site 15. The period of


http://en.wikipedia.org/wiki/Columbia_River

Table 1.

Information for selected sampling sites and data-summary reaches in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin, Montana.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. USGS, U.S. Geological Survey; NA, not applicable]

“sna“;‘ite USGS site Data- D’:r'zzge Period of sameﬂ:f“frz“:‘;'c Trend
piing , identification USGS site name Abbreviated sampling site name  summary . ! water-quality . piing Ireq V. analysis
number 12 insquare . in samples per year o
. number reach" k data collection periods
(fig. 1) miles (range)
8 12323750 Sﬂ;ﬁj;ﬁ Creek at Warm Springs, 0 Bow Creek at Warm Springs ~ 3and4 473 3/1993-8/2015 8 (6-11) 1,2,3,4
11 12323800  Clark Fork near Galen, Montana Clark Fork near Galen 4 and 5 651 7/1988-8/2015 8 (1-13) 1,2,3,4
14 12324200  Clark Fork at Deer Lodge, Montana Clark Fork at Deer Lodge 5and 6 995 3/1985-8/2015 8 (4-20) 1,2,3,4
15 12304400 ~ Clark Forkabove Little Blackfoot g oo Garrison 6 1,139 3/2009-8/2015 8 (7-8) NA*
River near Garrison, Montana
16 12324680  Clark Fork at Goldcreek, Montana Clark Fork at Goldcreek 6 and 7 1,704 3/1993-8/2015 8 (6-10) 1,2,3,4
18 12331800  Clark Fork near Drummond, Montana Clark Fork near Drummond 7and8 2,501 3/1993-8/2015 8 (6-10) 1,2,3,4
20 12334550 ~ Clark Fork at Turah Bridge near Clark Fork at Turah Bridge 8and9 3,641 3/1985-8/2015 8 (6-23) 1,2,3,4
Bonner, Montana
. . 1,2, 3A,
22 12340500  Clark Fork above Missoula, Montana  Clark Fork above Missoula 9 5,999 7/1986-8/2015 8 (2-18) 3B, 4

'For this study, the sampling site numbers and reach designations assigned by Sando and others (2014) generally have been retained to facilitate comparisons.

Jo0oo0o000DO00D0DOO0O0D0DDOO00D0O0D0DO0ODDDOO0OO0DO0OO0O0DOO0DDDO0ODDO0DODO0OODDOODDOODDOO

‘0000000000000 00o00o0o0o0oo0o00D0oUooooooDO
water years 1996-2000;

bl N

water years 2001-5;

water years 2006—10;
- water years 2011-15.
* Because of the substantial effect of the breach and removal of Milltown Dam in 2008, for Clark Fork above Missoula (station 12340500), period 3 was subdivided into period 3A (October 1, 2005-March 27,

2008), 304 petiog2B March 28,2008 September 30,200, ; n np o opoNoooNO00NO000000000000000000 0 O-guality da@ collected during water years 201115,

uonanpou|
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6 Water-Quality Trends and Constituent-Transport Analysis for Selected Sampling Sites

Water[DD[DD[DD[DD[DD[DD[DD[DD[Q@Iaﬁtv%ssurance

for sampling site 15, but this site was included in the study
for the purpose of statistically summarizing water-quality data
collected during water years 2011-15.

Data-Collection and Analytical
Methods

Sando and others (2014) present information concerning
historical aspects of data-collection and analytical methods
used in the monitoring program. Data collected in the monitor-
ing program are published (typically on an annual basis) in
data reports that present the methods of data collection, water-
quality data, quality-assurance data, and statistical summaries
of the data (for example, Dodge and others, 2015). A brief

Sando and others (2014) present information concerning
historical aspects of quality-assurance procedures used in the
monitoring program. Quality-assurance data collected in the
monitoring program are reported and statistically summarized
in annual data reports (for example, Dodge and others, 2015).
Selected quality-assurance information relevant to this study is
presented in the following paragraphs.
gooooooobooobobobooboubobbooboobo
gooogobooooonoobooboonboboubobobon
collected in the monitoring program during water years
1993-2015 were compiled and statistically summarized
(table 1-1 in appendix 1 at the back of the report). Those data
provide information on the consistency and environmental
representativeness of data collection. Representative sampling
Jgonpgonodoooooooobgooonooonoooon

goooboobooonooonooboobobobooboogdo il

methods is presented in the following paragraphs.

The sampling design of the monitoring program provides
information relevant to several objectives, including evaluat-
ing constituent transport, regulatory compliance, and long-
term trends. Since 1993, the sampling frequency of the main-
stem sampling sites in the monitoring program generally has
been consistent, with the sites sampled eight times per year in
most years. In the monitoring program, the seasonal timing of
sample collection placed greater emphasis on the snowmelt
runoff period (typically [J [1 [ 0 0V 0100 00 01 00 00 C0 00 [ B4 00 [
tions are high and variable and constituent transport is large.
About 75 percent of samples were collected during April-July.
In general, the frequency and timing of sample collection
throughout the period of data collection among the sites are
reasonably consistent to provide reasonable consistency in
trend-analysis results.

In the monitoring program, water samples were collected
from vertical transits throughout the entire stream depth at
multiple locations across the stream by using standard USGS
depth- and width-integration methods (U.S. Geological Sur-
vey, variously dated). Those methods provide a vertically and
laterally discharge-weighted composite sample that is intended

low concengations in stream waters and ubiquitous presence

in the sampling environment that produce an associated large

potential for contamination.
gooooooooooooogooooboooooon

(table 1-1 in appendix 1 at the back of the report) provides

information on potential effects of contamination during the

sampling process on trend-analysis results. For the trace-

element constituents included in the trend analysis (table 2),

googogbooboobooonooboonbobnbobgbonooLl

tions greater than the laboratory reporting level (LRL) at the

gboogboobobbooboogbobnbobboboubobnboLl

1070000 0000000000000 00O0O0ORO000O000O

googogbooboonbooonooboonbobnbooboubonoocLl

00000000 oooo0oooooDoUddU duting O
the study period (table 2). 0 U O O O DD 0D OO OO OoooOH
gooobooooonoounoobouobouobobouoboon

googogbooboonbooonooboonbobnbooboubonoocLl

samples was routinely monitored in the Clark Fork monitor-
ing program, and stream-sample data judged to be affected by

goooboobooooooobobobobboobouboboocl

reviews of the data and excluded from data analysis. However,
it is important that trend-analysis procedures are structured

NO0N000N0000 00000000 000000 DD tominimize potential effects of sampling contamination on
D0000000000000000000000oooodddoooooooooooonoooooaoonooann

conductance was measured onsite in subsamples from the
composite water samples. Subsamples of the composite water
samples were analyzed at the USGS National Water Qual-

procedures used in application of the trend-analysis method
with respect to handling of low-concentration and censored
data (that is, analytical results reported as less than the LRL;

ity Laboratory (NWQL) in Denver() (] [1 (] [ [J (1 () (1 [1 (] [1 [Helsel, 2005) are described in the section of this report “Gen-
0000000000000 000000000000n reral Description of the Time-Series Model.”

concentrations of the trace-element constituents (table 2) by
using methods described by Garbarino and Struzeski (1998)
and Garbarino and others (2006). Water samples also were
analyzed for suspended-sediment concentrations by the USGS
sediment laboratory in Helena, Montana. All water-quality
data are available in the USGS National Water Information
System (NWIS; U.S. Geological Survey, 2015).

gobooooobooboboobouobobooobooootL

(table 1-1 in appendix 1 at the back of the report) provides
information on data precision. For the entire study period, the
relative standard deviations (a measure of overall precision)

googogboobooooboobobnbobboboubobooLl

constituents, indicating reasonable precision (Taylor, 1987;
Dodge and others, 2015).



Quality Assurance

Table 2. Properties, constituents, and associated information relating to laboratory and study reporting levels.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. NWQL, U.S. Geological Survey

National Water Quality Laboratory; uS/cm, microsiemen per centimeter at 25 degrees Celsius; NA, not applicable; mg/L, milligram per liter; pg/L, microgram

per liter]
. Number of NWQL Range in NWQOL Study reporting level
. Units of laboratory reporting . . L
Property or constituent . laboratory reporting used in application of the
measurement levels during water years levels time-series model’
1993-2015

oo0oooooonio puS/em NA NA NA
pH, standard units standard units NA NA NA
goooooooo mg/L 0.005-0.022 NA
gooogoooogo mg/L 0.002-0.011 NA
OOo0000O0O0D ng/L 7 0.01-1.0 NA
goooooooooooooog ng/L 10 0.007-1.0 NA
Copper] [1 [1 2 [] ng/L 4 0.2-1 1.0
Copper! [1 01000 OO OE O ng/L 6 0.3-2 1.0
000000 oo ng/L 10 0.015-5 NA
goooooooooooooo ng/L 6 0.03-5 NA
DO0000O00O ng/L 7 0.9-20 NA
D00o0oooooooeaoo ng/L 4 2-31 2.0
000000 B00 ng/L 0.022-1 1.0
000000 ooooooioon ng/L 7 0.06-1 1.0
Suspended sediment? mg/L NA NA 1

"Procedures for determining and applying the study reporting level used in the application of the time-series model are discussed in the section of this report

“General Description of the Time-Series Model.”

Property or constituent was analyzed for temporal trends.

Analytical results for laboratory-spiked deionized-water
blank samples and stream-water samples that were collected
in the monitoring program during water years 1993-2015
are presented in tables 1-2 and 1-3, respectively, in appen-
dix 1 at the back of the report. Annual mean recoveries for
laboratory-spiked deionized-water blank samples for all
constituents combined have ranged from 82.3 to 118 percent
(mean of 104 percent). Annual mean recoveries for laboratory-
spiked stream-water samples for all constituents combined
have ranged from 84.3 to 114 percent (mean of 105 percent).
Potential effects of temporal variability in spike recoveries on
trend results are described in appendix 1 and also the section
[ [ [J [1 Aspects of the Application of the Time-Series Model
in this Study” in appendix 2. Based on analysis of all quality-
assurance data, the quality of the study datasets were deter-
mined to be suitable for trend analysis.

7
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Overview of Streamﬂow and Water_ human-health standard is 10 micrograms per liter (ug/L;

. .- . Montana Department of Environmental Quality, 2012). Per-
Quallty CharaCte"sucs fOr Water centages of samples (water years 2011-15) with unadjusted
Yearszo11_15 ooooooooooooooooDD Dol d-goality 0

standards for each site are presented in table 5. The exceed-

GO0 0000000000 00000000 -0 [ ranee percentages for the hardness-based aquatic-life standards
OO0 000n0n a0 00000 o nnnn oo foreadmiym, copper, lead, and zinc in table 5 were based on
table 1) is useful for generally describing water quality and in comparison of trace-element concentrations of each individual

providing comparative information relevant for interpreting sample with the aquatic-life standards that were calculated by

trend results. Data are summarized for water years 2011-15, using the hardness for each individual sample.

a summary period that represents recent water-quality condi- Statistical distributions of water-quality characteristics of

tions and the increment of data collected after the study period DO OO0 OOO0ODOOOCOOOO0O0O0O00C0O000O0O000O0OLC
19962010 reported by Sando and others (2014). O0oOoodoooooUoooooDooOoooooorOoUoooo

tance and unadjusted concentrations of copper, arsenic, and
General Streamflow Characteristics for Water ~ Sispended sediment); the boxplots provide an overview of
important water-quality characteristics in the upper Clark Fork
Years 2011-15 Basin. 0 000000000 0000000 Rquality O
o _ . o 000000000000000000000000000000
To aid in interpreting water-quality characteristics of the because it is an index of ionic strength, is strongly correlated
S [ S i hardness (which is used in calculations of aquatic-life
data are presgnted in table 3.1/ 1] [,D R [spandards), and provides information on the extent of water
are available in NWIS (U.S. Geological Survey, 2015). In ontact with geologic materials, types of geologic materials

OoooooooooooooooooogooEsoo tin th li ite basi d potential effects of
OO OO OO OO O O OO 0 G0 (presentin the sampling-site basins, and potential effects o

years 201115 generally were about 10-20 percent higher than remediation activities on ionic strength. Copper and arsenic
000000000000 00000000 are presented as examples of trace elements because they

are constituents of concern with respect to potential toxicity
issues, but they have much different geochemical characteris-

Water-Quality Characteristics for Water tics. Spatial and temporal variability in copper concentrations
Years 2011-15 in the upper Clark Fork Basin generally is similar to vari-
ability in other metallic contaminants that tend to adsorb to
Statistical summaries of water-quality data (water years particulates in water (Sando and others, 2014) and is consid-
2011-15) for sampling sites in the Milltown Reservoir/ ered generally representative of those constituents. In contrast,
Clark Fork River Superfund Site in the upper Clark Fork arsenic in the upper Clark Fork Basin tends to largely exist in
Basin are presented in table 4. The statistical summaries in the dissolved phase and does not exhibit the same variability
table 4 are based on unadjusted trace-element concentrations as metallic contaminants (Sando and others, 2014). Suspended
SRR R R R L R R L R LR L T Tgediment is presented because it provides information on
adjustment, described in the sections of this report “General transport of particulate materials, which is a factor that can

Description of the Time-Series Model” and “Factors that

) | strongly affect transport of metallic contaminants.
Affect Trend Results and Interpretation,” is relevant when

: . . ) ; ) To assist in the presentation of results, Sando and others
interpreting trends in concentrations of water-quality constitu- 2014) divided Silver Bow Creek and the Clark Fork into
]ED]ED]ED]ED]ED]ED]ED]ED][&.][ . .
nine data-summary reaches based on the location of sampling
HoweverD[DD[DD[DD[DD[DD[DD[DD[QD;D%l . fih h li .
marizing the observed water-quality data during water years sites along the main-stems of those streams. The sampling site
numbers and reach designations assigned by Sando and others

2011-15. . . .
Tn addition to statistical summaries of unadjusted con- (2014) generally have been retained to facilitate comparisons,

0000000000000 0000000000000 ﬁmjl BveEFrquath characteristics for sampling 51.tes in six
trace-element concentrations are reported in table 4 to pro- reaches (reaches 4-9) are presented. Water-quality charac-

vide general information on the predominant phase (that is teristics within the six reaches are affected by environmental
dissolved or particulate) of transport. Values of aquatic-life characteristics within the delineated reach basin boundaries

standards (Montana Department of Environmental Quality, "1 [1 [ Water-quality characteristics of the sampling sites are
2012; based on median hardness for each site for water years described for each of the data-summary reaches. Emphasis
2011-15) for cadmium, copper, lead, and zinc are presented is placed on describing spatial differences in observed water
in table 1-4 in appendix 1 at the back of the report; those quality in the Milltown Reservoir/Clark Fork River Super-
values were used for plotting the standards in relation to fund Site in the upper Clark Fork Basin during water years

statistical distributions of selected trace elements. The arsenic 2011-15.



Table 3. Statistical summaries of continuous streamflow data for selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork

Basin, Montana.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft'/s, cubic foot per second; POR, period of record]

Statistical summaries of daily mean streamflow,

in ft¥/s
Drainage Analysis period
Sampling site number  Abbreviated sampling site name area, in V\YaterI;ears, Mean
fig. 1, table 1 table 1 in square
(fig ) ( ) q (number of years) Minimum 25th _ Median (alfo referred to 75th _ Maximum
miles percentile as “mean annual percentile
streamflow”)

) ) 2011-15 (5) 22 51 65 96 97 1,060

8 Silver Bow Creek at Warm Springs 473
POR: 1994-2015 (22) 15 41 59 88 88 1,060
2011-15 (5) 35 92 130 172 174 1,390

11 Clark Fork near Galen 651
POR: 1989-2015 (27) 13 70 100 143 152 1,390
2011-15 (5) 55 187 237 283 302 1,960

14 Clark Fork at Deer Lodge 995
POR: 1979-2015 (37) 22 159 219 257 298 2,390
2011-15 (5) 61 198 263 315 331 2,560

15 Clark Fork near Garrison 1,139
POR: 2010-15 (6) 61 209 267 323 334 2,560
2011-15 (5) 112 320 409 570 583 6,100

16 Clark Fork at Goldcreek 1,704
POR: 1978-2015 (38) 55 280 380 519 556 9,100
201115 (5) 185 461 595 771 813 7,740

18 Clark Fork near Drummond 2,501
POR: 1994-2015 (22) 77 419 563 718 758 8,430
) 2011-15 (5) 250 790 990 1,490 1,560 12,700

20 Clark Fork at Turah Bridge 3,641
POR: 1985-2015 (31) 177 678 870 1,260 1,260 12,700
) 201115 (5) 500 1,400 1,730 3,330 3,760 28,100

22 Clark Fork above Missoula 5,999
POR: 1930-2015 (86) 340 1,270 1,650 2,930 2,960 30,800
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Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,
Montana, water years 2011-15.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft¥/s, cubic foot per second; NA, not applicable; pS/cm, microsiemen per centimeter at
25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

- . P ]
Statistical summaries of water-quality data Ratios of median

Constituent or property, filtered to median
unadjusted Number of samples Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses Z5th Median Mean 75th Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent’

Silver Bow Creek at Warm Springs, Montana (sampling site 8, fig. 1, table 1)

[J [0 [J [J [} instantaneous, ft*/s 40 20 66 89 146 161 1,030 NA
gooooooooboobogod 40 182 342 394 407 489 577 NA
pH, standard units 40 8.1 8.5 8.8 NA 9.1 9.4 NA
000000000 as CaCo, 40 74.9 136 170 169 203 253 NA
O0oooooooooog 40 22.5 39.7 48.4 48.7 58.6 73.3 NA
ooooooooooooo 40 4.52 9.10 11.8 11.5 14.4 16.9 NA
O0oooooooooog 40 (49 0.023 0.031 0.038 0.044 0.054 0.096 45
oooooopooooooooooooo 40 0.027 0.065 0.085 0.119 0.125 0.567

Copper [1 000 OO 40 1.6 2.6 3.5 4.3 4.7 214 51
Copper! | [] 0L OO OO D oy oy iy e i 40 2.8 5.0 6.8 9.5 11.2 35.2
Oooooooooon 40 7.0 16.2 30.0 30.0 38.7 63.0 13
gooooooobobobobool 40 61.1 159 225 256 313 839
O0oooooooooo 40 0.044 0.103 0.158 0.162 0.186 0.566 14
gooobooboogbobobobool 40 0.37 0.81 1.16 1.80 2.07 6.39
O0ooooooooooo 40 27.1 42.7 61.2 72.6 84.7 208 64
gooobobdoboboooooobol 40 60.1 77.5 95.2 116 130 332
ooooogoogogo 40 (11) 1.5 1.7 2.8 2.8 33 6.1 33
goouobuoboogboboboobool 40 (2) 2.3 5.5 8.6 13.3 14.1 69.8
oooooooooood 40 8.4 13.4 19.2 20.9 28.0 38.1 86
gooobogobobobooboouooooo 40 10.4 16.9 22.4 22.8 28.8 37.9

Suspended sediment, mg/L 40 1 3 6 6 7 21 NA

oooooO0ooooOooOoooo0Dn 40 60 84 88 87 92 98 NA

oL
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Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,

Montana, water years 2011-15.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft*/s, cubic foot per second; NA, not applicable; uS/cm, microsiemen per centimeter at

25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

Statistical summaries of water-quality data’

Constituent or property,
unadjusted Number of samples

Ratios of median
filtered to median

° Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses -~ 25th Median Mean 75th- Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent?
Clark Fork near Galen, Montana (sampling site 11, fig. 1, table 1)
[J [0 [J [J [} instantaneous, ft¥/s 40 38 110 175 249 284 1,380 NA
goooooooboobobo 40 182 292 367 360 434 498 NA
pH, standard units 40 8.2 8.4 8.6 NA 8.7 9.1 NA
O 0000000 as CaCo, 40 76.4 125 164 158 191 225 NA
oooo0ooO0oooooo 40 23.2 37.1 47.9 46.4 55.4 65.1 NA
gooooooooobon 40 4.44 7.75 10.6 10.2 12.7 15.1 NA
oooo0oooooooo 40 (2) 0.020 0.037 0.041 0.044 0.049 0.111 42
o0oo0o00o00oO00OO0OO0OO00O0O0O0O0OO0O0 40 0.034 0.076 0.098 0.115 0.160 0.287
Copper] [ (10010000 40 1.4 3.1 3.7 43 4.7 19.8 31
Copper D DO DOODODODODDDOODO 39 4.8 9.2 11.9 15.4 17.5 51.6
gooogoooogooo 40 7.5 11.7 20.0 20.2 271 43.0 8
gobooboboboboouobuobooo 40 67.5 167 248 297 370 860
gboogboogbo 40 0.037 0.074 0.112 0.116 0.132 0.387 7
goooooobooooooboooboon 40 0.40 1.10 1.51 2.06 2.82 6.33
gooooooobooboo 40 13.1 37.8 41.8 54.7 63.8 130 48
gooooooooobooooobooboo 40 40.9 73.0 87.5 102 122 220
gboboooboooobo 40 (7) 1.4 1.8 2.6 2.8 33 9.4 24
gbooobooobobooboooon 40 2.8 7.1 10.7 13.5 18.0 45.1
gopooooboooboboo 40 7.0 10.4 12.7 13.8 18.0 27.5 82
gbooobooobooobooobo 40 8.9 12.4 15.4 16.0 19.0 31.5
Suspended sediment, mg/L 40 2 5 8 12 12 59 NA
0000000000000 0000 40 32 68 76 75 87 96 NA
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Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,

Montana, water years 2011-15.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft*/s, cubic foot per second; NA, not applicable; uS/cm, microsiemen per centimeter at

25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

Statistical summaries of water-quality data’

Constituent or property,

Ratios of median
filtered to median

unadjusted Number of samples Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses -~ 25th Median Mean 75th- Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent?
Clark Fork at Deer Lodge, Montana (sampling site 14, fig. 1, table 1)
[J [0 [J [J [} instantaneous, ft*/s 40 44 197 265 353 357 2,000 NA
gooooooogoooogno 40 228 346 436 412 481 525 NA
pH, standard units 40 7.9 8.2 8.3 NA 8.4 8.9 NA
O 0000000 as CaCo, 40 97.1 154 200 183 214 231 NA
oooo0ooO0oooooo 40 29.1 46.0 58.8 54.0 62.8 68.8 NA
oooooooooooon 40 5.92 9.56 13.1 11.8 13.7 15.5 NA
oooo0oooooooo 40 0.035 0.049 0.065 0.069 0.072 0.280 43
000000000000 000000O0 40 0.046 0.094 0.152 0.203 0.221 0.784
Copperl ] [0 (100010 000 40 3.4 5.6 7.0 8.3 7.7 45.9 25
Copper D OO DODODODODDDOODO 40 9.4 15.2 27.6 46.3 493 220
ooo0o0ooooo0o00D 40 5.5 11.7 18.5 18.7 24.9 45.8 4
gobooboboboboouobuobooo 40 63.0 224 436 708 788 4,290
goooouobooobooob 40 (1) 0.041 0.082 0.142 0.152 0.189 0.372 4
goooooobooooooboooboon 40 0.55 1.61 3.28 5.70 6.63 32.8
goooobboobboo 40 11.7 22.6 30.0 32.6 38.7 70.8 36
gooooooooobooooobooboo 40 229 57.4 82.9 97.5 115 364
goooooooooo 40 1.6 3.6 5.5 6.5 6.6 50.6 23
gbooobooobobooboooon 40 5.0 15.3 23.2 349 37.6 164
gopooooboooboboo 40 7.7 10.3 13.3 14.0 16.2 36.6 81
gbooobooobooobooobo 40 9.7 13.8 16.4 19.2 20.3 46.6
Suspended sediment, mg/L 40 2 8 17 33 31 218 NA
0000000000000 0000 40 39 72 81 77 86 96 NA
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Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,
Montana, water years 2011-15.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft*/s, cubic foot per second; NA, not applicable; uS/cm, microsiemen per centimeter at
25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

- - P ]
Statistical summaries of water-quality data Ratios of median

Constituent or property, filtered to median
unadjusted Number of samples Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses -~ 25th Median Mean 75th- Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent?
Clark Fork above Little Blackfoot River near Garrison, Montana (sampling site 15, fig. 1, table 1)
[J [0 [ [J [} instantaneous, ft*/s 39 71 227 289 410 418 2,310 NA
nooooooooodooog 39 249 363 449 421 479 527 NA
pH, standard units 39 7.9 8.2 8.4 NA 8.6 8.9 NA
O 000 00 0 as CaCoO, 39 107 162 202 186 213 228 NA
oooooooooooo 39 31.9 474 58.8 54.1 61.7 66.5 NA
nooooooooodoon 39 6.65 10.4 13.4 12.3 14.4 15.5 NA
Oo0oooooooooo 39 (1) 0.024 0.050 0.065 0.067 0.072 0.227 42
oooooooooOoooooooooon 39 0.027 0.117 0.155 0.227 0.272 0.835
Copper ! [1 [ 0101000 39 2.8 6.2 7.9 9.2 9.7 40.6 25
Copper ! DO OO OoOooooom 39 10.0 19.1 31.9 51.3 54.0 222
oooooooooon 38 5.2 9.2 15.7 19.0 25.2 64.4 3
0o0o000o0o0o0oO0ooooooooano 38 40.7 256 505 806 823 3,860
ooooooooooon 39 (1) 0.048 0.086 0.135 0.181 0.247 0.715 4
ooooooooooooooonnn 39 0.33 2.08 3.74 6.40 6.63 323
oo0oDoooooooooo 39 8.6 20.7 27.2 29.4 35.7 65.1 32
nooooooooooooooooooon 39 13.4 63.4 84.5 105 129 344
gooooooooon 39 (2) 1.9 3.1 4.9 5.6 6.9 37.1 18
0000oo0o0oo0oooDooooooo 39 (1) 32 15.9 26.7 439 44.5 181
gooooooooobo 39 7.8 10.9 15.2 15.0 17.3 36.7 87
goooooooboboobooooooo 39 10.5 15.2 17.4 20.3 21.2 46.0
Suspended sediment, mg/L 39 1 11 21 37 37 205 NA
00000000000 Do0oC*oOoo 39 46 72 79 77 83 92 NA
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Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,

