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Upper Clark Fork River Basin

Storm Event Monitoring

Introduction

The Upper Glark Fork River Basin contains the Silver Bow Creek and
Anaconda Smelter Superfund sites, and has been.impacted by man and mining
activities for over 100 years. Due to the numerous impacts this river basin
has been exposed to, a number of studies and considerable amounts of data
have been collected, but much of it has been periodic in nature.

The intent of this study was to implement a monitoring and sampling
network to collect data and document water quality changes, if any, in Silver
Bow Creek from Butte to the Clark Fork River below the Warm Springs Ponds,
during summer thunderstorm events. Realizing that thunderstorms can be
spotty in the upper basin and can happen at any hour of the day and night,
emphasis was placed on remote methods of collecting data when field crews
were not on site. Discussions were held between the Montana Department of
Health and Environmental Sciences - Solid and Hazardous Waste Bureau (MDHES -
SHWB), U.S. Geological Survey (USGS), U.S. Environmental Protection Agency
(EPA), and the Montana Bureau of Mines and Geology (MBMG) to discuss key
areas and important water quality parameters. It was decided that, at the
two existing USGS gaging stations and at the two proposed gaging stations in
the upper basin, discharge, pH, specific conductance, water temperature, and
dissolved oxygen would be monitored continuously, and cadmium, chromium,
copper, lead, zinc, and arsenic, would be sampled as required. Iron,
manganese, sulfate, and aluminum were added to the sampling list to better

characterize stream water quality conditions.



Due to delays in the contract being finalized, work did not begin until
the latter part of July 1988, therefore 1988 monitoring continued through
October 1988. The 1989 season began in mid-March 1989 and continued through

June 1989.

Monitoring and Sampling Locations

Four sites were initially identified for monitoring and sampling
purposes, those being the existing USGS gaging station on Silver Bow Creek
below the Colorado Tailings, a site on Silver Bow Creek near Opportunity,
Stewart Street Bridge, the existing USGS gaging station on Warm Springs Creek
at Warm Springs, Montana, and a site on the Clark Fork River below the Warm
Springs Ponds, Perkins Lane Bridge. USGS gaging stations were installed at
the two locations that did not have existing gaging stations.

During late summer 1988, the USGS and MBMG decided to relocate the
Blacktail Creek gaging station that was part of their on-going cooperative
program in the upper basin. This gage was relécated on Blacktail Creek just
above its confluence with Silver Bow Creek. Therefore, this site was added
to the sampling routine during 1989; also, samples were collected on Missoula
Gulch during the 1989 sampling period. Figure 1 shows sampling and

monitoring locations, while Table 1 contains those sites description.

Monitoring and Sampling Methods
To implement the remote monitori .z portion of this study, Hydrolab Data
Sonde continuous monitors were used at each site. These monitors have the

ability to collect data at desired time intervals and for selected
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Table 1
U.S.G.S. Station Data

U.8.G.S. Drainage Area Datum
Name Number (square miles) (elevation, feet)

Blacktail Creek

at Butte, MT 12323240 95.4 5430
Silver Bow Creek

below Blacktail Creek

at Butte, MT 12323250 103 5410.87
Silver Bow Creek

at Opportunity, MT 12323600 284 4912 .37
Warm Springs Creek ‘

at Warm Springs, MT 12323770 163 4811.25
Clark Fork near

Galen, MT 12323800 793 4749 .24

parameters. The parameters monitored by these sondes were pH, temperature,
specific conductance, and dissolved oxygen.

Prior to each sondes deployment, they were calibrated in the lab, and
site location, monitoring interval, and monitoring start and stop date and
time were installed in the sondes memory. During the 1988 field season, the
sondes were placed in the field for one week intervals, while during the 1989
field season, they were placed for seven to ten day intervals. Field
parameters were measured once per week with portable field equipment as
quality control (QC) checks on data sonde data. Each sonde was picked up and
returned to the lab to download the collected monitoring parameter data to a
computer.

An ISCO flow.actuated sampler was used to.collect water quality samples

during storm events. During 1988, this sampler was rotated between the two



Silver Bow Creek sites, while during 1989 it was used at the Clark Fork River
site only.

The flow actuated sensor was affixed to a staff gage on site at a pre-
determined height above existing stream stage. Since no historical records
existed at the Silver Bow Creek site at Opportunity or Clark Fork River at
Perkins Lane, the height above the current stage to set the actuator was a
best guess estimate. Also, since no data existed at most of the sites
throughout the duration of a storm, it was uncertain at which point of the
storm hydrograph (rising limb, peak or falling limb) sampling should be
initiated and what time interval should be used between samples. During
1988, the time interval was 30 minutes between samples during the first
sampling event at Silver Bow Creek at Opportunity and 60 minutes during the
second event and 120 minutes during the third event, while the one Silver Bow
Creek event at the Colorado Tailings had a 60 minute interval between
samples. The 1989 sample interval at the Clark Fork River site at Perkins
Lane was 60 minutes.

Field crews also collected water quality samples during some point of
each storm event. The Warm Springs ponds retention time had a comnsiderable
affect on downstream response to storms, therefore samples collected during
the stream-storm hydrograph of the three sites above or adjacent to the ponds
was not similar to that point or the stream-storm hydrograph on the Clark
Fork River site at Perkins Lane. That is, the lag-time for stream response
at the Perkins Lane site was increased from start of storm to its affect on
flow or stream stage, due to the routing of the storm event through the Warm
Springs ponds. Most of the samples collected by field crews were depth

integrated samples using a DH-48 sampler, but there were several occasions



where grab samples were collected. Table 2 contains sample date, type of
sample, and collection method.

Three sample bottles were collected at each site during the 1988 field
season except at sites where flow activated samples were collected; at those
sites, four sample bottles were collected. Each set of samples had a 500 ml
raw untreated bottle, a 250 ml filtered untreated bottle and a 500 ml
filtered-acidified bottle, while the fourth sample bottle collected during
automatic sampling episodes was a 250 ml raw acidified bottle.

Filtered samples were field filtered through a 0.45 um filter, while
acidified samples were preserved with 1% HNO, acid. The raw sample was used
for laboratory measurements of pH, SC, hardness and alkalinity; the filtered
untreated sample was used for dissolved anion analysis, the filter acidified
sample was used for dissolved trace metal and major cations and the raw
acidified sample was used for bio-available trace metal and major cations

analysis.

Monitoring Results

The data quality parameters pH, specific conductance, temperature and
dissolved oxygen were monitored at the.four primary study stations for two
periods: (1) August to November, 1988, and (2) March to July, 1989.
Recording intervals varied from fifteen minutes to one hour resulting in a
vast data set which is available on soft media.

Typical data sets are presented below for each of the stations during
two characteristic base-flow periods and one storm event. One late summer or
early fall of 1988 day is tabulated and graphed followed by a spring of 1989
day. The final sets of data are a storm period and they include a four day

sequence.
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Silver Bow Creek Below Blacktail Creek at Butte, MT

Table 3 contains a complete record of the monitoring dates, recording
intervals and file names for this station. The file name was developed from
a single letter for the station (C - Colorado Tailings), and two digits for
the year, month and day ending the sampling period.

A typical non-storm event day (August 20, 1988) is presented in Table 4

and graphically represented in Figures 2 through 4b.

Table 3
Silver Bow Creek below Blacktail Creek at Butte, MT Monitoring Dates,
Intervals and File Names

Monitoring Dates Recording Intervals File Name
(minutes)
08/11/88 to 08/17/88 15 €880817
08/19/88 to 08/25/88 15 €880825
08/26/88 to 09/01/88 15 €880901
09/01/88 to 09/07/88 15 €880907
09/08/88 to 09/15/88 18 - €880915
09/15/88 to 09/22/88 20 €880922
09/22/88 to 09/29/88 20 €880929
09/29/88 to 10/06/88 20 C881006
10/06/88 to 10/13/88 20 881013
10/13/88 to 10,/20/88 20 €881020
10/20/88 to 10/27/88 20 C881027
10/27/88 to 11/03/88 20 C881103
03/10/89 to 03/17/89 30 ' C890317
04/03/89 to 04/17/89 60 C890417
04/18/89 to 04/27/89 30 C890427
04/27/89 to 05/05/89 30 €890505
05/05/89 to 05/17/89 30 €890517
05/17/89 to 05/26/89 30 €890526
05/26/89 to 06/08/89 30 €890608
06/08/89 to 06/22/89 30 C890622
06/22/89 to 07/05/89 30 C890705
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Table 4
Silver Bow Creek Below Blacktail Creek
at Butte, MT on August 20, 1988

Specific
Conductance Dissolved

Discharge (umhos/cm Temperature Oxygen

(c£s) pH @ 25° C) (° ©) (mg/1)
Mean 14 7.2 483 15.4 4.5
Std. Dev. 3 0.09 27 1.8 6.8
Maximum 19 7.4 530 18.4 5.5
Minimum 9 7.1 400 12.8 3.3

Discharge at this station was strongly affected by Metro Sewer’'s effluent and
Figure 2 shows the typical daily variation. Observed diurnal variations in
pH were very small, but the afternoon rise shown in Figure 3a correlates well
with the anticipated photosynthesis and the dissolved oxygen increase
indicated in Figure 4a. Specific conductance was highly erratic with no
apparent interpretation. Temperature (Figure 4a) showed a well behaved
diurnal with a low near 0700 hours and a greater than five degrees centigrade
rise to a high near 1700 hours. Dissolved oxygen (Figure 4b) was a highly
variable parameter and it ranged from a nighttime low of 3.3 mg/l to a
daytime high of 5.5 mg/l. Saturation values for dissolved oxygen were low at
41 to 65 percent and indicate a dominance of respiration over photosynthesis.
A typical early spring day (May 1, 1989) is tabulated in Table 5 and

represented graphically in Figures 5, 6, and 7.

12



Table 5
Silver Bow Creek Below Blacktail Creek
at Butte, MT on May 1, 1989

Specific
Conductance Dissolved
Discharge (umhos/cm Temperature Oxygen
(c£s) pH @ 25° C) C ©) (mg/1)

Mean 22.8 7.1 375 9.6 8.0
Std. Dev. 2.9 0.04 3 2.6 0.4
Maximum 26 7.2 384 13.4 8.6
Minimum 18 7.0 369 6.0 7.2

Discharge (Figure 5) varied eight cfs over the 24 hour period and pH
(Figure 6a) and specific conductance (Figure 6b) were basically steady at 7.1
and 375 umhos, respectively. Temperature (Figure 7a) showed a large diurnal
variation of over seven degrees centigrade. Dissolved oxygen (Figure 7b)
values were a maximum at a minimum temperature indicating solubility control.
Observed minimum and maximum values were 7.2 mg/l and 8.6 mg/l, respectively,
and the associated dissolved oxygen saturation values were 77 percent and 94
percent, respectively.

A small storm with just a trace of precipitation affected large changes
in the monitored parameters on June 27, 1989 (NOAA, 1989). Discharge is
given in Figure 8 and shows the rapid response typical of headwaters
hydrology. The important parameter pH deviated from the diurnal cycle with a
drop of 0.4 pH units (Figure 9a), and this correlated with a high specific
conductance of 424 umhos/cm. Figure 9b shows that the specific conductance
initially dropped to 226 umhos/cm before the rapid rise to a maximum. Storm
related changes in temperature (Figure 10a) and dissolved oxygen (Figure 10b)

were also detected and can easily be explained by cloud cover and cool rain.

13
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Silver Bow Creek at Opportunity, MT
Table 6 contains a complete record of the data available for this
station. A typical late summer day is tabulated in Table 7, for August 20,

1988, but discharge data is for August 19, 1988 because of a stopped clock.

Table 6
Silver Bow Creek at Opportunity, MT
Monitoring Dates,
Intervals and File Names

Monitoring Dates Recording Intervals File Name
(minutes)
08/12/88 to 08/17/88 15 5880817
08/19/88 to 08/25/88 15 $880825
09/01/88 to 09/07/88 15 5880907
09/08/88 to 09/15/88 18 S$880915
09/15/88 to 09/22/88 20 5880922
09/22/88 to 09/29/88 20 $880929
09/29/88 to 10/06/88 20 $881006
10/06/88 to 10/13/88 20 5881013
10/13/88 to 10/20/88 20 , 5881020
03/13/89 to 03/27/89 60 5890327
04/14/89 to 04/25/89 30 5890425
04/25/89 to 05/04/89 30 $890504
05/04/89 to 05/16/89 30 : S$890516
05/16/89 to 05/25/89 30 S890525
05/25/89 to 06/06/89 30 S890606
06/06/89 to 06/20/89 30 S$890620
06/20/89 to 07/05/89 30 S890705
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Table 7
Silver Bow Creek at Opportunity, MT
on August 20, 1988

Specific

Conductance Dissolved

Discharge’ (umhos/cm Temperature Oxygen

(cfs) pH @ 25° C) o (mg/1)
Mean 17 9.3 437 15.3 10.3
Std. Dev. 2 0.7 29 2.9 2.7
Maximum 19 10.3 500 20.3 14.8
Minimum 14 8.1 380 11.3 7.1

"August 19, 1988

Discharge is presented in Figure 1l and the diurnal variation is
probably a continued reflection of Metro Sewer's influence. Figure 12a shows
a very strong pH diurnal and this combined with the dissolved oxygen
variation shown in Figure 13b indicates an important photosynthesis impact.
This is confirmed by dissolved oxygen saturation values which peaked at a
very high value of 188 percent. Specific conductance (Figure 12b) also has a

diurnal variation, but temperature (Figure 13a) has a much larger variation.
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May 1, 1989 is summarized in Table 8 and presented in Figures 14, 15a,

15b, 16a, and 16b which is representative of a typical spring day.

Table 8
Silver Bow Creek at Opportunity, MT
on May 1, 1989

Specific

Conductance Dissolved

Discharge (umhos/cm Temperature Oxygen

(cfs) pH @ 25° ©) 0 (mg/1)
Mean 72 8.0 317 9.2 10.3
Std. Dev. 5 0.2 7 2.6 0.8
Maximum 80 8.4 333 13.2 11.8
Minimum 67 7.8 302 5.0 9.2

Discharge (Figure 14) varied about ten percent above and below the mean. The
pH (Figure 15a), temperature (Figure 16a) and dissolved oxygen (Figure 16b)
all showed a stromg, repeatable, diurnal variation. Specific conductance

(Figure 15b) was very steady at about 320 umhos/cm.
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The impact of the storm of June 27, 1989 (0.03 inches, NOAA, 1989) is
presented in Figures 17, 18a, 18b, 19a, and 19b. Discharge is given in
Figure 17 where the diurnal cycle was briefly interrupted by the storm
runoff. The pH (Figure 18a) had a very strong diurnal cycle and storm runoff
depressed the pH up to 0.5 units. Typically pH was near 7.5 at 0200 hours
except during the storm when pH fell to 7.0. Lower pH values and higher
specific conductance values correlated daily and during the storm. The
minimum pH of 7.0 and the maximum specific conductance of 502 umhos/cm
occurred nearly simultaneously and lagged the peak discharge by two hours.
Temperature and dissolved oxygen are presented in Figure 19a and 19D,
respectively, where they appear to have been impacted more by stormy weather

(lack of sun energy) than the storm discharge.
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Warm Springs Creek at Warm Springs, MT

Table 9 contains a listing of the data files available for this
monitoring station. Three sets of data were selected to represent typical
base-flow periods (fall and spring) and a storm event. This station does not
contain as complete a data set for 1988 due to the low water conditions at
this site where the depth of water was not sufficient to submerge the data

sondes until early October.

Table 9
Warm Springs Creek at Warm Springs, MT
Monitoring Dates,
Intervals and File Names

Monitoring Dates Recording Intervals File Name
(minutes)
10/07/88 to 10/13/88 20 : w8g81013
10/13/88 to 10/20/88 20 W881020
10/20/88 to 10/27/88 20 w881027
10/27/88 to 11/03/88 20 w881103
04/27/89 to 05/05/89 30 w890505
05/05/89 to 05/17/89 30 Ww890517
05/17/89 to 05/26/89 30 W890526
05/26/89 to 06/08/89 30 Ww890608
06/08/89 to 06/11/89 30 W890611
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October 8, 1988 was chosen as representative of Warm Springs Creek
during base flow in the late summer or fall and general statistics are

tabulated in Table 10.

Table 10
Warm Springs Creek at Warm Springs, MT
on October 8, 1988

Specific

Conductance Dissolved

Discharge (umhos/cm Temperature Oxygen

(cfs) pH @ 25° ¢ ¢ © (mg/1)
Mean 5.2 7.9 1301 9.9 7.1
Std. Dev. 0.2 0.1 7 1.4 0.7
Maximum 5.4 8.1 1315 12.1 8.2
Minimum 5.0 7.8 1284 7.7 6.2

The data for this day are graphically presented in Figures 20, 2la, 21b, 22a,
and 22b. Discharge (Figure 20) and the specific conductance (Figure 21b),
were basically stable during the twenty-four hour period. The pH (Figure
21a) and dissolved oxygen (Figure 22b) followed typical photosynthesis
patterns with both rising and falling in near ﬁnison. Dissolved oxygen
saturation values ranged from 67 to 88vpercent. Temperature (Figure 22a) was
a well behaved diurnal cycle with a peak to peak change of over four degrees

centigrade.

34



00¥¢

886l ‘80 30100 NO FOMVYHOSIA — 0Z 3FdNol4

ApQg jo swi|
008t 00dl 009

1N ‘SONRIAS WHVM LV M0 SONRIDS WHVYM

ol

(s)0) ebuoyosig



pH

October 8, 1988

805 1

Iz 4
o4 8 M

7.5
7 T T T 1
0 800 1200 1800 2400
Specific Conductance
October 8, 1988
1400 -

1350

W

Specific Conductance (umhos)

1200 i T T
0 600 1200 1800 2400

Time of Day
FIGURE 21 — WARM SPRINGS CREEK AT WARM SPRINGS, MT




Temperature
October 8, 1988

i Y - wd
ot 18 G E
1 A 1 i

Temperature (oC)
© o

6 7 T 1 1
0 800 1200 1800 2400

Dissolved Oxygen

October 8, 1988
10 -

@w
L

Dissolved Oxygen (mg/!)

5 T T 1 1
0 600 1200 1800 2400

Time of Day
 FIGURE 22 — WARM SPRNGS CREEK AT WARM SPRINGS, MT



A typical spring day was represented by May 1, 1989 and this day is
tabulated in Table 11. The discharge data are presented in Figure 23 and
daily variation was near ten percent. The pH (Figure 24a) had a large
diurnal wvariation at 0.6 pH units.

Table 11

Warm Springs Creek at Warm Springs, MT
on May 1, 1989

Specific
Conductance Dissolved

Discharge (umhos/cm Temperature Oxygen

(cfs) pH @ 25° C) ¢ © (mg/1)

Mean 45 8.2 429 9.2 10.4
Std. Dev. 1.2 0.2 13 2.0 1.2
Maximum 46 8.5 458 12.0 12.2
Minimum 41 7.9 414 5.8 8.8

Most if not all of this variation can be explained by photosynthesis.
Dissolved oxygen (Figure 25b) peaks early in the day at a low temperature
(Figure 25a) indicating a solubility control in the morning and
photosynthesis dominance in the afternoon. This hypothesis may be
substantiated by the saturation values of near 92 percent in the morning and
127 percent in the afternoon. Specific conductance (Figure 24b) had a midday
low, but little daily variation.

A small storm impacted the Warm Springs Creek watershed on June 5, 1989
and the storm period is presented in Figures 26, 27a, 27b, 28a, and 28b
Discharge, pH, temperature and dissolved oxygen all showed steady diurnal
variations. Discharge (Figure 26) was slowly increasing while specific
conductance (Figure 27b) and pH (Figure 27a) were characteristically
decreasing. Figures 28a and 28b show temperature and dissolved oxygen,

respectively, and no major variation was evident.
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Clark Fork Near Galen, MT

A complete listing of monitoring dates, recording intervals and file
names is presented in Table 12. Two days and one storm event were selected
as representative of the typical daily variations and ranges of monitoring

results encountered.

Table 12
Clark Fork near Galen, MT
Monitoring Dates,
Intervals and File Names

Monitoring Dates Recording Intervals File Name
(minutes)
08/12/88 to 08/18/88 15 P880818
08/19/88 to 08/25/88 15 P880825
08/26/88 to 09/01/88 15 P88090L
09/01/88 to 09/08/88 15 P880908
09,/08/88 to 09/15/88 18 P880915
09/15/88 to 09/22/88 20 P880922
09/22/88 to 09/29/88 20 P880929
09/29/88 to 10/06/88 20 P881006
10/06/88 to 10/13/88 20 pP881013
10/13/88 to 10/20/88 20 P881020
10/20/88 to 10/27/88 20 P881027
10/27/88 to 11/03/88 20 P881103
03/13/89 to 03/27/89 60 . P890327
03/30/89 to 04/14/89 60 P890414
04/14/89 to 04/25/89 30 P890425
04/25/89 to 05/04/89 30 P890504
05/04/89 to 05/16/89 30 P890516
05/16/89 to 05/25/89 30 P890525
05/25/89 to 06/06/89 30 P890606
06/07/89 to 06/20/89 30 P890620
06/20/89 to 07/05/89 30 ‘ P890705
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August 20, 1988 was chosen as typical of base-flow conditions during

late summer and the monitoring results are tabulated in Table 13.

Table 13
Clark Fork Near Galen, MT
on August 20, 1988

Specific

Conductance Dissolved

Discharge (umhos/cm Temperature Oxygen

(cfs) pH @ 25° ¢) ¢ © (mg/1)
Mean 9.6 8.1 653 17.4 7.2
Std. Dev. 0.4 0.2 11 1.4 1.4
Maximum 9.9 8.4 670 20.2 9.2
Minimum 9.0 7.9 620 15.3 5.6

Discharge (Figure 29) was nearly steady at 9.6 cfs, and specific conductance
(Figure 30b) was also steady with a mean value of 653 umhos/cm. In contrast,
pH (Figure 30a), temperature (Figure 3la) and dissolved oxygen (Figure 31b)
all showed strong diurnals. Once again, pH and dissolved oxygen appeared to
be coupled by strong photosynthesis during the afternoon. The pH increased
0.5 units from 7.9 to 8.4 and dissolved oxygen increased simultaneously 3.6
mg/l from a nighttime low of 5.6 mg/l to an afternoon high of 9.2 mg/1.
Dissolved oxygen saturation varied from a nighttime low of 66 percent
indicating respiration was significant to an afternoon high of 119 percent

also indicating significant photosynthesis.
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Table 14 gives the basic statistics for May 1, 1989 a typical spring day

at this station.

