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INTRODUCTION

Since the inception of the Montana Department of Fish, Wildlife and
Parks® (MDFWP's) instream flow program in the mid-1%707s, the wetted perimeter
inflection point method has been the primary means for deriving instream flow
recommendations for the preservation of aguatic rescurces during the low-water
period in Montana's streams and vivers. Because the field of instream flow
method {(IFM) development has continually expanded over the past decade or so,
the Department felt z need to review its methed in light of receant advances in
the "state—of-the-art." The purpose of this document is to (1) provide an
up-to-date synopsis of the history of the wetted perimeter inflection peint
method, (2) examine its theoretical and experimental basis, and (3) identify
its strengths and weaknesses as compared to other available procedures. We
will also discuss the applicability of the wetted perimeter Inflection point
method to a variety of streams, both large and small, guidelines for its use,

and provide a justification for the use of the method in Montana.



HISTORY

The development of methods to deterymine the amounts of water te remain
instream for the protection of fish and wildlife rescurces and related
recreational copportunlities has been a relatively recent phenomenon (Loar and
Sale 1981). The primary reason for this has been a reluctance of varicus
state governments to recognize instream uses as "beneficial” uses of water.
Because of limited water availability and resultant user conflicrs, 4t was in
the arid western states where instream flow metheds (IFM's) were first
devized, These developments followed the establishment of dnstitutional
frameworks (instream flow programs), which have proliferated in the western
states since 1973 (Lamb and Meshover 19583). However, the degree of protection
afforded to fish and wildlife by instream flow programs differs markedly among
states due to differing levels of statutory protection, water availability,
and user conflicts. Consequently, a variety of TFM's have heen devised by
state fisheries agencles to meet the needs of their particular instream flow
programs {(Trihey and Stalnsker 1985). Another facter contributing to the
diversification of IFM's was that the characteristics of aguatic resources
{such as warmwater vs. coldwater habltat, anadromous vs. resident species)
vary hoth within and between states.

Many of the first studies concerninmg instream flow needs were conducted
during the 1350's and 19607s below federally funded hydroelectric and
irrigation dams on large rivers in the West (Trihey and Stalnaker 1985).
Beeause these prejects had their most visible impacts on naturally occurring

Tow summer styveamflows, biclogists were most concerned with sefting minimum




f1ow "erandards’ for the summer—-fall periods. The first spplications of IFM's
to streams znd rivers on a statewide basis began in Oregon during the late
1960%s. The early development of IFM's in Oregon was not just coincidence
because im 1955 Oregon became the first western state to provide for the
administrative establishment of flow standards. Thelr program was quite
successful and has heen a prototype for other western states, including
¥ontana {(Lamb and Meshorer 1583).

A series of workshops were held in the Forthwest durlng the early 1970's
éo review and discuss available IFM technology. Three of the more significant
events in the development of IFM's did not occur until 1976, The first event
was a publication by Stalipaker and Arnette {1976} that comprised the first
compilation and critical evaluation of existing IFM's. Second, 2 conference
spensored by the Western Division of the American Fisheries Society was held
in Boise, Idaho. This landmark event breught together IFM practiticners,
developers and administrators to discuss the legal, sccial and bhiclegical
aspects of the instream flow issue, and resulted in the publication of a
two—volume document {Orsborn and Allman 1976, The third significant event
was the formation of the Instream Flow Group (IFG) by the ©.5. Fish and
Wildlife Service ar Fort Collins, Colorade. The purpose of this group was to
advance the "state-of-the-art™ and become the center of activity related to
instresm flow assessments. 1In the late 1970"s the IFG developed the Tnstream
Flow Incremental Method (IFIM), which has been in a continual state of
refinement ever since.

The timetable for the development of Montanz's TFM closely paralleled
shose for the other western states. In the early 1960's a series of unsuc-
cessful legislative attempts were made to obtain "bemeficial use” status for

fish and wildlife and te develop a procedure to obtain instream flows fox



rhese  resources {(Peterman  1979}. The  first provisions for  the
instream flow needs for fish and wildlife were made in 1969 when the Montana
legislature authorized the Tish and Game Commission to file for rights to the
unappropriated waters in portions of 12 streams. Because the "state-of-the-
art” of IPM development was in its infancy, most of rhese origieal filings
were hased on the professicmal judgment of local fisheries bislogists. In
1980 and 1981 they were auantified using the wetted perimeter method,

The passage of the Montana Water Use Act in 1973 and the Yellowstone
Moratorium in 1974 provided the wain stimuli for the develcpment of methods to
quantify the instream flow needs of fish and wildlife in Montama. The Water
Use Act was a revolutionary legisilative act that specifically defined fish and
wildlife as beneficial users of water and established a process for reserving
unappropriated water for these purposes., The TYellowstone Moratorium was
esnscted in response te a “rush” of applicatiens for Yellowstone River water by
industrial and water-marketing concerns and placed s moratorium om all large
diversion or storage applications in the Yellowstone Basin. The Yellowstone
Meratordiom provided a pericd of three years to guantify all future beneficial
uses {including fish and wildlife) in the basin and allocate water to meet
those needs {Peterman 1579},

In 1973 and 1874, in response to this mandate, the MOFWP began in sarnest
to develop an IFM that was appropriate for the rivers and streams of Montana
and could be cost and time-effectively zpplied on 2 basinwide scale (Spence
1976, After a review of available IFM's, the MOFWE decided to enter into a
cooperative program with the U.S5. Bureauw of Reclamation and in 1974 began
using the Bureau's WSP (water surface profile) model to generate hydraulic and
channel configuration information on which Instream flow recommendations were

based {Spence 1975: Doocley 19763, Data from the WSP model were used to define
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RELATIONSHIPS BETWEEK STREAMFLOWS AND FISH POPULATIONS

HMany physical and biological factors interact Lo regulate figh abundance
in styeams. Hall and Knight {1981) 1list five major Ffactors: srreanilow:
habitat quality, faad abundance. ?reéati0ﬂ§ and movament and migratlion. n =&
patural stream environment i¢ is d4fficult to maasure the effecr of one
factorl independently of the others. The exact rtele each factor piays in
regulating 2 given strean population is often masked by the ynreraction of the
others. Ihils complexity nampers the ability of fishery scientists o predict
the response of a fish population in a glven stream O environmental
variationss such as man—caused changes in streamflow. Accurate predictions
require the development of a model that quantitatively describes the relation-
ghip between fish abundance and all regulating yariables. The tgeate-of-the-
art" has not yet advanced to this level, nor is 1t svident that such models,
if ever developed, would be applicable to 2 broad range of sLreams.

Pecause there are wide gaps in out rnowiedge of how fish respond O
environmental changes, fighery sclentists must rely on troad, general
assumptions when discussing the means by which streas £ish populations =2T€
regulated. These assumptions may not fully Jescyibe the means of regulstion
for a given streal of interest OT apply to 211 streams in 2 particular region,
and many have not been tested 1In definitive seientific studies. Despite these
Pimitations. the assumptions, in genefaE$ are logical and defensible, but not

immune Lo criticism. These assumptions are an assential part af all instream

flow methods. This sectlon will briefly discues some of the zesumptions
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regarding the regulation of fish abundance in Montana's stresms, and provide a
basis of support from the sclentific literature.

The standing crops (number and total welght) of fish that a particular
stream suppOrts can vary over time. For Yontana's streams, standing crops are
typically lowest following the rigors of winter and highest in fall after the
summer growing season. The magnitude of these anmual lows and highs can vary
substantially from vear-to-year.

4 factor often considered a majer, if not the overriding, cause of this
variasbility within 2 particular stream 1is the year-to-year variation in
streamflows. Simply stated, more water translates inte more space for fish
and the population increases to f£ill this veild, Conversely, lower flows
provide less space and lead to a reduction In fish standing crops. It is the
logic of this relatiomship that has led many to believe that the pericd of
lewest streamflows is the single factor having the greatest dmpact om a
stream’s carrying capacity. Carrying capacity here is defined as the standing
crops of fish that can be maintained indefimiteily by the aquatic emviromment.

Substantial support for this belief is provided in the literature.
Fositive correlistions between the magnitude of 2 stream’s annual low flows
and the variation 1in fish standing crops over time have been documented in
sumerous studies (Neave 1949 and 1958, MeRernan et al. 1930, Wickett 1951,
Henry 1953, Neave and Wickett 1533, Fearson et al. 1970, Burns 1571 and White
et al. 1976). In HMontana, such rvelationships have been suggssted for the
Gallatin, Big Hole, Madison, Bighorn and Yellowstone rivers {Helgson 1984b,
Fredenberg 1985, Vincent 1987, and Clancy 19887,

Flows can increase to a level where they no longer benefit fish popula-
tions. High flows, especlally these associated with floods, have beea shown

Tl

to adversely impact fish, with eggs and voung generally affected more severely



than adulrs {(Allen 14951, Elwood and Waters 1969, Beegrist and Gerd 1%72 and
Anderson and Hehring 1985). However. the magnitude of the Impact om the
population can wvary by species, the time of wvear high flows occur and the
physical stream characteristics.

Not all spasce in a stream IS equaily suited for fish. Fish tend to
concentrate and spend much of thelr time in specific habitats, which consist,
among other things, of a preferred range of bottom substrates., current
velocities and water depths, and contaln cover. Components of the preferrad
fizh habitat - not all of which are readily identifiable - can vary with the
species, life stage and size of fish and by stream and season.

Cover, or shelter, has Jlong been recognized as one of the basic and
essential components of fish habitat. Cover serves as 4 means for aveiding
predators and provides areas of noderate current speed used as rvesting and
holding areas by fish. Cover is provided by such things as undercut banks,
gverhanging and submerged bank vegetation, woody debris, aquatic vegetation,
instream boulders and cobbles, and surface turbulemce. Water depth by itself
is a form of cover.

Fish habitat can be improved through artificial manipulation, tchus
increasing a stream's carrying capacity. fne of the most clited examples
cecurted at Lawrence Creek, Wisconsin, whare the brook trout biomass {total
weight} increased almost threefold foliowing extensive habitat improvements
that increased bank cover by 4167 and pool area by Z89% (Hupt 1571 and 1976}.
Fish habitat can also be degraded by man's activities. The destruction of
bank vegetation is a prime example that leads to habitat losses and, in turn,
reduces the carryivg capacity. TFor example, a study evaluzting the effects of
hahitat manipulation on trout =zbundance In a small Montanz stiream reported

that the remaval of a portion of tha overhanging brush cover reduced the trout
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hicmass in a test section by 41% (Boussu 1954). It 1s thus well established
thar fish do respond, sometimes dramstically, to habitat alterations.

The amount of available fish habitat in 2 particular stream is strongly
influenced by streamflow. This d1s an obvious relationship because many
habirat components, such as water velocity, depth, and =available bank cover,
are directly affected by the magnitude of the fiow {Rendolph 1984 and Wesche
1873}, It 1is through its influence on fish habitat that streanflow is
believed to primarily regulate fish abundance. Greater fiows expand the
available habitsat, sllewing the fish popunlation to increase. Conversely,
following flow reductions, fish populations decrease in response to shrinking
habitat. Numerous studies have documented positive relationships between fish
standing crops and varicus indices of habitat quantity {Cunderson 1966, Lewis
1969, Stewart 1970, Wesche 1974 and 1980, Hickelson and Hafele 1978 and Loar
et al. 1985b).

While streamflow primarily regulates {ish standing crops through dits
effect on physical habitat, other factors that can contribute to the varizticon
in fish abundance over time are also influenced by flow, One such factor is
food supply. The ahundance, production and composition of food items can be
altered by variations in flow {Cushman 1985} .

Aquatic insects, such as caddisflies, stoneflies and mayflies, and other
aquatic invertebrates are the primary food of Montana's stream—dwelling game
£igh (Brown 1971). It is widely accepted that the productiom of these aguatic
food organisms is greatest in riffles of streams {Hynes 1970). Heedham (1934}
and Briggs (1948) reported that 80 percent of the invertebrate production in
their study streams occurred in riffles. A riffle is s section of stream in
which the water flow is rapid and shallower than the sectioms above and below.

Streams usually counsist of a succession of pools and riffles.



Aquatic invertebrates normally bhecome available as 2 food source when
drifeing in the curvent, although salmonids and other {ish alsc rely heavily
2t times on bBettom fovaging. The majority of the studies reported in the
literarure support the general conclusion that a strvong positive correlation
sxists between the abundance of aquatic 4rift and water velocities {or stream
discharge) {Chapman 1966, Waters 1969, and Everest and Chapman 1972),
Increasing velocities, which are necessary to free invertebrates from the
bottom substrate, should increase the guantity of drift up to the point where
flows near flood levels (Waters 1969),

While increased water velocity is the generally accepted mechanisa for
creating drift, sufficient riffle hablitat must be available to produce this
food scurce. To sustain maximum invertebrate production, the riffle habitar
should he wettred vear-round because the majority of aguatic insects live from
one to three vears on the stream bottom befove emerging as alr breathing,
winged forms and completing their life cycles., These organisms cannot be
expected to readily recelonize those areas that are alternatsly wetted, dried
and rewetted each year. Up to 47 days may be required to fully recclonize a
dewaterad substrate {CGerisch aznd Brusven 1%81}. Thus, both the total amount
of wetted viffle area and the wvelocitles through these viffies appear to be
important factors determining the quantity of drift.

The assumption that food =upply can be an important factor controlling
fish abundance is supported by a number of studies. Mason and Chapman (1963},
Peterson {(1966), Flliett (1973} and Gibson and Galbraith (1975) reported that
stream sections having the higher incoming drift supported greater fish
standing crops. Murphy et al. (1981} found that trout biomass at six stream
gsites in Oregon’s Cazscade Mountains was highly correlated with the bilomass {in

riffle samples) of the collector-gatherer group of Invertebrates (r=0.99,




P<,01) and moderately correlated wirh the toral invertebrate biomass (r=0.83,
P<0,05}.

Fish abundznce can reflect the guantity of the food supply and, in rhose
atreams where food is limiting, populations will benefit if food production
was optimized. One means for aceomplishing this goal is to maintain a flow
lovel that wets the maximum amount of a stream’s viffle avea. The underiving
assumption is that fish standing crops will respond to increases in wetted
riffle areaz via the impact on food production. Svpport for this loglc is
provided by Pearson et al. {1970}, who found that pools having larger upstream
riffles averaged higher productiom of coho salmon per unit of pool area than
did pools with smaller riffies. ©On the negative side, Cada et al. {1983) were
unable to show a consistent relationship between inverteghrate densities and
riffle wetted perimeter {an index of wetted rifflie area) at various flows for
four southern Appalachian trout streams. However, they coancluded that their
analysis was only preliminary and, in a subseguent correspondence with the
MDFWP, Cada stated that he hoped to restudy the relatiomship in greater detail
and suspected that there was some valye in examining wetted pevimeter when
considering flow effects on aquatic invertebrates.

Srreamflow will control the amount of yiffle area that is covered by
water and, as a result, wmay Iinfluence focd production. This potential
relationship between streamflows and food preduction is of particular gignifi-
cance during the warmer months when higher water temperatures initiate fish
growth and young fish are warched and enter the population., Due to this
growth and recruitment, the population increases over summer in both numbers
and biomass, tvplcally veaching its highest level in fail. The fact that
fish populations in Montana's streams rand to incresse over summsr Suggests

that the amount of preferrved habltat needed fer population expansion is inm
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excass at this time. Vacant habirat would have to be avpilable in order for
rhis expansion to occur. This is comsistent with the fact that streamflow In
Montana's unregulared streams is normally highest dn summer and lowest in
winter {Figure 1. {(Prairie streams, tegulated streams and those heavily
depleted for irrigation often violate this "rule of thumbd”). Consequently,
habitat availability is expected to be greatest during summer and lowest in
winter. On thess streams, food supply may be more influential in limiting the
summer population expansion than is a lack of unfilled hablrat. Expesriments
of Wilzbhach (1985) suggested that, in summer, food abundance was the over-
riding factor determining the abundance and distribution of adult cuttrhroat
trout in =treams. (In 1987, the Cooperative Fisheries Research Unit
at Montana State University began a study to assess the role of summer food
supply in regulating trout abundance in Montana' s streams. No study results
are available at this time.)

Tn winter, Montana's streams normally exhibit high fish losses, which are
artributed to the seasonally low fiows coupled with the detvimental effects of
sub-surface ice formarion, lce scouring and cther harsh physical conditions
that typically characterize a Montana stream in winter. The severity cf the
winter environment on trout survival has been discussed by a number of authors
{(Maciolek and Needham 1532, Heedham and Jones 1959, Butler 1979 and Kurtz
1980) and borne out by the high over-winter mortality rates that have been
documented for a number of Montana streams (MDFWP 1984 and Schrader 1%83). By
winter's end, populations are typically reduced to the lowest level of the
year in response to the adverse habitat conditions. The winter period and its
associated low flows are believed to ultimately regulate the capacity ef most

Montana streams To sustain filsh.
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Figure 1. Monthly water availability for mountaln trout streams in Montana.
The monthly values are the averages for five unrsgulated streams
ezst of the Continental Divids.
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& better understanding of the connection between food supply and winter
habitat in regulating fish abundance 1s provided by HMason (1976). He was
able, through supplemental feeding, to increase the summer biomass of juvenile
salmon in 2 small British Columbia stream by 6-7 fold when compared to natural
levels. However, the over-winter less of these fish was sxtremely high,
resulting in a spring population that was numerically similar to the
population under natural conditions {no suppiemental feeding). This study
demonstrated that fooed supply was the most 1mportant factor controlling
population size in summer, but physical habitat in winter ultimately limited
the population, preventinmg a high carry-over of fish from the previous
summer 's supplemental feeding.

The role of habitat in regulating fish zbundsnce in HMontana's streams is
probably dominant in winter and of lesser Importance In summey when food
supply likely plays a key rele. During the transition pericd between summer
and winter when flow levels start to appreach the winter lows {(Figure 1),
habitat should begin to play a more prominent rele in controlling population
size. As natural flows progressively decline, 2 theoretical point is reached
when habitat reductions overtazke food supply as the primavy limiting factor.
Justification for habitat becoming a key limiting facter priocr to the winter
low flow period being reached is based on the fact that the habitar needs of
individual fish are generally considered greatest during the warmer months
when fish grow, reproduce, and actively defend territories. In wintex,
escaping from the tigors of the harsh physical environment appears to be the

function. For protection, wintering fish tend to seek out the
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deeper pools, enter the bottom substrate or congregate amid heavy accumula-
tions of brush and debris (Chapman snd Bjornn 1968). DBecause wintering fish
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typically confine their activities to limited areas and avre lass active, their




individual habitat reguirements appear to bs less than thelr non-winter
requirements. Thus, a greater flow is needed in the warmer months than is
required during winter to supportc the same figh abundance. Stated ancother
way. a given flow should provide less fish habirat during the warmer months
tham in winter. {(This generality applies only fo those time periods when
sub-surface ice 1is not the dominant determinant of channel structure. When
icing 1s severe, physical habitat is grossly altered =and is no longer
comparabie to the habitat in summer.)

The amount and availability of physical habitat may limic fish popula-
ticns during the non-winter months in streams that arve depleted for
{rrigation. The habitat reductions that result when irrigation water is
remcved, especizlly in lare summer and fall when natural flow levels have
dropped conslderably, become meore limiting to the population than the food
supply and, if flow depletions arve severe, replace winter habitat as the
ultimate population control. Data collected for the Gallatin, Big Hole and
Shields Rivers - Montana streams that are severely depleted for irrigation -
suggest that the summer low flow has become the ultimate population regulator
on: portions of these streams (Felson 1984b and Clancy 19835).

Yow streamflow regulates populations during the non-winter months - via
food supply, babitat or a combination of both - 1s less relevant than the fact
that regulation does occur. As a vesult, there arve distinct benefits to
maintaining non-winter flew levels that exceed the winter lows. Une impertant
benefit is that the higher flows of the nen~winter perlod allow the popuiation
to schieve maximum growth and expansion over summer, providing anglers with a
harvestable surplus of fish before the upcoming population adjustment in
winter. Anglers have the opportunity to take a portion of the fish bhiocmass

that will normzlly be lost over winter, without materially impacting future
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Maintaining flows vear-round at the low level of winter would
diminish or

therefore,

abundance.
expansion and would,
Another real possibility 1s that a vear-

this sunmer
z level below the

allow fov
eliminate fishing opportunities.

flow would reduce the fzll populstion to

and thus lead to 2z majer reduction in

round low {winter}

carrying capacity of the winter hzbirat,

future fish abundance., This stems from the likelihood that habitat require-

ments of individual fish may be greater in the warmer months then in winter.

Clearly, neither fish nor fishermen would benefit 1f fiows were maintained
most  important variable

at their low winter levels,
the

often considered

year~round
streamfiow is
figh densities, its influence can be masked or overridden by cther

¥hile
the over-harvesting of fish by

regulacing
such a2z man-caused pollution and
i1sh standing crops are suppressed by factors

controls,
a level far below the stream's carrying

anglers. In these situations,
unrelated te flow and held at
capacity. The influence of flow levels, therefore, becomes secondary except
possibiy under extremely low flows. If these other controls ware reduced oy
eliminated, streamflow would again become the dominant population regulator.
When deriving flow recommendations for Montana®s streams, fishery
managers strive to provide a level of protection that will maximize fish
populations. Given this geal, a2 prudent and defensible appreoach is te fully
protect winter £lows. Flow reductions during the winter low flow period
would only serve to aggravate an already stressful situation for fish (MDFWP
1984y, potentially leading to even greater over-winter lomses. For the
remainder of the year, a reascnable strategy is to provide a flow that main-
tains food preduction and fish habitat at 2 level that maximizes the growth of

sndividual fish and the expansion of the population over the summer growing
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SURVEY AND ANALYSIS OF INSTHEAM FLOW METHODS

Survey of Available Technlques

Probably the best and most defensible method for determining streamilows
necessary to maintain existing aquatic resources ig to observe responges of
figh populations to changing flow regimes in & specific water over a period of
years. While this approach is desirable, it is impractical for use on a broad
srale because of time and manpower requirements. The need to colliect data
over a wide range of annual flow conditioms is am additional comstraint since
researchers seldom have control over this variable. Although such information
cxists for a few of Montana's "hlue ribbon” trout streams (Nelsonm 1980a and
19808B), it is not a viable alternative to the commonly used IFM's.

Recant reviews by Wesche and Rechard (1980}, Loar and Sale (15%81), and
Trihey and Stalnaker (1985) have shown that the commonly used and accepted
instream flow metheds can be classified into three categories. They will be
referred to as:

1, Hon-field

2. Habitat retentdion

3, Incremental

Non=-Field Methods

The first category includes a wariety of “non-field” methods that set
minimum flows based on existing histordezl streamflow records. Une of the
moat common of thesa is the Tennant Method, also known 22 the Montanz Method.

The name "Montana Method" 1s 2 misnomer because it is not the preferred method

A LR



in the MDFWPls

ProOgTan

recommendations based on

re set instream flows. This wmethod dervives flow

percentages of the mean annual flow for the stream In

of warer yvield or

gquestion. Other related methods are based on manipulations

flow duration information. A1l such methods are similar in that they are

wsually performed in the office using existing hvdroiogic information with
These methods ave also generally weak

few, if any, on-site visits requlred.

in establishing 2z bislogical basis for the recommended flows.

Hazhitar Retention Methods

The second group of IFM's includes 2 wide array of techniques that

examine relationships between discharge and generalized fish habitat indices

ro derive flow recommendaricons intended o maintaln the stream rescurce at &

retention” wmethods because they

desired level. They are called "habitat

specify flow levels where certain desirable aquatic habitat characteristics

{such as riffle wetted parimeter) are retained. These methods reguire one or

more visits to the stream or river where habitat measurements are made along

established cross—sectional transects. Some methods empley hydraulic simula-

sion meodels (such as Manning's equation or stage—discharge rvelationships}

while others rely on repetitive measurements made at several different flows.

Habirar retention methods commonly apply criteria te define flows

necessary to provide suitable conditlons for one or more of the following life
functions:

1. umimpeded passage to spawning areas

?. adeguate spawning habitatr
3. adeqguate rearing habitat
4. =deguate food vreoducing habitat.
For example, the Oregon Method addresses £fish passage requirements by

examining water depths and current velocities over a range of flows at several
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transects. These transects are established across critical riffles where
fish passage problems would first appear as discharge decrveases. Criteris
developed for various fish species from field observations and Iaboratory
studies are then compared to cress-sectional information to identify flows
where chanpel width, water depth, and current velocity conditions no longer
allow adequate passage. Depth and velocity passage eriteria for & variety of
fish species were presented by Thompson {(1572). Similariy. several habltat
retention techniques use either spacies~specific or gemeric depth and veloclty
criteria and carefully placed cress-sectional transects to derive fliow
recomuendations for known spawning aveas {Wesche and Rechard 1980).

While not all of the habitatr retention metheods described by Wesche and
Rechard (1980% conmsider passage and spawning requirements, thev do share a
commen emphasis on defining flows vequired to provide adequate fish rearing
habitat. However, as pointed cut by Thompson {1972), the identification of
appropriate rearing flows is far more difficule than determining passage and
spawning flows. Fish habitat reguirements for rearing purpeses are complex
because preferences for water depth, velocity, <oOvVer, and substrate usually
vary not only between species but aise between l1ife stages (d.e., fry.
juveniles, adults} of a single species. Further, the habitat requirements
(primerily current velocity, substrate and depth) of the numerocus specles of
aquatic macroinvertebrates that comprise the maln food base for trout inm most
streams alse vary significantly between speciles.

Because vearing habitat requirements of lotic fish species and food
organisms are so complex and interrelated, the habltat retention IFM's

typically evaluate the relationship between streanflow and some general index

of physical habitat conditions in deriving flow recommendations. Many of

these methods focus on riffles because of their importance as food producing



areas snd the helief that the maintenance of riffles will provide adequate
smounts of habitat in other areas of the streaam {Sralnsker and Arnette 15763,
4s shewn in Table 1, four of the seven common ' habitat retention” methods

onsider tiffle habitats and five methods glve at least some

£

specificalliy

consideration to the amounts of wetted perimeter retained in the stream.

Incremental Methods

The third group of IFM's can be veferved to as "incremental.” These
techniques produce habltat-discharge relationships for specific life stages of

aricus fish species. They are termed “imcremental” methods because they

ot
oy

attempt to predict the actual amount of suitable figh habitat present as flow
changes incrementally. The "California Methed” fer vainbow trout and the
"YERT Marhod” for brown trout (both described by Wesche and Rechard 19580}
are included im this group. However, the best known techmique is the Instream
Flow Tperemental Method (IFIM)}, IFTM is the most sophisticated ilnstream flow
method and it continues to be refined by the IFG at Fort Coliins, Colorado.
The IFIM has been describad in detail elsewhere (Trihey znd Wegner 1981,
Bovee 1982, Milhous et =1, 1984}, Loar and Sale (1981) describe the method as
“A package of computer programe, collectively called PHABSTIM
{Physical HABitat SIMulation system), is used to dlmplement this
analysis of instream flow needs, The overall approach combines
(1) multiple-transect field data from a representative and/or
cricical river veach, (2) hydraulic simulerion models to predict
chysical hsbitat parameters such as mean velocity {vi, depth {4},
and substrate (e}, and (3} species~specifle sultabllity funeticns
{'Sv3 8 SS}B Suitability functions are used to calculate weighting

a&
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Table 1. Summary of the common “habitat retention’ methods used to determine
rearing flow requirements (derived from Wesche and Rechard 1980},
Hzbitag Unic
Merhod Species Comsidsred Hearing Criteris
Oragon saimonids riffies ~ adeguate depth
- 6% wetted
~ veloeiry 1.0 to 1.5 ftfsec
pools - velocity 0.3-0.8 frisec
- pool-riffle tatic mear 50:50
Colorado szimonids riffies - 50% wetted
{USFS Region 21 - average velocity 1.0-1.5 fr/sec
~ depth ©.2-0.4° if wideh less 207
¢.5-0.67 if width more 20°
USFS Reglon & szlmenids all units - mmerical rating system for pool
{pocls, riffles, Tuus, quelity, pecl structure, sfiream-
ere. ) bed and bank environment
USF§ Region 6 salwonids frypical rearing habitatr® ~ depth 0.5-3.0 ft
- veloelty 0.2-1.6 ft/sec
wEoed producing habitat® - gdepth €.1-3.0 £t
- welocity L.0-4.0 ft/sec
Washington salmonids rifflefpuol seguence - inflsction point on wetised
perimeter: discharge curves
Idahe warpwater riffies - inflecticn point on wetted
perimeter: discharge curves
Mpptana's WEIP salmonids riffizs - inflecticn polnt on wetted

perimeter: discharge curves
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cross— section based on fleld weasurements of cross-sectional avea,. hydraulic
radius, energy slope, and chamnel roughness at a single discharge. This
method ie advantagecus because it entails only one set pf field measurements.
However, 1t is mnot well suited to natural stresm cohaonels where flow
conditions are not alwavs uniform. Manping's equation was developed to
describe flow conditions in manmade channels where energy slope and channel

'q "n") yemain relatively constant as flow changes. These

roughness (Manning
coefficients often vary silgnificantly dim natural channels as discharge
changes, thus reducing tha accuracy of the predicted stage-discharge relation—
ship (Bovee and Milhous 19785 Consequently, for most natural stream
channels, stage-discharge velationships are best ohtained using an empirical
approach using three (or more) sets of field observations. The regressionm
approach also allows extrapolation over & greater Tange of flows
{Bovee and Milhous 1978},

"Step~backwater” models comprise the third main group of hydraulic models
ased in ITM's. The most well known of these models is the WSP (Water Surface
Profile) model. This method produces three dimensionsl depth and veloclty
maps of a stream sectlon using Manning's eguation and the Bernmoulli Energy
Eguation. It can be applied using ounly one set of field measurements, but 1ts
accuracy and range of extrapolation can be enhanced by one or more additicnal
sets of field data {(Bietz et al. 1985). Step-backwater models regquire more
precise and detailed fileld survey data and also regquire sccurate and mandatory
placement of transects across all hydraulic contrel points in the study
section. IFIM is the most flexible IFM in trerms of hydrawlie wodeling because

ir allows the use of empirlcal, regressicm, or step-backwater procedures as

wall as combinations of the latter two.
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Decision-Making Capabilities

A1l the various IFM's have advantages and disadvantages in terms of ease
of interpretation for decision making, ability to Peustonize” flow recommen—
dations, and defensibility of decision criteriz end processes. Trihey and
Qralpaker (1985) identified two types of TFM's that relate to decision-making
capabilities. They are the "standard setting” methods and the "incremental”
methods. What we've called "nom-field”™ and "habitat retention” methods arve
standard setting methods. These methods identify minimum flow standards that
may constrain development, whereas incremental methods {(of which IFIM is the
best known) quantify tradecffs by examining fish habitat responses o flow
alvarations,

The standard setting methods are by far the easiest to interpret for
making decisions since they ares concerned with setting minimua flows, whether
it be for spawning. passage, Iocubation, rearing, or food production.

However, because these methods recommend minimum flows they can actually
compromise some portion of the aguatic rescurce if these minlmum flows are
411 that is maintained during the period of recommendaticn. Trihey and
Stainaker’s (1985} analogy was that fish communltles may be zhle to withstand
near-drought conditions for one year in ten (or one month per year), however,
standard setting methods may impose such conditiong for 10 ocut of 10 years (or
211 months of the vear). This could have serious Biclogical consequances
beeause fish and other agquatic organisms are often dependent on seaacnal
variztions in streamflow.

Tperemental methods, in particular IFIM, can compensate for this sroblem
to some degree hecsuse they can develop seasonal flow recommendations for

several 1ife stages of many species 1f adeguate hydrologic and habitat
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suitability data ave avallable. In this regard it is a superior methoed to the
Myabitat retention” methods that consider flow-related changes 1In only one
{such as riffle wetted perimeter) or a very few habitat components to indicate
overall scosvstem response. The ability of IFI¥ to generate complex seasonal/

species/1ife stage-specific flow recommendations can alsc be a limitation. At

e

{mes, an almost overwhelming amount of informaticm can be generated, creating
problems with data synthesis and determination of recommended flows. Problems
that must be addvessed include determining which 1ife stage is most limiting
to a species, and which I11fe stage of which species is meost impertant during a
given season. These difficult decisions often require "srofessional judgment”
and are necessary because a flow that is beneficial to one iife srage of a
giveu species may be detrimental to other species or to other life stages of
the same species.

The various procedures used by IFM's to derive the final flow recommen—
gation(e) offer certain advantages and limitaticms. The simplest and most
direct procedures are emploved by the "non-field” methods that simply select
percentages of annual flow or some other measure of flow frequency. While
this approach lacks blological sensitivity and, at times, is uprealistic, the
mechanics of deriving the flow reccmmendations are relatively unassailable.

The approaches used by various "habltat retention™ IFM's to derive final
flow recommendations are the source of some controversy. Two approaches are
typically used. The first uses habitat criceria for such things as depth,
velocity, width, and wetted perimeter as shown previcusly in Table 1. For
example., the Oregon method specifies that minimum flows for salmonid rearing

n riffles, cover approximately 80Z of riffle avea

[N

must provide adequate depth

v flow, provide 1.0 to 1.5 feer/sac riffle water velocity, provide 0.3 to 0.8

3

[

eet/sec pool water velecity, and must produce =z pooliviffle ratio of 50:50

by




{(Thompson 1972). The second approach relies om the ddenzification of
inflection (or breaking) points on habitat-discharge curves to identify
critical flows below which habitat losses increase rapidly.
Lear znd Sale (1981) and Annear and Conder {1984) erviticized the
flection point approach as being too subjective and having the potential to
Yerante rather than alleviate controversy over water allocetion needs.” Loar
and Sale (1981) recommend using habitat critsria because they "are much less
ambiguous than inflection-point caleulations and ave preferable hbecause the
value judgments are clear and relatively morve defensible.” However, Bietz et
al, {1985) presented an entirely opposite argument and rejected the use of
hahitat eriterisz becaunse none of the parameters have been directly welated to
habitat gquality. They further state: “The relationship between peércent
{emphasis added) wetted perimeter retained and aquatic habitat quality is even
more tenucus. Unlike the wetted perimeter inflection point, there 1Is no
currently available rationale for claiming +hat a Tixed percentage of wetted
perimeter represents an acceptable or non-acceptable level of zguatic habitat
retention.”