Montana, water years 2011-15.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft*/s, cubic foot per second; NA, not applicable; uS/cm, microsiemen per centimeter at

25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

Statistical summaries of water-quality data’

Constituent or property,

Ratios of median
filtered to median

unadjusted Number of samples Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses -~ 25th Median Mean 75th- Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent?
Clark Fork at Goldcreek, Montana (sampling site 16, fig. 1, table 1)
[J [0 [J [J [} instantaneous, ft*/s 40 137 393 522 820 902 4,450 NA
goooooooboobobo 40 216 297 364 353 411 456 NA
pH, standard units 40 7.9 8.1 8.3 NA 8.6 9.1 NA
00000000 as CaCo, 40 98.5 131 165 158 186 211 NA
oooo0ooO0oooooo 40 29.6 38.7 48.2 46.5 55.0 62.1 NA
oooooooooooon 40 5.96 8.21 10.6 10.2 12.2 13.6 NA
oooo0oooooooo 40 (3) 0.020 0.031 0.041 0.044 0.050 0.124 40
o0oo0o00o00oO00OO0OO0OO00O0O0O0O0OO0O0 40 0.021 0.072 0.102 0.158 0.209 0.530
Copperl ] [0 (100010 000 40 2.1 43 5.1 6.1 6.4 233 27
Copper D OO DODODODODDDOODO 40 5.6 11.4 18.6 32.1 41.3 133
ooo0o0ooooo0o00D 40 (1) 3.8 8.8 18.6 259 36.0 93.7 5
gobooboboboboouobuobooo 40 31.8 182 360 699 922 2,940
gboogboogbo 40 (2) 0.035 0.056 0.111 0.141 0.170 0.677 5
gooooooooooooboooon 40 0.14 1.31 2.24 433 5.99 19.9
gooooobooboboo 40 5.5 12.8 16.1 18.3 20.0 45.1 24
gooooooooobooooobooboo 40 9.3 46.9 67.4 84.4 107 253
goooooooooo 40 (5) 1.8 2.3 3.5 4.1 5.7 17.7 20
oooooooooooooooooo 40 (1) 2.9 11.0 17.3 29.9 41.7 113
gobooobooooboboo 40 5.6 7.9 9.0 9.9 11.5 22.5 79
gbooobooobooobooobo 40 7.5 9.7 11.4 133 14.4 28.4
Suspended sediment, mg/L 40 2 8 16 35 40 176 NA
0000000000000 0000 40 56 71 82 78 87 94 NA
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Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,

Montana, water years 2011-15.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft*/s, cubic foot per second; NA, not applicable; uS/cm, microsiemen per centimeter at

25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

Statistical summaries of water-quality data’

Constituent or property,
unadjusted Number of samples

Ratios of median
filtered to median

° Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses -~ 25th Median Mean 75th- Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent?
Clark Fork near Drummond, Montana (sampling site 18, fig. 1, table 1)
[J [0 [J [J [} instantaneous, ft*/s 40 248 563 781 1,040 1,090 5,540 NA
D0ooo00o0o0o0o0ooooon 40 243 346 417 403 458 560 NA
pH, standard units 40 7.9 8.1 8.1 NA 8.2 8.5 NA
O 0000000 as CaCo, 40 109 158 190 184 211 265 NA
oooo0ooO0oooooo 40 32.6 45.1 54.3 52.7 59.7 74.9 NA
oooooooooooon 40 6.75 10.7 13.2 12.9 15.0 19.0 NA
oooo0oooooooo 40 (2) 0.021 0.032 0.043 0.045 0.053 0.101 35
o0oo0o00o00oO00OO0OO0OO00O0O0O0O0OO0O0 40 (1) 0.026 0.072 0.124 0.168 0.241 0.536
Copperl ] [0 (100010 000 40 1.9 3.9 4.8 5.6 6.2 19.8 24
Copper 1 OO OO OO0 O0000000 40 5.4 9.8 19.4 299 36.7 107
ooo0o0ooooo0o00D 40 (2) 3.6 9.0 15.0 20.7 26.9 88.7 3
goooooooooooooooog 40 24.8 180 440 710 979 3,170
goooouobooobooob 40 (2) 0.039 0.059 0.115 0.142 0.152 0.592 4
oooooooooooooooonn 40 0.17 1.27 3.02 4.61 6.29 19.8
gooooooobooboo 40 4.2 12.4 15.5 17.4 22.0 37.7 20
gooooooooobooooobooboo 40 9.9 49.7 76.6 96.0 121 294
goooooooooo 40 (1) 2.2 3.5 4.3 4.7 53 13.2 19
oooooooooooooooooon 40 (1) 4.6 12.0 22.7 35.0 48.3 134
gopooooboooboboo 40 6.3 8.0 9.7 10.1 11.3 23.9 86
gbooobooobooobooobo 40 7.7 10.6 11.3 13.3 13.9 30.7
Suspended sediment, mg/L 40 2 9 22 40 57 216 NA
0000000000000 0000 40 42 68 79 76 86 93 NA

GL—LLOZ SIeaj 18)ep Joj sonsuajorieyq) Ajjenp-1aJep| pue Mojjweais jo MalrIanQ

Gl



Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,
Montana, water years 2011-15.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft*/s, cubic foot per second; NA, not applicable; uS/cm, microsiemen per centimeter at
25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

- - P ]
Statistical summaries of water-quality data Ratios of median

Constituent or property, filtered to median
unadjusted Number of samples Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses -~ 25th Median Mean 75th- Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent’

Clark Fork at Turah Bridge near Bonner, Montana (sampling site 20, fig. 1, table 1)

[ () [ [1 [} instantaneous, ft*/s 40 462 1,050 1,500 2,230 2,640 10,600 NA
nooooooooodooog 40 140 214 285 277 340 385 NA
pH, standard units 40 7.8 8.0 8.1 NA 8.2 8.4 NA
00000000004 CaCo, 40 60.1 97.6 132 127 156 186 NA
oooooooooooo 40 17.3 27.8 359 35.6 435 52.8 NA
ooooooooooooo 40 4.11 6.76 9.57 9.27 11.6 13.1 NA
ooooooooooogd 40 (12) 0.017 0.019 0.027 0.031 0.037 0.083 37
0000000000o0ooUooooooo 40 (3) 0.025 0.048 0.073 0.104 0.132 0.404

Copper ! [1 [ 0101000 40 1.3 2.2 2.9 3.8 3.9 17.9 27
Copper ! DO OO OoOooooom 40 3.8 5.9 10.5 16.8 20.1 61.9
ooooooooooon 40 (3) 33 7.1 20.4 29.7 34.0 359 6
ogooooooooooooboogon 40 47.7 132 316 507 527 2,450
ooooooooooon 40 (6) 0.030 0.039 0.069 0.134 0.137 2.79 4
ooooooooooooooonnn 40 0.20 0.58 1.67 2.67 3.33 11.9
oo0oDoooooooooo 40 3.0 5.4 6.9 9.6 9.8 48.6 16
nooooooooooooooooooon 40 9.5 26.9 435 57.7 66.7 212
oooooooooon 40 (4) 1.5 2.3 33 3.9 4.7 17.4 23
goooooboobooboobooooog 40 3.8 8.4 14.2 229 27.3 109
gooooooooooo 40 2.7 4.5 5.6 5.6 6.0 14.2 90
goooooooboboobooooooo 40 3.0 5.6 6.2 7.3 8.2 21.0

Suspended sediment, mg/L 40 3 7 16 32 30 186 NA

O0oooooooooooo*ooo 40 44 66 78 74 85 91 NA
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Table 4. Statistical summaries of water-quality data collected at selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,
Montana, water years 2011-15.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft¥/s, cubic foot per second; NA, not applicable; uS/cm, microsiemen per centimeter at
25 degrees Celsius; CaCO,, calcium carbonate; pg/L, microgram per liter; mg/L, milligram per liter]

- . P ]
Statistical summaries of water-quality data Ratios of median

Constituent or property, filtered to median
unadjusted Number of samples Minimum unfiltered-recoverable
(not flow adjusted) (values in parentheses Z5th Median Mean 75th Maximum concentrations for
units of measurement indicate number of value? percentile percentile trace elements,
censored values) in percent’
Clark Fork above Missoula, Montana (sampling site 22, fig. 1, table 1)
[J [J [J [ [} instantaneous, ft*/s 40 910 1,710 4,100 5,530 7,240 22,900 NA
gobooobbooobool 40 148 189 230 239 288 341 NA
pH, standard units 40 8.0 8.2 8.3 NA 8.4 8.7 NA
0000 onoohas CaCo, 40 70.7 88.5 109 113 141 163 NA
0o0oooooobooood 40 19.3 23.8 29.5 30.3 36.9 44.9 NA
OooooooO0ooooo 40 5.30 6.98 8.48 9.06 11.3 12.9 NA
ooobooooooood 40 (25) 0.017 0.014 0.018 0.019 0.023 0.046 47
oobobooboooooooooooo 40 (12) 0.020 0.021 0.038 0.056 0.067 0.345
Copperl[] [1 0101010 000 0 40 1.0 1.5 1.7 2.1 2.1 7.0 35
Copperl D OO ODOOODOOOOOO 40 1.9 32 4.8 9.0 9.4 53.1
ooooooooooo 40 (1) 3.7 6.6 17.3 22.6 342 60.5 7
0oD00oo0oooooooooooooo 40 40.9 96.3 255 370 344 2,030
ooooooooooon 40 (10) 0.026 0.031 0.054 0.068 0.089 0.212 7
00O00oo0oooooooooooooo 40 0.13 0.41 0.80 1.40 1.57 8.04
gobbooobboobboo 40 35 5.5 6.5 7.7 8.5 20.0 24
goooooooooooooooogoon 40 8.8 19.7 27.5 36.5 414 155
0oOo0O0D0O0DO0O0 40 (16) 1.4 1.4 1.9 2.0 2.4 55 26
00O0o0oo0oo0oooooooooooo 40 (4) 2.3 4.9 72 12.2 12.2 84.4
gooooboooboobod 40 1.2 2.5 3.1 3.1 3.6 7.1 85
gbooooboooooooooobooo 40 1.4 2.9 3.7 4.1 4.8 13.2
Suspended sediment, mg/L 40 2 5 13 26 20 176 NA
00o000000o0o0o0ooOop*ooo 40 61 73 82 79 85 95 NA

'Distributional parameters affected by censored observations (that is, concentrations reported as less than the laboratory reporting level) were estimated by using adjusted maximum likelihood estimation (Cohn, 1988).
“Minimum uncensored value refers to the smallest concentration reported as detected above any of the various laboratory reporting levels applicable for a given constituent.

ool ool ool ool ool ool ool ool [1 01 1 fected by low median concentrations near minimum laboratory reporting levels [ | ool ool ool ool ool
‘O0000000000000000000000000000000000000000000000000
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18 Water-Quality Trends and Constituent-Transport Analysis for Selected Sampling Sites

Table 5. Percentages of samples with unadjusted unfiltered-recoverable concentrations exceeding water-quality standards for
selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin, water years 2011-15.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. CaCO,, calcium carbonate]

Percentage of samples exceeding indicated standard

Sal:i[t)‘l;ng Arsen Aquatic-life standards
Abbreviated sampling site name rsenic Cadmium Conner Lead Zinc
nu.mber (table 1) human- PP
(fig. 1, health
table 1) standard Acute Chronic Acute Chronic Acute Chronic Acute Chronic
8 Silver Bow Creek at Warm Springs 100 0 8 18 0 3 0 0
11 Clark Fork near Galen 98 0 0 26 41 0 8 0 0
14 Clark Fork at Deer Lodge 95 0 15 58 75 0 23 3 3
15 Clark Fork near Garrison 100 0 18 59 79 0 23 3 3
16 Clark Fork at Goldcreek 68 0 18 48 60 0 28 0 0
18 Clark Fork near Drummond 80 0 15 38 58 0 25 3 3
20 Clark Fork at Turah Bridge 13 0 13 28 48 0 25 0 0
22 Clark Fork above Missoula 3 0 5 15 23 0 13 0 0
Reach 4 000000000000 0000000000000000
2011-15 increased by about 79 percent from 96 cubic feet
Reach 4 extends about 2 river miles from Silver Bow per second (ft*/s) at sampling site 8 to 172 ft¥/s at sampling
Creek at Warm Springs, Montana (sampling site 8), to Clark site 11 (table 3) primarily because of contributions from Warm
Fork near Galen, Montana (sampling site 11). Within the Springs Creek and also ephemeral gulches and groundwater
reach, water from Warm Springs Ponds mixes and geochemi- [] [ [ Near the end of reach 4, Warm Springs Creek and
cally reacts with water contributed from the Mill-Willow Silver Bow Creek join to form the Clark Fork.
Bypass and Warm Springs Creek; thus, complex water-quality Silver Bow Creek at Warm Springs (sampling site 8) is
processes are possible in the short reach. about 0.2 river mile downstream from Warm Springs Ponds,
The Warm Springs Ponds system was originally con- which were designed to trap suspended sediment and metallic
structed during 190817 (and expanded during the 1950s) contaminants by physical deposition and treatment (liming;
to trap sediment enriched in trace elements (CDM, 2005). In U.S. Environmental Protection Agency, 2000). Median con-
about 1967, the AMC started introducing a lime and water 000000000000 000000000000000000C
suspension into Silver Bow Creek upstream from Warm 8.6 pg/L, respectively) and suspended sediment (6 milligrams
Springs Ponds to raise pH and promote precipitation and per liter [mg/L]) are lower than median concentrations of
deposition of metals in Warm Springs Ponds (U.S. Environ- 000000000000 000000000000000000C
mental Protection Agency, 2000). The Mill-Willow Bypass tabled). D0 0000000000000 O0000O0O0O0O00ODOO

PR R R B B R R R O E BB LD Tarsenid (22.4 pg/L) at sampling site 8 is higher than median
and Willow Creeks near their mouths and divert the combined  concentrations at the downstream main-stem Clark Fork sam-
oo b L LU 3 L Lplingsites! The high median arsenic concentration at sampling
ronmental Protection Agency, 2000) around Warm Springs site 8 is affected by contributions of water with high arsenic
Ponds and into Silver Bow Creek between the outlet from the concentrations from the Mill-Willow Bypass and by complex
Warm Springs Ponds and sampling site 8 (CDM, 2005). Warm  hydrologic and limnologic factors that affect arsenic biogeo-

Springs Creek originates in the mountains west of the AMC chemical processing in Warm Springs Ponds (Chatham, 2012).
Smeltert) [ [0 0000 000D 0000 D000 E B U D [The median pH for sampling site 8 is 8.8 standard units,

AMC Smelter and various tailings piles and ponds, and joins which is higher than the median pH of the downstream main-
Silver Bow Creek to form the Clark Fork near Warm Springs. stem Clark Fork sampling sites (table 4). High pH in Warm
The Warm Springs Creek Basin is affected by pollution from Springs Ponds (a result of a combination factors, including
milling and smelting operations of the AMC Smelter. Thick liming and nutrient processing by aquatic vegetation; Cha-
tailings deposits are extensive in the Silver Bow Creek and tham, 2012) promotes arsenic solubility and mobilization

Jb o bbb U U L Warm! Springs (Smith and others,  (Stumm and Morgan, 1970). Exceedances of most water-
1998) and provide a source of sediment enriched with metallic  quality standards were infrequent (that is, less than or equal
contaminants within reach 4. to 20 percent of samples) for sampling site 8; however, the
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Figure 2. Statistical distributions of selected constituents for selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin,
Montana, water years 2011-15. A, specific conductance; B, copper; C, arsenic; and D, suspended sediment.
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20 Water-Quality Trends and Constituent-Transport Analysis for Selected Sampling Sites

arsenic human-health standard was exceeded in 100 percent of Reach 6
samples (table 5).

Clark Fork near Galen (sampling site 11) is about 2 river Reach 6 extends about 26 river miles from Clark Fork
miles downstream from sampling site 8 and about 1 river mile ~ at Deer Lodge (sampling site 14) to Clark Fork at Goldcreek,
Oo000000000000000000000 0410 0 (Montana (sampling site 16). Clark Fork above Little Black-

ence of Silver Bow Creek and Warm Springs Creek. Spatial 'fOOt River near Garr'ison (sgmpling site 15), is in reach 6 and
changes in water quality between sampling sites 8 and 11 in 1s located about 14 river m11§s downstream from samphng
water years 2011-15 include increases in median concentra- site 14 and about 12 river miles upstream from sampling

o000 0 00000000000 000000000 site 16 Water-quality data collection for sampling site 15

suspended sediment, as well as decreases in median concentra- began in water year 2009 (table 1); thus, water-quality data
Oono0o0no00n000000n0n0annonnonn o forsamplingsite]S are suitable for summarizing water years

that might contribute to the patterns include mobilization of 2011-15 water-quality characteristics but are not adequate for

OO 0 O 0 0 0 0 D0 O 0[] ] CWarkn Springs - trend analysis.

and complex processes as water from Warm Springs Ponds The Clark Fork meanders through a broad valley from

mixes and geochemically reacts with water contributed from poooooodooobbbobboooddonooooon

the Mill-Willow Bypass and Warm Springs Creek. Exceed- the Clark Fork are present to a similar extent as in the valley
ances of most water-quality standards were somewhat infre- upstream from Deer Lodge (Smith and others, 1998). The
quent for sampling site 11, but the acute aquatic-life standard Little Blackfoot River (a tributary to the Clark Fork in reach

for copper was exceeded in 26 percent of samples, the chronic 6) drains a basin with moderate density of agricultural and

aquatic-life standard for copper was exceeded in 41 percent of historical mining activity (in comparison with other tributar-

samples, and the arsenic human-health standard was exceeded 1es downstr.eam from Deer' Lodg'e) and discharges into reach
in 98 percent of samples (table 5) 6 near Garrison (about 1 river mile downstream from sam-

pling site 15) where the Clark Fork Valley begins to narrow.
gooobooboooodboubououbdboubobboo

Reachb extensive than in the valley upstream. In reach 6, the mean
o000 U0oDoD D oD U +15indreased by about
Reach 5 extends about 21 river miles from Clark Fork 11 percent from 283 ft¥/s at sampling site 14 to 315 ft¥/s at
near Galen (sampling site 11) to Clark Fork at Deer Lodge, sampling site 15 and then by about 81 percent to 570 ft*/s at
Montana (sampling site 14), and meanders through a broad sampling site 16 (table 3). [ (1 [0 (1 (1 (101 00 0000 00000 0000 0
SO L e T R LT T Lroim sampling site 14 to sampling site 16 was about 101 per-
(a tributary to the Clark Fork in reach 5) originates in the cent, mostly because of contributions from the Little Blackfoot

mountains northwest of the [ [ 10 [0 [0 [1 11 11 11 L 1100 L U [Rjver and also numerous other tributaries, ephemeral gulches,
0000000000000 000000000eL&0 Hhoooo00000

qperations Ofthe AMC Smeilter (U~§- Envifonmenjal Protec-  sites 14 and 16 in water years 2011-15 include decreases in
tionAgencyl D DU U D0O0U0DO0OO00DDOOO0UD0O000OAA0 0000000000000 00000000000000C
for water years 2011—15 increased by about 65 percent from 0000000000000 00000000000eEOO0O0O0n

172 ft*/s at sampling site 11 to 283 ft¥/s at sampling site 14 ment, despite small increases in most of these values between

(table 3) partly because of contributions from Lost Creek sampling sites 14 and 15. Water-quality changes in reach 6

and also numerous other tributaries, ephemeral gulches, and primarily were affected by transport of mining wastes from

gboooodgoon godoooooboboooooooooobboooooooboobooo
Spatial changes in water quality between sampling from areas with less mining effects (including the Little Black-

sites 11 and 14 in water years 2011-15 include substantial foot River). Dispersion and dilution of mining wastes gener-

oooooooooooooononnnon il resultin decreasing water-quality effects with distance
OO o o e e e o e e e e ar e BB E O ) [downstream from primary source areas. Exceedances of water-
ooooooooooooooooon oD Do E L Lquality standards were frequent for sampling site 15: the acute
plain tailings deposits and stream banks contribute to the aquatic-life standard for copper was exceeded in 59 percent
pattern. Exceedances of water-quality standards were frequent  of samples, the chronic aquatic-life standard for copper was
for sampling site 14: the acute aquatic-life standard for copper  exceeded in 79 percent of samples, the chronic aquatic-life
was exceeded in 58 percent of samples, the chronic aquatic- standard for lead was exceeded in 23 percent of samples, and
life standard for copper was exceeded in 75 percent of sam- the arsenic human-health standard was exceeded in 100 per-
ples, the chronic aquatic-life standard for lead was exceeded in ~ cent of samples (table 5). Exceedances of water-quality stan-
23 percent of samples, and the arsenic human-health standard ~ dards were somewhat frequent for sampling site 16: the acute
was exceeded in 95 percent of samples (table 5). aquatic-life standard for copper was exceeded in 48 percent
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of samples, the chronic aquatic-life standard for copper was Reach 8

exceeded in 60 percent of samples, the chronic aquatic-life

standard for lead was exceeded in 28 percent of samples, and Reach 8 extends about 34 river miles from Clark Fork
the arsenic human-health standard was exceeded in 68 percent ~ near Drummond (sampling site 18) to Clark Fork at Turah
of samples (table 5). Bridge near Bonner, Montana (sampling site 20). In reach 8,

goooboubooooooobouobobbogbouoboobt
less than 1 mi wide) with little or no visible mining tailings.
Reach 7 Rock Creek (a tributary to the Clark Fork in reach 8) drains
a heavily forested basin with low density of agricultural and
historical mining activity (in comparison with other tributar-
ies downstream from Deer Lodge) and discharges into reach 8
d;ej:r[(é}ﬁ’;ton, Montana. In reach 8, the mean annual stream-
[ [J O [0 [0 1218 increased by about 93 percent
from 771 ft¥/s at sampling site 18 to 1,490 ft’/s at sampling
site 20 (table 3) primarily because of contributions from
Rock Creek, as well as numerous other tributaries, ephemeral
gooobooboobooonbon
Spatial changes in water quality between sampling
sites 18 and 20 in water years 2011-15 include generally
gooobouboobooooobouobobbogbouoboobt
gooobouboobooooobouobobbogbouoboobt
ﬁlrﬂenic, and suspended sediment. Water-quality changes in
reach 8 were affected by dilution from Rock Creek. Exceed-
site 16 to 771 ft/s at sampling site 18 (table 3) mostly because ances of most Water-guahty standards were sorpewhat infre-
quent for sampling site 20, but the acute aquatic-life standard

of contributions from Flint Creek and also numerous other . .
0000000000000 0000000000000 d"or copper was exceeded in 28 percent of samples, the chronic

Spatial changes in water quality between sampling aquatic-life standard for copper was exceeded in 48 percent
sites 16 and 18 in water years 201115 include generally small of samples, and the chronic aquatic-life standard for lead was

000000000 000000000000D0000 0 515959 25 percent of samples (table 5).

metallic trace elements and suspended sediment. Although

the increases were not large, they contrast with the pattern of Reach 9

decreasing water-quality effects with distance downstream

from primary mining-waste source areas in the upper Clark Reach 9 extends about 9 river miles from Clark Fork at
Fork Basin. The spatial changes in water quality between Turah Bridge (sampling site 20) to Clark Fork above Mis-
sites 16 and 18 probably were afl1 [ [1 (1 (] [] (][] (][] [1£] 1 [soula, Montana (sampling site 22). Reach 9 includes the
butions from the Flint Creek Basin, which has high density of ~ former Milltown Reservoir where large amounts of min-
agricultural and historical mining activity (in comparison with ~ ing wastes had been deposited. The former Milltown Dam

Reach 7 extends about 31 river miles from Clark Fork at
Goldcreek (sampling site 16) to Clark Fork near Drummond,
Montana (sampling site 18). In reach 7, channel meandering
000000000000 oOo0o0ooLOooOooOoOooO0DO
upstream reaches (Lambing, 1998; Smith and others, 1998).
Flint Creek (a tributary that discharges to the Clark Fork in
reach 7 near Drummond) drains a basin with high density of
agricultural and historical mining activity (in comparison with
other tributaries downstream from Deer Lodge). Downstream
from Drummond, the Clark Fork Valley narrows further, and
meandering of the Clark Fork decreases further in association
with the narrow valley and presence of highway and railroad
embankments (Lambing, 1998; Smith and others, 1998). In
0000000000000 00000000O0O0OHEE 0
increased by about 35 percent from 570 ft*/s at sampling

other tributaries downstream from Deer Lodge). The Clark was removed in 2008. The Blackfoot River (a tributary that
0000000000000 00000 0000000 oD discharges to the Clark Fork in reach 9 near Bonner) drains
Creek probably also contain mining-waste deposits sourced a largely forested basin with low density of agricultural and

from the Flint Creek Basin. Exceedances of water-quality stan- ~ historical mining activity (in comparison with other tributar-
dards were somewhat frequent for sampling site 18: the acute ies downstream from Deer Lodge). In reach 9, mean annual

aquatic-life standard for copper was exceeded in 38 percent 0000000000000 00000D0000@FS0000

of samples, the chronic aquatic-life standard for copper was at sampling site 20 to 3,330 ft¥/s at sampling site 22 (table 3)

exceeded in 58 percent of samples, the chronic aquatic-life primarily because of contributions from the Blackfoot River.

standard for lead was exceeded in 25 percent of samples, and Spatial changes in water quality between sampling

the arsenic human-health standard was exceeded in 80 percent  sites 20 and 22 in water years 201115 include generally

of samples (table 5). 0odooooooooooogooobbooogoooooort

0odooooooooooogooobbooogoooooort
arsenic, and suspended sediment. Water-quality changes in

reach 9 were affected by dilution from the Blackfoot River.

