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INTRGDUCTION

This is Velume 1 of & three-volume application for
reservations of water in the Misscouri River Basin submitted to the
Board of Natural Rescurces and Conservation. Section 85-2-331(1},
MCA authorizes this application from the headwaters to Fort Pack
Dam . This volume contains the Summary, Purpose, HNeed, Amount
{including details of methods used}), Public Interest
considerations, and a Management Plan as reguired by ARM 36.16.104
through 36.16.106.

vVolume 2 contains specific information on each stream in ths
Missouri River Basin upstream from Canyon Ferry Dam for which a
reservation is requested. Information presented includes a brief
physical description of the stream or stream reach, the fisheries
and wildlife resources associated with the stream, and the flow
levels that are requested. The methods and data used in deriving
the reguested flows are also discussed. Streams are presented in
a downstream order.

volume 3 is similar in content to Volume 2, but includes
streams in the Missouri Basin from Canyon Ferry Dam to Fort Peck
pam (see map in Summary section}.

For purposes of this application, that portion of the Missouri
River Basin above Canyon Ferry Dam is sometimes referred to as the
"upper” Missocuri Basin and that porticn between Canycon Ferry Dam
and Fort Peck Dam as the "middle” Missouri basin.



SUMMARY

Pursuant to Secticn §5-2-316, MCA, and Article II of the
Constitution of the State of Montana which establishes that a clean
and healthful environment is an inalienable right of Montana
citizens, the Montana Department of Fish, Wildiife and Parks
respectfully files application for reservations of water in the
Missouri River Basin above Fort Peck Dam. Section 85-2-331(1},
MCA, requires that water reservation applications for the basin
helow Fort Peck Dam be submitted by July 1, 1531.

Figure 1-1 is a Missouri River Basin map showing, in general,
where the reguested reservations will be applied to use. More

detailed maps are contained in Volumes 2 and 3.

The purpose of the reservations herein applied for is to
reserve waters, and flows therecf, for existing and future
beneficial uses and to maintain a minimum flow, level and quality
of water during such periods throughcut each year in crder to
attain and serve existing and future beneficial uses.

Fish and wildlife populations and their habitats are

inseparable. Therefore, preservation of fish and wildlife
populations is necessarily dependent upen preservation of their
habitats and all habitat compconents. The habitat compcnents for

streams and rivers are: (1) the physical streambed and banks, (2}
the guantity of the water, and (3) the quality of the water.

Protection of the physical streambed and banks i1s provided by
the Stream Protection Act (87-5-501, MCA) and the Natural Streambed
and Land Preservation Act of 1375 (75-7-~101, MCA). The prevention,
abatement, and control of pollution in state waters is the
responsibility of the Montana Department of Health and
Environmental Sciences through 75-5-211, MCA. The 1573 Water Use
act provides the opportunity for the state or any political
subdivision or agency therecf or the United States toc apply to the
Board of Natural Rescurces and Conservation to reserve waters for
existing or future beneficial uses or to maintain a minimum flow,
level or guality of water {Section 85-2-316, MCA}.

Fish, wildlife, and outdoor recreatlonal rescurces are
important to human well-being and must be preserved for the use and
enjoyment of current and future generations. These resources are
owned by the people of the state and must be managed for the best
public interest.

The Department of Fish, Wildlife and Parks (DFWP)} has a two-
fold responsibilitys (1) te protect and enhance the abundant and
diverse fish, wildlife, and recreational resources, and (2} to

1-2
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provide optimum opportunities for diverse outdeoor recreation that
are commensurate with rescurce preservation. Water reservations
for instream flows would serve to protect a vital component of
stream fishery habitat and thereby assist in wmeeting those
responsibilities.

The amounts of the reservations requested vary from small flow
guantities in headwater tributaries to larger guantities on the
lower mainstem Misscuri River. Flows are regquested for the
mainstem of the Madison, Gallatin, Jefferson, Big Hole, Beaverhead,
Red Rock, and Missouri rivers above Canyon Ferry Dam, as well as
for 152 tributaries of those major streams. Below Canyon Ferry Dam
requests are submitted for the mainstem Missouri, Dearborn, Sun,
Marias, Teton, Smith, Judith and Musselshell rivers as well as for
82 tributaries to those major streams. Regquests are also made for
_Bean Lake and Antelcpe Butte Swamp. The specific requests are
iater set forth in the "Analysis of the Zmount of Water Necessary
for the Purpose of the Reservations.®

There are attached hereto, and made a part hereof, statements
on the purpose of, the need for, amocunt of, and public interest of
these reguested ressrvations of water. These statements and their
attachments are presented in support of this application for
reservations of water and to meet the requirements of the Montana
Water Use Act and applicable rules thereunder for the establishment
of reservations of water for fish, wildlife and recreational uses.

THIS APPLICATION CONTAINS MO PROPGSED PROJECTS FOR USE OF THE
RESERVED WATERK.

ot
i
[t



PURPOSE OF THE RESERVATIGNS

Section 85-2-102, MCA, and ARM 36.16.102 define beneficial
use of water to include ”. . . but not limited to agricultural
{including stock water), domestic, fish and wildlife, industrial,
irrigation, mining, municipal, power, and recgreaticnal uses:; . .
.* {Emphasis added.)

The purpose of the reservations is to rsserve flows for
existing and future beneficial uses so as to maintain a minimumn
flow, level or guality of water by month and throughout each year
to attain and serve those beneficial uses as follows:

{1} for.the benefit of the public for fish and wildlife uses; |

and
(2) for the benefit of the public for recreational uses.
The attainment and service of such uses are to:

(1) provide fish and wildlife habitat sufficient to
accommodate a diversity of species comprising this
natural resource at levels comparable tc existing levels;

{2} contribute to, and maintain a clean, healthful and
desirable environment;

{3} sustain adequate levels of water guality; and
(4) honor and suppert all existing water use rights.

The beneficiaries of the reservaticns will be the npumercus
and varied fish and other aguatic species currently inhabiting the
streams and waters of the Missouri basin as well as those wildlife
species which depend in one form or ancther on the flows and
adjacent riparian areas along those streams. Other beneficiaries
are the people of Montana, resident and non-rasident fishermen,
other stream-based recreaticnists who visit from other states, and
those Montana businesses which depend upon the fisheries rasources
for their livelihood and economic well-being. Other benefits
accrue to those non-fishermen whoe merely wish te enjoy the
streamside setting and the associated animal and bird life provided
by flowing waters.

Maintaining flows in stream channels also indirectly benefits
those persons who divert water for consumptive uses by protecting
them against upstream water users who may have lower water use
priority dates than the reservations, At the same time, the
reservations honor and support all existing water rights.

1-5



ANALYSIS OF THE KEED FCOR THE RESERVATIOHNS

A water right for instream beneficial use for fish, wildlife,
and recreaticnal uses may be obtained, under existing Montana
statutes, cnly by application for reservation and not by petition
or application for a water use permit, Without these reguested
reservations, the beneficial uses of fish, wildlife, and recreation
provided for by Montana law cannot be met or attained.

Existing water rights in the river basin will at all times be
honored. If the reservations here reguested are not granted, any
waters available over and above such existing rights will be
vulnerable to future appropriations by permit. If these futurs

............ appr@priatj_.Q.n.s.........are.........a.llowed to be executed in advance ¢f, or

without, the reservaticns being established, the fish and wildlife
resources will be permanently deprived of the waters necessary for
their healthy survival. It is readily apparent when realistically
considered, that under our current laws and regulations, waters
once allowed to be appropriated might well never again be available
tc reservation for fish and wildlife purposes. The need for an
adequate reservation now is thus dictated.

Instream reservaticns of water in the Misscuri basin are
necessitated by the basic life reguirements of the fish, wildlife,
and other living organisms that are dependent upon the flow of the
Missouri River and its tributaries. The maintenance of healthy
agquatic populations add to the human experience by creating high
quality angling and other water-based recreational opportunities.

The instream reservations are needed to (1) maintain
sufficient living space, (2) protect fish spawning and juvenile
rearing areas, {3) protect the aguatic food base, (4) protect water
quality, (5) maintain streamside riparian areas, {6) provide fcr
high quality fishing opportunities, (7] sustain fishing-related
econcmic benefits, and (8} help protect fish "Species of Special
Concexrn.”

{1y Living Space

Fish inhabiting a stream occupy specific habitats which
are comprised of many components, including a preferred
range cof water velocities and depths. The guantity and
quality of this physical habitat is influenced by the
magnitude of the flows. It is through its impact on figh
habitat that flow is believed to primarily regulate fish

abundance. Simply stated, following long-term flow
reducticns, fish numbers tend to decrease in response to
the shrinking habitat, Conversely, long-term flow

increases allow for the expansion of the population.

1-6



(2}

(3}

{4)

gqufficient instream flows are essential for maintaining
viable game fish populations at levels of abundance that
are commensurate with the streams’ biological
capabilities and that satisfy the expectations of the
angling majority, providing them with 2 high guality
tishing experiencsa. A reservation will Thelp to
accomplish these goals.

Spawning and Juvenile Rearing Areas

Montana's nationally acclaimed trout streams, many of
which are located within the Missouri Dbasin, are
sustained entirely by trout produced in the wild, making
Montana the last bastion of wild treout fishing in the
lower 48 states. Fisheries of many warm and coldwater
jakes and reservoirs also depend on wild recruits spawned
in tributaries. Stream riffles and side~channels are
typically the prime sites chesen for spawning and the
rearing of young. These sites are alsc the stream
habitats that are most sensitive to flow reductions.
Conseguently, the production of the young recruits that
are needed to sustain the vast majority of the bkasin’'s
fisheries is strongly tied to the magnitude of the flows.
The reservation will help preserve this reproductive
capacity.

Food Base

A1l aguatic crganisms depend on lower forms of plants ox
cther animals for food, These lower forms also have
specific water regquirements necessary to sustain growth
and reproduction. Reduction in availability of lower
aquatic forms ultimately reduces the abundance of those
organisms at higher trophic levels.

The primary fcod of Montana's stream-dwelling game fish
is aquatic invertebrates, which have their greatest
production in stream riffles. Riffles are alsc highly
sensitive to flow reductions. The health and well-being
of the game fish populations and, in turn, the gquality
of the angling experience depend on the maintenance cf
sufficient riffle habitat to protect the fishes' food
mase. A reservation will help accomplish this task.

Water Quaiity

reduced streamflows during the normal low flow period
affect the quality of water that is necessary to sustain
agquatic organisms. Possible consequences of lowered
streamflows are higher water temperatures, Iincreased
amounts of disscolved scolids, increased nutrisnt

17



concentrations, and lower dissolved oxygen levels, all
of which are potentially harmful to aguatic life., Low
flow conditions will reduce the amcunt cf water available
for dilution of industrial and municipal discharges, and
non-peint pollution. Current and future industrial and
municipal waste discharge permits could be affected by
chronic low flows.

Tnstream flow reservations are needed to prevent the
further deterioraticn of water quality during low flow
periods. Should existing polluticon problems e corrected
on those streams where poor water guality is presently
limiting fish abundance, a reservation would help insure
that sufficient flow is available in the future to allow
populations to expand and reach the streams’ bioclogical

potential.

Riparian Areas

The riparian ecosystem of the Missocuri River and its
tributaries is a transitional zone between the aguatic
and terrestrial habitats. This streamside zone cof
vegetation is characterized by the combination of high
species diversity and densities, and high productivity.
Many of the trees and shrubs that dominate this zone
require groundwater within their rooting systems
throughout the growing seascn.

The riparian zcne is ecologically important because it
provides seasonal and year-long habitat for more numbears
and species of wildlife than any other habitat in
Montana. In addition to its rich assemblage of plants
and animals, the riparian zone plays an essential rcle
in determining the guality of the aquatic environment for
supporting fish and aguatic invertebrates. It also
provides a buffer zone for dissipating overland flood
lows and has high aesthetic and recreational values.

The extent and gquality of riparian zones are directly
linked to shallow groundwater tables that are continuous
with, and recharged by, surface streamilows.
Fluctuaticns in streamflow cause concomitant fluctuations
in asscciated shallow groundwater tables. Although the
specific relatioconships among riparian vegetation and the
amount and availability of groundwater have not been
quantified in the Missouri basin, regquested instream
flows are essential to the perpetuation of the existing
plant communities and asscoclated wildlife populations.



(8}

(7)

¥ighing Opportunitiss

The Missouri River and its tributaries are important
fishing and recreational areas used by the people of
Montana and the nation., Of the estimated 2.44 millicn
angler-days of fishing use in Montana in 1585, roughly
half (1.17 million angler-days) occurred in the Missouri
basin upstream from Fort Peck Dam (McFarland 1583%). This
attests toc the popularity and outstanding quality of the
basin's fishery resources.

The recreational use of the basin’'s waters is important
to the human experience, providing both enjoyment and
relief from day-to-~day pressures, Montana statutes
recognize this resocurce as worthy of protection. The
fish species that would be protected by the instream flow
reservations contribute to the well-being of the pecple
of Montana and visitors who enjoy the cutstanding fishing
cpportunities Montana has to offer. In addition to
sustaining current levels of water-based recreation,
instream reservations would preserve the opportunity to
enhance recreaticnal uses on those waters where existing
flow depletions are presently limiting fishing and cther
recreational uses.

Foonomic Benefits

The Missouri basin‘s nationally acclaimed sport fisheries
provide a significant boost to Montana's economy. Trout
anglers on the state's lakes, reservoirs and streams
spent, in 1985, an estimated $99.7 million while pursuing
their sport (Duffield et al. 1987). About $50 million
was spent while fishing the waters of the Misscuri basin.
out-of-state visitors accounted for 256,000 angler-days
of recreation in the Missouri basin in 1985, which is
49% of the total non-resident pressure for the state.

In 1987, Montana ranked fourth in the nation in the
number of non-resident fishing licenses sold (U.S. Fish
and Wildlife Service 1988). 1In 1985, based on a fishing
pressure of 2.5 million days per year, the annual value
of Montana's lake and stream fisheries totaled §215
millicn. In the same way that the price of farmland is
related to the value of production, the recreational
value of Montana's stream and lake "fishing assets” 1is
on the order of $5 billion {Duffield 1588).

The travel industry adds millions of dollars to the
state’'s economy each year and provides jebs for thousands
of Montanans {Schwinden 1988). Withcout +the guality
fishing opportunities provided in the Missouri basin,

1-8



Montana's expanding tourist industyy, a major contributor
to +the state’'s economic base, would suffer. The
continued generation of angling-related revenues depends
on the maintenance of sufficient flows to protect the
abundant wild fish stocks that characterize Montana's
nationally renowned fisheries. Continued flow depletions
will degrade some of the very rescurces that draw
tourists to Montana. Instream reservations would help
to protect this eccncomic base.

{8y r"Species of Special Concern’

The Misscuri River Basin, particularly headwater
tributaries, suppcorts breeding populations of two fishes
listed by DFWP and the Montana Chapter ¢f the American

_________________________________ Fisheries Scciety as "Species of Special Concern® (Holton

1986, Liknes 1984). Westslope cutthroat trout and the
Montana grayling are native fishes that have Dbeen
eliminated or severely reduced in numbers over much of

their former range. Both species depend on relatively
pristine habitat and a low level of competition with non-
native fishes for their survival. Instream flow

reservations would help maintain a vital component ¢f the
habitat still availakle for these species.

ulmar

The reservation regquests are for the amount of water necessary
to sustain agquatic organisms without significant long-term
reduction in guantity and guality. Increased water withdrawals
over existing levels would, in the long run, reduce availability
of habitat and conseguently reduce the number of organisms which
can occupy that habitat. There is a limit to the amount of water
which can be removed from any stream channel withcut severely
changing the guantity and quality of the aquatic species present,
or limiting the biological potential of the stream. In portions
of the Misscuri River Basin, that limit has already been exceeded.

It is contended that if the reguested reservations are not
granted, the deterioration of the previcusly described aquatic
habitat components and, therefore, recreational opportunities is
inevitable. Instream flow reservations in the Missouri basin would
serve to protect 2 vital component of stream fishery habitat and
would assist in protecting the agquatic rescurces so necessary to
the social and economic well-being of the people of Montana and the

nation.
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DETERMINATION OF THE AMOUNT OF THE RESERVATIONS

This section discusses in detail the methods used to derive
the flow guantities reguested for each stream reach in the
application. The Wetted Perimeter Inflection Point Method was the
primary method used. Several alternative methods were also used
in situatione where the primary method could not be used or where
special circumstances reguired another approach. This volume does
not contain the flow reguests themselves. Those reguests are
contained in Volumes 2 and 3 of this application. The specific
methcd used is described under esach individual stream reach.

also discussed in this section is the Water Availability
information reguired by ARM 36.16.105B({2).

Primervy Instream Flow Method

Numerous technicues have been developed for determining the
instream flow requirements of fish and other aquatic life forms.
These range from relatively simple office methods that base thair
recommendations on some flow guantity derived from the historic
flow record, to the derivation of the actual biological-flow
relationships £rom long-~term field data collected in drought,
normal and above normal water years.

The former approach was not chosen as DFWP's primary means
for determining instream flows because DFWP believes that instream
flow reccmmendations should, wherever possible, reflect stream-
specific habitat and discharge relationships rather than a flow
gquantity derived solely from the flow record. Furthermcore, the
lack of sufficient flow data for the wvast majority of Montana's
streams precluded the use of almost all office methods. Moreover,
the consensus among professicnals is that this approach is most
appropriate for deriving preliminary or reconnaissance-level recom-
mendations {Estes and Orsborn 1386; Stalnaker and Arnette 1576).

Use of biclogical-flow relationships was impractical due to
the extensive commitment of time, mcney and manpower that are
neaded to collect the ten or more ysars of field data that could
be required to define these relationships for each stream or stream
reach. The large number of streams in this application precluded
the development of biclogical-flow relationships except in a foew
cases.

DFWP, recognizing the shortfalls of these approaches for this
application, adopted the Wetted Perimeter Inflection Point Method
to determine fishery flow needs. This method focuses on the well-
founded assumption that the food supply can be a major factor
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influencing a stream's carrying capacity {the total number and
pounds of fish that can be maintained by the agquatic habitat). The
principal food of many of the juvenile and adult game fish
inhabiting the streams of Montana is aguatic invertebrates, which
are produced primarily in stream riffle areas. The method assumes
that the game fish carrying capacity is related to food production,
which, im turm, is a function of the amount of wetted perimeter in
riffles.

Wetted perimeter is the distance along the bottom and sidss
of a channel cross-section in contact with water (Figure 1-2}. A=
the flow in a stream channel increases, the wetted perimeter alsc
increases, but the rate of gain of wetted perimeter is nct constant
throughout the entire range of flows.

......................................... 4..plot. of .wetted perimeter versus. flow for stream riffle .

cross~sections generally shows two points, yeferred to as
inflection points, where the rate of gain ©f wetted perimeter
abruptly changes. In the example, (Figure 1-3), these inflection
points cccur at approximetely 8 and 12 cfs. Below the lower
inflection point, the stream flow is spreading out horizontally
across the bottom, causing the wetted perimeter to increase rapidly
for very small increases in flow. A point is eventually reached
(at the lower inflecticn point) where the water starts toc move up
the sides of the active channel and the rate of increase of wetted
perimeter begins to decline. At the upper inflection pocint, the
stream is approaching its maximum width and begins to move up the
banks as flow increases. Large increases in flow beyond the upper
inflecticn point cause only small increases in wetted perimeter.

The area available for food production is considersd near
optimal at the upper inflection point because almost all of the
available riffle area 1is wetted. At flows below the upper
inflection peoint, the stream begins tc pull away from the riffie
bottom until, at the lower inflection point, the rate of loss of
wetted bottom area begins to rapidly accelerate. Once flows are
reduced below the lower inflection peoint, the riffle bottom is
being exposed at an even greater rate and the area available for
food preoduction greatly diminishes. The method is intended to
describe a threshold below which a stream's food producing capacity
begins to decline (upper inflection pcint) and a threshecld at which
the loss is judged unacceptable {lower inflecticn pointj.

While the inflection point concept focuses con food production,
there are indications that wetted perimeter relates to other

factors that influence a stream's carrying capacity. One such
factor is cover (or shelter), a2 well-reccognized component of £ish
habitat.

Tn the headwater streams of Montana, overhanging or submerged
bank vegetation and undercut banks are important components of
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Figure 1-2. The wetted perimeter in a channel cross-section.
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cover. The wetted perimeter-flow relationship for a stream channel
is, in some cases, similar to the relationship between bank cover
and flow. Flows exceeding the upper inflection point are
considered to provide near optimal bank cover. Below the upper
inflection point, the water pulls away from the banks, decreasing
the amount of bank cover associated with water. At flows below the
lower inflection point, the water is sufficiently removed from the
hank cover toc severely raduce its value as fish shelter. Support
for this relationship is provided by Randclph (1584), who found a
high correlation between riffle wetted perimeter at varicus flows
and the total area of overhanging bank vegetation {r=0.88-~1.00) and
undercut banks (r=0.84-0.97) for three study sections in a small
Montana stream.

In addition to producing food, riffles are used by many game
fish species for spawning and the rearing of their young. (Sando
1581 and Loar et. al. 1985;. Consequently, the protection of
riffles helps ensure that the habitat reguired for these critical

life functions is also protected.

Riffles are the area of a stream most affected by flow
reductions {Bovee 1974, Nelson 1377 and Loar et al. 1585}. By
requesting a flow that covers a large portion of the available
riffle area, we are, 2t the same time, protecting both runs and
pocls—--areas where adult fish normally reside.

The Wetted Perimster Inflection Point Method provides a range
of flows (between and including the lower and upper inflection
points) from which a single instream flow recommendaticn is
selected. Flows below the lower inflecticon point are judged
undesirable based on their probable impacts on food production,
bank cover, and spawning and rearing habitats, while flows at and
above the upper inflection point are considered to provide near
optimal conditions for fish. The upper and lower inflection points
are believed to bracket those flows needed to maintain high and low
levels of aquatic habitat potential. These habitat levels are
defined as follows:

{1} High Level of Aguatic Habitat Potential -- That flow
regime which will consistently produce abundant, healthy
and thriving aquatic populaticns. In the case of game
fish species, these flows would produce abundant game
fish populations capable of sustaining a good to
excellent sport fishery for the size of stream involved.
For rare, threatened or endangered species, flows to
accomplish the high level of aguatic habitat maintenance
would: {a) provide the high population levels needed to
ensure the continued existence of that species, or (b)
provide the flow levels above those which would adversely
aifect the species.




(2) Low_Level of Aguatic Habitat Poteptial -~ That fiow
regime which will provide for conly a low population of
the species present. In the case of game fish species,
a limited spcrt fishery could still be provided. For
rare, threatened or endangered species, their populations
would exist a2t low or marginal levels. In some cases,
this flow level would not be sufficient to maintain
certain species.

The final flow recommendation is generally selected from this
range of flows by a ccnsensus of the biclogists who collected,
summarized and analyzed all relevant field data for the stream of
interest. The biclegists' analyses of the stream rescource form the
hasis of the flow selecticn process. Factors considered in the
evaluation include: (1) level of recreational use, (2) existing
level of environmental degradation, (3} water availakility, and (4)
size and composition of existing fish populations. Fish population
information is a major consideration for all streams. A marginal
or poor fishery may only justify a flow racommendation at or near
the lower inflection point unless other considerations, such as the
presence of “Species of Special Concern” {arctic grayling and
westslope cutthroat trout, for example) warrant a higher fiow. In
general, streams with exceptional resident fish populations, those
providing crucial spawning and/or rearing habitats for migratory
populaticons, and those supporting significant pepulaticns of
"gpecies of Special Concern® should be considered for flow
recommendations that are at or near the upper inflection point.
The Missouri Basin streams in this application are generally those
with the highest resident £fishery and/or spawning values and,
conseguently, for most of these streams upper inflection point
flows are regquested.

Other streams considered for upper inflection point
recommendations are streams that have the capacity to provide an
cutstanding fishery, but are prevented from reaching their
potential because of stream dewatering. Flows at the upperxr
inflection point provide a goal teo strive for should the means
beccme available to improve streamflows through such measures as
water storage prcjects or the purchase and/or lease of irrigation
rights. Streams that are subjected to other forms cof environmental
degradation, such as mining pollution, and which have the potential
(assuming other habitat factors are suitable} to support
significant fisheries if reclaimed, are additional candidates for
upper inflecticn point recommendations. Both of these categories
describe some streams in this application.

The wetted perimeter-flow relationships for the streams of the
Missouri RBasin were derived using a wetted perimeter predictive
(WET?) computer program developed in 1980 for the DFWP. WETP is
a relatively simple computer model that eliminates the more complex
data collecting and calibration procedures associated with similar
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computer programs in current use, while at the same time providing
more accurate and reliable wetted perimeter predictions. An in-
depth description of the WETP computer program and data collection
procedures is provided in 2 publication titlied "Guidelines for
Using the Wetted Perimeter (WETF) Computer Program of the Montana
Department of Fish, Wildlife and Parks” (Nelscn 1583 (se=

Attachment 1}.

When deriving instream flow recommendations for the rivers and
streams of Montana, DFWP normally divides the annual flow cycle
into two separate periods: (1) a relatively brief snow runoiff or
high flow periocd, when a large percentage (about 75%) of the annual
water yield is passed through stream channels and (2} a non-runcff
or low flow pericd which is characterized by relatively stable base
flows maintained primarily by groundwater cutflow. For headwater
rivers and streams, the high flow period generally includes the
months of May, June, and July, while the remaining months
{approximately August through April) encompass the low flow pericd.

The Wetted Perimeter Inflection Point Method is normally
applied only toc the low flow period, and a separate method that
addresses the high flow functions of channel maintenance and
flushing of bottom sediments is applied to the high flow period.
However, because most water users, particularly irrigatcrs, are
unable to divert a significant portion of the high runoff flows
and, therefore, are incapable of materially impacting the high flow
functions of bedload movement and sediment transport, the need for
high flow recommendations may be unnecessary in most cases. The
most probable causes for high flow reduction in mest cf Meontana's
unregulated streams would be mainstem impoundments. Therefore,
extending the wetted perimeter recommendations through the high
flow period -- a practice applied tc the streams in this
application -- should not jecpardize the maintenance of adeguate
high flows for most streams. Furthermore, Montana law [85-2-
316(6), MCA] limits the granting of instream flows tc no more than
50% of the average annual flow on gauged streams, thus eliminating
(in many cases) flushing and channel maintenance flows from
consideration in a reservation application.

Attachment 2 to this application is a comprehensive survey of
the instream flow methods literature {(Leathe and HNelson 15989,
which relates the significance of existing methods to Montana's
Wetted Perimeter Inflection Point Method. This synopsis includes
the history of instream flow development, the relationship between
streamflows and fish populations, a survey and analysis of instream
flow methods (including available technigues, advantages and
limitations, evaluation studies, and criteria for selecting an
instream flow method), and finally, & discussicn of why Montana
chose to use the Wetted Perimeter Inflection Peint Method in its
instream flow program. This synopsis is an important component of
DFWP's method and justification for the flows reguested in this
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application and should be used in conjuncticn with the above method
discussion.

In summary, the primary method used to determine the requested
instream flows for streams and stream reaches in this application

is the same -- the Wetted Perimeter Inflection Point HMethod
combined with a knowledge of flow conditions and the fishery gained
through field observations and electrofishing surveys. For a

relatively few remaining waters, other methods, which are discussed
in the following section, were used to derive recommendations.

Alternative Instream Flow Methods

- While most of the flow reguests in this application. were
derived from the Wetted Perimeter Inflection Point Methed, scme
were based on the following four approaches:

1. Fixed Percentage Technigue

Varicus non-field or office methods that use existing
hydrologic information to derive instream flow recommendatiocns are

described in the literature. These methods are similar in that
they are usually performed in the cffice with few, if any, cn-site
visits reguired. Office methods are generally deemed most

appropriate for deriving preliminary or recocnnaissance-level
recommendations. Final recommendations are typically derived using
various field methcds. In Alaska, however, levels of instream flow
protection granted by the governing authorities were based solely
on office methods (Estes 1988), indicating that such methods are
being accepted as primary instream flow methods in certain

situations.

One of the better known office methods is the Tennant Method,
sometimes referred toc as the Montana Method (Tennant 1573}).
Recommendations of the Tennant Method are based on a fixed
percentage of the average annual flow. Tennant describes 30% of
the average annual flow as necessary to sustain good survival
habitat for most aguatic species, and 60% as providing excellent
to outstanding habkitat for most agquatic species during their
primary pericds of growth and for the majority of recreational
uses. Ten percent of the average is suitable only for sustaining
short-term survival habitat, according to Tennant. The percentage
selected as a recommendation depends on the stream's numerical
rating in a fisheries classification system. The higher the
rating, the greater the percentage recommended.

The purpose of this section is to describe the fixed
percentage method used in this application to derive instream flow
recommendations for the relatively few (27 total) streams in which
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time, budget, manpower, limited access, O other constraints
prevented the use of the Wetted Perimeter Inflection Point Method,
the Department's chosen field method. These 27 streams, all highly
valued fisheries deserving maximum instream flow protection, are:

Beaverhead-Red Rock Sub-basin Rubv Sub-basin

Browns Canyon Creek Coal Creek

Red Rock River (Reach #1)

Eeservolir Creek Upper Misscuri Sub-basin

West Fork Dyce Cresk
Deep Creek

Big Hole Sub-~basin

Smith Sub-basin
Big Lake Creek

Delano Creek North Fork Deep Cresk
Jacobson Creek
REock Cresk Musselshell Sub-basin

Wyman Creek
Collar Gulch Cresk

Gallatin Sub-basin

Marias Sub-basin

Hell Recaring Creek
Badger Creek

Jefferscn Sub-basin Birch Creek
Cut Bank Creek
Halfway Creek North Fork Desp Cresk

Scuth Fork Deep Creek
Madison Sub-basin

Cougar Creek
buck Creek

Elk River

Moore Creek

Red Canyon Creek
Trapper Creek
watkins Creek

For this derivation, the high inflecticn point flows that were
derived for those streams in which the Wetted Ferimeter Inflection
Pcint Method was applied, were expressed as percentages of the
average annual flow. Percentages were derived for only those
tributaries (mainstem rivers were eliminated, as were spring-fed
streams) in which a calculation of the average annual flow was
available when this analysis was completed in November 1582. The
individual percentages in each sub-basin were averaged to derive
a sub-basin mean {Table 1-1}. The mean percentages were then
applied to the corresponding sub-basin tributary streams in which
recommendations from the Wetted Perimeter Inflection Point Method

were unavalilable.
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Table 1-1. Upper inflection point flows expressed as percentages
of the average annual flow for selected streams in the Missouri

River Besin.

Upper Inflection Point

=

Sub-~basin Streamsg Ho. Streams ¥Mean Percentage [(Range
Beaverhead-
Red Rock River tributaries 25 43 {16~70)
Big Hole River tributaries 21 32 (18-66)
Gallatin River tributaries 16 31 (25-39)

{excludes East Gallatin River
tributaries}

Jefferson River tributaries 7 36 (33-40)
Madison River tributaries 10 47 (2%9-61)
Ruby River tributaries 7 48 (37-54)
Upper Missouri River tributaries 7 34 (18-71)
Musselshell River tributaries & 44 (35-58)
Smith River tributaries 9 27 (16-39)
Marias River tributaries 7 40 (24~68)

® Range excludes lowest and highest values toc eliminate cutliers
which could skew the mean percenteage.

For the evaluated streams in the Misscuri River Basin, high
inflecticn point flows, when averaged by sub-basin, ranged from 27-
48% of the average annual flow. The majority of these percentages
fall within the 30-60% range that Tennant describes as good to

excellent.

The average annual flow was selected as the basis for deriving
flow recommendations because it is the flow statistic most readily

available for gauged streams. Alsc, for ungauged streams, the
average annual flow can be estimated fairly accurately using
various simulation technigues. While the average annual flow is

not necessarily an indicator of a stream's normal flow conditicn
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for all seasons, it deoes provide a relative measure of the amount
of water that is annually passed by the stream channel.

The average annual flows for the 27 streams were derived by
the USGS. All but four of the 27 streams {Red Rock River--Reach
#1, Badger, RBRirch and Cut Bank creeks) were ungauged and varicus
flow simulation technigues were used to estimate their average
annual flows (see Water Availability sectionj.

For the sub-basin tributaries shown in Tabkle 1-1, most were
ungauged, and the USGS provided the majority of the average annual
flow estimates. & few of these estimates were provided by the U.5.
Forest Service.

Average annual flows used by Tennant reflect the virgin state
pri@r tOW&teZ deplet iQnS ﬁr@the‘r Water develepments JRRRP— If B o Vo o s
virgin averages are used, recommendations will reflect depleted
stream conditions and may result in less than ideal flows {Tennant

1375). The majority of average annual flows supplied by the USGS
and used by DFWP in its derivations do not reflect the virgin
state. The exclusive use of virgin flow averages would have

resulted in sub-hasin mean percentages slightly lower than those
derived for the 10 sub-basins shown in Table 1-1. For example, if
the average virgin flow is 100 cfs and the average high inflection
peint flow is 25 cfs, the mean percentage would be 25%. However,
using a non-virgin (depleted) average flow of 75 cfs and the same
inflection point flow of 25 cfs gives a mean percentage of 33%.

Other investigators have also examined fixed percentage
technigues that reference the average annual flow. Swank and
Phillips {(1976) indicated that an optimum instream flow for streams
within the area of the Blue, Wallowa and Cascade mountains of
Oregon ranged from about 60-100% of the average annual flow.
Wesche (1974) found that the rate cof lcss of the available trout
cover in Wyoming's smaller streams {average annual flows less than
100 cfs) is reduced at its greatest rate at flows less than 25-27%
of the average. Fish census data for Vancouver Island suggested
that a mean monthly flow of not less than 20% of the average annual
flow was required for the survival of cutthroat trout fry (Newcombe
and Ptolemy 1985}.

Summary

an office method that utilizes the average annual flow was
developed to derive instream flow recommendations for 27 high
quality streams in which the Wetted Perimeter Inflection Point
Method could not be used to derive recommendations.
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To develop this method, the high inflecticn point fliows that
were derived for those streams in which the Wetted Perimeter
inflection Point Method was applied, were expressed as percentages
of their average annual flows. These percentages, when averaged
by sub-basin, ranged from 27-48% of the average annual flow. The
derived percentages were then applied to the average annual flows
of the tributary streams where wetted perimeter information could

not be obtained. The resulting flows were reguested in this
application.
2. Base Flow Apprcach

For some streams, often referred to as spring creeks,
subsurface inflows are the major year-round water source. Unlike
mountain streams which rely heavily on snow-melt for their water
supply and, conseguently, exhibit-extreme flow psaks during..the. .
snow runoff months of April to July, the flows of spring cresks are
relatively stable from season to season. Subsurface inflows not
only stabilize annual flow pattermns, but also moderate seasonal
temperature fluctuaticns, causing peak temperatures in spring
crecks to be cocler in summer and warmer in winter than in
neighboring mountain streams. This creates temperatures more
favorable for the vear-round growth of trout. Warmer winter
temperatures alsc reduce the potential feor icing, thus lessening
winter stress on trout. The dissclved mineral content of
subsurface inflows, which is typically far greater than that of
snow-melt, creates a fertile amnd highly productive aguatic
environment. This combinaticn of relatively stable flow and
temperature regimes and high fertility gives spring creeks tLhe
potential to grow and sustain trout at levels that far exceed the
biological capability of mest other mountain streams.

The majority of Montana's spring cresks are short in length
and originate in valley bottoms bordering mainstem rivers. These
ilocales are generally prime agricultural areas and, as a result,
spring creeks have suffered from man’'s activities. Decker-Hess
(1986) concluded that most of the 68 Hontana spring creeks that she
inventoried were severely abused, a consequence of poor land use
practices. Accumulations of in-channel sediments, trampled and
overgrazed riparian areas, extensive re-channeling and dewatering,
and banks barren of socil-stabilizing brush and other protective
vegetation are prominent problems cof many Montana spring creeks.

Efforts of public agencies to protect and preserve spring
crecks have met with limited success. Some successes include the
purchase by DFWP of much of one high guality spring creek,
Poindexter Slough near Dillon, and the funding of a number of
habitat improvement projects--primarily the fencing of riparian
areas to exclude livestock--undertaken with the cooperation of the
private landowners and local sportsmen groups. Public ownership
of more spring creeks is unlikely due te the high costs of
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purchasing the prime agricultural land that surrounds them and
reclaiming the badly abused aguatic environments. Private
individuals have purchased some spring creeks as recreaticonal
properties and undertaken costly habitat improvements, greatly
henefiting fish and wildlife populations. Overall, however, public
and private efforts have not stemmed the continuing detericraticn

of Montana's spring creeks.

The challenge of fishing for highly selective trout that rise
freely to a plethora of minute insect forms has led many fishing
enthusiasts to rank spring creeks as the ultimate angling
experience. The trout fishing fraternity avidly seeks cut those
remaining spring creeks that still sustain prolific insect hatches
and an abundance of free-rising trout. Quality spring creeks have
become a highly valued and scarce recreaticnal commodity.

The maintenance of adequate instream flows is crucial te the
well-being of the few remaining high quality spring creeks in
Montana. The needed instream flow levels cannot be determined
using the Wetted Perimeter Inflection Point Method. The relatively
stable, year-rcund flows that characterize spring creeks prevent
the collection of field data at a high, medium, and low flow,
information needed to calibrate the WETP computer program.
Consequently, ancther approach is reguired.

To protect the unique and highly valued spring creek resource,
DFWP is reguesting that the base flow, the lowest maan monthly flow
for the year, be reserved for the maintenance of year-round fish
and wildlife habitat. Base flow occurs typically during the winter
when subsurface inflows are generally lowest for the year and,
thus, reflects a normal low flow event. This level of protection
should be sufficient to maintain the cutstanding fish and wildlife
habitat of spring creeks.

Iin this application, base flows are reguestad for 17 high
gquality spring cresks. These are:
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3.

fneaverhead-Red Rock Sub-basin Belt Creek Sub-basin

Poindexter Slough Big Otter Creek
Gallatin Sub-basin Lake Helena-Hauser ResServoir
Ben Hart Spring Cresk McGuire Creek’
Thompson Spring Creek Spokane Creek®
Silver Creek
Jefferson Sub-basin Sun Sub-basin
Willow Spring Creek North Fork Willow Creek
Madiscn Sub-basin Teton Sub-basin
antelope Creek McDonald Creek
Black Sand Spring Creek Spring Creek

Blaine Spring Creek
0'Dell Spring Creek
S.F. of the Madison River®

Ruby Sub~basin

Warm Springs Cresk

Fogincies

Although not a “ciassic® spring creek, the South Fork of the Madison River is included because subsurface
inflows have a stabilizing infiuence on seasonal flows, causing the South fork to more closely resemble
a iarge spring-fed creek than a typical snow-fed mountain stream.

Separate summer and winter base flous are being reguested for the 3 spring creeks in the Heiena Valiey.
Discharge in atl 3 creeks is strongly influenced by irrigation practices in the valley. Flows increase
significantly during the irrigation season due to groundwater accretions. ALL 3 creeks provide important
spawning habitat for large salmenids migrating ocut of the Hauser Reservoir-Lake Helena compilex. The
spawning runs are dependent upon the higher discharges that occur during the irrigation season. A base
winter flow would not provide encugh discharge to maintain these spawning runs,

Several flows were measured in each stream throughout the year to obtain information on the base flow
characteristics of the stream and to identify the effects of irrigation. An average base summer Tlow was
caiculated using data collected between Hay and November, the period when spawning occurs in the streams.
&n average base winter flow was calculated for the remainder of the year. Both values are used in the fiow
requests for these streams.

Water Oualitv and Flow Management Maintenance

For three streams in the Madison sub-basin (Beaver and Cabin

crecks and the West Fork Madison River) and four streams in the
Gallatin sub-basin {East Gallatin River--Reach #1, Bridger, Rocky,
and Scurdough creeks), all remaining, unappropriated water was
requested to remain instream. The purpose of the request for the
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four Gallatin River tributaries is to protect water guality in the
East Gallatin River, a stream with a history of polluticn problems.
For the three Madison River tributaries, the request is crucial for
the continued success of the fishery flow management plan for the
Madison River. The rationale for these requests is discussed under
the respective stream write-ups in Volume 2.

Twe additional streams, Stickney and Wegner creeks,
tributaries to the Missouri River near the town of Craig, also had
their flows determined by an alternative method. Thess streams are
intermittent but are important in the Spring when runoff provides
fiows which allow rainbow trout to enter from the Missouri River
to spawn. Flows reguested were the mean anmual flows as determined
by the USGS and were reguested for only 4 months of the year (see
individual write-ups in Volume 3).

4. nioclooical-Flow Belationships

Flow requests for the Gallatin River-~Reach #2, Madison
River-—Reach #4, and Narrows Creek (Red Rock--Beaverhead River Sub-
basin) are based on biclogical-flow relationships developed from
data collected in past years. Flow regquests for Missouri River
mainstem Reaches #2 through #6 are based on biclogical studies
which relate flows required for seascnal biclogical needs of
resident and migratcry fish species as well as for goose nesting.
These data are discussed in the respective write-ups for these

waters.

The 50% of Average Annual Flow Limitaticn

Montana law [{85-2-316(6), MCA}], limits the amount of
instream flow which the Board of Natural Resources and Conservaticon
(Board) can grant tc no more than 50% of the average annual flow
(AAF) on gauged streams. This limitation, in many cases, can
result in the granting of an instream flow that is excessively low,
thus potentially damaging the existing fishery and impacting
recreational opportunities. The 50% limitation can be too
restrictive when gaugad streams are (1) badly depleted, (2) spring-
fed, (3) regulated, (4} when gauge sites chosen are located at or
near the upstream boundary of the designated stream reach, and (5}
when all remaining unappropriated flow is needed to protect fishery

values.

1. Denleted Streams

The AAF for many gauged streams already reflects
consumptive withdrawals for agricultural, industrial, and
municipal uses. Agriculture alone accounts for 37.6% of
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all water diverted in Montana (Montana Department of
Natural Resocurces and Conservation, 1586). This
depleted, or non-virgin, AAF can be substantially less
than the undepleted (virgin) AAF for the same stream
site. For example, records from the gauge at the mouth
of the Gallatin River {gauge #06052500) showed an AAF of
752 cfs for the 1553-67 pericd. Flows at this site
reflect depletions to irrigate about 110,000 acres, as
well as municipal withdrawals. For the same pericd, the
SCS (FParnes and Schafer 1972) estimated the RAF without
depleticns for that site at 1,155 cfs, which is an
increase of 54% above the depleted AAF of record. For
the Big Hole River (gauge #06025500), the estimated AAF
without depleticns was 1,343 cfs for the 1358-72 period,
which is 47% greater than the depleted AAF of record (513

ofg ) for t+he same- o eriod {FarnesandSChafer 18378 ) e TR e

ARF at this gauge site reflects depletions to irrigate
about 136,000 acres. Applying the 50% limitation to the
depleted AAF, as derived from the gauge record, could
produce an instream flow that short-changes the fishery

resocuxrce.

Soring-fed Streams

The AAF, when calculated for most mountain streams,
includes the high flows which occur during the spring
runoff period. Many streams, often referred to as spring
creeks, are fed primarily by subsurface water sources,
such as springs and groundweter inflows. As a result,
flows are fairly stable from month tc month and lack the
seasonal extremes that characterize those typical
mountain streams in which snowpack is the main water
source. An example is Big Spring Creek near Lewistown,
a site having long~term gauge records (gauge #06111500).
The AAF for the 25-year period of record is 107 cfs and
the average base flow for the same period is 106 cfs,
indicating a very stable flow pattern. The lowest flow
observed at this gauge was 76 cfs. For Big Spring Creek,
applying the 50% limitation yields a flow (53.5 cis) that
is inordinately low; one so low that it never cccurs in
nature, even during severe drought events. When monthly
flows are relatively stable, as occurs in spring creeks,
the 50% limitation will likely yield an unrealistic and
undesirable fishery maintenance flow.

Eegulated Streams

Regulation by large reservoirs tends to stabilize
downstream flows, causing the flow pattern o more
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closely resemble that of a spring-fed cresk than a
mountain stream. An example is the Missouri River
downstream from the reserveir complex near Helena. Herxe,
the RAF for a 42-year period {gauge #06066500) is 5,678
cfe and the average base flow for the same pericd is
about 4,160 cfs, indicating a fair degree cof flow
stability. In this case, applying the 50% limitatiocn
yvields a flow (2,839 cfs) that is far less than that
required for maintenance of the fishery. When a stream
is regulated and its flow extremes are moderated, the 50%
limitation can result in an undesirable instream flow.

Gauge Location

- The-lecation of the gauge used.to. determine the 50% ARF ...

within the designated stream reach is important. As
defined by DFWP, the reach for which an instream flow is
requested serves merely to identify those junior water
users who will be subject to the instream flow
reservation, which is intended to be monitored at a site
at or near the downstream boundary of the reach. A
reach, as defined by DFWP, dces not represent a stream
segment having a similar flow regime and instream flow
requirement throughout its length. The instream flow
which DFWP typically derives for a site mnear the
downstream boundary of the reach will likely exceed 50%
of the AAF determined from any gauges located near the
upstream boundary. This is due to the fact that the
available water supply at the downstream end of a reach
commonly exceeds the supply at the upstream end, a
consequence of accretion. Applying the 50% limitaticn
derived for these upper gauges to the entire length of
a reach would likely result in an undesirable instream
flow for the downstream-most segment. For example, the
only long-term gauge on the East Gallatin River (gauge
#06048000) is located near its origin at the confluence
of Rocky and Scurdough creeks. Flows at this site are
far less than those in downstream reaches and near the
river’'s mcuth. If the Board were to apply the 50%
limitation derived at this gauge tc the entire East
Gallatin River, the granted flows would be insufficient
to maintain the fishery.

A1l Remaining Unapproprizated Flow

Instream flow needs for the vast majority of streams wers
derived from the wetted perimeter and associated fixed
percentage methods. Under these methods, a portion of
the existing flow is regquested to satisfy fishery needs.
For = few select tributary streams, circumstances require
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that gll unappropriated water remain instream to protect
fishery wvalues. ©Such is the East Gallatin River where
poor water guality stemming from municipal discharges and
ncn-peint pollution sources at Bozeman pése a continuing
threat to the river's trout fishery. In this situaticon,
all unappropriated flow in the upper East Gallatin River
(Reach #1) and three headwater tributaries (Sourdough,
Rocky, and Bridger creeks) is reguested to remain
instream for the purpeose of providing the dilution flow
that is needed to protect water gquality and, in turn, the
trout fishery of the East Gallatin River. These reguests
are fully discussed under the respective stream write-
ups in Volume 2.

Applying the 50% limitation to the East Gallatin River-
Reach #1 'and Bridger Creek, sites having long-term
gauges, will not provide sufficient flows to maintain
suitable water guality in these streams.

Flows requested in this application are based on studies
conducted to determine the instream flows required to maintain the
fisheries resource at the desired level. In some cases, the flows
requested in this application exceed the 50% limitation imposed by
Section 85-2-316(6), MCA. To assist the Beard in identifying the
requested streams affected by this law, Table 1-2 has been
developed which lists the streams in which flows reguested exceed
the 50% limitation. Since the length of record on a "gauged
stream" is not defined by the statute, 10 yezrs was selected as the
minimam length of record required to determine the average annual
flow. Only USGS gauges were used and Table 1-2 shows only those
streams with gauges having 10 or more years of record.

Since the flow levels reguested for each stream in this
application are the flows required to maintain the fisheries
resource at the desired level, any flows granted that are less than
the reguested levels will have some detrimental impacts on the
resource.

Tc minimize the impacts of the 50% limitaticn, it is
recommended that any reductions in reguested flows made by the
Board as a result of this law be made during the high flow periocd.
As a guideline, those reducticns should be made during the period
from May 15 to July 1.

Also, we believe the average annual flow can be interpreted
in acre~feet as well as in cfs and downward adjustments may be more
effectively made on an acre-feet basis. For example, all of a
reduction could be made during a l-month period simply by reducing
the total acre-feet reguested in that month by the amount which is
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aver 50% BAF. The reduced volume granted can then be converted to
flow in cfs.

Tt should alsc be understood that in Table 1-2, the averags
annual flow shown is based on the agtual period of record, not ©n
the adjusted period of record (1337-86) discussed in the secticn
entitled "Water Availability.”

Water Aveilability

ARM 36.16.105B(2) requires the applicant to determine the
physical availability of £flows. Statistical information must
include the monthly mean flows and the 20th, 50th, and 80th

~percentile exceedance frequeney f£lows on a monthly basis throughout .

the vyear.

Through a cooperative agreement, DFWP contracted with the
Helena office of the USGS to obtain this informatiocn. The
completed work will be published as a USGS technical report
entitled "Monthly Streamflow Characteristics for Selected Sites in
the Upper Missouri River Basin, Montana, 1537-86 Base Pericd" by
Charles Parrett, J.A. Hull, and Dave R. Johnson.

At the time this reservation application was completed, the
final USGS report had not been officially released by that agency.
However, Tables 1 and 4-3 of the report, which summarize the
derived streamflow data, are presented in Appendix A, The
narrative and statistical analyses pertaining tc these data will
be contained in the final report and forwarded to the Board upon
receipt. Any corrections to these provisicnal data will alsoc be
brought to the Board's attention. Appendix A alsco contains final
data from six additional streams not contained in the USGS report.



Table 4-7. Gauged streams (10 or more years of racord) in the Missouri basir reservation spplication having Tlow
recommendations that exceed 30% of the average annuai flow {AAF}.

Requested {555 AAF 50% of Period of

Streams by Sub-basin flow {ctsy Gauge No. icfs ALF {cfs3 Record {vears
Besverhead-Red Hock

Beaverhead River--Reach #12 200 D6015400 292 196 1963-83 {21}

Baaverhesad River--Reach #2b 204 DA0T8G00 334 192 195183 {22}

2ig Sheep Creek™ 48 06043500 £5 33 1$47-79 (25)

Blacksail Deer Cresk® 42 06017500 54 27 194766 (18)

Grasshopper Creek® 30 G5015500 51.6 258 1921467 {23}
Big Hole

Big Hole River--Reach #Sf &50 05025500 1,162 581 1924-87 (6L}
Galiatin

gridger Creei® 35,4 04048500 35.5 18.3 194685 (24)

East Gallatin River--Reach #19 121.3 06048003 84,7 £2.4 1940-61 {22}

Gatlatin River--Reach #3 1,000 G605 2500 1,074 537 189487 {71}
Jefferson

Jefferson Réver? 1,100 06026500 2,014 5,007 194%-72 {183

Jefferson Riverd 5,100 OA034500 2,121 1,051 182769 (312
Madison

Jack Creekk 28 06040300 &7 24 19T4~86 {133

Madison River--Reach yot 800 06038500 1,008 504 1910-87 {783

Madison River--Reach #3% 1,000 346040006 1,432 716 1953-70 {13}

Wadison River--Reach #4" 4,300 046042500 1,450 825 18%4-50 {16

Madisen River--Reach #4° 1,300 256041000 1,777 28e 190287 {49}
Ruby

Ruby River--Reach #iP 132 06019500 182 o1 193987 {45)
Mainstem Missouri

Missouri River--Reach #2% - (8065500 4,115 2,058 1923-~42 {20}

Missouri River--Reach #37 —— 05065500 5,678 2,839 1945-87 {42)

Missouri River--Reach #3° - Qs074000 8,360 3,180 1902-15 (13}

Missouri River--Reach a3t -— Ce0Te200 &,822 3,614 1957-87 (30}

Missouri River--Reach #4Y - 08050300 7,932 3,976 1956-87 {31}

Sissouri River--Reach #4Y - 0s020800 7.810 3,505 1890-1987 (97}

Wissouri River--Reach #5" e 06109500 B, 666 4,333 1935-87 (523

Missouri River--Aeach #&% e 06115000 8,855 4,428 1634~68 {34)

Missouri River--Reach #6% - De115200 9,445 4,708 1934-87 {53}
Helena Reservoir Complex

Tenmite Creek? 12 06062500 17.8 8.9 1914-87 {733
Dearborn

Dearborn Riverd® 1490 4073000 114 =8 1621533 {26}

Tearborn R%verbb 11 0&0T3500 218 109 194565 (24}
Smith

Smith River--Reach #1°° 96 DECTLEG0 173 87 1977-BF (10)

Sheep Creekdd 35 04077000 31.9 16.0 1941-72 (31
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Marias

Judith

Musseishell

Marias River--feach #2°° 500 (6101500 852 426 1945-87 (34}

Marias River--Reach #3 560 236102000 @52 576 1921-55 {34}

Marias River--Reach #3599 540 061025650 977 4£8% 1959-72 (13}

Big Spring Creek--Reach #1010 110 06111300 107 54 1932-57 (25}

Flatwiliow Creek '’ 18 08127900 29 15 1992-56 (43}
Footnotes

Average annual flow (AAF) at this gauge site, Located et the upstream boundary of Reach #1, reflects depletions

- te-irpigate about 76,500 acres, s well as regulation at Clack Canyon Dam.. The 200 cfs recommendation is sbightly.

iess than the lowest mean monthly flow of the yvear (210 ofs in January) at this site. At the gauge {H0A01600)
rear the downstream boundary of Reach #1, the 200 cfs recommendation eguals 47% of the AAF, therefore not
exceeding the 50¥ limitetion.

