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Dlease state your name and business address?

Laryy G. Peterman
1420 B, Sixth Avenue
Usalena, Montana 59820

What is your present employment?

)
?w}
0
joy

Adminiastrator, Fisheries Division, Montana Department of
Wildlife and Parks.

Please state vour educaticnal background?

T received a Bachelor cof Science degree 1in Blology from
Wisconsin State University at Stevens Point, Wisconsin in
1569. In 1972, I received a Master of Science degree in Fish
and Wildlife Management from Montana State University in
Bozeman, Montana.

Please state your employment experience?

1 began working for the department in March of 1872, as a
figheries bioclogist conducting a fisheries planning and
inventory study on the Upper Yellowstone River. I then
supervised fisheries £field investigations on ‘the lower

vellowstone River that included instream flow work as part of

rhe studies. In 1978 I tock the position of water resource
supervisor which dealt with instream flow igsues, hydropower
development and reservolr operations. I then became the

mureau Chief of the Research and Special Projects Bureau which

included instream flow activities. i was alsc the
department’s liaison with the Northwest Power Planning Councill
2nd coordinated fish and wildlife negotiation efforts related
to hydropower development, operation and mitigation. I
currently administer the Fisheries Division which consists of
Four bureaus (Habitat, Management, Special Projects, Hatchery)
seven regional fish managers and staff and nine hatcheries.

Wnat is the purpose of your testimony?

urpose of my testimony is to place the application for a

The D

reservation of instream flow in the Missouri River basin in
rhe perspective of the Department’s overall mission to manags
and protect fish and wildlife and their habitats and to
discuss the Department’s river ceonservation and restoration
programs. [ will also address the Department’s policies for
the management and protection of instream flows, particularly

PETERMAN DIRECT - 1
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those that may be zacguired through the water reservarion
pProcess.
What are the Department’ duties and responsibilities r
fisheries, and the aguatic and riparian habitats of the sta
ne Department is the executive branch agency mandated by law
provide for the protection, preservation and propagation of

£3 i 1fe and their habitat within the state. The
Department has the responsibility and duty to represent the
pecple of Montana in applving for instream flow reservations
for fish, wildlife and their habitat in the Missouri River
Basin below Fort Peck Dam and in the Little Missouri River
Basgin. '

Can you summarize the background of the Department’s stream
congervation and restoration program?

Yes., The framewocrk of a stream conservation and restoration
pregram was developed in the sarly 1960s and focused on three
egsential components reguired to maintain or restore stream
concditions which wou benefit fisheries. Those three
componants ware:

],...J
o8

- The retention of a natural siream channel that included
proper meanders, stream-side vegetation and other
physical features that were conducive to figh and fish

food production.

v.of the water flowing in these channels had to
it was not detrimental to fish and fish food

ty of water, or stream flow, in the channel ha
cient to insure adequate te optimu lgh an
roduction.

=
1
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Pleage review how this program has developed through the
years?

The firzst of the three components Lo be addresssed was the
i the phyvsgical nature of stream channels.

The 1363 state legislature passged the Montana Stream
Protection Act, the first law designed to protect the physical
features of streams Thig Act gives the Department authority
tc regulate state and local government activities involving
stream channels. We also have agresments with numercus
Federal agencies to comply with this act. The Natural
Streambed and Land Preservation Act was passed in 1975. This
Act extended the responsibility for protecting the physical
features of streams to include private persons This law iz



¥

commonly called the ®3107% law, and is administered by the
Conservation Districts with participation by the Department
A pergon wmust obtain a "3107 permit befcore physical activity
in streams is allowed.

Tn 1969, the legislature passed 2 number of amendments to The

.
i
. B - -
. The federal Clsan

state law bthat protects water gualif

Water Act pasgsed in 1972 gave states the autnority to
administer portions of the federal program and, among octher
things, directed attention to polnt source waste discharges.
This Act was amended in 1577 and in the 1580s and is up for
reauthorization in 1994, Other congressional and legiglative

actionsg, including Section 319% of the Clean
addresses non-point polluticon sources, the sta
Management Act, which protects streams against poor forest

practices, and the federal Superfund law, which addresses the

cleaning up of toxic waste sites, are designed to make water

gquality better for fish and other aquatic life. The primary
b

responeibility for enforcing the water gquality laws resides in
the Montanz Department of Health and Envircnmental Sciences
{(MDHES) . Cur Department, with its f{isheries biloclogists
stationed throughout the state, cooperates with the MDHES and
employs one parson who 1s a c¢oordinator between the two

agencies.

The goal of ensuring that our streams have an adegquate
guantity of water has been the most difficult component of curxr
stream oconservation and restoration program to  achieve,
Efforts to provide a legal mechanism to protect instream flows
bagan in 1969, when Representative James Murphy cof Kalispell
introduced legislation that allcowed the Department to file on
the unappropriated water in portions of 12 of our highest
guality trout streams, many of which are known as "Blue

Ribbon tyrout streams. These ingtream filings became known
as "Murphy Rights." Parts of the Missouri, Gallatin, Madison

and Swmith rivers and Big Spring Creek were included in that
legislation.

Four vyears later the 13732 Water Use Act wag passed. Among
other changes to state waterx law, this act authorized state
agencies and political subdivisions and federal agencies to
apply to the Board of Natural Resources and Conservation foxr
regervations of water for a variety of purpcses, including
instream flow for fish, wildlife and recreation.

How has the Departmant followed through with the instream
water allocation portion of this stream conservation and
restovation program?
To date, the primary achievements have been in filing

- g

a 1i il
ater he Murphy Right streams authorized by the 13
legiglation and filing claims in the adjudication process a

PETERMAN DIRECT - 3
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in instream filow rvegservations for the Yellowsbons River an
most of its tributary streams and for streams in the Migsou
River bhasin above Fort Peck Dam. The Yellowstone River bas
ingtream flow reservation wag granted by the Board inm 1978 a
iy the Miszouri basin above Fort Peck Dam in 19282,
current qppllcatiar for regervations of flow in the
ij%ﬁuhm River basin and Little %;sgc&ri Rivey basin i
oo t *&KlOE of the program to protect and enhance Mont
e : a2l rezources.
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What other programs are available to ald in the restoration of
rivers and streams and Lo enhance 1 T &7

A pilot water leasing program was established by the 1989
legislature to explore the feasibility of leasing existing
consumptive water rights to rvestore and enhance instream
tlows. This water leasing study program needs to be
distinguished from the current water reservation process. The
water reservation process allocates water in the lower
Missouri River basin and is an opportunity to maintain tChe
status guo in gelected streams throughout the basin which have
figherieg wvalues. The water leasing program allows the
Department to leage existing water rights and temporarily
convert them to instream flow rights in specific problem areas
where the cost of leasing water is justified. To date two
water leages have been implementea, 'and several others are
pending.

The River Restoration Ac t passed by the 1989 legislature,

provides for the establishment of a fund to be used to restore
damaged streams. The bvpazzmeﬂt typically cooperates with
private landowners in this effort. The Water Quality Bureau

of DHES administers a program {the 319 program) to address
sediment and cther pollution from disperse non-point sources
The Montana Association of Conservation Districts (MACD) is
ac*;velv*promotlpc the protecticon and enhancement cf stream-
ide vegetative areas thr ﬁugh‘aapvcpriate riparian management
‘)"

practlces We cooperate with them in that effort.
Will any instream flows granted to the Departmenl compete for
water with water rights established prior to July 1, 1985 in

-
the lower Missouri basin or July 1, 19%8% in the Little
Missouri basin?

to the Department in this process
sate for available water with
v rights with priority dates prior te July 1
date set by statute for Lower Missour
July 1, 1983, established fo
: . -
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souri River basin. This 1
e prior appropriation doctrine

regervallons Ln the Li
clear and dirvect resull xr
that eszabilwmcg the pri tv of use of available water. Thig
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reseyvanion process allocates only that water availlable after
uEe by consumptive seniocr users Those senior rights with
priority dates before the instream Iflow regervat%cns are
entitled to use theilr water right first and canno be
restricted by the Jjunior instryeam flow regervations. The
Department clearly understands and respects this significanrt
aspect of state water law

Instream flow regervations will restrict new junior ugers;

when stream ?1 w ois phy@i"a??y not there to mesl the instrean
flow regervations. Then, junior users, bub only Jjunior users,
can be restricted until the flows return to the minimum
instream flows of the reservations.

What wvalus, if any, do minimum instream f{lows provide for
established, seniocr water right ussrs?

I believe that minimum Instream flows provide a practical
benefit to senior water right users. Consumptive users, such
as irri igators or municipalities, must %Firs*w e able to divert
their water from the stream or river. If there is a base flow
prandeﬂ by minimum instream flows, the water can be more
eagily diverted through headgates or their diversicons. On the
other hand, if the stream or viver 1s almosgt entirely diverted
for some consumpiive uses, then some consumpbive users may
have a much more difficult fime withdrawing water.

Another henefit of instream flows 18 mal Tﬁwl“lﬂ water
guality. Most beneficial t ers regulire a minimum level
of water guality. Lowered stream flows may f ect water
gquality which, in turn, affects established water ussrs.

The water that would satisfy minimum instream flow
regervations applied for by the Department can alsc serve
other purposes, such as meeting' the needs of downgtrea
consumptive users by, in effect, helping transport thelr water
downstraam,

Tf minimum instream flcocws are beneficial to cther water users
in the ways vou have just testified, why were minimum flowg
not adopted long ago?
I believe that the answer 1s in the histary of development in
the West and the accompanying uses of our water. Wateyr was
first put to use for mining and agriculture about 130 vyears
age. The laweg regarding wabter use were egtablished to protect
one consumptive user’s right from another’'s Water was seen
only in terms of -such developments as mining, irxrigation,
municipal uses and power producticon. Water for fisheries,
wildlife and water guality was either taken for granted or its
value was not considered 1n the nistorvic development of water
uge laws.

PETERMAN DIRECT - 5
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Today, the value our soclety places on 1nstream flov
zdhzeasaﬁ and is no longer taken Loy granted. Ingtream
are recognized both for their inherent values and for
growing economic importance. If we were st art;ﬁg all
might be logical to allocate minimum Instream flows al o
allocations for consumptive useg. However, historically a
different course was. followed. Consumptive vrights were
sllocated first and now we are Tryving to fit minimum instryeanm
£flows into what vemains of the available water. This makes
acccmplzsh;ng the geoal of providing adeguate stream flows foxr
igh, wildlife and recreation more difficult. Hovever, we are
COﬂmltted to working within the present process to aggist the
1 le

Boar in making the best, most reasonable, and workab
decigions to protect instream T

The development of water for irrigation, mining aﬂa,many other
consumptive uses has already been largely completed. Water
haos been allocated and watery rights perfected for most of the
irrigation and mining that is pzacigcabiy feasible without
Further adverse sffescts to fisheries. I view the regervation
process as an opportunity to balance all competing, legitimate
uges of water to the extent that this can be accomﬁizshed with
the limited water still available in many streams.

Why is the Department reguesting instream flows in the lower
and Little Missouri River basins?

»

- 1 areas. Re cnal wuse of the
“leOLI$ basin’s watser is important to the human experience,
providing both enjoyment and relief from 5 ~day pressures.
Montana law recognizes this regource as wcrthy of protection
and charges the Department to manage fish and wildlife. As an
agency charged with management of the state’s fish and
wildlife resources, DFWP has a two-fold responsibilicy: (1)
to protect and enhance the abundant and diverse fish, wildli
and recreaticnal resources, and {2Z) to provide op
opportunities for diverse outdcor recreation that
commensurate with resocource preservationu Fish and wil
populations and their habitats are insepa Lhere
preservation of fish and w11d1_£e aopulat necesgari
dependent upon preservation of their habil i
of native fish species by sustaining thi
potential for these species to become 11
endangered.

The iower Missguri River and its tributaries arve impovitant
i o ti
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The water reservati process  1s  designed to  allocate
available water to exisgting and future beneficial uses The
fish and wildlife ave beneficial uses of water which need to
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he considered in any water allocation process, Just ag future
irrigation and municipal needs arse consideved. The Migsocuri
River below Fort Peck Dam has substantial fishery and agquatic
regources and a recognition cof their flow reguirements should
be a consideration in bt 1 tion of water below Forit Peck
Dam. Once the Le d Lrom Fort Peck Dam thev arse
available for i

wg in Lthe Missouri va@Y

O
He oW t&e dam, what effect would an instreanm flow ragervation
have on the opevation of Fort Peck Dam?
Fort Peck Dam wasg built in the 1930s and its operations date
back to that point From a practical standpoint, the
imposition of an instream flow reservation in 12%4 may have
little impact on the operation of Fort Peck Dam. It would,
howevey, identify cervtailn instream flow veguirements for
fisheries and aguatic resources below the dam which then
should be considered by the Corps when they develop their
ANNUE reservolir operation plan Thegse ingtream flow

L i C

regulrements would becem part of the balancing pro
Corps goes Chrough when

supply in any given year; the T
projected powser zequi?ementg and
instream flow levels would be tar
at the variocus uses of the regel
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ig much the same pzocess that we are involved in with the

ration of severzl maior reservoirs 1n the state. Theg
ervoirs incliude Tiber, Yellowtail d Ca nyon Ferry,

equirements below the da “he resServoir
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nual operating plans are de ?OPeﬁ.
m flow rese VYa*lvn below Foxrc
v target flow levels to be
ating plan ig developed. The
ow reservation is to provide
e level of legal protecticn for instream flows once they
reieased below Fort Peck. The instream f[low reservations
Low Fort Peck arec balanced with future identified ixri
municipal needs through this regervation process.
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increasing

Should that

1

ocour, we would facing the
consequences of more 1 stream flows,
particularly due creasingly, fish
populations would no zs hag been the case
in other chronica.

arry ¢. Peterman, being

Subgcribed and sworn

My Commission Expires 7% &5
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By whom are you emploved, and in what capacity?

T am employed by the Montana Department of Fish, Wildlife and
Carks. My position is hatﬂr Resources Supervisor in the
righeries Divigion. My primary responsibil ity ig teo implement
the Departmenl’'s %rﬁfream flow program, which includes
ebzd%ﬁﬂﬂq aﬁﬁkmvo ecting instream flow reservations and other
instream flow wate rzghtS«

I have a Bachelor of Science Dearee in Zoology and Chemistry
fvom the University of Idaho and a Master of Sclence Degres in
Wwildlife Conservation and Maﬁagcmemb from the University of
Wwyoming. After graduating Trem the Unzv&vwity of Wyoming, I
worked for two years for the U.5. Fish and Wildlife ZBsrvioe’
Missouri River macin studies office 1in Billingg, Montana

Following that, I became employed by the then Montana Fish an
Game Department as a fisherles field biologist in Missoula,
Montana. I have worked approximately 21 years fory the Montana
Department of Fish, Wildlife and Parks. During that period,
T  have served two different. times as Water Resources

Supsrvisor for a total of about YEATS.

i

[T

-
o
b (T

I have had additional ducatiom and training through several
special schools, works hops and sympcula concerning streams,

gbream processes and instream flows for aguatic life. I have

authored DUMEerous ‘Shcri s reports and popular articles
T

concernad with my professional field These arve stabted more
explicitly in the att ached bicgraphy which is incorporated
herein
T am a menmber of the American Figheries Society and the
Montana Chapter of the éwer;yam Fizherieg BSociety I was
certified as a Fisheries Scientist by the American Fisheries
Society in 1870,

eftween 1873 and & I 1 in employment with the

=
Be
Department whil

T have had previous experience with the watexr regervation
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appl A &
gran p r ke
Regources and Conservation (Board), in 1978 and in the uppey
Migsouri pagin in 18992 No decision has been made in the
upper Clark Fork basin due to a temporary basin clogsure and
moratorium on new permits and water veservations.

T am responsible for most of the activitlies which involve
obtaining and maintaining the guantity of water in streams

Such activities include monitoring and protecting instream
flows obtained prior teo 1973 (Murphy Rights), obtaining and
protecting instream flow reservations and monitoring new water
use permits which could affect those instream water rights.
T am also responsible for the water leasing program which
allows DFWP to lease existing divevsionary water rights to
enhance instream flows

ig the purpose of your testimony in this proceeding?

What

My testimony relates to the content of the application
resaervarions of water in the Missouri River Basin below Fort
Pack Dam submitted by the Department in June, 1921, My
testimony will zrelate to the wvarious portions ot the
application and the persons responsible for completing those
Dorfions. T will also provide testimony concerning the
impacts of our reservation reguests on other axisting and
future water use activities, the nom-economic benefits of the
reguested reservations Lo other parties, the environmental,
public healch, welfare and safety aspects of the reservations,
a2lternatives to the reservations, and tLhe management plan

Has any information become available since the Department’'s
application was submitted that will be tne subject of
testimony in this proceeding?

Yes, some of the provisional dominant dischargs values
provided by the USGS shown in Appendix A of the application
have peen reviged. The provisicnal and revised (final) values
are shown in Appendix A of my testimony. Algo, the USGSE
provisional water availability data for the Frenchman River
and Missouri River reaches #7 and #8, provided in Appendix B
of our application, were revised. The provisiocnal and final
values ares shown in Appendix B of my testimony. Charles

H
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These changes resulted in different t© reguests for 9
o the 14 streams where channel ce flows were
requested. Tctal vol ume of the flows inoreaged in
four and decreagsed in five of the 11 ams. The flow
yequeats for Missouri Rivey feach@s #8 were not
affected by the revisions. The flows or : v regquest i
the 21 stream reaches on 18 gtyeams. tl changes to those
requests, and location maps are shown i pendix C of my
testimony i
Thesze changes also resulted in corrections to the flow reguest
table for each of the following streams in our application:
STREAM APPLICATION PAGE NGO

Battle Creek 71

Beaver (Creek #2 80

{Phillips County)

Frenchman River 84

Rock Creek 88

Redwater River #1 94

Redwater River #2 97

Poplar River 117

Wegt Fork Poplar River 120

Box Elder Creesk i3z

{Little Migsouri)

The corrected tables for these streams ars shown in Appendix
D of my testimony.

A correction was also made to the requested time perviod for
the dominant discharges to ccour for the f“‘z streams in the
Poplar River basin: East Fork Poplayr, Middle Fork Poplar,
West Fork Pople and main Poplar rivers Recently examined
USCS data show the time period the é@mlﬁant discharge would
most ff@ghentiy' occuy in these gstreams is March 1 - April 30,
These corrections are alsc shown in Appendix D of wy
testimony.

Wh wag your role in the preparation of the Department’ s

My primary rols

application. I was s e

of the application vt qu ents of 5 rule
water <resgseyvations and Gthat sufficient information
provided in the application to Jjustify the instream
requests for each of the streams.
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Were other persons responsible for preparing portions of the
application?

personnal prepared information on the

and other parts of the application

eotogical Survey hydrologist, provided

igsional water availability information

Fol in the application as reguired under
the ARM rules for Determination of the Amount of the
Regservations. This information is contained in append’x B @f
the application. Mr. Parrett also provided the provisional
dominant discharge hydrograph values contained in Appendix é

f the application.

Larry Peterman 1s testifying about the bac kgroun uf DEwWy
programs and policies related to instrean fiow pfb ection in
Montana. Fred Nelson is testifving as to the methods used in
deriving instream flow requests Carcolyn Sime is testifving
as to her role in preparing the application and to those parcs
To wbl h she contributed information Scott Gillilan 1s
testifying about the channel maintenance flows reguested.
Charlss Parrett s tesgtifving about the USGS water

i
availability and dominant discharge values he provided.

Tn addition, the following individuals wil
£ indi Rer=%

o7 i

{11 Cardner - Missouri River reaches #7 and #8, except for

the flows recommended in reach #7 for April 1 May 10 and
- = e

July 1 - September 30, about which Ken Frazer will testzivy

Ken Frazer - Migscouri River yeach % 7. Fiowg recommendsd for

April 1 - May 10 and July 1 - September 30 nly

Kent Gilge - Reaver Creek (Hill County), Little Box Elder

Cresk, Cleay Creesk, B Peoples Creek, Beaver Creek
{(Phillips County) xre Creek !Qh“i;lQW.LOuﬂLV}

rile Creek
ch #1, r
reach #2, Frenchman River, Rock Creek.

Phil Stewartc - Redwater River, reaches #1 and #2, East Fork
Poplar River, Middle Fork Poplar River, West Fork Poplar
River, Poplar River, ox Elder Creek and Little Missouri
River.

e -~ Beaver Creek and Litt

-
i
= Missouri basin.

Vicinity maps locating each of the streams where flow raque@tg
nave been made will be provided in the testimony of each of
the above individuals

SPENCE DIRECT - 4
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Will the reguested insbream £ T ion i
fisheries in the lowery Mizscurl RFiver Basin and its tributary

Will instream ﬁlﬂw ragervationg affect persons who wish to
change their existing water rights?
Granting the regservations could allow the Department to become
involved in any proceedings for a change in an existing right,
such as changing a point of diverslon, a place of use or the
purpoge of use. riority date is not 2 factor in changes in
appropriation rights. If a person believes that a proposed
change in ancther person’s existing right will adversely
affect his or her own water righis, he or she mav object to
the change. If the reservations are granted, the Department
would have the same right as other water right holders to
obiject to a change if the changed use will adversely affect an
instream flow reservation.
The Department has had ingtream resgervations in the
Yellowstong Ba in singe 1978 and on ﬂurgb} Right streams since
t T oht

28 However, tha Department’s history of objecting to
nanges :n water rights with respect to thes s
foly! s ch changes.

@
[
it
b
[t
o
=
i
i3]
-
O
)
i
;.“\

stream reservationg 1n the Migsouri
bagin alter the standing of the Department in the current
b}

water court adjudication proceedings

The Department has been an active participant in the
adjudication procesg since its beginning. We already have
standing to object to temporary preliminary decrees and
preliminary decress Dbegcause we have our  own  existing
diversionary water rights as well as some pre-1873 ingtream
flow righta in many basins. We do not believe the g?aQLﬁﬁN of
water reservations will alter what we are already doing 1in
that process

Based on MDFWP and water court records of the 85 basins
involved in the statewide adijudication process, the Department
has some kind ©f pye-19%73 water right claim in 4% ©f those
individual basins There are 14 individual basins in the

SPENCE DIRECT - 5
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Would granting reservations provide the Department with any
’ rticipate in th i ' £

azdditional standing to participat 11 the lssuance of new
water usse permits?

The Department of Natural Rescurces and Conservation now
allows ug standing to objsct to new permit applicatlions where
we have no watery rights. However, objecticons wmade on tChe
basis of impacts to stream flows and the fishery resources
where we do not have some type of instream water right, such
as our pre- 1973 instream vrights (Murphy Right; i
regervations, are difficult to sustain on the

permitting criteria are not met because there

flow right to measure the impacts of the new

against. OCranting instream reservations in the

River Basin would allow the Department to fully

the water use permitting process where there

impacts to the fisheries protected by the rese

i

4
¥

Wwhat is the "reach concept? discussed in the Management Plan
section of the application?

The reach concept ig simply a term used to indicate how the
Department would monitor and protect instream flows that may

be granted. Except for some of the larger, longer rivers anc

gtreams, most ingtream flow recommendations were derived at a

gite near the stream’s mouth, with the designated reac

extending from the mouth to the headwalters. A designated
P % 1

treach? merely serves teo identifly
junior wabter users woul
reservation which was derived :
site near the lower end of the stream veachu Tbe reach, as we
define it, doesg not repre i

game flow regime or instream flow reguir ment tnrehghcg its
length. It simply ifies the upper and lower boundaries
of a stream within which junior water users would be contacted
by DFWP if we wished to make a "call" for the water when the
flow at the downstream monitoring site drops below the
instream Flow rveservation. We presently do not make a call on
junior users located Oh“Slﬁ@ of the designated stream reach.

SPENCE DIRECT -~ €



s the reach concept apply to all of the inmstream flows

The concept applies to both the flows reguested for
January 1 - December 31 period and the domipant disc
£ ! ai of th kinds of flow
1 » e f 2 would

I = junicr users would
"ralled” when the streamflow drops below the ingtr
reservation. Dominant discharge flow administration is 2
definable and will be more chaiienging A dominant discha
flow occurs aboub every Lwo years, on Lhe averade It is

nt o

s
rather fregue
every LwWo years,
S¢, in any given
dominant dischar

How, then, would v

(.
discharge flows, 1f gz

It may be di

ifficult,
the dominant discharge under natural flow conditlons. Tta
administration i kely to be needed 11 new water

5
storage projects ar

these high flows. The folliowing ted means of

sdministracion, should it be necesgary

1. TJee annual streamiflow forecasting by the 3C5, USGS or
others to predict whether the dominant dischargs is

expected to occoeuy that year and notify junior users that
high flow water use may be restricted or unavaiiable Lo
them: monitor flows continucusly during the high flow
period st appropriate gauging eit

compliance by junior usevrs;

2. recommend or regul
suthorization for a ns
instreanm raservations and
the dominant discharge £
during vyears when 1t oCQurs;

3. recommend new watery use permits be conditioned o the
instream reservabions so that the Junior permittse can
o H

ocnily use wa
dominant dis

4. use existing or develop new annual forscast
develop relationships between snow pack and
so that the capability to predict the domin
hydrograph can be refined. This would enabl
more effectively with Junior waler users
their possible high water use 1n a given

SPENCE DIRECT - 7
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e

domestio livestock use.

What are the effects of not granting the DFWP reservations

Without t© ezseyvationsg, incremental
I

r
would continu
r

e Lo reduce critical com
nvironment, including fish,
wafﬁv qgailtyv This, in turn,
activities supported by thes

floating, hunting
would be similarly

impacted ¢
the bagin’s cultural, h15t0r1 a
be diminighed Increases in ¢
will directly benefit communiti

Micgouri basing., But, i
and the water ig used
potential of this i

popy B
EAJ

s

HE

e

~

It

Y

Without instream flow protection,
municipalities, agriculture
diminished. HNew consumptive

reduce downstLream wa
streamside aguifers, th
the viability of riparian
cvop ands could be dimini

eatment costs couid

consumptive userg could worss as il
headgates declines. The effects of  not  granting the
regervation would, therefore, be cumulative and in many cages
ivretrievable to & broad spectrum @f rescurces and water users
in the lower and Little Missouri basins

What alternative actions could Dbe taken 1f  the DFWP

reservatlong are not granted?

Acticons that could he taken to maint
flows 4in Montana range lrom I
intengification of water conservation a
QraCLICQS buying or transferring water rights, leasing water

rights, constructing water storage facilities, revising the
procegss for evaluating water vight permit applications,
losing basins and application of the Public Trust Doctyine

Improved watrer congervation 1

malintenanc and lining of =he g 1

projects from flood fo sprink ms, lmiting the e of

sprinklers during windy periods, and diverting only the amount

ui water actually needed for crop production The latter
nvolves inatallation and betier management of water diversion

ané delivery systems, accurate measurement of water delivered



ro users, bettery int
for gspecific crops, b
usme of waber Commniss
be provided to i

inatream flows
not necessarily
flows. In many

efficiency, and thus
by other water user
water might use 1t f

or lease 1t o somecn

fass
and the leage does not establ
ST .

