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REPORT SUPPLEMENT

As this report was being finalized, an event occurred in the
Blackfoot River drainage which may alter some of the baseline informa-
tion given in this report.

On or about June 19, 1975, a severe rainstorm added moisture to
an already melting snowpack. The resulting heavy runoff, plus failure
of the bypass facilities around the Mike Horse tailings dam filled the
area behind the dam, overtopped and breached the structure. This se-
quence of events released approximately 100,000 tons of gray-colored,
pyritic mine tailings deposits into the Blackfoot River.

The severity of the storm and hiagh water conditions which washed out
the access road greatly hampered repair efforts. Temporary repairs
completed 9 days later allowed most of the water flowing through the
tailings to be diverted around the tailings pond. However, seepage of
water through the pond area continued to carry lesser amounts of tailings
downstream 22 days after the dam failed. The Anaconda Company sub-
stantially rehabilitated the dem and installed new bypass structures in
the fall of 1975 to prevent similar occurrences in the future. A new
pond will be formed behind the repaired dam.

It is unknown how far downstream the tailings were carried, but
for several days the gray-colored water was apparent at the mouth of
Landers Fork, 15 miles downstream. High, muddy waters of Landers Fork
obscured the dark gray color of the Blackfoot below their confiluence to
a point not noticeably different from the normal runoff conditions in
the river. It is suspected the tailings were carried many more miles
downstream in a more diluted form.

Cutthroat trout populations in the tailings pond and in the 300
feet of Beartrap Creek below the tailings dam were destroyed by the
floodwaters. Also, the water quality, bottom fauna, fisheries and other
data given in this report may have undergone changes due to mine tailings
deposition in the stream channel. These changes will have occurred only
in the main Blackfoot River and not in its tributaries. Biological and
water quality sampling were conducted during the period by the Depart-
ments of Fish and Game and Health and Environmental Sciences and U. S.
Forest Service. A summary report of the events and findings will be
prepared by the Department of Fisnh and Game.

A possible result of the tailings poliutien may be depression of
aquatic biota further downstream than is presently occurring. This will
not be known until further biological sampling is done on the river. If
it is found that water quality and biological conditions are changed from
that described in this report, further data will have to be collected to
establish a new baseline of information to use in the event a mining
operation begins in the Heddleston District.

Four fish ponds were constructed in the stretch of river between
Anaconda Creek and Pass Creek during dam reconstruction. These ponds
will improve the poor habitat conditions existing prior to dam failure.
but only time will tell whether a fishery will develop in them.

v






ABSTRACT

This report is a compilation of chemical and biological data
collected in anticipation of an open pit copper mining venture by the
Anaconda Company in the headwaters of the Blackfoot River near Lincoln,
Montana. Data are presented on stream water quality from 1968 through
1973, both laboratory and field analyses; streamflow; suspended sedi-
ment (turbidity): bottom fauna identified to lowest possible taxa; fish
species present, their distribution and relative abundance, plus fish
population estimates in selected stream sections; diurnal variations
of dissolved oxygen; biological oxygen demand and coliform bacteria;
continuous streamflow and temperature data and field and laboratory water
quality data collected by the U. S. Geological Survey at two stations
under contractual agreement with the Department of Fish and Game.

Information is presented on heavy metals concentrations in game
fish and streambed sediments. Fish tagging and return data and data
from spawning areas are aiso given. :

General data on wildlife distribution, lTocation and use of elk
calving areas and winter ranges are presented. Elk migration patterns
based on radio telemetry of three cow elk are given.

Water quality was generally cood in the Blackfoot River and its
tributaries. Degraded water quality existed in the extreme headwaters
of the Blackfoot River due to acid mine drainage from the abandoned
Mike Horse Mine and other tunnels. This Tower water quality was re-
flected in bottom fauna populations which were poor in affected areas
but good in areas unaffected by mine drainage. Diversity indices were
calculated from bottom fauna data.

Principal fish species found in the study area were cutthroat trout,
brook trout, brown trout and mountain whitefish. A total of 10 fish
species was collected in the area. These included six salmonids, two
suckers, one dace and one sculpin. Trout were found in all waters sampled
except those with acid mine drainage in the Mike Horse Mine area. Inter-
mittent fish populations were present in those streams which annually
dry up due to natural lowering of the water table. Cutthroat and brook
trout predominated in the Blackfoot River above Landers Fork, whereas
brown trout predominated below. Mountain whitefish were present in most
areas, but most were found in the Biackfoot River downstream from Poorman

Creek.

Wildtife in the study area included elk, mule deer, white-tailed
deer, moose, black and grizzly bears, mountain 1ions, bobcats, beavers
and three species of mountain grouse. There have been unconfirmed reports
of bighorn sheep in the area. Bald and golden eagles were also present,
as were several species of waterfowl and furbearers.

Proposed mining facilities have the potential for causing water
quality problems in the Blackfoot River and some of its tributaries.



A tailings pond is proposed to cover a portion of an elk calving area.
Fisheries and wildlife habitat would be eliminated by the proposed open
pit mine and other facilities. The increased human population in the
small upper Blackfoot valley may have an additional adverse impact on
fisheries and wildlife areas. Subdivisions along the Blackfoot River
pose potential problems in maintaining the natural stream course due to
channel and/or streambank modifications for flood protection.

Recommendations are given to prevent or mitigate damage to wildlife
habitat with development.

An appendix to the report contains original basic data collected
during the study.

RECOMMENDATIONS

1. The Anaconda Company or any other developer of the Heddleston prop-
erties should inform the Department of Fish and Game at the earliest
stages of mining development so that environmental impacts can be
determined before development plans proceed too far for reversal.

2. The mining developer should work closely with all federal, state
and county agencies and local governing bodies to develop the mining
compiex with the least possible impact to the Tand, its wildlife and
the social structure of the Lincoln valley.

3. Development of the mining complex will create the potential for
serious sediment pollution problems as a result of road construction,
removal of overburden, and ore excavation. Adequate measures to
control stream sedimentation from any source should be undertaken
by the mining developer. This is also true for any discharge of
toxic metals which might occur.

4, A less damaging tailings pond site or, preferably, other waste dis-
posal methods should be found. Hardscrabble Basin and Alice Creek
should not be used for these purposes. Alternative and comparable
taiiings pond sites were not iocated in the area.

5. The proposed clarification pond is in a poor location from an environ-
mental standpoint. Not only would the Blackfoot River have to be
channelized for its construction, but the pond's location in the
river floodplain has the potential for flood washout and spillage
of metal deposits which would be intercepted from runoff from the
stockpiles and mine area and transported to the pond. An alterna-
tive to pond use or a new location for the pond should be investigated.

6. Mining properties in the Alice Creek drainage not actually needed
for mining purposes should be relinguished to the Department of Fish
and Game for wildlife management in accordance with conditions agreed
to in the March 16, 1970 letter from the Anaconda Company to the
Director, Montana Fish and Game Department.



10.

11.

12.

Follow-up water quality and bioTogical monitoring should be initiated
if extensive mining development should occur in the Mike Horse area.
The cost of this program should be a responsibility of the mining
developer.

Loss of elk calving range or other wildlife lands due to mining
development, although irreplaceable, should be compensated for by
acquisition of other wildlife lands, such as private land for winter
big game range. This expense should be the responsibility of the
mining developer.

Subdivision development in the Lincoln area poses a potential threat
to the natural meandering course of the Blackfoot River by requiring
streambank stabilization. Present and future planners should strongly
consider the effect of river alteration on the stability of the river
system and locate subdivisions away from riverbanks or other flood-
prone areas.

The private lands shown as critical winter range in Figure 24 should
be acquired if they become available from landowners willing to sell.

The feasibility of Timiting motor vehicle access to the Spencer Bar
calving area in May and June should be investigated.

Streamfiow reservations in the project area should be submitted to
the Department of Natural Resources under the 1973 Montana Water Use
Act so that flows necessary to adequately sustain fish and wildlife
can be obtained prior to mining development.

ADDITIONAL STUDIES NEEDED

Very little data were obtained on the Dolly Varden. Its status is
practically unknown and more data should be gathered on its status,
distribution and migratory habits.

Electrofishing indicated that mountain whitefish move within the river
system on fall spawning migrations. More data should be gathered
on the status and migratory habits of this species.

More data on spawning success, locations of spawning areas and the
degree of spawning movement of resident cutthroat, brook and brown
trout would increase the knowledge of these fisheries and should be
obtained.

Additional data should be collected on fish populations in sections
of the Blackfoot River and tributaries not sampled during this study
to increase this knowledge for future planning purposes in the Black-
foot drainage.

The analysis of stream sediments for metal concentrations may shed new
light on the origin of these metals and their effects on fish and
wildlife. Additional sediment data should be obtained from the study
area.



. 6. The three radioed elk studied during the period furnished good data

on the migratory habits of elk which utilize the Scapegoat Wilderness.

However, more elk should be banded with radio transmitters on both
their winter and spring ranges to gain more complete data on these
animals. The amount of information gained from radio telemetry is
many times greater than that obtained from other marking methods and
is well worth the additional expense of aerial tracking.

7. A study should be initiated to determine if there is competition for
food between elk and domestic cattle and sheep utiiizing the Spencer
Bar area in the spring.

8. The effect of the high groundwater table and individual sewage dis-
posal systems in the Lincoln area on Blackfoot River water quality
is unknown. Data should be gathered on this potential problem.

9. A detailed chemical/biological study should be done on those portions
- of the Blackfoot River and tributaries affected by mine drainage to
determine existing problem areas, what factors are depressing aquatic
1ife, where the recovery zones are, and what causes the recovery.
Such a study should include effects of mine drainage on water-
orijented wildlife such as beavers, muskrats, mink, mice and shrews.

INTROBUCTION

This is the final report on the Upper Blackfoot River Study. A
progress report was prepared by Dale (1971) under contractual agreement
with the Department of Fish and Game. It included water quality data
collected from February 1968 to March 1970. After issuance of the first
report, a position of Environmental Planning Ecologist was established to
continue gathering water quality data and expand the project to include
biological data as well. This position was established in December 1970
under a project entitled "Heddleston Mining Development Project.” The
project title was later changed to "Upper Blackfoot River Study." Infor-
mation contained in this second and final report includes all water
quality and biological data obtained from February 1968 through August
1973.

At the time this study was begun in 1968, the Anaconda Company was
actively considering development of an open pit copper and molybdenum
mine in the Heddleston mining district. The district 1ies near the con-
tinental divide in the headwaters of the Blackfoot River near Lincoln,
Montana. It was thus imperative that chemical and biological data be
collected before development began to establish a "baseline" of existing
ecological conditions. Mining on a commercial scale has not begun at
this time, however, and it is unknown if or when development will occur.

The Blackfoot River drainage is an important hunting, fishing and
recreational area. High water quality and other environmental standards
must be maintained to perpetuate this use. State and federal regulations
govern the maintenance of environmental quality, and adequate data are
necessary to aid in development and enforcement of suitable standards.



DESCRIPTION OF THE STUDY AREA

The Blackfoot River flows 122 miles in a westerly direction from its
source near the continental divide to its confluence with the Clark Fork
River at Bonner, a small lumber industry town 7 miles east of Missoula,
Montana {Figure 1). Principal tributary streams in downstream order are:
Alice Creek, Landers Fork, Nevada Creek, North Fork, Monture Creek and
Clearwater River. The source of the Blackfoot River is the confluence
of Anaconda and Beartrap Creeks within the proposed mining area.

Mining in the upper Blackfoot valley began about 1865. Between 1865
and 1871, about $7 million in high grade placer gold was taken from the
gravels of Linceln Gulch, 2 miles west of Lincoln. Mining activity at
the source of the Blackfoot River dates from 1889 when William Heddleston
and George Padbury discovered the Calliope lode. They built an arrastra
on Pass Creek and recovered about $11,000 in gold from the Calliope mine.
Access to the Heddleston mining district was then limited to foot or
horseback. Prospecting in later years produced very little gold, but
some amounts of Tead and other ores. Recovery of these metals required
smelting, and the Mike Horse mill was eventually constructed on Mike Horse
Creek in 1919. During the 1920's, as access and transportation improved,
additional quantities of lead, silver and gold, and small but appreciable
amounts of copper were mined and shipped to other smelting facilities.
Mining continued intermittently through World War II, especially at the
Mike Horse Mine. Operations at the Mike Horse ceased about 1953. 1In
recent years the Anaconda Company has discovered a porphyry copper deposit
in an area north of the Mike Horse Mine. There are several abandoned
mineral prospects in the area, but there are no actively producing or
developing mines (Pardee and Schrader 1933 and Mudge, et al. 1971). Core
drilling and tunnel exploration by the Anaconda Company have recently
occurred in the Mike Horse area. Several small prospectors are also
active nearby.

Topography and geology of the Blackfoot valley near Lincoln were
influenced by glacial activity. Glacial ice invaded the valley from the
north at least twice. During the first advance ice moved down the broad
valley north of Lincoln and was joined by ice from Landers Fork and Alice
Creek which was moving down the Blackfoot valley. The main ice mass of
the second advance moved down Copper Creek and Landers Fork, overflowed
the east side of the Landers Fork valley in T 15N, R 7W, Section 18, con-
tinued southeastward and blocked the Alice Creek valley, forcing Alice
Creek to cut a canyon in the rock on the east side of the valley. A
unique area locally known as Spencer Bar in Hardscrabble Basin was formed
by this glacial activity (Figure 2). (From Alden 1953 and Coffin and
Wilke 1971. More detailed geological information is available in these
references. )

Population of the Blackfoot valley is about 2,200 people. Agriculture
and timber are the main industries. Most of the land adjacent to the river
is private, mixed with some state and BLM Tand. There is very little
national forest land adjacent to the river, but a good share of the
mountainous terrain is on national forest land. Most surface water which
makes up the Blackfoot River originates from tributaries which arise on and
flow through national forest land.
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Figure 2. Limits of glacial activity and direction of ice flow in
Landers Fork and Alice Creek valleys. Shaded area is Spencer
Bar (from Coffin and Wilke 1971).
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Spencer Bar in Hardscrabble Basin was formed during the second
glacial advance which spilled over from Landers Fork drainage
?background). October 29, 1974. ’

The Blackfoot River is, for all practical purposes, "free-flowing"
from source to mouth. There is a small diversion dam at the mouth of the
stream which serves a wood products mill at Bonner. There is a small
irrigation reservoir on Nevada Creek, a southern tributary. The Clear-
water River flows through a series of natural Takes on its course down
the valley. Waters of Landers Fork, North Fork and Monture Creek originate
in wilderness or roadless areas. Logging activities are prevalent on both
private and public lands in nearly every major subdrainage where this
activity is allowed.

Hunting, fishing and other forms of recreation are important in the
Blackfoot drainage. The Blackfoot River contains wild populations of
rainbow, cutthroat, brook and brown trout, Dolly Varden .and mountain white-
fish. Elk, mule deer, white-tailed deer and black and grizzly bears
inhabit the drainage, as do three species of mountain grouse (blue,
Franklin's and ruffed).

A principal state highway (Route 200) runs the length of the Black-
foot drainage, providing access to recreation areas as well as a main
transportation route for local and commercial vehicles between Missoula
and Great Falls, two of the larger cities in the state.



There is currently a USGS (U. S. Geolegical Survey) gaging station
near Bonner. Streamflow records at several discontinued stations are also

available in USGS surface water records.

The basin has a drainage area of 2,290 square miles above the USGS
gaging station 5.6 miles upstream from Bonner. The totai drainage area
is about 2,320 square miles.

Very little water is appropriated from the Blackfoot River at the
present time. Water withdrawn from the stream is primarily used for
private irrigation of pastures and haylands. An irrigation ditch about
1/8 mite below the mouth of Landers Fork diverts a significant amount of
flow from the river during extreme Tow flow periods.

The proposed location of mining facilities determined the location
of the sampling stations. The elevation of sampling stations ranged from
3,400 feet at Rainbow Bend to 5,050 feet at Pop's Place {Weizel and
Newell 1970). Llocation of proposed mining facilities and a description
of how the complex would operate are described by Coffin and Wilke (1971}
from a report by the Montana Water Resources Board (1970). Figure 3 shows
the location of these facilities as was known by those authers in 1971.

Previous studies related to impact of mining development in the
Lincoln area have been done by Coffin and Wilke (1971) and Williams (1970).

HISTORY AND METHODS!/

Water Quality

A water quality sampling program was begun by the Department of Fish
and Game and University of Montana in February 1968, and was continued
until March 1970. Five stations on the main Blackfoot River were sampled
monthly, and tributary streams were sampled every 3 months for a total
of 12-15 samples each month. Sampling at the Pop's Place station was
discontinued in September 1968 when sampling there was assumed by the
USGS under contract with the Department of Fish and Game. The USGS
called this station "Blackfoot River near Lincoln, Montana.”

Tributary sampling was discontinued in March 1970. Only the five main
Blackfoot River stations continued to be sampled. These were: (1)} Rain-
bow Bend, {2) Blackfoot Canyon camp (3.5 miles above Arrastra Creek),

(3) Dalton, (4) Hogum and (5) Flesher. Field testing at all stations was
also discontinued at this time. This schedule was maintained with few
changes until February 1971 when sampling of Poorman Creek and Alice Creek
again began. The Rainbow Bend station was discontinued at this time.
Willow Creek (Flesher), and Hardscrabble Creek were added in Octcber 1971
since they had never been sampled before.

1/ Specific methods for each sampling program describad here can
be found in the Appendices.
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Analysis for "dissolved” as well as "total recoverable"” heavy metals
began in September 1971. This involved filtering and acidifying certain
samples in the field. This practice was continued through the rest of the
study. Analysis for ithe various forms of nitrogen and phosphorus began
in March 1972 and continuad until October 1972.

The USGS made periodic water quality and continuous femperature and
discharge measurements at the gaging station at Fop's Place from October
1968 to September 1970 when the station was discontinued. A new station
was established by USGS in October 1970 downstream at the Hogum Creek road
bridge and was called "Blackfoot River below Alice Creek, near Lincoln,
Montana." This station was operated untii October 1975. The USGS collected
continuous temperature and streamflow data, daily and monthly water quality
data, and gquarterly trace metals data at one or the other of these stitions
through September 1372. Beginning with the 1973 water year, quarterly
analyses for trace metals were discontinued. Continuous streamflow and
temperature measurements, and monthly water quality analyses were continued.
During the 1974 water year, only continuous discharge and temperature data
were collected.

USGS gaging station "Blackfoot River below Alice Creek. near
Lincoln" {Hogum sample station) looking downstream. March 14,
1972.
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Water quality samples were collected daily by a USGS observer at one
or the other of the gaging stations through September 1972 when they were
terminated. These daily samples were analyzed for specific conductance.
On the basis of specific conductance, one to three samples representing
extremes in total dissolved solids were selected and analyzed for common
constituents.

Data from the two gaging stations are published in USGS Water Resources
Data for Montana, Part 1 - Surface Water Records and Part 2 - Water Quality
Records for the respective water years.

Water quality analyses not made by the USGS were performed by the
State Department of Health and Environmental Sciences chemistry Taboratory,

Helena, Montana 59601.

BOD {Biochemical Oxygen Demand) sampling began at Canyon, Dalton and
Hogum stations on the main river in February 1972. Samples were collected
by the writer about every month and analyzed by the USGS in Helena.
Beginning in October 1972 the USGS themselves collected and analyzed these
samples monthly at the above three stations plus one additional station
between Landers Fork and Lincoln (below 7-Up Pete Creek). Collections
for coliform (total and fecal) determinations were also begun at these
four stations by the USGS in October 1972.

In addition to irreqular field determinations of DO (Dissolved Oxygen),
diurnal DO measurements were made twice, once in September 1971 at six
stations, and once in June 1972 at three stations. DO was determined and
water temperatures were recorded every 4 hours for a 24-hour period at
each station.

Intragravel DO was measured in brown and brook trout spawning redds
in November 1972. Standpipes similar to those described by Terhune (1958)
were placed in the spawning gravels at one location in the Blackfoot
River below Poorman Creek and at the mouth of Alice Creek. Water velocities,
stream discharge, surface water temperature and DO were measured, and DO
and water temperatures were determined from water samples taken from
within the standpipes. The approximate number of spawning redds was re-
corded in 1972 and 1973 in the Blackfoot River below Poorman Creek, and
in 1972 in the Bartlett section on Alice Creek. Brown and brook trout
were observed actively spawning over several of the redds in both places.

Measurements of turbidity were begun on a more regular basis in the
spring of 1972 and continued in 1973. Sampling was intensified at the
main monitoring stations during the spring runoff period, and reduced at
other times of the year when the water was cleaner and fluctuated less.

Sediment samples from approximately the upper 2 inches of substrate
in deposition zones of several streams and the main river were collected
in 1973, stored in labeled cloth bags and analyzed for common heavy metals
by the Montana Bureau of Mines and Geology laboratory in Butte.

