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CONVERSION FACTORS AND ABBREVIATEDWATER QUALITY UNITS

Multiply By To obtain
cubic foot per second (ﬁ3/s) 0.028317 cubic meter per second
cubic foot per second per day (ft*/s-day) 2.447 cubic meter
foot (ft) 0.3048 meter (m)
inch (in.) 254 millimeter (mm)
mile (mi) 1.609 kilometer
pound (1b) 0.4536 kilogram

Temperature can be converted from degrees Celsius (°C) to degrees Fahrenheit (°F) by the equation:

OF = 9/5 (°C) + 32

Abbreviated water-quality units used in this report:

pg/L micrograms per liter
uS/cm microsiemens per centimeter at 25 degrees Celsius
mg/L milligrams per liter

Water-year definition:

A water year is the 12-month period from October 1 through September 30. It is designated by the calendar year in which it ends.

Acronyms used in this report:

DNRC Montana Department of Natural Resources and Conservation
EPA U.S. Environmental Protection Agency

NWQL National Water Quality Laboratory

USGS U.S. Geological Survey
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Streamflow and Water-Quality Characteristics in the
Upper Tenmile Creek Watershed, Lewis and Clark County,

West-Central Montana

By Charles Parrett' and Patricia S. Hettinger?

Abstract

A cooperative hydrologic investigation of the
Upper Tenmile Creek watershed was initiated in May
1997 to obtain information for long-range watershed
planning. Thirty-two stream-stage gages were estab-
lished throughout the upper Tenmile Creek watershed.
One new continuous-record streamflow-gaging station
was established, and one discontinued continuous-
record streamflow-gaging station (Tenmile Creek near
Rimini) was re-established.

Long-term monthly discharge for the 1961-90
base period was estimated at 19 of the stream-stage
gages by regressing measured and observed discharge
at each site in 1997 with concurrent, daily natural dis-
charge at Tenmile Creek near Rimini. The regression
relationship at each site then was used to estimate long-
term monthly discharge from long-term monthly natu-
ral discharge at Tenmile Creek near Rimini.

Stream water was sampled and analyzed for
water-quality constituents at 19 sites. The water-quality
constituents of most concern were trace elements--such
as arsenic, cadmium, copper, lead, and zinc--associated
with past hard-rock mining and the naturally high
trace-element content of the local rock formations.
Water-quality analyses indicated that trace-element
concentrations were greater than human-health stan-
dards at several sites. For example, Poison Creek, a
Beaver Creek tributary, and Tenmile Creek below
Spring Creek had one or more samples that exceeded
the human-health standards for arsenic, cadmium, or
lead. Analyses also indicated that many samples at
many sites had concentrations of trace elements, partic-
ularly copper, greater than aquatic-life standards for
acute toxicity. A likely source of copper at some sites
was mine-waste rock or mine-adit discharge. At other

1y.S. Geological Survey
2LLewis and Clark County

sites, a likely source of copper was copper sulfate used
as an algicide in Chessman Reservoir.

INTRODUCTION

Tenmile Creek is a perennial stream that is a trib-
utary to the Missouri River and drains about 200 square
miles of mountainous and valley terrain near the City of
Helena in west-central Montana. Upper Tenmile
Creek, defined as the reach above the Tenmile Water
Treatment Plant (fig. 1), drains about 50 square miles
of mostly forested, steep mountainous terrain. The
headwaters are on the Continental Divide, where the
maximum elevation is more than 8,000 ft. The stream
flows in a generally northeasterly direction to the water
treatment plant, where the elevation is about 4,400 ft.

Upper Tenmile Creek is the major source of
municipal water supply for the growing community of
Helena (population about 30,000). Because the drain-
age basin is small and located in a relatively dry moun-
tain setting, annual and seasonal runoff is variable.
Water volumes withdrawn for municipal demands
often are sufficient to de-water portions of the stream in
late summer, thereby rendering the aquatic habitat as
unsuitable for a year-round fishery. The basin also has
been impacted by substantial mining activity over the
past 100 years, resulting in drainage from inactive
mines entering the stream at various locations. Other
land-use activities that may affect water quality in Ten-
mile Creek, such as logging, recreation, streamside res-
idential development, and road traffic, are increasing.

The Upper Tenmile Watershed Steering Group,
comprised of landowners and various private and pub-
lic entities, was formed in 1996 to develop a watershed-
management plan for maintaining and enhancing

INTRODUCTION 1
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Figure 1. Upper Tenmile Creek watershed and location of data-collection sites and inactive mines
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existing water quantity and quality within the upper
watershed. Private and public entities represented on
the Watershed Steering Group include Pegasus Gold
Corporation; Lewis and Clark County Conservation
District; City of Helena; Lewis and Clark County;
Montana Department of Environmental Quality;
Montana Department of Fish, Wildlife and Parks;
Montana Department of Natural Resources and
Conservation; U.S. Environmental Protection Agency;
U.S. Forest Service; U.S. Geological Survey; and U.S.
Natural Resources Conservation Service.

The Steering Group was unable to evaluate the
hydrologic impacts of various watershed management
alternatives because hydrologic data were available at
only one location in the upper watershed. In order to
meet its objective of maintaining and enhancing water
quantity and quality, the Upper Tenmile Watershed
Steering Group needed information about current
streamflow and water-quality conditions at multiple
locations in the upper Tenmile Creek watershed. Esti-
mates of long-term natural (unaffected by human activ-
ity) monthly flows were also needed because flows in
the watershed are affected by storage and withdrawals
for municipal use.

Purpose and Scope

A cooperative study among the Montana Depart-
ment of Natural Resources and Conservation (DNRC),
Lewis and Clark County, and the U.S. Geological Sur-
vey (USGS) was initiated in 1997 to obtain hydrologic
information for long-range planning in the upper Ten-
mile Creek watershed. The purpose of this report is to
describe the methods and results of the cooperative
study. The study area includes only the upper Tenmile
Creek watershed, although a similar cooperative
hydrologic study of the lower portion of the Tenmile
Creek watershed also has been initiated.

Specific objectives established for the coopera-
tive study were:

Objective 1: Estimate long-term, natural
monthly flows at selected sites in
the upper Tenmile Creek
watershed.

Objective 2: Determine where Tenmile Creek
gains flow from and loses flow to
ground water in the 8-mile channel
reach between the city’s stream

diversion at Rimini and the Tenmile
Water Treatment Plant.

Objective 3: Characterize current water quality
over a range of flow conditions and
calculate instantaneous loads of
selected constituents at selected
sites to help identify potential
sources of metal inputs.
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STUDY AREA DESCRIPTION AND HISTORICAL
LAND AND WATER USE

The upper Tenmile Creek watershed is located in
the Rocky Mountains near Helena in Lewis and Clark
County. The study area lies within the Northern Rocky
Mountains physiographic province, which is character-
ized by a succession of distinct mountain ranges and
valleys. Glaciation has been the predominant factor in
shaping the basin's landforms and in the development
of soils. Glacial features cover more than half of the
basin and include cirque basins and moraine deposits,
colluvial deposits, terraces and floodplains. Unglaci-
ated terrain forms mountain slopes and ridges. Bedrock
underlying the glacial materials consists mainly of Cre-
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taceous age intrusive rocks (U.S. Department of Agri-
culture, 1989).