4s emphasized by Loar and Zale (1981}, 81l IFM s invelve asome level of
subjectivity, and professional judgment is essential to formulate final flow
recomiendations. Inflection point methods require judgment In selecting
inflection point flows, while methods employing habitat criterdia require
Judgment in defining the criteria o use. The selecticn of inflection polnts
is often very simple and requires lirtle professional jludgment. However, in
some cases the biologist must use judgment to select inflection point fliows
that will provide adequate habitat for the existing aguatic vesource. To

employ habitat eriteria, the judgment has to be made by the bilologlst at the
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outset, but it should not be constyued as belng any iess subjective than that

emploved in selecting infigction points.

Data and Manpower Reguirements

Fach IFM has specific requirements for streamflow gaging information,
field transect data, and site-specific habitat guitabliity data for target
gpecies. In Montana, the requirements for flow gaging information are
critical because most of the stream reaches involved in water alloccation
sroceedings have no gaging records. The habitat retention IFM's are best
snired for ungaged streams since they require 1little or no long-term flow
information and also invelve ome to three of more visits to the site. Fliow
measurements and channel morphology aheervations made during these visits give
the blologist some idea of the annual hydrologle tegime and a "feel” for the
flow-ralated chenges in fish habitat quality and guantity.

Many of the non-field IFM'e require long-term streamflow records.
Hewever, mean annual flow of many streams can be adequately estimated using
watershed analvsis technlques reguiring lirtle or no fieldwork. The Temnant
method (a2 non-field method based on percentage of wean anmual flow) can,
therefore, be used in the absence of good streamflow records, provided mean
annual flow can be accurately predicted from hasin characteristics. Lomg-term
hydrelogic information is concidered essentizl by the IFG to negotiate flew
recommendations.

The nop-field IFM's typically require little or no eransect information
gathered on-site. On the other hand, the habitai-retention and incremental
methods often reouire extensive amounts of trapsect datas at several {lows,

field datz requirements for habltat retention methods can be substantial 1f




passage, spawning, and reaving flovy requirements all nead to be determined.
This could rtequire two or more sets of transects im Aifferent habitats thst
would ezch need to be visited three or more times and possibly at different
scasonz. Montana's wetted perimeter inflection point method 1s one of the
gimplest field methods because it requires only three sets of water surface
clevation data and one set of channel profile measurements at each transect.
Ir contrast, meny other hebitat retention methods, &8 well as IFIM, require
depth, velocity, substrate and/for cover measurements at numerous polnis across
each trzunsect for each visit to the site.

Habitar suitability curves for species of intevest are essential to the
application of IFIM as discussed previously and illustrated in Filgure 2.
Criginaily, preferences for depth, veloclty, substrate, and cover for a single
1ife stage of a species were thought o be similar in =211 streams. Hence,
suitability data gathered in one stream would bhe transferrable to others, thus
saving additional time and effort. However, problems in applying IFIM in some
ar=zas have been traced to the fact that fish may not use habitat equivalently
in different stream envivonmente {(Nelson 1980¢, Annear and Conder 1583},
Moyle and Baltz (1983) recommend developing habitat sultability curves on-site
for each species of interest because variations in fish population densities
and species composition within and between streams can iead to differences in
habiratr use via intra- and 1nter-specific competition. Alsc, well known
diurnal and ssasonal habitat preference shifts cen seriously complicate the
use of IFIM (Campbell and Neuner 1985). Ferhaps the best solution to this
problem is to ldentify which limiting factors operate during each season fo
regulate fish populations and them focus Instresm flow analysis and habitat

criteria on these conditions (Campbell and Neumer 1985). 1f gite—specific
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habitat preference data are indeed mandatory, the costs and time invelvaed in
IFIM applications become very high.

Manpower rtequlrements vary significantly among various I¥M's and have
been discussed in detzil by Wesche and Rechard {1980 and Loar and BSale
{1981}, The "non-field” methods typically requize little or no fisldwork and
can usually be completed with less than cne man—day of office effort. Man~
power requirements ave highly variable between "habitar retention” methods and
depend upon which method is used and what 1ife functions (spawning, incuba-
tion, passage, rearing) arve considered. According to Wesche and Rechard
{1980}, the Oregon Method regquires 3-6 man-days of field effort and 1-3
man~-days of office work to derive recommendations for each of three functlons:
spawning. passage, and rearing. The Washington Method requires much more
cffort (map-davs): 10-20 field days and 15-30 office days for spawning; the
same for rearing: and 5-10 field days and 1-3 office daye for wetted
perimetar. The Montana wetted perimeter inflection point method reguires
relatively little manpower - about 4-6 man-days in the fleld and %-1 man-days
in the office. Nome of the above manpower estimates Include travel time.

Az might be expscted, IFIM has very high wmanpower and training time
requirements. Loar and Sale {1981} estimated that IFIM would typically
require up to ten times the manpower a8 the simpler habitat retention methods
sueh as the Colorado (R2-Cress) Method and Montzana's wetted perimeter
inflection point method. In addition to manpower, the training costs for IFIM
are very high compared to other methods. The USTWS conducts a mandatory
series of 4-5 short courses to train 1FIM users. These courses Ilnvolve
150-170 hours of training and cost $1,300-$2,000 to complete, excluding
salary, travel, and lodging expenses. In addition, asceess to IFIM computer

software is extremely limited for nom-federal personnel.
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T¥M Evaluation Studies

The guestion of how effective various IFM's are for determining instream
$low needs for maintenance of fisherles and other aguastic rescurces 12 one cf
the most important issues facing fisheriles biologists today, yet remainsg the
most difficult to resolve. Although many studies have been published that
Payaluate” one or more IFM's (e.g. Nehring 1979, Frewitt and Carlson 1879,
Stalnaker 1979, Hilgert 1981, Orth and Maughzn 198Z, Aanear and Conder 1983
and 1984, Bietz et al. 1985), most of them are deficieat because they tended
¢s focus on the mechanics of the models used, or the uniforaity of the
results, rather than on the blological adequacy of the insrream flow recommen—
dations.

The problem of relating the results of various IFM applications directly
to fish populations was recognized by Wesche and Raechard {1980}, who stated,
“rhe fallacy of the 'state of the art' has been that ne methodology, no matter
how detailed, addresses the guestion of potential bicloglcal consequences.
The following statement by ZTrihey and Stainaker {1985 indicates that we
continue to face this dilemma:

"hNespite the successes, fisheries biologlsts have not yet

achieved the capability of forecasting the number of fishes produced
in response to any particular water management scheme. This
question is being brought up more and Bore in present-day water
development and constitutes a thizd phase. Within the next decade
ot so a scramble is expected for research and method development
aimed at predicting changes in numbers of fish resulting from flow
and chammel alterations. This will be similar to the 1970%s when
methods to guantify the response of fish habirat to streanflow were
developed. Only after reaching this third phase can we begin to
gnantify the economic value of altering the instream resource. This
will provide an equivalent basis for comparison of fishery resources
with orher instream/out-of-stream values.”

Cur present inability to thoroughly evaluate the adeqguacy of instream

flow recommendations is velated to two malor difficulcies. These are: (1}
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iack of a thorough understanding of the carrying capacity of lotic systems and
tiow various factors operate to limit carrying cspecity. and (2} problems with
experimentzl design. Both of these problems are complicated by the fact that
aguatic ecosystems are comprised of complex assexblages of organisms that
{nteract with one ancther as well azs with theilr physical envircooment (Giger
1973). Further, these interactions mey vary seascnally, between life stages

of a species, and between stream savironments.

Carrying Capacity snd Limiting Factors

A persistent problem that hampers efforts to successfully evaluate and
apply IFM’s is the knowledge of what the carrying capacity of the stream is,
whether or mnot fish populations are at carcying capseity, and what
facror{s) act to regulate carrying capacity. Although the concept of carrying
capacity may be simply defined {the standing crops of fish that can be
maintained indefinitely by the aguatic enviromment) the controlling mechanisms
are not easily guantified. Carrying ecapacity is determined by the action of
one or more Limiting factors.

Giger (1973} reviewed a number of publications and agreed with McFadden
(1969} who concluded that it was {mpossible to identify any ome factor that
exclusively regulated populations of early trout and salmon life stages (fry
and juveniles). Rather, a number of factors interact to regulate fish popula-

ticns and Yeach factor can be understood properly only within the conmtext of

£

rhe network of reletionships” {Giger 19%73). It is 1ikely that limiting
factors vary between streams, or at least regionzlly, dus to differences im
species composition, hydrelogy, climate, and habitat.

There is general agreement among researchers that in wost cases physical

habitat during the late summer, fall, and winger months when streapflows are
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at anpuzl lows 1is the primary factor limiting fish populations in wastern
coldwater streams and rivers (Wesche and Rechard 1980, Giger 1973). Loar z2nd
Sale (1981) suggest that fish habitat may be 2 limiting facrvor only during
very high or very iow flow conditdons. They further state that at Inter-
mediste flows when habitat availability 1s high. other factors such as food
production may become more imporiant as limiting factors. It is obvious that
continued research is needed to develop consistent methods to Identify limlt-
ing factors sc that instream flow recommendatioms can be better tallored to

suit differing seascns and stream envircnments (Campbell and Heuner 1985},

Experimental Design

Pased on a review of avaiizble literature, three main zpproaches have
heen used to evaluste the adeguacy of various IF¥'s for making appropriate
instresm flow vecommendations. Thease are:

{1} Approaches that examine short-tern relationships between streamflow
or some habitat index (such zs weighted usable ares (WUA) derived
using IFIM) and fish population size or standing crop.

(2} Approaches involving experimental manipulations of flow and fish
populations or standing crops.

{3} long-term studles of relationships between flow regimes znd fish
populations or standing crops.

Bach of the ahove aporoaches has certain advantages and limitations. The
first is probably the least suitable for evaluating IFM*s. Af least two
ztudies (Stalnaker 1979, Asnear and Conder 1883) have examined the relstion-
ships between WUA (2 measure of habltat quantity} and trout populatioms in
several streame at one point inm time, typlcally during the low flow period

hen habitat is assumed to be limiting. While this approach does offer scme



insight inte the ability of IFIM o guantify amounts and quality of £ish
habitat, it does little to address the question of the adequacy af IFIiM's flow
recommendations, The relevance of this appreach in addvessing the first
question (relatiomship between WUA and fish population size) s questionable
since one must assume that the fish populations were at carrying capacity
during the one point in time when populatlons were estimated. This assumption
is seldom tested, primarily due to 2 lasck of rapid and accepted asszgsument
techniques.

4 similar approach was utilized by Orth and Maughen (1982 who examined
relationships between WUA and biomass of several fish species in riffle arecas
of 2 warmwater stream during two comnsecutive summer low flow periods,
Although significant positive correlations were observed, thelr work wase
strongly eriticized by Matbur st al. {1985}, primarily on the grounds of small
sample size and assumptlons concerning carrying capacity. JTrrespective of
rhese criticisms, the short-term pature of such studies and the lack of any g
priori knowledge of what the minimum flow should be renders them {neffective
in truly evaluating the adequacy of IFM recommendations.

The study by Xraft (1972) dllustrates the pitfalls that can be
encountered by short-term studles where carrying capacity is not takem into
sccount. In this study (conducted in southwest Montana), responses of a wild
brook trout population were related to manipulated Flows 1n & natural streanm
chanmel. The results indicated that significant dewatering (up te 907) during
a three-month, summer, low flow perlod had little effect on trout populations
or bilomass.

Y¥raft's results are somewhat surprising in view of the abundant evidence
(hoth experimental and intuitive} supporting the comtention that the flow

regime plays a major role im reguiating fish populations. Shortcomings iIn
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Rraft's study that may explain these anomalous findings ave that no attempi
was made te determine 1) whether the stream was at carrying capacity, (2)
what factor{s) limited the popularion, =zad (3} what the lomg-term effects of
such a flow regime might be. {Another pessible, although unproven, explana-
tion that would support his findings is that brook trout are more tolerant of
low Flows tham are other trout spacies.,) FKraft's study apparently contained
the only evidence that Mathur et al. {1985} could provide te support their
suggestion that "short term" reductions in flow may not affect fish population
size.

The second IF¥ evalustion approach involves the manipulation of fish
populations and flow regimes in experimental chammels. Examples of such
designs are studies by Easterbrooks (1981), White et al, (1%81), and Randolph
(16284). A unique and key ingredisnt of these studies is the attempt o insure
that initial fish pepulation levels are at cavrying capacity. This is accom—
plighed by oversaturating the habitat with introduced wild fish, then allowing
the population to reach equilibrium {viz emigration) pricr to dewatering.

This 1s a conceptually sppealing methed to examine responses of fish
populations {at carryimg capacity) and habitat to streamficow reductions, but
it alsc has shortcomings. Randolph (1984) suggestad that equilibrium fish
population size before and after such experiments may be affected by imitlal
stocking density. While this phenomencn chviously creates some “accounting”
wroblens, it may not significantly sffect the overall study cbiective, which
iz to identify critical flows and habitet conditicns below which the streas's
ability to support a healthy sguatic resource rapidly diminishes. Other
1imitztions to this study design are that {1} only one (or a few at most)
stresm channel is exawined, (2) investigations are usually confined to one

w regime during one peried of the year {{.e., late gummer low flow), and
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{3y 4t is mnot =zpplicable to larger streams and rivers because of legistical
diffdeulries,

The third approach te IFM evaluation involves the axamination of fish-
flow information collected over a pericd of years cv one of Wore SiTeams.
This empirical approach overcomes many of the shortcomings inherent in short-
term and/or ewperimental studies, but 1t too has iimitations, First, this
method involves a long-term commitment of time and manpower, probably for at
least five to ten or more years. [Ihis is essential to lasuve a diversity of
observations at a variety of flows. Long study pericds are also requirsd to
snzble the ressarcher to follow individual year classes of fishes through
their 1life eycle {(from fry to adult) which commonly requires three to five
years. Because of the long-term nature of such studies, the researcher must
remain awere of, and try to aceount for, changes in the watershed (logging.
grazing, other development) and management policies (fish stocking changes,
fishing regulations} that may also affect fish populations. Further, long-
term studies can generate encrmous amcunts of complex hydrologic and fishevies
information (if multiple species and life stages are considered), which can
prove difficult to compile in a consistent, meaningful, and defensible manner.
Consequently, this approach has been applied to only a few waters.

Due to their intensive data requirements, Ilong-term, emppivical IFM
evaluation studies are relatively rare. They are advantagecus because they
provide flow recommendations based on direct observations of fish population
response to a flow regime under “natural® condifions. The adequacy of IFM
flow vecommendations can then be eritically svaluated, as Nelsen (1980a, 15800

and  19802) and Anderson and Nehring {1585} have done. Annear and Conder

(1984) stressed the continuved need for such studies:
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"The guestlon of adequacy of any instresm flow method for
fisheries will only be rtesclved by long-term biolcgical documenta-
tion ~ a component of all comparisons of instream flow methods that
is noticeably missing. Until this issue is resclvad, atudies such
as this one will continue to only hint at acceptable procedures for
jdentifying realistic fishery needs for instream flow.”

Fvaluations of Montana's Wetted Perimeter Method

The adequacy of Montana's wetted perimeter inflectiom point mathod has
been tested using all three of the above study aprroaches with generally good
results. Orth and Maughan (1982) compared the wetted perimeter, Tennant, and
IFIM methods on a warmwater stream in Oklahoma. They found that all three
methods produced similar, acceptable minimum flow recommendations for the low
flow pericd.

Randolph {(1984) evaluated the wetted perimeter method in a small stream
in southwestern Montana during & two-menth pevilod in late summer/early fall.
Wild rainbow trout densizies 1in three stream sections were enhanced €O
simnlate "carrving capacity” by the relocation of wild fish from upstresm
areas. He coneluded thar the wetted perimeter inflection point method
produced an accurate mindmum flow recommendation for a section characterized
by riffle-poel habitst, but it underestimated fish flow needs in riffle-run
sections, Fish population response to reduced flows {emigration) sppeared to
he more closely related to riffle depth frotal or longest, continuous top
width having depth of 15 em or more) than to changes in wetted perimeter.
Hence, depth criteria may be violated before the wetted perimster inflection
point is teached in the relatively shallow viffle-tun habitats of small

streams.



Helson (1980a and 1980b) compared minimum flow recommendations derived
using the wetted perimeter, Temnant, and IFIN methods to long-term Information
on trout standing crop and flow in five veaches of four "blue ribbon" rivers

n southwest Montama. With one exception, the empirical trout/flow data sets

ot

inciuded information for 4-13 vears. He concluded that Inflection polots on
wetted perimeter—discharge curves for ome riffle 1n each rviver provided
acceptable flow recommendations. Recommendations based on composites of
several tramsects through various habltat units {pools, runs, and riffles
combined) were not as rellable because inflection points were less easily
recopnized. The Tennant method was found to be of some use in making minizum
flow recommendations, but percentage of flow required sppeared to vary between
rivers. Finally, IFIM flow recommendations were inordinately low due to the
application of 2 small stream habltat model to a large river and the program's
use of mid-depth veloclty measuvements, vather than the velocities near the
atreszm hottom, to describe the water velocities used by fish, The IFG has
gsince corrected these problems.

Tasy et z1. {19B5a) observed population fluctuations of three age classes
of rainbow trout in two Appalachian sirsams over a two-year period in relation
to late summer low flows. They found that young-of-the-year rainbow trout
preferred shallow riffle habitats, and flow-related population declines of
these fish were relatad to reductions in riffle wetted perimeter.

Studies by Annear and Conder (1984} and Bietz et al. (1985) examined the
consistency of the wetted perimeter recommendatione for a number of streams by
comparing them to recommendations derived from other methods or by converting
them to percentages of the mean annual flow and comparing these to each other.
These studies, while contributing te the advancement of the state-of-the-art,;

are not considered in this discussion becsuse they do not address the adeguacy
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of the wetted perimeter recommendations in maintaining the stream fisharles at

accepitable levels.

Cyritaria for Selecting an IFM

4 pumber of factors must be considered before selecting an appropriate
IF¥ for a given situation. These include biclogical goals, geographic scope,
administrative goals, time and menpower availability, biclogical and histori-
cal streamfiow data availability, ability to moniter and enforce flow
recommendations, and the type of decision-making process followed.

The geographic scope and the type of water allocation process involved
are the primary comsiderations in selecting am appropriate IFM. Trihey and

Sralpaker (1985) conciuded that stendard setting methods {such as the Tennant

method and Montana's wetted perimeter inflection point methed) ars most
appropriate for:

1 Protecting the instraam flow resource.

2. Srate water plans.

1. Srate water allocation permits or reservations.

4, Identifying target flow for use during project feasibility studies.

They concluded that incremental methods {primarily IFIM) are most appropriate

1. Time series analysis to identify limiting flow conditions.
7. TFine tuning = rescurce maintenance objective (maximum vtilization of
available water}.

Avpiding or minimizing flow-related impacts.

(¥

4. Comparing mitigationm alternatives.
These recommendations carry substantial weight and are hased on considerable

experience; ome of the authors (Dr. S¢alnaker) has been the leader of the



IFG since its formatien one decade ago.

The "standard setting” methods are most appropriate for hasinwide water
allocation because they can provide cost effective. simple, single, minimum
flow values for a large number of stresawms with 2 =minimal amount of time
consuming negotiations. Simple, minimum flow recommendations facilitate water
allocation oprocesses and can be monitored and enforced with relative ease.
Other advantages are that these methoeds require little or no long-term stream—
flow data and {(ax least in Montana) appear to provide reasonable minimum flow
recommendations for stresms and rivers alike.

The high time and manpower requirements and the nature of the decision-
making process make IFIM an impractical tocl for use in State water alloecation
programs. As pointed §§t by the developers of the method {(Bovee 1982, Trihey
and Stalnaker 1985), IFIM {s pot designed to set minimum flows. Rather, it is
designed for negotiating flow regimes for specific project areas by gquantify-
ing flow-related habitat tradecfis,.

We contacted water resource administrators in figh and wildiife agencies
in several western states and the provinces of Alberta and British Columbia im
eariy 1986 to soliclt thelr views regarding the use of the wetted perimeter
inflection peoint method azud to ascertain which IFM(s} they utilized. The
results indicated that most states or provinces follow a hierarchical approach
gimilar to that described by Loar and Sale (1981) or Trihey and Stalnaker
{198%). That is, they employ a varisty of IFM's (non-fileld, habitat reten~
tion, and 1ncremental) in theivr prograzms depending upon the needs of =2
particular sitvation. The use of IFIM 1s usually restricted to significant
water development proiects or highly controversial allocation disputes.

Six of the eight agenciss (Colorade, Washington, Minnesota, Wyoming.

Idaho, =2nd EBritish Columbia} that responded indicated that they used some

.-




variation of the wetted perimeter methed in some part of their instream flow
program. California and Alberts do not use the wetted perimeter methed.
Califernia currently has =no basinwide allccation process anaicgous to
Moptana's water reservation system, so they are orimarily concerned with nevw
water development projects on which they place Yeonditions" (personal communi-
cation with Gary Smith, Fisheries GBioleglst, California Fish and Came).
California requires project developers to fund and conduct IFIM studies, which
the State then reviews, Alberta is currently developing a modification of the
Tennant method to be used on a basinwide planning scale and usas IFIM on large

water development projects.



MONTANA'S INSTREAM FLOW METHOD

An IFM that was compatible with the State’s water reservation process was
a major consideration when the MDFWP selected irs primary method for making
instream flow recommendations. Under the reservation process, the unappro-
priated waters in a basin are allocated among all competing uses, including
municipal, agricultural and industrial as well as instreem for the pretection
of fish znd wildlife and water gquality. When granted, the instream reser-
vation becomes a part of the priority date system, with some future uses
subject te, or junicr to, the instream reservation., During some time perieds,
especially in water short years, junior consumptive users will have te comply
with the terms of the reservation and cease withdrawing water when streanf lows
£f211 below the granted instream flows., €iven this requirement, complen flow
recommendations that vary by time period and by year are generally unsuiltable
because they comfuse junior water users 2nd exacerbate problems with compli-

snce and policing. A single, year—round recommendaticon tends to minimize

these problems. but such a recomeendation may fail te fully satcisfy the

By

instream flow needs of all fish specles and all of their life stages and
functions. However, keeping the recommendations simple appears. in the long
run, to be in the best interest of the resource because compliance and
policing problems are minimized.

Under the reservation process, the Department haeg the responsibilicy

for requesting instrean flow protection for literally hundreds of stresms.

Due to the large number of stresms, funding, manpower and time limictations




aiso became =n important consideration in the selection of an appreopriate
method. Of the thres broad categories of methods previocusly described, two
were quickly relegated to a secondary role im deriwving recommendations vnder
the reservatlon process.

Office or non~field methods (Category 1} were judged lees desirable
because of the Department’s contention that the recommendations would be more
credible if thev reflected stream—specific habitat and digcharge relationships
vather than 2 flow guantity derived sclely from the historic flow rTecord.
Furthermore, the lack of sufficient historic flow data for the wvast majority
of Montana's streame precluded the use of virtuslly all office wethoda. In
addition, the caonsensus in the lireraturs 1s that this category should be
confined to deriving preliminary or reconnaissance grade recommendations
{Stalnaker and Arnette 1976}, thus limiting their suitability for Montana's
reservatlon program,

Methods that apply species— and life stage-specific habitat exriteria in
evaluating the condition of the stresm envircomment at various flows (Category
3} proved te be incompatible with the basic goal of the Department's instrean
flow program, which 1Is to set flow racommendations at a level that will
sugtain exlsting fishery resources. GCategory 3 metheds, of which the IFIM is
the hest known and mest commenly applied example, were designed to be used im
negotiating flows rather than setting minimum standarda. This is a costly,
complex and time consuming analysis that has limited application in Montana’s
water reservaticn process.

Those mathods that examine varilous components of a gtream’s hydraulle
charseteristics at various flows for the purpose of developing generalized
hahitat-discharge rtelationships are included in Category Z. The flow

recommendations would not, in most cases, be based on detalled evaluations of
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the habitar requirements of specific fish species ov life stages. The
simplified prediction technigues that this group uses in evaluating the
condition of the stream enviromment reduce the field dats requirements to the
point where dollar costs, manpower needs and time expended are reascnable,
The outcome of the analysis is 2 minimum flow standard that is intended to
fully protect some aspect of the stream resource. These methods are most
appropriate when instream protection Is reguested for z large number of
atresams, as occurs in state water allocation prograns {Trihey and Stalnzsker
1945} .

The MDFWE was, therefore, limited to selecting a method from Category 2,
The methed chosen was the wetted perimeter infleection polnt method., A brief

description of the method, its a2ssumptions and dats needs follow,

Wetted Perimeter Inflection Point Method

This method focuses on the previcusly discusaed assumption that the food
supply can be a major factor influencing a stream’s carrying capacity during
rhe non-winter months., The principal food of many of the juvenile and adule
game fish inhabiting the streams of Montana 1s aguatic invertebrates, which
are produced primarily in stream viffie areas. The method assumes that the
game fish carrying cepacity is related te food productien, which in turn is
related to the amount of wetted perimerer in riffies.

Wetted perimeter {s the distance zlong the bottom and sides of a channel
cross~gection in contact with water {Figwre 4}. As the flow in a stream
channel increases, the wetted perimeter also increases, but the rate of gain

of werted perimeter is not constant throughout the entire range of flows.

.




cuoTIReE

-§80i0 [SUUBYD B Ul I2)3w[iad pa1iss BUE

WA LAWY Id
- 3L LM

*f BInETH

S e




The plot of wetted perimeter versus flow for stream rviffle cross-
sections gemerally. but not always, shows two polnts, referred to as break or
inflaction points, where the rate of increase of wetted perimeter changes. In
the example {Figure 5), these inflection peints occur at approximate flows of
8 and 17 cofs. Below the lower inflectlon point, the flow s spreading out
horizontally across the stream bottom, cauasing the wetted perimeter to
increase rapidly for very small increases in flow. 4 point is eventually
reached (at the lower inflection point) where the water starts to move up the
aides of the active chammel and the rate of increase of wetted perimeter
begins to decline. At the upper infleection point, the stream is eppreaching
{rs meximum width and begins to move up the banks as flow increasses. Large
increases in flow beyond the upper inflection point cause only small increases
in wetted perimeter, Flow levels ar these inflection points are deploted in
Figure 6.

The area available for food production is comsidered near optimal at the
upper inflection point because almost all of the availsble rviffle zrea is
wetted. At flows below the upper inflection point, the stream begins tec pull
away from the riffle bottom until, =at the lower inflection point, the rate of
loss of wetted bottom begins to rapldly accelerate. Once flows are reduced
below the lower inflection point, the riffle bottom is being exposed at an
even greater rate and the srea available for food production greatl
diminishes. The method is intended to estsbiish 2 threshold below which 2
stream’'s food producing capacity begins to decline (upper imflectiom point)
and a threshold at which the loss is judged unacceptable (lower inflection
pointl.

While this inflectien point concept focuses on food production, there axe

indications that wetted perimeter relstes to other factors that influence =2

~ 50—




35—

(FT)

30—

25

WETTED PERIMETER

20—

Figure 5.

At or neor optlsus food production

yppor inflection point

Critically imporiant
o food productlon

"~ yower inflection point

Rapidly declining
tocd production

\

s G o e i
e AwmsorTn  fRownmsend  ReARATEED "..

i : 5 i ;
5 o 15 29 25 20
FLOW {CF3)

in example of a relacionship between wetted perimeter and
flow for a stream riffle cross-section showing upper and

iower inflection points.



TUOTIDVE-SEOIT WEBIIE v U sjutod BOTIOBTIUY
asmor pue asddn 2yl e molj Y3 JO uogielusseldal DTIGWLRABEID ¥V °9 aand1a

L0 HOILDI TSN YIMO™T

LNIOE NOILLDITINT Haddi



stream’s carrying capacity. One such factor is cover {or shelter), a well
recognized component of fish habitat.

Tn the headwater streams of Montana, overhanging and submerged bank
vegetation and undercut hanks are often important components of cover. Im
Wyoming, overhead bank vegetation was the cover parameter that explained the
greatest amount cof variation in trout population size in small, brown trout
streams (Wesche et al. 1987). The wetted cerimeter~flow relationship for a
streanm channel 1z, in some cases, similar to the relationship between bank
cover and flow., Flows exceeding the upper infiecticn point are considersd to
provide near optimal bank cover. Below the upper inflectiom 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
removad from the bank cover to severely reduce its value as fish shelter.
Suppoert for this relatiomship 1is provided by Randolph (1984), who found a high
correlation between riffle wetted perimeter at various flows snd the total
area of overhanging bank vegetation (v = 0,88-1,00) 2nd undevcut banks (¢ =

0.84-0.97 for three study sections in a small Montzna stream.

g
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n addirion to producing food, riffles also are used by many game fish
species for spawning and the rearing of their young (Sando 1981 and Loar et
al. 1985a), Thus, the protection of riffles insures that the habicat required
for these critical 1ife functioms is also protected,

Ancther important consideraticn that supporits the keving of recommen-
dations te riffles 1= the fact that riffles are the area of = stream wost
affected by flow reductions {Bovee 1974, Helson 1977 and Loar et al., 1983aj.
By providing a recommendsticn that wets a large portien of the available
viffle area, we are, at the same time, helping to protect hoth runs and pools

- aress where adult fish normally reside.

53



The wetted perimeter inflection point method provides a range of flows
(between the lower and upper inflection pointg) from which a single instrean
flow recommendation is selected. Flows below the lower inflection point are
judged undesirable based on thelr probable ilmpacts on food production, bank
cover, end spawning and resring habltats. Flows excesding the upper inflec-
tion point are considered to provide near optimal conditions for fish. The
uypper and lower inflecticn points are believed to bracket those flows needed
to maintain the high apnd low levels of aquatlc habitat potential, These flow
ievels are defined as follows:

1, High Level of Aquatic Habitat Potential ~ That flow regime which will

consistently produce abundant, healthy and thriving aguatic popula-
tions. In the cass of game fish species, these flows would produce
ahundant game fish populations capsble 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: 1} provide the high population
levels needed to ensure the continued existence of that species, or
2) provide the flow levels azbove those which would adversely affect
the species.

7, Low Level of Aguatic Habitst Potential - Flows to atceomplish a low

level of aquatic habitat maintenance would provide for enly a low
population of the speciles present. In the case of game fist species,
2 poor sport fishery could still be provided. For rare, threatened
or endangered species. their populations would exlst a2t low or
marginal lavels. 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 consensus of the biologists who collscted and gnalyzed all relevant

{eld data for the stream of interest, The hiologists’ ratinmg of the stream

bty

resource forms the basis for the flow selection process. Factors considerad
in the evaluation include: {1} the lovel of recreational use, {2) the existing
lavel of environmental degradatiom, (3} water availability and {4} the
magnitude and composition of existing fish populaticns. Fish population
information., which is essential for all streams, 1is a major consideration. A
marginal or poor fighery would likely justify a flow recommendation at or near
the lower inflection point unless other considerations, such as the presence
of species of "speeial concern” (arctic grayling ard cutthroat trost, for
example) warrant a higher flow. In general, streams with significant resident
fish populations, those providiag crucial spawning and/or rearing habltats for
wigratory pepulations, and those supporting significant populations of species
of "special concern” should be considered for recommendations at or near the
upper inflection point.

Other candidates for upper inflection point recommendations arve streams
rhat have the capacity to provide outstanding fisheries, but are prevented
from reaching their potential due to stream dewatering. The flow at the upper
inflection point would provide a goal o strive for should the means become
available tc improve streamflows through such mechanisms as water storage
projects or the purchase of irrigation rights. Streams that are subjected to
other forms of environmental degradation, such as mining pollutionm, and which
have the potential to support significant fisheries +1f reclaimed, are
additional candidates for upper inflection point recommendations.

The process of derivismg the flow recommendation for the low flow period

thus combines a field method (wetted perimeter inflection peoimt merhod) with 2
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thorough evalustion by field biologiste of the existing styeam resource,

Brief Description of the Wetted Perimerer (WETP) Computer Frogram and Data

Heeds

The wetted perimeter-flow relationship for a stream of dntersst iIs
derived using 2 wetted perimeter predictive (WETP) computer pregram developed
i 1980 for the MDFWE,

Two pieces of information - the cross~gectional profile and stage-
discharge rvating curve - are regqulred for each viffle cross-section as input
to the WETP program. These data are obtained in the field using standard
surveving procedures,

The stage-discharge rating curve describes the yelationghip between the
height of the water surface {(the stage) In the riffle crossz-section and the
magnitude of the flow (discharge) through the cross-section. This rating
curve, when coupled with the cross-secticnal profile, is all that is needed to
compute the riffle wetted perimeter ar most flows of Interest.

The WHETP program requires at least two sets of stage measursments taken
at different known flows to develop the stage-discharge rating curve,
However, the use of three sets of stage-discharge data collected st a high,
{ntermediate and low flow is recommended. The three measurements are made
when runoff is receding (high flow}, near the end of runoff (intermediate
fiow) and during late summer—early fall (low flow). The high flow should be
congiderably less than the bhankfull flow, while the low filow should approxi-
mate the lewest flew that norimally oceurs during the summer—fall season.
Although the WETP program will run ausing only two sets cf stage~diacharge
data, this practice 1s not recommended because substantial “rwo-point” ervor

can result. However, when only twe detz sete are obtainable, cthe higher
g

discharge should be at least twice as high as the lower discharge.