The Anaconda Company conducted acid mine seepage surveys in the

Heddleston District in 1972 and 1973. Some of their results are presented
in this report.
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Streamflow

Measurements of streamflow at locations other than USGS gaging
stations began in March 1972. Porcelain-enameled iron staff gages were
installed with assistance from USGS personnel at five locations:

Canyon, Dalton and Flesher on the main river and on Poorman and Alice
Creeks. In addition, a reference point was established on the Highway
200 bridge crossing Landers Fork and water height was measured with a
steel tape and metal weight. The reference point was later discontinued
due to channel instability at the measuring site. For the same reason
there was no suitable Tocation to install a staff gage at this site.

Bottom Fauna

Bottom fauna collections were begun in July 1968 at six Blackfoot
River stations. Collections were also made in April and Gctober 1969
at most of these same stations. These samples were collected in riffle
hahitat with a 2-foot-wide Needham kick screen which sampled a surface
area of + 4 square feet. One sample was collected at each station per
sample period. A more intense sampling program began in March 1971.
Quarterly collections were made in February, May (if water levels per-
mitted), August and October at the following stations: Pop's Place,
Flesher, Hogum, between Landers Fork and Lincoln, Dalton, Canyon and
Rainbow Bend on the main river, plus Alice Creek and Poorman Creek.
Periodic collections were also made on Landers Fork. A square-foot
stream bottom sampler, modified after Waters and Knapp {1961} and having
38 meshes per inch (.018-inch mesh opening), was used for collection.
This mesh size probably retained more insects than the U. S. Standard
No. 30 sieve (.023-inch mesh size) used to define macroinvertebrates
(APHA, AWWA, WPCF 1971). Three 1-square-foot samples were collected at
each station in riffle habitat. The insects were preserved in glass
jars containing 10 percent formalin. The samples were sorted to order.
Volumes and numbers of insects in the samples were determined at the
department's pollution control laboratory, Helena. The samples were then
further sorted, recounted and identified to the lowest possibie taxonomic
group by a trained aquatic insect taxonomist working under contract with
the Department of Fish and Game.

Insect collections made in 1968 and 1968 were identified to the
lowest taxonomic group, but unfortunately the numbers of individuals in
each group were not determined. Enumeration by lowest taxonomic group
began with the March/April 1971 collections. Additional coilections were
made in August and October 1971, February, May, August and October 1972,
and May 1973, but all of them have not been identified or enumerated below

their orders.

Riffle areas were selected for sampling because they are the preferred
type of habitat for bottom organisms and because 1ife on riffles is more
abundant than in pools. Riffles thus provide more information on which
to base interpretation of conditions. Hard surfaces such as rocks and
gravel are preferred attachment surfaces for organisms {Kittrell 1969).
Also, it was felt that riffle data alone would be sufficient to show
future changes in the quality or gquantity of organisms due to poilution.
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Needham and Usinger (1956) showed that a large number of samples was
needed at a single station to give reliable (95 percent confidence) data
on estimated total wet weight and estimated total numbers of bottom
organisms. However, they found only two or three samples per station were
needed to give 95 percent confidence that at least one member of each of
the commonest genera of bottom insects would be present. It was therefore
felt that three 1-square-foot samples would be adequate to establish
insect diversity at the sampie stations and would also be a sample size
which could be managed.

Fish

Fish population estimates were made on eight sections of the Black-
foot River: Pop's Place, Flesher, below Willow Creek {Flesher), Hogum,
Stemple, Poorman-Dalton and Canyon. Population estimates in one section
cach of Alice Creek and Poorman Creek were also made. Trout over 9 inches
in total length were marked with individually numbered white Floy-T tags
to determine any significant movements. A1l fish were captured with a
Fisher-Shocker (Model FS-101) or Smith-Root backpack electrofishing equip-
ment. The Fisher-Shocker was floated downstream in a boat rigged for
electrofishing.

Additional survey shocking to establish fish species composition,
their relative numbers and size was also accomplished on the following
streams: Beartrap Creek - 3 sections; Pass Creek - 2 sections; Anaconda
Creek - 1 section; Shoue {Shave) Gulch - 1 section; Cadotte Creek - 1
section: Willow Creek (Flesher)- 3 sections; Alice Creek - 4 additional
sections; Hardscrabble Creek - 3 sections; Hogum Creek - 1 section; Copper
Creek - 2 sections; Landers Fork - 2 sections.

Twenty-five fish samples were collected in 1972 by electrofishing
and analyzed for the more common heavy metals by EPA {(U. S. Environmental
Protection Agency).

Wildlife

Wildlife data collection centered on aerial and ground observations
of elk using the spring calving areas on Spencer Bar, the Alice Creek
drainage, portions of Landers Fork, and winter ranges in the upper Black-
foot drainage and in the Middle Fork Dearborn River drainage east of the
continental divide. Three cow elk were captured on their winter range
east of the divide in April 1973 and fitted with radio transmitter collars.
Their movements were followed on the ground and from aircraft during annual
migrations to spring and summer range and return to winter range. Other
wildlife observations were also made in the study area.

RESULTS

Water Quality

Chemical Analyses

Results of chemical analyses performed by the State Chemistry Laboratory
on water samples from the 7 main river stations and 29 tributaries are given
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in Appendix A (pg. A-1). The location of maximum and minimum values of these
chemical properties and constituents are given in Appendix B. Laboratory
detection levels for the constituents are given in Appendix C. Results

of laboratory analyses excluding those which had values Tess than the
analytical detection level are given in Appendix D.

Locations of the 36 stations sampled during the study are shown in
Figure 4. Numbers correspond to the station locations given in Appendix E.
The system used to describe station locations is based on the system of
land subdivision used by the Bureau of Land Management and is shown in
Figure 5.

Average total hardness, total alkalinity, bicarbonate and calcium
values increased downstream between the Pop’s Place and Canyon stations
(river mile 119.4 to 84.7). However, values of these constituents were
less at the Rainbow Bend station (river mile 9.7) than at the Canvon
station.

Average total residue increased between Pop's Place and Canyon, but
these values fluctuated among the six stations in the stream reach. Total
residue was also less at Rainbow Bend than at Canyon.

The lower concentrations of hardness, alkalinity, residue and calcium
at Rainbow Bend may be due to the entry of waters of East and West Twin
Creeks upstream and on the same side of the river as the sample station.
These two streams had the Towest average values of these constituents of
any of the waters sampled.

The remaining chemical constituents analyzed for did not show any
particular distribution pattern in the values obtained.

Average sulfates decreased in a downstream direction, but increased
again at Rainbow Bend. Sulfates were higher at Pop's Place {average 41
mg/1) than at any other station sampled. This is due to acid mine drainage
from the Mike Horse area. Sulfate is commonly formed from the oxidation
of sulfide minerals which are common in the Mike Horse area. The sulfur in
sulfide minerals_such as pyrite {FeS,) of chalcopyrite {CuFeS;) is oxidized
to sulfate (804‘2) jons in water (Co%ffn and Wilke 1971). The second
highest average sulfate level (22 mg/1) found was at Flesher station on
the main river. This station is 4.8 miles downstream from Pop's Place.
Average sulfate levels in tributaries ranged from zero to a maximum of
11 mg/1 at Elk Creek and Union Creek. Both streams flow through agri-
cultural lands. Other average values were: Willow Cresk (Flesher) 7.3
mg/1; Hogum Creek, 8.1 mg/1; and Poorman Creek, 9.6 mg/1 - all of whicn
flow through old mining areas; and Spring Creek, 8.8 mg/1 and Willow
Creek, 9.9 mg/1 which fiow through agricultural Tand.

The major cation was calcium and the major anion was bicarbonate at
all 36 stations sampled. However, when sulfate levels increased, such as
at Pop's Place and Flesher, bicarbonate levels were reduced accordingly.

Bicarbonate alkalinity ranged from 6-230 mg/1 at all stations. West

Twin, East Twin, Sandbar Creek and Pop's Place had the lowest bicarbonate
levels in that order. Average bicarbonate at main river stations ranged

15



~suoL3dLa0sep uoijels 4od (pe-y -d)
9 Xipuaddy 23S -eade Apnis |edioutad s uorjuod pspeys ‘suoljels A311enb 4@3em 4O UOLIED07 “f aunbiyg
Vd hY R

AN LwvaNNGE 0V

o '/ N oouu._u«..ﬂl.’

ey A - NIAIM 1 4 o~ -

: 3 . .” ” .\ g TN
R . ¥ .

i PN RN

&

vossingJT

A 1]
/ SITHANTIH 9 » Qe San o, A

N

16



Wells, springs, water-sampiing locations and stream-gaging loca-
tions are assigned numbers based on the system of land subdivision used
by tne U. S. Bureau of Land Management. The number consists of 12
characters and describes the location by township, range, section and
position within the section. The figure below illustrates the numbering
method. The first three characters of the number give the township, the
next three characters the range. The next two numbers give the section
number within the township, and the next three Tetters describe the
Tocation within the quarter section (160-acre tract), the guarter-quarter
section (40-acre tract), and the quarter-guarter-quarter section (10-
acre tract).

These subdivisions of the 640 acre section are designated a, b, c,
and ¢ in a counterclockwise direction, beginning in the northeast quadrant.
If there is more than one feature in a 10-acre tract, consecutive digits
beginning with 2 are added to the number. For example, if a water-quality
sample were collected in section 21, T 9N, R 20W, it would be numbered
09NZ20W21DAA2. The letters DAA indicate that the well is in the NE% of
the NEY of the SEY%, and the number 2 following the letters DAA indicates
there is more than one water-quality sampling location in this 10-acre
tract.

Figure 5. System for specifying water quality station locations.
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from 61 at Pop's Place to 187 at Canyon. Average tributary levels ranged
from 20 mg/1 at West Twin Creek to 215 mg/1 at Union Creek. West Twin
Creek flows through boulder fi11, whereas Union Creek flows through an
alluvial valley and is used for irrigation of agricultural land {(Weisel
and Newell 1970). Union Creek does not have a good sport fish popula-
tion, although other factors, such as excessive turbidity and water
temperature, may be responsible.

Water quality station on Blackfoot River at Hogum Creek road,
river mile 110.7. March 14, 1972,

Chloride and fluoride were found in Tesser gquantities than any of the
other major ions.l/ Average fluoride levels were almost always lower than
chloride levels. Out of 36 stations sampled, only Willow Creek (Flesher),
Hardscrabble Creek, Black Diamond Creek and Horsefly Creek had higher
average fluoride than chloride Tevels (chloride was zero whereas fluoride
was 0.10, 0.12, 0.20 and 0.10 mg/1, respectively). The maximum chloride
Jevels found were 25 mg/1 at Rainbow Bend and in tributaries 11 mg/1 at
Pass, Kleinschmidt and Union Creeks. The maximum fluoride level found on

the main river was 0.50 mg/1’ at Pop's Place, and in tributaries 0.52 mg/1
at Spring Creek.

1/ The major ions are calcium, magnesium, sodium, potassium, bicarbonate,
carbonate, chloride, fluoride, sulfate.
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The highest average chloride level on the main river was 4.8 mg/1 at
Rainbow Bend and in the tributaries 6.6 mg/1 in Union Creek.

The highest average fluoride level found on the main river was 0.54
mg/1 at Rainbow Bend, and in the tributaries 0.27 mg/1 at East Twin Creek.
Fluoride bearing rocks have a low solubility. The amount of fluorine
(source of fiuoride ions) in rocks is greater than the amount of chlorine;
however, when all forms of both elements are considered, chlorine is much
more abundant in the outer part of the earth (Hem 1970). Therefore,
chloride would be expected to occur in higher concentrations than fluoride

in natural water.

Total alkalinity values ranged from 35-189 mg/1 on the main river and
5-226 mg/1 in tributary streams. The lowest average value was found at
Pop's Place (51 mg/1) on the main river. Lowest average tributary value
was 17 mg/1 at West Twin Creek. Average alkalinity values were over 100
mg/1 at 5 of 7 main river stations (Pop's Place and Flesher were exceptions).
In tributary streams, 14 of 29 stations had average alkalinity values above
100 mg/1. The remaining 15 had average values from 17-98 mg/1.

Sample station on Blackfoot River at Blackfoot Canyon Camp, river
mile 84.7. August 24, 1971.

Total residue (dissolved solids) ranged from a minimum of 60 mg/1
at Rainbow Bend to a maximum of 261 mg/1 at Dalton on the main river and
in tributary streams from 10 mg/1 at West Twin Creek to 288 mg/1 at
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Hardscrabble Creek. Average main river values ranged from 114 mg/1 at
Flesher to 210 mg/1 at 7-Up Pete. Average tributary values ranged from
21 mg/1 at West Twin Creek to 208 mg/1 at Union Creek.

Total hardness ranged from 60-340 mg/1 at Pop's Place and Dalton,
respectively, on the main river. Tributary values ranged from 7-310
mg/1 in West Twin Creek and Union Creek, respectively. Average total
hardness was lowest on the main river at Pop's Place (112 mg/1) and
highest at Dalton (168 mg/1). Average tirbutary Tevels ranged from a
Tow of 13 mg/1 at East Twin Creek to a high of 194 mg/1 at Union Creek.
Hardness of water is due primarily to the presence of the cations calcium
and magnesium. Water hardness is important to fish and aguatic life
because toxic metals {copper., lead, zinc, etc.) are more toxic in soft
water than in hard water. According to two references, the following
values are used to classify water hardness (Brown, et al. 1970 and Dufor
and Becker 1964).

Total Hardness (As mg/1 CaC03) Classification
0 - 60 Soft
61 =120 Moderately hard
121 -180 Hard
More than 180 Very hard

Water in the Blackfoot River drainage, therefore, ranges from soft to very
hard.

Very little carbonate (C03) was found in any of the waters on a
regular basis. Highest values were 12 mg/1 at Rainbow Bend and 24 mg/1
in Poorman Creek. Carbonates are less soluble in water than chlorides,
sulfates and nitrates (McKee and Wolf 1963). They are not detectable when
water has a pH of 8.3 or less.

Field pH levels determined with the Hach Model DR-EL field test kit
showed a range of values between 6.6-8.7 for all waters sampled. The
Jowest values found were at Pop's Place on the main river (6.9), and in
West Twin Creek (6.6), Fast Twin Creek (6.9) and Sandbar Creek (6.9).

Pop's Place and Sandbar Creek receive waters from mine shafts and
tailings, which account for the low pH. The two low pH values in East
and West Twin Creeks were not accounted for.

The next lowest pH was 7.1 at West Twin Creek. Pass Creek and Willow
Creek both had pH 7.2 as low levels. Union Creek had a low level of pH
7.3. Highest pH Tevels were pH 8.7 at Dalton on the main river and the
same in Poorman and Elk Creeks. Fourteen of 30 stations (6 main river
stations and 24 tributaries) had maximum pH leveis of 8.6. Most natural
waters are buffered by COp reactions, and their most effective buffering
action occurs between pH 6.0-8.5. Unpolluted surface water generally has
a pH between 6.5-8.5 (Hem 1970).

Main river levels of calcium ranged from a minimum of 10 mg/1 at
Pop's Place to a maximum at Canyon of 56 mg/1. Minimum tributary values
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were 2 mg/1 at both East and West Twin Creeks, and the maximum was 68
mg/1 in Belmont Creek.

Magnesium ranged from zero at Canyon to 39 mg/1 at Hogum on the main
river, and in tributaries from zero at East and West Twin Creeks, Clear-
water River and Pass (Creek, to 51 mg/1 in Union Creek. Magnesium was
usually lower than calcium.

Sodium and potassium were reported together in laboratory data.
Sodium + potassium values were highest on the main river at Canyon {33 mg/1)
and lowest (zero) at all stations except 7-Up Pete (2.2 mg/1). In tribu-
tary streams, maximum values were 22 mg/! in Kleinschmidt and ETk Creeks
and minimum values were zero in 23 of the 29 streams.

Alice Creek sample station as viewed upstream from Highway 200
bridge. August 1972.

Analyses of water samples for iron, arsenic, zinc, Tead and copper re-
vealed that in a significant number of samples these metals were not
detected (Table 1).
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Table 1. Number and percentage of heavy metal analyses with reported
values less than the analytical detection level.
Total Recoverable
Iron Arsenic Zinc Lead Copper

N N<dl % N N<dl % #® N<dl % N _N<dl 7 N H<dl %
Tributaries 198 108 54 94 80 85 204 152 74 62 54 87 202 165 82
Main River 209 91 44 81 67 83 209 102 49 53 47 89 209 162 78
Combined 407 199 49 175 147 84 413 254 62 115 101 88 411 327 80

M = total analyses
N<d] = number of analyses with reported values less than the detection level
% = percent of total analyses with reported values less than the detection

level

Iron was detected more frequently than the other metals. [Zinc,
copper, arsenic and lead were the next most frequently detected in that
order. Tributary streams, as a whole, had fewer detectable metals than
did the main river. An exception was in the slightly more fregquent occur-
rence of lead in tributary streams than in the main river. The occurrence
of arsenic and lead were nearly the same in the main river and tributaries,
probably because each of these metals was found infrequently and in very
small amounts at all stations sampled.

By excluding the metals analyses having reported values less than
the detection Tevel, a new range and average value was calcuiated for
each station (see Appendix D - p. A-18). The purpose is to show that
heavy metals were not high at these stations, even when only those
samples where the metal was detected are considered. These vaiues are
summarized in Table 2 for five selected stations in the upper 11 miles
of the river. The Tocation of these stations in the proposed mining com-
plex (see Figures 3 and 4) makes them particularly suitable for showing
any changes in water quality.
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The highest iron value detected was .90 mg/1 in Alice Creek. How-
ever, this was an extreme value as shown by the average of .18 mg/1.
Arsenic, when detected, was present in very small amounts. A maximum
of .002 mg/1 occurred at Flesher, Alice Creek and Hardscrabble Creek.
The highest zinc value (.94 mg/1) was at the Flesher station on the main
river. Again, the average of .11 mg/1 shows this was an extreme value.
The most lead detected was .01 mg/1 at Flesher, Alice Creek and Hard-
scrabble Creek. The maximum copper value found was .18 mg/1 at Flesher;
however, the average of this station was .03 mg/1.

The maximum values and the highest average values of the above
metals reported at all 36 stations in the study area are given in
Table 3.

Table 3. Maximum values and highest average values of metals reported
at all 36 stations.

Total Highest
Recover- Maximum Avera?e
able Value Reported Valuel/ Reported
Metal (mg/1) At (mg/1) At
Iron 1.5 Canyon .24 Rainbow Bend
Blackfoot R. Arsenic .008 Rainbow Bend {.008)2/ Rainbow Bend
Zinc .94 Flesher .22 Pop's Place
Lead .01 Flesher, .01 Fiesher,
Dalton, palton,
Canyon Canyon
Copper .07 Dalton .04 Hogum,
Rainbow Bend
Iron 2.5 Sandbar Cr. (.50)2/ North Fork
Tributaries  Arsenic .006 Beaver Cr. (.006)2/ Beaver Cr.
Zinc 72 Alice Cr. .24 Landers Fork
l.ead .02 Poorman Cr. .02 Poorman Cr.
Copper 12 E.Twin Cr.  (.12)2/ E.Twin Cr.

1/ Includes only those stations havina more than one analysis performed.
2/ Numbers in parentheses indicate this was the only value greater than
the detection level at this station.

Figure 6 illustrates the distribution of average concentrations of

total recoverable iron, zinc and copper at the seven Blackfoot River stations

based only on values greater than the detection level. Arsenic and Tead
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are not shown because they were found in very small quantities, when
detected at all. If it were not for the 7-Up Pete station, average iron
would be fairly level at all stations from Hogum downstream. The
average of 0.4 mg/1 at 7-Up Pete is based on only two samples of .03 and
.06 mg/1. Further sampling would probably change this average, although
Landers Fork may have an influence on metals levels at the station.

Zinc was highest at Pop's Place and Flesher, due to mine drainage

from the Mike Horse area. Zinc was higher than iron at Pop's Place

and almost the same at Flesher. Anaconda Company water quality data

show that more zinc than iron came from the Mike Horse Mine. This tunnel
also had the greatest flow into the Blackfoot River, and even though iron
levels from other tunnels are higher than zinc levels, there is less
water volume and these effluents do not always reach the river. Average
copper fluctuated least of all and was highest at the Hogum station. No
copper was detected at Pop's Place.

A bluish-gray color was always evident in the Blackfoot River near
Pop's Place, giving the water a "hazy" appearance even though the water
was clear. Willow Creek {Fliesher) also had this appearance below (but
not above) Sandbar Creek. Hogum Creek exhibited this appearance to a
lesser degree. A1l these areas receive water from abandoned mines. This
condition may be due to a colloidal hydroxide of a heavy metal. Hem (1970)
states that "colloidal ferric hydroxide is commonly present in surface
water, and small quantities may persist even in water that appears clean."
This condition was not found in other streams sampled.