The upper Tenmile Creek watershed has a conti-
nental climate modified by Pacific Ocean air masses.
Winters tend to be cold and moist, and summers are
warm and dry. The nearest weather station, Frohner
Meadows, is located 1-mi southeast of the study area at
an elevation of 6,480 ft. Based on data for 1979-98, the
average annual precipitation at this location is 24.6 in.
(U.S. Department of Agriculture, unpub. data, 1998).
Monthly average precipitation ranges from 1.3 in. in
February to 3.5 in. in May. Air temperature data at this
station are available only for the period 1989-98. For
this period, mean monthly temperatures range from
19.6 °F in January to 55.8 °F in August (Roy Kaiser,
U.S. Department of Agriculture, Natural Resources
Conservation Service, written commun., 1998).

The upper Tenmile Creek watershed has been the
focus of numerous, generally small, hard-rock mining
operations since the discovery of gold in Helena in
1864. Gold, silver, lead, and zinc mines were scattered
throughout the watershed and formed the economic
basis for the small community of Rimini, located about
8 miles upstream from the Tenmile Water Treatment
Plant. Although all known mines are currently inactive,
exposed waste-rock piles and mine spoils from the ear-
lier mining ventures are located throughout the upper
basin. These mine wastes typically contain trace metals
known to be hazardous to human health and aquatic
biota and constitute a potential threat to the water qual-
ity of Tenmile Creek. Inactive mine sites which have
impacted or are considered to be a potential threat to
streams in the watershed are shown on figure 1.

The early mining activities in the watershed
required water; therefore, the first diversions and water
withdrawals from Tenmile Creek were for mining pur-
poses. In the late 1800s, Chessman Reservoir was con-
structed to provide water for hydraulic mining in a
small adjacent basin east of the upper watershed.
Chessman Reservoir is located at the headwaters of
Beaver Creek, a tributary to Tenmile Creek, and
receives most of its water transported by a flume from
Banner Creek, another tributary to Tenmile Creek
(fig. 1).

The City of Helena began management of Chess-
man Reservoir in the early 1900s to serve the municipal
water needs of its growing population. Today, Helena
still receives about 70 percent of its municipal water
supply from the upper Tenmile Creek watershed. In
addition to Chessman Reservoir, with a current storage

capacity of 350 million gallons, the water collection
system for the Tenmile Water Treatment Plant also
includes Scott Reservoir. Scott Reservoir, with a capac-
ity of 195 million gallons, was constructed in 1962 near
the headwaters of Ruby Creek, a tributary to Tenmile
Creek. Diversion structures are located on Banner
Creek, Beaver Creek, Tenmile Creek, Minnehaha
Creek, Moose Creek, and Walker Creek. Except for the
Banner Creek diversion, which is used to transport
water from Banner Creek to Chessman Reservoir via a
metal flume, each diversion collects water into an
underground pipe for conveyance to the Tenmile Water
Treatment Plant. The treatment plant, built in 1989-90,
has a maximum treatment capacity of 9 million gallons
per day. Figure 2 is a schematic diagram of the water
sources, reservoirs, diversions, and conveyance system
for the Tenmile Water Treatment Plant.

STREAMFLOW

Streamflow in Tenmile Creek is highly variable,
both on a seasonal and an annual basis, throughout the
upper watershed and understanding the spatial and
temporal distribution of streamflow is crucial to effec-
tive long-term watershed management. The next sec-
tions of this report describe historical streamflow,
recent hydrologic data, and methods for estimation of
long-term monthly flows throughout the watershed.

Historical Streamflow and Hydrologic Data

A streamflow-gaging station (station 06062500)
was established by the USGS on Tenmile Creek just
upstream from Moose Creek near the town of Rimini in
1914. Daily discharge data were collected from July
1914 to July 1995, when the station was discontinued.
The station was re-established in May 1997 to provide
information for this study. A new streamflow-gaging
station (06062750) was simultaneously established at
the Tenmile Water Treatment Plant (figs. 1 and 2). The
mean annual streamflow of Tenmile Creek for water
years 1915-94 at the USGS streamflow-gaging station
near Rimini was 17.3 ft’/s. The maximum instanta-
neous discharge for the 1915-94 period was 3,290 ft3/s
on May 22, 1981, and the minimum daily discharge
was zero ft3/s on 45 different days over the period of
record.
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Discharge data for the streamflow-gaging sta-
tion on Tenmile Creek near Rimini are affected by
upstream water storage and releases at Chessman and
Scott Reservoirs and diversions from Banner Creek,
Tenmile Creek at Rimini, Beaver Creek at Rimini, and
Minnehaha Creek near Rimini (figs. 1 and 2). Diver-
sions for the Tenmile Water Treatment Plant that are
located on tributaries downstream from the stream-
flow-gaging station near Rimini (Moose Creek and
Walker Creek) only affect recorded discharges at the
new gaging station at the water treatment plant.

Additional Hydrologic Data Collection in 1997

Gages for measuring stream stage were installed
at 32 locations in May 1997 to obtain additional
streamflow information for the upper Tenmile Creek
watershed. These sites, plus the two continuous-
recording streamflow-gaging stations, are listed in
downstream station order in table 1. These sites were
installed for one or more of the following three pur-
poses: (1) estimation of long-term monthly discharge,
(2) water-quality sampling and analysis, and (3) esti-
mation of natural flow for Tenmile Creek near Rimini.
Twenty-one of these 34 sites were intended for the esti-
mation of long-term monthly natural flows throughout
the basin, but two (sites 9 and 27) subsequently were
dropped from further analysis because of very small
flows. Twenty-one sites, most of which also were used
for estimation of long-term monthly flows, were estab-
lished for water-quality sampling and analysis. Sites
were selected to ensure that streamflow and water-
quality characteristics would be determined for all
major tributaries as well as mainstem locations where
flow or water-quality characteristics were expected to
change as a result of diversions, inflow, or land use.

Nineteen of the 34 sites were established to help
estimate the natural flow at Tenmile Creek near Rimini
during 1997 that would have occurred in the absence of
diversions and storage. These streamflow-estimation
sites were located upstream and downstream from
Chessman and Scott Reservoirs, at the Banner Creek
flume, and upstream and downstream from all stream-
flow diversions for the Tenmile Water Treatment Plant
(fig. 1). Ultimately, however, municipal water-use data
compiled by the Tenmile Water Treatment Plant staff
were used to determine diversion volumes and calcu-
late natural flows for Tenmile Creek near Rimini. Thus,
data from nine sites that were established solely for the

purpose of 1997 natural flow estimation (table 1) were
subsequently used only for verification purposes or not
used at all.