Exceedances of most water-quality standards were infrequent

for sampling site 22, but the chronic aquatic-life standard for

copper was exceeded in 23 percent of samples (table 5).
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Water-Qual ity Trend- and Constituent- temporal changes in central tendency represented by the geo-

metric mean of concentration in reference to log-transformed

Tra nspﬂrt AnalySis Methods 0 [J O [ [ The geometric mean is the mean of the logs trans-
formed back into their original units.
This section of the report describes methods used to All of the study datasets (except for Clark Fork near Gar-

OO OO oo o oo o oo oo o 0 kqualityt) [tison [sampling site 15], which was not analyzed for trends)
Jopooooooooo0oooooD Do oo oo oD et theldata criteria for applying the TSM, which include

this report “Estimation of Normalized Constituent Loads”) oOboboooooobobooooobobobbooooobDbooooocL
were estimated to evaluate temporal changes in relative con- 15 years of water-quality data with at least 60 total water-

tributions of selected trace elements and suspended sediment quality samples and at least 10 samples total in each 3-month
J0ogooooooo0o0oo0oooDo0U0OgnnDD season (Vecchia, 2005). A limitation of the TSM is that it does

summary reach. Methods used for estimation of normalized not handle censored data in a rigorous manner. In the TSM,

constituent loads also are described. a single value is substituted for all censored data for a given

constituent; thus, criteria must be set to specify the allowable

e . . amount of censored data and a consistent substitution value
General Desc"ptlon of the Time-Series Model for each constituent. Based on analysis of trial datasets with
00000000 ooooooooooooooTmSMOoOO0On
generally can be applied to datasets with about 10 percent or
) L less censored data without substantial effects on trend results
Details on theory and parameter estimation for the model are (Vecchia, 2003). Multiple LRL (table 2) in the datasets of
presented in Vecchia (2005), and the model is summarized the Clark Fork monitoring program complicate the task of
- ,E D ,j S E D SR e Qeﬁigg%&lsistent substitution values. In applying the TSM to
suitability of application of the TSM to the study datasets and the study datasets, study reporting levels (SRLs; table 2) were
i D boobobdooobodod j'[ 0o [_ obooood Q—:sgaghgi,eﬁ to set consistent substitution values for each trace-
magnitude of trends also are presented in appendix 2. element constituent based on investigation of the time frame

The [ ﬂ boboobuubduod ﬂ oo T'H b ﬂdmglé_ivhich various NWQL LRLs were used, the frequency
(FACs); that is, the TSM computes FACs, estimates unbiased 0000000000000 0000000000000000

S T o H_T poboooouooouod T‘KGS’T 0 Qa;hgle data that provided information on potential contami-
and determines statistical [ 1 [ [1 L] of changes. Flow adjust-  pation bias of low concentrations. The SRLs were applied to
ment is necessary because concentrations of many water- the study datasets by (1) substituting one-half the SRL for all
JE B DR B EE feensored observations with LRLs equal or close to the SRL,
conditions, which are primarily affected by climatic variability (2) substituting one-half the SRL for all reported uncensored
in the study area. [ [ [ (1 01 00 0000 00000000 B0V E B (e gnedntrations (analyzed during times when the LRL was less
sobobbooo by ub g i n D UL UL Hhan'the! SRL) that were less than the SRL, and (3) excluding

TheDOOOOODODODODOOOODDODODODODODO-00O0O
tion (Vecchia, 2005) was used to detect water-quality trends.

and thereby enhance the capability to detect trends indepen- censored data with LRLs substantially larger than the SRL.
dent from effects of climatic variability. Flow-adjustment Any analytical result that was revised by either substitution
procedures produce FACs that are estimates of constituent or exclusion was considered to be affected by the recensor-

concentrations after removing effects of [ [ [] [] [variability. ing procedures used in applying the SRL. The study datasets

The [0 0000000000000 0 L0 L0 O Dlargely were unaffected by recensoring for the trace-element
from concurrent (same day as the concentration sample) and o000 o0o0o0o0o0o000oooDoDooo0oooooDoDoooOcL
antecedent (days before the concentration sample) daily mean  recoverable zinc was the only affected constituent, and no
D000000000000000 0 [TheTSMFACs sampling site had more than 8.5 percent of values affected
provide detailed accounting by incorporating interannual, sea- by the recensoring procedures. Further, for individual con-
DODbO00O0000bb0O00Db000 Decechid)2005), pDOOOO00000000000000000000000000C

which compensates for interannual, seasonal, and short-term samples at concentrations greater than the SRL was 2.7 per-
hysteresis processes thataf ] 0 D DO DD 000000000 o000yl 0ggn
relations (Colby, 1956; Chanat and others, 2002; Vecchia, The TSM accounts for many hydrologic factors that

googooobooboooogoooobobooLooMMmoLOOo0DU0UULDLULODLODDODOOD0UULDLDLODODDODOODUOUOg
oooooooooooooononnononnn oLl felations. In this study, the TSM was applied as consistently
ated with a given water sample, handling of temporal variabil-  as possible among sampling-site and constituent combinations

ity in sampling frequency, and interpolation of trend patterns and is considered to be a useful tool for simplifying the envi-
to periods when water-quality data are sparse or absent. The ronmental complexity in the upper Clark Fork Basin to pro-
TSM inherently accounts for effects of serial correlation. vide a large-scale evaluation of general temporal changes in
The TSM incorporates base-10 logarithm (hereinafter FOOUOOOOOOUOOOOOoOooOUoUooooooooooooo
referred to as “log”) transformation of the concentration and variability. As such, the TSM provides a consistent relational

OO0 00 C O VB 0 E 0 2 0 0 [ DIACKIquantify framework for evaluating temporal water-quality changes
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among the sampling sites. The [J [ (] [J [0 [ 0 [1 [J 01 0] [J 07 [] Missoula (sampling site 22), period 3 was subdivided into

considered to provide important information beyond the strict
statistical characteristics of the trend results (in terms of sta-

period 3A (October 1, 2005-March 27, 2008) and period 3B
(March 28, 2008—September 30, 2010). The intentional breach

tistical probability levels [p(1 [ [ (1 [ 01 03 010 [0 01 00 [0 01 0 [of the former Milltown Dam was part of an extensive remedia-

because they aid in comparing and summarizing large-scale
patterns among sampling sites.

Selection of Trend-Analysis Time Periods

Appropriate selection of trend-analysis time periods is
important because the results of trend analyses are dependent
on how the time periods are structured. Factors considered
in selection of trend-analysis time periods included provid-
ing capability to (1) compare trend results among sampling
sites with different periods of data collection, (2) distinguish
somewhat short-term timing of changes in concentration

tion effort from about 2006-8 that resulted in the removal of
the former Milltown Dam (Sando and Lambing, 2011).

Estimation of Normalized Constituent Loads

Normalized constituent loads were estimated to assess the
temporal trends in FACs of mining-related contaminants in the
context of sources and transport. [ [ [ [ [ [0 [0 00 E) D) 0]
000000 oooDon o CACs,)which are independent of
(100 0V E 001 ) . The FAC trends at individual sampling
sites are important descriptors of water-quality changes in the
upper Clark Fork Basin, but without consideration of differ-

oooDooooooooooooooooooooooD 000000000 dooo fetentlsampling

(3) allow periodic future updates of trend analyses for evalu-
ation of effects of remediation activities. Based primarily on

sites, the trends do not provide direct information on resultant
changes in contaminant source-area contributions and trans-

oooooooobooooooooonobonnoDon porticharacteristics. Combining the FAC trends with a station-

S-year periods that extended from near the start of long-term 0000000000 oo0onnonn ferencesin [
data-collection activities for most sampling sites in the upper 000000000000 ooooDoDoOoooooaooo

Clark Fork Basin to the end of water year 2015. Thus, four Oo0odoooooooogoooooooooooooooort

trend-analysis time periods were [ [ [] [petiod 1 (water years

1996-2000), period 2 (water years 2001-5), period 3 (water
years 2006—10), and period 4 (water years 2011-15).

through time) allows assessment of how the temporal changes
in FACs translate into relative temporal changes in source and
transport of mining-related contaminants in the upper Clark

The DU ODOODOOOOO0OOOODOOOOODDOD OFdrkiBasin. Thus, normalized loads were estimated to conduct

are monotonic trends that are smoothed to produce gen-
erally consistent slopes across the middle section of the

ooooooooboooooooobbonnoDnn biyeartrend-analysis periods. [ 0 0 0 00 O O 00000000

a transport analysis.
Normalized loads were estimated for each of the four

trend-analysis period. [ [J [ [) (1 00 01 [0 0 01 00 00 00 0 00 0 01 Cused lin estimating normalized loads was the geometric mean

gradual transition between adjacent trend-analysis periods. In

ogooguobobooooogooobbobboooooobboboot

Oooooooooooooooooo oo oonoo Thelgdometric mean was selected as a measure of central

do not precisely follow the patterns in FACs, and there are
short-term (about 1-2 years) trend patterns in FACs that are

000000000000 o0oooooooooorsMoon

analysis, which is conducted on log-transformed data.

0000000000000 00o0000n00n0n0nnnnDIiFereach sampling-site and constituent combination and
ooooooooboobooooooob b oD [each of the S-year periods, the normalized load was estimated

trend-analysis periods in a given 5-year trend-analysis period.
This approach generally was avoided because it would have
required detailed trend analysis for potentially inconsistent
time periods among the various sampling-site and constituent
combinations. An important consideration in the design of the
trend-analysis structure of this study was making general com-
parisons among the sampling-site and constituent combina-
tions to evaluate large-scale effects of mining and remediation
activities for consistent time periods. In general, when unre-
solved trending was apparent, more complicated trend models
(with additional trend-analysis periods) were tested, and the

000000000000 ooooDoDoDoo0o0oooDo00odMAC

JooooooooooygodUnn D ACduring the

gooogbooboooooooboonbobbogbouobobt

for water years 1996-2015 and a units conversion factor,
according to the following equation:

LOAD = MAC*GMQ*K (1)

where
LOAD is the estimated normalized constituent load
(in kilograms per day) for the indicated
S5-year period;
00000000 ooDUoAd(n O

oooooooooooooooooooonoonoooon oo DD mierograms per liter for trace elements

in the affected trend-analysis periods were consistent with
overall patterns in FACs in the period. However, because of
the substantial effect of the intentional breach of the former
Milltown Dam on March 28, 2008, an exception to consis-
tent trend-analysis periods was made. For Clark Fork above

or milligrams per liter for suspended
sediment) for the indicated 5-year period,

GMQ is the geometric mean of daily mean

gooobooooonooonooboobon

cubic feet per second; and
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K is a units conversion constant (0.00245 for
concentrations in micrograms per liter or
2.45 for concentrations in milligrams per
liter) to convert instantaneous constituent
discharge (in mass units per second) to
an equivalent daily constituent load (in
kilograms per day).

The MAC is calculated by temporally averaging (in each

Water-Quality Trends and Constituent-Transport Analysis for Selected Sampling Sites

for water years 1996-2015 are presented to represent overall

goooobooooonoooboonbobooogboooooboon

analysis. Silver Bow Creek at Warm Springs (sampling site 8),
Clark Fork at Deer Lodge (sampling site 14), and Clark Fork
at Turah Bridge (sampling site 20) were selected as examples

goooobooooonoobooboboouboobooboon

the other sampling sites.

TOOoooODoooDoooooooooooooooooon

the study period generally is similar among sampling sites.

UooooooooDonD oD n DDl LAQs that quantify oo ooon
temporal changes in central tendency based on the geometric 0000000000000 000000000B0000
mean. It is notable that the MAC is referred to as a “mean Oo0oOooo0ooooDooooooDoDbOoogooooDoood
annual value”; this terminology indicates temporal averag- water years 1996-97, near the start of period 1 (water years
ing of geometric mean concentrations. The temporal averag- 000000000000 000D0D0DDO000000BRO000O0
ing of geometric mean concentrations in each 5-year period Oo0oO0oo0oo0oo0oDoOoo0ooooDoDoOooooooDoDoooo
effectively results in the MAC representing the center of the 1999 and then decreased substantially to below the geometric
5-year period, which introduces a conservative approachtothe 010 00000 00000000 0000000000000
transport analysis. The geometric mean generally is closely were prevalent during most of period 1 and are evident in
associated with the median of the original untransformed oo0oo0ooooooooooooooooooooooo
units for data that are approximately log-normally distributed. 0000000000000 ooooOo0o0ooooooooog
Thus, because of effects of analysis of log-transformed data, 000000000000 000oooooooooooooog
guoboouooobouoboboobooobobo-btMMMyoooo0 000000 ULDbULooDULOUUODbUOoO
cation with respect to near-median conditions. As such, the in that the receding limb of snowmelt runoff was less abrupt
estimated normalized loads do not represent actual magnitudes  and less variable than in most years, and post-runoff base
of total mass transport, but rather provide information on 000000000000 oooooOoo0ooooooooog
relative temporal changes in constituent transport character- [0 [0 [J [0 [] Further, the post-runof’] 1 () [J (1 [J [ [ [ [0 000 [
ooooooooooooonnonn oo oo oo i it o oo 000 oo o B) sometimes exceeded
near-median conditions. 0000000000000 00000000000000D0O0
2000-2002. During period 2 (water years 2001-5), stream-
gogooooooooooogooooboooggoooon
H gooooooooboooogoooobooooooon
Factorstha_tAﬁectTrendAnaly5|sand e
Interpretatlon 00000000000000000000000000000
in water year 2010. During period 4 (water years 2011-15),
Several factors affect temporal trends in water quality. O0ooooooooooooooooooooooo-0ooD0o
Climatic variability (interannual and seasonal) is indicated O 00000 OO0 D1212 and then decreased to near the
0000000000000 odfec 0 D000 00D0000D0D0D000DO0OD0OODOOO0DODOOOd

oo ooDoo oo oo oo oo oo oo E L i water year 2011 were especially high and generally similar
gooogbooooonboooooboonboboRonmboobonoobonbon

preting trend results. Other factors relating to data assessment
or treatment that also are relevant to understanding trend-
analysis procedures and interpreting trend results include
relations between unadjusted concentrations and FACs, and
data transformation.

Streamflow Conditions

gooooooboonboboubobobooboobo

for selected sampling sites in the Milltown Reservoir/Clark
Fork River Superfund Site in the upper Clark Fork Basin are

Other Factors

Factors relating to data requirements, treatments, and
assessment that affect trend analysis and interpretation of
results include relations between unadjusted concentrations
and FACs, and data transformation. Unadjusted concentrations

gooogobooooonoobooboonboboubobobon

The FACs are estimates of constituent concentrations

after removing efl | [ [ [ (1 0 [ 0100 01 0 00 01 0 00 [ACsE] [ [

typically have less variability than unadjusted concentra-

oooooooobooooonoDonoonnono (tions) dlthough the strength of this pattern is variable among

(LOWESS; Cleveland and McGill, 1984; Cleveland, 1985)

sampling-site and constituent combinations, and also can be

ooooooooooooooo oo o o oo n oD variabld through time for a given sampling-site and con-

ooooooooooobooooooonDnoDnnDstituent combination. TH 0 [ 0 01 0 0 (0 D00 C) £ 0 0 0
oo oooumo oo oo oo oo oo recoverable copper) U O O DO OO OOOOOOOOOOMH
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EXPLANATION

[Water year is defined as the
12-month period from October 1
through September 30 and is
designated by the year in which
it ends]

Daily mean streamflow

1 — — Geometric mean streamflow

for water years 1996-2015

Locally weighted scatter plot
smooth (LOWESS; Cleveland,
1985; Cleveland and McGill,
1984) line for daily mean
streamflow

Figure 3. Daily mean streamflow for selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund Site in the upper
Clark Fork Basin, Montana, water years 1993-2015. A, Silver Bow Creek at Warm Springs, Montana; B, Clark Fork at Deer Lodge,
Montana; and C, Clark Fork at Turah Bridge near Bonner, Montana.
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suspended-sediment data for Clark Fork near Galen (sampling  indicates that, in all cases, the LOWESS lines for stream-
site 10 0000000000000 0000000000DMININ0DADNODDODDDODODODOOOODD B)Yand] O
Joopooooooooooooooooo00UU U D MMM U oo oo D) are highest about 1996-97
concentrations. and lowest about 2000-2001, then variably increase during
OOoooooooo oo oo oo oo e oo 2002-11 and generally decrease during 2012—15. Because
(1 [1 [A) and unadjusted suspended-sediment concentrations of the strong association between constituent concentrations
O 0 IDO 0 E 0 B e B B B DO B ) DA T D [ interpreting temporal changes in unadjusted
unadjusted suspended-sediment concentrations. Unadjusted ooooooooooooooooboobooooooe0oO0oOoO
suspended-sediment concentrations tend to be higher during ooooooooooooooooboobbogoooooooooo
googooobooonooobooboonbooboub Mmoo booboobobouboobooboon
googogboobooonooobooboobobboubomnobooboooobooboboboboubobooo
high hydraulic energy, particulate material is mobilized and 2003 somewhat increased to near-normal conditions (about
0000000 oooooooooDoooD00ooDDD MMM 0000000000000 0000Assdc 0 0
streams have less capacity for transporting particulate materi- ooooooooooooooooboobbogoooooooooo
als. Flow-adjustment procedures account for the response of ooooooooooooooooboobbogoooooooooo
googooooboonoobooboonboboubobmmmoboodbooboobobouboobooboon
and produce FACs that represent temporal variability in con- by somewhat abrupt increases in the LOWESS lines for those
OO0 OO0 oo oo oo oo oo oo oo o feonstituents. The somewhat abrupt increases in unadjusted
sedment FOO O OO D000 0000D000000DO000DDDO0O0DO0000OO0O00000DODODOD000ooDoDoo0Do0on
able and lower than unadjusted concentrations (for example, sediment in water year 2003 probably were affected by the
[ [1 D, water years 1996-99). Suspended-sediment FACs in neartl 0 0000000000000 OOOOOO0O0COOOO0
googoboooooooonooboonbobbob-tmmnmoobooooonooboooboonbobouboon
000000000000 oooooooDooooDpDIDNMIm 0000000000 ooDoDoooooooooog
water years 2000-2001). conditions might have promoted storage of particulate materi-
VOO0 oo e 0 B B B B B D) [ [alslin the basing the stored particulate materials might have
D000 o o oo oo oo oo oo o (been readily mobilized during water year 2003. Beginning in

[En |

[En |

because of adsorption on inorganic and organic particulate oooooooooooooooooboboogoooooooooo

materials; these same relations generally apply to othermetal- OO DO OO OO0 OO0 000000000 ooooog

lic elements. As a result, patterns in unadjusted concentra- conditions in water year 2011. The gradual transition might

tions and FI0 [ [0 [ 07 OV (1 0F 00 01 00 00 00 00 [ [ 00 [T B) are | [ have affected the response in unadjusted concentrations of

OooDooooooooUoooooooDEoo gooobooobooooooobouoboonbobouoboon
Arsenic in streams in the upper Clark Fork Basin typi- OO OO oo oo oo m oo, patticularly

cally is mostly in dissolved phase and has less variability oooooooooooooooooboboogoooooooooo

OO OO oo oo oo oo e om0 f B0 [water year! 2003. Thus, various complexities in concentration

for metallic elements. Arsenic has been widely dispersed in ooooooooooooooooooboogooooBEooOooo

OO00oooooo o oo oo oo oo m oL fing temporal patterns in unadjusted constituent concentrations.

dust and smelter emissions with resultant large-scale soil and TOoOoDoDOoDOooooooooooooooDoooooooooo

groundwater contamination (U.S. Environmental Protection ability to interpret temporal variability in unadjusted constitu-

Agency, 2010). Further, arsenic generally is more soluble ent concentrations.

than metallic elements in the geochemical conditions that TheOODODODODOOOODOOODOOODODOOODOOOODO

are prevalent in the upper Clark Fork Basin. These factors oooooooooooooooooboogooooRoOoOOD

result in high arsenic concentrations in groundwater in some oooooooooooooooooboboogoooooooooo

areas and also mobilization of arsenic to stream channels variability. In contrast to the LOWESS lines through the

foralarl] [J [ [1 0[]0 0) 000 [ 0) [ Mhus, patterns in unadjusted constituent concentrations, the [ [ [ [ [1 [ ] [][]
unadjusted concentrations and FUJ [ [ ) [ [ 00 01 0 00 01 0 O3 CECCC0T B0 00 CF B8 0 00 00 00 B0 0 00 B 00 O DEEmememeey 0 0 o
VOO0 O ECI o (e ey e B0 B B OO [ recoverable copper and suspended sediment. The dissimilar

OO OO oo oo Bom o oo oo om0 D) Cpatterns between unadjusted concentrations and FACs indicate
googbooooonooobooboonbobbobodmmnmoobooooonooboooboonbobouboon
OO OO oo oo oo e oy e 0 f B ) [ Factual patterns in constituent concentrations independent from

recoverable copper and suspended sediment. ooooooooooooooooooon
Dooooooooo oo oo n oo oon o An important consideration in interpreting trend results

OOAD DO DO o oo oooon B),ldnd sus- relates to the trend-analysis methods incorporating log trans-

U000 0o oo o D)indicate that temporal variability formation of constituent concentrations. Log transformation

OO OO oo oo oo oo om0 i 0o 0 [results in datasets that are approximately normally distributed
variability in unadjusted constituent concentrations. Examina-  and allows analysis using rigorous parametric procedures;
tion of temporal variability during water years 1993-2015 however, log transformation decreases variability in the data

C

C

C
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Figure 4. Selected streamflow and constituent concentration information for Clark Fork near Galen, Montana (sampling site 11), water
years 1993-2015. A, streamflow; B, unfiltered-recoverable copper; C, unfiltered-recoverable arsenic; and D, suspended sediment.
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relative to the original untransformed units representative
of actual environmental variability. In general, the statistical

googogboobooboobooboonbobboboubobooLl
given sampling site in conjunction with FACs.

OO0 00O oo oo oo oo oe om0 CFitted trend values (that quantify the temporal changes

original untransformed units) for sampling sites in the upper
Clark Fork Basin are right skewed, indicating that the extent
of data higher than the median is greater than the extent of
data lower than the median. Log transformation results in
expansion of the lower end of the distribution and compres-
sion of the higher end of the distribution. Compression of the
higher end of the distribution has a relatively larger effect than
expansion of the lower end of the distribution. This factor is
important in interpreting trend results with respect to various
regulatory issues, including compliance with human-health or
aquatic-life standards. Trends in FACs represent changes in

in FAC geometric means in terms of concentration units) are
summarized in tables 6 (for most sampling sites) and 7 (for
Clark Fork above Missoula [sampling site 22]) and graphi-
CVCT OO 0o 0y 0 0 1 [ The 'summary graphical
googogboobooboobooboonbobboboubobooLl
for the adjacent sampling sites in a given reach and allow
goooobooooonoobooboboouboobooboon
googogboobooboobooboonbobboboubobooLl
constituent-transport analysis results.

In this report, qualitative observations are described for
the overall trend magnitude (percent change) from the start of

OO00ooooooo oo oo oo oo e m oo fperiod 1 to the end of period 4. Overall trend magnitude was

Jooooooooon ooy yyD Ths, the trends
in FACs provide general information on overall temporal
changes (in terms of directions and relative magnitudes) in

considered to be (1) large, if the absolute value was greater
than about 60 percent; (2) moderate, if the absolute value was
in the range of about 40—60 percent; (3) small, if the absolute

OOooooooo o oo oo oo oo oo E o [value was finthe range of about 2040 percent; and (4) minor,

or noncompliance with various regulatory standards. Effects
of data transformation, however, do not negatively affect

the primary purpose of this study in determining temporal
water-quality trends through time and using the trend results
to evaluate relative changes in constituent transport charac-
teristics among sampling sites. In the trend analyses, all data
(high as well as low values) affect changes in FAC geometric

if the absolute value was less than about 20 percent.
TOODODODDOO0O00000000000o0ooooooog

semiquantitative estimates determined by complex statistical

analysis. ] J 0 00000000 ooooooooooooog

googogboobooboobooboonbobboboubobooLl

discussion of temporal and spatial changes in water quality

gooobooobooooooobouoboonbobouoboon

gbooogbooboooooboobonbobbobommmnuo oboooooooboobobbooboubooool

estimates of overall changes in central tendency.