Biological Oxygen Demand (BOD)

Five-day BOD analyses were made at four main river stations:
Hogum and 7-Up Pete above Lincoln and Dalton and Canyon below Lincoln.
Results are given in Appendix F {p. A-35). Oxygen demand by decomposi-
tion of organic matter is very low at these stations. The highest BOD
value recorded was 3.0 mg/1 at Hogum on September 8, 1972. The next
highest value was 2.5 mg/1 at Hogum and 7-Up Pete. In no instance was
zero BOD recorded, but in 25 percent of the analyses values were less
than 1.0 mg/1. Sixty-one percent of the values were between 1.0-2.0 mg/1,
and 14 percent were 2.0 mg/1 or greater.

Coliform Bacteria

Total and fecal coliforms were determined at Hogum, 7-Up Pete,
Dalton and Canyon stations during water year 1973 (Appendix G - p. A-38).
Total coliform organisms reached 1700/100 m! once at Hogum and 1400/100 ml
once at Canyon. Otherwise the greatest number found was 930/100 m] at
Canyon. Out of 48 monthly analyses (12 at each station), 75 percent did
not exceed 50/100 ml. The remaining analyses (excluding the three high
values above) had coliform numbers between 0-440/100 ml. Nine percent
were between 50-100/100 mi, 7 percent between 100-200/100 mi, and 4 percent
were over 200/100 mil.

Fecal coliforms were much lower than total coliforms. Fecal coli-
forms reached a high of 15/100 ml at Dalton, followed by the next high
of 14/100 ml at Canyon. Eighty-eight percent of the analyses had less
than 10 fecal coliforms per 100 ml, and 73 percent were less than 5/100 ml.
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Montana Water Quality Standards for B-Dj waters, which include growth
and propagation of salmonid fishes and associated aquatic Tife, require
generally that the average number of total coliform organisms not exceed
1000/100 ml, and that fecal coliforms not exceed 200/100 ml.

[t is unknown whether these coliform numbers are due to natural or
domestic sources. There may be some seepage which reaches the river from
septic tanks in the Lincoln area. However, from a coliform bacteria
standpoint, water quality was very high at these four lTocations.

Dissolved Oxygen {DO)

Field analyses {Appendix H - pg. A-41) show minimum DC Tevels at 30 stations
(DO not analyzed at 6 stations) were 7.0 mg/1. This minimum occurred at
only 5 of the 30 stations (17 percent}. Minimum DO was 8.0 mg/1 or higher
at 25 of 30 stations (83 percent), and 9 mg/1 or higher at 14 stations
(47 percent).

The highest DO Tevel recorded was 14 mg/1 at Kleinschmidt Creek, but
this occurred only once. Lowest DO levels were found in Pass Creek, where
the average was 8.0 mg/1 (range 7-11 mg/1). Highest average Tevel found
was 12 mg/1 in East Twin Creek (range 11-13). Three percent of the stations
averaged 7 mg/1, 3 percent 8 mg/1, 7 percent 9 mg/1, 63 percent 10 mg/1,

20 percent 11 mg/1, and 3 percent 12 mg/1.

The USGS also made monthly field determinations of DO at the two
gaging stations (Table 4).

Table 4. Monthly DO Tevels from field analyses by the USGS at Pop's Place
and Hogum stations.

Pop's Place Hogum

Ave. Ave.

Percent Percent
Water Ho. of Satura- Satura-
Year Analyses Range Ave.  tion Range Ave. tion
1969 11 8.1 -11.6 9.9 90
1970 12 8.0 - 12.1 9.9 92
1971 12 9.2 -13.0 11.1 105
1972 1 8.2 - 13.4 10.8 101
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The Tower DG levels at Pop's Place may be due to: (1) the lack of
much stream turbulence at the Pop's Place station; {2) passage of the
river through a series of beaver ponds just above the Pop's Place station
which may cause an increase in BOD from organic decomposition in the ponds;
(3) the heavy metals from mine drainage creating a chemical oxygen demand
(COD); or (4) steeper stream gradient above the Hogum station maintaining
DO at higher levels by aeration.

Montana's Water Quality Standards classify the Blackfoot River and
all tributaries as B-D7, which provides for the growth and propagation of
salmonid fishes and associated aquatic 1ife. Under this classification,
dissolved oxygen “is not to be reduced below 7.0 milligrams per Titer."
The above data show this standard is presently being met at all sample
stations on the river. However, it also appears that an increase in BOD
could lower DO below the recommended level at those locations where DO
readings of 7.0 mg/1 were found.

Diurnal Variation of Dissolved Oxygen, Temperature and pH

Field analyses were made at 1 to 4-hour intervals for a 24-hour
period at Pop's Place, Flesher, Alice Creek, Poorman Creek, Dalton and
Canyon (Appendix I, p. A-48). Most of the data was obtained by the USGS
at the Pop's Place gage beginning in 1968. Diurnal pH was obtained only
at Pop's Place in 1968 and 1969.

The maximum diurnal variation in DO was 1.5 mg/1 in August 1973 at
Flesher (Table 5). Other variations ranged from a maximum of 1.4 mg/]
at Dalton in June 1972 to a minimum of 0.4 mg/1 at Pop's Place in August
1971. The lowest saturation value was 84 percent at Flesher in August
1973 and at Dalton in September 1971. The highest saturation value found
was 108 percent at Poorman Creek, Dalton and Canyon in June 1872, The
highest DO concentrations occurred when water temperatures were coolest
in June 1972 and October 1968. Water temperatures associated with the DO
variations reached a high of 67 F at Flesher in August 1973 and a low of
41 F at Pop's Place in October 1968. The greatest pH variation was 1.3
units, but this may be inaccurate (see footnote in Appendix 1). OQOther
pH values ranged from 7.3-8.6 with variations of 0.3-0.5 pH units.

Miscellaneous Surface Water Temperatures

Surface water temperatures taken periodically during the study are
given in Appendix J, {p. A-53). The highest temperature recorded was
18.9 C (66 F) on the main Blackfoot River at the Flesher station on
August 17, 1973. This was & very low water period in a dry year. Minimum
temperature was 0 C (32 F) at several stations during the winter months.

Turbidity

Measurements of turbidity were made at 21 locations during the study
(Appendix K, p. A-57). In nearly all cases, turbidity was related to
streamflow, i.e., turbidity increased with increased streamflow. The
highest turbidity recorded during the study was 220 JTU {Jackson Turbidity
Units) in Landers Fork at Highway 200 during high water on June 3, 1972.
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Nearly all the turbidity occurring in the main river below Landers Fork
was due to suspended sediment from Landers Fork. The highest turbidity
recorded on the main river above Landers Fork was 42 JTU at the Hogum
station on May 17, 1972. In 1973, turbidity reached only 19 JTU at
this station. The highest turbidity recorded at Flesher was 4.6 JTU in
May 1972 and 5.2 JTU in May 1973. Highest of two values recorded at
Pop's Place was 8.3 JTU.

Maximum turbidity recorded in Alice Creek was 31 JTU on May 17, 1972.
A reading of 27 JTU on May 24, 1972 was due almost entirely to sediment
from a mud slide washing into the stream from state land several miles
upstream. The mud slide was caused by water saturation of the soil in a
logged area with improperly placed roads.

Landers Fork contributes most of the suspended sediment to the
upper Blackfoot River during spring runoff. Sediment originates
from natural sources in the drainage. June 3, 1972.

Emphasis was placed on obtaining turbidity readings during spring
runoff because this is when practically all the turbidity occurred.
Sometimes the study area sustained a midwinter thaw which raised turbidity
slightly. This occurred at Canyon on January 16, 1972 when a reading of
4.2 JTU was recorded. Turbidities were generally extremely low on the
main river and most of its tributaries except during spring runoff.
Turbidity was mainly due to suspended sediment. Higher than normal
turbidity during low water periods was usually the result of man's
activities in or adjacent to a stream. Rainstorms in summer and fall
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did not increase streamflow greatly. Practically all winter precipitation
went into storage as snow which did not run off in large amounts until
spring.

Streamflow

Continuous discharge data were collected by the USGS at Pop's Place
and Hogum gaging stations on the main river. Streamflow data at other
locations were determined from staff gage readings and periodic flow
measurements (Appendix L, p. A-63). Continuous discharge data were trans-
formed into hydrographs and are shown in Figures 7 and 8 for both USGS
stations. lLow fiow periods were generally from August-March, while higher
flows occurred from April-July, although high flows began in mid-March
in Water Year 1972 at the Hogum station.

Both of the gaging stations were upstream from the confluence of
Landers Fork with the main Blackfoot River and they did not show the
significance of Landers Fork in the timing and amount of runoff in the
drainage. Landers Fork is a relatively long drainage (about 22 miles).
Runoff waters originate in high mountain country along the continental
divide. Consequently, the peak runoff in the Blackfoot River below
Landers Fork came later in the season than did the peak at the gaging
sites, which receive runoff from lower elevations and from a much smaller
drainage area. Below the mouth of Landers Fork there were two peaks
on the hydrograph - one for discharge of the Blackfoot above Landers
Fork and another for discharge contributed by landers Fork. This is
illustrated by a hydrograph of discharge at the Canyon station which
was based on periodic staff gage readings in 1972 and 1973 (Figure 9}.
There was a 2-week period between peaks in 1972. In 1973 the peak
caused by Landers Fork was very lTow and somewhat indefinite, due to
below-normal snowpack in Landers Fork drainage. - In addition to snow-
pack, precipitation and temperature conditions during May and June
determined the timing and peak of runoff.

e

Spring snowmelt raises the Blackfoot River to bank-full stage
in Lincoln canyon. June 3, 1972.
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Streamflow in the main Blackfoot River was continuous except for an
intermittent stretch near Lincoln. Each fall and winter streamfiow
ceased in the vicinity of the Stemple road bridge in Lincoln to about 3
miles upstream. Aerial observations each year during the study revealed
a dry streawbed in this section. Flow recovery began below the Stemple
bridge and was again normal at the mouth of Poorman Creek. Loss of
streamflow was due to natural lowering of the groundwater level in the
highly permeable alluvium. Coffin and Wilke (1971) discuss groundwater
movement in the upper Blackfoot River.

Alice Creek also had some dry sections from late summer through
winter due to fluctuating groundwater. The stream dried up beginning
about 1/4 mile below the abandoned U. S. Forest Service guard station
and ending about 2-1/2 miles downstream just above the mouth of Bear Creek.
The exact upper and lower limits of the dry areas depended on seasonal
climatic conditions. The lower end of Wildcat Gulch, a tributary in this
stretch, was usually dry except during the spring runoff period. A
small spring helped recharge Alice Creek in T 16N, R 7W, Sec 27 (SW4),
near the mouth of Bear Creek.

Landers fork was dry in late summer above the mouth of Copper Creek
in 1973, but not in 1974. Streamflow in 1973 below Copper Creek was
primarily due to flow from Copper Creek. Groundwater again came to the
surface before Landers Fork reached Highway 200, since flow at the highway
was greater than either Copper Creek flow or Copper Creek + Landers Fork
flow (see Appendix L - p. A-63). Landers Fork has reportedly been dry
at Highway 200 in past years. This was never observed during the study,
although the flow did get very low. Cadotte Creek, 7-Up Pete Creek,
Bartlett Creek (Alice Creek tributary), and Blanchard Creek were ob-
served to be dry by mid-summer each year. Elk Creek was dry during one
winter sampling period. Other streams reached very low water levels, but
were not observed to be dry during the study.

Water Chemistry/Discharge Relationships

Certain chemical ions were plotted against stream discharge on log/log
paper to determine their relationships (Figures 10-15). Data were obtained
from the USGS analyses at the Pop's Place gaging station for water years
1969 and 1970, and for the Hogum gaging station for the water years 1971
through 1973. Hydrographs indicated low flows were from August to March
and high flows from April to July (see Figures 7 and 8). Data were plotted
accordingly.

Dissolved solids showed a definite trend toward higher concentrations
during low flow periods at both stations. The major ions, bicarbonate,
calcium, magnesium and sodium as well as total hardness and specific con-
ductance followed the same trend. Sulfate, fluoride and chloride did not
show a definite trend. Potassium followed the same trend as sodium,
except the points were more scattered, giving a less definite relationship.

Bicarbonate showed a good inverse relationship with flow at Hogum,
but a poor relationship at Pop's Place. Conversely, sulfate at Pop's
Place showed a good inverse relationship with flow, while a poor relation-
ship was found at Hogum. The ratio of sulfate to bicarbonate at Pop's
Place was higher (range .79-.96) than at Hogum (range .09-.11).
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pH at Pop's Place ranged between 7.1-8.0 over the 2-year period,
whereas at Hogum the range was 6.4-8.5. A plot of pH against discharge
at Hogum showed slightly higher pH levels (more basic) during lTow flow
periods than during high flow periods.

There was no relationship between dissolved iron and discharge at
either station. The highest dissolved iron levels found were during the
high water period. However, the next highest values were found during
low water.

The highest Tevels of dissolved nitrogen (NOp+NO3 as N) and ortho-
phosphorous were found during the high water period, although there were
also high values during low water. There was no apparent relationship
between these constituents and streamfiow.

U. S. Geological Survey Data

Data discussed in this section are from the two USGS gaging stations
operated during the study: "Blackfoot River near Lincoln® {Pop's Place
station) for water years 1969 and 1970, and "Blackfoot River below Alice
Creek near Lincoln" (Hogum station) for water years 1971 through 1973.
Data for these water years are published by the USGS in Water Resources
Data for Montana, Part 2, Water Quality Records, for the respective water
years.

Discussion of USGS data will include only continuous water tempera-
tures, suspended sediment, and metals. Other chemical constituents have
previously been discussed.

Continuous thermograph records at Pop's Place show daily water
temperatures ranged from 0 C during winter months to 17 C (62.6 F) during
July and August in water year 1969. The average daily maximum temperature
in August was 15 C (59 F). The continuous record is incomplete for July.
During water year 1970 the minimum temperature was again 0 C in winter,
but reached a maximum of 18 C (64.4 F) one day each in July and August.
The average daily maximum temperature in July was 15.7 € {60.3 F) and in
August 15.1 C {59.2 F).

The minimum water temperature at Hogum in water year 1971 was 0 C
during winter months and reached a maximum of 21 C (69.8 F) in July and
21.5 C {70.7 F) in August. The average maximum temperature in July was
17.8 C (63 F) and in August 19.2 C {66.6 F). Summer water temperatures
in water year 1972 were slightly cooler than in 1971 - maximum temperature
in July was 19.5 C (67.7 F) and in August 21 C (69.8 F). Average maximum
temperatures in July and August were 16.6 C (61.9 F) and 17.6 C (63.7 F).
A maximum temperature of 18 C (64.4 F) or above was reached each day for
14 consecutive days in July and 25 consecutive days in August 1971. In
1972 the longest period of 18 C or more was 9 days. However, during these
hot spells, water temperatures cooled off 7-11 € (12.6-19.8 F) each day
in both 1971 and 1972.
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Instantaneous suspended sediment analyses made by the USGS show low
concentrations prevail most of the year at both gaging stations. Con-
centrations at Pop's Place for water year 1969 ranged from 1-16 mg/1 and
for water year 1970 from 3-18 mg/1. The highest concentrations occurred
during spring runoff. Concentrations at Hogum ranged from 1-18 mg/1 in
water year 1971 and from 1-249 in water year 1972. As with turbidity, the
highest concentrations occurred during spring runoff. The day after the
maximum concentration (249 mg/1) was recorded at Hogum, a turbidity reading
of 42 JTU was recorded. Both readings were taken at a flow of 900 cfs.

Metals considered most significant are iron, zinc, lead, arsenic,
copper and cadmium. From 5-28 analyses were made each year for iron, and
2-4 analyses were made for the other metals. Tables 6 and 7 show values
obtained. Other metals analyses not tabulated here can be found in USGS
Water Resources Data for Montana, Part 2, Water Quality Records.

Table 6. Summary of USGS analyses for metals (ug/1) at Pop's Place,
' water years 1969 and 1970.

Water _

Year ~ Fe In Pb As Cu Cd

1969 Range 10-80 450-550 2-3 None 6-7 11-55
Avg 28 500 2.7 6.5 39

1970 Range 29-262  None None  None None None
Avg 119

Table 7. Summary of USGS analyses for metals (ug/1) at Hogum, water years

1970-1973.
Water
Year Fe in Pb As Cu Cd
1971 Range 0-110 None None 0-4 None 0
Avg 26 1 0
1972 Range 0-50 10-30 0-4 0 0-14 0
Avg 19 20 1.5 0 4.8 0
1973 Range 9-150 10-20  3-3 0-2 1-8 0
Avg 36.5 15 3 1 4.5 0
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Acid Mine Seepage Surveys

Chemical surveys were made in 1972 and 1973 by the Anaconda Company
to determine the Tocation and extent of acid mine seepage from abandoned
mine tunnels in the Heddleston mining district. A partial summary of the
company's survey reports is given in Table 8, with original laboratory
data given in Appendix M {p. A-67)}. This summary includes only those
laboratory results for total recoverable parameters from an unfiltered
water sample. The company also analyzed filtered and acidified samples
for total dissolved constituents, developed acidity titration curves
and made general cbservations of the mine tunnels. The latter data are
in Anaconda Company files.

It is apparent from data in Table 8 that high concentrations of metals
enter the Blackfoot River from mine tunnels and tailings. Zinc and cadmium
were highest from the Mike Horse tunnel in both years. Iron was highest
from the Paymaster tunnel in 1972 [Paymaster had no flow in 1973). 1Iron,
zinc, copper, aluminum and manganese occurred in the largest concentrations.
Nickel, chromium, arsenic, lead and cadmium occurred in lesser amounts.

Mine drainage from the abandoned Mike Horse Mine contributes
significant amounts of heavy metals to the upper Blackfoot
River., June 15, 1971.
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A comparison between seepage from mine tunnels and water from
Beartrap Creek below the tailings pond showed a great difference in
water quality. Water quality in Beartrap Creek was quite high compared
with that from the tunnels, and it compared favorably with water quality
at stations further downstream. It is also of interest to note that
cutthroat trout lived in this short stretch of Beartrap Creek, whereas
no fish lived in any of the mine seepages. No fish were found in Bear-
trap Creek below its confluence with the Mike Horse tunnel seepage due
to the poor quality of water from this tunnel.

It is apparent that a water quality problem exists in the headwaters
of the Blackfoot River. This poor gquality water causes a reduction in
stream biota in the main river downstream from the mining areas (see
Fish and Bottom Fauna sections of this report).

Metals in Stream Sediments

Stream sediment samples weighing approximately 5 pounds each were
collected at 10 stations in August 1973 and analyzed for copper, nickel,
lead, cadmium, zinc and iron (Table 9). A 25-pound sample was collected
at the Hogum station in 1974 and analyzed more extensively than were the
1973 samples. Results of these analyses are given in Appendix N (p. A-76).
Loss of organic matter on ignition at 750 C (LOI @ 750 C) was determined
for the 1973 samples, but not for the 1974 sample. Only the sediment
fraction passing through a Tyler standard sieve No. 100 was analyzed in
1973, whereas 10 fractions between sieve No. +16 and -325 were analyzed
in the 1974 sample.

With the exception of a higher zinc value at the Hogum station
(259 ug/g). the highest levels were found at stations associated with
mine drainage. The Blackfoot River at Pop's Place had the highest levels
of all metals except iron, followed by Flesher, the next station downstream.
Poorman Creek had a slightly higher copper level than did Flesher, which
may be related to past mining activities upstream from the station. The
highest iron was found in Willow Creek (Flesher). Observations of Sandbar
Creek, a Willow Creek tributary upstream from the sample point, showed
this stream to be the probable source of iron.

It is interesting to note the high cadmium level at Pop's Place.
Cadmium usually occurs in extremely low amounts in natural water, because
it occurs as the sulfide CdS in a rare mineral called greenockite. Cadmium
used in industry is produced entirely from zinc ores. The ratio of zinc
to cadmium in these ores is about 200 to 1 (Briscoe 1949). The high zinc
levels from mine drainage in the Mike Horse area indicate that the source
of the high cadmium levels at Pop's Place are from zinc ores in the Mike
Horse area.

The concentration of metals in sediments at stations which did not
directly receive mine drainage of some kind were generally well below
those levels from locations receiving wastes.

Willow Creek (Flesher) had the highest Toss on ignition of organic
matter. This reinforces observations made of suspended matter during water
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Table 9. Levels of heavy metals in stream sediments and loss on ignition
of organic matter, August 1973.