Several current-meter discharge measurements
were made at most of the streamflow data-collection
sites using standard techniques of the USGS (Rantz and
others, 1982). The measured discharges were used with
concurrent water-level (stage) readings to develop
stage-discharge relationships for each site, as indicated
by the example graphs in figure 3. Interested basin res-
idents volunteered to periodically record stage at most
sites throughout the May through October period. The
stage-discharge relations then were used to determine
discharge for each stage reading. Discharges deter-
mined from the stage-discharge relations are herein
referred to as observed discharges to differentiate them
from measured discharges. Discharges determined
from stage readings in flumes operated by personnel at
the Tenmile Water Treatment Plant also are referred to
as observed discharges. Measurement-site description,
drainage basin size, measurement dates, and measured
stage and discharge for each site are shown in table 2.

Techniques for Estimation of Long-Term Monthly and Daily
Discharge

To estimate long-term monthly natural dis-
charges at locations throughout the upper basin, a
multi-step correlation procedure was used.

Step 1: Water-use data based on metered usage
and observed discharges for the Tenmile Water Treat-
ment Plant for water years 1991-98 and October 1998
(first month of water year 1999) and measured dis-
charge data from May through October 1997 for this
study were used to estimate long-term monthly natural
discharges for 1961-90, a commonly used base period
for meteorologic and hydrologic analyses, for Tenmile
Creek near Rimini.

Step 2: Metered water-use data and observed
discharges for the Tenmile Water Treatment Plant and
measured discharge for the current study were used to
estimate daily natural flows for May through October
1997 for Tenmile Creek near Rimini.

Step 3: Measured and observed discharges dur-
ing May through September 1997 at 19 monthly
flow-estimation sites were regressed with concurrent
estimated daily natural discharges for Tenmile Creek
near Rimini. The regression relation then was used to
estimate long-term monthly natural flows at each of
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the 19 sites from the long-term monthly natural flows
for Tenmile Creek near Rimini. Each step in the
correlation procedure is described in detail in the
following sections of the report.

Estimation of Long-Term Monthly Natural Flows for Tenmile Creek
near Rimini

As previously described, recorded daily dis-
charges for station 06062500 on Tenmile Creek near
Rimini are affected by flow diversions for municipal
water supply on Banner Creek, Tenmile Creek at
Rimini, Beaver Creek, and Minnehaha Creek (figure
2). Storage and releases from Scott and Chessman Res-
ervoirs also affect recorded discharges. As shown on
the schematic diagram in figure 2, diversions from
Moose and Walker Creeks are downstream from station
06062500 and do not affect recorded discharges at that
station.

Total water diverted to the Tenmile Water Treat-
ment Plant is metered daily at the inflow pipe to the
plant. Personnel at the plant also periodically observe
discharge at measuring flumes upstream and down-
stream from Scott Reservoir (sites 4 and 5, respec-
tively), at the Banner Creek diversion (site 8), and
downstream from Chessman Reservoir (site 15). Net
daily discharge at each of these sites is estimated by
interpolating between periodically observed dis-
charges. Net daily discharge into Scott Reservoir is
computed by subtracting daily discharge at measure-
ment site 5 from daily discharge at site 4. Similarly, net
daily discharge into Chessman Reservoir is computed
by subtracting daily discharge at measurement site 15
from daily discharge at measurement site 8. Net daily
discharge into either reservoir is negative whenever
outflow exceeds inflow. Computed net daily dis-
charges are averaged for each month to produce esti-
mates of net monthly mean discharge into each
reservoir. Daily water-use data for the Tenmile Water
Treatment Plant for water years 1991-98 and October
1998 (Jack Williams, Tenmile Water Treatment Plant,
written commun.,1998) were used to calculate monthly
mean data shown in table 3.

Access to Scott Reservoir is difficult during early
runoff conditions in May; consequently, daily dis-
charge into the reservoir probably is often underesti-
mated during runoff periods when site 4 is not
observed. Likewise, the method used to compute net
daily discharge into Chessman Reservoir does not
include Beaver Creek inflows (site 14) or inflows to the

Banner Creek flume from Beaver Creek tributaries 2
and 3 (sites 16 and 18). Thus, the method also tends to
underestimate the true net discharge into Chessman
Reservoir.

To estimate the additional discharge into Scott
and Chessman Reservoirs, monthly mean water-use
data for the 1991-98 water years and October 1998
were used to calculate the average net monthly dis-
charge into each reservoir. As shown in table 3, the
average monthly net flow into Scott Reservoir was
-0.71ft%/s, and the average monthly net flow into
Chessman Reservoir was -0.46 ft3/s. Because both res-
ervoirs are relatively small, it was assumed that they
would empty and fill annually. On that basis, the true
average net annual discharge from the reservoirs over
the 1991-98 period was assumed to be zero. The addi-
tional average monthly flow into Scott and Chessman
Reservoirs necessary to balance the negative inflows
calculated from water-use data was assumed to be 0.71
and 0.46 ft>/s, respectively. Loss from evaporation was
assumed to be negligible, due to the small surface areas
of the two reservoirs. The additional inflow to the res-
ervoirs was considered to occur only during the spring
runoff period of May and June; therefore, the actual
distribution of the underestimated annual discharge
into each reservoir was weighted to the two months of
May and June. For Scott Reservoir, the average addi-
tional May and June inflow required to ensure a true
average net annual discharge of zero is (0.71 ft}/s x12
months)/(2 months), or 4.3 ft3/s. For Chessman Reser-
voir, the average additional May and June inflow
required to ensure a true average net annual discharge
of zero is (0.46 ft3/s x 12 months)/(2 months), or
2.8 ft¥s.

To estimate monthly natural discharge for Ten-
mile Creek near Rimini (site 28), the combined net
monthly discharge into the reservoirs is added to
recorded monthly discharge at the streamflow-gaging
station. Streamflow losses resulting from natural seep-
age to ground water between the reservoirs and site 28
were assumed to be negligible. In addition, discharge
diverted to the treatment plant, minus that portion
below the gage that comes from Moose Creek and
Walker Creek, is added to recorded discharge at the
streamflow-gaging station. Table 4 shows total
monthly mean discharge diverted to the treatment plant
for water years 1991-98 and October 1998; discharge
from individual diversions is unknown.

Discharges measured during 1997 were used to
estimate the average diversion from Moose Creek and
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Walker Creek compared to the average diversion from
Tenmile, Beaver, and Minnehaha Creeks . Based on
information from operators at the Tenmile Water Treat-
ment Plant (Leonard Willett, oral commun., 1998),
diversions from each stream are roughly proportional
to their discharges. Based on four approximately con-
current measurements of discharge at the measurement
site above each diversion in mid-May, early June, early
August, and late August, the combined discharges for
Moose and Walker Creeks were about 0.20 times (20
percent) the combined discharges for Tenmile, Beaver,
and Minnehaha Creeks. Thus, the average annual
diversion from Moose and Walker Creeks was assumed
to be 20 percent of the average annual diversion from
Tenmile, Beaver, and Minnehaha Creeks. On this
basis, total average annual diversion to the Tenmile
Water Treatment Plant would equal the average annual
diversion to the Tenmile, Beaver, and Minnehaha
Creeks plus 0.20 times the average annual diversion
from Tenmile, Beaver, and Minnehaha Creeks. Stated
another way, the average annual diversion from Ten-
mile, Beaver, and Minnehaha Creeks equals the total
average annual diversion to the treatment plant divided
by 1.20, or 83 percent of the total average annual diver-
sion. Estimated monthly discharges diverted from Ten-
mile, Beaver, and Minnehaha Creeks for water years
1991-98 and October 1998 were estimated to be 83 per-
cent of the total monthly discharges diverted to the Ten-
mile Water Treatment Plant (table 4).