Water-Quality Trends and Constituent-
Transport Analysis Results

This section of the report presents water-quality trend
and transport-analysis results for selected sampling sites in the
data-summary reaches in the Milltown Reservoir/Clark Fork
River Superfund Site for water years 1996-2015. Results are
presented for all constituents investigated, but emphasis is
placed on copper, arsenic, and suspended sediment in the fol-
lowing subsections.

Water-Quality Trends in Flow-Adjusted
Concentrations

For all constituents investigated, detailed results for
trend magnitudes, computed as the total percent changes in
FAC geometric means from the beginning to the end of each
5-year period, are presented in appendix 3 in tables 3—1 (for
most sampling sites) and 32 (for Clark Fork above Missoula
[sampling site 22]). Detailed trend results are graphically pre-
OoooooooooooooonDnn [The déetailed

gooobooobooooooobouoboonbobouoboon
values is intended to facilitate presentation and discussion of

relative spatial and temporal differences between values but is
googogboobooboobooboonbobboboubobooLl
OO0 MThe pll 0O 00O OOOOOO L Cp-valuel less
googogboobooboobooboonbobboboubobooLl
associated with the trend results are indicated in the tables and
googogboobooboobooboonbobboboubobooLl
the only factor in evaluating the substance of the trends, but

rather were considered in conjunction with trend directions

and relative magnitudes, and patterns among sites and con-

stituents. In this study, the TSM is considered to be a useful

tool for simplifying the environmental complexity in the upper

Clark Fork Basin to provide a large-scale evaluation of general

temporal changes in FACs and constituent transport indepen-
0000000000000 Thsthe 0000 O0OO0O0O00O0

lines are considered to provide important information beyond

the strict statistical characteristics of the trend results (in terms

ofpU0 0000000000 DDDODODO0DO000DDOO0DDOOD
comparing and summarizing large-scale patterns among the

sampling sites. Factors affecting temporal variability in water

quality in the upper Clark Fork Basin are complex. Much

information on changes in water quality is presented herein,

but it is beyond the scope of this report to provide detailed
googogboobooboobooboonbobboboubobooLl
gooogbooooonoooboonbooo

googobooboonooboobobnboobouobobobooboon
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Table 6. Summary of flow-adjusted trend results for selected sampling sites and constituents, water years 1996—2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. Gray shading indicates a statistically
[ [1 11 7 [Jp-value less than 0.01) trend for the trend period before the shaded value. p-value, statistical probability level; uS/cm, microsiemen per centimeter at
25 degrees Celsius; pg/L, microgram per liter; mg/L, milligram per liter]

Fitted trend values

Percent change from

Constituent or property, flow-adjusted Start of Start of Start of Start of End of Sta,rt:z
units of measurement water year water year  water year  water year water year h per:lo d of
1996 2001 2006 2011 2015 fhrough oot
(start of (start of (start of (start of (end of perio
period 1) period 2) period 3) period 4) period 4)

Silver Bow Creek at Warm Springs, Montana (sampling site 8, fig. 1, table 1)
ooooooooodoooo 521 514 501 513 446 -14
Copperl] [1 01 00100 0 8.9 4.6 4.1 3.8 2.9 -67
Copperl | [T OO OO0 0000000 rs 9.3 7.9 7.0 5.0 -67
oo0o0ooooooooooooooo 35 16 8.4 9.8 6.1 -83
oooooooooonn 19 19 20 21 17 -11
oooooooooooDODoODODOODOO0OR2 22 23 23 19 -14
Suspended sediment, mg/L 5.3 6.3 4.6 2.7 3.1 -42

Clark Fork near Galen, Montana (sampling site 11, fig. 1, table 1)
gooooooooooooo 447 454 415 443 388 -13
Copperl] [ 010 00000 7.6 4.2 4.0 33 34 -55
Copperl | U] 0O DO OO OO D00 D10 o s 11 11 11 8.1 -46
ooopooooooooooooOoOO0O 30 13 9.0 12 7.1 -76
nooooooooooon 12 11 13 10 11 -8
00000oo0oOo0ooboooooooons 14 15 12 14 -7
Suspended sediment, mg/L 5.2 5.8 4.7 5.1 3.8 -27

Clark Fork at Deer Lodge, Montana (sampling site 14, fig. 1, table 1)
0o0ooooooooooooo 479 482 463 454 456 -5
Copperl | [ 01010100100 1 6.9 5.8 6.1 5.4 5.8 -16
Copper 0 OO0 OO OODOOODEDI0 23 24 25 23 -23
ogoooooooooooooooog 39 24 24 22 19 -51
gooooooooooo 11 11 13 11 11 0
oooooooooooooooooone 14 15 14 14 -13
Suspended sediment, mg/L 18 15 14 15 12 -33

Clark Fork at Goldcreek, Montana (sampling site 16, fig. 1, table 1)
noooooooodoool 425 418 406 398 398 -6
Copperl | [] L] L1001 4.8 3.8 43 3.8 3.9 -19
Copperl | L] L1 ETCTENCPEPCPEP 00 E e b e9 19 15 14 15 -21
oooooooooooooooooO0o 27 20 13 15 13 -52
npooooooooogn 9.4 8.2 8.8 8.6 8.2 -13
oJooooopoooooooooDOOOz2 10 10 10 9.7 -19
Suspended sediment, mg/L 15 17 8.3 13 11 -27
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Table 6. Summary of flow-adjusted trend results for selected sampling sites and constituents, water years 1996-2015.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. Gray shading indicates a statistically
[ [1 11 7 [Jp-value less than 0.01) trend for the trend period before the shaded value. p-value, statistical probability level; uS/cm, microsiemen per centimeter at
25 degrees Celsius; pg/L, microgram per liter; mg/L, milligram per liter]

Fitted trend values
Percent change from
Constituent or property, flow-adjusted Start of Start of Start of Start of End of Sta_n:fl
units of measurement wateryear  wateryear  wateryear  wateryear  water year h per:lo d of
1996 2001 2006 2011 2015 throug| e
(start of (start of (start of (start of (end of perio
period 1) period 2) period 3) period 4) period 4)
Clark Fork near Drummond, Montana (sampling site 18, fig. 1, table 1)
Oo00oooooooooooon 461 459 449 434 461 0
Copper ] [ 0101010000 3.9 3.9 43 33 3.7 -5
CopperJ D OO0 ODDOOOODOOODOOONAT7 15 14 13 12 -29
0Jodooooooooooooooog 36 19 15 17 13 -64
gooooooooooo 9.6 9.0 9.4 8.4 8.6 -10
nooooooooooool 12 10 11 10 10 -17
Suspended sediment, mg/L 21 16 13 16 13 -38
Clark Fork at Turah Bridge near Bonner, Montana (sampling site 20, fig. 1, table 1)

0ooooooooooooo 347 324 334 327 -6
Copperl | [ [ 0100000 0 3.3 2.5 2.8 2.6 2.1 -36
Copper D OO0 OO OOODOOODOEOI0 9.0 8.3 8.2 7.9 221
npooooooooguouoo 21 13 9.2 14 9.7 -54
gooooooooooo 54 5.1 5.4 5.5 4.7 -13
nooooooooogoool [16.8 6.1 6.1 6.6 5.6 -18
Suspended sediment, mg/L 13 12 8.8 12 9.5

'Shading represents qualitative observations on overall trend magnitudes (percent change from start of water year 1996 to end of water year 2015) as follows:
no shading—minor (the absolute value was less than about 20 percent); green shading—small (the absolute value was in the range of about 20-40 percent; tan
shading—moderate (the absolute value was in the range of about 40-60 percent; and purple shading—Ilarge (the absolute value was greater than about 60 per-

cent).
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Table 7. Summary of flow-adjusted trend results for Clark Fork above Missoula, Montana (sampling site 22), for selected constituents,
water years 1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. Gray shading indicates a statistically
[ [1 11 7 [Jp-value less than 0.01) trend for the trend period before the shaded value. p-value, statistical probability level; uS/cm, microsiemen per centimeter at
25 degrees Celsius; pg/L, microgram per liter; mg/L, milligram per liter]

Fitted trend values

Constituent or property, Startof  Startof  Start of Startof  End of P'i:z;";t:':gf'e
flow-adjusted units water year water year water year March 28,2008 water year water year period 1 through
of measurement 1996 2001 2006 (start of 201 2015 end of period 4'
(start of (start of (start of period 3B) (start of (end of P
period1)  period2) period 3A) period 4)  period 4)

Clark Fork above Missoula, Montana (sampling site 22, fig. 1, table 1)

gooooooogoooogo 277 275 270 273 283 265 -4
Copperl] [1 01 0 00 000 23 1.7 2.1 2.4 1.9 1.4 -39
Copperl) U DO OOOOOOOOD6.4 49 6.9 15 6.3 3.0 -53
ooooooopoopooooDoOoDDDOOD14 7.2 10 30 10 5.0 -64
gooooooooooo 33 2.8 32 3.6 34 2.6 =21
ooooooooopopDooooDOOD@.2 33 3.9 4.8 4.0 3.0 -29
Suspended sediment, mg/L 7.7 7.4 9.2 25 9.9 6.0 -22

'Shading represents qualitative observations on overall trend magnitudes (percent change from start of water year 1996 to end of water year 2015) as follows:
no shading—minor (the absolute value was less than about 20 percent); green shading—small (the absolute value was in the range of about 20-40 percent; tan
shading—moderate (the absolute value was in the range of about 40—-60 percent; and purple shading—Ilarge (the absolute value was greater than about 60 per-
cent).
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A.Unfiltered-recoverable copper
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Water year (October—September)

EXPLANATION

[Water year is defined as the
12-month period from October 1
through September 30 and is
designated by the year in which
it ends. p-value, statistical
probability level]

Reach inflow—Silver Bow
Creek at Warm Springs
(sampling site 8, fig. 1,
table 1)

Reach outflow—Clark Fork
near Galen (sampling site
11, fig. 1, table 1)

15  Fitted trend value at start or
end of period

9.3 Bold values indicate statistical
significance (p-value less
than 0.01) for period before
value presented in bold

Flow-adjusted fitted trends for selected constituents for sampling sites in reach 4, extending from Silver Bow Creek at Warm

Springs, Montana (sampling site 8), to Clark Fork near Galen, Montana (sampling site 11), water years 1996—2015.
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Figure 6.

Montana (sampling site 11), to Clark Fork at Deer Lodge, Montana (sampling site 14), water years 1996—2015.
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Water year (October—September)
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EXPLANATION

[Water year is defined as the
12-month period from October 1
through September 30 and is
designated by the year in which
it ends. p-value, statistical
probability level]

Reach inflow—Clark Fork
near Galen (sampling site
11, fig. 1, table 1)

—— Reach outflowm—Clark Fork at
Deer Lodge (sampling site
14, fig. 1, table 1)

30 Fitted trend value at start or
end of period

11 Bold values indicate statistical
significance (p-value less
than 0.01) for period before
value presented in bold

Flow-adjusted fitted trends for selected constituents for sampling sites in reach 5, extending from Clark Fork near Galen,
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Water year (October—September)

EXPLANATION

[Water year is defined as the
12-month period from October 1
through September 30 and is
designated by the year in which
it ends. p-value, statistical
probability level]

—— Reach inflow—Clark Fork at
Deer Lodge (sampling site
14, fig. 1, table 1)

—— Reach outflow—Clark Fork at
Goldcreek (sampling site 16,
fig. 1, table 1)

19 Fitted trend value at start or end
of period

8.3 Bold values indicate statistical
significance (p-value less
than 0.01) for period before
value presented in bold

Flow-adjusted fitted trends for selected constituents for sampling sites in reach 6, extending from Clark Fork at Deer Lodge,
Montana (sampling site 14), to Clark Fork at Goldcreek, Montana (sampling site 16), water years 1996-2015.
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100
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Flow-adjusted unfiltered-recoverable arsenic
concentration, in micrograms per liter
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Figure 8.

2005
Water year (October—September)

2015

EXPLANATION

[Water year is defined as the
12-month period from October 1
through September 30 and is
designated by the year in which
it ends. p-value, statistical
probability level]

—— Reach inflow—Clark Fork at
Goldcreek (sampling site
16, fig. 1, table 1)

—— Reach outflow—Clark Fork
near Drummond (sampling
site 18, fig. 1, table 1)

17 Fitted trend value at start or
end of period

| 8.3 Bold values indicate

statistical significance
(p-value less than 0.01) for
period before value
presented in bold

Flow-adjusted fitted trends for selected constituents for sampling sites in reach 7, extending from Clark Fork at Goldcreek,
Montana (sampling site 16), to Clark Fork near Drummond, Montana (sampling site 18), water years 1996-2015.
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Period
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Flow-adjusted unfiltered-recoverable copper
concentration, in micrograms per liter
>

A.Unfiltered-recoverable copper
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Flow-adjusted unfiltered-recoverable arsenic
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C.Suspended sediment

21

8.8

Figure 9.

2005
Water year (October—September)

2015

EXPLANATION

[Water year is defined as the
12-month period from October 1
through September 30 and is
designated by the year in which
it ends. p-value, statistical
probability level]

—— Reach inflow—Clark Fork near
Drummond (sampling site
18, fig. 1, table 1)

7| — Reach outflow—Clark Fork at

Turah Bridge (sampling site
20, fig. 1, table 1)

10 Fitted trend value at start or end
of period

10 Bold values indicate statistical
significance (p-value less
than 0.01) for period before
value presented in bold

Flow-adjusted fitted trends for selected constituents for sampling sites in reach 8, extending from Clark Fork near Drummond,
Montana (sampling site 18), to Clark Fork at Turah Bridge near Bonner, Montana (sampling site 20), water years 1996-2015.
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Period

A.Unfiltered-recoverable copper
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EXPLANATION

[Water year is defined as the
12-month period from October 1
through September 30 and is
designated by the year in which
it ends. p-value, statistical
probability level]

—— Reach inflow—Clark Fork near
Turah Bridge (sampling site
20, fig. 1, table 1)

—— Reach outflow—Clark Fork
above Missoula (sampling
site 22, fig. 1, table 1)

6.4 Fitted trend value at start or
end of period

25 Bold values indicate statistical
significance (p-value less
than 0.01) for period hefore
value presented in bold

Figure 10. Flow-adjusted fitted trends for selected constituents for sampling sites in reach 9, extending from Clark Fork at Turah Bridge
near Bonner, Montana (sampling site 20), to Clark Fork above Missoula, Montana (sampling site 22), water years 1996-2015.
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Copper 000000 oDondUTrend results for sampling
site 8 indicated more substantial changes than most other sam-

Trend results indicate that FLI OV L1 IO D DD OO D OO MM ooooo0oo0o0o0o0o0ooo0ooooooooogooon
copper decreased at the sampling sites from the start of period  recoverable copper”] 0 0 0 00D DO OO0 000000000000
1 through the end of period 4 (tables 6 and 7); the decreases 000000000000 0000000000000000gocC
ranged from large for one sampling site (Silver Bow Creek at 3—1; tables 6 and 3—1). The most extensive remediation
Warm Springs [sampling site 8]) to moderate for two sampling  activities in the upper Clark Fork Basin have been conducted
sites (Clark Fork near Galen [sampling site 11] and Clark Fork  in the Silver Bow Creek Basin upstream from the reach 4
above Missoula [sampling site 22]) to small for four sampling 0000000000000 000000D00o0oooooooL
sites (Clark Fork at Deer Lodge [sampling site 14], Clark Fork  among the most notable changes indicated in the upper Clark
at Goldcreek [sampling site 16], Clark Fork near Drummond Fork Basin during water years 1996-2010 were moderate to
[sampling site 18], and Clark Fork at Turah Bridge [sampling  large decreases in FACs and loads of copper and suspended
site 20]). For period 4 (water years 2011-15), the most notable  sediment in Silver Bow Creek upstream from Warm Springs.
changes indicated for the Milltown Reservoir/Clark Fork River  The period 4 (water years 2010 0 0 0 00 0000000000
Superfund Site in the upper Clark Fork Basin were statistically  decreases in FI [ [ [ 01 (10001 0 C) 00000000 00000 C O 0000 0
cooooooboooooonoob oo on i dD iprdvide indication that FACs of metallic contaminants contin-

for sampling sites 8 and 22. For all other sampling sites, the ued to substantially decline at sampling site 8.
period 4 changes in F[J [ 0 01 00 0000 000 000000000 The removal of the former Milltown Dam, which was
gboboooodoooooogooon located between Clark Fork at Turah Bridge (sampling site 20;

gogooooooooooodoonoooboooooooon
godooooooooooooooobooo-o0onon
diation activity in the upper Clark Fork Basin and strongly

Trend results indicate that F1 0 0 11 0 70 0 0 © ] 0 raffected water-quality trends and transport characteristics
arsenic decreased at the sampling sites from the start of within reach 9. As such, detailed discussion of trends is pre-
period 1 through the end of period 4 (tables 6 and 7); the sented for reach 9. During periods 1 and 2, the former Mill-
decreases ranged from minor for six sampling sites (sampling ~ ©OWn Dam was in place, and large amounts of contaminated
sites 8-20) to small for one sampling site (sampling site 22). sediments were retained in the former Milltown Reservoir in

For period 4 (water years 2011-15), the most notable changes ~ r¢ach ?5 however, th? 'con.taminated sediments largely were
indicated for the Milltown Reservoir/Clark Fork River unavailable for mobilization and transport because of back-
Superfund Site in the upper Clark Fork Basin were statisti- water effects of the former Milltown Dam (Sando and Lamb-

OO0 0000000 IO o o000 0000 ing 2011). Remediation activities preparing for the removal of
OO0 OO 0000000000 D00 00 the former Milltown Dam started in period 2 but were focused
decreases for sampling site 22; the p-value (0.012) for the carly in period 3 and included physical removal of large
period 4 decrease for sampling site 22 is not statistically sig- amounts of contaminated sediments; however, substantial
0000000 00 [ 1 ger thari the selected alpha level amounts of contaminated sediments still remained in the Clark
(0.01 in this report). For all other sampling sites, the period 4 nooooooon oD D oonn Withthe rémoval of

changesinFO OO 0000000000000 00000 -the former Milltown Dam in 2008, the remaining contami-
0000000000 0000 nated sediments in reach 9 became more available for mobi-

lization and transport than before the dam removal. Because
of the substantial effect of the intentional breach of Milltown

Arsenic

Suspended Sediment Dam on March 28, 2008, for sampling site 22, period 3 was
o ) subdivided into period 3A (October 1, 2005—-March 27, 2008)
Trend results indicate tl'lat FACS of suspended sedi- ' and period 3B (March 28, 2008-September 30, 2010).
ment decreased at the sampling sites from the start of period ADDOOD00DOOO0000 OO 000

I through the end of period 4 (tables 6 and 7); the decreases recoverable copper is indicated for period 3A for sampling

ranged from moderate for one sampling site (sampling site 8) site 22 (117 percent, from 6.9 to 15 pug/L; table 7). The
to small for six sampling sites (sampling sites 11-22). For

period 4 (water years 2011-15), the changes in FACs of
goooboobooonooonooboonbobboobon
sampling sites.

temporary increase in FACs is associated with activities that
repared for the removal of the Milltown Dam, including
OEMtign of roads and facilities, reservoir level drawdowns,

and physical removal of large amounts of contaminated

sediments, which likely increased mobilization of sediments

Overview of Wate r_O_ua”ty Trend Results enriched in trace elements (Sando and Lambing, 2011). After
goooooooooooodooooboooooooooboocl
The most notable changes in water quality in period 4 Oo0oO0oo0oo0oo0oDoOoo0ooooDoDoOooooooDoDoooo
were indicated for Silver Bow Creek at Warm Springs (sam- (-58 percent, from 15 to 6.3 pg/L) and period 4 (-52 percent,

goooooboobooooooooooboooooooooLmmmoooooooooobobobooouoobbobooboobooogtL
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increase in FACs is indicated for period 3A (23 percent, from normalized loads for all data-summary reaches are presented

3.9 to 4.8 ng/L). After the intentional breach, a decrease is 00000 oooooDo0oooooommmm 0o ™
oo ooooo oo ooD oo oo oo L recdoverable arsenic, and suspended sediment, respectively.

(-17 percent, from 4.8 to 4.0 pg/L) and a near statistically The pie charts provide a side-by-side graphical summary

oo ooiouoogouiiuiiid il Hordevaluating spatial and temporal variability in constituent
from 4.0 to 3.0 png/L; p-value of 0.012). For suspended 0000000000000 0000000000000000rt
CEEP R B T B B B E E E B OO EF B B 0 B EF T T [RESérvioir/Clark Fork River Superfund Site in the upper Clark

period 3A (172 percent, from 9.2 to 25 mg/L). After the Fork Basin. The estimated normalized loads (hereinafter

S it i e R L L referred tol as “loads”) do not represent actual magnitudes

suspended sediment is indicated for period 3B (-60 percent, of total mass transport, but rather provide information on

from 25 t0 9.9 mg/L), and a decrease is indicated for period 4 r¢|ative temporal changes in constituent transport character-

(-39 percent, from 9.9 to 6.0 mg/L). For period 4 (water years 0000000000000 00no0ono0nnonoonoor
2010000000000000000000000000fLE Hedian conditions.

site 22) indicate more substantial changes than most other O00OMoO00000000000000o00n

U
D[DD[DD[DD[DD[DD[DD[DD[DD[%}QI@N%2015)f0reachreachareshownacrossthetop
D[DD[DDT[hDD[lD%glzDE[hDD;Efd[DD[ ‘Wb ooooooooooDoODoDODOOOOODOODOL
(101 [0 0 1) D1 The p-value (0.012) for the perio eCrease OO OO00000000000000000000000

. U
ijDDjDDIDDIDDIDDIDDjDDjDDngEgEDDEDDEDDEDDEDDEDDEDDEDDE[

S b HE e [ - D R ger than the DchDar% that illustrate the constituent-transport analysis results
selected alpha level (0.01 in this report).