The channel profile alsc has to be measursd for ezch cross—-section.
Unlike the measurements of water surface elevatiom, this has to be dome only
once. Tt is best to measure profiles at the lowest calibration flow when
wading is easiest.

The wetted perimeter method is applied selely teo viffles. Cross-sections
can be established in & single riffle or din a2 number of different riffles.
Cross—sections should describe the typical riffle hasbitat within the streanm
segment being studied. For each rviffle, the wupper limit is three cross-
sections placed at the riffle’s head, middle and bottom. Fewer can be used if
the riffle is fairly uniform. To be safe, you may want to model twe or three
separate viffles in each study area. At least three and preferably five
~iffle cross—sections should be used in the WETP amalysis. The WETY program
accepts up to 10 cross-sections. The computed wetted perimeters for all
riffle cross-sections at each flow of iInterest are averaged and the recommen~
dation derived from the wetted perimeter-fiow relationship for the composite
of all viffle craoss-sections,.

An in-depth description of the WETY computer progranm and data collectdon
procedures is provided in a publication ritled “Cuidelines for Uslng the
Wetted Perimeter (WETP) Computer Program of the Montana Department of Fish,

Wildiife and Parks” (Nelson 1984z).



MONTANA'S WETTED PERIMETER METHOD - FINAL CONSIDERATIONS

The wetted perimeter wethed 1s dintended to guantify the flow needs of
fi{sh during the non-winter period from approximately April through October,
excluding the high flow, or sunow rvunoff, momths of May, June and July when
about 75% of a stream’s annual water yield passes through the system (Figure
1y, Fiow recommendations for the high flow peried should be based on those

lows deemed necessary for flushiang the amnual accumulation of bottom
sediments 2nd maintaining the existing chaunnel morpholegy.

A stream's znnual high flow characteristics are generally accepted as
being the major force in the establishment and maintenance of channel form.
It is the high spring flows that determine the shape of the chammel rather
than the averzsge or low flows.

The major functions of the high flows in the maintenance of channel form
are bedicazd movement z2nd sediment transport. It is the movement of the bed
and bank material and subsequent deposition which forms the mid-channel bars
and, subsequently, the islands. High flows are capable of covering already
established bars with finer material, which leads successively to vegetated
islande. Increased discharge associated with spring runoff also results in a
flushing action, which removes deposited sediments and maintains suitable
gravel conditions for agquatic Insect production, fish spawning and egg
incubation.

Reducing the high spring flows beyond the point where the major amount of
hedload and sediment {8 transported would intervupt the ongoing channel

srocesses and change the existing chaonel form and Dottom surfaces. A




significantly sitered chammel configuration would affect both the abundance
and species compositien of the preseat aguatic populations by altering the
existing habicat types.

Montana's high flow method, termed the dominant discharge/chamel
morphology concept (Montana Dept. of Figh znd Game 1979), reguires at least 10
years of continuous USGS gage recards to derive recommendations and, conse-
quently, cannct be applisd to most streams. Recommendations from the wetted
perimeter inflection point method do not satisfy flushing or chanpnel mainte-
nance regquirements. DBecause mosi wWaler USels. particularly irrigators, are
unable to divert = significant porvilon o0f the runoff flows and, therefore, are
incapable of materially impacting the high flow functions of bedload movement
and sediment tramsport, high flow recommendations may be unpeceszary in most
cases. Therefore, extending the wetted perimeter recommendations through the
high fiow period - a common practice of the MDFWP - should not jeopardize the
maintenance of adequate high flows for most streams. Furthermore, Montana law
limits the granted instream flows for gapged streams Lo no WoTe than 507 of the
average annual flow, thus eliminating flushing and channel maintenance flows
from consideration in a reservatiom application.

4s discussed im an earlier section, the protectlcom of patural flow levels
during the critical winter menths is justified 1f the goal is to maintein fish
populations at their existing levels. As a2 guideline, the winter recoumenda-
rion should not be less than the base flow, which 1s defined az the lowest
mean monthly flow during the winter moaths. Because the wvast majority of
Montana's waters are ungaged, winter base flows arve unguantified for most
streame. Past work by the MDFWP has shown thar the upper inflection point

recommendations of the wetted perimeter method typically exceed bass flows

{Leathe et al, 1985). Winter flows would, therafore. be protected 1f uppez
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inflection point recommendations were extended through the winter pericd.
This is 2 common practice of the MDFWP when recommending flows. Lower inflec-
tion point recommendations are normally inadequate for protecting winter base
flows.

Regardless of the method used to quantify instream flows, there will be
some time periods, especilally during drought yesars, when the recommendations
cxceed the availeble flows. Only when the recommendations equal the historle
low flows would thev never exceed the available water supply. However, such
recommendations would devastate a stream fishery If maintailned for sny length
of time and are analogous to asking 2 farmer to produce his crops using only
rhe amount of water available during the worst drought year on record.

Leathe and Enk (1983} evaluated the amount of time the wetted perimeter
recommendations for five gaged, mountain streams In Montana's Swan River
drainage exceeded the availsble streamflows. Year-vound, upper inflection
soint recommendations were found to exceed daily streamflows from 24 te 64X of
the time, depending on which of the five streams was evaluated. On the
average, recommendations exceeded the avallable daily flows 412 of the time
and, conversely, were less than the dally flows 59Z of the time. In other
words, excess water would bhe available for other uses 59% of the time, on the
average. Unpublished data for a number of the larger rivers in s=outhwest
Montana showed that the wetted perimeter recommendations gensrally fell within
the 60th to 90th percentile range of flows, meaning that the avallable daily
styeanflows, even with existing depletions., will still exceed the recommen~
dations from 60 to 907 of the time.

The wetted perimeter inflection point methed hae primarily been applied
in Montana to coldwater trout streams ecast and west of the Contimental Divide.

Results of validaticn studiss in Montans support the use of this method in
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deriving minimum flow recommendations for these waters {(Naelson 1980a, 1980b
and 1980c¢ and Randolph 1984). The logic behind the methed should apply to
warmwater streams as well, However, ne biological studies have been conducted
in Montana to confirm the relisbility of warmwater recommendaticns, although a
warmwater evaluation in Oklahoma supported the use of wetted perimeter {Orth
and Maughan 1982).

The wetted perimeter method is unsuitable in certaln situations. The
method is designed for use on streanm reaches In which the flow is confined to
a single channel, although the application to side channels off of main river
chamnels is a commenly used approach for deriving recommendations for those
rivers in which side chapnels are crucial to the well-being of certain
species. When the flow is distributed among many channels, cross-sections
through these braided veaches are very difficult to model hydraulically,
making most computer models, including WEIF, unworkable in this situation.
Waters having little ox me riffle development, such as cascading mountain
streams that plunge from pool to pool and some low gradlent, prairie streams,
are another exceptiom, as are spring creeks. The stable, year-round flows
that characterize spring creeks prevent the collection of field datz at a
high, medium and low flow - information needed to calibrare the WETP computer
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INTRODUCTION

The wetted perimeter and flow relationships for selected riffle cross-
sections are a useful tocl for deriving instream flow recommendations for
the rivers snd streams of Montana. Wetted perimeter is the distance aslong
she bottom and sides of a chamnmel cross-section in contact with water
(Figure 1. As the flow in a stresm channel increases, the watted
perimeter alsc increases, but the rate of gain of wetted perimeter 1s not
constant throughout the entire range of flows. Starting at zero flow,
wetted perimeter increases rapidly for small increases in flow up to the
point where the stream channel nears its maximum width. Beyond this break
or inflection peint, the increase of wetted perimeter is lesg rapid as
fiow incrsases. An example of a wetted perimeter-flow relatlonship
showing a well-defined inflection peint Is given in Figure 2. The
instream flow recommendation is selected at or near this inflection peint.

The MDIWE developed in 1980 & relatively simple wetted perimeter
predictive (WETP) computer model for wse in its instream flow program.
This model eliminstes the relatively complex data ecollecting and
calibrating precedures associated with the hydraulic gimulation computey
models in current use while providing more accurate and reliable wettad
nerimeter predictions.

The WETP computer program was written by Dr, Dalten Burkhalter, aguatic
consultant, 1429 South 5th Avenue, Bozeman, Montana 56715. The program
i written in FORTRAN 1V and is located at the computer center, Montana
State University, Bozeman. Direct all correspondence concerning the
orogram to Fred Nelson, Montana Department of Fisgh, Wildlife and Parks,
1400 Soutk 19th Avenue, Bozeman, Montana 3%715.
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Figure 7. an example of & relationship between wetted perimeter and
fiow for s riffle cross-ssction.
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DERIVING EECOMMENDATIONS USING WETTED PERIMETER

When formulating flow recommendations for a waterway, the annual flow
cycle is generally divided intc twe separate periocds. They consist of a
relatively brief runoff or high flow period, when z large percentage of
the annual water yvield passes through the channel, and a non-runoff or low
flow period, which is characterized by relatively stable base flows
maintained primarily by groundwater outflows. For headwater rvivers and
streams, the high flow pericd generally includes the months of May, June
and July, while the remzining months encompass the low flow pericd.

Mathod for the Low Flow FPeried

The wetted perimeter infiection point method is presently the primary
method used by the MOFWP for deriving low flow recommendations for rivers
and streams. This methed is primarily based on the assumption that the
food supply is a major factor imfluencing a stream’s carrying capacity
{the numbers znd pounds of fish that can be maintained indefinitely by the
aquatic habitat). The principal food of many of the juvenile and adult
game fish inhabiting the streams of Montana 1s aquatic invertebrates,
which are primarily produced in stream riffle areas. The method assumes
that the game fish carrying capacity is related te fuod production, which
in turn is related te the wetted perimeter in viffle areas. This mathed
is a slightly medified versien of the Washington Method (Cellimgs, 1972
and 1974). The Idaho Hethod (White and Cochnauer, 1975 and Vhite, 19743
iz also based on a similar premise.

The plot of wetted perimeter versus flow for stream viffle cross-secticons
generally shows two inflection points, the uppsrmest being the mnore
prominent. In the example (Figure 2}, these inflection points occur at
approximate flows of § and 12 cfs. Beyond the upper inflection point,
large changes in flow cause only very small changes in wetted perimeter.
The avea available for food production is consideved near optimal beyond
this point. At flows below the upper inflection point, the stream begins
te pull away from the riffle bottom until, at the lower imflection point,
the rate of loss of wetted perimeter begins te rapidly accelerate. Once
flows are reduced below the lower inflecticn point, the riffle bottom is
being exposed st an even greater rate, causing the area available for food
production to greatly diminish. The methed is intended to establish a
threshold below which a stream’s food producing capaclty begins to decline
(upper inflection point) and a thresheld at which the loss is judged
unacceptable (lower inflecction point).

The wetted perimeter-flow relationship may also provide an index of other
limiting factors that influence a stream’s carrying capecity. One such
factor is= cover. Cover, or shelter, has long been recognized as one of
the basic and essential components of fish hablitat., Cover serves as a
means for avoiding predators and provides areas of moderate current speed
used as resting and holding aveas by fish. It is well documented that
cover improvements typically increazse the carrying capacity of streams,
especially for larper-size f£ish. Cover can be significantly influenced
by streamflow,

Lo




45

40

oy
i

ETTED PERIMETER {(FT)
g
£

fad
(e

5 i is 20 25
W CFS)

Figure 3. An example of 2 relationship betwsen wetted perimeter and
fiow for a riffle cross-section,



In the headwater streams of Montana, overhanging snd submerged bank
vegetation and undercut banks are often important cemponents of cover.
The wetted perimeter-flow relationship for a stream chennel may bear scme
similarity te the relationship between bank cover and flow. At the uppex
inflection polnt, the flow begins to pull away from the banks, decreasing
the amount of bank cover assocliated with water. At flows below the lower
inflection point, the water is sufficiently removed from the bank cover
to severely reduce its value as fish shelter.

Riffles alsc are used by many game fish species for sapawning and the
vearing of their young. Thus, the protection of yiffles insures that the
habitat required for these critical 1life functions is also protected.

Another important consideration that supports the keying of recommenda-
tions to riffles is the fact that riffles are the 2rea of a stream most
affected by flow reductions. By providing a recommendation thal wets 2
large portion of the available riffle area, we are, at the same CTime,
helping to protect both runs and pools - areas where adult fish normally
reside.

The wetted perimeter inflection point method provides a range of flows
(between the lower and upper inflection points) from which 2z single
instream flow recommendation can be selected. Flows below the lower
inflection point are judged undesirable based on thelr orobable impacts
on food production, banmk cover and spawning and rearing habitats, while

lows exceeding the upper inflection peint are considered to provide a
near optimal habitat for fish. The lower and upper inflecticn points ars
believed to bracket those flows nesded to maintain the low and high levels
of aguatic habitat potential. These flow levels are defined as follows:

i. High Level of Aguatic Habitat Potential - That flew regime which
will consistently produce abundant, healthy end thriving aquatic
populations. In the case of game fish species, thege flows would
produce abundant game fish populations capable of sustaining a good
to excellent sport fishery for the size of stream invelved., For
rare, threatened or endangered species, flows To accomplish the high
level of aguatic habitat maintenance would: 1) provide the high
population levels nseded to ensure the continued existence of that
species, or 2) provide the flow levels above these which would
adversely affect the species.

z. Low Level of Aguatic Hebitat Potential - Flows to accomplish a low
level of agquatic habitat maintenance would provide for only a low
population of the species present. In the case of game fish
species, a poor sport fishery could still be provided, For rare,
threatened or endangered species, thelr populations would exist at
low or marginal levels. In some cases, this flow level wouid not
Le sufficient to maintzin certain species.

The final flow recommendation is selected from this range of flows by a
consensus of the fishery biologlsts who collected, summarized and analyzed

211 relevant Field data for the streams of interest. The biologist’s
rating of the stream resource forms the basis of the flow selection
pProcess, Factors considered in the evaluation include the level of
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reereational use, the existing level of envirvonmental degradation, water
availability and the magnitude and composition of exlsting fish popula-
rions. The fish population informatiom, which is essential for all
streams, is a major consideration. A marginal or poor fishery would
likely justify a flow recommendation at or near the lower inflection point
unless other considerations, such as the presence of spacies of special
concern {arctic grayling and cutthroat treut, for example), warrant a
higher flew. In genmeral, only streams with exceptional resident fish
sopulations or those providing crucial spawning and/or rearing habitats
for migratory populations would be considered for & recommendation at orx
near the upper inflection point. The precess of deriving the flow
rercmmendation for the low flow period thus combines a field method
(wetted perimeter inflection point method) with a therough evaluation by
a field biocleogist of the existing stream ressurce.

& publication of the MDFWF (Leathe and Nelson, 1989} provides an up-to-
date synopsis of the history of the wetted perimeter inflection point
method, examines its theoretical and experimental basis, identifies its
strengths 2nd weaknesses as comparsd te other available methods, and
provides =2 justification for its wuse in Montana. Refer to this
publication to further explain the method.



DESCRIPTION OF THE WETP PROGRAH

The WETP program uses 2 to 10 sets of stape (water surface elevation)
measurements taken at different known discharges (flows) to establish a
rating curve. This curve has the eguation, 4 = p(5 - z£3" where:

g = discharge

§ = stage height

zf = stage height at zevo flow
p = 3 constant

n = a constant exponant.

The relationship of measured peints, if perfect, would plot as a straight
line on log-log paper with n equal to the slope of the line and p egqual
to the discharge when (5 - zf} = 1. The actual line is determined by
least squares regression using the messured points. Once the stage-
discharge rating curve for each cross-section {s determined, the stage at
a flow of interest can be predicted. This rating curve, when coupled with
the cross-sectional profile, is all that is needed to predict the wetted
perimeter at most flows of Interest,

Stage Helsht at Zers Flow

The stage height at zevrc flow {zf) may be taken as the lowest elevation
in the cross-sectional profile for riffles but 1s more difficult to
determine for non-riffles, perticularly pools, in which case the
procedures of Rantz (1982) should be consulted. The applicable portiocns
of that paper are included in Appendiz A.

The zf value for a non-riffle cross-section cam also be measured in rhe
field. It is the elavation of the thalweg (as referenced to the bench
mark elevation) at the downstream control, which is typically the head of
a2 riffle. The control is a channel feature that causes water to back up
in an upstreanm direction.

The wvalue of zf is controlled by use of 2n option record (GFPIS) in the
input data. If the option is set to one, zf is either set to a value
supplied by the user or, in the absence of a supplied walue, zf is
automatically set to the lowest elevation in the cross-sectional profile.
If the user dees not want zf fo equsl the lowest elevation iIn the cross-
sectional profile, the values for zf are entered on the X5EC records. The
option record must be the first entry im the data file and is illustrated

-~

in Appendices B and O,

The option of setting zf te zero by setting the option record to zero ls
zlse available. All results for an earlier version of the WETP program
were obtained with zf automaticelly set to zero. Option zero is included
solely for the purpose of comparing results. Because the program now
incorporates zf inte the caleulations, the accuracy of the hydraulic
predictions for those flows of iInterest that are less than the lowest




messured calibration flow should improve over ecalculations previcusly made
with zf = C.

Srase-~-Discharze Data

The program should be run using three sets of stage-discharge data
collected at a high, intermediate and low flow, Additional data sets are
desivable, but not mandatory. The threz measurements are made when runoff
is receding (high flow), near the end of runcff {intermediate flow) and
during late summer-early fall (low flowj. The high flow should be
considerably less than the bankfull flow, while the low flow should
approximate the lowest flow that normally occurs during the summer-fall
field season. Sufficient spread between the highest and lowest calibra-
tion flows is needed for the program te compute a linear, sloping rating
curve.

The WETP program will rum using two sets of stage-discharge data. This
practice is not vecommended due Lo the petential for "two point™ exror.
At times, however, only two points are obtainable and must be used in the
derivation. Bovee and Milhous (1578) concluded that two polints can be
used effectively if done with care. To minimize "two peint” error, they
recommend that the calculaticns incorporate the stage at zerc flow (zf)
and that the higher calibration flow be at least twice as high as the
lower one. They further concluded thet the limit of reliability could bs
approached with only two data peints, provided strict limitations were
placed on the range of extrapelation. While the findings of the above
suthors remove some of the uncertainty associated with the use of two-
point rsting curves, abiding by theix recommendations does not guarantee
that “two-point® erver will be eliminated in all cases.

Other Hvdraulic Predictions

In addition te wetted perimeter (WETP), the program also predicts other
hydraulic charascteristics that may be useful in deriving flow recommenda-
tions. These are the mean depth (DPBAR) in ft, mean velocity {(VBAR} in
ft/sec, top width {(WDTH} in ft, cross-sectional area (AREA) in It?, stapgs
{STGE) in ft, and meximum depth (DMAX) in it.

A useful program optionm, termed the width-at-given-depth (WAGD) ocptiocn,
will calculate for up to 10 given depths the width (in ft) and percentage
of the top width having depths greater than or equal to the given values.
The width and percentage of the longest, continuous segment having the
reguired depths is also listed for each flow of interest. This option is
{1luetyated in Appendices B and C.



FIELD DATA REQUIREMERTS

The reauired inputs to the WETP program for each cross-section atve:

i. Three sets of stage-discharge data messured at a high, intermediate
and low flow, The stage height at zero flow (zf) is mandatoxry ocnly
when non-riffles ars modeled.

2. The cross-sectional profile, which consists of channel elevations
(vertical distances) and the horizontal distance of each elevation
measurement from the headstake (zero point).

The following are needed to document field work:

1. Slides or photographs of the study area and cross-sections at the
time field data ave collected.

Z. Field notebooks containing all surveying data, notes and caleula-
tions recorded in 2 naeat, consistent manner.
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FIELD METHODS

i. A self-leveling or automatic level such as a Wild NAKL.
z. 75.ft, telescoping, fiberglass level rod,
3. 50.500 £t canven line or other measuring tape. Tape should be

calibrated to 0.1 ft.

&, Hebay ecut in 3D-inch pleces (stakes). Two stakes are needed per
cross-section.

5, Two clamps {(medified wise grips with flat jaws}).

5. Engineers field notebook.

7. Pencils.

g. Current meter and rod, stopwatch and beeper box. Gurley or FPrice AA

current meters ars preferred,
5. Small sledge hammer.

12, Camera.

i
e
=

luorescent spray paint and flagging.

12. Forms for recording stream discharges and cross-sectional profiles.

13. A vod fitted with a porcelain, enameled, ivom gage (Part Ho. 15403,
Leupold and Stevens, Imc., P. 0. Box &88, Beaverton, Oregon 970753
for messuring water depths. A& current meter vod can be substituted.

14. Machete and tree pruner for trimming vegetation.

Selecting Study Arveas and Placing Cross-Sectisns

Follow these guidelimes when selecting study areas and placing cress-

i. It is best to locate study areas and stake cross-sections during low
water prior to the onset of runoff. A4 good time is the fall when

D=4
flows are low, most waters are easily waded, and riffles are readily
iscernible. It will be difficult to select these sites during the

-
Tt
high water period when data collectlon begins,

Jat

z. The selected study area is normally located near the stream’s mouth.
The study ares is not intended to represent the channel form and flow
regime that occur throughout the designated stream veach, which, in
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the case of the smaller streams, typically encompasses the entire
stream length between the headwaters and mouth. Wich this approach,
the rveach boundaries serve merely to ldentify those junlor water
users who will be subject to the instream right or reservation, which
is monitored at or near the styeam’s mouth, Should the flew at this
site fall below the granted Instream flow, then all junior users
within the designated rsach must cease withdrawlng weter until the
flow recovers. All upstresm users are, thus, keying to a flow that
iz measured on the lower stream. Having similar flow regimes and
channel configurations at the upper and lower reach boundaries are
not required with this approach.

Designating only omne reach is generally unacceptable for the larger
waterways. Here, a limited number of reaches must be established
using reasonable and defensible boundaries, such as major tributary
inflows and dams. For example, the Madiscn River has four designated
reaches: 1} Yellowstene Park boundary - Hebgen Reservoir, 2} Hebgen
Dam - juncticn of the West Fork, 3) junction of the West Ferk - Ennis
Reservoir, and 4) Ennis Dam - mouth. Each reach may well encompass
aress having a similar flow vrsgime and channel configuration,
zlthough this is net 2 reach requirement. Again, the veach mersly
identifies those junior users who are subject to the granted instream
right or reservation.

Place the cross-sections in riffles 1if the wetted perimeter
inflection point method is used to derive recommendatioms. Cress-
sections can be placed in a single riffle or a number of different
riffles. Cross-sections should describe the typlcal viffle habitats
within the strezm segment being studied. Other critical hahltat
types can also be used, depending on your chosen methed.

For a particular riffle, the upper limit is three cross-sections
placed at the riffle’s head, middle and tail., Fewer can be usad if
the riffle is fairly uniform. To be safe, you may want to model two
or three separate riffles in each study area. We vecommend using at
least three and preferably five riffle cross-sections when deriving
the wetted perimeter-flow relationship for each study area. The WEIP
program accepts up te 10 cress-sections per study ares.

Theoretically, one strategically placed cress-section could effec-
tively model the "typiecal® riffle habitat within a2 study area. More
cross-sectiens (up te 5) are recommended under the assumption that
this will result in a movre accurate end product. The ability of the
hiolegist te exercise good judgment 1is the crucial element when
placing cross-sections to model a stream’s riffle habitat.

The WETP model assumes that the water surface elevations at the
water's edge on the left bank (WEL) and right bank (WER) of a cross-
section are alwsvs egual at 2 requssted flow. This is a2 wvalid
assumption because the water surface elevations at WEL and WER
generally remain within 0.1 ft of each other as the flow changes,
provided the water surface elevations at WEL and WER were matched
when the cross-gsection was established. Avold placing cross-sections
in areas where this zassumption ils likely to be wviclated, such as
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s in rivers znd multiple channels containing islands. If
ions through thesze areas are unavoidable, vou should
th caution.

5. Place the headstake marking esch cross-section well up on the bank.

Drive the headstake aslmwost fiush with the ?Vshﬁd and mark well. In
addition to marking the cross-section and providing a fixed reference
sint for establishing elevations, the headstake 1s also FOUr Zero
rence point for measuring horizontal distsnces across the cross-
jon. Headstakes for all the cross-sections within a study area

Ancther stake is driven on the bank copposite the headstake. Place
this stake so that the water surface elevationms at the WEL and WER
of the established cross-section are equal or similar (within 0.05
ft3. This will require the use of a level and level rod. This stake
iz used to mark the cress-section on the bank opposite the headstake
and also to attach the measuring tape when the chammel profile is
measured, so should not be driven to ground level. Cress-sections,
when established, should be roughly perpendicular to the banks.
Eliminate 211 dizgonal cross-sections.

Number the cross-sections consecutively from downstresm to upslireanm
{(the downstresm-most cross-section is #1}).

EVAY

7. HMeasure the distances betwsen cross-sections. This is an optional

@
measurement that might be useful in locating cross-sections during
return trips.

8. Remember, the WETP model is Invalidated 1f chaonel changes occur in
the study area during data collection. For this reason, all field
mezsurements should be completed during the pericd begimming when
runoff is receding snd ending with the onset of runcff the following

vear. The stream chamnel is expscted to be stable during this
paricd.
9. Over winter, headstakes can frost heave, changing their elevations.
H

Thig is an important reascon for completing all field measurements
during the summer-fall period. However, thisg does not prevent you
from placing your headstakes and establishing your cress-sectlons in
fall and starting vour measurements the following summer when runcif

iz receding.

Establishing Bench Marks

fstablish & bench mark at or near your study area. The bench mark is a
point that will not be disturbed or meved. A& nail driven into the base
of a tree, a fized spot on a bridge sbutment 2nd a survey staks driven
inte the ground are examples of bench marks. Designating one of the
cross-sectional headstakes within a study area as the bench mark is an
acceptable practice, provided all field measurements are completed before
the onset of winter. BHench marks should be well marked in the fisld and
their locations described in your field notebook so they cen be easily
located during return trips. All chammel and water surface elevations are
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established relative to the bench mark, which is assigned an elevation of
16600 or 10.00 fo. Use 10.00 ft vhenever possible.

For streams having "heavy" vegetative cover, the use of 2 singie bench
mark may nct be practical. In this case, the individual headstakes can
serve as bench marks. For example, the headstske Ffor cross-section #1
could serve as the bench mark for cross-sections #1 and 2, while the
headstake for cross-section #3 could serve as the bench mark for cross-
sections #3, 4 and 5. Each headstake could also serve as the bench mark
for that individual cross-section. While this is not the best surveying
technique, certain stream reaches may require its use. Be sure Lo
carefully record in your notebock which headstakes arve used ag bench marks
o gveid confusicn and errors on retwn trips.

Remember, chamnel and water surface elevations for all ecross-sections
within a study area do not have to be tied to a single bench mark for the
WETP progrzm to rum properly. However, the use of a single bench mark
demonstrates good field techmique.

Surveving Technigues

The reader is referred to Spence (1973} and Bovee and Milheous (1578} for
a discussion of the surveving technigues used to measure cross-sectional
profiles and water surface szlevations. Both papers should be read by
those unfamiliar with the mechanics of surveying. ALl investigators must
receive fisld training hefore attempling any peasurements.

1t is impertant to be consistent and to use good technique when collecting
and recerding data. Record zll data in your notebeook and complete all
caleulations while in the field, so that amy surveying errors can be
detected and corrected. Remember, your field notebooks may be examined
in court or hearing procesdings. Good guality egquipment such as an
sutomatic level is alsc an asset.

Measurine Watrer Surface Elevstions {Stages)

Water surface elevations should be measured for each cross-section at
three different flows. If cross-sections are estaeblished prier to runoff
(this practice is vecommended), you must return to the study area at least
three more times; when runeff is receding (high flow), near the end of
runcff (intermediate flow) and during late summer or early fall (low
Flow).

It is unnecessary to collect surface elevation measurements for all of the
cross-sections within a study avea at the same flows, For example, if
another cross-section iz added to the study asrea at a later date, the
calibration flows for this new cress-section do not have to match those

for the sther cross-sectioms. 1t iz also unnecessary to have the same
aumber of calibration flows for all of the cross-sections within 2 study
area,

Water surface elevations are measured at the watev’s edge directly
oppesite the stake marking the cross-section on each bank. Visually line
up the points (WEL and WER) in the cross-section where surface elevations
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will be measured. The stretching of a tape across the cross-section is
unnecessary because the norizontal distances frem the headstake to the
WEL and WER are not needed. Heasure water surface elevations to the
nearest 0.01 . The mechanics of this measuvement are discussed In Bovee
snd Miihous (1978). Once water surface elevations are calculated, repeat
the measurements to check for surveying errcrs. If all cress-sections are
tied to z single bench mark, water surfsce elevations should increase as
the cross-sections progress upsiyrsam.

&s previcusly discussed, the WETP medel asszumes that the water surface
elevations at WEL and WER ave alwavs sguzsl at a selected fiow of interest.
In a stream channel, the surface elevations at the WEL and VER of a cross-
section should vemain fairly equal as the flow wvaries, provided the
elevations at WEL and ¥ER were matched when the cross-section was
estzblished. Conseguently, 1t is necesssry to measure the water surface
elevations at both WEL apd WER during all return trips to verify this
sssumption. These two measurements should always be within approximately
6.1 fr of one another. For the larger waterways, & greater difference is
allowable. Average theses two measurements to obtain the water surface
elevation that is entered on the coding sheets.

Measuring Stream Diacharges

The flow through the study ares must be measured each time water surface
elevations ave determined. On the larger waterways, it is best to locate
study areas near USGS gegs statlons to eliminate a dlischarge measurement.

Use standard 1USGS methods when measuring discharges. Publications of
Bovee and Milhous (19783, Buchanan and Somers (1969}, and Smoot and Novak
(1968) deseribe these methods end provide information on the malntenance
of current meters. Read these publications before attempting any dis-
charge measurements, Field tralning by USGS personnel is also mandatory.

Mezsurineg Oross-Ssctional Profijes

The channel profile has te be determined for each cress-section. Uniike
the measurement of water surface elevations, this has to be dome only
once. It is best to measure profiles at the lowest calibration flow when
wading is easiest. For the unwadable, larger waterways that require the
use of a boat, prefiles zre best measured a2t the intermediate calibration
flow,

For wadable styeams, a measuring tape is stretched across the cross-
section with the zero point set on top of the headstake. Setting the
headstake at zers, while not mandatery, is a good practics that provides
consistency in your field techmique. Never attach the tape directly to
the headstake. The tape is attached with a vise grip to a stake that is
driven behind the headstake. 4 vize grip can be attached divectly te the
stake on the opposite bank to stretch and hold the tape In place.

Elevations are now measured between the headstake and water’s edge using
vour level and level rod. Elevations are measured at major breaks inm the
contour. The horizental distance of sach elevatlion measurement from the
headstake {(zero peint) is also recorded. Elevations are also measured
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between the water’'s edge at the opposite bank snd the opposite gtake and
fhe horizontal distance from the headstake racorded for each measurement.
Elevations of the exposed portions of instream rocks end beulders are also
measured in this manner. Measure slevations to the nearsst 0.01 £t and
horizontal distances to the nearest 0.1 ft.

Be sure to collect profile measurements for polnts well sbove the water's
edge. It is a good practice, alitheough not mandatory, £o begin at the
headstake {distance of 0.0 ft) and end at the stake on the opposite bank.
Remember, the highest elevations on both banks of the cross-secticnal
profile must be substantially higher thanm the stage at the highest
calibration flow if predictions are to be made fer flows of interest that
exceed the highest calibration flow.

For small streams having a smocth bottom and little depth, the entire
profile can be surveyed using your level and level rod., For larger
streams, a different appreach involving the measurement of water depths
is used to determine the profile of the segment of the cross-section that
contzins water. Water depth is msasured using a current meter rod or a
rod fitted with a porcelain, enameled, irom gage. Do not use your level
red. ({(Prolonged use of your level rod in water ruins the foot markings
on the rod.) Measure depths at all major breaks in the bottom contour.
Generally, 30 or more depth measurements are needed for streams and

creeks. Measure depths te the nearest 0.05 ft (current meter rod) or
0.01 ft (rod fitted with gage). For each depth measurement, record the

horizontal distance from the headstake {zero point). The bottom elevation
at each distance from the beadstake is determined by subtracting the watex
depth from the water surface elevarion (average for WEL and WER). For
example, if the average water surface zlevation is 5.26 ft and at 10.2 ft
from the headstake the water depth is 0.40 £, then the bottom elevation
at this distance is 8.86 ft (9.26 ft minus 0.40 fr). Elevations for all
points covered by water are calculated in this manner.

For the unwadable, larger waterways, cross-sectional profiles are measured
using a boat, depth recorder and range finder. Graham and Penkal (1%78)
describe this technigue.

The WETP program will handle vertical banks. When recording these data,
the horizontal distance from the headstake to both the top and bottom of
the vertical will be the same, but the slevations will bs different.

The program will not handle undercut banks. These data have to be
adjusted before being entered om the coding sheers. The begt method is
to treat undercuts as vertical banks. To accomplish this, the horizontal
distance from the headstake to the top of the undercut is substituted for
the horizontal distance to the bottom of The undercut, creating a vertical
bank.