Estimated monthly discharges diverted to the
Tenmile Water Treatment Plant from Tenmile, Beaver,
and Minnehaha Creeks then were added to the com-
bined estimated net monthly discharges into Scott and
Chessman Reservoirs. The results, termed natural flow
accretions, represent the difference between recorded
monthly discharges and natural monthly discharges for
Tenmile Creek near Rimini. These natural flow accre-
tions and their averages for water years 1991-98 and
October 1998 are listed in table S.

Although no data for natural flow accretions are
available before water year 1991, estimated water-use
data compiled by the City of Helena for 1978-97
(Leonard Willett, written commun., 1998) indicate that
the average annual municipal water supply from the
Tenmile Creek basin for water years 1978-97 (5.4 ft3/ s)
was about the same as that for water years 1991-98 and
October 1998 (5.6 ft3/s). On this basis, the average nat-
ural flow accretions for water years 1991-98 and Octo-
ber 1998 are assumed to be the same as for the longer
1978-97 period. The 1978-97 base period, because of

its short length, is not considered a suitable base period
for the estimation of long-term mean flows for the
upper Tenmile Creek basin. Accordingly, a 30-year
base period including water years 1961-90, which is a
common length of record used for long-term climatic
comparisons, was used for the estimation of long-term
flows in the Tenmile Creek basin. The average natural
flow accretions for the 1991-98 period also were
assumed to be the same as those for 1961-90. Although
municipal water use in Helena has likely increased over
the years due to increasing population, efficiency of the
Tenmile water delivery system also has improved as
leaky wooden supply lines have been replaced by steel
pipes. Increasing municipal demands for water in Hel-
ena also have partially been met since 1959 by water
supplied from the Missouri River. For these reasons,
the assumption that natural flow accretions for Tenmile
Creek have remained relatively constant since 1961
seemed reasonable.

Estimated average monthly natural discharges
for the 1961-90 base period for Tenmile Creek near
Rimini were calculated by adding average natural flow
accretions to average monthly recorded discharges for
the 1961-90 base period (table 6). Estimated average
monthly natural discharges are graphically compared
to monthly recorded discharges in figure 4. As shown
in table 6 and figure 4, differences between natural and
recorded discharges are greatest in May and June when
streamflows are naturally high from snowmelt runoff
and Scott and Chessman Reservoirs are being filled.
Differences between natural and recorded discharges
are least in December, January, and February when
streamflows are naturally low, and diversions to the
Tenmile Water Treatment Plant are largely supplied
from Chessman and Scott Reservoir releases.

Estimation of Daily Natural Discharge for May-October 1997 for
Tenmile Creek near Rimini

To estimate daily natural discharge for Tenmile
Creek near Rimini for the May-October 1997 period,
daily water-use data supplied by personnel at the Ten-
mile Water Treatment Plant were used. The procedure
for estimation of daily natural discharge was similar to
that for the estimation of long-term monthly natural
flows. Daily discharges diverted to the Tenmile Water
Treatment Plant from Tenmile, Beaver, and Minnehaha
Creeks were added to the combined net daily dis-
charges into Scott and Chessman Reservoirs to produce
estimated daily natural flow accretions for the gage at
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Figure 4. Recorded and estimated average monthly natural discharge for Tenmile Creek near Rimini, Montana (site 28),

water years 1961-90.

Tenmile Creek near Rimini. The estimated natural
flow accretions were added to the recorded discharges
for Tenmile Creek near Rimini to produce estimates of
daily natural flow for the May through October 1997
period. Calculations were simpler than those required
for estimation of long-term monthly natural discharges,
because no diversions to the Tenmile Water Treatment
Plant were made from Moose Creek or Walker Creek
during May through October 1997.

As previously described, data for discharge into
Scott and Chessman Reservoirs do not account for
early-season inflows to Scott Reservoir or for inflows
to Chessman Reservoir from Beaver Creek or its tribu-
taries. To estimate the additional daily discharge into
Scott and Chessman Reservoirs during May through
October 1997, the previously calculated average values
for May and June were used together with the distribu-
tion of daily recorded discharge for Tenmile Creek near
Rimini for May and June. The total discharge volume
for May and June 1997 for Tenmile Creek near Rimini
was the sum of all daily discharges over the 61-day
period, or 6,248 ft3/s-days. For that same 61-day
period, the total additional inflow volume to Scott Res-
ervoir was 4.3 ft’/s x 61 days, or 262 ft*/s-days, and the
total additional inflow volume to Chessman Reservoir
was 2.8 ft¥/s x 61 days, or 171 ft3/days. The additional
inflow volume for Scott Reservoir was (262/6,248), or
4.2 percent of the discharge volume for Tenmile Creek
near Rimini. Similarly, the additional inflow volume
for Chessman Reservoir was (171/6,248), or 2.7 per-

cent of the discharge volume for Tenmile Creek near
Rimini. Thus, for example, the estimated additional
inflow for Scott Reservoir on May 1, when the
recorded daily discharge for Tenmile Creek near
Rimini was 25 ft3/s, was 4.2 percent of 25 ft*/s, or 1.0
ft3/s. Similarly, the estimated additional inflow to
Chessman Reservoir on May was 2.7 percent of

25 fi/s, or 0.68 ft'/s.

Recorded daily discharge, estimated daily natu-
ral flow accretions, and estimated daily natural dis-
charge for Tenmile Creek near Rimini for May 1
through October 31, 1997 are displayed graphically in
figure 5. Figure 5 indicates that the largest daily natural
flow accretions occurred in May and June, and the
smallest occurred in October.