0JooO0ooO0OOoO00O0O000000000000OO EE) each reach for periods 1-4 are shown below the pie charts

e . goboooboobobooobooboobooygooogn

promoted mobilization of trace-element contaminants from trating load ved ctionally to th iod 1 ho
the former Milltown Reservoir, thus decreasing within-reach rating loads afe sized proportionatly to the period £ reac

. .. ogoood goooboobooboooboooboonoobo
source materials and resulting in lower FACs. The substan- ) . ) )
tial decreases nFO DO D 000000000000 000 @A index for sizing the pie charts because it represents the
period 3B continued in period 4. Comparison of the period 4 to.tal load transport.ed from the Milltown Reserv01r/Cla¥k Fork
OO0 0D OO0 00000 0000000000 River Superfund Site somewhat near the start of remedia-
000000000000 00D00000000D D O fienactviies 0000000000000 000000000C

(sampling site 22) indicates large deviation from the start of useful index in .evaluating effects of remediation in the upper
OO0 OO0 O DAY and provides evidence of Clark Fork Basin. ' '
continued effects of the removal of the former Milltown Dam. Figure 11 presents pie charts representing loads for

D0000000000000000000000000 0 booionoonononoooonboiooon
0000000000000 0000000000 oo (forexplaining the presentation of the constituent-transport

arsenic [ [] [1B) and suspended sediment (1 [ [1C); however, analysis results. The size (area) of each loads pie chart rep-

the deviations are not as strong for those constituents as for oooooobdobdoodooonoooooooooogor
0000000000000 o0n indicating relative contributions from each of the two source
goooboobooonooooobobooboboogbouooobt
gogooooooooooogooooboooggoooon
reach sources). The left-hand column of the load pie charts

presents results for reach 4 for periods 1-4. The period 1
OooOooooooDoDooooooDoDoOooooopnooood

Constituent-Transport Analysis Results

Estimated normalized loads are presented in the frame-
work of a transport analysis to assess the temporal trends in

FACs in the context of sources and transport. Drainage area is 3.7 kilograms per day (kg/d), which is 13 percent of the
00000000000000000000000000 04 000000000000000000000000L
are presented in table 8. Balance calculations for the trans- at sampling site 22 shown in right-hand column); thus, the

port analysis (that is, difl] (] [] [J () () [ ) (0 0 () [ [ 0 (] (] (Jsize of the period 1 reach 4 pie chart is 13 percent of the size
0000000000000 00000000000 ofthe period 1 reach 9 pie chart. The blue-colored part of

reaches 4-9, respectively, in appendix 4. The transport bal- the period 1 reach 4 pie chart represents the load (1.9 kg/d)

ance calculations indicate within-reach changes in estimated 00000000000 00000000000heO0D0OOO

normalized loads and allow assessment of temporal changes orange-colored part of the period 1 reach 4 pie chart represents

in relative contributions from upstream source areas to loads the total within-reach change in load (that is, net mobilization

gooobooooonoooouobon gooooooooooooooooobooogg,0ooooo
Hydrologic characteristics of the source areas (geo- 0000000000000 00DDOOddTheltetal O O

OO O o e e D i B BB B ) ) B O [Wvithin-reach change in load (1.8 kg/d) was calculated by

the transport analysis are illustrated by using pie charts that 000000000000 ooooDoDoOooooooOo0o0o0o0d

show source-area information and load contributions to reach O 0000000 OO O results for reach 9 are not shown
[J [J O [Pie charts illustrating temporal patterns in estimated for period 3 because of effects of the removal of the former
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Table 8. Drainage area and streamflow information relevant to the transport analysis for data-summary reaches in the Milltown
Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin, Montana, water years 1996—2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft¥/s, cubic foot per second]

Geometric mean

Abbreviated sampling site name (table 1) Drainage area, ;t,:::‘;:;v;
and number or summation category in square miles 19962015,
in ft¥/s
Reach 4
[extending about 2 river miles from Silver Bow Creek at Warm Springs (sampling site 8, fig. 1, table 1)
to Clark Fork near Galen (sampling site 11, fig. 1, table 1)]
Inflow
Silver Bow Creek at Warm Springs (sampling site 8) 473 64
Outflow
Clark Fork near Galen (sampling site 11) 651 118
Within-reachchange—O0 0 D0 0D 0000 0MIIO 00 O0O0O0OOOOOOOOO
oooooooooodoboooooooooooodoooooooonooonooo0Dn0Oygd 54
Reach 5
[extending about 21 river miles from Clark Fork near Galen (sampling site 11, fig. 1, table 1)
to Clark Fork at Deer Lodge (sampling site 14, fig. 1, table 1)]
Inflow
Clark Fork near Galen (sampling site 11) 651 118
Outflow
Clark Fork at Deer Lodge (sampling site 14) 995 208
Within-reachchange—0 0O 0 000000000000 ODO0O0OOODOOOWNOOOO
bbb oboooboobobob0obooooDoobooboboboboooobool 344 90
Reach 6
[extending about 26 river miles from Clark Fork at Deer Lodge (sampling site 14, fig. 1, table 1)
to Clark Fork at Goldcreek (sampling site 16, fig. 1, table 1)]
Inflow
Clark Fork at Deer Lodge (sampling site 14) 995 208
Outflow
Clark Fork at Goldcreek (sampling site 16) 1,704 406
Within-reachchange—0 D0 0000000000000 O0OOOODOOOODOOOOOO
bbb oboooboobobob0obooooDoobooboboboboooobool 709 198

Joooo0o0o00goooo0o00ooUoOnonngn Clark Fork. If the contribution of a constituent from within a

conjunction with results for other reaches. reach is proportionally much larger than the contribution of
Constituent-transport analysis results are described for 0000000000000 0000000000000o00DoocC

copper, arsenic, and suspended sediment in the following be an important disproportionate source of constituent loading.

subsections. Observations are made comparing the relative Conversely, if the contribution of a constituent from within a

proportions of within-reach contributions of constituent loads  reach is proportionally smaller than or similar to the contribu-

UooooooooonyydnnDn [Thoke propor- googogbooboooobooboobobboboubobooLl

tional comparisons indicate the importance of a given reach indicated to be an important disproportionate source of constit-

as a source of constituent loading to Silver Bow Creek or the OooOooooooooooooooooogooooooooo



Water-Quality Trends and Constituent-Transport Analysis Results |

Table 8. Drainage area and streamflow information relevant to the transport analysis for data-summary reaches in the Milltown
Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin, Montana, water years 1996—2015.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. ft¥/s, cubic foot per second]

Geometric mean

Abbreviated sampling site name (table 1) Drainage area, ‘s’;::::];::'r‘g
and number or summation category in square miles 19962015,
in ft¥/s
Reach7
[extending about 31 river miles from Clark Fork at Goldcreek (sampling site 16, fig. 1, table 1)
to Clark Fork near Drummond (sampling site 18, fig. 1, table 1)]
Inflow
Clark Fork at Goldcreek (sampling site 16) 1,704 406
Outflow
Clark Fork near Drummond (sampling site 18) 2,501 589
Within-reachchange—0 0 0 00000000000 ODOOOODOODOOOOOOOOODO
Oo0o0o0ooooooooooobooooooDooDoooooooooooonnmnil 797 183
Reach 8
[extending about 34 river miles from Clark Fork near Drummond (sampling site 18, fig. 1, table 1)
to Clark Fork at Turah Bridge (sampling site 20, fig. 1, table 1)]
Inflow
Clark Fork near Drummond (sampling site 18) 2,501 589
Outflow
Clark Fork at Turah Bridge (sampling site 20) 3,641 1,060
Within-reachchange—0 0 0 0 0000000000000 ODODODODOOOOOOOODO
O0o00o0o0o0oooooooobooooooDonDoooooooooooonnnil 1,140 470
Reach 9
[extending about 9 river miles from Clark Fork at Turah Bridge (sampling site 20, fig. 1, table 1)
to Clark Fork above Missoula (sampling site 22, fig. 1, table 1)]
Inflow
Clark Fork at Turah Bridge (sampling site 20) 3,641 1,060
Outflow
Clark Fork above Missoula (sampling site 22) 5,999 2,100

Within-reachchange—0 0 0 0000000000000 O0DOOODOO0OOOOOOOOO
oboo0o0ooboooobobooobooobooobbooobbooobboooboooDOol 2,358 1,040
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'Estimated normalized load calculated by
multiplying the mean annual fitted trend
concentration (determined by using the
time-series model) for the indicated period
times the geometric mean streamflow for

water years 1996—2015 and a units conversion
factor. Calculation of the estimated normalized
constituentload is described in detail in the
section of this report "Estimation of Normalized
Constituent Loads." Loads are reported to two
significant figures; however, before final
rounding, calculations used three significant
figures when necessary. As a result, some of
the load values have minor rounding artifacts.
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concentration (determined by using the
time-series model) for the indicated period
times the geometric mean streamflow for
water years 1996-2015 and a units conversion
factor. Calculation of the estimated normalized
constituentload is described in detail in the
section of this report "Estimation of Normalized
Constituent Loads." Loads are reported to two
significant figures; however, before final
rounding, calculations used three significant
figures when necessary. As a result, some of
the load values have minor rounding artifacts.

EXPLANATION
Circular pie chart [streamflow pie charts]
represents geometric
mean streamflow Reach inflow

atreach outflow

Geometric mean
streamflow, in cubic

feet per second
Size (area) of circular pie
charts is proportional Value—
to geometric mean Geometric .
streamflow for Clark Fork mean streamflow, Allwithin-reach sources
above Missoula, Montana in cubic feet per second,

(sampling site 22) atreach outflow

EXPLANATION
Circular pie charts [estimated normalized load pie charts]
represent loads .
transported past Reach inflow

reach outflow

Estimated
normalized load,

Size (area) of circular pie charts in kilograms per day

is proportional to period 1

estimated normalized load for

Clark Fork above Missoula, Montana
(sampling site 22)

Value—Load
transported
pastreach outflow,
inkilograms per day

Total within-reach change in
load (net mobilization from all
within-reach sources)

Figure 12. Pie charts representing geometric mean streamflow and estimated normalized unfiltered-recoverable arsenic loads contributed from reach inflow
and within-reach sources for data-summary reaches for selected periods.
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118 .:64
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Reach 5

208 118
90

Reach 6

406 ‘ 589

Reach7

1,060

Estimated normalized suspended-sediment load," in kilograms per day (kg/d)

Water years 920 1,600
1996-2000 1,600 8,300

(period 1) 670

Water years

200125 850 1,500
(period 2) 1,500 670 7,200

Water years 570 1,400
2006-10 1,400 7,200

(period 3) 860

Water years 460 1,300
2011-15

201115, 1300 & ., 6,800

16,000 ‘ 26,000
12,000 ‘ 21,000
10,000 ‘ 21,000
12,000 ‘ 21,000

33,000

26,000

21,000

28,000

Geometric mean streamflow, in cubic feet per second (water years 1996-2015)
Reach 8

Reach 9

2,100

39,000

42,000

Reach 9 pie chart for
period 3 not shown
because of effects of ~ Within-reach change = 56,000 kg/d
removal of the former
Milltown Dam and
difficulties in
presentation in
conjunction with
results for other
reaches.

Reach inflow =27,000 kg/d

Reach outlfow = 83,000 kg/d

40,000

'Estimated normalized load calculated by
multiplying the mean annual fitted trend
concentration (determined by using the
time-series model) for the indicated period
times the geometric mean streamflow for
water years 1996-2015 and a units conversion
factor. Calculation of the estimated normalized
constituent load is described in detail in the
section of this report "Estimation of Normalized
Constituent Loads." Loads are reported to two
significantfigures; however, before final
rounding, calculations used three significant
figures when necessary. As a result, some of
the load values have minor rounding artifacts.

Circular pie chart
represents geometric
mean streamflow
atreach outflow

Size (area) of circular pie
chartsis proportional
to geometric mean

streamflow for Clark Fork
above Missoula, Montana

(sampling site 22)

EXPLANATION
[streamflow pie charts]

Geometric mean

Reach inflow streamflow, in cubic
feetper second
Value—
Geometric All within-reach sources
mean streamflow,

in cubic feet per second,
atreach outflow

Circular pie charts
representloads
transported past
reach outflow

Size (area) of circular pie charts

is proportional to period 1

estimated normalized load for

Clark Fork above Missoula, Montana
(sampling site 22)

EXPLANATION
[estimated normalized load pie charts]

Reach inflow
Estimated
normalized load,

in kilograms per day

Value—Load
transported
pastreach outflow,
inkilograms per day

=2

Total within-reach change in
load (net mobilization from all
within-reach sources)

Figure 13. Pie charts representing geometric mean streamflow and estimated normalized suspended-sediment loads contributed from reach inflow and within-reach
sources for data-summary reaches for selected periods.
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Copper Arsenic
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0000000000000 ooooooooooonO MM o000 oooooooooooooooooogrt
Thelar OO O OO UOOO00OO0OODO0O0O00O0O0OD0ODODO0000DIO 00000000 DUOOO0OU0LDODDOUOOODODODOCE
-27 percent, from 3.7 to 2.7 kg/d). The decrease in the reach Sto-12percent. T U D OO OO0 OO0 ODODODODOOODOOOD
O 00000 Oo oo oo Ay largely was because of a arsenic were smaller than copper and suspended sediment,
substantial decrease (-50 percent, from 1.9t0 0.94kg/d)inthe OO DO OO OOODOODOO00O00ODODOODODOODO4L 00O
Jopooooooooo0o0ooD DD DD oo oa o Hsticslof drsenic.
cated for within-reach sources. The smallest decrease was for At the upstream end of the Milltown Reservoir/Clark
oo oo oo bbb UboUub oo
goooboooooooooobouubboboinmmo oo oo bbb bogboubooot

ranged from about -16 to -25 percent. load being proportionally lar(] [ [ [ 0 (1 (0000000000
Contributions of [ [J 1) [1[1 [ [J [J[Jcopper fromreach OO OO LD OO0 OODODO0000000Doo00oooooL
4 sources were proportionally similar to or slightly larger arsenic from reach 4 sources were proportionally smaller

O0000o0oooooooooooooooooopooDmmoooo0000ooooooooooooooooooag
tables 8 and 4—1) for all periods, and thus reach 4 issomewhat [0 DD OO0 0000000000000 ooooolL

indicated to be a disproportionate source of copper loading. recoverable arsenic from sources within reaches 5 and 7 were
However, the period 4 net mobilization from sources within OoOUoUoddoooU0oUUoooOODDLDbOUUOUO0DBLOUUOOO
reach 4 (1.8 kg/d) was only about 8 percent of the period 4 0000000000000 oDODUUODUOoDLDDOUOOOrE

JopoooooooooDU00 oo nD DD DU nooL sources within the other reaches (reaches 6, 8, and 9) were
oo oo bbbt o
per from reach 5 sources were proportionally much larger than  contributions.

oo obouobbogbobmooboooo bbb ouboot
the period 4 net mobilization from sources within reach 5 0000000000000 oDODUUODUOoDLDDOUOOOrE
(9.4 kg/d) accounted for a substantial part (about 41 percent) from the center of period 1 (19 kg/d) to the center of period 4

U000 oooooDonddd UThas,reach S is indicated (18 kg/d). Net mobilization from sources within reach 9

to be an important disproportionate source of copper loading. 0000000000000 oDODUUODUOoDLDDOUOOOrE
JooooooooDooUo0ooonDoD DDy no oD fromsources within reach 9 substantially decreased between

within the other reaches (reaches 6-9) were proportionally O0ooOUoU0oddoooU0oUUU0O0OLODDODUOUOUO0DODUOUOOO
Jopooooooooo000ooonD DD DD oDoL Larsenic from reach 9 sources were proportionally smaller than

The removal of the former Milltown Dam in 2008 war- 0000000000000 00O00DO0DDOD0DDOoODOODOCE
rants more detailed discussion of transport analysis results Net mobilization from sources within reach 9 were slightly

for reach 9. The segregation of period 3 into periods 3A and smaller for period 4 (2.1 kg/d) than for period 1 (2.5 kg/d).
gooobooboouotooonouobouobobbuoboubobooo

incorporated into the transport analysis for reach 9; thus, the .
SoConnooonCoannonnonon oo oo ouspended Sediment

the net changes in transport characteristics before and after 0000000000000 00000000000000«

bboobuobuobdobduboduoguodun Q)igsuspended sediment decreased from the center of period

D,E D,D Sl e R @through the center of period 4 for reaches 4-8 but slightly

pling site 22) decreased by about 21 percent from the center 0000000000000 0000000000000000¢
of period 1 (29 kg/d) to the center of period 4 (23 kg/d). Net reaches 6-8 ranged from about -15 to -25 percent.

mobilization from sources within reach 9 increased between Contributions of suspended sediment from reach 4

S D [ D o [ D e D,H)D 1 Hotrees were proportionally similar to or slightly larger than
Net mobilization from sources within reach 9 substantially 0000000000000 0000000000000000¢
decreased between periods 3 and 4. Net mobilization from and 4-1) for all periods, and thus, reach 4 is somewhat indi-

sources within reach 9 were proportionally larger than cated to be a disproportionate source of suspended-sediment

obboobuobuobuobuobuobuobuuln %@dﬁ@ ]@owever, the period 4 net mobilization from sources

bbuobuobuubuobgubuubuuouul Q)vgh%lreach4(820kg/d)wasonlyabout2percentofthe
for the other periods. Net mobilization from sources within 0000000000000 0000000000000000
reach 9 were smaller for period 4 (2.2 kg/d) than for period 1 sampling site 22; 40,000 kg/d). Contributions of suspended
(3.7 kg/d). sediment from reach 5 sources were proportionally much
lacC OO0 0000DO0DOD000O0000O0DDO0O0O000O0O0OO0
the period 4 net mobilization from sources within reach 5
(5,500 kg/d) accounted for about 14 percent of the period 4
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(101 010V 01 0 01 ) [CThus, reach S is indicated to be a dispro- Reach Sisalarl] [ OV OO OO oo oooooon
portionate source of suspended-sediment loading. Downstream  and suspended sediment, which strongly affects downstream

from reach 5, contributions of sediment from sources within OO OO oo f 0 0 0 Dand 13).[Mobilization

reach 7 were proportionally similar to within-reach stream- OoooooooooooooooooooDoooDooooooocL
0000000000000 00oo0o0oOoooDooDoImMobobobooboobogbouoboboobogotL
within reach 7 (9,100 kg/d) accounted for about 23 percent of  tributaries within reach 5 results in a contribution of those con-
O0000000000 000000000 000000 stituents from within reach 5 that is proportionally much larger

sediment from sources within the other reaches (reaches 6, OooOooooooooooooooobooogoooooooon

8, and 9) were proportionally smaller than the within-reach OooOoooooooDooooooooogoooooooooocL

OooDUooooooooog increased by a factor of about 4 and suspended-sediment loads
000000000000 oobOoooooooooboooboogbooboobooboubouobooboboobotL

load (sampling site 22) increased by about 3 percent from OO0000oooooDooooon Forlperiod 4 (water

the center of period 1 (39,000 kg/d) to the center of period 4 years2010 00 0000000000000 000000000O00O0

(40,000 kg/d). Net mobilization from sources within reach 9 sediment loads sourced from within reach 5 accounted for

increased between periods 1 and 2 and also between periods 2 about 41 and 14 percent, respectively, of the loads at Clark
000000000000 ooooooooooooooddi@doooooooodoonooooonoooogooon
substantially decreased between periods 3 and 4. Net mobili- sourced from within the reach accounted for about 4 percent

zation from sources within reach 9 was proportionally larger oooobo0oooboooonbobo0ooooooooboooo
0000000000000 O00OD0O0DOOoDOOoOoDOoDd o onoooooooooougonoonoooooaon
00000000000000000000000EFO0O0 0000000000 DdddN3) for the reach 5

tions for the other periods. Net mobilization from sources poooooooooooooooooooooooicooooo
within reach 9 were larger for period 4 (12,000 kg/d) than tionally smaller than for most other reaches.

for period 1 (6,000 kg/d). The increase in net mobilization For the reaches downstream from reach 5 (reaches 6-8),

of suspended sediment from sources within reach 9 between contributions of copper loads sourced from within the reaches

periods 1 and 4 is in contrast to decreases in net mobilization goooooooooooooooooooooooooooboootc
0000000000000 0000000000000 4000000000 O)thus) the lower

and 4. A possible explanation for this pattern might relate to reaches contributed proportionally much less than reach 5
O00000000000000000D000ooooooodt i oooinnoonnoionoouoonoonoodnn
D0000000000000000000000MeD o dliiiionnnoobiidiloonnonooooon
CoOODODO0C0O0000000000000n oo o copperand suspended-sediment loads were indicated for the

able for mobilization than sediment within the former Mill- bobbbbobobbubpbbooobouobbuobbiol
town Reservoir during period 1. were not translated to the downstream reaches (reaches 5-8).

The effect of reach Sasalar() (] [J ][]0 00000 [
recoverable copper and suspended sediment, in combination

Overview of Constituent-Transport Analysis with little temporal change in those constituents for the reach 5
Results [J [0 [ [ contributes to this pattern.
oo oboooogogn

At the upstream end of the Milltown Reservoir/Clark arsenic, and suspended sediment, contributions from within
LR T R e R R R PR L LB el DU [rdachl 8 generally increased between periods 2 and 4; this
tial decreases from the center of period 1 to the center of pattern is in contrast to patterns for most other reaches. A pos-
Joono oo i i i bt L DL [gible explanation for this pattern might relate to effects of the
sediment loads (about -50 percent for both constituents), but removal of the former Milltown Dam during period 3. Before

oooooooooooooonononnn i Hhd temoval of the former Milltown Dam, backwater effects of
ubbboodooobooooooobboodooil im0 oo00000oooooo0Dooooooonoonoon
4 percent), and suspended-sediment load (about 1 percent) of  enough upstream to affect the hydraulic gradient at the reach 8

D000 oooooononnnmandl3) The reach 4 Uooooooooonnynl fect theltransport of
oo oo oo bbb i H D Hlaterialsfrom reach 8. After the removal of the former Mill-

arsenic and accounts for about 18 percent of the reach 9 town Dam, the hydraulic gradient at sampling site 20 might
oooooobooooboobouobub oD bUD Ul U (have steepened and promoted transport of materials from

(including reaches 5 and 7) have within-reach contributionsof OO0 OO0 C 00000000 0000000

o000 oooo oo oo oo oo oo oo oo oo oo [With the removal of the former Milltown Dam in 2008,
oooooooobboobooooobo b U D DU D D substantial amounts of contaminated sediments that remained
googboobootoooooboobobbibhoimhhm oo oo ooobooooooooooon
OO OO oo oo oo e om0 B0 [nlore 'aviailable for mobilization and transport than before
0ogooooooooooooooooooooonommmm ooooooDoooooodoonooooooooogon
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copperl) L OO OODOD O LOOODODOL-0 U HClark Fork Basin for water years 1996-2010 (water year is

ment from sources within reach 9 substantially decreased the 12-month period from October 1 through September 30
JooooUoooo0o0000U0bDLD U0 UODon Land is designated by the year in which it ends). An update of
recoverable copper and arsenic from sources within reach 9 U000 0 O ) [ 4quallity trends for the monitoring data was

is smaller for period 4 than for period 1 when the former needed for seven sampling sites to provide timely information
Milltown Dam was in place, providing evidence that con- for the 2016 5-year review for the Milltown Reservoir/Clark

taminant source materials have been substantially reduced in Fork River Superfund Site.

reach 9. However, net mobilization of suspended sediment The DOODOOOOODOOOOODOOOOOOOOOOOO

from sources within reach 9 were slightly larger for period 4 centrations (FACs). L U D oo ooooooooon
than for period 1. A possible explanation for this pattern might [ 0100 D000 OO0 00 00 00 DD 00 00 00 00 C0 OO OO0 00 O 00 E O O 00 00 ED 0 T
D000 0000000000000 o oo oo 00 rand thereby enhance the capability to detect trends indepen-
JoDoU0000o0o00D 0000000000y do oD dentfrom effects of climatic variability. To provide temporal
activities. [ U U U U 00000000000 LD OO OO D mesolution of changes in water quality, trend analysis was con-

be more available for mobilization than sediment within the ducted on four sequential 5-year periods: period 1 (water years
former Milltown Reservoir during period 1. 1996-2000), period 2 (water years 2001-5), period 3 (water

years 2006—10), and period 4 (water years 2011-15). Because

of the substantial effect of the intentional breach of Milltown

Dam on March 28, 2008, for Clark Fork above Missoula (sam-

pling site 22), period 3 was subdivided into period 3A (Octo-

ber 1, 2005-March 27, 2008) and period 3B (March 28, 2008—

bpooooooobobodbuooobooipd %e—f)ﬂgn%e? %, 2010). The TSM was applied as consistently as
oo ‘j boopoduboobuon .[ N e %(%S%Q among sampling sites and is considered to be a useful
contaminants and assesses those trends in the context of tool for simplifying the environmental complexity in the upper

Summary and Conclusions

source arcas and transport of thoge contaminants throggh the Clark Fork Basin to provide a large-scale evaluation of general
Milltown Reservoir/Clark Fork River Superfund Site in the temporal changes in constituent transport independent from
upper Clark Fork Basin in Montana. The Milltown Reservoir/ 00000000000

Clark Fork River Superfund Site extends about 123 river miles In conjunction with the trend analysis, estimated normal-
from the outlet of Warm Springs Ponds on Silver Bow Creek  jzed constituent loads were calculated and presented in the

to the outlet of the former Milltown Reservoir near Missoula. framework of a constituent-transport analysis to assess the

Tooooooon .ﬂ Dobood ﬂ boooooooo j "temporal trends in FACs in the context of sources and trans-
trace elements (arsenic, copper, and zinc), and suspended sedi- port. The transport analysis allows assessment of temporal

ment by using a joint time-series model (TSM) for concentra-  changes in relative contributions from upstream source areas
gogoggooboboooooooooboooooooooy Y ooooooooooooOooon
'199‘6—2015- The most upstream si'te included in trend apalysis Trend results are presented for all constituents investi-
is Silver Bow Creek at Warm Springs, Montana (sampling gated; however, emphasis is placed on copper, arsenic, and

site 8), and the most downstream site is Clark Fork above Mis-  syspended sediment. Trend results were considered statisti-
soula, Montana (sampling site 22), which is just downstream D00000000000D000000000 Opsvalue)D 000

from the former Milltown Dam. was less than 0.01.
During the extended history of mining in the upper Clark Trend results indicate that F[1 0 [ [ 00 (0 01 00 0 0 0 0 [0 01 [
Fork Basin in Montana, large amounts of waste materials copper decreased at the sampling sites from the start of
enriched with metallic contaminants (cadmium, copper, lead, period 1 through the end of period 4; the decreases ranged
and zinc) and the metalloid trace element arsenic were gener- from large for one sampling site (Silver Bow Creek at Warm
ated from mining operations near Butte, and the milling and Springs [sampling site 8]) to moderate for two sampling sites
smelting operations near Anaconda. Extensive deposition of (Clark Fork near Galen, Montana [sampling site 11] and Clark
mining wastes in the Silver Bow Creek and Clark Fork chan- Fork above Missoula [sampling site 22]) to small for four
000000000000 00 [ fécts on water quality. sampling sites (Clark Fork at Deer Lodge, Montana [sampling
Federal Superfund remediation activities in the upper Clark site 14], Clark Fork at Goldcreek, Montana [sampling site 16],
Fork Basin began in 1983 and have included substantial reme-  Clark Fork near Drummond, Montana [sampling site 18], and
diation near Butte and removal of the former Milltown Dam. Clark Fork at Turah Bridge near Bonner, Montana [sampling
Water-quality data collection by the U.S. Geological site 20]). For period 4 (water years 2011-15), the most notable
Survey (USGS) in the upper Clark Fork Basin began dur- changes indicated for the Milltown Reservoir/Clark Fork
ing 1985-88 with the establishment of a small long-term River Superfund Site in the upper Clark Fork Basin were sta-
monitoring program that has expanded through time and 0000000 oooDo0oommmmmioooooood

continued through present (2016). A previous study analyzed recoverable copper for sampling sites 8 and 22. For all other
oooooooooooooooooD D oD oD Don samplingsites, the period 4 changes in FU (1 [0 0 0 [ ) 1) [
mining-related contaminants for 22 sampling sites in the upper [ [1 [ [ 01 0F 0V O 00 00 00 00 0 O 00 0 00 00 00 00 0 0 00 0 B 00 [0 0
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Trend results indicate that FII (1 [ [J [0 [J [J 0J [ [0 [0 [J [ [and suspended sediment, in combination with little temporal

arsenic decreased at the sampling sites from the start of change in those constituents for the reach, contributes to this
period 1 through the end of period 4; the decreases ranged pattern.
from minor (sampling sites 8-20) to small (sampling site 22). With the removal of the former Milltown Dam in 2008,