Buying or transferrd Tlow CUrposes
ie an open guestion DFWP coulid
cqglre a wabter right i
and utilize those ri
whether this would b
the reguirements for
DEFWE can lease water rights for instream flow purposes undex
Secrion 85-2-436, MCA, which allows the temporary leasing of
an exigting water right for instream flow eﬁh&scement purposes
from willing individual Howsver, the water right remains
i L3 1ght
[

stration and
e complex and it may take many years Lo
acguire =& .

ufficient number of water leases to  ghow
improvement in instream flows statewids By contras
regervation process provides an opportunity Lo p
instream values on a broade consun
uses are considered. Only t a0 f
implemented since aurhorizaetion in 1989, although seve
pending. Water leasing will probably be most effective in
cmall tributary streams to larger rivers where fish spawning
potential can be improved by enhancing the flows 1in these
rributary streams, thus improving main river fisn populations

pur

Constructing new wabter storage projects is currently not
state prl ority under the State Water Plan an i
o .

such projects that could be onstructed o improve

flows on agional or statewide basis is certainly lim

Environment ffects of new reservoirs are also a fact
i ia ! P I a

a r
nta

the analvysis v ben e* tg W
cas i c
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and 4,000 acre/feet per yesar. Most permit applicatiocns are
for much less than that. However, 1t 1is difficuls Lo
determine the 1mpacts of in I er use permit
applications on stream flows and hout an instream
water right to measure the effec Also, the water
permitting process does not addre instream water to
regserve for the Iuture. That ion of the water

reservation process.

users 1in the

&
[l
I...x
T
} 2
0
s
0
Fh
%
0
T
o
=

L

ing can be closed through p
in or through the legislatur = io
ur because water users are having dilfificulty receivim
ir water under their existing water rights and new wate
rg would only aggravate the situaticon. Thu
impilemented only after most water 1s no
for instream uses. There 1s no opportunity
r the general public initiate action
becaugse of instream flow concers
process in the Upper Missouri
four of the basins whers rve
water uge permits, with certain
are a positive factor inm limiti
that would remove water from
limiting certalin new uges, L]
same  purpecses that  would be accompli
reservationsg, that is, limiting new consumptive watex
RBut, they do not provide 1 ction
changes in existing water uge
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The uge of the public trust doctrine for protecting
flowg in Montana is largely untested
protection strategy, it should probably <
an alternative of laatr regort. Bub, bscause
in the background, it may serve as an impe

instream flow 1 es through other means 1
reservations, water leasir nd co i £
congumptive and non-consumpiive water interests.

T ifl
U

With the possible exception of the intensification of water
conservation and management practlices and the positive aspect
of cleoging basins to certalin new uses, the zbove alternatives
would be legs effective in solving dnstream flow issues
because they are either more costly, would be less ilmmediate,
lack legislative authority or would be more Iimited in
applicability than would granting the DFWP ressrvations.
Dosg  the Department’s application

ingtyveam flow needs of streams in

Migsouri Hiver Basin?

Yeg The application regueste instream flow

18 streams (21 stream reaches) The flows re
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Flow gquantities
and character ©
needs of the existing
quantity ol water neede
a stream reach must Dbe

been done in the preparat
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I, Liter Spence, being firat duly sworn, statftes that the

foregoing testimony 1is true.

DATED thisziﬁ ~— day of

day of June,

Subacribed and sworn Lo

7 ggf% é

the State

Netary Public
Montana

Resziding at Helena, Montana

My commission expires P

Q
=
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Current position Water Resources Supervisor, Montanea Department
nf Figh, Wildlife and Parks, Helena, MT 59820
Edugation:
1554-195¢6 Boige Jr. Colleg 3

o
haali

degree in General Science with emphasis

chemistry and mathematics.

195%-1561 University of Idaho, Moscow, Idaho. Recelved BS
degree in Zoclogy with minor in chemistry.

1861-13963 University of Wyoming, L“r“ e, Wyvoming. Recelved
MS in Wildlife Congervation and Management. Course
work emphasgized fisheries management.

Experience

Summer 1962 - Fishery ald, Bureau of Commercial Fisheries, U.5.

Fish and Wildlife Service, Juneau, Alaska. Tagged sockeye salmon

migrating from the Pacific Ccean to determine where they spawn 1
streams of Aleutian Peninsula and recovered tagged fisgh on their
spawning grounds.

1963-1965 - Fishery Biclogist, U.S. Fish and Wildlife Service,
Misscouri R*vev Basin Studies, Billiﬁgsf Montana. Investigated the
effecte of proposed federal water development projects on fisheries

in Montana and Wyoming.

1965-1970 - Project Fishery Biologist, Montana Depavtment of Fish
and Came, Missoula, Montana. Conducted fisheries 'rkuborles and
creel censuses on stregms and lakes in western Montana fisheries
region.

1970-1974 - Planning Ecologist, Moentans ; ment of Fisgh and
Game, Ovand@ Wonta&at Conducted baseline inventory study of water
guality, isherieg and wildiife 1 ; ; ’
connection w:t“ a §romoseﬁ industrial

)
m O
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o
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River Basin

L

o0

1

ndditional Education and Training:

(1}  July 12-23, 1970. Training school in

conducted by Environmental Protection Agency,

Water Laboratory, Corvallis, Oregon.

(2) Cctober 11-12, 1872. River mechanics . geminay, Montana State
University, Bozeman. Sponsored by Department of Fish and Game with
participants from Corps of Engineers, Vicksburg, Mississippl and
Civil Engineering Department at Coloradeo State University, Fort
Collins

{3} October $-December 11, 1373 Hydrology course taught by Dr
Richard Bruskern, Civil Engineer, Montana State University, Bozemarn
+hrouch the Montana State University contlinulng education program
(4} September 5-6, 1574. Ingtream flow needs problem analysis
workshop, Sun Valley, Idaho. sponscored by Washington Water

Regearch Canter, Washington State University, Pullman, WN.

{5) September 27, 1974, Stream gaging techniques field workshop,
vellowstone Naticnal Park, Mammoth, Wyoming. Conductad by Ron
Shields, U.8. Geological Survey, Helena, Montana for Department of
Fish and Game biologists to demonstrate proper techniques for
streamflow measurement.

{6) January 22, 1375. Water Surface Profile Program (WSP)
workshop, Billings, Montana. Conducted by U.S. Bureau of
Reclamation hydraulic engineers for fishery biologists from Montana
and Wyoming to explain how WSP can he used for instream ILlow
determinatiocns.

{73 September 17-19, 1975 Tnstream flow needs

State University, Logan, Utan Conducted by Utah 2

and COffice of Bioclegical Services, U.8. Fish and Wi

Washington, D.C. Workshop resulted in & sta o

describing methodologies currently used to re

For fish, wildlife and recreation The

Stalnaker, C.B and J.L. Arnette 1978

determinarion of stream resource flow reguirements
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er Allocation. 199 po.

516& ne=ds ;/TQCQLJﬂ
ngored by We: Gy

nd Power iv1 icn ambglc&n So
of . : :

Engines
iegal and scoilal problem
iimired stresamiiow.
American Fisheries

Juns 29, 15876.
1d workshop with Filsh and Game
onnel for field 1n:’;rqctwo“ and demons
e (WSP) program technigue. I ru
Hydraulic Engineer, U.5. Bureau of

é
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ot
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{10) March 321 nstream flow fctect
wegtern Unite

Univergity OI
Presented 2 ape

- Apyril 1 1588,
a

Yo

(11  October 2
Conference, Jack

{12) April 21-22,

educational sYympoOsSL e

Iniversity, Bozeman, Montana. Spongored by Ugivergity of Montana
e rhe E ' :

T.aw School; Montana Watercoursge and

Montana State University and  the

Committee I presented two papers

profesgional Organizatlons:

Member, Amervican FTicheries Socisty and Montana Chapter, American
Ficheries Society. L@ftl;l@ﬁ as a Fisheries Scientist by the
American Fisheries Scciety in 1970

Avticles and Publications:

Spernce,

ntory ¢ 4
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improvens o}
Restor. Prol. F-12-K,
p. Mimeo

Spence, L. E. 1571. Georgstown Lake summey creel census. Fed.
2id in Fish Restor. Proj. F-12-R-17, Job I- L, Mont. Mont. Fish and
Game Dept., Helens. 11 p. + appendix. Mimeo

Spence, L.E. 1875. Upper Blaﬁkfoﬁt Riw study . A
nreliminary inventory of agquatic and wi ld“af~ rTeEgources. Mont .

; t
Dept . of Fish and Came, Helena and the Anaccnda Comp ﬂj, Butte, MT
27 p. + appendix.

Spence, Liter. 1970. Diversion tactics. Mentana Outdoors Vol.
v No. 2. Mont. Fish and Game Dept.. Helena . February 1370,

Spence, Liter. 1970. Montana's most-fishe <s Montans
outrdoors Vol. V No. 7. Mont. Fish and Game Dept., Helena. July
1270.

Spence, Liter. 13975. The Blackfoot is beautiful. In The
Montana Fiching Guide by Dick Konirzeski Mouniain Press Pub. Co.,
Missoula, MT p. 41.

Spence, L.E. 1274 An inexpensive surface water dissolved
oxygen sampler Prog. Fish Cult. 36(1): p. 26.

Spence, Titer. 1975. "The new water law." Montana Outdocrs
column in The Independent Record, Helena, MT. Mont . Dept. Fish,

and Game, Helena

Hpvawr
aAct done for
Chapter, Amer.
Mont. Dept. Fi

Spence, L.E. 19
Proceedings  o©of  In
Conferencs, prasen
Scciety & Power Divi




. Pub. by Amer. Fish. Scc.,
4 September 19%76.

Spence, Liter. YYellowstone reservation , .7 Montana
Outdeoors column in the Independent Record, Helena, MT. Mont. Dept.
Fish & Game, Helena 536071.

Spence, Liter 1877, "Montana‘s new wabter law - ig it
working?®  Montana Outdoors, Jan.-Feb. 1877 pg. 23 Mont . Dept
Fish & Game, Helena, MT 558601

Spence, Lifter. 13%87. Clark Fork R, - Prescri Eos
Renewal? Monbana Outdoors, Vol. 18{&) Nov./Dec. Mont. i
Wildlife and Parks, Helena, MT 5%620. pg. 2

Spence, Liter. 1%90. Instream Flow on the Mighty Mo. Montana
tdoors. Vol 214, J ont. Dept. Fish, Wildlife and
rkg, Helena, MT 59€£20. pg.

i
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APPENDIK 2

Estimated provisional and final dominant discharge hydrographs

Site o, Stream Nams Day Mean Daily Discharge
Provigional Final

5 Battle Cresk at mouth, near Chinock, MT i 45 40
Z 95 a9
2 &0 210
4 930 470
5 1970 1520
& 1336 Tio
7 o650 260
21 120 130
2 133 100
10 =14 85
il 75 TG
1z 55 &0
13 &0 55
14 50 45

7 Frenchman River at mouth, near Saco, HT i iG Ho

2 30 Change
3 80
4 70
5 154G
& 290
F 480
g T4
3 1320
16 G310
i1 760
iz 580
13 470
i 360
i5 280
18 200
17 160
ig 120
19 20
20 F0
el &0
3  Beaver Cresek at mouth, near Saco, HMT i iG i
. ic 194
3 40 884
4 180 2210
5 400 1756
& L1860 1180
7 S20 &40
& G40 BG0
9 324 3890
19 240 360
i 200 210
iz 180 i2s
iz 120 130
1 85 120
1= 75 1460
i 55 80
i7 45 &0
ig 34 4
3 25 z26
20 zZ8 A3

2% is i0



18 Rock Creek at mouth, near Hingdale,

il Redwater River above conflusnce of East Fork

Redwater, near Vida, MT

12 Redwater River near Vida,

MT

MT
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Poplar River above confluence of East Foplar
River, near Scobsy, MT

{This stream is called Middle Fork Poplax
River in the reservation application, p. 109}

Eazt Poplar River at mouth, near Scobey, MT

Poplar River at Fort Peck Reservation
boundary, near Scobey, HT

West Fork Poplar River at Fort Peck
Regervation boundary, near Four Buttes, MT
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18 Little Missouri River at Camp Crook, 8. Dak.

1% Boxeldsr Creek near Webster,

MT
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21

Little Besver COresk near Marmarth,

Heaveay

Creek near Trotters,

H.

Dak.

M. Dak.
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APPENDIX B

Estimated monthly and annual streamflow characterictics

Provisignal

3ite Wame Month 0. 80 080 5.5 0,20 915
rrenchman River at Getober g 4 3 12 S
mouth, near Saco, MT. Hovember & . & 2 5 1% [

December 4] L1 2 =5 3
January s a .3 3 2z
February g 2 .7 & 15
March 3 11 £9 181 137
Aprll 21 47 211 BB 6 418
May 9 15 54 177 176
June o i 19 85 53 -
July ] G 11 34 k¥
August e g 4 i1 &
Septembsr G 2 2 7 =
Annual - - - - 58
Final

10.XX, monthly mesn sireamflow cacesded KK percent of the years, in cubic fest per second; M, mean streamflow for spetified month, or mean annus]

streamfAow when Annusl is specified, in cubic fest per second}

Sits po. Birenm name Bonth 2,90 .50 .50 Q.20 G384
7 Frenchman River at mouth, near Saco, Mont. October a3 0 3 i3 i0
MNovember 7 2 3 it 7
Dlecember a A 2 7 3
Japuary t 4] 3 3 2
February & G B 7 i7
March 3 i3 E) %9 151
Aprik 23 52 239 755 480
May i 17 59 195 139
_June 0 i 21 24 58
July & i 13 37 i1
Angust 0 O 4 13 g
September 0 & 2 g &
- - 73

Annual . . .




PROVISIONAL

Site MHame Month G.84 .80 .50 .28 [e) 2]
=4
Missouri Hiver October gﬁ 3500 3319 18300 15308 115500
below Fort Pack, Hovember QE 369D 4878 G010 13108 2830
T Decenber 1550 5458 G325 11300 85320
January s 1450 4674 2850 12600 8710
Fabruary &Q 1180 2820 8240 13808 2660
Marah it 1470 3484 7520 11100 AL
april oF 4178 3830 7240 15300 7300
May ig 1B&0 2850 GR50 11500 7900
June 1250 36490 Te00 12800 8160
July @i 2530 5629 N300 13300 10200
August @E 8TLG 1550 1231500 15104 12700
Septenbey 4280 5360 114060 18300 12200
Annual —— — s —— 5330
Misseouri River nr Oetober 4150 56780 10440 16508 11809
tulbertson, M7 Hovember 3541 4390 5020 12509 2148
December 1670 55740 2740 115¢ 2230
Janary 1454 5080 9030 127348 5620
February 1410 3183 9Z240 14200 3178
March 3560 5250 104860 14709 10z
April 4570 7438 106040 16500 11500
May 2380 LRBD B840 14760 BLED
June 7829 %310 BE20 13840 5560
July . 5050 £420 8529 13400 16800
Bugust &350 580 11800 17L00 127300
September §300 TLLG 11800 18200 123500
Annual - e - - G440
FINAL
Sie no. Siream name fonth .50 1,50 .50 .20 bl
1 Missouri River below Fort Peck Dem, Mont Totober 5,263 8,060 11,500 19,100 12,600
Movember 4,520 5,800 5210 13200 5460
December 5,130 6,880 10,100 11,300 9,044
January 4470 5,540 0900 13000 8,620
February 2,130 5,500 10500 14,150 S 600
March 1250 4,135 1740 11,20 7,628
April 2,120 4,430 7520 10500 7440
May 2800 5,500 7380 12000 8310
June 2,500 4,170 T 12700 8,420
gy 3,640 5770 10000 13200 15300
August 5,580 720 12,100 18500 13000
Septemmber 3,500 7.020 11,0006 18800 13,040
Anmosd - - o - 2B
Site no. Sirasm RamMa Monih .80 .80 .50 .20 (]
17 Missouri River nesr Culberison, Mont Cetober 5,520 5,430 11,500 18500 12800
Movember 4,610 5,320 §,750 13,160 3,200
December 5,380 £,964 9,620 11,600 2530
Tanuary 4,626 £, 160 11800 12,700 9,450
February 2,350 £,026 11,200 14400 10200
March 4,150 5,420 G760 14400 10400
Aprii 4,950 T.870 10900 16300 11,900
May 3,270 5,050 9960 14800 10000
June 4480 5,440 2620 13,800 0,780
July 5150 6430 9830 13500 11000
August 85,470 1.570 12,200 19,200 13,606
Septemmber 6,620 7,470 12,300 19,180 13,200
Annual - . - 16,900
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Table 3-2. Montana Depariment of Fish, Wildiife and Parks instream Flow Requests

—Amount Requested—

Sirpam Heach Dates Requesiad {efs} {ah) {affyr}
Kitic River Subbasin
Hattie Creek Intemational boundary Jan,, Febk., Mar., Dec., 20 480 S EFS-
o mouth Apr, through Nov. 5.0 2,420 e, £2 if
Channel Maintenance Flows -Gl AT
is2.o ‘*’-'!fgz 5
Baaver Creek Heservalion boundary 10 Yaar-round A 5,668 5,082
{Hi#l County} Beaver Creek Reservolr
Seaver Creek #1 Headwaters o Year-round 0.z 145 145
{Phitlips Cao.} reservation boundary
Seaver Creek #2 Highway 191 f0 mouth Jar., Feb., Mar., Dec. 7.0 1,870 45050
{Phillips County) Apr. through Nov. L 11.0 5,324 2 Ay
Channel Maintenancs Flows —HEEr QT = <
%zm fe 235
Clear Croek Headwalers 1o Clear Year-round 5.0 JB20 3,820
Creek Hoad
Frenchiman River intemational boundary Jan., Feb., Mar., Dec, 2.0 480 ﬁ d
10 mouth Agr. through MNov, 50 b APD Fhoy
Channel Maintenance Fiows 2.080° 22414 7
ittle Box Eldaer Headwaters 1o Clear Year-round 1.0 724 724
Creek Creek Hoad
Peoples Creek Headwalers 1o Bamey Year-round 1.0 724 724
Oison Road
Rock Creek international boundary Jan., Feb,, Mar., Dac, o 2.0 480 A
{0 mouth Apr. through Moy, 2569 g 3,872 25 YTT
Channe! Mainienance Fiows eter ] ’
256D i fes
Missour Fort Peck Dam to Aprd 1-May 10 7,800 515,843 5620381
Hiver #7 BAilk River May 1i-June 30 1,000 1,492,727
July 1-Sept 30 7,800 1,423,338
o0t 1-Feb. 28 7.000 2,056 528
March 1-March 31 8,000 358,925
WMissour 8l River 10 slate ling kay 11-June 30 11,800 1,163,308 5522972
River #8 July 1-May 10 7,000 4,358,867
East Fork infernational boundary Jan., Feb., Mar., Dac, KRS 7i9 8870 O
Poplar River 10 Middle Fork Apri i5 f2a3 e hinwsd.
May 10 615
Juna through Mov, 4 1,452
Channe! Maintenance Flows 5407 3,141
Middle Fork international boundary Jan., Feb., Mar., Dec. 1.0 235 10,685 B
Poplar River 10 East Fork Aprit 0.0 1,785 ﬁ&ﬁujﬁﬁ,
May 20.0 1,230
June through Nov, 2.0 728
Channel Maintenance Flows 10007 8,705
Poplar River Junction of Middie Jan, Feb., Mar, Dec. 8.0 1,920 S Rr s
and East Forks o April 70.0 4,185 T4 T52
reservation boundary May 50.0 2,074 z
Juna through Nov, 11.¢ 3,993
Channet Mainienancs Flows A BT
a3 o]
Wast Fork County bridge south Jan,, Fab., Mar, Dec. 730 719 =42t
Fopiar Fiver of Pesress in Anrl 300 285 (2315
reservation boundary pay 20.0 1,230 I
June through Nov, 4.0G 1,452
Channe! Mainienance Flows ~e0 -F5as
Feo 7129



Lonwer Missourt River Basin

at - azra-fest

affyr - acre-iest per yearpls - cubie fest per sacond

=Channel maintanance flow request agf}r varying amounis overa 13-10 21 -day period; only the peak daily request is inctuded hare.

Source: Depanment of Fish, Wildife a o Parks 1991

Map 3-6. Location of instream flow requests in the Lower Missouri River subbasin

w_w* Reachas where instream fows arg requestad
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—fmount Requesisd—
| siream feach Dates Requested {eis} (af) {aifyr)
L ower Missouri River Subbasin
nedwater Circle 1o East Jan., Feb, Mar,, Dec. 2.0 4B0 AEFeE
 pver £1 Redwater Greek Apr. through Nov, 3.0 1,482 “FF A
Channel Maintenance Flows A 15,860 <
T g

Hedwaler East Redwaler Jan,, Feb., Mar,, Dsc. 2.0 480 AEHG0
Siyer #2 Creel o mouth Apr. through Mov. 44 1,938 fO3TF

Channat Maintenance Flows S St 4

Foo 543
Litile Missour! River Subbasin ’
feaver Creek { ameastoer Creek Jan., Feb,, Mar., Dac. 1. 238 7,984 o
nfinaux County) 1o state line Apr. through Mov, 0.7 340 o [ 22 ve
’ Channel Maintenance Flows 1,050% 7,408 ’
aoxeider Creek Cne mite west of Jan., Feb., Mar, Dec. 4.0 Ge0 Raiat sy
Belitowar 10 slale fine Apr. through Nov, 7.0 3.368 2o, T
Channel Maintenance Flows =0t 5934
fﬁ i b, B
¢ itie Beaver Aussell Crask o Year-round a0 2,174 17,895 #e
Creek state fine Channe! Maintenance Fiows 2,050 15,724
1 il Missour KMontana-Wyoming Jan., Feb., Mar., Dec, 5.0 1,188 32,562 Py
River horder 1o Montana- Apr, through Nov. a.0 3,872 §
South Dakota border Channe! Maintenance Flows 25407 27,481 = Silare s
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Wap 3-7. Location of Instream flow requests in the Wilk River subbasin

Map 3-7. Location of instream flow requests in the Witk River subbasin
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Map 3-8. Location of instream flow recuests in the Little Missouri River subbasin
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APPERDIZ B

Corrected tables of DFWP flow reqguests for nine stream reaches.’

‘Resulting from USGS revisions of water availability data and
dominant discharge hydrographs.



Battle Cresk

FLOW REQUEST:

Based on information discussed in the above INSTREAM FLOW
METHODS section, the fellowing flows are requested:

Time Instrean Flow
Feriod CFS AF
January 2.0

February 2.0

March 2.0

April 5.0

May 5.0

Juns 5.0

July 5.0

August 5.0

Septenber 5.0

Ootober 5.0

Novanber 5.0

Decenber 2.0

Total:

3 Flows derived using the Base Flow Approach.

b

Additional water during a 1l4-day period to start no
earlier than March 1 nor later than April 30, according

to the fellowing pattern:

Day C¥s AF

EER RN I ) B I % N




bBeaver Creek, REeach #2

FLOW REQUEET:

SJaged on information digcussed in the above IHSTREAM FLOW METHODS section,
the following flows arg reguested:

Time Iinstream Flow
Period CF8 AF
January T.0 4308
February 7.0 3g9°
Harch 7.0 4300
S AT g%ﬁ?f%?
April 11.0 555°
May 11.0 676"
Juns 11.¢C &655°
July 11.90 &7e*
Rugust i1.0 &7ek
Septembar 11.9 655
October 11.0 &788
November 11.0 £55°
December 7.0 4308
Total: F LG5
2B R D

]

Flows derived using the Base Flow Approach.

* ndditional water during adégiday period to start

no earlier than March I nor later than April 30,
according to the following pattern:

Day CFS BF
1 = (RO e 377
) 465 450 BET
3 4Be22i0 F53 1 3F3
4 366 150 2381 3477
5 SR8 {150 1 G0E 2D
6 448 Ly 53 1 26%
7 328 oo £35 992
8 245 392 4576 1Y
g 288 oo 392 55

10 260 240 AR i
i1 rag [ 8O 233 357
12 -85 i 5% 2.8
13 F 2o 443 2 3%
14 55 fo8 A% G5
i5 -5 i -85 455
ig S5 D Lo {{F
17 B Ef B 7
is PO B L G
&G 25 a0
A
f%ﬁ%%

80



Frenchman River

FLOW REQUEST:

pased on information discusged in the above INSTREAM FLOW METHODS section,
the following flows are reguested:

Time Instrean Flow
Periocd CFs AF
January 2.9 1z3°
Faebruazry 2.4 113°
HMarch 2.0 iz

22,414°
april Erll oD -258% 3577
May L = T
June EeD . SOR BT
July A A 207 369
Bugust £l D 209 36T
September NS XA 2 208° 37
Gotober Erl £ O 267 367
November Eerle O 2580 357
Decaember 2.0 123®
Total:

# Flows derived using the Base Flow Approach.

° additional water during a 21i-day peried to start no
sarlier than March 1 nor later than April 30, according
to the following pattern:

Day CFS AF
i 30 60
2 45 8%
3 e 139
4 110 218
g 240 476
g 454G 833
7 G90 1,36%9
g 1,150 2,281
E 2,050 &,0e8

10 1,570 3,114

ii 1,180 2,340

iz 90 1,785

13 T30 1,448 -

14 Se0 1,311

15 430 253

is 316 Sls

17 240 47%

18 183 377

i9 150 298

20 1310 218
1 25 iag

22,414

84



Rock Creek

FLOW REQUEST:

Based on information discussed in the above INSTREAM FLOW METHODLS gection,
the following flows are reguestaed:

- Time Instream Flow

Feriod CFS AF

January 2.0 123°
February 2.0 113

March 2.0 123 ) .

BB rE ‘Zéj its

Rpril 8.0 476*

May 2.0 452

June 8.8 476"

July 2.0 £92°

August B.G 492
Sgptenber 8.0 476*

Ootober 8.0 452°
Hovember 5.0 4788
December 2.0 iz23®

Total:

# Flows derived using the Base Flow hppreoach.

B Additicnal water during a 21l-day period to start no
earlier than March 1 nor iater than April 30, according
to the following patitern:

Da CFS AF
1 15 20

2 25 50

3 80 159

4 780 1,547
5 2185 G A3 3TLY
& é?%ﬁ?ﬁgﬁﬁ Eridl SOIE
7 596 750 AT B
& dr320 1260 F5E18 29T
9 760

10 480

11 310

12 200

i3 140 .

14 106

15 =le)

i5 : 53

17 45

18 35

1% 25

20 26

21 20

88



Redwater River, Reach #1

FLOW REQUEST:

Based on information discussed in the above INSTREAM FLOW
METHODS section, the fellowing flows are reguasted:

Time Instrean Flow
Period CFSs AF
January 2.0 1232
February 2.0 111®
March 2.0

2655 % =8
April 3.0 175%
May 3.0 1842
June 3.0 175%
July 3.0 1842
August 3.0 1842
September 3.0 179%
Gctober 3.0 184°%
Hovemnbey 3.0 1788
Decembear 2.0 1232
Total:

a Fiows derived using the Base Flow Approach.

{3
b pdditiconal water during a .4-day pericd to
start no earlier than February 1 nor later than
April 30, acceording te the following pattern:

Da CFS AF

N
L) B R D WD O e AW s L B
$
Mg,
[N
b

94



Eedwater River, Reach #2

PLOW REQUEEBT:

pased on information discussed in the above INSTREARM
FLOW METHODS section, the following flows are regquested:

Time Instream Filow
Pericd CFS AF
January 2.0 1232
February 2.0 1131%
March 2.0 953

sas” FGHS
april 4.0 zag2 7
May 4.0 2482
June 4.0 238%
July 4.0 246%
August 4.0 246%
September 4.0 2382
October 4.0 2465
November 4.0 238%
December 2.0 1232
Total:

2 piows derived using the Base Flow Approach.

b raditional water during a 14-day period to
start no earlier than February 1 nor later then
April 30, according to the following pattern:

Da CFS AF

1 5 10

2 256 10 ASE 134
3 G380 1O 2563 21§
4 1580 Boo 2,338 %5
5 2038 Y90 BT FTL-
& 3018 Foo 2083 [ T7E5
7 250 o i35F
8 8 YFo 435 9521
g &0 LFe 139 £
10 B {50 -
11 4o [ 5D F5. 298
12 48 150 75 25F
i &8 {10 Fe 2§
14 : e Fo




FPoplar River

FLOW REQUEST:

Based on information discussed in the above INSTREAM FLOW
METHODS section, the following flows are reguested:

Time Instrean Flow
Period CF8 LF
January 8.0 4628
February 8.0 444%
March 2.0 4922
april 70.0 4,1658
May 50,0
June 11.0
July 11.0 6758
August 11.¢0 §7&8%
September 11.6 €552
Cctober 11.0 £762
Novenber 11.0 6582
Decenber 8.0 4928

Total:

i s

8 Flows derived using the Base Flow Approach.

b Flows derived to meet spawning and incubation needs,

gy
© Additional water during a/li-day pericd to
starb noe eaylier than Zpesl 1 nor later than

A@fifza according to the following pattern:
Ba Crs AF
1 50
2 58 Zoo
3 £1p 250
4 236 { 930
5 238 530
& o8 fooo
7 i8s Fao
a 230 oo
g 308 oo
i¢ FLr B
11 &6 Zio
iz S I
i3 2 § 2e
i4 2 To




West Fork Poplar River

FLOW REQUEST:

Based on information discussed in the above INSTREAM FLOW
METHODS =zecticon, the following flows are reguested:

Time Instream Flow
Pericd CFE AF
January 3.0 1842
February 3.0 1678
March 3.0 1842
april 30.0 1,?85§

?i&?