The program will handle islands, bars and multiple chanmels, provided the
water surface elevations at all the water’s edges in the cross-section
remain relatively equal as the total stream flow changes. Because this
is unlikely, these areas should be avoided when establishing cross-

seciionsg.,
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QFFICE METHODS

WETP Dats Format

Ar example deseribing the WETF format is given In Appendix B. Much of the
format is self-explanatory. Carefully examine this example and the
explenatory notations before entering your data on the coding sheets,

The five cross-sections in the exanple were Located in riffles, The stage
height at zero flow (zf) was therefore set to the lowest elevation in the
cross-sectional profile for each.

A1l elevations in the example were keved to a single bench mark, which vas
assigned an elevation of 100.00 ft for illustration only. A bench mark

elevation of 10.00 fr would be more appropriaste and should be used
whenever possible,

Inter the WETP data on the coding sheets in the following manner:
1. Flows of interest {(up to 100 flows are accepted by the program)

Integers in c¢fs or with decimal points (net te exceed six
characters, including decimal point if used;

2. Cross-sectional profile (up to 150 sets of measurements are accepted)

Distances from headstake - nearvest 0.1 ft
Channel elevations - nearvest 0.01 £t

3. Stape-discharge data {2 to 10 ssts of measurements are accepted)

Stages (water surface elevations) - nearest 0,01 ft
Discharges (flows) - neavest 0.1 cfs

4, Stage height at zere flew (zf) (one for gach non-riffle cross-
section)

1f the cross-sectional profile, stage-discharge and zf data are entered
as described above, decimal polnts are not needed. However, decimal
nolnts can be used 1if desired.

Selecting Flows of Interest

You will be extrapolating data for flows of interest that are less than
the lowest measured calibration flow for a particular cross-section. The
extrapolation of data beyond the highest calibration flow is 2 less
desirable option bacause our main intersst is to derive minimum flow
recommendations. Remember, the stage-discharge rating curve generally
flattens out at extremely high (sbove bankfull) and extremely low flows.

17



these flows, the predicted stages from the measured rating curve are

#

gquestionable and could lead to Inaccurate hydraulic predictions.

AL

Bovee apd Milhous (1978) recommend the following limits when selecting
flows of interest:

1. Twe point stage-discharge rating curve

Hydraulic predictions should not be made for flows that are less
than 0.77 times the minimum measured flow, nor for flows higher than

P

1.3 times the maximum measured flow.

Z. Three point (or greater) stage-discharge ratimg curve
Hydraulic predictions should not be made for flows that are less
than C.4 times the minimum measured flow, ner for fiows higher than

7.5 times the maximum measured flow.

These are only guldelines, not hard and fast rules. Common sense, rather
than the strict adherence to a suggested guideline, should govern the
extent of vour extrapolations.

WETP Data Output

The ocutput for the input example in Appendix E 1is given in Appendix C.
Carefully examine this cutput,

Detecting Errors

Practicing good technigue when surveying cross-sections and measuring
flows will eliminate errors {except data entry and coding ervors) in your
WETP input and lead to reliable hydraulic predictioms at the requested
flows of interest. Despite precautions, eryors can goO undetected.
However, most will become evident when you examine your printouts and do
the feollowing:

1. Check for data enlyy &vrors

Carefully proof the profile and stage-discharge data on the printouts
to detect errors made by the data entry people. Few printouts are
without rhese errors. Format end recording errors on the coding
shests are other major causes for errors inm the profile and stage-
discharge data.

2. Check for error messages

The vast majority of error messages that occasionally appear on the
printouts are the result of formar errors on the coding sheets. In
general, these are sasily corrected before the printeout is sent to
the cooperator.

4

b

error message will aprear when predictions are requested for flows
of interest having stages that are higher than the highest elevations
, the cross-sectional profile. Additvional profile measurements

[l
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collected higher up on the banks will correct this problem if deemed
necessary.

Examine the cross-gectional profiles

Look for sudden slevation decrsases in the cross-sectiocnal pr@fiies,'
For example. elevations that suddenly drop from 7.42 £v wo 53.35 ft

then jump to 7.36 ft are suspect. Sudden elevation Increases are

alsc suspect. These, however, could reflect large rocks within the

cross-sectional profile.

Examine the 1 valuss

If the r* value for s stage-discharge rating curve is less than
appreximately §.90, the cross-section ghould be ¢liminated fyrom the
analysis. Low r® values may be due Uo &rrors, so recheck the stage
and discharge measurements before eliminating these cross-secticns.
A faulty discharge calculzation may be the culprit. For those cross-
sections having only two sets of stage-discharge measurements
{remembar, this practice is not recommended), ¥ values are sutomati-
cally 1.000 and, consequently, of no use in assessing the reliability
of the hydraulic predictions.

Hear perfect v’ values (>0.96) are the norm. If your wvalues are not
consistently 0.96 or higher, your surveying and discharge measuring
skills need improving.

Examine the stages

At each ecalibration flow, the measured stage (water surface
elevation) should increase ss the cross-sections progress upsiream,

rovided all cross-sections are keyed to the same hench mark. 1If a
decrease occurs {i.e., water is flowing uphill), errors are present.
For example, the stages for ercss-sections 1, 2, 3, 4 and 5 at the
calibration flow of 23.8 cfs are 4.87, 5.23, 5.36, 6.53 and 5.96 fr,
respectively. All stages for cross-sections 4 and 5 need rechecking
to determine which cross-section is incorrect. If errors cammot be
found, eliminate the offending cross-sections. Allowing such errors
to go undetected in the field is indicative of sheddy technligue.

For each cross-section, calculate the increase of the measured stage
hetween the low and intermediate calibration flows and the inter-
mediate and high calibration flows. Increases should be similar for
a1l riffle cross-sections. For example, if the stage between the low
and intermediate calibratiom flows for riffle cross-sections 1, 2,
3, 4 and 5 increases by 0.31, 0.22, 0.20, 0.24 and .94 ftr,
respectively, stags measurements for cross-gection 3 should be
recheekad, If an error is not found, eliminate cross-section 5 from
the analvsis.
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. Compare the stages to the cross-sectlonal profile

For each cross-section, compare the measurad stagss at the calibra-
tion Flows to the elevations in the cross-sectionsl profile to see
if the stages and profile elevations are "in line." For example, the
stages for a riffle cross-section in a small stream are arcund 4 fe
and the lowaer e=levations in the profile are about 1 ft. The
magnitude of this diffsrence {3 fr}y indicates ervors.

7. Examine the zf valuss

The zf valus, taken as the lowest elevation in the cross-sectional
nrofile for tiffles, should genmerally increase as the riffle cross-
sections progress upstream, provided all cross-sections are keved to
the same bench maerk. I©f an upstream viffle cross-section has a zf
value that is significantly less than that of its downstrean
neighbor, the accuracy of the profile Is suspect. A recording or
data entry error is often responsible. For example, & profile
elevation of 4.94 ft is entered as .94 ft, causing the zf value to
he excessively low,

g. Compare measurements to predictions

Include the flow at which vou measured cross-sectional profiles as
cne of vour requested flows of interest., At this flow, your field
measurements will include the top width (WDTH), maximum depth (DMAX)
and stege {(STCE)} for each cross-section. On the printout, compare
rhese measured values te the predictions, If the measured and
predicted values are dissimilar, errors are present,

At

Compare predictions for all cross-sections

Compare the hydraulic predictions for all riffle cross-sections at
one of the lower flows of interest te see if the predictions are
similar. For example, at a flow of 5.0 cfs the predicted wetted
perimeters for riffle cross-sections 1, 2, 3, & and 5 are 4.23,
19.74, 18.62, 16.72 and 23.49 ft, respectively. The value for cross-
section 1 is out of line with the others and, conseguently, 1is
suspact.

Plotring Wetted Perimeter-Fiow Belationships

The computed wetted perimeters for all viffle cross-sections at each flow
of interest are averaged and the flow recommendation is selected from the
plot of average weited perimeter versus flow. Average wetted perimeters
are listed in the far right column ou the printeuts.

As a general guideline when plotting wetted perimeter-flow relationships
for mountain streams, the flows on the x axis should extend a lictle
beyond the stream’s average annual flow. Because the inflection polnts
typically fall well below the average annual flow, extending the plot far
heyond this peint is unnecessary. The limit of the lower flow is a
judgment decision bassd on how comfortable you are with vour data
extrapelations.

b
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You may have to change the scale on your plots a mumher of times to better
define the inflection points. Do not be concerned if a lower Inflection
point is not discernible on your final plet. If it Is not evident, simply
state so in the narrative. The uppermost point, which is far more useful
when deriving most recommendations, is typically well-defined for riffles
and easily located on the plots. A department computel progyam that
calculates changes in slope on the wetted perimeter-flow curves is
available to aid in selecting inflsction points 1if needed.

If the upper inflection peint flow on the composite plot is, in vour
ijudgment, toc high relative to water availabilicty, you should plot the
individual wetted perimeter-flow relationships comprising the composite
to see if any single relatiomship is overly imfluencing the composite.
This could be the cause of & "high” recommendation. You may choose o
vemove the offending cross-section from the composzite.

As a general guideline, upper inflection point flows for mountain streams
equal, on average, about 40% of the average anmual flow., The percentage
can vary consziderably for individual streams, commenly ranging between 25
and 75%,



OTHER USES FOR THE WETP QUTPUT

The wetted perimeter inflection point method, as previously described, is
the primary method the MDFWP is presently using to derive instream flow
recommendations for the waterways of Montana. The WETP program and cutput
can also be used in other ways for deriving recommendations. Some of
rthese uses are discussed in the follewing enxamples.

Pagsace of Mipratory Trout

Many streams provide lmportant spawning and rearing habitats for migratory
salmonids. Sufficient stream flows are needad not only to maintaln
spawning and rearing habitats, but alse to pass adults through shallow
riffle areas apd other mstural barriers while moving te their upstreanm
spawning sites.

Trout passage criteriaz relating to strsam depth have been developed In
Oregon and Colorade (Table 1). These criteria, when used in conjunction
with the WETP cutput for critical riffles, can be used to derive minimum
passage flows. For example, passage criteria developed by the Colorade
Division of Wildlife for styeams 20 ft and wider indicate that the minimum
average depth needed to pass trout through riffles is 0.53-0.6 ft. The
cutput for the Tobacce River (Table 2) shows that the average depth for
all five riffle cross-sections exceeds 0.5 ft, the appreximate minimum
average depth required for passage, at a flow of 120 cfs. A flow of at
least 120 ¢ofs is therefore recommended during the spawning period to
facilitate the passape of adult trout to upstream spawnlng areas.

Table 1. Trout passage criteria {from Wesche and Rechard, 1%80).

Minimum Average Where

Species Source Depth (fr) Depth (£ heveloped
Large Trout Thompson 0.6 - Oregon
=70 inches L7z
Gther Trout Thompson 4.4 - Sregon
<20 inches 1972
Trout Colo. Div. m 5.5-0.6 Colorado
{on streams of Wild. ACTOSE

20 ft or 1976 riffles

greatar)

roul Colo. Div. - 0.2-3.4 Colovads
{on streams of Wilid. ACTOSS

106-20 fo 157¢ riffles

wide)
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Table 2. Average depths for five riffle cross-sections in the Tobacco
River, Montana, at selected flows of interest. Average depths
were derived using the WETP computer program.

Average Depth (£t}

Flow Riffile Riffle Riffie Riffle Riffle
{cfs) ey #1 cg #2 cs #3 cs #4 cs #5
FLE Lad .63 79 .68 47
110 A 69 .85 .72 .52
128 T .73 9L .75 .57

The minimum depth criteria developed in Oregon could also be used in
conjunction with the WAGD option of the WETP program to derive passage
recommendations . For this evaluation, criteria are developed regquiring
at least a certain percentage of the top width of 2 cress-szection to have
water depths greater than or egual to the minimum needed for fish passage.
in Oregen, at least 25% of the top width and a continuous portion equaling
at least 10% of the top width are used (Thompson, 1572). The flow that
satisfies these criteria for all cross-sections is recommended.

Goose Mesting Beouirement

The maintenance of adeguate flows arcund islands selected by Canada geese
for nesting is necessary to Insure that the nests are protected from
mammalian predators. Under low flows, predators have easy access to the
islands and can significantly reduce goose preduction. The security of
the islands is a primary factor in their sslection as nest sites by geese.
This security is provided by adequate side channel flows, which are a
function of depth, widrh, and velceity. Because wetted perimeter is a
function of beth widch and depth, its relationship to discharge may be the
hest indicator of the minimum flows that are needed to maintain securs
nesting islands.

The wetted perimeter inflection point method is applied to the shallowest
area of the side channel bordering each mnesting island. & wetted
perimeter-side channel discharge curve is generated fov each cross-section
and the inflection poinmt determined. A curve correlating the side channel
flow to the total river flow is also derived during the field season.
Frem these curves, the total river discharge that would provide the
inflection peint flow in each side chamnel is determined. The fimal
recommendation is derived by averaging the recommendations for sach island
or choosing the river flow that would maintain at leasst the inflection
point flow arcund all the islands being sampled in the study area. Ths
latter method is preferred.

Minipam depth and width criteria could also be developed and used in
conjunction with the WAGD option of the WETP program to formulate flow
recommendations for nesting.

23



“+

Maintenzance of Spawning and Hesarins Hobitatrs ipn Side Channels

Side chammels provide important and sometimes ecritical spawning and
vrearing habitats for many cold- and warm-water fish species. The
maintenance of these habitats depends on adequate side channel flows.

The wetted perimeter inflection point method, when applied to the riffle
areas of crizical side channels, wiil provide a messure of the side
channel flow that is needed to maintain the spawning and rearing habltats
at acceptable levels., When this side channel recommendation is used in
conjunction with a curve correlating the side channel flow to the total
river flow, the total rviver flow that would maintain adeguate side channel
flow can be determined.

This methed 1is applied to a series of side chanmels and the final
recenmendation derived by averaging the recommendations for each or
choosing the river flow that would maintain at least the inflection point
flow in all the sampled side channsls. The latter methed is again
preferred,

Recreational Flesting Regulirement

Minimum stream depth and width criteria have been developed for variocus
tyvpes of boating craft by the Cooperative Instream Flow Service Group of
the U.§. Fizh and Wildlife Service (Hyra, 1978). These are listed in
Table 3.

Table 3. Required stream width and depth for various recreation craft,

Recreation Craft Regulired Depth (£t} Feguired Wideh {ft
Canoe-kavak 3.5 4
Drift boat, row boat-raft 1.0 &
Tube 1.6 4
Power boat 3.0 &
S$sil beoat 3.0 25

These criteria are minimal and would not provide a satisfactory experience
if the entire river was a2t this level. However, if the reguired depths
and widths are meintained in riffles and other shallow areas, then these
minimum conditions will only be encountered a short time during the float
and the remainder of the trip will be over water of greater depths.

Cross-sections are placed in the shallowest area along the waterway. The
WAGD option of the WET? program is used to determine the flow that will
satisfy the minimum criteria for the craft of interest. For example, 1f
deriving a recommendation for power boeats, the flow providing depths
= 2.0 f£ for at least a 6.0 ft, continuous length of top width is
recommended. When a series of cross-sections are used, the vesults for
each cross-section are analyzed sepsrately and the flew satisfying the
criteria for all cross-sections is recommended.
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! This analysis can be expanded using additional criteria. For ewample, in
addirion te tha above criteria for power boszts, it can also be required
that a certain percentage of the top width, such as 25%, has depths

i > 3.0 ft. Remember, vou will have to justify all criteris used in your
analysis.
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FIinal, CONSIDERATIONS

Ze sure Lo compare your instreas flow recommendations to water avail-
ability. For gaged streams, many summary flow statistica, such as the
mean and median monthly flows of record, ars available for compariseon.
For ungaged streams, instantanecus flov measursments collected by various

state and fedaral agencies and simulated data ave useful. The primary
purpose is to determine if the recommendation is reasonable when compared
to water availability. It is also desirable, for future plamming, to

define the period in which water in excess of the recommendatiom is
available for consumptive uses and to quantify this excess.

It is common for the low flow recommendations for many of the headwater
rivers and streams te equal or exceed the normal water availability for
the months of November through March, This is the winter period when the
natural flows are lowest for the year. These naturally occurring low
flows, when coupled with the adverse effects of surface and anchor ice
formation and the resulting scouring of the channel at ice-out, can impact
the fishery, Consequently, water depletions during the winter have the
potential to be extremely harmful te the already stressed fish popula-
tions. For headwater rivers and streams, it is generally accepted that
Tittle or no water should be removed during the critical winter peried if
fish populations are to be maintained at exilsting levels.

The recommendations derived from the wetted perimeter inflection point
method only apply to the low flow or non-runoff months. For the high flow
or runcff period, flow recommendations should be based on those flows
judged necessary for flushing bottom sediments and maintaining the
existing channel morphology. This method, termed the dominamt discharge/
chammel merpholegy concept (Montana Department of Fish and Game, 1979},
requires at least ten years of continuous USGS gage records for deriving
high flow recommendations, so camnot be applied to most streams.

]
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APPENDIY A

Caleulation of stage height at zero fiow (zf; from Rantz {1982
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Example of WEIP data output
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I. IHTRODUCTICH

The Montana Depariment of Fish, ¥ildlife and Parks {(MDF¥P) is
preparing an application for reservation of water in the Missouri River
Basin.! As part of the application, HDFWP must discuss direct and
indirect benefits and costs of the reservation on future economic
activities and envircament in thé Basin.

This report presents information on the cuvrrent status of major
economic activities im the Misscuri River Basin including recreation,
sgriculture, industries, and municipalities. The indirect benefits and

costs of granting MDFWP the reservation of water alsc are discussed.

tThe Misszouri River Basin im this report includes all waters of the
Migsouri River and its tribubtaries upstrezam from the Fort Feck Dam.
Canyon Ferry Dam is the dividing point between what are referred to in
this report as the “"upper” and "lower” basins.



Ii. DIRECT BENEFITS OF THE RESERVATION

k. Tourism and Recreationm

Tourism, one of the fastest growing industries in Montana, is
directly affected by the guality of the npatural environment, particularly
rivers and streams. In 1986, nearly 2.8 million non-residents vigited
¥ontana, generating over $é?5,@0@,@5é in income for the state {Montana
Department of Commerce 1988).

hecording teo a survey of tourism in Montana sonducted by Hontana
State University {Brock et al. 1984}, $5.4 percent of non-residents
gurveyed perceived Montana as good or excellent in terms of the state’s
sutdoor recreation amenities. Similarly., 91.3 percent of surveyed non-
resident anglers reported Hontana to have good or ercellent angling
opportunities,

pata from the Sport Fishing Institute also indicate that Hontana
is highly valued for its fishery resource. In 1987, for example, Hontans
ranked fourth in the nation for the number of non-resident fishing
licenses sold. Although Hontana ranks 44th nationally in population, it
attracts a disproportionately large number of non-resident anglers hecause
of its unigue and productive cold-water fisheries resource.

4 gstudy conducted by the University of Hontana {Prost and HcCool
1986} documented that the Missouri River Basin is extensively used for
water-baged recreation by gtate, natiomal, and foreign residents. Fifty-
six percent of Hontzmans fish and over 30 percent float in raits, canoes,
and kayaks. Frost and HcCool (1986} reported that about 35 percent of
river floaters considered rivers in the Hissouri River draingge to be

their favorite Hontana streams to float. The favorite Hontana streanm




cited by floaters was the Yellowstone (13.7 percent}) followed by the
Missouri {11.2 percent) and the Madison (8.8 percent).

The economic values that accrue from fishing on Hontana's yivers
and streams are considerable. Stream fishing alone in 1%85 was valued at
over $122,000,000 annually {(Duffield et al. 1987). Residents of Hontana
typically traveled an average of 11% miles per fishing trip, whereas non-
residents traveled an average of 1,521 miles per fishing trip.
Expenditures by Montanans for stream fishing were §36 per person pex trip,
whereas non-residents spent $536 per person per trip.

puffield et al. {1987} caleulated that the total recreational
yalue of streams of the Missouri River drainage upstream from Canyon Ferry
Dam is §50,962,000 per year, or 42 percent of the total value of all
streams within the state {Table 1). The mainstem Madison River is the
most valuable fishing water in the state with an estimated economic value
of §17,509,000 per vear, followed by the Gallatin River with an annual
value of $9,722,000 {Table 1). The Madison River alsec has the heaviest
fishing pressure of any water in the state with 108,712 angler days per
year.

The net economic value of fishing in the Missouri River drainage
hetween Canyon Ferry Reservoir and Fort Peck Dam is estimated to be
€11,478,000 {Table 2). Approximately § percent of the total fishing value
of all streams in the state is derived from streams in the lower Hissouri
Kiver Basin. Together the streams in both the upper and lower Higssouri
River Basin provide about 51 percent of the statewide fishing-related

values.



TABLE 1

RECREATIONAL VALUE BY SITE FOR STREARNS
IN THE UPPER MISSOURI RIVER BASIN

Annual
Stream value Per Day  Angler Days  Annual Site Value
Gallatin Tributaries 3171.54 14,045 5 2,409,000
{combined)
Upper Missouri § 87.72 25,4159 § 2,230,000
Jefferson £ 74,21 25,128 4§ 2,307,000
Beaverhead & 95,75 24,239 & 2,321,000
Big Hole £108.55% 47,916 § 5,201,000
East Gallatin §142.80 5,191 $ 884,000
Gallatin 8152.22 £3,871 § 9,722,000
Hadison 8161.06 108,712 8$17,509.500
Hadison Tributaries 5254.04 11,224 § 2,851,000
{rombined}
peaverhead Tributaries 81319.47 25,878 & 3,600,000
icombined}
Big Hole Tributaries 21G3.07 18,521 $ 1,915,000
{combined}
Total 175,239 &840, 962, 000
Average §136.00 § 4,632,000

State Teotal §5122,315,000

Percent of State Total 42%

Source: Duffield et a}. 1987.




TABLE 2

RECREATIONAL VALUE BY SITE FOR STRERMS IN
THE LOWER MISSOURYI RIVER BASIWN

Ennual
_ ... Stream Value Per Day  Angler Days  Annual Site Value
Migzouri River {(between § 77.84 22,340 $ 1,739,000
Marias River and
Fort Peck Dam)
Misscuri Eiver {Canyon 3 61,36 £7,557 5 4,145,000
Ferry to Harias River)
Marias River 5 58.77 5,925 5 348,000
Husselshell River & 85,96 11,218 5 £28,000
Missouri River {Holter § 53.33 72,788 S 3,663,000
to Cascadel
Smith River § 78.98 11,424 5 238,640
Smith River Tributaries
{combined) 8 16.2% 7,143 5 116,060
Total 198, 7958 511,478,000
Everage 4 85,93 22,359 £ 1,640,000

State Total §122,315,000

Percent of State Total 9.4%

Source: Duffield et al. 1987.



In addition to fishing, there are other water-based recreational
values of streams in the Missouri River Basin. Floating. camping,
swimming, and hunting are also popular recreational activities directly
associated with the Hissouri River and its tributaries. There ig very
little economic data available that allows for economic analysis of the
values of the Misscuri River and its tributaries for recreaticn other tham
fishing. The values reported for Duffield et al. {1387} for streams in
Montana would be significantly higher if recreaticnal values in addition
to fizhing were congidered.

The Bureau of Land Hanagement (U.5. Department of the Interior
1988} reported that 66,585 visitors spent 75,582 visiter days annually
along the Wild and Scenic reach of the Mizacuri River, beiween Fort Benton
and Fred Robinscn Bridge. Based on recreational surveys conducted in
1987, these visitors floated, camped, hunted, and fished along this 146-
mile portion of the river. Assuming that the recreational value for all
outdoor reereation would be zimilar to the value of fishing reported by
puffield et al. {1387) {i.e., $77.84 per day, Tahlie 2}, the recreational
value of the ¥ild and Scenic portion of the Hissouri River, based on
Bureau of Land Management data, would be 85,883,303 per vyear,

Recreational use of the Smith River by floaters and fishermen has
been monitored by HDEWP since 1984. This popular floating and fishing
river receives the most recreaticnal use during late Hay, June, and early
July, when the water levels are the highest. Dering the rest of July and
the monthe of August and September, recreational use declines sharply due
te low water levels brought about by irvigation diversions and naturally

low flows during dry years {Table 3}. During 1987, approximately 1,240




TRELE 3

WUMBER OF FLOATERS USING THE SHITH RIVER

Month/¥Week 1987 isas 1%84  Total
Hay
Heok 1 52 79 35 166
Yeek 2 63 15 35 113
Week 3 118 55 93 266
Week 4 260 264 a5 565
June
Week 1 119 167 5 136
Week 2 183 233 147 563
Week 3 140 240 349 729
veek 4 LY IR0 413 851
July
Week 1 10 114 502 £26
Yeek 2 55 142 119 316
Yeek 3 57 114 32 203
Heek 4 7 47 13 137
Bugust
Week 1 28 42 34 104
Yeek 2 7 31 18 58
Week 3 10 14 24 48
Heek 4 e 23 .34 —3 6l
Total 1,249 1,971 1,932 5,143

Source: Montana Department of Fish, ¥11d1ife and Parks, Helena, Montana,



floaters spent a total of about 5,133 days on the river {Hontans
Department of Fish, Wildlife and Parks 1%87). According to Duffield et
al. {1987}, the total annual value of the Smith River for fishing i3
5837,000. Because zll Smith River floaters do not fish, the total value
for both floating and fishing would be higher. Data collected by HDFWP
show that about 25 percent of those floaters do pot fish. Essuming that
recreational value of floating is comparable to the value for fishing
{i.e., §70.96 per day based on buffield et al. {1387}, the total valuse
for floating and fishing would be approximately 1,160,600 per vear.

The recreational, economic, and aesthetic values of the rivers and
ctreams in the Missouri River Basin clearly reflect premier Montana
resources. An instream flow reservation would preserve these unigue and
significant natural rescurce values for the present and future benefits of
the public and eccnomic well-being of the state.

HDFWP, in recognitionm that fishing is an important recreational
activity in Hontana, has developed long-range, comprehensive plans {SCORP)
to esnsure that future management is consistent with future public demands
on the fishing resource in the state (Montana Department of Fish, Wildlife
and Parks 198€). 1Im 1984, anglers throughout the state apent a rotal of
1,365,000 days fishing in rivers and streams. By 1530, fishing is
expected to increase by about 11 percent to 1,531,400 angler days
statewide {Montana Department of Fish, ¥ildlife and Parks 1986% .

Fishing pressure in 1984 in MBFWP Regions 3 and £ {approximately
three-fourthe of the Missouri River Basin) was 714,800 angler days. about
54 percent of all stream fishing in the state. By 1556, the demand for

fishing is projected to imcrease by more than 12 percent in Regions 3 and




4 to over 804,500 angler days. Adequate instream flows to maintain the

fishing resource are essential to meet the projected future demand for

fishing and other water-based forms of recreation.



117. DIRECT COSTS OF THE RESERVATIOH

R. Stream Gaging

Some stream reaches of the Wissouri River Basin de not have gages
at appropriate locations to adequately monitor streamflows. Once
reservations are granted, monitoring of streamflow on the stream reaches
may be necessary for protection of the granted flowe. Costs of installing
gages would range from 5600 to $17,500 per gage, depending on the level of
technology required for adequate monitering (Karp 1987). Anpual operating
costs would range from $800 to §%,500, depending on the complexity of the

acnitoring program (Karp 1987},

10




1v. INDIRECT BENEFITS OF THE RESERVATIOR

h. Hydropower

Maintaining instream flows through a water reservation would
provide monetary benefits through electrical generation. Water that is
available in the Missouri River system passes through seven major
hydropower generating farilities in Montana, North Dakota, and South
Daknta. Table 4 presents the average generating capacity of each facility
and the cumulative electrical gemeration per acre-foot of water as it
passes from one facility to the next one down the Hissocuri River system.

Thera are varying concepts of how water in streams and reservoirs
sre most appropriately valued. Doth the Western Area Power Edministration
{WRPRY and the U.5. Corps of Army Engineers {Corps) have provided
estimates of the value of an acre-foot of water in the Hissouri River
Bzsin for hydropowsr. The value of an acre-foot of water passing through
the geven hydropower facilities would depend on the sale price of
electricity. According to WAPA, the price of electricity rangss from 7.%
mils per kilowatt hour (KWH) for "firm” power to 14 mils per KWH for
"ayrplus® power (Dick Schirk, pers. comm., 1987). BpBased on the cumulative
generation of electricity through the Hisscuri River mainsten dams {Table
4), the value of an acre-foot of water would range from §5.83 to $10.88.

John Velehradaky {pers. comm., 1988}, Chief of the Planning
pivision of the Corps in Omaha, Hebraska, egtimated that an acre-foot of

water flowing through the sixz? mainstem dams from Fort Peck Reservoir

2This estimate did not include Camyon Fervy Dam.

il
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TABLE 4
KILOWATT HOUR (KWH) GENERATION PER ACRE-FOOT (AF)
OF WATER {Median ¥%ater or Most Probable Runcfi)
Average Generation Cumulative
Pover Plant {EWEB/AF} o (KWHE/AF}
Gavins Point 15 171
Fort Randall 95 742
Big Bend - BB £47 I
Oahe 154 591
Garrison 148 437 I
Fort Peck 164 288
Canyon Ferry 125 132% '
|

Source: Western Area Power Administration, January 26, 1984,




Yomihh
L

downstream would produce §4.90 worth of electrical power. This figure was
bagsed cn 2 value of 7.23 mils per EWH of electricity.

Velehradsky alsc stated that the perceived henefits of hvdropower
are much greater than $4.90 worth of clectricity produced per acre-foot of
water. 1If new power sources must be brought on line, the cost could be &0
mils per KWH or higher, or equivalent to about £41.00 per acpe—foot.

Instream flow reservations would help maintain the electrical
generating capacity of the hydropower plants on the ¥issouri Kiver.
Hydropower plants currently provide some of the most economical eleckrical

power in the western states.

E. Pollution Control

Maintaining instream flows in the upper Misgsouri River Basin would
provide sufficient water volumes to dilute wastewater discharges from
municipalities and industrial sources as well as return flows from
irrigation systems. <Currently, there are 43 municipalities, 46
industries, and 20 placer mining operations in the Hissouri River Basin
with discharge permits issued by the Hontana Department of Health and
Environmental Sciences (DHES) {Table 5.

DHES issues permits to mupicipalities and indusiries to discharge
wastewater into stresms where there are sufficient streamfiows to dilute
wastes., Each discharge permit has criteria attached specifving that
receiving waters would be protected as long s streapfloy does not fall
below the T-day, 10-year low £low® limit for a given stream. If the flow

of receiving water falls below the T-day, lG-vear iimit, waste discharges

3The T-day, 10-year low flow is the lowest flow that would ocour at a
probability of once every 10 years for a 7~day consecutive period.



TARRLE &

MONTANE PERMIT DISCHARGE ELIHINATION SYSTEHMS -
INDUSTRIAL, AMD PLACER HWINE PERMITS

HUNICIPAL,

Permittee

__ County

R. HMUNICIPAL PERMITS

Bilion
Townsend
Belt
Great Falls WTP
Great Falls
Yillage ¥Water
& Sewer
Yaughn
fig Sandy
Geraldine
Choutezu/Righwood
Fort Benton HTF
Fort Benton HTP
Denton
Levwistown
Yiliow Creeck
Sewer
Bozeman
Three Forks
Manhattan
Cut Bank
Byowning
¥hitehall
Hillbrook Hursing
Home
Boulder
Hobson
Stanford
Helena

U8 BOR Canyon Ferry
S BOR CF Govt Camp

Helena HTP

FEast Helena

Sheridan

Ennis

¥hite Sulphur
Springs

¥alier

Conrad

Brady ¥Water Users

_Receiving Water

Beaverhead
Proadwater
Cascade
Cascade
Caszcade
Cascade

Cascade

Chouteau
Chouteau
Chouteau
Chouteau
Choutean

Fergus
Fargus

Gallatin

Gallatin
Gallatin
Gzllatin
Glacier
Glacier
Jefferson
Jefferson

Jefferson
Judith Basin
Judith Basin

Lewis
Lewis
Lewis
Lewis
Lewig

& Clark
& Clark
g Clark
& Clark
& Clark

Hadison
Hadigon
Heagher

Fondera
Fondera
Pondera

Beaverhead River
Hissouri River
Belit Creek
Misscuri River
Migssouri River
Sun River

Sun River

Big Sandy Creesk
¥lathead Creek
Highwood Creek
Hisscuri River
HMissouri River

¥olf Creek

pig Spring Creek
tUnnamed Drain Ditch

East Gzllatin Rivey
Hadison River

Gallatin River

Cut Bank Creek

Depot Creek/¥illew Creek
Jefferson River

Prickly Pear Creek

Boulder River
Unpnamed Drainage
Skull Creek
Prickly Pear Creek
Hissouri River
Missouri River
Prickly Pear Creek
Prieckly Pear Creek
¥ill Cresk

Madison River

Lone ¥illow Cresk

Unnamed Dry Creek Bed
Mariazs River
Zouth Pondera Coulee

Permit

§1-31-89
05-31-93
01-31-29
05-31-92
09-30-92
03-31-%3

12-31-89
i0-31-88
05-31-92
£1-31-8¢%
$5-31-89
G8-31-91
01-31~89
01-31-89
07-31-50

05-31-53
i0-31-8%
49-30-92
$5-31-93
05-31-86
12-31-89%
$3-31-89

(G3-311-8%
(49~-30-88
05-31-91
05-31-91
08-31-89
08-31-89
0%-30-91
0%-31-91
03-31-85
09-30-88
45-31-93

11-30-89
G7-31-89
45-31-32

14

___Expiration Date




Takle 5 {continued}

Permittee  County

MUNICIFAL PERMITS {continued)

Choteau Teten
Fairfield Teton
Putton Teton
Toole/Sveetgrass Toolse
Sunburst Tocle
Shelby Toole
Fort Peck Valiey

B. INDUSTRIAL PERMITS

Anaconda Minerals Cascads
Janetski, Lee B. Cascade
Antonicli. Mrs. P. <Cascade
KFC-Rainbow Cascade
MFC~Black Fagle Cagcads
HT Refining Co. Cascade
MEC-Ryan Cascade
Genco Industries Cagcade
B8lue Range Mining  Fergus
Alue Range Eng. Fergus

Sourfough Cr. Prop. Gallatin

Ideal Basic Ind. Gallatin
Beren Corp. Glacier
Flving J, Inc. Glacier

forbin Water Users Jefferson
Boulder Hot Springs Jefferson

MT Tunnels Hining Jeffersocn
Papngea Mining Jefferson
Pangea Mining Jefferson

Zah Grove Cemant Jefferson
Gulf Titanium Lewis & Clark
Black Hawk Mining Lewis & Clark
Clarvk, Dexter Lewig & Clark
T Gold & Sapphire Lewis & Clark
HPC-Holter Lewis & Clark
HPC~Hauser Lewis & Clark
Century Silver Lewis & Clark
Ligquid Air Corp. Lewis & Clark
Uncle Szm Mines ¥adison

H.5. Grant Gold Hadison

Rocky Meén. Minerals Hadison

Red Pine/Shermont Hadison
HT Tale Hadizon
Cyprus Tpd, Hin. Hadison

___Regeiving Water

Teton River
Freezeout Lake
Hunt Coulees
Unnamed Bry 1. Bed
Unnamed Dry 1. Bed
Harias River
Migsouri River

Mizsouri River
Missouri River

Squaw Creek

Missouri River
Hissouri ERiver
HMissouri River
¥issouri River

Belt Creek

Big Spripg Creek
East Fork Fords Cre=k
Yarious

Misscouri River
Unnamed Slough
Spring Coulee

Corbin Creek

Little Boulder River
Tribk. to Spring Creek
Basin Creech

Monitor Cresek
Prickly Pear Creek
Jennies Fork

Banner Cresk

Spring Creek
Misesouri River
Misgouri HKiver
Missouri River

Ten Hile (reek
Prickly Pear Creelk
#iddle Fork Hill Creek
2lder Creesk
Rochester Cresk
Indian Creek

Johnny Gulch Creek

Widdle Fork Stone Cresk

Permit
_Expiration Date

O1-31-89
05-31-3%1
05-~31-93
05-31-93
Di~-3i-50
0%-31-93
65-31-93

02-28-89
06-30-80
12-31-89
0E-30-8Y9
06-30-859
G71-01-88
G6-30-89
07-31-92
10-31-89%
B9-30-91
(38-31-91
(32-28-91
06-01-91
05-31-913
05-31-91
05-31-92
10-31-91
05-31-93
05-31-9%3
12-31-89
09-30-91
09-30-30
12-331-92
86-30-88
06-30-89
06-30-8%
08-31-92
12-31-89
04-30-92
¢1~-31-92
05-31-8%
02-28-90
09-30-92
07-31-3%



Table 5

Permities

{continued?