For period 4 (water years 2011-15), the most notable changes  substantial amounts of contaminated sediments that remained
indicated for the Milltown Reservoir/Clark Fork River Super- ooooooooooooooooobogogoooooooogoo
fund Site in the upper Clark Fork Basin were statistically sig- more available for mobilization and transport than before
OoooooooomDmo 0 oooooDooDn oo Cthe dam removal. After the removal of the former Milltown
gooooooobooooooooobodndnDl Dam, thelClark Fork above Missoula (sampling site 22)
decreases (p-value of 0.012) for sampling site 22. For all other ~ [J [0 [ [J [0 [ 00 00 O 00 00 O 00 O O OF COOELTEITT LT 0 0 0
sampling sites, the period 4 changes in F[I1 [] [1 [J 0 [J [J [0 []  recoverable copper in period 3B (March 28, 2008, through
ooooooooboooooooobbonnoDOl hvater year 2010) that continued in period 4 (water years

Trend results indicate that FACs of suspended sediment 2011-15). Also, decreases in FLJ 0 0 D O 00000 00ddd

decreased at the sampling sites from the start of period 1 arsenic and suspended sediment were indicated for period 4
through the end of period 4; the decreases ranged from at this site. The decrease in FUJ [ [ [0 (1 [ 07 010000 0000 0 0 [
moderate (sampling site 8) to small (sampling sites 11-22). copper for sampling site 22 during period 4 was proportion-

For period 4 (water years 2011-15), the changes in FACs of ally much larger than the decrease for the Clark Fork at Turah
0000000000000 000000000000 0 (Bridgethéar Bonner (sampling site 20). Net mobilization of

sampling sites. bbb dnommuoobobobobbobon
The reach of the Clark Fork from Galen to Deer Lodge and suspended sediment from sources within reach 9 substan-

is a large source of metallic contaminants and suspended tially decreased between periods 3 and 4. Net mobilization of

sediment, which strongly affects downstream transport of 0000000000000 00DDODDO0000o0DODDODOooDooocC

ooooooooooooooooonnonnnnol tedeh 9were smaller for period 4 than for period 1 when the
ooooooooooooooooonnnnnonon formertMilltown Dam was in place, providing evidence that

the streambed of the Clark Fork and its tributaries within the contaminant source materials have been substantially reduced

reach results in a contribution of those constituents that is in reach 9. However, net mobilization of suspended sediment

proportionally much lar(} [0 [7 01 0 00 0 01 0 00 0 0 0 0 0 0 [ from Sources within reach 9 were slightly larger for period 4

from within the reach. W [J [0 [J [0 00 [ [0 00 00 [0 0 [0 00 0 [ [fhan forlperiod 1. A possible explanation for this pattern might

copper loads increased by a factor of about 4 and suspended- ooooooooooooooooDooOoDogorooooog
sediment loads increased by a factor of about 5, whereas Oo0oDoooooooooooooDoDDOoogoooDoDoooooC
JooooboboooooooobooboooooooobbDD@divaties DO 0000000000000 00D0D00OD00O00O00
period 4 (water years 2010 [ [1 [0 [0 [0 [0 [ 00 0 0 0 [J 4 0 [J Be more available for mobilization than sediment within the

per and suspended-sediment loads sourced from within the former Milltown Reservoir during period 1.

reach accounted for about 41 and 14 percent, respectively, of

the loads at Clark Fork above Missoula (sampling site 22),

][D][D][D][D][D][D][D][D][@ﬁ

googogbooobobboobooboonbobboobod ences

During water years 1996-2015, decreases in FACs and loads

Oo0ooooooooooooooooDoonnonon rAndrews, E.D., 1987, Longitudinal dispersion of trace metals

the reach generally were proportionally smaller than those for in the Clark Fork River, Montana, in Averett, R.C., and
most other reaches. McKnight, D.M., eds., The chemical quality of water and

J0ooouoo0Uooo00U00U0o0Uo0D0UUUU U the hydrologie cycle: Chelsea, Mich., Lewis Publishers,
reaches of the Clark Fork between Deer Lodge and Turah Inc., p. 1-13.

Bridge near Bonner were proportionally smaller than con-

000000000000 00000000000000 e Bbuibuibuibuibuibuiouoouon
these reaches contributed proportionally much less to copper Creek/Butte Area Superfund Site: CDM, Helena, Montana,

loading in the Clark Fork than the reach between Galen and 217p.
Deer Lodge. Although substantial decreases in FACs and Chanat, J.G., Rice, K.C., and Hornberger, G.M, 2002, Con-

botd [ D.j - [ Jobn L e [ L %igtency of patterns in concentration-discharge plots: Water
ment were indicated for Silver Bow Creek at Warm Springs Resources Research, v. 38, 10 p.

(sampling site 8), those substantial decreases were not

translated to downstream reaches between Deer Lodge and Chatham, J.R., 2012, Chemical cycling and nutrient loading
Turah Bridge near Bonner. The effect of the reach of the Clark at Warm Springs Ponds (MT): LaPalma, Calif., Atlantic
Fork from Galen to Deer Lodge as a large source of copper Uooooonn9ep.
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Appendix 1—Summary Information Relating to Quality-Control Data

Summary information is presented relating to quality- typically varying within plus or minus 10 percent of 100 per-
control data. Results for quality-control equipment blank and cent recovery. However, before about water year 2000, spike
replicate samples collected during water years 1993-2015 ooooooooobooooooooboobobogooooobooooooocL
are summarized in table 1-1. Spike recoveries for laboratory- water samples generally were near 100 percent (mean annual

spiked deionized-water blank samples collected during water spike recovery for water years 1993-99 of 99.1 percent),
years 1993-2015 are presented in table 1-2. Spike recoveries whereas after about water year 2000, spike recoveries mostly

for laboratory-spiked stream-water blank samples collected were less than 100 percent (mean annual spike recovery
during water years 1993-2015 are presented in table 1-3. For for water years 2000—15 of 94.3 percent). Changes in spike
reference, aquatic-life standards (based on median hardness recoveries in about water year 2000 probably were related
for water years 2011-15, Montana Department of Environ- to a change in about water year 2000 by the U.S. Geological
mental Quality, 2012) are presented in table 1-4. Survey National Water Quality Laboratory from analysis of
Evaluation of long-term spike-recovery data is particu- most metallic elements by graphite furnace atomic absorption
larly relevant to the long-term trend analysis. Spike-recov- spectrophotometry (Fishman, 1993) to inductively coupled
eries during water years 1993-2015 for laboratory-spiked plasma-mass spectrometry (Garbarino and Struzeski, 1998;
OO0 OO0 ooo o oo oo oo on oo E o [Garbarino and others, 2006). The potential effects of temporal
and laboratory-spiked stream-water samples (table 1-3 and changes in spike recoveries on trend results were evaluated in

OO00o0ooooo oo oo oo oo oo f o [exploratory analyses, as described in appendix 2.



Table 1-1. Summary information relating to quality-control samples (field equipment blank and replicate samples) collected at sampling sites in the upper Clark Fork Basin,
Montana, water years 1993-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. LRL, laboratory reporting level; SRL, study reporting level; RSD, relative standard
deviation; 1LS/cm, microsiemen per centimeter at 25 degrees Celsius; NA, not applicable; pg/L, microgram per liter; mg/L, milligram per liter]

Summary information

Summary information for field blank samples for field replicate
samples
Percentage Median Percentage of
] Number of field of field bI:nk concentration detections in
Constituent or property, blank samples -~ ' i Maximum infield blank  SRLusedin blank samplesat .
units of measurement Number of with detected dcrtected detected samples with application  concentrations of field RSD.!
field blank concentrations . concentration detected of the greater than the . . !
concentrations Y . . . . replicate in percent
samples greater than the reater than the for field blank concentrations  time-series  SRL used in the airs
LRL at the time gLRL at the time samples greater than the model application of P
of analysis of analvsis LRL at the time of the time-series
y analysis model
gooooooooooogo NA NA NA NA NA NA NA 162 0.1
0oo0o0ooO0oooooo 193 5 2.6 0.337 0.071 NA NA 179 13.4
goooobooooooboooooboboomsy 1 0.5 0.010 0.010 NA NA 180 4.5
Copper( ! [1 ] [?ug/L 192 15 7.8 3.6 0.50 1.0 1.0 182 12.4
Copperl ] [1 [0 01000 0 0 7 mg/LL ) 189 11 5.8 3.0 1.0 1.0 2.1 180 9.0
goooooooogg 189 4 2.1 5.9 4.8 NA NA 171 9.8
ogoooooooooooooooog 185 10 54 35.6 7.0 NA NA 178 5.5
ooooooooooo 193 6 3.1 0.600 0.101 NA NA 178 11.0
oo0oooooooooooobooO 189 10 53 0.16 0.05 NA NA 180 16.3
ooooooooooooo 188 22 11.7 0.62 0.36 NA NA 183 5.7
ooooooooooooOoOODODOO8s 10 54 0.3 0.2 NA NA 180 5.8
gooooooooon 191 39 20.4 6.2 0.9 NA NA 181 9.6
000000000003 agLD 187 20 10.7 34 1.4 2.0 2.7 181 9.0
000000 Pipgl 193 1 0.5 0.1 0.1 1.0 0.0 182 5.4
000000000000 DRgtn 189 3 1.6 0.1 0.1 1.0 0.0 181 6.8
Suspended sediment,> mg/L NA NA NA NA NA 1 NA 170 9.1
'RSD is calculated according to the following equation (Taylor, 1987):
RSD = %100,
X
where
RSD is the relative standard deviation;
S is the standard deviation; and
X is the mean concentration for all replicate analyses.

*Property or constituent was analyzed for temporal trends.
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Table 1-2. Summary information relating to quality-control samples (laboratory-spiked deionized-water blank samples) collected at sampling sites in the upper Clark Fork
Basin, Montana, water years 1993-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in whichitends. FL 0 D O 0 O 00 000000 ooogn

Water Cadmium, Cadmium, Copper, Copper, Iron, Iron, Lead, Lead, Manganese, Manganese, Zinc, Zinc, Arsenic,  Arsenic,
year F UFR F UFR F UFR F UFR F UFR F UFR F UFR
Mean spike recovery, in percent (values in parentheses indicate 95 percent confidence intervals)
1993 93.4 97 99.5 101.7 94 103.3 105.8 100.5 96.9 95.6 106.5 96.3 94 102.6
(85.9,101) (93.5,101) (95.9,103) (94.4,109) (90.0,98.0) (92.4,114) (99.5,112) (95.2,106) (96.3,97.5)  (82.2,109) (99.7,113) (94.1,98.5) (89.6,98.4) (95.8,109)
1994 97.5 98.8 101.1 99.7 100 94.6 100.5 99.1 95.7 101.5 106.5 102.6 100.6 109.3
(89.1,106)  (90.6,107) (98.4,104) (94.3,105) (93.0,107) (84.2,105) (98.5,102) (94.3,104) (90.8,100)  (96.2,107) (95.8,117) (91.5,114) (95.6,106) (104, 114)
1995 100 101.3 102.7 97.6 102.2 93.8 102.3 100.8 96.5 98.5 102.3 101.5 103.9 106.8
(97.3,103)  (97.5,105) (101,105) (92.3,103) (97.8,107) (87.9,99.7) (97.7,107) (96.6,105) (92.0,101)  (93.1,104) (97.1,108) (97.1,106) (99.1,109) (103, 110)
1996 95.3 82.3 99.2 99.6 89.8 90.8 100.5 97.4 89.2 96.5 96.1 87.8 89.7 104.1
(92.2,98.4) (79.7,84.9) (91.4,107) (93.5,106) (76.0,104) (70.9,111) (93.3,108) (80.2,115) (77.9, 100) (91.6,101) (84.3,108) (82.8,92.8) (77.1,102) (101, 107)
1997 98.5 85.7 101.1 106.4 94.7 96.1 101 101.1 90.3 99.3 97.9 92.7 93.9 106.1
(92.1,105) (77.7,93.7) (86.2,116) (82.0,131) (78.5,111) (80.2,112) (93.4,109) (88.9,113) (82.7,97.9) (95.8,103)  (78.1,118) (86.4,99.0) (87.8,100) (104, 108)
1998 104 97.4 100.4 103.4 101.8 95.7 100.2 104.8 102.8 99 95.2 101.3 91.5 105.4
(93.8,114) (87.0, 108) (93.4,107) (98.8,108) (90.7,113) (89.9,102) (91.8,109) (88.8,121) (94.4,111) (92.1, 106) (85.9,104) (86.9,116) (87.3,95.7) (99.2,112)
1999 100.9 103.4 107.5 105 97.7 96.5 97.4 96.2 96 95.9 96.9 933 108.9 102.9
(92.6,109)  (99.9,107)  (99.5,116) (102, 108) (94.3,101) (90.0,103) (87.9,107) (85.2,107) (91.8,100) (86.3,106)  (92.9,101) (88.9,97.7) (95.4,122) (97.8,108)
2000 103.8 105 104 100.3 97.4 100.6 98.3 102.6 100.8 103.2 107.8 102.6 101.6 101.4
(97.3,110) (96.0, 114)  (96.0, 112) (92.4,108) (92.3,102) (89.2,112) (88.9,108) (97.3,108) (93.3,108) (96.8,110)  (95.8,120) (90.0, 115) (95.3,108) (95.1, 108)
2001 102.9 107.9 105.2 96.8 101.3 98.3 97.3 96.4 101.9 103.7 102 99.1 99.2 97.7
(98.9,107) (101, 115)  (98.6,112) (93.7,99.9) (95.5,107) (86.7,110) (91.9,103) (93.7,99.1) (79.0,125)  (89.9,118) (87.9,116) (82.7,116) (92.3,106) (86.6, 109)
2002 101.1 97.6 99.4 98.8 95.1 102.3 98.5 96.9 98.5 96.5 103.9 98.3 105.1 97.9
(98.8,103) (96.3,98.9) (95.0,104) (96.7,101) (89.3,101) (93.0, 112) (89.9,107) (90.5,103) (95.4,102) (88.8,104) (94.4,113) (91.8,105) (95.8,114) (93.0,103)
2003 98.6 97.5 100.4 97.6 101.6 93.1 97.2 96 95.8 96.6 101.4 99.1 87.9 96.6
(92.6,105)  (94.1,101) (93.0,108) (93.2,102) (96.4,107) (87.4,8.8) (92.3,102) (93.9,98.1) (90.7,101)  (79.7,114) (89.8,113) (93.2,105) (71.3,104) (78.5, 115)
2004 97.4 100 98.9 99.6 101 96.1 96 98.9 99.1 98.6 102 100 101 102
(95.6,99.2) (98.6,101) (92.7,105) (95.4,104) (96.3,106) (88.8,103) (91.9,100) (97.3,100) (92.3,106)  (90.6,107) (91.7,112) (96.3,104) (75,127)  (93.6,110)
2005 102 97.5 102 97.6 97.6 100 101 104 93.8 102 102 96.1 97.4 101
(97.3,106)  (88.1,107) (97.4,107) (88.4,107) (90.5,105) (95.2,105) (95.5,106) (99.4,108) (82.2,105)  (86.4,117) (88.3,116) (83.5,109) (95.5,99.3) (90.7,111)
2006 100 98.9 102 98.7 106 103 99 98 97 105 105 94.9 95.2 98.5
(92.6,107)  (94.1,104) (97.7,107) (93.8,104) (101,112) (95.4,111) (89.3,109) (91.2,105) (90.7,103)  (95.3,115) (95.4,115) (90.1,100) (89.2,101) (94.7,102)
2007 107 103 105 98.4 99.9 104 99.6 103 107 107 107 103 105 102
(103, 112)  (94.4,111)  (99.2,111) (86.9,110) (92.1,108) (98.5,110) (93.9,105) (100, 106) (99.9, 114) (97.0,116) (102, 113) (96.5, 110) (96.6, 114)  (95.2, 109)
2008 102 101 105 97.9 103 101 101 101 102 102 99.8 103 103 102
(88.2,116) (91.9,110)  (88,121)  (87.2,109) (95.9,110) (96.5,106) (89, 112)  (98,105)  (92.9,111)  (92.5,112) (87.9,112) (96, 111) (89.2,117) (93.9, 110)
2009 102 97.2 102 96 102 104 102 98.4 105 99.7 111 93.3 101 97
(97.4,107)  (93.6,101)  (92.0,113) (94.0,97.0) (91.4,112) (78.8,130) (96.0,107) (96.1,101)  (103,106)  (94.6,105) (104, 118) (88.5,98.1) (92.3,110) (94.9,99.1)
2010 106 100 97.2 98.6 108 102 102 102 103 105 113 101 105 102
(949,117) (88.4,112) (84.9,109) (84.0,113) (101,115) (95.8,108) (91.5,113) (91.0,113)  (95.2,111)  (97.2,112) (94.7,132) (89.6,113) (96.7,113) (89.7, 114)
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Table 1-2. Summary information relating to quality-control samples (laboratory-spiked deionized-water blank samples) collected at sampling sites in the upper Clark Fork

Basin, Montana, water years 1993-2015.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in whichitends. F. 0 D O 0O 00 00000000y

Water Cadmium, Cadmium, Copper, Copper, Iron, Iron, Lead, Lead, Manganese, Manganese, Zinc, Zinc, Arsenic,  Arsenic,
year F UFR F UFR F UFR F UFR F UFR F UFR F UFR
Mean spike recovery, in percent (values in parentheses indicate 95 percent confidence intervals)—Continued
2011 105 95.7 96.2 93.9 111 107 106 99.8 101 98.9 108 96.1 105 94.7
(979, 111)  (92.4,99)  (89.4,103) (91.6,96.2) (89.3,132) (98.2,117) (98.8,113) (98.4,101) (97.0,104)  (97.8,100) (94.3,122) (92.2,100) (102,109) (90.2,99.3)
2012 102 101 98.4 100 105 106 102 103 105 101 103 100 98.1 101
(93.2,112)  (95.1,108) (93.1,104) (92.5,107) (102,108) (96.2,117) (96.8,106) (98.4,107)  (101,110)  (95.4,106) (96.5,109) (94.9,106) (90.4,106) (94.3,108)
2013 96.3 96.6 92.4 96.3 103 105 97.5 99.9 98.1 98.5 98.6 95.2 98 99.3
(92.4,100) (92.9,100) (87,97.9) (92.6,100) (95.5,111) (98.2,112) (92.3,103) (97.1,103) (92.3,104)  (94.8,102) (90.9,106) (91.7,98.7) (93.1,103) (96, 103)
2014 99.4 101 98.1 100 103 103 102 103 99.2 100 110 101 94.7 102
(95.1,104)  (99.0,104) (91.0,105) (98.8,102) (958, 111) (99.7,106) (100,104) (100,107)  (91.6,107)  (97.7,103)  (103,117) (97.1,104) (87.6,102) (99.0, 105)
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Table 1-3. Summary information relating to quality-control samples (laboratory-spiked stream-water samples) collected at sampling sites in the upper Clark Fork Basin,
Montana, water years 1993-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in whichitends. FL 0 D O 0 O 00 000000 ooogn

Water Cadmium, Cadmium, Copper, Copper, Iron, Iron, Lead, Lead, Manganese, Manganese, Zinc, Zinc, Arsenic,  Arsenic,
year F UFR F UFR F UFR F UFR F UFR F UFR F UFR
Mean spike recovery, in percent (values in parentheses indicate 95 percent confidence intervals)
1993 97.1 98.1 97.4 97.2 94.6 102.2 104.7 96 95.7 100.2 105.7 95.7 95.2 99.9
(92.3,102)  (95.2,101) (95.8,99.0) (92.3,102) (86.7,103) (94.4,110) (98.5,111) (93.0,99.0) (92.1,99.3)  (96.4,104) (93.4,118) (92.2,99.2) (92.0,98.3) (96.5,103)
1994 101.3 97.9 96.6 98.4 98.2 99.3 103 99.3 98.1 100.4 97.5 106 97.3 106.9
(97.5,105) (94.4,101) (93.3,99.8) (91.1,106) (94.8,102) (90.6,108) (101,105) (95.6,103) (95.4,101)  (95.4,105) (92.4,102) (95.4,117) (90.4,104) (101, 113)
1995 101.3 102.9 99.8 98 99.5 101.4 102.9 100 97.4 103.8 104.7 101.1 103.8 102.2
(96.7,106)  (98.0,108) (96.2,103) (92.7,103) (96.1,103) (96.2,107) (98.6,107) (96.7,103)  (92.9,102)  (99.0,109) (101,108) (99.1,103) (94.6,113) (97.1,107)
1996 100.2 88.4 101.1 100.3 93.8 101.5 105.1 105.6 90.3 99.5 103.2 99.3 105.9 102.8
(91.5,109) (57.8,119) (91.9,110) (92.3,108) (73.3,114) (88.5,114) (90.4,120) (98.4,113) (79.1,102) (92.9,106) (90.2,116) (74.8,124) (94.4,117) (96.0, 110)
1997 98.1 84.3 97.3 100.5 99.3 97.5 100.8 102.1 93 99.8 97 92.7 93.3 107.1
(83.5,113) (75.0,93.6) (88.3,106) (71.9,129) (81.0,118) (78.2,117) (91.6,110) (99.1,105) (84.0,102) (94.5,105)  (89.9,104) (74.4,111) (73.5,113) (99.9, 114)
1998 104.4 99.5 97.2 99.1 97.5 101.8 102.2 105 99.5 101.5 99.5 98.8 90.1 104
(97.3,112)  (92.7,106) (90.6,104) (88.4,110) (82.8,112) (90.2,113) (94.3,110) (92.9,117) (85.8,113) (98.0,105)  (89.1,110) (85.6, 112) (85.5,94.7) (95.8,112)
1999 102.6 103 102.7 100.5 97.2 99.9 100.2 101.1 99.8 98.8 98.6 96.2 105.2 103.6
(92.4,113) (100, 106)  (89.1,116) (97.5,104) (93.5,101) (90.6,109) (94.0,106) (93.7,108)  (92.8,107) (89.3,108)  (95.7,102) (91.1,101) (97.5,113) (964, 111)
2000 104.2 98.1 101.6 94.6 96.5 98 101.4 105.3 97.3 101.7 101.5 97.8 102.5 98.9
(100, 108)  (88.9,107) (97.3,106) (87.7,102) (88.0,105) (88.3,108) (97.3,106) (103, 108) (83.3, 111) (91.4,112)  (90.9, 112) (91.1,104) (97.5,108) (87.8,110)
2001 103.2 105.8 106.8 91.8 95.8 101.6 99.7 97.3 100 100.9 100.8 96.9 102.8 100.1
(100, 106)  (95.9,116) (104, 110) (87.7,95.9) (91.4,100) (92.1,111) (95.2,104) (95.3,99.3) (84.4,116)  (90.3,112) (85.7,116) (75.9,118) (95.1,110) (96.7, 104)
2002 106 102 97.3 96.9 92.6 107.1 101.4 98.9 98.3 94.3 101.3 95.8 105.8 99.9
(97.5,114)  (98.6,101) (91.2,103) (92.9,101) (83.3,102) (103, 111) (91.9,111) (92.2,106) (92.5, 104) (88.4,100) (92.6, 110) (89.9,102) (97.1,114) (86.0, 114)
2003 100.5 99 95.8 91.6 106.4 96.7 96 96.8 93.9 99.3 98.4 93 94.6 108.6
(91.4,110)  (94.4,104) (88.9,103) (89.7,93.5) (100,113) (91.6,102) (90.2,102) (93.7,99.9) (78.8,109)  (86.2,112) (93.6,103) (87.5,98.5) (80.2,109) (100, 117)
2004 101 101 95.4 93.8 104 111 98.7 100 103 96 100 94.4 97.3 112
(94.2,108) (100,103)  (93.8,97) (89.5,98.1) (99.5,108) (91.2,130) (93,104) (98.6,102) (89.8,117)  (91.8,100) (95.3,105) (91,97.8) (86.9,108) (106, 118)
2005 97.8 98.2 93.6 93 102 99.3 102 103 88.3 97.5 94.3 91.6 103 104
(62.7,133)  (88.5,108) (57.9,129) (84.8,101) (95.9,108) (95.6,103) (96.1,109) (99.7,106) (78.3,98.3)  (87.3,108) (60.8,128) (80.8,102) (98.3,107) (101, 108)
2006 104 99.6 101 94.8 105 102 102 100 94.9 106 108 91.2 96.5 99.1
(99.0, 108)  (94.7,104)  (96.7,104) (91.0,98.6) (102,109) (93.6,110) (94.2,111) (92.9,106) (88.2,102)  (97.9,113) (93.3,123) (87.8,94.6) (89.0,104) (94.9, 103)
2007 108 98 100 96.3 107 103 109 104 106 101 104 98 106 102
(102, 114)  (92.2,104) (89.8,110) (91.8,101)  (103,111)  (94.7,112)  (103,115) (102,107)  (100,113)  (96.1,106) (95.7,113) (89.2,107) (100, 113) (98.2, 106)
2008 101 97 98.9 92.8 105 99.4 100 103 98.9 98.4 106 95.7 100 101
(91,112)  (93.6,100)  (92,106) (86.4,99.1) (94.1,117)  (92,107)  (91.3,109) (99.5,106)  (90.3,108)  (92.5,104) (88.1,124) (93.1,98.2) (90.2,110) (98.5, 104)
2009 106 94.7 96.2 91.4 107 102 100 100 97 92.8 114 89.8 106 100
(101, 112)  (89.5,99.8) (91.2,101) (87.8,95.0) (89.7,124) (86.9,118) (97.0,103) (98.8,101) (88.0,106)  (81.7,104)  (104,124) (80.4,99.2) (97.7,114) (89.6, 111)
2010 110 98.2 93.8 96.5 105 111 101 104 104 98.7 109 94 106 102
(87.6,132) (87.1,109) (83.6,104) (84.4,108) (91.7,119) (103,118) (87.7,115) (91.5,116) (93.3,114)  (86.4,111) (101, 118) (81.3,107) (96.0,116) (90.1,113)