Table 14
Clark Fork Near Galen, MT
on May 1, 1989

Specific

Conductance : Dissolved

Discharge (umhos/cm Temperature Oxygen

(cfs) pH @ 25° C) ¢ © (mg/1)
Mean 149 8.2 409 10.2 9.4
Std. Dev. 3 0.2 5 1.5 0.9
Maximum 154 8.6 418 12.5 10.7
Minimum 141 7.9 402 7.8 8.3

Discharge (Figure 32) showed a slight two percent diurmal that was consistent
day to day. Specific conductance (Figure 33b) was stable near 409 umhos/cm
with about a one percent diurnal. Temperature (Figure 34a) followed a strong
diurnal pattern with a peak to peak change of nearly five degrees centigrade.
Once again, the biological interaction between pH (Figure 33a) and dissolved
oxygen (Figure 34b) was evident. Dissolved oxygen saturation was high with a
minimum near 88 percent at night and a maximum of 113 percent mid to late
afternoon.

This station was located just downstream of the Warm Springs Ponds and
therefore storm events above the ponds were mitigated as they were routed
through the ponds. Discharge (Figure 35) was affected by the 0.65 inch storm
of June 15-16, 1989 (ARCO, July 1989) and nearly doubled from the base-flow

rate of 220 cfs to the storm'peak of 436 cfs. The pH (Figure 36a) was
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slightly depressed during the storm event and the diurnal pattern was reduced
in amplitude. Specific conductance (Figure 36b) showed the characteristic
inverse relationship with discharge and reached a minimum of 190 umhos/cm as
the discharge peaked. Temperature (Figure 37a) and dissolved oxygen (Figure
37b) showed a pattern similar to the pH with their typical diurnal

fluctuations depressed during the storm event.

Quality Control: Monitoring

Standard methods were utilized to calibrate the continuous monitors
prior to placement. Once during eacﬁ monitoring period and at each station
an independent quality control measurement was made of all parameters. The
quality control instruments were also calibrated in a standard method prior
to utilization. The complete results of this quality control program may be
found in Appendix A. This individual quality control data will be the most
useful in assessing the validity of individual data sets.

Averaged quality control data may be uéeful to assess the general
validity of the data sets and general conclusions that may be drawn from
these data. Table 15 is a summary of the pH quality control data and the
year average values were 0.31 and 0.40 for 1988 and 1989, respectively.
Specific conductance is summarized in Table 16 with mean yearly values of 66
and 37 umhos/cm for 1988 and 1989, respectively. Mean temperature quality
control values are presented in Table 17 with average values of 1.2° C and
1.0° C for 1988 and 1989, respectively. The final summary table (Table 18)
contains dissolved oxygen data and presents yearly means of 1.3 and 1.5 mg/1

for 1988 and 1989, respectively.
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Table 15: Quality Control; Mean Absolute pH Difference

Statlon 1988 1989

Silver Bow Creek
Below Blacktail Creek

at Butte, MT 0.26 0.22
Silver Bow Creek

at Opportunity, MT 0.34 0.42
Warm Springs Creek

at Warm Springs, MT 0.23 0.58
Clark Fork

near Galen, MT 0.41 0.37
Yearly Mean 0.31 0.40
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Table 16: Quality Control; Mean Absolute Specific Conductance Difference
(umhos/cm @ 25° G)

Station 1988 1989

Silver Bow Creek

Below Blacktail Creek

at Butte, MT 70 38

Silver Bow Creek

at Opportunity, MT 47 52
Warm Springs Creek

at Warm Springs, MT 53 27
Clark Fork

near Galen, MT 94 31
Yearly Mean 66 37
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Table 17: Quality Control; Mean Absolute Temperature Difference
(Degrees Celsius)

Station 1988 1989

Silver Bow Creek

Below Blacktail Creek

at Butte, MT 1.3 0.9

Silver Bow Creek

at Opportunity, MT 1.3 1.2
Warm Springs Creek

at Warm Springs, MT 1.5 0.8
Clark Fork

near Galen, MT 0.8 0.9
Yearly Mean 1.2~ 1.0
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Table 18: Quality Control; Mean Absolute Dissolved Oxygen Difference (mg/l)

Station 1988 1989
Silver Bow Creek

Below BRlacktail Creek

at Butte, MT 0.7 1.2

Silver Bow Creek

at Opportunity, MT 1.5 1.5
Warm Springs Creek

at Warm Springs, MT 2.1 1.8
Clark Fork

near Galen, MT 1.0 1.4
Yearly Mean 1.3 1.5
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Summary and Conclusions
Monitoring

The monitoring results indicated that the four main stations had complex
base-flow diurnal fluctuations, and a majority of these fluctuations are a
normal response to the sun’s energy. Temperatﬁre, pH, and dissolved oxygen
all rose and fell in rhythm with the sun at explainable lag times because of
biological and chemical influences. Temperatures had large diurnal
variations often reaching high values near 20°C during the summer. Dissolved
oxygen was often super saturated during the afternoon and had nighttime
levels below 6 mg/l at two stations: Silver Bow Creek below Blacktail Creek
at Butte, MT and Glark Fork near Galen, MT. These nighttime lows may be a
secondary effect of excess nutrients. Specific conductance was lower in the
spring than summer and appeared to increase lower in the watershed. The pH
increased lower in the watershed and diurnally in the afternoon.

Storm events did affect menitoring parameters. Specific conductance
decreased with increasing discharge except for a sharp rise to a maximum
following the discharge peak. This lagging rise in specific conductance
correlated well with a decrease in pH and may provide a good parameter to
trigger storm event sampling at certain locations. Because of dominant
diurnal variations, a sampling trigger may have to be more of a variation

from the normal trend than an absolute value.

WATER QUALITY SAMPLING RESULTS
Concentration results obtained in this study will be compared to both
the acute and chronic standards for the Aquatic Life-Water Quality Criteria.

Table 19 contains these standards for selected parameters.
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Table 19
WATER QUALITY CRITERIA STANDARDS™
(Concentrations in ug/l)

Parameter Acute® Chronic®
Arsenic 360 190
Cadmium 6.4 1.6
Copper 27 17
Iron® 1000

Lead 142 5.6
Zinc 170 154

1) Clean Water Act; 40 CFR Part 131; total recoverable metals;
Table modified from CDM, 1988,

a) l-hour average (acute); hardness = 155 mg/1

b) Four-day average (chronic); hardness = mg/l

¢) Daily maximum
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This is the same methodology utilized by the Wéter Quality Bureau in their
Clark Fork Basin Monitoring program (Ingman, 1990) and previous work
completed by the Montana Department of Fish, Wildlife and Parks (Phillips and
others, 1987). When calculating mean and minimum values for dissolved,
bio-available and total recoverable concentratioms, only values above the
detection limit were used. Appendix B contains selected water quality

results for 1988 and 1989 sampling.

BLACKTAIL CREEK AT BUTTE, MT

This station was added to the 1989 list of monitoring stations in an
attempt to categorize the quality of water entering Silver Bow Creek. At
Blacktail Creek's confluence with Silver Bow Cfeek (SBC), Blacktail comprises
the major flow of water, therefore characterizing this water was deemed
important. The USGS gaging station on Blacktail Creek was moved from the
upper basin to its present location (point of monitoring) during late 1988,
thus providing continuous flow records.

There were nine sampling periods at this location during 1989. Flows
ranged from 14 to 31 cubic feet per second (cfs) with the mean being 23 cfs.
Samples represented numerous flow conditions, those being spring base flow,
spring runoff (snow melt), and storm event runoff from both snow and rain

storms. Table 20 contains selected analytical results at this site.

Dissolved Concentrations - 1989

Dissolved concentration (filtered-acidified) samples were collected
during all nine sampling periods. Copper concentrations ranged from 7 ug/l
to 28 ug/1l with 14 ug/l the mean. These concentrations equalled or exceeded

the aquatic life chronic standard (17 ug/l) three times, while the acute
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standard (27 ug/l) was exceeded once. None of the other parameters exceeded
the aquatic life standards. Arsenic concentrations ranged from 4.3 ug/l to

7.9 ug/l, with 5.7 ug/l the mean.
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TABLE 20
SELECTED ANALYTICAL RESULTS AND STATISTICS
BLACKTAIL CREEK NEAR BUTTE, MT (ABOVE CONFLUENCE WITH SILVER BOW CREEK)

DISSOLVED CONCENTRATION

DATE TIME FLOW Fe Mn Al Cu Pb Zn As
(MM/DD/YR) (HRS)  (cfs) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)
04/07/89 09:20 27 400 280 50 9 <40 100 7.0
04/14/89 11:46 20 340 97 <30 7 <40 29 5.2
04/21/89 11:20 16 210 100 <30 10 <40 36 5.1
04/22/89 06:45 27 200 120 <30 12 <40 54 5.9
04/28/89 12:34 14 210 150 <30 10 <40 37 5.0
05/15/89 16:10 22 130 100 78 24 <40 77 7.9
05/15/89 20:18 29 82 73 <30 28 <40 25 5.9
05/28/89 19:10 31 79 69 <30 9 <40 26 4.3
06/27/89 14:15 25 81 96 <30 17 <40 50 5.4
MEAN== 23 192 121 64 14 48 5.7
MAX===> 31 400 280 78 28 100 7.9
MIN=== 14 79 69 50 7 25 4.3
NUMBER=> 9 9 9 2 9 0 9 9

BIOLOGICALLY AVAILABLE CONCENTRATION
DATE TIME FLOW Fe Mn Al Cu Pb Zn As

(MM/DD/YR) (HRS)  (cfs) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

04/07/89 09:20 27 1320 240 280 16 60 38 9.4
04/14/89 11:46 20 83 110 150 14 150 19 5.4
04,/21/89 11:20 16 72 110 240 17 <40 33 6.2
04/22/89 06:45 27 1220 200 690 39 80 71 11.0
04/28/89 12:34 14 520 130 <30 9 <40 93 3.9
05/15/89 16:10 22 1100 210 680 72 <40 150 12.0
05/15/89 20:18 29 850 140 380 44 <40 130 10.0
05/28/89 19:10 31 1090 180 490 45 <40 119 11.0
06/27/89 14:15 25 440 130 80 101 <40 174 7.6
MEAN== 23 900 160 374 40 97 92 8.5
MAX === 31 1320 240 690 101 150 174 12.0
MIN===> 14 440 110 80 9 60 19 3.9
NUMBER=> 9 9 9 8- 9 3 9 9

TOTAL RECOVERABLE CONCENTRATION
DATE TIME FLOW Fe Mn Al Cu Pb Zn As

(MM/DD/YR) (HRS)  (cfs) (ug/l) (ug/l) (ug/1) (ug/l) (ug/l) (ug/l) (ug/l)

05/28/89 19:10 31 5110 220 4100 70 <40 135 12.0
MEAN== 31 5110 220 4100 70 135 12.0
MAX === 31 5110 220 4100 70 135 12.0
MIN=== 31 5110 220 4100 70 135 12.0

NUMBER= 1 1 1 1 1 0 1 1
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Bio-available Concentrations - 1898

Bio-available (raw-acidified¥ filtefed after 24-hoﬁrs) concentration
samples were collected during all nine sampling periods also. Iron
concentrations ranged from 440 ug/l, to 1,320 ug/l with 900 ug/1 the mean.
These values exceeded aquatic life standards (1000 ug/l) in four of the nine
samples, while the mean concentration for iron is over four-fold the mean
dissolved concentration (192 ug/l).

Copper concentrations ranged from 9 ug/l to 101 ug/l, with 40 ug/l the
mean. Six of nine samples for copper equalled or exceeded the chronic
aquatic life standard, while five of these six also exceed the acute
standard. The mean concentration is over twice that shown for the dissolved
fraction.

Zinc concentrations for bioc-available analysis ranged from 19 ug/l to
174 ug/1l, with 92 ug/l the mean. These concentrations exceeded the acute
(170 ug/l) and chronic (154 ug/l) standards only once, but its mean
concentration (92 ug/l) was almost twice that shown for the dissolved
fraction (48 ug/l).

Arsenic concentrations ranged from 3.9 ug/l to‘12 ug/l, with 8.5 ug/1
the mean. These conscentrations once again did not exceed aquatic life
standards. The mean arsenic concentration (8.5 ug/l) was 50% greater than
the mean dissolved arsenic value (5.7 ug/1).

Total Recoverable Concentrations - 1989

Total recoverable samples were collected during one sampling period to

compare with bio-available concentrations. Concentrations of iron and

aluminum were 5,110 ug/l and 4,100 ug/l respectively.
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These concentrations showed the greatest increase, with iron increasing
almost five-fold, while aluminum increased over eight-fold from biologically

available concentrations.

MISSOULA GULCH

This station was also added during the 1989 monitoring period. Missoula
Gulch and Butte-Silver Bow’s Sewage Treatment Plant are the major point
source contributors to SBC in this portion of the stream, therefore it was
felt the addition of this site was a pertinent addition to the monitoring
network.

Flow rates were calculated by timing the filling of a 5 gallon bucket as
water came out of culverts running under Centennial Avenue. Seven samples
were collected at this location and flows ranged from 0.11 cfs to 1.10 cfs
with 0.54 cfs being the mean. Table 21 contains concentration and

statistical data for samples collected at this location.

Dissolved Concentrations - 1989

Cadmium concentrations ranged from 2 ug/l to 36 ug/l, with 11 ug/l the
mean. These concentrations exceeded the acute aquatic life standard (6.4
ug/l) during 3 of the 7 sampling periods, while 6 of the 7 periods exceeded
the chronic standard of 1.6 ug/l.

Copper concentrations ranged from 73 ug/l to 435 ug/l, with 145 ug/l the
mean, while zinc concentrations ranged from 310 ug/l to 6720 ug/l, with
2171 ug/1 the mean. All seven periods showed both the acute (27 ug/l) and

chronic (17 ug/l) copper standards being exceeded by considerable amounts,
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DATE

04/07,/89
04/14/89
04/21/89
04/28,/89
05/15/89
05/28/89
06/27,/89

MEAN==
MAX ===
MIN===
NUMBER=>

DATE

04/07,/89
04/14,/89
04/21/89
04/28/89
05/15/89
05,/28/89
06/27/89

MEAN==
MAK s
HIN===>
NUMBER=>

DATE

TABLE 21

SELECTED ANALYTICAL RESULTS AND STATISTICS

TIME
(MM/DD/YR) (HRS)

09:
12:
12:
13:
18:
21:
16:

55
47
00
10
00
15
30

TIME
(¥M/DD/YR) (HRS)

09
12

155
147
12:
13:
18:
21:
16:

00
10
06
15
30

TIME
(MM/DD/YR) (HRS)

05/28/89 21:15

MEAN==
MAK ===
MIN===>
NUMBER=>

MISSOULA GULCH (AT CENTENNIAL AVE)

DISSOLVED CONCENTRATION
FLOW Fe Mn Al Cu

Pb

Zn

As

(cfs) (ug/l) (ug/l) (ug/l) (ug/1l) (ug/1) (ug/1l) (ug/l)

.22 7 1.370 <30 130
.33 20 1.330 <30 140
.56 13 1.320 <30 - 80
11 26 1.060 <30 76
1.10 120 .310 129 82
.89 61 .340 <30 73

N/A 26 4.200 140 435

.54 39 1.419 135 145
1.10 120 4.200 140 435
1 7 .310 129 73
6 7 7 2 7

BIOLOGICALLY AVAILABLE CONCENTRATION

FLOW Fe Mn Al Cu

<40

90
<40
<40
<40
<40
<40

90
90
90

1

Pb

2310
2250
1700
1250

310

658
6720

2171
6720
310
7

in

(cfs) (ug/l) (ug/1l) (ug/l) (ug/l) (ug/l) (ug/l)

.22 1530 1570 1080 490
.33 1200 1490 880 440
.56 5050 2690 3600 930
.11 2050 2760 2470 730
1.16 3380 4730 708 1690
.89 580 650 510 320
N/a 1750 4690 1270 670

.54 2220 2650 1503 753
1.10 5050 4730 3600 1690
.11 580 650 510 320
6 7 7 7 7

TOTAL RECOVERABLE CONCENTRATION
FLOW Fe Mn Al Cu

(cfs) (ug/l) (ug/1) (ug/l) (ug/l)
.89 4150 810 3210 311
.89 4150 810 3210 311
.89 4150 810 3210 311

.89 4150 810 3210 311
1 1 1 1 1
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100
190
260
1220
2080
140
230

603
2080
100
7

Pb
(ug/1)

130

130
130
130

1

3770
3550
5300
4780
8820
1330
8590

5163
8820
1330

7

Zn
(ug/1)

1440

1440
1440
1440

1

[N C R i S ¢ AN
AN OO =

[y
[y
~N oy O O

As
(ug/L)

14,
11.
30.
18.
78.
11.
25.

S OOOOODODO O

26.
78.
11.

~N O O~

As
(ug/1)

17.0

17.0
17.0
17.0
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while zinc concentrations also exceeded both the acute (170 ug/l) and chronic
(154 ug/l) standards by excessive amounts.

Arsenic concentrations ranged from 2.6 ug/l to 11 ug/l, with 6 ug/l the
mean. These concentrations were considerably below the aquatic life

standards.

Bio-available Concentrations - 1989

Bio-available samples were collected during all seven sampling periods.
Iron concentrations exceeded aquatic life criteria during 6 of the 7 periods.
Iron concentrations ranged from 580 ug/l to 5050 ug/l, with a mean of 2220
ug/l. These concentrations are considerably gfeater than dissolved
concentrations, and mean concentration is almost 200-fold (200X) greater than
the mean dissolved concentration.

Cadmium concentrations ranged from 14 ug/l to 91 ug/l, with 36 ug/l the
mean, while copper concentrations ranged from 320 ug/l to 1690 ug/l, with 753
ug/l the mean. These cadmium values exceeded both of the aquatic life
standards during 6 of 7 sampling periods also, while copper concentrations
exceeded both of the aquatic life standards by over an order of magnitude (at
a minimum) during all seven sample periods; Bio-available mean copper
concentrations exceeded dissolved mean concentration by five-fold.

Zinc followed the same trend as copper with all seven sampling periods
having concentrations greatly exceeding standafds. Zinc concentrations
ranged from 1330 ug/l to 8820 ug/i, with the mean being 5163 ug/l. Bio-

available mean zinc concentrations exceeded mean dissolved concentration two-

fold.
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Arsenic concentrations ranged from 11 ugl to 78 ug/l, with a mean of
26.7 ug/l. These concentrations were at least double the dissolved values,
while still not exceeding the aquatic life criteria, but the Safe Drinking

Water Act standard of 50 ug/l was exceeded on one occasion (78 ug/l).

Total Recoverable Concentrations - 1989

Total recoverable samples were collected during one sampling
period (5/28/89) at this site. Iron concentration was 4,150 ug/l which
exceeds the bio-available concentrations by over seven-fold. Aluminum
concentration was 3,210 ug/l which is over-six fold the bio-available value.
Arsenic concentration was 17 ug/l which is 50% greater than bio-available
value. Copper, lead and zinc concentrations were essentially the same as

bio-available concentrations collected on this same date.
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SILVER BOW CREEK BELOW BLACKTAIL CREEK AT BUTTE, MT

This station was part of the 1988 and 1989 sampling progrém. During
1988, 14 sampling events occurred, while 10 sampling events occurred during
1989. Stream flows in 1988 varied from 14 cfs to 98 cfs, with 39 cfs being
the mean, while stream flows during 1989 varied from 19 cfs to 127 cfs with
54 cfs being the mean. Stream flows represent low flow (minimum recorded by
USGS for period of record), spring runoff base flow and storm event runoff
flows for both melting snow and rain events. Sample results therefore
represent those same conditions. Table 22 contains selected water quality

results for this site.

Dissolved Concentrations - 1988

Four of the fourteen 1988 samples represent base flow conditions with
one of the four collected during the all-time low flow (USGS, 1989),
therefore establishing low flow concentrations. Seven of the fourteen 1988
samples were collected during one storm event via the automatic sampler.

Copper concentrations ranged from 71 ug/l, to 250 ug/l with 158 ug/l the
mean. Those concentrations exceed both the acﬁte and chronic aquatic life
standards (27 ug/l and 17 ug/l, respectively). The low flow (9/5/88)
concentration (71 ug/l) exceeded the acute standard by two-fold, while
exceeding the chronic standard over four-fold. The maximum storm event
sample concentration of 250 ug/l exceeded the acute and chronic standards by
over nine-fold and fourteen-fold, respectively.

Zinc concentrations followed the same trend as exhibited by copper.
Zinc concentrations ranged from 510 ug/l to 2520 ug/l, with 1121 the mean.

Low flow concentrations exceeded aquatic life standards, both acute and
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DATE

07/27/88
08,/06,/88
09/05/88
09/11/88
09,/18/88
09/27,/88
10/17/88
11,/03/88
11,/03/88
11,/03/88
11,/03/88
11,/03/88
11/03/88
11,/03/88

MEAN==
NUMBER=>

04,/07/89
04/14/89
04/21/89
04/22/89
04/28/89
05/15/89
05/15/89
05/28/89
06,/09/89
06,/27/89

MEAN==>

MIN===
NUMBER=>

TIME
(MM/DD/YR) (HRS)

15:
11:
10:
17:
04 :
16:
02:
09:
09:
10:
10:
11:
11:
12:

10:
13:
12:
07:
14:
19:
20:
20
13:
15:

00
05
30
10
00
30
40
10
40
10
40
10
40
10

58
26
45
50
12
00
50
25
00
15

TABLE 22 .
SELECTED ANALYTICAL RESULTS AND STATISTICS
SILVER BOW CREEK BELOW BLACKTAIL CREEK AT BUTTE, MT

DISSOLVED CONCENTRATION

FLOW

Fe

Mn

(cfs) (ug/l) (ug/l)

15
17
14
14
29
39
98
56
50
50
50
39
39
39

39
98
14
14

56
35
30
58
26
79
127
37
19
71

54
127
19
10

58
64
32
64
75
69
160
190
290
230
230
240
130
95

138
290
32
14

350
280
100
170
160
78
110
87
67
49

145
350
49
10

550
770
730
1220
830
570
1220
680
540
590
620
640
670
620

732
1220
540
i4

460
490
540
490
580
540
560
380
610
960

561
960
380

10

73

Al

Cu

(ug/1) (ug/L)

<30
<30
<30
100
<30
60
140
110
1360
890
840
340
160
270

427
1360
60
10

50
<30

30
<30
<30

30
<30
<30
<30
<30

37
50
30

3

100
77
71

110

180

106

210

150

230

250

210

240

150

130

158
250
71
14

97
110

91
130
120
130
142
137
113
147

122
147
91
10

Pb

Zn

As

(ug/1) (ug/1l) (ug/1)

<40
<40
<40
100
<40
<40
<40
50
220
150
<40
80
60
40

100
220
40
7

<40
<40
<40
110
<40
<40
<40
<40
<40
<40

110
110
110

1

510
840
810
1700
2200
1020
2520
800
720
850
920
1090
930
790

1121
2520
510
14

520
650
630
670
750
820
820
589
603
1070

722
1070
520
10
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11,/03/88
11,/03/88
11,/03/88
11/03/88
11/03/88
11,/03/88
11/03/88

MEAN==
MAZ ===
MIN===>
NUMBER=>

04/07/89
04/14,/89
04/21,/89
04/22/89
04/28/89
05/15/89
05/15/89
05/28/89
06,/09/89
06/27/89

MEAN==:
MAX ===
MINs==

NUMBER=>

05/28/89
06,/09/89

MEAN==
MAX===
MIN===

NUMBER=>

TABLE 22 (continued) .