AAF at this site, Loceted near the upstream boundary of Reach #2, reflects depletions to irrigate 128,400 ecres
as well as regulation at Ciark Canyon Dam. lowest mean monthiy flow for the year et this site is 227 cfs {in
Julyy, which is grester than the 200 cfs recommendation. At the gauge {#06018300; near the downstream boundary
of Reach #2, the 200 ofs recommendation equals 48X of the AAF, therefore net exceeding the 50% Limitation.

AAF refiects depletions to irrigate about &,400 acres. Seasonal flows are relatively stable due toc subsurface
inflows. As a reselt, 2 limitation of 50% of the AAF yieids a flow (33 cfs) that is considerably iess than the
stream’'s base fiow of 42 cfs. During the period of reccord, daity flows at this site, even with depletions, have
excesded 33 cfs about 98% of the time.

RAF reflects diversions to irrigate about 4,000 acres. A limitarion of 50% of the AAF yields a flow {27 cfsy
that is less than the stream's base flow of 30 cfs. During the peried of record, daily flows at this site have
exceeded 27 cfs zbout 90% of the time.

AAF refiects depletions to irrigate about 12,500 acres.

AAF reflects depletions to irrigate sbout 136,000 acres.

For these two streams, ail remaining, unappropristed water is being requested te heip protect water qguality in
the East Galiatin River, a stream with 2 history of poliution problems.

AAF refiects depletions to irrigete about 110,000 acres.

AMF reflects depletions to irrigete about 300,000 acres.

AAF reflects depietions to irrigete about 364,700 acres.

Recommendation equals 80X of the AAF.

Due to subsurface inflows in Yellowstone Mational Park and regulstion at Hebgen Dam. the Medison River exhibits
a larger bhase flow in proportion to its annual runcff than most nther rivers in Montana, causing flows io be
reiatively stable. A limitation of 50% of the AAF yields a flow {504 cfs} that is considerably iess then the
Lowest mean monthiy fiow of the year (887 cfs in May) at this site. For the pericd of record, daily flows at
this site have exceeded 3504 cfs about 90% of the time.

At this Madison River gauge site, = Limitation of 30% of the AAF yields 2 Tlow {746 cfsy that is far iLess than
the Lowest mesn monthly flow (523 ¢fs in March) for the vear. During the period of record, daily flows at this
gauge site have exceeded 715 cfs about $5% of the time.

At this Madison River gauge site, a Limitation of 50% of the AAF yields a flow (825 cfs) that is far Less than

the Lowest mean monthby flow ¢1.340 cfs in Movember) for the year. For the period of record, daily flows at this
gauge site have exceeded 825 cfs about $5% of the time.
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At this Madison River gauge site, a itimitation of 50%
the Lowest mesn monthiy flow (1,390 cfs in January and February} of the year.
flows at this geuge site have exceeded BBY cfs over 95% of the time.

&AF reflects depletions to irrigate about 2,000 acres. A timitetion of 50% of the ALF vields &
that it Less thzn the base winter fiow of 102 cfs.
have exceeded $1 cfs about 90% of the time.

Published USES records for gauge 06065500, loceted at the head of Reach #2 below Hauser [am, are

prior to 1942, iong before Canyon Ferry and a number of other upsiream reservoirs were constructed.

does not reflect the post-Canyon Ferry flow regimen. The USGS gauge beiow Holter Dam at the he
(06066500} provides z better index of recent flows in Reach #2.
the post-Canyon Ferry pericd of recerd {1954~873. Ths Flow request for Reach #2 totals 3,390,931
ar 9% of this AAF.

upstream reservoirs and power plants.

Seasonal flow requests for Reach #3 total 3,187,048 acre-feet/vear or 77% of the average annuail
fest} at this gauge site, located at the head of Reach #3. Flows at this site reflect depletio
594,400 acres and reguiation at 11 upstream reservoirs and power plants.

Seasonal fiow requests for Reach ¥3 toral 3,187,048 acre-fest/year or &5% of ‘the average znnual’

feet) at this gauge site. Flows &b this site reflect depletions to irrigate about 388,000 acres
at two upstream dams. This site was operated before 1915,

Seasonal flow requests for Reach #3 total 3,787,048 acre-feet/year or 64¥ of the average annual
fset) at this gauge site. Flows at this site reflect depletions to irrigate about 630,400 acres
at 12 upstream reservoirs and power plants.

Seasonal flow reguests for Reach #4 total 3,644,204 acre-feet/vear or 6374 of the average annuat
feet) at this gauge site. Flows at this site reflect depletions to irrigate sbout 750,400 acres
at 20 upstream reservoirs and power plants.

Seasonal flow reqguests for Reach #4 total 3,644,204 acre-feet/year or &4% of the average annual
feet) at this gsuge site. Flows at this site refiect depletions te irrigete about 731,000 acres
at 20 upstream reservoirs and power plants.

Seasonai fiow requests for Reach ¥5 totai 4,324,788 acre-feet/fyear or &9% of the average annual
feet) at this gauge site. Flows at this site refiect depletions to irrigate about 850,400 acres
at 26 upstream reservoirs and power plants.

Seasonal flow reguesis for Reach #6 total 4,845,807 acre-feet/ysar or 746% of the average annual
feet) at this gauge site. Flows at this site reflect depletions to irrigate sbout 869,200 acres
at 27 upstream reservoirs and power plants.

Sezsonal flow reguests for Reach #6 total 4,845,807 acre-fest/year or T1% of the average annual

feet} at this gauge site. Flows at this site refiect depletions to irrigeie about 870,400 acres

at 27 upsiream reservoirs and power plants.

At the USGS ga

This gauge is lLocated at stream mile 20.4 near the upstream boundary of the reach.

of the AAF vields a flow {2839 cfs) that is far less than
For the periocd of record, daily

flow {971 efs}

puring the period of record, daily flows at this geuge site

for the periocd
Thisz gauge
ad of Reach #3

Here, the AAF was 4,175,000 acre-feet/year for

acre-feet/year

Flows at this site refiect depletions to irrigate sbout 594,400 2cres and regutation by 11

fiow {in acre-
ns to irrigate

Frow (IR agras

and regulation

flow {in acre-
and regutation

flow {in acre-
and regulation

fiow {in scre-
and regulation

flow (in acre«
and regulation

flow {in acre-
and reguiation

fiow {in acre-
and regulation

uge {06083000)

at stream mite 8.1 in the Lower portien of the reach, the 12 «fs recommendalion eguals 44X of the AAF of record

{44 years). Here, flows reflect depletions to irrigate about 1,200 acres and withdrawals for th

of Heiena.

This gauge is located at stream mile 45 in the upper portion of the reach.
to irrigate about 2,500 acres.

This gauge is located at stream mile 19 of the pearborn River.
about 3,300 acres. The instream flow reguest of 110 ofs equals about 51% of the AAF at this sit

e water supply

Flows at this site reflect depletions

Flows at this site reflect depletions to irrigate

(=3

Eiows at this gauge reflect depletions to irrigate about 19,300 acres and slight regulation by Smith River

Reservoir. The instream flow regusst of 90 cfs eguals 52% of the AAF of record (10 years) at th

at stream mile 28 in the upper half of Sheep Creek near the headwaters. The

This gauge is located
at this site, the request is 39% of the AAF.

the AAF of Sheep Creek af its mouth at 90 cfs.

iow is completety regulated by Tiber Reservoir since 1955,
about &3,000 acres.
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Water s diverted to irrigate about 6%,000 acres above the station. This gauge refiects Tlows prior to regulation
by Tiber Reservoir.

Flows at this gauge reflect complete regulation by Tiher Reservoir.

Because Big Spring Creeck is spring-fed, flows are stable year-round. Al this gauge site, the 8AF for the 25-
year period of record was 107 cfs and the bese flow for the same pericd was 106 cfs, indicating & very stable
flow pattern. The lowest daily flow observed at this gauge was 76 ofs. For Big Spring Creek, 2 530X Limitation

yields a granted Tlow (33.3 cfs) that is jnordinately Low; one so Low that it never occurs in nature, even during
severe drought events.

increased diversion activity after 1930 greatiy reduced the AAF at this gauge site. Prior to 1930, the AAF was
46.2 ofs (1912-30 pericd of record), with the towest mean monthiy flow of the year egual to 20 cfs. After 1930,
the AAF was reduced to 14.3 cfs (193D-56 peried of record) and the Lowsst mean morthiy Flows reduced to 2.4 cfs,
The fiow request of 48 ofs is reascnable {3%% of AAF} when compared to the undepleted flows prior to 1930,
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THE RESERVATICNS ARE IN THE PUBLIC INTEREST

These reservations of water are in the public interest. The
public benefits which will accrue from the reservationg are:

1. Continued perpetuation of the fish and wildlife
rescurces whose very existence is in the public

interest;

2. preventicn of the gradual depleticn of streamilows
currently enjoyed by the public for recreational uses;

3. continued perpetuation of the fish and wildlife
rescurces for current and future utilizaticn by the
publiec;

4. maintenance of water quality which contributes to a

clean, healthful enviromment for the citizens of the
state and the naticn; and

5. contributicon to the protection of and continued
utilization of existing water rights.

2 showing that the reservations are in the public interest,
including their direct and indirect benefits and costs, is
provided in the discussion which follows.

I. Direct Benefits and Costs of the Reservations

The following is pursuant to ARM 36.16.105C({1j({a) of the
water reservation rules dated 12/31/88:

In making a showing that the reservaticon is in the public
interest, the applicaticn shall contain . . . an analysis of
the direct benefits and costs associated with applying
reserved water to the proposed beneficial use.

Direct benefits and costs are defined at ARM 36.16.102 (§) and (7)
ass

(6) Direct benefits mean all benefits to the reservant
derived from applying reserved water to the use for
which it is granted, and

{7) Direct costs mean all costs to the reservant from
applying reserved water to the beneficial use for the

purpose granted.
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The "uss for which it is granted” is the perpetuation of
existing biclogical populations within state waters and the
recreational benefits derived by public utilization of these
rescurces. Furthermore, since "the reservant” (DFWP) is a public
agency charged with the protecticn and management cf these
resources and recreational copportunities, the benefits to the
public and the department are mutually inclusive.

A. Direct Benefits
1. Fisheries and Fishing Opportunities

The direct benefits of reserving the regquested instream
flows include the preservation of the fisheries resource,
continuation of fishing opportunities and recreational

~fl@ating;-andmCOﬁtinued:maintenanﬂemﬂf the existing riparian
communities.

Interest and utilization of public fishing resources in
Montana continue to increase, despite the state’s stable {or,
at times, declining) population over the past 2 decadss. In
1966, 159,466 resident fishing licenses were scld. By 1976
sales had increased tc 170,000. 1In 1986, despite reporis of
recent widespread emigration from the state, 183,2%1 resident
fishing licenses were sold (Herman 1388).

Mcontana is alsc highly valued for its fisheries resource
by pecple from outside the state. In 1987, Montana ranked
fourth in the nation for the number of non-resident fishing
licenses sold (U.S. Fish and Wildlife Service, 1588}.
Despite being relatively isclated from major population
centers, Montana attracts a disproportionately large number
of nonresident anglers because of its unigue and productive
fisheries resource. The opinicns of these visitors reflect
the quality of fishing in Montana; 91.3% of surveyed non-
resident anglers reported Montana to have good or excellent
angling cpportunities (Brock et. al. 1984).

The national significance of Montana trout streams was
also brought clearly into focus in the spring, 1989, issue of
Trout - The Magazine for Trout and Salmon Anglers. The
feature article of this issue, a special publication
commemorating the thirtieth anniversary of the magazine, was
"America’s 100 Best Trout Streams” (Alexander et al. 1389).
of these 100 nationally-acclaimed fishing streams, 12 are in
Montana, which has the highest total of any state in the
nation. alaska ranks secend to Mentana with 11 listed
streams, followed by Idahc (%), New York (&), and Wyoming
{6). It is significant to note that 6 of America’s best 100
trout streems, {(i.e., the Beaverhead, Big Hole, Gallatin,
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Madison, Misscuri, and Smith rivers; are in the portion of
the Misscuri Basin covered by this reservation reguest.

Even though fishing represents only one of many stiream-
related recreational activities, it serves as a valuable
indicator of overall recreaticnal use. Based upon a mail
survey of fishing license holders, DFWP annually estimates
the fishing pressurs (angler use) of streams in Montana.
During May through October, 1985, DFWE increased the
intensity of the angler survey by doubling the number of
questionnaires normally mailed (McFarland 1388). The results
of this research emphasized the exemplary stream-based,
public recreational benefits of the upper Missouri River.

The rivers and streams of the Missouri above Canyon
Ferry Reserveir accounted for 375,239 of the total 1,133,000
days spent stream fishing in Montana during 1985. Despite
being less than 10% of the geographic area of Montana, the
upper Missouri supported 31.4% of the state's stream fishing.
As is illustrated in Figure 1-4, no other geographic area of
similar or even larger size supported nearly as high a
percentage of total stream fishing in Montana. Angler use of
streams in the upper Missouri Basin during 1985 is tabulated
in Table 1-3.

The fact that hundreds of thousands of people annually
fish the upper Missocuri Basin is testimcny to the exceptional
wild (naturally reproducing) trout £fishery that 1s found
there. Very high angler success rates for wild brown and
rainbow trout have made the Madison one of the most popular
rivers in North America. Some reaches of the Madison contain
over 3,500 catchable trout per mile. The salmonfly hatches
of the Madison, Big Hole and Gallatin rivers are legendary,
attracting a following of anglers who annually chase "the
hatch* from river to river. Due to 1its relatively
undeveloped watershed, the Big Hole is one of the largest
trout streams outside designated naticnal wilderness areas
that remains essentially non-turbid during runcff. This
river is alsc the home of the largest remaining population of
stream-dwelling arctic grayling in the lower 48 states. The
Gallatin River is ancther naticnally-acclaimed trout stream,
offering a wide variety of fishing experiences--from swift-
gradient, mountain canyons to slow-moving, broad valley
sections.
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Table 1-3. Zngler use of streams in the Upper Missouri River
Basin during 1985.

Annual
Stream Angler Davs

Deaverhead River 24,239

Big Hole River 47,510

East Gallatin River 6,151

Gallatin River £3,871

Madison River icey, 712

Jefferson River and tributaries 25,129

Upper Missouri River and tributaries 25,415
above Canycn Ferry Dam

Madiscn River tributaries 11,224

Gallatin and East Gallatin River tributaries 14,045

Beaverhead River tributaries (includes 25,878
Ruby and Red Rock rivers and tributaries)

Big Hole River tributaries ' 18,621
Total 375,239
State Total 1,193,000 days
Percent of State Total 31i.4%

Source: McFarland 15%8%8.

Portions of the Madison, Big Hole, Gallatin, Beaverhead
and Missouri rivers are excepticnal £fishing streams on a
national scale and are rated by DFWP as Class One, "blue
ribbon” trout streams {(Montana Deptartment of Fish, Wildlife
and Parks et al. 19803. This distinction has been given to
cnly a select number of streams in Montana that are
considered to have "the highest valued fishery rescurce" in
the state. The Ruby, Bast Gallatin, Jefferson, and Red Rock
rivers are alsc very impoertant trout streams, as are many
tributaries of the basin‘s major rivers. The tributaries not
only serve as vital spawning streams for the largsr rivers,
but, themselves often contain an abundance of resident trout.
These smaller trout streams provide heavily utilized
backcountry stream fishing opportunities. For example, the
Big Hole River tributaries received 18,624 days ¢f angler use
in 1985 and support fisheries for rainbow, brock and
cutthroat trout and arctic grayling.



Below the origin of the Missouri River at the confluence
~f the Madison, Jefferson and Gallatin rivers, the mainstem
of the Misscuri and its numercus tributaries continue =LC
provide additional high-guality trcut fishing cpportunities.
The river above Canyon Ferry Reservoir not only contains
resident populations of rainbow and brown trout, it alsc
supports spawning migraticns of trout from the reservoir; the
important fishery for these migrants is the primary reason
for the "blue ribben® rating of the river between Toston Dam
and Canyon Ferry Reservoir. The 3.5-mile stretch of free-
flowing river between Hauser Dam and Holter Reservoir is also
an impertant fishery for migrant trout and Kckanse salmon.

Fish migrations from reserveirs and lakes throughout the
basin provide many important stream fishing opportunities.
Many tributaries to reservoirs or lakes that contain a trout
fishery support spawning runs when adequate habitat, water
gquality and instream flows exist in these feeder streams. In
addition tc the fishing they provide, these spawning runs
alsc sustain the trout populations of many reservoirs and
lakes themselves

Three species of trout - brown, rainbow and cutthrecat -
are the principal gamefish in the basin's coldwater lakes and
reservoirs. Brown trout populations are exclusively
maintained by the natural reproduction that occurs in
spawning tributaries, while many populations cof rainbow and
cutthroat trout are annually augmented with plants of
hatchery £fish. in recent years, the DFWP's wild trout
management program, a recognized successful program on the
state’'s "Blue Ribbon" trout rivers, has been extended to
include those lakes and reservoirs in the Upper HMisscuri
Basin where spawning tributaries have the capacity to preduce
a sufficient number of wild recruits to sustain a guality
sport fishery. Harrison Reservelr, a popular fishing water
in the Jefferscn River drainage that, in the past, received
as many as 40,000 9-16 inch catchable hatchery rainbow trout
sach year, has been converted entirely to wild trout which
sustain their numbers by reproducing in the reserveir's
tributaries. Ancther example is Hebgen Reservoir (Madison
River drainage}, a popular fishing water where current
fishing use is about 45,000 angler-days per year (McFarland
19893 . Here, the DFWP is building the resident rainbow
population by planting wild fish stocks - most of which
criginate from eggs ccllected annually from the Harrison
Reservoir spawning run - that are capable of successfully
reproducing in the reservoir’'s many tributaries, including
the Madison River. The re-establishment of wild fish has
proven so successful at Hebgen that a2ll stocking is scheduled
to cease by 1991-92 and possibly earlier.
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Hatchery plants will continue in those lzkes and
reservoirs where reproductive levels are insufficient to meet
managemant objectives and in waters where spawning
tributaries are badly degraded and, thus, unproductive. An
example of the former is Hyalite Reservoir in the Gallatin
River drainage where the management objective is to allow a
liberal harvest of cutthroat trout. Hyalite Reservoir
annually receives about 20,000 McBride cutthroat trout fry -
a wild stock originating in McBride Lake in Yellowstone
Naticnal Park - to augment natural reproduction and help meet
the management goal. Canyon Ferry Reserveir tributaries are
examples of waters where habitat alterations, in-channel
sediment accumulaticons and dewatering have severely degraded
these feeder streams. The reservoir will likely continue to
receive annual plants of rainbow trout despite recent and
continuing efforts by DFWP toc re-establish wild treout and
improve natural reproduction. Canyon Ferry is one of
Montana's most heavily fished bodies of water, receiving
about 76,000 angler-days of pressure annually (McFarland
1989). Without major rehakilitation, the spawning
tributaries are unlikely to supply enough wild recruits to
satisfy the fishing demand.

gther coldwater fish species,; including brook trout,
mountain whitefish and arctic grayling that imhabit lakes and
reservoirs, alsc rely exclusively on natural reproducticn in
tributary streams to maintain their numbers. The grayling,
a species of ‘"special concern” in Montana, has its most
secure and stable populations in a relatively few Missouri
Basin lakes and reservoirs, including Hyalite Reservcir, ElKk
Lake and the Red Rock Lakes. Stream-dwelling grayling
populaticns, on the other hand, are rapidly dwindling and
considered by many to have reached critical levels. Lakes
and reservoirs may prove to be the last strongheld for the
perpetuation of this species. Without high guality spawning
tributaries, these peopulations will also be in jeopardy-

The bkenefits of adeguate instream flows, therefore,
extend beycond flowing waters tc include preserving fishing
cpportunities in reservoirs and lakes. These water bodies
support a significant amount of recreational fishing. In
1985, reservoirs and lakes in the Missouri Basin above Holter
Dam supported 322,661 angler days; in the basin below Holter
Dam to Fort Peck Reservoir, these water bodies supported
160,704 angler-days (McFarland 19%828). Combining these
figures demcnstrates that the portion of the Misscuri Basin
covered by the reservaticon request supported 483,365 days of
reserveir and lake fishing, which was 44.7% of the statewide
total.



During 198%, the Misscuri River from Holter Dam to the
town of Cascade sustained over 6% of all stream fishing
pressure in Montana (72,788 angler-days). Since this high
amount of usage occurred along only 35 miles of river, this
reach of the Missouri received more recreaticnal fishing per
mile than any other stream in Mcontana. The Madison River,
for example, alsc received heavy use (108,712 angler-days,
the highest total use of any stream), but it was dispersed
along more than 80 miles of river. Rainbow trout comprise
the bulk of the fishery in the Holter Dam to Cascade reach,
ailthough trophy-sized brown trout, some as large as 15 to 20
pounds, are cccasicnally taken by anglers.

From Cascade to the confluence with the Sun River near
Great Falls, the Missouri continues to support a trout
fishery. = Some trout are found as far downstream as the
confluence with the Marias River below Fort Benton.

The Smith River, which enters the Misscuri just above
Great Falls, is alsoc an important trout stream. Although
relatively small and inaccessible, it sustained 11,824
fishing days in 1385 (McFarland 1988;.

There are other streams in the Misscuri Basin that
contain locally important trout populations. The upper
Judith and Musselshell rivers, Big Spring Creek near
Lewistown, and the 20-mile reach of the Marias River below
Tiber Dam, provide guality trout £fishing for residents of
Lewistown, Harlowton, Chester and other nearby communities.
For its size, Big Spring Creek is an excepticnal rainbow and
brown trout fishery, with population estimates approaching
3,000 catchable trout per mile {Leathe and Hill 1387}).
Withcout adeguate instream flow protection for these and other
tributaries of the middle Missocuri, many residents of north-
central Montana would have tc travel several hours to find
similar stream £fishing.

From Morony Dam below Great Falls to Fort Peck
Reservoir, the Misscuri River and its tributaries support a
warmwater fishery of national, if not internaticnail,
significance. Although it presently receives a relatively
small amount of angler use {see Table 1-4 for angler use data
of streams in the middle Missouri}, this 207-mile, free-
flowing reach contains an excepticnally diverse, unigque and
presently under-utiliized fishery.

0f the 18 families and 8C species of fish reported to
occur in Montana (Brown 1571), 14 families and 53 species are
found in this reach and/or its tributaries. Of Montana's 52
native fish species, 35 are found in the middle Missouri
Basin (Berg 1951;.
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Table 1i-4. angler use of streams in the

Basin during 1985.

Siream

Middle Missouri HRiver

Annual
Angler havs

Misscuri River and tributaries {(between
Marias River and Fort Peck Dam)

Misscouri River {(Canyon Ferry to
Marias River:; excluding the Holtex
to Cascade reach)

Misscuri River (Helter to Cascade)

Marias River

Musselshell River

Smith River

Smith River tributaries

22,340

67,557

72,788

5,925
11,218
11,824

7143

Total 188,795
State Tctal 1,153,000 dayvs
Percent of State Total 15.7%

Source: McFarland 1585,

The paddiefish population of the middle Missouri/Fort
Peck Reservoir system is of particular importance. Paddle-
fish are Montana's largest gamefish, with female specimens
often reaching 5 to 6 feet in length and weighing 75 to 125
pounds. Once abundant during the Triassic Period 150 million
years ago, these primitive fish are presently found in only
twe river basins--the Yangtze in China and the Mississippi/
Missouri (Hubbs and Lagler 1567; Romer 1562). Even in these
basins, the distribution and abundance of paddlefish have
been dramatically reduced during the past 100 years (Pflieger
1975: Rehwinkel 1975; Vasetskiy 1971). Although "spoonbill
cats" once supported a significant commercial fishery,
particularly along the Mississippi, stream channelizaticn,
dams, over-harvesting, and alteration of streamflows have
reduced the range of paddlefish in the United States to only
six isclated, self-sustaining Mississippi/Misscuri
populations (Berg 1980C; Plieger 1375).

Growth rates in the middle Missouri/Fort Peck paddlefish
population are supericr to the other five remaining
populations. The middle Misscuri population is alsc older
{in terms of average age of fish) and more secure than
anywhere else in North America {Berg 1981}. This security
and biological success is largely due to the unaltered, free-
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flowing characteristics of this reach of river, which
provides essential and irreplaceable spawning areas for
paddlefish. Berg (1981} identified nine critical paddlefish
spawning sites in the leower river from just below the
confluence of the Marias River to just above Fort Peck
Raservoir.

The relatively undeveloped characteristics of the middle
Missouri also provide the most secure unaltered habitat
remaining in the Mississippi/Missouri Basin for two other
relics of +the dincsaur era~-the pallid and shovelncse
sturgeocns. sitings of the pallid sturgeon have been rare
over the past few decades (Brown 1%71; Holton 1981). Only
one pallid sturgeon was captured in the middle Missocuri
during electrofishing studies conducted by DFWP between 1875-
80, ‘Because of its presently rare occurrence, the U.5. Fish
and Wildlife Service (USFWS) is considering 1listing the
pallid sturgecn as an endangered speclies.

The shovelnose sturgecn population of the middle
Missouri River is healthy and vigorous. Shovelnose residing
in the Missouri above Fort Peck Reserveir are much larger
than those found in the Missocuri River in South Dakocta, the
Mississippi River in Iowa and the Chippewa River in
Wisconsin. In those midwestern rivers, shovelnose sturgeon
rarely exceeded 5 to 7 pounds, whereas several fish collected
in the Missouri above Fort Peck Reservoir weighed over 19
pounds. In fact, the average size of shcovelnose from the
middle Misscuri equalled or excseded the maximum size of
those from the Scuth Dakota, Iowa and Wisconsin rivers (Berg

1981).

significant sport populations of sauger and channel
catfish are also found in the middle Misscuri above Fort
Peck. Growth of channel catfish in this river reach is
equivalent or superior to growth in other northern waters and
compares favorably with the growth of this species in lakes
and rivers of southern states (Berg 1981}). Channel catfish,
sauger and shovelnose sturgeon all atilize the free-flowing
middle Missouri, as well as lower reaches of the Marias and
Judith rivers, for spawning. The middle Misscuri alsc
supports spawning runs of goldeye, bigmouth buffalc and
smallmouth buffalo, which contribute to the commercial
fishery in Fort Peck Reservoir.

Data for the middle Missouri River indicate relatively
light harvest rates for all fish species. For example, only
0.5% of shovelnose sturgeon that were tagged by bioclegists
were returned by anglers, compared tc a 2.3% return in the
Red Cedar/Chippewa rivers in Wiscomsin (Berg 1581). Priegel
(1973), in studies on the Menominee River in Wisconsin, felt
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that sturgecn populations can sustain harvest rates up to
5.0% without harm.

Cumulative paddlefish harvest rates 1in the middle
Missouri are alsc low compared to other waters. Only 7.0% of
the fish tagged between 1972-77 were returned by anglers.
This compares to a 13.8% return rate between 1964~75 on the
lower Yellowstone River in Monitana {Elser 1876}, and a 24.5%
return rate during three vyears of tagging studies on the
Osage River, Missouri (Purkett 13963). {This latter
population no longer exists; paddlefish spawning sites on the
free-flowing Osage River were eliminated by ths reservoir
behind Truman Dam in 1978.}

The above data, along with tag return information for
channel catfish and sauger, indicate that the middle Missouri
is an under-utilized £fishery rescurce. Oppertunities for
steady growth in the recreaticnal use of the middle Missouri
are, therefore, very good. Protection cf adeguate instream
flows would allow this potential to materialize as well as
help assure the continued existence of the unigque and
valuable fishery rescurces themselves.

2. Floating

Preserving instream flows will directly Dbenefit
recreational floating by helping to maintaln existing water
depth and welocities on those streams large encugh to
accommodate canoes, rafts and other types of fleating craft.
Flows which are sufficient to enable these craft to operates
will benefit recreational flcaters as well as fishermen who
float toc fish these waters.

Rivers and streams in Montana provide exceptiocnal
recreational benefits to a broad spectrum cf the public.
Fifty-six percent of all Montanans fish and over 30% fiocat in
rafts, cances or kayaks (Frost and McCool 1988&).

A study conducted by the University of Montana (Frost
and McCool 1986) documented that the Missouri River Basin is
extensively used for water-based recreation by Montanans and
out-of-state visitors. These researchers reported that about
35% of Montana river flcaters ccnsidered rivers in the
Misscuri River Basin to be their favorite streams to float.
The stream most cited by flecaters was the Yellowstone River
(19.7%) fcllowed by the mainstem of the Misscuri {11.2%) and
the HMadison River (8.8%).

The BLM has maintained recreational use data on 12 miles
of the Madison River below Ennis Lake. This river reach is
within the Beartrap Canyon Wilderness, a unit of the Lee
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Metcalf Wilderness. The Beartrap offers raging rapids,
sclitude, magnificient scenery and outstanding recreational
opportunities. Whitewater floating, bkank and boat fishing,
and hiking are popular activities (Bureau of Land Management
19895 .

Between 1976-83, estimates of commercial and non-
commercial floating and float fishing use in the Beartrap
area between May 15 and September 7 increased 250% (from 360
to 1,050 users). By 1987, floating use had increassd an
additiconal 14% to 1,200 users. The same use was estimated
for 1988. In 1988, an additional 4,100 persons (including
hikers and bank fishermen) were estimated to have visited the
river corridor by foot during the May 15-September 7 pericd
{Bureau of Land Management 1385).

Of 784 floaters who actunally registered to float the
Beartrap in 1988, 71% were guided by commercial cutfitters
and 29% were in private parties. Appreoximately 84% of those
1988 floaters were residents and 16% were non-residents. In
1987 and 1988, respectively, 28% and 30% of persons floating
the river were fishermen; the remaining 70-72% were running
the river for the whitewater and wilderness experiences. 1In
1388, 25 states were represented by persons using the
Beartrap corridor; 28% of all users were from cut-cf-state
and 48% were from Bozeman. The remaining 24% were from other
Montana cites and towns {Burcau of Land Management 1583).

The Smith River is also very popular with floaters.
Although agricultural water diversions usually restrict
floating cppertunities sometime between mid-July and mid-
august (depending on runoff), an average of 1,714 peopls
floated the Smith during 1984-86 (Table 1-5). Floating the
Smith usually takes several days. Because of these multi-day
floats, the Smith actually supported about 7,000 flocating
days per year from 1984-86 (Montana Deptartment of Fish,
Wildlife and Parks 13588).

The Smith and Madison rivers are the only rivers in the
Missouri Basin above Fort Benton where floating use has been
extensively evaluated. However, this is not to imply that
the Missouri River and its other tributaries are noil
extensively used, and popular, for floating. Hearly half of
the pages of a popular Montana fleoating guide {Fisher 1579}
are devoted to float trips in the Missouri Basin. From the
spectacular canycns of the Dearborn, Smith and Gallatin
rivers to the meandering sclitude of the Marias, Red Rock and
middle Missouri rivers, the basin abounds with floating
opportunities.
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Table 1-5. HNumber of floaters using the Smith River.

Month/Week 1987 16886 1584 Total
May
Week 1 52 79 35 166
Wesk 2 63 is 35 113
Week 3 118 55 93 265
Week 4 ZED 264 45 LEY
June
Week 1 119 167 50 336
Week 2 183 233 147 563
Week 3 140 240 349 725
Week 4 58 380 413 851
July
Week 1 10 114 502 626
Week 2 55 142 119 315
Week 3 57 114 32 203
Week 4 57 47 33 137
august
Week 1 28 42 34 104
Week 2 7 31 18 56
Week 3 10 14 24 48
Week 4 23 34 3 60
Total 1,240 1,871 1,932 5,143

Source: Montana Deptartment Fish, Wildlife and Parks (1388).

The middle Missocuri River from Fort Benton to Fort Peck
Reservoir not only supports a unigue, diverse and productive
fish community, it is alsc the largest free-flowing and
relatively unaltered, uninhabited segment of the nation's
longest river. Congress, in recognition of the extraordinary
hbiclogical, recreaticnal, scenic and historical vealues found
along this 145 miles of river, cofficially designated this
reach as a National Wild and Scenic River in 1976. Although
this designation allows minor withdrawals of water for
agricultural purposes, no dams are allowed and specific
protection measures must be taken before any large-scale
human development can occur., For 149 miles the river winds
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through spectacular breaks, cliffs and padlands within a
gorge several hundred feet below the Great Plains. There are
ne channel pilings, flood walls, rock and concrete flow
deflectors, dams, reservoirs or large irrigation structures
that typify the "Mighty #Me" as it sluggishly travels from
Fort Peck to its confuence with the Mississippi River. Only
frem Fort Benton to Fort Peck does the Misscuri remain as it
existed for prairie-dwelling MNative Aamericans, Lewis and
Clark, and the steamboats that vanguarded the first major
immigration of people into Montana during the last century.

The number of modern-day adventurers that utilize this
historic river reach is significant. The Burezau of Land
Mangement {1988) reported that in 1987 66,585 visitors spent
75,582 visitor-days annually along the Missouri between Fort
few miles above Fort Peck Reservoir. These figures include
many uses of this river reach (floating, fishing, hunting,
camping, etc.}.

adegquate instream flows are also important for the
convenience and safety of flcaters. Hazards, such as large
boulders, logs, gravel bars, rip 7rap and diversiocon
structures, can often be avcided by flcaters if streamflows
are high enough to allow manuevering. The requested flows
would contribute to maintenance of water levels sufficient to
reduce such inconveniences and safety hazards on flcatable

streams.
3. Riparian Areas

Instream flow reservations will help maintain the levels
of water reguired to maintain the health and vigor of the
plant and animal life which comprise the existing riparian
communities along the Misscuri Basin streams included in this
application.

The often shallow-rooted, water-loving plants found in
riparian areas depend upcon adequate instream flows to
maintain shallow, streamside aguifers. Because of the close
connection with this water source, riparian areas contain
highly diverse plant communities. They are alsc the most
productive wildlife areas in North America and are ntilized
extensively by big game, furbearers, waterfowl, songbirds and
small mammals. The kiological abundance and diversity found
within riparian areas attracts increasing numbers and kinds
of persons who recreate along streams, i.e., photographers,
bird-watchers, science students, hunters, berry-pickers, and
naturalists.



4. Economic

Of the many recreational benefits provided by the rivers
and streams of the Missouri Basin, fishing is unguesticnably
a highly valued commodity. A recent economic study (Duffield
et al. 1987) determined the total aggregate value cf stream
fishing in Montena to be $122,000,000 per year. Remarkably,
$50,962,000 per year, or 42% of the statewide total, was
attributed to streams and rivers in the basin above Canyon
Ferry Reservoir (Figure 1-3). A breakdown of net
recreational fishing values for streams in the upper Missouri
Basin is presented in Table 1-6.

Table 1-6. Net recreaticnal fishing values of streams in the
Upper Missouri River Basin during 1585.

Annual Annual
Value Angler Annual

Stream Per Day Days Site Valus
Beaverhead River 5 5895.75% 24,239 $ 2,321,000
Big Hole River 108.55 47,910 5,201,000
East Gallatin River 142 .80 £,191 884,000
Gallatin River 152.22 653,871 5,722,000
Madison River 161 .06 108,712 17,509,060
Jefferscn River and 79.21 25,129 2,367,000

tributaries
Upper Missourl River 87.72 25,4189 2,230,004

and tributaries above

Canyon Ferry Dam
Madison River tributaries 254,04 11,224 2,851,00¢
Gallatin and East 171.54 14,045 2,409,000

Gallatin tributaries

Beaverhead tributaries 139.47 25,878 3,609,000

{ Includes Ruby and

Red Rock rivers and

tributaries)
Big Hole River tributaries 103.07 18,621 1,919,000

Total 375,238 $ 50,962,000
State Total 122,315,000
Percent of State Total 42%

Source: bDuffield et al. 1387.
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0f the 45 streams and/or stream reaches evaluated by
puffield et al. (1987), three of the most highly valued
rivers in the state were in the upper Missouri Basin. The
Madison was the most valuabkle river in Montana ($17,509,000
per year). The Gallatin was the third most valuable stream
in the state (8$95,722,000 per year), and the Big Hole was
fourth (85,201,000 per vyear). Only the upper Yellowstone
($10,905,000 per vyear) was more highly valued than the
Gallatin or Big Hole.

In the middle HMissouri River Basin batween Canyocn Ferry
reservoir and Fort Peck Dam, the net economic value of
fishing was estimated to be $11,478,000 (Table 1-7;.
Approximately 9% of the total fishing value of all streams in
the state was derived from streams in the middle Missocuri
‘Basin. Together, the streams in both the upper and middle
Missouri basins accounted for abkcout 51% of the total
statewide fishing-related wvalues.

The site wvaluss listed in Tables 1-6 and 1-7 were
computed by multiplying the value of a fishing day on a given
stream times the fishing pressure {(as determined by the 1585
DFWP angler use survey). A Travel Cost Model was used to
calculate the value per day for each stream. See Duffield et
al. (1987} for a detailed discussion of this mcdel.

Duffield et al. {1987) caution that their study did not
quantify the total economic value of streams in Montana.
Rather, the study addressed only the ecconomic benefits
attributed to fishing. These researchers further state that,
based cn the study's reported costs, the net present value
{market value) of only stream fishing related recreation in
Montana is roughly 3.1 billion dollars.

Instream flow reservations would help maintain these
economic values by protecting the fishery resources from
which they are derived.



Table 1-7. Net recreational fishing values of streams in tha
Middle Missouri River Basin during 1385,
Annual Annual
Stream Valus Per Da Angler-davs Site Value
Misscuri River (between 5 77.84 22,340 $ 1,739,000
Marias River and
Fort Peck Dam)
Missouri Rivexr {Canyocn 61.36 £7,557 4,145,000
Ferry tc Marias River
excluding the Holter to
Cascade reach)
Missouri River {Holtexr 50.33 72,788 3,663,000
to Cascade)

_Marias River .~ 58.77 5,925 348,000
Meeo ool River s o5 o191 T i R
Smith River 70.96 11,824 835,000
Smith River tributaries 16.25 7,143 116,000

Total 158,795 $ 11,478,000
State Total $122,315,000
Percent of State Toctal G.4%

Scunrce: Duffield et al. 19287.

5. Summary

From its blue ribbon headwaters to its wild and scenic
lower reaches, the Missouri River and its tributaries are
enormous recreational and aesthetic assets to the people of
Montanz and the nation. The rescurces of the Misscuri River
system alsc provide a substantial economic base for the people
of Montana. 1In order to protect these resources and provide
future opportunities to enhance these public benefits, it is
essential that the instream flows requested in this application
be granted.

In addition to fishing, streams provide many other recrea-
ticnal benefits. Floating, camping, picnicking, swimming,
birdwatching, sightseeing and hunting are all popular recrea-
tional activities conducted along the Missouri River and its
tributaries. However, there is little data available that
allows for econcomic analyses of the values of stream raecreaticn
other than fishing. The economic wvalue of the Misscuri and
other streams in Montana would, therefore, be significantliy
higher than the fishing value of 122,000,000 per year if all
other river-based recreational activities were also evaluated.
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B. Direct Cosis

Some stream reaches of the Misscouri River BRasin do not have
gauges at appropriate locaticns to adeguately monitor streamflows.
Once reservations are granted, monitoring of streamflows on stream
reaches will be necessary for protection of the granted flows. This
may require installaticn of additional stream gauges or relocaticn
of existing gauges. The costs of installing gauges would range from
$600 to $17,500 per gauge, depending on the level of technology
required for adeguate monitoring (Karp 18B87). Annual operating
costs for each monitoring staticon would range from $800 to §5,500,
depending on the complexity of the monitering program {(Karp i387) .
Appendix B provides alternatives for stream gauge installation and
cperation and the estimated costs of each alternative.

Other direct costs are those associated with DFWP's inhouse
operaticns to implement whatever program is reguired to protect the
granted reservations. Specific cost informaticn cannot be provided

at this time.

II. Indirect Benefits and Costs of the Reservations

The following is pursuant to ARM 36.16.105C{1}(a)} of the water
reservation rules:

In making a showing that the reservation is in the public
interest, the applicaticn shall contain . . . & discussicn of
the indirect benefits and costs associated with applying water
toc beneficial use that considers the effects on (i} future
economic activity, (ii) the environment, {iii) public health
and safety, and (iv) the economic opportunity costs that the
requested flow may have to parties other than the reservant.

Indirect benefits and costs are defined in ARM 36.16.102 (12}
and (13}, as:

{12y "Indirect benefits” means the benefits of applying
reserved water to beneficial use that accrue to other
uses or to parties cther than the reservant and,

(13) “Indirect costs” means the costs of applying reserved
water to beneficial use that accrue to other uses or to
partiss other than the reservant.

For the purpose of this application “indirect”, therefore,
refers to ‘'uses or to parties other than" DFWP, and the DFWF
rescrvations will bhe the means "of applving reserved water to
beneficial use.”
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The economic considerations of these reguirements, subsections
(i} and (iv), are discussed below under A&A., Effects of the
Reservation on Future Economic Activity, and under C., Economic
Opportunity Costs of the Reservation, respactively. The indirect
economic benefits of the reservation are covered in A., while
indirect economic costs, including foregone opportunity costs, are
addressed in C. Non-economic consideraticons, as per sections (ii)
and {iii)} above, are presented in B., Effects of the Reservation on
the Enviromment, Public Health, Welfare and Safety.

When establishing and prioritizing water reservation regquests,
& major criterion utilized by the Board of Natural Resources and
Conservation is an evaluation cof the effects that a reservation may
have upon “"other uses or parties.” The feollowing discussion,
therefore, presents the overall indirect benefits and costs of the
NFWP reservation and its specific effects upon municipal,
agricultural and industrial water users.

A. Effects of the Reservation on Fuoture Eccnomic Activity
1. An Overview of Indirect Economic Benefits

The instream flows requested in this application are
necessary to protect the direct recreational and aesthetic
benefits provided by the rivers and streams of the Missouri
River Basin. Protection of these amenities alsoc significantly
contributes toc the economic well-~being of Montana.

Tourism, one of the fastest growing segments of Mentana's
aconomy, is directly related tc the amenities of the state’s
natural environment, particularly those provided by rivers and
streams. Tn 1986, nearly 2.8 million non-residents visited
Montana, generating over $475,000,000 in income for the state
{Montana Department of Commerce 1388j).

Most major highways in Montana closely parallel rivers and
streams. It is along these waterways that visitors gather many
of their lasting impressions o¢f the state. Acecording to a
survey of tourism in Montana c¢onducted by Montana State
University {Brock et. al. 1584), B95.4% of non-residents
surveyed perceived Montana as good or excellent in terms of Lhe
state's outdoor recreation amenities. Maintaining the instream
flows requested in this applicaticn would help protect the
outstanding scenic and recreatiomal values of the Missouri's
free flowing waters and help ensure that tourists would
continue to speak highly of the state’'s recreational resources.

since word of mcuth is often the best advertisement for
any commodity, satisfied tourists would, in turn, stimulate
continued growth for businesses supported by non-residents.
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Recent labor statistics for Montana revealed that growth in
rourism-related services sector jobs is already significant.
puring the first half of the 1580s when the wood products,
metal mining, energy development and agricultural industries
were floundering, the services sectcr of HMontana's economy
steadily generated 18,000 new jobs (Fowers 1287 .

The recreational and aesthetic attributes of rivers and
streams that attract tourists are alsc responsible for
attracting new, economically independent residents to Montana.
As pollution, over crowding, crime rates and loss of natural
areas continue to increase in major cities, an increasing
number of retired ©persons and/or persons endowed with
sufficient interest, dividend or rent incomes, are choosing to
move to areas with uncrowded, high-quality recreational
opportunities and aesthetically pleasing natural settings.
Many of these persons, especially those seeking unmatched
fishing, floating and scenic values, are moving toc the Missouri
Basin in Montana. The cecntribution to Montana's economy made
by these independent, "non~lakor® income ECUrces is
substantial; it presently accounts for over one-third of
Montana's economic base. In recent years, non-labor income has
added nearly 4 billicn dollars per year tc the state’'s economy,
compared to Montana's total labor income of abcut 7 billion

dollars per year (Powers 1987}.
2. Economic Benefits to Other Uses or Parties
a. Municipalities/Businesses

Municipalities would benefit from the DFWP
reservation because of increased assurances about the
future physical availability of drinking water.
Maintenance of instream flow levels would help sustain
water levels at city intake structures and infiltration
galleries. If incremental streamflow depletions were to
continue as they have occurred in the past, relocation of
these supply structures and/or develcpment of alternative
water supplies could be necessary. Either ocf these
alternatives would be costly for municipalities.

The effects of the DFWP reservation upon the
availability of surface drinking water supplies are
important considerations to be weighed during water
reservation deliberations. However, the economic benefits
of the reservation to streamside communitiss alsc extend
beyond the issue of municipal water supply scurces. The
recraational wvalues of Missouri River Basin streams
provide the basis for many thriving businesses in Ennis,
West Yellowstone, Bozeman, Great Falls, Helena, Fort
PBenton, Three Forks and other smaller river communities.
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The economic growth and stability of these communities,
particularly the smaller ones, is highly dependent upon
businesses supported by fishing, floating and other forms
of river-based recreation.

outfitting businesses clearly benefit from the
maintenance of adeguate instream flows. The percentage of
statewide fishing and outfitting businesses that are
iocated in the upper Missocuri Basin closely approximates
the angler-use data displayed earlier in Figure 1-4.
About 31% (83 out of 270} of the licensed fishing
outfitters and guides who requested to be listed in the
Department cof Commerce's 1988 Montana Travel Flanner were
headquartered in cities and towns of the Upper Misscuri

Basin.

In 1986, a statewide total of 205 registered Montana
fishing outfitters provided 10,213 clients with 20,128
fishing days (Montana Department of Fish, Wildlife and
parks 1987). In that year, 187 outfitters also listed the
major rivers that they worked. A total of 104 of those
outfitters {56%) worked rivers and streams in the Missouri

Basin.

Along with outfitting, municipalities in the Missouri
Basin also depend upon the econcmic success of many other
services sector  businesses, ranging from motels,
campgrounds and restaurants, Lo sperting goods stores,
automobile service stations and gift shops. These
businesses are dependent upon income from non-resident
vistors. The DFWP reservation would help maintain the
high quality recreaticnal and scenic opportunities sought
by tourists, thereby helping to secure this aspect cof
economic prosperity in the Missouri Basin.

The DFWP reservation would not only protect
opportunities for the perpetuation and enhancement of
recreational and service sector businesses, but the
amenities it would help maintain would also help attract
new kinds of  businesses which offer employment
opportunities beyond those traditicnally credited to
recreation. Specialty food and mail order companies,
computer and data processing businesses, and consulting
firms are examplses of "distance-independent businesses”,
since they typically do not consider distance from markets
a liability and, therefore, are often successful in
"remcte" areas like Montana (Birch 1586).

In his keynote address tc the Governor's “"Montanpa -

an Economy in Transition® conference in May 1986, David
Birch, a nationally rencwned small business researcher,
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suggested as 2 of his 3 major recommendations for
improving Montana's economy that: (1) better recognition
be given to attracting distance-independent businesses;
and {(2) the state do a better job cf promoting tourism
{(Birch 1386}, Calling Montana "one o©of the most
spectacularly beautiful places in the world, " he concluded
that the state should invest more effort towards promoting
iteg natural attributes. This added promotion would not
only enhance Montana's tourism businesses, the major
source of econcmic growth in the state since 1980, but it
would alsc most certainly help attract more distance-
independent companies to Montana.

Areas of the state that are endowed with an abundance
of spectacular trout rivers like the upper Missouri River
Basin, have the highest potential for -attracting both
tourists and distance-~independent ccmpanies. In fact,
significant new growth in the latter is already evident in
the upper bkasin. puring the past three years, several
small to mid-sized companies have moved to Bozeman. Much
of the credit for attracting these businesses can be given
to the Gallatin Development Corpeoration (GDC}, a local
business advecacy group that has definitely followed the
advice of Birch (1986) about promoting an area's natural
beauty. According to the executive director of the GDC,
recreational opportunities and local trout streams are
major selling points for attracting new businesses to the
Bozeman area. The GDC promotional wvideo "Piocneering for
the Future,” mentions fly fishing several times. As well,
all of the newly-arrived distance-independent companies
have at some time commented on the recreational
opportunities avaeilable in the area (Smith 1388).
Although not all-inclusive, some examples of these new
businesses are:

Gibson Guitar Company, which moved part of its Nashville,
Tennessee operations to Bozeman during the summer of 1588,
and expects to employ 60 people by late 1383.

CCG Inc., a specialized consulting firm helping to market
research ideas and concepts that are developed at Montana

State University.

Life-Link, a sporting goods manufacturer that had expected
to hire about 35 people during its first year in Bozeman,
but greatly exceeded those expectations. The company
started operations in March, 18588. By February, 1389,
Life-Link had employed 75 full-time and 12 part-time
employees. 211 but 8 employees were from the Bozeman
area. The company predicts that its annual sales this
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year will be near $9,000,000 and that it will employ 150
people within the next 2 years (Bozeman Chronicle 1989).

patagonia, a world-famous outdoor clothing manufacturer,
recently moved the mail order portion of its company to
the Gallatin vValley. Initially employing about 30 peocple,
the company expects an increase to 100 employees during
the next five years. A spokeswoman for Patagonia stated
that Bozeman was chosen by the company "primarily because
of the recreational opportunities not available in

ventura" {(the former California site of the mail corderxr
business). She continues, "Ventura is a great town, but
there is not a lot of great rivers. You can't fly-fish

here either. Bozeman has all those things and you can get

aesthetic gualities and recreaticnal opportunities that
would continue to attract the above economic benefits to
municipalities. These benefits, alecng with the amenities
provided by rivers and streams to residents of streamside
cities and towns, are important te the quality of life and
the economic future of municipalities in the Missocuri

Basin.
b. Industry

Hydropower 1is a major beneficiary o¢f +the DFWFP
reservation. Nine hydrcelectric facilities in the Montana
portion of the Missouri Basin, including four near Great
Falls, along with Holter, Hauser, Ennis, Canyon Ferry and
Fort Peck dams, annually produce about 3.7 miliion
megawatt hours of electricity (Mont. Dept. Nat. Res. and
Cons. 19863}. Nearly half of this electrical energy is
produced at Canyon Ferry and Fort Peck dams.

Maintaining instream flows through water reservations
would protect monetary benefits from existing electrical
generaticn at publically-owned facilities. Water that is
available in +the Missouri River Basin not only passes
through the Bureau of Reclamaticn's Canycn Ferry Dam and
the U.S. Army Corps of Engineers’' dam at Fort Peck, it
also powers five other major hydropower generating
facilities owned by the federal government in HWerth Dakota
and South Dakota. Table 1-8 presents the average
generating capacity of each facility and the cumulative
clectrical generation per acre-foot of water as it passes
from one facility to the next.
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Table 1-8. Kilowatt-hour (KWH) generation per acre-foot (AF) of
water (median water or most probable runcff).

Average Generation Cumulative
Power Plant {KWH/AF) (KWH/AF
Gavins Folnt 35 777
Fort Randall a5 742
Big Bend 56 647
Oahe 154 551
Garriscn 148 437
Fort Peck 164 288
Canyon Ferry 125 125

. SOHI‘CE§ . Schirk {1987 } S PP

There are varying concepts of how water in streams
and reservoirs are most appropriately valued. Both the
Western Area Power BAdministration (WAPA} and the U. 5.
army Corps of Engineers (Corps) have provided estimates of
the value of an acre-foot of water for hydropower in the
Missouri River Basin. The value of an acre-fcot of water
passing through the 7 hydropower facilities would depend
on the sale price of electricity. According to WAPA, the
price of electricity ranges from 7.5 mils per kilcwatt-
hour (KWH)} for "firm" power to 14 mils per KWH for
*surplus® power {Schirk 1987). Based on the cumulative
generation of electricity through the Missouri River
mainstem dams {Table 1-8), the value of an acre-foot of
water would range from $5.83 to $10.88.