Measured and observed discharges at sites above
and below the diversion structures on Tenmile Creek at
Rimini, Beaver Creek at Rimini, and Minnehaha Creek
near Rimini were used to estimate the proportion of
flow diverted to the Tenmile Water Treatment Plant
from each diversion during May 1 through October 31,
1997. Monthly average discharge diverted and the total
May through October average discharge diverted at the
three diversions are shown in figure 6. As indicated by
the average values for the period (figure 6), the greatest
amount of flow (about 48 percent) was provided by the
Beaver Creek diversion, while about equal amounts
(about 26 percent each) were supplied by the Tenmile
Creek and Minnehaha Creek diversions.
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Estimation of Long-Term Monthly Natural Discharge for Selected Sites

In addition to the previously described tech-
niques used to estimate long-term monthly natural dis-
charge for Tenmile Creek near Rimini, regression
analysis was used to estimate long-term monthly natu-
ral discharge at each of the other 18 flow-estimation
sites. Each measured and observed discharge (Y value)
was paired with the concurrent estimated daily natural
discharge for Tenmile Creek near Rimini (X value). An
Ordinary Least Squares (OLS) regression line was fit to
the base 10 logarithms of the paired data. The relation
of daily values was assumed to also represent the rela-
tion of monthly discharges and, therefore, was subse-
quently used to estimate long-term monthly discharge.
The resultant equations for the regression lines may be
expressed in the following log-linear form,

Y=aX", (1)

where

Y s the daily or monthly discharge for the
estimation site, in cubic feet per second;

X is the daily or monthly natural discharge
for Tenmile Creek near Rimini, in cubic
feet per second;

a is the anti-log of the linear regression con-
stant (a' =10%), and;

b is the linear regression coefficient.

The a' and b values for the regression equations and
two measures of regression reliability, the coefficient
of determination (R2), and the standard error of
estimate (SE), for all estimation sites are shown in
table 7. The coefficient of determination is a measure
of the percentage of the variation in Y that is
accounted for by the regression equation. The
standard error of estimate is a measure of the
dispersion of the data around the regression line.

In general, the larger the value of R? and the
smaller the value of SE, the more reliable is the regres-
sion equation. The regressions for all sites but one had
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relatively large values for R? (0.70 or greater) and for
all had small values of SE (0.06-0.21) (table 7).
Moore's Spring Creek (site 24), where measured and
observed discharges were very small and relatively
constant throughout the May through October
measurement period, was the only site that lacked a
significant correlation to flow at Tenmile Creek near
Rimini. The regression equation for Moore’s Spring
Creek, with a p-value of 0.78, was the only one that
was not statistically significant. The p-value
represents the probability that the regression equation
is not significant. All other regression equations had
p values less than 0.01 and thus were statistically
significant.

Two of the "worst" (sites 24 and 31) and one of
the "best" (site 3) regressions in terms of the values of
R? and SE in table 7 are shown graphically in figure 7.
The logarithms of estimated natural discharge for Ten-
mile Creek near Rimini are only very weakly correlated
with measured and observed discharges for Moore’s

Spring Creek (fig. 7A) but are more strongly correlated
with measured and observed discharges for Bear Gulch
(fig. 7B). In contrast, estimated natural discharges for
Tenmile Creek near Rimini are very strongly correlated
with measured and observed discharges for Tenmile
Creek above Ruby Creek (fig. 7C). Similarly strong
correlations exist for most of the streamflow-estima-
tion sites.

To calculate long-term monthly natural dis-
charge for an estimation site, each monthly value of
long-term natural discharge for Tenmile Creek near
Rimini (table 6) was entered as the X value in equation
1, together with appropriate values of a' and b from
table 7. For example, the long-term October discharge
for Monitor Creek (site 1), Y, was estimated from the
long-term October natural discharge for Tenmile Creek
near Rimini (6.1 ft3/s) as follows:

Y=aX",
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where:
a'and b from table 7 are 0.026 and 1.12,
respectively; and
X is 6.1 ft*/s.
Thus,
Y = (0.026) (6.1)!12,
Y =(0.026) (7.6),
Y =0.20 ft’/s.

In a similar manner, long-term mean monthly
natural discharges for all months and all estimation
sites were calculated and are shown in table 8. Also
shown in table 8 are estimates of long-term mean

annual natural discharge for each site. Long-term mean
annual natural discharge was calculated by multiplying
each long-term mean monthly natural discharge by the
number of days in the month, summing the 12 resultant
values, and dividing the sum by 365 days.

Results in table 8 are displayed graphically in
figures 8 through 12. Figure 8 shows the long-term
monthly natural discharge estimates for smaller
streams in the watershed and indicates that Moore's
Spring Creek (site 24) flows generally had less varia-
tion than flows for other small tributaries. Figure 9
shows long-term monthly natural discharge estimates
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Figure 8. Estimated long-term monthly natural discharge for small tributary streams, upper Tenmile Creek watershed near Rimini,

Montana.
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Figure 9. Estimated long-term monthly natural discharge for mid-size tributary streams, upper Tenmile Creek watershed near Rimini,

Montana.
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for mid-sized Tenmile Creek tributaries and indicates
that Moose Creek (site 29) flows generally had less
variation than other mid-sized tributaries. Figure 10
shows long-term monthly natural discharge estimates
for the three Beaver Creek tributaries and indicates
that tributaries 1 and 2 have similar flows with less
variation than those of tributary 3. Long-term monthly
natural discharge estimates for the largest Tenmile
Creek tributaries are compared in figure 11. Figure 11
shows that estimated long-term monthly natural
discharges for Beaver Creek (site 20) and Minnehaha
Creek (site 25) are similar in magnitude and

variability, and that monthly natural discharges for
Walker Creek (site 32), the tributary with the largest
drainage area (table 2), are less than those for the other
large tributaries. Finally, figure 12 shows long-term
monthly natural discharge estimates for the mainstem
sites on Tenmile Creek. Figure 12 shows that monthly
natural discharge for Tenmile Creek increases in the
downstream direction, as a result of tributary inflows.

Long-term annual natural discharges for all esti-
mation sites are compared in figure 13. Figure 13
shows the pattern of natural discharge increases in Ten-
mile Creek in the downstream direction and the relative

3.0
M Beaver Creek tributary 3 (site 16)

25| [ Beaver Creek tributary 2 (site 18)

[ Beaver Creek tributary 1 (site 19)

20

0.5
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Figure 10. Estimated long-term monthly natural discharge for Beaver Creek tributaries, upper Tenmile Creek watershed near Rimini,

Montana.
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Figure 11. Estimated long-term monthly natural discharge for large tributary streams, upper Tenmile Creek watershed near Rimini,

Montana.
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Figure 12. Estimated long-term monthly natural discharge for mainstem Tenmile Creek, upper Tenmile Creek watershed near Rimini,

Montana.

flow contribution from each tributary. Figure 14 shows
the annual natural discharge for each site divided by
drainage area and provides an indication of which
streams produce the most estimated natural runoff per
square mile. Figure 14 shows that Spring Creek (site
22) produces the most natural runoff per square mile,
and Bear Gulch (site 31) produces the least natural run-
off per square mile. Of the streams that currently sup-
ply water to the Tenmile Water Treatment Plant,
Banner Creek (site 7) produces the most natural runoff
per square mile, and Walker Creek (site 32) produces
the least natural runoff per square mile.

Reliability of Long-Term Monthly Discharge Estimates

Gaged data from a nearby stream (Prickly Pear
Creek) were used to test the reliability of the long-term
monthly discharge estimates. Prickly Pear Creek arises
in the Northern Rocky Mountains south of the Tenmile
Creek basin and has a streamflow-gaging station
(06061500) near Clancy, Montana. Although the
drainage area for the streamflow-gaging station on
Prickly Pear Creek (192 square miles) is larger than
that for Tenmile Creek near Rimini, the two watersheds
were considered to be hydrologically similar based on
similarity of recorded flow statistics.