SELECTED ANALYTICAL RESULTS AND STATISTICS
SILVER BOW CREEK BELOW BLACKTAIL CREEK AT BUTTE, MT

09:
09:
10:
10:
11:10
11:40
12:10

10
40
10
40

10:
13:
12:
07:
14:12
19:00
20:50
20:25
13:00
15:15

58
26
45
50

20:25
13:00

BIOLOGICALLY AVAILABLE CONCENTRATION

Flow

Fe

Mn

(cfs) (ug/1l)(ug/l)

56
50
50
50
39
39
39

46
56
39

7

56
35
30
58
26
79
127
37
19
71

54
127
19
10

27400
6620
3940
3100
2290
2000
1740

6727
27400
1740
7

1620
890
860

2060
730

3670

4010

2090
560

7040

2350
7040
560
10

2930
940
780
760
730
710
730

1083
2930
710
7

540
500
540
630
580
1960
1000
580
610
2540

948
2540
500
10

Al

Cu

Pb

Zn

As

(ug/1) (ug/1l) (ug/l) (ug/l) (ug/1l)

10100
2530
1710
1360

980
800
650

2590
10100
650

7

480
90
200
1170
110
2930
1920
870
<30

4860

1403
4860
90

9

TOTAL RECOVERABLE CONCENTRATION

Flow

Fe

Mn

Al

7150 970
1430 220
940 110
800 110
630 110
600 40
530 <40
1726 260
7150 970
530 40
7 6
180 50
170 70
170 <40
460 80
220 <40
1040 50
1050 290
603 <40
207 <40
2880 690
698 205
2880 690
170 50
10 6
Cu Pb

(cfs) (ug/l)(ug/l) (ug/l) (ug/1l) (ug/l)

37
19

28
37
19

2

5780
620

3200
5780
620
2

600
610

605
610
600

2

74

3675
30

1853
3675
30

2

591 <40
200 <40

396

" 591

200
2

OO OO

8320
2210
1760
1640
1490
1600
1450

2639
8320
1450

7

580
650
670
1080
900
3160
1800
1160
770
4910

1568
4910
580
10

Zn
(ug/1)

1120
747

934
1120
747

276.
55.
40.
35.
28.
27.
24,

69.
276.
24,

13.
8.
10.
17.
12.
86.
54,
32.
12.
100.

34,
100.
8.

As
(ug/

40.
15.

27.
40.
15,
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chronic, by over four-fold and five-fold, respectively, while maximum storm
event concentrations exceeded acute and chronic standards by over fourteen-
fold and sixteen-fold, respectively.

Arsenic concentrations were below the aquatic life standards and ranged
from 6.5 ug/l to 18 ug/l, with 10 ug/l the mean.

The only occurrence of lead concentrations exceeding the acute aquatic
life standards was in 2 of the 7 samples collected with the automatic sampler

(flow activated). These two concentrations were 150 ug/l and 220 ug/l.

Bio-available Concentrations - 1988

Seven bio-available concentration samples were collected in 1988. These
samples were collected via the flow activated sampler and had concentrations
considerably greater than dissolved samples collected simultaneously. The
samples were collected during one storm event (November 3, 1988).

Bio-available concentrations corresponded nicely with flow rates, that
is, maximum concentrations occurred with maximum flows. Since this is
different than trends exhibited by dissolved concentrations, during this
event, it could be that the elevated concentrations were reflective of
suspended sediment concentrations. It is iogical to assume that maximum
sediment loads would occur with maximum flows, therefore the suspended
material must be high in metal concentrations. Figures 38-41 are examples of
concentration differences during the November storm.

Iron concentrations exceeded the aquatic standard of 1000 ug/l in all
seven samples, with concentrations ranging from 1740 ug/l to 27,400 ug/l,

with 6730 ug/l the mean, Figure 38.
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While no comparison is made for aluminum concentrations with aquatic
standards, they ranged from 650 ug/l to 10,100 ug/l, with 2,590 ug/1l the
mean. These values, for the most part, are double the dissolved
concentrations.

Copper concentrations greatly exceeded the acute and chronic aquatic
standards in all seven samples. Concentrations ranged from 530 ug/l to 7,150
ug/l, Figure 39, with the mean being 1,726 ug/l.

Zinc concentrations showed similar trends, with their concentrations
exceeding the aquatic standards. Concentrations ranged from 1,450 ug/1l to
8,320 ug/l, Figure 40, with the mean ﬁeing 2,639 ug/l.

The first arsenic sample during this storm exceeded the chronic aquatic
life standard. Arsenic concentrations ranged from 24 ug/l to 276 ug/l, with

the mean being 69.3 ug/l, Figure 41.
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SILVER BOW CREEK BELOW BLACKTAIL CREEK AT BUTTE, MT. (CONT).
Dissolved Concentrations - 1989

Ten sampling episodes occurred at this site during 1989. Sampling
episodes occurred during spring base flow, runoff from snowmelt and storm
runoff. Stream flow (cfs) varied from 19 cfs fo 127 cfs, with 54 cfs the
mean.

Dissolved copper concentrations ranged from 91 ug/l to 147 ug/l, with
122 ug/l the mean. These concentrations exceeded both the acute and chronic
aquatic life standards by a considerable amount, at least 3-fold.

Zinc concentrations ranged from 520 ug/l to 1,070 ug/l, with 722 u/gl
the mean and exceeded both the aquatic 1life standards during all sampling
episodes.

Arsenic concentrations did not exceed any aquatic life standards.
Concentrations ranged from 5.7 ug/l to 16 ug/l, with 8.7 ug/l the mean.

1989 minimum copper, zinc and arsenic concentrations closely resembled
minimum 1988 concentrations, while lead conéenﬁrations varied substantially.
Fifty percent of the 1988 samples had detectable lead concentrations, while

only 10% of the 1989 had detectable lead.

Bioc-available Recoverable Concentrations - 1989

Bio-available samples were collected during the same sampling episodes
as the dissolved, Table 22. Therefore comparisons can be made between these
two sample types, Figures 42-45,

Seven of the ten iron samples exceeded the aquatic life standard.

Values ranged from 560 ug/1l to 7,040 ug/l, with 2,350 ug/l the mean, Figure

42,

81



(s;o) 2104 MOl

686l ‘SNOSIMYJNOD NOILVHINIONOD NOM — 2+ FdNoid

(4K/pp/ww) sidwog jo 83p(
68//2/90 69/60/90 68/92/60 68/6/S0 68/G/S0 68/9Z/+0 68/T¢/vY0 68/1Z/%0 68/#/¥0 68/L0/+0
oL
: /| \ /
e 4 s
/ P \\m A Ve am
\ 7 \ / A
6 / g 1
/] ’ \\\ e o \\ Z
4 5 Lo /. : E
¢ LA o V@\\ o /] E
/8 - \\\ P
¥4 :
0o - \\ 6 o T
PN 3
/ =
/ N e
0SS o .
/ QMW./, / N oza |
/ . — i
SO 0¥ osee =
< .
ovoL =
00SS |- .
MOd r]  Oig-o- ssiq-o- =
0000L

Ol

00l

0001

00001

000001

(SONIMIVL 0avd0T102) 1A “3L1NG 1V MIAFHD TIV.IMOVIE MOT38 MITFH0 MO8 JIATS

(1/6n) uonpiusdUOY



(s40) 810y MOl

6861 ‘SNOSIHVANOD NOILLYHINIONOD ¥3dd00 — €+ F4Noid

(4A /pp /ui) edwog Jo ajp(
68//2/90 68/60/30 68/92/50 68/9/S0 68/49/S0 68/9C/v0 68/TT/¥0  68/1Z/¥0 68/¥/v0  68/.0/+0

ol : : oL
ay p
x\ / \\ Y \ \
_ / \ \ \
\ & \ - i
B \\ \ % \ .
3 s oo s
- VA -
- . ..m\ ]
- I \) = _
0oL — 64 3 F
(a 16 6| 00
u & 0z ol
M 153 ZH 08 0s1 o — o
L \.Mw/ 9 on o4 o ]
- [\ SN / .
- / \ / N ,o\ i
- / \ / oot i
000l | / 209 ~_ / .
/ Noo 3 000l
o / oS0t ovo
R 1
e
= 4 =
L om8C _
- Mo 1 O < ssid—o- .

(SONMIVL 0avH0100) 1A “ALING 1V MAFHD TIvIMOVIE MOT3E MIT0 MO HIAATS

(1/6n) uonpruesuo)



6861 ‘SNOSIMVANOD NOILVHINZONOD ONZ — ¥+ Fdn9ld

(4K /pp/uii) sidups Jo 91p(
69//2/90 68/60/90 68/8C/S0 68/9/50 68/9/S0 68/8¢/%0 68/2Z/¥0 68/1Z/+0 68/#/¥0 68/.0/+0

oL - ~ oL
) e \ \ A \ - \\\ \x \ \4 %
7 & y \\ \ |
- \ \ 4 d /]
A ) \ AT AT
Ry ay S \\ - - e \\ g
Ry /s IV o AT
7717 B R
Mu..u 7 \ / / gg 9
= | .\.\ ’ —
Hoa - e / 6L |
mt OO_‘ - \ y —
o _
o _
I'*J —
@, _ -
— 0001
L oae |
_ <o N
. aer N
- MOJ [] o < ssig-o- =
000L 00001

(SONIVL 0avH0T102) LN ‘ALINA 1V M0 TV.IMOVIE MO T8 MIFO MOg »3ATS

(1/6n) uonppusouc)



(sj0) 81y MOl

686l ‘SNOSIMVANOD NOILYHINIONOD JINASHY — G FdN9I4

(4K /pp /W) edwos jo 93pQ
68/.2/90 68/60/90 88/8Z/60 6B/G/S0 68/9/S0 €8/89C/¥0 68/7C/¥0 68/1Z/%0 68/#/¥0 68/.0/%0

RN IND TV 7
\ / /] )
LV \\ “ AV \ N pap
AV ANV A -
- s p Ve v ) . | \\ , \ \ -
- \ \\ 4 L L_n..r\ R\*/ ]
e \N \& \ \ x‘.um\ \¢A - % w\ .
ol - o N ) _ ; \ — e N e oL
8 |
R Wﬁ/ e 73 ey
s LN\ , e o \ s p \ Wk
- i / N Y \‘\ \ 4 \ \ / .
Yy / hrad v \ /% e 0g A |
= . = V-
- % w7 ’h = 3
oL F e ) E R
s Lal
m Mmoi4 0 og--  ssig-0+- m

0001 000L
(SONMIV.L 0avd0100) 1N ‘AL1Ng 1V MIF0 TVIMOVIE MOTIE MIAFO MO8 ¥IATS

(1/6n) uonpiussuo)



Nine of the ten samples had detectable aluminum concentrations, with
those concentrations ranging from 90 ug/l to 4,860 ug/l, with 1,403 ug/l the
mean. This range of concentrations is from 3-fold (for minimum values), to
almost 2000-fold (for maximum concentrations) in excess of dissolved aluminum
concentrations.

All ten samples had detectable concentrations of copper, with
concentrations ranging from 170 ug/l to 2,880 ug/l, with 698 ug/l the mean,
Figure 43. All of these greatly excee& the acute (27 ug/l) and chronic (17
ug/l) aquatic life standards. These concentrations are considerably above
dissolved copper concentrations previously discussed.

Zinc concentrations exceeded acute and chronic aquatic life standards in
all ten samples. These concentrations ranged from 580 ug/l to 4,910 ug/l,
with 1,568 ug/l the mean, Figure 44. The bio-available zinc values also
greatly exceeded the dissolved concentrations.

None of the ten arsenic samples exceeded the acute (360 ug/l) or chronic
(190 ug/l) aquatic life standards, but the Eio-available concentrations are
considerably higher than the dissolved arsenic concentrations from the same
sampling episodes. Arsenic concentrations ranged from 8.5 ug/l to 100 ug/l,
with 34.5 ug/1 the mean, Figure 45.

Maximum bio-available concentrations occurred during the June 27, 1989
storm, which was discussed in the monitoring section. Dissolved
concentrations for manganese, copper and zinc were at their maximum during
this storm also. Bio-available concentrations are considerably greater than
dissolved concentrations which once again can probably be attributed to

higher stream flows (Figure 8) and its corresponding increased sediment load,
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while the increase of several of the dissolved parameters during this storm

could be attributed in part to the pH decline observed, Figure Ya.

Total Recoverable Concentrations - 1989

Total recoverable samples were collected at this location during two
sampling episodes. The reasoning behind this was for comparative purposes
with other sampling studies, i.e., Water Quality Bureau, which utilize
different sampling and analysis procedures. These samples occurred during
storm and non-storm periods. During the May 28, 1989 storm, the iron and
aluminum total recoverable concentrations of 5,780 ug/l and 3,675 ug/l were
significantly greater than bio-available concentrations on that same day.
Total recoverable iron was almost 3-fold greater than bio-available, while
aluminum concentrations were over 4-fold greater than bio-available
concentrations. During the non-storm sampling on June 9, 1989,
concentrations of total recoverable constituents are very similar to bio-

available concentrations for those same constituents.
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STILVER BOW CREEK AT OPPORTUNITY, MT (STEWART BRIDGE)

This station was part of the 1988 and 1989 sampling program. Twenty-
four sampling episodes occurred during 1988 sampling, while 10 episodes
occurred during 1989 sampling. Stream flows varied from 15 cfs to 54 cfs,
with a mean of 33 cfs in 1988, while during 1989 they varied from 44 cfs to
129 cfs, with a mean of 79 cfs. Stream flows represent low flow, spring
runoff base flows and snowmelt flows, and storm event runoff flows for both
snow and rain events. Water quality results therefore represent those same

conditions. Table 23 contains selected water quality results for this site.

Dissolved Concentrations - 1988

Twenty-four samples were collected during 1988, seventeen of which were
collected during three storm events. The storm event samples were collected
with the flow activated sampler. As was mentioned previously, this site was
established by the USGS for this project, therefore it has a very short
period of record. Water quality samples though, were collected on days of
minimum and maximum flow periods, (USGS, 1989), for water year 1988 (October
1987 through September 1988).

Iron concentrations ranged from 17 ug/l to 1530 ug/l, with a mean of 124
ug/l. These values exceeded the aquatic life criteria once. Copper
concentrations ranged from 38 ug/l to 330 ug/l, with a mean of 69 ug/l.
There does appear to be an increase in concentrations during storm events.
Mean concentrations during non-storm sampling was 49.3 ug/l, while mean
concentrations during 3 storms (automatic sampler samples) were 56 ug/l, 92
ug/l, and 69 ug/l, respectively. All of these concentrations exceed the

acute and chronic aquatice life standards.
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Zinec concentrations ranged from 28 ug/l to 1750 ug/l, with a mean of 549
ug/l. Twenty-one of the twenty-four zinc samples exceeded both the acute
(170 ug/1l) and chronic (154 ug/l) aquatic life standards. The three samples
which did not exceed standards were non-storm samples.

Non-storm mean concentrations were 40 ug/l, a 15-fold decrease.
Obviously, zinc concentrations were dramatically affected by storm events.
Figures 46-47 are examples of zinc concentrations during two storm events.

None of the arsenic samples exceeded aquatic standards. Concentrations
ranged from 5.6 ug/l to 26 ug/l, with a mean of 12.3 ug/l. The three non-
storm samples had the highest arsenic concentrations; the opposite of trends
exhibited by copper and zinc and other trace métals.

The significant increase in trace metal concentrations is considerable
when one compares pH trends during storm and non-storm events; pH values
ranged from 6.7 to 9.5, with a mean value of 8.2. With the exception of the
minimum pH of 6.7 on one instance, no other pH values were less than 7.8.
Therefore the increase in concentration levels does not appear to be caused
by increased metal solubility caused by depressed pH values. Evidently the
metal phase of the source contamination is very soluble under non-acidic

conditions, which is similar to trends reported by CHM Hill (1990).
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Bio-Available Concentrations - 1988

Bio-available samples were collected only during the three storms, when
samples were collected via the automatic sampler. As such, no comparison can
be made of storm and non-storm bio-available concentrations.

Sixteen of the seventeen samples collected had iron concentrations in
excess of the aquatic standard (1000 ug/l). Concentration ranged from 260
ug/l to 5820 ug/l, with a mean of 2800 ug/l. The highest iron concentrations
were the first sample in each of the three sampled storm events, with sample
concentrations decreasing throughout the rest of the storm event, Figure 48a.
These concentrations, on the whole, are 100 times greater than those noted
for the dissolved iron concentrations, a significant increase, Figure 48b;
only one sample deviated from this trend.

All seventeen bio-available copper concentrations exceeded the aquatic
standards. Concentrations ranged from 68 ug/l -to 1420 ug/l, with a mean of
688 ug/l. Copper concentrations followed the same pattern as iron, with the
first sample in each storm having the highest concentrations, Figure 49a.
Bio-available concentrations were also considerably higher than the
dissolved, Figure 49b, but not to the extremes seen in the iron samples. The
maximum increase from dissolved copper to Bio-available copper was about 30-
fold, which is still significant.

Zinc concentrations followed the same pattern as iron and copper. Bio-
available concentrations during the three sampled events ranged from 470 ug/l
to 3420 ug/l, with a mean concentration of 1979 ug/l, Figure 50a. The
maximum increase from dissolved zinc concentrations to bio-available
concentration was about six-fold, 460 ug/l to 3420 ug/l, also a significant

increase, Figure 50b.
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Arsenic concentrations ranged from 6.3 ug/l to 55 ug/l, with a mean of
33.7 ug/l, Figure 5la, which are below the aquatic life standards. Bio-
available arsenic concentrations were more scattered throughout the three
storm events and did not follow the same pattern as iron, copper and zinc
concentrations with the first sample of each storm having the highest
concentration. However, it did follow the trend that the bio-available
samples had concentration levels considerably greater than dissolved levels,
Figure 51b. The maximum increase was about 6-fold, 8.9 ug/l to 55 ug/l, also

a significant increase.
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DATE

07/27/88
08,/06,/88
09,/05/88
09/10/88
09/11/88
09/11/88
09/11/88
09/11/88
09/11/88
09/11/88
09/11/88
09/17/88
09/17/88
09/17/88
09/18,/88
09/18/88
09,/18/88
09,/18,/88
09/18/88
09/27,/88
09/27/88
09/28/88
09/28/88
10/17/88

MEAN==>

MAX===

MIN===>
NUMBER=>

04/07,/89
04/14,/89
04/21/89
04/22/89
04/28/89
05/12/89
05/15/89
05/28,/89
06,/09,/89
06/27/89

MEAN====

MAR===>

MIN===
NUMBER=>

TABLE 23

SELECTED ANALYTICAL RESULTS AND STATISTICS

TIME
(MM/DD/YR) (HRS)

09:
14:
12:
23:
00:
01:
01:
02:
02:
03:
20:
21:
22
23:
24
01:
02:
03:
07:
125
23:
01:
03:
: 00

15

05

12:
14:
14:
10:
14:
13:
10:
11:
11:
18:

40
10
00
50
20
00
30
00
30
00
00
00
00
00
00
00
00
G0
30

50
50
50

05
46
00
10
57
45
00
30
00
00

SILVER BOW CREEK AT OPPORTUNITY, MT

DISSOLVED CONCENTRATION

FLOW
(cfs)

20
16
15
26
26
30
34
38
38
29
28
26
30
31
34
35
36
53
53
28
38
43
54
36

33
54
15
24

129
69
88
96
72
89
76
64
61
44

79
129
44
10

Fe

Mn

Al

Cu

Pb

Zn

(ug/1) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

25
40
90
24
170
120
130
120
100
86
17
87
1530
30
18
26
31
110
57
22
37
24
22
68

124
1530
17
24

280
100
94
160
92
140
55
50
68
210

125
280
50
10

220
230
210
980
900
900
890
920
950
940
1160
850
1230
890
860
950
1060
1200
2330
530
680
740
1300
10060

913
2330
210
24

600
530
400
440
560
320
380
500
360
490

458
600
320

10

92

<30
50
80
30

60

70
<30
60
100
100
40
<30
560
120
140
75
140
180
80
50
40
<30
<30
80

109
560

30

19

170
<30
<30
60
60
50
40
<30
<30
200

97
200
40
6

50
56
42
51
64
50
57
59
56
55
54
53
330
42
43
50
50
76
63
38
53
56
98
120

69
330
38
24

130
75
62
70
78
68
55

130
25

103

80
130
25
10

40
40
<40
<40
<40
<40
<40
<40
<40
<40
<40
<40
40
<40
<40
<40
<40
<40
70
40
60
40
70
<40

50
70
40

8

<40

60

50
<40
<40
<40
<40
<40
<40
<40

55
60
50

2

28
42
49
390
420
359
377
457
436
420
260
600
1750
610
620
720
750
860
710
120
460
870
1080
780

549
1750
28
24

420
290
200
300
340
170
110
378

59
139

241
420
59
10

As
(ug/1)

22
26
25
13
11
11
12
11
12
12
11
13
12
8.2
10
11
5.6
12
12
12
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—
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w

N

o
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—
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09/10/88
09/11/88
09,/11/88
09/11/88
09/11/88
09/11/88
09/11/88
09/17/88
09/17/88
09/17/88
09/18/88
09/18/88
09/18/88
09/18/88
09/27/88
09/28/88
09/28/88

HEAN===>
HAE===2>
HMIN=m==3
NUMBER=>

04/07/89
04/14/89
04/21/89
04/22/89
04,/28/89
05/12/89
05/15/89
05/28/89
06,/09/89
06/27/89

MEAN==>
MAK semmzad>

NUMBER=>

23:
00:
01:
01:
02:
02:
03:
21:
22:
23:
24
0l:
02:
03:
23:
01:
03:

12:
14
14:
10:
14
13:
10:
11:
11:
18:

50
20
00
30
00
30
00
00
00
00
00
00
00
00
50
50
50

05
46
00
10
57
45
00
30
00
00

SILVER BOW CREEK AT OPPORTUNITY, MT

26
26
30
34
38
38
29
26
30
31
34
35
36
53
38
43
54

33
54
15
24

129
69
88
96
72
89
76
64
61
44

79
129
44
10

TABLE 23 (continued)
SELECTED ANALYTICAL RESULTS AND STATISTICS

Fe

BIOLOGICALLY AVAILABLE CONCENTRATION

Mn

Al

Cu

Pb

Zn

As

(ug/1) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

4720
2800
2900
2800
2730
2570
2440
2430
1850

260
2380
2110
1970
1760
5820
4640
3410

2800
5820
260
17

2430
1650
1280
1070
1150
670
740
770
1600
940

1230
2430
670
10

2900
2070
2170
2090
2080
1990
1920
1570
1400

65
1590
1510
1540
15980
2300
1940
2070

1811
2900
65
17

890
610
490
500
590
360
400
500
520
650

551
890
360

10

93

1370
810
840
800
790
750

720 -

1380
620
130

1180
695
740

1430

1730

1420

1030

967
1730
130
17

990
600
610
390
230

140 .