94
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Table 1-3. Summary information relating to quality-control samples (laboratory-spiked stream-water samples) collected at sampling sites in the upper Clark Fork Basin,
Montana, water years 1993-2015.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in whichitends. F. 0 D O 0O 00 00000000y

Water Cadmium, Cadmium, Copper, Copper, Iron, Iron, Lead, Lead, Manganese, Manganese, Zinc, Zinc, Arsenic,  Arsenic,
year F UFR F UFR F UFR F UFR F UFR F UFR F UFR
Mean spike recovery, in percent (values in parentheses indicate 95 percent confidence intervals)—Continued
2011 104 93.9 96.6 88.3 108 101 104 96.5 98.2 91.3 102 86.7 106 94.7
(99.2,109) (91.5,963) (79.9,113) (85.4,912) (92.0,124) (852,117) (98.8,110) (94.5,98.4) (92.2,104) (88.3,94.2) (90.2,114) (80.7,92.7) (101, 111) (90.5,99.0)
2012 107 98.8 94 93.9 108 100 102 101 101 95.5 102 89.8 104 97.5
(104, 110)  (91.9,106)  (90.9,97) (87.2,101) (102, 114) (98.6,102) (97.9,107) (96.3,105) (97.7,104)  (88,103)  (95.2,109) (82.4,97.2) (101,106) (91.8, 103)
2013 94.8 91.3 90.9 90 102 101 101 96.7 97.2 93 99.5 84.1 99.5 94.9
(90.4,99.3) (87,95.7)  (86,95.8) (87.5,92.4) (94.8,110) (92.6,110) (92.8,108) (92.3,101)  (95.4,99)  (84.9,101)  (92,107) (79.5,88.7) (91.2,108) (91, 98.8)
2014 103 95.5 96.6 93.8 97.6 101 100 99.7 97.1 94.8 101 88.9 92.4 97.7
(95.6,110)  (92.0,99.0) (90.1,103) (89.8,97.8) (92.7,103) (92.7,109) (96.7,103) (94.9,104) (90.4,104)  (89.3,100) (94.2,108) (82.7,94.6) (82.7,102) (93.5,102)
2015 104 106 97.4 97.8 93.5 104 103 106 102 101 93.8 98.1 96.8 104

(97.6, 111)  (96.6,115)  (92.3,102) (92.9,103) (83.2,104) (101,106) (101,105) (96.0,115) (98.3,105)  (92.0,110) (862, 101) (88.9,107) (86.5,107) (87.3,121)
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Table 1-4. Aquatic-life standards (hased on median hardness for water years 2011-15) for selected sampling sites in the Milltown
Reservoir/Clark Fork River Superfund Site in the upper Clark Fork Basin, Montana.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. CaCO,, calcium carbonate]

Aquatic-life standards (Montana Department of Environmental Quality, 2012),
in micrograms per liter

Sampling _
site Median . )
number Abbreviated sampling site name  hardness for Cadmium Copper Lead Zinc
(fig. 1 (table 1) water years
table 1) 201115, in
milligrams per Acute Chronic Acute Chronic Acute Chronic Acute Chronic
liter as CaCO,
8 Silver Bow Creek at Warm Springs 170 3.66 0.401 23.1 14.7 160 6.25 188 188
11 Clark Fork near Galen 164 3.53  0.390 223 14.2 153 5.97 182 182
14 Clark Fork at Deer Lodge 200 432 0452 26.9 16.9 197 7.69 216 216
15 Clark Fork near Garrison 202 436 0456 27.2 17.0 199.8 7.79 217 217
16 Clark Fork at Goldcreek 165 3.54 0391 22.4 143 154 6.00 183 183
18 Clark Fork near Drummond 190 4.09 0435 25.6 16.1 184 7.18 206 206
20 Clark Fork at Turah Bridge 132 2.82 0331 18.1 11.8 116 4.51 151 151

22 Clark Fork above Missoula 109 233 0.288 15.2 10.0 91 3.55 129 129
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Figure 1-1.  Spike recoveries for laboratory-spiked deionized-water blank samples, water years 1993-2015. A, copper,
filtered; B, copper, unfiltered-recoverable; C, arsenic, filtered; D, arsenic, unfiltered-recoverable.



60 Water-Quality Trends and Constituent-Transport Analysis for Selected Sampling Sites

150

125

100

75

50
150

125

100

75

50
150

Spike recovery, in percent

125
100
75
125
100
75

50

E A. Copper, filtered E
K — e~ W w
[ B. Copper, unfiltered-recoverable ]
i \/\//Q/W
[ C. Arsenic, filtered i
T =Y N2 X
E D. Arsenic, unfiltered-recoverable i
L h — \/\/ 4
i \/\/ NS
1990 9% 2000 2005 2010 2015

Water year (October—September)

EXPLANATION

95 percent confidence interval about the mean spike recovery

Mean spike recovery

Figure 1-2. Spike recoveries for laboratory-spiked stream-water samples, water years 1993-2015. A, copper, filtered,;
B, copper, unfiltered-recoverable; C, arsenic, filtered; D, arsenic, unfiltered-recoverable.
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Appendix 2—Summary of the Time-Series Model as Applied in this Study

This appendix presents somewhat detailed information on
theoretical and computational aspects of the time-series model

compared to anthropogenic contributions (such as wastewater
gooogbooboonbooboooboobobbogBouobonbt

(TSM). [0 OO O e o f 0 0 [ CTSMin [ [tion that are more complicated than a simple relation between

this study are described.

Theoretical and Computational Information

The theory and parameter estimation for the TSM are
described in detail in Vecchia (2005). In the TSM, log-trans-
formed concentration data are partitioned into several compo-
nents according to equation 1:

log(C) = M, + ANN, + SEAS. + TREND + HFV, (1)

where
log denotes the base-10 logarithm;
C is the concentration, in milligrams per liter;
M. is the long-term mean of the log-transformed
concentration, as the base-10 logarithm of
milligrams per liter;
ANN, is the annual concentration anomaly
(dimensionless);
SEAS, is the seasonal concentration anomaly
(dimensionless);
TREND is the concentration trend (dimensionless);
and
HFV, is the high-frequency variability of the

concentration (dimensionless).

In equation 1, ANN, SEAS , and HFV_ terms represent natural
variability in concentration for different timescales. The term
ANN_ is an estimate of the interannual variability in concentra-
tion that can be attributed to long-term variability in stream-

gooogbooboonooobooboonbooo

The term HFV_ is an estimate of the variability in con-
centration for timescales that are smaller than the seasonal
timescale (timescales of several days to several weeks). Thus,
high-frequency variability is the variability that remains after
the removal of seasonal and annual anomalies and trends. The
termHFVC][D][D][D][D][D][D][D][D]
gooogboooboooooooboonbobbogboubobt
googogboobooonooboobobnbobouiRzonon
ately before a given sample. Short-term changes in meteoro-
logical conditions might cause high-frequency variability in
OV 000 E 00 0y B 0 01 O [ The high-frequency variability
depends on a periodic autoregressive moving average model
that accounts for the presence of serial correlation among con-
centrations (for example, the tendency for high or low values
to persist for several days to several weeks before returning to
normal levels; Vecchia, 2005).

The term TREND is an estimate of the long-term sys-
tematic changes in concentration during the study period
O00o0o0oooooDooooooooo0dddRert0 0000
gooogbooboonboooooboonbobbogbouobobt
extent to which mining wastes affect chemical composition
of surface water or changes in other activities that can change
the amount of suspended sediment or trace elements that reach
the stream. The term TREND consists of piecewise monotonic
ooooooooooygyyUnD D UThe overall |
(101 [0 01 1) TREND (determined by using the generalized
likelihood ratio principle; appendix 1 of Vecchia, 2005) speci-
gooogboooboooooooboonbobbogboubobt
the [] [] [] [ltrend-analysis periods. If TREND was determined

O 0. Theterm ANN, OO 0 00 0000000000000 JHETHEEEEEE e e

(for the 365-day period immediately before a given sample) of

0000000000000 0000000000000 A

the entire period of record). Extended droughts and wet peri-
ods can change the chemical and suspended-material composi-

gooogboooboooooooboonbobbogboubobt
U000 oo oooDonndpdvalues were

notreported. IFTRENDI 1 D D D 00000 oooonn

a given sampling-site and constituent combination, the slope

OO0 00 000000000 00000000000 cHE A yslappendix 1 of Vecchia, 2005) for the trend for

surface runoff and soil particles, availability of particulate
material in stream channels and near-stream areas, and the
relative composition of runoff among groundwater, overland
OO0 00000000 Hecchia, 2005).

The term SEAS_ is an estimate of the seasonal variability
in concentration that can be attributed to seasonal variability

gooogboooboooooooboonbobbogboubobt
gooogboooboooooooboonbobbogboubobt
trend-analysis period. The null hypothesis in the test for trend
gooogboooboooooooboonbobbogboubobt
no trend (that is, y = 0). If the two-tailed p-value for y was

less than the selected alpha level (0.01 in this report), the null

OO0 O0 D000 000000000000 oo fhypothesis was rejected, and the trend was determined to be

The term SEAS_[) [1 [ [0 0 0 00 00 00 00 00 00 00 00 00 0 B0 00 )

the 30-day period immediately before a given sample was

%%%%[DD[DD[DD[DD[DD[DD[DD[DD[[
p-value greater than 0.01) does not imply that the null hypoth-

OO OO0 D OO0 00 OO0 00000 resis s aceepted (that is, that there is no trend). It indicates that

means (for the 365-day period immediately before a given
sample was collected). For example, the seasonal snow-

gooogboooboooooooboonbobbogboubobt

wasnotdetected. | 0 0 0000000000000 ogno

OO0 00 0000000000 0000000 trendranalysis period is expressed as the percent difference

0000000000 OO Seasonal differences in the

between the geometric mean concentration at the end of the

gogoogoobooobooogooobobooboobboOoboUoo
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period and the geometric mean concentration at the start of the ~ where

period and is determined by the equation Q OO0 0000 oooo/in cubic feet per
second;
%AFAC=100(107—1), ) M, 000000000000 00000000000
for the entire trend-analysis period, as the
where base-10 logarithm of cubic feet per second;
%AFAC is the percentage change in the geometric ANN, D0 D00 o i i i B L computed
O00000000000000D000000 as the 1-year lagged moving average of
and log(Q) — M, (dimensionless);
¥ 00000000000000000000008EAS, 0000000000000 0 (coniputed
0000000000000 0000o0oao as the 3-month lagged moving average of
transformed units. log(Q) — M, — ANN,, (dimensionless); and
HFVQ gogoooooooooooouoogooon
Log-transformed concentrations that have ANN_ and computed as log(Q) — M o~ ANN, - SEASQ
SEASCTﬂﬂrﬂﬂrﬂﬂrﬂﬂrﬂﬂrﬂﬂrﬂﬂrﬂﬂrﬂﬂfﬂ (dimensionless).
gooooooooooooooooobooooodaooooo
OooDoooooooooo The water-quality time-series model (equation 1) is

oo onDool
FAC = log(C) — ANN_ — SEAS_=M_+TREND + HFV_ ~ (3) 1[0 0 0 00 1 1 [ TANN, and SEAS, from equation 4)

are used as predictor variables for concentration (equation 1).
WhereFACﬂﬂTHWTHﬂTHWTHWTHﬂTW-WTWFbr—bxample,ANNCUUJUUJUUJUUJUUJUUJUUJU
rithm of the original units of measurement. The FAC[] [] [ [] [] (estimated from the TSM) times ANN,,. The different scales of
by equation 3 are analogous to FACs[] [} [ [J [0 [ [ 0 [ 000 D0 0 00000000 O feét ¢oncentration in different
tions as the residuals from a regression model that relates con-  ways. The relation between HFV_ and HFV,, can be particu-
OOoooooooonoon oo oo o oo oo oo i darly complicated, changing depending on the time of year and
2002); however, the TSM approach generally is more effective  the degree of serial correlation in the concentration data and
ooooooodoodoooooooooodiodilm@ooo0o00oooo0oooooooooonooog
related variability (Vecchia, 2005). Time-series plots show-
ing FACL1 [ 0 01 0 O 0 0 0 [ ) + TREND) illustrate ‘e . . .
loﬁg-term changes in geometric mearnMEoncentration that might SpeC|f|c ASpECtS of the Appllcatlon of the Time-
indicate changes in effects of mining wastes on water-quality Series Model in this Stu dy
in the selected watersheds.

The key to making TSM a powerful trend-analysis tool is The TSM residuals for each sampling-site and constitu-

OO0 0 0000000 0000000000 00000 et combination were examined graphically to verify the
COoNO00C0O000000000000000 00 0-0 0 fmedel assumptions that the residuals had constant variance,
tion samples are available. The model uses a three-per-month, ~ Wer¢ serially uncorrelated, and were approximately normally

or approximately 10-day, sampling frequency. Each month distributed. Because of the application of the TSM to the large
is divided into three intervals—days 1-10, days 11-20, and number of sampling-site and constituent combinations and
day 21 through the end of the month. If a water-quality sample ~ Practical considerations to keep the trend periods comparable
is available for a particular interval, it is paired with daily among sampling sites and constituents, some minor deviations

OO OO DD D OO OO D O L [Hqualitylsample. If no  of the residuals from model assumptions were tolerated. Such

water-quality sample is available, the concentration value for deviations included small changes in residual variance through
OO0 o0o0000o00 0000000000 nnnon rtimeand short-term (about 1-2 years) unresolved trending in

interval (day 5, 15, or 25) is used. If more than one concen- the residuals. In cases where unresolved residual trends were

tration sample is available for the interval, the value nearest considered to be large enough to possibly affect the magni-

to the midpoint of the interval is used. The log-transformed OooooboooooooooooobooooooooooooC
Do oUo U000 UD Do OU oL complicated trend models were tested, and in all cases the

month) is divided into an annual anomaly, seasonal anomaly, more complicated models did not substantially affect the over-

and high-frequency variability according to the following all descriptions of the trends and also did not change the gen-

equation: OO0 oooooon o oo oD (Ths, the reported

gooogbooboooooonooboonbobbobouboobooLl
log (Q) = M, + ANN, + SEASQ +HFV, (4) tive of linearity through nearly all of the range in FACs for



a given sampling-site and constituent combination. Standard
errors of estimates (SEEs) for the TSM analyses are presented
in table 2—1. In this report, SEEs are expressed in percent and
were converted from log units by using procedures described
by Tasker (1978). Mean SEEs for all trace elements combined
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water years 1996-99 was included in the TSM model for
each sampling-site and constituent combination, in addition
to including trends for periods 1-4. Inclusion of a step trend
allowed evaluation of whether there was a distinct change
in data structure between pre-2000 and post-2000 data that

OO0 OO oooo oo oo f oo oo o0 E 0 [might have affected trend results. Results of the exploratory

recoverable copper and arsenic concentrations are 48.3 and
27.3 percent, respectively. Mean SEE for suspended-sediment
concentration (65.2 percent) is substantially higher than mean
SEEs for trace elements. The SEEs indicate reasonably accu-

step-trend analysis indicated that among all sampling-site and

gooogbooboooooooboonbobbogbouobobt

were infrequently detected (less than 20 percent of analyses).

000000000000 ooooDoDoDoo0dfer 00 O0O00L

Joooooooooo0o0oooD Doy UnDon leneein the percent change from the start of period 1 to the

the purpose of trend analysis; however, a higher mean SEE for

suspended sediment than mean SEEs for trace elements indi-

end of period 4 between the exploratory analysis including
the step trend and the reported analysis without the step trend

OO0 OO ooo oo oo oo e oo 0 [waslless than 5 percent. Thus, it was concluded that temporal

JO000000000ndDonITSM can be assessed

changes in spike recoveries did not have a substantial effect on

CFO OO oo e i E o E 1 [ ACS thatlare [ the overall trend results and the study objectives of evaluat-

JooooooooonDyonoDon D OThe distdis

ing relative spatial and temporal changes in FACs in the upper

bution of F[ [ [ [ (1 07 0 01 00 00 01000 00 00 01 0F 0 0 0 [0 1) Clark Fork Basin as a whole. For the exploratory spike-

to which the residuals might exhibit nonconstant variance or
unresolved trends.

Application of the TSM in this study generally followed
the methods applied by Sando and others (2014) who reported
water-quality trends for 22 sampling sites in the upper Clark
Fork Basin for water years 1996-2010. However, two factors
might contribute to differences between Sando and others
(2014) and this study: (1) this study included additional data
collected after the study period of Sando and others (2014),
and (2) this study included preliminary dummy trend peri-
ods that were inserted prior to period 1. The additional data
after the study period of Sando and others (2014) represent
an increase of about 25 percent and provide improvement in

recovery adjustment approach, constituent concentrations for
each year were adjusted by multiplying the concentrations
times the annual mean spike recovery for laboratory-spiked
stream-water samples; then exploratory trend analysis was
done. Results of the exploratory spike-recovery adjustment
analysis were similar to the results for the exploratory step-
trend approach and resulted in the same general conclusion
that temporal differences in spike recoveries had minor effects
on trend results.

An important consideration in trend analysis for trace
elements is potential effects of diel cycling in trace-element
concentrations. Complex biogeochemical processes affected
by the daily solar photocycle produce regular and dynamic

Joooooooooon0o0oooD Doy UUD ol ehanges inf many physical and chemical characteristics of

determining FACs. Also, during exploratory analysis for this

streams (Nimick and others, 2011). In some streams (including

studyl ] [0 (0 CF 0V CF 00 0 CF 00 0 B 00 00 B0 00 01 BF 20 0 0 [0 1 1) [some of the sampling sites in this study), the biogeochemical
OO OO ooo oo oo oo oo oo E 0 [processes can result in diel variability in trace-element concen-

trend values at the start of period 1 (1996) were not precisely
centered at the median FAC at the start of period 1. In this
study, dummy trend periods were inserted before period 1

trations (Nimick and others, 2003).
Diel cycling in trace-element concentrations has the
potential to affect trend results if (1) there is strong diel

OO OO o oo oo oo oo oo e o feyeling for a given sampling-site and constituent combination

median FAC. The combination of the two factors (inclusion
of additional data and insertion of preliminary dummy trends)

and (2) there is a systematic temporal bias in the dataset with
respect to the time of day of sampling. During exploratory

sometimes resulted in generally minor difl| [1 [1 [ [] [] [] [ [] [analysis, potential effects of diel cycling on the trend results

trend lines between this report and Sando and others (2014).
The trend results of this report supersede the trend results of
Sando and others (2014).

Exploratory analyses were conducted to investigate two
ancillary factors that might affect trend results, including
potential effects of (1) temporal changes in spike recover-
ies (as discussed in appendix 1) and (2) diel cycling of trace
elements. The potential effects of temporal changes in spike
recoveries (as discussed in appendix 1) on trend results were
evaluated by using two approaches: (1) exploratory trend
analysis with inclusion of a step trend in the trend model and
(2) exploratory trend analysis on constituent concentrations
adjusted based on annual mean spike recoveries. For the
exploratory step-trend approach, a step trend for the period

were quantitatively evaluated by including decimal day (time
of sampling) as an ancillary variable in the trend models. The
decimal day variable indicates the strength of diel cycling for
a given sampling-site and constituent combination and also
allows evaluation of the effect of temporal variability in time
of sampling on the trend results. Although some sampling-

gooogbooboooooooboonbobbogbouobobt

diel cycling, in no case did the inclusion of the decimal day
variable in trend models provide substantially different trend
results from the reported results. Thus, potential effects on
trend results of diel cycling of trace elements were determined
to be minor; however, it should be noted that samples were
collected during daylight hours and diel variations in the night
cannot be evaluated.
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Table 2-1. Statistical summaries of standard errors of estimates for the trend models.

[SEE, standard error of estimate]

Number of sites for which

SEE, in percent

Constituent or property trend results are reported  Minimum Mean Maximum
ooooooooooo 7 8.2 11.0 13.1
Copperl | [ [ [ 1) [ 7 24.6 31.6 37.4
Copper D OO O OODOOOO 7 38.3 48.3 60.7
goooooooooooooo 7 41.0 50.7 65.7
goooooooo 7 15.2 20.8 26.7
ooooooooooooooon 7 21.8 27.3 34.0
Suspended sediment 7 57.4 65.2 80.5
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Appendix 3—Trend-Analysis Results

For all constituents investigated, detailed results for trend
magnitudes, computed as the total percent changes in FAC
geometric means from the beginning to the end of each 5-year
period, are presented in tables 3—1 (for most sampling sites)
and 3-2 (for Clark Fork above Missoula, Montana [sampling
site 22]). Detailed trend results are graphically presented in
(10000 E 0 0 £ ) 1) Thie! detailed graphical presentations
gbooogbooooonoooooboonboboboobouoboooo

googobooooooobooboonbobouboboboboon
in conjunction with FACs.