The indirect eccnomic benefits of the DFWP
reservations to the nine hydroelectric facilities in the
Montana portion of the basin is also significant. When
the price of electricity, as quoted by the WAPA {Shirk
1587}, is applied to the electrical producticn rates at
these Montana facilities, the value of wholesale power
produced ranges from $27,80G,000 to $51,800,000 per year
{i.e., 3.7 million megawatls per year X 7.5 to 14 mils
per kilowatt-hour). These estimated values are
conservative; roughly omne-half of the hydrecelectric
power production in the Missouri Basin in Montana is
from private facilities, which typically receive a much
higher sale price for their electricity (Dodds 1989).
For example, the Central Montana Electric Power
Cocperative currently purchases firm power from federal
hydrc projects through WAPA for 8.22 mils/EKWH (in
October 1999 the rate is expected to increase to 5.30
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mils /KWH) . The cooperative also purchases coal-fired
steam power from Montana Power Company (MPC) for about
40 mils/KWH. About 40% of the power purchased from MPC
is hydro and about 60% steam pcwer. The cooperative
then sells 2 blend of hydro and steam power Lo consumers
in the Misscuri Basin for 26 mils/KWH. The Avcided Cost
of power authorized to MPC by the Montana Public Servicse
Commission is currently 41 mils/KWH. If the supply of
hydropower were to be reduced because of instream flow
reductions, the replacement cost of the power from steam
plants at current rates would be at least 3 times the
cost of hydropower (e.g. 40+ mils/KWH) {Central Montana
Electric Power Corporation 198%). The overall price of
electric power to these consumers is cbvicusly held down
by the availability of much cheaper hydropower. An

DNRC during formulation of the Missouri Basin
Reservations EIS {(Dodds 1583).

Velehradsky (1987) provided a slightly lower
estimate for the value of electrical production at the
Corps' Missouri River facilities ($4.90/acre-foct).
However, he also stated that the perceived benefits of
hydropower are much greater than any current production
estimates. If new power sources must be brought on
line, the cost could be 60 mils per KWH or higher, or
equivalent to about $41.00 per acre-fcot.

The instream flows reguested in this application
and those required for existing hydropower facilities
are mutually supportive as long as water release
schedules from these dams are closely tied to the needs
of fish and water-based recreation. The reservation
would help maintain the electrical generating capacity
of the hydropower plants on the Hisscuri River, which
currently provide some of the most sconomical electrical
power in the western states.

The DFWP reservation would alsc help stabilize
industrial waste treatment cegsts. Maintaining instream
flows in the Missouri River Basin would help provide
sufficient water volumes to dilute and assimilate
wastewater discharges from existing facilities. The
Montana Department of Health and Environmental Sciences
(DHES) conly issues discharge permits to waste treatment
facilities where there are sufficient streamflows to
dilute the wastes. Each discharge permit has criteria
attached specifying that receiving waters would be
protected as long as streamflow does not fall below the
7-day, 10-year low flow limit for a given stream. {The
7-day, 1l0-year low flow is the lowest flow that would
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cccur at a probability of once every 10 years for a
consecutive 7-day period. ]} If the flow of receiving
water falls below the 7-day, 10-year limit, waste
discharges would not necessarily be curtailed, but the
biclogical integrity of the streams would nc longer be
protected (Bahls 1589).

Instream flow reservations would help prevent
streams receliving wastewater discharges from dropping
helow the 7-day, 1l0-year low flow limit established to
prevent water guality degradation and damage to aguatic
scosystems. If flows should be depleted below minimum
ievels to provide adequate dilution and assimilation of
wastewater discharges, prevention of damage to aguatic
ecosystems would only be avoided by suspending the

permitted facilities from discharging wastes during
these periocds coculd pose serious operaticnal and
ecconomic consequences. Either the treatment facilities
would need to be upgraded to provide a higher level of
treatment of variocus chemical compounds and ocrganic
materials in wastewater, or effluents would have to be
disposed of on land or through some cother means. Such
measures would be extremely expensive. Preventing
damage to aguatic ecosystems through maintenance of
instream flows would be more cost effective than
upgrading waste treatment facilities or land disposal of
wastewater.

Municipalities would alsc be recipients of the
above indirect economic benefit o©of the reservations,
since there are nearly as many permitted municipal
sewage treatment plant dischargers in the Missouri Basin
{43) as there are industrial dischargers (46}. All of
the Montana Polluticon Discharge Elimination System
(MPDES) permitted facilities in the Missouri Basin that
receive benefits associated with stabilized instream
filows /waste treatment costs are listed in Table 1-3.

Last, and very important, the diversity and
abundance of water-based recreational oppoertunities that
are supported by the DFWP reservations provide the base
for a highly diverse, envircnmentally-sensitive industry
in the Hisscuri Basin. The amenities that would be
protected by the reservations directly support water-
based recreaticonal businesses and also attract tourists,
"distance-independent” businesses and pecple with
independent incomes. Collectively, all of these
rusinesses and income sources comprise an amenity-based,
growth-oriented industry that is essential to the
continued growth and prosperity of the basin.
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Table 1~9.

municipal, industrial and placer mine permits.

Permittec

County

Receiving Water

Montana permit discharge elimination system (MPDES)--~

Permit
Expiration Date

Municipal Permits

Dillon

Townsend

Belt

Great Falls WTP

Great Falls

Yillage Waterx

- —

YVaughn

Big Sandy

Geraldine

Chouteau/
Highwood

Fort Benton WTE

Fort Benton WIP

Denton

Lewistown

Willow Creek
Sewer

Bozeman

Three Forks

Manhattan

Cut Bank

Browning

Whitehall
Hillbrook
Nursing Home
Boulder
Hobson
Stanford
Helena
US BOR Canyon
Ferry
Us BOR CF
Govt Camp
Helena WTP
East Helena
Sheridan
Ennis
White Sulphur
Springs
Yalier

EBeaverhe
Broadwatl
Cascade
Cascade
Cascade

Cascade
Chouteau
Choutesau

Chouteau
Chouteau
Chouteau
Fergus
Fergus
Gallatin

Gallatin
Gallatin
Gallatin
Glacier
Glacier

Jefferso

Jeffersc
Jefferso
Judith B
Judith B
Lewis &

Lewlis &

Lewis &
Lewis &
Lewis &
Madiscn
Madison
Meagher

FPondera

ad
ar

n

n
n
asin
asin
Clark

Clark
Clark

Clark
Clark

Beaverhead River

Missouri River
Belt Creek
Missouri River
Missouri River
Sun River

Sun River

Big Sandy Cresk

Flathead Creeck

Highwood Creek
Missouri River
Missouri River
Wolf Creek

Big Spring Creek
Unnamed Drain Ditch

Fast Gallatin River

Madison River
Gallatin River
Cut Bank Creek
Depct Creek/
Willow Creek

Jefferson River

Prickly Pear Creek

Roulder River

Unnamed Drainage

Skull Creek

Prickly Pear Creek

Missouri River

Misscuri River

Prickly Pear Creek
Prickly Pear Creek

¥ill Creek
Madison River

Lone Willow Creek

01-31-89
(35-31-93
31-31-89
05~31~52
05-30-92
03-31-83

12-31-89 |

10-31-88
45-31-53

31~31-889
$65-31-89
G8~-31-91
¢31-31-89
$1-31-89
G7-31~50

65-31~-53
10-31-89
09-30-52
(5-31-93

$5-31-86
12-31-85

$3-31-89
03-31~-89
09~-30-88
05-31-51
05-31-91

08-31-89

08-31-85
05-30-91
05-31-91
63-31-89
09=-30-88
05-31-93

Unnamed Dry Creek Bed 11-30-89
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Conrad .
Brady Water Usexrs
Chotean
Fairfield

Dutton
Toole/Swaetgrass
Sunburst

Shelby

Fort Peck

Tpdustrial Permits

Pondera
Pondera
Taton
Teton
Teton
Toole
Tocle
Toole
Valley

Anaconda Minerals
Janetski, Lee B.

antonicli,
HMPC-~Rainbow
MPC~Black Eagle
MT Refining Co.
HMPC~Ryan

Genco Industries
Blue Range HMining
Blue Range Eng.
ScurDough Cr Prop
Ideal BRasic Ind.
Beren Corp.
Flying J, Inc.
Corbin Watsr Usrs
Boulder HL Sprngs
MT Tunnels Mining
Pangea Mining
Pangsa Mining
Ash Grove Cement
Gulf Titanium
Black Hawk Mining
Clark, bexter

MT Gold & Saphre
MPC-Heolter
MPC-Hauger
Century Silver
Ligquid Air Corp.
Uncle Sam Mines
U.5. Grant Gold
Rocky Mt. Mnrls
Red Pine/Shermont
MT Talc

Cyvprus Ind. Min.
MrPC-Madison
Denimil Resources

Cyprus Ind. Hin.

Mrs. P.

Cascade
Cascade
Cagcade
Cascade
Cascade
Cascade
Cascade
Cascade
Fergus

Ferqgus

GCallatin
Gallatin
Glacier
Slacier
Jefferscn
Jefferson
Jefferson
Jefferson
Jefferson

Jefferson

Lewis
Lewis
Lewis
Lewis
Lewis
Lewis
Lewis
Lewis
Madison
Madisocn
Madison
Madison
HMadison
Madison
Madiscn
Madison

=gl <l <N~ e B * S * L ¥ L ]

Madison

Clark
Clark
Clark
Clark
Clark
Clark
Clark
Clark

Marias River

Scuth Pondera Coulee

Teton River
Freezeocut Lake
Hunt Coulee

Unnamed Dry 1. Bed
Unnamed Dry 1. Bed

Marias River
Missouri River

Missouri River
Missouri River
Sguaw Creek
Missouri River
Missouri River
Misscouri River
Missouri River
Belt Creek

Big Spring Creek

East Fork Fords Creek

Various
Missourli River
Unnamed Slough
Spring Coulee
Corbin Creek

Little Boulder River
Trib. tc Spring Creek

Basin Creek
Monitor Creek

Frickly Pear Creek

Jennies Fork
Banner Creek
Spring Creek
Missourl River
Missouri River
Missocuri River
Ten Mile Creek

Prickly Fear Creek
Middle Fork Mill Crk

Alder Creek
Rochester Cresk
Indian Cresk

Johnny Gulch Creek
Middle Fork Stone Crk

Madison River
Pony Creek

Sweetwater Crezk

1-66

(37-31-85
$5-31-93
$1-31~8%
$5-31-93
05-31-53
05-31-33
01-31-84
05-31~93
05-31-93

02-28-89
06-30-90
12-31-89
06-30~-8%
06-30-89
07-01-~-88
(6-30-83
$7-31-52
16-31-89
09-30-91
G8-31-51
$2-28~51
06-01~-91
05-31-93
05-31-51
$5-31-92
10-31-91
05-31-93
65-31-93
12-31-89
09~-30-91
05-30-9¢
12-31-92
06~-30-88
G6~30-89
06-30-89
08-31-92
12-31-8%
04~30-92
$1-31-92
05-31-8%9
02-25-30
05-30-92
07-31-89
06-30-85
12-31=89

05-31-93



Zortman-Landusky Phillips King Creek 16-31-51

Zortman-Landusky Fhillips Various 16-31-91
Malta Ready Mix Phillips Milk River-Dodson Cnl 05-31-93
Western Reserves Toole Unnamed Closed Basin 07-31-89
Texaco, Inc. Toole Stockponds 10.31-88
Silver Fox Cil Tools Ephemeral Drainage G4-01-89
A& G 01l & Gas Tocle Stockponds (4-30-88
East. Am. Energy Toole Unnamed Coulee 12-31-87
Devon Water, Inc. Toole Tiber Reservolr 11-30-58

Placer Mines & Suction Dredges

Golden Star Beaverhead Big Moosshorn Creek g5-9¢
Golden Star Beaverhead Ruby Creck 09-90
Golden Star Beaverhead Little Mcosehorn Crk  89-8C
Miragliotta, Vitc Beaverhead Jeff Davis Creek 08~88
Searle Bros. Beaverhead Jeff Davis Creek 03-93
Towner, Bob Beaverhead Grasshopper Creek 06789
Wright, Alan Broadwater Indian Creek 63-92
Klies, Forrest Jefferson Jack Creek 10-50
Klies, Forrest Jefferson Basin Creek 10-90
Jefferson Creek Lewis & Clark Jefferscn Creek 06-86
Holzworth, Dick Lewis & Clark Skelly Creek 03-88
Modern Expl., etc.Lewis & Clark Prickly Pear Creek 12-592
Morris, Bud Lewis & Clark Hauser Lake 05~93
MT Gold & Saphr Lewis & Clark Misscuri River (06-58
Fredriksen, etc. Lewis & Clark Missouri River 12-92
Sypult, Cleatus Lewis & Clark Madison Gulch 10-90
Placer Recovery Lewis & Clark Jeifferson Creek 02-93
Brown's Gulch Madison Brown's Gulch Creek 09-86
Parker, Rodney Madison Barton Gulch 0690
Lince, Carcl G. Madison California Creek 08-32

Scurce:s Water Quality Bureau, Montana Department of Health and
Pnvironmental Sciences, Helena, Montana, 1588. Computer list of

MFDES permits.
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C. Agriculture

Existing agricultural water right holders would
henefit from the DFWP reservations because of increased
legal and physical assurances about future delivery and
supply of water for their crops and livestock. Although
the long-term stability that would be provided to these
landowners has not been quantified economically, it
would be substantial as far as its influence on property
values, crop production rates and reductions in legal
costs which may arise from disputes between junicr and
senior water users. However, since no firm monetary
data exist for these ecconomic benefits, they have been
incorporated into the discussion about non-econcmic
benefits of the reservation (II.2Z.c).

Fffects of the Reservation on the Environment, Public
Health, Welfare and Safety

1. An Overview of Indirect, Hon-Economic Benefits

The scenic and recreational values of rivers are largely
a function of their water guantity (instream flows}, water
guality and riparian areas. as has been previously
discussed, the DFWF reservations would help preserve these
attributes, which are vital components of the Misscuri
Basin's natural environment. However, protection of the
natural envircnment through adequate instream flows does far
more than just preserve hydrclogic conditions and biclegical
abundance. It alsc benefits the human environment as well as
the public's health, welfare and safety.

The combination of exercise and relaxation that is part
of fishing, £floating and other water-based recreation
benefits physical health, while providing welcome relief from
the mental stresses of everyday life. These recreational
activities alsc require varying degrees of skill, and SO
becoms avenues for gaining a sense of personal
accomplishment., To improve these skills requires better
understanding of the functicns of river systems, which, in
turn, increases individual consciousness and self~-confidence.

The sociclogical benefits of river recreation are also
important. River cutings provide opportunities for families
and friends to socialize or meet new people in a relaxed and
aesthetically pleasing setting. Sharing these pleasant
experiences benefits and expands interpersonal relatiocnships.

¥Many people float rivers only to fish, but others enjoy
the cultural and historical aspects associated with flowing
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streams throughout the Missouri Basin. Retracing the
journeys of early explorers like Lewis and Clark, HMullan,
Colter, Rozeman and others would certainly require adeguate
instream flows for present-day river navigators. Yet, just
as importantly, these streamflows alsc help preserve the
natural setting or viewing backdrop of river bottoms, which
has other important cultural and historic implicaticons.

The scene at the Big Hole Battlefield Natlional Monument,
for example, would be greatly diminished without adeguate
instream flows--for it was within the lush riparian
vegetation and braiding stream channels of Trail Creek that
Chief Joseph and his band of HNez Perce confronted the U. 5.
Army. Further reductions in instream flows and/or riparian
vegetation within the battlefield area would change the
-mphysical-wsetting7~-and _______ thus..  the.  historical and _cultural
experience of visitors. In a similar semse, 1t would be
difficult to conjure up images of John Coltexr using the
Gallatin River as a hiding place from fleet-footed warriors
if the river near Headwaters State FPark were to become
further dewatered. and, the Missouri’'s Wild and Scenic
stretch would not offer visitors the same historic feel if it
no longer had streamflows similar to those that existed
during the steamboat era.

In stories and songs-~from Native ARmerican lore to the
writings of today's authors and poets-~rivers are never
described merely as physical conduits where water runs
downhill. Rather, it is the beauty ox strength of rivers
and/or the influence of rivers upon individuals and sccieties
that resonate through human memory.

The rivers and streams of the Missouri Basin, therefore,
not only provide ongoing recreaticnal and health benefits,
they are also vital and Important linkages to ocur past.
These flowing waters and the riparian vegetation that they
nourish are as much a part of the historical, social and
cultural environment of the basin as are any human-fabricated
structures or devices. The DFWE instream flow reservations
would, therefore, help protect irreplaceable components of
the Missouri Basin's human environment.

In the sections that follow, other indirect nmon-economic
henefits of the reservation to other uses or parties are
described. It is important to note that there are no
indirect, non-economic costs of the reservation to the
environment, public health, welfare or safety.



Non-Beonomic Benefiis to Other Users or Parties
= Municipalities

The instream flows reguested in the  DFWP
reservation application would continus toO enhance the
human environment for residents of municipalities of the
Missouri Basin. Adeguate streamflows would help enhance
the visual attributes of river bottom lands by keeping
riparian plant communities healthy and wviable and by
providing habitat for wildlife and birds that residents
enjoy observing. The attractiveness of a stream is alsc
closely tied to its water level. Discharge levels below
those requested in this application would lead to
increases in exposed (dewatered) channel reaches as well

_as. decreases in total living space available for fish

and other aguatic life. The reservations would help
preserve both the volume and surface area c¢f streams,
thereby perpetuating sport fishing and, where presently
conducted, river floating opportunities. These
amenities are substantial and irreplaceable social,
aesthetic and recreational benefits of the reservations
to citizens of municipalities that border flowing
streams. The opportunity to fish, float or swim in the
streams, observe wildlife and kirds, or to simply eniocy
the serenity of sparkling waters beneath the shade of
cottonwoods in a city park, contribute immeasurably to
the guality of life in these cemmunities.

A major public health benefit of the DFWF
regservations is their role in protecting municipal water

supplies. Many municipalities in the Misscuri Basin
utilize surface water or shallow, streamside aquifers as
their drinking water sources. The reservations would

help maintain stream discharge levels necessary to
dilute the toxic effects of hazardous materials and
microbial organisms that enter these streams. Some
herbicides and pesticides that are used by farmers,
ranchers, weed districts, and on urban gardens and lawns
are quite persistent (slow to decompose)} 1in the
envirocnment. Leaks, spills or improper application,
storage and disposal of these chemicals result in
contaminated surface and ground waters. Unless adeguate
dilution is available, concentrations of these
substances in public water supplies can xeach levels
harmful to human health.

The benefit of maintaining adeguate instream flows
to dilute toxic substances is illustrated in the
Missouri Basin by problems associated with the toxic
element arsenic. High concentrations of this metal
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criginate from geothermal sources in Yellowstone
Hational Park and enter the Misscuri River drainage via
the Madison River (Enapton and Horpestad 1587).
Tributaries to the HMadison dilute arsenic concentra-
tions, lowering concentraticns  downstream. The
Environmental Protecticon Agency (EPA} measured arsenic
concentrations of 200 to 300 micrograms per liter (ug/1)
in the Upper Madison River (U.S. Environ. FProtect.
Agency 1972) whereas concentrations of 20 to 40 ug/l
occurred in the Missouri River upstream from Canyon
Ferry Reservoir ({(at Toston} (U.S5. Geological Survey

1976-19E5) . Human health concerns exist because the
allowable limit for arsenic in drinking water is 50 ug/1
total recoverable arsenic {U s. Environmental

Protection Agency 1986; BRM 16.20.203(1){a}]-

Data collected by the U. 5. Geclogical Survey
(USGS) in 1985 and 1986 (Knapton and Horpestad 15873}%,
show that arsenic levels exceed drinking water standards
in the Madiscn River below Hebgen Lake (e.g., 78 to 1BO
ug/l), below Ennis Lake (45 to 100 ug/1l), and at Three
Forks (45 to 87 ug/l). Arsenic levels in the Missouri
River at Toston ranged from 22 to 40 ug/1 and below
Canyon Ferry Reservoir from 22 tc 34 ug/l.

Between March, 1986, and September, 1588, 16
samples were collected by the USGS from the Madiscn
River at the Yellowstone Park boundary near West
vellowstone. The mean concentration of arsenic was 252
ug/l (max. = 360; min. = 140) (Knapton 1589). The
Jefferson and Gallatin rivers, which dc not have high
arsenic concentrations {e.g. 3-10 ug/l and <1.0-2.0
ug/l, respectively. EKnapton & Horpestad 19%87; Knapton
and Brosten 1987}, are normally major diluters of the
arsenic concentrations in the Madiscn River. A water
sample collected by the USGS con August 17, 588 (=a
drought year) at Toston contained 100 ug/l dissclved
arsenic (at least twice the EPA drinking water
standard). The previous maximum concentraticon recorded
from 58 samples ccllected at that site since 1372 was 52
ug/1l. The mean concentration of 211 58 samples was 24
ug/1l {Knapton 1983}.

Extremely low flows prevailed in the Jefferson and
callatin rivers in 1988. ©On August 17, 1988, the flow
in the Jefferson River was only 52 cfs (8% of the long-
term daily mean flow) and the Gallatin River was at only
£0% of its long-term mean daily flow (Knapton 13839).
This lack of streamflow for dilutien caused the
increased concentration of arsenic at Toston on August
17, 13%88, illustrating the Iimportance of adeguate
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instream flows to protect the guality of public water
supplies.

b. Industry

The two largest hydroelectric dams on the Missouri
River in Montana, Canyon Ferry and Fort Peck, are
operated by the federal government. Maintaining
instream flows will benefit public welfare by assuring
reliable water delivery for power generation at these
federal facilities.

Many headwater trout streams in the Misscouri Basin
are presently impaired by discharges of acid and toxic
metals from abandoned mining cperations, e.g., the upper
Wise  River, . Boulder . River, Prickly PBear Creek (near
Helenaj, Belt Creek (near Great Falls), Grasshopper
Creek {(near Bannack), and others. Reduction in instream
flows would reduce the capacity of these streams tTO
dilute the discharges, causing toxicity problems to
spread farther downstream. This would result in
degradation of more miles of viable fishing streams,
adversely affecting the public welfare and detracting
from the image of the mining industry in Montana.

T Agriculture

Regardless of the amcount of water apportioned for
instream flow reservations, existing water rights in the
basin would at all times be honcred. In fact, if the
DFWP's reservations are granted, existing water users
would be provided with additional assurances of future
surface and groundwater availability. Reserved instream
flows would help maintain water levels at existing
headgates and would provide a legal buffer to any future
water development plans by new water users. During low
flow years, maintenance cof existing streamflows could
alsc help ease conflicts between junior and senlor water
users in the basin.

Instream flows often recharge shallow, alluvial
groundwater tables that adjoin rivers and streams.
Maintenance of these vital groundwater systems provides
additiconal benefits to agriculture.

The riparian vegetation that 1is supported by
shallow groundwater, e.g., willows, cottonwoods, birch
and aspen, all have extensive root systems that
stabilize streambanks and channels. The soil stability
provided by healthy, well-managed riparian areas not
only prevents erosion, but good riparian areas also
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C.

reduce the potential for flood damage Lo Crops and farm
buildings.

In many valleys of the upper basin, moist meadows
and other riparian-like areas are often used to grow
alfalfa and hay creps, or as highly productive pasture
lands. Many cof these sites are 'sub-irrigated” Dby
shallow water tables that are recharged by surface
water. The DFWP reservation weuld help maintain these
moist growing sites. New diversions could reduce
essential recharge which c¢culd reduce the forage
productivity of these existing agricultural lands.

Finally, streamside agquifers are often utilized as
domestic, livestock or irrigation water supplies. The
reservation would help sustain existing water table

levels, and thersby, the availability and/or guantity of

these shallow groundwater supplies.

Economic Opportunity Costs of the Reservations
L. Introduction

Agriculture is by far the largest cffstream consumptive
water user in Montana, accounting for approximately 97.6%
(15.41 million acre-feet) of the water diverted (Mont. Dept.
Nat. Res. and Cons. 1986). In the Missouri Basin in Montana,
agriculture accounts for an even larger share of the water
diverted by consumptive users--approximately 59%% (7.53
million acre-feet). Of this diverted water, about 22% {1.76
million acre-feet) is actually consumed (Mcnt. Dept. Nat.
Res. and Cons. 1986). Loss of water to the atmosphere from
reservoir surfaces likely results in a nearly equal amount of
water consumption in the basin. Estimates for reservoir
evaporation losses specific to the Missouri Basin were not
presented in the 1986 DNRC repcort. However, on a statewide
basis in 1980, evaporation from reservoirs was estimated to
account for 53.8% of all water consumption in Montana, while
agricultural users consumed 44.6% for jrrigetion purposes
(Mont. Dept. Nat. Res. and Cons. 1986).

In the Misscuri Basin in Montana, use of surface water
by municipalities and industry is relatively minor--about 1%
of total water consumption. During 1980, £.071 millicn acre-
feet of water was diverted for municipal use, but only 0.025
millicn acre-feet was consumed. Water withdrawals for
industry-owned water supplies were even less, amounting to
0.003 million acre-feet in 1980 (Mont. Dept. HNat. Res. and
Cons. 1986}). Even when the more highly populated and
industrialized middle Missouri River states are included in
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these figures, non-agricultural uses ars still relatively
insignificant, amounting to less than 4% of the water
consumed in the entire ten-state basin (O'Keefe, et al.
1986).

Agricultural uses of water are primarily for irrigation
and to a lesser extent, for stock watering. Industrial uses
include mining {placer and ore processing), manufacturing
{(process and cooling water) and hydropower. Municipal use is
primarily for public water supplies.

2. Econcmic Costs to Other Uses or Parties

. Muanicipalities

Future water demands for municipalities are
difficult to predict because of problems associated with

growth projections for cities and towns and
uncertainties about the cost-effectiveness cf surface
water supplies in the future. Recent outbreaks of

giardiasis in Bozeman and other smaller communities in
the basin have prompted the need for additicnal
treatment of surface drinking water supplies. Giardia
cysts are not destroyed by conventional water treatment
methods. Filters, which are large, costly and difficult
to operate and maintain, are presently the mcst commonly
prescribed treatment for removing the minute cysts.

Giardiasis is spread by mammalian feces. During
the past decade, its incidence has increased
dramatically in surface waters of the Northern Rockies.
Because of the giardiesis outbreak and other water
guality considerations, the 1986 Amendments ToO the
Federal Safe Drinking Water Act require that all surface
drinking water supplies be subjected to additional
filtration requirements by the early 1390s. Treatment
costs for surface drinking water sources will,
therefore, inevitably increase, which will decrease the
economic attractiveness of these socurces for future
drinking water supplies.

Presently, five municipalities in the upper
Missouri River Basin are planning toe supply more water
for commercial, residential., and industrial needs by the
year 2025 (HEM Associates 13587}. Three of the
communities {Dillon, Three Forks and Belgrade) plan to
obtain the needed water from wells, whereas West
vellowstone and Pozeman will supplement their water
supply from surface waters.
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West Yellowstone plans to pump 2,550 acre-figet per
year from Whiskey Springs at a rate of 1,582 gallons per
minute (gpm) by the year 2025, Eozeman predicts that it
will need an additional 4,030 acre-feet per year To
supplement groundwater sources and water available from
Hyalite Reservoir. Bozeman plans to construct a dam on
Bozeman Creek to provide the water reguired by the ye=ar
2025.

Granting of instream flow reservations would
probably not conflict with the needs of Bozeman for
additional water because the propoesed reservolir on
nozeman Creek would probably fill primarily during the
high flow period in the spring when reguested instream
flows are normally exceeded. Instream flow reservations
conld affect West Yellowstone's proposed project because

no water storage is anticipated. However, such an
affect would depend on the respective pricrities of the
municipal and instream reservations. Instream

reservations would not conflict with those communitiss
obtaining additicnal water from wells.

b. Industry

Within the 10-state Missouri River Basin, the
largest industrial use of water is for thermcelectric
power generation; in 1878, 0.443 million acre-~feet of
water was diverted for the cooling water needs of coal-
fired plants (O Keefe et al. 1986). However, there are
noc existing thermoelectric plants in the portion of the
Missouri Basin covered by this reservation request. The
Salem Plant, still under consideratiocn for construction
by the Montana Power Company on the south side of the
Missouri River below Moreny Dam, would use process water
pumpad directly from the Missguri River. The water
needs of this or any other future facility would be
relatively minor. For example, water withdrawals for
the seven coal-fired electric plants in the Yellowstone
Basin amcounted to 0.094 million acre-feet in 1980, but
only about 10% of this water was actually consumed
{Montana Department of Natural Resources and
Conservaticn 1586). As well, if any coal-fired plants
were to be built near Fort Peck Reservolr, water would
be available for lease pursuant to authority granted by
the 1987 Montana Legislature (HB 608).

Mining and processing of mined products is an
important industry in the Missouri River Basin in
Montana. Currently, there are approximately 36 active
mining operations in the basin that have been issued
permits by the Mcontana Department of State Lands (DBL)
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for the mining of talc (5 permits),
limestone (5 permits), gypsum (2 permits),

(6 permits), iron (1 permit}

{Table 1-10}.

Table 1-10.

Lands in the Missouri River Rasin.

and chilorite

geld {16 permits),

silica/quartz

(1 pe

rmit}

Operating mines permitted by the Department of State

Company Count Stream Drainage Product Process
Mt. Heagan Jefferson Boulder River Gold Cyanide
Development Inc. Heap

Leach
Searle Ercs. Beaverhead Horse Prairie Cr Gold Flacer
Construction, Inc.
S and G Mining Jefferson Boulder River Gold Placer
Browns Gulch Mining Madiscon Alder Gulch Gold Placer
RLTCO Beaverhead Grasshopper Crk Gold Placex
Golden Sunlight Mine Jefferson Jaefferson River Gold Cyanide
Leach
Golden Star Mine Beaverhead Big Hole River Gold Placer
Continental Lime Inc. Jefferson Indian Creek Limestone {Quarry
Hemphill Bres. Inc. Jefferson Boulder River Quarte Cuarry
Gtaunffer Chemical Co. Beaverhead Big Hole River fmartz Quarry
Ideal Rasic Ing Gallatin Missocuri River Limestone Quarry
Cyprus Industrial Madison Madison River Talc Mine
Cyprus Industrial Madison Madison River Talc Mine
Cyprus Industrial Beaverhead Beaverhead River Talc Mine
Pfizer Inc. RBeaverhead Beaverhead River Talc Mine
Willow Creek Talc Madison Ruby River Talc Mine
Cyprus Industrial Jefferson Jefferson River Chlorite Mine
Spotted Horse Fergus Spotted Horse Geld Cyanide
Gulch Leach
Pauper’'s Dream Lewis & Ten Mile Creek Gold Cyanide
Clark Leach
Pegasus Phillips Ephemeral Gold Cyanide
Drainage Leach
Montana Tunnels Jefferson Spring Creek Gold Cyanide
Leach
HMortenscn Const. Cascade Missocuri River Gravel guarry
Intergem Meagher Missocuri River Iron Cpen Fit
Walter Savoy Cascade Sun River Rip-rap guarry
Chouteau County Chouteau Teton River Rock guarry
rip-rap
Ash Grove Cement Jefferson Prickly Pear Crk Limestone (Juarry
U.5. Gypsum Jefferson Prickly Pear Crk Gypsum Quarry
Maronick Const. Judith Judith River Gypsum Quarry
Basin
Maronick Const. Jefferson Prickly Pear Crk Limestonse Quarry
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Special Lady Lewis & Ten Mile Creek Gold Placer

Clark
st. Joseph Lewis & Ten Mile Creek Gold Placer
Clark
Gulf-Titanium Lewis & Little Prickly Gold Cyanide
Clark Pear Creek Leach
AMAX Judith Judith River Gold/ Cyanide
Basin Silver Leach
Kendall Venture Fergus Judith River Gold Cyanide
Leach
Pacific Silica Jefferson Prickly Pear Crk §Silica Suarry
Indian Creek Jefferson Indian Creek Limestone {Quarry

Scurce: Montana Department of State Lands, Helena, Montana.
- permit Application Files (November 1688}

The existing gold mines are primarily placer mines
which are non-consumptive water users, and mines which
extract gold through cyanide leaching <f ore. Quartz
and limestone are gquarried for the production ¢f cement,
the processing cf which consumes no water except £for
domestic purposes {i.e., drinking water and wastewater
treatment). Talc, gypsum and chlorite mines consume
little or nc water in mining and processing.

Prospective gold mines have permits pending in the
upper Missocuri River Basin. The aGAU/Montoro Joint
Venture in the Rattlesnake Creek drainage near Argemnta
proposes to process oreé€ through cyanide heap leaching.
The Yellowband Mine, alsc near Argenta, would process
gold and silver ore through a flotation mill.

New gold and silver mines probably would be the
largest future industrial consumers of water in the
Missouri River Basin in Montana. To estimate the amount
of water that might be needed by future mines, water use
by existing mines in Montana has been determined (Table
1-11). Water use for 13 mines obtaining water from both
surface and groundwater sources was 6,882.6 gpm for
processing 208,400 tons of ore. Average water use wWas
529.4 gpm and average oOre production was 16,031 tons per
day (an average of 1 gpm is reguired to process 30 tons
of ore per cay).

Water use and production for mines ohtaining water
from surface sources {Table 1-12) was compared with
water use and ore producticn for mines obtaining water
from groundwater sources {Table 1-13). Mines obtaining
water from surface sources processed a total of 57,850
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tons of ore per day and used 2,197,440 gallons of water

per day {1 gpm
water from grcun
ore per day and used &,

{1 gpm to pr

the

Table 1-11.

ocess 31.8 tons/day).

to process 35 tons/day).
dwater scurces processed 150,550 tons of
825,600 gallons of water per day
Approximately 72% of

Mines cobtaining

ore mined was processed utilizing groundwater.

Water requirements, water sSources and production of
permitted precicus metal mines in Montana.

Ore Watexr
Froduction Consumption
Mine County (tons/day) {gpm} Water Scurce
Spotted Horse Fergus 54 1.6 Discharge from
existing adit
Pauper's Dream Lewis & Clark 1,500 28 Wells
ASARCC-Txoy Linccln £0,000 1,760 Wells
Pegasus Phillips 80,006 1,700 Wells
Jardine Park 1,050 300 Bear Creek and
Pine Creek
Beal Mountain Silver Bow 5,500 280 Beef-straight
Creek
Chartam Broadwater 3,000 340 Wells
CoCa Flathead 5,000 8§60 Wells
Black FPine Granite 1,000 5 South Fork Lower
Willow Creek
Montana Tunnels Jefferson 15,060 918 600 to SO0 gpm
from Spring Creek,
Prickley Pear
Creek, and Clancy
Creek, 90 gpm from
adits
Golden Sunlight Jefferson 35,000 700 Jefferscon Slough
Mt . Heagan Jefferson 300 20 Slaughterhouse
Gulch Creek
Stillwater Stillwater 1,640 350 Mine workings &
wells
Total 208,400 £,882.6
Average 16,031 525.4
i gpm to process 30.3 tons /day
Ssource: Montana Department of State Lands, Helena, Montana. Permit

application Files (November 1988;.

Note: All of these mines are not in the Missouri River Basin.
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Table 1-12. Ore production and water requirements for permitted
precicus metal mines cobtaining water from surface scurces in Montana.

Ore Watexr
Production Consumption
Mine County {tons/day) {ogpm) Water Source
Jardine Park 1,050 360 Bear (Creck and Pine
Creek
Feal Mountain Silver Bow 5,500 200 RBeefstraight Cresk
niack Pine Granite 1,800 5 South Fork Lower
HWillow Creek
Golden Sunlight Jefferson 35,000 700 Jefferson S5lough
Mt. Heagan Jefferson 300 20 Slaughterhouse Gulch
Creek
___________ _Montana Tunnels. Jefferson 15,000 300  Spring Creek
Total 57,850 1,525
Average 95,642 254

1 gpm teo process 38 tons/day

Source: Montana Department of State Lands, Helena, Montana, Permit
rpplication File (November 1588).

The impact that water reservations would have on
future mining development in the Missouri River Basin
would be related to the number of new mines opened and
the water sources used to process ore. Estimating the
numbers of mines that would open is speculative given
the volatile nature of precious metals prices.
Typically, geold and silver mining follow "bocm and bust®
cycles. Although mining in Montana may currently be
expanding, it is not possible to predict whether this
trend will continue.

According te McCulloch et al. (1988), gross
production in 1588 from metzl mines in Montana was up
45% from the previocus year. The number of new or
renewal exploration permits issued by DSL alsc increased
from 56 in 1982 to 111 in 1987 and 152 in 13988
(McCulloch et al. 1988;. Although it is speculative to
predict future preciocus metal mining activities in the
Missouri River Basin, a 7-year trend of wages and
salaries paid tc miners in the Missouri River Basin was
tabulated for 1981-87 (Table 1-14). Mining in the
Missouri River Basin provided 41.2% of salaries and
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wages paid throughout the state for metal mining in

1987. Wages and salaries increased in the upper
Misscuri River Basin from $2,392,000 im 1581 o
$11,937,00¢ im 1987. In the Middle Missouri River

Basin, wages and salaries increased from $4,359,000 in
1981 to $7,876,000 in 1987,

Table 1-13. Ore producticn and water reguirements for permitted
precious metal mines obtaining water from groundwater sources in
Montana.
Cre Water
Production Consumption
Mine County {tons/day (gpm) Water Source
Pauper's Dream Lewis & 1,500 28 Wells
Clark
Spotted Horse Fergus 55 1.6 Pischarge from
existing adit
ASARCC-Troy Lincocln 60,000 1,700 Wells
Pagasus Phillips 80,000 1,700 Wells
Chartam Broadwater 3,000 300 Wells
Cola Flathead 5,000 666 Wells
Stillwater Stillwater 1,060 35¢ Mine workings &
welis
Total 150,550 4,739.6
Average 21,547 677

1 gpm to process 31.8 tons/day

Source: Montana Department of State Lands, Helena, HMontana. Permit
application Files {Hovember 1588).



pable 1-14. Wages and salaries from metal mining in the Uppexr and
Lower Missouri River basins (thousands of dollars).

Middle Misscuri River Bagin pper Missouri River Basin

Percent of Parcent of
vear State Total Wages/Salaries  State Total Waces /Salaries State Total

1587 $48,078 $7,876 16.4 $11,937" 24.8
1586 33,944 4,328 14.5 5,760 17.0
1985 26,812 3,392 12.6 5,091° 19.0
1984 32,988 §,737 20.4 4,864° 14.7
1983 44,683 4,311 9.6 6,044 13.5
1982 57,448 3,406" .5 2,307 4.4
1981 57,756 4,359 7.5 2,392 5.1
Average 542,387 $5,001 11.8 § 5,485 12.5

Source: Montana Department of Labor and Industry, Moptana Employment. Wages
and Contributions, Annual Average 13981-87.

Excludes Broadwater County for purposes of confidentiallty.
Excludes Beaverhead County for purposes of confidentiality.
Excludes Gallatin County for purposes of confidentiality .
Excludes Meagher County for purposes of confidentiality.
Excludes (Cascade County for purposes of confidentiality.

L

Fairly reliable estimates of the remaining precious
metals rescurces in the Missouri River Basin can be derived
by examining past mining activities in the basin because
future mining is predicted to occur where mining has
historically taken place {Webster 1588; Hahn 185E8). Hew
mining and ore processing technologies have made it
econcmically feasible to extract metals from ore bodies that
were previcusly not mined. according to Hehn (1988), minimum
reserves of geld and silver in Montana are 8,012,000 and
£17,165,000 ounces, respectively. Historic production cf
gold and silver in Montana was 20,396,000 and 950,253,000
cunces, rvespectively. The ratic of present estimated metal
reserves to past production 1is 1:2.5 for gold and 1:1.5 for
silver. If the estimated reserves of gold are correct, thers
are approximately .40 ounces of gold reserves for every ounce
that already has been mined. aimilarly, there are
approximately .67 ocunces of eilver reserves foxr each ounce
that has been mined.

To cbtain an estimate of gold and silver reserves in the
Missouri River basin, historic gold and silver production was
tabulated for mining districts in the basin (Table 1-15).
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approximately 57% of a1l gold and 16% of
mined in the state came from mining districts in €
Assuming that the ratio of raeserves
4 1:1.5 for silver,
unces of gold reserves and
g in historic
approximately

River Basin.

production is 1:2.5 for gold an
would be approximately 4,691,440 o
100,224,342 cunces of silver resarves remainin

mining districts in +he Misscuri River Basin.

758% of the original reserves of gold and 4

reserves cof silver remain to be mined in T
Basin, provided new technologies allow fo

extraction of these maetals.

Table 1-15.
Misscuri River Rasin.

Historic extraction of gold and

211 silver
he Missouxr i
to minsd

thexre

0% of the original
he HMissocuri Rivexr
r cost-sffective

silver in the

Mining District County Gold Silver
Argenta Beaverhead 64,400 562,000
Bannack Beaverhead 387,000 141,000
Bluewing Beaverhead 500 470,000
Bryant Beaverhead 17,400 13,524,000
Elkhorn Beaverhead 2,0C00 387,000
Polaris Beaverhead 300 120,G00
Vipond Beaverhead 1,100 1,025,000
confederate Gulch Broadwater £80,000 7,870
FPark Broadwater 120,000 354,000
Radersburg Breadwater 325,000 311,460
Wwinston Broadwater 118,000 2,058,000
Neihart Cascade £7,000 29,070,400
North Moccasin Fergus 450,000 50,000
Warm Springs Fergus 335,00 317,000
Alhambra/Basin Jefferson 15,400 118, 000
Boulder Jefferson 420,000 14,770,000
Ciancy Jefferscon 149,000 2,50G, G00
Elkhorn Jefferson 100,000 12,600, 000
Whitehall Jefferson 563,000 277,05G0
Wickes Jefferson 372,000 47,700, 000
Barker Judith Basin 3,500 2,738,000
Gould/Stemple Lewis & Clark 345,000 500, 000
Heddleston Lewis & Clark - 1,409,000
Linceln Lewis & Clark £82,000 120, GOG
Marysville Lewis & Clark 1,390,000 8,880,000
York Lewis & Clark 335,000 —
Rimini/Scratchgravel Lewis & Clark 100,000 100, 0006
Nerris Madison 265,000 102,000
rony #Madison 346,000 227, GGO
Renova Madison 162,000 113, 000
Sheridan Madison 4G,000 105, Q00
Silver Star Madison 225,000 152 , GO0
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Tidal Wave Madison 23,460 133,000

virginia City Madison 2,617,000 1,456,200
Washington Madison 16,600 42,000
Castle Mountain Meagher - 4,27G,000
Little Rockies Phillips 960,000 2,440,008
Total 11,728,500 149,688,570
State Total 20,396,000 950,253,000
percent of State Total 57.5% 15.7%

' only mines which have produced more than 10,000 cunces of gold
or more than 100,000 cunces of silver are listed.

Source: Hahn 1988. Gold and Silwver Districts in Montana.

Basing future metals production in the Missouri River
pasin on past statewide production (as just discussed) may

underestimate the future metals reserves in the basin. Data
for “proven" gold and silver reserves in the basin as of
January 1989 (Hahn 19835) are shown in Table 1-16. (Proven

reserves are silver and gold deposits that have been measured
by actunal exploration methods. Tt is assumed that metals fxrom
these ore bodies could be eccnomically extracted at 1988
metals prices.;j Assuming that both the statewide metals
reserves and the Missouri River Basin proven reserves are
correct, proven gold reserves in the basin would be 91% of the
total state ressrves. Similarly, the proven silver ressrves

in the basin would be 34% of the total state reserves.

Reservaticns of instream flows in the Missouri River
Rasin would have no impact on existing mining or new mines
utilizing groundwater, but they could affect future mining and
ore processing if the new mines were to rely entirely upon
surface water for consumptive Ppurposes. Development of nsw
mines regquiring surface water could be less restricted if
water storage facilities were utilized or alternative
groundwater supplies were available. Also, the purchase of
existing water rights and a change in beneficial use is &
possible way of satisfying future mining water needs .



pable 1-16. Proven gold and silver reserves in the Missocuri River

Basin.
District Gold Reserve Silver Reserve
Winston 350,000 oo
Nerth Moccasin 60,000 e
Warm S5prings 24,000 175,000
Elkhorn 500,000 -
Whitehall 2,500,000 2,506,000
Wickes 2,520,000 23,660,000
Lincoln 103,000 120,000
Marysville 50,000 e
Rimini 270,000 -
Jardine 33G,000 -
_New world ... 100,000 -
Little Rcckies SGG 90@ P 7 FVTSG.’@Q@
Total 7,317,000 34,205,000
Sources Montana Department of State Lands, Helena, Montana, 158%.

C. Agriculture

Revenues from agriculture in the Missouri River
Rasin are nearly egually provided by livestock andé crop
preduction. Average cash receipts from crops for the 7-
year period (1980-86) contributed approximately 43% of
the total state crop revenues (Tables 1-17 and 1-18).
Similarly, livestock production in the Misscouri River
Basin provided ebout 43% of total state livestock
revenues {Tables 1-17 and 1-18}.

Irrigated land in the Missouri River Basin
comprises about 50% of all irrigated land in the state
{Tables 1-19 and 1-20}. Non-irrigated land in the basin
makes up about 43% of all dryland agriculture on a
statewide basis (Tables 1-19 and 1-20). The Upper
Missouri River Basin has about 24% of the irrigated land
in the state, whereas the middle basin has approximately
25% of the state's irrigated land. The middle bkasin
Qiffers from the upper kasin primerily in the amount of
dryland farming. The middle basin has akout 40% of the
dryland agriculture in the state compared with only 2.4%
of the total state dryland farming in the upper basin.

Instream water reservations would not affect
existing agricultural use in the basin, nor would they
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necessarily preclude the use of groundwater or waterx
storad in offstream reservoirs for the develcopment =
additional irrigaticn. Reservations could limit future
expansion of irrigated agriculture if new surface water
sources are needed. However, even the maximum potential
cost of the DFWP reservation to new irrigated crop
acreage in the upper Missouri Basin would be relatively
small. Deluca (198%) provided a higher estimate Ifor the
number of existing irrigated acres in the uppex basin
{622,250 acres) than is displayed in Table 1-19 (407,886
acres). As of March 24, 1989, the Jefferson valley,
Broadwater and Gallatin Conservation Districts had
submitted reservation reqguests for irrigation of 38,010
additicnal acres upstream from Canyon Ferry Reservoir,
of which 23,925 acres would reguire surface water
‘sources (Mont. Dept. Nat. Res. and Coms. 198%). If no
other reservation applications for agricultural surface
water diversions are submitted by other upper basin
conservation districts and if these «conservation
district reservation applications represent the majority
of the remaining irrigable lands feasible to develop
with surface water, the oppoertunity for growth in
irrigated agriculture in the upper basin would
essentially be limited to a 3.6% to 5.9% incresase over
existing acres. The potential cest that the DFWP
reservations could have upon agriculture above Canyon
Ferry would, therefore, be to inhibit this relatively
small increase in total irrigated acreages.

tn the Middle Missouri River Basin, irrigated
acreage estimates by Deluca (234,250 acres) were lower
than those shown in Table 1-20 (425,319). As of March
24, 1989, information was not available regarding
reservation requests by conservation districts in the
lower basin. DNRC is currently compiling these figures,
while refining estimates of existing and potentially
irrigable lands throughout the basin.



Table 1-17. Livestock and crops cash receipts in the Upper
Missouri River Basin' (thousands of dollars).

Percent Percent

Livestock State of State Crop State of State
Yeax Receipts Total Total Receipts Total Total
1586 $119,7480 £838,353 14.3 537,385 £453,015 7.8
1985 124,522 542,858 13.8 42,639 422,444 10.1
1584 114,022 844,683 13.5 34,684 £53,780 5.3
1883 98,651 731,537 13.5 44,893 846,939 5.3
1982 88,667 724,805 12.2 60,714 380,328 5.2
1981 86,218 705,528 12.2 53,007 854,194 6.2
1580 58,470 828,880 11.9 41,182 660,450 6.2
__________ Average $104,321  $796,663  13.1 44,918 $701,593 6.4

" [noludes Beaverhead, Broadwater, Gallatin, Jefferson, and
Madiscn ccunties.

Scurce: Montana Crop and Livestock Reperting Service.
Table 1-138. Livestock and crops cash receipts in the Middle
Missouri River Basin' (thousands of docllars).
Percent FPercent

Livestock State of State Crop State of State
¥eax Receipts Total Total Receipts Total Tctal
1385 $241,741 $£838,353 28.8 35184,082 $483,015 37.3
1585 272,141 902,858 3C.1 136,036 422,444 32.2
1584 248,880 844,683 29.5 252,533 £53,780 3g.7
1983 215,725 731,537 29.5 328,134 846,938 3.7
1582 228,313 724,805 31.5 355,893 380,328 36.3
1981 222,745 705,528 31.6 311,016 854,196 36.4
1580 261,051 828,880 31.5 240,185 £60,450C 36.4
Average $241,515 $796,663 30.3 $258,327 $701,583 36.8

' Tpcludes Cascade, Chouteau, Fergus, Glacier, Judith Basin, Lewis
and Clark, Meagher, Phillips, rondera, Teton, Toole, Petroleum,
Wheatland, Golden Valley, Musselshell, and Garfield counties.

Source: Montana Crop and Livestock Reporting Service.
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Table 1-19. Irrigated and non-irrigated land in the Upper
Missouri River Basin..

Upper Percent Upper Percent

Missouri of Missouri of

River Basin State State River Basin State 5tate

Yaar Irrigated Total Total Non-irrvigated Total Total

1987 360,770 1,618,500 22.3 201,400 7,623,000 2.6

15686 344,470 1,601,000 21.5 175,000 7,814,200 2.2

13985 428,830 1,635,200 26.2 171,500 5,977,500 2.8

1984 481,300 1,805,600 26.7 164,400 7,377,400 2.2

1283 3g5, 700 1,538,900 25.7 220,700 7,151,400 3.1

1982 417,850 1,729,300 24,1 155,400 7,926,200 2.0

1981 426,350 1,733,300 24.6 144,000 7,932,600 1.8

average 407,896 1,666,057 24.5 176,457 7,400,329 24

1 Incliudes Beaverhead, Broadwater, Czllatin, Jefferson, and Madison
counties.

Source:

Table 1-20.

Montana Crop and Livestock Reporting Service.

Missocuri River Basin.

Irrigated and non-irrigated land in the Middle

Middle Percent Middle Percent
Missouri of Missouri of
River Basin State State River Basin State State
Year Irrigated Total Total HNon-irrigated Total Total
1887 413,150 1,618,500 25.3 3,121,000 7,623,000 40.9
1986 425,280 1,601,000 26.8 3,207,500 7,814,200 41.1
1985 382,508 1,635,200 23.4 2,367,800 5,977,500 35.6
1584 462,700 1,805,600 2h.5 3,141,500 7,377,400 42.6
1983 405,404 1,538,580C 25.3 2,959,100 7,151,400 41 .4
1982 460,400 1,729,900 Z26.6 3,105,100 7,826,200 39.2
181 426,800 1,733,300 24.6 3,097,100 7,982,600 38.8
Average 425,315 1,666,057 25.5 2,999,929 7,407,471 4G .5

' Includes Cascade, Chouteau, Fergus, Glacier,
and Clark, Meagher, Phillips, pondera, Teton, Toocle,

Wheatland, Golden Valley,

Sources

Judith Basin, Lewis
Petrclieum,

Musselshell, and Garfield counties.

Montana Crop and Livestock Reporting Service.
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11I. Effects of Hot Granting the Reservatlions
A. Loss of Irretrievable Resources and Economic Opportunity

Not granting the DFWP reservations would cause irreplaceable
losses tc the widespread benefits sssociated with the protection
of adeguate instream flows in the Misscuri River Basin.
Incremental streamflow depletions would continue to reduce
critical components of the natural envircmment, including fish,
wildlife, riparian areas and water guality. This, in turn, would
reduce the recreational activities supported by these resources,
including fishing, flcating, hunting and sight-seeing. The human
environment would be similarly impacted through loss of scenic
values and diminution of the basin's cultural, historical and
social environment.

Long-term economic costs would be significant if instream
flow depletions were Lo continue in the Misscuri River pasin. The
brunt of these losses would be borne by streamflow-dependent
recreational businesses and the cities and towns that receive the
benefits of these enterprises. However, since the recreational
and scenic attributes that attract pecople to the basin would alsc
diminish, these municipalities would alsc sustain cther economic
opportunity l1losses {i.e, being less attractive toc distance-
independent ccempanies, tourists and new potential residents with
independent incomes). Services sector dobs would also be
impacted. HNot granting the DFWP flow reservations would preclude
a unigque opportunity to support and protect, collectively, the
public interest, the environment and business interests. benial
of the reservations would be particularly incongruous at a time
when the newly established “bed-tax” is beginning to fund multi-
million dollar, nationwide advertising campaigns for recreational
and services sector businesses, and local economic development
organizations 1like the Gallatin Development Cerporation are
beginning to attract new xinds of businesses to the Misscuri

Basin.

Without instream protection, other significant benefits to
municipalities, agriculture and industry would alsc be diminished.
New consumptive uses of water would continue to reduce downstream
water availability and hydropcwer production. The recharge of
streamside aguifers, the assimilative capacity of streams and the
viability of riparian ecosystems and sub-irrigated croplands would
be diminished. industrial and municipal waste treatment costs
could increase. The potential for contamination of public
drinking water supplies by hazardcus chemicals would become more
iikely, as would additicnal impacts toc streams receiving mine
discharges. Water disputes hetween consumptive users could worsen
as water availability at headgates declines. The effects of not

granting the ressrvation would, therefore, be cumulative, and in

1-82




many cases irretrievable, to a broad spectrum of rescurces and
water users in the Missouri River Basin.