County

Receiving Hater

INDUSTRIAL PERMITS (continued}

HPC-HMadiszon
Denimil Resources
Cyprus Ind. Hin.
Zoriman-Landushky
Zortman-Landusky
¥alta Ready Hix
Yestern Heserves
Texaco, Inc.
Silver Fox (il

R &G 0Ll & Gas
East. Bmer. Energy
Devon ¥Water, Inc.

€. PLACER HINES & SUCTION DREDGES

Golden Star
Golden Star
Golden Star
Miraglictta, Yito
Searle Bros.
Towner, Bob
¥right, Alan
Klies, Forrest
Klies, Forrest
Jefferson Creek
Holzworth, Dick
Hodern Expl.. etc.
Borrig, Bud

HT Gold & Sapphire
Fredriksen, etc.
Sypult,. Cleatus
Placer Recovery
Brown'sg Gulch
Parker, Rodney
Lince, Carcl 6.

¥adison
Hadison
Hadison
Phillips
Phillips
Phillips
Toole
Toole
Toole
Toole
Toole
Toole

Beaverhead
Beaverhead
Beaverhead
Beaverhead
Beaverhead
Beaverhead
Broadwater
Jefferson

Jefferson

Lewis
Lewis
Lewis
Lewis
Lewis
Lewis
Levwis
hewis
Hadison
Madison
Madison

By o i B BT o B B

Ciark
Clark
Clark
Clark
Clark
Clark
Clark
Clark

Madison River

Ponv (resek
Sweetwater Creek
King Creek

Yarious

Milk River-Dodson Canal
Unnamed Closed Basin
Stockponds

Ephemeral Drainage
Stockponds

Unnamed Coulee

Tiber Reservoir

Big Moosshorn Creek
fFuby Cresek

Little Hoosehorn Creek
Jeff Davis Creek
Jeff bavis Creek
Grasshopper Creek
Indian Creek

Jack Creck

Basin Creek
Jefferson Creek
Skelly Creek
Prickly Pear Creek
Hauser Lake
HMissouri River
Missouri River
Madison Gulch
Jefferson Creek
Brown's Gulch Creek
Barton Gulch
{alifernia Creek

Expiration Date

16

Fermit

06-30-89
12-31-89%
0%-31~93
16-31-51
16-31-51
(5-31-93
07-31-89
10-31-88
G4-01-89
04~10-88
12-31-87
11-30-88

09-90
49-90
09-30
08-88
43-G1
37-29
03-92
10-9C
10-98¢
0&~86
53-88
12-52
05-93
36-88
12-92
16-98¢
02-33
0986
0630
08-92

Source:
Montana,

Montana Department
i9gg,

of Health and Environmental Sciences, Helena,




17
would not necessarilv be curtailed but the biclogical integrity of the
streams would no longer be protected {lLoven Bahls, pers. comm., 19883 .

Tnstream flow rveservations would help prevent streams receiving
wastewstor discharges from dropping below the T-day, 10-year low flow
limit established to prevent water guality degradation and damage to
agquatic ecosystems. 1If flows should be depleted below mipimun levels to
provide adequate dilution of wastewater discharge. prevention of damage to
aguatic ecosystems would only be avoided by suspending the discharge of
wastowater to streams with flows lower than the 7-day, 10-year low flow
limit. Preventing industries and municipalities from discharging during
veriods when the low flow criteria are not met would pose seriocus
operaticnal and ecomomic conseguences. Either treatment facilities would
need to be upgraded to reduce the guantity of various chemical compounds
and organic materials in wastewater, or effluents would have to be
dizposed of on land or through some other means. Such measures would be
extremely expensive methods of preventing damage to streams. Preventing
damage to aguatic ecosystems through maintenance of instrean flows would
be more cest effective than upgrading sewage treatment facilities or land
dispesal of wastewater.

In addition to providing dilution for =ffluents discharged by
municipalities and industries, streamflows in the Missouri River and its
tributaries dilute veturn flows from irrigated farm land. Return flows
from irrigation svstems and other non-point sources from farming,
ranching, aznd forest practices contributs scluble inorganic salts as well
as pesticides and other organic materials, including bhacteria, to surface

waters. Water reservations would help provide adequate dilution of



i3
chemicals and bacteriz entering surface waterg due to these activities.
Adequate dilution is important for human health and for maintaining

guitable water guality for other uses guch as recrestion.

. Public Health

Watural levels of toxic elements present in the Missourli River
drainage also reguire adeguate dilution to reduce human health hazards.
Wigh concentrations of the toxic metal arsenic originate from geothermal
sources in Yellowstone Park and enter the Hissouri River drainage via the
¥adison River {(U.§., Geological Survey 1%87). Tributaries to the Hadison
dilute arsenic concentraticns, lowering concentrations downstream. The
Envircnmental Protection Agency (EPA} measured arsenic soncentrations of

200 to 300 micrograms per liter (uwg/l) in the upper Madison River and

concentrations of 20 to 40 ug/l in the Hissouri River upstrean from Canyon

Ferry Reservoir {at Toston). Human hezlth concerns exist because the

allowable 1limit for arsenic in drinking water is 50 ugfl (U.5.
Environmental Protecticn Agency 1988).

nata collected by the U.3. Geological Survey {868y in 1985 {U.5.
Geclogical Survey 1987}, show that argenic levels exceed drinking water
standards in the Hadison River below Hebgen Lake fi.e., 78 to 180 wg/l},
below Ennis Lake {49 to 100 ug/l), and at Three Forks {45 to 87 ug/ll.
Araenic levels in the Hissouri River at Toston ranged from 22 to 40 wg/l
and below Canyen Feryy Reservoir from 22 to 34 ug/l.

Retween March 1686 and September 1988, 16 sampleg were collected
by USGS from the Hadison River at the Yellowstone Park boundary asar Hest
Yellowstone. The mean concentration of arsenic was 252 ug/l (max. = 360;

min. = 140} {U.S. Geological Survey 19897. The Jefferson and Gallatin




rivers which do not have high arsenic concentrations are normally major
diluters of the avsenic concentraticns in the Madison River. A water
sample collected by USGS on hugust 17, 1988 {a drought year} at Toston
contained 100 ug/l dissclved arsenic (twice the EPA drinking water
gtandard). The previous maxipum soncentration recorded from 58 samples
collected at that site since 1972 was 5% ug/l. The mean concentration of
all 58 samples was 24 ug/l {U.S. Geological Survey 1989).

Extremely low flows prevailed im the Jefferson and Gallatin rivers
in 1988. ©n hugust 17, 1988, the flow in the Jefferson River was only 52
cubic feet per second (8 percent of the long-term deily mean flow) and the
Gallatip River was at only 60 percent of its long-term mean daily flow
(U.5. Geologieal Survey 1989). This lack of streanflow for dilution
caused the increased concentration of arsenic at Toston on August 17,

198%¢, illustrating the importance of instream flow for water guality.
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Y. IWDIRECT COSTS OF THE RESERVATION

A. Hining

Industry in the Missourd River Basin historically has bheen and
continues to be dokinated by minimg and processing of mined products.
Currently, there are approximately 36 active mining cperations in the
basin that have been issued permits by the Montana Departwent of State
Lands {DSL} for the mining of talc (5 permits), gold {16 permits),
limestone (5 permits), gypsum (2 permits), silica/quartz (& permita), iren
{1 permit), and chlorite {1 permit} (Table &}.

The existing gold mines are primarily placer mines which are non-
consumptive water users, and mines which extract gold through cyanide
leaching of ore. Quartz and limestone are guarried for the production of
cement, the processing of which consumes no water except for domestic
purposes (i.e., drinking water and wasiewater treatment). Talc and gypsum
chlorite mines consume little or ne water im minﬁné and processing.

Additional gold mines have permits pending in the Upper Hissouri
River Dasin. The AGAU/HMontoro Joint Venture in the Rattlesnake Creek
drainzge near Argenta proposes o Process ofe through cyanide heap
leaching. The Yellowband Hine, alsc near Argemta, would process gold and
silver ore through a flotation mill.

Hev gold and silver mines probably would be the maioy future
industrial consumers of water in the Hissouri River Basia. To estimate
the amount of water that might be needed by future mines, water use by
gyisting mines in Montana has been dstermined {fable 7). ¥ater use for I3
mines obtaining water from both surface and ground water sources was

£.892.6 gallans per minute (gpm} for precessing 208,400 tons of ore.




Lompany

Mz. Heagan Develcpment
Inc.

Searle Bros.
Construction,

Inc.
g and G Hining
Browns Gulch Mining

RLTCC

Golden Sunlight Hine

Golden Star Hine
Contimental Lime Inc.
Hemphill Bros. Iac.
stazuffer Chemical Co.
Ideal Basic Industries
Cyprus Industrial
Cyprus Industrial
Cyprus Industrial
Pfizer Inc.

#illow Creek Talc
Cypres Industrial

Spotted Horse

Pauper ‘s Dream

TABLE 6

OPERATING MINES PERMITTED BY THE
DEPRRTHENT OF STATE LANBS IN THE
HISSOURYI RIVEE BASIN

_Lounty

Jefferson

Beaverhead

Jefferson
Madison
Reaverhead

Jefferson

Beaverhead
Jefferson
Jefferson
Beaverhead
Gallatin
Hadison
Hadison
feaverhead
Beaverhead
Hadison
Jefferson
Fergus

Lewis &
Clark

21

Stream Drainage

Boulder River

Horse prairie Creek

Boulder River
Alder Gulch
grasshopper (Creek

Jefferson River

Big Hole Eiver
Indian Creek
Boulder River
Big Hele River
Hisscuri River
¥adison River
Hadison River
pPesverhead River
Beaverhead River
Ruby River
Jefferson River

Spotted Horse Gulch

Ten ¥ile Creek

_Preduct

Gold

Gold

Gold
Gold
Gold

Gold

Gold
Limestone
Ouartz
uartz
Limestone

Talc

Talc
Talc
Tale
Chlovrite

Gold

Gold

{yanide Heap

Leach

FPlacer

Placer
Placery
Placer

Cyvanide Vat
Leaching

Placer
Quarry
Quarry
QUArry
guarry
Hine
Hine
Hine
Mine
Hine
Hine

Cyanide
Leach

Cyanide
Leach

_Frocess



Tabhie & {continued)

. Company

Fegasug
Montana Tunnels

Hortenson Construction
Intergem

Walter Savay

Chouteau County

Azh Grove Cement

| U.5.

Gypsum

Maronick Construction

Maronick Construction

Special bLady
St. Joseph
Guif-Titanium
AHEX

Kendall Venture

Pacific Silica

Indian Cresk

22

Phillips

Jefferson

Cascads
Heagher
Cascade
Choutesau
Jefferson
Jefferson

Judith
Bazin

Jefferson

Lewis &
Clark

Lewiz &
Clark

Lewis &
Clark

Judith
Basin

Fergus

Jefferaon

Jefferson

 County  Stream Drainage

Ephemeral Drainage

Spring Creek

Hissouri River

Bissouri River

Sun River

Teton River
Prickly Pear
Prickly Pear

Judith River

Prickly Pear

Creek

Creek

Cresk

Ten Hile Creek

Ten Hile Cresk

Little Prickly

Pear {reek

Judith River

Judith River

Prickly Pear

Indian Creek

Creek

_Product

Gold

Gold

Gravel

Iron

Rip-rap

Rock Rip-rap
Limestoneg
Gypsum

Sypsum

Limestone

Gold

Gold

Gold

goid/Silver

Gold

Silica

Limestone

.~ Process

Cyanide
lseach

Cyanide
Leach

guarry

Open Pit

ouarry
Quarry
Quarry
Quarry

Guarry

Quarcy

Placer

Placer
Cyanide
Leach

Cyanide
Leach

{vanids
Leach

Quarry

DUBEYY

Source:

Permit Application Files [Movember, 1988}.

Montana Department of State Lands, Helema, Hontana.
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TABLE 7

WATER REQUIREWENTS, WATER SOURCES.
AWD PRODYCTION OF PERMITTED PRECICUS
BETAL MINES IE HMOWTANA!

Hater
Production Consumption
o Ming County {tons/day) {gpm} . Mater Source
Spotted Horsse Fergus 50 1.6 Discharge from exist-
ing adit
Pauper's Dream Lewis & Clarvk 1,500 28 Hells
BSRBCO-Troy Lincoln 60,000 1.706 Yells
Pegasus Phillips 80,000 1,760 Hells
Jardine Park 1,050 300 Bear Creek and
Pine Cresk
Beal Mountain Silver Bow 5,500 200 Beefgtraight Creek
Chartam Broadwater 3,000 300 Wells
CoCa Flathead 5,000 060 Yells
Black Pine Granite 1,000 & Seuth Fork Lower
Uillow Craek
Hontana Tunnels Jefferson 15,600 918 £00 to 900 gpm from
Spring {reek, Prickley
Pear Creek, and Clancy
Creek, 920 gom
from adits
Golden Sunlight defferson 35,000 Teo Jefferson Slough
Mt. Heagan Jefferson 309 20 §lzughterhouse Gulch
Creeck
Stillwater Stillwater 1,000 350 Mine workings & wells
Tatal 208,440 £,882.8
Bverags 16,031 525%.4

1 gpm to process 36.3 tons/day

Source: Hontana Department of State Lands, Helena, Hontana.
Permit Application Files (November, 1988).

*R11 of these mines are not in the Migsouri River Basin.
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Average water use was 529.4 gpm and average ore production was 16,031 tons
per day {an average of 1 gpm is vequired to process 30 toms per day of
orel .,

¥azter use and production for mines obtaining water from surface
sources {Table 8) wae compared with water use and ore producticn for mines
obtaining water from ground water sowzces (Table 9). Hines obtaining
water from surface sources processed a total of 57,850 tons of ore per day
and used 2,197,440 cgallong of water per day (1 gpm to process 38
tons/day). MWines obtaining water from ground water sources processed
150,550 tons of ore per day and used 6,825,600 gallens of water per day i1
gpm to process 31.8 tons/day). Approximately 72 percent of the ore mined
wag procegssed utilizing ground water,

The impact that water regervations would have on future mining
development in the Missouri River Basin would he related to the pumber of
ney mines opensed and the water sources used {o process ore. Estimating
the numbers of mines that would opewn is epeculative given the volatile
nature of precicus metals prices. Typically, gold and silver mining
follow "boom and bust” cycles. Blthough mining in Hontana may currently
be expanding, it is not possible to predict whether this trend wiill
continue.

hecording to MeCulloch et al. (1988}, gross production in 1558
from metal mipes in Montana was up 45 percent from the previous year. The
number of new or renewal exploration permits issued by the Hontama
Pepartment of State Lands alsc has increzsed from 56 ia 1982 to 111 in
1987 and 192 in 1988 {HeCulloch et al. 1988). Rithough it is speculative

to predict future precicus metal mining activities in the Hissouri River
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TABLE 3
YATER REQUIREMENTS AND PRODUCTION FOR PERMITTED

PRECIOUS METAL MINES ORTAINING WATER FROH
SURFACE SOURCES IN HONTANA

Hater
rroduction Consumption
. Mime . County _ {toms/day) {gpm} __ Hater Source
Jardine Park 1,080 300G Rear Creek and Pine
Creek
Beal Mountain Silver Bow 5,500 200 Besofstraight Creek
Black Pine granite 1,900 5 South Fork Lower Willow
Creek
Golden Sunlight Jefferson 3%, 000 700 Jefferson Slough
Mt. Heagan Jefferson ice 20 Slaughterhouse Gulch
Creek
Montana Tunnels Jefferson 15,500 _agn Spring Creek
Total 57, 8%0 1,828
Average 9,642 254

i gpm to process 38 tons/day

Source: Montana Department of State Lands, Helenz, Hontana,
Permit Application File (Wovember, 1988



. Mine

Fauper’'s

Dream

$potted Horse

BSARCO-Troy
Pegasus
Chartam
Cola
Stillwater
Total

Average

Source:
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TABLE 9

YATER REQUIREMENTS AND PRODUCTION FOR PERMITTED
PRECIOUS WETAL MINES OBTAINING YATER FROM
GROUND WATER SOURCES IN MONTANA

_County

Lewis &
Clark

Fergus

Linceln
Phillips
Broadwater
Flathead

gtillwater

Hater
Production Consumption
{tons/day} igom) _Hater Source .
1,500 28 Hells
50 1.6 pischarge from
existing adit
60,600 1.700 Wells
BG, 000 1,700 Yells
3,000 360 Kells
5,000 £60 Hells
o igoee 350 Hine workings & walls
158,550 4,739.6
21,567 £77

1 gom to process 11.8 tons/day

MWontana Department of Btate Lands, Belemz, MHontana.
Permit Application Files (Hovember. 19881,
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pasin, a T-vear trend was tabulated of wages and salaries paid to minerg
in the Hissouri River Basin from 1981-87 (Table 1G). &s shown in Table
19, pining in the Missouri River Basin provided 41.2 percent of salaries
and wages paid throughout the state for metal mining in 1987, Wages and
galaries increased in the upper Missouri River Basin from §$2,392,000 in
1981 to £11,937,000 in 1987. In the lower Misscuri River Basin, wages and
gzlaries increased frow $4,359,000 in 1981 to §7,876,000 in 1987.

Fairly reliable estimates of the remaining precicus metals
regources in the Hissouri River Basinm can be derived by pramining past
mining activities in the basin because future pining is predicted to occur
where mining has historically taken place {Terry Webster and Rai Hazhn,
pers. comm., 1988). HNew mining and ore processing technologies have made
it economically feasible to extract metals from cre bedies that were
previously not mined. BAccording to Hahn (1583}, minimum ressrves of gold
snd silver in Hontana are £,012,000 and 617,165,000 cunces, regpectively.
Historic production of gold and silver in Montana was 20,396,000 and
950,253,000 cunces, respectively. The ratioc of present getimzted metal
reserves compared te past production is 1:2.5 for gold and 1:1.5% for
silver. 1If the estimated reserves of gold were corvect, there are
spproginately .40 ounces of gold resevves for every oumce that already has
been mined. Similarly, there are approximately .67 ounces of silver
reserves for each ounce that has bheen mined.

Te obtain sn estimate of gold and silver reserves in the HWissouri
Fiver Basin. historic gold and silver production was tabulated for mining
districts in the bagin {Table 11}. Approximately 57 percent of all gold

and 16 percent of all silver mined in the state came from mining districts



Lower Missouri River Basin _Upper Hissouri River Basin
Percent of
Year  State Total _ Wages/Salaries  State Total  Wages/Salaries
1987 548,078 $7.876 16.4% 511,937:
1986 533,944 54,928 14.5% § 5,760
1985 526,812 $31,392 12.6% $ 5,0912
1984 $32,988 56,737 20.4% $ 4,864
1983 544,683 84,311 9.6% 5 6.044
1982 8§52, 443 §3,406¢ 6.5% $ 2,307
1981 857,756 54, 35%¢% 7.5% § 2,392
Average §42,387 §5,001 11.8% $ 5,485

TABLE 10

YAGES AND SALARIES FROM HETAL MINIWG IW THE
EPER AND LOYER ¥ISSOURI RIVER BRASIH
{Thousands of Doliars}
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Percent of
_ SBtate Total

i
i
1
|
24.8%
17.0%
13.0%
14.7%
13.5%

4.4%

Source: Montana Department of Labor and Industry, Montsna Bmployment, §

Contributions, Annual Average 1981-19587.

tExcludes Broadwater Countv for purposes of confidentiality.
zpyeludes Beaverhead County for purvoses of confidentiality.
2gxcludes Gallatin County for purposes of confidentiality.
4Excludes Meagher County for purposes of confidentiality.

sExcludes Cascade County for purposes of confidentiality.

Wages, and




Mining Distriect

ARrgenta
Bannack
Bluewing
Brvant

Elkhorn
Polaris

Yipond
Confederate Gulch
rark
Radershurg
Hinston
Heihart

Horth Moccasin
Yarm Springs
Bihambra/Basin
Boulder

Clancy
Fikhorn
¥hitehall
Vickes

Barker
Gould/Stemple
Beddleston
Lincoln
Harysville
York
fimini/Scratchgravel
Worris

Pony

Eenova
Sheridan
§ilver Star
Tida} Wave
Yirginia City

TABLE

11

HISTORIC EXTRACTION OF GOLD RARWD SILVER
IN THE MISSOURI RIVER BASIN'

Beaverhead
beaverhead
Bezaverhead
Beaverhead
Deavaerhead
Beaverhead
Beaverhead
Broadwater
Broadwater
Broadwater
Broadwater
Cascade
Fergus
Fergus
Jeffersen
Jefferson
Jefferson
Jefferson
Jefferson
Jefferson

. Lounty

Judith Basgin
Lewis & Clark
Lewis & Clark
Lewig & Clark
Lewis & Clark
Lewis & Clark
Lewis & Clark

Hadiscn
Madison
Haiiscn
Madiscon
Madiszon
Kadison
Madison

_ Production {ounces)
CGold

64,400
387,000
500
17,400
2,000
oo
1,100
650,600
120,000
32%,000
118,900
67,000
450,000
335,000
1%,460
484,000
140,000
100,000
563,000
312,00C
3.500
345,000
582,060
1,390,000
335,000
100,000
265,000
346,000
162,000
44,000
225,600
33,400
2,617,000

29

Silver

562,000
141,080
47¢,000
13,924,000
387,600
126,000
1,025,000
1,570
354,900
311,006
2,088,000
29,076,000
54,000
317,000
118,000
14,776,000
2,500,000
12,600,000
277,000
47,700,000
2,738,000
500,000
1,40%,000
120,000
8,880,000
100,000
102,000
227.00¢
113,000
105,000
152,000
133,600
1,456,000
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Table 11 {continued] i
__ Froduction {ounces) i
_Mining District - County Gold _Silver
Hashington Madison 16,600 42,000
Castle Mountain Heagher = 4,270,000
Little Rockies Phillips 960,000 2,440,000
Total 11,728,800 149,688,570
State Total 20,398,600 350,253,000
57.5% 15.7%

Percent of State Total

Source: Hahn, 1988. Gold and Silver Districts in Hontana.

1only mines which have produced more than 16,000 ounces of gold or more
thap 100,000 ounces of silver are listed.
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in the Missouri River Basin. Rssuming that the ratic of reserves to mined
production were 1:2.5 for gold and 1:1.5 for silver, there would be
approximately 4,691,440 ounces of gold reserves and 100,224,342 ocunces of
silver reserves remaining in historic minring districts in the Higsouri
Wiver Basin. Approzimately 28 percent of the original reserves of gold
and 40 percent of the coriginal reserves of silver remain to be mined 1im
the Hissouri River Basin, provided new technologies allow for cosi-
effective extraction of these metals.

Fstimating future metalg production in the #issouri River Basin
haged on past statevide production may undercstimate the future metals
reserves im the basin. Data for “proven” ™ gold and silver reserves in the
Missouri River Basin as of January 1989 (Rai Hahn, pers. comm. 1989} are
shown in Tabkle 12. Assuming that both the statewide metals reserves and
the Missouri River Basin proven resserves are correct, proven gold reserves
in the basin would be 91 percent of the total state reserves. Similerly.
the proven silver reserves in the hagin would be 34 perceat of the total
state reserves.

feservationz of instream flows in the Higsouri River drainage
would have no impact on existing =mining or new mines uwtilizing ground
water, but they may affect future mining and ore rrocesging if the new
mines would rely entirvely upon surface water for consuBptive purposes.
Daevelopment of ney minas requiring svrface water could be adversely

affected, particularly during periods of low sirecam flow, unlessg water

storage facilities were utilized.

spreven reserves are silver and gold deposits that have been Deasured
ntilizing expleoration methods. ¢ is sssumed that metals from these ore
bodies could be economically extracted at 198E metals prices.



TRBLE 12

hnd
b

PROVEN GOLD AND SILVER RESERVES
I® THE HISSOURI RIVER BASIR

. District . Gold Reserve  Silver Ressrve
Yinston 364,000 o
Horth Hoccoasin 60,000 o
Warm Springs 24,000 175,000
Elkhorn 500,000 -
Whitehall 2,500,000 2,500,000
Hickes 2,520,000 23,660,000
Lincoln 103,600 120,800
Marysville 50,000 ~-
Bimini 276,000 -
Jardine 339,000 -
Hew ¥World 106,000 -
Little Rockies 560,000 1,750,600
Total 7,387,660 34,205,068
Source: Hontana Department of State Lands, Heiena, Hontana. 1989,




B. Agriculture

Fevenues from agriculture in the Missourti fiver Basin are nearly
sgually provided by 1ivestock znd crop production., Average cash receipts
from crops for the 7-year period (1980-86) contributed approximately 43
percent of the total state crop revehuss {see average values in Tables 13
and 14}. Similarly, livestock production in the Missouri River Basin
provided about 43 percent of total state livestock revenues (see average
yalues in Tables 131 and 14}.

irrigated land in the Missouri River Bagin rosprises about 50
percent of all irrigated land ip the state {Tables 15 and 16}. HNon-
irrigated land in the basin makes up about 43 percent of all dryland
agriculture on a statewide basis {Tables 1% and 16}. The upper Missouri
River Basin has about 24 percent of the irrigated 1and in the state {Table
15}, whereas the lower Hissouri River Basin has approximately 25 percent
of the irrigated land in the state. The lower basin differs from the
upper basin primarily in the amount of dryland farming. The lower basin
has about 40 percent of the dryland agriculture in the state as soppared
with only 2.4 percent of the total state dryland farming in the upper
basin.

Tnstream water reservations would not affect existing agricultural
yse in the basin, but they may limit future expansion of irrigated
sgriculture in some ar=as. The Montana Depariment of Natural Resources
and Conservation {(DHRC) is currently conducting studies of potentially
irrigable lands in the Missouri River Gasin. A8 part of the DNRC's

analysis of water reservaticn applications in the basin, they will conduct

33



TRABLE 13

LIVESTOCK AND CROPS CASH RECEIPTS
i THE UPPER WISSOURI RIVER BASIW

{Thousands of Dollars)

Year

1586

1585

1982
i981

1980

Livestock

Receipts

$119,700
£124.522
114,022
g 98,651
5 88,887
$ 86,218

8 98,470

Everage 5104,321

Percent Percent
State of State Crop State of State

_ Total Total _ Receipts Total Total
£838,353 14.3% 537,385 §493,015  7.6%
5902 ,855% 13.8% $42,63% $422.444 10.1%
844,683 13.5% £34.634 86%1,780 5.3%
$731.537 13.5% $44,853 $646,939  5.3%
8724,805 12.2% §60,714 4980, 328 6.2%
§705,528 12.2% 353,007 $854,196  ©.2%
4828, BBO i1.4% 341,102 S660, 456  6.2%
$756.663 13.1% 544,918 §701.5931 6.4%

Source:

Montana Crop and Livestock Reporting Service.

tTncludes Beaverhead,

counties.

proadwater, Gallatin, Jefferson, and Hadiscn




TARBLE 14
LIVESTOCK RND CROPS CASH RECEIFTS

TH THE LOWER MISSOURI RIVER BRSIN:
{Thougands of Dollars!

Percent Percent

Livestock State of State Crop State of State
Year  Receipts Total Total Receipts  Total  Total
1984 §241,741 $838,353 28.8% 8184,082  §493,015 37.3%
15985 5272,147 $902,85% I0.1% $136,036  $422,444 232.2%
1484 $248, 880 5844,683 29.5% §952,933  5653,78G 38.7%
19833 5215.725 §731.537 29.5% 4328,134  £846,939 38.7%
1982 $228,313 §724,805 31.5% £355,853 8980, 328 36.3%
1981 222,745 5705.528 31.6% §311,016  5854,1%6 36.4%
1540 §261,0%1 $828, 850 31.5% 8240,19%5  5660,450 36.4%
Average $241.51% 8796,6613 30.3% §255,327  §701,%33 36.8%

Source: Montana Crop and Livestock Reportimg Service.

t1ncludes Cagcade, Chouteau, Fergus, Glacier, Judith Basin, Lewis and
Clark, Meagher, Phillips, Pondera, Teton, Toole, Petroleum, Wheatland, Gelden
Vvalley, Musselshell, and CGarfield counties.



Upper

Migsouri

River Baszin
Year  Irrigated
1587 360,70170
1985 344,47C
1585 428,830
1984 481,300
1982 395,700
isg2 417,850
1981 426,350

Average 407.8%6

TABLE 15

TRRIGATED AND RON-IRRIGATED LEKD
TH UPPER HISSOURI RIVER BASIM

m ‘ " M

Upper

Percent Hissouri Percent

State of State Hiver Basin State of State

~ Total Total Mon~irrigated Total Total
1.618,500 22.3% 201,409 7,623,000 2.6%
1,601,000 21.5% 175,000 7.814, 200 2.2%
1.638, 2060 26.2% 171,504 5,877,500 2.8%
1,805,600 26.7% 164,400 7,377,400 2.2%
1,538,900 25.7% 220,700 7,151,460 3.1%
1,729,900 24.1% 15%, 400 7,926,200 Z2.0%
1,733,300 24.5% 144,000 7,932,600 1.8%
1,666,057 24.5% 176,057 7,400,329 2.4%

source:

{Tneludes Beaverhead, Broadwater, Gallatin, Jefferson, and Madison

counties,

Montana Crop and Livestock Reporting Service.




TLRBLE 16

IRRIGATED AEND NWON-IRRIGATED LARD
I¥ LOWER MISSOURI RIVER BASIN?

Lower Lower
Missouri Percent Hissouri Percent
River Basin State of State River Basin State of States

year  Irrigated  Total Total Non-irrigated Total  Total
1987 419,150 1.618,500 25. 3% 3,121,000 7,623,000 40.9%
1986 429,280 1,601,000 26.8% 3,207,900 7,814,200 41.1%
1585 382,500 1,635,200 23.4% 2,357,800 5,977,500 39.6%
1984 462,700 1,805,600 25.5% 3,141,500 T.397.400 42.6%
1983 405, 400 1.538,3%00 26.3% 2,659,100 7,151,400 41.4%
1542 460, 400 1,729,900 26.6% 3,105,100 7,926,200 39.2%
1981 426,800 1,733,300 Z4.6% 3,097,100 7,982,600 JB.8%
Rverage 425,318 1,665 08T 25.5% 2,999,929 7,407,471 40.5%
Source: HMontana Crop and Livestock Reporting Service.

iTnciudes Cascade, Chouteau, Fergus, Glacier, Judith Basin, Lewis and
¢lark, Meagher, Phillips. Pondera, Teton, Toole, Petroleum, Yheatland, Golden
Yalley, Mussslshell, and Garfield counties.
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detailed economic and environmental studies concerning the costs and

benefits of granting or not granting competing vwater reservations.