180
<30
240
210

399
990
140

9

1060
670
700
670
660
610
580
570
450

68
560
510
490
450

1420

1120

1110

688
1420
68
17

580
270
200
210
240
140
160
138
350
306

259
580

138 -

10

110
80
90

<40
70
50

100
40
40

<40

<40
40
40
40

170

140

140

82
170
40
14

180
110
<40

50
<50
<40
<40
<40

50
<40

98
180
50
4

3020
1960
2020
1960
1940
1830
1820
1850
1530

470
1860
1715
1650
1620
3420
2700
2280

1979
3420
470
17

900
590
430
670
990
380
420
513
640
630

616
990
380

10

51
44
37
36
43
38
32
21
30
14
37
33
32
21
6.3
55
43

33.7
55
6.3
17

34
21
18
18
14
13
14
11
38
18

19.9
38
11
10



TABLE 23 (continued)
SELECTED ANALYTICAL RESULTS AND STATISTICS
SILVER BOW CREEK AT OPPORTUNITY, MT

TOTAL RECOVERABLE CONCENTRATION

Fe Mn Al Cu Pb Zn

(ug/1) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)
05/28/89 11:30 64 1020 490 60 150 <40 517
06,/09/89 11:00 61 2160 480 930 365 70 570
MEAN==> 63 1590 485 495 258 70 544
MAX===> 64 2160 490 930 365 70 570
MIN===> 61 1020 480 60 150 70 517
NUMBER=> 2 2 2 2 2 1 2

94

As
(ug/1)

10
43

26.5
43
10

2



SLVER BOW CREEK AT OPPORTUNITY, MT (STEWART BRDGE)
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SLVER BOW CREEK AT OPPORTUNITY, MT (STEWART BRIDGE)
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SLVER BOW CREEK AT OPPORTUNTY, MT (STEWART BRIDGE)
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SLVER BOW CREEK AT OPPORTUNITY, MT (STEWART BRIDGE)
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SILVER BOW CREEK AT OPPORTUNITY, MT (STEWART BRIDGE) (cont.)

Dissolved Concentrations - 1989

Ten samples were collected during 1989 at this site (Table 23).
Sampling occurred during spring base flow, runoff from snowmelt and storm
runoff. Stream flow (cfs) varied from 44 cfs to 129 cfs, with 79 cfs the
mean,

No iron concentrations exceeded aquatic life standards. Iron
concentrations ranged from 50 ug/l to 280 ug/l, with a mean of 125 ug/l.
Nine samples had copper concentrations in excess of the acute (27 ug/l)
standard, while the chronic standard (17 ug/l) was exceeded in all ten
samples. Copper concentrations ranged from 25 ug/l to 130 ug/l, with 80 ug/1
the mean.

Seven of the ten samples had zinc concentrations in excess of both the
acute and chronic zinc standards of 170 ug/l and 154 ug/l, respectively.
Zinc concentrations ranged from 59 ug/l to 420 ug/l, with a mean of 241 ug/l.

None of the arsenic samples exceeded aquatic life standards.
Concentration levels were similar to 1988 levels. Arsenic concentrations

ranged from 6.3 ug/l to 24 ug/l, with a mean of 10.1 ug/1

Bio-available Concentrations - 1989
Bio-available samples were collected during all ten 1989 sampling
episodes, Table 23, therefore a comparison can be made between these two

sample types, Figures 52-55.
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Six of the ten iron samples exceeded the aquatic life standard of 1000
ug/l. Iron concentrations ranged from 670 ug/l to 2430 ug/l, with a mean of
1230 ug/l, Figure 52.

All ten of the copper samples had concentrations in excess of both the
acute and chronic aquatic life standards. Concentrations ranged from 138
ug/1l to 580 ug/l, with a mean of 259 ug/l, Figure 53.

All ten zinc samples had concentrations in excess of both the acute and
chronic aquatic life standards. Concentrations ranged from 380 ug/l to 990
ug/l, with a mean of 616 ug/l, Figure 54.

None of the arsenic samples had concentrations in excess of aquatic life
standards, but the minimum and mean concentrations were twice the dissolved
concentrations, while the maximum was 50% greater than the dissolved
concentration maximum. Concentrations ranged from 11 ug/l to 38 ug/l, with a
mean of 19.9 ug/l, Figure 55.

With the exception of zinc and arsenic coﬁcentrations, the maximum
concentrations at ﬁhis site occurred during the peak flow (129 cfs), which

was during spring runoff base-flow conditiomns.

Total Recoverable Constrations - 1989

Total recoverable samples were collected at this location during two
sampling episodes. These samples were collected during the same two episodes
as at other locations and represent a storm and non-storm event. During both
sampling events total recoverable iron and aluminum concentrations exXceeded
the bio-available concentrations by considerable amounts, while
concentrations for other parameters (Mn, Cu, Zn, and As) were similar to bio-

available concentrations.
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WARM SPRINGS CREEK AT WARM SPRINGS, MT

This station was a part of the 1988 and 1989 sampling program also.
Seven sampling episodes occurred during 1988 sampling, while 11 episodes
occurred during 1989 sampling. Stream flows varied from 0.6 cfs to 35 cfs,
with a mean of 7.2 cfs in 1988, and 34 cfs to 154 cfs, with the mean of 72
cfs in 1989. Stream flows represent low flow, spring runoff base flow and
snowmelt flows, and storm event flows both snow and rain events. Water
quality results therefore represent these same conditions. Table 24 contains
selected water quality results for this site. No bio-available samples were

collected at this site in 1988.

Dissolved Concentrations - 1988
Three of the seven 1988 samples represent base flow conditions, while
the other four sampling episodes represent storm events. Concentrations of
trace metals at this site were considerably lower than those at other sites.
None of the irén, zine or arsenic concentrations exceeded aquatic life
standards, while four of seven copper samples equaled or exceeded the chronic
standard of 17 ug/l and one sample exceeded the acute standard of 27 ug/l.

Copper concentrations ranged from 11 ug/l to 29 ug/l, with 17 ug/1 the mean.

Dissolved Concentrations - 1989

Eleven sampling episodes occurred during 1989, representing spring base
flow, spring runoff from snowmelt and storm runoff. As occurred during 1988
sampling, concentrations were considerably lower at the Warm Springs site
than at other monitoring sites on Silver Bow Creek, with the exception of

arsenic concentrations, which were similar to those found in Blacktail Creek.
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It also appears that concentrations decrease during storm or spring runoff
events, while concentrations increased during similar events at the other
previously discussed stations.

Ne iron, zinc and arsenic concentrations exceeded aquatic life standards
and only one copper sample had concentrations which exceeded either the acute
or chronic standards. The one sampling episode (6/6/89) had a copper
concentration of 33 ug/l, which exceeded both aquatic life standards. Copper

concentrations ranged from 2 ug/l to 33 ug/l, with a mean of 10 ug/1l.

Bio-available Concentrations - 1989

Bio-available samples were collected during all eleven sampling
episodes, Table 24. No iron or arsenic sampleé exceeded aquatic standards
and only one zinc sample exceeded the chronic aquatic life standard.

While none of the iron samples exceeded aquatic life standards,
concentrations were over ten times greater than dissolved iron concentrations
at this site, Figure 56. Bio-available concentrations ranged from 20 ug/l to
250 ug/l, with a mean of 120 ug/l.

Copper concentrations exceeded the acute aquatic standard (27 ug/l)
twice and equalled or exceeded the chronic standard (17 ug/l) five times.

Copper concentrations ranged from 3 ug/l to 36 ug/l, with a mean of 17 ug/1l.

Total Recoverable Concentrations - 1989
Total recoverable samples were collected ét this site during two
sampling episodes, one base flow and one storm episode. Iron concentration
was 3-fold the bio-available concentration during the non-storm (base flow)
sampling period. Iron concentration increased greater than 3-fold during the
storm event, but still did not exceed aquatic life maximum of 1000 ug/l.
Aluminum concentrations showed the greatest level of increase of any

trace metal concentration in comparison to bio-available concentrations.
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SLVER BOW CREEK AT OPPORTUNITY, MT (STEWART BRIDGE)
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TABLE 24
SELECTED ANALYTICAL RESULTS AND STATISTICS
WARM SPRINGS CREEK AT WARM SPRINGS, MT

DISSOLVED CONCENTRATION
DATE  TIME FLOW  Fe Mn Al Cu Pb Zn As
(MM/DD/YR) (HRS)  (cfs) (ug/l) (ug/1l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/1)

07/27/88 11:30 .6 <2 33 <30 17 <40 6 4.9
08/06/88 15:10 .6 7 130 40 17 60 37 6.0
09,/05/88 13:10 1.4 28 70 86 29 70 7 8.9
09/11/88 21:10 3.3 8 350 <30 16 <40 23 8.4
09/18/88 10:00 3.9 28 230 <30 12 <40 31 6.7
09/27/88 12:45 5.8 70 700 <30 11 <40 32 4.8
10/17/88 06:40 35 30 420 <30 19 <40 48 6.8
MEAN==> 7.2 29 276 63 17 65 26 6.6
MAX===> 35 70 700 86 29 70 48 8.9
MIN===> .6 7 33 40 11 60 6 4.8
NUMBER=> 7 6 7 2 7 2 7 7

04/07/89 13:10 38 17 360 <30 9 <40 28 7.1
04/14/89 15:30 34 9 330 <30 2 50 8 5.6
04/21/89 14:45 53 19 370 <30 9 <40 22 5.2
04/22/89 10:50 59 19 380 <30 6 <40 22 6.2
04/28/89 15:41 48 <2 530 <30 4 <40 17 5.3
05/12/89 14:46 115 18 220 <30 6 70 14 3.8
05/15/89 23:10 49 6 420 <30 8 <40 25 5.2
05/29/89 00:45 62 15 270 60 10 <40 17 4.4
06/06/89 15:30 115 21 94 <30 33 <40 16 8.5
06/09/89 10:15 154 10 109 <30 ) 40 6 4.0
06/27/89 18:45 68 4 280 50 12 <40 15 4.2
MEAN==> 72 14 306 55 10 53 17 5.4
MAK=me=> 154 21 530 60 33 70 28 8.5
MIN=== 34 4 94 50 2 40 6 3.8
NUMBER=> , 11 10 11 2 11 3 11 11
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TABLE 24 (continued)
SELECTED ANALYTICAL RESULTS AND STATISTICS
WARM SPRINGS CREEK AT WARM SPRINGS, MT

BIOLOGICALLY AVAILABLE CONCENTRATION
DATE TIME FLOW Fe Mn Al Be Cd Cr Cu Pb Zn As

(MM/DD/YR) (HRS) (cfs) (ug/1) (ug/l) (ug/l) (ug/l) (ug/1l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

No available data for 1988

04/07/89 13:10 38 60 390 <30 <2 <2 8 40 3 7.3
04/14/89 15:30 34 50 350 <30 <2 <2 3 <40 4 5.5
04/21/89 14:45 53 110 470 50 2 <2 <2 14 ° <40 6 5.6
04/22/89 10:50 59 250 530 170 <2 <2 24 <40 11 8.8
04/28/89 15:41 48 80 550 30 <2 <2 12 <40 160 5.7
05/12/89 14:46 115 170 350 120 <2 <2 <2 28 40 24 6.9
05/15/89 23:10 49 130 480 80 <2 <2 5 24 <40 35 7.0
05/29/89 00:45 62 110 370 <30 2 <2 <2 17 <40 11 6.5
06/06/89 15:30 115 20 90 <30 <2 <2 <2 9 <40 145 3.4
06/09/89 10:15 154 220 340 80 <2 <2 2 36 <40 16 7.0
06/27/89 18:45 68 90 340 <30 <2 <2 <2 15 40 21 4.1
MEAN==> 72 120 39 88 2 N/A 4 17 40 40 6.2
MAK==> 154 250 55 170 2 N/A 5 36 40 160 8.8
MIN== 34 20 90 30 2 N/A 2 3 40 3 3.4
NUMBER=> 11 11 11 6 2 0 2 11 3 11 11
TOTAL RECOVERABLE CONCENTRATION
DATE TIME FLOW Fe Mn Al Be Cd Cr Cu Pb Zn As

(MM/DD/YR) (HRS) (cfs) (ug/1) (ug/1l) (ug/l) (ug/1l) (ug/l) (ug/1l) (ug/l) (ug/1) (ug/1l) (ug/1)

05/29/89 00:45 62 330 380 70 2 <2 4 21 <40 13 6.5
06/09/89 10:15 154 750 430 730 <2 <2 <2 33 <40 18 8.1
MEAN==> 72 540 410 400 2 N/A 4 27 N/A 16 7.3

= 154 750 430 730 2 N/A 4 33 N/A 18 8.1
MIN===, 34 330 380 70 2 N/A 4 21 N/A 13 6.5
NUMBER=> 11 2 2 2 1 0 1 2 0 2 2
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Aluminum concentrations during these two sampling episcdes for bio-available
concentrations ranged from <30 ug/l to 80 ug/l, while total recoverable
concentrations ranged from 70 ug/i to 730 ug/L. Aluminum total recoverable
concentrations increased 10-fold during the storm event when compared to the
non-storm event concentration. None of the other constituents showed
substantial increases from bio-available to total recoverable concentrations,
nor did the total recoverable concentrations sﬁow large increases from base

flow to storm runoff conditiomns.

CLARK FORK RIVER NEAR GALEN, MT (PERKINS LANE BRIDGE)

This station was part of both the 1988 and 1989 sampling program. There
were seven sampling episodes at this site during 1988 and forty-eight
sampling episodes during 1989. Stream flows ranged from 10 cfs to 63 cfs,
with a mean of 24 cfs in 1988, while stream flows ranged from 125 cfs to 436
cfs, with a mean of 265 cfs in 1989. The minimum stream flow sampled was
very close to the minimum at this site (10 cfs vs 9.7 cfs) for the period of
record (USGS, 1989). Stream flows represent low flow, spring runoff base
flow and storm event runoff flows for both snow and rain events. Water
quality results therefore represent those same conditions. Tables 25 and 27
contain selected water quality results for this site. Water quality results
are possibly affected by the Warm Springs Ponds just upstream of this site.
Those ponds also probably affect the impact that storm events have on
downstream stream flow and water quality. There were no 1988 bio-available

samples collected at this site.

Dissolved concentrations - 1988
None of the dissolved samples had concentrations in excess of acute
aquatic life standards for the selected constituents at this site, but copper

concentrations equalled or exceeded chronic standards on two occasions.
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Copper concentrations reanged from 2 ug/l to 22 ug/l, with a mean of 13 ug/l.
Concentrations are therefore substantially lower than those observed just
upstream of the Warm Springs Ponds. Obviously, the operation of the ponds or
inputs into the ponds, or both, have a significant impact on downstream water
quality.

None of the samples were collected during the minimum base flow at this
site (9.7 cfs several days in August), but several were collected at flows
just above this minimum, 12 cfs and 10 cfs, respectively, on July 27, 1988
and August 6, 1988. Iron was the only parameter that had its minimum
concentration during one of the two low flow sampling periods (July 27,
1988), but it also had its highest concentration during the other low flow
period. Iron concentrations varied from 8 ug/l to 120 ug/l, with a mean of
45 ug/l.

Maximum copper and zinc concentrations occurred during the storm event
on October 17, 1988, which was also the period of highest flow at this site.
It is also interesting to note that the seasonal dike on the Mill-Willow
Bypass was removed just prior to this storm (Personnel Communications with
Sam Stephensen, 1989). It is possible that these elevated concentrations are
partially reflective of this dike’s removal and less flow being routed
through the Warm Springs Pond system.

While arsenic concentrations did not exceed aquatic standards at this
site, its minimum and mean concentrations were similar to arsenic
concentrations at the upstream sampling station, Silver Bow Creek at
Opportunity, Mt. Arsenic concentrations ranged from 7.2 ug/l to 16 ug/l,
with a mean of 11.3 ug/l. It therefore appears that while the ponds have a
substantial affect on other constituent concentrations, it did not have as
significant of an affect on dissolved arsenic concentrations at this site.
Table 26 has a comparison of maximum, minimum and mean arsenic concentrations

at Silver Bow Creek and Clark Fork River sites.
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DATE

07/27/88
08,/06/88
09,/05/88
09/11/88
09/18/88
09/27,/88
10/17/88

MEAN==

MAK===>

MIN===
NUMBER=>

SELECTED ANALYTICAL RESULTS AND STATISTICS - 1988
CLARK FORK RIVER NEAR GALEN, MT (PERKINS LANE BRIDGE)

TIME
(MM/DD/YR) (HRS)

09:
16:
14:
22:
11:
14
:00

08

40
40
00
30
30
10

FLOW
(cfs)

12
10
12
12
27
33
63

24
63
10

7

Fe

TABLE 25

DISSOLVED CONCENTRATION

Mn

Al

Cu

(ug/1) (ug/l) (ug/1l) (ug/1l) (ug/1l) (ug/l)

8
120
60
13
49
11
57

45
120
8

7

120
210

77
130
120

93
160

130
210
77
7

<30
<30

50
<30

<30 .

<30
<30

50
50
50

1

16
14
13

9
17

2
22

13
22
2
7

Pb Zn
<40 18
80 23
<40 8
<40 30
40 23
<40 25
<40 46
60 25
80 46
40 8
2 7

BIOLOGICALLY AVAILABLE CONCENTRATION

No available data for 1988
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12
16
12
12
11
8.8
7.2

11.3
16
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Table 26
Dissolved Arsenic Concentratlons Comparisons (ug/l), 1988

Number
Mean Maximum Minimum Samples
Silver Bow Creek below
Blacktail Creek 10 18 6.5 14
Silver Bow Creek at
Opportunity, MT 12.3 26 5.6 24
Clark Fork River near
Galen, MT 11.3 16 7.2 7

Dissolved Concentrations - 1989

Dissolved samples were collected during forty-two of forty-eight
episodes at this site in 1989. Sampling episodes occurred during spring base
flow, runoff from snowmelt, and storm event runoff. Stream flows were
substantially larger than during the 1988 sampling period. Also the flow
activated automatic sampler was used exclusively at this site in 1989. There
were five storm event/runcff samples collected for dissolved parameters at
this site. Table 27 contains selected water qﬁality results for this
location. All samples were collected prior to the re-installation of the
dike in the Mill-Willow Bypass.

During 1989 no iron concentrations exceeded the aquatic life standard of
1000 ug/l, but the maximum concentration occurred during minimum stream flow,
similar to 1988. 1Iron concentrations ranged from 14 ug/l to 900 ug/l, with a

mean of 86 ug/l.
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TABLE 27
SELECTED ANALYTICAL RESULTS AND STATISTICS - 1989
CLARK FORK NEAR GALEN, MT (PERKINS LANE BRIDGE)

DISSOLVED CONCENTRATION
DATE TIME FLOW Fe Mn Al Cu Pb n As

(MM/DD/YR) (HRS)  (cfs) (ug/1) (ug/1l) (ug/1) (ug/l) (ug/1l) (ug/l) (ug/l)

04/07/89 14:18 141 14 420 <30 12 <40 46 6.1
04/14/89 16:36 125 900 230 <30 16 <40 11 8.6
04/21/89 15:30 177 22 190 <30 8 <40 9 9.8
04/21/89 15:40 175 NO DISSOLVED SAMPLE

04/21/89 16:40 175 NO DISSOLVED SAMPLE

04/21/89 17:40 169 NO DISSOLVED SAMPLE

04/21/89 18:40 167 NO DISSOLVED SAMPLE

04/21/89 19:40 167 NO DISSOLVED SAMPLE

04/21/89 20:20 169 NO DISSOLVED SAMPLE

04/22/89 11:56 209 73 210 <30 13 <40 21 9

04/24/89 12:40 224 45 360 <30 16 <40 53 7.9
04/24/89 13:40 224 21 320 <30 16 <40 44 7.4
04/24/89 14:40 221 30 290 <30 14 <40 39 8.6
04/24/89 15:40 221 18 270 <30 11 <40 27 7.9
04/24/89 16:40 215 22 280 <30 15 <40 37 9.2
04/24/89 17:40 212 35 330 <30 16 <40 37 9.3
04/28/89 16:40 164 25 200 <30 10 <40 21 9.6
05/09/89 10:45 267 130 220 120 33 70 270 14

05,/09/89 11:45 264 35 61 <30 14 <40 23 17

05/09/89 12:45 278 60 130 50 16 50 30 18

05/09/89 13:45 278 290 400 180 63 <40 98 22

05/09/89 14:45 274 300 410 180 62 <40 79 21

05/09/89 15:45 276 580 320 130 46 <40 86 11

05/10/89 14:45 303 56 94 60 17 <40 39 18

05/10/89 15:45 299 40 100 <30 17 <40 30 19

05/10/89 16:45 303 44 110 <30 14 <40 24 18

05/10/89 17:45 299 47 120 30 13 49 17 17

05/10/89 18:45 314 69 140 <30 18 <40 23 17

05/10/89 19:45 314 49 130 <30 13 <40 24 18

05/12/89 16:02 314 69 94 <30 31 <40 20 . 17

05/15/89 11:55 215 40 140 <30 18 <40 37 18

05/27/89 01:50 209 47 140 <30 14 <40 21 14

06/06/89 07:15 274 48 67 <30 9 <40 382 12

06,/06/89 08:15 278 18 69 <30 9 <40 174 12

06,/06/89 09:15 285 26 65 <30 8 <40 61 12

06/06/89 10:15 285 24 65 <30 8 <40 41 10

06/06/89 11:15 278 21 67 <30 8 <40 21 11

06,/06/89 12:15 285 22 63 <30 8 <40 27 12

06,/06/89 16:50 271 25 62 <30 11 <40 6 14

06/09/89 08:05 322 28 75 <30 11 <40 17 11

06/16/89 05:15 391 42 72 <30 17 <40 15 15

06/16/89 06:15 400 40 71 <30 15 <40 15 15

06/16/89 07:15 422 A 71 <30 15 <40 i1 16

06/16/89 08:15 431 48 71 <30 15 <40 14 15.5
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DATE

06/16/89
06,/16/89
06,/16,/89
06/27/89

MEAN==>
MAX >
MIN===>

NUMBER=>

04,/07/89
04/14/89
04/21/89
04/21/89
04,/21/89
04/21/89
04/21/89
04,/21/89
04,/21/89
04/22/89

04/24/89

04/24,/89
04/24/89
04/24/89
04/24/89
04/24/89
04,/28/89
05,/09/89
05,/09/89
05/09/89
05/09/89
05,/09/89
05/09/89
05/10/89
05/10/89
05/10/89
05,/10,/89
05/10/89
05,/10/89
05/12/89
05/15/89

TIHME
(MM/DD/YR) (HRS)

09:
10:
11:
19:

14
16:
15:
15:
16:
17

15

15
15
15
15

18
36
30
40
40

140
18:
19:
20:
11:
12:
13:
14:
15:
16:
17:
16:
10:
11:
12:
13:
14:
15:
14:
145
16:
17:
18:
19:
16:
11:

40
40
20
56
40
40
40
40
40
40
40
45
45
45
45
45
45
45

45
45
45
45
02
55

FLOW
(cfs)

431
431
436
132

265
436
125

48

141
125
177
175
175
169
167
167
169
209
224
224
221
221
215
212
164
267
264
278
278
274
274
303
299
303
299
314
314
314
215

TABLE 27 (continued)
SELECTED ANALYTICAL RESULTS AND STATISTICS
CLARK FORK NEAR GALEN, MT (PERKINS LANE BRIDGE)

Fe

Mn

Al

Cu

Pb

in

As

(ug/1) (ug/l) (ug/1l) (ug/l) (ug/1l) (ug/l) (ug/L)

51
51
43
20

86
900
14
42

Fe

71
64
67
150

164
420
61
42

BIOLOGICALLY AVAILABLE CONCENTRATION

Mn

<30
<30
<30

34

98
180
30

8

Al

16
15
14
23

18
63

8
42

Cu

<40
<40
<40
<40

56
70
49

3

Pb

15
22
14
22

48
382
6
42

in

16
17
17
12

13.6
22
6.1
42

As

(ug/1) (ug/l) (ug/l) (ug/l) (ug/1l) (ug/l) (ug/l)

880
380
490
1560
850
1510
500
620
2440
530
490
500
630
470
460
440
450
720
550
620
540
660
590
300
650
630
680
700
700
280
290

530
310
340
380
310
300
300
340
320
370
520
500
440
420
440
440
330
480
430
460
420
500
430
270
560
490
510
500
510
240
270

121

230
100
140

80

50

70
<30
140
260
190
140
160
130
120
120
100

150 -

260
220
220
210
240
180
180
240
200
260
230
217

80
105

60
33
35
67
40
4b
39
54
71
43
91
61
53
44
16
43
40
60
60
60
58
79
60
31
77
64
69
69
81
28
36

<40

40
<40
<40
<40
<40
<40
<40
220
<40
<40
<40
<40
<40
<40
<40
<40
<40

50

50

54
<40
<40
<40

50
167
<40
<40
<40
<40
<40

140
71
67

360

120

100

130

110
11
70

190

210

170

150

150

120

2200

140
90
85
78

100
85
51

260

100

120

100

180
36
68

14
11
12
15
15
13
13
13
13
16
13
13
14
12
14
15
15
23
26
28
27
29
29
23
29
27
29
29
29
21
22



TABLE 27 (continued)
SELECTED ANALYTICAL RESULTS AND STATISTICS - 1989
CLARK FORK NEAR GALEN, MT (PERKINS LANE BRIDGE)
BIOLOGICALLY AVAILABLE CONCENTRATIONS (cont.)