B.

alternative Actions That Could Be Taken If the Reservations
Are Hot Granted

i. Wo Action

A no-action alternative regarding water reservations in
the Missouri River Basin would result in the same costs to
recreation, fish and wildlife, economics, aesthetic gqualities
and cother public amenities that were just described in the
Pffects of Not Granting the Reservation. Other alternative
actions that could reasonably be taken to protect these
amenities and ecconomic assets are described below. With the
possible exception of Alternative 2, (intensificatiocn of
water conservation and managemant practices) these
alternatives either are more costly, would be less immediate,
lack legislative mandates and/or would be more limited in
applicability, than would granting the DFWP reservations as
requested in this application.

2. Intensification of Water Conservation and Hanagement
Practices

Examples cof water conservation practices include better
maintenance and lining of ditches, converting irrigation
projects from flood te sprinkler systems, limiting the use of
sprinklers during windy periods and, diverting only the
amount of water actually needed for adegquate crop production.
The latter involves installation and/or better management of
water diversicn and delivery systems, including improved
operation and use of headgates and flumes tc accurately
measure water delivered to users; better informaticn and
education about water needs for specific crops throughout the
basin's widely varying soil, climatic and topographic
conditions; better irrigation scheduling; and increased
utilization of water commissioners.

Proper water conservation and management practices not
only enhance water efficiency, they alsoc reduce scil ercosion
by preventing overland (sheet) runcff from croplands and
minimizing volumes c¢f silt-laden irrigation return flows. &S
such, application of the above measures should be encouraged
regardless of any cther legal directicons elected during this
reservation process.

Although worthwhile and necessary, good water
conservation and management practices do not represent a
viable alternative to reserving instream flows. In many
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instances, any water conserved, and thus left instream, may
simply be diverted by other offstream users. Even if the
state were to offer to pay for the infrastructure noCcessary
to improve efficiency in agricultural water use which, in
turn, would reduce cffstrean diversion rates and
theoretically increase instream flow levels, the water right
holder may not be able, under present law, to transfer the
conserved portion of his former use to ancther beneficial
use, Whether the saved water may be transferred by the
conservor, or whether the next junior water ussr needing the
water is entitled to the water, is an unanswered issue in
Montana water law. Further, it is uncertain, as discussed in
the next section, whether a present water right may be
transferred to an instream use and protected for that use.

3. Buying or Leasing of Water Rights

The ability of DFWP or another state agency to hold
instream water rights, other +han a water reservaticn, for
maintaining minimum flow, level, or gquality of water is
uncertain. One pessibility is the transfer of existing
rights tc instream uses. The existing rights would be
obtained through purchase, lease Cr donation and transferred
to instream usas through the administrative change process.
5 recent Montana Supreme Court decision denied a claim by
DFWF for a pre-1973 existing right for instream or inlake
purpcses. The Court held that a pre-1973 instream or inlake
right did mnot exist because a diversion is a reguired
clement. The Court also indicated that notice and intent may
be regquirements. Whether or not a diversion is still a
requirement after the enactment of the 1973 Water Use Act for
fish, wildlife and recreational purposes must be considered
an open guestion. Litigation would undoubtedly be necessary
to resclve the guestion.

The legislature can, and has, acted on transfers to
instream purposes in passing House pill 707 {Chapter 65§,
Laws of 198%). This act creates a water leasing study,
potentially with pilot leases. Transfers of existing rights
to instream use may evolve as a useful tocl. However, it is
important to yecognize both the potential benefits and
limitations of this concept.

An example of potential benefits is a stream where
present water users would be willing to lease their offstream
rights as part of a water conservation program.
Specifically, water users would receive annual lease payments
and farm their lands as usual except dering low water years.
Then, in accordance with lease agreements, normally diverted
water would be left instream. The annual lease payments
would provide compensation to landowners for any irrigated
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crop damage suffered during the low flow years. Cxrop losses
could alsc be reduced if the landowners planted non-irrigated
crops on the leased land following years when snowpack is low
encugh to curtail normal irrigation practices.

Even if, or when, transfers of perfected water rights to
instream uses are allowed, the buying or leasing of water
would still not be a viable, basin-wide approach for
enhancing instream flows. The administration and logistics
of such an extensive program would be exceedingly complex,
and the cost would be high. This alternative might, however,
be best applied in drainages that are severely dewatered and
where present offstream users are willing to sell or lease

their rights. In contrast, the reservation process provides
an opportunity to protect instream values when future
consumptive uses are considered. The reservation system

cannot deal with present water shortages but can protect
against exacerbating these shortages.

4. Constructing Offstream Water Storage Facilities

The construction of offstream reserveirs that would
store runcff waters and release them during the summer is an
often overrated alternative for enhancing instream flows.
Constructicon, operation and maintenance CcOSts ars usually
prohibitive, unless cooperatively undertaken with cffstream
users. Even then, there is considerable uncertainty about
agreed-upon releases ever reaching critical downstream
reaches.

The same problems associated with protecting transferred
water rights alsc apply toc water that is purchased from
storage facilities. The water release arrangement Iox
Painted Rocks Reservoir exemplifies these problems.

Located in the headwaters of the Bitterroct River, this
state-cwned facility was originally constructed for
irrigation use. Since part of this offstream use has never
materialized, DFWP has routinely purchased water to be
dslivered to Bell Crossing near Stevensville, relieving
chronically dewatered reaches of the river. However, until
a water commissiocner was appcinted by the court in the mid-
1980s, most of this purchased water was diverted for
offstream use before reaching Bell Crossing.

Tn addition to cest, the hydrogeclogy of the drainage
considered for a reservoir site which could provide instream
flow benefits in a given stream must be considered before the
project can be built. Constructed facilities must be able to
provide the instream benefits attributed to the project.

Therefore, the availability of suitable stcrage sites 1s a
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major factor in any analysis of the instream flow benefits of
storage. The case of the proposed irrigation/recreation
reservoir on the Little Boulder River illustrates this point.
Puring the environmental analysis of this proposal, it was
found that the thick, unconsolidated gravels of the Boulder
valley cause the river Lo be a "losing stream” (i.e., in most
reaches it looses more surface water than it normally
receives as recharge during summer icw-flow conditions).
Much of the water released from this proposed reservoir would
have, therefore, recharged the valley’'s groundwater instead
of augmenting instream flows {(Reichmuth 15384). Similarxr
hydrogeologic conditicns may occur in other drainages of the
Missouri River Basin.

Reservoirs often create other envirconmental costs,
including:

1. Detrimental effects to cold water fisheries
resulting from increased temperatures of stored
waters;

Z. detrimental effects to stability and diversity of

stream channels and riparian areas Lecause ot
reduced freguencies of flushing flows;

3. increased depletion of surface water because of
increased evaporation rates; and

4. concentrations of dissclved scolids (salinity) and
other contaminants like nutrients and pesticides
within reservoirs due to surface gvaporation.

Use of storage may be a feasible means to obtain
instream flows in certain cases, but due to considerations of
cost, site suitability and environmental effects, it canncot

be considered a substitute for acquisiticn of instream flows
through the reservation process.

5. Revising the Process for Conditioning Water Right
Permils

For water use applications or transfer of water rights
exceeding 4,000 acre-feet pexr year and 5.5 cfs, MCA 85-2-311

{2y{c) reguires that certain  “public  interest’ and
"reasonable use" criteria be met befoxe approval to divert
the water 1is granted. Criteria te be evalunated include

demands on future water supply; needs to preserve instream
flows; benefits to the applicant and the state; effects on
water quality, including the potential for creating saline
seep; the feasibility of using other (low-guality) water; and
consideration of other adverse environmental impacts.
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although the above "conditicning® of water use permits
would certainly be helpful for protecting instream flows from
large offstream diversions, it does not represent a widely
applicable alternative to the water reservaticn process.
applications for water use that are large enough tc trigger
utilization of the above criteria are very uncommon. in
fact, 80% of all water use permits issued by DNRC since July
1573 have been for guantitiss less than 1.0 cfs and only 8%
could have possibly triggered the public interest criteria
{McKinnsy 15988).

To be an effective component of an instream protection
strateqgy, the conditioning of water use permits must,
therefore, be revised to include the review of much smaller
requests. Instead of an arbitrary volume figure, conditions
triggering the use of public interest/reascnable use criteria
should instead be guided by the effects of an application
upon a given stream's available flow and upon the cumulatiwve
basin-wide impacts of all <future water apprepriations.
Unfortunately, there are few streams in the basin that have
enough stream gauging data to document existing available
flows. Nor have enough streams in the basin been
adjudicated, which makes documentation of existing use
extremely difficult.

Finally, even if conditicning of permits were to be
revised tc incorporate some smaller "triggering criteria,
this alternative should only be considered as a supplement tc
the protection cf instream flows through water reservations.
Unless conditioning criteria were to be applied to gvery
water use application in the Missouri River Basin (an
unlikely situation in the foreseeable future), many "small”
water use permits (i.e., those still not surpassing the
revised criteria}, could continue to be granted without
adequate consideration of immediate and cumulative effects
upon fish and wildlife uses. Further, the state's policy
decision of how much instream water to reserve for the future
is a function of the reservation process that 1Is not
addressed systematically, if at all, in the water permitting
process.

5. Closing Basins

Montana water law at MCA 85-2-31% states that DHRC "may
by rule reject permit applications or modify or conditicn
permits issued in a highly appropriated basin or sub-basin,’
but "only upon a petition signed by at least 25% cor 10,
whichever is less® of present water users in the basin ox
sub-basin. The petiticon must allege that throughout or
during certain times of the year there are no unappropriated
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waters in the hasin; the rights of present users will be
adversely affected; or further uses will interfere
unreasonably with other already permitted uses, Or usSes for
which water has been reserved. Upon receiving a petition,
DNRC must either deny it, or if needed, conduct a water
availability study and initiate rule-making proceedings.

B petition to close the Musselshell River Basin has been
submitted to DHNRC by the Deadman’s Basin Water Users
rssociation. A water availability study is being conducted,
and a predictive model is being developed tc better examine
the concerns raised in the petiticn and to determine if rule-
making proceedings will be necessaxy.

on March 30, 1983, DNRC closed the Milk River mainstem
-to..any  further applications "for direct diversion without

storage of waters . . - for irrigation  &r Tany other

consumptive use."” The department acted to close the river
{except for some reaches during runoff periods), pursuant o
MCA 85-2-321, a legislatively-mandated water availability
study and rule making procedure directed specifically at the
Milk River Basin (Mont. Dept. Nat. Res. and Cons. 1983).

Both the Musselshell and Milk River proceedings cccurred
recause of concerns raised by existing of fstream water users
in already “*highly appropriated” basins. These 1s 71O
opportunity in Montana water law for the general public or
state agencies to initiate action to close basins because of
instream flow concerns (therseby preventing the over-
appropriated conditions cccurring in the above basins). By
the time closurss are initiated and administratively
implemented, there may be no water available for instream
flow needs. As such, this procedure is not a viable
alternative to the timely implementation o©of instream flow
reservations.

7. Application cf the puhlic Trust Doctrine

The Montana Supreme Court applied the public trust
doctrine in twc 1984 decisions involving the public's right
to use water courses for recreational pursuits such as
fishing and floating. The court held that "under the public
trust doctrine and the 1372 Montana Constitution, any surface
waters that are capable of recreational use may be so used by
the public without regard to streambed ownership oOF
navigability for nonrecreational purposes” [Montanpa Ceoalition
for Stream Access v. Curran, 210 Mt. 38, 53, 682 p.2d, 163
{1984} 1]. Tn implement these court decisions, the 18985
Montana Legislature passed the Stream Access Lavw. The
Montana Supreme Court has found the public trust doctrine
embodied in the provision in Article IX, section 3{3} of the
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1572 Montana Constitution specifying that all waters of the
state "are the property of the state for the use of its
people” [Galt v. State of Montana, 731 p. 24 912, 44 5t. Rep.
103, 106 (1887)1. In 1487, the Court overruled in the Galt
case an appeal by landowners that the Stream Access Law was
an unconstitutional taking cf private property without Jjust
compensation. The Court has not addressed whether the public
trust doctrine applies to established water rights and would
thus require recognition of instream values in the exercise
of those rights.

The limits to, and effectiveness of, the public trust
doctrine for protecting instream flows in Montana remains

largely untested. As an absclute protection strategy. it
should prcbably be considered only as an alternative of last
_resort. Hopefully, the spirit and intent of the doctrine

" will guide and direct tHe final decision for -an -adeguate ..

amount of instream flow protection for fish, wildlife and
recreation in the Missouri River Basin through the
reservation process.



MANAGEMENT PLAN

ARM 136.16.106{2) states “A management plan shall accompany
21l reservation applications for instream use(s), 2S5 defined in
ARM 36.16.102(14), and shall include an explanation cf how
reserved instream fleows will be protected from future depletions
by later priority water users.”

The following addresses that requirement.

Monitoring Instream Water Reservations

Implementation of a reservaticn monitoring/protection program
will be an evolutionary PpIoCcess. A water reservation usually
chbtains a pricrity date on the day it is granted by the Board and
by law cannot affect any existing water users. In the Misscuri
Basin, the pricrity date of all reservations has already been
established by the legislature as July 1, 1985. Only subseguent
{junior) water use permit holders will be affected. The timing
and degree to which we monitor individual streams will depend on
the extent of that Jjunior water use. As time passes, streams
accumulating the most Jjunior users will be monitored moxre
intensively than those with fewer junior users. As the number of
junior users increases and the total effects of those new
diversions become more apparent, our meonitoring program will be
expanded.

Protecticon of instream flows will be accomplished by what has
become known as the "Reach Concept.” For most waters, tributaries
in particular, most instream flow recommendations were derived at
a site near the stream's mouth, with the designated reach
extending from the mouth to the headwaters. As defined by DFWF,
a designated reach merely serves to identify those junicr water
users who will be subject to the instream reservaticn, which was
derived and will be monitored at a site on the lower stream. A
reach, as defined by DFWP, does not represent a stream segment
having the same flow regime and instream flow reguirement
throughout its length. It is, simply, a means to identify those
junior users who would be contacted if DFWP makes a "call® for its
water.

From a practical standpoint, the protection o©of water
reservations is key te any instream flow program, and monitoring
of those flows is the key to protection. It makes little
difference whether a granted flow is for a short reach or a long
reach of stream. A monitoring site must be established which can
he used to trigger the protective procedures. Since only Junior
water users are affected, shutting off only those users above a
monitoring site will affect actual streamflow within a reach in
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proportion to the location and the amount of theix appropriations.
Therefore, it makes no difference whether there is more than one
reach or what length the reach is, the Jjunior users are the only
ones affected.

DFWP currently monlicrs and enforces its Yellowstone
reservations and Muxphy Rights through the use of established USGS
gauging stations on the main river and some major tributaries.
This procedure appears to be effective in the enforcement program
because it allows us Lo monitor Jjunior users on all ungauged
tritutaries above the gauge sites. pherefore, all junicr users
above the geuge sites arse affected whether they are on the
mainstem or the tributaries. Prior existing rights are not
affected and only the status guo of streamflow conditions at the
time the reservations are granted is maintained. Because <ur
. requests would allow some new future depleticns, the status quc is
the "best"” condition that ceould be maifntained. If new depletions
do occur, future streamflows could be less than existing flows
during some time periods.

Oonce the reservations in the Missocuri basin are granted,
mainstem river sSegments will initially be monitcred using
cstablished USGS gauges. We will alsc look at the feasibility of
moving a gauge tc another locaticn or reactivating & discontinued
gauge. Tributaries having existing gauges will be similarly
handled. For tributary streams without gauges, we would menitor
flews at the nearest mainstem OT rributary gauge which is below
the confluence of that ungauged tributary. Junior users in all
tributary streams above the respective gauge would be notified if
the granted flows are not being met at that gauge.

The reservations will not make more water available; they
will, at best, only preserve an existing flow conditicn. As
previcusly mentioned, this existing condition begins on the date
the reservations' priority date is established by the Board. We
protect flows from those junior users who are issued permits after
that date. Senior water users are not affected and the
reservations, of course, cannct control natural flow levels which
may occur below the granted reservaticn amounts. By shutting cff
junior users only, we protect the streamflows at whatever level
they may cccur below the reservations, even without gauging each
stream.

There is, however, one cbvicus problem with this approach.
If all upstream junior users are keying to a flow level on the
jower stream, the potential exists for a single, large, newv
consumptive user in the headwaters to severely dewaler an upper
stream segment without materially impacting flow near the stream's
mouth, where the instream flow is monitored and protected.
However, the chance of this sceurring is remote because new large

consumptive uses, especially those associated with agriculture,
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are more likely to oCcur oh the lower than on the upper stiream.
These new large diversions would alssc be subject to the
reservation as junior users. The sclution to this problem relates
to our original statement regarding instream flow protection--it
is an evcolutionary process. Consequently, we could instell a new
gauge and begin to monitor flows on that tributary when there are
a2 sufficient number {or flow quantity) of junior permits to hawve
a significant effect on ihe fiow. Otherwise, if there is little
possibility of the juniocr users affecting a given tributary’s
flow, we would monitor those persons at a downstream site.

i pnon—-consumptive use in which water is diverted and then
returned +to the source up +o several miles downstream--—a
characteristic of small hydro-electric development——-posSsesses 2
far greater threat to the upstream fishery undex this apprcach.
Because the diverted water is returned, flow of the lower siream
would not be impacted, yet lengthy upstream segments could suffer
severe or total dewatering. However, in the case cf these small
hydro developments, 2 practical solution to these potential
dewatering problems is to rely on FERC hydrc license conditicns,
rather than o©on the water reservation process, to recommend and
protect an instrean flow for a specific project.

Placing a *"Call” on the ¥Hater

DFWE is in the best position to determine the extent of a
monitoring/enforcement program for granted instream reservations
and we will proceed in a manner similar to what has evolved in the
vellowstone Basin and with our Murphy Rights.

The first step is to monitor applications for new water use
permits which will be junior to the reservations if the permit is
granted. DFWP notifies each applicant, either through a letter oY
the objection process, that an instream flow reservation exists in
the source of supply and that, at some future time, he/she may be
asked to cease water use because of low water conditions. All
junior water use permits are conditioned to existing rights at the
ftime the permit is issued, and in most cases where DFWFP objects,
the permit is specifically conditioned to the senior instream flow
raservations. In some cases where granting the reguested permit
would routinely interfere with our reservations, we cbject and
reguest the permit be denied.

1f a drought or low flow year is eminent, DFWE obtains from
DNRC a current listing of all water users who are junior to the
reservations. {Some of those users are already known to us and
from this list we update our existing lists.) An initial letter
is sent to them in June advising them of £flow conditions and
informing them that they might be subject 1o & “call” for their
junior water. Tf flow conditions deteriorate and fall below the
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reservations, DFWP sends a second jetter to junior users that they
must cease their diversicns until flows again rise above the
reservations. A stream gauge is assigned for them to menitor flow
levels, and they are given phone numbers of DFWP and the closest
NNRC Water Rights Field Office so they can call for up-to-date

fiow information.

Shutting off junior users will not always increase flow
levels in a drought year and flows wmay remain below the
reservations for the entire irrigation season. DFWP realizes 1its
reservations cannot always be met under drought conditions (as we
experienced in 1588;.

To date, DFWP has relied on voluntary compliance by juniorx
users when calling for its water. Eventually a more efficient
system must be developed, such as use of water commissicners tToC
distribute water according to pfioritY'dates;"ThiS“is-a-futuxe
need and will be somewhat influenced by the results of the cngoing
adjudication process. However, it is very important tc the long-
term success of the protection of instream flow reservations.
Alsc, DNRC has authority to enforce compliance by junior permit
holders. Wwe would follow the astablished DNRC procedures TO
obtain compliance by those junior users (as we also did in 19885 .

Finally, once reservations are granted, the respongibility of
DFWP to protect those reservations begins. How, when, and where
this is done depends on several facteors:

1. Need. How many junior water users are there to protect
against?
2. DFWP Funds Available. Funding levels may vary. Cuar

ability to contract with USGS for gauging stations wilil
depend upon the annual availability of these funds.

3. USGS Funds Available. Federal funding levels (USGS
matching money) are often uncertain due to budget
reduction efforts by the federal government. Our

ability to contract with UsSeS will alsc depend on its
level of funding.

2 broader bhase of funding at the state level wculd enable a
stronger gauging network to be established in the long term and
would provide benefits to all Montana water users.

Stream Gauging Costs

There are a number of ways to sbtain stream gauging data,
ranging from observations of a simple staff gauge tO the nore
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sophisticated satellite stations which make “"real time" flow data
available.

One of the reguirements cf any monitoring/protection program
is the availability of flow data when it is needed, usually on a
daily basis sc junior users can be informed of their water use
possibilities. “"Real time” stations have been established by the
USGS and National Weather Service at several locations in Montana.
DFWP has access to this information through the Helena USGS
office. ODFWP has alsc utilized staff gauges read by observers who
report the flow levels by telephone upon reguest. Whatever system
is used, access to the data when neecded is very impocrtant. [(Many
existing gauge stations cannot be readily accessed.)

Thus, a consideration in any menitoring program is the

........ expense of obtaining the needed data. In the long term, new

gauging stations may have to be éstabliched &r éxisting stations

moved to a more desirable lccation. Decisions must be made as to
the type of stations needed and their associated costs. Existing
stations must continue to be operated.

The approximate costs of installaticn and operaticn of
various types of stream gauging equipment are shown in Appendix B.
The costs are approximate and may need revision at the time a
gauging program is considered.
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PERSONS INVOLVED IN DEVELOPING INFORMATION
USED IN PREPARING THIS APPLICATION

Department of Fish wildlife and Parks

rermanent Fisheries Perscunel

Hame Present Location

Jeff Bagdanov Bozeman

Rob Brooks Bozeman

Jim Darling BEillings
Janet Decker-Hess Kalispell
EKen Frazer Eillings
Wade Fredenberg Bozeman
Bill Gardner Fort Benton
Kent Gilge Chinock
Faul Hamlin Great Falls
Eill Hill Choteau

Steve Leathe

Great Falls

Mark Lere Helena

Rob McFarland Bozeman

Steve McMullin Helena

Fred Nelson Bozeman

Edward Hevala Great Falls

Gick Cswald Dillon

Mike Poore Columbus

Bruce Rehwinkel Townsend

Mark Schafer Helena

Brad Shepard Twin Bridges

Liter Spence Helena

Mike Vaughn Billings

Dick Vincent Bozeman

Jerry Wells Misscula

Dan Welsh Fort Peck

Bill Wiedenheft Fort Peck

Alfred Wipperman Helena

Raymond Zubick Kalispell
Part-time Fisheries Personnel

Mark Albers Nco longer employed
G. Wayne Black Bozeman

Les Everts No longer employed
Fran Fitzgerald No longer employed
Tom Greason Bozeman

Julie Harrington No longer employed
{raig Hess No longer employed
Robert Ingram ¥o longer employed

George Liknes

Great Falls



Jerry Mayala Helena

Tim Mosolf No longer employed
Mark Schollenberger Ho longer employed
Jose Serranc-Piche Great Falls

Ken Sinay Choteau

nolores Wallace-Mosolfi No longer employed
Charles Weichler No longer employed

Full-time Wildlife Personnel

Tom Carlson Townsend
Howard Chrest Retired
Mike Frisina Butte

John Kada Dozeman
Fred King Bozeman
Gary Olscon | Conrad

Joel Peterson ' "Bozeman
Graham Taylor Great Falls
Harry Whitney Bozeman

17.58. Forest Service

Mike Rath Beaverhead National Forest
Len Walich Helena Mational Forest

Bureau cf Land Management

Joe Ashor Dillon
Lewis Meyers Dilicn
James Roscoe Dillon

7.8, Geclogical Survey

Jim Hull Helena
Charles Parreit Helena

Montana Department of Netural Resources
and Congervation

Dan Dodds Helena
Hancy Johnson Helsna
Tom Ring Helena
John Tubbs Helena

1-96



private Consultants

Stewart Allen

Department of Wildlife Recreatiocn
University of Idaho

Moscow, 1D

John Duffield
professor of Economics
University of Montana
Migsoula, MT 59801

Joe C. Elliott, PhD.
Ecological Consultant
835 - Bth Avenue
Helena, MT 596C1

Chris Hunter
Mike Roberts
OERA Research, Inc.
£35 North Jackson
Helena, WT 59624

Richard Rarp

Mike Roberts

gystems Technology

£16 Helena Avenue
Helena, MT 59601

(No longer in business}

Ken Knudson

Ecclocgical Resource Consulting
540 Breckenridge

Helena, MT 59601

John Loomis

professor of Economics
University of California, Davis
Davis, CA
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APPENDIX A

Water Availability Data for Streams
in the Missocuri River Basin

Compiled by the U.S. Geclogical Survey,
Helena, Montana



Table 1.--3ites aznd methods vsed Ffor estimesion

{=~, ~, not applicablel
Estimarion methed
Con~ Drain~
Stream- Basin cur- SR E -
filow- char~ rent Weipht- area~-
gaging ac~ Chan- meas~ ed- ratio
Site station teris- nel ure- averaper adjust-
Ho. Stream name . Wa, Gage tics width ment estimat® ment
| Hellrosring Creek near Lakeview = X X % X -
2 Corral Creek near Lakeview s X X X X -
3 Antelope Creeck near Lekeview e - X X X X -
4 Red Rock Creek near Lakeview - X X X X -
5 Tom Creek near Lakeview . e - X X b X -
& Karrows Creek at mouth, near Lakeview - X - - - -
7 Odell Creek near Lakeview - - X X X X -
8 Jones Creek near Lakeview - - X X - X -
% Red Rock River near Kennedy Ranch, 66011000 X - - - - -
near Lakeview
10 Peet Lreek at county road, near Lakeview - - X X - X -
11 Long Creek near Lakeview - - X X g X -
......................................... 12 East Tork Clover Creek st soUth, Heds Momids oo B 2 X X X
i3 Red Rock River below limz Reservoir, 06012560 X - - - - -
near Monida
i4 Cabin Creek above Simpson Creek, near Lima = - X X - X -
15 Indian Creek above Slopson Creek, near Lima — - X X - X -
16é Simpson Creek above Indlan Creek, near Lima - - X X - X -
17 Deedman Creek nesr Dell — - X X X X -
18 Big Sheep Creek below Muddy Creek, near Dell 06013500 X - - - - ~
19 Red Rock River at Red Rock 58014500 X - - - - -
20 Black Canyon Creek near Sran:z - - X X X X -
21 Shenncon Creek near mouth, near Grant - - X Fo - X -
22 Fryimg Pan Creek near Grant - - X X X X -
23 Trapper {reek at mouth, near Grant - - X X - X -
24 Bear Creek near Orant - - X X X X -
25 Bloody Dick Creek near Crant - - X X X X -
26 Horse Prairie Creek near Grant 06015000 X - - - - -
27 Rape Creek above reservoir, near Grant - - X X - X -
28 Painter Creek near Grant - - X - - - -
29 Browns Canyon Creek near Grant - - X - - - -
30 Medicine Lodge Creek near Grant - - X X X X -
32 Pole Creek near mouth, near Polgris — - X - - - -
33 Reservolr Creek at mouth, near Polaris - - X - - - -
34 East Fork Dyce Creek at mouth, near Peolaris _— - X X - X -
35 West Fork Dyce Creek at mouth, near Polarie - - X X - X -
36 Grasshopper Creek mear Dillon 060315500 X - - - - -
37 Beaverhead River at Barretts 080165000 X! - - - - -
38 East Fork Blackrail Creek near Dillon - - X X X X -
3% West Fork Blacktail Creek mear Dillon - - X X X X -
40 Blacktail Deer Creek near Dillon 06017500 X - - - - -
4% Beaverhead Riwver near Dillon 265718000 X - - - - -
42 Beaverhead River near Twin Bridges 06018500 X - - - - -
43 Corral Creek at mouth, near Alder - - X - - - -
44 Coal Creek at mouth, near Alder - - X - - - -
45 RBuby Riwver above the forks, near Alder - - X - - - -
46 East Fork Ruby River at mouth, nesr Alder - - X - - - -
47 Hest Fork Ruby River at mouth, near Alder - - x - - - -
48 Cottonwood Creek st mouth, near Alder oo - X - - -
4% Warm Springs Creek at mouth, near Alder - - X - - - -
50 North Fork Greenhorn Creek at mouth, - - X X - X -
near Alder
5% Ruby Riwver abowve reservolr, near Alder 06019300 X - - - o -
52 Mili Creek at Forest Service boundary, e - X X X -
near Sheridan
53 Wisconsin Creek at Forest Service boundary, - - X X X ¥ -
near Sheridan
34 Ruby River near Twin Bridges 06023000 % - - - - -
55 Big Hole River near Jacksosn 06023500 X - - - - -
56 andrus Creek near gouth, near Jeckson o - X - ~ S -



Table l.~-Sites and methods used for estimation~-fontinued
Egtimation method
Con-~ Drain~
Srream- Basin cur- age-~
flow- char- rent Yeight- area=
gaging ac- Chan- meas~ ed- ratio
Site station : teris- nel ure~ average adjust-
tio Streaw name Ro. Gage tics width ment estimate ment
%7 Fox Creek at mouth, near Jackson - - X - - - -
5% Governor Creek near Jackson - - X X Xz X -
5% Warm Springs Creek at Jackson - - X X Xz X -
&0 Miner Creek near Jackson G6024000 X - - - -
&1 Bipg Lake Creek nesr mouth, near Wisdon - - X - - -
52 Speel Creek abowve Francis Lreek, near Wisdom - - X X X X -
43 Francis Creek at mouth, near Wisdom - - X - X X -
64 Steel Creek near mouth, near Wisdom - - X X X k-4 -
6% Swamp Creek near mouth, near Wisdon -— - X X X2 X -
66 Joseph Creek at mouth, near Wisdom - - X - - - -
67 Trail Creek near Wisdom 06024500 X - - - -
68 Ruby Creek at amouth, near Wisdom - - X X X -
69 Tie Creek at Forest Service boundary, - - X - - - -
neay Widsom R
70 Johnson Creek near Wiedoo -- - X i X= X -
71 Mussigbrod (reek near Wisdom - - X X e X -
72 Horth Fork Big Hole Biver unear mouth, - - X e X2 X -
near Wisdom
73 Big Hele River below North Fork, near Wisdom - - - - - - X
74 Pintiar Creek near Forest Service boundary, - - X X X X -
near Wisdom :
75 Big Hole River below Mudd Creek, near Wisdom - - w - X2 - -
76 Fishtrap Creek &t mouth, near Wise River - - X X X X =
77 Lamarche Creek near Wise River - - X X )4 X -
78 Seymour Creek near Wise River -— - X - - - -
79 Tenmile Creek at mouth, near Wise River - - X - - - -
80 Seyenaile Creek a2t mouth, near Wise River - - X - - - -
&1 Corral Creek at mouth, near Wise River - - X - - - -
82 Twelvemile Creek at mouth, near Wise River - - X w - -
83 Sullivan Creek at mouth, near Wise River - - X - - -
-84 Oregon Creek near mouth, mear Wise River - - X - - - -
85 California Creek above American Creek, s - X - - - =
near Wise River
86 American Creek at mouth, near Wise River - - X - - - -
87 Sixmile Creek at wmouth, nesr Wise River o - X - - - -
88 French Creek near mouth, near Wise River - - X - - - -
89 Deep Cresk near Wise Riwver - - X X X X -
50 Bear Creek near Wise River o e - X X X X -
91 Bryant Creek at mouth, near Wise River - - X - - - -
32 Big Hole River mear Wise River 05G24580 X - - - - -
93 Johnson Creek at mouth, near Wise River - - 3 - - -
94 Meadow Creek near Wise River - - X - - -
5 Jacobson Creek at mouth, near Wise River - - X - - - -
96 Mone Creek at mouth, near Wise River - - X - - - -
57 Wyman Creek at oouth, near Wise River - - X - -
98 Lacy Creek zat mouth, near Wise River - - X - -
9% Gold Creek at mouth, near Wise River - = X - - - -
100 Partengalil Cresek af mouth, nesr Wise Eiwver - - X - - -
101 Sheep Creek st mouth, near Wise Riwver - = X - - -
102 Wise River near Wise River G6024550 X - = - - =
103 Adson Creek at mouth, near Wise River = - X - - - -
104 Jerry Creek near Wise River e - X X X X -
105 Divide Creek at Diwide - - X X X X -
106 Canyon Creek near Divide - - X X X b4 -
107 Moose Creek near Diwvide - X X x X
108 Trapper Creek near Melrose - X X X X -
109 Camp Creek at Melrose == - X X X S -
110 Big Hole River near Melrose G60253360 X - - - - -
111 Millow Creek near Glen 06025804 Z - - - - -



Table l.-=Sites and methods used for estimation--{Lontipued

Lice

Styeam nake

Stream~
flow-
gaging
station
Ho.

Gage

Esrimation methaod

Basin
char-
aC-
terig~
tiecs

Chan-
nel
width

Can=~
cur-
rent
meas -
ure-
ment

Drain~
age~
Welght- area-
ed- ratio
average adjust-
estimete ment

ot onh bl seud
ke Wl kb and
LRV R )

118
1319
120

121
122

123
124
125
126
127
129
130
331

33

134
135

136
137
t38

Birch Creek near Glen

Hells Canyon Crezk near Twin Bridges

Jefferson River near Twin Bridges

Whitetall Creek near Whitehall

Boulder River above High Gre Creek,
nesr Basin

Boulder River mear Boulder
Little Boulder Riwver near Boulder
Boulder River above Cabin Gulch,
near Boulder
Boulder River near Cardwell
Scuth Boulder River near Jefferson Island

Jefferson River at Sappibgton
South Willow Creek near Pony
Horth Willow Creek at Pony
Willow Creelk nmear Harrison
Horweglan Creek near Harrison

Jefferson River near Three Forks
Madison River near West Yellowstone
Duck Cresk near West Yellowstone
Cougar Creek near West Yellowsrome
Grayling Creek near West Yellowstone

Red Ganyon Creek near West Yellowstone
Sguth Fork Madison River near
West Yellowstone )
Watkins Creek nezar West Yellowstone
Trapper Creek near West Yellowstone
Madison River below Hebgen Lake, near
Grayling

Cabin Creek near West Yellowstone
Beaver Creek near West Yellowstone
Elk River at mouth, near Cawmeron
Soap Creek at mouth, near Camercn
Antelope Creek at mouth, near Cemeron

West Fork Madison River mear Cameron
Squaw Creek near Cameron

Standard Creek near Cameron

Ruby Creek near Camercn

Indian Creek near Cameron

Madison River nesr Cameron
Elaine Spring Creek neer Cameron
0°'Dell Creek near Ennis

Jack Creek neer Enols

Mocre Creek at Ennis

North Fork Meadow Cresk at Forest Service
boundary, near Ennls

North Fork Meadow Creek at Highway 287,
near Ennis

Hadieon River below Ennis Lake, near
MeAlllster

Hot Springs Creek near Norris

Cherry Creek near ¥orrls

Madison River near Three Forks

Cache Creek at mouth, nesr West Yellowstone
Taylor Creek near Grayling

Porcupine Creek near Gallerin Gateway
Gallarin River above West Fork, near Big Sky

06026000

06026500
06029000

456033600

06034000
06034500

06035000
66035500

06036650
6037500

06038500

06039200

Q56040000
06040014
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Ge042500

06043006
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Table 1.--5ites and methods used Ffor estimszipp--Uontinued
Estimation method
Con- Drain-
Stream~ Basin cur- ape-
flow~ char- rent Welipht- area-
gaging ac- Chan- mesE~ ed- ratic
5ite . station teris- nel ure« average adjust-
No. Stream name Ne . Gage tics width ment estimate Dent
164 South Fork West Fork Gallatin River nesr - - X X X ¥ -
Gsllatin Gateway
165 Middle Fork West Fork Galiatin River near - - X X h4 x -
Gallatin Gateway
166 West Fork Gallatin River near - - X X X X -
Gallatin Gateway
167 Squaw Creek near Gallatin Gateway - - X X X X -
168 Hellroaring Creek near Gallatin Cateway -- - £ X X X -
169 South Fork Spanlsh Creek near s - X X X Y -
Gallatin Gateway
170 Spanish Creek near Gallstin Gateway - - X X X X -
171 Gallatin River near Gallatin Gateway 06043500 X - - “ -
172 Big Bear Creek near Gallatin Gateway - xiE - - - - -
173 South Cottonwood Creek near 06044500 %6 - - - - -
Gallatin Gateway
174 Baker Creek near Manhatten - X6 - - - - -
175 Rocky Creek near Bozeman 46046500 XS - - - - -
176 Bear Canyon {reek near Bozemen 06047000 X6 - - - - -
177 Sourdough Creek near Bozeman 05047500 X8 - - - - -
178 East Gallatln River at Bozeman 0804800C X - - - - -
179 Bridger Creek near Bozemen 06048500 X - - - - -
180 Fast Gallatin Riwver near Belgrade 060249000 X8 - - - - -
131 East Fork Hyalite Creek near Bozeman R X7 - - - - -
182 West Fork Hyslite Creek near Bezeman - X7 - - - - -
183 Hyalite Creek at Hyslite Ranger Statiom, 46050000 X - - - - -
near Bozeman
i84 Hyalite Creek above Interstate 90, - - - X X X -
near Bozeman
i85 Thompson Creek near Belgrade - X6 - - - - -
186 Ben Hart Creek mear Belgrade e b4 - - - -
187 Reese Creek near Belgrade 06051000  X°® - - - -
188 East Gellatin River near Manhattan - - X . X X X
189 Gallatin River near Logan G6052500 X - - - -
190 Sixteenmile Creek near Ringling 04053000 X - - - - -
191 Sixteenmile Creek near Maudlow - - - - - - e
192 Sixteennmile Creek near Toston - - X X X X -
193 Migsourl River neser Toston 06054500 X - - - - -
194 Crow Creek pear Radersburg 46055500 X - - - - -
195 Dry Creek near Tostem ~~ - X X X X -
196 Deep Creek belew North Fork, = - X X X X -
near Townsend ’
197 Duck Creek near Townsend - - X X X X =
198 Confederate $ulch near Wineton - - X X X X -
199 Beaver Cresk near Winston o X8 - - - - -
200 Avalanche Gulch near Winston - X X X X -
2071 Spokane Creek near East Helena e - X X X X -
202 HMcGulre Creek at county roed, near - - - - X - -
East Helena .
203 Trout Creek at mouth, near Esst Helena - - X X X X -
204 Prickly Pear Creek near Clancy GEOEI500 X - - - -
205 Prickly Pear Creek st mouth, e - X X X X
near Esst Helena
206 Tenmile Creek nmear Rimini G&GE2500 X - - - - -
207 Tenmlile Creek near Helena . 06063000 X - - - - -
208 Sevenmlle Creek nmear mouth, near Helens - - X X X k4 -
209 Tenmile Creek at mouth, near East Helema B - - Z X X -
210 Siiver Creek at Interscate 15, near Helena - - - - X - -
211 Beaver Creek at mouth, nesr East Helens e X8 - - - - -
212 Elkhorn Creek near mouth, near Wolf Creek - - Z X X X -
213 Willow Creek below Elkhorn Creek, neer - - X X X X
Wolf Gresk
By e 2



Tabkle 1.--Fites asnd methods

ysed for estimaiien--Continued

Site

Stream name

Estimation method

N

Con- rai

Straam- Basin cur- age
flow- char- rent Weight~ area-
gaging ac- Chan- meas- ed- rario

station teris~ mnel ure- average adjust-
Ho. Gage tics width ment estimate ment

¥y

219
220

223
222
223
224
226

227
228

229
230

232

233
234
235
236
237
238
239
240
241
242

243

244
245
246
247

243
240

250
251
254
255
256
2537

2602
261

Cottonwood Creek sbove Beartooth Ranch,
near Wolf Creesk

Wirginia Creek at mouth, near Canyonm Creek

Canyon Cresk below Cottonwood Creek, near
Canyon Creek

tittie Prickly Pear Creek nmear Canyon Craek

Lyons Creek near Wolf Creek

Wolf Creek at mouth, at Wolf Creek

little Prickly Pear Creek nesr Wolf Creek

Wepher Creek near Craig

Stickney Creek near Craig

Middie Fork Dearborn River at Highway 200,
near Wolf Creek

South Fork Dearbeorn River st Highway 434,

near Walf Creck
Dearborn River near Lralg
Flat Creek above Slew Creek, near Cralg
Sheep Creek at mouth, near Cascade
North Fork Smith Riwver at Highwaywy 89, near
White Sulphur Springs

South Fork Smith River at mouth, near
White Sulphur Springs
Smith River below forks, mnear
White Sulphur Springs
Big Birech Creek at mouth, near
White Sulphur Springs
Hewlan Creek below Charcoal Guleh, near
ite Sulphur Springs
Camas Creek near mouth, mear
White Sulphur Springs

Smith River mear Fort Logan
Sheep Creek near White Sulphur Sprinps
Sheep .Creek near mouth, mear
White Sulphur Springs
Eagle Creek near mouth, near
White Sulphur Springs
Rock Creek River beleow Buffalc Canyon, near
White Sulphur Springs

Tenderfoot Creek below Scuth Fork, near
White Sulphur Springs

Smith River near Eden

Hound Creek near mouth, near Casceade

Migaourl River near Ulm

North Fork Sun River near Augusts

Sun River mear Augusta

Sun River below diversion dam, near
Augusta

Willow Creek nzar Anderson Lake,
near Augusta

Horth Fork Willow Creek below
Cutyock Creek, nesr Auguata

Smith Cresk near Augusta

Ford Creek near Augusta

Elk Cresk near Aupusiz

Sun River at Simas

Missowurl River mear Creat Falle
Bry Fork at mouth, at Momarch
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Tabkles t.»~Sites z2nd

methods wsad for estimation--Lontinued

Stream name

Lsrimation method

Con- Drain-

Stream- Basin cur- zge-

flow- char~ Tent Welght~ area-

gaging ac- Chan~ meas~ ed~ ratio
station teris- nel ure- average adjust-

Ro. Gage tlcs width ment estimate ment

262

63
264

265
266
267
268

269
270

271

273

274
278
27%
280

281

- 282

283
284
285

286
287

288
259G
291

292
293
294
295
296

- 297
298
299
301

ap3

306
347
309

310
I

3iz

213
3is
316
317

Tillinghast Creek above Jolce Creek,
near Monarch

Pilgrim Creek at mouth, near Monarch

Logging Creek at Logging Creek
Campground, near Monarch

Belt Creek near Monarch

Big Otter Creek sbove Hever Sweat Creek,
near Raynesford

Beit Creek near Portage

Highwood Creek below Smith Creck,
near Highwood

Migsouri Rlwer at Fort Benton

Shonkin Creek below Bishop Creel,
near Highwood

South Fork Two Medicine River
near Fast Glacier

South Fork Badger Creek near Browning

North Fork Badger Creek near Browning

Birch Creek at Swift Dam, near Valier

South Fork Dupuyer Creek near Dupuyer

Horth Fork Dupuyer Creek near Dupuyer

Dupuyer Creek below Scoffin Creek,
near Dupuyer

Birch Creek near Valier

Cut Bank Creek near Browning

Cut Bank Creek at Cut Bank

Marias River at Sullivan Bridge,
near Cut Bank

Marias River near Shelby

Marias River at "F" Bridge, abowva
Tiber Reservolr, near Shelby

Marlas River near Loma

Teton River near Strabane

McDonald Creek near Strabane

¥orth Fork Deep Creek near Choteau
Scuth Fork Deep Creek near Choteau
Deep Creek near Choteau

Teton River near Dutton

Missourl River at Virgelle

Lost Creek at mouth, near Utica
Yogo Creek =zt mouth, near Utliea
Middla Fork Judith River near Utica
Sputh Fork Judith River at Indiam Hill
Cappground, near Utica
Judith Rlwver above Courtmneys Creek,
at Utlca

East .Fork Big Spring Creek at mouth,
near Lewistown

Big Spring Creek above Cottonwasd Creek,
near Hanover

Cottonwood Creek at Highway 202, near
Lewlstown

Beaver Creek at county road, near Lewlstown

Big Spring Creek st mouth, near Lewlstowm

Warm Springs Creek zbove Meadow Creek,
nesr Hilger
Judith Rlwver near Winifred
Cow Creek belew forks, near Cleveland
HMissourl River near Landusky
Norch Fork Musselshell River
near Delpine
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Table l.-~8ites and methods used Ffor esstimation-~Lontinued

Esrimation method

Totals

Con- Drain-
Srream- Basin cur- ape -~
flow- char~ rent Welght~ ares-
gaging ac- Chan- meas -~ ed- ratio
Bire station reris~ nel ure- average adjust-
Ne. Scream name Ho. Gage tics width ment estimate ment
318 Checkerboard Greek near Checkerboard - - A b4 X X -
319 Spring Creek below Whitetail Creek, neaxr - - X X X % -
Checkerboard
320 Meorth Fork Musselshell River near mouth, - - - X X X -
near Martinsdale
321 Alabaugh Creek at mouth, near Lennep - - b4 X X X -
322 Cottonwood Creek below Loco Creek, - - X X X X -
near Martinsdale
323 South Fork Musselshell River 056118500 X - - - - -
above Martinsdale
324 Big Elk Creek at mouth, at Twodot 06120000 X - - - - -
325 Musselshell River at Harlowton 06120500 X - - - - -
326 Amerlcan Fork nesar Harlowton Q6121000 X - - - - -
--330 -Careless- Creek Yelow Little Larelegs Sre Sns ....... oo — Fon X 3 (TS s
near Hedgesville :
331 Swimming Woman Creek below Dry Coulee, - - - X X X -
near Franklin
333 Musselsheill River near Roundup 06126500 X - - - - -
335 Flatwillow Creek below the forks, o - X X X X -
near Grasg Range .
338 Musselshell River near HMosby 061346500 X - - - - -
339 Big Dry Creek above Little Dry Creck, - - - - - - X
: pear Van Rorman :
340 Little Pry Creek near Van Horman - - - - X - -
341 Blg Dry Creek near Van Norman 46131008 X - - - - -

100 179 138 139 139 7

iMonthly streamflow charscteristics based
2Based on 12 streamfiow measurements made
30,5, S0il Conservation Service gage.

“Rased on 12 streamflow measurements made

SGaped record available for 1 year {water

on record after construction of Clark Canyon Reservoir.

in water years 19§2-83.

in water year 1986.

years 1971-72).

SEstimated monthly flows avallable for water years 195Z2-34.

TMontane Department of Watural Reaources and Conservation gage.