C. Hupicipal Water Supplies
Five municipalities in the upper Missouri kiver basin expect to
need more water to supply commercial, residential, and industrial needs by

the year 2025 (HKM Associates 1987). Three of the communities {Dillon,

Three Forksz, and Belgrade) plan to obtain the needed water from wells,

whereas ¥est Yellowstone znd Bozeman will supplement their water supply

from surface waters.
Vest Yellowstone plang to pump 2,550 acre-feet per year from

Whiskey Springs at a rate of 1,582 gpm by the year 2025. Bozeman praedicts

that it will need an additional 4,030 acre-feet per year to suppienant

ground water sources and water available from Hyalite Reserveir. Bozeman

plans to copstruct a dam on Bozeman Creek to provide the water required by

the year 2025.

Granting of instream flow reservations would nrobably mot conflict
with the needs of Bozeman for additional water because the proposed dam on
Bozeman Creek would probably £ill during the high flow pericd in the
spring when reguested instream flows are normaliy exceeded. Instream flow
reservations could affect West Vellowstone's proposed project because no

water astorage is anticipated. However, such an effect would depend on the

pricrity date of the instream reservations. Instream regervations would

not confliet with those communities cobtaining additional water from wells. I
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PREFACE

on was taken primarily from two

ot +

The following informat
carlier reports prepared for the Department of Fish, Wildlife and
Parks - "Information For the Public Interest Portion of the
Missoury kiver Water Application®™ (Ken Knudson: July 31, 1888;
and "The Direct and Indirect Benefits and Cogts of Cranting a
Water Reservation for In-Stream Flows in the Missouri River
Basin® {Joe Elliot; January, 1989},

With suggesticns from Mr. Elliot and Liter Spence of the
Department, Mr. Knudson combined and edited the above reports

0 the format that follows. He also prepared most of the

Joni e

fd

n
narrative for the Direct and Indirect Benefits sections, as well
ag the discussion covering the effects of not granting the
reservation,

Mr. Elliot prepared some of recreational use data found in
the Direct Benefits section. He also researched and wrote most
of the material addressing indirect economic costs, as well as
some of the material for indirect economic benefits of the
reservation.

Liter Spence provided invaluable guidance and editing
throughout the preparation of this document. Fred Nelson, Dick
vVincent and Steve Leathe of the Department provided editorial
suggestions for tne Direct Benefits secticn.

Both authors have listed 21l written information S0Urces, as
well as all persons verbally céntacﬁed for additional or
clarifying information, in the Literature Cited section.

5
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1. Direct Penefits and Costs of the Reservation

The following is pursuant to ARM 36.16.105 c(l){a} of the
water Reservation Rules, e.g. "In making a showing that the
reservation is in the public interest, the applicaticn shall
contain . . . an analysis of the direct benefits and costs
asscciated with applying reserved water to the proposed
beneficial use." Direct benefits and costs are defined at ARM
36.16.102 (6) and (7) as "benefits and costs to the reservant
derived from applying reserved water to the use for which it is
granted.® The following, therefore, describes the public
henefits and costs of the reservation as they apply to the
stream~based recreaticnal resocurces managed by the Department of
Fish, Wildlife and Parks on the portions of the Missouri River
included in this reservation reguest.

A. Direct Benefits
1. Fisheries and Fishing Opportunities
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 two decades. 1In 15966,

5,466 resident fishing licenses were scld. By 1376 these sales

[
(%]

w

nad increased to 170,000. 1In 1986, despite reports of recent
wide-spread emigration from the state, 183,291 resident fishing
licenses were scld (Herman 13588},

Data from the Sport Fishing Institute indicate that Montana
is also highly valued for its fishery rescurce by people from
cutside the state. In 1987, Montana ranked fourth in the nation

for the number of non-resident fishing licenses scld. Despite

u)

eing relatively isclated from major pepulation centers, Montana
attracts a disproportionately large number of nonresident anglers
hecause of its unigue and productive fisheries rescurce. The
opinions of these visitors reflect the guality of fishing in

Montana: 91.3 percent of surveyed non-resident anglers reported



Montana to have good or excellent angling opportunitles {(Brock et

al. 12847,

The national significance of HMontans btrout streams was z2lso

lv into focus in the spring, 1%85, issue of Trout -

fu
[

brought cle

The sMacazine for Treout 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. 1%83). Of these nationally-acclaimed
fishing streams, 12 are in Montana, which is the highest total of
any state in the nation. Alaska ranks second to Montana with 11

isted streams, followed by Idaho (9}, New York {(6), and Wyoming

freved

{6). It is significant to note that 6 of America’s best 10C
trout streams, i.e. the Beaverhead, Big Hole, Gallatin, Madison,
Misscuri, and Smith rivers, are in the pertion of the Missourd
Basin covered by this reservation regusest.

Even though fishing represents only one of many stream—
related recreational activities, it can serve asg a valuable

indicator of overall recreational use. Based upon questionnaires

ct

sent to fishing license heolders, the DFWP annually estimates the
fishing pressure (angler use) of streams in Montana. During May
through Qctober, 1985, the Department increased the intensity of
this angler survey by doubling the number of guestionnaires
normally mailed (McFarland 19B8). The results of this research

emphasized the exemplary stream-based, public recreational

benefifts of the upper Missouri River.

[




The rivers and streams of the Missouri above Canvon Ferry
feservolr accounted for 375,239 of the totali 1,193,000 days spent
stream fishing in Montana during 1385. Despite being less than

P

10% of the geographic area of Montana, the upper Missourl

supported 31.4% of the state's stream fishing. As is illustrated
in Figure 1, no other geographic area of similar or even larger
size supported nearly as high a percentage of tetal stream
fishing in Montana. Angler use of streams in the upper Missouri

Basin during 1985 is tabulated in Table 1.

The fact that hundreds of thousands of peocple annually fish

the upper Missouri Basin is testimony to the exceptioconal wild
(naturally-reproducing) trout fishery that ig found there. Very
high angler success rates for wild brown and rainbow trout have
made the Madiseon one of the most popular rivers in North America.
Come reaches of the Madison contain over 3,500 catchable trout
per mile. The salmonfly hatches of the Madison, Blg Hele and
Gallatin rivers are legendary, attracting a following of anglers
who annually chase "the hatch®™ from river to river. Due to its
relatively undeveloped watershed, the Big Hole is one of the
largest trout streams ocutside of designated naticnal wilderness
areas that remains essentially non-turbid during runcff. This
river is a2lsc home to the last major population of river—-dwelling
arctic grayling in the lower forty-eight states. The Gallatin
River is another nationallv-acclaimed trout stream, offering a
wide variety of fishing experiences-——{rom swift-gradient,

mountain canvons to slow-moving, broad valley sections.
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TABLE 1

ANGLER USE OF STREAMS
IN THE UFPPER MISSCURI RIVER BASIN DURING 1985

Annual
Stream Angler Davs
Reaverhead River 24,239
Big Hele River 47,810
East Gallatin River £,151
Gallatin Hiver £3,871
Madison River 108,712
Jeffergon River and Tributaries 29,128
Upper Missouri River and Tributaries 25,419
above Canvyon Ferry Dam
Madison 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 31.4%

Source: McFarland 19858,



The Madigon, Big Hole and Gallatin rivers, while certainly

treams on 2 national scale, are really not

e

exceptional fishing
that unusual in the trout-rich upper Misscuri Basin. Along with
these three rivers, the Missouri mainstem from Toston Dam to
Canyon Ferry Reservoir and the Beaverhead River are also rated by
the Department of Fish, Wildlife and Parks as Class One, "blue
ribbon®™ trout streams. This distincticn has been given to only a
celect number of streams in Montana that are considered to have
"the highest valued fishery resource™ in the state. The Ruby,
Fast Gallatin, Jefferscn, and Red ERock rivers are also very
important trout streams, as are many tributaries of the basin®s
major rivers., The latter not only serve as vital spawning
streams for the larger rivers, but alsoc 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 which received 18,624
days of angler use in 1985, support significant fisheries for
rainbow, brook and cutthroat trout as well as arctic grayling.
Relow the confluence of the Madisen, Jefferszon and Gallatin
rivers, the mainstem of the Missouri and numerocus tributaries
continue to provide additional high-quality trout fishing
opportunities. The river above Canyon Ferry Reservoir not only
contains resident populations of rainbow and brown trout, it alsc
supporte heavily-fished spawning migrations of trout from the
reservoir: these migrants are the primary reason for the "blue

ribbon® rating of the River between Toston Dam and Canyon Ferry.




e

he ¢ix mile stretch of free-flowing river between Hauser Dam and

S

Holter Reservoir is alse a significant fishery for migrant trout
and Kokanee salmon.

#ish migrations from other reserveirs and lakes provide many

important stream fishing opportunities throughout the basin. In
fact, all tributaries to reservoirs or lakes that contain a trout

fishery will support spawning runs, but only if adeguate habitat,
water guality and instream flows exist in these feeder streams.
These spawning runs alsc help sustain the trout pepulations

of reservoirs and lakes. Although many of these water bodies are

=y

routinely stocked with hatchery fish, successful runs of wild
trout aucgment, and in some cases exceed, the contribution of
planted fish. For example, in Hebgen and Harrison reservolrs,
maintenance of trout populations is highly dependent upon natural
reproduction. As well, reservoir-dwelling brook and brown trout
rely on streams and/or spring areas for their reproductive needs,
since nhatchery plants of these species have essentially been
discontinued in Montana during recent years.

The benefits of adeguate instream flows therefore extend
beyond flowing waters to include reservoirs and lakes. These
waterbodies support a significant amount of recreaticnal fishing.
Tn 1985, reservolirs and lakes in the Missouri Rasin above Holter
nam supported 322,661 angler days; in the basin below Holter Dam
+o Fort Peck Reservoir, these waterbodies supported 160,704
angler days (McFarland 1988). Combining these figures

demonstrates that the portion of the Missouri Basin covered by



Lt

the reservation reguest supporfted 482,365 days of reservoir and
4

lakes fishing, which was 44.7 percent of the statewide total
(Op.Cit.).
During 1985, the Missouri River from Holter Dam to Cascade

sustained over six percent of all stream fishing in Montana

2,788 angler days). Since this high amount of usage occurred

el
Tl

aleng only 35 miles of river, this reach of the Missouri received
more recreational fishing per mile than any other stream in
Montana. The Madison, for example, also received heavy use
(108,712 angler davs, the highest total use of any streamj, but
it was dispersed along more than 80 miles of river. Rainbow
tyout comprise the bulk of the fishery in the Holter Dam to
Cascade reach, although trophy-sized brown trout, some ag large
as 15-20 pounds, are alsc occasionally takem DY anglers.

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

The Smith River, which enters the Missouri just above Great
Falls, is alsc an important trout stream. Although relatively
small and inaccessible, it sustained 11,824 fishing days in 1585.

There are alsc other streams in the Missouri Basin that
contain significant, locally-important trout populations. The
upper Judith and Musselshell rivers, Big Spring Creek near
Lewistown, and the twenty-mile reach of the Marias below Tiber

Dam, provide guality trout fishing for residents of Lewistown,

sl




oy

Harlowton, Chester and other nearby communities. In fact, for
its size, Big Spring Creek 13 an exceptional rainbow and brown
trout fishery, with population estimates approaching 3,600
catchable trout per mile {(Leathe and Hill 19%87). Without
ndeguate instream f£low protection for these and other tributaries
of the lower Missouri, many residents of north-central Montana
would have to travel several hours to obtain suitable
alternatives for stream fishing.

From Morony Dam below Great Falls to Fort Peck Reservoir,
the Missouri River and its tributaries support a warm water
fishery of naticnal, if not international, significance.
Although it presently receives a relatively small amount of
angler use {gsee Table 2 for anglier use data of all streams in the
lower Missouri), this 207-mile, free-~flowing reacn does contain
an excepticnally diverse, unigue and presently under-utilized
fishery.

Of the 18 families and 89 species ¢f fish reported to be
found in Moentana {(Brown 1971}, 14 families and 53 species are
found in this reach and/or its tributaries. O©Cf Montana's 52
native fish species, 35 can be found in the lower Misscuri Basin
{RBerg 1981}.

The paddlefish population of the lower Misscouri/Fort Peck
Regervoir system is of particular importance. Paddlefish are
Montana's largest gamefish, with female specimens often reaching

toir

]
bos

five to six fe length and weighing 75 to 125 pounds. Once

abundant during the Triassic Period 1530 million vears ago, these

L



TABLE 2

ANGLER USE OF STREARMS IN

THE LOWER MISSOURI RIVER BASIN DURING 1285

Annual

Stream ler Davysg
Missguri River and Tributaries {between 22,340

#arias River and Fort Peck Dami
Misscuri River {Canyon Ferry to 67,557

Marias River: excluding Helter

ta Cascade)
Missouri River {Holter to Cascadel 72,788
Marias River 5,525
Musselshell River 11,2148
Smith River 11,824

Smith River Tributaries

Total

State Total 1,193,000 days

Percent of State Total 16.7%

Source: McFarland 1388,

7,143

158,795




very primitive fish are presently found in only two river

basins-—the Yangtze in China and the Mississippi/Missourl system

1962} . Even in these basins, the

i
L
=
w
B

{dubzs and Lagler 1967

U

istribution and abundance of paddlefish have been dramatically

ot

o1
S

uced during the past 100 years (Pflieger 1975; Yasetskiy

g
3]

jo R
T

18713 . Although "spoonbill cats™ once supported a significant
commercial fishery, particularly along the Mississippi, stream
channelization, dams, over—harvesting, and alteration of stream
flows have reduced the range of paddlefisgh in the United States
to only six lsclated, self-sustaining populations.

Growth rates of paddliefish in the lower Missouri/Fort Peck

system are superior to the other five remaining Mississippi/

[ud

ations; the lower Missouri population is alse older

forast

Migzouri popu
{in terms of average age of fish) and more secure than anvwhers
else in North America (Berg 1981). This security and biological
success 1s largely due to the unaltered, free-flowing character-
istics of this reach of river, which provides essential and
irreplaceable spawning areas for paddiefish. Berg (1981)
identified nine critical paddlefish spawning sites in the lower
river from just below the confluence of the Marias River to just
above Fort Peck Reservolr,

The relatively undeveloped characteristics of the lower
Missouri also provide the most secure unaltered habitat remaining

in the MissicsippisMissouri Basin for two other relics of the

Li

ogsaur era--the pallid and shovelnocse sturgeons. Sitings of

[
[
pre

the paliid sturgeon have been rare over the past few decades

11



(Brown 1971; Holton 1581). Only cone pallid sturgeon was captured
in the lower Missouri during electrofishing studies conducted by
the DFWP 1975-1580. Decause of its presently rare CcCCcurrence,
the 1, S, Fish and Wildlife Service is considering listing the
pallid sturgeon as an endangered species.

The shovelnose sturgeon population of the lower Missouri
®River is healthy and vigorous. Fish of this species residing in
the Missouri above Fort Peck Reservoir are much larger than those
found in the Missouri River in South Dakota, the Mississippi
River in Iowa or the Chippewa River in Wisconsin. In these
midwestern rivers, shovelnose sturgeon rarely exceeded 5 to 7
pounds, whereas several collected in the river system above Fort
Peck have weighed over 10 pounds., In fact, the average weight
and length of shovelnose from this Montana river reach, egualled
or exceeded the maximum size of those from the South Dakota, Iowa
and Wisconsin rivers (Rerg 15811,

Significant sport populations of sauger and channel catfish
are also found in the lower Misscuri above Fort Peck. Growth of
channel catfish in this river reach is equivalent or supericr to
growth in other northern waters; it alsc compares favorably with
growth of this species in lakes and rivers of southern states
(Op.Cit.}. Channel catfish, sauger and shovelnose sturgeon all
utilize the free flowing lower Missouri, as well as the lower
Marias and Judith rivers for spawning. The lower Missouri also

supperts spawning runs of goldeye, bigmouth buffale and




-

mallimouth buffale, which centribute to the commercial fishery in

&

Fort Peck HReservoilr.

Data fcor the lower Missouri river indicate relatively light

o

harvest rates for all fish species. For example, only 0.5
percent of shovelnose sturgeon that were tagged by bicloglists
were returned by anglers, compared to a 2.3 percent return in the

Red Cedar/Chippewa River system in Wisconsin {Berg 1981).

riegel {1573}, in studies on the Menominee River in Wisconsin,

a8

th

elt that sturgeon populations can sustain harvest rates of up to
5.0 percent without harm.

Cumulative paddlefish harvest rates in the lower Missouri
are also low compared to other waters. Only 7.0 percent of the
fish tagged during 1972-19%77 were returned by anglers. This
compares to a 13.8 percent return rate during 1964-1575 on the
lower Yellowstone in Montana (Elser 1976}, and a 24.5 percent
rate of return during three years ¢f tagging studies on the Osage
River, Missouri {(Purkett 1%63). (This latter population no
longer exists: paddlefish spawning sites on the free-flowing
Osage River were eliminated by the reservoir behind Truman Dam in
1578.2

The above data, along with tag-return information forx
channel catfish and sauger, indicate that the lower Missouri is
an under-utilized recreational fishing rescurce. Opportunities
for steady growth in the recreaticnal use of the lower Missouri
isg, therefore, very good. Protection of adequate instream flows

will allow this potential to materialize.

13



2. Floating

Rivers and streams in Mentana provide exceptional

o
)
P

recreational benefits to a breoad spectrum of the public. Fifty-
six percent of all Montanans fish and over thirty percent float
in rafts, canoes or kavaks {(Frost and McCool 1988).

A study conducted by the University of Montana (Op.Cit.]
documented that the Missouri River Basin is extensively used for
water-based recreation by Mentanans and out-cf-state visitors.
These researchers reported that about 35 percent of river

floatere concidered rivers in the Missourl River drainage to be

rite Montana streams to float, The Montana stream most

G

their fav
cited by floaters was the Yellowstcne River (19.7 percent)
followed by the mainstem of the Missocuri (11.2 percent) and the
madison River (3.E percent).

The Smith River is alsc very popular with floaters.
rAlthough agricultural water diversions usually restrict floating
opp@rtagities after mid-July, an average of 1,714 people floated
the Smith during 1984-19%86 (Takble 3}. Fleating the Smith usually
takes several days. Because of these multi-day fleats, the Smith
actunally supported about 7,000 floating days per year from 19B4-
1886,

The Smith is the onlv river in the Missouri Basin above Fort

h

H

i

& b

&
At

Senton where floatin s been extensgively evaluated. But,

i

this is not to say that the Missouri and 1tg tributaries are not

extensively used, and popular, for flocating. Nearly half of the




TARBLE 3

NUMBER OF FLOATERS USING THE SMITH RIVER

Month/ Week 1887 1986 1884 Total
Hay
i Week 1 52 79 35 165
Week 2 63 i 15 113
Week 3 118 55 23 266
Week 4 264 264 45 569
June
Week 1 119 167 54 336
Week 2 183 233 147 563
Week 3 140 240 345 728
Week 4 58 380 413 51
July
Week 1 ia ii4 502 626
Week 2 55 142 118 216
Week 3 57 114 3z 203
Week 4 5 47 33 137
August
; Week 1 28 47 34 104
Week 2 7 31 18 56
Week 3 10 14 24 48
Week 4 23 34 3 &0
Total 1,240 1,971 1,532 5,143

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

e
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vages of a popular Montana floating guide (Fisher 1973} are

Basin. From the

Yt

devoted ¢o fleat trips in the Missour

4

n, Smith and Gallatin rivers to

g

spectacular canyons of the Dearbo
the meandering solitude of the Marias, Red Rock anc lower

¥Missouri rivers, the basin abounds with floating opportunities.

The leower Missouri River from Fort Benton to Fort Peck
reservoir not only supports a unique, diverse and productive fish
community, it is also the largest unaltered, free~flowing and
relatively uninhabited segment of the nation's longest river.

For 149 miles the river winds through spectacular breaks, cliffs
and badlands within a gorge several hundred feet below the Great
oiains. There are no channel pilings, flood walls, rock and
concrete flow deflectors, dams, reservoirs or large irrigation
structures that typify the "Mighty Mo"™ as it sluggishly travels

from Fort Peck to its confuence with the Mississippi River. Only

from Fort Benton to Fort Peck does the Missouri remain as it
existed for prairie-dwelling Native Americans, Lewis and Clark,

and the steamboats that vanguarded the first major immigration of

white people into Montana during the last century. The number of
modern—-day adventurers that retrace this historic river route is
significant. The Bureau of Land Mangement (U. 5. Department of
the Tnterior 1%88) reported that 66,585 visitors enjoyed 75,582

visitor davs annually along the Missouri between Fort Benton and

+he Pred Robinson Bridge, which is located just above Forit Peck

Reservolr.

16
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Conaress, in recegnition of the extraordinary biclogical,
recreational, scenic and histerxical values found zlong this 149
miles of river, officially designated this reach as a2 National
Wild and Scenic River in 1976. Although this designation does
allow minor diversion and pumping of water for agricultural
purposes, no damg are allowed and specific protection measures
must be taken before any large-scale human-development can gccur.

3. oOther Benefits

The stream discharge rates reguested in this application
will not only benefit the fishing and fleoating recreational
resources of the Missouri Basin, but they will also be vital for
maintaining the health and vigoer of stream—-side (riparian;
vegatation. The often shallow-rooted, water—-loving plants found
in riparian areas depend upon adeguate instream flows to recharge
shallow, stream—side aquifers.

Riparian areas contain highly diverse plant, songbird and
small mammal populations. They are also the most productive
wildliife areag in North America and are utilized extensively by
big game, furbearers and waterfowl. The biclogical abundance and

diversity found within riparian areas also adds tc the number and

o
et

inds of people who recreate along streams; 1.e. photographers,
Hird-watchers, science students, hunters, berry-pickers,
naturalists, eto.

*# & * K k

From its blue ribbon headwaters to itz wild and scenic lowerx

reaches, the Missouri and its tributaries are enormous



rocreational and aesthetic assets for the people of Montana and
the nation. As will be discussed in the Indirect Benefits

cection of this application, the free-flowing Missouri River

of Montana. 1In order to protect and provide the opportunity to
enhance these direct public benefits, it is essential that the
instream flows reguested in this application ke granted.

B. Direct Costs of the Reservation

Some ctream reaches of the Misscuri River Basin doc not have
gages at appropriate lecations to adequately monitor streamflows.
Once reservatlongs are granted, monltoring of streamflow on the
stream reaches may be necessary for protection of the granted
flowzs., Costs of installing gages would range from $600 to
517,500 per gage, depending cn the level of technology required
for adeguate menitoring (Karp 1%87). Annual operating costs
would range from $800 to $5,500, depending on the complexity of
the monitoring program {(Karp 1987},

The only other direct costs are those for DFWP coperations to
implement whatever program is required to protect the granted

reservations. Specific information and costs cannct be given at

this time.

L)
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I7. Indirect Benefits and Costs of the Reservation

Indirect benefits and costs, as defined in ARM 316.168.102
(123 anga (13}, mean the beneflts and costs of applying reserved
water to peneficial use that accorue to other uses or Lo parties
other than the reservant. For the purpose of this application
"indirect,”™ therefore, refers to “uses or parties other than® the
DFWP; and the DFWP reservation will be the means "of applving
eserved water to beneficial uge.”

ARM 36.16.10% C{]) (b)) reqguires that all applications for
reserved water include a discussion of the benefits and costs {to
cther uses or parties) associated with {(the reserwvation! that
congiders effects on (1} future economic activity, (ii} the
environment, {(iil} public health and safety, and (iv} the
economic opportunity costs that the requested flow may have to
parties other than the reservant.

The economic considerations ¢f these requirements,
subsecticons {1} and {iv} are discussed helow in A. Effects of
the Reservation on Future Economic Activity, and in €. Economic
Upportunity Costs of the Reservation. The indirect economic
benefits of the reservation arge covered in A., while indirect
economic costs, including foregone opportunity costs, are
addressed in . Non—-economic considerations, as per sections
{ii} and {iii) a2bove, are presented in B. Effects of the
Reservation on the Environment, Public Health, Welfare and
Safety.

when establishing and pricritizing water reservation
reguests, a major criterion utilized by the Board of Natural
Resources and Conservation is an evaluation of the effects that a
reservation may have upon "other uses or parties.”™ The following
discussion, therefore, presents the overall indirect benefits and
costs of the MDFWP reservation as well as its specific effects
upon municipal, agricultural and industrial users.

A Effects of the Reservation on Future Economic Activity
1. An CGverview of Indirect Economic Benefits

The instream flows requested in this application are

necessary toe protect the direct recreatioconal and aesthetic

[y

enefits preovided by the rivers and streams of the Misscuri
Basin. Protection of these amenities zlso szignificantly

contributes to the economic well-being of Montana.

oot
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Tourism, one of the fastest growing segments of Montana's
econony, 1s directly related to the amenities of the state's
natural enviyonment, particularly those provided by rivers and
streams. In 1986, nearly 2.8 million non-residents visited
Montana, generating over $475,000,000 in income for the state
{Montana Department of Commerce 19%88).

Most major highways in Montana closely parallel rivers and
streams. It 1is along these waterways that visitors gather many
of their lasting impressions of the state. According to a survey
of tourism in Montana conducted by Montana State University
{(Brock et al, 1984}, $5.4 percent of nen-residents surveyed
perceived Montana as good or excellent in terms of the state’s
outdoor recreation amenities, Maintaining the instream flows
requested in this applicaticn will help protect the outstanding
scenic and recreational values of the Missouri's free flowing
waters. This will help ensure that tourists will continue to
speak highly of the state'’s recreational amenities.

Since word of mouth is often the best advertisement for any
commedity, satisfied tourists will in turn lead to ceontinued
growth for businesses supported by non-~residents. Recent labor
statistics for Montana revealed that growth in tourism-related,
service~sector jobs is already significant. During the first
half of the 1580s when the wood products, metal mining, energy
development and agricultural industries were floundering, the
service secter of Montana's economy steadily generated 18,000 new

jobs {(Powers 19873,
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The recreaticnal and aesthetic attributes of rivers and

streams that attract tourists are also responsible for attracting

s

new, economicallyv-independent residents to Montana. As
polliution, crowded conditions, crime rates and loss of natural
areas continue to increase in major cities, an increasing number
of yetired pecople and/for persong endowed with sufficient

nterest, dividend or rent incomes, are choosing to move to areas
with uncrowded, high-guality recreational opportunities and
aesthetically-pleasing natural settings. Many of these people,
especially those seeking unmatched fishing, fleating and scenic
values, are moving to the Missouri Basin in Montana., The
contribution to Montana's economy made by these independent,

abor® income sources 1s already substantial:; it presently

fromed

fnon-
accounts for over one-third of HMontana's economic base. In
recent vears, non-labor income has added nearly 4 billion dollars
per year to the state’s economy, compared to Montana's total

abor income of about 7 billicon dollars per vear (Op. Cit.).

oo

Cf the many recreational benefits provided by the rivers and
streams of the Missourili Basin, fishing is unguesticnably a

highly-valued commodity. A recent economic study (Duffield et

St

al, 1987} determined the total aggregate value 0f stream fishing

in Montana to be 122,000,000 per vear. Remarkably, $50,962,008
per year, 42% of the state-wide total, was attributable to
streams and rivers in the basin above Canvon Ferry Reservoir

Figure 2). A breakdown of net recreaticnal fishing values for

i— i)
W

amg 1in the upper Missourl Basin are presented in Table 4.
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TABLE 4

NET RECREATIONAL PISHING VALUES OF STREAMS
IN THE UPPER MISSOURTI RIVER BASIH DURING 1585

Annual
! Yalue hngler Anrzal
Stream Per Day Davs Site Value
r Beaverhead River $ 895,75 24,238 $ 2,321,000
Big Hole River $108.55 47,510 5 5,201,000
Fast Gallatin River $142.80 F,191 §  BB4,.000
GCallatin River 5152.22 £3,871 $ 9,722,000
Madison River $1e1.086 168,712 $17,.508,000
Jefferson River and 5 79.21 29,12% $ 2,307,000
Tributaries
Upper Missouri River § B7.72 25,419 $ 2,238,000
and Tributaries above
Canyon Ferry Dam
Madizon River Tributaries §254.04 11,224 $ 2,851,000
Gallatin and East $171.54 14,045 5 2,409,000
, river Gallatin Tributaries
! Reaverhead Tributaries $139.47 25,6878 5 3,609,000
{Includes Ruby and
red Rock Rivers and
Tributaries?
I Big Hole River Tributaries $103.07 15,621 1,915,000
Total 375,239 550,962,000

State Total $122,315,000

porcent of State Total 42%

C—— * ooy, -




Of the 45 streams and/or stream reaches evaluated by

Du

it

i

t al., the upper Missouri Rasin was found to contain

field

o

G

thyee of the most highly valued rvivers in the state. The Madison
was the most valuable river in Montana (517,509,000 per vear).

The Gallatin was the third most valuable stream in the state

i
i
%
i

(59,722,060 per vear), while the Big Hcle wag fourth (35,201,040
per year). Only the upper Yellowstone (310,905,000 per vear} was

more highly valued than the Gallatin or Big Hole.

The net economic value of fishing in the Missouri River
drainage between Canyon Ferrpy Reservoir and Fort Peck Dam was
estimated to be $£11,478,000 (Table 5). Approximately nine
percent of the total fishing value of all streams in the state
was derived from streamg in the lower Missourl River Basin.
Together, the streams in both the upper and lower Misscuri River

Basin accounted for about 51 percent ¢f the statewide fishing-

related values.
The site values listed in Tables 4 and 5 were computed by

multiplying the value of a fishing dayv on a given stream times

the fishing pressure {as determined by the 19%B5 DFWP angler use

surveyl. A& Travel Cost Model was used to calculate the value per

i

day for each stream. See bDuffield et al., {(1987) for a detailed

discussion of this medel.
Duffield et 21l. caution that their study did not quantify
the total econcmic value of streams in Montana, Rather, it only

addressed the economic benefits derived by present angler use.
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TAELE &

NET RECREATIONAL FISHING VALUES OF STREAMS IN
THE IOWER MISSOURI RIVER RASIN DURING 1985

Annual
Stream Value Per Day Angler Dave rmual Site value
Misaouri River {between g F7.84 22,340 $ 1,735,000
Marias River and
Fort Peck Damj
Missouri Hiver {Canyon 2 61.356 57,557 5 4,145,000
Ferry to Marias River
excluding Holter to
Cascade)
Missouri Fiver {(Holter $ 50.33 72,788 $ 3,663,000
to Cascadel
Marias River $ 58.77 5,825 5 348,000
Musselshell River 5 585,96 11,218 5 £28,000
Smith River 5 70.98 11,824 5 H3I9,0G0
Smith River Tributaries $ 16.29 7,143 $ 116.060
Total 188,795 $11,478,600

State Total $122,315.000

Percent of State Total 9.4%

Source: puffield et al. 1587,
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1ese researchers further state that, based on the study's
reported costs, the net present value (market value) of just
fighing-related recreation for Montana streams is roughly 3.1
pillion dollars.

e

In addition to fishing, streams provide many other
& Y

ety

recreational benefit Floating, camping, picnicking, swimming,

i

bird-watching, sight-seeing and hunting are also popular
recreational activities conducted along the Missouri River and
its tributaries., Fowever, there is very little data available
hat allows for economic analysis of the values of strean
recreation other than fishing. The economic value of the
“issouril and other streams in Montana would, therefore, would be
significantly higher than $122,000,000 per vear if all river-
based recreatlional activities were evaluated.,
2. Economic Benefits to (ther Uses or ?azties
a. Hunicipalities

Municipalities will benefit from the DFWP ressrvation
because of increased assurances about the future availability of
drinking water., Maintenance of instream flow levels will, in
turn, sustain water levels at city intake structures and
infiltration galleries, If incremental stream flow depletions

were to continue as they have occurred in the past, relocation of

these supply structures and/or development of alternative water
supplies could be necessary. Either of these alternatives would
be costly for municipalities.

ta
Oy

-
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The effects of the DFWP reservation upon the availability of
surface drinking water supplies are important considerations to

e weighed during water reservation deliberations. FHowever, the

rvation to stream~cide communities

m

econemic venefits of the res
slso extend beyvond the issue of municipal water supply sources.
The recreational values of the f[ree-flowing Missouri River system
provide the basis for many thriving businesses in Ennis, West
vellowstone, Rozeman, Great Falls, Helena, Fort Benton, Three
Porks and many other smaller river—side towns. The eccnomic
growth and stability of these communities, particularly the
smaller ones, is highly dependent upon businesses supported by
hing, floating and other forms of river—-besed recreation.

outfitting businesses, of course, most clearly benefit from
the maintenance of adequate instream flows. The percentage of
state-wide [ishing-outfitting businesses that are located in the
Upper Missouri Basin closely approximates the angler-use data
displayed earlier in Figure 1. 2bout 21% (83 out of 270) of the
licensed fishing outfitters and guides who reguested t¢ be listed
in the Department of Commerce’s 1988 Montana Travel Planner were
headquartered in cities and towns of the Upper HMisscuri Basin.

in 1986, a total of 205 registered Montana fishing

outfitters provided 10,213 clients with 290,128 fishing days
{Montana Department of Fish, Wildlife and Parks 1387). In that

187 cutfitters also listed the major rivers that they

;’Qa;’: F N
worked., A total of 104 outfitters (56%) listed rivers and
streams in the Hissourli Basin.