1,230P

May 20.0

June 4.0 23482
July 4.0 246%
August 4.0 2462
September 4.0 238%
october 4.0 2462
Hovenber 4,0 2359
Decenber 3.0 1842

Totali:

& plews derived using the Base Flow Approach.

b plows derived to meet spawning and incubation neseds.

- Phaﬁﬁ@? i3
additional water during @ 2&-day periocd to
start no earlier than 1 nor later than
Mav-2i, according to the fﬁlL@wlﬁg pattern:

Da CFS BF
1 BE DO 98 7F
2 466 4SO 257 PG
3 ST 250 1-BEF /T
4 3326 ST ; 8 {3
5 soa 0 7 g
& 399 380 254 LGV
7 1298 Lol 2FEF 3FT
8 ABE /70 238 337
g 200 /o 256 2.9&
10 FE fiE i3e 2iF
11 46 O 25 /57
12 26 Lo £ {1G
13 a6 o0 £8 75
s 35

g!z?

126
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FLOW REQUEEST:

Based on the information discussed in the above INSTREAM FLOW
METHODS section, the following flows are reguested:

Time Instream Flow
Period CFs BF
January 3.G 1842
February 1.0 1672
March 3.0 18498

3,118

Rpril 15.0 893°
May 10.6 £15°
June 4,0 2382
July 4.0 2462
August 4.0 246%
September 4.0 238°%
October 4.0 2463
Novenber 4.0 z38%
Decenber 3.0 1848
Total: 6,870

2 pFlows derived using the Base Flow Approach.

b pdditional water reguired durihg a 13Z-day period
to start no earlier than Febrfsyry 1 nor later than
Bpril 30, according to the following pattern:

Da CFS AF
1 & 12
2 10 20
3 60 119
4 280 555
5 540 1,071
5 330 655
7 200 357
8 80 155
= &0 119

10 20 40

11 g 18

12 7 14

13 & 12

3,191

¢ Flows derived to meet spawning and incubation needs.

1ca



Middle Fork Poplar Riyer

FLOW REQUEST:

Based on information discussed in the above INSTREARM FLOW
METHODS section, the following flows arve requasted:

Time Instrean Flow
Period CFS AF
January 1.0 1%
February 1.0 58
March 1.0 512
april 36.0 ég?esb
&, ?D5c

May 20.0 1, 230P
June 2.0 1192
July 2.0 123%
Bugust 2.0 1z23°
September 2.0 1192
Ootober 2.0 1238
November 2.0 1192
Decenber 1.0 512
Total: 10,688

% Flows derived using the Rase Flow Approach.

P Flows derived to meet spawning and incubation needs.
Hadreis
© Additional water duringja 14-day perzeﬁ to
start no earller than Apedsd

CFS AF
1 40 79
2 150 298
3 676 1,329
4 1,000 1,983
5 6§70 1,329
& 320 635
7 160 317
a 110 218
9 50 159
19 60 119
11 50 99
12 30 60
13 20 40
14 20 40
6,70



Box Elder Creal

FLOW REQUESTS

naged on information discussed in the above INSTREAM FLOW METHODE section,
the following flows are reguested:

Time Instrean Flow
Pariod OF5 BRF
JaENUAry 4.8 248
February 4.0 222°
Harch G.0 2467
April F.0 4317
May 7.0 4307
June 7.0 417
July 7.0 430°
hugust 7.0 430°
September 7.0 417
Gotober 7.0 4308
HNovember 7.0 4178
December 4.0 2463
Total: 2, 7(F

s Flows derived using the Base Flow Rpproach.
b paditional water during a 17-day pericd to start

no earlier than March 1 nor later than aApril 30,
according to the following pattern:

CFS AF

e
]

25

FOl
Bt £ A0 U0 I O L o L) B et
[
Y
Y
[as]
p

132






FREPILED DIRBCT TESTIMONY OF
FREDERICE A. HELSONW
ON BEHALF OF THE MONTANA DEPARTMENT OF FISH,
WILDLIFE AWD PARKS (MDFWP)

0. Pleage state your name and business address.

A Fred Nelson, MDFWP, 1400 South 12th Ave., Bozeman, MT 58715

o, What is vyour present employment?

A T am & fisheries biologist employed by the Montana Department
of Fish, Wildiife and Parks.

o. Please state your educational background and exper ce.

AL I am a 1968 grada“te of Cornell University, Ithaca, NY, with
a B.S. degree in Fishery Science. I received a M.S. degree in
rish and Wildlife Management at Montana State University in
1976. TI've been emploved by the MDFWP since 13976.

Q. Briefly describe your instream flow-related training.

A, My instream flow-related training began in 1878 when I
sttended 2 week-long instream flow methods workshop, conducted
by the U.S. Fish and Wildlife Service, in California. Since
then, I’ve attended a number of other worksh 0P8 and training
sessions. Theze are iisted in my vita, which is included with
this prefiled testimony.

o, What is the purpose of your testimony in this proceeding?

A, The purpose of my testimony is to: {1} briefly describe my
role in the instyeam fiuw~reLated work that culminated with
the MDFWD's reservation application, and {2 provide

information on the instream flow methods that were employed by

MDFWP in its application.

WY ROLE IN MDFWP’S INSTREAM FLOW RESERVATION PROGRAM

. Briefiy describe your role in the regervation process.

A Since 1376, whern. I began work with MDFWP, my duties have
focusged Qn instream flow and other water-related issues. In
regard to this reservation application, my main contributions

are summar¢zed ag follows:

1) nased on my research and information provided by other
professionals, the MDFWP adopted the Wetted Perimeter
Tnflection Point Method (WPIPM) as the primary instrean

NELSON DIRECT -~ 1
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E ovevgaw the development of MDFWR’ e
WETP) predictive computery program, an integral
inoo

¥ noind

“he WPIPM. This program and later updates incorporated
state-ci-the-art gimulation procecures That wers
developad by the Cooperative Instream Flow Service Group

£ rthe 1.8, Fish and Wildlife Service, Fort Collins,
Colorado

Tn 1580, I resmeavched and wrote the MDEWP' s guidelines
for applying the WPIPM and using the WETP program. I
wrote guideline updates 1in 1884 and 1989. The 1589

revigion is presented in Exhibit 1.

1. wrote, along with Steve Leathe, Regional Fisheries
Manager, MDFWP, Great Falls, the publication titled "A
Literature Evaluation of Montana’'s Wetted Perimeter
Inflection Point Method ¥For Deriving Instream Flow
Recommendations.® This publication provides an up-Lo-
date synopsis of the history of the WPIPM, examines 1ts
rhepretical and experimental basis. identifies its
strengths and weaknesses as compared to cother available
methods, and provides dJustification for it use  in
Montana {(see Exhibit 2.

T conducted, often in conjunction with the UBGS, Helena,
workshops to traln MDFWP persconnel in the use of the
WPIPM. Training included: theory, surveying and other
field tEC_Mlqung selection of gtudy sites, data coding,

and flow-measuring procedures.

i assisted, when called upon, other MDFWP biclogists who
were conducting instream flow studies in the lower
Miggouri Basin. I primarily assisted with data coding

and aided with problem solving.

I led the team of workers that established study sites
and collected WETP field data con four oold-water trout
streams in the Bear Paw Mountains where the WPIPM was
employead. I served as MDFWP's liaison with the USGS
personnel who calculated bkankfull discharges and base
fiows for the warm-water prairie streams in MDFWP's
application Using thege data, I compiled instream [low

reguests foz each prairie =i



INSTRERM FLOW METHODS
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What insgtream flow methods were used by MDFWP in  its
application?

The MDFWP employved the following instream [low methods:

1. Wetted Perimeter Infection Point Method (WPIPH)

2. Fixed Percentage Method

3. Bage Flow Appreach

4, Deominant Discharge/Channel Morpholegy Concept (DDCMO)
5. Binlogical - Flow Relationships

Wetted Perimeter Inflection Point Method (WPIPM)

Where was the WPIPM applied?

IPM was applied £o the cold-water reaches of
County), RBox Elder Cr., Clear Cf and People

arreams in the Bear Paw Mountains. WEIPM was =&
4 to the Missouri Riwver nﬁachec #7 and #3 1

a

oy

- M
N
v

?.J
;.,.Ml
S

o O
H
o0

Are other states and provinces using the WPIDPM?Y

The WPIPM i widely accepted, particularly in the West. Mo
Htatea nd provinces having protective instream £l
engiat¢Of employ a variety of instream flow methods,
depending on the needs of a particular situation. Agenciles in
Coloradc, Washington, Minnesota, Wyoming, Idaho and British
Columbia presently use variations of the WPIPM in their
ingtream flow programs.

3
=l

¥

s
[
“J

What is wetted perimeter and what i1s an inflection pol

+

Wetted perimeter is the distance [(in ieet} along the bottom
and sides of a channel cross-section tha i" in oontact with
water when the stream is viewed in Ccross- secf ion {see AppendilX
A of this testimonyl. kg the flow in a gtream channel
increases, the wetted perimeter also increases, but the rate
of gain of wetted perimeter is not constant throughout the
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entire range of flows Starting at zero flow, wetted
peréﬁetar increaszes rapidly for small increases in flow up to
he point wheve the stream channel nears 1ts maximum widih.
Beyond rhis break or inflection point, the increase of wetted
erimeter is Eegs rapid as flow increases. Appendix B depiyts
Lhﬁ relaticnship between wetted §811meber‘and flow, showing an

inflecticn point.

The wetted perimeter-flow ZEiafioﬁshiﬂ thusg provides
L‘/ N

of the amount of stream bottom tha is cevefed by waterx

various flows.

T, what avea of a stream is the WPIPM applied

The relationship between wetted perimeter and flow is derived
for stream riffles. A riffle is a gection of stream in which
rhe water flow is rapid and shallower than the sections above
and below. Streams usually consist of a succession of pools
and riffles.

Why does the WPIPM focus on riffles?

Aquatic insects, such as caddis flies, stone flies and
mayflies, and other aguat ig inve rcebr tes are the primary'Loua
~f Montana’'s stream-dwelling gamelfish. t iz widely accepted
that the production of these aguatic £ itemsg is greatest in
riffles of streams. Thus, riffles a e primary fish food-
producing area in streams.

How is food preduction related to streamflows?

Aguati invertebrates, the major food items in Montana’'s
streams, inhabit the small spaces within the bottom substrate

Flowing water su@p?ias the oxygen that is needed to sustain
these gill-breathing life forms. Without a cover of water,
+he bortrom substrate becomes uninhabitable. The amount of
yiffle habitat covered with water will increase with flow,
causing the food-producing potentia to  also  increasse.
orreamflow controls the amount of riffle area that is waetted
and, thus, controls the amcunt of habitat that 1g available
for producing food.

What iz the connection between the wetted perimeter-flow
relationship for riffles and food production?

The relationship between wetted perimeter and flow for stream
rifftles ganer allyf hut not always, shows two inflection points
where the rate of increase of wetted perimeter changes. In
the examglﬂ (tppendix C), these inflecticon polnts occur at
i i «fs. Below the lower inflection
| ut horvizontally across

point 58 Ffa}; che flow is o
perimeter to inorease

fa
the stream bottom, causing the wetted
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rapidly for very small increases 1in Ilow. A point 1is
eventually reached (at the lower inflecticn point) where the
warer starts to move up the sides of the active channel and
the rate of increase of wetted perimeter begins to decline.
At the upper inflection point {12 ofs)y, the stream is
approaching its maximum width and begins to move up the banks
as flow increases. Large increases in flow beyond the upper
inflection point cause only small increases in  wetbed

perimetar.

area available for food production is believed near
al at the upper i e i i 8
vailable viffle, ox
nt flows below © ,
s to puil away from the riffle bottom until, at
ctLOW Ho+nL, the rate © !
arate. Once f
nfliection p01ﬁt the riffi
ven greater rate and the a
1y diminishes. The metho en de to estabi
hola below which a sgtream’s food producing <
s to decline (upper inflection point] and a thresi
rhe loss 1s “Judged unacceptable (lowsr imf
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The WPIPM provides range of flows |
upper inflection points] from which a
recommendation is selected Fiows belc
point are Jjudged undesirab

on food production, while £l
point are considered o maximize the food-
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inal flow recommendation is sslected from this range oI
by the biologist who collected and anaiyzed all relevant
or the stream of interest. The biglogist’'s rating
rream rescurce forms the bagis for the flow select;sr
3. Factors coneidered in the evaluation include: {1}
the level of recreational use, {2} the exlsting
environmental degradation, (3) wate r availability, a
magnitude and composition of exis tirg fish pepulaticon
information, whi ch ig esgential for all sty
ideration. A marg? 3

0 th hoeg
Bty e et 1Y

M O
"t ot

fu

it

i
pressnce of "Sp

cieg of S@ecial Concern®, wavrvant a hignsxy

flow. In general, streams with significant resident fisgh
populations, those providing crucial spawning and/or rearing
nabitats for ngratovy populations, and those supporting
aignificant populatic of "Species of Special Concexrn® should



be considered for recommendations at or near the upper

inflection point. Upper infliection point flows were selectea

a2 the instream flow recommendations for the streams in this
application where the WPIPM was applied

ndditional information on the WPIPM can be found on pages 14-

21 of MDFWP's application and in the following publlications,

which are included as Exhibits 1 and 2.

Leathe, 8.A. and F.A. Nelson. 1958% A literature svaluabion
of Montana’'s wetted perimeter inflection point method
for deriving instream flow recommendations. Montana
Department of Fish, Wildlife and Parks, Helena, Montana
Reviged February 1982 70 pp

Nelson, a. 19280. oGuidelines for using the wetted perimeter

F.
(WETP) computer program of the Montana Department of
Fiah, Wildlife and Parks. Montana Desartmeﬁu of Figh,
Wildlife and Parks, Bozeman, Montana. Revised July 1984

and March 198%. 56 pp.

Hes the WPIPM been validated in recent scientific studies?

A Ph.D thesis study by Samuel Lohr, which was completed at

Montana State University in 1593 and titled "Wetted Stream

Channel, Fish-Food Organisms and Trout Relative to the Wetted

Perimctex“lﬁf ection Point Instream wi@%’ﬁetb 1¥, examined the

following biclogical assumptions of WPIPM:

1. abundance of agquatic invertebrates is proportional Lo
riffle aresa, ,

2. wetted perimeter can be used as an index ol Invertebrate
abundance, and

3. at zlows below the wetted §eriﬂeter—digcharge inflection
point, stream fish population may become food limited.

To evaluate thess assumptions, “1 id and laboratory tests were

conducted to investigate the relationships among (1) stream

disgcharge, riffl Le wetted perimeter, and aguatic invertebrate
i

abundance; {2} cutthroat trout density and growtih relative to
increased prey abunda? ; and (3) prey abundance, habitat
velume, and cutthyroa regidency in  artificial strean
channels.

Briefly, what did Lohr conclude?

e

He concluded that the I8

perimeter instream Elow‘ﬁe nsa_w re generally supporz i by the
findings of this study. Differences 1in abundanc of
invertebrates wers Gb erved between ar?ificiaily dewa:eraA
riffles and riffles exposed tec the natural flow regime

Additionally, differences in food abundance were shown to
affect growth rates of cutthroat trout in field enclosures, as
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Thcqa perﬂentages were tnev averaged to deri
percentage {33% }, which was then applied to Bea
41, Thirty-three percent of 0.6 cfs, the aver
for Reach #1 of Beaver Creesk, is 0.2
recommended instream flow. (Bee page
application for further information.;

Bage Flow Approach

Where was the Base Flow Approach applied?

This method was applied o the wa
rhig application to derive 1nstrean filow
rhe low [low period that precedes and folliows
Thess stryeams ara:

Battle Creek

Seaver Creek (Phillips County) Reach #2

Beaver Creek [(Wibaux County)

z.7. Poplar River

Frenchman Riveaey

Little Beaver Creek

Iittle Box Elder Cresk

Little Missouri River

M.F. Poplar River

.
CLE;

rm~water prairie streams 1
a recommendations [or
{;‘

wall as d
He also
affacted
declines
greabtest ¥
the wetted
Fixed Percentage Method
Where was Che Fixed Percentage M Method applied?
This method was applied to the cold-water segment of Beaver
creek (Reach #1) in Phillips County, =& trout stream in the
Little Rocky Mountailns.
Why wasn’t the WPIFM used?
Due to time constralnis and the remoteness of the ares, the
WDTPM was not applisd to this strean reach
Describe the Fixed Percentage Method.
For this method, the high inflection point flows that were
derived from the Watted Perimeler Inflection Point Method for
rhe four Lrout strzams in the Bear Paw Mountains werc
expressed as a percentage of the average annual flow for each
rream. These percentages were 37, 56, 19 and 19 for Beaver,
Clear, Little Box Elder, and recples creeks, respecffve?v

ve A basin mean
aver Creek Reach
rage annual Tlow

the

Y 2
Wi On is
of MDEWE's

21

spring runcii
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Poplar River

redwater River Reaches #1 and 2
Rock Creesk

W.F. Poplar River

Why wasn’t the WPIPM used

The warm-water streams Of fhe lower Missouri and Littie
Missouri River basins lock nothing iike the cold-water trout
streams of the mountain headwaters where the WPIPM 18 the
method of choice. These warm-water pr airie streams generally
meander widely, are low- gradient, and conslst of long, deep,
low-velogity nco S SCDafatEU.DY short, widelvy-spaced riffles
During the low flows of late summer, fall and winter, flow
over the few riffles can virtually cease for long periods.

espite critically iow flows, the pools hold a sufficient
reservoir of water to sustain more rhan 20 fish species that
have adapted to and survive in this extreme prairie
environmant These naturally occurring low flows help to
maintain sufflcieﬁt water depth in pools to provice a refugs
for fish. These low flows also provide an exchange of water
+hat freshens the pools, thus preventing digsolved oxygen
concentrations and other water guality criteria from reaching
levelg that are lethal to fish. Reducing these critically low
Flows would further stress the Lish community by degrading the
already borderline habitat The continued survival of the
fish community cculd be 1in  Jeopar dy if additional flow
reductions were Lo OCCUY To protect fish habitat in thege
prairie waters, maintenance of the existing stream flows is
vecommended during the low flow period.

How wers recgmmendatisns derivead?

oW I‘ECEU«.E’ES u

ig flow" approach were de
om tne mean monz%ly flows, calculated by the USGS, £
irie streams in this application. The mean monthly
ach reach were grouped into LWo periocds: (1) the winter
4 from Decemper through March and {2} the non-winter
& from April through November. The lowest mean monthly
for each perviod was the identified and subsequently
£l ' r throughout that pericd. [(See pages 22
£ h i ’

IO RS ORI I T T

B R T

Noeminant Discharge/Channel Mor haolo Copncent (DDOMC)

Where was the DDCMC applied?

i method was  applied Lo tne ¥ t
previougly listed under the Base Flow Approach to d
instream flow reccmmendations for +he high flow pericd o©
spri

‘ng runoff.
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What is the primary  purpose of the instream flow
recommendations generated by the DDOMC?
The purpose of the channel maintenance flows generated by the
DDCMC  is: (1) o maintain the width, depth, slops and
geﬁﬂrﬂ? configuration of the gtream channel and {2) to flush
he gediments that annually accumulate within the pools where
uuit and ja”enil” warm-water iflishes reside and within the
rubble/gravel areas where Important warm-water gamefish,
including saugery, walleye and amallmouth bass, reprodice

What period of the vear are channel maintenance flows
recommendaa?

1 13 1 £ -

Channel maiﬂtena nce flows are recommended for the high flow
- ,

period of late winter and early spring when melting snow and
seasonal rains cause the flows of prairie streams ‘
commenly reaching their highest levels for the vear.

Why are channel maintenance flows important for fish
populations in pralrie streams?

Over time, fish populations have adapted to the physical
congstraints of channel “orflghratlon and flo Baglc Lo Che
fishes’ survival is the perpetuation of the existing habkitat
that has historically sustained them. In h case of the
warm-watey prairie streams in this application, the existing
channel {“e&gs deep pools separated by widely-gpaced riffles)
is crucial to the survival of gamefigh from late summer
through winter when flows in these prairie waters nearly cease
for long periocds. Pools provide the only refuge for fish
during the critical low flows cof summer-winter. Maintaining
the exigting channel shape is esgsential to the continued
survival of th diverse fish communities of these prairie
waters. Channel maintenance flowsg are irfe%ded to accomplish
this task. 3Soms exampzes of these prairie stream habitats are

'shown in the photographs in Exhibit 3.

How would prairie streams change if channel maintenance flows

L

were =2liminated?
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Once channel maintenance flows are &
reduced 1in megnirude, the channel wil
condition. The lowsr wabter veioc124 s
reduced nigh £lo
scour the channel and tra ispcr* sediments. j
the channel iz likely to Narrow as sediments accu
1 Sediments will also accumula [
ths to &e“rma»e Ag pools ti i
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+o maintain the channel shape and to fiush

i
‘recommendations Lo ma

What are potential threats to preserving channel maintenance
flows in prairie streams?

There are two potential threats: (1) large reservolr projects
that store the nigh flows of spring runcif and (2] extensive
waterspreading projects that effectively tap the runoif flows

Are there standard methods or approaches to determine the
magnitude of the reguired channel maintenance flows for a
particular waterway?

No Standa;d nethod or 3 QPQSC% has been developed fox chis
©
:

purpose. & common element of many of the more than 15 channel

maintenance methods that are described in the literature is

rhe recommendation of the bankfull flow or dominant discharge
S 8

What is the underlying principle of the DDOMC?

The dominant discharge, often considered the dominant force in
maintaining channel shape and form, has been found to be
approximately the same as the bankfull discharge for many
natural channels. Bankfull discharge is the flow at which
water begins to top the stream banks and overflow cnto the
active floodplain. For many channels, ?%e bhankfull discharge
has been found to be approximately qua to the 1.5 - 2.0 vear

frequency peak flow. A stream’s annual peak flow 1s likely to
exceed the 2.0 year Ifreguency event in 50 cut of 100 vears;
likewise, in 50 out of 100 years, the annual peak flow is
likely to be less than the 2.0 vear freguency event. The
bankfull flow, as estimat | using the 2.0 yea
freguency peak flow, is the basis of MDFWP’s instream flow
ntain channel shape and to flush
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accumulated sediments.

When was the DDOMC developed?
o

The DDCMC was developed by the MOFWP in the late 15707s The
underlying principles of the DDCMC are based on well-founded
channel maintenance theory that was extracted from the
sclentific literature.

Describe the DDCMC in more detail.

High flow reguests in this application include one day of flow
at the bankfull discharge Until studies further clarify the
necessary duration of the bankiull discharge, a duration
pezlod of 24 hours was reguested Orher channel maintenance
methods that incorporate a dominant/bankiull discharge
recommend duration periods of 2-2 days
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MDFWE‘s high flow rasquests are 'stalr-stepped” up to the
bankfull discharge, then "stair-steppsd’” down to the base
Elow All of the "stalr-steps" encompass a 13-21 day period,
depending on the normal duration of the stream’s annual high
flows These daily "stair-zteps® are intended to mimic the
shape of the stream’s natural %gﬁrugfamk during high flows and
to reflect normal water avallabilicy. High flow reguests are
also Limed to correspond to the period that these flows
typic al;y ocour in the natural system.
"Strair-steps? are recommendad becausge a rapld increase and/or
decrease in flows gan result in accelerated bark erosion.
élsog once sediments arse mobilized 1n the water column,
ufficient flow and time are needed to Cransport sediments cut
of the system to prevent pools from refilling. The 'stair-
steps” that comprise the receding limb of the hydrograph are
intended Lo serve this purpose. {Bee pages 23-25 of MDFWE' s
application for additional informetfion on the DDIMC.
Rimlogical - Flow Relationzhips
Where were biological - flow relationships used to derive

instream flow rvecommendatbions?

his approach was used to uevl e instream flow recommendatiocons
or selected pericds and selected streams where sufficient
ata were available to base recommendaticnes on the chaerved
regponges of fish populations to instream flow variations or
on the observed relationships between changing flows and
critical elements of the fishes’ habitat. Streams in this
group were the Missouri River Reaches #7 and #8, E.F. Poplar
River, M.¥. Poplar River, Poplar River and W.¥. Poplar River.

th r~»§|

f

What were these relationships?

The testimony of Phil Stewart, Bill Gardner and Ken Frazer,

DiOlOngtS who derived the biological - flow relationships
usead in MDFWP' s application, will describe these

relationships.

Do the instyeam flow recommendatiocons in MDFWP' s application

exceed the available streamflows?

There can be time periods, sspecially du ﬁg’Spfln” runcif and
in late summer, when the recommendation axcecﬂ the agvailable
fiows in some vears. On streams where the appropriations of
congunmptive water users have caused the existing flows to be
far legs than the natural conditfion, recommendations can often

=
exceed the existing water availlability during the summer
irrigation season when major depletions occu

i

f the requested instream flows

i

Lf')

are granted, would MDFWP

i
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expect them to be maintained throughout the specified time
periods?

The concept of the flow recommendations

rimes is incompabible with the wide seas

variations that charactervize HMontana'

streamflow is variable and subject to de

users, the recommendations of MDFWP can

+he avallable supply Cnly when

recommendations egual the historic low

they never exceed the available streamflows

The fact that the reguested instream [lows pex ically exceed
the available water supply should not viewsd as
nappropriate In many respects, the regquests are comparable
to z late, or tdunior, consumptive wabter right on a stream

having wmany geniocr appropriators Because of the late

priority date, this junior right holder may not receive the
full amount of his right. When water in excess of the rneeds
of the senior users is available, the junior right holder can

use this excess up to the amount of his right. - The fact that

a right is held for a specified flow rate, water volume and

period of use does not guarantee that the full amount will
always be available during the period of need. The

D
i
=
ot

v
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i

unavailability of a full water supply does not pr
unior user from exercising his right nor does it 1ip
his legal claim to this excess water. The same
appliesg to an instream flow reservation, whic Li
consumptive water right, has a granted flow rate, voli
period of use and a late pricority date, one far 1

senior-most consumptive rights on the stream. In Lne case of
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priority date will be 1985 or 1385, many years a

water uses wers egtablished in this O

the needs of the senior consumpiive water users
11 1 limit the supply of water that

vailable to satisfy the instream reservations. T

ser =, once granted, simply allow any exce

vanted instream flows Lo be v
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to the amount of the grar
the needs of fish.

How should the ingtream
viewed in relation to the

The ingtream flow recommendatlon flowg
atr which junicr waler users mus The
ugsers who arve sanior Lo inst ervatl CAan
continue to withdraw water without being subiect to the
"trigger® flows. Conseguently, senior ugers can continue to
withdraw water after streamflows fall below the "trigger”
levels designated by the instream flow reservations.



FPrederick A. HNelson. being duly sworn, states that

foregoing testimony is true.

Py
. / H
Dated this el day of June, 19%4.

— 1 g and / |
fgi/iikﬁﬁéfg@é{ 'sz i

the

Frederick A. WHelson

subscribed and sworn to before me this _

1994,

- day of June,

Ngtary P
rResiding at Helena, M@nt?na ,m
My Commission expires_[i//7/ 75

ic fér'éh@ State Of Montana
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Vi%Th -~ Frodevick A. Hslson

Current Position Fishery Biclogist, Montana Department of Fish,
WildAlife and Parks, Bozewman, MT 5827185

Place and Date of Birth Pittsburgh, Pennsylvania;
Hovembeyr 10, 1944

Education

1962~68 cornell University, Ithaca, WNew York
Received BS degree in Fishery Science

187376 Montana State University, Bozeman, Montana
Received MS degree in Fish and Wildlife Management,
with emphasis in fisheries

Thesis —- The BEffects of Metals on Trout Populations in
the Uooer Boulder River, Montana

Experience

Summer 1966 ~-- Fishery Biolcgist Aide, HNew York State
Department of Environmental Conservation, Stamford, New York.
surveyed lake fish populations and estimated fish numbers in
various waterways of the Catskill Mountain region of New York.