817.5. Forest Service gage.

el
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Table 1.-=Sites and metheds usad for estimatioa--Continued

Egstimation methad

Con~ Drain-
Stream~ Basin cur- age-

flow~ char~ rent Weipght- area-
paging acn Chap-  meas~ ratio

Site station teris-~ nel ure- average adiust-
Ho. Stream name Ko, Capge tics width ment estimate ment
366 ROCK CREEK AT MOUTH NEAR WISDOM o - £ - - -
467 DELANG CR AT MOUTH ¥R WISE RIVER - - Az - - -
368 HALFWAY CR AT MOUTH NRE WHITEHALL - - Z - - -
369 H.¥F. DEEP CR AT MOUTH NR MILLIGAN - - Z - - -
370 COLLAR GULCH AT MOUTH HR HMAIDBEH - - X - = =
371 BADGER CR BELOW FORKS MR BROWNING - - 4 - - -

il
|
0

"



[ w

¢
H
5
3

Table 4,--Fstinstedempnbhlpostreantiowschataees ¥t ics Tor Ootober znd Hovenber
[.¥X, monthly mean streamflow for specified month exceeded XX percent of the years,

in ecubic feet per second; QM, mean monthly streamflow for specified month, in cublic feer per second]

Qctober Novegber
Bite
No. Stream name Q.90 Q.80 Q.50 Q.20 oM Q.50 Q.80 .50 0.20 M
t Hellroaring Creek & 7 9 T g 5 £ 7 8 7
near Lakeview
7 Corral Creek near Lakeview T .8 1 1 H .6 L7 .9 1 .5
4 Antelope Oreek near Lakeview .1 .2 N o .3 .1 .2 .2 .3 .3
4 Red Rock Creek near Lakeview i1 12 14 17 5 0 i1 12 14 12
5 Tom (reek near Lakeview ol .3 T H 1 .3 N .5 1 .8
§ MNarrows Creek at mouth, . L2 .3 5 24 1 .2 L2 .3 3
near Lakeviaw
7 0dell Creek near Lakeview 5 5 7 9 8 4 5 6 7 6
8 Jones Creek near Lakeview .3 .7 1 2 1 3 .6 .9 1 1
% Red Rock River unear Kennedy 38 49 66 88 57 41 48 70 84 67
Ranch, near Lakeview
10 Peet Creek at county road, .5 .7 1 2 1 -5 .6 .9 i 1
near Lakeview
TR CEEER HEET TR G R B 5 Ay b SR b N e N FER 3.
12 FEast Fork {lover Lreek at W7 1 1 2 2 .6 8 i 2 1
mouth, near Monida
13 Red Bock River below Lima 1 17 45 84 57 5 12 23 58 afl
Reserveir, near Meonida
14 Cabin Creek above SimpscnD .2 .3 25 .8 .6 .2 .3 A .6 .5
Creek, near Lima
15 Indian Creek above Sippson .3 .5 7 1 .8 N ) .5 i .7
Creek, near Limas
14 Simpson Creek asbove Indian N .5 .8 1 1 .3 .3 .7 i .8
Creek, near Lima
17 Deadman Creek near Dell 3 &4 5 7 5 3 4 3 f ]
18 Big Sheep Creek below Muddy 39 4B 59 72 59 45 47 54 62 55
Creek, near Dell
19 Red Rock River at Red Rack 180 210 29% 360 aon 190 220 260 300 2760
20 Black Canyon Creek near 2 2 2 3 3 2 2 2z 3 2
Grant
21 Shennon Creek near mouth, L N .8 1 1 4 .5 L7 H W7
near Grant
22 Frying PYan Creek near Grant i 2 2 3 pi i 2 2 Z 2
23 Trapper Creek at mouth, near .3 L4 .7 i .8 K W4 N N .5
Grant
24 Bear Creek near Grant 3 3 & 5 4 3 4 4 4
25 Bloody Dick Creek near Grant H 13 17 22 i8 11 13 15 19 i6
26 Horse Prairie Creek near 29 34 44 57 45 33 37 4dy 34 45
Grant
27 Rape Creek above reservoir, .2 .3 .5 .7 .3 o2 .3 N -5 b
near Grant
28 Painter Creek near Crant 2 2 3 & 3 1 2 3 3 3
29 Browns Canyon Creek near Grant i 1 i 3 pa .8 H 2 2 2
30 Medicine Lodge Creek near Grant 5 ] 8 12 10 4 6 8 12 H
32 Fole Greek near mouth, near -] .8 1 2 i .5 .7 ; t 1
Palaris
33 Reservoir Creek at mouth, .9 1 2 2 2 7 1 i 2 1
near Pcolaris
34 East Fork Dyce Crsek at mouth, .5 .8 1 2 1 .5 -7 i i 1
near Polaris
35 West Fork Dyce Creek at .3 N .0 1 .8 .2 N N .8 .6
mouth, near Polarls
36 Grasshopper Creek near Dilion 24 27 34 46 36 29 34 38 45 3%
37 Beaverhead River at Barretts 200 230 360 480 3840 150 250 410 520 390
38 East Fork Blacktail Creek 15 7 21 22 19 16 16 15 19 7
near Dillon
19 West Fork Rlacktail Creek 5 K 16 12 9 7 7 G Pl g
near Dillon
40 Riacktail Deer Creek 35 38 44 49 44 30 35 42 50 44
near Diillon
4% Beaverhead River near Dillen 140 180 330 320 380 280 340 490 610 500
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;) streamflow characteristics Ffeor Dotobar and Fevembderw~Lontinued

Ocotober November
Site
No . Stream name .80 G.BO Q.50 Q.20 QM G.94a .80 .58 .29 QM
47 Beaverhead Riwver near 220 260 440 640 480 380G 440 600 710 550
Twin Bridpes .
£3 Ceorral Creek at mouth, A .5 1 1 1 Wb ) W7 1 .8
near Alder
44 Coal Creek at mouth, i 2 3 & 3 1 2 3 3 2
near Alder
45 Ruby River abocve the forks, 6 & 11 14 it 6 7 g 12 e
near Alder
46 East Fork Ruby River at wmouth, 2 3 & ) & 2 2 3 4 4
near Alder
47 Wesy Fork Ruby River at mouth, 3 3 5 7 5 Z 3 4 3 4
near Alder
48 Cotrenwoond Creek at mouth, 3 4 5 g & 3 3 5 4] 5
near Alder
49 Warm Springs Creek at mouth, 46 &8 50 54 51 46 47 459 52 49
near Alder!
50 North Fork Greenhorn Creek 1 2 3 4 3 H 2 2 3 2
at mouth, near Alder
51 Ruby River above reservoir, 21 100 120 140 120 100 110 120 140 120
near Alder
52 Mill Creek at Forest Service 7 g 11 14 11 6 7 g 11 9
boundary, near Sheridan
53 Wisconsin Creek at Forest 5 ] 7 10 8 4 5 5 & 7
Service boundary, near
Sheridan
54 Ruby River nesar Twin Eridges 140 176 230 250 220 160 190 220 250 220
553 Big Hole River near Jackson 12 13 17 22 18 g 10 13 18 14
5¢& Andrus Creek near mouth, 3 4 5 7 & 3 3 & & 5
near Jackson
57 Fex Creek at mouth, near 2 2 3 5 4 2 2 3 &4 3
Jackson
58 Governor Creek near Jackson 14 ie 19 25 21 13 15 18 20 iE:!
59 Warm Springs Creek at Jacksen 8 9 11 16 13 8 g 11 i5 12
60 Miner Creek near Jackson 6 7 11 16 12 7 8 HY) 13 11
1 Big Lake Creek near 3 & & 8 ] 3 4 5 7 5
mouth, near Wisdom .
67 Steel GCreek ahove Francis 2 2 3 4 3 2 2 3 3 3
Creek, near Wisdom
63 Franecis Creek at mouth, 3 4 6 5 3 3 4 ol &
near Wisdom
64 Steel Creek near mouth, 5 & 8 11 g 5 & 7 8 7
near Wisdem
65 Swamp Creek near mouth, 5 7 g 13 11 6 & 8 9 8
near wWisdom
66 Joseph (reek at mouth, 2 3 & 7 5 z 3 4 5 4
near Wisdom
67 Trail Creek near Wisdom is 17 21 26 27 15 16 19 22 10
58 Ruby Creek at mouth, 4 5 7 10 8 4 5 & g 7
near Wisdom
69 Tie Creek at Forest Service 5 7 g 14 10 5 3 g i1 g
boundary, near Wisdom
70 Jehnson Creek near Wisdom 3 4 5 8 7 3 4 5 7 &
71 Mussigbrod Creek near Wisdonm 2 3 4 ] 5 2 4 3 4 4
72 Worth Fork Big Hole River 29 34 43 58 &7 28 31 39 48 43
near meuth, near Wisdom
73 Big Hole River below 110 130 190 280 219 130 150 180 260 200
North Fork, near Wisdom
74 Pintlar Creek near Forest 5 6 7 12 9 & 5 [ 8 7
Service boundary, near Wisdos
75 Big Hole River belew 20 150 210 310 230 140 168 2i0 280 220
Mudd Creek, near Wisden
76 Fishtrap Creek at mouth, 5 7 3 i5 12 5 £ 7 12 3
near Wise River
77 Lamarche Creek near Wise River 13 12 16 22 18 g 10 13 18 14
78 Seymour Creek near Wise River |3 7 H 15 12 5 7 g 12 10
79 Tenmile Creek at wouth, 2 Z & 5 4 z 2 3 & 3
near Wise River
80 Sevenmile Creek at mouth, g & .G 1 H .3 .5 o7 1 .8
near Wise River
31 Corral Lreek at wouth, .5 o7 1 2 H N .6 -9 i 1
near Wise Riwver
A-14



Table 4.--8s¢

ead wmonihk

charactepristiocs for

hly streanflow

Sctober and Kevember-~Continued

Qoctober Hovember
Site
Mo Suream name G.90 .58 G.50 G.20 oM Q.50 ;.85 .58 G.20 Gk
87 Twelverile Creek at mouth, 1 2 3 4 3 1 2 Z 3 3
near Wise River
83 Sulliwvan Creek at mouth, 2 2 3 5 3 i 2 3 3 3
near Wise Riwver
84 Oregon Creek near mouth, .2 .3 4 .7 ] 2 .2 .3 .3 o
near Wise River
85 Czlifornia Creek above American 2 3 &4 5 4 2 Z 3 & 3
Lreek, near Wise River
86 American Ureek &t mouth, 5 o7 i 2 1 WA .0 .8 H .9
near Wise River
87 Siwxmile Creek at mouth, 3 -] W7 1 B -3 o4 .6 ] N
near Wise River
88 French Creek near mouth, 4 5 7 9 7 & 4 & 7 [
near Wise River
89 Deep Creek near Wise River 22 25 31 35 30 21 23 27 zv 25
90 Hear Creek near Wise River 1 i 2 Z 2 .9 H H 1 i
9% Bryant Creek at mouth, z 2 3 4 2 1 2 3 3 3
near Wise River
L82.Big Bole RINET oot 80 A0 280 830320 200.....230 ..2806 350 300 ..
near Wise River
g3 Johnson Creek at mouth, H 3 P 3 2 .8 i 2 2 2
near Wise River
94 Meadow Creek near Wise River 2 2 3 5 4 2 2 3 4 3
95 Jacobson Creek at mouth, 3 10 14 23 16 7 9 13 18 i3
near Wise River
96 Mono Creek at mouth, .9 i 2 3 2 8 i Z Z 2
near Wise Riwver
97 Wyman Creek at mouth, & & 8 il g 4 5 7 9 7
near Wise River
98 Lacy Creek at mouth, 3 & 5 7 & z 3 4 & 5
near Wise River
99 Gold Creek at mouth, H 2 2 &4 3 H 1 2 3 2
near Wise River
100 Partengail Cresk at mouth, i1 4 19 27 2% i1 i3 7 22 18
near Wise River
1G1 Sheep Creek at mouth, 2 2 3 5 4 1 2 3 4 3
near Wise River
102 Wise River near Wise River 35 41 54 85 &1 35 40 48 57 49
103 Adsom Creek zt mouth, 1 i 2 3 2 H 1 2 2 2
near Wise River
104 Jerry Creek near Wise River 6 7 g i1 t0 5 6 7 8 7
105 Divide Creek at Divide 2 3 3 & 5 2 3 3 5 5
106 Canyon Creek near Divide 3 4 5 9 7 3 3 4 8 6
107 Mocse Creek near Divide 3 3 B 7 & 5 5 6 7 G
108 Trapper Creek near Melrose 4 4 <] 8 ) 4 4 5 7 5
109 Camp Creek at Melrose H 2 3 5 3 .9 1 2 4 3
110 Big Hole River near Melrose 310 360 490 710 533G 350 400 489G 650 520
111 Willow Creek near Glen 7 8 10 12 Hj G 7 8 10 8
112 Birch Creek near Glen ii 12 15 20 16 7 3 i0 13 11
113 Hells Canycen Creek = 2 Z 3 4 3 2 2 3 4
near Twin Bridges .
114 Jefferson River 770 200 1300 1700 1309 1100 1250 1500 1800 1500
near Twin Bridges
115 Whitetail Cresk near Whitehall 3 4 7 10 7 2 Z 2 3 3
117 Boulder River sbove High Ore 14 1% 29 47 32 19 22 28 36 20
Creek, nedar Basin
118 Boulder River near Boulder 18 24 37 &0 41 25 28 36 46 38
119 Littlie Boulder River 8 10 12 i5 12 7 7 5 12 H
near Boulder
128 Boulder River above Cabin 23 36 L2 £3 46 k1t 33 41 50 &3
Gulch, near Boulder
127 Boulder River near Cardwell 235 36 52 77 57 37 4% 51 62 53
122 South Boulder River near 13 14 18 25 19 i 12 ia 19 13
Jefferson Island
123 Jefferson River at Sappiagten- 870 1000 1500 1900 15G0 1300 1560 1600 1900 1704
124 South HWillow Creek near FPony 3 6 7 33 17 7 g 22 27 1
125 North Willow Creek at Peny 2 5 12 is i1 5 2 15 i7 13
126 Willow Creek near Harrison 4 i1 30 s a1 i6 15 37 44 34
127 Herwegian {reek near Harrison 5 & 7 8 7 5 & ] 7 &



Table 4,--gstimated

st

raamilow charachterizstics for Gutober and

Hovembsr--Continued

Gallatin Gateway

Totober November

siLe

Ho . Sdtream name Q.90 G.80 §.50 Q.20 oM G.50 G.B0 Q.50 .20 QM

129 Jefferson River neav 1100 1300 1800 2200 1800 1400 1500 1800 2200 1800
Three Forks

130 Madison River near 340 380 440 505 440 340 390 430 470 429
West Yellouwustone

131 tuck Creek mear 22 24 28 iz 27 20 21 25 26 23
Weast Yellowstone

132 Cougar Creek near 7 9 13 20 16 5 8 15 18 14
West Yellowstone

133 Grayling Creek near 16 19 23 34 28 13 13 ] 25 21
West Yellowstaone

134 Red Canyon (reek near 3 Ny 5 2 1 .2 s N 2 i
West Yellowstone

135 South Fork Madison River EE] 160 110 130 i1 g1 25 100 110 100
near West Yellowstone

136 Watkins Creek near 2 2 Z 4 3 H 2 2 4 3
West Yellowstone

137 Trapper Creek near 1 Z 2 3 3 i 1 2 3 2
West Yellowstone

138 HMadiscon River beleow 480 880 1400 1800 1300 G690 830G 1400 1900 1400

HebgenLake’nearGrayling . e et e e e e e e e e PP PR

139 Cabin Creek near 7 8 10 i6 13 3 3 7 11 9
West Yellowstone

140 Beaver Creek near Al 24 29 37 a1 18 20 25 31 26
West Yellowstone

141 Elk River at mouth, near 11 14 19 29 22 HY iz 18 25 1%
Cameron

142 Soap Lreek at mouth, .6 .8 E 2 2 25 o7 i Z 1
nezar Lameron

143 Antelope Creek at mouth, 14 15 15 19 17 13 14 15 17 HESS
near Cameron?

44 VWest Fork Madison River 42 44 51 59 54 37 [ 45 56 48
near Cameron

145 Squaw Creek near Cameron 6 & 8 10 a 5 & 7 g 7

146 Standard Creek near Lameron 5 5 7 8 7 & 3 5] 7 <3

147 Ruby Creek .near Cameron 3 3 & 5 4 3 3 4 5 4

148 Indian Creek near Cameron 18 23 25 37 H i6 19 24 3 25

149 Madison River near Cameron 976 1100 1700 2100 1600 886 100G 16060 2100 1600

150 Blaine Spring Creek 24 24 27 ¢ 27 22 23 24 26 25
near Camercn

151 0'Dell Creek near Ennis 110 1%i0 110 116 110 il 100 160 1ic 0o

152 Jack Creek near Ennis 18 21 23 25 23 14 15 18 19 18

153 Maore {reek at Ennis .6 .7 .9 2 H .5 .7 .B 2z 1

154 North Fork Meadow Creek at 53 8 i1 17 12 & 5 8 10 8
Forest Service boundary,
near Ennis

155 North Ferk Meadow Creek at 4 4 3} 0 7 3 3 4 & 5
Hi ghway 287, near Ennis

156 Madison River below Ennis 1100 1400 2000 2400 1900 1100 1400 2100 250G 20900
Lake, near McAllister

157 Hot Springs Creek near Norris 5 & 7 10 8 & 3 & 8 7

58 Cherry {reek near Norris 20 22 27 31 25 i7 19 22 25 22

159 Madison River near 1100 1400 2000 2500 2000 1300 1400 1500 2300 1900
Three Forks

160 Cache Creek at wmouth, near 2 3 & 5] 4 Z Z 3 5 &
West Yellowstone

161 Taylor Creek near Grayling 22 25 29 37 31 i7 20 25 34 26

162 Porcupine Creek near 5 & 7 18 & [ 5 & ) 7
Gallatin Gateway

163 Galilatin River above 180 210 2440 325 250 164 170 210 250 210
West Fork, near Big Sky

164 South Fork West Fork Gallatin 12 15 19 28 21 10 12 i3 19 i5
River near Gallatin CGateway

165 Middie Fork West Fork Gallatin 5 & g 12 9 5 5 7 g 7
River near Gallatin Gateway

166 West Fork Gallatin River 24 29 37 52 ag 20 23 25 36 29
near Gallatin Gateway

167 Sguaw Creek near 14 13 1% 23 18 i3 HES 17 25 17
Gallatin Gateway

168 Hellroaring Creek near H 20 25 31 25 i6 17 Z1 24 20



ics for Geotober and Novembarw-{ontinued

Gctobexr Hovember

Site

Ho . Stream nahe 3,90 5. 80 .50 0.24 oM G.90 .50 G.50 Q.20 QM

169 Sourh Fork Spanish Creek near 11 13 17 23 18 10 11 13 15 13
Gallatin Gateway

170 Spanish Creek near 24 28 36 47 36 21 23 29 34 28
Gallatin Gateway

171 Gallatin River near 3150 380 £50 590 £70 300 330 384 470 350
Gallatrin Gateway

172 Big Bear Lreek near 5 5 6 3 & 4 4 5 & 5
rallatin Gateway

173 Scuth Cottonweod Creek 15 16 19 23 20 13 14 16 20 16
near Gallatin Gateway

174 Baker Creek near Manhattan?® a4 70 100 130 100 71 92 116 120 118

175 Rocky fSreek near Bozeman 8 1 13 20 15 a e 13 18 14

176 Bear Canyon Creek near Bozeman Z 2 3 4 3 1 2 2 4 3

177 Sourdough Creek near Bozeman 10 11 15 17 15 10 11 13 15 13

178 East Gallarin River at Boreman 34 42 51 62 54 38 45 51 57 51

179 Bridper Creek near Bozeman 7 B 10 15 11 & 7 9 i3 10

180 East Gallatin River 40 ag 61 a0 63 39 4& 58 72 58
near Belgrade

181 East Fork Hyalite Lreek 4 5 ) 8 7 3 4 5 ) 3
near Hogeman

182 West Fork Hyalite (reek g 10 12 16 i3 7 8 10 12 10
near Bozeman

183 Hyalite Creek at Hyalize 24 28 38 32 39 17 19 27 34 27
Ranger Station, near Beozeman

184 Hyalite Creek above 6 7 g 15 1 4 5 7 9 8
Interstate 90, near Bozeman

185 Thompson Creek near Belgrade 27 ac 33 36 33 27 i8 33 35 3z

185 Ben Hart Creek near Belgrade 239 29 33 32 N 28 z9 30 3z 21

187 Reese Creek near Belgrade [ 7 8 11 8 7 7 g 190 9

1B8 East Gallatin River 170 180 2158 230 180 160 17¢ 190 210 180
near Manhattan

189 Gallatin River near Logan 560 600 830 1100 840 6180 780 850 igca 8390

190 Sixteenmile Creek mear 1 & 7 g 5 4 & 5 7 5
Ringling

191 Sixteenmile Creek near Maudlow 17 18 29 37 30 18 20 28 33 28

192 Sixteenuwile Creek near Toston 20 23 34 51 41 21 26 . 38 50 40

193 Missouri River near Toston 3100 3500 4400 5400 4560 3708 4000 4700 5600 4800

164 Crow Creek near Radersburg 12 13 15 19 16 g 1G i2 15 12

195 Dry Creek near Toston 2 2 4 5 4 2 2z 3 4 3

196 Deep Lreek below North Fork, 8 9 10 15 12 7 8 G i3 1i
near Townsend

197 Duck Creek near Townsend 3 & 5 [ 5 3 3 & 4 4

198 Confederste Gulch near Winston 5 5 7 9 7 & 5 6 7 5

199 Beaver Creek near Winston 2 3 5 8 5] 2 a 5 7 5

200 Avalanche Gulch near Wiaston .7 1 1 3 3 .B 1 2 4 3

201 Spokane Creek near East Helena 3 3 4 & 5 3 2 & 5 4

202 McGuire Creek at county L] 7 8 8 8 7 7 7 8 ?
road, near East Helena

203 Trout Creek at mouth, 13 i3 i5 15 4 12 12 HEN 16 14
near East Helena

204 Prickly Pear {reek near Clancy 17 18 28 35 25 19 20 27 31 27

205 Prickly Pear Creek at mouth, 22 24 38 36 31 24 25 31 35 31
near East Helena

206 Tenmile Creek near Rimini ] .5 1 3 3 o 6 1 3 2

207 Tenmile Creek near Helena 1 3 5 12 7 3 & 7 13 g

208 Sevenmile Creek near mouth, % H 2 & 3 1 H 2 & 3
near Helena

209 Tenmile Creek at mouth, 2 3 5 8 5 3 3 5 5 5
near East Helena

210 Silver Sreek at Iaterstaze 13, 8 g 11 12 11 8 g 11 11 i1
nezr Helena

211 Beaver Creek at mouth, 3 & § 11 8 <3 <] 7 1 a
near East Helena

212 Elkhorn Creek near mouth, 3 3 & & 5 3 3 4 [ 5
near Wolf Creek

213 Willow Creesk below Elkhorn 2 2 3 5 & 2 2 3 & 4

Creek, near Wolf {reek



Table 4.~-Fstimated monthly streamflow characteristics for

Gctober and Hovember--fontinued

October November

Site

He . Strears name Q.80 3.BO Q.50 G.20 G Q.90 4.80 G.50 Q.25 M

214 Cottonweed Creek above Beartooth .8 Z 1 24 .8 H 2 H
Ranch, near Welf Creek

217 VYirginia Creek at mouth, 3 4 & ¢ 7 3 4 7 9 7
near Canyon {reek

218 Canyon Creek below Cotionwood 4 5 § 15 it 4 9 1h 11
Creek, near Canyon Creek

215 Little Prickly Pear Creek 12 i3 18 25 20 i1 15 20 26 21
ngat Lanyon {reek

220 Lyons Creek mear Wolf Creek 5 5 7 g 7 5 6 7 S 7

221 Woif Creek at mouth, 2 3 & 7 5 4 3 & 5 4
at Wolf Creek

222 Little Prieckly Pear Creek 35 44 58 85 &5 42 48 64 79 64
negr Wolf Creek

223 Wegner Creck near Craigh ¢ o c [ G g 0 G a a

224 Srickney Creek near Craigh 0 0 [ Q G 0 Q 0 4] G

226 Middle Fork Dearborn River at 7 8 11 16 13 7 8 10 12 i0
Highway 200, near Wolf Creek

227 South Fork Dearborn River at [ 7 10 14 i1 & 7 9 i1 g
Highway 434, near Wolf Creek

228 Dearborn River near Craig 41 48 70 91 7z 46 51 G8 32 72

229 Flat Creek above Slew Creek, 7 8 i3 17 13 8 g 12 17 i3
near Craig

230 Sheep Creek at mouth, 13 16 23 25 2% 10 12 17 18 15
near Cascade

232 North Fork Smith River at 3 4 6 i1 8 3 & 7 4 8
Highway 89, near White
Sulphur Springs

233 South Fork Swith River at mouth, 8 9 12 i7 13 Q 10 i1 14 12
near White Sulphur Springs

234 Spith River below forks, 11 12 i8 25 23 g 12 18 29 20
near White Sulphur Springs

235 Big Birch Creek at mouth, i7 Z0 32 41 29 21 22 28 31 25
near White Sulphur Springs

236 Newlan Creek below Charcoal 3 3 5 8 6 4 5 5 B 4]
Gulch, near White Sulphur
Springs

237 Camas Creek near mouth, 3 4 5 9 7 3 5 & g 7
near White Sulphur Springs

238 Smith River near Fort Leogan 90 96 120 140 120 98 a0 110 120 110

239 Sheep Creek near 1 12 15 i8 16 g 10 i3 15 i3
White Sulphur Springs

240 Sheep Creek near mouth, 16 18 26 38 31 s H 22 33 25
near White Sulphur Springs

241 Eagle Creek near mouth, 2 2 3 ] 5 i 2 3 4 4
near White Sulphur Springs

242 Rock Creek below Buffalc Canyon, § g 11 i3 13 5] 8 Y i3 11
near White Sulphur Springs

243 Tenderfoot Creek below Scuth i3 i6 21 27 23 11 i3 H] 18 16
Fork, near White Sulphur
Springs

244 Smith River near Eden g2 110 140 190 170 8% 130 130 200 156

245 Hound Creek near mouth, 13 i35 21 30 24 i0 13 18 25 21
near Cascade

246 Missouri River near Ulm 3200 37006 4704 5000 4800 500 4200 5009 6200 5300

247 North Fork Sun River 85 71 9L 140 110 &7 59 56 e 92
near Augusta

248 Sun River near Augusta 10C 110 110 120 110 55 1760 240 360 278G

249 Sun River below diversicn dam, 80 96 130 190 140 ag 79 130 160 130
near Augusta

230 Willow Creek near Anderson 2 4 3 5 & 2 2 3 4 3
Lake, near Augustsa

2571 North Fork Willow Creek below 3 3 3 4 3 3 3 3 & 3
Cutrock Creek, near Augusta

254 Smith Creek near Augusta & 7 14 21 13 & g 12 16 iz

255 Ford Creek near Augusta 12 i3 15 18 16 & 7 i0 14 13

256 Elk Creek near Augusta 19 3z 45 &5 48 21 25 33 533 39

257 Sun Riwver =zt Simms 110 130 150 250 206 140 164 210 240 210

260 Missouri Riwver near 41046 5000 3300 §800 580G 4200 4300 5600 73008 5800
Great Fells

261 Dry Fork at mouth, at Monarch 7 8 i1 17 14 & 7 10 14 it

A-14



Table 4,.~~Estimated monthl

y strezmflow characteristics

for October and

#avember--Continuesd

Jotober Koevember

Site .

No. Stream name G.90 (.80 G.50 .20 oM Gg.50¢ Q.80 Q.50 Q.20 M

262 Tillinghast Creek above & 7 9 1% 10 6 & 2 10 3
Joice Creek, near Monarch

263 Pilprim Creek at mouth, 5 [ G 13 0 5 [ 7 i0 B
near Monarch

264 togeging Creek at Logging Creek 5 7 ¢ 10 g 6 & 8 8 7
Campground, near HMonarch

265 Belt Creek near Honmareh 35 41 52 74 &5 29 31 55 62 49

266 Big Otter Creek above Never 2 5 6 5 & 3 5 7 6
Sweat Creek, near Raynesford

267 Belt Creek mnear Portage 17 21 37 &1 &6 14 15 3t L8 34

268 Highwood Creek below Smith 5 5 7 He g 4 5 & 7 &
Creek, near Highwood

269 Missouri River at 3800 L300 5400 5900 5600 46060 50060 5600 7200 5B00
Fort Bentan

270 Shonkin Creek below Bishop 3 4 5 3 5 3 3 4 & &
Creek, near Highwood

271 South Fork Two Medicine River 12 14 21 31 23 10 14 24 37 23
near East Glaclier

273 South Fork Badger Creek 9 i3 18 28 20 G 11 16 213 17
near Browning

274 Horth Fork Badger Creek 9 11 16 25 19 8 10 15 21 113
near Browning

278 Birch Creek at Swift Dam, ia 25 35 110 04 H 4 19 1z
near Valier )

27% South Fork Dupuyer Creek 2 3 & & 5 2 2 3 5 4
near Dupuyer

280 Worth Fork Dupuyer Creek z 3 5 7 5 2 3 4 & 4
near Dupuyer

281 Dupuyer Creek below Scoffin 6 7 0 16 12 3 8 [RY i5 12
Creek, near Dupuyer

282 Birch Creek near Valler 29 36 &7 53 45 25 30 44 57 Gdy

283 Cut Bank Creek near Browning 23 31 56 94 66 25 34 52 78 56

284 Cut Bank Creek at Cut Bank 36 35 58 110 7 31 a7 58 85 63

285 Marias River at Sulliwvan 180 210 310 510 3jge 180 210 3i0 420 339
Bridge, near Cut Bank

286 Marias River near Shelby 180 210 320 530 390 180 210 320 430 340

287 Marias River at "F" Bridge, 210 240 370 620 460 220 240 370 510 4480
above Tiber Reservolr,
near Shelby

288 Marlas River near Loma 470 540 8ip 1100 BE60 330 370 630 840 540

290 Teten River near Strabane 13 15 20 26 20 7 16 20 25 21

291 McDonald Creek near Strabane 9 9 10 12 11 g 10 10 11 11

292 North Fork Deep Creek 3 4 ] 3 7 3 4 5 7 6
near Chotean

293 Bouth Fork Deep Creek 3 4 6 9 7 3 4 5 7 5
near Choteau

294 Deep Creel near Choteau 7 2 i1 12 11 7 8 ! 12 ic

295 Teton River near Dutten 28 40 €3 110 75 14 44 70 a7 76

296 Missouri River at Virgelle 4000 4900 5100 7700 6300 4800 5400 6400 7600 6600

297 Lost Creek at mouth, near Utica 5 7 9 13 16 5 & 3 kR 9

298 Yoge Creek at mouth, near Utica .3 W5 3 4 3 .2 .7 1 4 3

299 Middle Fork Judith Riwver 4 5 8 14 i0 2 3 4 7 4
near Utica“

331 South Fork Judith River at 1 2 2 4 3 1 H 2 2 2
Indian Hill Campground,
near Utica

303 Judith River above (ourtneys 7 10 13 VA 17 5 8 10 13 12
Creek, at Utice

a56 East Fork Big Spring Creek 5 6 8 12 £ 4 5 7 10 &
gt -mouth, near Lewlstown

307 Big Spring Creek above 110 128 134 136 130 160 110 120 120 j20
Cottonweod Creek, near Hapover

309 Cottonwood Creek at Eighway 3 3 4 7 6 2 3 4 5 4
200, near Lewistown

310 Beaver Creek st county road, Z 4 ? g 7 5 g 3 i1 s
near Lewlstown

311 Big Spring Creek at mouth, 8 110 136 140 130 &5 94 10 120 110

near Lewistown

A-15



¥ovember--Continued

Table 4.~~Fstimated monthly streamfilow characteristics for Ogtober and
Jetoher November

Site

Ho Stream namse .90 G.80 .50 Q.20 QM G.o0 Q.80 G.50 .20 am

412 Warm Springs Creek above 100 100 119 120 116 g7 108 110 110 116
Meadow (reek, near Hilger

313 Judith River near Winifred 240 240 428 558 410 240G 245G 450 580 420

315 Cow {reek below forks, 3 3 4 6 5 Z 3 & 5 4
near Lleveland .

3146 Missouri River near Landusky 4300 3300 6700 8100 G800 3100 5900 6800 8430 7100

317 Horth Fork Musselshell River &4 5 & g 7 3 & 7 9
near Delpine

318 Checkerboard Creek pear 1 i 2 3 2 W7 1 i Z 2
Checkerboard

319 Spring Creek below Whitetail 3 4 6 8 6 3 3 & 3 5
{reek, near Checkerboard

320G Morth Fork Musselshell River 5 & g 13 10 6 7 9 11 10
near wouth, near Martinsdale

321 alabaugh Creek at mouth, Z 2 4 5 [ 2 z 3 4 3
near Lennep

322 Cottonwood Creek belew Loco H 13 17 22 18 8 H 12 1& 12
Creek, near Martinsdzle

223 South Fork Musselshell River 11 i8 30 40 3t 12 18 28 a5 23
above Martinsdale

324 Big Elk Creek at mouth, 5} .9 7 1 & .3 .8 10 14 g
at Twodot

325 Musselshell River at Harlewton 19 45 71 110 76 35 54 76 110 81

328 American Fork near Harlowton L0 .2 2 5 3 .0 .0 2 4 Y

330 Careless Creek below Little .5 N .8 2 H N4 .6 o7 1 1
Careless Creek, near Hedgeaville

131 Swimming Women Creek below .5 .5 .9 2 H .3 .5 .5 i -G
Dry Coulee, near Franklin

333 Musselshell River near Roundup 12 25 68 110 73 15 a3 64 126 T4

335 Flatwillow £regk below 3 3 4 13 HY 2 4 4 4 H
the forks, near Grass Range

338 Musselsheli River near Mosby z 15 &9 120 82 10 3é T4 140 87

339 Big Dry Creek above Little Dry .0 Ry .2 2z 1 .0 .0 .2 1.3 .8
Creek, mear V¥an MHorman

340 Little Dry Creek near Van Horman o1 .2 2 5 3 .2 o4 1 3 2

341 Big Dry Creek near Van Norman .1 -3 2 g 5 .3 25 2 4 3

lincludes estimated spring flow of abouz 40 cublic feet per second, based on

Mcntana Department of Fish, Wildiife and Parks.

ZIncludes estimated sprinmg flow of about 15 cuble feet per second, based om

Montana Department of Fish, Wildlife and Parks.

3Estimated long-term monthly streamflow characteristics may not reflect the

of upstrean streamflow regulation.

“Srream 1s known to be dry except for periods of runcff.

7

SSgream is kmown to be dry

8

cubic feet per second.

cubic feet per sacond.

axcept for pericds of

runcff.

Ty
o

i
ot
i

information provided by

information provided by

current flow regime because

Calculated flows were adjusted by subtracting

Caiculated flows wers adjusted by subiracting



streamflow characteristics far CGoiober 2nd November,

Table 4.-— Estim
I 4.%#A, monthmiy mesn streacflos for scecifiszd moenth sxceaged AX percent of the yzars, in cublc feet par ssopng?

A4, mean maninly sireamflow for specified month, iLn cubi¢ feet per second 3

Gctober Novembar
Site Stiream nams G.90 G380 4.50 G.20 a% .95 5.80 5,50 8.75 -
NG
156 ROCK CREEK AT MOUTH HWEAR WISDOR 4 5 7 1G 2 4 5 5 E] &
367 DELAND CREEK AT MOUTH KEAR WISE RIVER J.1 .2 0.3 3.5 9,4 D, 0.t 0.2 3. 0.3
68 SALFWAY CREFK AT MJUTH HEAR WHITEMALL 1 2 2 3 3 1 i 2 3 2
349 N.F  DEEP CREEK AT MOUTH NR MILLIGAN 0.8 1 Z2 3 2 4.7 1 1 Z Z
70 COLLAR GULCH AT MDUTH NEAR MAIDEN 8.2 0.3 C.5 Jded U.8 0.2 2.3 0.4 Geé 0.5
371 BADGER CREE® SEL FORKS NR BROWNING 7% 24 33 23 i7 18 21 31 43 32

o
i

Jond

e



in cuble feet per second; QM, mean monthly st
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R H wa sl
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Table 5.,--Zstiaated HOWENEY

its for December and Jznusry

{3.%XX, menthly mean srreanflow for specified month exceeded X4 percent of the vears,

reamflow for specified month, in cuble feet per

second]

Sitve

No.

Deceber

Stream namse

G.BC Q.50

.20

January

Q.80 Q.50

LW WL R

o W el o

13
14

15

PR
Na} o - fasl

20
21

22
23

24
25

26
27

28
30
32
33
34
35
36

37
38

g
40

I~

Hellroarimg Creek 5
near lL.akeview

oprral Creek near Lakeview N

Antrelope Creek near Lakeview .

Red Rock Creek near Lakeview G

Tom Creek near Lakeview .3

Narrows Creek at mouth, .3
near Lakeview

Gdell Creek near Lakeview 4

Jones Creek near Lakeview .5

Red Rock River near Kennedy i2
Ranch, near Lakeview

Peet Cresk at county road, A
near Lakeview

Long Creek near Lakeview z

East Fork Clover Creek at .6
mouth, near Monida

Red Rock River belew Lima 10
Reservoir, near Monida

Cabin Creek above Simpson .2
Creek, near Lima

indian Creek above Simppson .3
Creek, near Lima

Simpson Creek above Indian .4
Creek, near Lima

Deadman Creek near Dell 3

Big Sheep Creek below Muddy 38
Creek, near Dell

Red Rock River at Red Reck

Black Canvon Creek near CGrant 1

Shennon Creek near mouth, .3
near Grant

Frying Pan Creek near Grant i

Trapper Creek at wmouth, neaxr .3
Grant

Bear {reek near Grant 2

Bloody Dick Creek mear Grant 8

Horse Prairie Creek near Grant 21

Rape Creek above reservoir, .2
naar Grant

Fainter Creek near Grantc 1

Browns Canyon Creek near Grant B

Medicine Lodge Greek mear Grant 3

Pole Creek near mouth, .3
near Polaris

Reservoir Creek at mouth, . &
near Polaris

East Fork Dyce Creek et .5
mouth, near Polaris

West Fork Dyce Creek at .3
mouth, near Polaris

Grasshopper freek near Dillon 18

Barrerts 18C
Creek iz

Beaverhead River at

Rast Fork Blacktail
near Dillon

West Fork Blacktall
near Dillon

Biacktail Deer Creek pas
near Dillen

Beaverhead River near Dillon 280

Creek 5

190

£ b
-

& .8
o7 1
.6 LB

21 30

()
—n LN

230
12

o
BN

27 32

33a 434G

B

52
2440

38

420
H-

g
38

560

18

(o

30

350
15

7
32
460

34
130

214

o % -7
3 -4
20 23

230 360
i3 i3

25 30

230 3B0

[e=l Nl ]
Py

32 25

350 300
15 13

33 30

440 370



Table 5,~-Fsrvimated monthly streamflow charagteristics for December and Januapy-~Continued

Stream name

December

Q.30

Q.80

G.50

G.20 QM

i Lo
Cr

o
) fos3 )

(¥,
<r

52
53

94
56

57

58
59
60

&1

o5
3

[=4)
Ly

65
56
&7
68
69

70
71

Beaverhead River near
Twin Bridges

Corral Creek at mouth,
near Alder

Coal Creek at mouth, near Alder

Ruby River above the
forks, near aAlder

East Fork Ruby River at mouth,
near Alder

West Fork Ruby River at mouth,
near Alder

Cottonwood Creek at mouth,
near Alder

Yars Springs Creek at mouth,
near Alder!

Horth Fork Greenhorn Creek
z% mouth, near Alder

Ruby River above veservoir,
near Alder

Mill Creek atf Forest Sorvice
boundary, near Sheridan

Wisconsin Creek at Farest
Service boundary, near
Sheridan

Ruby River near Twin Bridges

Big Hole River mear Jackson

Andrus Creek near mouth,
near Jacksaon

Fox Creek at meuth,
near Jackson
Governoer Creek near Jackson
Warm Springs Creek at Jackson
Miner Creek near Jackson
Big Lake Creek near mouth,
near Wisdom

Steel Creek above Francis
Creel, near Wisdom

i Francis Creek at wmeuth,

near Wisdom

Steel Creek near wouth,
near Wisdam

Swamp Creek near wouth,
near Wisdom

Joseph Creek at mouth,
near Wisdom

Trail Cresk near Wisdom
Ruby Creek at mourh,
near Wisdom
Tie Creek at Forest Service
boundary, near Wisdom
Johnson Cresk near Wisdem
Mussighbrod Creek near Wisdem

Korth Fork Big Hole River
near mouth, near Wisdom
Big Hole Riwver below Horth

Fork, near Wisdom

; Pintlar (reek near Forest
Service boundary, near Wisdom

Eig Hole River below Mudd
Creek, near Wisdom

Fishtrap Creek at mouth,
near Wise River

Lamarche Creek near Wise River
Seymour Creek near Wise River
Tenwmi le Creek at mouth,

near Wise River
Sevenmile Creek at mouth,

nesry Wise River
Corral Creek af moutrh,

neay Wise REiver
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fanuary--Lontinu

Table 5.,+=fstimatnd monthly streamfliow characteristics for Pecember and

December January
Site
Ko . Stream name G.90 Q.80 .50 Q.20 QM 0,90 Q. B0 G.50 Q.20 QM
B2 Twelvemile Creek at mouth, 1 1 z 3 2 1 i 2 2 2
near Wise River .
83 Sulliven Creek at mouth, 1 2 2 3 Z 1 1 2 3 2
near Wise River
84 Oregon Creek near meuth, 21 .2 .2 ] .3 1 .1 W2 23
niear Wise River
5% California Creek above American 2 4 ’ 2 3 2 H 2 2 3 2
Creak, near Wise River
56 American Creek at mouth, A X .H .B .7 23 & .6 .8
nesy Wise River
37 Sixmile Creek at mouth, W3 .3 oh .6 .5 W2 .3 Wb .5
neay Wise River
88 French Creek near mouth, 3 3 4 5 5 2 3 4 5 4
near Wise River
B9 Deep Creek near Wise Riwver i3 17 22 23 21 i5 7 18 21 18
90 Bear Creek near Wise River .8 .9 1 1 H .6 .7 i 1
%1 Bryvant Creek at mouth, i 2 2 3 z i i 2 2 2
near Wise River
32 Big Hole River mear 160 180 229 280 230 130 158 200 250 200
Wise Rlver
93J0hﬂ50ﬁ Cre'e'k“"a‘t“m'o‘u‘t"n‘,‘“' ST n? °9 ? 2 ‘; ........ '.6 ........... ’8 ‘} ; ......... ‘§
near Wise River
94 HMeadow Creek near Wise River 1 i 2 3 2 H i 2 3 Z
95 Jacobson Creek at mouth, 7 8 11 14 12 3] 7 10 12 10
neary Wise River
96 Mono Creek at mouth, .8 .9 1 2 1 ] .7 1 1 1
nesr Wise River
97 Wyran Creek at mouth, 4 4 6 7 & 3 4 5 7 5
near Wise River
98 Lacy Creek at mouth, 2 3 & 5 4 2 2 3 4 3
near Wise Rlver
99 Gold Creek at mouth, 1 1 2z 2 4 .9 I 2 Z 2
near Wise River
100 Pattengail Creek at mouth, ] 11 14 i8 13 8 15 i3 16 13
near Wise River
101 Sheep Creek at mouth, 2z 2 2 3 2 1 1 pa 2 2
near Wise River
102 Wise River near Wise River 35 37 44 50 [ 33 34 37 43 38
103 Adsecn Creek at mouth, i 1 H 2 2 o7 .9 1 1
near Wise River
104 Jerry Creek neatr Wise River 4 5 & 7 6 4 4 5 5] 5
105 Divide Creek at Diwide 2 2 3 5 4 2 2 3 I3 3
106 Canyon Creek near Divide 2 3 4 & 5 2 3 4 5 4
107 Hoose Creek near Divide 3 L 5 & 5 3 4 4 5 4
108 Trapper Creek near Melrose 3 4 & & 5 3 3 4 5 4
109 Caopp Creek zt Melrose -7 i i 2 2 o .6 1 2 1
110 Big Hole River near Melrose 280 310 390 470 400 230 270 350 430 350
111 Willow Creek near Glen 5 6 7 8 7 5 6 7 2 7
112 Birch Creek near Glern 6 & 8 Ht & & & 2 e 8
113 Hells Canyon Creek near 2 2 2 3 2 2 z 2 3 2
Twin Bridges
114 Jefferson River near 970 1000 1300 1500 1300 840 890 1006 1200 1100
Twin Bridges
$15 Whitetall Creek near Whitehall 2 z 2 2 Z 1 i 1 2z
117 Boulder River above Bigh Ore H 18 23 30 24 12 17 24 28 23
Creek, mear Basin
118 Boulder River near Boulder 21 24 34 38 33 17 22 30 35 23
11¢ Little Boulder River 6 & g H 8 5 3 2 g 8
near Boulder
120 Boulder Riwver sbove Cabin 26 30 35 43 a6 22 28 35 40 34
Guich, near Boulder
121 Boulder River near Cardwell 3z 37 43 35 45 27 34 L4 50 iy
127 South RBoulder River near 8 9 11 15 12 g S i1 1 i1
Jefferson Island
123 Jefferson River at Sappington 1100 1200 13048 1600 1400 919 S50 110G 1440 1200
i24 South Wiliow Creek nmear Pony 8 i1 16 i 15 & 9 1% 15 12
125 North Willow Cresek ai Fony 7 9 11 13 11 5 7 8 11 g
126 Willow Creek near Herrison 18 23 3G a5 29 i5 20 24 iz 24
127 Norwegian Creek nesr Harrison 5 3 5 & 5 3 3 4 5 4

A2



Table 5,--Fstimated monithl

Gallatin Gsteway

Decenber January

Site

Ho . Stream name G.9¢ G.80 q3.30 .20 Gq.56 0.80 G50 Q.24 oM

125 Jefferson River near 370 1100 1400 1802 1000 1100 1300 1508 1300
Three Forks

130 Madison Riwver near 340 70 430 460 330 360 420 450 410
West Yellowstone

131 Duck Creek near i8 1% 21 22 16 18 19 21 19
West Yellowstone

132 Coupgar Creek near & 7 2 H & 7 HY 12 10
West Yellowstone

133 Grayling Creek near 12 i3 H 18 10 i2 15 18 15
West Yellowstone

134 Red Canyon Creek +3 .5 o7 2 - 1 1
near Weat Yellowstone

135 South Fork Madison River 85 48 94 100 83 a7 93 a8 93
near West Tellowstone

136 Watkins Creek near H Z 2 3 i H Z 3 z
West Yellowstone

137 Trapper Creek near 1 i Z z 1 1 2 2 7
Wegt Yellowstone

138 Madison River below 700 770 890 1100 650 740 210 13100 890
Hebpgen Lake, near Grayliing

139 CaBLH Cresk hear g g e 5 7 g 7
Weat Yeliowstone

140 Beaver Creek near 17 i8 2% 23 i3 17 g 22 15
West Yellowstone

141 Elk River at mouth, 10 12 15 20 B H] 13 17 14
near Cameron

142 Soap Creek at mouth, N .6 .8 1 ol 1
near Cameron

143 Antelope Creek at mouth, i3 13 14 16 12 i3 14 15 14
near Cameron?

144 West Fork Madison River 33 35 4y 49 3D 31 s 44 3g
near Cameron

145 Squaw Creek near Cameron 5 5 6 7 & 4 5 5 7 6

146 Standard Creek near Cameron & A 5 5 5 2 4 4 5 4

147 Ruby Creek near Cameron 3 3 3 4 3 2 2 3 4 3

148 Indian Creeok near Cameron 5 17 19 23 14 16 iB 21 18

149 Madison River near Cameron 920 1000 1100 1300 890 530 1100 1200 1100

150 Blaine Spring Creek 2% 23 23 25 21 22 23 24 23
near Cameron

151 0'Dell Creek near Ennis 9g 108 00 00 as G7 100 i00 35

152 Jack Creek near Ennis 14 i5 16 17 i1 12 14 16 14

153 Moore Greek at Ennis 5 .6 .8 1 .5 1

154 North Fork Meadow Creek at 3 4 & 7 3 4 5 & 5
Forest Service boundary,
near Ennis

155 North Fork Meadow Creek 2 3 4 5 A 2 3 4 3
at Highway 287, near Ennis

158 Madiscn Riwver bLelow Enmis 1200 1300 1500 1700 1300 1200 1500 1600 1400
Lake, near Mcallister

157 Hot Springs Creek near Norzris 4 4 5 & 3 4 5 & 5

158 Cherry Creek near Horris 13 14 17 20 g 12 15 18 15

1539 Madlson River near 1500 1500 1800 1900 1300 1200 1506 1600 1400
Three Forks

$60 Cache Creek at mouth, near 2 2 3 4 i 2 3 3 3
West Yellowsatone

161 Tavlor Creek near Grayling 7 8 20 22 16 17 19 21 19

162 Porcupine Creak near & & 5 & 3 4 5 & 5
Gallatin Gateway

163 Gallatin River above West 140 156 170 210 130 140 10 130 170
Fork, near Big Bky

164 South Fork West Fork Gellatin g g 12 i3 7 g i1 14 i1
River near Galletin Gateway

165 Middie Fork West Fork Gellsztin 4 4 5 7 3 4 5 & 5
Riwver near Gailatin Gateway

166 West Fork Gallatin River 17 18 23 28 15 i7 21 25 21
near Gallatin Gateway

167 Squaw Creek near Callatin 12 12 14 7 14 10 11 i3 i5 i3
Gateway

168 Hellivocaring Creek near 13 14 i7 20 17 12 i3 15 i8 15



Tabla S.-~Estimated monthly streamflow chara

&

cteristics fo

r Pecember end January--Lontinued

Lecepbar January

Site

Ho. Stream name 0.90 0.8  G.30 .20 QM G.50  G.80  Q.5€  0.20 on

16% South Fork Spanish Creek 8 g 10 12 10 7 8 10 1 g
near Gallatin CGateway

170 Spanish Creek near 17 i8 22 27 22 i5 17 20 24 20
Gallaifin Gateway

171 Galletin River near 260 280 aza 390 330 250 270 310 350 310
Gallatin Gateway .

172 Big Bear {reek neer 3 3 4 5 4 3 3 L 4 4
Gallatin Gateway

173 South Cottonwood Creek 11 11 12 H 14 10 i 12 15 13
near Gallatin Gateway

174 Baker Creek near Manhattan? 75 34 94 110 a5 66 74 B3 g8 B4

175 Rocky Creek near Bozeman 7 g 1 i6 12 7 g 10 14 11

176 Bear Canyon Creek near Bozeman .7 1 3 d .6 H 1 2 2

177 Sourdough Creek near Bozeman 8 9 11 12 11 7 B 0 12 HS

178 East Gallatin River at Bozeman 35 41 46 52 47 31 36 40 45 41

179 Bridger Creek near Bozeman 5 5 2 12 2 4 4 & 11 7

180 East Gallatin River 31 37 47 59 49 28 32 a8 55 42
near Belgrade

181 East Fork Hyalite Creek 2 3 3 5 4 2 2 3 & 4
near -Bozeman

182 West Fork Hyalite Creek 5 6 8 i 9 5 & 7 g 8
near Bozeman

183 Hyalite Creek at Hyalite 13 i5 21 25 21 14 13 18 21 18
Ranger Statlon, nmear Bozeman

184 Hyalite Creek above & 4 & 7 & 3 4 5 7 3
Interstate 90, near Bozeman

185 Thompson Creek near Belgrade 24 6 30 32 29 24 27 31 34 30

186 Ben Hart Creek near Belgrade 29 29 30 32 30 28 28 29 30 30

187 Reese Creek mear Belpgrade 6 & a 9 a 4 3] 7 a 7

188 East Gallstin River 140 1ad 160 180 150 130 140 150 160 150
near Manhattan

189 Gallatin River near Logan 650 730 790 910 850 RS 650 730 83d 720

190 Sixteenmile Creek near Ringling 2 2 4 & 4 W2 .8 3 3 3

191 Sixteenmile Creek near Maudlow 15 16 22 27 23 13 i€ 18 24 20

122 Sixteenmi le Creek near Toston 18 21 29 40 33 17 20 25 35 28

193 Missouri Riwver near Toston 3200 33oo 3800 4300 3900 2700 30040 3400 3800 34060

194 Crow Creek near Radersburg 6 7 g i1 g 4 5 7 9 7

195 Dry Creek near Teston 2 2 3 3 3 1 2 2 3 pd

166 Deep Creek helow North Fork, 5 6 8 1 g 4 5 7 9 7
near Townsend

167 Duck Creek near Townsend 2 3 3 4 3 p Z 3 3

198 Confederate Gulch mear Winston 3 4 5 5 5 3 3 4 5 4

199 Beaver Creek near Winston 1 2 4 5 4 1 2 3 & 3

200 Avalanche Gulch near Winston .8 1 pi 3 2 i 1 2 2 2

20t Spokane Creek near East Helena 3 3 4 & 4 3 3 3 4 3

202 McGuire Creek at county read, & 3] 7 7 7 & & 7 7 7
near Bast Helena

203 Trout Creek at mouth, 11 11 i3 14 13 10 11 11 13 12
near East Helena

204 Prickly Pear Creek near Clancy 16 17 22 26 23 13 16 i8 24 20

205 Prickly Pear Creek at mouth, 21 22 26 ac 27 ig 21 23 28 25
near East Helena

206 Tenmile Creek near Rimini N .6 H 2 Z .3 .5 1 2 1

207 Tenmlle Greek near Helenz 2 3 & 10 7 3 4 5 10 7

208 Sevennmile Creek near mouth, i i 2 3 2 3 1 2 3 2
near Helena

209 Tenmile Creek at mouth, 2 Z 3 5 4 2 2 3 4 3
near Esat Helena

210 Silver Creek at interstate 13, 8 8 g 10 15 7 £ 8 0 9
near Helena

211 Beaver Creek at mcouth, 3 & 7 9 a 3 5 & 2 7
near East Helena

212 Eilkhorn Creek near mouth, 3 3 4 5 4 2 3 3 5 4
near Wolf Creek

213 Willow Creek below Elkhorm 2 2 3 4 3 2 2 3 3 3

Creek, near Wolf Creek
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tahle 5,-~~Estimated monthly streamflow characteristics for December and January~~Lontinued

&

I~-")5

o]

Ll

Decenber Januar

Site

Ho . Stream Tame .50 q. 80 G.50C .20 8353 Q.90 ;.80 Q.58 Q.20 QM

214 Cottomwood Creek above Beartooth .3 1 .9 Wb R i
Ranch, near Wolf Creek

217 Vivginia Creek at mouth, 4 & g 11 A 3 & g 7 &
near Canyon Creek

218 Canyon Creek belew Cottonwood & 8 i3 i9 14 4 ] 9 12 g
Creek, mear Canyon Creek

219 Litrle Prickly Pesr Creek i5 26 27 33 26 12 14 19 24 20
near Canyon (reak

320 Lyone Creek near Wolf Creek 5 5 & & 7 4 3 5 7 &

22% Wolf Greek at mouth, 2 2 3 & & 2 2 3 & 3
at Wolf Creek

222 Litcle Prickly Pear Creek 45 50 57 67 58 3z 38 50 &1 31
near Welf Creek

223 Wegner Creek near Craigh 4] o I H 0 G G G G Q

224 Stickney Creek near Craig® a 0 o g G g G G a 4]

226 Middle Tork Dearbeorn River at ] 7 ¢ 1 9 5 & 8 g 3
Highway 200, near Wolf Creek

227 South Fork Dearborn River at 5 4 3 9 a 4 5 7 8 6
Highway 434, nesr Wolf Creek

228 Dearborn River near Cralp 40 47 62 83 &7 36 41 =53 67 56

229 . Flat- Greek-above Slew Creelt, & 8 i 14 11 G 7 g 11 E
near Craig

230 Sheep Creek at mouth, 8 9 12 i3 11 6 8 11 12 ig
near Cascade

232 Korth Fork Smith River at z 3 & <] & 2 3 4 5 4
Highway 8%, near
White Sulphur Springs

233 South Fork Smith River at mouth, 7 7 10 i 10 6 7 g i g
near White Sulphur Springs

734 Smith River below forks, near 8 g 12 16 13 7 8 i1 i3 11
white Sulphur Springs

235 Big Birch Creek at mouth, i3 14 21 27 20 10 12 17 26 18
near White Bulphur Springs

236 Newlan Creek below Charcoal 3 4 5 & "5 3 3 4 5 4
Gulch, near Whize Sulphur
Springs

237 Camas Creek near mouth, 3 4 5 7 § 3 3 5 & 5
near White Sulphur Springs

238 Smith River near Fort Logan 79 B4 98 116 93 73 80 g5 110 25

239 Sheep Creek near ) B i iz i1 g 7 10 11 9
White Sulphur Springs

240 Sheep Creek near mouth, 0 i3 18 i4 29 10 12 17 22 17
near White Sulphur Springs

241 Eagle Creek near mouth, near i 2 2 3 3 1 2 3 3 2
¥hite Sulphur Springs

2472 Rock Creek below Buffslo Canyom, 5 & 8 1% 9 5 5] i) 10 2
near White Sulphur Springs

243 Tenderfoot Creek below 9 10 13 15 13 7 9 12 14 i1
South Fork, near
White Sulphur Springs

244 Smith River near Eden 54 1] o 150 120 51 81 43 140 100

245 Hound Creek near mouth, a 11 15 20 16 9 10 i 18 15
near Cascade

248 Missourl River near Ulm 40090 4500 5300 6100 540G 3700 4200 5300 £400 5360

247 Norch Fork 5um River 59 63 71 94 A 50 54 65 74 £6
near Aupusta

248 Sun River near Augusta &1 99 180 260 2940 26 gz 170 240 180

249 Sun River below diversion dam, 73 85 130 17¢ 136 75 g2 118 1680 120
near Augusta

250 Willow Creek near Anderson 2 2 2 3 3 1 2 2 3 3

) Lake, near Augusta

251 North Fork Willow Creek below 2 3 3 3 3 2 Z 3 3 3
Cutrock Creek, near Augusta

254 Smith {reek near Augusta 5 & 8 12 10 4 5 7 H 7

255 Ford Creek near Augusta & & H 13 H & 6 8 14 8

256 Elk Creek near Augusta 18 1¢ 23 27 24 12 17 28 37 31

2597 Sun Riwver at Simms 130 140 186G 21G 196 120 160 180 2480 150

260 Missocuri River near 4300 480G 5B00 6800 5B0Q 3850 4500 5400 7100 5700
Great Falls

26% Dry Fork at mouth, at Monarch 5 5 & i1 g 4 3 7 g 7



Table 5.«~Fstimated monthly streamfiow characteristics for Decesmber and Janwary--Continued

Leaganber Januar

Lite

No. Stresm name G.90 G.8C (.5¢ Q.20 QM Q.30 Q.80 Q.50 G.20 fei%)

267 Tillinghast Creek above & 5 7 8 ? 3 4 & 7 6
Joice Creek, near Menarch

263 Pllgrin Creek at mouth, &4 4 5 7 4 3 4 8 g &
near Monarch

254 Logeing Creek at Logging Creek 5 5 & 7 6 & 4 6 & 5
Campground, near Monarch

265 Belt Creek near Monarch i8 22 37 &7 35 14 17 29 38 28

266 Big Orter Creek above Never 4 5 5 & 5 4 4 5 6 5
Sweat Creek, near Raynesford

267 Belt Creek near Fortage H 12 22 14 24 7 9 17 27 17

26B Highwood Creek below Soith 4 4 3 3 5 3 4 5 & 5
Creek, near Highwood

269 Missouri River at Fort Benten 3800 £300 5400 6900 5600 L0300 5000 5800 7200  &0GO

270 Shonkin Creek below Bishop 2 3 2 3 3 2 3 3 4 3
Creek, near Highwood

271 South Fork Two Medicime River g 10 4 19 15 8 g iz 14 12
near East Glacler

273 Sputh Fork Badger Creek 10 11 14 19 16 8 ol 12 & 13
near Browning

274 Worth Fork Badger Creek 9 10 13 iB i5 7 2 11 i5 12
ngar Browning . ! . .

278 Birch Creek at Swift Dam, e H 7 17 i3 & H 8 i3 8
near Valler )

27% South Fork Dupuyer Creek 2 2 3 & 3 2 2 3 3 3
near Ipuyer

280 North Fork Dupuyer Creek 2 3 3 5 & i 2 3 4 3
near Dupuver

281 Dupuyer Creek below Scoffin 7 g 13 i6 i3 6 7 9 12 10
Creek, near Dupuyer

282 Bixrch Creek near Valier 34 37 33 51 &dy ig 25 34 45 35

283 Cut Bank Creek near Browning i3 22 35 5% 42 5 17 31 49 33

284 Cut Bank Creek at Cut Bank 17 23 35 &1 44 17 23 33 50 38

285 Marias Riwver at Sulliwvan 130 170 240 3560 280 120 150 219 300 230C
Bridge, near Cut Bank

286 Marias River near Shelby 150 170 250 370 250 128 150 230 310 240

287 Marias. River ac "F" Bridge, 170 150 280 440 340 140 180 2490 360 280
above Tiber Reservoir,
near Shelby . '

288 Marlas River nesar Loma 110 180 370 650 350 110 160 300 500 330

290 Teton River near Strabane 8 5 1g 23 i9 7 14 i6 20 6

791 McDopald Creek near Strabane 8 Ed 9 11 19 8 3 g i 10G

292 North Fork Deep Creek 3 3 4 & 5 2 2 4 5 4
near Choteau

293 South Fork Deep Creek 3 3 4 ] 5 2 3 & 5 4
near Choceau

294 Deep Creek near Choteau 7 7 g 0 g = 7 7 g 8

295 Teton River near Dutton 30 39 58 94 58 37 42 55 66 55

296 Missouri River at Virgelle 460G 5200 8540 7400 6400 43100 4900 a000 7700 &30C

297 Lost Creek at south, near 5 ] 7 2 7 4 5 6 g &
Utica

298 Yoge Creek at mouth, near o4 o7 1 3 2 .7 -7 2 2 2
Utica

29% Middle Ferk Judith River, -3 5 2 3 2 R} R .1 .3 a
near Utica

301 South Fork Judith River at H 1 2 2 2 H ] 2 2z 2
Indian Hill Campground,
near Utice

393 Judith Riwver above Courtneys 5 7 g iz2 16 3 5 8 16 8
Creek, at Utica

306 East Fork Big Spring Creek 3 & § S 7 & & ) 8 &
at mouth, near Lewlstown

3467 Big Spring Creek above 92 100 110 120 t1g g6 98 106 110 118
Cottonwood Creek, nesr Hanover

309 Cottonwood Creek at Highway 2 2 3 4 3 2 2 3 &4 3
200, near Lewistown

310 Beaver Creek at county road, & 7 g 0 2 5 ] 7 10 g
near Lewistown

311 Bip Spring Creek ar mouth, 70 a8z g6 110 8 76 80 a% 106G 92

near Lewistown
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Table S.--Fstinated monthly streamflow charectaristics for December and Janwary--Lontinued
¥

December January

Site

He. Stream nane .90 .80 G.50 G.20 QM G.50 G.BO G.50 G.20 QM

312 Warm Springe Creek above 96 140 100 o 100 g6 100 R 118 106
Meadow Creek, near Hilger

313 Judith River near Winlfred 240 250 4730 590 L20 240 240 490 600 430

315 Cow Creek below forks, 2 3 3 4 & z 2 3 3 3
near Cleveland

316 Migsouri River near Landusky 4900 5800 65900 7900 6%00 4600 5200 5600 8300 6700

317 Worth Fork Musselshell Riwver 5 5 B 7 5 4 [ & 7 &
near Delpine

318 Checkerboard {reck near W7 .9 3 2 1 o7 L8 1 z 1
Chackerboard

319 Spring Creek below Whitetail 2 3 3 4 4 2 2 3 & 3
Creek, mear Checkerboard

320 North Fork Musselshell Riwver 5 ] 8 g 8 5 5 7 4 7
near mouth, near Martinsdale

32% plabaugh Creek at mouth, 1 2 2 3 3 i 2 2 3 2
neer Lemnnep

322 Coctonwood {reek below Loco 7 a i 13 iQ ) ? o] 1% 8
Creek, near Martinsdale

323 South Fork Musaselshell River 1% T4 21 27 22 3 i1 7 23 18
above Martinsdale

324 Big Elk Creek at mouth, «2 +6 8 11 7 .1 .3 & 8 5
at Twodot _

325 Musselshell River at Harlowton 37 47 &7 g1 72 3 43 56 74 Gt

326 American Fork nesr Harlowton i 2 3 5 3 .8 1 2 3 z

330 Careless Cresk below Llittle o5 .6 B H i 4 .5 .B 1
Careless Creek, near Hedgesville

331 Swinming Woman Creek below oh .5 .6 -8 .7 4G L4 .6 .8
Dry Couleg, near Franklin

333 Musselshell River near Roundup 16 25 57 110 71 24 34 52 tie 65

335 Flatwillow Creek below the 2 3 5 1% 8 3 3 [ g 7
forks, near Grase Range

338 Musselsheil River near Mosby 7 31 87 130 82 i 21 70 128 a8

339 Big Dry Creck above Little Dry .G W0 o4 .8 1 R N gy -8 1
Creek, near Van Norman

340 Little Dry Creek near iy .2 «8 2 2 Ny .0 .1 1 2
Van ‘Norman

341 Blg Dry Creek near Van Norman .0 .2 H 2 3 .0 .0 . 2 3

iIncludes eatimated epring flow of about 40 cubic feet per second, based on informetion provided by

Montana Department of Fish, Wildlife and Parks.