DATE TIME FLOW Fe Mn Al Cu Pb Zn As

(MM/DD/YR) (HRS)  (c£s) (ug/l) (ug/l) (ug/l) (ug/l) (ug/1) (ug/l) (ug/l)
05/27/89 01:50 209 270 260 <30 28 <40 45 17
06/06/89 07:15 274 350 300 <30 37 <40 157 16
06/06/89 08:15 278 370 280 <30 34 <40 64 17
06/06/89 09:15 285 320 260 <30 33 <40 44 16
06/06/89 10:15 285 310 260 <30 32 <40 41 16
06/06/89 11:15 278 290 250 <30 32 <40 38 15
06,/06/89 12:15 285 290 240 <30 - 31 <40 29 14
06/06/89 16:50 271 260 210 <30 26 <40 37 19
06,/09/89 08:05 322 250 250 <30 31 60 28 17
06/16/89 05:15 391 684 462 270 73 <40 96 20
06/16/89 06:15 400 715 482 300 71 <40 77 22
06/16/89 07:15 422 832 500 330 77 <40 80 25
06/16/89 08:15 431 875 487 370 79 <40 126 28
06/16/89 09:15 431 908 524 420 86 <40 98 27
06/16/89 10:15 431 934 545 460 87 <40 110 36
06/16/89 11:15 436 979 570 460 91 <40 92 36
06/27/89 19:15 132 150 190 <30 26 <40 30 13

MEAN==> 265 623 390 206 53 86 147 19.9

HA ===> 436 2440 570 460 91 220 2200 36

M I Naswsm> 125 150 190 50 16 40 11 i1
NUMBER=> 48 48 48 37 48 8 48 48

TOTAL RECOVERABLE CONCENTRATION
Fe Mn Al Cu Pb Zn As

(ug/1) (ug/1) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

05/27/89 01:50 209 460 250 <30 . 30 <40 47 17
06/09/89 08:05 322 630 320 460 31 <40 23 18
MEAN==> 266 285 285 460 31 0 35 17.5
HAK===> 322 320 320 460 31 0 47 18
MIN===> 209 250 250 460 30 0 23 17
NUMBER=> 2 2 2 1 2 0 2 2
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Copper concentrations ranged from 8 ug/l to 63 ug/l, with a mean of 18
ug/l. These concentrations equalled or exceeded the chronic aquatic standard
(17 ug/l) eleven times and the acute aquatic standard (27 ug/l) five times.

Zinc concentrations ranged from 6 ug/l to 382 ug/l, with a mean of 48
ug/l. These concentrations exceeded both the acute (170 ug/l) and chronic
(154 ug/l) aquatic life standards three times.

Once again, none of the arsenic samples exceeded any of the aquatic life
standards. Arsenic concentrations ranged from 6.1 ug/l to 22 ug/l, with a
mean of 13.6 ug/l, which is also similar to 1989 arsenic concentrations just
above the ponds. Table 28 contains comparison of 1989 arsenic concentrations

of Silver Bow Creek and Clark Fork River sites.

Table 28
Dissolved Arsenic Concentration Comparisons (ug/l), 1989

Number
Mean HMaximum Minimum Samples
Silver Bow Creek below
Blacktail Creek 8.7 16 5.7 10
Silver Bow Creek at
Opportunity, MT 10.1 24 6.3 10
Clark Fork Rivér near .
Galen, MT 13.6 22 . 6.1 42

Bio-available Concentrations -~ 1989

Bio-available samples were collected during all forty-eight sampling
episodes. Sampling results are representative of the same flow conditions
previously discussed.

Iron concentrations during 1989 ranged from 150 ug/l to 2440 ug/l, with
a mean of 623 ug/l. These concentrations exceeded the aquatic life standard
of 1000 ug/l three times during 1989 sampling. All three exceedences were

during the first flow activated storm/runoff event (4/21/89).
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All other sampling events had concentrations cqnsiderably below this
standard, with the exception of the sixth (last flow activated) sampling
episode, where iron concentrations ranged from 680-980 ug/l. On the average,
bio-available iron concentrations were almost ten times (1l0X) greater than
dissolved concentrations.

Copper concentrations ranged from 16 ug/l to 91 ug/l, with a mean of 53
ug/l. Acute copper concentrations (27 ug/l) were exceeded forty-five times
(94%), while chronic concentrations (17 ug/l) were exceeded forty-seven times
(98%). On the average, bio-available copper concentrations were almost three
times (3X) the dissolved concentrations. Figures 57a and 57b show copper
concentrations during storm/runoff events number two (4/24/89) and number six
(6/16/89). Both of these storms show trends similar to those previously
discussed at the Silver Bow Creek below Blacktéil Creek site, that is, bio-
available concentrations increase with increased flow and decrease with
decreased flow. Once again, this could be attributed to changes in suspended
sediment loads in the stream. Dissolved concentrations remained constant
throughout these two storm events.

Zinc concentrations ranged from 11 ug/l to 2200 ug/l, with a mean of 147
ug/l. Eight zinc concentrations exceeded the chronic aquatic life criteria
(154 ug/l), and seven of those eight also équalled or exceeded the acute
aquatic life criteria (170 ug/l). Average bio-available zinc concentrations

exceed dissolved concentrations three-fold (3X).
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Sixth Storm Event (06/16,/89)

CLARK FORK NEAR GALEN, MT (PERKINS LANE BRIDGE)
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CLARK FORK NEAR GALEN, MT (PERKINS LANE BRDGE)
Sixth Storm Event (06/16/89)
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Figure 58a shows bio-available and dissolved zinc concentrations comparisons
for the 4/24/89 storm/runoff event and Figure 58b shows this comparison for
the 6/16/89 event. Differences in concentrations could once again be
attributed to increased suspended sediment loads, that are rich in trace
metal concentrations. As was observed in copper concentrations during these
two events, dissolved zinc concentrations remained fairly stable, while the
bic-available zinc concentrations were more variable, which would be expected
if the source of metals was the probable increased suspended sediment load
being carried in the stream.

Bio-available arsenic concentrations ranged from 11 ug/l to 36 ug/l,
with a mean of 19.9 ug/l. These concentrations were below aquatic life
standards during all sampling episodes. Minimum and maximum concentrations
occurred with minimum and maximum flows, respectively. Figure 59 shows
arsenic concentration comparisons for dissolved and bio-available
concentrations and change with stream flow for the 6/16/89 storm event. Mean
bio-available arsenic concentrations exceed dissolved arsenic by almost 50%;
this is considerably less than increases observed for iron, copper and zinc

concentrations.

Total Recoverable Concentrations - 1989

Two total recoverable samples were collected during 1989 activities.
One sampling episode occurred during non-storm sampling, while the other
occurred during a storm/runoff event. Iron was the only constituent to show
significant concentration increases during the non-storm sampling. Bio-
available concentrations were 270 ug/l, while total recoverable

concentrations were 460 ug/l.
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CLARK FORK NEAR GALEN, MT (PERKINS LANE BRIDGE)
Sixth Storm Event (06,/16,/89)
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During the storm/runoff sampling episode, iron and aluminum were the
only constituents to show significant bio-available-total recoverable
changes; concentrations ranged from 250 ﬁg/l to 630 ug/I for iron and <30
ug/l to 460 ug/l for aluminum. These trends are similar to those observed at
other locations. Total recoverable concentrations for the other constituents
were very similar to bio-available concentrations during both non-storm and

storm sampling events.

Summary and Conclusion
Water Quality Sampling

Water quality results indicate that the two Silver Bow Creek sites have
elevated metal concentrations during both low flow and high flow conditions,
while the Warm Springs Creek and Clark Fork River sites have much lower
concentrations during low flow conditions (1988 sampling). The Warm Springs
Creek site had lower concentrations during high flow conditions also, while
the Clark Fork River site had elevated concentrations during high flow
conditions. The above mentioned trends were similar for both dissolved and
bio-available concentrations.

The Blacktail Creek at Butte, MT site and WarmVSprings Creek at Warm
Springs, MT site had the lowest mean concentrations of all sites and had
concentration levels similar to each other, with the exception of iron, which
was an order of magnitude higher at the Blacktail site. The Blacktail Creek
site did show greater changes during 1989 storm/runoff events also.

Results from Blacktail Creek could be used to establish upper drainage
background conditions. If such an assumption is made, it then appears that
considerable contamination exists downstream to the Silver Bow Creek site
below the Colorade Tailings, and Silver Bow Creek site at Opportunity, MT.
Both dissolved and bio-available concentrations showed considerable increases

during 1988 and 1989 sampling activities.
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Bio-available concentrations ranged from 1.5 times greater for arsenic,
to ten times greater for iron, in comparison to dissolved concentrations.
Total recoverable concentrations were similar to bio-available concentrations
except for iron and aluminum, during both non-storm and storm runoff events.

Storm events and runoff from spring snowmelt did affect water quality
conditions at all sites, even though the Warm Springs Ponds appear to cause a
lag-time effect on the downstream site (Clark Fork River near Galen, MT), and
also dilutes metal concentrations.

Maximum dissolved concentrations during both 1988 and 1989 sampling (at
the four main stations) occurred at the Silver Bow Creek below Blacktail
Creek at Butte, MT site (below the Colorado Tailings) with the exception of
arsenic concentrations which were higher at the Silver Bow Creek at
Opportunity, MT site. Maximum iron concentration during 1988 was higher at
this site, but the mean concentration was lower than the upstream station.

Both the maximum and maximum mean bio-available concentrations occurred
at the Silver Bow Creek below Blacktail Creek site, by considerable amounts,
during both 1988 and 1989 sampling. The location of this site to streamside
tailings deposits possibly explains these occurrences, while increase in
streamflow probably helps to dilute concentrations at downstream sites.

While the Warm Springs Ponds appear to have a positive effect (reduction
in concentrationss) on trace metal concentrations, both dissolved and bio-
available fractions, they do not appear to have a similar reduction on
arsenic concentrations. 1989 dissolved arsenic concentrations are greater
than those at the upstream site, while bio-available concentrations are
essentially the same at these two sites (Silver Bow Creek at Opportunity, MT
- upstream of ponds, and Clark Fork River near Galen, MT - downstream of

ponds).
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Prior to the start-up and following completion of this monitoring and
sampling program, fish kills occurred in the vicinity of the Clark Fork River
near Galen, MT site. While one of the goals of this project was to
investigate remote monitoring and sampling techniques as an aid in
identifying the causes of fish kills, were unanswered, it is felt that
numerous changes or occurrences were documented throughout this study which
should help future investigators and aid in cleanup of the Upper Clark Fork
Basin.

The fall 1988 sampling, which occured during possible all time minimum
(low-flow) streamflow conditions, should establish baseline concentration
levels which can be used as a gauge for comparison during other flow

conditions.
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Appendix A
Complete Quality Comtrol Data for Monitoring Sites
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Table A:

Bilver Bow Creek Below Blacktail Creek, A Butte, HT
USG5 Bite 12323230
Buality Control 1988

Date:  Time pH pH  pH  pH 5C 5C &C 5C TEHP TEHP TEMF TEWP a0 o o o
{RHDDYY) (HHMM) BC HL Diff Difs ac HL Diff  Diff B HL Dif+ Diff aC HL  Dif Diff
{4 {ushos! {ushos) {ushos) (X) {oC} iol) {(ol) (D) ing/l) (mg/i) {mg/l)y (D)
7/27/88 1500 7.3 488 18,0 3.7
8/6/88 1108 6.8 336 16.0
§/18/88 1350 7.0 Il 18.9 4.9
8/19/88 1130 4.87.2 .4 8 486 350 -136 -28 15.0 16,3 1.3 8 4,6 8.3 9019
8/23/88 1313 7.9 484 8.0 &3
B/26/88 1143 7.5 6.7 -8 -0 4735 430 =% -3 16,0 1 402 3.9 &b g 012
8/29/88 1230 7713 -4 b 487 410 =17 -ib 1.5 1 32 &1 b8 1.7 33
57188 1213 6.7 att 15.5 3.9
?/1/88 1400 6.8 385 20,0 &1
§/3/88 1020 7.2 7.2 .0 0 481 444 -41 -9 14,0 14.0 .0 0 6,0 1o 1.6 26
§/8/88 1205 8.1 52 16.0 ]
9/B/88 1730 7.2 495 14.0 3.4
9/11/88 1RGO FER AV S - B 482 470 -12 -2 o 12,0 L0 9 3.8 A3 3 08
Filz/e8 2139 7.2 7.1 -1 -1 3468 320 -38 -1 12.0 14,3 2.3 19 4.0 5.0 L6 26
3/18/88 1715 iR - - 304 485 1w 2% 6.0 14,5 8.5 14! 6.9 6.9 A0
9/30/88 1218 6.9 7.0 .1 2 362 488 126 33 3.0 12,5 -.5 -4 b6 8.7 g 02
9/27/88 1630 7.37.1 -2 -3 335 lag i34 .0 1.3 .3 4 6.5 b.b 01
10/03/88 1063 8.7 6.8 .1 1 3 421 7 83 o0 12,6 Lo 9 b.b b4 -3 -4
10/10/88 0930 7.0 7.1 .1 2 489 416 -73 -15 1.5 1,7 .2 2 3.5 b3 .8 13
10/17/88 745 6.4 6.7 .3 3 320 233 -87 -27 9.0 9.9 .9 10 7.6 4.9 -2 -2
io/18/88 900 7.37.4 -3 -4 433 253 -18¢ -42 1.5 9.0 -1,5 -18 e 47 ANt
10/24/88 10400 7.6 7.0 -3 <7 336 407 314 10,3 10,8 .3 & 6.3 1.0 N
10731788 BOD 7.0 7.0 .0 g 438 440 -i§ -9 7.8 .% -3 -4 83 17 1.4 22
Meap==== -,{ - -5 -§ i i3 i1z
5td Dev= .3 4 8 20 O ot
Haxiaum= .4 & 126 35 8.5 141 1.7 33
finigua= -.B -0 -180 -42 -1.5 -14 -3 -4



Tablie E:

Silver Bow Creek Below Blacktail Creek. &t Butte, NT
{1568 Site 12323250
Buality [ontrol 1989

Date  Time g pH pH  pH &0 8C 5C 5C TEHP TEMF TEWF TEWP 0g il po 0o

(MHDDYY) {(HHRH) g0 HL Diff Di#f N HL Didt  Diff B0 HL Diff Ditf 8t M. Diff Diff
(% fumhes) (umhos) {ushos) {%) {oC} {of) (o) {1 {mg/1} {ag/l) lmg/i} D)

§/21/89 1245 7.27.1 .4 0 389 362 -7 -7 10.5 10,9 .4 3 0.6 B.3 -4.3 <22
4/22/8% 730 .17 it 34 288 -2 -8 6.0 7.7 1.7 28 7.8 B.3 g6

4/28/89 1412 7.17.0 -4 -5 418 379 -3y -9 7.0 8.4 1.4 1% 8.0 1.3 1.3 15
33789 17 71001 0 i} 37 353 -7 -8 1,0 14,3 .5 4 8.0 8.1 A0l
/11789 1200 4,9 7.1 .2 3 392 383 =40 -1 3.3 9.7 .2 2 B.1  B.7 b7
/15789 1900 b.b 7.0 .3 7 278 290 12 4 2.0 11.42,4 27 1.2 7.7 -2.53-24
3/15/8% 2080 4,870 .2 3 238 252 14 4 9.0 10,6 1.6 1B L 7.8 ~3.2 -29
5/24/89 1450 7.1 7.2 .1 i 500 487 -1 -19 1L, 1,8 .8 8 7.6 H.b Lo 13
/2889 BZS 6.8 7.1 .4 3 443 407 -36 B 8.0 B.E& .6 7 8.8 9.3 3 b
519789 1200 6,7 7.1 .4 & 434 344 -8 -2 13.4 4.1 .7 4 5,8 4.1 -7 -1

4/14/89 1743 7,272 -1 -l 470 7 -1 -1% 14,6 15.7 Lt 7 I -1,3 -20
6/27789 15135 8.3 7.0 .% 7 317 ik o e 12,0 .4 3 5.2 1.4 J 10

4/78/89 1145 6.8 7.0 .2 3 430 Jbb -64 -13 15,2 5.4 -1 - B0 7.6 -4 -5

Hegan==== | 2 -34 -7 ! 10 b -4

Std Dev= .2 4 % 8 t9 [

Haximua= .G 7 4 & 2.4 18 1.3 1

Hinimue= -.4 -3 -113 -1% ot -3.2 -9



Table Ls

Silver Bow Creek at Opportunity, BT
UGBS Site 12323800
Quality Lontrol 1988

D&RTE  TIHE pH pH gH pH 5C at 50 BN TERF TEHP TEMP TEWF b il I i)
{MKDDYY) (HHAN) BC  HL Diff Difs &c HL hifd Ditd B HL Ditf Dif+ ac BL  Diftf Diff
{3 {ushos) {ushos) {umhos) (%) {o} {of} (o) %) (8g/1) {me/1) {mg/l} 1%)
7i21788 1330 7.4 420 20,5 10.7
8/6/88 1410 8.3 486 5.0
g/18/88 1530 7.8 452 2.0 10.7
8/19/88 1300 9.6 9.5 .0 0 439 450 20 3 18,5 18.9 .4 2 3.6 152 -4 -3
823788 0915 8.7 8.4-.2 -3 470 440 =30 -4 13.0 12,4 -6 -5 7.6 1.2 L& 47
B/26/88 1235 9.3 463 18,0 12.7
8/29/88 1950 10.2 451 20,0 2.3
971788 1615 16.1 451 18.0 7.4
F/1/88 1900 W2 0.2 .0 0 305 37 -135 -27 17.0 19.7 2.7 & 7.1 9.1 A0
9/5/88 1200 2.3 9.0 -5 - 478 410 -8 -14 16,8 16,9 .1 @ i3,7 .9 2,2 13
9/8/88 1043 7.8 384 t1,0 12.8
7/8/88 1830 0.4 10,0 -8 -t 521 460 -121 -Z3 14,0 18.6 4.6 33 3.7 9.1z S 4
9711788 2000 9.3 B.4-.9 -9 451 390 -4 -4 4.0 &3 2.7 % .3
/12788 1600 9.3 %.1-.2 -2 434 38 -34 -13 14,0 14,3 .5 4 L3 159 2.4 AU
9/18/88 730 B.2 8.0 -.2 -2 430 457 74 1.0 3.6 2.6 2535 10.4 1.8 1.4 14
9/197/88 2043 8.2 B3 .3 4 434 470 16 4 7.0 9.3 .3 4 8.3 9.4 S ¥
9/27/88 1545 B.3 B.7 .3 & 407 380 -7 -7 g0 9.5 L% 19 1.6 14,5 2,9 I3
10/3/88 1140 8.5 B.& .1 1 352 388 -4 -1 .o 166 -4 -4 1.5 12.8 2.3 22
10710488 1030 7.7 8.4 B 10 472 Jg8 -84 -if I S 12,0 12.9 g7
10/17/88 540 6.7 7.7 1,4 15 ilh 415 -1 8.5 7.5 1.0 U 8.7 9.5 B 1
10/19/88 1000 .0 B0 L0 0 383 397 i 4 7.3 &b -7 B 10,2 .2 L0 1
10724788 1100 8.7 449 -t 5.8
10731788 1000 7.7 478 4.0 1.2
Hean=z====} 0 | -3 -7 2 I
§td Dev==} .5 ¢ il e 1 43 Tz
faximum==: 1,0 15 74 4,6 253 3.6 47
Hinigua==} -.§ -% -135 -7 -7 -8 -4 -3