Summer 1967 == Pishery Bicleogist 2Aide, New York State
pepartment of Environmental Conservation, Cakdale, New York.
Surveyad the fish populations in the lakes and ponds of Long
Izsiand, New York.

Spring and Summer 1974 -~ Fisheries Field Worker, Montana
Department of Fish, Wildlife and Parks, Livingston, Montana.
Participated in a comprehensive fisheries inventory of the
waterways of the Shields and upper Yellowstone River drainages
of scuthwest Montana.

1976 ~ Present -- Fishery Biologist, Montana Department of
Fish, Wildlife and Parks, Bozeman, Montana. My
responsibilities primarily inveolve instream flow and other
water-related issues, including the preparation and filing of
ingtream flow claims under Montana’s water reservation and
water right processes,

Snecial Schocls and Workshops




it
w

Mareh 1978. Attended a week-long training school in the
use of the Instream Flow Incremental Method (IFIM; for
deriving instream flow recommendations, conducted by the
7.8, Fish and Wildlife Service in Santa Cruz and
Sacramento, California.

June 7-11, 1882, httended a short course in stream
mechanics given through the Continuing Education Program
of the Montana State University Civil Engineering and
Engineering Mechanics Department, Bozeman, Montana.

Hovenber 29-December 1, 1983. Attended the Instream Flow
Technology Section of the 1983 Hydropower Conference,
Portland, Oragon.

June 2%, 1985, attended a workshop on streamflow
measurenents and the maintenance of current meters,
conducted by Ron Shields of the U.S. Geological Survey,
Helens, Montana.

February 24-26, 1%87. Attended an instrean flow methods
workshop taught by E. Woody Trihey and sponscored by OEA
Research, Helena, ¥ontana.

September 12-13, 198%. Attended an instream flow methods
workshop, sponsored by the U.S. Fish and Wildlife
Service, Green Bay, Wisconsin, and gave a presentation on
the Wetted Perimeter Inflection Point Method.

rrofessional Organizations

#Member, American Fisheries Scociety and Montana Chapter, American
Fisheries Society



Publications

Iathes, 5.A. and F.A. Nelson. 1286. A literature evaluation of
Montana’s wetited perimeter inflection point method for
deriving instream flow recommendations. Montana Department of
Fish, Wildlife and Pavrks, Helena, Montana. Revised February
198%. 70 pp-

Nelsop, F.A. 1977. Beaverhead River and Clark Canvon Reservoir
fishery study. Montana Department of Fish, Wildlife and
Parks, Helena, Hontana. 118 pp.

Nelison, F.A. 1980. Evaluaticn of four instrean flow methods
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PREFILED DIRECT TESTIMONY
OF CHARLES PARRETT
oM BEHMALF OF THE MONTANA DEPARTMENT OF FIGH,
WILDLIFE AND PARKE

pleage state your name and address

My name 1is Charles Parrstt and my home address 1s 1265
Tandmark Drive, Helena, Montana.
What is your present employment, and how long have you Deen

employed in this pesition?

T am emploved by the U.5. Geclogical Survey in Helena as a
Supervisory dydrologist. 1 worked fo the Survey as &
Hydrologist from 1977 Lo 1988 and have been a Supervisory
iydroliogist from 1988 to the present.

=

pilease state your educational background and experience.

raduated with honors from Montana Tech in 1967 with a B.S.
ree in Engineering Science. After working as a Hydraulic
Designer for 2 years with the Montanz Department of Highways,
T returned to Montana State University in 1962. I obtained an
M.S. degree in Civil Engineering in 1970 and took additional
course work toward a doctorate until 1973. 1 began employment
with the Montana Water Resources Board {later the Departmeni
of Natural Regources and Conservation) as a Hydraulic Engineer
in charge of the Floodway Management Program. I left rhe
Department in 1877, and after .a three-month stint as &
Hydrologist/Engineer with the Morrison-Maierle engineering
firm, began work with the U.5. Ceclogical Survey as A
Hydrologist in Octcher 1377.

While employed with the Survey, T have been the project chief
on numercus  surface-water hydrological investigations,
including various £flood studies, studies that developed
methods for estimating streamflow characteristics at ungaged
giteg, state-wide water-use project, and various streamilow
modeling studies. I have besan the sole or principal author of
51 formal U.S. Geclogical Survey technical reports, including
one Professional Paper and three Water-Supply Papers. In
addition, I have been a co-author on 12 cother U.S5. Geological
Survey reports.
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The purpose of my testimony is to provide MDFWP and the record
of this proceeding with estimates of monthly streamflow
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What was the written veport that you prepared?
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The written reporit, U.
in vesblgapﬁops Reporr ;
Monthly Streamflsw Characteristi

Hydrographs for Selected @ites 1in the Lower Missouri and
T.ittle Missouri Rlver 3a51rs in Montanza, " and describes Lhe
methodology and presents estl imates for 21 sites on 18 streams

where MDFWP has requested waler reserv ations.

Te a true and correct copy of the report cont ained in the
Department of Figh, Wildlife, and Parks’ exhibits filec with
ltS prefiled direct testimony?

vYes. A true and correct copy of the report ig contained in the
Department’s exhibits as Exhibit 4.

pPlease describe vour role in  the preparation of the
apove-described estimates.

I served as project chiel on a cooperatﬁve project with the
Montana Department of Fish, Wildlife, and ?afﬁ: to provide
egtimates of long-term {1937-86) monthly streamflow
characteristice and Jdominant-discharge hydrograph data at
selected sites in the Missouri River and Little Misscourl River
bagins. Based on previous work, several methods for estimating
streamflow at ungaged sites were used at most of the selected
sites. I was EEprHSLQiG for determining which methods would
be used at the sites. I alsoc alrccted the WVT% of hydrologic
rechnicians who compiled dat ecagsured drainage areas, and
helped develop compulber progLams for estimating discharge.

Are the meihodb uged to determine monthly streamflow
characteristics and dominant-disc narge hydrographs generally

s N

accepted in the gcientific community?

ves . The methods used to estimate streamflow characteristics
have been previcusly described in several U.S. Geological
survey reports, including one completed in cooperation with
the Department of Figh, Wildlife, and Paxrks entitled Estimates
of Monthly Streamflow Characteristics at Selected Sites in the
Upper Missou vi River Basin, Montana, Hase Pevind Water Years
1927-86. The methods £or estimaﬁing' monthly streamflow
characteristics include the concurrent-m asurement method and
the use of a drainage-area-ratioc aﬁﬂus”mﬁnb& Both methods ars
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waged on the transfer of streamflow character stics determined
from streamflow record at a gaged site to an ungaged site and
%afe bee” widelv ¢ae“ tc estimate monthly streamfliow

The Methods used to estimate dominant di

described in previous U.S. geessgzcai Surve”'Qﬂbilc 1008 a;d
are widely used for the estimation of dominant discharge
{Z—year'floﬁd,dischargeE throughout Montana. These mathods are
hased on the use of the log-Pearson T 3 probability
distyibution to determi ne magnitude and frequency of annual
peak discharge at Géged sites. For ungaged sites, magnitude
and frequency information is transferred from a gaged site on
the same stream using & drainage-area-ratio adjustment.
please describe the monthly streamflow characteristics that
were cestimated.

srreamflow characteristics that were ssrtimated were Lthe

monthly-mean discharges +that are exceeded 90, 80, 50, and Z0

nercent of the years of Xfapded record (1937- 86} and the
discharge for each wmonth. These estimates are
=]

mean-monthly
sh =

own o pa 9 through 24 of the technical report.
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Please describe the dominant-discharge hydrographs that were

The dominant-discharge hydrographs were hydrographs of daily
mean discharge having maximum digcharges egual toO ihe
egtimated 2- y6ar peak discharge. The 2-year peak diascharge 1s

an annual peak discharge that is exceaded, on averages, once

every 2 vyears. The duration of sach dominant-discharge
hydrograph was either 14 or 21 days gepeﬁdlﬂg upon whether
the duration of a typical or rvprese::atﬂve hydrograph
etrermined from recorded hydrographs was closer to 14 or 21
days. The dominant-discharge hydrographs are shown on pages
25 through 29 of the technical report.

Are the estimated monthly atreamflow characteristics in the
torhnical report in agreement with the provisional data
contained in the MDFWP’'s water reservation application,

4

The estimated monthly streamilow characteristics in the
rechnical report are different from those in the application
for the Missouri River below Fort peck Dam, the Frenchman
River at the mouth, and the Missouxrd River near Culbertson
The revised data in the technical report are considered To be
more accurate than the provisional, unreviewed data criginally
furnished tu the MOFWP
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7. §. Ceclogical Survey publication cbanda“dﬁ Az a result of
the additional t C?ﬂlC&L review reguired Ior pub?zbafzuﬁ it
was determined that the period of record for calculation of

treamflow Lﬁ&“ac?ev;stics for the two Missouri River sites
needed to be changed. ?h@ 1927-8¢ bage period initially used
includes the 1@3?m£2 period during which Fort Peck Lake wasg
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Are the estimated dominant-discharge data in agreement with
provisicnal data contained in the MDFWP's water reservation
application, Appendix A7
Not in all cases Daily mean discharges for
dominant-discharge nvdrc raphs in the report were reviged for
eight of the 14 sites as follows:
Site HNumbder Stream name
5 Battle Creek at mouth near Chinook
3 Beaver Creek at mouth near 5Sac
10 Rock Creek at mouth near Hinsdale
11 Redwater River above confluence of
Eact Fork Redwater River
near Vida
12 Redwater River near Vida
1is Poplar River at Fort Peck kKegervalion
noundary near Scobey
16 West Fork Poplar River at Fort Peck
reservation boundary near Four Buties
19 ' poxalder Crasek near Webster
Wwhy were the dally mean discharges for dominant-discharge
hyvdrographs revised for the aight sites?
Provigional data originally furnighed to the Montana
Deparcment of Fish, Wildlife, and Parks did not recelve The
derailed technical scrutiny and veview that are rveguired for
. 8. CGeclogical Survey publication standards. As a result of
she additional technical review required for publication, it
was deteymined that dominant discharge was incorrectly
calculated at elight sites. AL 81X sites the correcticon for
dominant discharge was so large thatl daily mean discharges for
=11 days throughout the Aurarion of the hydrograph alsoe had Lo
be corrected. AL Beaver Creek at mouth near Saco, only the
Aominant discharge reguired correction, and at Rock Creek at
mouth near Hins da e only 4 daily mean discharge values

feqaired coyrection.
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PREFILED TESTIMONY OF SCOTT GILLILAN,
N BEHALF OF THE MONTANA DEPARTMENT OF FISH, WILDLIFE, AND
PARKS

(): Please state vour name and business address.

A, Seott Gillilan, 25 N. Willson Ave., Suite 5, Bozeman, MT 55715

(J: What is your present employment?

A: Iam a hydrologist employed by Inter-Fluve, Inc.

(: Please state your educational background and experience.

A. Theld a BS in Biology from Lewis and Clark College (1984), Portland, Cregon
and an MS in Hydrolegy from Oregon State University, College of Forestry,
Forest Engineering Department (1990), Corvallis, Oregon. Thave been employed
with Inter-Fluve since 1990. Prior work experience includes fisheries research,
wildlife biclogy and watershed evaluation for the US Forest Service, human
genetics and radiobiology research.

Q: What type of work does Inter-Fluve perform?

A. We are a consulting company that specializes in aquatic restoration, induding
stream and river construction, restoration, stabilization, fisheries and hydrology
investigations and bioengineering. Specific and recent projects include technical
oversight of multi-million dollar river restoration projects for the Central Utah
Water Conservation District and Cal-Tahoe Conservancy District. We frequently
work with federal and state agencies, corporations, municipalities, and
individuals throughout the country. We provide field inventory services, site-
specific research , construction designs and supervision.

3 What role do vou oerform with the company?
youyp 34

A: Lam involved with all aspects of project management, research, design, and
construction, My specialty is applied hydrology and fluvial geomorphology.
With Inter-Fluve, I have worked on over 50 projects relating to stream and river
evaluation, physical habitat modification, bank stabilization, and restoration. My
role typically is fo perform the field investigations and office hydrologic analysis,
characterization of the geomorphic processes at work in the system and design
remedies for improvement. For example, [ authored a 100 page document for the

Gillilan Eirect « 1



US Environmental Protection Agency detailing reclamation of placer mined
drainages in Montana. In that document, all aspects of basin hydrology, fluvial
geomorphology, channel design, revegetation, and associated costs were
presented in a format useful for agency resource professionals and others. Tam
cusrently working on the Montana Strearn Management Guide, an informational
resource detailing how streams work and are best managed, for a group
composed of the Mentans Department of Natural Resources, EPA, Water Quality
Bureau, and Montana Department of Fish, Wildlife, and Parks.

O How frequently does your work deal specifically with fluvial
geomorphology?

A: My services are typically required when a fluvial system is experiending a
problem. Therefore, an evaluation of channel shape and bedload transport,
related to a drainage’s hydrology, is necessary in every case. These evaluations
are both quantitative, as in the case of channel measurement, survey, aerial photo
interpretation and substrate classification, and qualitative, which involves
interpretation of observed channel features, such as bar forms and sediment load.
This gathered information is then cross-referenced with the existing body of
literature and final interpretations made.

): What is the purpose of your festimony in this proceeding?

A. The purpose of my testimony is to describe fluvial {in-channel) processes in
context with the reguested instream flow reservations. Specifically, my roleis to
relate the concepts of the dominant discharge to the maintenance of channel
geometry and, therefore, the maintenance of fish habitat.

Q: What professicnal experience do you have in this area?

A: An evaluation of dominant discharge is necessary for any channel design
work, whether it is the construction of a new channel or modification of a current
one. Therefore, I am regularly involved in these assessments.

() What is a dominant discharge?
A: There are a variety of overlapping definitions. The most common one is the
fiow that performs the most work on a channel, with work defined in terms of

sediment transport. The dominant discharge is the flow that moves the most
sediment and ultimately defines channel shape.
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(. What is channel geometry?

A. Channel geometry is the description of the shape of a stream or river in plan
{as it appears locking down from above; described hereafter as “planform” ) and
cross-sectional views. Factors in channel geometry include channel width and
depth, wetted perimeter, hydraulic radius, meander shape, and sinuosity.
Width, depth, wetted perimeter and hydraulic radius describe the channel in
cross-section. The wetted perimeter is the length of the channel boundary in
contact with the water. Hydraulic radius is the cross-sectional area of the
channel divided by the wetted perimeter. The resultant value is used in
hydraulic analysis of the channel and gualitatively describes shape. The shape of
a meander loop, whether a broad or narrow wave, is a planform characteristic.
Sinuosity is also a plan characteristic which measures actual stream length
against a straight, down valley distance.

O How do geomorphologists describe stream channels?

A: Geomorphology is the study of process, or chenge in landscapes. Streams are
active agents of change, serving as conduits for water and sediment delivered by
the watershed. Bxcept for channels through bedrock, the channel boundary, or
perimeter, is deformable. In other words, a channel's load of water and sediment
actively shapes the channel by deforming the bed and banks. Flowing water
provides the energy o do this shaping by simultanecusly eroding some channel
houndaries and building others. This is known as grosion and aggradation
(deposition), and can be characterized by channel width and depth. Because of
ongoing erosion and deposition, channels migrate, or meander, within their

floodplain. Channel migration is & change in planform, and is a normal process.
Stream channels are not static landscape features.

(O Is there any relationship between the dominant discharge and the frequency
and magnitude of a stream’s high flows?

A: There is a large and accepted body of rescarch which suggests that the peak
flow that occurs in alluvial channels, on average, Once every 1.5- to 2-years
corresponds well with the discharge that does the most channel work averaged
over time. This discharge also corresponds approximately with the bankfull flow
of an equilibrium channel. An equilibrium channel is one with a stable gecometry
resulting from a balance between ifs supply of water and sediment.

() Are there any discrepancies hepween researchers concerning the frequency-
magnitude of the dominant discharge?

Critlilan Divect - 3



A: Since this theory was established in 1960, there has been a great deal of study
to determine its validity. Currently, the theory is accepted as valid, though some
research has indicated that the frequency of the dominant discharge varies from
siream to stream and region to region. While most studies in alluvial channels
consider the 1.5-2-year peak discharge dominant, some researchers have found
that less frequent and greater magnitude flows have the greater immediate
impact on channel shape. These discrepancies are easily explained. Every
channel is unigue in terms of its watershed geology (sediment source) and the
amount and timing of the water which it carries. For example, one would expect
that a sandbed channel in a typhoon climate would behave differently than a
gravel bed channel in a temperate climate because of the differences in erodibility
and frequency of catastrophic floods. The range in dominant discharge
frequency reflects these environmental differences.

(: Do you subscribe to the cominant discharge theory?

A: Absolutely, Notonly is this theory well supported in the research
community, my own professional observation of stream channels indicates that
fows on the order of the 2-year peak discharge have the most effect on channel
form. When Inter-Fluve builds channels, we utilize the estimated 2-year peak
discharge for design, recognizing that the resultant geometry is inherently the
most stable.

() Are there other flow frequencies that could affect the charnel's shape?

A: Yes. The shape of a channel is a balance betwsen all past discharges and the
most recent ones performing work on the chanmel. For example, a catastrophic
flood may greatly widen a river channel while successive and more frequent
high flows act to narrow it. Further, two 1-year frequency peak flows ocourring
for sustained duration in a single year may perform more work on the channel
than the single, short duration 2-year peak flow.

O How applicable is the dominant discharge theory described here to the
requested Lower Missouri Basin ehannel maintenance flows?

A: The high discharges identified by Charles Parrett (USGS) are the discharges
having a 2-year return interval and are therefore within accepted dominant
discharge theory. The method in which the flows would be stair-stepped up to
the peak, and then down, also emulates a natural hydrograph.

Q: Why is stair-stepping, and therefore the hydrograph shape, important for
channel maintenance flows? '
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A: A hydrograph has several parts, including baseflow, the rising limb at the
start of runcff, the peak discharge for the year, and a falling Hmb (Appendix A).
Tt is not just the peak discharge which is responsible for sediment movement and
therefore, channel form. Channel sediments are mobilized and deposited at
different points in the hydrograph. For example, the finest sediments may
secome mobile before the peak discharge, with only the larger ones being
mobilized near the peak. As the hydrograph recedles, larger sediments are
deposited first, followed by the finer ones. This is the concept of sediment
sorting, and is critical to the establishment of clean riffles and fhe maintenance of
channe! bar forms. Stair-stepping of flows is therefore necessary to maintain
natural channel shaping processes and efficlent sediment fransport.

O How important is the timing of these flows?

A: Because vegetation colonizes newly deposited sediment, an important
component in building new stream banks, maintenance flows should occur
during the start of the growing season. Additionally, the resident fishery has
evolived to exploit varying discharges through the seasons. In the Lower
Missouri Basin, this corresponds to the natural runoff period.

3 Is the one day duration of the Z-year peak flow requested by DFWP
appropriate?

A: A one day duration is conservative. There is research which indicates
durations of up to three days comprise the dominant discharge.

(; How is the concept of the dominant discharge, or channel maintenance flow,
related to fish habitat?

A: Viewed from the perspective of channel shape and the forces responsible for
it a fish's physical environment is the product of evcsional and depositional
processes within a channel. For examyle, 2 riffle and pocl sequence, when
viewed in cross-section, indicates areas of deposition and erosion, respectively
(Appendix B). Many riffles and all bars are depositional areas in channels. Pools
are areas of seciment transport and erosion. Fish utilize these features for
specific needs in their life-cycle. A channel in natural condition will maintain,
through the dominant discharge, these diverse channel features through time.
\ost natural channels have a great deal of physical habitat diversity.

O What is a channel in natural congdition?
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A: A channel in natural condition is one largely unaffected by human activities,
including diversion of water, physical channel changes, and those which impact
the surrounding watershed.

{7 What are the hydrologic effects of diverting flows from channels during the
/ t & E
runoff period?

A: Diversion of flows reduces the magnitude of flows in the channel.

Depending on when the diversion takes place, all phases of the hydrograph can
be affected. In other words, the increasing flows before the peak (rising limb of
the hydrograph), the peak, and the receding flows (falling limb of the
hydrograph) can be reduced, or "dipped” (Appendix A). In terms of frequency, a
channel experiencing a great deal of diversion, or impoundment, may experience
a marked reduction in the frequency of ocourrence of the natural 1.5- t¢ 2-year
neak discharge.

O How do reductions in the magnitude and frequency of natural discharges
affect channel form?

A. There is no simple answer to this question, though it can be conclusively
stated that changes take place. Channel form is a consequence of both discharge
and sediment supply. If one were to assume that the supply of sedimentioa
channel remained unchanged, but the magnitude of the annual high flows was
reduced, channel narrowing and filling of poocls would be expected (Appendix
B). Vegetation can encroach onto the sediment bars, accelerating channel
narrowing. In addition, depending on the size of the sediment in the channel,
one would also anticipate 2 steady accurnulation of fine sediments in coarser
riffle gravel. This combination of events leads to an aggrading channel, as
deposition exceeds the erosional forces.

: Besides filling of riffles and pools with fine secdiments, what other changes in
channel form, associated with flow reductions, affect fish habitat?

A: Natura) channels tend to meander. They frequently form new channels while
abandoning others. This is particularly true in riverine environments with broad
floodplains. These channels are referred to as multiple thread channels, While
some threadls may contain the majority of the river's flow, others may only flow
at high discharges. When the high flows recede, the secondary channels often
become backwater sloughs and isolated ponds. These areas provide significant
habitat for fish. Wher high flows are recluced through upsiream diversion or
storage, sediment accurnulates in the main and secondary channels. This results
in many of these valuable side channels being either filled or cut-off from the
main channel
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O Are there other possible effects on channel form, other than channel
narrowing, from the reduction of high flows?

A: Yes. To complicate the picture, human use in watersheds often increases the
rate and amount of sediment introduced to the channel. If sediment loads are
increased above normal levels, a channel may begin o widen in an attempt to
convey the excess sediment downstream. 1t does this by eroding its batdks.
When this occurs, the sediment problem is exacerbated through the infroduction
of more secdiment from the banks. Such channels lose their physical diversity
through filling of pools, loss of depth, failing of undercut banks, loss of riparian
vegetation, etc., impairing their fish habitat. ,

( What are other common symptoms of stream channels unable o transport
their sediment load because of reduced annual flows?

A: Among other possibilities, the channel may become braided. A braided
channel is one with multiple unstable channels between the banks. Because
pools and riffles are transient features in braided channels, they do not provide
consistent long-term habitat.

(): What are the effects of in-channel impoundments on the shape of a channel?

A: Besides the alteration of the natural hydrograph, which typically means a
reduction in the magnitude of the annual flood, in-channel impoundments also
change the way sediment is transported in the channel. For example, an
impoundment traps most sediment delivered to it from upstream. Water
released from an impoundment is, therefore, clear. This has two effects. First,
clear water has more erosive energy than does sediment lacden water. Therefore,
erosion of the channel below impoundments is common. Secondly, when a
channel is cut-off from its normal sediment supply, it no longer has material to
build more bars, banks, and floodplains, as does a channel in natural condition.
The result is that a channel experiences more ercsion. These and other affects are
well researched and documented in the literature.

() What are the benefits of maintaining a dominant discharge?

A: The resident fishery has evolved to exploit the habitat found in natural
channels. The dominant discharge maintains this habitat.
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: How are these benefits related to the health of the fisheries in the warm water
streams in this application?

A: The resident fish populations rely on, and are adapted t© exploit, both clean
gravels in riffle areas and residual pools in late summer through winter.
Reducing the magnitude of the 2-year peak flow will tend to fill both the pools
and the space between the gravels in the riffles with fine sediment, thereby
reducing or eliminating suitable habitat for fish.

O: Would flows with magnitudes less than the 1.5- t0 2-year flow still serve to
flush fine sediments from riffles and pools?

A: Tt is impossible, without extensive study of every system, 0 determine the
exact magnitude and frequency of flows necessary o transport and sort sediment
associated with both riffle and pool formation and maintenance. However, it is
generally true that reducing fiows from those which naturally cccur, leads to
problems with deposition of fine sediments in riffles and pools.

(»: Are their other benefits, besides those to the fishery, to flows which flush fine
sediments downstream?

A: Yes. When streams are unable to move their sediment Ioad, it is common for
headgates and diversion ditches to become silted in, requiring annual
maintenance to keep them functional. Also, if a channel widens in response to an
oxcess sediment load, it is often necessary to relocate headgates. 1have
personally been involved with remedies for both of these scenarios and have
observed countless others.

(: Do high flows provide other benefits in addition o the maintenance of
channel form?

A: Yes. The shape of a channel also affects the manner in which a channel
recharges the local water table. A channel in balance with its water and sediment
supply is shaped such that at bankfull flows, water moves from the channel into
the adjacent floodplain watertable. These areas are referred to as soil saturation
zomes. After high flows recede, water stored in the saturation zone discharges
back into the chanmel, enhancing base flow levels. When a channel has either
incised (down cut) from excessive erosion, or severely widened, it loses full
contact with the floodplain watertable and, consequently, is inefficient in
recharging it.
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3 What effect do the requested channel maintenance flows have on riparian
vegetation.

A: Vegetation is a major component in the maintenance of channel form, because
riparian vegetation makes stream banks resistant to erosion. Plants on
streambanks need a moist to saturated environment to thrive. In semi-arid
clirmates such as the Lower Missouri River area, the majority of this streambank
moisture is delivered during runoff. The 2-year peak discharge maintenande
flow, therefore, is critical to viability of the riparian communities. Further, itis
well documented that the establishment of new cottonwoods on channel margins
is dependent on annual to serni-annual high flows. Cottonwoods are an
impoertant component of channel stability and fish habitat where they cccur.

Seott Gillilan, being first duly sworn, states that the foregoing testimony is true.
4 “F 4:/!:‘ 5
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PRE-FILED DIRECT TESTIHONE
OF L B. 8IHE

please state your nAne and business address.

carolyn A. Sime, Montana pDepartment of Fish, wildlife and
parks, 4%0 W. Meridizn moad, Kallspell, WY 53901

' By whom are y@@_@mplﬁyéd; and in what capacity?

1 ap employed by the Montana pepartpent of Fish, wWildlife and
parks (DFWP)}. My position is Fish and Wildlife Biolegist in
the Wildlife Division.

What is your education and employment experience that is
pertinent o this testimony?

1 received a Bachelor of science degree in Blology {Pish and
Wildlife Management Opticon) from Montana State University in
March, 1%88 and =2 Haster of Sclience degres in Fish and
Wildlife HManagement from Montana State University in Harch,
1591. Undergraduate studies emphasized general sciencs, and
graduate studies emphasized wildlife-related courses although
a strong academic background in fisheries was alsc obtained.

My employment history includes seascnal jobs with the Hational
Park Service as a naturalist-interpreter and the U.8. Fish and
Wildlife Service as a piologlcal technician. I was hired for
a six month pericd in January 19921 by the DFWP Fisheries
nivision to  help prepare the application for water
reservations im the lower and Little Missourl river basins.
Upon tha completion of the application, I continued to work
for the Department as & seasonal employee in various
capacities for both the Fisheries and Wildlife divisions.
while working for the Fisheries Division, I sssisted with fish
population studies and habitat surveys in the Bitterroot River
drainage during the iatter half of 19351 and conducted spawning
surveys of axrctic grayling in the Madison Riyer/Ennis
Reservoir system and assisted with other fish population
surveys during spring 19%2. While working for the Wildlife
pivision, I sdministered hunter check stations, conducted
hunter harvest surveys, conducted wildlife surveys, analyzead
coveral long-term data sets and wrote reports, and authored 2
management plan and environmental analysis on noxious weeds.
T have alsc worked seasonally for the U.S5. Forest Service as

s range technician and & wildlife technician.
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What ars vour vesponsibilities in vour present position?