Micrograms/Gram Dry Weight LOI Percent

Station Cu Ni Pb Cd in Fe @ 750 €
Pop's Place 700 50 400 282.5 4080 36,600 7.85
Flesher 80 30.5 83 47.5 1000 34,600 5.98
Willow Creek(Flesher) 73 18 39.5 1.2 152 40,600 10.70
Alice Creek 42 12 32.5 <1 3% 31,700  5.10
Hoguml/ a7 11.5 29.5 1.2 259 25,700 4.55

47 21.5 29.5 1.0 259 Not reanalyzed
Landers Fork 29 10.5 28 1 41.5 25,700 7.33
Below 7-Up Pete Cr. 25 12 24.5 1.0 77.5 29,700 5.90
Poorman Creek 88 20 70 1 73.5 24,700 9.40
Dalton 23 10 28 <] 53 26,700 4.55
Canyon 24 10 47.5 <} 52 25,700 4.80

1/ Same sample analyzed twice. See paragraph 5 of letter in Appendix N
(pg. A-76) for explanation of variation in results.

quality sampling of this stream. Even during lTow water periods, a heavy
yellow-brown residue was retained on the 0.45 micron filter used to filter
the water samples. This residue was always more pronounced than that found
at other stations sampled the same day. A portion of this residue is ap-
parently from organic matter, which also becomes deposited in the stream
sediments.

The second sediment sample collected at the Hogum station in May 1974
weighed 25 pounds, much heavier than previous samples. Analyses on the
10 different particle sizes were made to determine if metals were carried
in different amounts on various sizes of sediment particles. The results
showed a sharp increase in metals concentration occurred between the -200
and -230 fractions, indicating that analyzing this size sediment would
give better results than analyzing only the -100 fraction in determining
metals content.

Bottom Fauna

Bottom fauna collections were made at 11 stations during the study
(Figure 16). The numbered station descriptions are given in Appendix O
(p. A-82). Identifications were made to the lowest taxonomic group
possible on samples collected in 1968 and 1969, March/April 1971, August
1971 and October 1971 (Appendix P - p. A-83). However, as was previously
stated, the 1968 and 1969 samples were not enumerated by species.
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Diversity indices were computed for these collections according to
the me@hod of Wilhm and Dorris {1968) and these indices are also given in
Append}x_P (p. A-83). The formulae and computer program used in their
computation are given in Appendix Q (p. A-114). The basic data given in
Appendix P are summarized by station in Appendix R (p. A-116). Appendix S

(p_ ATIQG) is a summary of those bottom fauna collections which were not
Tdentified below their orders.

The number of genera, number of individuals, and their diversity
indices, by station, are shown in Tables 10 and 11. For the 1968 and 1969
samples, the diversity indices were computed on number of individuals in
an order rather than number of individuals in a genus. When numbers in
a genus were used instead of numbers in an order, the diversity index had
a higher value.

Table 10. Diversity indices based on orders.l/

No. of No. of

Station Date Orders Indiv. Dmin D Dmax R
Pop's Place 7/16/68 4 75 0.30 1.37 2.0 - 0.37
4/29/69 2 pd Dmin = D = Dmax Undefined
10/ 1/69 2 99 0.08 0.24 1.0 (.82
Flesher 7/16/68 5 179 g0.20 1.93 2.32 0.18
Hogum 7/16/68 5 1653 g.03 1.79 2.32 0.23
4/29/69 5 486 0.09 1.8 2.32 0.21
10/ 1/69 5 574 0.07 1.49% 2.32 ¢.37
Dalton 7/16/68 5 1502 0.03 1.26 2.32 0.46
10/ 1/69 5 540 0.08 1.71 2.32 0.27
Canyon 7/16/68 5 589 .07 0.90 2.32 0.63
10/ 1769 5 670 g.06 1.62 2.32 0.3
Rainbow Bend 7/18/68 5 209 0.17 1.80 2.32 0.24:
Aice Cr. at '
Highway 200 8/24/71 5 427 0.09 1.98 2.32 0.15

1/ Approximate 4 sq. ft. sample collected with a.Needham kick screen
{mesh size = 16 meshes/inch).
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Table 11. Diversity indices based on genera.l/

No. of No. of

Station Date Genera Indiv. Dmin D Dmax R
Pop's Place 8/20/71 16 161 0.81 2.42 4.0 0.50
| 10/19/71 12 185 0.51 2.51 3.58 0.35
Flesher 3/19/ 71 32 1062 0.33 3.76 5.00 0.27
8/20/71 37 1522 0.24 3.01 5.00 0.42
Hogum 3/19/71 53 6024 0.12 4.01 5.73 0.31
8/23/71 47 4522 0.14 3.56 5.55 0.37
Between
Landers Fk. & 8/23/71 40 1808 0.26 3.57 5.32 0.35
Lincoln 10/26/71 44 2530 0.22 3.58 5.46 0.36
Dalton 3/18/71 43 1638 0.31 3.48 5.43 0.38
8/20/71 35 1291 0.31 3.33  5.13 0.37
Canyon 3/18/71 44 2395 0.23  3.34 5.46 0.40
8/20/7 28 92?2 0.33 2.24 4.8] 0.57
Rainbow Bend 11/ 2/71 34 889 0.42 3.11 5.09 0.42
Alice Cr.
above Nat'l. 8/24/71 25 1211 0.92 2.65 4.64 0.45
Forest
boundary
Alice Cr. at
Highway 200 3/19/71 41 2538 0.20 4.12 5.36 0.24
8/24/71 50 2620 0.24 4.42 5.64 0.23
Poorman Cr. 4/14/71 45 2780 0.20 4.28 5.4% 0.23
8/23/71 43 3650 0.15 3.4 5.43 0.38

1/ Three 1 sq. ft. samples collected with a modified Waters round square
foot streambottom sampler {(mesh size = 38/inch). Data from all three
samples combined.

Theoretical maximum diversity {Dmax) exists if each individual belongs
to a different species and theoretical minimum diversity (Dmin) exists if
all individuals belong to the same species. The distribution of individuals
among species lies between these extremes in most communities and diversity
is intermediate. Redundancy (R) is an expression of the dominance of one
or more species, and is inversely proportional to the wealth of species
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(Withm and Dorris 1968). The numerical value for diversity (D) lies
between Dmax and Dmin and shows the actual diversity of the agquatic com-
munity as compared to the maximum and minimum diversities which could
have occurred in the given sample. When diversity is high, redundancy
is low and vice versa.

Data indicate that bottom fauna are depressed at the Pop's Place
station. This is due to past and present acid mine drainage from the Mike
Horse mine and other mine tunnel seepages above the station. The depres-
sion is probably due to a combination of factors, including metals in
stream sediments and in surface flow. Metals in sediments may cause
direct mortalities of aquatic organisms 1iving on the streambed, and/or
may interfere with their reproductive cycles. The metals may also affect
the eggs laid by trout in spawning gravels.

The bottom fauna population was better at the Flesher station than
at Pop's Place as a result of improved water quality. However, cadmium
and zinc levels in sediments were still fairly high, suggesting that
bottom fauna may still be somewhat depressed. Except for Pop's Place,
Alice Creek above the national forest boundary (which goes dry each year)
and Canyon stations, fewer species were found at Flesher than at other
stations in 1971 (see Tablel1). The reason for lower numbers at Canyon
on that date may be due to a slight change in the sampie site between
March and August, or sampling variability.

The highest number of aquatic insect species (53) for a
single sampling period was found in the Blackfoot River
at Hogum section of the river. September 14, 1972.
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Rainbow Bend showed the greatest volume of insects per square foot,
although numbers were usually lower than at other stations samplied during
the period. This was because the largest form of insect, the giant stonefly
Pteponareys califormica, was regularly found at this station but was not
regularly found at other stations. 7. californica was found at Canyon and
nalton stations in 1968 and 1969 but not in 1971. One live adult P. cali-
fornica was found at Dalton in June 1972. The tentative upper limit of
distribution of this species is the Dalton station.

Statistical analysis of bottom fauna data can take several forms.
However, because of variations between life cycles, diversity indices
and other population data must be compared from samples taken at the same
time of year. Since only 1 year's data have been analyzed taxonomically
to date, it is not possible to compare samples on this basis, except to
compare general longitudinal species distribution in the drainage. Should
mining actually occur in the drainage, bottom fauna samples should be col-
lected at the same times of year during, and for a period following, con-
struction and operation of the mining complex. Statistical comparisons
can then be made.

Fish

Fish Population Surveys

Stream surveys established species composition and relative abundance
of game and nongame fish in the study area (Appendix T - p. A-129). Popula-
tion estimates were made in nine stream sections {Appendix U - p. A~139§
The locations of these sampling sites are shown in Figure 17. The Petersen
mark-recapture method (as described by Vincent 1971 and 1974) was used for
assessing fish populations.

-

Ten species of game and nongame fish were found in the study area
(see Appendix T). Cutthroat and brook trout were the principal species
found in the Blackfoot River and tributaries above Landers Fork, although
whitefish were also present. Only one small brown trout was caught in the
Blackfoot above Landers Fork (Hogum section). Brown trout were most
abundant in the Blackfoot River below Lincoln. Mountain whitefish were
probably next in abundance, although good number estimates were not obtained.
Year-round populations of brown trout were found in the river only from
about the mouth of Poorman Creek downstream.

For about 3 miles above Lincoln the main river went dry each year
from late fall until early spring. Fish populations in this section were,
therefore, intermittent. According to local residents, game fish occupied
this section during the summer, but numbers or predominant species were
unknown.

Poorman Creek contained cutthroat and brook trout, with cutthroat
most numeraous. One small brown trout was caught in Poorman Creek in the
section near Circle City. A few brown trout were also observed in the
mouth of Poorman Creek during the fall spawning season, probably entering
from the main river. Poorman Creek flows through a series of beaver dams

49



- IS W T EN W TR W EE T T W T T I W e B ..
*$931s sjdwes sjewi]se uorjeindod pue ASAANS WeIAIS SILUBYSLY /| 84nbld

"3J Q00T uBly} eXow YIAUST UOTIDEE A

*3J3 0001 umi ses Nidust uoTioeg

Lot

0

o \\wwmwwv
.

1

2




Cutthroat trout are an important game fish in the upper Black-
foot River. This l-pound trout was caught in the Hogum section
of the river. USGS gaging station is in the background.

September 14, 1972.
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just above its mouth, which may restrict movement of brown trout from the
main river. Dolly Varden also inhabited Poorman Creek, but it is not
known if they are migrants from the main river.

There were no fish in Beartrap Creek below its confluence with mine
drainage from Mike Horse Creek, or in the main Blackfoot River below
Anaconda Creek. However, there was a good cutthroat trout population in
Beartrap Creek above the mine drainage (between the tailings dam and Mike
Horse Creek) because of much better water quality (see Appendix M - p. A~67).

Both cutthroat and brook trout were observed in beaver ponds near
Pass Creek, indicating improved water quality. The beaver ponds are in
the proposed open pit area. If water quality were to be improved from the
Mike Horse mine drainage, fish populations would be poor in the stretch
of stream between Mike Horse Creek and Pass Creek because physical habitat

is small and has been badly damaged by past mining and roadbuilding activities.

Spawning would be the only potential use of this section unless habitat is
improved.

Anaconda Creek contained cutthroat and brook trout. Cutthroat were
most numerous. Only cutthroat were found in Shoue (Shave) Gulch. Both
streams are within the Mike Horse mine area, but neither stream had obvious

water quality problems.

It is apparent from water quality data collected by the Anaconda
Company, and fish population data, that drainage from the Mike Horse mine
is a large contributor to the degraded Blackfoot River headwaters. It
also appears that high zinc levels (and possibly cadmium) are the principal
cause of this water guality degradation.

The tailings pond on Beartrap Creek contained cutthroat trout which
were larger than most fish found in nearby streams. The pond was not
sampled, but visual observations were made of suyrfacing fish. Also, local
Fishermen verified the cutthroat species present from fish catches. Bear-
trap Creek above the pond also contained small cutthroat trout. Larger
habitat size and better growing conditions than in small streams are factors
which favor greater fish production in the pond. An attempt to reclaim
polluted waters from the Mike Horse mine area should consider the possible
tradeoffs involved in using the pond as part of the treatment system. Use
of the pond to treat mine drainage would eliminate the trout fishery, but
might improve the poliuted river downstream for several miles. Mine drain-
age should be rehabilitated, but alternative methods which would avoid use
of the tailings pond as part of the treatment system should be investigated.

Mine drainage into Willow Creek (Flesher) from Sandbar Creek appears
to have some detrimental effects on the fishery. Fish shocking in Wiliow
Creek above and below Sandbar Creek produced cutthroat and brook trout in
both areas. However, the proportion of cutthroat was higher above Sandbar
Creek than below {(2.2:1 vs 1.4:1). More trout per 1000 feet of stream were
also found above Sandbar Creek than below (233 vs 156 per 1000 feet). This
was not a population estimate, but nevertheless appeared significant.
Physical habitats were comparable. The appearance of Willow Creek (Flesher}
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helow Sandbar Creek was similar to that of the main river at Pop's Place
which was affected by mine drainage. This is an indication that similar
causal conditions existed in both places. Since trout were found in both
affected streams, it appears that reduced water quality did not have a
direct killing effect on the fish, even though their numbers were below
that which would normally be expected. The population depression may be
related to metals in the stream and streambed which reduce optimum
conditions for insect and fish reproduction, both of which are necessary
to sustain a wild fish population. Physical habitat was good in both
streams and this was not believed to be a 1imiting factor. A more detailed
study should be conducted on this problem.

Fish sampling and insect data showed water quality in the Blackfoot
River to be greatly improved at the Flesher sampling station. However,
Willow Creek (Flesher) enters less than 1/2 mile below this station.
There may be further water quality reduction from Willow Creek, since the
Blackfoot River fish population estimate was higher above than below
Willow Creek. Number of trout per 1000 feet of stream was also a little
higher above than below, and there were almost three times more cutthroat
above than below Willow Creek.

Pass Creek supported a population of small cutthroat and brook trout.
Cutthroat were most abundant. Physical habitat was too small to produce
very many catchable-size fish.

Cadotte Creek dried up each year about a mile before it reached the
Blackfoot River. However, beaver dams above this point supported a
fishable population of brook trout. No other fish species were collected
in this section.

Alice Creek supported a good, fishable cutthroat/brook trout popula-
tion. Streamflow was intermittent for about 2-1/2 miles above Bear Creek
and fish populations were lower when streamflow was present. Shocking
in this stretch at several Tocations produced some cutthroat and brook
trout during the summer. However, a return visit in the late fall showed
this same stream section to be dry. A year-round cutthroat population
existed above the intermittent area near the abandoned U. S. Forest
Service guard station. A few brook trout also inhabited this stretch of
stream. Cutthroat predominated in all sampled sections of Alice Creek
except in the beaver ponds on the Fickler Ranch. Here brook trout were
most numerous. Dolly Varden may migrate into Alice Creek for spawning,
although only a few small fish were taken in shocking samples.

Brook trout were the most abundant game fish in Hardscrabble Creek.
Only two cutthroat were found in three shocking sections. There was
beaver activity in Hardscrabble Basin which created pond habitat for
brook trout. Sculpins were very numerous in Hardscrabble Creek below
the beaver ponds.

Copper Creek contained a population of small cutthroat, brook trout
and Dolly Varden. A few catchable trout were caught during this study
and a 5-pound Dolly Varden was caught while sampling in 1968 (Spence 1970).
Copper Creek may be a spawning and rearing stream for Dolly Varden which
migrate from the main river.
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Landers Fork was a poor stream for resident trout in its Tower
reaches. The 1964 flood destroyed portions of the stream, leaving wide,
unstable sections of channel. A few deep holes contained cutthroat, brook
trout, and Dolly Varden which were not readily sampled by electrofishing.
Landers Fork reportedly contains a migratory Dolly Varden population
which comes from the main Blackfoot River. The extent of this run is un-
known. However, a natural vertical falls about 15 feet high on the
Silver King Ranch {T 15N, R 84, Sec. 12) prevents migrating fish from
reaching upper Landers Fork. As previously noted, Landers Fork went dry
above Copper Creek in 1973. There was a small flow here in 1974. Thus
a resident fishery in this section is precluded, and flow conditions
would dictate whether Dolly Varden could migrate through the area every
year.

The status of the Dolly Varden is unknown in the study area. It is
believed adult fish move from the Blackfoot River into Landers Fork,
Copper Creek, North Fork, Monture Creek and possibly Alice Creek to spawn
in the fall. They may also spawn in the main river and other tributaries.
Several adult Dolly Varden were caught in the Poorman-Dalton and Hogum
sections of the main river during the study. As previously mentioned,
one large Dolly was caught in Copper Creek. No large Dolly Varden were
caught in Landers Fork, but local fishermen are known to fish for them in
the fall below the barrier falls. A complete study should be undertaken
to establish the status, distribution, migratory habits and significance
of the Dolly Varden in the Blackfoot River drainage.

The migratory behavior of mountain whitefish in the upper Blackfoot
River is also not precisely known. There was some indication from shocking
data that whitefish were more likely to be present in certain stream sec-
tions in September than earlier in the season. Schools of whitefish ex-
hibiting spawning behavior were observed in Alice Creek and in two loca-
tions on the main Blackfoot River in the fall of the year. Population
estimates for whitefish were attempted in Alice Creek in 1971, and in
the Blackfoot River, Hogum section, in 1972. However, insufficient numbers
of whitefish were recaptured in these sections to make an estimate.

Reproduction

Young-of-the-year trout were found in all stream sections sampled,
including the main Blackfoot River. The only artificial stocking of
these waters in recent years has been with hatchery-raised catchable
rainbow trout. Very few of these fish were captured from areas where they
were planted, and it was concluded that all waters in the study area main-
tained themselves by natural reproduction. The following paragraphs
describe the Tocation and characteristics of some spawning areas in the
Poorman-Dalton sections of the Blackfoot River and in Alice Creek in 1972

and 1973:

On November 13, 1972, 43 trout redds were identified in the 5600-foot
Poorman-Dalton shocking section of the Blackfoot River downstream from
the mouth of Poorman Creek. Both brown and brook trout were observed on
some of the redds. Approximately one half the redds were in the upper one-
third of the section.
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Two redds near the mouth of Poorman Creek had up to eight large
brown trout on them at various times. One trout was marked with a white
T-tag. The tag number was not seen, so the tagging location is unknown.
The fish could have been tagged in the Poorman-Dalton section, or at the
Stemple road bridge 1-1/4 miles upstream, since some of the 21 brown
trout tagged at the latter location are known to have moved downstream
after tagging (see section on tag returns).

Standpipes (Terhune 1958) were placed in the above two redds to
measure intragravel DO (dissolved oxygen). Two standpipes were placed
in each redd, one near the upstream end and one near the downstream end.
One redd measured 5 feet wide by 13 feet long and the other was about
the same size. This measurement includes the entire area of distrubed
gravel which may have contained more than one egg deposition area. Stand-
pipes were driven about 6 inches into the gravel and allowed to stabilize
for 48 hours before measurements were taken.

Surface water DO and DO in water taken from inside the standpipes
were determined with a Hach Model A1-36-WR test kit. Velocity and depth
of surface water were made with a Price Model AA current meter. A summary
of data is given in Table 1Z2.

Table 12. Water temperature and intragravel dissolved oxygen in Blackfoot
River brown trout redds, 1972.

Water Velocity

Standpipe  Depth  (fps) @ Surface Intragravel
No. (ft) 0.6 depth DO(ppm) Temp (OF) % Sat. DO Temp % Sat.
1-1/ 1.5 1.1 8.5 42 80 7.6 42 71
-2 1.3 1.26 8.5 42 80 7.5 42 71
2-1 1.2 1.18 8.5 42 80 8.0 43 76

2=z 1.0 1.18 8.5 42 80 7.5 42 71

1/ 1-1 = Redd #1 upper standpipe; 1-2 = Redd #1 lower standpipe

In addition to the redds seen in the main river, three redds were
seen in the mouth of Poorman Creek and were believed to be brown trout
redds.

Four standpipes were placed in known brook trout redds in the mouth
of Alice Creek on November 14, 1972. One standpipe was placed in each redd
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and was allowed to stabilize for 25 hours before being sampled. Sampling
techniques previously given were used here also. Sampling results are
given in Table 13.

Table 13. Water temperatures and dissolved oxygen in Alice Creek brook
trout redds, 1972.

Water Velocity

Standpipe Depth (fps) @ Surface Intragravel
No. (ft) 0.6 depth DO{ppm} Temp (°F) % Sat. DO _ Temp % Sat.
1 .55 .439 9.0 40.5 84 6.0 401/ 56
2 .45 .818 9.0 40.5 84 6.5 39.5 61
3 .85 .375 8.0 40.5 84 6.5 39.5 61
q 1.6 . 319 3.0 43.5 84 6.5 39.5 61

1/ A spring with sTightly warmer water entered just above standpipe No. 1

Brown trout spawning sites in the Blackfoot River below Poor-
man Creek in which dissolved oxygen and water temperature
measurements were made. Note standpipes in center of photo.

November 13, 1872.
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One pair of small Dolly Varden was observed in a group of brook
trout about 150 yards upstream from the Alice Creek sample site. The
fish showed indications of spawning activity.

The gravels in all spawning areas were loose and quite easily moved.
They also contained fair amounts of silt which washed out easily when
disturbed. The intragravel DO levels were, however, suitable to sustain
eggs and fry during development. Water temperatures were also not
1imiting in this respect.

Brook trout spawning site near mouth of Alice Creek. Note
standpipes at center of photo. November 14, 1972.