Twenty dates between May 1 and October 31,
1997 were randomly selected for the test of reliability
of monthly natural discharge estimates. For each ran-

domly selected date, the daily mean discharge from the
record at the streamflow-gaging station on Prickly Pear
Creek was considered to be the measured or observed
discharge used for regression with concurrent esti-
mated natural daily discharge for Tenmile Creek near
Rimini. The results of the regression indicate a strong
relation between daily flows for the two sites (figure
15), especially for lower flows. The equation for the
regression line shown in figure 15 then was used to cal-
culate long-term mean monthly discharges for Prickly
Pear Creek from the long-term mean monthly natural
discharges for Tenmile Creek near Rimini. The calcu-
lated monthly means were compared with monthly
means from the actual record for the period 1961-90 in
figure 16. Estimation errors (percent differences
between actual means and estimated means) ranged
from —6.6 percent in February to 14.2 percent in
August. Overall, the average error for estimated mean
annual discharge at the Prickly Pear Creek site was 3.9
percent. Based on the test results of the streamflow
correlation method, estimation errors for most flow-
estimation sites in the upper Tenmile Creek basin may
be considered to be about the same or slightly larger
then those for Prickly Pear Creek. Flow-estimation
sites having small R? and large SE are likely to have
larger estimation errors than the test site. However,
most sites having poor R? and SE also had small
monthly discharges; consequently, larger percent errors
do not necessarily represent large flow volumes.
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Figure 13. Estimated long-term annual natural discharge for streams in the upper Tenmile Creek watershed near Rimini, Montana.

Determination of Gaining and Losing Stream Reaches on replacement with a single mainstem diversion at the
Tenmile Creek Tenmile Water Treatment Plant has been suggested to

minimize mainstem dewatering caused by diversions.

Diversions for the Tenmile Water Treatment Although this kind of change in water management

Plant often dewater Tenmile Creek, particularly in would alleviate dewatering problems, it might result in
Rimini from the Tenmile Creek diversion to the mouth a loss of water available to the Tenmile Water Treat-
of Spring Creek, a distance of about 0.5 mile. The ment Plant if significant flow losses occur in the chan-
elimination of existing diversion structures and nel between Rimini and the plant.
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Figure 14. Estimated long-term annual unit natural discharge for streams in the upper Tenmile Creek watershed near Rimini, Montana.

To help determine whether such flow losses are
evident, two series of synoptic discharge measure-
ments at selected locations on Tenmile Creek were
made during very low-flow conditions on September 6,
1998 and during slightly greater flow conditions on
July 14, 1999. All measurements during each series
were made over the course of a single day when flows
at the gaging stations near Rimini (06062500) and the

Tenmile Water Treatment Plant (06062750) were rela-
tively steady. For example, discharge at station
06062500 varied by only 0.1 cubic feet per second
throughout the day on September 6,1998 and by only
0.2 cubic foot per second on July 14, 1999. Likewise,
discharge at station 06062750 varied by 0.1 cubic foot
per second throughout the day on September 6, 1998
and by about 0.4 cubic foot per second on July 14,
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Figure 16. Comparison between estimated and recorded long-term mean monthly discharge for Prickly Pear Creek (station 06061500),
Montana.
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1999. Except for Minnehaha Creek, which had an
estimated discharge of less than 0.1 cubic foot per
second, all tributary streams were dry on September 6,
1998. On July 14, 1999, Minnehaha Creek was dry,
but Moose Creek and Walker Creek had small
discharges. Steady flow conditions and minimal
tributary inflows help to ensure that site-to-site
differences in measured discharge are attributable to
gains from or losses to the shallow ground water
system and not to the transient effects of upstream
flow changes.

Measured discharges at selected mainstem loca-
tions are plotted on figure 17. Discharge generally

increased gradually downstream from the city diver-
sion in Rimini to the mouth of Walker Creek. From
Walker Creek to the Tenmile Water Treatment Plant,
discharge decreased during both series of measure-
ments.

Estimates of the measurement error at each site
also are plotted on figure 17. Measurement error was
based on a subjective evaluation of the measuring con-
ditions (channel and flow irregularities) at each site as
noted on the hydrographer's discharge measurement
note. For most measurements, the error was conserva-
tively selected as +10 percent. Because of the measure-
ment error, apparent small gains or losses in discharge
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Figure 17. Measured discharge and estimated error, September 6, 1998, and July 14, 1999, Tenmile Creek, upper Tenmile: Creek

watershed near Rimini, Montana.
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between adjacent sites shown in figure 17 may not be
real if the value lies within the range of the adjacent
error bar. However, the overall increase in discharge
from the upstream end of the measurement reach at
Rimini to the mouth of Walker Creek was greater than
the error range during both series of measurements and
signifies an actual gain in streamflow. Because this
increase in discharge is greater than the inflows from
tributaries, the gains are probably from ground water
inflow. Therefore, the reach of Tenmile Creek from
Rimini to Walker Creek can be characterized as a gain-
ing reach. The overall decrease in discharge from
Walker Creek to the Tenmile Water Treatment Plant
also was greater than the error range during both series
of measurements and indicates streamflow losses to the
ground-water system (losing reach).

Overall, the difference in discharge between the
uppermost site at Rimini and the Tenmile Water Treat-
ment Plant was relatively small (0.4 ft3/s) on Septem-
ber 6, 1998, although this difference represents a three-
fold increase. On July 14, 1999 streamflow increased
significantly (2.1 ft*/s) from the diversion in Rimini to
the Tenmile Water Treatment Plant. This increase was
substantially greater than the tributary inflows, indicat-
ing that streamflow gains in the reach between Rimini
and Walker Creek generally are sufficient to offset
losses in the reach between Walker Creek and the treat-
ment plant. A tracer-injection study using sodium
chloride, a conservative chemical tracer, provided gen-
eral confirmation of gaining and losing reaches as
described by the current meter discharge measurements
(Thomas E. Cleasby, U.S. Geological Survey, oral
commun., 2000).

WATER-QUALITY

Stream water was sampled over a wide range of
flows and analyzed for various chemical constituents to
gain an understanding of current water-quality condi-
tions throughout the upper Tenmile Creek watershed.
In addition, samples of bottom sediment from Chess-
man Reservoir, a major source of municipal water sup-
ply, were analyzed for trace-metal concentrations. A
description of sampling sites and potential sources of
water-quality degradation, the strategy for sample col-
lection and analysis, methods of sampling and analysis,
quality assurance procedures, and a general discussion
of results are presented in the following sections of the
report.

Strategy for Sample Collection and Analysis

Stream water was sampled during May through
October 1997 at 21 locations in the upper Tenmile
Creek watershed. Samples were collected at multiple
locations on Beaver Creek and Tenmile Creek, streams
that provide most of the municipal water supply to the
Tenmile Water Treatment Plant. In addition, sampling
sites were selected at the mouths of major tributaries to
Tenmile Creek (table 9). Most sites were sampled
twice during high-flow conditions in May and June and
twice during near base-flow conditions in August and
October.