My primary responsibliliity, as Project Biclogist of the
Northwest Montana White-~talled Deer Research Project, is to
investigate white-tailed deey population/habitat
relationships, to evaluate hunter harvest effects on
populations, and to develop and evaluate methedologles for
monitoring population size and trend. Secondarily, =y
responsibilities relate to assisting with the day-to-day
operations o©of the Kalispell Regional Headguarters Wildlife
Office.

What is the purpose of youvr testimony in this proceeding?

My testimony relates to the preparation and content and of the
application for reservations of water in the lower and Little
Missouri River basins submitted by the Department in June
1591,

What was vour rcle in the preparation of the Department’s
application?

My role principally related to the assembly of application
materials from a variety of sources (or individuals)} into a
cohesive document, the preparvation of tables and figures, and
to the drafting of specific gections of the application., My
activities were directly supervised by Liter Spence (DFWP
Fisheries Divisicon, Water Rescources Supervisor) and Fred
Helson (DFWPR Fisheries Division, Fish and Wildlife Biologist).

I was respcnsible  for writing various sections of the
application, as assigned by my supervisors. For other
sections, I was only responsible for cobtaining the correct
nunerical statistics which applied to the lower and Little
Missouri river basing and incorporating these into the
passages which were taken {from Volume 1 of the DFWP
application for resgervations of water in the Misscuri River
basin above Fort Peck. The gections, or subsections thereof,
with which I was actively involved are as follows:

- sections 7,5,9 of the ¥Analysls of Heed” gsection on pages
11-13

- description of the Lower Missourl River basin on pages
313-38

- degcription of the Milk River sub-basin on pages 55-57

- description of the Little Missouri basin on pages 123-124
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e the discussion of the direct benefits of reservations to
Fisheries and fishing cpportunities on pages 143-147 and
the first two full paragraphs on page 152

. the discussion of the direct benefits of reservations Lo
raecreaticn (pages 154~156) and to riparian areas (last
paragraph on page 13¢)

o the discussion of the direct benefits of reservations to
eoononic conditions in gectien 4 on pages 156-158

= *he discussion of sconomic benefits of the regservations
te business, industry, and municipalities on pages 161-
igg

o the discussion of indirect costs of the regservation to
municipalities, industry, and agriculture on pages i73-
183

What methods did you use to gather the information contained
in the application and what were your scurces?

application materials were typically cobtained from two
sources. One source was DFWP fish and wildlife biologists who
drafted varicus sections of the application based on thelr
kxnowledge of a particular area and the agsociated fish and/or
wildlife rescurces. These biologlets were responsible for the
accuracy and content of the stream reach narratives contained
in the application.

The second source of supporting information gerpane to the
lower and Little Missouri river basins was obtained by verbal
or written consultaticn with knowledgeable individuals both
inside and outside I and by securing written reports when
available. Sources included, but were not limited to:
Montana Department of State Lands, Montana Department of
Natural Resources and Conservation, HMontana Department of
Commerce, Montana Natural Herltage Program, Hontana Department
of Health and Environmental Sciences, Montana Travel and
rromotion Office, Western Area Power administration, and the
Montana Crop and Livestock Reporting Servicea.

Wny is the ressrvation needsd for fishes of "special concern®
and for wildlife?

Fishes of spacial concern ars those native Montana gpecies
identified by the Montana Chapter of the American Fisheries
Scciety as cccupying habitats which are limited in
availability andjfor species which have limited distributions
or population numbsrs. Eight of the 18 fizh species mesting
these criteria are found in the lower and Little Missouri
river basins. They area: paliid sturgecn, paddlefish,
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sicklefin chub, sturgecon chub, shortnose gar, pearl dace, blue
sucker, and the northern redbelly dace % finscale dace hybrid.
The pallid sturgeon iz iisted as endangered under the federal
Fndangered Species BAct and the paddlefish, blue sucker,
sturgeon chub, and the sicklefin-chub ars candidate species
{C2) for inclusion on this 1ist. (Monmtana Watural Heritage
Program 1991} . Instream f1low reservations would help maintain

the habitat reguirements of this group of fishes.

some wildlife species also depend on fiowing waterg to meat
tneir 1ife history requirements. Although the precise flow
reguirements are not guantified, the dependency of these
species on unimpaired riverine habitats is generally accepted
{Fiath 19%%1). The hald eagle and the least tern, both listed
as endangered under the Endangered Species Act, and the piping
plover, listed as ehreatened, are all known to cccur along the
iower Missouri River. In addition, snapping and goftshelled
turtles, species of speclal concern according to the Montana
Natural Heritage Program, also reside in the lower Missouri
hasin. The Watural Heritage Program classifies the Bmerican
white pelican as endangered and imperiled in Montana because
of its rvarity. This species also ocours along the lower
Misscouri River.

what are scme of the economic menefite of instream flows?

The entire Missouri River basin’s natiocnally acclaimed sport
fisheries provide a significant boost to Montana’s economy.
In 1985, the annual net value of Montana’s lake and stream
Fisheries totaled $215 million (Duffield 1988). Warnwater
angling in the lower and Little Missouri River basins
contributed $1.7 million annually to the state’s sconomy in
1989 (Brocks 1991). These angling-related revenues depend on
the maintenance of adeguate river flows to protect the fishery
resources.

what are sopme of the direct enefite of instrean flow
reservations to fisheries?

Direct henefits of the ressrvations are those penefits which
accrue directly to DFWP and the public which the agency
represants. T the extent that DFWP is charged with the
stewardship of the fish, wildlife, parks, and recreational
rescurces of Montana, the direct benefits really accrue to
the citizens of, and visitors to, Hontana.

According to DFWP studies, 18 familles and 80 species of fish
are kpown to ocour in Montana. Of these, 43 inhabit the
waters of the lower Missouri River between Fort Peck Dam and
the Horth Dakota border (Gardner and Stewart 1987).
Purthermore, 30 species inhabit the waters of the Little
Misseuri River basin (Elser et al. 197%). Although they
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support fewer species than the Missouri basin above Fort Peck,
the lower and Littls Missouri river basins makke a significant
contribution to the biclogical diversity of the aguatle
resources of Hontana and the ryegilon. Ezxch of these warm,
turbid prairie streams supports 20-30 different figh speciss.
8y cemparison, most cold, clear trout streans gupport less
than 10 species.

ae describad above, eight of the fish spacies inhablting the
lower and Little Missouri basinz are classified as species of
special concern. Among them, the paddlefiseh, pallid sturgeon,
shovelnose sturgeon, and the shortnose gar, are relics from an
earlier geologic time. Paddlefish are found in only two river
pasins in the world: the Yangtze in China and the
Mississippi/#issouri. Paddlefish populations in most of their
historic range have bsen reduced or depleted by overharvest,
pelluticon, habitat alteration and blockage of migration
reutes. However, Montana populations are some of the best in
the entire Hississippi/Missouri river system. Paddlefish are
Montana’s largest game filsh, although harvest is strictly
regulated. Angling opportunities are closely tied to spawning
which, im turn, is closely tied to high run-off events. The
run-off contributed by the ¥ilk River to the Hissouri River is
significant in triggering spawning runs, and during good run-
of £ years, paddlefish will even ascend the HMilk River to spawn
on flooded gravel bars. Studies of tagged paddlers indicate
that these fish make extensive movements within the Hissouri
River system, particularly between the dredge cuis below Fort
Peck Dam, Intake Dam on the Yellowstone River, and Lake
Sacacawea (the reservoir impounded by Garvison Dam in Worth
Dakota}.

Pallid sturgecon are alsc known to move long distances within
the lower Missouri River, although less is known of their life
history reguirements. Pecause of its rarity, the pallid
sturgecn has been included on the federal endangered specises
1ist. Pallids are rarely sichted or harvested by anglers.
However, shovelnose sturgecn are LOre NUNBarous and prized by
knowledgeable anglers. The shortnose gar, another primitive
fish, is very rave, with historical records indicating only a
handful of gar takenm from the dredge cuts in the last 20
vears. Collectively, these prehistoric species are heldovers
frem the warm, turbid prairie stresams of 150 - 260 million
vears ago and reguire adeguate instream flows for survival in
today‘s world. These sgpacies henefit directly from instrean
flows.

Forage and game fish populations also directly benefit from
instresm flows. Game fish speciles in the lower and Little
Missourli basing ipclude northern pike, seauger, walleye,
channel catfish, and burbot. Stream-dwalling tvout (rainbow,
brown, and brook) also occur in eccld, headwater streans
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originating in the Bear Paws and the Littie Rocky mountains
and in the Misscuri River ilmmediately below Fort Peck Dam.
Forage fish species include various spacies of suckers, bags,
and minnows. Bil of thess specles regulre adequate flows to
maet thelr 1life history reguirswments, particularly during
spawning and low-flow periods. in particular, the run-off
from tributariss triggersz spawning movements. In addition,
the reproduction of both forage and gane fish that takes place
in spailer tributariss makes a significant contribution to the
fish populations of the mainsten Milk and the lower and Little
Missouri rTivers. Thusg, tributaries contribute to the
maintenance of stream flows and water guality in these streans
and rivere, and they way also support warnwater fish at sonme
time during the year.

Fish inhabiting prairie streams would alsc benefit from
reserved strean flows which will help maintain enough water in
the deep pools typically cccupied by fish during the low-flow
periocds of late summer, fall and winter. Reserved instrean
flows would also benefit the cold, headwaters of Milk River
tributaries where trout populations have been limited by

devatering and drought.

What are some of the direct benefits of instream f{low
reservations to fishing opportunities?

Warnwater species account for the majority of angling
opportunities in the lower and Little Missouri river basins.
Licensed anglers logged about 78,700 angler-days on Hontana’s
warnwater streame in 1985; 36% (28,667 angler-days) was in the
lower and Little Missouri river basinz (McFarland 1989).
These totals underestimate angler-use bhecause only licensed
anglers were sampled in the mail surveys used to generate
pressure estimates. Furthermore, these data can mask the
significance of loeal waterways to the small, rural
communities of eastern Montana where angling opportunities can
be limited by the scarcity of fish-holding waters.

Opportunities to cateh gtrean~dwelling trout in the cold,
headwater tributaries of the Milk River are also highly valued
by lecal anglers. Trophy-sized rainbow trout in the Port Pack
pam taillrace not only atitvact local attention, but alsc the
attention of anglers from all over the state. The high
species diversity, the presence of primitive fish, and the
significance of other fishery values has led DFWP to rate the
entire lower Misscuri River as a Class I fishery (Hontana
Rivers Information System 1%%1). This rating is reserved for
those fisheries DFHP considers to have the highest rescurce
values. Significant portions of the Redwater and Poplar
rivers are rated as Class II because of high species
Qiversity, important local angling interest, and because they
provide wvaluable spawning habitat for mainstem WMissouri

SIME DIRECT - &



el

fishes. The Little Mizsouri River is rated as Class II
because of high species diversity and the importance of
angling epportunities to the ioeal communities. Ratings are
only available for Two rributaries of the Little Misscurl.
Beaver Cresk is rated as Classs I Dbecause of high species
diversity and its contribution to igcal angling opportunities.
Little Beaver Creek is rated as Class III, =ithough this
rating likely underestimates the wvalues of this tributary
because only Tisheriss values were encompassed in the rating
while other values such as recreation were not. HNonetheless,
Little Peaver Creek Supports as nany fish species as the
mainstem Little Hissouri River.

wWarmwater fishing is an opporiunity valued by both residents
and non-residents. The net economic value of warnwater strean
fishing has been estimated at about $65 per day (Broocks 19%1).
pagsed on the 1985 estimates of fishing pressure, the value of
warpwater fishing in the Ilower Missouri River basin is
21,756,235 per year {(Brocks 1591). In the Little Missouri
miver basin, the nat economlc value ig $107,120 per Year
(Brooks 19%1). However, trends in the number of warmwater
angler-days are increasing {McParland 1%91}. Preliminary
fishing pressure estimates for 1690 indicate that while
angler-use on all state waters remained relatively stable from
1985 to 1990, pressure on warmwater fisheries increassd by an
estimated 11%. The increase wasg mole pronouncad for warnwater
streams where overall angler-use increased by an estimated
29%.

What are come of the divect benefits of instream flows to
recreation?

Reserved instream flows will directly berefit non—-angling
forms of recreation. Floating is zn activity enjoyed by over
10% of Montanans {Frost and MceCool 1588} . Adeguate instrean
flows are important mot only for the convenience of flcaters
sut for their safety as well. Floaters can avold hazards such
as large boulders, partiaily-subrerged logs, gravel bars,
rip/rap, or diversion structures if sufficient flows enable
maneuvering around thenm. since the HMissourl figured s0
prominently in Hontana histery, present-day floaters can
glimpse inte the past while floating the isclated waters of
the lower Missouri River. Other recreational pursuits along
waterways include camping, picnicking, photography, and
wildlife viewing.

What are some of the indirect benefite of instream flows o
pusinesses, municipalities, and industries?

Indirect benefits are those menefits of the reservation that
acorue to water users oy entities other than DFWP. Businesses
in ¢the lower and Little Miggcouri river basins should
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indirectly benefit Ifrom DFWP reservations. The instreawm flows
recguested in DFWP’'s application are necessary to protect
recreational and aesthetic beneflts provided by the rivers and
streams in these basins. Protection of these amenities
contributes significantly to the economic well-being of
Montana bacause tourism, one of the fastest groving segments
of the state’s econcmy, is directly tied to these amenities.
Tourists spent an estimated $19% million while traveling in the
lower Missourl River basin during 1%88, generating 700 jobs
{(Yuan et al. 198%2). In addition, 336,000 paople traveled to
Montana for business reasons or for a combination of business
and pleasgure (Holsey et a2l. 19%0). While in Montana, 31% of
these business travelers participated in fishing and fishing-
related recreation. This business travel has an annual
econcomic significance to Hontana of at least $146,300,000
{Hoisey et al. 1990},

The lodging tax collection is evidence of increasing numbers
of wvisitors coming to Hontana, whether for business or
plaasure. Collections show increasing trends across the
counties of the lower and Little Missouri river basins {Thomas
1991). The DFWP instrean flow reservation will help ensure
the integrity of river corridors and the guality of the
environment which have had auch to do with the past successes
of travel promotion. The ressrvation may also helip ensure the
projected expansion of warmwater angling. More travelers may
be attracted to eastern HMontana where the wmajority of
warswater angling occurs. By patrenizing local lodging and
business establishments, anglers contribute to local
economies. Thus the racrestional and aesthetic attributes of
rivers not only enrich the guality of 1life of Hontana
residents, they alsc generate a scurce of steady revenus that
helps diversify the other staples of Hontana’s economy:
agriculture, mining, and the wood products industry.

DFWE reservations would indirectly benefit industries and
municipalities by helping to stabllize wastewater treatment
costs. The Hontana Department of Hezlth and Environmental
Sciences issuez waste discharge permitzs based on the current
7 day = 18 year low stream flow (7010). As sireans decrease
in flow, the 7010 alse decreases and places a higher treatment
standard on waste treatbent facilities when they receive a
permit. A higher standard of treatment may reguire costly
upgrading of the facilities te mect the standavrd. Preserving
instream flows 1is a more cost effective way of meecting
discharge permit limits than is upgrading treatnent facilitiles
or securing alternative disposal locations (Ehewman 1994).

Municipalities will bhenefit from stabllized waste water
treatment coste in the same wmanner as industries. By using
instrean flovws Lo meet discharge permif levals, municipalities
avoid the logistical and financlal hardships potentially
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imposed by the suspension and alternative disposal of waste or
by the renovation of facilitles to treat the waste.
Furthermore, DFWP reservations would help maintain stream
discharge levels necessary to dilute the toxic effects of
hazardous materials and microbial organisms entering surface
waters. Unleas adeguate dilution is achlieved, concentrations
of such substances in public drinking water supplies may reach
levels harmful to hupan health. DFWE reservations will zlso
help protect instream flowe from incremental depleticns by
future water users, thus assuring fubture water guality and
water delivery for municipal uses.

What are some of the indirect cpsts of the reservations to
municipalities, industry, and agriculture?

Indirect costs of reserved water are those costs that accorus

o other users or antities. The following iz a summary of
sone indirect costs. A nmore detaliled discussion can he found
in the DFWP reservation application. Granting DFWP

reservations in the lower or Little Misscuri river basins
would not necessarily  limit new uses 9of water by
municipalities, industry, or agriculture when other surface ov
groundwater sources would adeguately meet the needs. Granting
of the reservations may limit future availability of surface
waters for new uses such as: havdrock mining, sand, gravel,
or coal extraction, oil and natural gas developnment, energy
production facllities, irrigated agriculture, and municipal
water supplies. & discussion of future availability for these
new usas follows.

While mnining and the processing of wmined products are
important industries in the upper and middle Missouri River
basins, there is only one active hardrock mine operation in
the lower and Little Missouri river basins. The Zortman-—
Landusky mine in Phillips County utilizes groundwater for ore
processing. DFWF reservations are not expected to affect
future activities of this coperation because core processing
would continue to use groundwater at the existing facility
{Webster 18%1). There is limited hardrock mining potential in
the lower and Little Misscuri river basins in general. Sand
and gravel extraction operations are more common in these
basins. Actual extraction procedures do not require vater
{Burke 1%%1}. Secondary processing (e.g. rinsing) does
regquire water and coppanies typically secure water from
existing water right holders. Potential sources include stock
ponds, municipal fire hydrants, irrigation ditches and water
storage facilities {(Burke 19%1). Thus, DFWP raservations
should not significartly affect future mining activities.

©il and natural gas drilling operations reguire water, but
littie use of surface waters from major rivers or perennial
tributaries occurs (Halvorson 19%91). Water used during
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drilling is usually derived from farm or ranch ponds and wells
sr, in some cases, purchased Lrom existing water vight
holders. Therefors, reservations should have little
impact on future development of oil and natural gaes Iin the
lower and Little Missouri river basins.

although several proposals to devalop energy facilities in the
jower and Little Misscuri river basins were brought to the
attention of the Montana Department of Natural Resources and
fonmervation during the last decade, none have been acted on
in recent years (McLane 1991). Until guch projects cone forth
in more detail, an analysis of the effects of the FWP
resarvations on water availability cannct be made.

Inetream water reservations would net affect existing
agricultural uses in the lower and Little Missocuri river
masing, nor would they nacesgarily preclude development of
aaditional irrigation through the use of groundwater. A DFWP
reservation could limit future expansion of irrigation if new
eurface water scources are needed or new storage projects are
proposed on etreams where a DFWP reservation is granted.

Future wakter demands for municipalities are difficult to
predict because of proklens aseociated with population growth
proiections. Several wmunicipalities have reguaested water
reservaticns in the lower or Little Missouri river bagins.
Rased on the Board’s Order granting reguests for municipal
reservations im the upper Hisscuri basin, thess municipal
applications are likelvy to be granted, for tha most part, as
requasted and given the highest priority. Municipalities
seeking ground water sources To mest their increased dzsmands
will not be affected by a DFWP ressrvation. Municipalities
which sesk surface waters toe nset future demands nay be
affected by a DFWP reservation depending on the location of
the watey SOUrce. However, with a few excaptions, the
majority of water used for human consumption throughout the
iower and Little Missouri river basine Iis taken Irom
groundwater because of the marginal water guality of surface

waters.

Do you balieve the overall benefits of DF¥P’s reservations

cutweigh the costs?

ves. Whereas DFWP reservations may limit some new uses of
surface waters in the future, the reservations do nct and
capnot have any adverse affects on water use by existing water
right holders. The direct and indirect benafits of the DFWP
reservation cover a broad spectrum of the public interest
while the potential costs of the reservations are narrow, and
would not cause any irretrievable losses. Irretrievable
losses may occur if DFWP reservations are not granted.
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Benafite to the citizens of Monbana include preservation of
the sssthatic, cultural, historissl, and aogial valueas
amsociated with river corriders like €he lowar end Little
Mimsourl rivers. rurthermore, maintenancse of instrean flows
bepefite recrenticnists directly, whether they ars apglars,
fipaters, caspers, plonickers, photographers, wildlife
watchers, or svinners. These LorEs of recrsation contributs
to the cquallty of 1ife for residente of, and wvigltoxs to,
wontena. Hontanz’s econcmic climete will benefit bacause &
the eocnonpic activity gensrated DY pusinesg <Travellers,
rouriste, ead anglers. Lastly, maintemance of instrsam £lows
preserves the heritage of the pebural rescurces of Hontanz.
Mentana’e fFishery and wlildlife asgete are racognized both
nationally and internationally and valued for thelr existence
and thailr divarsity. ns HMontansns, wa have a trust
responsibility te preserve the integrity of thesse rescuvrces
for this and futurs generations.

1, Carolyn A, Slme, beling fFirast duly sworn, states that the
feragoing testimony is true.

DATED Ehis é%ﬁgxﬁﬁgng June, A294.
2

carciyn b. Slie ]

bafors me this 20

subsoribsd and sworn o day of June, 19%4.

(WOTRRY ) win ;;, O |
Hotary Pu for the Stats of Hontans
Regiding at ol

My Commiseion Expires Ooaid, 2 199K
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Master of Science in Fish and Wiidlife Hanagement. #arch, 1951,
Montana State University, Bozeman.

machelor of Science in Biolegy, Fish and Wildlife ¥anagenent
option. Warch, 1%88. Hontana State University, Bozeman.

prafessional

Wwildlife Biologist, April 1994 to present

Montana Department of Fish, Wildlife and Parks, Kalispell
Cconducting ongoing ressarch on the population dynamics and
habitat wuse of white-tailed deexr in nerthwest HMontana
coniferous ecosystems.

check Station Attendant, October 1993 to February 18%4

Mentana Department of Pish, #®ildlife and Parks, Dozewman
nssisted in the operation of the Gallatin Check Station during
the general rifle season and the A-7 Flying b hunt, including
collection of biclogical data Trom harvested big gape;
amsisted in the operation of the gardiner Check Station.

Project Coordinator, July te October 1923

Montana Department of Fish, ®wildiife and Parks, Bozeman
Authored the Hanagement Plan and Envirconmental Assessment
pertaining %o noxious wead management on all properties
administered by DFWP in southwest Montana.

Biological Technician, Hay to July 1993

11.5. Forest Service, Lewis and clark Mational Forest
Cconducted £ish, wildlife, and plant surveys on the Rocky
Mountain Ranger District.

Fish and Wildlife Biclogist, December 1992 to May 1993

Montana Department of Fish, Wildlife and Parks, Bozeman
Assisted the Livingst@ﬁ.Ei@l@gist,with,regulaz*manageﬁent
Auties while he was working on a special assignment.
Responsible for supervising the Gardiner late season elk
hunt, analyzing harvest data, and writing the report;
conducting spring wildlife surveys; analyzing harvest
data from previous cardiner late seascon elk hunts, and
writing appropriate reports.

Check Station Attendant, October To Decenbsr 1992

Montana Department of Fish, Wildlife and Parks, BozZemah
reszisted in the cperation of the Gallatin Check Station during
the general yvifle season and the 2~7 Flying D hunt, including
hunter management and collection of biological data.
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Range Technician, June to September 1992

U.5. Feorest Service, Lewls and Clark Mational Foerest and Montana

Department of Fish, Wildlife and Parks
conductad range survey and inventory on TWo national forest
cattle allotments, one of which is important bighorn sheep
winter range; project was jointly funded. Also assisted with
vegetation monitoring of the DFWE sun River Wwildlife
Management Area.

Fisheries Fieldworker II, March to June 1992

Montana Department of Fish, Wildlife and Parks, Bozeman
condunted aurvey of the Avctic grayiing population in the
Ennis Lake/Madison River systen; emphasis was gualitative and
guantitative description of spring spawning activity. Alsc
assisted with data analysis, database management, and field
work associated with other fish population surveys.

Check Station Attendant, Jamuary to February 12%2

Montana Department of Fish, wWiildlife and Parks, BozZeman
rssisted in the operation of the Gardiner Check Station during
the late elk hunt, incliuding hunter management and collection
of bkioleogical data.

Figheries Fieldworker I, June to December 1e%1

Montana Department of Fish, wildlife and Parks, Hamilton
Aesisted with fish population and habitat surveys on the
sitterroct National Forest; also assisted with fish population
surveys of the Bitterrcot River.

Missouri River Reservation Biologist, January to June 1%%1
Montana Department of Figh, Wildlife and Parks, Helena
conducted research for and was a principal compilsy of the
DFWE instream flow reservation application feor the lower
Missouri and Little Hissocuri rivers; also initizted the
literature review and information search for the wildlife
portion of the Natural Rescurce Damage Assessment for the

Clark Pork River Basin.

research Assistant, Harch 1988 to June 1990 and September o
Decenber 19%0; Departmant of Biology, HSU, Dozeman
As a graduate student, investigated movements and habitat use
by sage grouse; also assisted cther fish and wildlife graduate
gtudents.

Research Associate/Voluntear, June to September 19%%0

1.8, Fish and Wildlife Service, Lostwood Wildlife Refuge; Kenmare,

Horth Dakota _
with a grant from the Horth Dakota Chapter of The Wildlife
Society, initiated 2 long term research proiect on aspen
reduction; alsc assisted with general refuge field work.
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rrapping operations; aleo reviewed and transcribed field notes
and summarized hehavioral data of meeting bald eagle pairs.

Ranger Haturalist-Interpreter, Juae Lo September 1987

National Park Servics, olyepic Rational Park; Port Engeles,

Washington
Gave presentations to park visitors, conducted guided
walks, wrote and narrated interpretive messages aired on
loccal radio station.

professional Rffilisticns
Member, The Wildlife Seciety, 1988 to present
Member, Montana Chapter, The wildlife Society, 1988 to preseant

secretary~-Traasurer, Montana Chapter, The Wildlife socliety, March
1994 to present

Horthwest Section Representative of the srudent Affairs Committee,
The Wildlife Scciety, 1920

participant, Riparian Rescource Management Workshop, May 1989

participant, <Continuing Education Seminar on "Hegotiations®

sponsored by the Montana Chapter of the American Fisheries Soclety,

February 15%1 '

participant, ElX Yulnerability Symposium, April 1951

participant, Western States and Provinces Blk Workshop, May 1393
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PEE-FILED TEETIMONY OF
PHILLIP &. STEWART
on bhekalf oFf the
. CEPRRTHENT OF FIgHE, WILDLIFE R¥D

MOWTE

Please state your name and business address.

Phillip A. Stewart, Montana pepartwent of Fish, Wildlife and
Parks, Box 1630, Miles City, MT 59301.

Who is your employer and what is your position?

T am the Region 7 Fisheries Manager for the Montana Department
of Fish, Wildlife and Parks based in Miles city.

pleage describe your educational and employment history.

T received a B.8. Gegree from the University of Arizona at
Tucson in 1965 with a major in Fisheries Management. In 1967
I received a M.S. in Fisheries Management from the sane
school. T was awarded a Ph.D. in Fisheries Science by
colorado State University in 1872. Research work for the H.S.
degree involved productivity relations in four reservoirs.
oh.D. research was concerned with physical features of a trout
stream influencing trout density.

Following the awarding of the FPh.D. degres I was employed as
a water guality biclogist by the ontarie, Canada, Department
of Lands and Forests from 1870 to 1971. I've heen employed by
the Mcntana Department of Fish, Wildlife and parks from 1571
to the present time. I worked as a fisheries bioclogist from
1971 to 1876 at Ccluwmbus, Montana. Work during that time
focused on potential effects of hardrock mining and
quantification of instream flows for fish and other aguatic
1ife in streams draining the Beartooth Mountains in south

central Montana.

From 1676 to 1983 I worked as a fisheries biclogist at Wolf
Point, Montana., Work there consisted of defining instrsan
flows to protect aguatic life on the pPoplar and Redwater River
drainages, determining the effect on fish populations of a
canadian dam on the East Fork Poplar rRiver, and defining
fisharies rescurces on the Missouri River from Fort Peck Dam
to North Dakota.

T've been the Regional Pisheries Manager in Miles City since
spring 1283.

What iz the purpose of vour testimony?