On November 15, 1973, 43 trout redds were again counted in the 5600-
foot Poorman-Dalton section. Several pairs of brown trout were spooked
off the redds. Two browns with white T-tags were observed. No brook
trout were seen. In both 1972 and 1973 the distribution of redds was
similar, although there were more or fewer redds in any specific area of

stream.

On December 3, 1973, 36 of the above redds were measured for velocity
and depth characteristics (Table 14). Measurements were taken at one
point immediately upstream from any distuyrbed area, to obtain the approxi-
mate velocity and depth of the spawning area before digging began. There
may have been more than one redd in the disturbed area, but the single
measurement sufficed for all. Redds were recorded as being located in a
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(1) pool, (2) pool tail, (3) riffle, (4) run, (5) riffle corner. These
designations were based on depth, apparent velocity and streambed charac-
teristics. A pool consisted of deep, slow water, usually with a smooth
surface. A pool tail was where water Teft a pool over a riffle and
usually had a "V" shape. A riffle was shallow, choppy, fast water over

a rough, rocky substrate. A run was smoother than a riffle and somehwat
deeper. A riffle corner comprised an area inside the main current of

the riffle as it turned a corner, with some flow escaping to the inside
of the curve which had less velocity than the main flow. Redds associated
with pools were almost always near the pool tail, where velocity was
greater and depth shallower. The streamflow at time of measurement on
December 3, 1973 was 18 cfs, which was about half what it was on
November 13, 1972 (37 cfs). Flow measurements were made with a Price
Model AA current meter. Velocities were measured at 0.6 of total depth.

Table 14. Characteristics of redds in Blackfoot River, 1973.

Redd No. of Depth (ft) Velocity {fps)
Location Redds Range Mean Range Mean
Pool 6 9 - 1.7 1.26 241 - 1,71 .75
Pool Tail ' 15 5 - .95 .67 639 - 2,10 1.20
Riffle 1 45 - .6 .53 615 -~ 2.29  1.20
Run 1 1.5 - 2.00 -
Riffle corner 3 6 - .9 .73 875 - 1.29 _1.14
A1l areas 36 .45 - 1.7 .75 241 - 2.29 1.18

Nineteen of the 36 redds were confined to 3 distinct areas. The
rest were single redds or in pairs at different Tocations. Streambed
materials in spawning areas were loose and composed of silt, sand, pebbles
and small rocks. Spawning sites were closely associated with escape
cover. No redds were found where there was a lack of nearby cover, even
though these sites looked as good for spawning as the others. One stretch
of several hundred yards was unused where the stream flowed over gravels
with no deep pools, undercut banks or log jams (i.e., no cover).

Tag Returns

Returns of trout marked with individually numbered tags gave some

indication of the extent of movement in the system. Returns also indicated

that the main river is not necessarily dependent on tributary streams for
recruitment. A total of 463 trout over 9 inches long was marked in 11
stream sections (Table 15).
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Table 15. Tag returns from marked trout.

Stream or Main Number Number Percent
River Section Tagged Returned Return
Cadotte Creek 4 0 0
Flesher Section P 0 0
Willow Creek 3 0 0
Below Willow Cr. Section 7 0 0
Alice Creek 17 1 5.9
Hogum Section 15 2 13.3
Copper Creek a 0 0
Stemple Section 23 2 8.6
Poorman Creek 16 3 18.8
Poorman-Dalton Section 269 13 4.8
Canyon Section 105 0 0
‘Total 463 21 4.5

The number of tags voluntarily returned by fishermen was 21 or 4.5
percent. There was some movement out of the sections where fish were
tagged, but most fish were caught within the same section where they were
tagged. Those which did Teave the section moved both upstream and down-
stream. The farthest movement was by a brown trout which traveled about
4-1/2 river miles downstream from the Stemple bridge in Lincoln to the
Dalton Mountain bridge west of Lincoln. The upper part of this section
became dewatered in the fall from natural causes and could account for
this movement.

Of the 21 tagged fish returned, 1 was a Dolly Varden, 13 were brown
trout, 6 were cutthroat trout and 1 was a brook trout. All but two of the
brown trout returned were marked in the Poorman-Dalton section of the main
river. The other two were marked in the Stemple section. One cutthroat
and the Dolly Varden were marked in the Hogum section of the main river.
Two cutthroat were from the Poorman-Dalton section, two cutthroat and the
brook trout were from Poorman Creek and one cutthroat was from Alice Creek.

Sixty-two percent of the tag returns were from brown trout tagged in
the Poorman-Dalton section. The majority of the 463 trout tagged were
marked in this section, because more trout over 9 inches long were captured
here than in any of the other stream sections sampled.

Eleven trout were recaptured by shocking in the Poorman-Dalton section
and one in Alice Creek the year after tagging. All of these fish were re-
captured in the same section where they were tagged. Changes in growth
over the period are shown in Table 16. A1l but two of the trout gained
in length and all but two gained in weight. One fish lost in both length
and weight, one gained nothing in Tength and only slightly in weight, and
one gained in length while losing weight. The biggest increase in Tength
was 2.6 inches, and in weight 0.87 pounds.
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Tagaing data indicate that resident brown trout in the main river
near Lincoln do not undertake long migrations to spawn in tributaries.
There probably are short movements within a stream section to find
suitable spawning sites. If tributaries are locally accessible, some
movement into them may occur. For example if Poorman Creek had been
more accessible, brown trout may have used it more extensively for
spawning. Spawning may also occur in the Keep Cool and Beaver Creek
system. Doily Varden and mountain whitefish may undertake longer spawning
migrations, but adequate supporting data are not currently available.
Observations on spring spawning cutthroat trout were Timited because of
the difficulty of sampling during high water conditions.

General observations of fisherman use in the Lincoln area suggest
that fishing pressure is generally low on the main river and tributaries.
The low number of tag returns tends to support these observations. Pres-
suyre is concentrated at the better access sites, particularly on weekends,
but is greatly reduced on Tess accessible portions of the river.

Metals in Fish Tissues

Twenty-five fish samples from five different stream locations were
collected in 1972 and analyzed by EPA for cadmium, copper, lead, mercury,
nickel, zinc and arsenic. Methods and results are given in Appendix V
(p. A-143). Iron was not analyzed due to a Taboratory error.

Concentrations of all metals except arsenic were uniformly lowest
in fish from the Blackfoot River, Poorman-Dalton section. Arsenic was
no different than in samples from the other locations. However, some of
the Jawest cadmium, lead, mercury, and zinc levels were found in fish
from the Hogum section of the main river. The highest Tevels of cadmium,
lead, mercury and nickel were found in fish from Poorman Creek. Copper
and zinc levels were highest in both Poorman Creek and Alice Creek. The
metal found in the greatest quantity in all samples was zinc. Van Meter
(1973) found zinc in liver tissues to be higher than other metals analyzed
and suggested the higher concentrations are related to a greater need in
metabolic functions. There was no apparent trend in arsenic levels at
any location. The single highest level of arsenic was found in a cutthroat
from Poorman Creek.

Background data on Tevels of metals in fish tissues from Montana
ctreams which are unaffected by man's activities are insufficient to make
valid comparisons with the data in Appendix V (p. A-143). More such data
will be needed from such state waters, and it would be valuable to make
additional collections in the upper Blackfoot drainage to increase the
sample size for later comparison if a mining development occurs in the
Mike Horse area.

Wildlife
General

Wildlife in the study area included elk, mule deer, white-tailed deer,
moose. black and grizzly bears, mountain 1ions, bobcats, beavers and three
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species of mountain grouse (Franklin‘s, blue and ruffed). There were
unconfirmed reports of bighorn sheep along the continental divide.

Bald and golden eagles and ospreys were also observed. Several species
of waterfow]l were found on streams and beaver ponds, and in intermittent
marshes in the spring.

Both white-tailed and mule deer wintered in the principal study
area. The main wintering area for whitetails was along the Blackfoot
River in the 12-mile long canyon below Lincoln. Mule deer wintered at
higher elevations in the canyon. Some white-tailed deer also wintered
along lower Poorman Creek, and in scattered lowland areas in the Lincoln

valley.

Small bands of elk regularly wintered at several locations in the
Lincoln area (Figure 18). The same elk may have moved from one range
to another, depending on the time of year and severity of the winter.

There were few moose observed in the study area. Two moose were
observed wintering in Indian Meadows in February 1974, and one was seen
on Highway 200 in Lincoln Canyon in June 1974, Only occasional reports
of moose were received from adjacent areas.

Three grizzly bears were observed by others in the Spencer Bar
calving area during the summer of 1972.

Beaver were prevalent in the upper Blackfoot River. They occupied
most swampy areas created by geologic dams (see Coffin and Wilke 1971).
They also built their dams across flowing streams. One of the areas
beaver inhabited would be covered by the proposed clarification pond,
another by the proposed open pit mine, and a third area would be covered
by the proposed tailings pond in Hardscrabble Basin.

Geologic dams aid beaver in creating ponds along the upper
Blackfoot River. July 23, 1973.
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Breeding and nesting waterfowl, Wilson's snipe and nongame birds
occupied the proposed tailings pond site in the spring. Snowmelt
created a temporary wetland in part of this grassland flat in Hardscrabble
Basin. The extent of the wetland depended on the amount of spring runcff
in the basin. After the wetland dried up later in the season it was
grazed by domestic sheep.

Elk Distribution

Seasonal observations of elk were made by aircraft from 1971 through
1974 (Appendix W - p. A-146). These observations on winter and spring
ranges were plotted to the nearest quarter section and are shown in
Figure 19. Most spring flying effort was spent observing locations of
elk in the Alice Creek-lower Landers Fork area. A portion of the calving
area near Spencer Bar may be used for a tailings pond in the mining
operation (Figure 20). Areas adjacent to Spencer Bar itself would also
be influenced by the tailings pond. Newborn calves were observed for 3
years throughout this area in June and July (Figure 21). Most calving
occurred on private Tands (Figure 22). However, adjacent state and
national forest lands were also utilized to some extent during the calving
period. Delineation of primary spring ranges and calving areas, based on
aerial observations and radio telemetry information, is shown in Figure 23.
Surrounding areas were probably also used for calving, but the largest
concentrations of elk were found in the areas shown in Figure 23.

Aerial observations made during the winter as well as in the spring
months showed that only a few elk spent the entire winter in the Spencer
Bar area. These elk utilized the Alice Mountains as winter range (see
Figure 18). Greater numbers of elk were found in this wintering area in
the fall and early winter, but observations indicated this was just a
temporary early wintering area which elk used prior to migrating to
winter range east of the continental divide.

Spencer Bar and vicinity was well covered by snow all winter until
about mid-April when the snow began to recede. However, elk did not begin
to arrive on the calving area until the last of April or first week 1in
May. Vegetation had just begun to green up at this time. Elk continued
to arrive during May and the maximum numbers occurred from mid-May to the
last week in May (Table 17). By this time vegetation had usually greened
up well over the entire area. "Green up" time depended on snow conditions
and seasonal weather patterns.

E1k utilized the calving areas primarily during May and June. By
July 1 it was difficult to find many elk, even from the air.

Fewer elk were observed on the Spencer Bar area in the spring of 1973
as compared to the other years. This may be related to the mild winter of
1972-73. Snowpack was very light, particularly east of the continental
divide on critical winter range (Figure 24). Fewer elk were observed on
this winter range in 1972-73 than in the previous two winters {Table 18).

Feed on Spencer Bar may provide a needed "boost" to elk who winter

on an area where sufficient feed is difficult to obtain during hard winters.

Since more winter range was available in 1972-73 due to the mild winter,
the elk may not have required this boost quite as much because winter feed

was more available.
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Aerial sightings of one or more elk on winter and spring

ranges, 1971-1974.
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Primary spring ranges and calving areas in the Alice Creek-
lower Landers Fork vicinity. Shaded area is Spencer Bar.
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Table 17. Highest spring counts of elk observed on Spencer Bar and
vicinity, 1971-74.1/
Number of Highest
Spring of Date F1ights2/ E1k Count
1971 May 24 11 93
1972 May 24 5 92
1973 May 31 5 35
1974 May 14 3 104

1/ Includes only the area shown on maps in Figures 20-22.
2/ Total of both winter and spring flights.

Elk begin to utilize Spencer Bar about May 1, the time of
"green up."
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Table 18. Highest counts of elk observed on critical winter range,

1971-74.
Number of Highest
Winter of Flights Elk Count Date
1970-71 5 195 February 9, 1971
1971-72 2 200 April 19, 1972
1972-73 4 142 April 19, 1973
1973-74 11/ 146 April 30, 1974

1/ Flight made with Cessna 180 instead of Supercub.

E1k and deer winter range east of continental divide.
October 29, 1974,
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Elk Movement by Radio Telemetry

On April 23, 1973 two mature cow elk wera trapped and banded with
radio transmitter collars. These elk will be referred to as CH-6 and
CH-9, which correspond to the receiver channels on which their signals
were received. On April 26, 1973 a third elk, CH-2, a yearling cow was
banded after being captured from a helicopter using a "Cap-Chur-Gun" and
SUCOSTRIN (Succinyl choline chloride). A1l three elk were banded on
critical winter range east of the continental divide (see Figure 24).

Radio transmitters and the receiver used in tracking were obtained
from AVM Instrument Company, 810 Dennison Drive, Champaign, I11inois
61820. The receiver used was the Model LA-12 powered by eight 1.5-volt
penlight batteries. The receiver also had a connection for an outside
power source. Transmitters were Model 5B-2 powered by four IMI2T2 mercury
batteries. Activated transmitters were first sealed in beeswax, then
further sealed in an acrylic compound poured into a rubber mold containing
the transmitter and batteries. The completed transmitter package was
attached by small brass bolts (previously sealed into the acrylic) to a
6-inch wide collar made of canvas webbing. Brightly colored nylon
material made by SAFLAG (Safety Flag Company of America) was stitched to
the webbing into individual color designs which could be recognized from
aircraft. The designs consisted of a solid color background with a
1-1/2-inch stripe of contrasting color stitched around the center of- the
band. The radio antenna was placed beneath this center stripe and tied
in place with nylon cord. Pertinent banding data and characteristics of
the radio transmitters are shown in Tables 19 and 20.

Radio transmitter collars Tike these were placed on three cow
elk during the study. April 1973.
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Table 19. Radio transmitter data.

Elk No. Channel Frequency (KHz) Beeps per Minute
CH-2 Z 150.831 121
CH-6 6 150.942 74
CH-9 9 151.005 119

Table 20. Elk banding data.

Total
Banding Ear Tag Nos. weight of
Elk No. Sex Age Date Right Left Collar (1bs)
CH-2 F Yearling 4/26/73 5045A 5044 A 2.10
CH-6 F Mature 4723773 R0928 RO927 2.20
CH-9 F Mature 4/23/73 R0931 RO929 2.08

Radio tracking was conducted both from the ground and from aircraft,
The antenna used for ground tracking was a hand-held Model 23, 3-element
yaqi antenna modified to the specific transmitter frequency vange. The
antenna was obtained from Hy-gain Electronics Corporatien, 8601 N.E.
Highway 6, Lincoln, Nebraska 68505.

An aircraft antenna system adapted from Craighead et al. {1971), was
mounted on a Cessna 180 aircraft having a metal skin. It is a two-element
driven array consisting of two 1/4-wavelength grounded whip antennas
spaced 1/4-wavelength apart and attached to the underside of the fuselage.
A 1/4-wavelength delay line in series with one of the antennas causes a
90-degree phase shift in one signal before it is combined with the signal
from the other antenna. The delay line is a short Tength of coaxial cable
enclosed in a small switch box. A toggle switch connects the delay Tine
to either the right or left antenna. The system provides a stronger
signal through the antenna on the side of the aircraft on which the radioed
animal is located. By switching from side to side the aircraft can "home
in" on the animal by a series of turns.

Flight dates, whether radiced elk were observed or not, and the
number of other elk present near the radioed elk are tabulated in Appendix
X (p. A-149). Maps of radioed elk movements are shown in Appendix Y {p.
A-151).



By May 3, CH-6 and CH-2 were moving off the winter range. Both
animals crossed the continental divide near Lewis and Clark Pass and
reached spring range between lower Alice Creek and Landers Fork within
24 hours. This was the time between the aerial sighting on May 3 and
the ground location on May 4. CH-9 remained east of the divide a few
days longer, but arrived on the Spencer Bar area by May 7.

CH-6 eventually crossed Landers Fork and spent about 67 days in
and near a burned area between Landers Fork and Copper Creek. She had
a calf which was observed twice. CH-6 was always with or close by several
other cows, and later in the season, cows with calves. By July 14, CH-6
had left the spring range and calving area and traveled to summer range
on Red Mountain and North Fork Copper Creek in the Scapegoat Wilderness
area. By November 11 she had retraced her steps to former spring range
between Copper Creek and Landers Fork and by January 3 had recrossed the
continental divide onto winter range. A winter range observation indi-
cated she still had her calf by her side.

The movements of CH-2 were guite erratic during the spring of 1973.
After reaching lower Landers Fork, she wandered throughout the area with
other elk and then recrossed the continental divide into the East Fork
Falls Creek (Dearborn River) drainage. She spent about 65 days in this
area traveling widely back and forth. Finally she crossed into the West
Fork and Middle Fork Falls Creek drainages and spent the remainder of
the summer near the continental divide below Caribou Peak. By November 11
CH-2 had crossed the continental divide again to the Silver King Mountain
area. She was still west of the divide on December 5 and by January 3,
1974 she was again on winter range east of the divide. CH-2 and CH-6,
although widely separated during late spring and summer, were observed
close together on their winter range.

During much of her travels, CH-2 was quite elusive and evaded
visual observation. She spent much of her time in heavy timber. When
she was seen, she was usually by herself, or at least no other animals
were seen nearby.

CH-9 spent 30 days on and near Spencer Bar in company with several
other cow elk and did not move as widely as did CH-2 and CH-6. However,
when she finally did move off the spring calving area, she went in a
hurry. On June 5 she was still on the calving area, but on June 6 she
was Jocated at a point up Landers Fork near Lone Mountain, having
traveled about 8 airline miles overnight. The flight on June 6 was
the last observation made on CH-9 due to a radio malfunction. She was
searched for several times, but not found. Finally on October 17 or 18,
1973 she was killed by a hunter near Meadow Lake in T 16N, R 9W, Sec. 18
{(center of south half). A bull calf, believed by the hunter's guide to
belong to the dead cow was also killed at the same time and place.
However, on July 11, 1973 a backpacker observed several cow elk, one
wearing a "red" neckband, on the southwest side of Bugle Mountain in the
Scapegoat Wilderness, west of, and across the drainage from where CH-9
was killed. CH-9 did have a bright red stripe on her blue collar which
showed up readily. Previous observations of this collar showed that the
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red color showed up better than the blue color, and, depending on Tight
conditions, frequently made the entire collar appear red. Since no
other banded elk were known to be in this area, it is assumed that the
hiker observed CH-9, and that CH-9 traveled at least as far into the
Scapegoat Wilderness as Bugle Mountain.

CH-6 survived the winter of 1973-74, moving to several locations
on the winter range during the period. She ranged west toward the
continental divide for a short time, then returned to the main range.
Between April 30 and May 4, 1974 she again crossed the continental
divide on almost the same date as in 1973 and arrived on spring range.
She was first found on May 4 in the same location where she spent most
of her time in the spring of 1973 on the ridge between Landers Fork and

Copper Creek.

On May 7 and 14 she was found about 2 miles east of there on the
ridge between Landers Fork and Hardscrabble Creek in the McDonald Meadows
area. She was never observed there in 1973, although she did move east
of Landers Fork at least once, on June 6 of that year. She was in company
with several other cows and yearlings on spring range in 1974, and ob-
servations indicated that one of the yearlings was hers. CH-6 did not
have a new calf with her in 1974, as far as could be determined.

The movements of CH-6 in 1974 were quite different than in 1973.
She did not move into the high country summer range as early in 1974 as
she did in 1973. She stayed on the spring range until sometime between
August 15 and September 3. While on the spring range she was seen with
other cows and calves and also by herself. On September 3 and 14 she
was in the Indian Meadows area. She was broadly located in Red Creek
near Red Mountain on October 4, but the weather was too bad to determine
a more exact location. Two subsequent flights on October 29 and November
14 failed to locate her signal. Finally on December 12 she was again
located between Landers Fork and Copper Creek. She could not be located
on January 15 and January 31, 1975, and not until February 26, 1975 was
she again located, near Lewis and Clark Pass. She was still in this area
on March 28, 1975, the last aerial sighting made on her prior to completion
of this report. Her radio signal was practically inaudible on the last
flight and it is believed the usefulness of her transmitter was about gone.
However, a report of a cow elk wearing a "white" neckband was received
by the game warden in Lincoln. The observation was made by a hiker in
August 1975 on or near Bugle Mountain in the Scapegoatl Wilderness. The
neckband on CH-6 was blue with a white stripe which gave a "whitish" or
"hluish-white" appearance from a distance. The hiker could have observed
CH-6. No further observations of CH-6 have been made as of the date of

this report.