Table 3-1. Flow-adjusted trend results for selected water-quality constituents and properties for selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund
Site in the upper Clark Fork Basin, Montana, water years 1996—2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. Values in parentheses indicate p-values for associated percentage change. Gray shading
CVCT 00O 0 0 00 B 0 0100 [ D pavalue less than 0.01. p-value, statistical probability level; SEE, standard error of estimate; <, less than; NR, not reported]

Total percentage  Total percentage  Total percentage  Total percentage Percentage of values

99

Number p-value for affected by recensoring
Constituent o property of change for water change for water change for water change for water overall trend SEE, at study reporting level
samples yea(rs 1!_)96—2000 years_2001—5 years ?006—10 years ?011—15 analysis' in percent used in the application of
period 1) (period 2) (period 3) (period 4) the time-series model?
Silver Bow Creek at Warm Springs, Montana (sampling site 8, fig. 1, table 1)
00000000000 186 -1 (0.645) -3(0.226) 2 (0.380) -13 (<0.001) <0.001 10.5 0.0
Copper(] [1 (1 [0 [ 1) 186 -48 (<0.001) -12(0.187) -8 (0.427) -24 (0.023) <0.001 32.9 0.0
Copperl) (1 [0 [0 0000 L0186 -38 (<0.001) -14 (0.105) -12 (0.246) -28 (0.005) <0.001 38.3 0.0
gooooopoooooooo 178 -54 (<0.001) -47 (<0.001) 16 (0.112) -37 (<0.001) <0.001 45.0 4.5
0oooooooon 186 1 (0.902) 5 (0.449) 5(0.481) -18 (0.015) 0.002 24.8 0.0
0000000000000 00C086 -1(0.907) 5(0.303) 1 (0.894) -16 (0.004) 0.002 24.5 0.0
Suspended sediment 188 17 (0.450) -27 (0.072) -40 (0.010) 15 (0.515) <0.001 65.9 0.0
Clark Fork near Galen, Montana (sampling site 11, fig. 1, table 1)
00000000000 217 1(0.134) -8 (NR?) 7 (NR?) -12 (NR?) 0.027 12.7 0.0
Copper[ [ [ [ [ [ 215 -45 (<0.001) -5(0.593) -17 (0.085) 4(0.759) <0.001 28.4 0.0
Copper(] (1 [ 010101 0101 0010 0 (213 -31 (<0.001) 7(0.527) -5(0.702) -24 (0.035) <0.001 44.4 0.0
000000000000000 205 -56 (<0.001) -31 (0.003) 30 (0.060) -39 (0.001) <0.001 41.0 4.8
gooooopoo 215 -8 (0.332) 12 (0.165) -21(0.014) 11 (0.303) <0.001 26.7 0.0
0000000000000 00RIS -3(0.708) 3(0.741) -17 (0.082) 13 (0.294) 0.005 29.4 0.0
Suspended sediment 229 12 (0.494) -19 (0.211) 8 (0.678) -25(0.168) 0.002 60.0 0.0
Clark Fork at Deer Lodge, Montana (sampling site 14, fig. 1, table 1)
00o0oo0oooon 264 1 (0.747) -4 (0.089) -2 (0.419) 1 (0.860) <0.001 11.2 0.0
Copper [ [ 0 [ [ 231 -16 (0.003) 6 (0.400) -12 (0.087) 8(0.397) <0.001 28.9 0.0
Copper(] [ [ 010101 010 000 0 [229 22 (0.019) 5(0.661) 1(0.963) -8 (0.595) <0.001 52.7 0.0
0000000O000O0oo0oon 227 -37 (<0.001) -2 (0.850) -7 (0.560) -13 (0.334) <0.001 54.0 0.9
gooooopoo 231 -3 (0.501) 17 (<0.001) -16 (<0.001) 4 (0.540) 0.001 15.6 0.0
000000000000 000 D30 -8 (0.184) 7 (0.308) -12(0.114) 2(0.828) 0.357 27.0 0.0
Suspended sediment 281 -17 (0.121) -8 (0.555) 8 (0.643) -17 (0.294) 0.001 80.5 0.0
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Table 3-1. Flow-adjusted trend results for selected water-quality constituents and properties for selected sampling sites in the Milltown Reservoir/Clark Fork River Superfund
Site in the upper Clark Fork Basin, Montana, water years 1996-2015.—Continued

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. Values in parentheses indicate p-values for associated percentage change. Gray shading
CVCT 00 D0 0 0 B 0 0100 [ D pavalue less than 0.01. p-value, statistical probability level; SEE, standard error of estimate; <, less than; NR, not reported]

Percentage of values
Total percentage  Total percentage Total percentage  Total percentage affected by recensoring

Number p-value for

Constituent or property of change for water change for water change for water change for water overall trend SEE, at study reporting level
samples yea(rs 15_)9((;‘—2000 years_2001—5 years ?006—10 years ?011—15 analysis' in percent used in the application of
period 1) (period 2) (period 3) (period 4) the time-series model?
Clark Fork at Goldcreek, Montana (sampling site 16, fig. 1, table 1)
Oooooooooon 186 -2(0.372) -3 (0.063) -2(0.317) 0(0.972) <0.001 9.9 0.0
Copper! ! [1 ][00 185 -20 (0.003) 13 (0.046) -12 (0.077) 3(0.752) 0.002 24.6 0.0
Copper! | [T L LTV EEI T ) 185 -5 (0.688) -18 (0.036) -6 (0.564) 7 (0.569) 0.002 44.0 0.0
DooooooUoooDoooon 183 -25(0.015) -37 (<0.001) 24 (0.103) -14 (0.349) <0.001 43.8 1.7
ooooooooo 186 -13 (NR?) 8 (0.048) -3 (0.548) -4 (0.365) 0.026 15.2 0.0
00000000000 o0oo0ooge -17 (NR?%) 3(0.582) -4 (0.522) -3(0.616) 0.086 21.8 0.0
Suspended sediment 187 15 (0.396) -51 (<0.001) 54 (0.012) -17 (0.352) <0.001 58.4 0.0
Clark Fork near Drummond, Montana (sampling site 18, fig. 1, table 1)
Oooooooooon 186 0(0.535) -2 (0.018) -3 (<0.001) 6 (<0.001) <0.001 11.3 0.0
Copper ! [1 [ [0 [ 183 0(0.991) 10 (0.037) -24 (<0.001) 13 (0.194) 0.013 335 0.0
Copper! ! [T L1000 O 00184 -13(0.219) -9 (0.369) -10 (0.408) -5(0.730) 0.002 47.6 0.0
Oo000ooo0oooooooon 182 -48 (<0.001) -18 (0.067) 12 (0.437) -23(0.147) <0.001 50.7 2.2
ooooooooon 186 -6 (0.093) 4(0.107) -11 (NR?) 3(0.378) 0.907 159 0.0
000000000000 00ooge -15 (0.001) 3(0.398) -6 (0.171) 0(0.930) 0.003 23.9 0.0
Suspended sediment 187 -24 (0.134) -20 (0.174) 29 (0.190) -23 (0.242) 0.065 65.6 0.0
Clark Fork at Turah Bridge near Bonner, Montana (sampling site 20, fig. 1, table 1)
Ooooooooooo 259 -5 (<0.001) -2 (0.378) 3(0.184) -2(0.502) <0.001 13.1 0.0
Copper! ! [1 ][00 228 -23 (<0.001) 9(0.357) -6 (0.525) -20 (0.077) <0.001 35.0 0.0
Copper | [0 L1 0101000 EF 10 01 00227 -13(0.073) -8 (0.385) -1(0.920) -4 (0.762) 0.002 50.3 0.0
O00ooooDoooooooo 219 -36 (<0.001) -32 (0.005) 52 (0.004) -31 (0.026) <0.001 55.1 5.0
ooooooooon 229 -5 (<0.001) 5(0.002) 3(0.435) -16 (0.002) <0.001 21.6 0.0
O000o0o0o0Do0o0ooonoee29 -10 (0.051) -1(0.879) 9(0.258) -16 (0.052) 0.204 30.3 0.0
Suspended sediment 284 -13(0.222) -25(0.059) 36 (0.067) -21 (0.246) 0.002 57.4 0.0

"Determination of and distinction between p-value for individual trend period and p-value for overall trend analysis are discussed in the section of this report “Appendix 2—Summary of the Time-Series Model as Applied in this Study.”

*Procedures for determining and applying the study reporting level used in the application of the time-series model are discussed in the section of this report “General Description of the Time-Series Model.”

p-value greater than 0.01).
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Table 3-2.

Flow-adjusted trend results for selected water-quality constituents and properties for Clark Fork above Missoula, Montana (sampling site 22), water years 1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. Values in parentheses indicate p-values for associated percentage change. Gray shading
CV0 0000 00 B 0 00 ) D pavalue less than 0.01. p-value, statistical probability level; SEE, standard error of estimate; <, less than; NR, not reported]

Total Total Total Total Total Percentage of values
percentage
percentage percentage percentage percentage affected by
change for p-value for .
. Number of change for change for change for change for SEE, recensoring at study
Constituent or property March 28, 2008- overall trend . . -
samples water years water years  October 1, 2005- September 30 water years analysis' M percent reporting level used in
1996-2000 2001-5 March 27, 2008 P 2010 ! 2011-15 ¥ the application of the
(period 1) (period 2) (period 3A) (period 3B) (period 4) time-series model
Clark Fork above Missoula, Montana (sampling site 22, fig.1, table 1)
000o00000o0on 227 0 (0.840) -2 (0.250) 1 (0.585) 4(0.101) -7 (NR?) 0.161 8.2 0.0
Copper’| [1 [ [0 [ [ 206 -25 (0.006) 25 (0.057) 13 (0.357) -21 (0.089) -27(0.032) <0.001 37.4 0.0
Copper] [ [ 01 0 0 0 0 00 0 C205 -23 (0.035) 41 (0.017) 120 (<0.001)  -59 (<0.001)  -52(0.002) <0.001 60.7 0.0
0000000000000 0086 -49 (<0.001) 43 (0.082) 192 (<0.001)  -65 (<0.001) -52(0.003) <0.001 65.7 8.5
0O0oOoO000O0o 207 -15 (0.005) 14 (0.033) 10 (0.171) -3 (0.664) 24 (<0.001) <0.001 26.1 0.0
0000000000000 0mRe7 -21 (0.006) 16 (0.110) 25 (0.036) -17 (0.099) -25(0.012) <0.001 34.0 0.0
Suspended sediment 250 -4 (0.796) 25 (0.242) 168 (<0.001)  -60 (<0.001)  -40(0.032) <0.001 68.7 0.0

'Determination of and distinction between p-value for individual trend period and p-value for overall trend analysis are discussed in the section of this report “Appendix 2—Summary of the Time-Series

Model as Applied in this Study.”

*Procedures for determining and applying the study reporting level used in the application of the time-series model are discussed in the section of this report “General Description of the Time-Series Model.”

SODOOOO00 00000000 OO0 DD E L0 L pavalue gréater than 0.01).
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Appendixes 69
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Figure 3-1. Flow-adjusted fitted trends for selected water-quality constituents and properties for Silver Bow Creek at Warm Springs,

Montana (sampling site 8), water years 1996—2015.



70 Water-Quality Trends and Constituent-Transport Analysis for Selected Sampling Sites
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Figure 3-2. Flow-adjusted fitted trends for selected water-quality constituents and properties for Clark Fork near Galen, Montana

(sampling site 11), water years 1996-2015.
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Figure 3-3. Flow-adjusted fitted trends for selected water-quality constituents and properties for Clark Fork at Deer Lodge, Montana

(sampling site 14), water years 1996-2015.
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Figure 3-4. Flow-adjusted fitted trends for selected water-quality constituents and properties for Clark Fork at Goldcreek, Montana
(sampling site 16), water years 1996-2015.
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Figure 3-5. Flow-adjusted fitted trends for selected water-quality constituents and properties for Clark Fork near Drummond, Montana
(sampling site 18), water years 1996—2015.
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Figure 3-6. Flow-adjusted fitted trends for selected water-quality constituents and properties for Clark Fork at Turah Bridge near

Bonner, Montana (sampling site 20), water years 1996-2015.
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Figure 3-7. Flow-adjusted fitted trends for selected water-quality constituents and properties for Clark Fork above Missoula, Montana
(sampling site 22), water years 1996-2015.
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Appendix 4—Transport-Analysis Balance Calculations for Data-Summary Reaches

Balance calculations for the transport analysis (that is,
dfooo0ooooooooooooooooooogC-ooo0o0oo
sented in tables 41 through 4—6 for reaches 4-9, respectively,
in appendix 4. The transport balance calculations indicate
within-reach changes in estimated normalized loads and allow
assessment of temporal changes in relative contributions from
upstream source areas to loads transported past each reach
goon
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Table 4-1. Constituent-transport analysis balance calculations for sampling sites in reach 4, extending from Silver Bow Creek at Warm
Springs, Montana (sampling site 8), to Clark Fork near Galen, Montana (sampling site 11), for selected periods, water years 1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends]
Estimated normalized load,’
in kilograms per day

Abbreviated sampling site name (table 1) and number or summation category Unfiltered-  Unfiltered-
Suspended
recoverable recoverable .
. sediment
copper arsenic

Water years 1996-2000 (period 1)

1.9 3.4 920

Inflow
Silver Bow Creek at Warm Springs (sampling site 8)

3.7 4.2 1,600

Outflow
Clark Fork near Galen (sampling site 11)

Total within-reach changeinload—0 [ U U OO OO O UMMO O O0ooooooooot
1.8 0.78 670

(positive values indicate net mobilization from all within-reach sources including groundwater
oobmoooobooooobooooboooboooboooboo

Water years 2001-5 (period 2)
1.4 3.5 850

Inflow
Silver Bow Creek at Warm Springs (sampling site 8)

3.1 4.2 1,500

Outflow
Clark Fork near Galen (sampling site 11)

Total within-reach changeinload—O D O O D00 00D DMMO O 00000 OO0OO0OL
1.8 0.70 670

(positive values indicate net mobilization from all within-reach sources including groundwater
gbmooooooooobooooboooboooboooboo

Water years 2006—10 (period 3)
3.6 570

1.2

Inflow
Silver Bow Creek at Warm Springs (sampling site 8)
32 3.9 1,400

Outflow
Clark Fork near Galen (sampling site 11)

Total within-reach change in load—[) [ [J [ [J 0 [ 0 O OO0 O 00000000000
2.0 0.31 860

(positive values indicate net mobilization from all within-reach sources including groundwater
oo@mooooooooboooobooobooboboooboo

Water years 2011-15 (period 4)
33 460

0.94

Inflow
Silver Bow Creek at Warm Springs (sampling site 8)
2.7 3.8 1,300

Outflow
Clark Fork near Galen (sampling site 11)

Total within-reach changeinload—0 0 OO0 OO0 000 0MMO 0000000 0000O000O
1.8 0.46 820

(positive values indicate net mobilization from all within-reach sources including groundwater
o0o@moooooooooooobooobooobooobOoo

'D000000000000000000000000000000000000000000D000D000000D000D000D0O0DOO0DODODOE
gooboooooooooobobooooooodoooboooooodobobooooooooooobooooboooooboooooooooobon0on
MmO o oobooooooooooo

gooooooobobooogooobobooooogoobobobboooobbobboooDbDbo
000000 oo oo oo (Asatesult, some of the load values have minor rounding artifacts.
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Table 4-2. Constituent-transport analysis balance calculations for sampling sites in reach 5, extending from Clark Fork near Galen,
Montana (sampling site 11), to Clark Fork at Deer Lodge, Montana (sampling site 14), for selected periods, water years 1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends]

Estimated normalized load,’
in kilograms per day

Abbreviated sampling site name (table 1) and number or summation category Unfiltered-  Unfiltered-
Suspended
recoverable recoverable .
. sediment
copper arsenic
Water years 1996-2000 (period 1)

Inflow

Clark Fork near Galen (sampling site 11) 3.7 4.2 1,600
Outflow

Clark Fork at Deer Lodge (sampling site 14) 13 77 8,300

Total within-reach change in load—U0 [ [ [J [ [ 01 01 00 00 01 0 00 00 0 00 0 00 O 00 ) 00 Cd
(positive values indicate net mobilization from within-reach sources including groundwater 9.8 3.5 6,700
oobmoooobooooobooooboooboooboooboo

Water years 2001-5 (period 2)

Inflow

Clark Fork near Galen (sampling site 11) 3.1 4.2 1,500
Outflow

Clark Fork at Deer Lodge (sampling site 14) 12 7.6 7,200

Total within-reach changeinload—0O D OO0 D00 00000000000 OOOO O
(positive values indicate net mobilization from within-reach sources including groundwater 9.0 34 5,700
gobmoooooooooooobooobooobooobOoo

Water years 2006—10 (period 3)

Inflow

Clark Fork near Galen (sampling site 11) 32 39 1,400
Outflow

Clark Fork at Deer Lodge (sampling site 14) 13 7.4 7,200

Total within-reach changeinload—0 0 O 0 0 0000000000000 OOOOOHNY OO0
(positive values indicate net mobilization from within-reach sources including groundwater 9.4 3.5 5,800
oo@mooooooooboooobooobooboboooboo

Water years 2011-15 (period 4)

Inflow

Clark Fork near Galen (sampling site 11) 2.7 3.8 1,300
Outflow

Clark Fork at Deer Lodge (sampling site 14) 12 7.0 6,800

Total within-reach changeinload—0 0 00 00000000 00000000000 0000
(positive values indicate net mobilization from within-reach sources including groundwater 9.4 33 5,500
o0o@moooooooooooobooobooobooobOoo

0000000000000 0000o0o0000D0000D000D000D00000000D0000000000000000D0oDo00oD0ooooon
goggoooooboooguoobooooooguoobobobboobbobboobbLObb0UbbLO bbb DD UL OODODDDON
goooooooooogoooooobooogoooboboboboooooDbbob oo LD MMM o oo oo o boo0ooooobobo
000000 ooDoo oo oL [Asatesult, some of the load values have minor rounding artifacts.
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Table 4-3. Constituent-transport analysis balance calculations for sampling sites in reach 6, extending from Clark Fork at Deer Lodge,
Montana (sampling site 14), to Clark Fork at Goldcreek, Montana (sampling site 16), for selected periods, water years 1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends]
Estimated normalized load,’
in kilograms per day

Unfiltered-  Unfiltered- Suspended

Abbreviated sampling site name (table 1) and number or summation category
recoverable recoverable .
. sediment
copper arsenic
Water years 1996-2000 (period 1)
Inflow
Clark Fork at Deer Lodge (sampling site 14) 13 7.7 8,300
Outflow
Clark Fork at Goldcreek (sampling site 16) 19 11 16,000
Total within-reach changeinload—0/ [ U U DO OO OO oo ooooooon
(positive values indicate net mobilization from all within-reach sources including groundwater 5.4 3.5 7,500
oomoooooooobooobooboboobobooboboo
Water years 2001-5 (period 2)
Inflow
Clark Fork at Deer Lodge (sampling site 14) 12 7.6 7,200
Outflow
Clark Fork at Goldcreek (sampling site 16) 17 10 12,000
Total within-reach changeinload—0 D OO0 000 00000000000 OOOO0O0O
(positive values indicate net mobilization from all within-reach sources including groundwater 4.6 2.6 5,000
gobmoooooooooooobooobooobooobOoo
Water years 2006—10 (period 3)
Inflow
Clark Fork at Deer Lodge (sampling site 14) 13 7.4 7,200
15 10 10,000

Outflow
Clark Fork at Goldcreek (sampling site 16)

Total within-reach changeinload—[ I U O OO0 00000000 ooooooooooooooon
(positive values indicate net mobilization from all within-reach sources including groundwater 2.2 2.8 3,200
oo@mooooboooobooooboooboooboooboo

Water years 2011-15 (period 4)
Inflow
Clark Fork at Deer Lodge (sampling site 14) 12 7.0 6,800
Outflow
Clark Fork at Goldcreek (sampling site 16) 15 9.9 12,000
Total within-reach changeinload—0 0 0000000 0000000000000 000000O00O0
2.7 2.8 4,900

(positive values indicate net mobilization from all within-reach sources including groundwater
o0o@moooooooooooobooobooobooobOoo

'D000000000000000000000000000000000000000000D000D000000D000D000D0O0DOO0DODODOE
gooboooooooooobobooooooodoooboooooodobobooooooooooobooooboooooboooooooooobon0on
MmO o oobooooooooooo

gooooooobobooogooobobooooogoobobobboooobbobboooDbDbo
000000 oo oo oo (Asatesult, some of the load values have minor rounding artifacts.
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Table 4-4. Constituent-transport analysis balance calculations for sampling sites in reach 7, extending from Clark Fork at Goldcreek,
Montana (sampling site 16), to Clark Fork near Drummond, Montana (sampling site 18), for selected periods, water years 1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends]

Estimated normalized load,’
in kilograms per day

Abbreviated sampling site name (table 1) and number or summation category Unfiltered-  Unfiltered-
Suspended
recoverable recoverable .
. sediment
copper arsenic
Water years 1996-2000 (period 1)
Inflow
Clark Fork at Goldcreek (sampling site 16) 19 11 16,000
Outflow
Clark Fork near Drummond (sampling site 18) 24 16 26,000
Total within-reach changeinload—0/ [ U U DO OO OO oo ooooooon
(positive values indicate net mobilization from all within-reach sources including groundwater 4.6 5.2 10,000
oomoooooooobooobooboboobobooboboo
Water years 2001-5 (period 2)
Inflow
Clark Fork at Goldcreek (sampling site 16) 17 10 12,000
Outflow
Clark Fork near Drummond (sampling site 18) 21 15 21,000
Total within-reach changeinload—O D OO0 000 00000000000 OO0OO0OO
(positive values indicate net mobilization from all within-reach sources including groundwater 4.1 5.0 8,300
gobmoooooooooooobooobooobooobOoo
Water years 2006—10 (period 3)
Inflow
Clark Fork at Goldcreek (sampling site 16) 15 10 10,000
Outflow
Clark Fork near Drummond (sampling site 18) 19 15 21,000
Total within-reach changeinload—[ 0 0 O OO0 00000000 ooooooooooooooon
(positive values indicate net mobilization from all within-reach sources including groundwater 43 4.8 10,000
oo@mooooooooboooobooobooboboooboo
Water years 2011-15 (period 4)
Inflow
Clark Fork at Goldcreek (sampling site 16) 15 9.9 12,000
Outflow
Clark Fork near Drummond (sampling site 18) 18 14 21,000
Total within-reach changeinload—[ 0 0 D O 0 0000000000000 ooooooooonn
(positive values indicate net mobilization from all within-reach sources including groundwater 2.9 4.6 9,100

00@iobo0o0oob0ooooooooodoooooooooooo

'D0o000o000o00000000000000D000D000D000D000D000D000D0000000000D00D0DO000O00O0OO0DODOODODODOOO
gooooooooodoobooooboooobobooooboodoobooooobbooooooooooboooooboooobboooooOonooool

oboooooooboooobobbooobobooooboooooobDooobooooooDooo0 MMM o ooooooooooog

000000 ooDoo oo oL [Asatesult, some of the load values have minor rounding artifacts.
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Table 4-5. Constituent-transport analysis balance calculations for sampling sites in reach 8, extending from Clark Fork near
Drummond, Montana (sampling site 18), to Clark Fork at Turah Bridge near Bonner, Montana (sampling site 20), for selected periods,
water years 1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends]

Estimated normalized load,’
in kilograms per day

Abbreviated sampling site name (table 1) and number or summation category Unfiltered-  Unfiltered-
Suspended
recoverable recoverable .
. sediment
copper arsenic
Water years 1996-2000 (period 1)

Inflow

Clark Fork near Drummond (sampling site 18) 24 16 26,000
Outflow

Clark Fork at Turah Bridge (sampling site 20) 25 17 33,000
Total within-reach changeinload—0 [ O OO0 0000000000000 OOOOMN

(negative values indicate net accumulation in reach channel; positive values indicate net 16 0.49 6300

0000000000 OoOoDooDooOoOoODOODOODODODDDODO O (tfibitdrids, (fhe ’ ’ ’

O0o0o0ooooooooooooon

Water years 2001-5 (period 2)

Inflow

Clark Fork near Drummond (sampling site 18) 21 15 21,000
Outflow

Clark Fork at Turah Bridge (sampling site 20) 22 16 26,000

Total within-reach changeinload—O U O 0 000 00000000000 OO0OO0OMO
(negative values indicate net accumulation in reach channel; positive values indicate net 15 0.58 5.900
000000000000 0000000000000000 0 [tfibhatdris, (the ’ ’ ’
oobo0o0obooobooobooon

Water years 2006—10 (period 3)

Inflow

Clark Fork near Drummond (sampling site 18) 19 15 21,000
Outflow

Clark Fork at Turah Bridge (sampling site 20) 21 16 27,000

Total within-reach change in load—[ [ [ [J C] (1 0) O 00 OF OV 00 OO0 00 C0 C0 00 00 0 O 0 00 O 00 00 0 ) 0 1
(negative values indicate net accumulation in reach channel; positive values indicate net

0000000000000 0000000000000000 [fibatdrids, (fhe 2.3 13 3,800
gbooobooobboooboooon
Water years 2011-15 (period 4)
Inflow
Clark Fork near Drummond (sampling site 18) 18 14 21,000
Outflow
Clark Fork at Turah Bridge (sampling site 20) 21 16 28,000

Total within-reach changeinload—0 0 00 00 000 0000000000000 000O0O0O00O0
(negative values indicate net accumulation in reach channel; positive values indicate net 30 13 6.900
O00000000o0o0oo0oooouoouodododoo fibatdris, (the ’ ’ >
ggoooboobobooooooobon

0000000000000 0000O0000000D000DO0000D0000DD00DD00DO0000OD00DD0ODO00D0D00DDDOODE
goooooooooogoopobooboooogobbobboogobbobbtobbo bbb bbb bbb DO
oooooobooboobooooobooboooooooboboboooooLbob UL LD MMM oo oo oo o000 oooDoo
OO0 000 oD 0L OO L L. [Asaresult, some of the load values have minor rounding artifacts.
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Table 4-6. Constituent-transport analysis balance calculations for sampling sites in reach 9, extending from Clark Fork at Turah Bridge
near Bonner, Montana (sampling site 20), to Clark Fork above Missoula, Montana (sampling site 22), for selected periods, water years
1996-2015.

[Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends]

Estimated normalized load,’
in kilograms per day

Abbreviated sampling site name (table 1) and number or summation category Unfiltered-  Unfiltered-

Suspended
recoverable recoverable .
. sediment
copper arsenic
Water years 1996-2000 (period 1)

Inflow

Clark Fork at Turah Bridge (sampling site 20) 25 17 33,000
Outflow

Clark Fork above Missoula (sampling site 22) 29 19 39,000

Total within-reach changeinload—0 [ U U OO0 OO OO0 ooooooon
(positive values indicate net mobilization from all within-reach sources including groundwater 3.7 2.5 6,000
oobmoooobooooobooooboooboooboooboo

Water years 2001-5 (period 2)

Inflow

Clark Fork at Turah Bridge (sampling site 20) 22 16 26,000
Outflow

Clark Fork above Missoula (sampling site 22) 30 18 42,000

Total within-reach changeinload—O D OO0 000 00000000000 OO0OO0OO
(positive values indicate net mobilization from all within-reach sources including groundwater 7.7 2.6 16,000
gobmoooooooooooobooobooobooobOoo

Water years 2006—10 (period 3)

Inflow

Clark Fork at Turah Bridge (sampling site 20) 21 16 27,000
Outflow

Clark Fork above Missoula (sampling site 22) 54 22 83,000

Total within-reach changeinload—[ 0 U O OO0 00000000 ooooooooooooooon
(positive values indicate net mobilization from all within-reach sources including groundwater 32 5.9 56,000
oo@mooooooooboooobooobooboboooboo

Water years 2011-15 (period 4)

Inflow

Clark Fork at Turah Bridge (sampling site 20) 21 16 28,000
Outflow

Clark Fork above Missoula (sampling site 22) 23 18 40,000

Total within-reach changeinload—[ 0 0 D O 0 0000000000000 ooooooooonn
(positive values indicate net mobilization from all within-reach sources including groundwater 2.2 2.1 12,000
0o0b@mooooooooooooboooboooboooDbOoo

0000000000000 00000000000000000000000000D000D000000D0D00D0D00D0D0D0D0D0D0D00DOO0
ogooooooobobooogooooooooogoobboboboooobbob oo bbb b OO DO UODOODDODON
godoogoooboboooooobobotoobbgoobUb UL UMMM MMM MMM oD oo oo oobUob oo
OO0 00 DO L [Aslalresult, some of the load values have minor rounding artifacts.
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