My testimony will describe the fishevry resocurces and support
¥DFWED's instream flow water reservation reguests for two
river reaches in the Redwater River drainage and four river
reaches in the Poplar River drainage. I will also describe
the role I played in the fisheries studies in the Little
Misscuri River and three tributary streams: Peaver Creelk,
Little Beaver Creek and Boxelder Creek, two of which will be
the subject of Robert G. ¥White's testimony and two will be
presented in my testimony. Vicinity maps of these streams are
contained in Appendix A. of this testimony.

Do you have any experience in dealing with instream flow
issues in relation to fisheries resources.

Yes, a considerable amount. I spent five years as a ficheries
biclogist defining fish populations and related biclogical
populations in streams tributary to the Yellowstone River in
south-central HMontana. An important part of that work was
formulating recowmended Instream flows to protect fish
populations and related agquatic life inm those streams. During
the years 1977 through 1282 I 4id field work and data analysis
to develop the instream flows for streams in the Poplar River
drainage and for the Redwater River reguested in this
application.

What was vour involvement in the preparation of the Lower
Missouri River water reservation application?

I supervised and participated in the ceollection of field data
used to formulate requested flows for the Poplar and Redwater
rivers. I did much of the analysis and interpretation of the

fisherice field data and strean flow data. I alsoc gave
assistance to two graduate students doing field work on
streams in the Little Misscuri River drainage. I supplied

them with an electrofishing boat for fish sampling and fish
tagging gear and instructed them in the use of the eguipment.
T spent a day in the field with them and was able to verify
their proficiency with gear and field techniques. These
students were supervised by Dr. Robert White of the
Cooperative Fishery Research Unit at Hontana State University.

Much of the fish population work in the Poplar River drainage
and Redwater River was Jdone in the late 1970s and sarly 1580s.
Do you think it is relevant today?

Yes. Mo major changes in fish habitat have been identified
since the tine of the studies. Statewide fishing use surveys
in 1289 angd 1991 indicate continued use of these streams by
anglers. Recantly local anglers objected to a bridge
replacement project on the West Fork Poplar River because of
its potential effect on the northern pike.



Please supmarize in tabular form for each stream reach
included in your testimony: streanm name and reach; anount of
the streamflow reguest: methods used; and fisheries values.

T nave summarized this information in appendix B. it is
attached to and is a part of this testimony.

Please summarize the work vou did on Reach #1 of the Redwater
River that relates to the reservation reguests.

Using electrofishing and seining gear I surveyved fish
populations. I alsc noted habitat features. I found that
northern pike were present at low densities, being scomewhat
more abundant in downstream areas of the reach. Approximately
15-20 additional fish species are present. The river channel
consisted of relatively deep pools often several hundred fest

long connected by short riffles.

What nmethods were used to determine the amount of flow
requested for Reach $#1 of the Redwater River?

The Dominant Discharge/Channel Morphelogy Concept and the Base
Flow approach, along with an understanding of the fish
populations present and their needs, were used to derive flow
requests. The Dominant Discharge/Channel Morphology Concept
and the Base Flow Approach are discussed in the testimony of

Fred Helson.

Flease describe ¢the fisheries values the Department is trying
to protect on Reach #1 of the Redwater River.

although habitat conditions aze generally marginal, this river
reach contains & low density of northern pike. These fish
sften reach a weight of several pounds and are the basis for
recreation by mostly local anglers, HNorthern pike spawn in
this river reach as evidenced by the presence of young-of-the-
year fish. The forage base for this predator species consists
of a relatively large number of species of fish from several
families. Despite very low stream flows for much of the year,
pools are relatively desp, often with maxinmum depths at low
flow of four or five feet. Thesse pools provide security for
fish and sufficient depth of water to prevent the river from
freezing to the bottom in winter and causing fish death.

Why is an instream veservation needed in Reach #1 of the
Redwater River?

The reguested flow is necessary to maintain the existing
northern pike population and the forage fish species that
support it. The regquested flows will allow northern pike
spawning to continue through flooding of terrestrial
vegetation. Theze flows will also maintain recreational
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fizhing for local anglers. The Department's mail survey of
anglers indicated 1,882 angler days of use on the Redwater
River from March 1989 through February 1%90. An unknown
fraction of this fishing pressure was on Section #1.
Meintaining the low base flows racuested will help pravent
dissclived oxygen levels from falling to levels lethal to fish.
The dominaznt discharge would scour pools and maintain
sufficient pool depths te prevent water from freezing to the
river bottom and would alsc allow northern pike movement into
this upstream section from dowvnstrean areas.

What flow is being reguested for Reach #1 of the Redwater
River?

The Department is reguesting 2.0 cfs from December 1 through
March 31, 3.0 cfs from April 1 through Hovenber 30 and 14 days
of additional water stepping up to and down from a peak flow
of 780 ofs {(dominant discharge} . These fourteen days of flow
are to cccur within the period February 1 through April 30.

Ts there sufficient water in Reach #1 of the Redwater River to
meet the MDFW&P flow reguest?

ysas gauging records indicate that the reguested flows may not
be fully available in all monthe of every year. However, the
regquested flows are necessary to prevent future dewatering of
the river, especlally at times when the reguested flows are
present. This is especially true for the dominant discharge

flows.

Please summarize the work you Aid on Reach #2 of the Redwater
miver that relates to the reservation regquests.

With electrofishing gear I surveyed fish populations to
determine species present and relative abundance. - I alsoc
noted habitat features. I found adult and voung-of-the-year
walleye and northern pike throughout the length of the
section. Several other fish species are present. Sauger,
channel catfish and burbot wvere present only in the very
lowest part of the section near the Missouri River.

What methods were used to deterszine the amount of flow
recuested for Reach #2 of the Redwater River?

The Dominant Discharge/Channel Horphology Concept and the Base
viow Approach, along with an understanding of the fish
populations present and their needs, were used to derlve flow

raguests.

please describe the fisheries values the Department is trying
ro protect on Reach $#2 of the Redwater River?
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Although habitat conditions are not highly favorable for
sustaining high fish densities, some northern pike and walleye
reach a size of several pounds. A relatively large number of
forage species are alsc present. §auger, channel catfish and
burbot are present in the lower end of the section. Both
northern pike and walleye are self-sustaining, finding
suitable spawning habitat in this section. The section also
rears significant numbers of young-of-the-year walleye and
northern pike. Desplte very lovw strosanflows for much of the
year, pools ars relatively deep, often with mayimum depths at
low flow of 4 to & fest. These pools provide good security
for adult walleye and northern pike and sufficient dapth to
prevent the river from freezing to the bottom in wintey and
causing fish death.

Why is an instreanm reservation needsd on Reach $2 of the
Redwater River?

The recguested flow 1is necessary +o maintain the existing
northern pike and walleye populations and the forage f£ish
species that support them. The reguested flows will allow
northern pike and walleye spawning and rearing to continue.
These flows will alsoc maintain recreational fishing for local
anglers. The Department’s mail survey of anglers indicated
1,882 angler days of use on the Redwater Rivey from March 1983
through February 1999. an unknown fraction of the fishing
pressure Wag on peach #2. Haintaining the low base flovs
requested will prevent dissolved oxygen levels from falling to
jevels lethal to fish. The dominant discharge will scour
pools and maintain the sufficient depth for fish security as
well as maintaining sufficient pocl depth to prevent winter
freszing all the way to the river bottom. The dominant
discharge will also allow norchern pike movement fyom this
section to the upstrean Reach #1.

What flow is being reguested for Reach #2 of the Redvater
River?

The Department is recuaesting 2.0 cfs from necember 1 through
March 31, 4.0 cfs from April 1 through November 30, and 14
dzys of additional water stepping up to and 4oWn from a peak
flow of 2060 cfs (dominant discharge). These 14 days of flow
are to cccur within the periocd webruary 1 through April 30.

Ts there sufficient water in Reach #2 of the redwater River to
meet the MDFW&P flow reguest?

UsGs gauging records indicate that the reguested flows may not
be fully available in all months of every yvear. Hovever, the
requested flows are necessary to prevent future dewatering of
the river, especially at tines when the reguested Iflows are
present. This is segpecially true for the deminant discharge
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uymmarize the werk you did on the East Fork Poplar
River that relates to the reservation requests.

Using electrofishing gear, I sampled fish populations and made
age specific population estimates fox walleve and northern
pike on tweo river sections. Fish were aged from scales and
population estimates were made. I also made detailed habitat
measurements. I measursd channel width and depth at 100 foot
intervals in sections where fish population estimates ware
made. Invertebrate samples were collected and identified. I
sampled walleye eggs and drifting larval fish to determine
reproductive success. Walleye spawners were sampled to
determine spawning locations. Walleye and northern pike were
tagged to determine movements. Dissclved cuygen was measured
under the ice in winter. Data waz used to determine
relationships betwsen northern pike and walleye reproductive

‘success, adult survival and stream flow.

Wnat methods were used to determine the amount of flow
requested for the East Fork Poplar River?

The mnethods of determining flow reguests were based on
detailed biclogical data from several years of fish population
sampling and estimating fish numbers by year class. Year
class strengths of age 0+ walleye and northern pike wvers
compared to April-May £lows using linear regression to
determine minimum flows reguired for strong year class
production.

The Dominant Discharge/Channel Morphology Concept was used to
determine flows regquirsd to maintain pool depth. For low Flow
months, the HDase Flow approach wasg used.

please describe the fisheries values the Department is trying
to protect on the East Fork Poplar River.

Although fish population densities fluctuate greatly from year
to year, the number of age 1+ and older walleyve were as high
as 170 per mile and northern pike age 1+ and older were as
high as 229 per mile. The populationg are produced by natural
spawning. Approximately 15 additiomal fish speciez ars
cresent, most of which arse important as forage for walleye and
northern pike.

Even at streanflows of only one or two ofs, peols are guite
deep, often with maximum depths of approximately five feet.
These pools are used by walleye and northern mike in all
seascng, providing security during spring, summer and £fall and
preventing freezing of the river o the bottom in most
winters. Maintenance of pool depth is essential for long term
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survival of ewxisting fish populations.

Why is an instream reservation needed on the East Fork Poplax
River? '

The reguested flows are necessary +o maintain the existing
northern pike and walleye populations and the forage fish
species that support them. population estimates of age O+
walleye and regression analysis indicated the recuested April~
May streamflows are tThe minimums required to produce strong
vear classes of young walleye. The dominant discharge would
scour pools and maintain pool depth reguired for walleve and
northern pike winter survival, This slevated flow will also
allow movement of walleye and northern pike from downstream
areas to replenish walleye and northern pike fcllowing
pericodic winter kill. The low page flows will maintain water
in peols and help prevent low dissolved oxygen and resultant
fish dis-offs. '

What flow is being reguested for the Bast Fork Poplar River?

The Department is reguesting 3.0 cfs from December 1 through
March 31, 15 cfs in April, 10 cis in ¥ay and 4.0 cfs from June
1 through HNovember 30, and 13 days of additional water
stepping up to and down from a peak flow of 540 cfs {dominant
discharge} . These 13 days of flow are to occur within the
period February 1 to April 30.

Ys there sufficient water in the East Fork Poplar River to
mest the MDFWLP flow reguest?

UsSGs gauging records indicate the requested flows are not
fully present in every month of every year. However, the
requaested flows are necessarty to prevent future dewatering of
the river at times when the reguested flows are present. This
is especially true for the deminant discharge flovs.

Please summarize the work you 4id on the Hiddle Fork Poplar
River that relates to the reservation reguests.

" Work censisted of fish population estimates over a five yeay

period, f£ish aging, habitat measurements, measuring walleye
spawning success and determining relationship of walleye
spawning success to stream flows. This work was the same as
was done on the Fast Fork Poplar River.

Wnat methods were used to determine the amcunt of flow
requaested for the Middie Fork Poplar River?

Mathods used were the sampe as rhose used for the East Fork
Poplar River. These consisted of welationships Dbetwaen
walleve spawning success and streapflow, the Dominant



Discharge/Channel Morphology Concept ond tTthe DBase Flow
Approach.

Please describe the fisheries values the Department is trying
to protect on the Hiddle Fork Poplar River.

Fisheries values are very simiiar to those of the East Fork
Poplary River. They comsist of walleye and northern pike
populations and associated forage fish species. Adult walleve
numbered as high as 30 per mils and adult northern pike up to
199 per mile. Deep pools are especially important to game
fish survival.

Why is an instream reservation nseded on the Middle Fork
Poplar River?

The reguested flow is necessary to maintain the existing
northern pike and walleye populatlons and the forage fish
species that support themn. Ses the response to the same
cquestion for the East Fork Poplar River for details.

what flows are being reguested for the Middle Fork Poplar
River?

The Department is reguesting 1.0 cfs from December 1 through
March 31, 30 cfs for April, 20 cfs for May and 2.0 cfs for
June 1 through Rovember 30. The reguest alse includes
additional water over a 14 day peried stepping up to and down
from a peak flow of 1,000 cfs {(Gominant discharge}. These 14
days of flow are te cccur within the period April 1 to Hay 31.

s there sufficient water im the Middle Fork Poplar River to
mest the MDFHEP flow request?

US6S gauging records indicate the requested flows are not
fully pressnt in every month of every ysar. However, the
reguested flows are necessary to prevent future daewatering of
+he river whern the reguested flows are present. This is
espacially true for the dominant discharge flows.

Please summarize the work vou did on the mainsten Poplar River
that relates to the reservation requests.

Work was similar ©o that done on the East Fork Poplar and
Middle Fork Poplar rivers. Population estimates weve made for
young~of-the-year and adult walleye and norvthern pike. I made
detalled habitat neasurements, @specially of channel depth at
low filow, tagged walleye and northern pike to determine
movenents and located walleve spawning areas. Data was used
to determine the relationship between walleye spawning success
and April-May streamflov.



what methods wears used o detarmine the amcunt of flow
requested for the Poplar River?

Methods used were similar to those used on the East Fork and
Middle Fork of the Poplar River. These were the relationship
bhetween walleve spawning success and streamflow, the Dominant
Discharge/Channel Horphology concept and the Base Flow
Approach.

Please describe the fisheries values the Department iz trying
to protect on the Poplar River.

Fisheries values are similar to those of the Fast Fork and
Mifdle Fork Poplar River. These values consist of northern
pike and walleye populations and associated forage species and
long deep pools. Walleye and northern pike reach a somevhat
larger size im the FPoplar River and voung-of-the-yesar
production is more dependable. Long, desp pocls are necegsary
to maintain these populations.

Why is an instream reservation needed on the Poplar River?

The requested flow 1s necessary to maintain the existing
northern pike and walleye populations, forage fish species and
pocl depth. See the response to the sane cmestion for the
East Fork Poplar River for detail.

What flows are being reguested for the poplar Hiver?
The Department is reguesting 8.0 cfs from Decenber 1 through

March 31, 70 cofs in April, 50 cfz in May, 11.0 cis from June
1 through Hovember 30 and additional water over a 14 day

period stepping up to and down from 1,930 cofs (dominant

discharge). These 14 days cf flow are Lo oCcur within the
period April 1 to Hay 31.

is there sufficient water in the Poplar River to meat the
MDFHEP flow reguest?

USGS gauging records indicate the reguested flows are not
fully present in every wmonth of every vear. These flows are,
however, necessary to prevent future dewatering of the river
when the reguested I[lowsg are present.

Please summarize the work you did on the West Fork Poplarvr
niver that relates to the reservation requast.

Fish populations were sampled with electrofishing gsaxr and
seining to determine gpecies present and to estimate the
number per mile of walleye adults and voung-of-the-year. I
made habitat measurementz, including detaliled records of pool
depth at low flow. Walleye eggs and larvae were sampled to

g



determine spawning success and locations.

Wnat mnethods were used to determine the amount of flow
reguested for the West Fork Poplar River?

Wzlleye population data was not sufficient to specifically
define the spring flows required to produce year classes of
age 0+ walleve. The West Fork Poplar River is very similar to
the Middle Fork Poplar River, so similar instream flows wers
requested for the walleye spawning-incubaticon period. Flow
requests for other ponths were based on the Dominant
Digcharge/Channel Morphology Concept and the Base Flow
Approach.

Please describe the fisheries values the Department is trying
to protect on the West Fork Poplar River.

Fisheries values arvre similar to those of the other forks of
the Poplar River. Walleye are the most abundant of the game
fish, but northern pike, sauger and smallmouth bass are also
present. Approximately 15 additional fish species are
present, many of which are forage for the game fish.
Population estimates indicated similar numbers of walleye per
mile as in the East and Middle forks of the Poplar River.
Young~of-the-year walleye, northern pike and smallwmouth bass
were collected, indicating these species reproduce
successfully in the West Fork.

Why is an instream reservation needed on the West Fork Poplar
River?

The reguested flow is necessary to maintain the existing
northern pike, walleve, sauger, smallmouth bass and forage
fish populaticns. April-May flows will produce a year class
of young fish in wost vears. The Dominant Discharge will

‘maintain pocl depth critical to overwinter survival of fish.

Base flows in the remainder of the year will maintain water
exchange to freshen pools where fish live and cover riffles
for insect production.

What flows are being requested for the West Fork Poplar River?

The Department is requesting 3.0 cfs from December 1 through
March 30, 3¢ efs in April, 20 cf= in Hay, and 4.0 cfs from
June 1 threugh November 30. Additiconal water is regquested
over a 14 day perviod, stepring up to and down from 850 cfs.
These 14 days of flow are to cccur within the periocd April 1
through May 31.

Is there sufficient water in the ¥West Fork Poplar River to
meet the HDFULP flow reguest?

10



Limited USGE records suggest the reguested flows are not fully
present in every monch of every vear. However, the regquaested
flows are necessary to prevent further Aevatering of the river
when the reguested flows are present.

Please summarize the work done on the Little Misscurl River
rhat relates to the reservation reguests.

Using various sampling gear, fish populations were first
sampled in the late 1870s %o deternine species composition.
More intensive work was done in 19890 by two MSU graduate
students to determine the status of fish populations using
electrofishing and seining. Sauger spawners were collected.
channel catfish alsc spawned in this stream as evidencaed by
ecollection of young-of-the-year in late summer. Some work to
document habitat and fish usage of various habitat types was

also daona.

what methods were used to determine the amcount of f{low
requested for the Little Missouri kiver?

Along with knowledge of the pasic needs of the £ish
populations present, the neminant Discharge/Channel Horphology
Cconcept and the Base Flow Approach were used to derive flow
reguests.

please describe the fisheries values the Department is trying
to protect on the Little Missouri River.

This stream has fishable populaticns ©of sauger and channel
catfish and contains a relatively large number of other fish
species, many of which are likely important forage spaecies.
The desp pools, which exist even at low flows, are an
important habitat feature used by Bany of the fish species
year-round and are the only refuge for fish in winter, when
shallow riffles and runs freeze almost to the river bottom.

Why is an instream reservation needed on the Little Missouri
River? '

The reguested flows are necessary to maintain the existing
sauger and channel catfish populations and the related forage
fish species. The reguested base flows will kesp pool, run
and riffie habitat available to all fish species. The
deminant discharge will scour pools and maintain pool depth
that is critical for winter survival and reguired by adult
channel catfish in all ssasons.

What flow is being reguested for the Little Missourl River?

The Department ls f@q&%gtiﬁg 5.0 ofs from December 1 through
March 31, 8.0 ofs from April 1 through Novembar 30 and 21 days

1
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of asditional water, stepping up to and down from a peak flow
of 2,540 ofs (dominant discharge). These 21 davs of flow are
to occur within the peried March 1 to April 30.

Te there sufficient water in the Little Hissouri River to meet
the MDFW&P reguest? :

USGE gauging records indicate the raquested flows are not
fully present in every month of every year, but are available
much of the tine. The requested flows are necessary Lo
prevent future dewatering of the river when the regquested
flows are present. This is especially true for the dominant
discharge flovs.

Please summarize the work done on Rox Elder Creek that relates
+r the reservation reguest.

With various sampling gear, £ish populations were first
sampled in the late 1970's to determine species composition.
More intensive work was done in 15590 by twe MSU fisheries
graduate students with electrofishing gear, seines and baited
trap nets. Sauger sSpawners ware collected, indicating sauger
spawning in the stream. Adult and young-of-the-year channel
catfish were collected. It was concluded that this species
alsc spawns successfully in Box Elder Creek. Only two adult
northern pike were collected, and no voung-of-the-year. Sone
work to document habitat and fish usage of variocus habitat
types was also done.

What methods were usad to determine the amcunt of Iflow
recuested for Box Elder Cresk?

Along with knowledge of the basic needs of the fish
populations present, the peminant Discharge/Channel Horphology
Concept and the Base Fiow approach were used to derive f£low
reguests.

please describe the fisheries values the Department is trying
to protect on Box Elder Cragk.

Rox Elder Creek has migratory populations of sauger. Channal
catfish and sauger reproduce in rhis stream. A fishery of
local importance exists for both species. A large number of
non-game f£ish species are also present. Deep pools, which
exist at even near zerc flows are an important hablitat feature
utilized especially by channel catfish.

Why iz an instream reservation needed on Box Elder Creek.

The reguested flows are necessary to maintain the sxisting
sauger and channel catfish populations and related forage fish
species. The abliity of these two species to migrate into Box

12



Q.

flder Creek from the Little Missouri River will be preserved
by the reguested flows. The doninant discharge will scour
pools and maintain pool depth that is important for channel
catfish, sauger and other fish gpecias.

What flow iz being requested for Box Elder Craek?

The Department iz requesting 4.0 cfe from December 1 through
March 31, 7.0 cfs from April 1 through Novenber 30 and 17 days
of additional water, stepping up to and down from a peak flow
of 1,910 cfs (dominant discharge). These 17 days of flow are
to oocur within the period HMarch 1 to April 30.

1s there sufficient water in Box Elder Creek to meet the
MDFWEP recquest?

U565 gauging records indicate the requested flows are not
fully present in every month of every vear, but are available
puch of the time. The reguested f{lows are necessary to
prevent future dewatering of the river when the reguested
flows are present. This is especially true for the dominant

discharge flovs.

Phillip 2. Stewari, being first duly sworn, states that the
foregoing testimony is true.

$ A
CATED this <o day of June 1994.

%Eigzzgﬁ s}%' ,i{ﬁéégg@&gr

Phillip A. Stewar

subscribed and sworn to ne thighé?Zﬂﬁday of June 19%4.
oy

f’ﬁ ;- s B

A A2 o Fryet i ﬁ%ffg

Wotary Public for’ the State of Montana
Residing at _klie (elon , Montana
My commission expires:’ [Zilg A e
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PHILLIP A. STEWART

June 1994
Montana Dept. of Fish, Wildiife and Parks Birthdate: February 1, 1944
P.O. Box 1630 Office Phone: 232-4365
Miles City, MT 39301  Home Phone:  232-7207
EDUCATION

Grade school and high school - Tucson, Arizona public school systemm - high school
graduztion 1961, -

1.5, - Fisheries Management, with distinction, 1965, University of Arizona 2t Tucson.
24

M.S. - Fisheries Management, 1967, University of Arizona at Tucscn. Thesis entitied
"Factors Influencing Trout Praduction in Four Eastern Arizona Reservoirs.” Supported by
Research Assistantship from the Arizona Cooperative Fishery Research Unit. Thesis study
concerned relationships between nutrient supply to reservoirs, phytoplankton productivity,
zooplankton standing crops and fish production.

Ph.D. - Fisheries Science, 1976, Colorado State University at Fort Collins. Thesis entitled
“Physical Factors Influencing Trout Density in a Small Stream.” Thesis study identified
physical variables correlated with trout density in stream sections and physical aspects of
fright cover used by brook and rainbow trout.

PROFESSIONAL MEMEBERSHIPS

Member of the American Fisheries Society and Montana Chapter of the American Fisheries
Society. '

PROFESSIONAL EXPERIENCE

June 1983 1o present. Regional Fisheries Manager for Montana Department of Fish,
Wildlife and Parks based at Miles City. Supervise fisheries management program in
southeastern Montana (Region 7). Program elements include survey, inventory and
monitoring of fish populations and angler use in 2rea waters; development and evaluation
of fish planting program; administration of two state stream protection laws; development
and evaluation of fishing regulations; supervision of special studies and research projects;
acquiring and development of fishing access sites; preparation of management plans for area
waters or fish species: preparation of environmental assessinents for management actions;




preparation or supervision of preparation of project reporis; Region T covers 12
southeastern counties and contains approximately 120 publicly managed fishing reserveirs
and three important warm waier fishing rivers. These waters supply approxdmately 106,000
days of angling annually. Supervise a staif of approximately 3-4 FTE.

December 1976 1o June 1983, Fisheries Biologist IIT with Montana Department of Fish,
Wildlife and Parks based at Wolf Point. Through 1978 work consisted mostly of basic
fisheries investigations in the Poplar River drainage. Some similar work was also done on
Big Muddy Creek and the Redwater River, all Missouri River tributaries. 1 determined
species present, made population estimates for game fish species, made ¢uantitative
measurements of fish habitat, collected invertebrate samples, located walleye spawning sites,
sampled walleye eggs and drfting larvae 1o determine spawning success. Data was used 1o
determine instream flow needs of fish populations. 1 €id data reduction and synthesis and
authored project reports.

From 1979 to 1983 1 did fish population investigations on the Missouri River from Fort Peck
Dam i the North Dakota border. Some work also continued in the Poplar River drainage
during this pericd. Purpose of the work on the Missouri River was to gain a basic
understanding of the nature of fish population and their needs. 1 sampled fish populations
with electrofishing gear, seines and traps, determined spawning success by locating fish eggs
and sampling drifting larvae, sampled benthic invertebrates, and tagged fish to determine
movements and location of residence. The data was synthesized and reports were written.

September 1971 to December 1976, Fisheries Biologist 111 with Montana Department of
Fish and Game, based at Columbus. | investigated the status of fish populations in streams
of the Rosebud, Stillwater and Boulder River drainages expecied to be affected by hardrock
mining in the Beartooth-Absaroka Mountain Range. I made fish population estimates,
measured standing crops of benthic invertebrates, investigated historical streamflows,
measured water quality and developed recommended insiream flows for many of the streams
in the three drainages. 1 did considerable work reducing data and wrote progress reports.

ORAL PRESENTATIONS

Grest Plains Fishery Workers Association. "Physical factors influencing trout density in a
small stream.” Presented at annual meeting, February 1969, Billings, MT.

Montana Chapter of the American Fisheries Society. "Management of small reservoirs in
southeastern Montana.” Presented at annual meeting, February 1588, Kalispell, MT.

American Fisheries Society. "The paddlefish fishery at Intake, Montana” Presented at
annual meeting, September 1992, Rapid City, SB.

Also, numerous presentations to clubs, public meetings and environmental groups CONCErning
findings of research and development of management programs.



FUBLICATIONS
Gardner, W.M. and P.A. Stewart 1987. The fishery of the Lower Missouri River, Montana.
Federal Aid to Fish and Wildlife Restoration Project FW-2-R, Job I-b.  Montana
Diepartment of Fish, Wildlife and Parks. 224 pp.

Also authored articles for Montana Gutdoors and numercus project reports.
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PRE~-FILED DIRECT TESTIMONY
OF ROBERT G. WHITE
oN BEHALF OF THE MONTANA DEPARTMENT OF ¥FISH,
WILDLIFE AND PARKS

Please state your name and business address.

[$H

robert G. White, Montana Cooperative Fishery Research Unit,
Biclogy Department, Montana State University, Bozeman, MT
B9717-0346.

Who is your employer and what is your position?

T am a fisheries research biclegist employed by the U. 5.
National Biclogical Survey as Leader of the Montana
cooperative Fishery Research Unit located on the campus of
Montana State University. I am an adjunct Professor of Fish
and Wildlife Management and a member of the Graduate Faculty
~f the College of Letters and Science.

What is vour educational background and experience.

T hold B.5. and M.S. Degrees in science aeducaticn from
tortheast Missocuri State University and a Ph.D. in Wildlife
Resources (Fisheries) from Utah State University (1%74)}. I
was Assistant Leader of the Idaho Cooperative Fishery
Research Unit, University of Idaho, Moscow from 1974-1980.
T have been in my present position since 1%98¢. I am

certified as a Fisheries Scientist by the American Fisheries
Society. ‘

What is the purpose of your testimony?