However, not all sites were sampled four times
(table 9). Monitor Creek at mouth (site 1) could not be
sampled in May and June because of difficult site
access. Sampling at Tenmile Creek below Monitor
Creek (site 2) was discontinued after June because pre-
liminary laboratory analyses indicated that water qual-
ity was nearly identical to that just downstream at
Tenmile Creek above Ruby Creek (site 3). Banner
Creek above city diversion (site 7) could not be sam-
pled in May because snow conditions prevented access.
Banner Creek tributary (site 9) could not be sampled in
May because of difficult site access and was sampled
the only time it was found flowing during base-flow
conditions in August. Tenmile Creek above city diver-
sion (site 12) also could not be sampled in May because
the stream could not safely be waded during the high
flow. Nearby sites on Banner Creek (site 10) and Ten-
mile Creek (site 13) were substituted for sites 7 and 12
respectively during the May high flow because the
magnitude of intervening diversions relative to the
instream flows are negligible. Beaver Creek above
tributary 3 (site 15) at the outlet of Chessman Reservoir
was sampled only in August and October because no
water from the reservoir was being released during
sampling times in May and June.

During each of the four sampling episodes in
May, June, August, and October, samples were col-
lected within a 2- or 3-day period to minimize changes
in water-quality resulting from changing weather and
streamflow. Streamflow was determined at the time of
sampling either by direct measurement or from a previ-
ously established stage-discharge relationship.

Water samples were analyzed for concentrations
of major ions, nutrients, trace elements, and suspended
sediment. Concentrations of trace elements likely to be
associated with hard-rock mining and the naturally
high metal content of the local rock formations were of
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special concern in this study. Thus, concentrations of
the trace elements arsenic, cadmium, copper, lead, and
zinc were analyzed both for the dissolved and total-
recoverable phases. Laboratory methods, minimum
reporting levels, and water-quality standards for human
health and aquatic life for the sampled constituents are
presented in table 10.

Copper sulfate, a chemical commonly added to
water in Chessman Reservoir to retard algae growth in
late summer, was considered a potential source of ele-
vated copper concentrations in water released from
Chessman Reservoir. Samples of bottom sediment
from selected sites in and near the reservoir were ana-
lyzed for concentrations of arsenic, cadmium, chro-
mium, copper, lead, and zinc to help determine whether
the copper sulfate was accumulating in bottom sedi-
ments of Chessman Reservoir and whether trace ele-
ments other than copper might be present. One bottom-
sediment sampling site was located just upstream from
the reservoir in a natural wetland area. This site, which
is outside the area of copper sulfate application, was
sampled to help determine if copper concentrations in
bottom sediment in Chessman Reservoir were attribut-
able to copper sulfate application to the reservoir or
from natural sources upstream from the reservoir. The
reporting limits for all trace elements was 0.001 mg/L,
with the exception of lead, which was 0.01 mg/L.

Methods of Sample Collection and Analysis

Water and bottom-sediment samples were col-
lected and analyzed using standard methods. Those
methods are explained in the following sections.

Water Sampling

Water samples were collected by either depth
integration at multiple stream verticals using methods
described by Knapton (1985), Edwards and Glysson
(1988), and Ward and Harr (1990), or by grab sampling
at sites where streamflow was very small. Water tem-
perature, pH, and specific conductance were measured
in the field according to standard methods described by
the U.S. Geological Survey (1977) and Knapton
(1985).

Depth-integrated samples were collected with a
polyethylene DH-81 hand-held sampler with a nylon
nozzle and composited in a polyethylene churn-splitter.

Suspended-sediment samples were collected in glass
bottles using a DH-48 hand-held sediment sampler.
Pre-processed samples were protected from atmo-
spheric contamination by using a churn-splitter modi-
fied with a cappable funnel. The churn’s exterior was
protected using a large plastic container. Samples were
handled using vinyl gloves that were frequently
changed between sample collection, sample process-
ing, and equipment decontamination. Bottles and
equipment were prepared in the laboratory and samples
were processed, filtered, and preserved in the field as
described by Horowitz and others (1994).

Sample processing was completed using a pro-
cessing chamber to reduce and eliminate potentially
derived atmospheric inputs. All samples for dissolved
trace metal analysis were passed through a 0.45-micron
filter to remove suspended material. Samples were
processed and preserved using procedures described by
Horowitz and others (1994).

Chemical analyses of water-quality samples
were completed by Montana Tunnels, Inc. Aluminum,
chromium, iron, manganese, nickel, silver, and zinc
were analyzed by inductively coupled plasma spectros-
copy. Arsenic, cadmium, copper, lead, and selenium
were analyzed by graphite furnace atomic absorption.
Mercury was analyzed by flow injection cold vapor/
hydride. Both graphite furnace atomic absorption and
flow injection cold vapor/hydride were used to deter-
mine concentrations of arsenic in bottom sediment
(U.S. Environmental Protection Agency, 1983). The
Montana Tunnels Laboratory participated in a standard
reference program and was certified by the USGS
National Water Quality Laboratory (NWQL), Denver,
Colo., for this project. The quality control and assur-
ance methods used by the Montana Tunnels Laboratory
are described in a Quality Assurance Manual (Montana
Tunnels Mining, Inc., 1997).

Suspended-sediment samples were analyzed for
concentration and particle-size distribution (percent
finer than 0.062 mm diameter) by the USGS sediment
laboratory in Helena, Montana. Methods and quality-
assurance procedures used to analyze suspended sedi-
ment are described by Lambing and Dodge (1993).

Bottom-sediment sampling

Bottom-sediment samples were collected in
varying water depths not exceeding 4 ft. Samples were
collected using a BMH-53 hand-held, stainless steel
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coring device. To provide a composite sample at each
site, several samples of bottom sediment were collected
at locations several feet apart and added together. Two
composited samples from different depths were
obtained from one location (sites R2A and R2B) to
determine whether trace-metal concentrations varied
with depth. Samples were collected from the upper 9
in. of the bottom sediments and were composited using
new, plastic kitchenware including a plastic spatula, a
plastic spoon, and a rinsed white dishpan. Equipment
was rinsed between samples using deionized water.
Composited bottom-sediment samples were stored and
shipped in plastic freezer bags. Samples were submit-
ted to the NWQL for the determination of total trace-
element concentrations in sediment.

Samples for trace-element analyses were air
dried in the laboratory and then crushed and sieved
through a 230-mesh (0.063-mm) nonmetal screen. The
fraction of particles smaller than 0.063 mm was
retained and analyzed using methods described in Sev-
erson and others (1987).