Zincludes estimated gpring £flow of about 10 cubic feet per second, based on information provided by

Montana Department of Fish, Wildlife and Parks.

3Fstimated long-term monthly streamflow characteristics way not reflect the current flow regime

because of upstream streamflow regulation.

“Stream 1s known to be dry except for periods of runoff. Caleculated flows were adjusted by

subtracting 7 cubic feet per second.

5gtream 15 known to be dry except for periods of runoff. <Lalculated flows were adjusted by

subtracting & cubic feet per second.
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oo

S.~- Estimptad monthly streamflow charascieristics for Oecemper 2nd January.

spacified month excesded XX percent of the yearss, in cubic feet per sarands

[ G§.XE, montihiy mean sirezmflow for
GM, mean montnly streamflos Tor specified month, in cubie feet ger second
January

ite stream name 2.30 2.20 GH Zew0 Q.83 G50 0.20 QM
2.

t66 ROCK CREEK AT MOUTH KEER WiSDOM 3 4 i) 4 5 T 3 5 & <
347 DELAND CREER 8T MOUTH NEAR WISE RIVER 2.1 0.1 0.2 J.2 0.2 2.1 0.1 0.2 0.2 0.z
I4% HALFwWAY CREEK &7 MJUTH NMEAR WHITEHALL 1 1 2 z 2 5.8 1 1 7 1
15% N,F DEFEP CREER AT MOUTH NR MILLIGAN Ja7 3.8 1 2 1 0.6 T.7 5 1 +
370 COLLAR GULCH AT MOUTH NMEAR MAIDEN 0.2 2.2 0.3 Dok T.d 9.2 3.z 0.3 a.6 5.3
371 BAOGER CREERK BEL F3IRKS NH BROWNING 18 20 27 34 30 15 18 23 30 24



in cubic feet per sscond;

AR

Table G.-~Fstipatad monthly

EOw cha'acterlstzc

[G.X4, monthiy mean st:eam;io

QM. mean monthly streamilow

for specified month,

!
i
3
fé February and Harch

for specified month excesded XX percent of the vears,

in cubie feet per second]

Sire

Ke,

February

March

Strean name Q.90

Q.80 G.50

G.20

O

G.590

G.80

Q.50

Q.20 oo

-

LA s L) b

Helircaring Creek &
near Lakeview

Corral Creek near Lakeview ]

Antelope Creek nesar Lakeview 1

Red Rock Creek near Lzkeview g

Tor Creek near Lakeview .2

Marrows (Creek ar mouth, o3
near Lakeview

Odell Creek near Lakeview 3

Jones COreek near Lakewview o4

Red Rock River near Kennedy
Ranch, near Lakeview

Feet Creek at county voad, b
neer Lakeview

Long Creek near Lakeview 2

13
14
15

Lol

[n el N

18
20

21

22
23

24
25

26
27

28
29
a0
32

33

3s
36

37
38

39
40

LA

Fast FErk CLover Crosk &E R

mouth, near Monida

Red Rock River below Lims 8
Reservolr, near Monids

Cabin Creek above Simpscn .2
Creek, near Lima

Indian Creek above Simpson W3
Creek, near Limg

Simpson Creek above Indian .3
Creek, near Lima

Deadman Creek near Dell 2

Big Sheep Creek below 32
Muddy Creek, near Dell

Red Rock River at Red Rock 1440

Black Canyon Creek near Srant 1

Shennon Creek near mouth, .3
near Grant

Frying Pan {reek near Grantc 8

Trapper Creek at mouth, .z
near Grant

Bear Creek near Grantc 2

Bloody Dick Creek near Grant 7

Horse Prairie Creek near Grant 273

Rape Creek above reservoir, o1
near fGrant

Painter Creek near Grant i

Browns Canyen Cresk mear Grant i

Madicine Lodge Creek near Grant 2

Pole Creek near wmouth, . b
near Polaris

Reserveir Lreek at mouth, .G
near Folaris

Fast Fork Dyce Creek at mouth, Wb
near Peolaris

West Fork Dyce Creek at mouth, .2
near Polaris

Grasshopper Creek near Dillom 19

Beaverhead River at Barretts

East Fork Blacktail Creek 11
near Dillon

West Fork Blacktail
near Dillon

Blacktail Deer Creek
near Piilon

Beaverhead River near Dillon

Crask &
20
260

g
L%l

39
160

300

B-27

ke

200
12

31
280

I et Py

.5

.6
3
32

270

36
3ze

.5
4

330
14

41
410

5 3
53 48

200 150
3 2

53

34¢
15

420
20

16 S
53 44

526 420



Table 6.,--Fseimated monthly

streamflow characteristics for February end March--Lontinued

neay Wise River

A-Z8

February March
stte
NG . Stream name G.90  0.80  4.50  §.20 QM .90 Q.80 Q.50 Q.20 QM
47 Beaverhead River near 340 380 450 520 450 360 400 500 590 500
Twin Bridges
43 Corral Creek at mouth, L3 Wb .5 .7 .6 N 4 i H .8
near Alder
44 Coal Creek at meuth, near Alder H 1 ? -3 2 H 2 2 3 3
4% Ruby River above the forks, 5 3 7 g 7 5 ) 8 iz G
neay Alder
46 Bast Fork Ruby River &t mouth, 2 2 pd 3 3 Z Z 3 4 3
near Alder
47 West Fork Ruby River at south, 2 2 3 4 3 2 3 & 5 4
near Alder
48 Cottonweod Creek at wmouth, 2 3 3 4 &4 2 3 4 & &
near Alder
45 Warm Springs Cresk at mouth, 44 45 47 49 47 43 46 48 51 49
near Alder!
50 North Fork Greenhorn Creek H 1 2z 2 2 1 1 i 3 2
at mouth, near Alder
51 Ruby River above reservoir, 84 30 160 110 109 89 94 110 120 110
near Alder
52 Mill Creek at Forest Service 5 5 4 8 7 5 5 5 ] 5
boundary, near Sheridan
53 Wisconsin Creek at Forest 3 4 5 & 5 3 3 4 4 4
Service boundary, near
Sheridan
54 Ruby River near Twin Bridges AR 120 130 150 130 LR 120 150 210 170
55 Big Hele River near Jackson 7 8 10 i3 i1 3 9 11 15 12
56 Andrus Creek near mouth, 2 2 4 3 2 3 & 4
near Jackson
57 Fox Creek at wmouth, near 1 H 2 3 2 1 2 2 3 3
Jackson
58 Governor {reek near .Jackson g 10 12 18 13 g i 13 18 15
56 Warm Springs Creek at Jackson 5 6 & 12 9 6 7 e 13 11
60 Miner Creek near Jackson 5 5 7 g 7 5 & B 10 8
§1 Big Lake Creek near 2 3 4 ] 4 3 2 & 5 5
mouth, near Wisdom
£2 Steel Creek above Francis H 1 2 3 2 i i 2 3 2
Creek, near Wisdom
63 Francis Creek at mouth, 2 2 3 4 3 2 2 3 4 3
near Wisdom
64 Steel Creek nmear mouth, 3 4 5 7 5 3 4 5 7 &
near Wisdom
65 Swamp Creek near mouth, & 4 5 8 5 3 4 5 7 5
near Wisdom
6§66 Joseph Creek at mouth, 2 2 3 4 3 2 Z 3 4 3
near wisdom
67 Trail Creek near Wisdom g 9 12 21 14 a 10 i3 20 i5
&8 Ruby Creek at mouth, 3 3 & 7 3 3 3 ] 7 5
near Wisdem
59 Tie Creek at Forest Service 4 5 & 8 & 5 5 7 10 a
soundary, near Wisdom
70 Johnson Creek near Wisdom 2 3 3 5 4 P 3 4 & 5
71 Mussigbrod Creek near Wisdom 1 2 2 3 2 i 1 2 2 Z
72 Worth Fork Big Hole River 17 20 26 41 28 i8 20 28 440 iz
near mouth, near Wisdom
73 Big Hole River below North 100 110 130 1806 140 120 130 160 210 iBG
Fork, near Wisdom
74 Pintlar Creek near Forest 3 3 & 6 4 z 3 & 5 4
Service boundary, near Wisdom
75 Big Hole River below Mudd 110 120 140 190 150 130 140 179 230 184
Creek, near Wisdom
76 Fishtrap Creek at mouth, 3 4 & 8 & 3 & o 7 &
near Wisze Riwver
77 Lamarche Creek near Wise River 6 B 10 12 10 7 3 18 13 11
78 Seymour Creek near Wise River 4 5 7 9 7 5 & 8 HY S
79 Tenmile Creek at mouth, 1 2 2 3 2 2 2 3 3 3
near Wise River
80 Sevenmile Creek a2t mouth, .3 .4 .5 -7 .5 .2 ol .6 i a?
near Wize River
87 Corral Creek at mouth, o ) L8 =8 -7 Wb .5 .8 1 .2



for Februmary and Harch--Uontinued

table B.~-Estimated monthiy streamfliow characteristics

February March
S5ite
No. Strean name Q.90 G.80 Q.50 G.20 oM Q.90 Q.80 Q.50 G.2¢ oM
87 Twelvemile Creek at meouth, H 1 2 2 2 i 2 2 3 2
near Wise River
83 Sullivan Creek at mouth, 1 H 2 2 2 i 2 7 3 ?
near Wise River
84 Qregon (reek near mouth, 1 .2 WZ .3 .3 i e .3 -5
near Wise River
8% California Creek above American 1 2 2 3 Z z Z ! 4 3
Creek, near Wise Eiwver
&6 american Creek at mouth, R 24 .G .8 .6 b .3 ) H
near Wise River
87 Sixmile Creek at mouth, .2 .3 4 .6 o .3 +3 .5 g
near Wise River
88 French Creek near mouth, 3 3 4 6 4 3 & 5 B &
near Wise River
§9 Deep Creek near Wise River 14 i5 i8 27 20 14 15 17 26 ig
90 Bear Creek near Wise River .6 o7 .9 H .8 .6 .6 .7 i
91 Bryant Creek at mouth, 1 1 2 3 2 H 2 2 3 3
near Wise River
92 Big Hole River near Wise River 160 i70 20 270 210 180 Z00 240 320 280
97 Tehfson Creck &t mouth, R B B B U R A Z..
near Wise River
44 Meadow Creek near Wise River H 2 2 3 2 1 2 2 3 3
95 Jacobson Creek at mouth, 6 7 3 12 i0 7 g HY 4 11
near Wise River
¢ Monc Creek at mouth, .7 LB H H .7 i i 2 1
near Wise River
97 Wyman Creek at mouth, 3 & 5 7 5 4 5 & 8 7
near Wise River
98 Lacy Creek at mouth, 2 z 3 4 3 2 3 4 3 4
near Wise River
9¢ Gold Creek at mouth, 1 H 1 2 2 H H Z 2 z
near Wise River
100 Partengail Creek at mouth, 8 10 13 16 i3 He 1z i3 26 i6
: near Wise River
101 Sheep Creek at mouth, 1 H 2 3 2 i 2 2 3
near Wise River
102 Wise River near Wise River 31 32 36 40 36 30 34 40 45 40
103 Adson Creek at mouth, .8 1 1 2 1 .9 ] 2 2 2
near Wise River
104 Jerry Creek near Wise River 4 4 5 7 5 & 4 5 7 6
105 Divide Creek at Divde i 2 3 3 3 2 2 4 [ &
106 Canyen Creek near Divide z 3 [ 4 4 2 3 4 5 5
107 Moose Creek near Divide 3 3 4 5 5 [ & 5 7 5
108 Trapper Creek near Melrose 3 3 4 5 4 3 4 ] 6 5
109 Camp Creek at Melrose .5 H 2 2 H 1 2 2 s 3
110 Big Hole River near Melrose 280 250 340 450 370 320 350 420 550 570
111 Willow Creek near Glen 5 6 & 8 7 3 6 7 8 7
112 Birch Creek near Giem 5 6 7 g 7 5 5 7 g 7
113 Hells Canyon Cregk mnear H 2 2 3 2 2 Z 2 3 3
Twin Bridges
714 Jefferson River near 380 970 1100 1300 11900 210 1000 12900 1500 1200
Twin Bridges
115 Whitetail Creek near Whitehall H 1 Z 3 2 1 H 2 3 2
117 Boulder River above High Ore i3 19 z& 33 26 z3 26 24 48 39
Creex, near Basin
118 Boulder River near Boulder 19 25 a3 42 33 36 34 43 52 50
119 Little Boulder River near 5 ] 2 i0 8 7 8 10 i5 1%
Boulder
120 Boulder River above Cabin 25 30 38 &7 3% 35 39 47 55 54
Sulch, near Boulder
121 Boulder River near Cardwell 30 37 47 58 48 43 48 58 79 &7
122 South Boulder River near 7 2 11 14 11 4 g 10 14 i1
Jefferson Island
123 Jafferson River at Sappington 960 1600 1260 1450 1300 1100 1300 1400 1800 1400
124 South Willow Creek near FPony 7 g iz 17 14 12 i3 16 23 17
125 Worth Willow Creek at Pomy 7 7 g i2 i 1 11 i2 H) 13
126 Willow Creek near Harrison 17 24 & 31 27 25 26 30 36 31
127 Morwegian Creek near Harrison 4 & 5 5 5 > 6 7 7 7



i monthly streamfiow chartacteristics for February and March--Lontinued

February March

Sire

No. Stream name G.90 Q.80 .50 Q.20 G 3,80 G.80 Q.50 G.28 M

129 Jefferson River neav ga0 L1100 1400 1700 1400 1300 1400 1700 1900 1600
Three Forks

130 Madison River near 340 370 410 440 410 340 380 430 430 416
West Yellowstone

1371 Duck Creek near 17 18 20 Z23 21 18 i9 20 24 20
West Yellowstone

132 Cougar Creek near 5 7 g HY 2] 5 ] 3 9 9
West Yellowstone

133 Grayling Creek near 9 12 14 17 I 8 g 11 11 i1
West Yellowstone

134 Red Canyon Creek near o2 oA N i .8 .3 ) .8 1
West Yellowstone

135 South Fork Madiscn River B2 87 33 98 92 84 B7 92 100 23
near West Yellowstone

136 Watkins Creek near i H 2 3 2 i 1 2 2 P4
West Yellowstone

137 Trapper Creek near 1 1 1 2 2 1 1 1 Z i
West Yellowstone

138 Madison River below Hehgen 570 680 790 250 8290 390 550 8OO 1100 310
Lake, near Grayling

139 Cablin Creek near & 5 5} 7 & 3 3 4 3 4
Wast Yellowstone

140 Beaver Lreek near 14 i6 19 24 20 14 15 17 18 17
West Yellowstone

141 Elk River at mouth, B 10 13 18 i3 10 11 14 i8 15
near Cameron

142 Soap Creek at mouth, .5 .5 .7 H .8 .5 .5 1 i H
near Cameron

143 Antelope Creek at mouth, 13 13 14 15 14 i3 14 15 17 i6
nedr Cameron?

144 West Fork Madison River 28 21 38 43 35 32 34 42 53 45
near Cameron

145 Squaw Creck near Camerocon & 3 6 7 6 5 5 6 5 &

146 Standard Creek near Cameron 3 & 4 3 5 3 3 & 5 4

147 Ruby Creek near Cameron 2 2 3 4 3 2 3 3 4 3

148 Indian Creek near Camercn 13 15 18 22 19 i3 i3 15 17 16

145 Madison River near Cameron 780 880 1040 1200 1008 7i0 810 1000 1300 1100

150 Blaine Spring Creek 23 21 22 24 23 21 22 23 24 23
near Cameron

151 0'Dell Creek near Ennis 94 95 S8 g9 a8 94 95 59 100 98

152 Jack Creek near Ennis 11 12 13 14 13 11 it 14 15 13

153 Moore Creek at Ennis N b o7 26 a7 A ) .9 1

154 North Fork Meadow Creek at 3 3 5 [ 3 2 3 & ] 4
Forest Service boundary,
near Ennis

155 Morth Fork Meadow Creek 2 2 3 & 3 2 2 3 3 3
at Highway 287, near Emnnis

156 Madison River below Ennia 1000 1200 1400 1600 1400 580 1200 1400 170C 1400
Lake, near McaAllister

157 Hot Springs Creek near Norris 3 4 5 & 5 3 4 5 & &

158 Cherry Lreek near Norris 14 15 17 20 iB 14 15 18 24 20

159 Madison River near 1100 1200 1400 160C 1400 90 1200 1400 180G 1500
Three Forks

160 Cache Creek at mouth, near 2 2 2 3 a 2 2 3 4 3
West Yellowstone

t61 Taylor {reek near Grayling 14 16 19 24 25 14 4 HL) i3 7

162 Porcupine Creek near 3 4 5 f 3 3 3 4 & &
Gallatin Gateway

163 Dallarin River zbowve West 130 140 170 198 160 130 158 150 280 170

" Fork, near Big Sky

164 South Fork West Fork Gallatinm 7 g i1 i3 10 7 8 TG 12 10
River near Salletin Gateway

165 Middle Fork West Fork Gallatin 3 4 5 5 5 4 & 5 & 5
River near Gallatin Gateway

166 West Fork Gallatim River 15 17 21 25 21 14 16 19 24 20
near Gallatin Gateway

167 Sguaw Creek near Gallatin i 12 13 H 14 iz 13 14 i7 15
Gateway

168 Hellroaring Creek 12 i3 H 19 16 i3 14 i5 20 ie

negar Gallatin Gateway

T
L)

<



1Flow characteristics for Februaruy and Harch--Continusd
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Table G.--Fstimated mortkic sir

Februsry HMarch

Site

Mo, Stream name 5.9 2.80 G.50 Q.20 M .90 G.80 0.50 .20 OM

16% Sputh Fork Spanish Creek 7 B g i1 9 7 7 8 11 8
near Gallatin Gateway

170 Spanish Creek near 15 17 21 25 23 16 18 20 27 23
Gallatin Gateway

171 Galletin River near 240 270 310 356 210 250 270 310 370 310
Gellatin Gateway )

172 Big Hear Creek near 3 3 3 4 3 3 3 3 & &

Gallatin Gateway

173 South Cottonwood Creek 10 i1 12 i5 13 10 i1 13 16 13
near Galletin Gateway

174 Baker Creek near Manhattan? 68 75 85 39 88 81 87 106 11 100

175 Rocky Creek near Bozeman ] g 11 14 12 10 11 15 2 17

176 Bear Canvon Creek nezr Bezeman .3 i 2 3 i i 2 3 5 4

177 Sourdough Creek near Bozeman 7 8 i0 i1 10 5 K 14 12 i1

178 East Gallatin River at Bozeman 31 37 45 51 44 43 51 56 66 0

179 Bridger Creek near Bozeman 5 5 7 10 3 7 8 11 24 13

180 East Gallarin River 27 33 46 59 48 42 52 &1 S0 69
near Belgrade

181 East Fork Hyalite Creek 2 2 3 4 3 2 3 3 4 3
near Bozeman

187 West Fork Hyalire Creek 5 & 7 g 7 5 5 7 8 i

near Bozewman
183 Hyalite Creek at Hyalite 12 13 17 21 7 i1 14 17 23 18

Ranger Station, near Bozeman

184 Hyalite Creek above 3 & 3 & 5 3 3 4 5 5
Interstate 50, near Bozeman

185 Thompson Creek near Belgrade 21 25 k13 35 28 20 23 30 34 29

186 Ben Hart Creek near Belgrade 27 8 9 32 29 27 28 28 32 30

187 Reese Creek near Belgrade 5 5 7 ) 7 6 6 7 9 8

188 East Gallatin River near 140 14d 160 180 170 150 160 170 230 -1
Machattan

186 Gallartin River near Logan 600 650 740 840 730 700 7440 860 950 850

190 Sixteenmile {reek near Ringling .8 2 4 6 5 2 3 i 32 26

191 Sixgeenmile Creek neary Maudlow 16 i 21 29 24 20 23 28 41 31

192 Sixteenmile Creek near Toston 18 22 28 37 33 26 31 41 58 47

183 Missouri Riwver near Toston 3100 3400 3800 4200 3800 3200 3500 3900 4800 4100

196 Crow Creek near Radersburg B § 9 i0 G 7 7 g 12 10

195 Dry Creek near Toston 2 2 2 3 3 2 2 3 5 3

196 Deep Creek below North Fork, 5 & 8 g 8 & 7 9 10 10
near Townsend

197 Duck Creek near Townsend 2 3 3 3 3 2 2 3 [ 3

198 Confederate Gulch near Winston 4 4 & 5 5 4 4 4 1 5

199 Beaver {reek near Hinston H H 3 & 3 1 2 4 é 4

200 Avalanche Gulch near Winston o7 1 2 2 2 1 2 2 3 3

201 Speckane Creek near East Helena 3 3 4 4 & 3 3 4 3 5

202 MeGuire Creek at county road, ] 7 7 8 7 7 7 7 8 g
near East Helena

203 Trout Creek at mouth, i1 1t 12 14 13 i3 14 15 18 H
near East Helena

204 Prickly Pear Creek near Clancy 16 18 21 28 24 20 23 27 38 30

205 Prickly Pear Creek at mouth, 21 22 25 31 28 25 28 32 s 34
near East Helena

206 Tenmile Creek near Riomini .3 .6 H z i 5 .9 2 3 2

207 Tenwile Creek near Helena 3 4 [ 7 6 3 5 7 11 8

208 Sevenmile Creek near mouth, 1 1 Z z 2 2 2 3 4 3
nezr Helena

209 Tenwile Creek at mouth, 2 2 3 5 4 3 3 5 9 A
near Fast Helena 3

210 Silver Creek at Intevstate 15, 8 g g 11 i0 9 g i1 13 i1
near Helena

211 Beawver Creek at wmouth, 5 ] 7 ] 8 53 7 8 H 9
near East Helema

212 Elkhorn Creek near mouth, 3 3 4 & 4 3 4 4 5 5
near Wolf Creek

213 Willow Creek below Elkhorn 1 2 2 2z 2 H Z 3 3 3

Creek, near Wolf Creek



¢ streamflow characteristics for Februaryg and Harekr--Continued

T
i
[#8]

&

Table §.~-fztirated monthly
February March
L3 o
He. Strean nane .9 Q.80 G.50 G.20 Qi Q.90 .80 G.50 G.Z0 o521
714 Cottenwsod Creek above Beartoeoth .6 N .3 .7 .8
Ranch, nezr Wolf Creek
217 Virginia Creek at mouth, & & 7 10 B 7 5 15 28 17
near Canyon {reek
718 Canyen Creek below Cottonwoog & 8 11 15 12 10 14 26 49 35
Greek, near Canyon Creek
219 Little Prickly Pear Creek 8 18 23 28 24 22 26 35 b1 43
near Canyon Creek
720 Lyons Creek nmear Wolf Creek 5 3 6 7 & 5 & 8 10 g
221 Wolf Oreek at mouth, 2 z 3 4 3 2 3 &4 5 4
at Wolf Creek
227 Littlie Prickly Pear Cregk 41 48 62 77 &5 44 1 79 1006 &1
near Wolf Creek
223 Wegner Creek near Craig® 0 o] 0 s & 0 Q s 19} a
224 Stickney Creek near Craigh 0 4] 0 0 G g 0 0 0 I
226 Middle Fork Dearborn River at ] 6 8 10 8 5 7 9 12 10
Highway 200, near Wolf Creek
227 South Fork Dearbern River at 5 5 7 9 7 4 6 g i2 g
<. .. . Highway 434, near Welf Creek. ... . . R, L . .
228 Dearborn River near Craig 42 46 57 71 61 42 54 77 1007 847
224 Flat Creek above Slew Creek, 7 7 io 13 11 7 i0 15 22 id
near Craig
230 Sheep Creek atb mwouth, 7 8 10 13 H 7 8 9 12 g
near Cascade
2372 ¥orth Fork Smith River at z 2 3 3 3 H 2 2 2 z
Highway 8%, near White
Sulphur Springs
23% South Fork Smith River at mouth, & ] 11 17 12 3 12 16 25 15
near White Sulphur Springs
734 Smith River below forks, near 5] 7 9 i 2 5 I g 8 B
White Sulphur Springs
235 Big Birch Creek at mouch, near 12 15 26 57 33 20 31 49 100 &0
White Sulphur Springs
236 Newlan Creer below Charcoal 3 4 5 7 5 4 5 7 13 9
Gulch, near White Sulphur
Springs
237 Camas Creek near mcuth, near 3 4 5 6 5 4 5 7 10 8
White Sulphur Springs
238 Smith River near Fort Logan 77 88 1310 150 120 93 110 140 180 150
239 Sheep Creek near Whirte 7 7 9 | 9 ? 8 g it g
Sulphur Springs
240 Sheep Creek near mouth, near 9 1z 16 18 15 18 12 16 ig 17
White Sulphur Springs
241 Eaple Creek near mouth, near i 2 2 2 2 H i 2 2 2
White Sulphur Springs
242 Rock Creek below Buffalo Canyenm, 3 6 8 g 7 G 6 8 10 9
near White Sulphur Springs
243 Tenderfoot Creek belaw South 8 g i1 14 11 7 B 10 i1 30
Fork, near White Sulphur
Springs
244 Smith River near Eden 46 88 130 196G 130 82 110 1640 24G 170
745 Hound Creek near mouch, g 12 14 15 14 8 i1 17 23 ig
near Cascade
246 Missouri River near Ulm 3200 4400 5100 6500 5300 3700 4500 5700 6800 5700
247 North Fork Sun River 47 52 64 74 65 48 33 61 14 48
near fugusta
248 Sun River near Augusta 25 145 180 260 220 58 150 260 310 230
249 Sun River below diversion dam, &3 35 120 160 120 61 SR 126 190 149
near Augusta
250 Willow Creek near Anderscn 2 2 2 3 2 Z 2 3 4 3
Leke, near Augusta
251 Rorth Fork Willow Creek below 2 3 3 £ 3 2 3 & 5 4
Cutrock Creek, near Aupgusta
7?54 Smith COreek near Augusta 4 5 3 16 HY 8 10 i3 7 17
255 Ford Creek near Augusta 5 & 8 kN g 7 7 el i5 12
256 FElk {reesk near Augusta 18 v 30 46 33 i8 19 Z8 53 34
257 Sun River ar Simas 120 130 180 256 1490 48 B84 140 259 170
760 Misscuri River near 3760 4700 5500 7300 5900 4300 51040 £100 8100 6500
Great Falils
261 Dry Fork at mouth, at Monarch 4 a 7 S 7 5 & 8 g g



near Lewistown

Tebls S.-~Fstimatad ponthly streamflow characteristics for Februarz and Harch--Lontinued
Februar March

Site

Ko, Scyeam nane .90 .80 0.530 Q.20 Qi Q.90 G.80 Q.50 0.2 K

262 Tillinghast Creek above 3 5 6 2 5 3 5 & 8 7
Joice Creek, near Monarch

263 Pilgrim Creek a2t mouth, 4 5 B 8 7 5 5 7 10 8
near Monarch

264 logeing Creek at Logging Creek & 5 & 7 [ 3 5 5 7 3
Campground, near Monarch

265 Belt Oreek near Monarch 15 21 29 43 31 19 24 31 43 35

766 Big Otter Creek above Never 4 5 & 8 7 3 & 9 i5 i3
Sweat Creeck, near Raynesford

267 Belt Creek near Portage 8 11 i7 28 19 o 13 2l 37 27

268 Highwood Creek below Seith 3 4 & ) & 3 3 3 4 &
Creek, near Highwood :

26% Migaouri River at Fort Benton 3700 4760 S000 604 6100 4300 3300 2300 8000 6600

270 Shonkin Creek below Bishop 2 3 3 3 3 1 2 P4 2 2
Creek, near Highwood

271 South Fork Two Medicine River 6 7 9 i1 g ] 7 8 10 2
near East Glacier ’

273 South Fork Badger Creek 5 9 12 15 12 9 10 13 i6 14
near Browning

o ETANOTthFDTk Ba‘d‘gez £ Et:‘x\ "V 8 !ii o 4 _{’ 1! . 8 9 }2 '}5 - %2

near Browning

278 Birch Creek at Swift dam, .2 2 8 43 27 2 7 4 35 15
near Valier

279 South Fork Dupuyer CreekK neay 2 2 2 3 3 2 2 3 [ 3
Dupuyer

280 North Fork Dupuyer {reek near 2 2 3 4 3 z 3 3 5 4
Dupuyer

281 Dupuyer Creek below Scoffin 7 g i1 4 12 10 12 pae 32 2z
Creek, near Dupuyer

282 Birch Creek near Valier 38 4% 51 45 55 22 29 71 210 160

283 Cut Bank Creek near Browning 11 24 35 &2 51 21 38 71 200 120

284 Gut Bank Cresk at Cut Bank 18 25 35 93 7 37 b 94 250 150

285 Merias River at Sullivan 130 160 260 490 316 230 256G 390 830 576G
Bridge, near Cut Bank

286 Marias River near Shelby 130 160 260 510 320 230 260 400 800 510

287 Marias River at "F" Bridge, 150 190 3i0 600 370 270 310 470 1000 710
above Tiber Reservoir, near
Shelby

288 Marias River near Loma 140 220 420 630 420 139 220 e 750 480

290 Teton Rlwver near Strabane 7 4 17 21 7 4 6 14 18 ia

291 McDonald Creek near Strabane 8 9 9 T 10 10 10 11 14 12

292 Korth Fork Deep Creek 3 3 & 5 4 3 3 5 & 5
near Choteau

293 Socuth Fork Deep Lreek near z 3 & 5 4 K] 3 4 |3 5
Choteau

294 Deep Creek near Choteau 7 7 B 13 9 a 3 10 14 11

295 Teton River near Dutton 49 47 67 85 86 62 72 120 200 170

296 Miasourl River at Virgelle 39040 5200 §700 8400 6600 4600 5700 7200 9100 76090

297 Lost Creek at mouth, near 4 5 & 8 & 5 <) 7 10 8
Utica

298 Yogo Creek at mouth, near 23 i 1 2 1 N -3 3 3 3
Utica

299 Middle Fork Judith River .0 0 o .8 W5 By .2 -7 2 i
near Utica

301 South Fork Judith River at i i 2 2 H o7 .8 1 1 1
Indian Hill Campground,
near Utieca

303 Judith River above Courtmeys 4 5 7 B ¥ 3 4 & 6 [
Creek, at Utieca

306 East Fork Big Spring Creek at & 5 & & & 3 5 7 9 8
mouth, near Lewistown

357 Blg Spring Creek above 100 100 118 110 Hig S0 89 116 130 110
Cottonwood Creek, near Hanover

309 Cottonwood Creek at Highway H 2 3 3 Z H 2 2 3 3
200, near Lewistown

310 Beaver Creek at county road, 3 B 11 17 i3 3 10 26 &3 47
near Lewistown

317 Big Spring Creek at mouth, 83 88 g5 106 94 £8 81 G5 336 110



Table €.~~Egtimatad monthly stresmflow characteristics for February and March--Continued

February March

Sitve

No Stream name G.S0 Q.80 G.50 .20 GM G.90 Q.80 G.50 G.20 M

312 Warm Springs Creek abave a5 100 120 1o 100 97 100 110 110 110
Meadow Creek, neer Hilger

313 Judieh River near Winifred 240 250 530 540 484 260 310 580 710 540

315 Cow Creek below forks, 2 2 3 3 3 Z 3 £ 5 4
nesr Cleveland

316 Missouri River mear Landusky 4200 5500 7200 9300 7300 300 6600 B400 11000 8900

417 MNorth Fork Musselshell & 3 6 7 6 5 G g8 12 g9
River, near Delpine

318 Checkerbeard Creek near N3] .8 1 1 1 .6 .8 i i 1
Checkerboard

319 Spring Creek below Whitetail 2 3 3 4 3 z 2 3 s L
Creek, near Checkerboard

320 North Fork Musselshell River 5 6 7 b4 g 6 7 9 14 11
near mouth, near Martinsdale

321 Alabaugh Creek at mouth, i 2 2 2 2 i 1 2 2 2
near Lennap

322 Cottonwood Creek below Loco |53 7 g 1 8 3 5 a 7 5
Creek, near Martinsdale

323 South Fork Musseishell River 11 14 20 25 21 14 17 2 53 37
gbove Martinsdale

324 Big Elk Creek at mouth, W1 -3 7 9 ] W3 .7 8 17 7
at Twodot

325 Musselshell River at Harlowton 36 46 65 g7 70 53 52 87 150 116

3726 American Fork near Harlowton 21 .3 H 2 Z .0 .0 1 5 2

330 Careless Creek below Little b L& 1 2 H .2 .6 & 20 13
Careless Greek, near
Hedgesville

331 Swimming Woman Creek below Dry 23 N .5 +6 .2 .3 .5 .5
Counlee, near Franklin

333 Musselshell River near Roundup 24 37 93 160 110 50 30 140 290 220

335 Flatwillow Creek below the 2 3 5 5 4 3 4 7 7 8
forks, neaxr Grass Range

338 Musselshell River near Mosby 25 48 120 280 220 72 120 270 630 550

339 Big Dry Creek zbove Lititle Dry .0 .0 1 53 34 .3 3 kle 400 180
Greek, near Van Norman

340 Litrle Dry Creek near L8 .0 2 42 28 2 4 32 214 110
Van Horman

341 Big Dry Creek near Van Norman .0 .0 3 98 62 3 7 73 640 300

1Includes estimated spring flow of about 40 cubie

Montana Departmwent of Fish, Wildlife and Parks.

feet per second, based on infermation provided by

?Includes estimated spring flow of about 10 cublec feet per second, based on information provided by

Montana Department of Figh, Wildlife and Parks.

iEgtimated long-term monthly streamflow characteristics may not reflect the current f{iow regime

because of upatream streamflow regulation.

“Stream is known to be dry except for perfods of runoff,

gubtracting 7 cublc feet per second.

5Stream is known to be dry except for periods of rumoff.

subtracting 8 cubic feet per second.

Calculated flows were adjusted by

Calculated flows were adjusted by



wontnily sirszmflew characteristics for February and Harch .

for sazcified month exgesded XX perfeni of the ygars r in cubic feet par sescond;

£ Guikes monthly mean
GMe mzan moninly str

for specified meonth, in cubic feet per secopd ]

Fabruary arehn

$ite Sirgam namse .90 3.80 G230 .20 aM 220 2. 58 D.50 .70 L
FG

346 ROLK CREER AT HMOUTH NEAR WISDOM 3 A 5 5 5 5 4 4 g 7
357 DELAND CREEX AT MOUTH HEAR WISE RIVER 3.1 C.1 0.1 0.2 2.z J.7% Ja1 0.2 Ge3 0.2
368 HELFWRY CREEK AT “0UTH NEGR WHITEHALL G.9 1 1 g Z 1 1 2 3 ?
349 N.F DEEP CREEK AT MOUTH HR MILLIGAN 3.6 d.7 1 1 i 0.7 0.9 1 2 1
373 COLLAR GULCH AT MDUTH NEAR MAIDEN 0.2 0.2 c.3 Jad 0.3 0.2 0.3 0.6 0.4 0,6
371 BADGER CREEX SEL FORKS B2 BROWMING 13 17 2z 28 S 17 G 24 31 Z5

A-35



Table T.--Ezstimated =

RIS B ot

nthiy streamficw characteristic

=on

R T Y

[ N

for April

and

Hay

[G.XX, monthly mean streamflow for specified month exceeded XX percent of the vears,

in cuble feet per second; Q¥, mean monthly streamflow for specified month, in cuble feet per second]

April May
nile
Ho Ztream name Q.90 Q.Bo Q.50 Q.20 oM Q.90 .80 G.50 G.20 GM
i Hellroaring Creek near 5 7 i3 25 16 41 by 70 93 71
Lakeview
? Corral Creek near Lakeview .6 .9 z 3 pa & 3 7 i 3
3 Antelope Creek near Lakeview W3 -3 .5 1 . 2 2 2 3 2
4 Red Hock Creek near Lakeview 10 13 21 39 26 38 75 g7 138 S8
5 Tomr Creek nesr Lakeview .5 H 2 5 3 g 11 1% 14 12
6 HNarrvows Creek at mouth, Wb .6 1 i 1 2 2 3 5 3
near Lakeview
7 Odell Creek near Lakeview 5 6 12 22 15 35 &4 56 75 57
B Jones Creek near Lakeview i 2 3 4 3 5 7 g 13 10
9 Red Rock River near Kennedy 180 220 350 520 350 170 240 360 490 380
Ranch, near Lakeview
10 Peet Creek at county rosad, 1 Z 3 5 3 5 7 11 i5 i
near Lakeview
11 Long Creek near Lakeview 3 4 7 i3 g 17 23 29 40 o
12 East Fork Clover Creek at 2 2 L 5 & ] 3 12 17 i3
mouth, near Monida
13 Red Rock River below Lima 16 Va 40 73 55 180 220 290 450 330
Reserveir, near Menida
14 Cabin Creek above Simpson .3 .7 i 2 H 2 3 3 3 4
Creek, near Lims
15 Indian Creek above Simpson .7 i Z 2 2 4 4 3 7 &
Creek, near Lima
16 Simpson Lreek above Indizn 1 i 2 3 2 & 3 53 2 &
Creek, near Lima
17 Deadman Creek near Dell 5 7 g 14 10 13 19 21 31 22
18 Big Sheep Creek below Muddy 49 &2 79 100 84 31 %0 &3 95 72
Creek, near Dell
19 Red Rock River at Red Rock 170 190 270 370 2890 78 106 2530 470 316
20 Black Canyon Creek near Grant 3 &4 5 2 & g 11 15 T2z i6
21 Shennon Creek near mouth, .9 1 2 3 3 3 & [ g &
near Grant
22 Frying Pan Creek near Grant 3 3 5 7 5 g 8 i3 1 14
23 Trapper Creek at mouth, .7 i 2 3 2 3 4 5 7 &
near Grant
74 Bear Creek near Grant [ 6 o 14 16 12 i6 31 43 33
25 Bloody Dick Creek near Grant 7 25 42 &5 47 72 20 60 210 160
26 Horse Prairie Creek near 2] 70 1o 160 110 100 130 210 340 258
Grant
27 Rape Creek above reservoir, A .G 1 2 1 2z 2 3 4 3
near Grant
28 Painter Creek near Grant 3 5 7 i1 g 16 20 28 37 29
29 Browns Canyon Creek near Grant 2 3 5 7 5 10 T3 8 25 1%
30 Medicine Lodge Creek near Grant g 11 i8 33 23 kR 49 55 85 59
32 Pole Creek near mouth, H 2 3 ) & ? 9 2 H] i3
near Polaris
33 Reservelr Craek at oourth, 2 2 & ) 4 i 7 i1 i6 1z
near Polaris
34 East Fork Dyce Creek at 1 1 2 4 3 5 6 ] 11 g
mouth, near Polaris
35 West Fork Dyce Creek at b .8 1 2 2 3 4 5 7 5
mouth, near Polaris
36 Grasshopper Creek near 54 6% 71 g1 74 42 57 100 i60 o
Dillon
37 Beaverhead River at Barretts 228 270 370 560 420 28¢ 300C 380 B30 574G
38 East Fork Blacktail Cresk i 26 37 50 38 48 64 110 140 1140
nezr Dillon
39 West Fork Blacktail Creek g 11 15 23 16 17 23 28 42 30
near [ilon
40 Blacktail Deer Creek 39 42 54 o7 33 45 63 78 120 58
near Dillen
41 Beaverhead River near Dillon 210 270 38¢ £50 &30 36 EE] T80 460 27¢

&30



Table 7.+~Estimated morptkly streaafliow cherascteristics for April

i 7

and May~-~Continuved

Avril Maw
sice
Mo, Seream name Q.90 4,80 3,50 (.20 ol 5,96 G.BD s .20 oy
42 Beaverhead River near 290 3&0 490 710 520 62 140 245G 560 340
Twin Bridges
43 Corral Creek at mouth, 1 2 3 4 3 5 ] 8 12 9
near Alder
44 Coal Creek st wouth, 3 4 7 11 8 13 17 25 34 28
near Alder
45 Ruby River sgbove the 11 14 23 a5 25 40 50 5 140 g
forks, near Alderw
46 East Fork Ruby River at 4 5 9 14 0 Z0 24 34 4E 36
mouth, near Alder
47 West Fork Ruby River at 5 7 13 i i2 22 8 40 55 42
mouth, near Alder
48 Cottonwood Creek at mouth, 4] & 12 13 14 Z7 32 46 63 45
nesr Alder
49 Warm Springs Creek at 51 54 63 75 &5 81 91 117 150 121
pouth, near Alder!
50 North Fork Greenhorn Creek 3 4 5 g 7 11 14 19 27 21
at mouth, near Alder
51 Ruby River above reservoir, 1o 120 160 220 170 260 300 410 530 430
_.near Alder .
5% WMill Ureek at Forest Service 7 g 17 31 23 54 66 G0 120 94
boundary, near Sheridan
33 Wigconsin Creek at Forest 7 13 26 17 52 62 74 100 77
Service bounday, near Sheridan
54 Ruby River near Twin Bridges 52 oo 150 280 200 63 1240 250 360 250
55 Big Hole River near Jackson 13 15 22 53 29 83 86 130 170 140
56 Andrus Creek near mouth, 5 7 iz 18 13 20 25 38 53 40
near Jackson
57 Fox Creek at mouth, near 3 5 -1 i1 3 5 18 26 36 28
Jackson
58 Governor Creek near Jackson 18 28 L& 72 51 T4 95 170 230 180
59 Warm Springs Creek at Jackson 13 19 31 47 34 50 62 110 150 110
60 Miner Creek near Jackson 15 18 23 29 24 43 30 7 iic 8z
67 Big Lake Creek near mouth, 6 8 13 20 15 26 3z 47 64 30
near Wisdowm
62 Steel Creek above Francis 3 5 8 13 9 i1 34 a2 45 35
Creek, near Wisdom
63 Franecis Creek at mouth, 4 & 12 20 14 21 29 LB 56 50
near Wisdom
64 Steel Creek near mouth, 7 iz 20 34 24 34 Ldy 78 1310 BZ
near Wisdom
65 Swamp Creek near wouth, 7 i4 28 50 33 52 68 150 210 160
neayr Wisdom
66 Joseph Creek at mouth, S 7 i1 16 12 28 33 45 5% 47
near Wisdom
67 Trail Creek near Wisdom 20 a5 63 110 73 230 270 370 480 380
68 Ruby Creek at mouth, 7 12 2% 35 24 40 50 S0 130 97
near Wisdom
69 Tie {reek at Forest Service 10 13 Zi 33 24 51 61 BG 110 39
boundary, near Wisdom
70 Johnson Creek near Wisdom & 10 17 23 20 38 45 T4 110 79
71 Mussigbrod Lreek near Wisdom 3 & i5 32 19 38 47 160 260 170
72 Norch Fork Big Hole River 49 &9 120 200 140 190 250 570 B10C 610
near mouth, near Wisdom
73 Big Hele River below Neorth 260 [y 5376 9249 670 820 1000 1500 2480 1700
Fork, near Wisdem
74 Pintlar Creek near Forest ] 12 31 58 36 60 73 2806 460 30
Serviece boundary, near Wisdom
75 Big Hole River below dudd 28C 450 620 1000 720 £90 1168 1700 2700 1800
Creek, near Wisdom
76 Fishitrap Creek at mouth, near 8 14 aG |3 39 55 110 190 270 200
Wise Riwver
77 Lamarche Creek near Wise River 10 15 29 58 s 99 120 160 230 174
78 Seymeur Creek near Wise River 11 12 24 36 26 58 69 35 30 EE,
7¢ Tenmile Creek at mouth, & 5 g i3 10 24 29 39 50 40
near Wise River
£0 Sevenmile Creek st mouth, near i H 2 & 3 3 ] 8 11 9
ise River
81 Corral Creek at mouth, near 1 2 3 & 3 5 7 10 14 10

Wise Riwver



Table 7.--Estimated monthiy streamflow characteristics for aApril

and

Zay~~Dontipuad

April May
Site
Hao ., Streas name 0.90 Q.80 G.50 Q.20 G G.90 .30 Q.50 G.20 O
82 Twelwvemile Creek at mouth, 3 4 7 10 7 134 20 Z8 36 29
near Wise River
83 Sullivan {reek at mouth, 3 5 7 11 & 19 23 31 & 12
near Wise River
84 Oregon Creek near mouth, .5 .7 i 2 i pa 3 4 5 5
near Wise River
85 California Creek above American 4 5 8 i2 % i1 is 73 33 25
Creek, near Wise River .
86 American Creek at mouth, near i 2 3 & 3 & & g 12 g
Wise River
£7 Sixmile Creek at mouth, near .8 1 2 3 Z 5 5 7 G 7
Wise River
88 French Creek near wmouth, near 7 9 14 22 18 20 28 41 54 44
Wise River
89 bDeep Creek near Wise River 25 40 66 29 71 100 130 250 3340 260
90 Bear Creck near Wise River .8 1 3 7 4 g 12 17 23 17
91 Bryant Creek at mouth, near 3 & 7 11 8 13 16 24 33 25
Wise River
G2 Big Hole Riwver near 400 &30 870 1400 1000 1200 1500 2300 3600 2600
Wise Rlwver . . .
93 Johnson Creek at mouth, near 2 3 5 7 5 7 9 HES 20 15
Wise Riwver
94 Meadow Creek near Wise River 4 5 8 12 8 15 i9 27 37 29
95 Jacobson Creek at mouth, 15 20 32 50 36 95 110 150 180 150
near Wise River
96 Monco Creek at mouth, near 2 3 ] 7 5 1o 12 Y 23 18
Wise Rlver
97 Wyman Crecek at mouth, near 8 11 i8 23 20 3% 47 67 g1 740
Wise River
98 Lacy Creek at mouth, near 5 7 12 i8 13 28 33 47 62 45
Wise River
5% Gold Creek at mouth, near 3 & <3 9 7 15 18 25 3z 25
Wise River
100 Pattenpail Creesk at mouth, 20 26 41 &4 LHE 88 110 150 210 150
near Wise Riwer
101 Sheep Creek at mouth, near 4 3 ] 12 8 19 22 31 43 3z
Wise Riwver
102 Wise River near Wise Rlwver 45 56 75 110 83 260 300 500 780 530
103 Adson Creek at mouth, near 2 3 5 a 6 1% 14 20 27 21
Wise River
104 Jerry Creek near Wise River 5 8 5 29 19 37 45 72 g9 74
105 Divide Creek at Divide 4 5 g 20 13 24 31 40 &0 43
106 Canyon Creek near Divide 5 & 12 27 18 46 54 B85 g6 69
107 Moose Greek near Divide 7 S 13 i8 14 17 22 a7 1 39
108 Trapper Creek mear Melrose 5 & 10 18 i3 30 35 &1 58 43
109 Camp Creek at Melrese 2 3 7 i3 8 i3 1 24 51 29
110 Big Hole River near Melrose 660 1000 1300 2100 1508 1900 2300 3300 5000 3600
111 Willow Creek near Glen 7 8 10 15 il 23 26 a7 48 37
112 Birch Creek near Glen 8 9 11 17 12 26 33 435 &9 51
113 Hells Canyon Creek near 3 3 5 10 7 13 17 21 G 22
Twin Bridges
114 Jefferson River near Twin 1300 1600 2100 3000 2300 2000 2400 2700 5300 4000
Bridges
iis Whitetgil Creek near Whirehall 3 3 4 5 4 8 13 23 37 25
117 Boulder River above High Ore 46 62 110 190 130 220 260 410 550 420
Creek, near Basin
118 Boulder Rlver near Boulder 592 79 140 240 150 zgo 330 520 708 530
3119 Little Boulder River 9 11 17 27 20 5% 55 58 85 73
near Boulder
120 Boulder River sbove Cabin 52 79 120 200 140 230 252 B0 496 350
Guich, near Boulder
121 Boulder River near (ardwell 76 Ga 158 240 180 286 320 478 &00 480
122 South Boulder River near [ 10 15 25 17 33 38 41 45 44
Jefferson Isiand
123 Jefferson River at Sappington 1300 1800 2300 3300 2600 2200 2700 4000 5700 4400
124 South Willow Creek wmear Pony HA 14 3 45 31 61 7L 90 140 94
125 North Willow (reek st Pony 11 13 18 Z 18 31 38 &G4 &3 45
126 Willow Creek near Harriseon 25 30 4% 54 42 21 33 58 a9 53
127 Morweglan Creek near Harrison 8 g Hy 12 10 7 g 12 14 12
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Table 7.-wEstimataed menthly gtreamflew characteristics for April and Hay--Gontinued

near Gallatin Gateway

A~39

April Ha

Site

No. Stresm name a5 Q.80 {.50 G.20 M 2.940 .80 .50 G20 oM

12% Jefferson River near 1500 2100 2708 3360 2700 1800 2300 4300 6200 4400
Three Forks