CH-2 also made it through the 1973-74 winter. Although she did not
travel as widely as CH-6, she did move to several different locations
during the winter period. In the spring of 1974, in contrast to 1973,
she did not cross to the west side of the continental divide, but went
directly into Fast Fork Falls Creek, where she spent considerable time
in 1973 prior to moving to higher summer range. She was observed in the
East Fork on both May 7 and May 14, 1974. In 1973 she was west of the
divide in the Landers Fork area between May 4 and May 11, but by May 14
had recrossed the divide and was on her way to the East Fork area.
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Other movements of CH-Z in 1974 were also different than in 1973.
After moving into the East Fork of Falls Creek she made her way into
the West Fork and Middle Fork Falls Creek where she had spent considerable
time in 1973. However, she suddenly left this area. On July 15 she was
in this area but on July 19 she was observed all alone on the prairie
about 4 miles east of Bean Lake, having traveled a distance of 13 air
miles in 4 days. A week later she was back in the mountains with other
elk and spent the rest of the summer in the Table Mountain-Falls Creek
Ridge areas. Radio contact was 1ost between May 14 and June 27 for
some unknown reason, so her whereabouts during this neriod are unknown.
On October 4, 1974 she was still on the east siope of the continental
divide, but by October 29 she had moved into the backcountry near Caribou
Peak - the same area she occupied during the summer of 1973. She was
stil1l in this area on December 12. By January 15 she had moved into the
Table Mountain area. She finally spent the rest of the winter of 1974-75
with other elk in the Cuniff Creek area near the Dearborn River. She
did not return to the winter range where she was banded Tike she did in
the winter of 1973-74. The last time she was observed prior to report
completion was on August 24, 1975 {observations made since March 28,
1975 are not plotted on the maps in Appendix Y). Her radio was still
operating, but at a significantly reduced Tevel.

Roth CH-2? and CH-6 eventually occupied the same summer range areas
in 1974 as they used in 1973. The primary difference was in the time of
occupancy. Both animals had similar movement behavior in 1974, They
both stayed "outside" of their 1973 summer areas until late in the fall
when both were observed in the areas they had occupied in 1973. Again,
the exact location of CH-6 on October 4 was not determined, even though
it was beljeved she was in the Red Mountain area. This behavioral dif-
ference may have been due to differences in climatic conditions in 1973
and 1974. The summer of 1973 was very dry, whereas 1974 was wetter.

It may be that the elk did not have to move to higher summer range in
1974 because of the wetter summer conditions. However, the fall of 1974
was long and dry and may have forced the elk to higher range at a later
time than was necessary in 1973.

Radio telemetry data and aerial observations of elk established
that Spencer Bar, Hardscrabble Basin and adjacent lands in lower Alice
Creek and Landers Fork are important spring range and elk calving areas.
Since only 3 elk from a wintering herd of over 100 animals were fitted
with radios, and since 2 of the 3 animals migrated to and spent time on
or near the Spencer Bar area, it is evident that this range is an
important link in the 1ife cycle of this herd. Elk utilizing this range
are the same animals hunted in the fall in, and adjacent to, the Scape-
goat Wilderness. Any decline in available spring range due to mining
activities may have an adverse impact on animals in this herd.

Loss of spring range might be offset by an improvement in feed on
the winter range east of the continental divide (see Figure 24). Cattle
presently graze these mostly private lands heavily all summer, reducing
available feed for wintering elk. Acguisition and/or improvement of
critical elk winter range could provide for a healthier herd and a sub-
sequent increase in caif production.



Cessna 180 aircraft used in tracking radiced elk. May 14, 1973.

The potential increase in number of people in the Lincoln valley
because of mining development could have an impact on elk utilizing the
spring range. Local residents already drive into the Spencer Bar area
to view the elk during the calving season. Local residents state, from
their observations over many vears, that the elk move farther away from
roads as this public activity increases. Pickup-type campers were ob-
served during the study to have stayed overnight in the middie of
Spencer Bar during the spring period. The influx of several hundred
people into the valley could increase public use of the calving area
and further reduce the useful amount of area available for calving pur-
poses. In fact, increased public use may be a significant factor as
to whether the calving ground could continue to provide one of the
basic needs of elk - security from harassment.

The calving areas shown in Figure 23 apparently supply basic needs
for elk over and above those which can be supplied by other nearby areas.
Otherwise concentrations of elk would have been found in these other
areas. Thus there appears to be no alternative area(s) which can fur-
nish these required spring needs. Any loss of the calving areas because
of mining development means either greater concentrations of elk on
remaining areas or a reduction in animals using the range.
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Vegetated openings and adjacent timber cover provide food and
security for elk on Spencer Bar. May 21 & 26, 1971.
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Based on preliminary plans of the Anaconda Company, the tailings
pond will cover a portion of the calving ground and eliminate elk use
there. Should the proposed pond become a reality, elk use of the remain-
ing calving area might be enhanced by controlling public or company access
to it during the calving period. Should a tailings pond not be built,
another consideration for improvement of the calving area is the tailings
pond site itself. According to local residents and prior to the advent
of increased vehicle use of the Alice Creek road, elk reguiarly utilized

this grassiand flat and adjacent hills east of the pond site. Very few elk

presently use this area, possibly due to easy public access coupled with
a lack of suitable escape cover. Thus there is potentially available

a portion of spring range which could be used by elk if access to it were
restricted during the spring. May and June are the critical months when
elk occupy the area. If motorized vehicles could be controlled in Hard-
scrabble Basin during this period, increased elk use might be realized.
Suitable agreements with private landowners would have to be made for
this to be accomplished.

Easy public access to Spencer Bar and vicinity may influence
successful use of this elk calving area. June 3, 1971.

Domestic sheep are grazed by the Sieben Ranch Company and/or Sieben
Livestock Company on their own and other private lands in the calving
area (see Figure 22). Sheep usually arrive on the area about July 1, and
are removed in September. By the time the sheep arrive, most elk have
left the calving area and gone to higher summer range. However, some elk
spent the summer in the vicinity of the calving area. Other private
lands in this area are grazed by cattle during the summer.
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Suitable feed and other necessary habitat conditions on Spencer Bar
and vicinity are apparently the reason the elk move there from east of
the divide in the spring. Since there is more moisture west of the divide
than on the east side, and competition from cattle is less, grasses and
forbs are able to provide a needed “"boost" for elk which usually winter
on deficient feed. It is, therefore, important to maintain the productivity
of the area for this purpose.

No range analysis was made in the calving area. In the spring, elk
have first use of the newly growing grasses and forbs prior to sheep and
cattle use. However, the extent of food competition, if any, between the
elk, cattle and sheep should be investigated. Observations of the area
gave the impression that overgrazing was not a major problem except at
sheep-holding areas and around salt Ticks.

SUMMARY

With a few exceptions, water quality is high in the Blackfoot River
and its tributaries. The Blackfoot River at Pop's Place and Willow Creek
(Flesher) have lower water quality due to mine drainage, and Willow Creek
(Flesher) may affect water quality in the main river below their con-
fluence. FEl1k Creek and Union Creek, in the lower river, have lowered
water quality due to agricultural activities.

A1l of the waters sampled had calcium and bicarbonate as the major
jons. Acid mine drainage in the Mike Horse area caused an increase in
sulfates at Pop's Place which were greater than in any of the other waters
sampted. However, bicarbonates were still greater than sulfates at this
station. Anaconda Company water quality data showed calcium, magnesium
and sulfate to be the major ions in seepage water from mine tunnels.

Poor quality water from mine seepage is improved by the time it reaches
Pass Creek, but there are still chemical problems below this point for
several miles.

The heavy metals iron, zinc, copper, arsenic and lead occur in the
waters sampled, but these metals could not be detected in a significant
number of the samples chemically analyzed. When metals were detected,
ivon occurred most frequently, followed by zinc, copper, arsenic and
lead. Sediment analyses showed high concentrations of iron even in
streams which have not been affected by mining activities. Thus iron
occurrence in surface waters is from both natural and manmade sources.

Biological oxygen demand is low in the waters sampled. The highest
80D recorded was 3.0 mg/1 at the Hogum station on the main river.

The numbers of coliform bacteria present in surface water were
generally lTow at the sample stations. In two cases total coliforms
exceeded 1000/100 ml1, but 75 percent of the samples did not exceed
50/100 ml - the maximum amount recommended for Montana A-closed drinking
water. Eighty-eight (88) percent of the analyses showed less than 10
fecal coliforms per 100 ml, well below the recommended maximum limit of
200/100 w1 for B-Dj waters.
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Dissolved oxygen concentrations at all stations sampled were 7.0
mg/1 or higher, and were 8.0 mg/1 or higher at 83 percent of the stations
sampled. These levels meet present Montana Water Quality Standards for
B-D7 waters. Diurnal oxygen variations over a 24-hour period ranged
from 0.4-1.5 mg/1 at six stations, and 56 percent of the variations were
less than 1.0 mg/l.

pH ranged from 7.3-8.6 units with variations of 0.3-0.5 pH units
over the 24-hour period.

Turbidity values recorded were extremely Tow at most stations except
during spring runoff. Natural runoff from Landers Fork contributes almost
all of the sediment to the Blackfoot River above Lincoln and downsiream
as far as Nevada Creek. Nevada Creek and the North Fork of the Blackfoot
River also add to the sediment load of the main river. Most tributaries
contribute some suspended sediment during high water, but are extremely
clear {often less than 1.0 JTU turbidity) at other times of the year.

Poor logging practices and road building on state land in Section 16,

T 15N, R 74 on Alice Creek caused massive slumping of water-saturated soil
into the creek, resulting in turbidity increases at the Highway 200 sample
ctation. Corrective measures by the state of Montana should be undertaken
on this problem. The turbidity of the main river at Flesher reached a
maximum of 5.2 JTU in 1973 and was only 4.6 JTU in 1972. An increase in
turbidity at this station will be a good indicator of man-caused sediment
problems above the station.

Continuous temperature records kept by the U. S. Geological Survey
at two gaging stations showed that surface water temperatures reached a
maximum of 64.4 F in July and August at Pop's Place, and a maximum of
70.7 F at Hogum in August. Maximum summer temperatures may prevail for
2-3 weeks at a time, but the daily maximum temperature is cooled by 13-20 F
during the night.

Hydrographs of streamflow in the main river above Landers Fork showed
maximum flows occurred generally between April and July and minimum flows
between August and March.

Landers Fork contributes most of the total discharge to the upper
river and flows usually peak in the first week of June. The Blackfoot
above Landers Fork may peak 2-3 weeks earlier, depending on air temperature
and precipitation.

Bottom fauna populations were sampled at 11 stations. Populations
are reduced at Pop's Place on the main river due to mine drainage upstream.
Although the number of species and number of individuals was substantially
reduced at Pop's Place, they had both greatly increased at the Flesher
station 5 miles downstream, suggesting substantial recovery. The highest
number of species found during a single sampiing period was 53 at the
Hogum station on the Blackfoot River. The next highest was 50 species
in Alice Creek at highway 200. Sampies from cther stations contained
from 25-45 species each. The highest number of species found at Pop's
Place and Flesher was 16 and 32, respectively. The effect of Willow Creek
(Flesher) on bottom fauna in the Blackfoot River is not known.
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Trout populations were found in all streams sampled in the study
area, except the Blackfoot River between Beartrap Creek and Pass Creek
in the Mike Horse area. Catchable-sized trout are limited by physical
habitat in the smaller streams, but nevertheless provided a fishery.
Larger trout were found in the main river, especially below Lincoln.
Indications were that natural reproduction occurred in all streams con-
taining fish, and that resident cutthroat, brook and brown trout did
not migrate long distances to spawn. Dolly Varden and mountain white-
fish may move longer distances to spawn, but sufficient data to deter-
mine this were not obtained. The presence of trout in nearly all waters
further indicates high water quality.

It is evident from electrofishing and bottom fauna data that fish
and bottom fauna populations are depressed in the Blackfocot River near
Pop's Place. Anaconda Company data established that high levels of
metals, particularly zinc from the Mike Horse tunnel, flowed into the
Blackfoot River from abandoned mines in the Mike Horse area.

However, the quality of water in the Blackfoot improves by the time
it reaches the mouth of Pass Creek. Both cutthroat and brook trout
occupied these waters. This water quality improvement is probably due
to dilution and precipitation of toxic metals by surface and ground
water inflow at the mouth of Pass Creek. However, chemical conditions
were still not good enough below Pass Creek near Pop's Place to sustain
a fishery consistent with the good physical habitat present in the stream.
The exact downstream extent of the depressed biota is unknown, but it
was greatly improved at the Flesher station 5 miles downstream.

Stream sediment analyses suggest that high concentrations of metals,
particularly cadmium and zinc, in the stream substrate may have an
indirect toxic effect on the stream biota. Immature insect forms living
on the substrate may accumulate these metals in their systems from direct
contact or through ingestion of other food organisms which live on the
metal-laden substrate. The result could be a direct mortality of the
more sensitive forms, or egg mortality during reproduction. Since trout
also lay eggs in stream substrates during spawning, certain metals may
have the same effect on them - increased mortality by absorption of the
metals into deposited eggs. The result would be reduced recruitment of
young fish to the stream population. Young-of-the-year trout were
captured from the stream, indicating that reproduction was at least
partially successful. Another possibility is that the Tack of insect
1ife reduced the fish food supply so that only the most competitive fish
survived to adulthood.

Fish populations in the Blackfoot River below the mouth of Willow
Creek (Flesher), when compared with those above, indicated some adverse
influence of Willow Creek on the fishery. This would be due to mine
drainage from Sandbar Creek which enters Willow Creek 3 miles upstream
from its mouth.

Fish and wildlife species will be affected by the proposed mining
development by direct loss of habitat. Increased pressure from a larger
human population may also affect these populations.
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Aerial and ground observations of elk distribution showed that
Spencer Bar and adjacent lands are important elk calving areas. These
areas are spring ranges for elk which winter on private land east of
the continental divide and summer in or near the Scapegoat Wilderness
area. This fact was documented by the use of radio collars placed on
three cow elk in April 1973. The movements of two of these elk were
monitored by aircraft until March 1975. The radio on the third elk
stopped transmitting in June 1973, and the animal was killed by a hunter
in October 1973 in the Scapegoat Wilderness.

A portion of the Spencer Bar elk calving area would be encroached
upon by a proposed tailings pond and increased public use of the area
during the spring calving period could have an adverse impact if develop-
ment should occur.

Beaver habitat will be lost in the areas used for the proposed open
pit mine, tailings pond and c¢larification pond. Reservoirs created by
the tailings pond and clarification pond will alter existing fisheries.
Metallic wastes from mill tailings may make the active tailings pond
unsuitable for trout species which presently occupy waters in that area.

Present and potential subdivisions along the Blackfoot River near
Lincoln will likely be more in demand than at present if the population
of the valley increases. Such demand will pose an added threat to the
natural meandering course of the river. Streambank stabilization projects
will Tikely be requested by riverfront property owners. The cumulative
result of such protection measures will be increased channel erosion and
loss of fish habitat. Lincoln sits in a flood-prone area and any
tampering with the streams could increase the flood hazard.

Proper planning by the mining company and local planning groups
would greatly reduce the impact of development on the land, its fish and
wildlife and the social structure of the Lincoln area. Fish and wildlife
habitats which are destroyed or altered by mining development should be
compensated for by purchase of other lands at the developer's expense.
Lands in the Alice Creek area not actually needed for mining purposes
should be turned over to the Montana Department of Fish and Game for
management in accordance with the March 16, 1970 Jetter of agreement

from the Anaconda Company to the Director, Montana Fish and Game Department.
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APPENDIX A

Results of Laboratory Analyses

Laboratory analyses were conducted by the State Chemistrv Laboratory,
Helena. Only a partial record is given herein for those stations which had
more than 12 samples analyzed. These stations are: Main River at Flesher,
Hogum, Dalton, Canyon and Rainbow Bend; tributaries at Alice Creek and
Poorman Creek. For these stations 12 sampling dates were selected which
included the maximum, minimum and approximate average total dissolved solids
for the station, with the remainder selected randomly over the sample period,
but with the stipulation that each of the 12 months of the year are represented.

All values are given in mg/l except turbidity (JTU). Total hardness,
alkalinity, CO4 and HCO, are reported as mg/l CaC05. Alkalinity values are
total and are calculated from HCO5 and COg values as follows (Hem, 1970, Pg 84):

(1) HC(J3 value X 0.8202 = bicarbonate alkalinity as CaCO3

(2) €Oy value (if any) + 0.4917 X 0.8202 = carbonate alkalinity as CaCOj

(3 (1) + (2) = total alkalinity as CalO4y

Metals analyses are reported as total recoverable.

A zero entry means the value was less than the analytical detection level
(except COg, which is the true value if pH was below 8.3). A blank in a column
means no analysis was performed.

Prior to February, 1971 sodium and potassium values were determined by
caleulating the difference between the sum of the determined anions and the sum
of the determined cations in milliequivalents/liter. Direct determiniations of
these values by atomic absorption began in February, 1971 and resulted in increased
accuracy in the cation—anion balance.

Water samples were collected in flowing water beneath the water gsurface in
midstream whenever possible. During the period when only "total recoverable"
metals were determined, a l-liter Nalgene bottle was filled by submerging it
beneath the water surface. 'Dissolved" metals analyses required additional
quantities of water, so a 2-quart plastic jug was [illed at the same time that the
i-liter bottle was filled. The l-liter sample was used for total reccverable
metals and required no treatment. Water in the Z-quart jug was filtered through a
.45 micron membrane filter into two 1-liter Nalgene bottles. One bottle received
no further treatment. Three milliliters of 1:1 concentrated nitric acid {HNO3)
were added to the second bottle and the bottle shaken. Labels containing pertinent
collection data were attached to each sample bottle.

Samples for nitrogen and phosphorus determination were collected in glass jars
and immediately chilled in ice water to 4 C. The samples were transported to the
laboratory the same day and analyses were immediately begun for those N and P
compeunds which are unstable.
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APPENDIX B continued

Nitrogen as Nitrate NOB«N

Main River (an&lyzed at 3 of 7 stations only) - Minimum 0.01 at
Flesher and Canyon, Maximum 0.60 at Canyon.
Tributaries ~ {(analyzed at 4 of 29 stations only) - Minimm 0.01 at Alice

Creek. Meximum O.4% at Herdscrabble Creek,

Organic Nitrogen
Main River {snalyzed at 3 of 7 siations only) - Minimm (il at Flesher,
Maximmm 0.85 at Deltom,
Tributeries (enalyzed at 4 of 29 stations only) - Minimum <di at

Willow Creek (Flesher) and Alice Creek., Maximmm 1,5 at Poormen Creek,

Total Phosphate, Po;
Main River {analyzed at 3 of 7 stations only) - Minimum <dl at all 3
atations, Maximum C.19 at Canyon,
Tributaries {analyzed at 4 of 29 stations only) - Minimum 0.01 ab

Alice Cresk and Poormen Creek, Maximum 0.10 at Poormen Creek.

Ortho Phosphate, POL—

Main River {analyzed at 3 of 7 stations only) - Minimum {d1 at all 3
gtations, Maximum 0,04 at Canyon.

Tributaries (analyzed at 4 of 29 stations only) - Minimm ¢dl at
Poorman Oreek and Hardscrabble Creek, Maximum 0.08 at Hardscrabble

(reek.
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APPENDTIX C

Analytical Detection levels of Chemical Constituents

Constituents Minimum Detection Level (mg/1)
Regidue, total 10
Hardness, total .1

Prior to July 1972

Cco
3 .2 since July 1972

6

(above pH 8,3) 1
HCO 6 Prior to July 1972

3 1

1

1

.2 since July 1972
S0y, .0
o 3 e Rl
N03 .01
F .03
Ca -1
Mg 1
Na .1 sgince Feb, 1971%
Fe 0L
As .001
Zn .01
Pb .01
Cu .01
NOo-N .001
NHB—N .01
NO5-N .01
Org. N .01
PC;, total .01
PO, Ortho oL

*Prior to February 1971, Na was calculated. Since than it has been
measured directly by atomic absorption,

Note: TIn all cases except NO,-N and Arsenic (Ag), results are reported
to two significant figures. ﬁOguN and As are reported to three
gignificant figures,
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APPENDIX D

Summary of Leboratory Analyses with Chemical Results Less Than
and Greater Than the Analytical Detection level

Semples collected during the period February 1968 through
August 1973, Main river stations are given in descending
order downstream followed by iributaries in descending order
downstreamn,

RM = River Mile

N = Sample size, or total number of laboratory
analyses made during the periecd.

dl = Analytical detection level of chemical constituent
(see Appendix C).

N{al = Number of analyses with chemical results less

than the detection level,
% £ dl = Percent of enalyses with chemical results less
then the detection level,
Lowest (L) and highest (H) chemical results
_ which were greater than the detection level.
X)cﬂ_ = Average value of chemical results which were
greater than the detection level

H

Range y d1

211 values in mg/liter except turbidity (JTU).