Quality Assurance

The effectiveness of quality-assurance practices
is measured by quality-control data that document pos-
sible sample contamination and reproducibility of ana-
lytical results. These data were provided by test
samples that consisted of a field-blank sample of deion-
ized water or a replicate environmental sample incor-
porated into the routine sample sets submitted to the
laboratory. A field-blank sample of deionized water is
treated as an environmental sample in all aspects,
including exposure to sampling equipment, sample
containers, filtration apparatus, chemical preservatives
in the field, holding times, and laboratory processing.
A replicate environmental sample is a volume of sam-
pled material split into subsamples in such a manner
that the physical and chemical characteristics of each
subsample are considered essentially identical in com-
position.

Quality-control samples comprised approxi-
mately 10 percent of the total number of water samples
submitted for analysis. Quality-control samples for
water-quality analyses consisted of two deionized
water blanks and two replicates per sampling trip. Two
replicate samples were analyzed by the NWQL to pro-
vide some comparison of analytical results from two
independent laboratories.

Deionized water blanks should contain no detect-
able concentrations of analytes. If detectable concen-
trations occur, then the magnitude and persistence of
the values need to be examined in order to evaluate the
possible source of contamination and subsequent effect
of bias in the overall database. When detection of an
analyte occurs in a sample blank, it is necessary to eval-
uate the potential effect on the corresponding environ-
mental sample results. In general, sample-blank
concentrations that are twice the minimum reporting
level or less are considered acceptable due to the limits
of precision at the minimum range of the analytical
method. Results for blank samples that are greater than
twice the minimum reporting level indicate possible
contamination introduced during either the sampling or
analytical process. A one-time detectable, small con-
centration of an analyte is too random to isolate the
source of contamination and will likely have little
effect on the overall bias of the database. However,
persistent occurrence of detectable concentrations in
blanks for the same constituent indicates that bias may
be widespread and the environmental data for that con-
stituent may be questionable. If the detectable concen-
trations are both large and persistent, all data for that
constituent are probably unreliable.

Measurable concentrations of some analytes
were detected in deionized water blanks during the
study. Zinc contamination of the field blanks was espe-
cially large and persistent. The concentration of dis-
solved zinc was 40 jLg/L in the June field blank, and the
concentration of total recoverable zinc was 100 ug/L in
the August field blank. Complicating this occurrence of
contamination indicated by high zinc concentrations in
field blanks was the fact that several environmental
samples had zinc concentrations below detection lev-
els. Thus, the contamination occurred in a very irregu-
lar pattern.

A suite of blank samples was prepared and ana-
lyzed in October 1997 to determine whether the spo-
radic zinc contamination could be associated with the
sample collection bottles or the acid used to preserve
water-quality samples. Five blank samples were pre-
pared using a combination of sample bottles and pre-
servatives from both the routine supplier used during
the study and from the NWQL. Two samples preserved
with nitric acid preservative from the routine supplier
had zinc concentrations of 10 and 70 ug/L, while sam-
ples preserved with nitric acid preservative provided by
the NWQL were free of detectable concentrations of
zinc.
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Based on these tests, it was determined that the
vials of nitric acid preservative contained variable, but
consistently measurable quantities of zinc and were
responsible for the contamination of the blanks. The
persistent and variable magnitude of contamination in
field blanks makes the zinc concentrations in environ-
mental samples questionable. In particular, zinc con-
centrations in environmental samples that were less
than the maximum concentration found in any field
blank (100 pg/L) may be unreliable. Therefore, the
minimum reporting level for zinc concentration for this
study was revised upward from 10 pg/L to 100 pg/L to
reflect the loss of resolution in the range affected by
contamination. Zinc concentration data were not used
to calculate zinc loads, or to make comparisons
between sites.

Copper, sodium, potassium, and magnesium
were sporadically found in field blank samples at con-
centrations slightly greater than twice the minimum
reporting level. Each constituent was found in only one
monthly sampling; therefore, the low concentration
and single occurrence of each was considered to have
no significant effect on the environmental data.

Sampling Sites and Potential Sources of Water-Quality
Degradation

Sampling sites were selected to provide broad
spatial coverage of streams throughout the upperTen-
mile Creek watershed (table 9). Sites for localized
characterization were also selected downstream from
inactive mines and waste-rock piles that were potential
sources of trace elements in water. The sites and poten-
tial sources of water-quality degradation are described
in the next section.

Headwaters Sampling Sites

Six sampling sites in the headwaters of Tenmile
Creek were located on Monitor Creek at mouth (site 1),
Tenmile Creek below Monitor Creek (site 2), Tenmile
Creek above Ruby Creek (site 3), Ruby Creek at mouth
(site 6), Banner Creek above city diversion (site 7), and
Banner Creek below city diversion (site 10). Most of
this part of the basin is public land managed by the U.S.
Forest Service, Helena National Forest. Under the cur-
rent forest plan, commercial logging activity is
restricted because the basin supplies municipal water
for Helena. Mine wastes associated with the Monitor

Creek Tailings, the SE SE S13 Mine, the Monte Cristo
Mine, the Peter Mine, the Woodrow Wilson Mine, the
Peerless Jenny/King Mine, and the Queensbury Mine

(fig. 1), are potential sources of trace elements in water
in the headwaters area.

Sampling Sites near Rimini

Six sampling sites were located near the historic
mining town of Rimini in the central portion of the
upper watershed. A substantial amount of mining took
place near Rimini at the Lee Mountain Mine, the Red
Water Mine, the Tenmile Mine, the Red Mountain
Mine, the Upper Valley Forge Mine, and the Valley
Forge/Susie Mine (fig. 1).

Poison Creek (site 11), a small, perennial tribu-
tary to Tenmile Creek, originates from a spring on the
west flank of Red Mountain. It was considered a likely
source of trace elements to Tenmile Creek because the
stream flows through waste rock piles at the Red
Mountain Mine site.

Tenmile Creek above city diversion (site 12) is
located at Rimini and is downstream from the Red
Water and Tenmile Mine sites. Water-quality condi-
tions at site 12 indicate the quality of water withdrawn
from Tenmile Creek for municipal use as a drinking-
water supply for Helena. Water-quality conditions for
Tenmile Creek below city diversion (site 13) were pre-
sumed to be identical to those for site 12. Water quality
was sampled once from the bridge at site 13 rather than
at site 12 because site 12, which has no bridge, could
not be waded during high flow.

Spring Creek (site 22) is a small perennial stream
that provides a relatively constant source of inflow to
Tenmile Creek in the town of Rimini. Site 22 is below
several small, unnamed mine sites. Tenmile Creek
below Spring Creek (site 23) is in the middle of the res-
idential area of Rimini and below discharges emanat-
ing from mine adits (entrances) at the Lee Mountain
Mine andValley Forge/Susie Mine.

Sampling Sites in the Beaver Creek Drainage

Three sampling sites were located in the Beaver
Creek drainage. Beaver Creek above tributary 3 (site
15) is just below Chessman Reservoir and provides an
indication of the quality of water released from the res-
ervoir. Beaver Creek tributary 2 (site 18) drains the
basin that includes the National Extension Mine site.
Beaver Creek above city diversion (site 20) i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>