Tabhie Dt

Silver Bow Creek at Ooportunity, HT
U565 Site 12323600
Buality Lontrol 1989

DATE  TIME oH sH pH  pH 5C 50 8C 5C TERF TEMP TEHP TEMWF g ol TR
{HMDOYY) (HHHH) G0 HL Diff Ditf fC HL Diff  Di¢f BC HL Difs Disf 8t HL Diff Ditd
{1} {ushos) {ushos) lumhos) (%) {el} fol} (e} (%} {ma/1) {mg/1} (mg/1) {%)
3/7/89 1203 8.9 25 4.0 18,0
4/21/8% 1400 7.8 7.9 .1 ¢ 328 290 -8 -i2 iho 9.1 -1,9 ~17 10,8 10,6 -2 -2
4772789 1010 .707.8 .1 @ 307 275 -z -9 4,0 7.3 1.0 18 7.3 16,9 .6 1B
4/28/8% 1457 7.8 8.0 .1 2 353 329 -6 -7 4,06 4.9 .9 10,6 11.8 1.2 il
373489 1630 g.1 8.4 ,3 4 302 306 8 1 1.0 12,3 L3 U 7.6 10,4 B8
/11489 1315 7.4 B0 .3 7 314 281 -3 -20 8.0 8.0 .1 i 7.8 134 .2 32
3/12/8% 1343 7.5 8.0 .8 4 47 284 o 7.6 1.F .5 7 1.6 13,1 2.7 3
SF15/8% 1000 7.7 7.8 .1 2 327 264 -3 -1% g0 7.7 -3 -4 0.0 139 L0
3/74/89 7.7 340 10,0 8.6
5/28/89 1130 4.8 8.1 4L3F 19 343 {84 -i59 -4 40 7.1 LU Th 12,0 1.3 -3 -4
&/9/87 1110 7.6 B.6 1.0 13 423 360 -12% -29 16,4 14.8 -1.6 -1C 7.9 10.3 4 4
5/14/89 1600 8.4 9.0 .6 7 247 Z81 14 3 15,4 16,5 1.1 7 B.8 10.4 1.7 19
6728789 1030 7.8 7.9 .0 0 344 293 -5 -1 13,8 12,7 -6 -1 0.2 9.4 -~1,2 -i2
Heaps====} .4 4 -49 -14 67 {12
Std Dey==r .4 & il 14 1 4 i 14
Haximum==» 1.3 {9 4 8 LUT7h 3.2 3
Hinimua==: .0 { ~159 -44 ~-1.9 ~i7 -1.2 -



Table E;

#ars Springs Creek At Haras Springs, 7
USG5 5ite 12323770
Guality Control 1988

ol pH  pH  pH il 5C 8¢ &€ TEMP TEHP TEWP TEAP il bo s o
BATE  TIME G0 HL Diff Ditf ac HL  Diff Difd 0 HL Ditf Diff Bt HL o Diff Di#s
{HHDDYY) (HHHH) N {ushpos) (ushos) (uahos) (1) (o) tol) {(oC) (%) {ng/1) {ag/l) leg/l) (3
7/25/88 1130 8.7 1473 16,3 5.3
g/6/88 1310 7.4 {412 15.0
B/19/88 1330 7.7 1645 15.0 .3
8/25/88 1105 7.8 1412 13,0 7.2
B/26/88 1400 7.8 1415 13,0 7.1
B/29/88 2043 8.3 1470 17.% 6.7
3/5/88  131¢ 8.1 1345 1%.0 8.7
3/8/88 1000 8.2 1588 10,9 3.9
9/11/88 2110 8.2 133 51 8.6
9412788 1710 8.1 1279 11,5 8.8
?/18/88 1000 7.9 {192 6.0 B.3
9/19/88 1850 8.2 1350 5.0 8.4
9/27/88 1243 4,9 1279 7.0 10.1
1073788 1210 7.9 1059 1.0 7.0
10710788 1115 8.2 7.9 -.3 -4 1258 131 2 4 12,2 8.4 -3,8 -3 10,2 7.6 -2.6 -15
10717788 &40 7.8 e 702 200 7.009.0 2.0 29 8.7 10,2 1.5 1B
{0/19/88 1104 8.37.9 - =5 a4 590 9 7.e 7.t -7 -8 2.8 11,7 1.9 19
10/24/88 1143 8.2 8.0 -2 ~-% 717 45 -6 -9 7.5 6.9 -6 -B 7.6 11,9 2.3 02
10/3/88 930 7.97.9 0 ¢ 00 A7 9% =13 51 4.6 -5 -0 12.4
feap==== -7 -3 -1y -2 -7 & B9
5td Dev= .2 2 g 719 2
Mayisua= .0 ( iz 9 .6 29 .3
Hinigua= -.4 -3 -9% 13 -8 -3l -2.6 -2



Table F:

Harm Sorings Creek At Ware Springs, HT
USBS Bite (2323770
Buality Control 1989

' pH pH  pH  pH 5C 80 5C TERMP TEMP TEWP TEWF il iy 0o
DatE  TIRE 8C HL Di#f Diff ac o Diff Dif+ B HL Diff Ditf ac L Difs Difd
(HHDDYY) (HHMH) {1) {uahos) (ughos) tushos) (%) {ol} (%) {mg/1) lmg/1) {mg/1) {%)
4714789 1530 8.7 324 13.0 19.2
4721789 1445 7.98.3 4§ 395 393 U i3t 8 7 B4 1.3 LY
4/22/89 1050 8.4 8.2 -.2 -3 417 384 -3 -8 B2 8.3 1.4 14 10.2 1.0 .8 8
4/28/789 154t g.48.3 .0 0 4 420 & 1 6.0 6.4 4 7 10.4 12,7 2.3 Z1
345789 1343 7.9 8.9 1.0 14 43 42 -3 -3 o3 .3 3 10,2 H.6 L4 14
3711789 1302 07,9 .8 210 238 % 13 6.8 7.0 .2 3 woe 3.9 -1 -l
3/12/89  14db 7,30 -3 -4 26 243 ¥ 1 6.3 6.9 .4 4 7.8 10.2 4
31589 310 7384 .5 7 0 407 47 13 7.0 9.9 L% 10 8.6 B.6
3724789 1340 7.38.2 .8 i 129 346 17 3 7.0 5.6 .6 7 1.2 .2 LD
3/29/89 43 7.209 .69 38 3EF 3% 12 L0 49 L9 82 9.6 1.2 L.
6/6/89 1530 EPSR: 7S U B U1 177 I3 333 4.5 15.2 -1.3 -9 8.7 5.8 L1
5/9/89 1013 L.aong .9 12 165 191 @b 1b .2 9.6 4 4 7.6 B4 -L3
6/14/89 1330 7.2 208 .3 8.2
5/21/8% 1843 7.1 79 13,0 8.8
8728789 100G 7.5 £33 8.5 7.2
Rean==== .3 4 179 B 1.4
8td Dev= .4 & FRE t 17 2
Haximwas 1.0 14 FRESC LY b2 B.6
Hinimug= -3 -4 3-8 O 1.3



Table B

Clark Fork Wear Balen, HT
USRS Site 12323800
Buality Control 1988

pH pH o oH &C 5C 5C SC TEHP TEWF TEWP TEHWP ] ] 0 oo
DATE  TIHE BC HL Diff Dité 8t HL DifF  Diff 80 HL Diff Dif4 ac HL Diff Dit4
{HHDDYY) (HHHM) {3} {ushos) {ushos) (umhos) (%) {oC} (ol) (o) (%) {mg/1) {mg/1) lag/l) (D)
7/27/88 0940 8.2 707 18.5 6.7
8/6/88 1540 8.3 711 18.0
B/ig/88 1700 B.2 788 17,0 7.6
8/19/88 1430 8.383 .0 0 g1 640 -1t -9 19,0 19.% .9 4 7.7 9.0 1.3 17
B/Z5/88 1200 8.4 8.1 -.4 -4 80 860 -196  -22 17.0 16,3 -.7 -3 7.8 7.7 .2 Z
B/z6/88 1430 8.1 8.2 .1 1 850 720 -130 -15§ 17,0 17.3 .3 Z 8.3 5.7 1.4 17
B/29/88 2025 B.7 B.3 -.5 -3 829 730 -9 12 18.0 ¢ .9 i 7.5 8.9 o &
971788 1700 8.3 B6l i7.0 7.8
F/1/88 2000 8.8 8.2 -.6 -b Ba7 580 -7 -% 17,0 18,3 1.3 8 7.3 8.7 1.2 ié
7/3/88 1400 8,385 .2 3 753 460 -93 -12 19.0 8.6 -4 -2 0.0 1.2 1.2 12
9/8/88 0903 B.b 841 1.9 8.3
7/8/88 1715 8.3 890 15.0 7.6
9/11/88 2230 g.6 8.0 -.6 -7 782 750 -32 -4 3.0 8.2 3.2 &5 8.7 10,1 1.4 16
9/12/88 1801 7.9 8.4 .6 7 a4 780 -b4 -8 13.0 13,1 .1 i 16,2 11.7 1.8 i3
9/18/88 1130 283 .1 i 6B 737 b8 10 7.0 7.8 L% 10,2 1.3 14 i
7/19/88 920 8.9 8.3 -.6 -7 509 728 iy 20 B.3 7.6 -5 -l .4 1.2 L8 A
F/27/88 1410 7.9 8.7 B 1 &7 647 -7 -1 8.0 9.8 LB I3 10,5 11.0 8 N1
10/3/88 1230 7.6 8.9 1.3 17 555 b7 i1 21 13.0 12,5 -5 -4 12.1 12.3 .4 4
10/10/88 1145 8.7 8.8 i i 710 872 ~38 -5 16,5 10,7 .2 2 12,0 12.4 .4 i
10/17/88 820 7.9 500 559 155 3 7.0 9.1 2,1 30 .8 9.3 Wb b
10/19/88 1130 gigd 00 0 411 GBE -3 -4 8.z 8.2 .1 i 1.0 11,9 9 8
10724788 1200 7.6 8.4 .6 8 697 £33 -4 - B0 7.9 -1 -1 1.y 153 2.2 20
10/31/88 1000 7.egl 2 3 hB4 649 -77 -l 5.7 4,9 -3 -h 10.9  1i.8 .7 g8
Heaps=== ] 1 -3 -3 .3 7 1.0 i1
Gtd Dev= .3 8 102 15 .1 17 b 6
Haxigua= [.3 {7 159 3z 3.2 4% 2.2 21
Minigua= -.4 -7 -190  -72 -9 - WA i



Table H:

[lark Fork Mear Galen, #7
USES Site 12323800
Buality Control 1989

pH pH pH  pH 5C 5C 50 8C TEWP TENF TEHP TEMWP iy o o 0o
DATE  TIHE 8C HL Diff pissf g HL Difs  Dits 8C  HL Di#f Dif# N HL  Diff Ditf
(MMDDYY) (HHMM) {1} {ushos) {ushos) {uahos) (L) {of} (o) {ol) (%) {mgf1} {eg/l) (mg/1) (%)
4/14/89 1636 8.9 14,9 7.3
421789 1530 B.284 .2 3 427 403 -2 -3 13.8 13.2 -.6 -4 8.8 9.7 90
4/22/8% 1156 8.382 -1 - 475 394 -8t -17 3 1Le .5 5 10,0 10.0 LU 0
4/78/8% 1540 8.5 8.7 -.2 -3 430 399 - -7 6.0 63 .3 B 1.4 1.4 1.0 7
3/3/89 1540 B.4 8.5 .1 1 439 394 -45  ~{ 0.0 11.8 LB 1R 6.6 10.4 -2 -Z
9/11/8% 142 7.57.7 .2 2 7% 247 -3 -U 8.8 9.2 .4 4 9.4 10.3 A0 1
/12789 1602 B.27.9 -3 -4 7 764 -7 -3 7.3 B.7 1.2 17 0.0 e L 1
3/15/8% 2335 7.6 7.8 3 3 377 333 -4 -12 g.0 0.7 2.9 ¥7 9.1
5/2478% 1310 7.0 B.1 1.l b 344 7 -7 -8 g.¢ 2.0 Lo 13 12,6
5729789 G150 7.27.6 .4 % 340 33z -8 -8 6.0 6.4 .4 7 8.8 10.4 1.6 1B
-~ b/6/BY 1430 7.2 217 18.¢ 9.4
5/9/87 (900 7.37.8 .3 7 223 215 -8 -4 .71y .2 2 3.1 2.8 3.8 4l
6/14/8% 1430 7.4 8.3 .9 12 203 219 16 8 14,0 14,3 .3 2 8.4 . 4.8 57
5/28/89 0930 7.7 7.8 i 330 301 -5 -9 L7 6 5 7.3 . -
Heanp==== .3 -Z8 -7 .8 5 1.3 13
Btd Dev= .4 23 & .9 10 .6 19
Haximups 1.1 16 ib B 2.9 37 4.8 57
Hinigug= -.3 -4 -1 -i7 -, -4 -5 -5






Appendix B
Selected Water Quality Results for 1988 and 1989 Sampling
at All Sample Locatilons
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UPPER CLARK FORK STORM EVENT MONITORING

7415190
PHYSICAL PARAMETERS
FIELD LAR
DATE  TIHE FLOY 5S¢ PH D0 TEWF S0 PH HARDNESS ALKALINITY PERCENT mea/l
{R#/BD/YR) (HRS)  (cfst (ushos) (en/1) (L) (umhos) {mg/1} {mg/1} Ca Ho ¥z HCDI COZ 504
USES STATIDN Wo. 12323200 BLACKTAIL CREEK MEAR BUTTE, W7 (ABOYE CONFLUENCE WITH SILYER BOW CREEK)
04/07/89 09:20 27 22 A HAR O 4,2 233 h.6 73.1 44.9 So.h 22,9 17.1 56,7 .03
04714/89 11:44 0 205 7.0 9.9 .0 280 7.4 147.4 77.0 37.8 22.9 14,7 5B.1 .0 35,2
04/21/89 11:20 15 M5 6.7 9.5 .00 290 1.4 169.9 80.0 7.9 22.9 17.2 3B.6 .0 35,1
04/22/87 063143 27 280 N/ROT.B 6.9 235 7.6 82.3 44,5 53.4 20.7 23,3 57.6 .0 334
04/28/89 12:34 t4 7% 7.2 0.0 5.0 310 7.7 120.3 85.4 h.9 22,6 17.7 57.4 .0 35,6
05715789 16110 22 I8 9.3 B0 3B0 7.4 58,9 58.1 36,9 19.7 19.6 82,4 .0 32.0
05/15/89 20:18 29 270 5.8 16,8 9.0 300 7.3 9.1 46,0 7.9 1.4 18,6 89.0 .G 3%.B
05/28/89 19:10 k3| 185 6.5 1.0 L0 185 7.2 &7.1 33,1 8.7 21,0 18,0 1LY .0 30.3
0A/27/89 14:15 s %0 4,8 7.6 12,0 NO RAE SAMFLE 128.9 102.0 7.5 12.5 17.7 ND ANIONS
HI850ULA GULTH MISS0ULA GULCH (AT CENTENNMIAL avE)
04/07/89 09:55 .22 630 7.6 WA 7,00 595 7.2 275.6 112.4 4.3 23,6 1B.3 39.3 .0 44,8
08/14/89 12:47 L33 895 7.7 B.O 15,0 K03 7.7 225,1 124.% 3.2 23,6 19.8 42,6 .0 44.4
04/21/89 12:00 a6 B30 7.3 8.1 2.0 520 7.7 197.9 97.3 4.3 24,5 17.7 3%.5 .0 47,6
08/28/89 13:10 L1 396 7.5 9.4 7.0 475 T.b 177.2 98.4 87,2 22,1 17.0 43,8 .0 45.4
05715/89 18:00 {.10 160 6.6 10,5 10.0 745 7.4 63.3 36,4 52,7 15.2 16.4 45.4 .0 §9.3
05/28/89 2115 .89 13 6.5 L2 1.0 17 45,4 26.0 61,7 16,3 17.6 45,4 .0 44,3
06/27/89 156:30 H/h 663 6.6 7.2 lb.1 NO RAW SAMFLE 315.9 47.0 69.8 18.7 6.3 ND ANIONS
8BS STATION o, 12323250 SILVER BOW CREEK BELONW BLACKTAIL CREEK AT BUTTE, HT (COLORADD TAILINBG)
07/27/88 15:00 i3 483 7.3 L7 B0 B40 7.3 168.2 116,35 48.7 19.7 77.8 52,4 .0 342
pH/CE/BB 11105 17 535 6.8 7.0 485 7.¢ 164.4 98.8 4d.6 19.B 27.4 47.B .0 3B.%
09/05/88 10:3¢ 14 480 7.2 6.0 17,0 49% 7.2 1753.7 121.1 20,0 20,9 75,4 32,3 .0 35.9
O?fllfBB 17:10 14 490 7.7 5.8 1L, 483 7.7 167.4 114,2 49,5 20,5 25.4 50.0 .0 3B.0
09718788 (4:00 2933 T 8% AL 393 6.9 144.9 87.5 at.4 20,1 23,9 46,0 .0 42,3
09/27/88 16:30 3700 338 7.3 kG OLL0 360 6.7 131.9 93.8 2.1 19,7 5.4 532 .0 36,5
10/17/88 02140 98 320 6.4 7.0 9.0 340 6.5 117.5 46,3 33,9 18,2 19.1 29,3 .0 42,2
101 117037688 091140 S 410 6.3 W/RON/B O 355 AW 141.7 N/ 51.2 20,4 23,3 ND ANIONS
102 11703788 09:40 30 376 6.8 WA ON/AR 333 7.1 114,72 Y 47.3 18.4 28.7  ND ANIONS
103 11/03/88 10110 0 415 7.0 HW/A W/ 37D 7.4 104.8 NiB 40,0 21.5 29.4  NO ANIDNS
104 11/02/88 10:40 3 415 7.1 KA ON/A BO0 7.3 131.7 N/A 47,3 18.6 26,4  NO ANIOMS
105 11703788 1110 320 430 7.1 NB O WA 3R0OT7.3 136.4 WA 47.8 18,6 27.0  NO ANIDNS
106 11/03/88 L1140 3 473 7.2 WA N/ At 7.3 155,2 N/ 48,2 19.4 27.5  NO ANIONS
107 11/743/88 12:10 3} 4B¢ 7.2 WA ONR 20 7.3 14L.6 Wik 43,0 19.4 7.3 ND ANIDNS
fa/G7/89 10:58 % 33 7. B 7.3 325 7.1 103,8 746 59,0 20,0 25,1 30,0 .0 40,1
04/14/89 13126 33 410 7.3 BRI 37EO7.3 120.4 B, 0 Gi.1 20,9 74.4 48,9 .0 40.5
(4/21/89 12145 30 813 7.7 10,6 1t IR0 7.5 124,53 BL.Y 50,2 20,5 75,2 46.1 0 42,4
04422789 07350 38 45% 7.0 7.8 &0 30 7. 9h,5 Gh. 0 a1.8 18,2 26.2 42,2 .0 4A,2
04/28/8% 14:12 26 420 7.3 B0 7.0 820 7.4 132.8 B5.3 1.4 19.6 23,9 46,5 .0 8L.%
05/15/89 1900 79 B0 6.6 10,2 .3 495 7.3 90,7 §97.2 35.7 16,3 23,2 43,8 .0 44,3
(5/13/89 2050 127 280 4,8 11,0 BB 803 7.3 100,32 98.3 6.0 16,3 23,1 72.2 .0 231
(5/26/89 20525 37 745 KB 8.8 I 245 7.0 75.4 38,1 4.4 18,3 23,5 40,1 .0 47.%
06/09/89 13:00 19 453 4,7  bh.B 15.8 430 A7 1392 15.2 457.5 19,3 27.7 80,6 .0 45.2
(h/27/89 15115 71 420 6,8 B0 15,2 HO HAW SAMPLE 12%.3 12,0 51,3 16,3 1B.4  NO ANIONS



UPPER CLARK FORK GTORM EVENT HONITORING

07719790
PHYSICAL PARARETERR
FIELD LAR
DATE  TIME FLOW 8C PH DO TEMP S0 PH HARDNESS ALKALINITY
MH/DD/YRI(HRS)  (cés) {ushos) {ag/1) (C) {umhos) img/1} {ag/1i
USES STATION Mo, 1232600 SILVER BOW CREEK AT OPPORTUNITY. T (STEWART BRIDBE)
G7/27/88 09:4) 200 415 7.3 16,2 18, 40 .6 180.2 1096
bR/06/B8 14210 16 481 B.F W/B 150 490 B3 3.8 122.,3
§9745/88 12:00 13 473 9.5 (4.7 160 470 9.3 185.6 121.§
101 99/10/88 23:530 26 39 7.9 0. 8.0 225 7.7 181.4 {156
192 09711788 G0:20 2 300 7.9 140 5, #3 Tz 169.8 78.8
163 99/11788 G1:00 30 400 7.7 110 5B H/R T 166.7 110.1
104 09711788 01:30 3% 40 7.9 140 BT N T 166, 1641
105 9711788 02:00 i 4Z0 7.8 11,2 5.5 W/A T 167.3 1052
106 09711788 02:30 3B 43 7.% L2 53 NA TS 174.7 105.6
107 09/11788 03:00 29 430 7.9 L4 520 I35 74 71, 106.1
09711788 06100 28 465 9.3 7.5 5.0 AE TG 173.1 96.7
201 09717788 21:00 26 430 BB 10,0 7.8 430 7.0 172,90 102.4
202 09/717/88 22:00 3 430 8.6 10.2 7.1 WA WA 175.0 N/A
203 09/17/88 25: 060 3 455 B4 10d 6.6 H/R 7.6 170.4 B83.2
204 09/18/68 28:00 3 50 8.3 0.6 6.2 WA TG 169.3 20.1
205 09/18/88 01:00 3 §50 8.2 0.7 6.2 HIA 1.3 1733 83.1
20h 09/18/88 02100 b 455 8.1 10.B G5B WA 7.4 i72.8 78,0
207 09/18/88 43:00 33 43 8.1 108 5.3 338 N/A 1755 Nk
09/18/88 07:30 53 430 8.2 0.4 4.0 473 4.9 174.7 97.4
09/27/88 15:23 2 410 B e 100 315 8.5 180.2 {11.8
301 §9/27/88 23:50 3 380 8.4 1Z.9 5.7 &bl 7.3 154.6 100.9
302 09/28788 01:350 30033 8.7 15§ A0 4R 7.3 168.5 120.5
203 09/28/88 031530 34 390 8.1 1.6 5.3 §48 7.3 173.8 74.6
10/17/88 05:00 3 420 6.7 BT B3 480 7.2 163.8 57.0
04707789 12508 129 235 6.9 100 4.0 230 6.7 34,1 33.6
04714787 14:44 ] 5Oy 8.8 1.0 380 7.3 127,90 5.2
04721789 14:00 B8 330 7.8 10.B 11,6 W/A WA 1.8 59,5
04/22/8% {0216 96 3106 7.7 9.3 .3 295 7.4 6.4 87.2
04/28/89 14:57 7038 LB 3.8 360 7.B 126.1 72,0
03/12/89 13145 89 0 7.8 0.6 10,0 43¢ 8.1 107.% 75,8
03715789 10:00 75 3 7.7 W0 B0 495 RO 128.7 8.9
05/28789 11130 64 3 .8 12,0 3.5 3 1.7 133.3 8Z.0
05709769 11300 61 33 7.6 9.9 164 300 T 12,7 78.7
06/27/89 18:00 44 315 B.% 0.6 17.0 NO RAW SAMPLE 129.2 115.0
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UPPER CLARK FORK STORM EVENT HONITORING