A blank space in a column means all values were less than the
detection level. Numbers in parentheses indicate only one

value was greater than the detection level, A dash (~) indicates
no data were collected. When all spaces below a dash (-) ere blank,
this indicates no data were collected,

Analyses were done in accordance with Standard Methods
for the Examination of Water and Wastewater, current editiom.
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APPENDIX F

Results of BOD Analyses

Semples were collected by the writer from February 1972
through September 1972 and analyses were made by the USGS, Helena,
Collections and analyses were both made by the USGS during water
year 1973 (October 1972 - September 1973).

A 1 liter water sample was collected and supersaturated with
oxygen. Dissolved oxygen was then measured, Five days later
dissolved oxygen content was again measured, The difference
between the first and second disscived oxygen levels was the five

day BOD.
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APPENDIX G

Results of Ccliform Beceteria Anaslyses

Collection and snalysis of water samples were performed by
the USGS, Helena, Montana., Sample preparation and incubation was
deone in the Tleld using a portable test kit. The membrane filter
technique was used to prepare the water sample for incubation.
Results are reported in total coliforms per 100 ml and fecal

coliformg per 100 ml of water sample,

A-38



o

(=

T T
SmIogT1e) Te0ey

‘EATUOTOD JO JUN0D TRPT-UOU U0 PasBq sUTBA pejIodey,

04T 01T 0z
ob 0'2T T
e B8 14 ore
oL 5% G4
£T 0L 0'IT
T 0°5 %4
[4 ] e
9 0 '
[4 8T -
¢ [ T
01 0’0 [0 o
2T STE otz

qeoun 9384 dn-) AOTRY JBATY §00JROPIH

—ERTmE B
BRIOJTION TB4O) {07 duey,

ofzY
70T
STITT
ot
GOET
Q0T
SE6D
OTOT
STIT
oFTL
1T

Q101

SWL],

i~6
£i-8
T4,
819
Te-¢
GE-Y
®E
[ F
-1
[EAC AN
BTl
9201

2L6T

"BRTUCTOV JO JUn0s TRePl-tiotl Ue poswy sAulba pajlodsy,

T QCLT 78T
It g GTaT
o] 28T 081
=0 2T 06

+Z #® 0'TL
¢l 0 g%

Q [ $E

o ol s'E

o T o'g

#2 L 2T

o ] s ]

o T §TE

(UGPUT] JBOU A6aX) BOTLY noleq aHBE
sdptJg pecy wndol 98 JBATYH 100FHoWIH

T® 001 164
SWIOJTTO] twoey

& 0T o8 JFIEL

panRLLUCy o XTOMEJIY

i

SWACFIICH TEIoL moow dway,

00T
Q05T
a0z
029T
00gT
aovt
GETT
QLET
OETT
o551
0O$T

OETT

SUEN )

FETL

Ti-6
£1-8
G4

e
S
wE
&z
€©-1
LTmTE
BC-TT

9¢-0T

B

A-39

€461

6T




‘ESTHOTOD JO JUNOL [BIRI-UOL QO [E6%: SUTEA pajlodey,

‘selucTon Jo GO0 TERPI-UDU Ue PIEBq on[BA pejlodal,

2 086 00T 0741 560 -6 ot i 5'¢ §roz ovot -6
z 9 Gt e VA EL-g 3 78 s $'0¢  OROT £1-3
6 £7 5'TT 0'8T o040 El? I3 a7 §r0T 076t 000T EarA
71 as £'5 9 STE0 g1 9 A §*9 0" oot g9 -
[ 054 ] 58 ] 2% b B [SMFA sRders 0211 Te-5 M
K kS 59 '3 jrialte} s~y <3 A o9 0's 0607 sg-7
0 o (1141 01 $TE0 gef o £ $°¢ o'z 0060 ge—t
z k4 &t &'t STLO &= 5T 0T 0"y o'8 Q060 pra
0 z 07z -—- 0zYt £2-1  E45T o z 0's - 005t £2-T €467
z 81 gy oy STED LT
. - - 00t~ zeo gt %9 £z a4 $°g oroT  LE2mel
0 az 44 $*1 0080 SE-0T  ZL6T ¢ & o e sten
ke z€ 5" £°0 0080 9Z-0T a6l
dmay uodues 00THUETE 19 J8ATY 300IW99TH 2HpTIg DEOY UW{ USITEG 1% BATY 1005M0%YH
R TGO TFER TTY FTL EEET B e R T RN FY 5T ERETi|
SRI0JITOn TG, STIOJTION TH3] (9,) dmag, SIIGJITe) TROBY SWIOFTTOD THIOL (0g) dmey

PonuTUey i ¥TUNGddY



APPENDIX H

Resulis of Field Analyses

Analyses were made with a HACH Model DR-EL water analysis
kit, Air ard water temperatures were determined with a Taylor
pocket thermometer, All values except temperature and pH are

given in mg/1, Alkelinity end hardness are reported as mg/1

CaC03.
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APPENDTX 7

Miscellaneous Surface Water Temperatures

Temperatures given herein were obtained periodically during the
study. All temperatures are given in degrees centrigrade and were

obtained with a Taylor pocket thermometer. Conversion of °F to °C was
done where necessary.

These temperatures are in addition %o temperature data given in

Appendix H, Field Anslyses.

Temperatures from main Blackfoot River stations are given first

in descending order downstream, followed similarly by tributary streams,
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APPENDIX L

Streamflow Record

Records are based on periodic staff gage readings and flow measurements.
Measurements were made with a Price model AA or a pygmy current meter according
to USGS recommended techniques. Gage height was plotted against flow to form a
stage-discharge curve from which the flow from other gage height readings was
obtained. Annual high flows were measured by USGS personnel.

The staff gages were & inches wide, in sections 3.33 feet long, and were
marked at 1.0 foot, 0.10 foot, and 0.02 foot intervals.

Staff gage height was recorded at each station whenever water quality,
turbidity or insect samples were collected, and at other times the station was
visited. Staff gages were read as frequently as possible during spring runoff
periods.

An asterick (%) indicates a flow measurement was made that day.
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APPENDIX M

Laboratory esnalyses made by the Anaconda Company on acld
mine seepage in the Heddleston Mining District in 1972 and 1973.

Cation - anion balances do not agree in these analyses.
The computer program which snalyzed the laboratory data did
not take into asccount milliequivalents for H' from extremely
low pH or high concentrations of heavy metals in the cation
summation., However, individual values cf the parameters given
are correct, according tc the Anaconda Company.
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+16

-16

-20

- 40

~60

-100

-140

-200

-230

-325

Cu
Mean
&
Std. Dev.

33.38
9.56

36. 38
2.63

37.25
.96

38.75
4. 27

36.00
2,48

35,75
4,29

40, 38
4. 30
5,75
2.90

103, 38
0. 70

124, 88
2,14

Mean

Std. Dev.

Standard Peviation /Particle Size

Pb

&

.38
.99

.25
.72

.25
.71

. 88
.31

.75
.12

.12
.05

LT3
. 63

.63
L1
.50
.85

25
.53

APPENDTY N continued

TABLE 1V

Zn
Mean

134.
26.

137.
7.

158,
12,

176.
2.

214,
1406.

151.
5

263.

232.:

168.
10.

223,
38.

266.
4,

Std.

&
Dev.

38
17

50
36

13
31

25
5C

a8
19

25

A-E1

Cd
Mean

.05
.00

.66
.03
.07
.02
.07
.02
.05
.00
.07
.02

.07
.02

.07
.02

.07
.02

.13
.00

&

Sed. Dev.

Std. Dev.

12.

L.

12.

13,

13.
.29

Ni
Mean

&

75

.25
. B4

.50
.00
.02

.13
.03

L13
.88

Mean
&

Std. Dev.

14,095,
946.

17, 340,
L, 791,

19, 710.

866.

20,710

866.

17, 344,
1,103,

17, 965.
1,219,

19, 335,
1,030,

19, 563.

0C
48

00
89

Q0
Qg
03

00
41

00
30

00
00

71

478.71

20, 335,

478,

24, 575,

00
71

00

250.00



APPENDIX O '
Bottom Fauna Station Locations
Station  Station ElEVATTON'
Number Name Location (£1, msl)
1 Blackfoot River at Pop's Place Across from Pop's Place Bar, 1 £130 l
mile downstream from mouth of
Pass Creek I
2 Blackfoot River at Flesher Upstream from culvert at crossing L$S60
of the river by state highway 279 I
3 Aljce Creek above National At Bear Gulch road crossing of a8
Forest Boundary creek 1.1 mile above national
forest boundary l
4 Alice Creek at Highway 200 50 ft. upstream from highway L9850
bridge I
5 Blackfoot River at Hogum 50 ft. upstream from USFS bridge 4815
crossing river on Hogum Creek
road I
6 L.anders Fork at Highway 200 300 ft. upstream from highway L1750
bridge I
7 Biackfoot River between Landers At end of county road 1.4 miles LéBo
Fork and Lincoln (below Landers) downstream from mouth of Landers
Fark '
8 Poorman Creek 0.1 mile south of where Poorman LéELO
Creek first crosses Stemple road '
about 3 miles south of Lincoln
9 Blackfoot River at Dalton 300 ft. upstream from Dalton hhéOI
Mountain road bridge west of
“Lincoln
10 Blackfoot River at Canyon 50 ft. upstream from USFS cement hhool
bridge over river at Blackfoot
Canyon campground
11 Blackfoot River at Rainbow Bend At small island in river which is BhﬂOl

reached by taking pulloff to
the left 1/8 mile downstream
from Rainbow Bend and going
100 yards to river
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EPPERDIX P conmnuen

tlackfoot Siver at P.p's Place  7/16/60

#1 Flecoptera & T
Paraperla, Alloperla or Kathropeela spp. {too swall to identify)

Tricheptera 7 .2 ce

Rhyacophila angelita Banks
Bracnvcentrus sp.

Coiauptera 1 T
Zaitrevia sp.

Diptera 34 .1 cc

Tendipedidaa:
Hydrobaenus sp.

#2 Plscoptera 2 T

Naemoura hesametsa Ricker
e Paruperls, ri_cperla or Kathroperla spp. {too small to identify)

Trichoptera 5 .2 te

Rhyacophila angelita Banks

Brachycentrus Sp. Sotatien D. L.
Hydropsyche sp. ‘

Arctopsyche sp. B o= 1.37131 DTN = £.30569]
DHaX = 2. = B.37166
Dolecpterg 7,05 ce '
Zaitzevia sp. A And #H2 combined

Diptara 7 T
Tendipedidae

Hggrobaenus She

Blackfoot at Pop's Place L/29/69 i 7.9

Plecoptera |/

Namoura cinciptes Banks D D MK s D MAX
phemeroptera ! A o dedirad
[ R

Blackfoot River at Pop's Place 10/1/69

Plscoptera 45, 0.3 ce

Hastperls brevis ? .
Wemoura cinchipes Banks Statioa p.I.

kllorerla sp.
Tsogatius sy D = @.RA41AZ DULL = G.la60GE-2 = ,O06/4620
A JDMAX = 1. R= 8.522893 '

Trichbplera l./) o./ ae

Parapsyche sp.
Rhiyacopnila acropedss or vag

Arctopsyches sp.

A-C4&



‘cezdaen s v =

EEEEIETE = NIWD ciiveg = d;

&
TLg WS v

Byt D VTR =
" LifT Pl Aenuep
o Cenaaary Jo £9TSdeaTi
fusmoeais o 6 T s A
g1 SEATiHOY 10 Ayisdaarg OR \.ﬂ\\\w«\-\u £L6T @N. Arentiep
TeUBTEA WK RN ggat conmequay 3o AqredsaTn “oy

5 e “PrpEgp
\M.rw\e\mxuﬁ/\km\hJ T T ’ N\% Aq pajRILImIG PUT P LTS TTOUON T UMY TOTIYE]
: ¢ TOUDT T ¥ BT
£ub1 fe Loz Lo petedwimly puB pe i) iiuapl

BETEI0) 1GWIA 66 Ty TRMTITY

OO

FYET ‘RUvqUoy JO AGEEIEATUL ‘o
LTeYas [Her g SR S L |
£ paEieumUy puw Patilwep]

96 TGy TRTHLG

qapy  vde TABE]fwg

1 Te30L 1 Gt
z Jinpe  SRAUS (A Be BRTUUTTISGEH
(RS TTRILY 16 1930 (RIS . LT yiapy ds STRISTOTIE0
oF R GERESCT B NV N ;
' 3 7 HECTAT00 JRO————
".m%._.n; = 1150 S6ELETY = 4 ! L P . [ s SETTSEID
e 3
o Twang M 4 *de Fni
¢
{ 1eser 1 s Celebrd = XN’
. - Hind zevedg =
= %30l T SO DloAsBRATY 4 o N : .
T (Seivsuar jO HINSUR) TEITentE UTHGOORATE [ARS LM < seigads yous fo
©oLEYg 1 ’ :
L FTPLTINWTY g N.d@iﬁ:i oy Hiwg Xewg TQ TS
. TEATET Wdadeds a5 e !
L € vdaldld M mﬁ_bcﬂ..w idecwit T35 m e ERS
£7 1R ¥ i TYIORGTIY 1 ErenEm I Fadyat(s wanouay
4 £ s STARUCST soLToGLYeE =R BE1BECE = WM TS £od GOTHd
< ¥ TS wamdey LEIUST T = HIN eLwHETY & G
b BaU T3 UTY wINGlmy 3 p e 1 iy < e w«um.ovi!lm»
I BT WALOUETd % L1 YU SOMAMERAD
avduag 7 *q3 cbe T \v_-{.-_!bo b\.. 24901 p onf /i85
TemGe-g spuatia 1 Tag e T
‘ 1Y Tom0ee
LY OMHATE 1 ANEYTE b
& R T WDV §d0d LY MAGE 30N T

aINNINCD m Xﬂﬂzmam.&




g8 TBI6L

o ~p TR
. -
£L6T "€ &7np
PI6T TRuSquOR Jo KGTBARATUD ‘CK
TIOWDT I MUy BYOJIRRd
£ peedemnly puas peTiiuepy

£TT Tesal (®6T2  STT TYRel [Mrdpg

"z SEpTwOUS! T4y WMoY

T ~da FSOq0Y
19 vELIdIQ

T (Buissmw prey) sepriofsdorpdy
i Frpusad IgokEdoyoay

1 ¢ YHILOHDIEA

4 ETTeuoN ] widen vl B
z5 +ds TLISACTTY
£1 rdg SAGSHOS]
Py FPROOTAGLE §|edOudeant
[ F9013007S BAnOLER

T L8 LLOIETd

avuedg "1 iy cbe 1
1L~6T-0T
£F T0VIE ©od0d LV HEATE LO0GNOVIE

9 T*303 Teuty

t
Pagndway m&\u»ﬁiﬁ Y IS
kLT 1
T
ki
$
49
souedg ]

V3 s/ Rssgar < /)
CLET "TE ATnp
B96T "Tumuoy o L37saeaiuy G
TIBUSY T LUy BIOTIYR

4q pajsdsnue DUE PRLITIVEPY

9€ T¥39y TouTdtag

urze3dTe ® JNEF S0U PTROD
1 T ¥EIIdIG

JInpe de FIAREITEL
I 1 MRLOTTOD

FTITIUGE] B{AedsdBg
*du TSIV

*de GRUSHORT
TORESTASIq ¥ |Bdoud It
FRG130019 BIADTER

T*0 % YMEIO0RIdi

*ag 'be
Te~61~01

£f Z0vId $.dDd LY HEATY LO04NIVIE

QANNIINGD m xM

QEwRS L

WL pRls

7T 17

oewpgtl = v
O 1BusEve = 4

12Resy s =

€ 1¥19L
591 = WH

£4 1939L

Q810 U LAEIEUZ = @
Y Ad 1 COLLE]

Mildd?

= g

0 F1988*8 = (g

Vo M D nﬁ%
£L6T I LT
g96T frumquoy Jo ASWRISATUR ‘EH
TISUPY TR WY FEOTIIRd
£q pRjEiemnuy pUR PITITRUSPY

LY Teiep TR LY Tedel TmuE¥ii0

SEPTRGUO T3 UAOUNY

+ds SRATERUDICTIYEY
1 T yeEd

1 TIOW[E SOARGRIN]
A wﬂ@cﬂmo;uwmmsuﬂ;

I T YiLdOMODEL

e

z TigTuaa; FLiededuy
o1 +da FIRAOLTY
L +ds ERUSHGIT
1 FORITTASAG B IeA00aBONT
£z THATRIITE RiTowN

0 £ MEIJONEN

sousdg 3y *ba T
$U-6T~0T
T# AOVIE S.40d I¥ MEATH JOOJNOVIE



Bisckfoal at Flesher Tass Rood iridge '7/16/68

Piecootera 22 Lk co AP Ly
i [ P O

n

¥ COM T INUED
Liansaeni.
EE T

HasTAIE & LY

Trichoptera 2k .7 oo

Rhyachpiils
e 3 Sta Fren DI
Ak foentrus S
Erhemeroptera 10 .1 oo B = 1.93312 BEIIN = £.199112
e DAY = 2.32893 D= 3.153153

Epeorus langinanus {#aton}
Bagtis s3.
Ginygusula si.

Coleopters 32 405 oo

Zaitrevia sp

Harpus concelor Le Conle
e

Lara $p.

Trtioservus prov, guadrimaculatys

Pipters 91 ke

Simutiidae
Hoxatoma sp.
s
Empiditas
Tandipedidae
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Blackfoot Bivar at Blackfoot Canvon

Flecoptera 7 .05 oc 3N
Flecoprera . “ o APPLZILX P CONTINUED

Stadtion D.T.

Epnererantera  L75 1,9 cc

Epeorus lon,

.

Blacklaoh fiver #% Hloe

10/1 /62

Piecorters 24

ia Harson

Cenus ©

uwizntus {Le Conte)
- R
3

Upbicservis of Las {Kornj

Erpididas
Tendipedidae

bHyirgs . .
ALK Statren D.T.

2 spp.

A-106
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~ONTINUED

7/18/68

Blackfoot River 2t Rzinbow Bend

5.5 ce

Plecortera 23

Ptercnarcys californica Hewpori
Clzassenia sabulosa paqhs

Trichoptera 76 .7 cc

Glossosoma She
Hydrops;che sp.
Arciopsyche 5D.

Zphemercptera 85 .25 cc 3 =
Delast

“peorus longimanus (Eaton)

Baetis spo. (2 tvpvv,
Splﬁmerellz flavilinsa KHeb
Ephemeralila tibi l LicDha
5Lhﬁm°ralld recuba (saton)

Ehithrogena unu&imta (Banks) (prob.)

Coleoptera 1 T

Dipters 24

intocha sp.
=)

0t N T o e e T P
Atnarix varizgate Jalker

dexatomn sp.
Tenaipeaidae

A-112

& Gastropoda 3 .15 cc
Physa sp.

L—0lizochasta & T
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APPENDTX § conbinued
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APPENDIX R

Summary of kinds and abundance of beottom fauna identified from the
Blackfoot River and certain tributaries from 1968-1971.

Collection methods are explained in Appendix P,

Numbers in each species were not determined in 1968 or 1969,
but were determined in 1971,

Volumes given were determined by oxder In the Pollution
Control Laboratory, Helena.

Final totals were determined by Ms. Patricia Ann Mitchell during
species identification and are the same as those given in Appendix P,

Numbers in parentheses following the aumber of individuals in &
genus show the number of species which were identified withim that
genus at the station. {In 1968 and 1969 data, these numbers are in
parentheses after an (x}, which simply indicates the presence of a
genus, ) Numbers given in 1968 and 1969 data are total number of
individuals in the order.

Volumes less than 0.01 cc sre shown as T (trace), Each T
represents the volume less than 0,01 ¢c in & ons sgusre foot

sample,
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APPENDTIX R continued

fhumber and Volume of Major Agquatic Insects Collected from Blackfoot River with
Kick Sersen in 1968 and 1969 by Order,

Ianabion Popls Elegher Homum Dalton Canyon Rainbow
Year /11988 | 1969 1968 1 1969 19681 1969 1968 | 1969] 1968, 1969 1968 1969
No. of Samples | 2 i 2 i 2 1] =2 000i 11 1 Hene
i | ‘ j

Flecoptera i i :

No. 4 . 95 22 50 53 13114 17 69 7oL rg |23

Vol. &/ T Do0.3tH) 0M4 - 0.7, 0.9 - .05 ~ | 5.5
Ephemeroptera i

No. o PR 10 1 508 132 432 229|475 401 |85

Vol. - Po- 0.1 T L4t - 1.6 - 1.9 - | €.25
Tricoptera ! 5 !