[
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ong with cutfitting, municipalities in the Missour:i Basin

-

F

i,

so depend upon the economic success of many other service

[

sector businesses, ranging from motels, campgrounds and

restaurants, to sporting goods stores, avtomeblle service
stations and gift shops. These businesses are highly dependent

=

N
Q
o
W
It

§

csteady supnly of non-resident vistors. The DRFWP
Y Biy

e

Y

servation will help maintain the high guality recreational and

oot

f

scenic opportunities sought by tourists, thereby securing this

3]

aspect of economic prosperity for the Misscurl Basin.
The DFWP reservation will unguestionably protect

cpportunities for the perpetuation and enhancement of

roecreational and service sector businesses; but, the amenities it

helps maintain will alsoc help attract new kinds ¢f businesses

offering employment opportunities beyond the scope tracitionally

credited to recreation. Specialty food and mail corder companies,

computer and data processing businesses, and consulting firms are

examples of "distance-independent businesses,”™ since they
typically do not consider distance from markets a liability and,
therefore, are often successful in "remote” areas 1ike Montana.
In his keynote address to the Governor's "Montana - An

“conomy in Transition®” conference in May 1986, Dr. David Birch,
nationally~-renowned small business researcher, suggested as two
of three major recommendations for improving Montana's economy
that: {1} better recognition be given to attracting these kinds

of businesses; and (2] that the state do a better job of

nrometing tourism (Birch 1886). Calling Montana "one of the most

-
E i




spectacularly beautiful places in the world,” he concluded that

ihe state should invest more c¢ffort towards premoting ilts natural

attract more distance-independent companies to Mentana.

Areas of the state that are blessed with an abundance of
cpectacular trout rivers like the Upper Missouri Fiver Easin,
i.ave the highest potential for attracting both tourists and
Gistance-independent c¢ompanies. In fact, significant new growth
in the latter is already evident in the upper basin., During the

ral small to mid-sized companies have moved

m

sagt Lhree years, sev

v o Fozeman. inch of the credit for attracting these businesses

can Le given to the Gallatin Development Corporation {(GDCI, a

local business advecacy group that has definitely followed the

¢

advice of Dr. Birch 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

i

promeoticonal video "Pioneering for the Future,’ menticong fly

several times. As well, all of the newly-arrived

fighing
distance—-independent companies have at some time commented on the
recreational opportunities available in the area (Smith, 1588).

Some examples of these new businesses include:

)
Ao



Gibson Guitar Company, which moved part of its Hashville,

Tennessee operations to Bozeman during the summer of 1588, and

University.
Life-Link, a sporting goods manufacturer that had expected
to hire about 35 people during its first year in Bozeman, but

greatly exceeded these expectations. The company started

(s
ot

operations in March, 1988. By February, 1985, Life~Link had
employed 7% full-time and 12 part-time employees. All but eight
were from the Bozeman area. The company predicts that its annual

cales this year will be near $9,000,000 and that it will employ

i

150 people within the next two years (Bozeman Chronicle 1385,
ratagonia, a world-famous outdoor clothing menufacturer,
recently mcved the mail order portion of 1ts company to the
Callatin Valley. 1Initially employing about 30 people, this
figure is expected to increase to 100 during the next five years.
A spokeswoman for Patagoenia stated that Bozeman was chosen by the
company "primarily because of the recreational oppertunities not
available in Ventura”™ ({(the former Califcrnia site of the mall
order businessy. She continues, "Ventura is & great town, but
there ig not 2 lot of great rivers. You can't f£ly fish here
either. Bozeman has all those things and you can get to [theml

relatively easily.” {(Bozeman Chronicle, 1987)




The DFWP flow reservation will help protect the aesthetic

ies and recreaticnal opportunities that will continue to

%,
bt

e

guail
attract the above economic benefits to municipalities., These
henefits, along with the amenities provided by rivers and streams
to residents of stream-side clties and towns, are important to
the guality of life and the economic future of municipalities in
the Missourl Basin.

b. industry

Hydropower is a major beneficiary of the DFWP reservation.
Nine hydroelectric facilities in the Montana portion of the
Missouri Basin, including four near Great Falls, along with
Holter, Hauser, FEnnis, Canyen Ferrxy and Fort Peck dams, annually
produce about 3.7 million megawatt hours of electricity (DNRC
18863 . Nearly half of this electrical energy is produced at the
two latter facilities.

Maintaining instream flows through a water reservation would
nrovide monetary benefits through electrical generation at
existing, publically-owned facilities. Water that is available
in the Missouri River system not only passes through the Bureau
of Reclamation's Canvon Ferry Dam and the Corps of Engineers’® dam
at Port Peck, it also powers five other major hydropower
generating facilities owned by the federal government in North
Dakota and South Dakota. Table 6 presents the average generating

ach facility and the cumulative electrical

]

capacity of

generation per acre-fcot of water as it passes from one facility

31



EILOWATT HOUR {(EWH) GENERATION PER ACRE-FOOT (AF)
OF WATER {(Median Water or Most Probable Runoffl

TREBLE &

Average Generation Cumulative

Power Plant KWH/AY KWB/AF
Gavins Foint 35 777
Fort Randall 95 742
Big Bend 5€ 647
Gahe 154 551
Garrison 148 437
Fort Peck i64 289

125 125

Canyon Ferry

Scurce: Western Area Power Administration, January 20, 1584,
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There are varying concepts of how water in streams and
recervoirs are most appropriately valued. Both the Westepn Area
Tower Administration {(WAPA} and the U. S. Army Corps of Engineers
{Corps} have provided estimates of the value of an acre-foot of

water in the Missouri River Basin for hydropower. The value of

3

[

an acre-foot of water passing through the seven hydropower

{

facilities would depend on the sale price of electricity.
according to WAPA, the price of electricity ranges from 7.5 mils
per kilowatt 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 61, the value of an acre-foot of water would range
from $5.83 to $10.88.

The indirect economic benefit of the DFWP reservation to the
nine hydreelectric facilities in the Montana portion of the basin
is alsc very significant. When the price of electricity, as
quoted by the WAPA (OP.Cit.), is applied to the electrical
production rates at these Montana facilities, the value cf
wholesale power produced ranges from $27,800,000 to $51,800,000
per vear {(i.e., 3.7 million megawatts per year x 7.5 to 14 mils
per kilowatt hour). These estimated values are conservative.
Roughly one half of the hydroelectric power production in the
Missouri Basin in Montana is from private facilities, which
typically receive a much higher sale price for their electricity
(Dodds 1588},

velehradsky (1987) provided a slightly lower estimate for

+he value of electrical production at the Corps of Engineers’

33



4.

kel

/acre-~Efootl. However, he also

=3

Mizsouri River fagilities

P

stated that the perceived benefits of hydropower are much greater

3

tha

ot

v any current production estimates. If new power sources must

be brought on line, the cost could be 60 mils per EWH cor higher,

£

or eguivalent to about $41.00 per acre-foot,

The instream flows reguested in this application and those
reqguired 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 rveservation would help maintain the electrical generating
capacity of the hydropeower plants on the Missouri River. which
currently provide some of the most economical electrical power in
the western states.

The DFWP regervation will alsc help stabilize industrial
waste treatment costs. Maintaining instream flows in the
Migscuri 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) only issues discharge permits to waste treatment
facilities where there are sufficient streamflows to dilute the
wastes. Fach discharge permit has criteria attached specifying
that receiving waters would be protected as long as streamflow
does not fall below the 7-day, 10-vear low flow limit fér a given
stream, {(The 7-day, l0-year low flow is the lowest flow that
would occur at a2 probability of once every 10 years for a 7-day
congsecutive period.) If the flow of receiving water falls below

the 7-day, 10-~vear limit, waste discharges would not necessarily

34
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be curtailed, but the biolegical integrity of the streams would
no longer be protected (Bahls 1889},

Instream flow reservations would help prevent streams
receiving wastewater discharges from dropping below the 7-day,
i0-year low flow limit established to prevent water quality
degradation and damage to aguatic ecosystems. If flows shonld be
depleted below minimum levels to provide adeguate dilution and
assimilation of wastewater discharges, prevention of damage to
aguatic ecosystems would only be aveoided by suspending the
discharge of wastewater tc streams. Preventing permitted
facilities from discharging during these periods could pose
serious operational and eccnomic consequences. Either treatment
facilities would need to be upgraded to reduce the guantity of
varicus chemical compounds and organic materials in wastewater,
or effluents would have to be disposad of on land ¢r threugh some
other 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 are also recipients of the above indirect
economic benefit of the reservation, since there are nearly as
many permitted municipal sewage treatment plant dischargers in
rhe Misscuri Basin (43) as there are industrial dischargers {46).
All Montana Pollution Discharge Elimination System (MFDES) -
permitted facilities in the Misscuri Basin that receive benefits
ssgsociated with stabilized instream flows/waste treatment COSLs

are ligted in Tabie 7.
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TARLE 7

MONTAMNA PEFMIT D SCH&R@ ELIMINATION SYSTEMS ~
MUNICIPAL, IMDUS 3L, AMD PLACER MINE PERMITS

Permit

Permittes Count Receiving Water Expiration Date i
Dillon Peaverhead Beaverhead River 01-31-85
Townsend Brozdwater Missourli River 5-31-93
Balt Cascade Pelt Creek 01-31-89

reat Falls WIF Cagceade Misscuri River {5-31-92
Great Falls Cascade Misscuri River 018=30-92
Village Water Cascade Sun River 03-31-53

& Sewer i
Vaughn Cascade Sunn River 12-31-89 ;
Big Sandy Chouteas Big Sandy Creek 10-31-88
Ceraldine Chouteau Flathead Creek 05-31-93 '
Chouteau/Highwood — Chouteau Highwood Creek 01-31-89 l
Fort Benton WIF Chouteau Missouri River 053189 ‘
fort Penton WIP Chouteau Misscuri River 48-31-51 :
Denton Ferqus Wolf Creek 01-31-89 l
Lewistown Fergus Big Spring Creek G1-31-8%
Willow Cresk Gallatin Unnamed Drain Ditch 07-31-90

Sewer /
Bozeman Gallatin East Gallatin River 05-31-93 I
Three Forks Gallatin Madison River 16-31-8% '
Manhattan Gallatin Gallatin River 05-30~52
Cut Benk Glacier Cut Bonk Cresk (15-31-63

rowning Glacier Depot Cresk/Willow Creek 05-31-86
Whitehall defferson Jefferson River 12-31-89
aillbrock Mursing Jefferson Prickly Pear Cresk 03-31-89

Home
roplder Jefferson Boulder River 03-31-8%
Hobson Judith Basin Urnmames Drainage 09-30-88
Stanford Judith Basin Skull Creek 05-31-91
Helena Lewis & Clark Prickly Pear Creek 05=31-91
S BOR Canvon E‘«ergy Lewis & Clark Misscuri River (08-31-6%
US BOR CF Govt Camp Lewis & Clark Missouri River (8=-31-53
Helena WIP Lewis & Clagk prickly Pear Creek 069=30-31
East Helena Iawis & Clark Prickly Pear Craek 053181
Sheridan Madison Mill Creer 03-31-89
Ernis Madison Madison River 09=30-88
White Sulphur Meagher Lone Willow Creek 05-31-93

Springs
Valier Fondera Unnamed Dry Cresk Bed 11~30-53
Conrad FPondera Marias River 07-31-63
Brady Water Users Pondera South Pondera Coulee (5-31-93
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Tabls 7 {continued)

Permittoa County Peceiving Weter

MUNICIPAL PERMITS (continued)

Choteau Teton Teton River 01-31-8%
Fairfield Teton Freezeout Lake (15-31-93
Dutton Teton Hunt Coulee (5-31~93
Tnole/Swestgrass Toole Unnamsd Dry 1. Bed 05=-31-23
Surburst Toole Unnamad Dry 1. Bed 01~31~40
Sheliby Toole Marias River (5-31-53
Fort Peck Valley Missourl River 45-31-93

B. IMDUSTRIAL PEAMITS

Bnaconda Minerals Cascade Missouri River 02-28-85
Janetski, Lee B. Cascade Missouri River 06-30-30
antonioli, Mrs. P. Cascade Scuaw Creek 12-31-8%
MBC~Rainbow Cascade Missouri River 06-30-8%
MPC-RBlack Eagle Cascade Missouri River 06=-30-85
¥T Refining Co. Cascade Missouri River 07-01-88
MPC-Ryan Cascade Missouri River 06-30~88
Gence Industries Cascade Belt Creek 07=-31-82
Blue Range Mining Fergus Big Spring Creek 10-31-89
Blue Range Eng. Fergus East Fork Fords Creek 05-30~51
ScurDough Cr. Prop. Gallatin Varicus 08-31-91
Ideal masic Ind. Gallatin Misscuri River (2-28-91
Beren Corp. Glacier Unnamad Slough 06=-01-81
Flying J, IncC. Glacier Spring Coulee 05-31-53
Corbin Water Ussrs dJefferson Corbin Crask 05=-31-91
poulder Hot Springs Jefferson Little Boulder River 05-31-52
T Tumnels Mining Jefferson Trib. to Spring Cresk 15-31-91
Pangea Mining Jefferson Basin Creek 05-31-93
Panges Mining Jefferson Monitor Creek 05-31-33
Ash Grove Cement Jefferson Prickly Pear Cresk 12-31-83
Gulf Titanium Lewis & Clark Jennies Fork 08=30-2]
Black Hawk Mining Lewis & Clark Banner Creek (6-30-50
Clark, Dexter iewis & Clark Spring Creek 12-31-82
MT Cold & Sapphire ILewis & Clark Migssourli River 06-30--88
MEC-Holter Lewis & Clark Missouri River (6-30-88
MEC~Hauser Lewis & Clark Misscouri River {6-30~85
Century Silver Lewis & Clark Ten Mile Cresk 08-31~92
Liguid Air Corp. lewis & Clark Prickly Pear Creek 12-31-89
Uncle Sam Mines Madison Middle Pork Mill Cresk 04~30~92
U.5. Grant Gold Madison Alder Creek 01-31-92
Rocky Mtn. Minerals HMadison rochester Creek G5-31-85
Red Pine/Shermont Madison Indian Creek 02-28-50
MT Talc Madison Johnny Gulch Creek 09=-30-52
Cyprus Ind. Min. Maciison Middle Fork Stone Creek  07-31-85
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Tanle 7 {continued)

Permit
Permittes Count Receiving Water Expiration Date
THOUSTRIAL PRRMITS (continued)
MEC-Madison Madison Madison River (06-30~E8
Denimil Rescurces Madison rony Creek 12-31-88
Cyprus Ind. Min. Madison Sweetwater Creek 05-31-93
Zortman—Landusky Phillips King Creek 10~31~91
Zortman~-Landusky Phillips Various 16-31-81
Malta Ready Mix Ehillips Milk River-Dodson Canal  05-31-83
Western Resepves Toole Umnamed Closed Rasin 07-31-89
Texaco, Inc. Toole Stockponds 10-31-88
Silver Fox Cil Toole Ephemeral Drainage 04~-01-82
R & GOLl & Gag Toole Stockponds G4-30-82
Fast. Amer. Energy Toole Unnamed Coules 12-31-87 4
Devon Water, Inc. Toole Tiber Reservoir 11-30-58 g
C. DLACER MINES & SUCTION DREDGES I
e,
Golden Star Beaverhead Big Moosehorn Creek (08--90
Golden Star Beaverhead fuby Creek 4990 :
Golden Star peaverhead Little Moosehorn Creek  09-G0 .
Miragliotta, Vite Beaverhead Jeff Davis Creek 08-88
Searle Bros. Beaverhead Jeff Davis Creek 03-393
Towmer, oob Beaverhead Grasshopper Creek 07-8% I
Wright, Alan Broadwater Indian Creek 03~92
Elies, Forrest Jefferson Jack Cresk 1090
Klies, Forrest Jefferson Basin Creek 10-86
Jefferson Cresk Lewis & Clark Jefferson Creek 06-86
Holzworth, Dick Lewis & Clark Skelly Creek (3-=88
¥Modern Expl., ete. lewig & Clark Prickly Pear Creck 12-92
Morriz, Bid Lewis & Clark Hauser [ake 0583
MT Gold & Sapphire Lewis & Clark Misscuri River (06-88
Fredriksen, etc. Lewls & Clark Misscuri River 12-92 -
Sypult, Cleatus Lewis & Clark Madison Gualch 10-90 i
Placer Recovery Lewis & Clark Jefferson Cresk (2-53 g
Brown's Gulch Madison Brown's Gulch Cresk 39-586
Parker, Rodnev Madison Barton Guich 0630 !
Lince, Carol G. Madison California Creek 0852

§

Source: Montana Department of Health and Environmentzl Sciences, Helena,
Wontana, 1588,
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Lastly, and very importantly, the diversity and abundance of
water-based recreational opportunities that are supported by the
NFWP reservaticon provide the base for a highly diverse,
environmentalily-sensitive industry in the Missouri Basin. The
amenities protected by the reservation support water—based
recreational businesses and also attract tourists, "distance-
independent” businesses and people with independent incomes. All
of these businesses and income sources collectively comprise an
amenity-based, growth-oriented industry that is essential to the
continued growth and prosperity of the bhasin.

Ca Agricuiture

Fxisting agricultural water right heolders will benefit from
the DFWP reservation 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 will
be provided tc these landowners has not been guantified
sconomically, it is no doubt substantial as far as its influence
on property values, CIOp production rates and reductions in
potential legal costs arising from disputes between junior and
senior water users. However, since no firm monetary data exist
for these economic benefits, they have been incorporated into the

discussion about non-economic bensfits of the reservation

i,

I1.2.ci.
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B. Effects of the Reservation on the Environment, Poblic
Health, Welfare and Safety

i. An Overview of Indirect, Hon—Economic Benefits
The scenic and recreational values of rivers are largely a

function of their water quantity (instream flows), water guality

and riparian areas. As has been previously discussed, the DFWP
reservation preserves these attributes, which are vital
components of the Missouri Basin’s natural environment. In fact,

all direct henefits of the reservation are alsc indirect benefits

to the environment, since the DFWP is a public agency charged
with the protection and enhancement of other significant
components of the natural environment, i.e Montana's [ish,
wildiife and parks.

However, protection of the natural environment through
adeqguate instream flows doss far mere than just preserve

hydrolegic c¢onditions and bicleogical abundance. It also benefits

i
L
I
L

the bhuman enviromment, as well as the public®sz health, welfare
and safetvy.

The combination of exercise and relaxation that is part of

fishing, fleoating and other water-based recreation unguestionably
benefits physical health, while providing welcome relief from the
mental stresses of evervday life. These recreational activities
alsc reguire varying degrees of skill, and so become avenues for
gaining a sense of persconal accomplishment. To improve these
skills requires better understanding of the functions of river
systems; this, Iin fturn, increases individual ceonscicusness and
self-confidence,

46




e}

[P

—c—— T

The sociological benefits of river recreation are also
important. River outings 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 interperscnal relationships.,

Many people float rivers only to f£ish, but others enjoy the
cultural and historical aspects associated with free~flowing
streams throughout the Misscuri Basin. Retracing the journeys of
early explorers like Lewis and Clark, Mullan, Colter, Bozeman and
others, certainly reguires adeguate instream f£lows for present
day river npavigators. Yet, just as importantly, these
streamflows also preserve the natural setting or viewing backdrop
of river bottoms, which has other important cultural and historic
implications.

For example, the scene at the Big Heole Battlefield National
Monument 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 Nez Perce confronted the U. 8. Army. Further reductions
in instream fleows and/cr riparian vegetation within the
battlefield area would change the physical setting, and thus the
historical and cultural cxperience of visgitors., In 2 similar
sense, it would be difficult to conjure up images of John Colter
using the Gallatin River as a hiding place from fleet~focted
warricors if the river near Headwaters State Park were to bhecome

further dewatered. &and, the HMisscuri's Wild and Bcenic streteh
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would not offer visitors the same historic feel if it no longer
nad streamflows similar to those that existed during the
steamboat era.

Tn stories and songs--from Native American lore to the
writings of today's authors and poets—--rivers are never describad
merely as physical conduits where water runs downhill. Rather,
it is the beauty or strength of rivers and/or the influence of
rivers upon individuals cor socleties that rescnates threough human
Memory.
he rivers and streams of the Missouri Basin, therefore, not
only provide ongoing recreational and health benefits, they are
alse vital and important linkages to our past. These free-
flowing waters and the riparian vegetation that they nourish are
as much a part of the histerical, social and cultural environment
of the basin as are any human-fabricated structures or devices.
mhe DFWP instream flow reservation will, in essence, protect
irreplaceable compeonents of the Missocuri Basin's human
environment.

rdequate instream flows are also important to the safety of
floaters. Hazards, such as large boulders, logs, gravel bars,
rip rap, and diversion structures, can be avoided by floaters if
stream flows are high encugh to allow manuevering.

Tn the sections that follow, cother indirect non-economic

of the reservation to other uses or parties will be

henefits
described. It is impertant to note that there are neo indirect,

e
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non—-economic costs of the reservation te the environment, public

nealth, welfare or safety.

7z

e

Hon-Economic Benefits toe Other Users or Parties
B Municipalities

The instream flows reguested in the DFWP reservatlion will
cantinune to enhance the human environment for municipal residents
in the Missouri Basin. Adeguate stream flows will help enhance
the visual attributes of river bettom lands by keeping riparian
vlant communities healthy and viable and by providing habitat for

dlife and birds that residents enjoy observing. The

et
it
!

wi
attractiveness of a stream is also closely tied to its water
level: discharge levels below those reguested in this application
would lead to increases in exposed {dewatered! channel reaches as
well as decreases in total living space available for treut and
other zguatic life. The reservation will help preserve boeth the
volume and surface area of streams, thereby perpetuating sport
fishing and, where presently conducted, river fleocating
opportunities. These amenities are substantial and irreplaceable

sncial, aesthetic and recreaticnal benefits of the reservation

or citizens of municipalities that border free~flowing streams.

)

7
i

he opportunity to fish, flcat or swim in the streams, observe

wildlife and birds, or to just enjoy the serenity of sparkling
waters beneath the shade of cottonwoods in a city park, all

~ontribute immeasurably to the cualitv of life in these
g ¥
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A maijor public health benefit of the DFWP Regervation 1s its

rocle in protecting municipal water supplies. Many municipalities

in the Missouri Basin utilize surface water or shallow, stream—

N

side aguifers as their drinking water sources. The reservation

o]

will help maintain stream discharge levels necessary to dilute
the toxic effects of hazardous materials and microbial organisms
+hat enter these streams. Some herbicides and pesticides that

are used by farmers, ranchers, weed digtricts, and urban

gardeners/lawn-growers are guite persistent (slow to decompose).
Leaks, spille or improper application, storage and disposal of
these chemicals result in contaminated surface and ground waters.
Unless adeguate dilution 1is available, concentrations cf these

substances in public water supplies can reach levels harmful to

human health.

-

vhe benefit of maintaining adegquate instream flows to dilute
roxic substances is illustrated in the Missouri Basin by problems
associated with the toxic element arsenic. High concentrations
of this metal originate from geothermal sovrces in Yellowstone
park and enter the Missouri River drazinage via the madison River
{U. 5. Geological Survey 1%87). Tributaries to the Madison
dilute arsenic concentrations, lowering concentrations
downstream. The Environmental Protection Agency (EPA) measured
arsenic concentrations of 200 to 300 micrograms per liter {ug/ 1}
in the upper Madison River and concentrations of 20 to 49 ug/l in
the Missouri River upstream from Canyon Ferry Regervoir {(at

Tpston) . Human health concerns exist because the allowable limit
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or arsenic in drinking water is 50 ug/l (U. §. Envirconmental

by

protection Agency 1986).

nata collected by the U. §. Geological Survey (USGS) in 1985
(U. 8. Geological Survey 1987}, show that arsenic levels exceed
drinking water standards in the Madison River below Hebgen Lake
(i.e., 7B to 180 ug/l), below Ennis Lake (4% to 160 ug/l), and at
Three Forks (45 to 87 ug/l). Arsenic levels in the Missouri
River at Toston ranged from 22 to 40 uvg/l and below Canyon Ferry
rReservoir from 22 to 34 ug/l.

Retween March, 1986, and September, 1988, 16 samples were
collected by the USGS from the Madison Riveyr at the Yellowstone
park boundary near West Yellowstone. The mean concentration of
arsenic was 252 ug/l (max. = 360; min. = 140) (Knapton 15883 .

The Jefferson and Gallatin rivers which do not have high arsenic
concentrations are normally major diluters of the arsenic
concentrations in the Madison River. A water sample collected by
58GS on August 17, 1588 (a drought year) at Toston contained 16C
ug/1 dissclved arsenic (twice the EPA drinking water standard).
The previous maximum concentration recorded frem 58 samples
coliected at that site since 1972 was 52 ug/l. The mean
concentration of all 55 samples was 24 ug/l (Op.Cit.).

Extremely low flows prevailed in the Jefferson and Gallatin
rivers in 1888, On August 17, 1988, the flow in the Jefferson
niver was only 52 cubic feet per second (8 percent of the long-
term daily mean flow) and the Gallatin River was at only 60

percent of its long-term mean dally flow (Op.Cit.}. This lack of
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the increased concentration of
illustrating the importance

streamflow for dilution caused
arsenic at Teoston on August 17, 138E,
of adequate instream flows to protect the quality of public water

pplies.
b Industey
The two largest hydroelectric facilities on the Missouri

river in Montana, Canyon Ferry and Fort Peck, are cperated by the
Maintaining instream flows will benefit

federal government.
public welfare by assuring reliable water delivery for power

generation at these federal facilities.
wany headwater trout streams in the Missourl Basin are

impaired by discharges of acid and toxic metals from

presently
Reduction

abandoned mining operations, i.e the upper Wise River, Boulder
{near Helena), Belt Creek (near Great

river, Prickly Pear Creek
}, Grasshopper Creek (near Bannackl, and cthers.
in instream flows would, in turn, reduce the capacity of these

Falls:,

streams to dilute the discharges, causing toxicity problems to
This would result in degradation of

spread farther downstream.
more miles of viable trout streams.
C, Agriculture
the amount of water apporticned for instream
will at all
ig granted,

rRegardless of
flow reservations, existing water rights in the basin
in fact, if the DFWP's reservation
assurances

times be honored.
existing water users will be provided with additional
Reserved

El

of future surface and groundwater availability.
Wil

1 help maintain water levels at existing

ingstrean flows




headgates and will provide a lagal buffer to counter any Ifuture
water development plans by new water users. During low flow
ezrs, maintenance of existing stream flows will also help ease
conflicts between junior and senior water users in the basin.

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

The riparian vegetation that is supported by shalliow
groundwater, i.e. willows, cottonwood, birch and aspen, all have
extensive root systems that stabilize stream hanks znd channels.
The soil stability provided by healthy, well-managed riparian
areas not only prevents erosion, but also reduces the potential
for damage to crops and farm buildings caused by flocoding.

in many valleys of the uppet basin, moist meadows and other
riparian—-like areas are often used to grow alfalfa and hay Crops,
or as highly productive pasture lands. Many of these sites are
tegh-irrigated™ by shallow water tables that are recharged by
surface water supplies. The DFWP reservations would help
raintain these moist growing sites by pretecting flows against
new water uses. New diversions could reduce egssential recharge
which, in turn, could reduce the forage oroductivity of these
existing agricultural lands. A reduction in recharge would most
certainly occur if the new offstream use were to be located on
nenchlands neot directly connected to shallow, stream-side

-
aguifers.
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Finally, stream—side aguifers are often utilized as
domestic, livestock or irrigation water supplies. The
reservation would help sustain existing water table levels, and

thereby, the availability and/or quantity of these shallow

groundwater supplies.




¢. Economic Opportunity Costs of the Reservation
I. An Overview of Indirect Economic Costs

agriculture is by far the largest offstream consumptive
water user in Mentana, accounting for approximately 57.6% {15.41
million acre-feet) of the water diverted., In the Missouri Basin
in Montana, agriculture accounts for an even iarger share of the
water diverted by consumptive users, approximately 959%% (7.9%
million acre-feet). OF this diverted water, only about 22% (1.76
million acre—feet) is actually consumed (DNRC 1886). Loss of
water to the atmosphere from reservoir surfaces likely results in
a nearly egual amount of water consumption in the basin.
Fotimates for reservoir evaporation losses specific to the
souri Rasin were not presented in the 1986 DHRC report;

M

i1}

however, during 1980 on a state-wide basis, evaporation from
reservoirs was estimated to account for 53.8% of all water
consumption in Montana, compared to 44.6% by agricultural users.
In the Missouri Basin in Montana, use of surface water by
municipalities and industry is relatively minor, about iz of
total water consumption. During 1%80, 0.071 million acre-feet of
water was diverted for municipal use, but only 0.025 million
acre-feet was consumed. Water withdrawals for industry-owned
water supplies were even less, amounting to only €.903 million
acre-fest in 1980 (Op.Cit.). Even when the more highly populated
and industrialized lower Missouri River states are included in

these figures, non-agricultural uses are 5811l relatively
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insignificant, amounting to less than 4% of the water consumed in
the entire ten-ctate basin (G'Keefe, et al. 1986).

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

2. Economic Costs to Other Uses or Parties
EW Municipalities

Future water demands for municipalities are difficuit to
predict, not only because of problems associated with growth
projections for cities and towns, but alsc because of
uncertainties about the cost-effectiveness of surface water
supplies in the future. Recent outbreaks of Giardiasis in
Eozeman and other smaller communities in the Basin have prompted
the need for additional 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 most
commonly-prescribed treatment for removing the minute cysts.

giardiasic is spread by mammalian feces. puring the past
decade its incidence has increased dramatically in surface waters
~f the Northern Rockies. Because of the Giardiasis outbreak and
other water gquality considerations, the 1986 Amendments tc the
rederal Safe Drinking Water hct reguire that all surface drinking

water supplies be subjected to addiﬁi@nai filtration requirements
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ny the early 1990s. Treatment costs for surface drinking water
sources will, therefore, inevitably increase, which will decrease

he economic attractiveness of these socurces as future drinking

presently, [ive municipalities in the upper Missouri River
pasin are planning to need more water to supply commercial,
residential, and industrizl needs by the year 2025 (HEKM
reanciates 1987:. Three of the communities {(Dillon, Three Forks,
and Belgrade) plan to obtain the needed water from wells, whereas

jest Vellowstone and Bozeman will supplement their water supply

from surface waters.

West Yellowstone plans to pump 2,550 acre-feet per year from
Whiskey Springs at a2 rate of 1,582 gpm by the year 20Z25. Bozeman
predicts that it will need an additional 4,030 acre-feet per year
to supplement ground water sources and water available from
Hyalite Reservoir. Bozeman plans to construct a dam on Rozeman
Creek to provide the water required by the year 2025.

Granting of instream flow reservations would probably not
conflict with the needs of Bozeman for additional water because
the proposed dam on Bozeman Creek would probably fill during the
high flow periocd in the spring when regquested instream flows are
normally exceeded, Instream flow reservations could affect West
vellowstone's proposed project because no water storage is
anticipated. However, such an effect would depend on the

priority date of the instream reservations. Instreanm
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eservations would not conflict with those communities obtaining

=

additional water from wells.
ba Industry

Within the ten-state Missouri Basin, the largest industrial
sse of water is for thermoelectric power generation; in 1378,
0.443 million acre—-feet of water was diverted for the cocling
water needs of cocal-fired plants (O'Keefe et al, 1588} . However,
there are no thermoelectric plants in the portion of the Missouri
pBasin covered by this reservation request. Even if there were,
the water needs for this industry would be relatively minor. For
example, water withdrawals for the seven coal-fired glectric
plants in the Yellowstone Basin amounted to 0.094 million acre-
feet in 1980, but only about 10% of this water was actually
consumed (DNRC 1986). BAs well, if any coal-fired plants were to
he built near Fort Peck Reservoir, water would be available for
lease pursuant to authority granted by the 1587 Legislature (HB
608) .

Mining and processing of mined products is an important
industry in the Misscuri River Basin in Montana. Currently,
there are approximately 36 active mining operations in the basin
rhat have been issued permits by the Mcontana Department of State
Lands (DSLY for the mining of talc (5 permits), geold (16
permits), limestone (5 permits), gypsum (Z permits},

silica/guartz (6 permits), iron (1 permit}, and chlorite (1

permit) (Table ).
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OPERATING MINES PERMITTED EY THE
' TATE LANCE IN THE

DEPARTMENT OF ST

MISS()URE RIW BASIN

Company County Stream Drainage Product Procecs
Mt. Heagan Jefferson Boulder River Gold Cyanide
Develoment Ing. Heap Leach
Searle Bros. Beaverhead Horse Prairie Cr Gold Placer
Construction, Inc.
S and G Mining Jefferson Boplder River Gold Placer
Browng Gulch Mining Madison Alder Gulch Gold Placer
RIATE Beaverhead Grasshopper Cresk  CGold Placer
Golden Sunlight Mine Jefferson Jefferson River Gold Cyanide Vat
Leaching
Colden Star Mine Beaverhead Rig Hole River Gold rPlacer
Continental Lime Inc. Jefferson Indian Creek Limestone  Quarry
Hemphill Bros. Inc. Jefferson Boulder River Quartz (arry
rauffer Chemical Co. Beaverhead Big Hole River Quartz Quarry
Ideal Basic Industries Gallatin Missouri River Limestone  Quarry
Cyprus Industrial Madison Madison River Talc Mine
Cyprus Industrial Madison Madison River Talc Mine
Cyprus Industrial Beaverhead Beaverhead River Talc Ming
pfizer Inc. Beaverhead Beaverhead River Talc Mine
willow Creek Talc Medison Ruby River Talc Mine
Cyprus Industrial Jeffzrson Jefferson River Chlorite Mine
Spotted Horse Fergus Spotted Horse Gold Cyanide
Culch Leach
rauper's Dream lewis & Ten Mile Creek Gold Cyvanilde
Clark Leach



Tanle £ {continued)

Commparny County Streoam Drainage Product Process
Degasus rhillips Ephameral Gold Cyanide
Drainage Leach
Montana Tunnels Jefferson Spring Creek Gold Cyanide
Leach
Mortenson Const. Cascade Missourli River Gravel uarry
intergem Meagher Misscuri River Ircn Open Pit
Walter Savey Cascade Sun River Rip-rap Cuarry
Chouteau County Chouteau Teton River Rock Quarcy
rip-rap
Ash Grove Cement Jefferson pPrickly Pear Creek Limestone {Rarry
U.5. Gypsum Jefferson Prickly Pear Cresk  Gypsum Cnarry
Marcnick Const. Judith Judith River Gypsum uarry
Basin
Marcnick Const. Jefferson Prickly Pear Creek Limestone (uarry
Special Lady Lewis & Ten Mile Creek Gold Flacer
Clark
St. Joseph Lewis & Ten Mile Creek Gold Placer
Clark
Gulf-Titanium Lewis & Little Prickly Gold Cyvanide
Clark pear Cresk Leach
RMAK, Judith Judith River Gold/ Cyanide
Fasin Silver Leach
Kendall Venture Fergus Judith River Gold Cyanide
Leach
pacific Silica Jefferson Prickly Pear Creek Silica uarry
Indian Cresk Jefferson Indian Creek Limestone  (Uarry

senrce:  Montana Department of State Lands, Helena, Montana.