07719790
FHYGICAL PARANETERS
FIELD LAR
DATE  TIME Fld# S50 PH DO TEWP  BC  PH HARDMESS ALKALINITY PERCENT mea/l
(M4/0D/YR) (HRS)  {cfs) {umhos) {sg/1) (0} (uahos) {ag/l) {mg/1} fa g HMa HCDZ CO3 G504

UGBS STATION Mo, 12323770 WARK SPRINGS CREEK AT WARM BPRINGS, MT

07/27/88 1136 6 1,420 B2 6.5 16,5 1200 8.1 7240 184.1 74.4 22.9 2.8 24,8 .0 744
bR/06/88 15:10 A LA 7.4 N 148 1220 7.6 753.4 180.1 74.0 22,2 3.1 234 .G 737
09705788 13:10 f.4 1,336 8.1 B.% 6.0 1230 B.¢ 743.3 172,59 78.9 21,2 3.2 306 .0 7h.b
09/11788 24310 33 1,300 B2 MR WA 1295 B.Z 775.8 177.7 EETE 4 U S I 5 BN ()
09/18/86 10:00 3.9 Lis0 7.7 B A0 1180 B 686.6 149.7 74.8 21.8 2.8 4.1 .0 731
19/27/88 12:45 3.8 1,280 6.9 101 %0 1750 B.1 746.1 194.1 75.6 20,9 2.9 24,9 .0 741
10717788 06140 3 TG &7 7.0 0 7.8 374.9 133.1 73.8 2.7 3.5 3.1 .0 40,2
04707/89 13110 3B 485 7.9 10,0 B.G 4B0 7.8 2%7.8 118.8 71,8 22,7 4.6 89,0 .0 0.2
4714789 15:30 34 525 8.6 10,2 130 48 B3 244,35 140.1 74,9 23.0 4.3 83.2 .0 4h.0
04/21/B9 14:43 3 3/ 7.9 8.4 113 39F B2 193.5 136.9 83,3 0.2 13.7 40.8 .0 3B.4
04/72/89 10:30 37 440 8.4 10,2 BZ 0 383 &E.1 183.4 108.8 72,4 22.0 4.8 56,6 .0 42,4
04/28789 15:41 48 413 8.4 10.4 a0 440 8.5 217.3 130.1 72.9 21.9 4.2 562 .00 43,0
03712789 14:44 1y 220 7.3 9.8 &5 380 B 1i7.b B0. 6 73.6 21,2 4.3 K46 .0 340
¢3/15/89 23510 49 3 7.5 &b B0 835 B 180.0 112.4 73.8 21.0 4.7 38.0 .0 41.0
05/29789 00:43 52 320 7.2 %6 4.0 293 7.8 148.3 37.46 72,9 21.8 4.3 38,7 .0 40.2Z
Da/06/B9 15:30 5 00 7.3 BT 13 195 7.4 90.4 8.4 72.4 2.9 4.3 714 .G 27.8
04709/89 10:15 134 156 7.0 9.6 9.3 B0 7.4 B1.9 8.6 73.0 2.3 4.3 68,7 .0 30.B
Da/27789 18:43 &8 270 7.1 8.8 13,0 NG RAW SAMPLE 129.2 68. 0 73,3 25,1 4.1 ND ANIDHS
USRS STATION Ho. 12327800 CLARK FORK KCAR GALEN, WT {PERKINS LANE BRIDGE)

07/27188 09:40 12 760 8.2 6.7 B3 HAE 7.9 790.0 100, 3 59.3 28,2 14.7 29,2 .0 46.0
06706788 16:40 W 710 8.3 WA 7.0 ABO 7.6 317.5 163.3 60,3 23.8 14.0 28.6 .0 47.2
(7705788 14:00 12 745 B3 160 17,6 740 8.3 357.3 108.9 61,7 23,3 13,0 26,7 .0 49,0
09711788 22:30 12 778 8.6 B.7 5.0 745 B 61,0 104.2 6.1 23.4 12.7 4.5 .0 714
09/18/88 11:30 27630 8.2 10,2 7.0 720 B.OD 3431 37.8 81,9 23,7 13,2 74.9 .0 0.3
09/27/88 {4:10 3381 7.9 10,3 8.0 700 B.S 3243 9.9 60.4 23,5 14.2 25.1 .8 6%.3
10717788 (B: 00 & TI§ 7.9 8.8 7.0 6%0 T.h ~36,0 {12.9 63.6 23.5 11,2 30,1 .0 46,2
(4/07/89 14:18 f41 330 8.0 166 7.4 BH 7.5 2:7.2 108.3 3.8 2.1 12,3 319.9 .0 5859
(4114789 18:36 1277 510 8.9 9.3 13,4 490 7.9 215.9 10,3 f4,3 21,6 12,6 3%.6 .0 366
04/21/89 15:30 177 425 8.2 8.8 (3.8 &# 7.7 12,9 71,0 84,3 21.7 12.4 42.5 .0 8.4

101 64/21789 15:40 175 405 8.4 3.7 LE.2 MO RAM SAMPLE N/A NI NiA N/R O H/76 NG ANIONS

102 08/31789 16:80 175 400 8.4 9.4 1I.5 HO RAM GAMFLE N/A HiR H/4 R/& H/H ND AKIONS

103 04/21/89 17:40 169 400 8.4 5.3 1,5 4D RAW SAHPLE N/R Hik H/A N/R O N/A HD ANIDNS

108 04/21/89 18:40 167 300 8.4 7.2 1Z.4 NO RAW SANFLE N/A N/a N/RON/R N/A KD ANIONS

103 04721789 19:40 167 403 B.4 9.1 (3.2 HD RAW GAMPLE N/A N/A N/A N/A N/ ND RHIDNS

106 54721789 2020 149 410 8.3 B.B 12,9 HO RAH SREPLE H/A LI H/A N/A H/A ND ANIONS
04/22/89 11356 07 430 B3 5.0 10,3 a0 7.9 177.3 8%.2 64,3 21,5 12.7 42.F .0 341

201 04724789 (140 24 40 8.1 1.9 7.5 400 B 184.46 6.9 64.1 21,6 12,3 40,2 .0 34.9

207 04/24/8% 15:40 28 405 8.2 10.% 7.6 435 B i84.1 4.1 83.4 21.4 3.0 39.1 .G 56.7

207 04/24/89 {4:40 21 460 8.3 10,7 7.8 440 B0 1883 85.4 63.4 21,5 13.0 39,5 .0 5b.3

204 04724789 13140 221 40 B3 L0 7.8 43 1.8 184.8 86.0 £3.3 2106 13,1 39,7 .0 35.8

203 D4724/89 16140 25 W3 8.3 109 7.7 43R T.B 186.9 B3.6 63.4 21,9 12,8 3.7 .0 §h.0

206 04/24/89 {7140 212 4 8.3 1.7 T.b 4z 7.3 193.7 52.4 63,6 21,5 12,9 40.% .0 34.9
DR/2B/89 16180 164 430 B.3 10,4 &0 M43 7.3 191.8 92,1 64.7 21.4 12,0 4.7 .0 54,7



UPPER CLARK FORK STORM EVENT MONITORING

07719790
PHYSICAL PARAMETERS
FIELD LAH
DATE  TIME Flgw 8C PH DD TEMP 50 PH HARDNEGS ALKALINITY PERCENT apn/l
{BH/DD/YR) {HRS)  (cfs) {umhos) {ag/1) (L} (umhos) {ag/l} {ag/i} fa Hg Ma HOOZ COZ 504
USES STATION Mo, 12323800 CLARK FORK NEAR BALEN, MCLARK FORK NEAR GALEW, MT (PERKINS LANE BRIDBE)
301 05/0%/89 10:43 267 290 7.9 10,1 10,3 W/A W/R 144,3 N/A 62,3 21,0 14,1 WO ANIDNS
302 05/09/8B9 11145 2h4 290 B0 10,3 111 325 7.6 13%.4 84.2 e4.2 21,2 12,5 49.5 .0 46.9
303 05409789 12:45 278 290 8.1 10,3 12,00 430 HW/A 137.1 H/R 84,3 21,0 12,4 NO AWIONS
304 05/09/89 13:45 2rg % B 103 L0 M/ N/B 1351 NiR 64,4 20,6 12,1 NG ANIUNS
305 05/09/89 14143 274 90 8.2 10,2 141 293 7.8 138,46 57.3 64.3 20,8 12,2 47.5 .0 49,7
J0b 03/09/89 15:43 274 /0 B2 5.9 5.1 N/A N/R 137.6 NiR 64,3 20.% 12.3 WO ANIONS
401 03/10/89 14:45 303 290 8.0 9.3 1Le 301 7.8 N/R LY
402 05/10/89 15145 2% W0 7% 9.0 133 360 7.8 126.6 Bd.4 64.0 21.4 12,6 57.9 .0 3841
403 05/10/89 16:43 3 80 7.9 9.1 138 335 6.8 N/ HiA
404 D5/10/B9 17:45 299 285 7.8 8.8 L4 500 7.B 127.2 89,1 83.7 .8 12,7 47,0 .0 49.5
405 05/10/89 1B:45 4 0 7.8 8% 137 195 9.0 125.8 a1.8 63.7 21,5 12,8 37.2 1.3 §1.8
406 05710789 19:43 34 8% 7.8 8.8 136 430 7.8 127.3 70.1 63,9 21,2 12,9 47,3 .0 4%.1
05/12/789 16302 4 270 B2 10,0 10,0 420 B.0 118.0 8.0 64,0 20.7 13.6 4B.6 .0 48.0
(5/15/89 11:55 208 280 7.6 0B B0 A1F B0 151.9 73.9 hd.& 20.8 12.7 41,7 .0 34.4
03/27/89 04:50 2% 30 7.2 B8 400 335 7.7 148.0 80.5 64.1 22,0 12.4 45,1 .0 5L.b
501 06/06/89 07:15 278 20 7.7 8.4 12,3 78 B0 112.9 85. b 3.7 22.3 11,9 50.8 .0 45.7
307 DA/I0L/BY 08113 a7 /O 7.7 9.0 i1 273 B 113.1 43,2 63.4 22.1 12,0 30.4 .0 45.1
GU3 04706789 09415 283 @G 7.7 WA WA 270 8.0 108.9 44,2 83.7 22.1 11.B 33.2 .0 41.2
304 06/06/89 10:15 283 230 B0 WA ONZA O 280 B. 108, b 62,3 54.1 22.2 11.B 49.6 .0 82.2
503 04706789 11115 278 23 B3 WA MM 280 7.9 Hi b 42.8 63.4 22,3 11.9 53.0 .0 31.%
G065 06/0678% 12315 85 230 B WA W/R 235 8.0 106.3 41.7 t4.1 22,0 11,8 49,4 .0 43,5
Dh/06/89 10250 271 0 7.2 9.0 180 IEG 7.3 1025 Al 6 b4.0 22,2 11.7 81,7 .G 4306
06709789 08:03 32 W 3 % LY 0 7.8 92,5 34,6 64,3 22.3 11.6 51,9 .0 45,2
8011 06716789 (0:15 330 200 7.5 143 12,5 HO RAW SAMPLE 89.3 NIA b6.1 22,3 9.7 MO ANIONS
07 4716789 6115 400 200 7.5 11,3 12,1 O RAM SAMPLE 7.1 N/A 63.7 22,5 9.9 MO ANIONS
803 0b/16789 07115 422 200 7.3 1.6 11,7 NO ROW SAMFLE 8.9 H/A 65.4 12,5 5.9 ND ANIONS
b4 06/16/89 08115 43 193 7.6 1LB 11,4 ND RAW SAMPLE 85,9 N/A 5.1 22.7 10,0 ND AMIGNS
805 06/16/89 09113 431 190 7.6 12,0 11,27 MO RAW SRMPLE 84,2 N/A §4.8 22,7 10.2 N0 ANIONS
506 06716789 10113 430 130 7.6 12,0 11,7 NO RAM SAHPLE 79.0 H/A 44.7 22.8 10,4 MO ANIDNS
607 GA/16/89 11515 436 130 7.6 12,2 11,7 WD RAM SAMPLE 78.1 N/ £3.2 22.7 10.3 4D ANIONS
06727189 19115 132 33 8.1 8.3 5.1 NO RAM GAMPLE 138.8 R0 d4.4 22,8 11.0 NO ANIONS

B/A - HOT ANALYIZED
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UPPER CLARK FORK STORW E
7719490
[1580LYED COMCENTRATION

DATE  TIHE FLOW  Fe Hn 504 Al Be Cd Lr Cu b n fs
(WH/DD/YR) {HRB)  (cfs) (ag/l) (ag/1) l{ag/l) {ug/1} lug/1} {ug/1} {ug/1) {ugs/1} {wg/l) {ug/1) (ug/l)

U565 STATION Mo. 1232600

07/27788 09:40 20 .05 .20 3430 {1 2 {2 30 40 28 22.4
08/06/88 14:10 6 040 230 9 30 <1 2 {2 36 40 A7 240
[9/05/88 {2:00 B L L T P4 80 i {2 2 2 4% 4% 25,0
101 09/10/88 23:50 26,024 980 93 36 8 2 {2 31 <80 390 130
162 09711/88 00:20 26 076 900 21 80 il {2 2 a4 {40 420 110
103 09/711/88 01:00 300 1200 900 3 70 <1 B {2 0 <40 3BY 1L
104 09711788 01:30 #0130 .89 2 L3 i 4 <2 37 <40 377 12,
105 09/11/788 02:00 38 1200 920 94 40 ! 2 {2 39 {40 437t
106 09/11/88 02:30 38 100 950 93 100 i {2 ¥ 36 (40 A6 1240
107 09/11/88 03:00 2% L0868 .940 93 100 4 {2 {2 35 440 420 1.
09/11/88 20:00 8 .07 1140 7 40 1 2 {2 34 a0 260 L9
201 09/17/88 21:00 26 087 .830 g 30 {1 <2 {2 83 <40 800 13,9
202 09/17/88 22:00 30 L3 1.230 7 b { 4 3 350 40 1730 12.0
203 09/17/88 23:00 .03 .89 g8 120 {1 {2 {2 42 {40 610 8.2
204 05/18/88 24:00 3,018 880 70 140 {1 {2 3 43 40 820 10,0
203 09/18/88 01100 33 .02 930 95 73 { ¥ 2 30 0 720 1.0
206 09/18/88 02:00 36 031 1,040 ?6 140 ¢l 3 {2 36 40 736 .4
207 09/18/88 03:00 33 110 2000 109 18O i 2 {2 76 {40 B0 1.4
09718788 07:30 33057 L3300 09 a0 1 7 8 63 0o e 1.0
09427788 15:25 28 622 536 7 bk 1 2 3 38 4 120 12,0
301 0%/27/88 23150 38 .037 L680 83 40 8 3 {2 3 60 480 B.éb
302 09/28/88 G1:50 4 .0 7R ga 430 8 2 2 3b i B0 8.9
303 09/28/88 (03:30 34 022 1360 77 G <4 3 {2 78 70 1080 4.7
10/17/88 03300 36 .0AB 1,040 74 70 i1 Z {2120 {40 780 8.3
04707789 12:03 128 280 600 I ¥ N4 & 20 130 40 420 %0
04714787 14144 8% 100 53D 7 430 WA {2 2 75 0 30 1.9
04421789 14100 g8 .074 400 LE {2 12 2 62 W 2 8.7
(8722789 10510 76 (16D LE4D 38 80 N/ 2 {2 7 40 W0 8.
D4/2878% 14:57 77,092 .580 T8 80 WA &z {2 7 40 330 4.8
05712009 13145 89 .40 320 3 30 2 {2 (2 68 0 170 9.3
95/15/89 10:00 76 G35 380 a7 40 <2 4 2 33 <80l 8.3
05/28/89 11:30 &4 050 500 7t 430 2 {2 {2 130 <40 378 b3
06709789 11200 al 068 L340 3 G0 42 {2 {2 IR 1 3% 24.0
D6/27/89 18:00 4 L2100 490 20 {Z 20 3 4 13% %.b



UIPPER CLARK FORK STORH €
7719790
DISSOLVED COMCENTRATION

DATE TIME  FLON Fe Mo S04 Al B L4 Lr Lu  Pn In s
(MH/DD/YR) (HRS)  (cfs)  lmg/1) fag/1) (ag/1) fug/D) twg/1) {ug/D) tag/l) fug/) tugsli tug/D) fug/l)

USB5 STATION Ho, 12323770
07/27/88 11:30 A G002 033 530 <430 2 2 {2 17 {40 & 4.4
0B/04788 1510 40 L0070 L1300 559 40 l 2 3 7 b0 7840
09/05/88 13:10 1.4 .028 .070 G543 B 1 7 7 29 70 789
09/11/88 21: 10 3.3 .008 330 398 <30 t {2 {2 6 {4 3 B.4
09/1R/88 10:00 3.9 .08 230 307 (30 1 4 {2 12 <40 it a7
09/27/88 12:43 5.8 070 L7060 343 (30 2 {2 {2 i 40 3 4.8
10/17/88 06:40 3 .030 L4200 226 {3 { 3 {2 7 {0 48 5.8
04/07/89 13110 .7 I 117 (30 H/A 3 4 § L40 28 7.1
04/14/89 15:30 340,009 330 e (30 H/R {2 {2 2 i 8 &b
04/21/8% 14143 33 .01 L3700 83 {3 2 {2 {2 b <40 2 532
04/22/89 10:30 9 .01 380 | 30 WA ¥4 ¥ 6 L4 22 b2
04/28/89 15:41 48 <, 002 530 9% 430 H/A 2 {2 i 40 17 533
05/12/89 14:44 Hi .0 20 2 <30 2 2 {2 4 70 14 3.8
03/13/8% 23110 49 .06 L420 76 430 {2 Z {2 g <40 I )
05/29/89 00:43 62 015 770 64 b0 {2 {2 {2 10 <48 17 44
06/06/89 13430 115 021 0% 24 {3 2 {2 2 EASERS 16 8.3
06/09/89 10:13 134 .00 L9 23 43 2 {2 2 b 40 & 4.9
06727789 18343 a8 .004  L2B0 /A o WA {2 3 12 <40 5 4.2
1365 STATION Wo. 12323800 :
07/27/88 (9:40 12 .008 120 I8 <30 i (2 2 16 <40 g 2.0
HB/0A/88 16140 e Wi2e LE 233 43 {1 42 2 14 80 23180
09/053/88 14:00 12 .60 077 243 30 { K 2 13 <40 I VR
09/11/88 22:30 12 .m3 130 288 (30 i 4 {2 {40 3 12,0
09/18/88 t1:30 7,047 120 263 (3D i 2 {2 17 40 23 1L
09/27/88 14:10 30010 093 248 A0 t {2 2 2 <4 25 8.8
10/17/88 0R:100 63 087 10 23 30 1 K {2 24 4 7.2
04/07/89 14:18 141 014 420 14 (30 H/A 2 2 12 <4 46 bl
D4/14/89 16134 125,960,230 138 30 W/A 2 {2 16 <40 11 8.6
04/21/89 15:30 177 .022 196 6 <30 2 {Z {2 g 4 § 9.8

101 04421789 15:40 175M0 DISSOLVED SAMPLE
102 04/21/39 16140 17580 DISSOLVED SAMPLE
103 G4/21789 1740 149N0 DISSDLVED SAMPLE
104 064/21/89 1B:40 14740 DISSOLVED SAMPLE
105 04/21/89 19140 16780 DISSOLVED SARPLE
{06 04/21/89 20:20 167H0 DISSOLVED SAMPLE

D4/22/89 11:56 209 073 L2100 i 430 N/A Z 2 13 <40 21 .0
201 DA/24/89 12:40 224 045 L3800 116 <30 W/A {2 {2 16 {40 50019
202 D4/724/89 15340 24 62t L 117 {30 NAA 2 2 e 440 4 7.4
203 G4/24/89 14: 40 21 .03 .28 17 30 WA i {2 {4 <40 39 Bt
204 04/24/8% 13140 2.8 7 e 43 N/A {2 {2 i1 <40 27 7.9
205 04/24/8% 16: 80 g5 L0220 .28 6 {30 WA {2 {2 15 40 37 9.2
206 04724789 1180 212 .3 IS0 13 {300 W/A {2 {2 16 &0 3793

[14/28/89 1&: 40 164 L0250 L2000 tlh 0 {300 MR 2 {2 16 {40 21 %6



UPPER CLARY FORK STORM £
7713490
DISSOLVED CONCENTRATION
DATE  TIHE FLO¥  Fe An 504 a1 fie Ld {r Cu Ph In fis

(MH/DD/YRY (HRS)  (cfs)  {mo/l) {ag/1} {mg/1) (ug/1) fug/l} fug/1) tug/l} (ug/1) lug/1) {ug/1) {ug/l)
USBS-RTATION Mo. 12323800

301 05/09/89 10:45 67 36 220 79 120 H/A {2 2 33 70 70 140
302 05/09/89 11:43 264 035 .08 730 WA {2 {2 4 {40 23 e
303 08/09/89 12:48 218 080 L 130 77 30 WA 2 {2 is 50 30 180
304 05/09/89 13:43 278 .2%0 400 BB B0 N/A 2 12 83 L& | 22.9
303 05/09/89 14:43 274 300 410 38 186 H/A 4 {2 62 {4C 7% 2.0
306 03/09/89 15145 274 .380 320 30 136 N/A I 130 46 g6 110
401 05/10789 14:43 303 .05 0 a8 a0 N/A {2 2 17 <40 3% 1840
402 05/10/8% 13:43 299 040 L0 300430 /A {2 2 17 {40 3 19.0
403 05/10/89 16:43 303 .44 1D 70 430 WA {2 { 14 <40 4 180
404 03/10/8% 17:43 299 047 120 74 30 N/A 2 {2 12 49 17 170
403 03/10/89 18:45 4 .07 14D 89 <30 WA 2 {2 18 40 VRS VR
406 03/10/89 19:43 4 .04 L1350 76 <3 WA {2 {2 2 440 24 18,0