No, 1z S 24, 15 155 1399 24 211 6 139 176

Vol. Cuh 0.1 0.2 {UN-C.1 1.3¢ - 0.2 - .1 ~j 0.7
Colecpiera »

No, g 32 124 50 2 35 g 13] *

Vol. T-0,05 0.05 0.0% - 0.05 - T -1T
Diptera : : i

lo. 51 2 91 34 813 VYA P % 26 92 39124

Vol. Tu, 1 T 0.4 |UN-T 2.0 - 0.9, - 0.6] -1 0.3

1/Each sample is i4 square feet
%/Vblume in ce

N =

Trace (£ 0L}
Vol. not kmown
Yol. not given for one sample
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APPENDIX B continued

August 1971
Bration Fop' s Flaahar Aiica Craek Aica Cresk Hogs T low Poorman Craex Taliton Taoyon
Ne. sg. ft. @ B.?, Bady Landers ¥ork
s hed 3 3 3 3 3 3 3 3 b3
Fumber of Individuale
FLECOFTIRA
Prevousrealls - - - - - it 2 17 3
Kamaurs 58 663 13 4 1321 1t %6 k|
Capila M 3 & . - 1 - . R
Isuperis - - - - - - - - -
ATEYHOPLETYR - 2 39{1) 1) 3 1 - - i
Acroneuria 1 1 132) i 1) b 58 & 3
Clawssents - H - - % L - - H
Alloparla 21 142 F3 - 366 143 26 i 28
Brachyprecs - - - - - - - - -
Lsogenus i3 H 37 - 2 3 3 i .
Hastaperis - - > - - - - - -
Farspuria & - - - - - - 2 ¥
Eucapoopels - - - 204 - " 1 - -,
Chloraperiidas - - - - - - . - -
Pariodidse i - - - 3 - - .
Unknown 3 - 2 - - - - -
Final Toral 127 472 434 248 385 187 448 % 52
Total Volums {cc) T 1,1 9.8 04247 2.9 6.3 LT T Q. 3+T
Ave po./ag. £t (¥4 91 4% 81 193 62 LT3 i 1
Are vol./ag, fr. {ec) T 0,37 5.27 LOTET 0.47 0.1 LATAT T o147
TPHEMEROPTERA
Bawtis H 70 267 171 204 198 507 [TY 288
faruleptophlebin - - 54 - - - 14 - 1
Ephemsrslle - 1 143{6) ea(s} L52¢8} 11746} 3604 37(%) 18{%}
Ahlthzogens - - 33 - 3 512 60 132 437
Cinygmula - - ik 537 90 32 235 & -
Epaorut - - z 232} - 108{2) 3301 1 -
Aueiatus - - - 3 - - - . .
Final Total 1 1 843 380 136 1198 926 443 785
Total Volume {¢c) T G, 1+27 0.4 2.2 0.3 2.1 L% ] .3 a,4
Ave no./feq. ft, a.3 F 283 157 32 399 30% F3y 231
ava vol./ag. fL. {ec) T G, 0%+T 013 0.73 0.1 0.7 Q.2 4,17 613
TRICOPTERA
Gloakasona - &) 2 33 L4 3 53 3
Brachycentrus - 34 17 - Hitd 13 - £06 I
hydropayche - 49 83 - 1790 - - 1
Are tepayche - 50 7 - 88 102 102 2% &
Rhyscophlla 1 ? 0(31) 1 46{2) L2 2903 - -
Paychoroola - . . » . R . u N
Lepidostomas - i % - 17 B - . -
Hydroptila - u - - - - 1 - w
Licnephiiidan - 17(2) 62(2) - 120 1 3 12{2) 1
Parapayche 1 - - . 1 - - .
Ticades - 1 - - - 13 Ty 3 t
Chimerra - - 1 - 1 - - -
Ochyotrichla - - 1 - - - - - -
Baychomylidse - - - 3 & - - - -
Anagapetus - - - - 1 - - - -
Cnksows F 2 » - 113 13 3 - -
Fioak Total L] H38 563 3 288 %7 27 213 1%
Tatak Yolume (ool F13 0.5 L1 T 3.2 1.3 0,747 0.1+17 T
Ave no.leq. fr, 1.3 54 188 1.7 743 99 12 H | 6.1
ave vol./aq. fr. (co) T .17 .37 T £,07 C.ad G, 2HT Q. OMT T



APPENDIX R continued

Angust 197%

Station Pop’s Fiasher  Alfce Greek Alice Creek sogum  Below Poorman Creek Dalron Canyan
Bo, %4, 1%, @ 100 @ K.F. Bndy Landers Fork
sampled 3 3 El 3 3 3 3 k] 3

Humbar of Individua}s

DIFTERA
Slmultidse 4 Lé Lz - 96 5 §29¢ 22 [
Atherix - - - - - - " 20 13
Hexatoma - 3 L] - 4 8 - 1 1
Empldidas - - 3 " & L 36{3) EEN 3(1)
Briliia & 3% 13 5 k3 5 137 1 7
Bhabdomastix - B . . - - . . .
Orthacisdive™ i 27 138(3) 30(2} o3z} 3 39 - -
Dicrasota - - - - - - - - -
Hetylocoenny - 138 8 i1 79 [3 3% 30 -
Antocha - W7 163 - 1 - 2 - -
Cardlociedius 4 - 3L 3 18 47 3 & -
Pericoma - 53 158 - 4“3 i 4 - -
Tanytaraus - > 3 - 139 i7 15 3 4
Bentaneuza - I - - - - 1 . -
Dinmens - - - - - - - - -
Heleinae - - - - - - - -
Ch Lionomidae - a9 A9 - 34 13 251 a4 13
Helidae - z - - - - - - "
Polymade - - - 2 - -
Muscidae " 3 - - 3 - - -
Ttpukldee - - - v - . . 7 .
Finel Total 24 397 07 m 42 122 1882 34 S
Totel Volume (ec) ar 3r L. ar 0.2+ Q.4+ 1.i 0.4 &5
Ave #o./2q. £, &.7 132 236 23 181 41 627 18 3
Ave voi./sq. fr, {en) T T 0.37 T G.07+T G 1047 0.37 Q.17 2.17
1/
=" Formerly called Hydvobaenys
k4 Formerly ¢elied Calopsectra
COLEGPTERA
Optlioservus 1 i 5 1 184 3 1 8 2 —_
Herarlimnivg 2 - 28 - 1 - a7 2 -
Zaitzevia 1 i 9 2 5L - 1 1 "
Thepteioly - - - - 7 - - 1 -
Brychius - - 13 - & - -
Lara - 1 - - - - - -
Nerpud - - - “ 1 - 13 1
Pinal Total 5 28 123 3 3840 18 §27 41 2
total Volume {ce) 2T aT Q1427 T G.L+27 3T aT i T
hve no, fag. fu. 1.7 3.3 (38 13 130 [} a2 4 0.}
Ave vol,/aq, £, {c¢) T T 0.63+T T 98,0347 T T b3 T+
OLIGOCHARTA and
NEMATORA - b 2 EL1 A 3 &3 37 26
Totai Volume {cc} - T Fiy Fiy T T ¥ EXy T
Ave mo.fag, It - i3 Q.67 13 1.3 1 14 ig 9
Ave vol.7eq. fr. (ce) - T T T T T T T T
Srand Total
Ma. 161 1533 2672 1254 45340 1825 3693 1348 Gat
Yol. 117 1.7+91 3. 54T 2. 4F8T 5OEHT &, L+5T a.8487 LI+107 L2477
A¥e no. /g, ER. Y 311 891 aid 1520 08 1M 449 ile
Ave vob./aq. £ (ee) L;"l‘ 0. 57437 l.i?vi-g,r U.H%T l.93+§.r L. 37+§T 1-274-%? . 3?+é%r G.H-%T
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APPENDIX B continued

Oatober/Sovamber 1971

Statlon Pap
Ko, sg. fi.
wampl ad a

Flaaher Alios Creex Rogus
@ 200
3 3 3

Balow
Landera Forx
3

Poortan Creek

DPalton

Canyon

Rainbow Bend

PLECOPTERL

FLoaronsrcys
Pravonarcella
Hemoura
Capnin
Isaparls
Aroyoopteryx
Acroneuria
Clangaenia
Ailoperle
Brachyplera
Isogsua
Haataperia
Parsparls
Fcapnapsis
Shloroperlidae
Perlodides
Lensctrn
Tnkenown

Bi¥rov s B

.
Ll E Mg

¥umber of Individusls

e @
Ln e e Pl
» B

b ™1 Ig3$l
2, Ben, nae
T ShY Be¥ o

RN R
[
£ Bty

a0 w

P - T o

B G dE,

{2

)
=3

[ RN IRV Ay

v BB BaSaRY,

)

"

I\:} I\dlgwﬂwglwt\n

[

Pipal Total 163

Total Volume {oe} 0.4

ive. no./ng. M, 54

Ave, vol./eq. Lt, {oa) G

v

EFHFMFROPTIRA

Bantia
Paraleptophlebls
Fphemaralla
Bhlthrogeun
Cinygmila '
Epacrus

dma} etz

Boptagels

Tknowns

.13

P RS R R ]

h
g
£

1.2 0.9 12
145 117 133
Q.40 Q.30 0.490

157 273() 258(2)
36 i
268 (5) 2343}
1z
57 268 528

253
1.2
84
0.43

193
34403}

1615
221

&

7.3
823

2.37

Total includes 780 Plecoptors whish dried up in ons squara foot panple and ware not identifiad,

1037{2}
59

18014}
ek
1381
1
3

38
2.4

109
0.8

150(2}

2
&4}
1384

[

BELp

w
¢ o R

Final Total

)
Tetal Yolmus {oo}
ave, m./uq. .

Avs, vol,/ag. Pt {00}

TRICUPLERA
Glosacscoa
Srachyomtrus
Eydropeyohe
Arotopeyabs
Ahymoophlis

RN Y,

a7 775 1342
3T L4 a.9
72 258 AT

T 0,47 0.3

Z 23T kFat
1oz 133 84
420

2 20
8{z) 54{2) 4T(2)

(2} 45(3}

B Y- N A RV I )

1717
3.3

591
1.0

i
l -l

143 bk E et

p:21s]
2.8
934
0,93

184

354
123{2}

PRS0 ne

1736
26
579
©.87

R TR

2
14
.73

=

&
i et e BRNG

381

0,347

1z

2,141
3

ENrmr E s I e R e

fnat Total
Total Volume (oo}

Aon, m.,flq: .

.

2T
A3

148 895 2004

0.1 .2 147

Avn, vol./wq. rt, (o2) 2§

A-124

6.3
2

2,1

2,8
168
4.9

663
1,86

0.53

525
1.5

08
.5



AFPENDIX B continued

Gotober/Sovesbar 1¥71

Jraticn Fop's Fieahar iige CrseX Hogm Balow Poorwan Crack Dultan Cagpots Rainbow Band
Ko. &g, T, 2 200 landers Fork
samplaed 3 3 3 3 3 3 3 1 3
pIPTEL tpber of Tndividuals
Simlt - - &2 2z 4 g 8 16 -
Athsriz - - - - - - & 28 -
Huantoma - 5 9 5 22 - 1 25 1
Bupratine - 3 7 £ &(4) s8{z) ] - 3
Brilils - - 5 - - 7 - - -
Rhabdaokestix - - - - - - - - n
Crthoniadiue - 32{peveral) TTilssveral} 3548(seversl 22 256 soversl) ] 4 15
Diorsocts - 4 - 1 1 7 - b4 -
Hatrlomenus i3 - 7 - - 14 - - 2
intocha 1 35L 418 35 3 40 31 4 1
Cardioalnding - - - - 2 - — . -
Perioomh - 208 481 326 62 183 3 - -
Tanyiareus - - - - - T M _ _
Pantonerd - - - - - - - - 4
T amess - - - - - - — - M
Halainde - - - - - - - " -
Caironomidaa 5 - - - - - - 3 Lo
Dolichopodidne - - - -~ - - _ " b
Tanypodinas - -3 - 1 - - - - -
Tanytareinl - 1 2 k] - - - - -
Pantanearind - - - - - 2 - - -
Fiaal Tetal z7 L0 Fa =2 goag [F 875 Fq 653 F-x3
Fotalt Velume (&} 3T 06 e+ T z.7 71 1.0 Z+rT ©F o9 tZT
Ave A/o./so Fr g z03 587 1348 Y 292 3/ - z8 22 e
7 Z7
Arve bat [Sefr Gcc) T oz PSR o o.q 0.37 053 oo+ 047 NER
COLAOPTEAL
tptioamvus - - 157 16}7 3 18'{ i z -
- - 3 - - -
Betarlimnive kL . 1 b : : 5
Zaltuevis 1 - <] ki z - : ?
Cleptminis - - - i - iy - - N
Bryohius - - - - : . N ~ -
;ﬁ-;us : : - 4 3 7 - - -
Final Iat“l 1 0 171 251 5 8 3 3 5
Total Volume {eo} 1 o 0,1+27 ol it 6. 28T 2 3t n
dve, po,feq. Ot 9,3 ] 51 84 1.7 73 2 1 7
v
kve, wol.feg. rt. {o0) I [ 0.03+z'_j§ 0,10 T n.omg g%: H T
3
OLIGOCHARTA and
TBUTEE - 4 3 n 7 101 27 B4 14
Final Total a & 3 13 7 101 z Al A
Totel Volume (oo} 0 2% 37 3T 31 0.9 AT T 3T
Ave, mo.fag. Tt ] 1.3 1 .7 2.3 3 B 2% 4.7
Ave, wvol./og, Tt. o 21 T T T a9 H T b
3
Grand Totel
s
Ha, 19% prAFS 3954 b rd 3142 Tu'rg’ Pk 2484 P05
vol. .47 32,1457 b AHET 3,5+3T AT T B,O+T 5, 8467 3.548T
Ave, vo.faq. 1. &5 471 1318 2644, 1047 82 898 az8 302
Avs, vol./sg. £, 0. 13427 05T 2,342T 3,177 253431 6,147 2. £7437 1.93+2T L3787
{ee} k] 3 3 3

Ineiuces T80 Flecopters which weve sot ldentifisd.
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Date

Feb/
Matr
1872

May
1872

Aug
1972

Oct/
Nov
1972

May
1973

Feb/
Mar
1972

May
1972

Aug
1972

Oct/
Nov
1972

May
1573

No.
Vol.

No.
Vol.

No.
Vol.

No.,
Vol,

No.
Vol.

No.,
Vol.

No.
Vol.

Vol.

No.
Vol,

No.
Vol.

Appendix S

Blackfoot River and tributarues im 1971, 1972 and 1973 which were not identified

Summaty of numbers and volumes (by order) of bottom fauna collected from the
to species. Volume in cc, T = trace l

Alice Cr. Alice Cr. Below Poorman Rainbow
Pop's  Flesher @ N, F, @ 200 Hogum Landers Landers _{reek Dalton Canyen Bend
PLECOPTERA I
912 2282 942 309 482 225 368 241
2.4 4.4 1.9 1.C4+T 2.5 2.7 1.7 ?.QI
50 133 ie8 i34 84 143 164 154 51
T 0.4 0.,2+T ) 0,8 G, 347 0.7 5.2 1.2 0.1+27 l
75 964 93 551 484 294 231 212 185 173
0.1+27 1.7 0. 1+27 1.4 1.8 1.4 1.5 0.5 2,2 .7I
233 881 477 463 255 362 708 158 391 278
0.6 3.3 1.1 4.0 0. 142T 0.8 2.6 2.2 3.8 6.2 l
63 75 292 8G lal
3T 3T 1.4 0, 2+7 1.1 I
EFHEMEROPTERA I
571 1541 i789 179 1893 1000 1214 1359
0, 3+T 2.2 1.4 0.8+T 2.7 2.6 2.2 2.7
0 30 347 94 391 671 1439 346 0L
0 3T 0.9 0.2+T 3,9 Z.2 6.0 1.3 2, l
0 166 788 783 621 18594 1045 595 1052 B51
0 0.142T 2.6 1.6 0.9 4.2 1.0 0.7 0.8 0.8 I
0 g 716 574 796 1621 1265 758 1510 1129
0 3T 1.2 0.9 1.2 2.8 2.3 2.2 2.6 1.5 l
3 3 889 1204 1738
T 27 2.6 11,0 3.3 I
A-126 I



APPERDIX S comtinued

i3 Al

Alice Creek Alice (reek Below  Foorman Rainbow
Date Pop's Fiesher @ N. F. @ 200 Hogum  Landers landers Creek Dalton Canyon Bend
TRICOPTERA
Feb/
Mar Mo, 296 786 1164 90 506 779 628 740
1972 veol, L.4 3.8 2,5 0.6 3.5 1.0 1.6 2.7
May No. 0 g 377 136 688 16 316 422 134
1672 vol. 0 3T 1.9 0.7 6.7 0.1+27T 6.7 1.3 0,247
Aug  No. 1 173 i1l 406 581 281 218 82 93 868
1972 vol. T 0.7 3T 2.7 1.4 2.4 0.3 0.142T 0,247 3.6
oct/
Nov No. & 180 961 354 192 253 431 379 311 766
1972 ¥Val. 27 L& 3.0 1.9 0.8 2.9 5.5 1.5 1.1 4.4
May  No. 3] 34 865 36 505
1973 Vol. [ 0.2+1 3.0 1.7 2.0
DIPTERA
Feb/
Mar Ho. 402 2642 5483 41 607 169 EL 448
1972 vVol. 1.0 3.2 2.1 L.5 1.1 1,147 0.5 .6
May  No. 0 84 778 700 62 476 1951 472 L4
1872 Vol. 0 0.5 1.5 1.5 0,2+T 1.5 4,3 2.4 0.1+27
Aug Mo, 11 1000 &8 571 716 5715 800 496 234 129
1972 veol. 3T 1.8 0.2+T 1.4 0.2+T 8.7 0.6 1,347 0.5 0,247
Oct/
Nov No, 17 L4 640 508 7 104 284 a1 320 131
1972 Vol. 37 0, 12T 2,0 0.3 3T 0.9 0.9 0.5 1.1 0,447
May  Ne. G 104 329 473 116
1973 Vol. G 0, 1+27 0.9 1.0 0.7



Date

Feb/
Mar
1972

May
1972

Aug
1972

Octf
Nov
1972

May
1973

Feb/
Mar
1872

May
1972

Aug
1972

oct/f
Nov
1972

May
1973

No.
Vol

No.
YVol.

No.

Vol,

Vol.

No.
Vol.

No.
Vel.

hNo
Val.

APPENDTX S continued

Alice Creek Alice CUreek Below Poorman Rainbow
Pop's Flesher @ N, F, @ 200 Hogum Landers Landers Creek Dalton Canyon Bend
COLECPTERA
2 102 159 5 141 38 s 2
2T 0.2+7 .3 27 0.3 0.1 27 2T
0 0 71 44 0 2 314 4 1
0 0 3T kEY o] T 0.4 37 T
0 30 1 79 18t 11 260 120 13 11
o 2T T 0, 2+T 0.14+27 4y 0.142T (L1427 3t 3T
0 4 83 119 o 8 &6 3 5 16
0 27 3T 0.1+27 o] 3T G, 24T 2T 37 3T
4] 31 21 0 14
o] 01427 3T 0 27
OLIGOCHAETA, NEMATODA & OTHERS
7 15 e 1 4h 25 32 58
2T It 0 T 0,6 3T 3T 3T
G 0 9 4 40 1 91 2 0
0 0 0. 1437 2T 4T T 2.4+27 2T Q
0 16 123 19 5 it 6l 12 7 o
0 3T 1.6+T art 2T 4T 3T 4T T 0
1 3 o & 0 11 i1 3 48 80
T 2T 3T 27 0 4T 0. 3+27F 2T 5T 5T
0 36 7 5 0
0 0.14+37 0.2+37 2T 0

A-T2C



APPENDTX T

Species composition, size, and relative sbundance of gane
and nongame Tish from stream surveys, 1971-1973,

Fish were collected from larger waters with a Fisher-
Shocker electrofishing unit mounted in a boat., Suall streams were
sampled with a Smith-Root Type IV backpack electrofisher. Total
length of fish was meagured to the nearest .10 inch, and weight
to the nearest .01 pound.

Common and scientific names for the fish found in the study
area and the sbbreviations used are given below. Sculpin refers to
the slimy sculpin, and Dace to the longnose dace.

Abr, Common Name Scientific Name-i/

ct cubthroat trout Salmo clesrki Richardson

Rb rainbow trout Salmo gairdneri Richardson

LL brown trout Salmo trutta Linnaeus

Ep broock trout Salvelinus fontipnaiis {(Mitchell)

DV Dolly Varden Salvelinus malma (Walbaum)

W mountain whitefish  Prosopium williamsoni (Girard)

F3u longnose sucker Catostomus catostoms (Forster)

CSu large scale sucker Catostomis macrocheilug Girard
Sculpin slimy sculpin Cottus cognstus Richardson

Dace longnose dace Rhinichthys cataractae {Valenciennes)

1

"/In accordance with "Commen and Scientific Names of Fishes from the nited
States and Canada", 3rd ed., American Fisheries Soclety Special Publication
Ne. &, 1970. 42129
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