Permit Application Files (November, 1588).




The existing gold mines are primarily placer mines which are
non-consumptive water users, and mines which extract gold through
vanide leaching of ore. Ouartz and limestone are guarried for
the production of cement, the processing of which consumes no
water except for domestlc purposes {i.e., drinking water and
wastewater treatment). Tale and gypsum chlerite mines consume
1little or no water in mining and processing.

Additional gold mines have permits pending in the Upper
sissouri River Basin. The AGAU/Montore Jolnt Venture in the
nattlesnake Creek drainage near Argenta proposes LC pProcess ore
through cvanide heap leaching. The Yellowband Mine, also near

Argenta, would process gold and silver ore through a fiotation

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 9). Water use for 13 mines obtaining water
from both surface and ground water SQuUICes wWas 6§,882.6 gallons
per minute (gpm) for processing 208,400 tons of ore. Average
warter use was 529.4 gpm and average ore oroduction was 16,031
tone per day {(an average of 1 gpm is reguired to process 30 tons
per day of crel.

Water use and production for mines obtaining water from

e 10) was compared with water use and ore

et

surface scurces {(Tab

sroduction for mines obtaining water from ground water sSources

L3
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TABLE 2

; WATER SOURCES,

AND PRODUCTION OF PERMITTED PRECICUS
METRL MINES IN MONTANA

Water
Production Consumption
Mine County {tons/day) goml Water Scurce
Spotted Horse Fergusg 56 1.8 Discharge from
existing adit
Pauper’s Dream Lewis & Clark 1,500 28 Wells
ASARCO-Troy Lincoln 60,000 1,700 Wells
Pegasus Phillips 80,000 1,700 Wells
Jardine Park 1,050 300 Bear Creek and
Pine Creek
Beal Mountain Silver Bow 5,500 200 Beef-straight Creek
Chartam Broacdwater 3,000 300 Wells
Cola Flathead 5,000 &80 Wells
EBlack Pine Granite 1,000 5 South Fork Lower
Willow Creek
Montana Tunnels Jefferson 15,000 918 600 to %00 gpm from
Spring Creek,
Prickley Pear
Creek, and Clancy
Creek, SC gpm from
adits
Golden sunlight Jefferson 35,000 708 Jefferson Slough
Mt. Heagan Jefferson 300 20 Slaughterhouse
Gulch Cresk
Stiliwater stillwater 1,000 356 Mine workings & wells
Total 208,480 £,882.6
Average 16,0321 529.4

1 gpm to process 30.3 tons/day

gource: Montana Department of State Lands, Helena, Montana.
permit Application Files (Novermber, 1988!.

Note: ALl of these mines are not in the Misscuri River Basin.




TEELE 10

WATFR REQUIREMENTS AN PRODUCTION FOR PERMITIED
PRECIOUS METAL MINES OBTAINING WATER FROM
SURFACE BOURCES IN MONTANA

Water Water
Production Consumption
Mire County {tons/day (gpm! Water Source
Jardine Park 1,058 300 Bear Creek and Pine
Creek
Beal Mountain Silver Bow 5,500 200 Beefstraight Creek
Rlack Pine Granite 1,000 5 Scuth Fork Lower
willow Creek
Golden Sunlight Jefferson 35,000 700 Jefferson Slough
. Heagan Jefferson 360 24 Slaughterhouse Gulch
Cresk
Montana Tunnels Jefferson 15,9049 300 Spring Creek
Total 57,850 1,525
Average 9,042 254

1 gpm to process 38 tons/day

Source: Montana Department of

State Lands, Helena, Montana,

Permit Applicaticn File (November, 19B8)
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y . Mines obtaining water from surface sources processed '

tot of 57,850 tons of ore per day and used 2,197,440 gallions

1
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day {1 gpm to process 38 tons/day). Mines obtaining

[t

of water pe

water from ground water sources processed 150,550 tons of ore per
day and used 6,825,600 gallons of water per day (1 gpm to process I
31.8 tons/day). Approximately 72 percent of the ore mined was

processed utilizing ground water.

The impact that water reservations would have on future
mining development in the Missouvri River Basin would be related
o the number of new mines cpened 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, gold and silver mining fellow "boom and bust” cycles.

Although mining in Meontana may currently be expanding, it is not

possible to predict whether this trend will continue.

According to McCulloch et gl. (1588), gross production in
1988 from metal mines in Montana was up 45 percent from the
previous year. The number of new or renewal exploration permits
issued by the Montana Department of State Lands also has
increased from 56 in 1982 to 111 in 1987 and 1%2 in 1988
(McCullech et al. 1988). Although it is speculative to predict
future precious metal mining activities in the Misscuri River
Basin, a 7-ysar trend of wages and salaries paid tc miners in the
Missouri River Basin was tabulated for 1981-87 (Table 12). &S
chown in Table 12, mining in the Misscuri River Basin provided

41.2 percent of salaries and wages paid throughout the state for

et
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TABLE 11

GROUMED WATER SCOURCES IN MONTRMNA

WATER REQUIREMENTS AMD PRODUCTION FOR PERMITTED
PRECICUS METAL MINES CETAINING WATER FROM

Water
Production Consumption
Mine County {tons/dav} {gom) Water Source
Pauper ‘s Dream Lewls & 1,500 28 Wells
Clark
Spotted Horse Fergus 50 1.6 Discharge from
existing adit
ASRRCO-Troy Lincoln 654,600 1,700 Wells
Pegagus rhillips 80,000 1,708 Wells
Chartan Broadwater 3,008 306 wells
Coda Flathead 5,000 &60 Wells
stillwater Stillwater 1,000 350 Mine workings &
wells
Total 150,550 4,739.6
Average 21,507 &F7

1 gpm to process 31.8 tons/day

L
ALY

Source: Montana Department of State Lands, Helena, Montana.
permit Application Files (Novenber, 1988).



TABLE 12

YUACES AND SALARIES FROM METAL MINING TN THE
UPPER AMND LOWER MISSOURT RIVER BASIN
{Thousands of Dollars)

Lower Missouri River Basin Upper_Missguri River Basin

Percent of Percent of

Year State Total Waaes/Salaries  State Total Wages/Salaries  State Total
1987 548,078 $7,876 16.4% $11,9371 24.8%
1986 $33,944 $4,928 14.5% $ 5,760 17.0%
1985 526,812 53,392 12.6% $ 5,0912 19.0%
1984 $32,568 56,737 20.4% s 4,8643 14.7%
1983 $44 683 54,311 3.6% $ 6,044 13.5%8
1882 $52,448 $3?4564 6.5% 5 2,397 4.4%
1981 $57,756 54,3597 7.5% $ 2,392 4.1%
Average 542,387 $5,0C1 11.8% $ 5,485 12.9%

Source: Montana Department of Labor and Industry, Moptana Emplovment, Wages, and

contributions, Annual Average 1981-1587.

ipxeludes Broadwater County for purposes of confidentiality.
Zpvcludes Beaverhead County for purposes of confidentiality.
Ipyeludes Gallatin County for purposes of confidentiality.
Spxcludes Meagher County for purposes of confidentiality.

Sexeludes Cascade County for purposes of confidentiality.
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metal mining in 1987. VWages and salaries increased in the upper

&l

csouri River Basin from $2,352,000 in 18981 to $11,537,000 in

il

ok

ower ¥issouri River Basin, wages and salaries

1887, In the 1
increased from 54,359,000 in 1981 to $7,876,000 in 1887,

r
'

irly reliable estimates of the remaining precious metals
resources in the Missouri River Basin can be derived by examining
past mining activities in the basin because future mining 1is
predicted to occur where mining has historically taken place
(Wwebster and Hahn 1988). VNew mining and ore processing
technologies have made it econcomically feasible to extract metals

“vom ore bodies that were previously not mined. pAccording to

iy

Hahn (1988), minimum reserves of gold and silver in Hontana are

8,012,000 and 617,165,000 ounces, respectively. Historic

Q

production of gold and silver in Montana was 20,396,000 and

s

950,253,000 ounces, respectively. The ratic of present estimated

etal reserves to past production is 1:2.5 for gold and 1:1.5 for

=]

~iiver. If the estimated reserves of gold were correct, there

0

are approximately .40 ounces of gold reserves for every ocunce
that already has been mined. §&imilarly, there are approximately
67 ounces of silver reserves for each ounce that has been mined.

To obtain an estimate of gold and silver reserves in the

Tk n

ver Basin, historic gold and silver production was

n
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or mining districts in the basin (Table 13).

[us
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1lated

a

pproximately 57 percent of all gold and 16 percent of all silver

s

ning districts in the Missourl

ol

mined in the state came from n

River Basin. Assuming that the ratio of reserves to mined
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TABLE 13

HISTORIC EXTRACTION OF GOID AMD DILVER

IN THE MISSOURY RIVER BASIN

Production (ounces)

Mining Digtrict Count Gold Silver
Argenta Beaverhead 64,400 562,000
Bannack Beavernead 387,600 141,006
Bluewing Beaverhead 500 470,000
Brvant Beaverhead 17,400 13,924,000
Elkhorn Peaverhead 2,000 387,000
Polaris Beaverhead 3600 120,000
Vipond Beaverhead 1,100 1,025,000
Confederate Gulch Broadwater 650,000 7,570
rark Broadwater 120,000 354,000
Ragdershurg Broadwater 325,000 311,000
Winston Broadwater 118,000 2,058,000
Neihatt Cascade 57,000 28,076,000
Noreh Moccasin Fergus 450,000 50,000
Warm Springs Fergus 335,00 317,000
Mhambras/Bagsin Jefferson 15,400 118,000
Foulder Jefferson 480,000 14,770,000
Clancy Jefferson 140,000 2,506,000
Elkhorn Jefferson 100,000 12,600,000
Whitehall Jefferson 563,066 277,000
Wickes Jefferson 372,000 47,706,000
Barker Judith Rasin 3,500 2,738,000
Gould/Stemple Lewis & Clark 345,000 504,000
Heddleston I=wis & Clark — 1,408,000
Lincoln lewis & (Clark &82,000 120,000
Marysville Lewis & Clark 1,380,000 8,880,000
Tork Lewls & Clark 335,000 e
rRimini/Scratchgravel Lewis & Clark 100,000 100,000
Norrig Mzdison 265,000 102,000
Pony Madison 346,000 227,000
Renova Madison 162,000 113,008
Sheridan Madizon 40,000 185,000
Silver Star Madison 225,000 152,000
Tidal wWave Madison 33,400 133,000
Virginia City Madison 2,617,000 1,456,000
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Tabie 13 {continued’

rroduction {ounces)

Mining Digtrict Count GCold Silver
Washington Madison i6,.600 42,000
Castle Mountain Meagher —— 4,270,000
Little Rockies rhillips 560,000 2,440,000

Total 11,728,600 149,688,570
State Total 20,396,000 950,253,000
rercent of State Total 57.5% 15.7%

Source: Hahn, 1988. Gold and Silver Districts in Montana.

Note: Only mines which have produced more than 16,000 ocunces of geld or more than
100,000 cunces of silver are listed.
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oroduction were 1:2.5 for gold and 1:1.5 for silver, there would
be approximately 4,691,440 ounces of gold reserves and
100,224,342 ounces of silver reserves remaining in historic
mining districts in the Missouri River Basin. Approximately 28
percent of the criginal reserves of gold and 40 percent of the
original reserves of silver remain to be minad in the Missouri
River Basin, provided new technologies allow for cost-effective
extraction of these metals.

Basing future metals production in the Missouri River Basin
on past statewide production {(as just discussed) may
underestimate the future metals reserves in the basin. Data for
“oroven” gold and silver reserves in the Missouri River Basin as
of January 1989 (Hahn 1989} are shown in Table 14. {(Proven
reserves are silver and gold deposits that have been measured by
actual exploration methods; it is assumed that metals from these
ore bodiec ceould be economically extracted at 1588 metals
prices.) Assuming that both the statewide metals reserves and
the Missouri River Basin proven reserves are correct, proven gold
reserves in the basin would be 21 percent of the total state
reserves. Similarly, the proven silver reserves in the basin
would be 34 percent of the total state reserves.

reservations of instream flows in the Missouri River
drainage would have no impact on existing mining or new mines
utilizing ground water, but they ceuld affect future mining and
ore processing if the new mines would rely entirely upon surface

water for consumptive purposes. Development of new mines
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TRELE 14

PROVEN GUOLD AND SILVER RESERVES
1N THE MISSCURI RIVER BASIN

Digtrict Golid Reserve Silver Reserve
Winston 360,000 -
North Moccasin 60,000 -
Warm Springs 24,004 175,000
clkhorn 560,000 e
Whitehall 2,500,008 2,500,000
Wwickes 2,520,000 23,660,000
Lincoln 103,060 120,000
Marysville 506,060 o
Rimini 270,000 -
Jardine 330,000 -
New World 106,000 -

Little Rockies

500,000

7,750,080

Total 7,317,000 34,205,000
gource: Montana Department of State Lands,
Lelena, Montana, 198%.



requiring surface water could be adversely affected, particularly
during periods of low stream flow, unless water storage
Facilities were utilized or alternative groundwater supplies were
svailzhle. At the same time, the water guantities needed are
am=1l, bpased on traditional water use.
Ca Agriculiure

revenues from agriculture in the Missouri River Basin are
nearly egually provided by livestock and crop production.
average cash receipts from crops for the 7-year period {(1980-86;
contributed approximately 43 percent of the total state crop
revenues (see average values in Tables 15 and 16). Similarly,
livestock preduction in the Missouri River Basin provided zabout
43 percent of total state livestoCck revenues {see average values
in Tables 15 and 161}.

Trrigated land in the Missouri River Rasin comprises about
50 percent of all irrigated land in the state {Tables 17 and 18}.
Non~irrigated land in the basin makes up about 43 percent of all
dryland agricuiture cn a statewide basis {Tables 17 and 18). The
upper Missouri River Basip has about 24 percent of the irrigated
iand in the state (Table 17), whereas the lower basin has
approximately 25 percent of the State’s irrigeted land. The
lTower bacin differs from the upper basin primarily in the amount
of dryland farming. The lower basin has about 40 percent of the
dryland agriculture in the state as compared with only 2.4

percent of the total state dryland farming in the upper basin.




TARLE 15

LIVESTOOK AND CROPS CASBH RECED
IN TUE UPPER MISEOURYI RIVER BASTN
{Thousands of Dollars)

Percent Percent

Livestock State of State Crop State  of State
Year  Receipts Total Total Receipts Total Total
15986 $119,700 $838,353 14.32 $37,385 $493,015 7.6%
1985 $124,522 $502,859 13.8% $42,638 $422,.444 10.1%
1984 $114,022 5844 ,683 12.5% $34,684 $653,780 5.3%
1583 $ 58,651 $731,537 i3.5% $44,893 $B46,935 5.3%
1982 $ 88,667 $724,805 12.2% 560,714 $5980,328  6.2%
1%81 $ 86,218 $705,528 12.2% $53,007 5654,196 6.2%
1980 S 88,470 5828,880 11.5% 541,102 $660,450 £6.2%
Average $104,321 $796,663 13.1% $44,918 $701,593  6.4%

Source: Montana Crop and Livestock Reporting Service.

1 tncludes Beaverhead, Broadwater, Gallatin, Jefferson, and Madison
counties.
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TABLE 16

WK AND CEOPS CASH RECET

IN THE LFER MISSOURI RIVER BRSINS
{Thousands of Dellars)

Percent Percent

Livestock State of State Crop State of State
Year _Receipts Total Total Receipts Total Total
1586 $241,741 $838,353 268.8% $184,082  §483,015 37.3%
1985 $272,147 3902 ,859 30.12 $136,036  $422,444 32.2%
1584 $248,880 5844 ,683 29.5% $252,933  $653,7B0 38.7%
1583 $215,725 $731,537 29.5% $328,134 $B46,939 3B.7%
1582 $228,313 $724,805 31.5% 5355,893  $980,328 36.3%
1981 $222,745 $705,528 31.5% $311.,016  $854,156 36.4%
1980 $261,051 SH28, 880 31.5% $240,195  $660,450 36.4%
hverage $241,51% $796,563 36G.3% $258,327  $T01,593 36.8%

squrces:

Montana Crop and Livestock Reporting Service.

1 fnciudes Cascade, Chouteau, Fergus, Glacier, Judith Basin, Lewis and
Clark, Meagher, Phillips, Pondera, Teton, Toole, Petroleum, Wheatland,

Golden Valley, Musselshell, and Garfield counties.
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TABLE 17

IRRIGATED AND NON-IRRIGATED L&
IN UPPER MISSOURI RIVER BASI

Upper Upper

Misscuri Percent Missouri Percent

River Basin State of State  River Rasin State of State
Yeay Trrigated Total Total Mon~irrigated Total Total
1987 360,770 1,818,500 22.2% 201,400 T,623.000 2.6%
1984 344,470 1,601,000 21.5% 175,000 7,814,200 2.2%
1985 428,830 1,835,200 26.2% 171,500 5,977,500 2.8%
1924 481,300 1,805,600 26.7% 164,400 7,377,400 2.2%
1883 385,700 1,538,%00 25.7% 220,700 7,151,400 3.1%
1582 417,850 1,729,900 24.1% 185,400 7,826,200 2.0%
1881 426,350 1,733,300 24.6% 144,000 7,932,600 1.8%
Average 407,896 1,666,057 24.5% 176,057 7,400,329  2.4%

Source: Montana Crop and Livestock Reporting Service.

Mote: includes Beaverhead, Broadwater, Gallatin, Jefferson, and Madison
coanties.



TRELE 18

TRRIGATFD AND NON-IERIGATED 5
TN OWER MISSOURI RIVER BASIN
Iower Lower
Missouri Percent Missouri Percent
River Basin State of State River Basin State  of State
Year  Trricated Total Tatal Non—irricated Total Total
1987 410,150 1,618,500 25.3% 3,121,000  7.623,.000 40.9%
1986 429,280 1,601,000 26.5% 3,207,900 7,834,200 41.1%
1585 382,500 1,535,200 23.4% 2,367,806 5,977,500 39.6%
1984 462,704 1,805,600 25.6% 3,141,500 7,377,400 42.6%
1983 405,400 1,538,500 26.3% 2,959,100 7,151,400 41.4%
1942 466,400 1,729,500 26.6% 3,105,100 7,826,200 295.2%
1981 426,800 1,733,300 24.6% 3,097,106 7,582,600 38.5%
Average 425,319 1,666,057 25.5% 2,999,929 7,407,471 40.5%
Source: Montana Crop and Livestock Reporting Service.

1 theiudes Cascade, Chouteau, Fergus, Glacier, Judith Basin, Lewis and
Clark, Meagher, Phillips, Pondera, Teton, Toole, Petroleum, wWheatland,
Colden Valley, Musselshell, and Garfield counties. l
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rhetream water reservations would not affect existing
cultural use in the basin, nor would they preclude the use of
groundwater or water stored in offstream reserveoirs for the
development of additional irrigation. rReservations could limit
future expansion of ilrrigated 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. Sanders (19885}
provided a higher estimate for the number of existing irrigated
acres in the upper basin (622,250 acres; than ig displayed in
Tahle 18 (407,8%6 acres). As of March 24, 1989, the Jefferson
valley, Broadwater and Gallatin Conservation Districts had
submitted reservation reguests for the irrigation of 23,925
sdditicnal acres by surface water upstream from Canyon Ferry
meservoir (Op.Cit.}. 1f no other reservation applications for
agricultural surface water diversions are submitted by other
upper basin Conservation pistricts, the maximum opportunity for
growth in irrigated agriculture in the upper basin wou ld
essentizlly be limited to a 3.6% to 5.59% increase over existing
scres. The maximum potential cost that the DFWP reservation
conld have upon agriculture above Canyon Ferry would, therefore,

be to inhibit this relatively swall increase in total irrigated

In the lower Missocuri Basin, irrigated acreage estimates by
canders (425,319 acres) were also higher than those in Table 18

y . As of March 24, 1989, informaticn was not available
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regarding reservation requests by Conservation Districts in the
lower basin. The Meontana Department of Natural Resources and
conservation {(DNRC) is currently compiling these figures, while

refining estimates of existing and potentiaily irrigable lands

throughout the basin.




177, Effects of Mot Grantinmg the keservation

B. Loss of Irretrievable Resources and BConomic
Opportunity

Not granting the DFWP reservation would cause irreplaceable
iosses to the wide-spread benefits associated with the protection
of adequate instream flows in the Missouri Basin. Incremental
stream flow depletions would ceontinue to reduce critical
components of the natural environment, including fish, wildlife
riparian areas and water guality. This, in turn, would reduce
the recreational activities supported by these resources,
including fishing, floating, hunting and sight-seeing. The human
environment would be similarly impacted through loss of scenic
values and diminution of the basin's cultural, historical ang
spcial enviropment.

Long-term economic costs would be significant 1if instream

cw depletions were to continue in the Misscuri Basin. The

™t
—

brunt of these losses would be borne by stream flow-dependent
recreational businesses and the cities and towns that receive the
benefits of these sustainable enterprizes. However, since the
recreational and scenic attributes that attract people to the
hasin would also diminish, these municipalities would alsc
syetain other econcmic cpportunity losses, i.e belng less
attractive to distance-independent companies, tourists and new
potential residents with independent incomes. Service sector
jobs would also be impacted. Not grenting the DFWP flow
reservation would, in essence, preclude a unigue opportunity to

support and protect collectively, the public interest, the

¥
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environment and business interests. Denial of the reservation i
would be particularly incongrucus at a time when the newly i'
ectablished "bed-tax®™ is just beginning teo fund multi-million
dollar, nation-wide advertising campaigns for recreaticnal and
service sector businesses, and lccal ecconomic development
organizations like the Gallatin Develcpment Corporation are just

4l

beginning to attract new kinds of businesses to the Missouri
Basin.

Without instream protection, other significant benefits to
municipalities, agriculture and industry would alsoc be
diminished. New consumptive uses of water would continue to
reduce downstream water availability and hydropower production.
The recharge of stream-side aquifers, the assimilative capacity
of ctreams 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 by hazardous chemicals

would become more likely, as would additional impacts t¢ streams

receiving abandened mining discharges. Water disputes between '
consumptive users would worsen as water availability at headgates

declines, The effects of not granting the reservation would, i!
therefore, be cumulative, and in many cases irretrievable, to a II

broad spectrum of rescurces and water users in the Missouri

Basin.
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B, Alternative Actions That Couid Be Paken If the
Reservation is Mot Granted

i He Action

A no action alternative regarding wakter reservations in the
Miscouri RBasin would result in the same costs to recreation, fish
and wildlife, ecconcmics, aesthetic gualities and other public
smenities that were just described in the Effects of Not Granting
the Reservation. Other alternative actions that could reasonably
be taken to protect these amenities and economic assets are
described below. With the possible exception of 2, these
aliternatives either are more costly, would be less immediate,
lack legislative mandates and/or would be more limited in
applicability, than would implementing the DFWP reservation as
requested in this application.

2. Intengification of Water Comservation and
Hanagement Practices

Examples of water conservation practices include better
maintenance and lining of ditches, converting irrigation projects
from flood to sprinkler systems, limiting the use cof sprinklers
during windy periods and of course, only diverting the amount of
water actually needed for proper crop production. The latter
involves installation and/or better management of water diversion
and delivery systems, including improved operation and use of

£

lumes to accurately measure water delivered to

e
Ch

headgates a
users: better information and education about water needs for

specific crops throughout the basin's widely varying soil,



limatic and topographic ceonditions; better irrigation

&

scheduling; and increased utilization of water commissioners.

Proper water conservation and management practices not only

enhance water efficiency, they also reduce scil erosicn by

preventing overland {(sheet) runcff from croplands and minimizing

volumes of silg~laden irrigation return flows. As such,

application of the above measures should be encouraged regardless

of any other legal directions elected during this reservation

NYoCess.,

although unguestionably worthwhile and necessary, good water
conservation and management practices do not represent a viable
alternative to reserving instream flows. In many instances, any
water conserved, and thus left instream, may simply be diverted

by other offstream users. Even 1f the state were to offer to pay

‘or the infrastructure necessary to improve efficiency in

1y

agricultural water use, which in turn would reduce offstream

diversicn rates and thecoretically increase instream flow levels,

there is presently no legal method for a public agency to claim

or protect water acguired in this manner. This same legal
obstacle is also a deterrent to the buying or leasing of water
rights.
3. Buving orf Leasing of Water Rights
A state agency'is ability to protect instream water rights
that have been converted from offstream rights through leases,

gifts, purchases or improved conservation measures has been

severely hampered by a recent court decision involving a water
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ont claim for Rean Lake. The lower court ruled that the pre-

A4

1973 claim by the DFWP for instream use was invalid because the
agency never diverted or impounded the water, never demonstrated
an intent to claim the water right or gave notice to other water
users of that intent. The State Supreme Court recently upheld
rhe lower court's ruling. Unless the legislature removes the
diversion reguirement for claiming instream water rights, the
leasing or buying of water is not a valid alternative to the

reservation of instream flows.

4

This is particularly unfortunate for streams where present

water users would be willing to lease their offstream rights as

nart of a water conservation program. For example, water users

o

would receive annual lease payments and farm their lands as usual
except during low water vears. Then, in accordance with lease
agreements, normally-diverted water would be left instream. The
annual lease payments would provide compensation to landowners
for irrigated crop damage suffered during the low flow years.
Actual crop loss could also be reduced if the landowners planted
non-irrigated crops on the leased land following vears when
snowpack is low enough to curtail normal irrigation practices.
pven if, or when, legal obstacles for protecting transferred
water rights are removed, the buying or leasing of water would

not be a viable, basin-wide approach for enhancing instream

o
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The administration and legistics of such an extensive
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rogram would be exceedingly complex, and the cost Lo the public

he high. This alterpative might, however, be best applied

e
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in drainages that are severely dewatered, where present offstream
users are willing te sell or lease their rights and where water
adjudication proceedings have been completed. The later
ceondition is very important, since it would be difficult to
accurately transfer water rights without precise knowledge of
water usze and availability in a given drainage.

4. Constructing Offstream Water Storage Facilities

The construction of offstream reservoirs that would store
runcff waters and release them during summer is an often
overrated alternative for enhancing instream flows.
Construction, operation and maintenance costs are usually
prohibitive, unless cooperatively undertaken with offstream
weers. FEven then, there is considerable uncertainty about
agreed-upon releases ever reaching critical downstream reaches.

The problems assoclated with protecting transferred water
rights, as was just discussed for buying, leasing or conserving
water, also apply to water that is "owned”™ because of
participation f{(cost-sharing} in the development of multipurpose
storage facilities. The water release arrangement for Painted
Rocks Reservoir exemplifies these problems.

Located in the headwaters of the Bitterroot River, this
state-owned facility was origimally constructed for irrigation
use., Since part of this offstream use has never materialized,
the DFWP has routinely purchased water to be delivered to
chronically dewatered reaches of the river., However, until a

water commissioner was appeinted by the court in the late 1980s,

’




most of this purchased water was diverted for cffstream use

ssing area near Hamilton.
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The psefulness of reservoir storage may also be limited by
the nydrogeclogy ©of a dralnage. The case of the proposed
irrigation/recreation reservoir on the Little Boulder River
illustrates this point. BDuring the environmental analysis of
this proposal, it was found that the thick, unconsolidated
gravels of the Boulder Valley cause the river £o be a "losing
ctream,” i.e. in most reaches it locses more surface water than
it normally receives as recharge during summer, low-flow
conditions. Much of the water relcased from this proposed
reservoir would have, therefore, recharged the valley's
groundwater instead of zugmenting instream flows. Similar
hvdrogeologic conditions undoubtedly occur in other drainages of

the Missouri Basin. In these drainages, counting on reservolirs

1

o supplement surface streamflows during summer would not be a
wigse investment.

reservoirs often create other environmental costs,
including:

1) detrimental effects to cold water fisheries resulting
from increased temperatures of stored waters:

21 detrimental effects to stability and diversity of streanm
channels and riparian areas because of reduced freguencies and
intervals of flushing flow discharges; and

11 increased depletion of surface water because of
increased evaporation rates; these depletions also cause
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concentrations of dissclived solids {galinity) and cther
contaminants like nutrients and pesticides te increase within

reServoirs.

5. Revising the Process for Conditioning Water Rights
Peymits

For water use applications or transfer of water rights
exceeding 4,000 acre-feet per year and 5.5 cfs, MCA B5-2-311

(2) (¢} reguires that certain "public interest"™ and "reasonable

it

use"™ criteria be met before approval to divert the water is
granted. Criteria to be evaluated 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-cquality) water; and consideration of other adverse
environmental impacts.

rlthough the z2bove "conditioning” of water use permits would
certainly be helpful for protecting instream flows from large
offstream diversicns, it does not represent a widely applicable
alternative to the water recervation process. Applicaticns for
water use that are large enough ¢ trigger utilization of the
above criteria are very uncommon. In fact, B0% of all water use
permits igsued by the DNRC since July 1973 have been for
guantities less than 1.0 c¢fs.

7o be an effective component of an instream protection
strateqy, the conditioning of water use permits must, therefore,
be revised to include the review of much smaller reguests.

8¢
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thetead of an arbitrary volume figure, conditions triggering the
nse of public interest/reascnable use criteria should instead be
guided by the effects of an appiication upeon a given stream’s
available flow and upon the cumulative basin-wide impacts of all
future water appropriations. Unfortunately, there are few
streams in the basin that have encugh stream gauging data to
document existing available flows. Nor have enough streams in
the basin peen adjudicated, which makes documentation of existing
use extremely difficult.

Finally, even if conditioning of permits were to be revised
to incorporate some smaller "triggering criteria,® this
slternative should only be considered as & supplement to the
protection of instream flows through water reservations. Unless
conditioning criteria were to be applied to gvery water use
application in the Miesouril pasin {an unlikely situation in the
foreseeable futurel, many "small” water use permits, those still
not surpassing the revised criteria, could continue to be granted
without adeguate consideration of immediate and cumulative
offects upon fish and wildlife uses.

G- Cloesing Basins

Montana water 1aw at MCA 85-2-319% states that the DNRC "may
by rule reject permit applications or modify or condition permits
issued in a highly appropriated basin or sub-basin,” but Tonly

upon a petiticn signed by at least 25¢ or 10, whichever 1s less”

of present water users in the basin ox sub-bazin. The petition

must allege that throughout or during certain times of the year
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there are no unappropriated waters in the basin; the rights of

i

present users will be adversely affected: or furtheyr uses will
interfere unreascnably with other already permitted uses, or uses
for which water has heen reserved. Upon receiving a petition,
the 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 the DNRC by the Deadman'’s Basin Water Users

Association. A water availabilityv study is being conducted, and
a predictive model is being developed, to better examine the
concerns raised in the petition and to determine if rule-making
proceedings will be necessary.

on March 30, 1983, the DHRC closed the Milk River mainstem
to any further applications "for direct diversion without storage

of waters . . . for irrigation or any other consumptive use.”

The department acted to close the river (except for some reaches
Auring runcff periocds), pursuvant to MCA 85-2-321, a

legislatively-mandated water availability study and rule making

procedure directed specifically at the Milk River Basin.

Both the Musselshell and Milk River proceedings occurred I
because of concerns raised by existing offstream water users in
already "highly appropriated” basins. These is no opportunity in gi
Montana water law for the general public or state agencies to I

initiate action to close basins because of instream flow concerns
{thereby preventing the over-appropriated conditions occurring in

the above basins). By the time closures are being considered,




rhere may not be water available for instream flow needs. As
such, this procedure is not a viable alternative to the timely
implementation of instream flow reservations.
7. Application of the Public Trust Doctrine

The Montana Supreme Court applied the public trust dectrine
in two 1984 decisions involving the public’s right to use watex
courses for fishing ané floating. The court held that “under the
public trust doctrine and the Montana Constitution, any surface
waters that are capable of recreational use may be so used by the
public without regard to streambed cwnership or navigability for
non-recreational purposes.® In an attempt to provide management
palicies that address and implement these court decisions, the
1985 Montana Legislature passed the "Stream Access” bill. The
provision in the HMontana Constitution specifying that all waters
of the state "are the property of the state for the use of its
people,” was an important factor guiding the court decisicns and
the subsequent legislation. In 1987 the couxt further overruled
an appeal by landowners that the above actions representad an
gnconstitutional taking of private property without just
compensation. In this latter decision, however, the court did
ppear to limit the application of the public trust doctrine to
recreational water use in Montana.

The limits to, and effectiveness of, the public trust

frmnst
s

doctrine for protecting instream flows in Montana remains largely
untested. As an absolute protection strategy, it should probaply

he considerad only as an alternative of last resort. Hopefully,



the spirit and intent of the doctrine will guide and direct the
final decision for an adequate amount of instream flow protection

for fish, wildlife and recreation in the Missouri River Basin.
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