§5/12/89 16302 314 06T 094 4 {30 ¥ §Z {2 3 L4 20 17.0

05/15/89 11133 213 040 L 140 7343 {2 3 {2 18 <440 37180

05/27/8% 01:30 209 .47 140 £8 30 2 {2 {2 14 40 21 14,0
301 06706789 07:15 YEE TN T a3 {Z {Z z p 40 210
02 046/06/8% (8313 278,018 L0469 37 430 {2 4 2 U €1 R VL B ¥ R
30T 06706789 0%:13 285 026 043 48 430 {2 2 3 g {40 81 1.0
304 067067089 10115 285 .02 043 it (36 ¥ 2 {2 G 41 100
505 06/06/87 11:15 278 021 047 47 430 {2 {2 {2 g {40 20 1Le
506 0470479 12115 283 L0272 043 a3 (30 2 {2 {2 g 40 7 10

D&/06/8F 16236 71025 082 32 G0 ¥ 2 12 11 4 IR E N

06/09/89 0B 08 322 .08 OY5 6 430 {2 {2 2 I {40 17 .0
401 04716785 08113 I L0420 072 WA (300 WA {2 {2 17440 15 15,0
602 0h/16/B9 06:15 400,040 071 WA 30 WA 2 (2 5440 15 150
803 04714/8% 07113 422 044 070 WA 30 WA {2 {2 15 A4 it 160
504 04/14/89 0B:13 431 .04 071 WA (30 N/A 2 {2 15 <40 14 133
505 (t4/16/B9 09:15 431030 T WA 30 WA <2 2 i 140 13 1690
§0b 06416789 10:13 431 .03t 064 WA (30 WA 2 {2 13 40 2170
607 04714789 11015 436 043 087 RW/A <30 H/A 2 {2 ISR 4 174

04/27/89 19113 132 .020 150 N/A ¥ WA {2 3 AR 1] 2 149

H/A - HOT ANALYIZED



LPPER CLARK FORK STORM E
7719790
RIBLOBICALLY AVAILABLE CONCENTRATION

DATE TIME FLOH Fe M Al Be L0 Cr Lu Pb In fs
(M/DD/YR) CHRS)  (cfs)  (mg/l) (eg/D) tug/l) lug/D) lug/D) (ug/D) fugsl) (ug/D) fugil) (ug/D)

USES STATION Me. 12323200 BLACKTAIL CREEK NEAR BUTTE, WT (ABOVE CONFLUENCE WITH SILVER BOW CREEX

04707789 09:20 713 .24 280 WA {2 {2 14 &0 B8 9.4
04714789 11:44 0 .83 .11 130 N/A b b 14 150 19 5.4
04/21789 11:20 e .72 U 240 {2 {2 Z 17 <46 362
04/22/89 06:43 LY Y S 830G W/A 2 2 39 g0 7L ind
p4/28/89 12:24 4 52 .43 30 WA {2 {2 9 <40 EE
03/15/8% 16: 10 22 L1 W20 bR {2 2 7 72 (a0 130 1Z0
05715789 20:18 2% .88 .14 380 {2 2 3 44 40 130 10,0
03/28789 19:10 31 L0% .18 4% {2 2 {2 43 a0 119 1LO
04727789 14:15 25 4 13 B0 {2 {2 2101 40 17d T

MISSOULA BULCH MIGSOULA GULCH (AT CENTENNIAL AVE)

: (4/07/89 09:33 22 LR L37 10B6 H/A 14 2 4%0 100 370 1440
04/14/89 1 :47 A3 120 149 B8O W/A 19 T 480 1% 3350 11,0
04/71/89 12:00 L6 508 2,89 3800 {2 27 3930 260 5300 30.0
04/28/89 13:10 U205 .76 T WA 29 3 730 1220 4780 180
£3/15/87 18:00 L1000 338 4.73 708 3 71 ? 1e%0 208G BB20 78.0
03/28/89% 21113 B9 3B .65 M {2 {2 2 320 140 1330 100
06/27/89 16:30 A 73  4.6% 127G 2 by {2 470 230 BA9O 730D

USES STATION Mo. 12323230 SILVER BOW CREEX BELOW BLACKTAIL CREEX AT BUTTE, W7 (UOLORADD TRILINBS
07/27/88 15:00 i
DB/06/88 11:0F i
997G5/88 18:30 !

?

]
09/11/88 t7:10 i4
Da/18/88 04:00 7
09/27/88 16:30 19
10/17/88 (2:40 98
161 11/03/88 09:10 6 27,30 2,937 10100 2 47 4 715 970 8320 2750
102 11/63/788 09:40 3¢ 662 .94 I530 ! 13 8 183 2260 224 350
103 11/03/88 10:10 E1 TR L S 3. ' L) i g 3940 110 1760 2000
104 11/03/88 10:40 0L 76 1380 1 b 4 BOO 110 1840 350
105 11703788 11:10 9029 73 6 i 7 T8 10 1470 28,0
106 11703788 11140 3902000 70 BYO {1 & {2 h00 4 1800 7.0
107 11703788 12:10 39 L7 73 6% 1 b 2 530 (40 1430 24,0
04/07/89 10:58 3% .62 .34 480 2 2 18 0 5380 {%.0
D4/14/89 13:24 3 87 L850 8 N/A {2 2 7 76 &30 8.5
04/21/89 12:45 B .8 58 200 w2 2 2 17 <A 670 10,0
04722789 07:50 58 206 .83 110 W/R {2 2 a&0 80 1080 17.0
(4/28/89 412 k.73 .58 L0 WA Z 2 IZ 40 90 1L
03/15/89 19:00 7 367 19b I9R 2 Zh 12 1040 30 30 860
03715789 20450 127 440 Lo 1920 2 13 121030 230 1800 540
05/28/89 20:23 70209 .58 B7G 2 Z 2 K03 A0 11e0 32,0
0H/GT/89 13:00 |5 ST Y S 2 <2 207 40 7 120
b6/27/89 15:15 OGA L3F 0 4380 2 27 20 Z28BD PG ARIG 100,90



UPPER LLARK FORK STORM E
7719790
BIDLOGICALLY AVAILABLE CONCENTRATION

DATE  TIHE R Hn Al Be Cd Cr Cu Ph in As
(HM/DD/YRY(HRB)  {cfs) (mg/l) (mg/1) {ug/l) fug/1) fug/1) {ug/l) {ug/l} (ug/1) fug/ly lug/l}

USGS STATION Mo. 1232600 SILVER EOY CREEK AT OFPORTUNITY, HT (STEWART BRIDGE)
(7/27/88 09:40 20
(B/04/88 14:10 té
09/03/88 12:00 13
101 09/710/88 23:50 26 472 2.9 1370 { 10 {2 1080 119 3020 510
102 09/11/88 00120 h 2,80 07 Bl i 9 {2 870 B0 1960 44.0
103 09/11/88 01:00 0 LW 2,07 840 a1 8 700 30 2020 17.0
104 09/11/88 01:30 34 2,80 Z.09  BW 1 11 2 670 A 1960 36,0
105 09/11/88 02:00 3B 273 .08 T 1 42 2 abl 017480 430
106 09/11/88 02:30 3’ 4,5 L9 75 ! 7 3 810 30 1B30  38.0
107 09/11/88 03:00 29 .44 L9278 1 8 gy 100 iB20 3L
09/11/88 20:00 28
201 09/17/88 21:00 26 2,83 157 1380 i 4 § 370 40 1B30 210
202 09/17/88 22:00 30 1,83 L.Ab b2 {1 {2 3 430 40 1330 30.0
203 (9/17/88 23:00 i 26 .07 130 41 2 2 48 440 470 14.0
204 (9/18/88 24:00 34 2,38 1.3y 1180 L4 7 6 30 (40 1BRO 37.0
205 09/18/88 01:00 SIS0 § T - R Y & ! i 4§48 8 1713 350
206 09718788 02:00 3k LY LI T ! 7 7490 40 1450 340
207 09/1B/88 03:00 3 OLT6- LI 13 i & 10 450 40 1620 21,0
09/18/88 07:30 a3
07/27/88 15:23 ZB
01 09/327/88 1350 8 8 L3 1TH H 1% 20 W20 170 a2 6.7
30z 09/28/88 01:30 43 464 L9 14E 4 i 20 112 140 2700 55,0
303 09/28/88 01150 4 3.4t 2,07 (0% i g 2 1o 140 2280 4%.0
10717788 05:00 36
04/07/89 12:03 129 2,43 .8% 790 N/A {2 {2 5B0 180 900 34,0
08/14/8% 14:34 89 1.6 81 600 N/A z 30Tty 5390 L0
04721789 14:00 g8 .28 .47 &l0 {2 {2 2 00 <46 430 (8.0
04/22/89 10:10 9 107 .30 330 W/A €2 {2 3 &70 1.0
04/26/89 14:57 S U & T L A XA N T Z 20 20 B0 930 1400
03/12/89 15143 89 .67 e 140 {2 2 2 140 {40 380 10
05/15/89 10:00 - & R 11 B 11 2 2 3 160 A0 4 14,0
05/28/89 11:30 CL N | B 2 ¥ 2 18 %0 3 Lo
04729789 11:00 81 160 .32 28 {2 {2 20 380 3 440 3B.O
DA/ 27789 18:00 44 .98 LAF 210 {2 {Z 20 386 <30 430 1B



4SES STATION Mo.

UPPER CLARK FORK SYORHM E

7119796

DATE  TIHE
{HH/DD/ YR} {HRE)

1
67/27/88 1
08/06/88 153:10
09705788 13:10
09/11/88 21:10
09718/88 10100
19727788 12:45
10/17/88 06:40

32
RS
il
i1

2
1
T
of
3

04707789 13210
04/14/89 15:30
04721789 14:43
(04/22/89 10:30
4/28/89 15:41
05/12/89 14:44
3/15/89 23410
05/2%/89 (0:43
0&/046/89 13130
06/09/89 10113
06427789 18:43

USG5 STATION Mo. 12323

{
{
1
!
{
1

bt
£

2
"
re
”

"3 3

o
[ |

41
03
04
05
06

1
02
R
o4

47727788 09:40
08/06/88 1b:40
09/03/68 14:00
09/11/88 22:30
b9/18/88 11:30
09/27/88 14:10
10/717/88 08:00

04/07/89 14:18
04/14/89 16136
(4/21/89 15:30
04/21/89 15:40
04/21/89 16:40
04721789 {7:40
04/21/87 1B:40
04/21/89 19:40
04/21/89 20:20
04/22/8% 11156
04726489 12:40
(2/24/89 13:40
(4/24/87 14:40
Da/24/59 15140
D4/24/89 16140
04724785 17140
04/28/89 16280

3770

i

FLOW
{cis)

113

HE
154
48

12
10
12

”
12

27
33
63

141
173
177
173
175

169

167
167
169
209
224
22

22
221
213
112

144

Fe

04
.03
A
is]
.08
A7
13
A
R
222

07

.68
.38
A9
1,56
B3
1,34
50
.42
2,44
.33

-4
24

63

Ab
[ 4

43

fn
tag/1) {mg/1) fug/l} (ug/Y) lug/1) {ug/l) lug/l) fug/l) fugsfl) {ug/l)

- " "
e e L

el BRSO

ki
xudod

k]
.33
AR
.37
A9
.34
.34

PR a
[ax QN

s =
b L] Ll £d O O B

Ee T NG TR R . — ==

" - » - "
CHOLF L Cd G

P
S

3 T

A4
.44

77
ERSIM)

Al

{3
{30
5
{74
30
120
86
{30
{30
BO
LM

230
100
140

80

hlt

74
3
{40
260
190
140
140
130
12
120
100

15¢

BICLOGICALLY AVAILABLE CONCENTRATION

Be

3

N

et
Lo B A T o I % o I S |

.

N/4
N/A

{2
HiA
N/&
H/A
N/A
N/A
N/B
N/A
N/&
N4
N/A
N/a
N/B
N4
N4

HARM SPRINGS CREEK AT WARW SPRINGS, HT

P

O R S

B
[ % S N T S S B S B % B O S o Y R o o |

P

-~

CLARY FORK WERR GALEM, MT (PERKINS LANE

R

PN

o~

R

o . S P
O T 0 T N T NG T O I - B O [ 0 D N B A B S O S o T R S B A ]

o
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B e
3
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S I T

I3 B3 B3 G LA 3 3 3 3 B3 B3
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Bete Wed
3 = N

60

xd
ed

33

40

Ph

S
Ll

{40
{40
{40
{40

40
{40
{40
€40
{40

a0

{40

10
{40
{40
{40
{40
{40
{40
220
{40
<4
{40
{44
(40
<40
{40
{40

in

g ad

160

&
i1
143

16

i
H

140

b7
360
120
100
130
110

1

70
190
210
179
150
156
120

2200
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~d
vt

noen -

eon ]
-

b D e CLH D w3~ 02D O~ LK

(2]

MmO wd O



UPPER CLARK FORK STORM E
719/90
BIOLOGICALLY AVAILABLE CONCENTRATION
DATE  TIHE FLDW  Fe fn Al Be td Lr Du Ph in Az

. (MH/DD/YR) (HRB)  {(cfs)  fmg/1) (mg/1) lug/l) {ug/i) fug/d) fug/l) fug/1) Swg/D) fug/l) fug/D)
USG5 STATION Mo. 12323800 CLARK FORK MEAR GALEM, MT (PERKINS LAMNE BRIDBE)

101 05/09/89 10:43 772 48 20 N/ 2 7 a0 <40 140 ZE.0
302 05/09/89 11:45 hd LB .43 2200 N/A K bl 30 0 26,0
303 05/09/89 {2:43 78 62 A6 12 N/A { 2 50 30 28 28,90
304 03/09/89 1%:43 78 L34 L&D 20 N/A { {2 38 34 78 27.0
305 05/09/89 14:43 274 .6d 3D 230 N/ ¥ 79 40 100 29.0
306 03/0%/89 15:43 74 .89 .43 IBG H/A ¥ B (40 85 9.0
301 05/10/8% 14:43 03 .30 .27 180 WA Z KSR 1 i 3.0

402 03/10/89 15:45 289 .65 L5k 2400 N/A
403 05/10/89 16:45 03 .8 AR 0 /A

o~

THOR3 g B B3 3 3 B3 BRI RO R e B3 3 G

77 30 2 9.0
8 17 10 27,0

3
2
404 03/10/89 17:435 259 LAE 31 B0 H/R ¥ 69 40 120 29.9
405 03/10/89 18:43 4 76 LB 230 WA 4 iZ 69 40 100 9.0
406 05/10/89 19:43 e 70 L 7 W/ {2 Bl (40 1B0 9.0
03712789 16:02 s .28 2 B 12 4 {2 28 <40 KT
05/15/89 11153 .3 SR By I 1 ¥ 2 SLNEA b8 2240
05/27/89 §1:50 Ptk B N R iz { 42 8 4 8 110
301 06/06/89 47:13 27 R T L 1 2 Z {2 3 a0 7 iaD
302 04706789 08113 ] D ¥ N4 IR &1 2 2 2 34 40 b4 17.0
503 DA/0E/B7 (7340 P3N L B S 2 2 42 34 44 1610
304 06/06/89 10115 285 A 26 430 €2 {2 2 32 440 41 l&.0
505 0A/06/B9 11:13 25 TS B B 2 {2 2 32 L4 3B 150
306 06/06/89 12115 285 .29 .3 {30 i {2 Z KSR L] 9 140
06706487 16530 2 L SIS S 4 2 {2 2 26 440 37150
06709787 0B:03 RV I R {2 2 2 3 80 28 170
H01 067156789 053:13 91 6B A6 T {2 Z {2 TR | 75 20,0
602 06/16/89 06:15 400 72 AR M {2 12 {2 7L a0 iT24.0
407 06/16/89 07113 422 B3 .30 33 1 {2 42 77 L4 B 5.0
404 08/16/B9 0B:13 334 .Bd a7 37 {2 < {2 79 A 12 IR
605 04716789 09113 i L 52 A3 {2 12 2 86 <4 8 2.0
Eib §4716789 10113 3t .93 .38 4ed {2 {2 2 g7 40 1 3A0
AGT OE/16789 11013 35 .98 .57 A0 {2 {2 2 EERRE 92 360
06/27/89 19113 YA S O & 1 {2 W2 b LR KU S

B/R - HOT ANALYIZED



UPPER CLARK FORK STORM £
7/19/90
TOTAL RECOVERABLE CONCENTRATION

DATE  TIME FLOW  Fe Hn Al Be {d br Cu Ph In As
(BR/DD/YRY(HRS)  (cfs)  lag/l) (mg/1) fugsl) {ug/1} {ug/lY lug/1) (ug/l} (ug/l) {ug/i) (ug/D)

USBS STATIOM Mo, 12323200

04707789 49120 27
04714789 11546 20
§4/21489 11:20 18
04/22/89 06143 27
94/28/89 12:34 14
05/15/89 16:10 2
03/15/89 20:18 29
03/28/89 19:10 35U 22 410 Z 2 3 00 440 133 1.0
04/27/89 14115 23

HIB50ULA GULCH

04/6G7/89 09:33 22

04/14/89 12:47 .33

04/21/89 12400 +3h

04/28/89 13:10 1

05/15/89 18:00 {10

05/28/89 20:13 89 413 B 321 2 2 0D 130 144 179
06727789 16:30 WA

UGBS STATION Mo, 12323230
07/27788 15: 06 |
08/04/88 11:03 17
69/05/88 10:30 14
09711788 17:10 t
09/18/88 04:00 2%
09/27/88 16:30 3
10/17/88 02:40 98

101 11703788 09140 36
102 11/03/88 99:40 36
03 11/03/88 L0:10 30
104 1L/03/88 10s 40 30
105 11/03/88 11:10 37
1A 11/03/88 L1:40 39
107 11703/88 12:10 39
04/047/89 10138 3
04/1478% 13:26 35
(4721789 12:43 30
(18/22/89 47:30 i
04f28/89 14:12 2
§3/15/8% 19:00 ki
04 3789 20150 127
03/28/69 22 37578 LA0 L4673 z 3 91 <40 1120 40.0
06/09/89 13140 . YA 1 3 {2 Z 2200 40 74T 150

06027789 1:15 71



UPPER CLARK FORK STORH £

7/15/90

DATE  TINE
(MH/DD/YR) (HRS)

USES STATION Ho. 1232600

07/27/88 49:40

0B/06/88 14:10

09/03/88 12:00
101 09/10/88 23:30
102 09/11/88 40120
103 09711788 41:00
104 (9/11/88 01:30
103 09/11/88 (2:00
106 09/11/88 02:30
107 09711788 0%:00

09/11/88 20:00
201 09/17/88 21:00
2062 09/17/88 22:00
203 09/17/8R 23:00
204 09/18/88 24:00
203 09/18/88 01:00
206 07/18/88 02:00
207 09/18/88 03:00

09/18/88 07:30

09727788 153:25
301 09/37/88 7350
302 09/28/88 01:30
303 09/28/88 03:30

10417788 45: 00

04/07/89 12:089
D4714/89 14:44
04721789 14:00
04722789 10:10
D4/2R/BY 18:57
03/12/89 13:43
P313/89 10100
D3/ZR/89 11:30
06709789 1100
0a/27/89 18100

FLOW
{cfs)

16
13
26
26
30
34
18
38
29

2
L

24
30

7

i
3

33
36
a3
33
28
38
43

34

b

129
49
BR
96

an
3

89
44
61
43

Fe

Hn

fl

TOTAL RECOVERABLE CONCEMTRATION

Be

Cd

Er

Cu

Ph

In

fis

(mo/1} (ag/1) fug/1) (ug/1Y lwg/l) {ug/l) tug/1) fug/1y {ug/D) {ug/D)

F3 B3

<40
70

17
370



UFPER CLARK FORK STORM £
7/19/90
TOTAL RECDVERABLE COWCENTRATION

DATE  TINE FLi&  Fe fin Rl Be Cd Cr Cu Ph In As
{MH/DD/YR) (HRSY  {cfs)  (mg/1) (mg/1) lug/l) lug/ly fug/l) Qug/l) fug/l) fug/ld lugfl) fug/)

USES STATION Mo, 12323770

b7427788 11:30 b
0B/04/88 15:10 4
(9/05/88 13:10 t.4
69711788 21:10 5.3
09/18788 10:00 3.9
09/27/88 12:45 3.8
10717788 06:40 33
04/07/89 13:10 3
44714/89 15:30 34
04/21/89 14145 3
04/22/89 10:3¢ 39
04/28/89 15141 48
05/12/89 14146 118
03/153/89 23:10 49
03/29/89 00:43 b2 3 .38 70 2 2 ] 21 <40 13 6.5
BHA06/BY 15130 13
pE/09/89 10413 1 .75 4F 0 TH 12 Z ¥ I 440 8 &
16/277/87 1B:48 48
UERS BTATION Mp, 12323800 -

(77427788 05:40 1z
0B/G6/88 16140 10
09/05/88 14100 12
09711788 22: 30 12
(9/18788 11:30 17
09/27/88 14:10 33
10/17/88 48100 §3
04/07789 14:18 41
04714/89 16136 125
§4/21/89 15:30 i77

101 Q4721789 15:40 173

102 04721789 16:40 173
103 54/21/89 17240 169
104 04721789 18:40 187
103 04/21/89 (9140 147

106 04721789 20020 169
03/22/89 11156 209
201 G8/74/B7 12:40 228
207 (3/24789 13:40 22
203 (8774787 14140 2
204 £4/24/89 15140 22
203 $4/24/87 16:40 215
206 04/24/8% 17540 12
04/28/89 16:40 164



UPPER CLARK FORK STORE £
7718790
TOTAL RECOYERABLE CONCEMTRATION

BATE  TIHE FLOW  Fe Hn Al e [d Cr Cu Fh in As
{KM/DD/YRY(HRS)  {cis)  f(mo/l) (mg/1) {ug/1) fug/1y (ug/1) {ug/1) fug/l) fug/1} fug/l) lug/ly

USG5 STATION Mo. 12323808

301 03/09/8% 10443 267

302 05/09/89 11145 264

303 03/09/87 12:45 278

04 03/09/89 13143 278

305 95/09/89 14:43 74

206 05/09/87 15143 27

401 03/10/89 14:43 3

402 05/10/89 15:45 99

403 05/10/89 16143 303

404 93/10/89 17:43 299

405 05/10/89 18143 314

406 0B/10/89 19:45 314
03/12/89 16:02 314
3 213

05£15/89 1135
05/27/89 01450 T Y L O T 22 {2 4 W 40 47 17.0
301 04706789 07133 74
502 06/06/87 (8113 278
303 D&/06/89 09115 283
504 06/06/8% 10:13 285
303 06706789 11215 21
306 0&8/06/89 12545 283
G&/06/89 18350 211
86709789 08: 05 32
601 0A/16/89 05115 I
£02 04/ 16/B9 06113 469
503 Ga/1R/BY 07113 122
604 04715789 08113 431
503 04/16/89 09:13 X3
506 056/16/8% 10113 431
507 06/16/8% 11513 435
G6/27/8% 19:15 132

[=ay
T3

232 AA0 2 2

Ea]

=l
iy

~
oEm
=
3
v
[
(=]
“»

H/A - NOT ANALYIZED