130 Madison River near 410 430 450 540 LED 540 580 206 gqc B3C
West Yellowstone

131 Duck Creek near 22 26 35 a8 41 a0 110 140 140G 140
West Yellowstone

132 Gougar (reek near EREIN 14 28 63 41 130 150 140 2720 170
West Yellowstone

133 Grayling Creek near 13 21 44 96 &1 190 230 250 4400 3o
West Yellowstone

134 Red Canyon Creek near H 2 3 8 5 21 23 23 28 21
West Yellowstone

135 Scuth Fork Madison River near G4 100 110 130 110 170 190 210 740 220
West Yellowstone

136 Watkins Creek near 2 3 53 13 g a3 37 37 50 38
West Yellowstone

137 Trapper Creek near 2 2 4 8 6 19 21 22 2G 22
West Yellowstane

138 Madison River below Hebgen 260 400 BOO 1400 20 230 310 590 1200 730
Lake, near -Grayiing

139 Cabin Creek near 5 10 z3 54 33 120 140 180 250 180
West Yellowstone

140 Beaver Creek near 20 26 45 82 55 166 150 230 310 240
West Yellowatone

141 Flk River at mouth, 21 27 & 68 49 140 s 216 270 220
near Cameran

142 Soap Creek &t mouth, 2 2 3 5 4 B 10 14 18 14
near Cameron

143 Antelope Creek at mouth, 17 19 24 32 26 36 42 58 76 60
near Cameron?

144 West Fork Madleon River 45 53 79 110 B4 160 180 250 330 250
near Cameron

145 Squaw Creek near Cameron 7 8 i3 22 15 &7 34 57 % 59

146 Standard Creek near Cameron 5 5 10 i7 12 25 32 46 62 43

147 Ruby Creek near Cameron [ 4 7 12 5 18 22 26 36 27

148 Indian Creek mear Cameron 19 25 45 87 58 170 00 250 330 260

149 Madisen River near Cameron 510 750 1200 1760 1280 790 1000 1500 2000 1600

150 Blaine Spring Creek near 23 23 25 29 26 31 L 38 43 38
Cameron

151 0'Dell Creek near Ennis 99 100 110 120 P10 130 140 150 160 150

152 Jack Creek near Ennis 14 17 23 35 25 55 70 3 130 a8

153 Meore Creek at Ennis 1 i 3 6 4 B 10 12 17 12

154 North Fork Meadow Creek at 5 8 16 30 19 47 58 £3 120 B8
Forest Service boundary,
near Ennis

155 Morth Fork Meadow Creek at 3 5 10 21 14 34 41 52 75 54
Highway 287, near Ennis

156 Madison River below Ennis %00 1000 1508 2100 16500 1100 1360 1900 2500 1900
Lake, near McAllister

157 Hot Springs Creek near Norris ] 7 11 20 HA 23 30 39 55 43

158 Cherry Creek near Herris 23 25 38 &1 43 72 93 140 200 150

159 Madison River near 944 1100 1500 2100 1600 1100 1300 2000 2500 2000
Three Forks

160 Cache Creek at mouth, near & 6 10 15 10 28 33 43 55 45
West Yellowstone

t16] Tavlier Creek near Grayling 1% 22 3z 45 34 120 160 2%0 280 230

162 Porcupine Creek near 5 7 13 28 17 51 &4 70 96 73
Gellatin Cateway

163 Gatlatin River above West 170 208 230 340 260 580 740 560 1200 370
Fork, near Big Sky

164 South Fork West Fork Gallatin it 17 30 54 41 i10 148 150 265 190
River near Gallatin Gateway

145 Middle Fork West Fork Gallatin 5} 8 12 23 i5 39 47 63 87 &6
River near Gallatin Gateway

166 West Fork Gallatin River 21 31 54 110 70 180 228 320 £330 320
near Gallatin Gateway

167 Sguaw Creek near ) 18 5 43 39 72 a5 100 130 160
Gallatin Gatewzy

158 Hellroaring Creek 17 22 3z 36 28 g8 1280 ] 200 130



Table 7.--Zstimatad monthly streamfliow chereckeristics

for april

and Hay--CLontinued

April May

Sige

Ko Stream name .90 Q.80 G.540 (.20 Qi G.90 G.80 0.50 Q.20 ol

169 South Fork Spanish Creek 9 14 24 48 31 a1 106 140 190 150
near Gallatin CGateway

170 Spanish Creek nesr 22 s 46 85 57 1240 130 230 320 240
Gallatin Gateway

171 Gallaznin River near 320 370 440 G40 450 1100 1460 1800 2200 1800
Gallatin Gateway

172 Big Bear (reek near 4 4 5 i1 8 19 26 33 50 38
Gallatin Gateway

173 South Cottonwood (reek 13 H 19 27 20 45 57 72 8¢ 73
near Gallatin Gateway

174 Baker (reek near Manhattan® 39 110 130 178 140 130 150 270 350 280

175 Rocky Creek near Bozeman 24 28 45 7z 50 52 68 100 140 i

176 Bear Canyon Creek nesar Bozekan 5 & 1 20 i3 16 20 30 43 iz

177 Sourdough {reek near Bozeman 13 13 19 28 23 41 45 63 93 69

178 East Gallatin River at Bozeman B4 98 160 228 170 140 180 260 350 270

179 Bridger Creek near Bozeman & 32 59 S0 62 &3 96 140 220 160

180 East Gallatin River mear 86 ERRY 160 250 190 150 230 360 460 3707
Belgrade

181 East Fork Hyalite Creek near & 6 7 Q 8 22 26 30 38 31
Bozeman

182 -West-Fork -Hyalite Greek mear B! Qo] 0 15 13 28 by 55 B 39 » IR ¥ -1
Bozeman

183 Hyalite Creek at Hyszlite i9 22 35 52 19 92 100 130 170 140
Ranger Station, near Bozeman

184 Hyalite Creek above 3 8 16 34 22 57 58 82 320 85
Interstate 90, near Bozeman

185 Thompson Creek near Belgrade 21 27 32 41 33 26 30 40 44 37

186 Ben Hart Creek near Belgrade z7 29 a1 33 31 29 30 35 37 34

187 Reese Creek near Balgrade 7 8 i3 18 13 22 26 40 54 47

188 East Gallatin River near 180 200 60 350 260 440 570 780 1000 780
Manhattan

189 Gallatin River near Logan 780 900 1100 1400 1700 1100 1500 2100 2700 2200

190 Sixteenmile Creek near 7 9 kY 75 49 4 B 19 59 34
Ringling

197 Sixteenmile Creek near Maudlow 34 37 56 83 58 58 72 120 170 136

192 Sixteenmile Creek near Toston 48 51 17 130 1 136 160 210 310 230

193 Missouri River near Tostaon 37oc 4000 5600 7200 5700 4600 5200 8700 12000 8800

194 Crow Greek near Radersburg 10 13 20 34 23 79 88 120 16 130

185 Dry Creek pear Toston 4 5 g 15 10 19 24 31 44 33

196 Deep Creek below North Ferk, 10 12 20 37 26 54 60 80 110 B3
near Townsend

197 Duck Creek near Townsend 3 4 8 14 10 2% 28 33 45 34

198 Confederate Gulch near Winston 5 7 12 21 14 3o 38 50 68 52

199 Beaver Creek near Winston [ 7 H 3o 18 27 iz 3 80 55

200 Avalanche Gulech neer Winston 3 3 & 11 2 15 23 23 30 22

201 Spokane Creek near East Helena 3 5 g 15 10 16 23 28 32 25

202 McGuire Creek at county road, 8 8 9 10 g 9 10 i1 12 12
near East Helena

203 Trout Creek at mouth, i6 16 i 23 19 29 35 40 56 47
near East Helena

204 Prickly Pear Creek near Clancy 33 34 50 71 52 52 63 100 130 110

205 Prickly Pear Creek at mouth, 35 36 48 74 55 B3 110 130 190 40
near East Helena

206 Tenmile Creek near Rimini 3 3 13 24 16 37 54 7@ 1060 B4

207 Tenmile Creek near Helena 9 14 30 44 33 42 53 B9 P20 97

208 Sevenmile Oreek near mouth, 3 L 4 10 7 12 13 16 24 17
near Helensa

20% Tenmile Creek at mouth, near 7 2 14 24 i5 22 28 48 73 3
East Helena

210 Siiver Creek at Interstate 15, 12 12 i5 19 16 1 1¢ 23 27 24
near Helena

211 Beaver Creek at mouth, 9 11 i5 i 18 18 20 25 29 28
near East Helena

212 Elkhorn Creek near mouth, 5 5 -3 11 g 13 16 20 27 21
negr Wolf Creek

213 Willow Creek below Eikhorn 3 4 7 i5 18 Z7 31 34 50 36
Creek, nesr Wolf Creek

240



Table 7.-~Dstimated monthly streamileow charectaristics april and ®xay--Contipued
April May

Site

N, Stream name §.90 G.80 .50 Q.20 gkt Q.50 G.80 .50 .20 O

216 Gottonwood Qraek above Beartocth i 3 & 4 9 11 13 4 17
Ranch, near Welf Creek .

217 Virginia Creek at mouth, near 7 12 25 38 25 Z5 31 54 94 62
Canyon Creek

218 Canyon Creek below Coriomwood 12 20 45 76 48 49 5% 98 1890 1290
{reek, near Canyon Oreek

219 1dttle Prickly Pear Creek 20 32 &0 i1e &7 2B 43 1640 180 120
neer Ganyon Creek

220 Lvons Creek near Wolf {reek 6 g i3 18 I 24 28 34 45 37

221 Wolf Creek at mouth, at 5 & 11 20 13 29 36 4% 58 42
Wolf Creek

222 Little Prickly Pear Lreek near 76 52 150 230 18c 130 170 330 560 380
Wolf Cresk

223 Wegner Creek near Craigh a Z 7 15 8 i5 23 39 5% 41

224 Stickney {reek near Craig? O 1 5 12 7 1z 17 31 46 34

226 Middle Fork Dearbern River at 5 13 27 530 3z &4 82 120 160 20
Highway 200, near Wolf (reek

227 South Fork Dearborn River at 4 12 27 50 31 51 66 120 180 126
Highway 434, near Wolf Creek

228 Dearborn River near Craig 31 21 180 a50 200 270 340 670 1000 [0

299 Flat Creek sbove Slew Creek . 18 b 5% 35 P A 200160 130 ..
near Craig

230 Sheep Creek at mouth, near it 15 33 56 36 57 77 190 310 210
Gascade

232 North Fork Smith River at 3 5 11 24 16 47 30 330 820 410
Hi ghway 89, near White
Sulphur Springs

233 South Fork Smith River at 15 18 27 42 30 38 49 67 100 73
mouth, near ‘White Sulphur
Springs

234 Smith River below forks, near 9 14 27 59 is R 144 240 380 260
White Sulphur Springs

235 Big Birch Creek at mouth, 43 51 ai 109G 76 39 49 130 250 178
near White Sulphur Springs

236 Newian Creek below Charcoal 7 i1 H 22 17 HL 20 3o 48 33
Gulch, near White Sulphur
Springs

237 Camas Creek near mouth, near 7 10 18 29 20 38 47 52 76 A
White Sulphur Springs

238 Smith River near Fort Logan 130 140 190 260 210 160 200 270 380 320

239 Sheep Creek near White Sulphur 10 12 18 30 21 55 84 B9 130 g6
Springs

240 Sheep Creek near mouth, near 18 25 51 110 69 150 150 290 460 220
White Sulphur Springs

241 Fagle Creek near mouth, near 3 4 ] 1g 12 29 7 47 71 50
White Sulphur Springs

242 Rock Creek below Buffalc Canyen, 9 i1 20 37 23 51 63 83 120 88
near White Sulphur Springs

243 Tenderfoor Creek below South 13 17 36 73 46 16 140 210 310 220
Fork, near White Sulphur
Springs

244 Smith River near Eden 180 210 360 560 420 360 460 860 15300 G90

245 Hound Creek near mouth, 24 31 51 100 70 a9 130 270 430 300
near Cascade

246 Missouri Rlver near Ulm 3800 4200 6700 8800 6800 5200 6300 9200 13000 9800

247 Korth Fork Sun Rliver near 67 88 160 300 200 810 260 1200 1500 1300
Augustkta

248 Sun River near Augusta 140 30 520 940 600 1300 1860 2900 3800 z800

249 Sun River below diversion dam, 57 130 230 420 290 230 345 770 1400 10
near Augusta

250 Willow Creek near Anderson 4 4 7 3 g 23 23 27 38 Z8
Lake, near Augusta

251 North Fork Willow Creek below 4 & 3 7 6 10 1z i3 i3 14
Cutrock Creek, near Auguste

254 Smith Creek mear Augusts 6 7 17 34 25 42 52 70 100 75

255 Ford Creek near Augusta 2 9 i8 23 17 29 37 61 89 64

256 Elk (reek near Augusta 21 25 36 6% 45 5 86 Z20 330 220

257 Sun River st Simas 100 150 300 610 396 160 330 790 1700 1180

260 Migscuri River nesar 4600 5600 7600 10000 FT00 £100 FEOG 11000 148000 12000
Great Falls

261 Dry Fork at mouth, at Monarch 3 12 23 &is 30 &2 76 100 150 110

A4l



Table T.w-Estimated monthly streanflow characteristics for April and #Hay--Continued
April ]

Site

Ho. Stream name G.90 Q.80 .50 Q.20 oM 0.490 .80 .50 (.28 On

262 Tillinghast Creek above 7 9 15 24 17 30 38 53 74 56
Joice Creek, near Monarch

263 Pilgrim Creek at mouth, 12 i6 26 40 28 46 61 93 130 56
near Monarch

264 logging Creek at Logping Greek 7 8 12 20 4 25 37 4h 559 45
Campground, near Monarch

265 Belt {reek near Monarch 34 44 88 180 120 230 340 550 G50 630

266 Bip Otter Oreek above Never 7 9 12 H T4 21 25 30 42 31
Sweat Creek, near Ravnesford

267 Belt Creek near Portage 3G 46 106 270 140 260 3Z0 540 1200 770

268 Highwood Creek below Smith 4 7 15 33 21 55 70 84 110 5
Creek, mear Highwood

269 Missouri River at Fort Benton 4800 5100 7700 10000 7940 6704 8000 12000 18000 1200C

270 Shonkin Creek below Bishop 2 3 i3 29 i8 43 57 g 110 81
Cresk, near Highwood -

271 Scuth Fork Two Medieine River 10 15 28 61 39 130 150 3G0 520 340
near East Glacier

273 South Fork Badger Craeek near i 26 41 64 45 150 170 210 270 220
Brownlng

274 North Fork Badger Creek near ig 24 38 58 42 140 15380 200 240 206
Browning

278 Birch Creek at Swift Dam, & 7 i3 1148 34 63 150 240 370 250
near Valier

279 Sputh Fork Dupuyer Creek near 4 4§ HY 15 130 22 27 38 50 3%

" Dupuyer

280 Korth Fork Dupuyer Creek mnear 5 7 11 17 12 32 38 50 65 52
Dupuyer

281 Dupuyer Creek below Scoffin T i8 35 57 e €3 77 160 150 110
Creek, near Dupuyer

282 Birch {reek near Valier 17 23 71 150 104a 22 3z 68 140 94

783 Cut Bank Creek near Browning &7 83 120 150 120 340 360 410 £30 400

284 Cut Bank Creek at Cut Bank 80 94 200 366 240 286 3640 550 670 520

285 Marias River zt Sullivan 400 500 960 1300 870 1300 1600 2300 3200 2400
BEridge, near Cut Bank

786 Marias River near Shelby 420 526 1100 1500 1100 1400 1800 2600 3700 2700

287 Marias River at "F® Bridge, 450 610 1200 1700 1200 1700 2100 3000 4300 32400
gbove Tiber Reservoir,
near Shelby

288 Marlas River near Loma 400 490 830 1300 890 1000 1100 1400 1700 1400

290 Teton River near Strabane 6 11 25 L7 an 26 46 86 120 g7

291 McDonald Creek near Strsbane 11 i1 13 i3 14 14 15 16 i6 14

262 Worth Fork Deep Creek near 7 9 15 23 16 4] &7 63 82 55
Choteau

2493 South Fork Deep Creeck near 7 g 14 22 15 37 44 60 78 62
Choteau

294 Deep Creek near Choteau 12 i3 18 25 19 19 22 34 43 35

295 Teton River near Dutton 73 1G0 150 250 180 59 110 340 440 330

796 Miseouri River at Virgelle 5300 5200 8500 12000 @100 7100 9500 130400 315000 14000

287 Lost Creek at mouth, near Utica 10 13 21 33 23 46 35 79 110 83

298 Yogo Creek at mouth, near Utica 2 3 6 i4 g 25 29 29 39 28

299 Middle Fork Judith Riwver near & ] 12 18 A 71 26 130 160 130
Utica

131 South Fork Judith River at Indlen 1 3 5 15 9 27 32 37 52 37
Hill Campground, near Utica .

303 Judith Biver above Courtneys 5 i0 26 5840 38 100 120 170 236 170
Creek, at Utica

306 East Fork Bilg Spring Creek at 14 12 23 38 27 23 54 a9 140 98
mouth, near Lewistown

307 Big Spring Creek sbowve 130 LG 180 228 190 220 260G 320 380 330
Cottonwood Creek, near Hanover

309 Cottonwood Creek at Highway 3 5 i1 23 14 31 40 66 120 75
200, near Lewlstown .

310 Beaver Creek at county road, 15 20 28 39 33 30 39 50 71 55
near Lewlstown

211 Big Spring Creek at mouth, 138 15¢ 230 330 250 350 460 £90 908 710

near Lewistown



Table 7,--fstimated monthly streamfliow characteristics for and map--Tontinued
April Mav

Site

K. Stream name .80 Q.80 .50 Q.20 Qi Q.50 Q.80 G.50 G.20 oM

317 Warw Springs Creek above 95 160 114 16 it0 9z 98 160 i1 ioe
Meadow Creek, near Hilger

313 Judith River near Winifred 260 290 500 730 520 280 360 530 720 540

115 Cow Creek below forks, 4 =3 B 12 9 12 15 21 31 23
neay Cleveland

316 Missouri River near Landusky &000 7000 9200 14000 10000 7700 10000 14000 21000 16000

317 Worth Fork Musseishell River 7 11 17 27 19 15 16 26 40 26
near Delpine

318 Checkerboard Creek pear 1 2 4 9 6 i3 H 0 31 iz
Checkarbasgrd

319 Spring Creek below Whitetail 5 8 16 Z7 ig z8 35 78 130 §7
Creek, near Checkerboard

320 Morth Fork Musselshell Riwver 9 14 23 EE) 27 48 57 58 100 70
near mouth, near Martinasdale

321 Alabaugh Creck at mouth, 2 & 8 17 13 23 30 43 68 &7
near Lennep

322 Cottonwood Creek below Loco 7 13 30 64 4 94 120 190 2490 200
Creek, near Martinsdale ’

323 South Fork Musselshell River 43 54 99 160 110 100 170 310 £30 320
above Martinsdale

SZABig Elk Creekat mouth, F 2 . 5 . ;4 . 25 . 15 . - 15 21 40 . 6,2 a}
at Twodot

325 Musselshell River at Harlowton 45 71 130 240 3170 - 64 130 300 930 390

326 American Fork near Harlowton .0 .3 3 7 4 -1 .8 3 10 7

330 Carelesa Creek below Little 1 3 5 13 g Y 12 13 20 15
Careless Creek, near
Hedgesville

331 Swimming Woman Creek below Dry ] 1 3 6 4 10 12 14 21 15
Coulee, near Franklin

333 Musselshell River near Roundup 38 55 EREY 320 200 33 120 310 700 440

335 Flatwillow Creek below the 8 11 21 45 33 87 100 120 170 130
forks, near Grass Range

338 Musselishell River near Mosby 54 58 180 540 350 64 100 360 960 630

339 Big Dry Creek above Litztle .2 1 4 27 58 .1 H 3 17 18
Dry Creek, near Van Korman

340 Little Dry Creek near 2 2 & 23 42 H 2 5 17 17
Van Norman

341 Bipg Dry Creek mear Ven Norman 3 4 i0 50 100 H 3 8 34 35

lineludes estimated spring flow of about 40 cubic feet per second, based on information provided by

Montana Department of Fiéh, Wildiife and Parks.

2includes estimated spring flow of about 10 cubic feet per second, based on information provided by

Montana Department of Fish, Wildlife and Parks.

3Estimated long-term monthly streamflow characteristics may not reflect the current flow regime

because of upstream streamflow regulation.

“Srream i3 known to be dry except for periods of rumoff. faleulated flows were adjusted hy

subtracting 7 cubic feet per second.

SStream 18 known to be dry except for pericds of rumoff. Calculated flows were adjusted by

subtracting & cuble feet per sezond.
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7,== Estimated moninly sirzamfliow characteristics fer doril and Hay.

T GL.iis monthly mean ow far spscified month excteeded Y narzent of *\‘:.e gear sy in cublc feetl per secong’

sireamtls
G, mean moninliy Streamflow for specified monthe in cubic Teel per selond o

April Yoy

$ite Strens name 3.90 Q.80 6.0 g.20 o 2.9¢  G.83  §.50 9.20 G
B

g 10 1é 25 18 23 31 49 £ 52

0.4 8.5 1 1 1 2 2 4 3 4

3 3 -] g & ? 12 18 25 19

E I 2 3 4 7 5 2 11 16 21 17

370 CoLLan £N S.6 3 2 2 4 3 4 5 7 &

371 BaADGER CREEX BEL FORKS NR EBEROWNING 33 46 72 110 21 230 235 370 460 370
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Table d,w~Fstim

§
§
L

ted monthly streamfioe o~hara taé{stics for June and July

{G.X¥, monthly mean streamflow for specified monih exceeded XX percent of the years,

in eubic feet per second; QM, mean monthly streamflow for specified month, in cubic feel per second

June July
Sice ;
Ho., Strear name Q.50 G.80 Q.50 Q.20 QM q.30 Q.80 Q.50 Q.20
1} Heliroaring Creek near Lakeview 39 51 77 100 80 i8 24 34 43
2 forral Creek near Lakewiew &4 5 8 i0 2 2z 3 4 &
3 Antelope Creek near Lakeview 1 H 3 4 3 ] .3 .5 H
4 Red Rock Creek neay Lakeview 48 63 a5 148 100 24 30 4% 52
% Tom (reek near Lakeview 7 9 14 H i3 2 3 & 7
& Harrows Creek at mouth, near i 1 3 & 3 o .5 .8 1
Lakeview

7 0dell Creegk near Lakeview 30 38 60 85 6é 13 18 25 3

8§ Jones Greek nesr lLakeview 4 5 10 14 140 Z 2 3 5

9 Red Rock River near Kennedy 120 170 270 350 280 40 57 e 170
Ranch, near Lekeview

10 Peet Creek at county road, near & 5 10 14 10 2 Z 3 &
Lakeview

11 Long Creek near Lakeview 15 i9 32 46 34 7 9 12 i8

f2  East Fork Clover Creek at mouth, 3 & i 16 iz 2 2 & 3
Ay Monida R B . .

i3 Red Rock River below Lima 280 380 460 590 474 50 270 330 410
Reservoir, near Monida

14 Cabin Creek above Simpson Creek, 2 P 4 6 5 .7 1 Z 2
near Lima

15 Indian Creek zbove Simpson 3 4 7 g 7 1 2 2 3
Creek, near Lima

16 Simpson Creek above Indian 3 4 7 10 i} H 2 2 4
Creek, near Lima

17 Deadman Creek near Dell 10 iz 24 3% 26 4 5 8 13

18 Big Sheep Creek below Muddy 45 51 1 146 94 41 47 64 a0
Creek, near Dell

19 Red Roek Riwver at Red Rock 3G 120 180 425 250 150 180 240 290

20 Black Canyon Creek near Grant 6 8 15 22 - 3 3 5 8

21  Shennon Creek near mouth, near 2 3 6 g 7 1 1 2 3
Grant

22 Frying Pan Creek near Grant 4 7 11 17 HE! 2 3 5 ]

23 Trapper Creek at mouth, near 2 3 5 8 ] .2 1 2 3
Grant

24  Bear Creek near Grant 11 17 29 40 31 5 7 3 iz

25 Bloody Dick Creegk near Grang 62 92 150 220 160 23 28 44 56

26 Horse Prairie Creek near Grant a3 130 220 330 240 42 58 160 140

27 Rape Creek zbove reserveir, 1 2 3 5 3 .5 .7 i 2
near Grant

28 Painter Creek near Grantg i2 15 26 38 29 [ 5 8 13

29 Browns Canyon {reek mear Grant 7 HY ¥ 24 18 3 3 5 8

30 Medicine Lodge Creek near Grant 33 41 75 120 a3 8 H s 24 47

32 Pole Creek near mouth, near 5 5 i1 ié 12 2 2 3 5
Polaris

33 Reserveoir Creek at mouth, near 4 5 10 13 1% 2 2 4 5
Polaris

34 East Fork Dyce Creek at mouth, 5 & 10 i3 HY 2 2 3 5
near Polaris

35 West Fork Dyce Creek at mouth, 3 3 & id & 1 i 2 3
near Polaris

36 Grasshopper Creek near Dillon 37 52 120 260 140 12 i3 42 69

37 Beaverhead River at Barretts 3590 480 840 110Q 830 290 340 580 B70

38 East Fork Blacktsil Creek near 42 63 97 149 A 25 30 40 47
Dillon

39 West Fork Blackteil Creek near 13 i7 3z 51 a5 & 8 13 1¢
Dilion

40 Blacktail Deer Creek near Dillen 70 8BS 126 160 128 &0 48 77 100

41 Beaverhead River near Dillen 27 110 230 5186 370 8 &g 160 330

o=l
|
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Table #.--fstipated monthly streamflow characterigtics for Jupe and July--Tontinued

Wise River

Jurnie July
Site
Wo. Strean name G.590 Q.80 G.50 G.20 O Q.90 .80 Q.3 .20 G
42 Beaverhead River near Twin 49 160 300 680 £30 449 120 230 409 300
Bridges
43 fCorral {reek at mouth, near 3 4 8 i1 3} H 2 7 4 3
alder
44  Cozl Creek at mouth, near Alder 10 HE! a4 34 26 4 5 A 12 g
4% Ruby River above the forks, K L4 77 1io 83 12 16 26 &0 9
near Alder
4% FEast Fork Ruby Riwver at mouth, 15 19 33 48 34 ) 7 11 16 12
near Alder
47 West Fork Ruby River at wmouth, 17 22 39 57 42 8 B 13 e 14
near Alder
48 Cortomwood Lreek at mouth, near Z20 as 45 [1=3 49 7 g 13 22 &
slder
4% Warm Springs Creek at wouth, 7L &85 118 180 125 52 546 &4 8¢ £
near Alder?
50 North Fork Greenhorm £reek at o 12 21 30 22 3 & 7 10 3
mouth, near Alder
51 Ruby River above reservelr, 240 280 440 650 480 EF:) 110 180 260 "200
near Alder
52 Mill Creek at Forest Service 52 50 120 130 120 25 38 53 70 58
e e B e e A e
53 Wiscensin Greek at Forest Service 51 63 9& 130 99 17 24 33 54 4
boundary, near Sheridan
54  Ruby River mear Twin Bridges B4 170 340 550 38¢ 89 120 240 350 289
55 Big Hole River near Jackson 140 160 200 240 200 24 40 78 10 B5
56 Andrus Creek near mouth, near 16 23 a7 55 40 6 8 12 19 14
Jackson
57 Fox Creek at mouth, near Jacksen 11 14 25 37 27 4 5 8 12 g
58 Governor Creek near Jackson 63 95 160 230 170 7 33 48 69 51
59 Warm Springs Creek at Jacksen 46 66 110 160 124G 16 19 30 50 33
60 Miner Greek near Jackson i00 110 140 160 140 28 35 37 23 70
61 Big Lake Creek near mouth, mear 20 27 45 48 50 7 5 i5 23 17
Wisdonm
62 Steel Creek above Frencis Creek, 16 17 29 40 31 4 5 8 1 g
near Wisdom
£#3 Francls Creek at mouth, near 16 24 42 &2 43 G 7 12 18 17
Wisdom
64 Sreel Creek near mouth, near 28 43 73 110 78 11 14 21 i 22
Wisdom
£5 Swamp Creek near mouth, near 41 70 130 180 130 16 20 30 43 3z
Wisdem
£6 Joseph Creek at mouth, near 21 26 43 61 47 7 9 13 20 15
Wisdom
67 'Trail Creek near Wisdom 87 170 270¢ 410 280 36 &0 57 73 58
68 Ruby Creek at mouth, nesr 34 50 838 130 94 i 13 21 35 23
Wisdom
59 Tie Creek at Forest Service 40 51 a5 120 93 13 17 27 42 30
boundary, near Wisdoem
70 Johnsen Creek near Wisdom 31 43 75 110 30 8 10 17 a0 15
71 Muasigbrod Creek near Wisdom 28 53 120 180 124 8 9 16 27 17
72 Horth Fork Big Hole River near 180 360 520 740 550 56 a3 130 190 140
mouth, mear Wisdom
73 Big Hole River below North 710 1200 18900 3100 2160 170 290 590 9240 §50
Fork, near Wisdom
74 Pintlar {reek near Forest Service 53 100 220 330 230 15 18 32 49 34
boundary, near Wisdom
75 Big Hole Rlver below Mudd 77¢ 1300 2200 3500 23490 180 320 650 1000 710
{reek, near Wisdom
76 Fightrap Creek at mouth, G 39 170 279 160 16 19 34 64 35
near Wise River
77 lamarche Creek mear Wise River 87 130 214 299 210 268 a7 &7 & 71
7B Seymour Creek near Wise Hiver 65 57 95 140 100 14 19 30 &7 34
79 Tenmile Creek at mouth, near 18 22 it 52 39 & 7 1t 17 12
Wise River
50 Sevenmile Creek at mouth, near 3 & 8 11 8 1 2 2 & 3
Wige River
81 Corral Creek at mouth, near 4 3 9 13 14 1 2 3 4 3



Table 8, -wfstipaiad monthly streamflow chavacteriscics fer June and July--Continued

June July
Site
Mo, Stream name Q.90 G.80 4.50 Q.20 QM G.90 4.80 (.50 o,20 oM
22 Twelvemile Creek at wmouth, near 12 15 26 37 28 4 5 8 1z G
Wisae River
83 Sulliwvan Creek =2t mouth, near 14 17 29 41 31 5 6 ] 13 i0
Wise Riwver
24 Oregon Creek near mouth, near 2 2 4 5 4 .6 W7 1 2 1
Wise River
85 Czlifornie Creek sbove American g 12 23 34 25 4 5 g 12 g
Creek, near Wise River
86 American Creek at mouth, near 3 & ] 17 g 1 2 3 4 2
Wise Riwver
87 Sixmile Creek at mouth, near 3 3 & 2 7 H 1 P4 3 z
Wise Riwver
&8 TFrench Creek near mouth, near 14 27 43 62 L5 & 8 14 22 16
Wige River
89 Deep Cresk near Wise River 84 130 210 306 230 43 53 73 a8 74
90 Bear Creek near Wise River & i0 17 24 18 3 4 6 7 &
91 Bryant Creek at wmouth, near 10 13 23 34 25 & 5 8 1 8
Wise River
92 Big Hole River near Wise River 1100 1800 2800 4700 3200 260 450 900 1400 3980
93 Johnson Creek at wouth, near 5 7 i3 19 14 2 3 4 7 5
Wige River
G4 Meadow Creek near Wise River iR 3 25 38 28 & 5 8 13 9
05 Jaccbson Creek at mouth, near 74 g2 150 210 160 22 30 46 71 51
Wise River
96 Mono Creek at meouth, near 7 5 16 23 17 3 3 5 7 6
Wise River
57 Wyman COreek at mouth, near Wise 30 ag 67 57 73 1¢ 14 22 33 24
River
98 Lacy Creek at mouth, near Wise 21 26 435 &5 49 7 9 14 22 e
River
98 Gold Creek at mouth, near Wise i1 3 23 33 25 4 5 7 1% 8
River
100 Pattengail Creek at mouth, near 73 95 160 230 176 23 32 32 82 54
Wise River
161 Sheep Creek at mouth, near Wise i3 17 29 42 iz 3 6 9 14 10
River
102 Wise River near Wiase River 330 580 830 1200 B60 93 140 24640 350 260
103 Adson Creek at mouth, near Wise ] 10 18 27 20 3 4 G &
River
104 Jerry Creek near Wise River k) 46 76 110 80 13 18 25 a6 30
105 Divide Creek at Divide 21 29 52 78 35 6 8 i5 26 17
106 Canyon Creek near Divide 38 51 88 130 23 8 12 24 41 26
107 Moose {reek near Divide 15 22 37 52 38 8 9 13 18 14
108 Trapper Ureek near Melrose 24 30 50 73 33 8 10 17 25 18
{09 Camp Creek at Melrose 12 19 45 97 54 3 4 13 3z 18
110 Big Hole River near Melrose 1600 2700 4200 5400 4400 4460 730 1400 2100 1500
111 Willow Creek near Glen 36 46 83 B 64 HE) 19 28 35 30
112 Birch Creek near Glen 69 79 100 140 110 37 46 a3 81 1)
113 Hells Canyon Creek near Twin i3 i6 26 37 27 5 7 10 15 11
Bridges
114 Jefferson River near Twin 2000 31900 5400 7800 5560 5580 921G 2000 3ien 2100
Bridges
115 Whitetall Creek near Whitehall 22 24 39 51 39 19 2z 25 28 25
117 Boulder River abeve High Ore 120 180 380 500 386 20 38 66 1590 94
Creek, near Basin
118 Boulder River near Boulder 160 230 460 770 490 26 4B 84 190 120
119 Little Boulder River near 25 a7 3% 91 a6 3 i3 19 27 20
Boulder
129 Boulder River above Cabin 140 190 345G 530 380 31 52 83 170 110
Gulch, near Boulder
121 Boulder River near GCaerdwell 179 240 420 650 450 38 [19 180 Z1i0 140
122 South Boulder River near 110 120 150 178 130 48 55 71 B& i
Jefferson Island
123 Jefferson River at Sapplngton 2000 33040 5800 8700 6090 500 330 2180 3400 24600
124  South Willow Creek mear Pomy 42 60 110 180 130 HY 12 4E 8BS 50
125 HNorth Willow Creek at Pony 253 31 53 BO 58 5 8 23 35 25
126 Willow Creek near Harriegon 30 35 95 156 iic 7 13 58 8¢ 62
127 Horweglan Creek near Harrison & 7 10 i3 10 3 4 & H 7



Table B.-~Estimetad monthly streamflow characteristics for June and July--Continued

Jun Julw

Site

10 . Stream pame .90 Q.80 0.5 .20 jeid] .50 SLB0 ;.50 0.2 QM

125 Jefferson River near Three 2500 3600 6200 100600 6960 530 1000 1900 3260 2300
Forks

130 Madison River near West 530 630 850 1000 850 260 420 520 &70 530
Yellowstone

137 Duck Creek near West 72 g1 140 21 150 34 43 58 75 &1
Yellowstone

132 Cougar Creek near West 120 140 210 320 230 27 36 613 120 73
Yellowstone

133 Grayling Creek near West 210 280 430 540 430 63 94 160 230 176
Yellowstone

134 Red Canyon Oreek near West 15 18 30 43 31 pd 3 & 14 8.
Yellowstone

135 South Fork Madison River near 220 230 280 320 280 140 159 190 220 190
West Yellowstone

136 Watkins Creek near West 28 3z 51 70 53 [ Q i5 77 iR
Yellowstone

137 Trapper Creek near West 14 i6 26 38 28 & 5 8 13 g
Yellowstone .

138 Madison River below Hebgen 220 598 1200 1800 1200 6460 78C 1000 1300 1000
Lake, near Grayling

139 Cabin Creek near West 149 180 oo 370 300 31 47 88 150 100
Yellowstone . . .

140 Beaver Creek near West 160 200 290 igc 300 650 23 120 178 136
Yellowstone

141 Elk River at mouth, near 110 140 210 300 230 31 &4 &6 100 73
Cameron

142 BSoap Creek at mouth, near 3 7 12 18 13 2 2 [ 5 4
Cameron

143 Antelope Creek at mouth, near 30 37 38 80 H2 17 20 26 34 28
Cameron?

144 West Fork Madlson River near 150 1856 270 380 280 70 100 140 180 140
Cameron

145 BSquaw Creek mear Camerom 39 45 68 98 73 13 17 25 3B 8

145 Standard Creek near Cameron 31 49 60 75 61 14 20 23 37 31

147 Ruby Creek near Cameron 17 20 32 47 34 7 9 i3 19 14

148 Indian Creek near Cameron 170 223 320 430 339 51 87 130 190 140

149 Madison River near Cemeron 1300 1604 2500 3500 2800 1100 1300 1600 2000 1600

150 Blalne Spring Creek near Cameron 36 41 47 51 45 30 33 39 43 38

151 0'Dell Creek near Ennis 150 150 160 170 160 120 130 140 140 140

152 Jack Creek near Ennis 92 110 150 190 150 44 54 71 87 71

153 Moore Creek at Ennis ) 7 13 21 14 2 2 4 7 4

154 HNorth Fork Meadow Creek at Forest 54 7i 110 145 110 21 34 56 70 58
Seryice bhoundary, near Enmis

155 MNorth Fork Meadow Cresk at 33 42 67 57 71 11 17 28 41 30
highway, near Ennis

156 Madison River below Ennis Lake, 15040 1800 2900 39860 3000 1200 1400 1700 2400 1900
near Mcalilister

157 Hot Springs Creek neer Horrils 20 26 42 53 45 10 13 19 25 20

158 Cherry Creek near Horris 75 110 160 220 178 34 46 67 94 77

152 HMadison River mear Three Forks 1600 1800 3006 4100 3100 1100 1300 1700 2500 1800

160 Cache Creek at mouth, near i 23 40 57 2243 B 12 19 14
West Yellowsatone

16t Taylor Creek near Grayling 220 330 440 500 420 98 130 180 280 200

162 Porecupine Creek near Gallatin 48 58 0 120 G4 16 22 34 30 37
Gateway

163 (Gallatin River above West Fork, 1000 1100 1700 2200 17086 380 480 710 1000 760
near Big Sky

164 South Fork West Fork fallatin 120 160 280 380 290 34 48 a7 3 57
River near Gallatin Gateway

165 Middle Fork Weat Fork Gallatin £3 5& G4 120 34 13 18 32 48 36
River near Gallatin Gateway

166 West Fork Gallatin River near 260 280 456 600 480 51 a3 158 220 170
Gallatin Gateway

167 Squaw Creek near Gallatin 51 72 114 170 125 23 29 42 62 45
Gateway

168 Hellrecaring Creek near a9 110 178 260 1840 34 45 58 93 73

Galiatin Gatewey

Tl
|
e

0



Table B,.--fstimased monthly streanflow characteristiacs

June and

Tuig--Continued

June July

Site

Ho . Stream name G.90 G.BO .50 G.20 gk G.90 0L.BO G.50 0.20 oM

169 South Fork Spanish Dreek mear Ba 10 190 250 190 Z9 40 66 94 73
Gallatin Gatewsy

170 Spanish Creek near Gallatln 140 190 320 410 320 54 78 £20 170 130
Gateway

17t Gallatin River near Gallatin 206G 23100 320G 4060 3100 730 aon 1300 1900 1460
Gateway

172 Big Bear Creek near Gallatin 28 L4 a4 B2 62 12 i85 z1 33 24
Gataway

173 South {ottonwood Creek near 76 8BS 120 HS 120 31 38 33 75 57
Gallatin Gateway

174 Baker Creek near Manhattan® 160 210 430 596 410 37 54 110 2340 140

175 Rocky Creek near Bozeman 35 47 80 128 a7 9 17 29 4l a1

176 Bear Canyon Creek near Bozeman 10 13 23 37 28 z 4 7 13 8

177 Sourdough Creek near Bezeman 42 47 3 108 76 18 Z1 a4 L4 3

178 East Gallatin River at Bozeman a7 110 190 270 200 41 45 67 94 T4

179 Bridger Creek near Bozeman &0 54 93 150 16C 15 18 28 58 38

183 East Gallatin River mear 120 150 300 530 330 38 L4 af 170 10
Belgrade

181 - East Fork Hyalite Creek near 43 50 &1 71 &1 15 17 27 &0 30
Bozeman

182  West Fork Hyalite Creek near BO 83 100 110 100 25 33 55 84 52
Bozeman

183 Hyelite Creek at Hyalite Ranger 150 170 210 260 220 69 91 130 170 130
Station, near Bozeman

184 Hyalite Creek above Interstate 50 &2 99 150 e 17 24 39 57 41
90, near Bozeman -

185 Thompson Creek near Belgrade 27 32 38 41 a7 3G 31 5 37 35

185 Ben Hart Creek near Belgrade 3% 32 k%) 38 35 Ely; 2 14 36 34

187 Reese Creek near Belgrade 17 23 ad 75 50 & g8 14 23 16

188 East Gallatin River near 430 560 830 1200 900 220 250 390 500 410
Manhattan

186 Gallatin River near Logan 13400 1700 3200 4400 3200 34¢ 480 994§ 1800 1100

190 Sixteenmile Creek near Ringling 7 i3 38 78 45 . . 5 14 10

161 Sixteenmile Creck near Maudlow 44 72 150 260 170 18 29 52 110 64

192 Sixteenmile Creek near Toston 110 140 260 420 290 28 41 78 160 96

193 Missouri River near Toston 5400 7100 12000 18000 12008 1800 2700 4600 7000 5100

194 Crow Creek near Radersburg 81 120 160 2345 170 27 34 53 23 85

195 ©Dry Creek near Toston 13 17 32 53 36 [ 5 9 17 (R

196 TDeep Creek below North Fork, 45 57 92 140 100 14 18 24 51 34
near Townsend

197 Duck Creek near Townsend 15 2% 33 50 s & 8 12 17 13

198 Confederate Gulch near Winston 24 33 31 76 56 i0 12 18 28 21

199 Beaver Creek near Winston 23 43 58 110 74 & 10 i9 10 21

200 Avslanche Gulch near Winston 14 15 28 46 31 2 2 5 15 7

201 Spokane Creek near East Helena i1 15 27 42 28 5 & g 14 iQ

202 McGuire Creek at county road, 9 10 iz 14 12 7 8 9 11 g
near Eaat Helensz

203 Trout Creek at mouth, near 25 34 48 i 53 13 15 20 29 22
East Helgna

204 Prickly Pear Creek near Clancy 41 63 120 200 130 i8 28 47 a8 57

205 Prickly Pear Creek at mouth, 66 85 140 230 160 z7 35 51 B3 57
near East Helena

206 Tenmlile Greek near Rimini 16 25 70 110 76 i 2 ) 18 12

207 Tenmile Creek near Helena 18 27 B5 156G 97 5 7 13 22 17

208 Sevenmile Creek near mouth, g 11 21 a5 24 2 2 5 12 6
near Helena

209 Tenmile Creek at mouth, near 16 25 61 110 59 5 7 14 35 19
East Helena

210 8ijver Creek at Interstate i5, 13 17 26 35 27 8 11 15 21 HE)
near Helena

%11 Beaver Oreek at mouth, near 15 17 23 3t 27 7 g 11 18 13
East Helensa

212 Eikhorn Creek near mouth, 12 14 24 36 28 & 5 g 14 10
near Wolf Creek

213 Willow Creek below Elkhozrn ig 21 39 63 43 & 4 B H 10

Creek, near Wolf Creek



Table B.-~Estimated monthly streamfliow charscteristics for Juze aand Julg--Continued

June Jul

Sire

Ho., Stream name {.90 Q.BO Q.50 .20 M G.9 Q.8 0.50 0.2 o

%14 (Cottonwcood Creek above Beartooth 6 7 14 24 16 1 2 3 & 4
Banch, near Wolf Creek

217 Virginia Creek at mouth, near 22 30 77 130 a5 5 7 15 31 20
Canyon Creek

218 Canyon Creek below Cottonwood &l 58 170 339 196 & 8 24 64 35
Creek, near {anyon Greek

216 Little Prickly Pear Creek 48 61 160 310 130 6 13 31 68 43
near Canyon Creek

2240 TLyone Creek near Wolf Creek i 23 41 61 45 & 8 13 23 16

277 Wolf {reek at mouth, at Wolf 20 Z5 %] T4 51 3 g 11 24 14
Creek

272 lictle Prickly Pear {resek near 70 95 190 300 220 51 62 92 166 110
Wolf Creek

223 Wegner Creek near Craig® 8 15 34 56 38 o 0 & 13 8

224 Stickney Creek near GCraig® 8 14 11 51 35 ¢ Q & i3 7

226 Middle Fork Dearborn River at 42 51 110 170 130 i5 19 a3 53 36
Highway 200, near Wolf Creek -

227 Scuth Fork Dearborn River at 34 56 120 170 1340 13 17 31 33 36
Highway 434, near Woalf Creek

958 Pearhorn - River - 4ear-Sratg Qo300 71001100, 810 T a9 180380 230

229 TFlat Creek above Slew Creek, 28 57 120 160 130 11 17 34 61 47
near Craig

230 Sheep Creek af mouth, near 68 110 220 310 230 33 53 80 o7 g4
Jascade

232 HNorth Fork Smith River at Highway Y 48 160 340 190 9 13 23 40 25
89, near White Sulphur Springs

233  South Fork Smith River at wmouth, 28 39 82z 130 88 18 i3 25 42 29
near White Sulphur Springs

234 Smith River below forks, near 72 98 180 330 220 23 21 49 75 31
wWhite Sulphur Springs

235 Big Birch Creek at mouth, near 37 65 270 410 260 i4 23 63 100 79
White Sulphur Springs

735 HNewlan Creek below Charcoal Gulch, 13 18 a5 52 38 5 7 i3 Z3 16
near White Sulphur Springs

237 (Camas Greek near wouth, near 27 32 58 86 &5 7 8 15 32 ig
White Sulphur Springs

238 Smith River near Fort Logan 120 180 350 540 3490 83 100 170 230 190

229 Sheep Creek mear White Sulphur 49 53 106 160 10 22 30 41 55 43
Springs

240 Sheep Creek near mouth, near 130 190 350 5330 380 &1 62 100 160 110
White Sulphur Springs

241 Eaple Creek near mouth, near 22 28 53 B4 58 6 <1 i3 24 13
White Sulphur Springs

242 Rock Creek below Buffale Canyon, 42 54 34 140 1006 ia 21 31 49 35
near White Sulphur Springs

243 Tenderfoot Creek below South Fork, 85 120 220 330 240 33 48 72 59 76
near White Sulphur Springs

244 Smith River near Eden 360 530 920 1400 1100 96 180 7o 740 450

245 Hound Creek naar mouth, near B3 120 220 360 250 27 41 75 120 52
Cagcade

246 Missouri River near Ulm 4500 7200 12800 1800C 13000 3100 4000 6600 100830 7300

247 WHorth Fork Sum River near 720 830 1300 2000 1400 260 310 460 700 500
Augusta

248 Supn River near Augusta 1300 o0 3000 4700 3360 is0 580 1000 1700 1240

249 Sun River below diversion dam, 3560 690 1300 2900 1800 71 160 250 480 330
near Augusta

250 Willew Creek near Anderson Lake, 14 17 30 48 33 3 4 8 13 S
near Augusta

251 Horth Fork Willow Creek below B G 16 24 17 3 3 5 & 5]
Cutrock Creek, nmear Augusta

254 Smith Creek near Augusta 34 43 58 110 B& 5 30 &7 5% 48

255 Forgd Cresk near Augusta 29 45 52 110 81 27 31 40 56 13

256 Elk Creek near Augusta 98 188 318 490 340 iz 52 78 156 100

257 Sun River at Simms 420 710 1400 3200 2108 56 85 270 500 420

260 Missourl River near Great Falis 6300 %500 15000 2100CG 16000 3900 4900 7800 12000 8300

261 Dry Fork at mouth, at Monmarch 51 &6 110 170 130 15 i 37 80 42

250



Table f,««Estipated manthly streamflow characteristiss for June and Fuly--Lontinued
June July

Site

¥o Stream name 5,90 Q.80 Q.50 .20 oM 0.90 Q.80 .50 Q.20 ou

262 Tillinphast Creek above Joice 25 33 54 80 60 1i 15 77 30 24
Creek, near Monarch

263 Pilgrim Creek at mouth, near 33 45 79 120 88 11 14 23 37 27
Menerch

264 lLogglng Creek at Logping Creek 19 25 40 60 Lb 10 13 17 23 18
Campground, near Monarch

265 Belt {reek near Monarch 250 330 570 1000 00 75 116 200 3250 220

266 Big Otter Creek above Never 14 17 29 50 33 & 7 10 14 1%
Sweat Creek, near Raynesford

267 Belt Creek near Portage 250 396 710 1700 1100 57 55 150 330 220

268 Highwood Creek below Smith 36 47 78 130 a8 12 15 23 s 25
Greek, nsar Highwood

269 Missouri River at Forit Benton £8400 9000 16000 23000 17000 3900 5200 7909 12000 BBOD

270 Shonkin Creek helow Blshop Creek, 25 35 &1 100 70 10 12 18 26 18
near Highwood

271 South Fork Two Mediecine River 92 120 240 380 260 25 35 58 95 63
near East Glacler

273 Sourh Fork Badger Creek 120 140 210 300 230 33 43 65 100 71
near Browning

274 North Fork Badger Creek near 100 130 190 270 210 28 39 59 a1 65

S Bgowntng A AR S . T A S S L . .