My testimony is to support the Department’s instream flow
reservation regquests and describe the fishery resources in
Beaver Creek and Little Beaver Cresk, tributaries of the
Little Missouri River in southeast Montana.

what experience do you have related to instream flow?

As a research biclegist, I have been involved in a number of
ctudies dealing with flow neseds of aguatic organisms (see
sttached list of publications). My first contract at the
University of Idaho was to develcp 2 methodology for use in
establishing "stream rasource maintenance flow®
recommendations for large rivers. Stream resource
maintenance flows were defined as "a range of fiows within
which fish, wildlife, other acquatic organisms, and related
recreational activities {(fishing and hunting) are maintained
or protected”. The approach addressed environmental

reguirements of fish species for passage, spawning and

WHITE DIRECT - 1



rearing. 1t was based on the concept of praedicting loss of
habitat at reduced discharge and relating the predicted loss
to physical and bioleogical requirements of key fish species.
The Montana Department of Fish and Game and the U. 5. Forest
Service were concurrently working on a similar predictive
approach. The rearing flow approach was patterned after
recommendations of USGS and the Washington Department of
Tisheries and was based upon the assumption that rearing is
proporticnal to food production, which ig, in, turn assumed
proportional teo wetted perimeter.

Since 1975, I have directed a number of studies on habitat
requirements of fish and how these are influenced by flow.
Two Montana studies have been directly related to 2
methodolegy for recommending instream flows. One study
experimentally examined response of rainbow troukt to
reductions in discharge and related this to predictions of
the wetted perimeter methodology. A recently completed
study examined the validity of the food limitation
assumption of the methodology.

Wwhy is there a need for minimum instream flows?

Styeam flow has an overriding influence on fish populations.
in general, the more water available, the more fish that can
be produced. Changes that occur as a result of altering the
guantity of natural water flow are complex but usually
result in 2 reducticn in the fish carrying capacity of the
stream for fish. Each species of fish has specific flow-
related habitat reguirements. As flows decrease below
natural levels, guantity of suitable rearing habitat and
food production habitat is decreased.

Has any new data been collected since the application was
filed?

Yves. The following two M.S5. theses have heen completed by
graduate students at the cooperative Fishery Research Unit.

Barfoot, €. A. 1993. Longitudinal distribution of
fishes and habitat in Little Beaver Creek,
Montana. M. S. Thesis, Montana State University,
Bogeman. 66 pp.

Guzevich, J. W. 1993. The relationships of physical
habitat to the distribution of northern pike and
walleye in two Montana prairie streams. M. S.
Thesis, Montana State University, Bozeman. 94 pp.

What was vyour invelvement in the research conducted on
Beaver Creek and Little Beaver Creek? '

WHITE DIRECT -~ 2



5. 1 supervised and helped design the research of Mr. Craig
Barfoot and Mr., John Guzevich, M.S. Candidates in Fish and
Wwildlife Management, MSU. The study was funded by the
Department of Fish, Wildife and Parks to collect physical
and biological information for the reservation process.
craduate students spent twoe field seasons (19%80-1552)
evaluating the fish communities and habitat of these
cstreams. I initially spent several days with them in the
Ficld to discuss sanmpling design and fish collection
techniques. bDuring the remainder of the study I accompanied
them to the field on approximately 6 days. About once a
week T had phone contact with the students to discuss
prograss and work out problems. I also supervised the
writing of their theses. '

Q. Wwhere were the study areas located on Beaver Creek and
Little Beaver (Creek?

AL gtudy streams and sample sites are shown in Figures 1, 2,
and 3 in Appendix A of my testimony. Figures 1 and 2 ave
for Beaver Creek and Figure 3 is for Little Beaver Cresk.

O, Please summarize the game fish distribution in Beaver Creek
and Little Beaver (Cresk.

2, small reproducing populations of northern pike were found in
both streams, while walleye were confined to Beaver (reek.
Northern pike up to nearly 9 pounds were found in the middle
portion of each stream. Much larger pike have reportedly
been caught by anglers. Pike distributien coincided with
the presence of large, deep permanent poels which were most
numerous in the middle sections. Important characteristics
of pools associated with northern pike presence included
submerged aquatic plants, relatively clear water and large
pool volume, In Beaver Creek, walleye up to about 11 pounds
were associated with large, wide pocls with moderate
turkidity and no instream cover.

0. T the associated fish community important to northern pike
and walleye?

T

E
o
0

ves. Each of these species depends on other fish as food
during much of their life cycle. Twenty-three other fish
species were collected in Beaver Creek and Little BReaver
creck. A detailed examination of longitudinal distribution
of all fish species in Little Beaver Creek (22) showed that
the number of species generally increased going downstream.
The most abundant and species-rich group was the minnow
family (Cyprinidae) which are usually small in size and are
important forage for walleye and northern pike. Several
habitat variables were significantly correlated with the
relative abundance of fish species in segments of Little

WHITE DIRECT - 3
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AL

Beaver Creek. Fishes charvacteristic of the mid-stream and
upstream segments were correlated with habitat features
associated with poeols. Species most abundant in the
downstream secment were characteristic of less stable
habitats {(wide, shallow channel with larger substrate}.

Why are instream flows needed on Beaver Craek and Little
Beaver Cresk?

beaver Cresk and Little Besaver Creek are characterized by
long deep pools and short riffles. Both streamns are often
intermittent during much of the yvear, resulting in a
relatively harsh environment. Survival in the face of high
summer temperatures, natural low flows and extreme winter
conditions depends on adeguate water storage in pools during
summer and winter. Spring flushing discharges are important
in maintaining present stream morphology. These flows scour
pools, maintaining sufficient depth to avoid excessively
high or low temperatures and provide habitat suitable for
large northern pike and walleye and the associated fish

community.
Is the nongame fish community important in its own right?

Yes. Although the community is characteristic of praivie
streams, some species such as the cresk chub and sand
shinner have scmewhat limited distributions in Montana.
Although we sampled no sturgeson chub, these rare fish have
also been reported to cccur here. It is important that
these and other nongame species be maintained.

How would you describe the impoertance of the fishery in
Beaver Creek and Little Beaver Creek?

The fishery appears to be important locally but no angler
use data were collected. Although pressure iz light and
game fish densities low, anglers incidentally encountered
while we were sampling the streams indicated a genuine
interest and enthusiasm for the recreational opportunity
provided by northern pike and walleye.

I, Robert G. White, being first duly sworn, states that the

foregoing testimony is true.

DATED this ey 2 day of June 1%%4.

. B

L“ﬁabar
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subscribed and sworn to befoxe me this fg'}i day of Juns,
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Notary Pupli¢ for the State of Montana
. s Yo 1N e s i
Residing at UG A A .
My Commission Expires _[ (1 (/0 J 74
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Figure 1. Location of Beaver Creek and Little Beaver Creek
study areas within the Little Missouri River
drainage.
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CURRICULUM VITAE

Name: Robert . White
Titie: Leader, Montana Cooperative Fishery Hessarch Unit

Adjunct Professor, Fish and Wildiife Management,
Montana State University

Date and Flace of Birth:
July 21, 1840, Gilman City, Missouri
Eclucation;

£S5  Northeast Missouri Univ. Kirksville, Mo., 1862
M"Sg i 3] 1) # i ; ?Qgg

Stephens College, Columbia, Mo., 1967
Ph.0. Uitah Siste Univ, Logan, Utah, 1974

KMajor Research Interesi:
Aguatic Fcology - Altered aquatic systems - Fishery Managemeni
Scientific and Professional Organizations:

American Fisheries Sociely

Montana Chapter American Fisheries Sociely
Fisheries Educators Section AFS

Fisheries Management Section AFS
Bicengineering Section AFS

Asian Fisheries Society

Society of Sigma Xi

Bhi Delta Kappa



Honors, Awards and Professional Society Involvement:

1962-63
1968
1968-71
1977

1972
1975
1676-77
- 1876
1577

1578
1575

1579

1580-85
15860-81
1587-85
15867-84
1587-82
1587-82
1982-85

1962-84

1983-84
15984-85
1585
1585-86
1585
1985
1586
1986
1386
1987
1588
1580

1692

Teaching Assistantship, Northeast Missouri Universily
Cuistanding Teacher Award, Braymer C-4 School

NOEA pre-doctoral fellowship

Citation of the American Fisheries Society for the best technical
axhibit by a student member at the 1015t mesting

Sigma Xi research grant

President elect and Frogram chairman, idaho Chagpter AFS
President, idaho Chapter AFS

Student Affairs Committee, AFS

Membership, Student Affeirs and Best Student Paper, National
AFS

Western Division AFS - elected reprosentative on National AFS
nominating commitlee '

Promoted to Associate Professor Fishery Resources, Univ. of
fdeho

Edlitor Idasho Chapter AFS Newsletiar

Westarn Division AFS Streamiiow Commiliee

Fresident-Elect and Program Chairman Weslern Division
Program Committee National AFS

Time and Place Committee National AFS

Presidemnt Western Division AFS

Parent Society Executive Commitiee

Chairman Steering Committee for small Hydro-power and
Fisheries Symposium Bio-Enginesring Section - Western Division
AFS

Chairman Nominating and Self Evaluaticn Committees, Westermn
Division :

Nominating Committee Chairman, Montana Chapler AFS
Program Chairman, National AFS meeting

Flected Second Vice President, National AFS

Co-chairman, National AFS Membership Commitiee

Who's Who in Frontiers of Science and Technology

Who's Who in the Wast

Flected First Vice President National AFS

Chairman Membership Commiftes, Netional AFS

Fromoted to Professor Fish and Wildiife Mgmt. (Adjunct)
FPrasident-elect American Fisheries Sociely

President American Fisheries Socisly )

Outstanding Conlribution to the Fisheries Frofession, Montang
Chapter, American Fisheries Society

Special Achievement Awerd, U. §. Fish & Wildlife Service
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Professional Experience:

1862-63 Teaching Assistani, Northeast Missouri University, assisted in
teaching zoology, comparative anatomy and botany

1963-65 High school sciencs teacher; taught biology, chemistry and
general science

1985 Assistant Director Bear Lake Biclogical Lab. Uish State Universily

1568-71 NDEA research fellow in fisheries; assisted feaching fishery
techniques and ichihiyology

1671-73 Senior research biclogist, Bear Lake Biological Laboratory, Ulah
State University

1674-80 Assistant Leader, Idaho Cooperative Fishery Research Unit;

: Assistant Frofessor, Fishery Resources

1880 Leader, Montana Cooperative Fishery Resesarch Unil, Adjunct

Professor, Fish and Wildlife Management

Publications:

White, R. G. 1976. A methodology for recommending stream resource
maintenance flows for large rivers. In Instrearmn Flow Needs, Volume 1,
o, 377-386.  (Presented at the AFS-ASCE Instream Flow Needs
Sympaosium and Specially Conference, May 3-8, 1976). Fublished by
the American Fisheries Sociely.

Reiser, 0. and R. G. White. 1980. Instream flow needs for salmon and trout
eqy incubation. The Fly Fisher. Fall:33-36.

Reiser, 0. W. and R. G. White. 1961. Incubation of steelhead trout and spring
chinook eggs in a moist environment. Prog. Fish. CGull. 43:137-134.

White, A. G., A. E. Bingham, R. A. Ruediger and T, §. Yogel. 7951, Response
of fish and fish-food organisms to reduction in stream discharge.
Proceedling 60th Western Association of Fish and Wildlife Agencies,
1980. p 480-493.

Reiser, D. and R. G. White. 1983. Effects of complete redd dewalering on
salmonid egg hatching success and fiy development. Transactions of
The American Fisheries Society 112(4):532-540.

Reiser, Dudley W. and Robert G. White. 1988, Effects of two sediment
size-classes on survival of steelhead and chinook salmon eggs. North
American Journal of Fisheries Management 8(4)432- 437.



Olson, F. W, R G. White, and R. H. Hamre. 7985 Technical Editors,
Symposium on Small Hydropower and Fisheries. American Fisheries
Society. 497 p. (Conceived symposium).

White, R. G., F. W. Olson and R. H. Hamre. 1985, Forward [N: F. Olson, A.
White and R. Hamre, ed. Symposium on Small Hydropower and
Eisheries. American Fisheries Society. 4567 p. (Conceived symposium)

Reiser, Dudley W. and Fobert G. White. 1988, Effects of two sediment
size-classes on survival of steslhead and chinook salmon eggs. Norh

American Journal of Fisheries Managsment 8:432-437.

Liknes, G. A. and R. G. White. 1889, [issolved gas superssturation and the
fishery in the Bighom FRiver, Montana. Pages 177-18C in Frank
Richardson and . H. Hamre, editors. Wild Trout V.

Novak, M. A. and R. G. White. 1989. Effects of a fire and flood on the trout
population of Beaver Creek, Upper Missouri Basin, Montana, Pages
120-127 in Frank Richardson and A. H. Hamre, editors. Wild Trout IV,

Reiser, 0. W. and R. G. White. 199G, Effects of streamflow raduction on
chinook salmen egy incubation and fry quality. Rivers 1(2):115-718.

Wiltiams, T. H. and R. G. White. 1950, Evaluation of pressure sensitive radic
transminters used for monitoring depth selection by tout in lotic
systems. Proceedings Symposium on Fish Marking Technigues.
American Fisherias Society Symposium Series p. 390- 394,

Roberts, B.C. and R. G. White. 1982. Effects of human wading on trout
embryo and pre-emergent fry survival. North American Joumnal Fishery
Management, 112:532-540.

White, B. G. and R. G. Brambleti. 1993 {In Press). The Yellowstone River: its
fish and fisheries. In Restoration planning for the rivers of The
Mississippi River Ecosystem. U.S. Fish and Witdlife Service Biclogical
Reports.

White, R. G and Tim Cochnaver. 1975, Siream rescurce maintenance fow
studies. Coop. Study Report: Idaho Dept. Fish and Game, and idaho
Cooperative Fishery Resource Unit. Published by IFG. 136 p.
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McoMaster, K. M., R. G. White, R. B. Ainge, and T. C. Bjornn. 1977, Effects of
reduced nighttime flows on upstream migration of aduit chinook salmon
and stesthead trout in the lower Snake River. FProject Compiletion
Report on Contract No. DACWS-76-C-0016 to U.S. Ammy Comps of
Engineers, Walla Walla District. Forest, Wildiife and! Range Experiment
Siation Contribution No. 83. Universily of Idaho. 64 p.

Bennett, D. H. and R. G. White. 7977. A survsy of existing literature on
Franiiin D, Roosevelt Lake. Completion Report Bureau of Reclamation.

54 p.

White, R. G. 1977. Predicted effects of water withdrawal on the fish
populations of the Teton River, fdaho. Report to U.S. Bureau of
Reclamation.  Forest Wildlife end FRange Experimant Station,
Contribution No. 83, University of Idzho. 47 p.

Wade, D. T. and R G. White. 1979. Impact of simufated hydroelectric
peaking flows on fish and aquatic macroinvertebrates South Fork Boise
River, Idaho. Technical Report to Bureau of Reciamation. Contract No.
14-08-100-9220.

Reiser, D. and A. G. White. 1880. Development and application of a
methodology for recommending salmonid egg incubation flows.
Completion Report to OWRT. 154 p.

Reiser, 0. and R. G. White. 1980. Fffecis of hydroelectric power peaking on
incubation of salmonid eggs. Completion Report 1o Bonneville Power
Administration. 88 p.

White, A. and D. Wade. 1980, A siudy of fish and aguatic macroinventebrate
fauna in the South Fork Boise River below Anderson Ranch Dam with
emphasis on effects of fluctuating flows. Completion Report to Uus.
Bureau of Reclamation. 103 p. :

Whits, R., J. Milligan, A. Binghanm, R. Ruediger and T. Vogel. 7980
Response of fish and fish-food organisms to reduction in stream
discharge. Completion Repcit ic OWRT. 275 p.

Stabler, D. R, R. G. White, R. R. Ringe, and T. C. Bjomn. 1681. The effects
of altered flow regimes, temperatures and river impoundmeant on adult
steelhead trout and chinook salmeon. Completion Report to U.S. Army
Corps of Engineers. Contract No. DACW-68-75-C-0046. 135 p.



Knight, D. E. and A. G. White. 1582. Environmenial sffects of hydroelectric
cperations on water qualily, fish, aguatic meacroinvertebrates, and other
netural resources: an annotated bibliography. Montana Cooperative
Fishery Ressarch Unit. 367 p.

Graham, B. and R, Whita. 1963, Status and management of white sturgeon
in Montana, Proceadings while sturgeon research needs workshop.
Bonneville Power Administration and Battell Memorial Institute. (2,12)

White, R., G. Liknes, A. Spoon, and 0. Carly. 1924 Potential impacis of
aftering discharge from Hauser Dam, Missour! River on fish populations.
Completion Report. Momtana Power Company. 224 p.

Randclph, C. and R. White. 1984. Validity of the wetted perimeter method for
recommending instream flows for salmonids in small streams.
Research Project Technical Completion Report. Montana Water
fResources AResearch Center. 103 p.

Weaver, T. and A. White. 1984. Coal Creek lisheries monitoring study number
il. Completion Report. USDA Forest Service. 84 p.

Ohihorst, S. and R. White. 1984, Fish captures by trawl in Bear Lake.
Proceedings Bonneville Chapter American Fisheries Socisty.

Novak, M. and R. White. 1985. Effects of the 1984 north hilf fire and flood on
trout populations and habitat of Beaver Creek. Annual Report, USFS.

17 p.

Weaver, T. M. and R. G. White. 1985. Coal Creek Monitoring Study No. 171,
Final Repori. USFWS. 94 p.

White, B. G., A. E. Bingham, J. H. Milligan, M. E. Brusven and C. A. Corraine.
1985. Effecis of reduced discharge on fish and aquatic
macroinveriebrate populations - Phase ll.  Research Technical
Completion Report B-053-DA.  Idaho Water Resources Research
Center, University of Idaho. 187 .

Robents, B. and R. G. White. 1988. Fotential influence of recreational use on
Nelson Spring Creek. Comgletion Report to Montana Fish and Game
Commission. 6% p. :



White, R., G. Phillips, G. Liknes and 5. Sanford. 1986. The effects of
supersaturation of dissolved gases on the fishery of the Bighom River
deownstream of Yeliowtail Afterbay Dam.  Annual Report. Bureau of
Reclamation. 67 p.

White, B. G., G. Philiips, G. Liknes, C. Sprague, J. Brammer, W. Connor, L.
Ficler, T. Williams, and W. P. Dwyer.  175987. The effects of
supersaturation of dissolved gases on the fishery of the Bighom River
downsiream of the Yeliowtail Afterbay Dam. Annual Report ULS. Bureau

of Reclamation. 228 p.

Decker-Hess, J. and A, G. White. 1887, Instream flow requiremenis of Soda
Butte Cresk, Yellowstone National Park. 30 p. (+19 . appendix).

Novak, M. A. and R. G. White. 1987, Effects of the 1884 north hill fire and
flood, Helenz National Forest, on trout populations and habitat of Beaver

Cresk. Final Report, USFS. &2p.

White, R. G., G. Phillips, G. Liknes, C. Sprague, J. Brammer, W. Connor, L.
Fidler, T. Williams and W, P. Dwyer. 1967. The effecls of dissolved
gases on the fishery of the Bighom River downstream of Yelftowtail

Afterbay Dam. Annual Reporl. 181 p.

White, £. G., G. Philiips, G. Liknes, C. Sprague, J. Brammer, W. Connor, L.
Fidler, T. Williams, and W. P. Dwyer. 19587 The effects of
supersaturation of dissolved gases on the fishery of the Bighorn River
downstream of the Yellowteil Aflerbay Dam. Annual Report. U s
Bureau of Reclamation, 228 pp.

Wiison, 0. L., G. D. Blount and H. G. White. 1587, Hatllesnake Cresk
Fesecarch Project. Completion Asport. Sport Fishing Institute. 40 p.

(+7 p. appendix).

White, A. G., G. Phillips, G. Liknes, C. Sprague, J. Brammmer, W. Connor, L.
Fidler, T. Williams, P. Dvwyer, 1988. The effects of dissolved gases on
the fishery of the Bighom River downistream of Yellowtall Afterbay Dam.

Annual Report. 375 p.

White, Robert, Glenn Phillivs, George Liknes, Jim Sramimer, William Connor,
Lanry Fidler, Tommy Williams, and Patrick Dwysr. 1587 Effects of
Supersaturation of dissolved gases on the fishery of the Bighom River
downstream of Yellowtail Afterbay Dam. Completion Report to United
States Bureau of Reclamation. 710 p.



iohiman, Kirk, John Priscu and Robert G, White, 1992, Effects of nufrient
enrichment on benthic algae, macroinveriebrates, and young-of-the-year
cutthroat trout (Oncorfivachus clarki). Completion report ic The Soap
and Detergent Association and Stone Container Corporation. 37 pp,

Profassional Publications

Whits, R. G. 1988, President’s corner. Fisharies 13(5):30-31.
White, R. 5. 1588. Us vs. them. Fisheries 13(8):36-37.

White, R. G. 1989 President's address, September 14, 1988, Toronto,
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Please sgtate vour name and business address.
f a2 DFWP field office at

My name is Ken
7

b . I work out
§7 Third St., Chinoc 9

, Montana
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What is vour employment history with the Department of Fish,
Wildlife and Parks?

I am currently a regional biologist in DFWP Administrative
Region 6. At this time, I have responsibilities for
management of all public fishing waters within the western
half of DFWP administrative Region 6, with hsadguarters in
Glasgow. I have worked in this ”apaﬁi;y since 1979. During
thig time pericd, I conducted a considerable amcunt cof larval
figh sampling throucghout the Milk River Drainage and its
tributaries. I alsc developed a comprehensive gpecies
distribution list for the Milk River and tributaries. Survey
and inventory of adult fish populations in the middle reach of
the Milk River are ongoing. Pricr to 1973, I assisted with
fisheries projects on the Poplar River and several blue ribbon
trout gtreams in southwestern Monbtana. My employment history,
educaticon, and other vita are attachsad.

What is the purpose of your testimony?

The purpose of my testimony is to provide supporting

documentation for the Department of Fish, Wildlife and Parks’
water regervvation requests for nine tributary streams in the
Milk River basin as they relate to existing fish populations.
T was not responsible for determining the amount of water 1

+ 1

the reguests. The amounts reguested will be discussed in Fred
Nelson's testimony.

Beaver Creek { 1
Little Box Elder Creek
Clear Creek
Battle (Cresk
Pecgcples Creek
Beaver Cresk (Re
Beaver Creek (Re
Frenchman River
Rock Creek

5 Co.

E
ips Co.

A map showing the general location of each of the above
streams ig attached as Appendix A to this testimony. The
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A,
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sts and supporting documentati
riment’s appliication on pages 53-483.

Is it possible to generally characterize the streams

listed 7

Yas The stream reachesg 1¢Mted easily f3l1l intoc two types;
one type being cold water mountaln trout streams and the other
prairie streams inhabited by cool /fwarmwater fishes

Is one type more important, from a fisheries standpoint,
than the other?

No. They are just very different. The great diversity of
fishes founé‘within this relatively small geographical area 1z

sne of northeentral Montana’' s greatest attributes.

Why are instream flow reservations needed for the headwater
rout creeks, namely Besaver Creek (Hill County) Ll;tle Box

Elder Cresk, Clear Creek, Peoples Cresk, and Be

{(Reach #1} Phillips Counbty?

Fishing opportunities for wild trout in northcentral Montana
are relatively limited. These creeks provide almost all of
rhe available wild trout fishing in northcentral Montana. All
of these creekg, with the exception of RBeaver Creek (Reach #1)
in Phillips County, are found in the Bears Paw Mountains near
Havre. They are characterized by clear water over Iooky
gubstrate. They are higher gradient streams than their
prairie counterparts “ﬁd contaln less diversity of species.
The rocky riffles provide aguatic insect producticn for focd.
The pocls and undercut banks provide safe refuge. Public
access is ghua tey ail of these streams. Beaver (Ureek {Reach
1) in Phillips County provides 100% of the avallable non-
reservation wild trout fishing in the Little Rocky Mountalns.
Acceds to thisz small, remote Llshery is aiso good.

The Department’s flow reservation reguests will help protect
thege important fisheries by providing the necessary habitat
requirements for food production, cover, gspawning and
subsequent overwintering of brook trout eggs, the principal
trout species found in all these waters. Due to the relatively
low elevation of the mountains and subseguent lack of
anowmelt, water temperatures and flows often reach critzcal
ievels. These flow requests will help insure that
trout stocks will be maintained at their current lev

What fisheries values could benefit from the department’s
instream flow reservations on the pralrie streams

listed, namely Battle Cresk, Beaver Creek [(Reach #27,
Frenchman River, and Rock Creek?
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All of these Milk River tributaries provide refuge for a greatl
diversity of gpecles. These streams are characterized by
their low gradient, highly productive walter with long noocls
broken occasicnally by gravei riffies. The mouths of Chese
streams provide a type of habitat not found in the adjoining
Milk iver. Flows at the mouths of these streams are
generally less turbid than the Miik, allowing aguatic plant
growth to occur. The aguatic plaﬂts cften grovxde the 1
areag for many miles where aquatic invertebrates can £l

and provide food for forage fish and juvenile sport

These weedy areas also proviae food, cover and spawning
substrate for many species.

The abundance of minnows and suckers found in all of these
creecks causes them to be sought out by individual bkait
fishermen and commercial bait suppliers. The majority of
recreational fishing in the Milk River occurs at, oY
immediately above, the confluence of these streams with the

Milk River. These tributaries also supply EOTage fighes to
the Milk River, which p?oduces faw gcrqge fish of its own due

o dts Sapdjailt substrabe and erratic flow fiu tuations.

igh sampling on Battle Creek, Beaver Cresk (Reach #2Z),

Layrval T

and the Frenchman River has proven the importance of these

friburaries as spawning locations for walleve and sauger.

Though as vet undocumented, Rock Creek has great spawning

potential for walleye and sauger due to the amount of gravel

throughout its lower reaches. Suitable mid-summer [1ows
; 1

u

currently allow for malntenance of fish p@ﬁulatiﬁns by

mitigating the harsh temperature/oxygen conditions typically
R

encounterad in these pralrie streams.

The requested flows would also assist in malntaining the
channel morphology that provides deep po ools and clean riffles
that are essential for fish survival and reproduction during
?Qw flow per;ods Sufficient flows in the spring allow
mi aratory sport fishes, such as sauger and walleye, access LO
rhe excellent spawning substrate available in the lower

reaches of thege gtreams.



7., Kent Gilge, being first duly sworn, states that the
cregoing testimony iz Ltrue. :

>

DATED this _£7 day of June, 1994.

E‘i@ Giﬁ.g

of June, 1954,

Subscribed and sworn to hefore me this ﬂzg

(NOTARY SBAL) Lyplns, 7 TR

Notary Public for fme State of Montana
Residing abt _Fres / .
My Commission Expires gzl 25 }”3}!
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HIGHER EDUCETICN: B.S5. Degre

ngd Wildlife Management
i ozeman, Montanzs

WORK BEXPERIENCE:

August 1979 tc present - Fisheries Biologist III, MT Department of
Fish, Wildlife, and Parks, Chinook, MT. Ny present dutlies include
management of all phbllc fishing waters in the western half of
adminisrrative Region &. This includes gaﬁhev ng data in the Ft

Peck Res./ Migsouri River Paddleilsn population, trout streams in
waters of the Bears Paw and Little Rocky mountaing, and numerous
creeks containing cool and warm water  species. My work also
involves monitoring and management of two large wal leve/northern
pike fisheries [ Fresno and Nelson Reservoirs! and sgeveral
intermediate size walleye fisheries. Numerous smzll reservoilirs
containing perch, trout, bass, crappie, tiger musky, catfish, and
northern pike are msnitoreé and managed. I received certification
as @ Fisheries Scientist from the American Fisheries Scciety 1in

1583.