278 Birch Creek at Swifr Dam, near 116 270 370 630 500 isc 170 244 430 age
Valier

279 South Fork Dupuyer Creek near 17 21 36 32 38 [ 7 11 17 13
Tupuyer

280 North Fork Dupuyer Creek near 23 Z9 48 58 52 7 10 15 22 16
Dupuyer

281 Dupuyer Creslk below Scoffin 47 i 120 200 130 10 13 27 55 34
Creek, near Dupuyer

282 BPBirch Creek nesr Valler 31 55 95 220 140 i% 25 43 g7 652

283 <Cut Bank Creek near Browning 310 370 478 680 530 14 130 170 260 190

284 Cut Bank Creek at Cut Bank 280 350 510 810 600 7B 116 190 350 230

285 HMarias River at Sulliwvan 1100 1300 2200 3600 2840 310 460 73C 1300 950
Bridge, near {ut Bank

286 HMarias River near Shelby 1200 1500 2500 4300 3200 320 490 790 1500 toeon

287 Marias River at "F" Bridpe, 1400 1700 2900 5000 3800 370 570 920 1700 1200
sbove Tiber Reservolr,
near Shelby

288 Marias River near Loma 570 750 1500 2500 190G 480 680 1300 2000 1300

290 Teton River near Strabane 36 58 9¢ 140 100 21 32 48 B2 61

297 McDonald Creek near Strabane 14 i5 16 17 i6 11 12 13 15 13

292 WNorrh Fork Deep Creek near 30 37 &1 87 66 g 12 18 29 21
Choteau

293  South Fork Deep Creek near 28 35 57 83 83 g 12 18 27 20
Choteau

294 Deep Creek near Choteau 15 22 39 60 43 7 11 17 e 20

295 Teton River near Dutton 64 140 320 560 420 32 54 140 270 170

296 Misaouri River at Virgelle F805 12000 1BOGO 26000 200906 4400 A600 10000 14000 1400GC

¢97 Lost Creek st mouth, near Utics 36 47 79 120 Bé& 12 16 26 40 29

298 Yogo Creek ar mouth, near Utica 18 20 36 59 41 3 4 B 20 10

299 Middle Fork Judith River near 120 160 220 350 250 25 34 66 93 o9
Urica

301 South Fork Judith River at Indian i8 24 42 T4 48 5 5 9 15 10
Hill Campground, near Utlica

303 Judith River above Courtneys 77 100 190 300 214 23 33 &2 100 &7
Creek, ag Utica

306 East Fork Bip Spring Creek at as 48 83 130 g6 1c HES 26 45 30
mouth, near Lewlstown

307 Big Spring Creek above 1790 210 260 320 280 140 160 190 210 190
Cottonwnod Creek, near
Henover

309 Cottonwood Creek at Highway 27 37 73 120 87 7 14 20 35 23
200, near Lewistown

310 Beaver Creek at county road, 21 27 49 79 56 g 11 16 25 18
near Lewistown

311 Big Spring Creek at mouth, 220 310 460 68O 548 150 198 260 330 270

near Lewistown

Yoy

et



Table 8.--Fetimated monthly strsamflow characteristics for Jume and July--lontinued

June Jul

Site

e, Srreas name Q.80 G.80 Q.50 .20 QM G.50 .80 G.50 Q.20 OM

312 Warm Sirings Creek above Meadow g4 108 110 120 110 g8 106 110 110 1140
Ureek, near Hilger

413 Judith River near Winifred 250 300 550 729 550 260 320 560 670 550

315 Cow Creek below forks, near 12 16 28 40 an 5 & 11 ig 12
Gleveland

316 Missourl River near Landusky 8400 13000 20000 29000 22000 5000 6200 110006 15000 12000

317 Horth Fork Musselshell River 10 1 27 4% 29 ] 8 13 23 15
neay Jelplne

318 Checkerboard Creek near 10 12 23 36 25 3 4 6 11 7
Checkerhoard

319 Spring Creek below Whitetail 23 30 58 g3 68 8 i1 20 5 21
Creek, near Checkerboard

320 North Fork Musselshell River 3 39 T0 120 78 11 H 22 37 25
near mouth, near Marrinsdale

321 Alabauph Creek at mouth, near 18 25 49 76 54 6 8 14 22 15
Lennep

322 Cottonwood {reek below Loco 73 10 200 310 220 28 &40 61 g5 G5
Creek, near Martinsdale

323 South Fork Musselshell River 94 14¢ 250 510 344 1% 28 o6 120 78

) above Martinsdale ]

324 Big Elk Creek at mouth, at 18 29 55 98 34 3 5 11 23 15
Twodot i

325 Musselshell River at Harlowton a7 150 460 770 510 48 &7 140 210 170

326 American Ferk near Harlowton . 2 i1 70 56 .Q .3 2 g 5

330 Gareless Creek beleow Little 5 7 13 24 13 2 2 3 5 3
Careless Creek, mnear
Hedgesville

33%1 Swimmping Woman Creek below Dry 7 b2 7 27 19 2 3 4 8 5
Goulee, near Franklin

333 Musselshell River near Roundup 130 200 520 1000 720 G4 120 220 33e 290

335 Flatwillow Creek below the forks, 9B 120 200 300 220 12 17 43 BG 51
near Grass Range

338 Musselshell River near Mosby 70 150 590 1800 1000 14 51 140 500 350

339 Big Dry Creek above Little Dry .3 H 14 80 43 R+ .3 4 25 31
Creek, near Van Horman

340 Litrle Dry Creek near Van Norman 1 2 14 55 34 .3 1 5 22 26

341 Big Dry Creek near Van Norman 2 3 28 140 77 Wb i g 47 57

IIncludes

estircated spring flow of about 40 cubic feet per

Montana Department of Fish, Wiidlife and Parks.

2Inciudes

Montana

ifztimated long-term monthly streemflow characteristics may not refleet the current flow repime

Department of Fish, Wildlife and Parks.

because of upstream streamflow reguletion.

“Stream is known to be dry except for perlods of rumcff.

gubtracting 7 cuble feet per second.

SSrream is known to be dry except for periods of runoff.

subtracting 8 cubic feet per secomd.

second, based on informarion provided by

Calculated flows were adjusted by

Calculated flows were adjusted by

estimated spring flow of about 10 cuble feet per second, basad on information provided by
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354 ROCR CREEK AT MOUTH NELR WISDOM 20 27 4% [ 53 8 13 17 24 4
%47 DELANG CRESE AT MOUTH NEAR WISE RIVER 1 2 3 5 3 5.5 a6 0.9 "y

358 wALFwAY CREEX AT MQUTH HEAR WHITEHALL 7 2 7 23 17 3 : g !

359 N.F DEEP CREEK AT MOUTH NR MILLIGAR 6 g 15 21 18 2 3 5 7

170 COLLAR SULLH BT MOUTH NEAR MAIDEN 2 3 5 7 5 0.7 3 3 5

371 BADGER LREEK BEL FORKS NR BROWNING 200 250 170 540 410 54 - 120 san 13

e I A ]

el
i
-
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in cuble feet per second; (M, mesn wonthly

Table 9.~-Estimated mont

reamilow cheracteristics £o

o S —————

Zugust and

Septembar

{¢.XX, monthly mean streamflow for specified month exceeded XX percent of rhe years,

streamflow for specified month, in cublc fesr per second]

August September
Jice
By SLTeam nase Q.90 Q.BC .50 Q.20 oM Q.20 2.80 (.30 §.20 feis]
i Hellrcaring Creek near iG LB 16 21 15 B g 11 4 iz
Lakewiew
? Correl Creek near Lakeview H i Z 3 Z 1 1 i Z 1
% Antelope Creek near Lskeview W2 L 23 G .3 .2 .2 o2 .3 W2
4 Red Rock Creek near Lakeview 14 17 22 28 23 i2 14 16 20 18
5 Tom Creek near Lakewview 1 i 2 2 2 ) .7 1 i i
& Narrows Creek at mouth, .3 W3 .6 .8 .5 W2 .2 4 .5 o
near Lakeview
7 (dell Creek near Lakeview 8 g 12 16 13 6 7 B He g
g Fomes Creek mear Lakeview 1 i 2 3 2 o7 3 1 2 1
9 Red Rock River near XKennedy 20 27 46 76 53 20 32 &7 &9 49
Ranch, near Lakeview
10 Peer Creek at county road, 1 1 2 2 Z .7 1 1 2
near lLakeview
11 Long Creek near Lakeview 4 5 6 2 & 3 3 & 5 5
12 East Fork Clover Craek at 1 1 2 3 2 -9 1 2 2 2
mouth, near Monida
13 Ked Rock River below Lima 110 H 260 310 240 33 32 40 250 158
Reservolir, mear Monida
14 Cabin Creek above Simpson .6 .6 1 1 1 -3 o fs N .9 .7
Creek, near Lima
15 Indian Creek zhove Simpson .8 H Z 1 =5 & -8 1 H
Creek, near Lima
i6 Simpson Creek above indian 1 H 2 2 2 .6 .7 i 1 1
Creek, near Lima
17 beadman Creek near Dell 3 4 6 g & 2 3 4 4 5
18 Big Sheep Creek below Muddy 34 51 63 a1 65 3z 40 51 a4 52
Creek, near Dell
19 Red Rock River at Red Rock 140 120 150 240 180 170 190 230 280 250
20 Black Canyon Creek near Grant Z 2z 3 4 3 2 z 2 3 3
21 Shennon Creek near meuth, W7 .8 H 2 1 5 N 1 H H
near Grant
22 Frying Pan Creek near Grant 2 2 3 3 3 H i 2 3 2
23 Trapper Creek at mouth, N .7 1 2 1 W .5 .7 i -3
near Grant
24 Bear Creek near Grant 3 4 3 £ 5 3 3 & 3 &
25 Bloody Dick Creek near Grant 13 16 20 26 21 it 13 H 21 i7
76 Hevse Prairie Creek near 3¢ 34 [ 55 45 28 28 36 50 28
Grant
27 Rape Creek above reservoir, W& .5 8 H B 3 .3 +5 -3 .6
near Grant
28 FPainter Creek near Grant 3 3 5 & 5 2 2 3 & &
29 Browns Canyon Creek near Grant 2 A 3 4 3 i 2 2 3 2
10 Medicine Lodpe Creek near Grant 5 & g 13 18 4 & 7 11 2
37 Pole Creek mear mouth, 1 1 2 3 2 =8 1 i 2 2
near Polaris
33 Heserwvelr Creek at wmouth, 1 1 z 2 2 1 i 2 3 2
near Polaris
34 East Fork Dyece Creek at mouth, 1 i Z 3 2 .8 H i 2 H
near Polaris
35 West Fork Dyce Creek st .7 .8 i 2 H <5 .5 o7 i -8
mouth, near Polaris
16 Grasshopper Creek near Dillom 12 16 6 38 28 113 12 17 28 At
37 Beaverhead River at Barretts 230 294 440 740 53¢ 180 240G 360 510 410
3% East Fork Blacktail Creek 16 i8 22 29 24 14 16 26 24 20
near Dillon
1% West Fork Blackzail Creek 5 7 i 16 13 4 & 8 13 g
near Dilico
4 Blacktail Deer Creek 34 LG 46 58 48 3z a7 &3 52 44
near Dilleown
41 Beaverhead Riwer near Dilleon 49 65 150 266 210 139 156G 330 450 3890

ol
|

Ly
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Table U,w-Fstimated monthly streamflow characteristics for August and September--Lontinued

August Septembey
Sire
Nar Stream name .90 G.80 Q.50 ¢.20 QM ;.90 G.80 Q.50 G.20 QM
42 Beaverhead River near 84 100 240 330 260 190 220 410 570 440
Twin Bridges
43 Covral Cresk azt mouth, & 1 z 2 2 .6 W7 i 2 i
near Alder
44 Coal Creek at mouth, 2 3 4 ) 5 2 2 3 & 4
near Alder
4% Ruby River above the forks, 7 g 14 19 i4 & 8 16 15 12
near Alder
46 East Fork Ruby River at mouth, 3 4 & g & 3 3 & & 5
near Alder
47 West Fork Ruby River at mouth, 4 5 7 9 7 3 5 7 &
near Alder
48 Cottonwood Creek at mouth, 4 5 2 i1 # 4 4 & 2! 4]
near Alder
49 Warm Springs Creek at mouth, 47 49 34 59 54 46 48 30 54 51
~near Alder?
50 Nerch Fork Greaenhorn 2 3 4 5 4 2z 2 3 4 3
Creek at mouth, near Alder
51 Ruby River zbove reservelr, 76 97 120 150 120 84 91 i 140 110
near Alder
52 Mill Creek at Forest Service 12 T4 21 29 2z 9 10 13 17 4
houndary, near Sheridan
53 Wisconsin Creek at Forest B 10 14 20 15 & 7 9 12 He
Service boundary, near
Sheridan
5& Ruby River near Twin Bridges 66 100 140 190 140 140 150 180 280 210
5% Bip Hole Riwver near Jackson HE 17 22 29 23 13 14 17 23 18
2§ Andrus Oreek near mouth, 4 4 7 1 7 2 4 5 7 4]
near Jackson
57 ¥ox Creek at mouth, near a 3 5 5 5 2 z 3 5 4
Jackson
58 Governor Creek near Jackson H 19 23 30 25 12 15 18 25 20
59 Warm Springs Creek at Jackson g 10 14 ig 14 7 8 11 14 11
60 Miner Creek near Jackson 13 14 17 22 ig & 7 g i3 10
61 Big Lake Creek near mouthk, 5 5 B 11 8 4 4 & g 7
near Wisdom
62 Steel Creek above Francis 3 3 & 3 4 2 2 3 3 3
Creek, near Wlsdom
£3 Francis Creek at mouth, & 4 & 8 & 3 3 5 & =
near Wisdom
64 Steel Creek near mouth, 7 8 10 13 10 5 [ 8 10 8
near Wisdom
65 Swamp Creek mear mouth, g i1 i3 17 14 & 8 10 T4 i1
near Wisdom
56 Joseph Creek at mouth, & 5 7 g 7 3 4 5 & 3
near Wisdem
67 Trail Creek near Wisdon ig 21 24 32 26 13 6 20 25 20
48 Ruby Creek at mouth, & 7 9 12 9 4 5 7 9 7
near Wisdom
69 Tie Creek at Forest Service 8 9 14 18 14 & 7 H ] HE] i1
boundary, nesr Wisdom
70 Johnson Creek neay Wisdom 4 5 7 g 7 3 &4 3 7 5]
71 Mussigbrod Creek near Wisdom 4 5 & g 7 3 & 5 6 5
72 Norch Fork Big Hole River 34 41 52 73 55 25 az 43 58 L&
near mouth, near Wisdom
73 Big Hole River below Nerth 26 130 199 289 210 83 33 130 200 160
Fork, near Wisdom
4 Pintlar Creek near Forest 7 g i1 is 12 5 & B i1 g
Service boundary, near Wisden
75 Big Hole River below Mudd 9z 140 20¢ 360 228 53 100 140 240 P70
Creek, near Wisdom
76 Fishtrap Creek st mouth, g e iz 16 13 Gl 7 3 13 Y
near Wise River
77 Lamarche {reek near Wise River i3 18 24 37 25 11 13 17 23 18
78 Seymour Creek near Wise River 9 16 15 20 i3 7 8 11 14 P2
79 Tenmile Creek at mouth, & & |53 # & 3 2 & 5 &
near Wise River
B0 Sevennmile Creek at mouth, ! 1 2 2 2 -G W7 1 k] H
near Wige Riwver
81 Corral Creek at mouth, near 1 1 2 2 2 .7 .8 i 2 i

ise River



Table 9.~«Hztimstad month

iy streamfiovw sharacteristics

for A

tgmber--Continued

August Seprember
Bite
Ho. Stream name Q.90 Q.80 L5000 Q.20 o= .90 Q.80  9.50 0.20 o
82 Twelvemile Creek at mouth, 3 3 5 & 5 2 2 3 4 3
near Wise River
83 Sullivan Creek at mouth, 3 3 5 & 5 2 Z 2 4 A
near Wise River
84 Dregon Creek near wmouth, N2 -5 .8 1 B .3 .3 ] .7 .6
near Wise River
85 California Creek above American 2 3 5 7 5 2 3 & 5 4
Creek, near Wise River
8¢ American Creeck at mouth, B i z 2 2 .5 .8 1 4 1
near Wise River
87 Sixmile Creek at mouth, .G i H 2 H .5 .8 .3 i i
near Wise Rlwver
88 French Creek near mouth, 4 3 8 12 g 4 b} 7 g 7
near Wise River
B9 Deep Creek near Wise River 25 z9 36 47 3¢ 20 24 340 39 32
90 Bear Creek near Wise River 2 2 3 4 3 i Z 2z 3 2
91 Bryant Creek at mouth, 2 3 4 6 5 2 2 3 4 b
near Wise River
92 Big Hole River near Wise 130 190 299 420 310 130 140 190 360 240
River
R O ERE B HOUWER —— g S PaT— g g - T I— — s
near Wise River
94 Meadow Creek near Wise River 3 3 5 7 5 2 3 3 5 4
95 Jacobson Creek zr mouth, i3 15 A 28 2z 16 12 14 19 16
near Wige River
96 Meno Creek at mouth, 2 2 3 4 3 1 1 2 3 2
near Wise Riwver
97 Wyman Creek at mouth, near 6 & 11 15 12 5 8 11 g
Wige River
98 Lacy Creek at mouth, near 4 5 5 10 8 3 4 5 7 §
Wise Riwver
98 Gold Creek at mouth, nesr 2 3 &4 3 & 2 i 3 4 3
Wise River
100 Pattengail Creek atf mouth, 4 i7 25 35 25 12 14 19 p 21
neer Wise River
101 Sheep Creek at mouth, near 3 3 5 7 3 2 3 5 4
Wise River
102 Wise River near Wise River 56 72 89 120 93 44 5G 63 86 &9
103 Adscn Creek at mouth, near 2 b4 3 4 3 1 2 2 3 3
Wise River
104 Jerry Creek near Wise River 8 10 13 17 14 6 5 10 12 10
105 Divide Creek at Divide 3 4 5 7 & 3 3 4 5 &
106 Canyon Creek near Divide 4 & & 10 g8 2 4 5 7 &
i07 Moose Creek near Divide 5 & 7 g 7 [ 5 & 7 &
108 Trapper Creek near Melrose 5 & 8 10 8 4 5 & 7 ]
109 Camp Creek st Melrose i 3 4 7 4 H 2 3 5 3
110 Big Hole River near Melrose 240 340 490 700 520 240 260 340 560 410
111 Wiilow Creek near Glen H 14 17 21 17 8 i0 12 i5 17
112 Birch Creek near Glen 13 18 28 37 28 a 0 12 16 13
113 Helle Canyon Creek neax 3 3 5 € 5 2 3 3 L 4
Twin Bridges
114 Jefferson Rlver near 310 520 770 1100 840 580 7i0 10040 1300 1000
Twin Bridges
115 Whitetail Cresk near 20 22 28 33 27 i0 i3 17 21 1B
Whitehall
117 Boulder River above High Qre 9 12 20 33 24 10 13 20 33 24
Creek, near Bagin
118 Boulder River near Boulder 12 i5 25 45 31 1z 17 26 &2 30
119 Little Brulder River near 4 5 a iz 0 5 & 9 i6 1%
Boulder
120 Boulder River above Cabin 16 20 30 58 36 17 2z 32 47 a8
Gulch, near Boulder
121 Boulder River near Cardwell 20 25 38 61 E 21 27 35 58 Lh
122 South Boulder Riwer near Z5 28 3z 37 32 13 7 23 29 23
Jefferson Island
123 Jefferson River at Sappington 258 410 G690 1200 750 560G 710 1160 1860 1200
124 South Willow Cresk neay Pony 5 7 8 14 10 4 3 3 21 iz
$25 Horth Willow Creek at Pony 3 4 & i0 7 2 3 5 3 g
126 Willow Creek near Harrisom 3 4 8 15 11 & 5 13 34 20
127 Horweglian Creek near Harrigon 3 & 7 g 8 5 5 7 e 7



Table 9,~-Estimated monthily streamflow chara

tgristics for Au

Galletin Gatewsy

%ﬂ
L

el

August September

Site

Ho, Syream name Q.50 G.RBO Q.50 (.20 O ;.80 G.ED G.50 G.20 M

129 Jefferson River mear 450 540 BEO 1400 10O 794 RY0 1300 1800 13200
Three Forks

130 Madison River near 330 370 L40 515 440 340 380 420 499 430
West Yellowatone

131 Tuck Creek near 23 27 33 41 35 22 24 29 35 30
Ligst Yellowstone

3132 Gougar Creek near 12 15 21 29 iz 9 11 14 18 i5
West Yellowstone

133 Grayling Creek near 5 33 46 69 36 1% 23 30 40 33
West Yellowstone

134 Red Canyon Creek neer .9 H 2 2 2 o5 ) i 1
West Yellowstone

195 South Fork Madison Riwver 110 120 130 140 130 149 11 120 130 T2
near West Yellowstone

136 Watkins Creek mear E! & 5 7 5 2 2 3 4 3
West Yellowstone

{37 Trapper Creek near 2 3 & 5 [ Z 2 3 3 -1
Wesk Yesllowatone

138 Madison River below Hebgen 300 910 1100 1200 1100 690 890 1200 1400 1200
Lake, neay Grayling

139 Cabin Creek near 12 16 21 3z 23 & Ti 13 HE Y
Weat Yellowstone .

140 Beaver CUreek near 30 36 51 70 54 25 28 45 4 17
West Yellowstone

141 Elk River at mouth, 19 21 29 38 30 14 16 20 25 21
near fameron

142 Scap Creek at mouth, i 2 2 3 z 1 i E z 2
near Cameron

143 Antelope Creek at mouth, 5 16 ig 22 19 14 15 ik 19 17
near GCameron?

144 West Fork Madison River mnear [ 55 67 Ba &9 43 44 57 64 556
Cameron

145 Squaw Creek near Cameron 3 S 12 16 13 7 7 G i1 9

145 Standard Creek near Cameron 7 G 12 17 13 & [ 2 i0 g

$147 Ruby (reek near {ameron & 5 & 8 5 3 4 4 6 5

148 Indian Creek near Cameron 29 36 56 70 53 24 27 34 43 36

149 Madison River near Cameron 15045 1200 1300 1500 1300 1000 1200 1400 1600 1400

150 Blaine Spring Creek near 25 26 29 35 30 23 25 26 28 26
Cameron

51 0'Dell Creek near Ennis 110 110 120 120 120 110 110 110 120 110

152 Jack Creek mear Ennis 23 28 33 41 34 23 22 27 3z 27

153 Moore Creek at Ennis 1 3 2z 2 2 ] 1 H 2 1

154 Horth Fork Meadow Creek i0 13 31 43 25 8 10 15 21 i6
at Forest Service boundary,
near Ennis

155 North Fork Meadow Creek & ) i5 20 14 4 ] 8 11 g
at Highway 287, near Ennie

156 Madison River below Ennis 1260 1400 1600 1800 1600 1200 1300 1700 2000 1700
Leke, near McAlilster

157 Hot Springs Creek near Norris & 3 13 15 3 ] 7 8 1 9

158 Cherry Creek near Norris 20 23 a5 48 36 18 22 28 36 29

159 Madison River near 1000 1200 1500 1700 1500 1200 1360 1600 1800 1600
Three Forks

160 Cache Creek at mouth, near 4 & & 3] & 3 3 &4 5 5
Weat Yellowstone

161 Taylor Creek near Grayling 42 4 85 89 68 30 3z 40 49 42

162 Porcupine Creek near & 9 13 i8 4 6 7 g 11 4
Gallatin Gateway

163 Gallatin River above Weat 250 270 326 3jgo 338 216G 220 280 120 280
Fork, near Big Sky

164 South Fork West Fork £szliatin 17 21 78 40 31 14 16 22 30 24
River near Gallatin Gateway

1565 Middie Fork West Fork Gallatin 7 9 iz 17 H & 7 g 12 i
River near Gallatin Gateway

166 Wast Fork Gallatin River 3z 35 52 72 56 27 31 42 55 44
near Gallatin Gateway

167 Squaw {reek near 15 18 23 28 24 13 i6 i% 23 28
Gallatin Geteway

168 Hellroaring Cresk near 21 24 32 &1 33 e 21 26 33 27



Table P.--Estimated menthly streamflow characteristics for AZugust and Septeaber~-Dontinued

August September

S8ire

Ko, Streaz name 9.890 Q.80 9.30  0.20 4M 0.90 .80 .50 0.0 ot

16% South Ferk Spanish Creek it ig 25 34 27 13 13 20 Z6 71
near Gallatin Geteway

§70 Spanish freek near 30 36 49 7 52 24 25 4l 31 41
Gallatin Gateway

171 Gallatin River near 460 510 600 730 620 390 420 520 610 326
CGalletin Gateway

172 Big Bear Creek mear & 2 g 13 10 5 & 7 8 7
Gallatin Gateway

173 South Cortanweod Creek near 19 21 25 31 pas 17 15 21 25 21
Gallatin Gatewsy

174 Baker Creek near Manhattan? 36 43 55 78 60 53 b4 113 110 87

175 Rocky Creek near Bozeman 7 10 14 21 HL> G 10 13 18 15

176 Bear Canvon Creek near Bozeman .8 2 3 5 4 1 2 3 4 3

177 Sourdough Creek near Bezeman 12 14 206 25 20 10 i2 17 G 16

178 East Gallatin River at Bozeman 27 29 a5 G [ 35 4z 52 60 52

7% Bridger Creek near Bozenan 7 8 12 i8 14 3 7 g P2 i1

180 East Gallatin River near 25 27 H4 &b 51 32 35 50 71 55
Belgrade

181 Eaat Fork Hyalite Creek 4 6 10 12 2 5 & ] 1o 2
near Boreman

.. ?BEWEStFOrk Hyslitecreek ? ‘5, §3 .. } 7 23‘%8 . 10 ‘gz ............. ?5 ..... ‘%7 .......... 'ilé

near Bozeman

183 Hyalite Creek at Hyalite 35 45 84 1060 78 29 34 46 60 50
Ranger Station, mear Bozeman

184 Hyalite Creek sbove 9 i1 21 27 20 7 | il 16 13
Interstate %0, near Bozeman

185 Thompson Creek near Belgrade 28 34 32 35 32 27 29 32 35 3z

186 Ben Hart Creek near Belgrade 29 30 32 34 32 29 29 31 33 31

187 Reese Creek near Belprade 5 <] 8 11 5 5 3 7 1% 2

188 Easct Gallatin River near 160 180 220 280 230 160 170 200 240 200
Manhatten

189 Gallatin River near Logan 3348 390 480 670 530 4370 560 740 920 740

190 Sixteenmile Creek near .0 .Q .8 5 3 .0 1 a 4 3
Ringling

197 Sixteenmile Creek near Maudlow 12 14 30 &8 3z i5 16 24 40 i8

192 Sixteennile Creek nmear Toston 17 21 36 57 39 18 21 29 4 33

193 Missouri River near Toston 1400 1800 2400 3300 2600 2400 2600 3400 4600 3560

194 Crow Creek near Radersburg i3 i5 23 - 32 24 12 14 17 23 18

195 Dry Creek near Toston 3 3 5 7 5 Z 3 3 & 4

196 Deep Creek below North Fork, 8 i0 14 8 15 B g 11 14 12
near Townsend

187 Duck Creek near Townsend & 5 7 8 7 2 4 5 7 3

198 Confederate Gulch near Winston 6 7 i0 13 ic 5 =3 8 10 8

189 RBeaver Creek near Winston 2 &4 & 8 & 2 2 4 & 4

200 Avalanche Gulch near Winston 1 H 2 3 2 .8 H 1 2 2

201 Spokane Creek near East Helena 3 4 5 7 5 3 3 4 3 5

202 McGuire Creek at county road, <] [ 8 g 8 ] 6 7 B 8
near East Helens

203 Trout Creek at mouth, i1 11 i5 17 15 12 12 14 15 i3
near East Helena

204 Prickly Pear Creek near Clancy i3 15 28 44 a0 16 17 24 37 27

205 Prickly Pear Creek af mouth, 19 22 3z 40 33 21 22 ZB 35 29
near East Helena

206 tenmile Creek mear Riminl A .3 H 3 Z 3 .5 i 3 2

207 Tenmile Creek near Helena 23 .5 2 8 3 -8 H 3 7 5

208 Sevenmile Creek near mouth, H H 2 3 2 1 1 2 3 z
near Helena

209 Tenmile Creek st mouth, 3 4 & 12 7 2 3 5 g &
near East Helens

210 Silwver Creek at Interstate 13, 7 7 11 T4 i1 8 s i i3 11
near Helena

21% Beaver Creek at mouth, 4 & 7 11 2 & 5 & P2 8
neer East Helena

212 Elkhorn {reek near mouth, 2 3 5 7 3 2 3 4 5 4
near Wolf Creek

213 Willow Creek below Elkhorn 3 3 4 5] 4 2 2 3 4 3

Creek, near Wolf ({reek



Table

mataed monthiy streamfiow charact

eriztics

£
for

1gust apd Ssprtember~-~Lontinued

Aupust September

S5lte .

Ho . Stream name Q.93 G.BO 3.50 0.20 i G.50 G.80 .50 Q.20 sl

214 Gottonwood Creek above Beartoorh H 2 2 Z N1 -8 1 Z 1
Ranch, near Wolf Creek

217 Virginia Creek at mouth, 3 3 4 7 5 4 5 7 ER 8
near Canyon Clreesk

218 Canyon Creek below Cottenweood 3 4 5 8 6 3 6 10 i5 14
Creek, near Canyon Creek

219 Lirttle Prickly Pear Creek 2 3 5 13 8 13 15 21 27 21
near Canyon Creek

220 Lyons Creek near Wolf Creek 3 4 7 3 7 3 4 6 7 G

227 Wolf Creek st mouth, at 3 3 5 8 & Z 3 4 6 5
Wolf Creek

222 Little Prickly Pear Cresk 20 27 54 g7 75 30 36 59 84 63
near Wolf Creck

223 Wegner Creek near Cralgh o o G 0 O 9 Q G ] G

224 Stickney Creek near Craigh o 8 0 0 G g g 1] G G

226 Middle Fork Dearborn River at 8 10 14 20 15 § 8 11 15 12
Highway 200, near %Wolf Creek

227 South Ferk Dearborn River at 7 g 13 18 14 5 7 9 14 i1
Highway 434, near Wolf Creek

228 Dearborn River near Crailg 17 33 68 10 70 20 32 52 75 56

229 Flat. Creek.above Slew Greek, .5 L3 3 U L | P I U A & 3 3410
negr Craig

230 Sheep Creek at mouth, near i7 24 38 36 38 14 19 26 36 28
Cascads

232 North Fork Smith River at & 2} i2 21 13 4 & g 13 9
Highway 89, near White
Sulphur Springs

233 South Ferk Spmith River at 5 7 12 16 i1 8 g 11 16 12
mouth, nesar Whice Sulphur
Springs

234 Smith Riwver below forks, near i5 19 27 39 29 11 15 22 24 22
White Sulphur Springs

235 Big Birch Creek at mouth, near 3 3 22 490 20 16 18 25 32 25
White Sulphur Springs

236 Newlan Creek below Charcoal 3 3 8 13 8 3 3 6 9 b
Gulch, near White Sulphur
Springs

237 Camas Creek near mouth, near & 5 g 11 8 kY 4 b 9 7
White Sulphur Springs

238 Smith River near Fort Logan 4% 53 100 130 a5 o0 98 110 120 110

239 Sheep Creek near White 14 18 23 30 23 iz H iB 22 i8
Sulphur Springs

240 Sheep Creek near mouth, near 21 25 41 62 44 37 23 30 42 33
White Sulphur Springs

247 Eagle Creek near mouth, near k! &4 8 8 [ 2 3 4 [+ 5
White Sulphur Springs

24%2 Rock Craek below Buffalo Canyon, 9 12 16 22 17 2 10 12 i6 13
nesr White Sulphur Springs

243 Tenderfoot Creek below South 18 24 33 47 35 i3 18 25 34 27
Fark, near White Sulphur
Springs

244 Smith River near Eden 38 B3 140 230 160 52 a5 i20 190 150

245 WHound Creek near mouth, 16 22 36 49 37 15 17 25 33 26
near Caacade

246 Misgourl River near Ulm 2380 2700 4100 5900 4300 2500 3100 4200 5300 4300

247 North Fork Sun River near 100 130 1460 210 160 90 25 110 140 120

' Augusta

243 Sun River near Augusta 7650 840 1100 1300 1100 240 260 370 340 390

249 Sun River below diversion danm, 64 73 8& 140 110 54 &4 100 30 110
near Aupusts

250 Willew Creek near Anderson 2 3 4 5 4 2 2 3 4 3
Leke, near Aupgusts

251 Borth Fork Wiliow Creek below 2 2 3 & 3 2 3 3 3 3
Cutrock Creek, near Augusca

254 Smith Creek near Augusta 6 8 iz 17 13 4 ) 9 16 11

I35 Ford {reek near Angusta iz i5 i9 27 28 12 14 17 21 i8

25& Elk Creek near Augusta 20 26 37 45 38 20 23 30 38 31

257 Sun River at Simms 55 87 150 240 170 449 B 124 184 130

260 Missouri River near 320G 38400 3100 7200 5400 3300 3800 4800 5300 3100
Grezt Falls

281 Dry Fork =t mouth, at Monarch g 11 16 23 17 7 g i 19 T4

A~59



Tahle J.--EFstimated monthly streamflow characteristics for Rugust and September--Lontinued

August September

Site

No . tream name Q.90 G.8C Q.50 G.20 QM Q.90 G.BO Q.50 Q.20 oM

212 Warm Springs Creek above 100 100 110 110 110 160 118 Tio 11c 110
Meadow Creek, near Hilger

113 Judith River near Winifred 240 250 480 670 470 240 240 L0 840 449

315 Cow Creek below forks, 3 4 € 9 7 3 3 4 & 5
near {leveland

316 Missouri River near Landusky 3900 4700 5600 8700 6800 4300 4600 5900 7700 6400

317 Morth Fork Mussalshell River 3 & 8 13 g 4 4 8 11 4
near Delplme

318 Checkerboard Greek near 2 Z 3 &4 3 1 2 2 3 b4
Checkearboard

319 Spring Creek below Whitetail 5 & 10 T4 10 4 5 7 g 7
Creek, near Checkerboard

320 North Fork Musselshell River 5 a 13 18 i3 3 7 10 14 1
near mouth, near Martinsdale

321 Alabaugh Creek at mouth, 3 4 ] 8 & 2 3 4 & 5
near Lennep . ’

322 Cottonwood Creek below Loco 15 Z0 27 35 29 12 5 20 28 27
Creek, near Martinsdale

323 South Fork Musselshell River - & - 12 23 Iy 27 5 Hl 21 36 25
above Martinsdale

324 Big Elk Creek at mouth, .9 1 3 7 [ «5 1 5 10 &
at Twodot

325 Musselshell River at Harlowton 22 36 84 136G 83 13 35 63 on 70

326 American Fork mear Harlewton R .0 .5 2 1 0 .0 .7 2 .9

330 Careliesa Creek below Little 1 1 2 2 2 W7 1 H 2 H
Careless Creek, neer Hedgesville

331 Swimming Woman Creek below 1 1 2 2 2 7 1 i 2 2
Dry Coulee, near Franklin

333 Musselshell River mear Roundup 32 70 18C 2706 170 40 48 110 180 120

335 Fiatwillow Creek below the 4 5 2 16 i 3 4 6 10 7
forks, near Grass Range

338 Musselshell River near Moaby 5 20 87 220 20 g 0 73 180 130

339 Bip Dry Creck above Little Ne R 3 & 7 N -0 .5 [ S
Dry Creek, near Van Norman

340 Little Dry Creek mear Van Norman .1 .3 2 3 9 L0 -1 H 5 16

341 Big Dry Creek near Van Norman ot .3 4 i4 16 .0 o1 2 9 18

lincludes estimated spring flow of about 40 cubic feet per second, based on informatlon provided by

Montana Department of Fish, Wildlife and Parks.

Zincludes estimated spring flow of about 10 cubic feet per second, based on information provided by

Montana Department of Fish, Wildlife and Parks.

IEstimated long-term monthly streamflew characteristics may not reflect the current flow regime

because of upstream streamflow regulation.

4Gtream is known to be dry except for periods of runeff. Celculated flows were edjusted by

subtracting 7 cubic feet per mecond.

SSrrean is known to be dry except for pericds of runoff. Calculated flows were adjusted by

subtracting 8 cuble feet per secand.

A-ol



Table %.-= Estimated nenthly streamflow characteristics for August and September.

¥Y percent ot the yezarss in cudblc faet per saoondid

L2 S I AN 3w B 0]

[ .44, monthily mean streamflow for specifisd month gxceeden
9H., mean monthly streamflow fer ssecified monine in cubic feet per segong
August Legptember
$ate Streas name G.%3 G.80 L. 50 .23 g 3.5 G580 .50 G20
HG .
ish KOLK CRELHK AT MOUTH NEAR WISOOM = 5] g T3 190 4 g 7 1z
167 DELAND CREEK AT M3JUTH NTAR WISE RIVER 3.3 0.2 G.8 2.3 0.6 2.2 3-3 T3 0.5
348 HALFWAY CRESE® AT HMOUTH NEAR wWHIVEHALL 2 2 3 5 4 4 2 2 4
36F M.F DEEP [CRETH AT MOUTH NR MILLIGAN 2 2 3 4 3 | 1 2 3
370 COLLAR GULCH AT #0OUTH NELR MATDEN S 0.3 0.6 4 i - S 0sE (A G.4 3
%71 BARBGFR CREEXK BEL FPORKE HR ER0WNING 31 3& 48 Sk 49 b 27 33 L2 z
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Table 8.,--Fstimated monthly streamflow characteristics for August =nd Saptemper~-Lontinued

o August Seprembey

alite

Ne Stream nams G.90 G.BG Q.50 Q.20 QM .90 Q.80 G.50 Q.20 oM

267 Tillinghast Creek above ' ¥ Q 12 16 i3 & 8 i0 T4 1
Joice Creek, near Monarch

263 Pilgrim Creek at mouth, & 7 i1 16 12 5 7 g 13 10
near Monarch

264 Logging Greek at Logging Creek 7 8 i i4 11 & 7 9 12 10
Campground, near HMonarch

26% Belt Creek near Momarch 36 55 5 120 87 36 47 53 100 74

766 Rig Otter Creek above Hever 2 4 & 3 7 1 2 5 & 3
Sweat (reek, near Raynesford

267 Belt Creek near Porfage 16 27 54 a1 39 14 18 35 60 42

268 Highwood Creek below Smith 7 g 11 15 12 & 7 g 12 10
Creek, mear Highwood

269 Missourl River at 3200 3800 5200 5900 5440 3360 3700 4900 6300 5200
Fort Benton

770 Shonkin Creek below Bishop 6 7 2 11 i0 3 k3 7 9 B

Creek, near Highwood
271 South Fork Two Medicine River 17 22 34 52 36 13 17 28 36 27

near East Glacier

273 South Fork Badger Creek . .. 1% 21 28 36 28 14 i3 i 23 20
At Browning L& LEE S U F T

274 North Fork Badger Creek 17 19 26 33 25 13 14 17 22 i8
near Browning

278 Blreh Creek at Swift Dam, g 21 58 160 160 53 58 H 176G 110
near Valier

279 South Fork Dupuyer Creek 4 4 & 8 6 3 3 4 & 5
near Dupuyer

280 North Fork Dupuyer Creek 5 5 8 10 g 3 4 5 7 5
near Dupuyer

281 Dupuyer {reek below Scoffin & 7 & 12 10 7 8 12 16 13
Cresk, mear Dupuyer

282 Birch Creek near Valier 12 14 20 33 23 13 16 2 50 37

283 Cut Bank Creek near Browning 38 49 63 350 69 24 35 LA 60 55

284 Cut Bank Creek at Cut Bank 29 as &6 110 77 26 49 31 100 67

285 Mariae River at Sullivan 150 190 310 480 350 130 190 280 480 330
Bridge, near Cut Bank

286 Marias River near Shelby 130 196 320 310 360 136 - 190 290 500 340

287 Marias River at "F" Bridgpe, 180 220 a7¢0 530 420 150 220 330 590 400
above Tiber Reservoir,
near Shelby

288 Marias River near Lloma 350 540 280 1600 1100 330 420 720 1100 880

290 Teton River near Strabane 17 22 kly 43 33 18 20 24 29 25

261 McDomald Creek near Strabane 9 5 i 12 11 g 10 10 S12 i1

292 Morth Fork Deep Creek near & 7 i0 13 HY 4 5 & g 7
Choteau

793 South Fork Deep Creek near & § 9 12 g 4 5 6 8 7
Cheteau

294 Deep Creek near Choteau 5 8 11 i6 12 6 7 9 14 1

295 Teton Riwver near Dutton 18 45 &7 120 20 26 39 58 a0 £9

296 Misscuri River at Virpelle 5006 4300 5800 8100 6200 a%00 4300 5400 7100 5500

297 Last Creek at mouth, near Utica 7 g 13 i8 14 6 7 10 13 11

208 Yogo Creek at mouth, near Utlca H 2 2 3 2 .5 .7 2 3 2

299 Middle Fork Judith River 4 5 14 31 i8 2 3 11 i9 12
near Utica

361 South Fork Judith River at Indiam 3 & 4 5 4 2 2 3 4 4
Hill Campground, neer Utica

303 Judith River above Courtnays 12 18 23 34 Z5 3 12 18 24 19
Creek, at Utica

506 Eaat Fork Big Spring Creek 3] g 13 i8 13 ) & g 12 10
at mouth, near Lewisiown

307 Blg Spring Creek shove 120 138 164G 170 160 126 120 1480 150 140
Cottonwaod Craek, near Hanover

300 Cortonwood Creek at Highway 4 5 7 1% g 3 s 5 g 7
200, near Lewistown

310 Beaver Creek at county road, 3 5 8 13 HY 2 3 8 8 7

near Lewlstown
311 Big Spring Creek at mouth, 320 140 180 218 18C 110 12¢ 150 170 150

neer Lewistown
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GAGING STATICHN COSTS

4 number of the streasm reaches identified for inclusicn in the
reservation requast are ungaged., Thus, there 1s little or no flow data
aveilable upon which to quantify the requested flow. Therefere, a plan is
needed to estimate the necessary flow and/or gather flow data upon which teo

quantify the required flow. Continued data ccllection may alsc be valuable

after sufficient deta has bees collected or even for those streams which

already have gquantified instresm flow. This would be for detectlon of
mlnimum flow violations. Becsuse the gethering of necessary flow dats may
take several vears, it may be instructive to estimate required flows using
asccepted hydrologic modelling technigues (e.g., Riggs method, Basin
characteristics). This weuld provide a quantified value until sufficient
dats could be collected to replace the estimeted value. The cost of
employing hydrolegic modelling technlques tc generate strean flow
statistiés, uypon which to base the reservaticn, is estimated to average
about $500 — $1000 per streem reach. There 1s the possibility of economy
of scale, in that, the more stream reaches that need to be anaiyzed,
particularly within a common ares, the lower the unlt cost.

The cost associated with gathering flow dats depends upon the level of
deta cellection desired. And the level of data collection deemed necessary
depends on the severity of the threat from future depletion. Where the
threat iz expected to be minimal in the near future, some time is afforded
in the collection. However, where significant water rights spplicaticns
are pending or possibly where s stream reach may already be over
appropriated, a more intensive data collection facllity mey well be
warranted, Alsc of consideration in the choice eof the level of dats

*

collection is the feasibllity of inatalling and maintaining the eguipment.
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Five data collection levels are presented along with their ssscciated

coets.

Level 1. This level is the lowest in regards to the flovw dsta
collected and the timeliness of the data for responding to critical
conditions. This level consists of the installation of a staff gage, and

crest gage surveyed in along with & stream cross sectlon. Staff gage and

éreat gage measiurements are obtalned wmonthly by a local observer.,

Seasonally, stresm flows are measured (at least five measurements) at
significantly different staff gege levels to develop a stream flow versus
staff gage relaticnship. Depending upen the stability of the stream reach,
instal lation of staff gages and re-surveying may be required periodicelly
(e.g., annually). The annuel cost for instaellstion, menitoring and data
reporting for this type of station 1s estimated at $1700/yr. (See Level 1.

Coats).

Level 2, This level includes the equipment end monitoring described
in Level 1. Howewver, in additiom continucus recerding of stage 1s also
provided. This includes the isstalletion of s stilling well and strip
chart recorder {e.g., Steven Type F - 32 day). It should be noted that
recent technolegical advances provide alternatives te the strip chart
recorders, which encode level data into digital storage devices. These
devices are then read periedically {(e.g., monthly) to retrieve the level
data., Digital storsge devises are comparable in costs.

Besides taking monthly staff gage readings, the local observer changes
chart paper and sends them into the depasrtment. In addition, during
seasconal streamflow measurements, persénnel service the chert recorder

{2.g., charge batteries, cheack machanics). The instsllation cost i3

B3



estimated at $3240 and the annuasl cost for monitoring =snd data reporting
for this type of staticn 1s estimated at $1200/yr (See Level 2 Costs).
These costs are somewhat similar teo that charged by the U.5. Geclegieal
Survey {$2600) through their loan cooperstive agreements for z similar
level of data gsthering on ephemeral streams, For a site with contimucus
flow, the U.5. Geological Survey estimates installsastion costs to range from

$2500 to $3000 and annual operation (i.e., monitoring snd data reperting)

coats st $4200. The large operating costs are & result of increased

monitoring (i.e., 12 trips vs. 5 trips) and data reporting.

Level 3, This level involves the establishment of a geging house with
telephone hook-up {e.g., Stevens Telemark) and seasonal monltoring.
Besides the fact that the frequemcy, quality and resclution of the dsta is
better frow this type of facility, it alsc provides for obtalning
information on & more timely bssis. The station can be called cver a
telephone lime to obtain the curremt water level, The recerding
transmitter equipment normally used (e.g., Stevems type AP} also produces a
strip chart or cen be configured with a digital storage device.
Alternatively, a bubble water level gage can be used instead of the float
gage. The bubble gages are generally employed where inmstallation of
stilling wells are impossible or toc expensive. For purposes of costing out
this level it has been assumed that the cost of float gage plus stilling
well instzllstion equalls the cost of the bubble gage. The seme seasonsl
flow messuring and monthly menitering is still required. The estimated
ingstallation cost is $11,000 acnd the annusl cost for monitoring and data

reporting is approximately $2200/yr (See Level 3. Costs).

Level 4. This level is basicslly the same as level 3 with the
exception that radie telemetry ia employed rather then the telephone hook-

B4



up, Radio telemetry 1s generally used where phone-line installation is
impractical., The cost of installation is estimated at 314,000 and the
annual cost of monitoring and reporting is esticated at $260%/9r. The
major difference in annual costs between Level 3 and Level 4 is the phone

service versuys the increased number of trips (See Level 4. Costs).

Level 5. This level is basically the seme as Levels 3 snd 4, with the
exception that Satellite telemetry (GUES) is utilized instead of telepheone
er radle transmission. The major advantsge of GOES (Gecstationsary
Operational Environmental Satellites) is the "real-time"” access to gaging
staticns. Generzlly, the data is accessed from a central receiving
station (e.g., Wellops Island, Vi) vias computer terminsl. The costs are:
instellation $17,600 and operation $3500. It should be pointed out that
currently, the GOES system is ssturated with users. Thus the addition of
new sites and/or users may be difficult.

Through the U.S. Geclogical Survey's loan cooperative agreement,
Levels 3, 4 and 5 can be operated st an annual cost of $6000 per yesar.
This does not include installation. This is an average value the Survey
hés determined for numerous sites. Actual costs range from $1000 to
$10,000 per yesar. This is a little more than the estimates derived for
these levels. Heowever, it should be noted thet these level costs were
determined on the basis of & group of accessible gites. Ip addition, the

survey provides s rigorous amount of data verificaticn in their reporting.
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LEVEL 1. COSTS

Iastfliatimnz
Lakor
Tech 24 hrs € $25/hr 600,00
Subtotal Labor 600,00
Expenses
Mileage 100 @ 5.30 30,00
Per diem 2 @ 350 100.0C¢
Staff Gege 35.00
Crest Gage 75.00
Misc. Supplies 50.00 :
Subtotal Ezpenses 296,50
2M0ﬁit0ring
Labor -~ Local Resident (lump sum) 75.00
Tech~3hrs € $25 *# 5 trps 375,00
Subtotal Lsbor 450,00
Expenses
Mileage 30 mi @ $.30 #* 5 trps 45,C0
Per diem $15/trp # 5 trps 75.00
Misc. $5/trp * 5 trps 25.C00
Subtotal Expenses 145.00

Data Work-up & Reporting

Labor — Tech § hrs @ $25/hr : 2006.00
Expenses - Misc. Ceopying, printing, etc. 10,00

Total Avnual Level I. Costs $1695.0G

Mote 1 - Labor includes travel & prepsration time; rate includes overhead.
2 - Monitoring assumes this is one of at least four sites in close
proximity.
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LEVEL 2. COSTS

Ensi?llation
Labor
Tech 32 hrs @ $25/hr
Cubtotal Labor

HEzpenses
Mileage 100 @ $.30
Pey diem 2 @ 350
Staff gage/Crest gage
Continucus Recorder

----- Equipment Rental- {(drill, trench)
Misc. (posts, well pipe, PCV)
Subtotal Expenses

Total Installstion Costs

2H0nitaring
Labor
Local Resident (lump sum)
Tech 4 hrs @ $25/hr # 5 trps
Subtetel Labor

Expenses
Mileage 30 mi @ $.3C0/mi #* 5 trp
Per diem $20/trp * 5 trps
Misc $6/trp # Serps
Subtotal Expenses

Data Reporting
Labor
Tech 16 hrs @ $25/hr

Expenses misc (copying, printing)

8C0.C0

36.60
10G.06
11G6.06

20C0.00

30000

100,00

B0C. 60

600.00

175.00

400,00
20.00

$3240.00

Total Annusl Level 2. Costs (Monltoring & Deta Reporting) $1165.00

Note 1. Labor imcludes preparation & travel time; the rate includes

gverhead,

2. Menltoring assumes this is one of at least four sites in close

proximity.
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LEVEL 3 COSTS

Iﬁ@t%llatien
Labor
Tech 48 hrs @ $25/hr
Subtotal Lebor

Expenses
Mileage 100 €4$.30/mi
Per diem 3 @ 330
Staff & wire weight
Bubble gage

- 411 Weather House

Telephone Line Installation

Telephone w/ adaptor
Misc.
Subtotal Expenses

Total Installation Costs
zMenitGring
Labor
Tech. 8 hrs @ 25 ®# 5 trps
Subtotal Labor

Ezxpenses
Mileage 40 mi @ $.30 * 5 trps
Per diem $20/trp ® 5 trps
Phone service $50/mon * 12
Misc, $6/trp ® 5 trps
Subtotsl Expenses

Data Reporting
Lebor ~ Tech 16 hrs @ $25/hr
Expenses -~ misc.

1206, 00

3G.00
150.00
500.00
6000.00

15@@;9@ ..

1000.00
200.00

200,00

1000. 00

1200.00

9580.00

$1G,78C.00

1000.C0

79G. 00

Total Annual Level 3. Costs (Momitoring & Data Reporting)  $2210.00

Notes - 1. Labor imcludes preperation & travel time; rate includes

overhead,

2., Monitoring =ssumes this is one of at least

close preximity,

four sites in



LEVEL 4. COSTS

Instfllatien
Labor
Tech 48 hrs @ $25/hr 1200.60
Subtotel Labor 1200,00
Expenses
Mileage 100 mi @ $.30/mi 30.00
Per diem 3 B $50 150,00
Staff & wire weight gsges 506.00
Bubble gage 6000.Co
Transceiver 4500.00
411 Weather House 150000
Misc. 200,50
Subtotal Expenses 12,886.00

Total Instzaliation Cost

ZMonitoring
Labeor
Tech 8 hrs € $25/hr ¥ 9 trp 1800.00
Subtotal Labor 1806000
Expenses
Mileage 40 mi @ $.3C/mi * 9 tps 108.00
Per diem $20/trp #* 9 trps 18G.00
Misc. $6/trp # 9 trps 54 .00
Subtotal Expenses 342.00

Dlata Reporting
Labor ~ Tech. 16 hrs @ $25/hr 400.00
Expenses - misc. 20.00

Total &nnual Level 4. Cost (Monitcring & Data Reporting)

$14,080.00

$2562.00

Hotes: 1, Labor includes preperation and travel time; rate includes

overhead.

2. Monitoring assumes this is ome of at least four sltes in close

prozimity.
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LEVEL 5. COSTS

Enﬂtfllation
Labor
Tech 48 hrs & $25/hr 1200.50
Subtotal Labor 1200.00
Expenses
Mileage 100 mi @ $.30/mi 30.00
Per diem 3 day @ $50/day 150.00
Staff & wire weight gages 50,06
Bubble gage 6000, 00
Data Collection Platform (DCF)  8000.0C
Al} weather hcuse 1500.00
Misc. 200.00
Subtctal Expenses 16,380.00
Total Instellation Costs $17,58G.00
2M0nitoring
Laber
Tech 8 hrs @ $25/hr ® 12 trps 2400.0C
Subtotal Labor 2400,00
Expenses
Milesge 40 wi £ $.30/mi % 12 trps 144.0C
Per diem $20/trp * 12 trps 240,60
Misc. $10/trp # 12 trps 120.0C
Subtotal Expenses . 504 .00
Bata Reporting
Lzbor
Tech 65 hrs €@ $25/hr 1625.00
Subtotal Laber 1625.00
Expenses
Remote terminal service 1000 .00

Total Annual Level 5. Cost (Moniterismg & Dats Reporting)  $5520.00

Notes: 1. Labor includes preparation and travel time: rate includes

averhead,
2. Monitoring assumes this is one of at least four gites in clese

proximity.
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