377 to Auqus* 1979 - Figheries RBiclogist I, DFWP, Wolf

April

Foint, LT Asmisted the project biologlist in gathering baseline
data on the Poplar szer fisheries. Acguired expertise in larval
fish identificatiocn

June 1975 to April 1977 - Fisheries field worker, DFWP, Bozeman.
Assisted project bioclogist with trout pOpuiatLOﬂ monitoring on the
Madigon, Gallatin and Bea verhead rivers. cnductred numerous

tributary surveys and surveyed high mountain lakes in the Madison
Range.

PURLICATIONS:

Needham, 2.G. and K.W. Gilge. 1279, Inventory and Survey ol Waters
of the Project Area. Job Prog. Rept. for DJ Project F-11-2-
256, Job No. Ia . 17 pp.

Inventory and Survey of Waters

Needham R.G. and K. W. Gilge. G
og. Rept. for DJ Project F-11-2-27

7
of the Prcject Area. Job P
Job No. Ia. 23 pp.

Mo

nd ark5<

Nesdham R.G. and K.W. Gilge. 1581. Inventory and Survey of Waters
of the Project Area. Job Prog. Rept. for DJ Project No. F-11-

2-28, Job No. Ia. 23 pp.

Needham, R.G. and X.W.Gilge. 1982. Inventory and Survey of Waters
of the Project Area. Job Prog. Repht. for IJ Project No, P-11-
2-2%, Jop No. Ia. 31 pp



Needham, R.G. and K.W. Gilge. 1383 Job Prog. Rept. for DJ
Project No. F-11-%-30, Job No. I-a. 32 pp.

Needham, R.G. and K.W. Gilge 1984 Job Prog. Rept. fer bJ
Project No. F-11-R-31, Job No. I-a. 30 pp.

Needham, R.G. and K.W. Gilge. 1985 Job Prog. Rept. for DJ
Project No. F-11-R-32, Job No. I-a 35 pp

Needham, R.G. and K. W. Gilge 1986 Job Prog. Rept. for oJ
Project No. F-11-R-323, Job No. I-a 30 pp.

Dyrewes, H.G. and K.W. Gilge. 1586. Assegssment of Fotential
Fisheries Impacts Associated with the Milk River Water Supply
Project. MT Dept. of Fish, Wildlife, and Parks. 68 pp.

Needham, R.G. and K.W. Gilge. 1387. Job Prog. Rept. for DJ
Project WNo. F-11-R-34, Jcb No. I-a. 40 pp

Jcb Prog. Rept. for DJ Project No. F-46-R-1,

Gilge, K.W. and R.G. Needham. 1988 Job Prog. Rept. for DJ
Proiect No. F-46-R-1, Job No. V-d. 19pp.

Gilge, K.W. 198%. Job Prog. Rept. for DJ Project No. F-46-R-Z,
Job No. V-d. 1D pp

Gilge, K.W. and R.G. Needham. 1589 Job Prog. Rept. for DJ
Project No. F-46-R-2, Job No. V-e. Z1 pp.

Gilge, K.W. 1920. Job Prog. Rept. for DJ Proiect No. F-46-R-3,
Job No. V-4. 10 pp

Gilge, K.W. and R.G. Needham. 19$0. Job Prog. Rept. for Project
No. F~46-R-3, Job No. V-e. 24 pp.

Gilge, K.W. and R.G. Needham. 19%1. Job Prog. Rept. for Project
No. F-46-RE-4, Job No. V-o. 26 pp.

Gilge, K.W. 1992. Job Prog. Rept. for Project No. F-46-R-5, Job
Mo, V-d. 16 pp

Gilge, K.W. 18%2. Job Prog. Rept. for Project No. F-46-R-5, Job
No. V-2 32 pp.

Gilge, K.W. 1%82. Job Prog. Rept for Project No. F-46-R-6, Job
No., V-e 22 pp.

Gilge, K.W. 1993. Job Prog. Rept. for Project No. F-46-R-6, Job
No. v-d. 12 pp
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DREFILED DIRECT TRESTIMONY
OF WILLIAM M. GARDNER
ON BEHALF OF THE MONTANA DEPARTMENT OF FISH,
WILDLIFE AND PARKS (MDFWP)
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Pleage gtate your name an

gh, Wildlife and
Z.

am M. Gardner, Montana Department of i
p.0O. Box 1088, Fort Benton, MT 5944

]

What is your present employment?

m a fisheries biclogist employed by the Montana Department
Fish, Wildiife and Parks {MDFWPF) .

Please state vour education and employment experience.

T yeceived a B.5. degree in 1974 and a M.S. degree in 1977
hotrh in Fish and Wildlife Management at Montana State
University. I have been employed with the MDFWP from 127% to
the present. During my 15 vears of employment with the
MDFWP, I have worked on seven different projects. From 1979
£+~ 1981, Mr. Rod Berg and I conducted an instream flow study
or the wild and scenic portion of the Missouri River. The
following year I assisted Mr. Berg with an instream flow study
on the Missouri River betwsen Holter Dam and Cagcade, Montana.
From 1982 teo 1983, I conducted a one-year instream flow study
related to the Marias River fighery near Tiber Dam. The next
three years I spent completing a fisheries planning/inventory
study that determined the instream flow reguirements for the
fisheries in the lower Missouri River downstream of Fort Peck
Dam. From 1986 to 13889, I surveyed 19 tributaries of the
middlie Misscuri River basin and evaluated the fisheries values
and inetream flow requirements for these tributaries.
presently I am conducting studies to determine the population
status of the pallid sturgeon in the Missourli River and
investigating the reproductive Success of paddlefish in the
lower Yellowstone River. Detalls of my work experience are
included in the attached biography.

What is your experience in studying instream flow requirements
for fisheries?

During 12 years of employment with the MDFWE, I have been
investigating instream fliow requirements for various figheries
throughout Montana cither as a primary or secondary study
okhiective. T yeceived technical training for collecting
werted perimeter data to be used in the Wetted Perimeter
Tnflection Point Method from Messrs. Fred Nelson and Rod Berg,
MDEWE. T received training in stream flow measuring

o

5C
techniques from Mr. ERon ahields, U.8. Geclogical Survey.

GARDNER DIRECT - 1
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The purpose of my testi
flow regquest for the I i

was responsible for n  the @epartmemi*s apmlication,
Additionally, I w i formation concerning the
population status of the ?eéezaily listed pallid sturgeon and
four other candidate species for listing under the Endangersad
Species Act: sicklefin chub, sturgeon chub, paddlefish and
hiue sucker, all of which are found in the lower Migsourl
River downstream of Fort Peck Dan.

ot
it

Wwhat was your part in the preparation of the MDFWP’s lower
Missouri River Basin water reservation application?

T was involved with the collection and analyses of figheries
and wetted per1m~f¢? information in reaches #7 and #8 of the
lower Missouri River. T assigted with preparing the flow
requests for Reach #8 and for that portion of Reach #7
representing the Gtime perz@ds May 11 through June 30 and
October 1 through March 31 ?low requests for the time
pericds April 1 ?hvougn,May 10 and July 1 through September 30

were the reSQOHSLDiiﬁty of ¥en Frazer.

What methods were used to derive the instream flow reguests
for reaches #7 and #8 of the Missouri River 7

The Wetted Perimetar Eﬁfiection Point Method was used for
determining riffle habit maintenance. Stage
hezaht/discha?ge medelling was usad for determining sauger
spawning and egg inc ubation habitat reguirements. Details of
+hese methods are found on pages 40-42 and 49-50 of the

application.

Please describe the regource valiues LO he protected for
reaches #7 and #8.

Nationwide, the Missouri River has been substantially altered.

Hesse (1987) reports that €7% of its length 1s either
impounded or channelized. A total of 27% of the Missouri River
length is impo indged in Montana. Rezaches #7 and #8 of the

Tower Missouri River regxebepg 34% of the remaining 537 miles
of free-flowing Missouri River in Monta 1 of the
e%tlva remaining unchannelized, free-flowing Mi

nis portion of remaining free-flowing river I
because of the unigue large-river native fi
supporte, Recause of this, the lo i
Montana ie important for its fish wery val
; opportunities an
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Reaches #7 and #8 suppert a very good resident and migratory
warmwater fisherv. Resident species include sauger, walleyse,

channel catbfish, northern pike, Dburbeot and shovelnose
sturgeon. Important migratory speciles include paddliefish and
blue sucker. The pallid sturgeon, an endangered species, is

found in these two rveaches along with two minnow species,
sicklefin chub and sturgeon chub, which are pregently
lassified as category 11 species by the U.S. Fish and
3 { the federal Endangered Species

e
Wwiildlife Service
A

olense describe the instream flows reguested in reach #7.

flow requests are from Fort Peck Dam to the confluence

the Milk River. A fiow of 11,000 cfs is rveguested Ior
iod May 11 - June 30 to provide the regquired flow
conditions for downstream sauger spawning and incubation in
reach #8. During this period, reach #7 normally contributes
496% of the flow to reach #8. The difference between these TWo
reaches is the result of the normal contribution of spring
flows from the Milk River. A flow of 7,000 cfs is reguested
for the pericd October 1 - February 28 to provide the reguired
flow for downstream riffle maintenance in reach #8. A flow of
5,000 ofs is requested for the month of March to provide the
reguired flow for downstream riffle maintenance in reach #8,
The differences in flow guantities between March and the other
fall and winter months is cdue to the increases of Milk River
flows normally experienced in March.

ftd
il
M

Rezch #7 for the remaining portion of the year.

please describe Che instream flows requested in Reach #B.

The flow reguests are from the confluence with the Milk REiver
£5 the Montana/North Dakota border. A flow of 11,500 cfs is
requested for the period May 11 - June 30 to maintain adeguate
conditions for sauger spawning and incubation. We determined
that Missouri River sauger reguire a two-foof minimum water
depth over their spawning areas Lo successfully reprcoduce.
River stage height vs. flow modelling allowed us to predict
the Flow thar would maintain this two-foot spawning criterion.
This flow was determined to be 11,500 cis. Fo remalning
portion of the year, July i1 - May 10, a ,000 cofs is
requested to maintaln main channel riff

o
rr
by
o

case discuss in more detail the endangered specles a
n are species under the Endange i

.;
n the Migsouri River downstream o
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These species include the pallid sturgeon and fcur other
category Il specles, one of which, the sicklefin chub, 18
being evaluated for federal listing By definition, a
category LI specles 1s one which infeormation now 1in The
possession of the USFWS indicates that proposing te list as

endangersed or threatened Iis possibly appropriate, but for
which conclusive data on biclogical vulnerablility and threat
are not currently avallable to support proposed rules

The pallid St urgeon is found in the Missouri River in bo

veaches #7 and #8. During the period 19895-19352 a total of 8
different pall id sturgeon were ‘ohserved. The USFWS's 11

sturgeon regovery plap has designated this port
Missouri as cne of the six recovery- ?TlOTluy‘WFﬂaQEFemt areas,
nation-wide, because of the potential this portion of the
Missouri exhibits for providing critical pallid sturgeon
habitat. I believe that the flows requested for these two

reaches will be Dﬂnetzcﬂai for the paliid. The reguested
flows 7roughly replicate ?he natural spring hydrograph;
although at a much lesser mag thde Present and historic

flow records indicate that LKOW increases during the spring
were one-and-one-half Lo two rimes the magnitude of the flows

peing reguested. Palllid sturgeson evoived with, and depended
upeon, the high spring flows to fulfill their habitat

low reguests will

reguirements. Therefore, I feel the MDFWP £
of this species.

help provide the high flow regquirements

The other four fish that are listed as category 11 gspecies by

the USFWS, and found in the lower Migsouri River (sicklefin
chub, sturgeon chub, blue sucker and paddlefish} alsc evolved
with substantial increases in flo during the spring.
Therefore, I believe the MDFWP flow reguestg will be
heneficial for these four species too.
EFERENCE

Hesse, L. W. 1987. Taming the wild Missocuri: what has 1L cogt?
Figherieg 12(2}: 2-5
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7, William M. CGardner, being duly sworn, states that the
foregoing testimony 1is true. ’

o=,

DATED this &

day of June, 1254.

£iliam M. Gardner

aubscribed and sworn before me this éy?" day of June,

Netady Public, for h Stare of Montana
Residing at STOL)

My commission expires _jmd-/~%/




BICGRAPHY
(TLLIAM M. GARDNER
June 1954

EFERSCNAL:

EDUCATION:
7.S. Fish and Wildlife Mgmt., Montana State University,
1874,
M.S. ¥Fish and Wildlife Mgmi., Montana State University,
1877,

BXPERIENCE:
198% to present. MDEFWP. Fort Benton. Fighery
Riglogist. Conducting a study to determine the
population status of the pallid sturgeon in the Misscuri
River. Monitor movements of pallids *sipj radio

relemetry technigues and sample for pallids using trammel
netrg to determine disgtribution and abundance and habitat
uge, E am alsc conducting a paddlefish reproduction

study in the Yellowstone River. paddlefish spawning
areas and timing of spawning is being studied by gampling
the fry with plankton nets.

1986 to 1989. MDFWP. Fort Benton. Fishery Riologist.
hssicted with determining the instream flow reguirements
for important fisheries in the Missourl River basin.
collected figheries information on 19 streams in the
hasin and determined the instream flow reguirements using
the wetted perimeter and base flow methodclogies.

1983 to 1986. MDFWP. Fort pPeck. Fishery Biclogist.
bcmpletcé the lower Migsouri River fisheries study begun
sariier. %oqzuorad paddlefish spaa».zrnz:vY movements,
completed fisheries Saﬁplznq for determining distribution
and abundance of the gpecies found in the study area,
conducted an inventory study of agquatic insect
communitiss, QetEKMined instream flow regquirements for
maintaining riffles, side channels and sauger spawning
habitat, and completed final study report.

1987 to 1983 . MDFWP. Chester. Fishery Biclogist.
Conducted the Marias River instream . flow study.
Responsibilities included study design and implementation
0f a2 research project that assessed the instream flow
requirements for the existing fisheries. Conducted
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mountain whitefigh population estimates, investigated the
life  histories of the resident trout populations,
determined the distribution and abundance of resident
fish gpecies, conducted an aguatic insect study and
evaluated the fisheries Iinstream flow reguirements using
the wetted perimeter inflection point methodology and
compieted the final study report.

1981 to 19%82. MDFWP. (ascade. Fishery Biclegl
Assisted with £field data collection for the upper
Migssouri River fisheries study. Conducted trout
population estimates, investigated young-of-year trout
habitat wuse, mwmeonitored tryout spawning in tributary
streams, and compieted an inventory study of the aguatic
ingact communities In the study area.

1979 to 1981 MDFWE. Fort Benton. Fishery Bicloglst.
Conducted the Wild and Scenic Migsourl River Instream
flow cudy . Regpongibilities included design and
1mplem=n?at icon of a2 fisheries research pvo#scL assessing

instream flow reguirements for the existing fisheries.

The ﬂmpor ance of side channel aveas was investigated,
paddlefish spawning migration was monitored using radio
telemetry techniques, the ecoleogy of several fish speciesg
found in the study arsa was studied, and the final study
report wag completed.

EEPORTS ;
Gardner W. M. and R. K. Berg. 1982. An analysis of instream
low requirements for selected fishes in the wild and
scenic portion of the Missouri River. Mont. Dept. of
Fish Wildlife and Parks. Helena. 1llp.

Gardner, W. M. and R. K. Berg,. 1583. Ingtream flow
requirements for the Marias River fishery downstream of
Tiber Dam. Mont. Dept. of Fish Wildlife and Parks.
Helena. BZp.

Gardner, W. M. and P. A. Stewart 1287 The fishery of the

lower Missouri River, Montana. Fed. AI1Z to Figh and
Wildlf. Rest. Proi. FW-2-R. Job Ia. Mont. Dept. of Fish
Wildlife and Parks. Heliena. 224p.

Gardner, W. M. 198B6-87, Middle Missourl REiver Basgin
instream flow studies Fed. Aid to Fish and wWildlf.
Rest. Proj. FW-2-R 15 and 16. Job Ib. Mont. Dept of Fish
wWildlife and Parks. Helena. :

Gardner, W. M 1588-8% . Middle Missouri River Basin -
instream flow studies Fed., Aid to Fish and Wildlf.



Rest. Proj. F-38-R. Job II. Mont. Dept of Fish Wildlife
angd Parks Helena.
Gardner, W. M. 1990-93. Missourl River pallid sturgeon
inventory. Fed. Aid to Fish and Wildlf. Rest. 7rojv
F-456-R. Stuay IT1I, Job D. Mont. Dept of PFish Wildlife
and Farks Helena.
Gardner, W. M. 1530-353. Yellowstone River paddlefish
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FPRE-FILED DIRECT TESTIMONY
OF EKEN FRAEZER
ON BEHALF OF THE MONTANA DEPARTHMENT OF FISH
WILDLIFE AND PARKS

Please state vour name and business address?

Ken Frazer, Montana Department of Fish, Wildlife and Parks,
2300 Lake Elmo Rd., Billings, MT 53105

What is your present employment?

I am a regicnal fisheries bilologist with Montana Department of
Fish, Wildlife and Parks (FWP) in Billings, MT.

Please state yvour educational background and experience.

I was educated in Montana public school through high scheoeol.
T received a B.A. in biclegy from Carrcll College in 1374 and
an M.S. in acuatic biclogy from Murray State University in
Kentucky in 1981.

1 started working with Montana FWP as a seasonal fisheries
worker in the spring of 1974. I worked seascnally for three
years assisting with field sampling on wvariocus projects
throughout the Kalispell region. The majority of my work
involved sampling on Flathead Lake.

I attended graduate school between 1977 and 1879 doing my
thesis and working as a research assistant on a project to
study trace metal contamination in fish.

T started full time with Montana FWP in June of 1%80 and have
been with them since. I worked on variocus projects in the
Kalispell region betwsen 1980 and 1983 with major emphasis on
studying kokanee salmon in the Flathead Lake and River systen
and inventorying fisheries resources in the Bobk Marshall/Great
Pear Wilderness area. I helped set up and collect field data

“ for wetted perimeter instream flow analyses on all three forks

and the main Flathead River, and was responsible for combining
all instream flow recquests for the Flathead River into a final
report.

Between July 1983 and July 1987, I worked on a project funded
by the Corps of Engineers at Fort Peck. The first part of
this project was to evaluate the potential impacts to the
fishery of building a re-regulating dam downstream of Fort
Peck Dam. The second part of the project was to design,
implement and evaluate a habitat improvement project to try
and improve the rainbow fishery downstream from Fort Peck Dam.
I used wetted perimeter znalysis to evaluate flow needs in a
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side channsl complex below the dam for maintaining and
improving the rainbow fishery.

In July 1%87 I moved to Helena as the Missourl River Instream
Flow Coordinator. I coordinated work between all parties
involved with the reservation process on the Missourli River
from Canyon Ferry Reservelir downstream to Fort Peck Dam. T
set up wetted perimeter transects, collected f£flow, water
surface elevation and fisheries data on numercus streams in
the Upper Missouri River Basin. I also assisted other
kiologists when they needed help with wetted perimeter studies
or fisheries sampling on other streams. I reviewed and
organized all write-ups for Volume 3 of the FWP reservation
application for the upper Misscuri basin, and assisted with
some sections of the department's application for the lower
Missouri basin.

Since April 1889, I have been a regional fisheries biclogist
in the Billings region. My major responsibilities are the
Bighorn River, Bighorn Lake, the Musselshell River and the
smaller ponds and reservoirs in the region.

What is the purpose of your testimony in this procecedings?

The purpose of my testimony is to describe my involvement with
the reservation reguests for Reach #7 of the Misscuri River,
and to provide information that supports these reservation
requests and the Department's position on the reguests.

What porticon of the Departmentis application for instream flow
reservations in the lower Missouri River Basin is supported by
your testimony, and what are the flow levels being recuested?

The regquest for flows of 7,200 cfs from April 1 through HMay 10
and from July 1 through September 30 in Reach 47 of the
Migscuri River are based on my work.

Were you invclved with any other work pertaining to the
Department s application for instream flow reservations in the
lower Missouri River Basin?

I assisted Bill Gardner, DFWP fisheries biclogist, in
collecting data needed for the wetted perimeter inflection
point analyses in Reaches #7 and 48 of the Missouri River, but
was not involved in final analysis of these data.

Please describe the fisheries and other rescurce values the
Department is trying to protect with its reguest for 7,800 cfs
in Reach #7 of the Missouri River from April 1 - May 10 and
July 1 - September 36.
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The tailwater area below Fort Peck Dam supports a self-
sustaining rainbow trout fishery that provides a unigue
resource in Northeast HMHontana. Adult rainbow in this
population average nearly four pounds and occasionally exceead
saven pounds. Rainbow in this population are highly dependent
on one side channel compplex below the dam for spawning and
rearing habitat. Flows arve being regquested to protect
important habitat in this side channel complex for rainbow;
however, the requested flows will alsc benefit many other fish
species in this reach.

Flease discuss the life history stages of the rainbow
population being protected by these flow requests, and how the
indicated dates relate to these different life stages.

Rainbow spawning below Fort Peck Dam cccurs from mid-March
inte June with spawning activities peaking in early to mid-
May. The April 1 starting date for these flow reqguests was
selected to insure good flows in the side channel during a
majority of the spawning period. Emergence of young trout
(fry) from spawning gravels begins in early June and continues
inte mid-July. It is important to maintain good flows during
this pericd since even temporary dewatering of spawning areas
during this critical period can result in major lesses of
developing eggs or emerging fry.

Flows are being reguested from fry emergence through the end
of September to maintain side channel flows for rainbow trout
rearing. Young~cf-year (Y0¥} rainbow reside in the side
channel throughout the summer and f£all if flows allow.
availability of gquality rearing habitat is a major factor
affecting the success of natural recruitment to this rainbow
population. The side channel conplex provides the best
rearing habitat available below the dam. It is important to
maintain as puch of this habitat as possible until YOY rainbow
are large enough to contend with the normal fluctuating flow
conditione that occur within the side channel due to operation

of ¥Ft. Peck Dan. ;

Please describe your involvement in the collection of flow
andfor fisheries data that resulted in the flow requests
listed above.

The flow reguests were developed as part of a fisheries study
conducted below Fort Peck Dam between July 1983 and July 1987.
The major emphasis of this study was to identify and evaluate
the impacts fluctuating water levels due to peaking power
generation at the dam were having on the downstream figheries.
The major focus of this study was on the trophy rainbow
fishery in the tailwater.

As the bioclogist on this study, I conducted field studies to
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evaluate the needs and inpacts of flow fiuctuations on all
life stages of the rainbow population. Based on observed
impacts, I designed and Iimplemented habitat improvement
projects in the side channel area to improve ralinbow spawning
and rearing success, and evaluated the effectiveness of these
projects. I alsc worked closely with the Corps of Engineers
to obtain coperational changes at the dam to reduce impacts on
the rainbow population.

Describe the procedures and methods used to establish the flow
request for maintaining essential side channel habitat for
rainbow trout in Reach #7 of the Missouri River.

The Wetted Perimeter Inflectiecn Point Method was used to
establish flow reguirements for the side channel. Actual
flows were then measured in the side channel at a number of
different releases from Fort Peck Dam. Flow and discharge
data were entered into a computer and a Statgraphics software
program was used to develop a regression line relating side
channel flow to dam discharge (Figure 4, Appendix A). This
flow-discharge curve was used to determine what discharge was
regquired from Fort Peck Dam to maintain the side channel flow
identified by the wetted perimeter inflection point analysis.

Please discuss the differences in the mininum discharge lavels
requested in your 1%8% and 1587 reports to maintain the same
flow of 250 cfs in the side channel, and explain why the
discharge reguest in the 1387 report is more reliable.

The same process was used to calculate both discharge
reguests. The difference is a result of the regression curve
used to determine what discharge was needed to maintain a flow
of 250 cofs in the side channel. The curve used in the 1987
report is more accurate for two reasons. This curve was
developed using almost twice as many side channel flow
measurements as the 1%85 gurve and these measurements were
made over a wider range of dam discharges. 2 second major
factor was the way the regression curve was developed. 1In
1287 the expanded data set was entered into a computer and a
computer progranm was used to calculate a curved regression
line for the data. A conputer was not available in 198% for
developing the regression curve. A hand calculator was used
to caleoulate a linear regression line. Using this line as a
base and my knowlaedge of how flows in the side channel should
respond to changes in discharge, I drew a curved line to fit
the available data. This hand drawn line was then used to
develop the minimum discharge reguest for the 1985 report.
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ken Frazer being first duly sworn, states that the foregoing
testimony is true.

e
DATED this oss-day of June 1994.

y

- Ken Frazer

P T .
subscribed and sworn to before me this cloh day of June 193%4.

Y

. I
o A N )
DU VS WY 1IN
“Wotary Public for the Stafe of Montana
residing at LlolonySiong ait Montana
My commission expires: Ay, W00,

H
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BIOGRAPHY — KEN FRAZER

PERSONAL:

Born February 28 1952, Billings, MT

ELDUCATION:

B.A. Biology, Carrcll Collage, 1874
M.S8. Aguatic Biology, Hurray State University, 1981

EXPERIEHCE:

4/1982 ~ Present: Montana Department of Fish, Wildlife and Parks

7/87

5/85

{FWP} . Regicnal Fisheries Biclogist. Responsibilities
include management of the fisheries on the Bighorn River,
Bighorn Lake, the Musselshell River, the lower Yellowstone
rRiver, and many of the smaller lakes and small warnmwater ponds
in the regicn; directing walleye egy taking on Bighorn Lake:
working with local consexvation districts and conducting 310
and SPA inspecticons on regional waters. '

-  4/8%: HMontana FWP. Missouri River Instream Flow
Ccoordinator. Responsibilities included coordinating the work
efforts of all parties invelved in the Department’s
application for instream flow reservations on the MHissouri
River between Canyon Ferry Reservoir and Fort Peck Damg
setting up wetted perimeter transects and collecting flow,
water surface elevation, stream profils and fisheries data on
numerous streams in the Helena area and the upper Musselshell
River Drainage; cecllecting wetted perimeter data or fisheries
Amtz on other streams in cooperation with other biclogists or
worked as part of thelr crew when they needed extra help.

I also completed reservation reguests for all streams con which
T did the major work, and helped write up some stream reaches
where older data were used. I reviewed and edited all stream
write-ups prepared for Veolume 3 of the application and
assembled the final draft of this volume. I prepared all
drainage maps used in the application, and assisted with sone
sections of Volumes 1 and 2.

- 7/87: HMontana FWP. Regicnal Fisheries Biologist. Designed
fisheries study for Fort Peck tailwater area based on problems
determined during previcus contract work. Prepared proposal
and budget and obtained funding from Corps of Engineers (CCE).
pirected fisheries study working on improvement of both trout
and warm water fisheries through improved water level
management and habitat enhancement. Managed budget for study,
worked with COE to obtain improved discharges from Fort Peck
cam, designed, implemented and evaluated habitat improvement
proiects, and wrote wonthly and annual reports.
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7/83

5/21

4/81

6/80

- 4/85: Hontana FWP. Regional Fisheries Biclogist. Supervised
study to evaluate the fishery in the Misscuri River and dredge
cuts below Fort Peck Dam and to identify potential impacts of
a propesed reregulation dam on this fishery. Duties included:
supervising temporavry employees, developing research goals,
directing and assisting in field sampling, analyzing data and
writing monthly and final reports. Worked closely with the
COE in evaluating several proposed plans for increasing power
production at Fort Peck Dam, identified game and forage fish
present, located important habitat areas, determined seascnal
movement patterns and identified the effects fluctuating water
levels and habitat leoss resulting from vavious rereg proposals
would have on fish and plankton in the area. HMajor ganme
species studied included: walleye, sauger, northern pike,
paddlefish and rainbow trout. Also assisted in collection of
channel profile data for a number ¢f instream flow transects
on the Missouri River below Fort Peck Dam that were used for
wetted perimeter analysis.

= 7/83: Montena FWP. Fisheries Fieldman. Assisted on study
investigating factors effecting kokanee sgpawning along the
shoreiine of Flathead Lake. Duties included: designing and
building sampling equipment, locating kokanee spawning areas
using beats and SCUBA, marking and mapping spawning
areas,nonitoring egg survival and fry smergence from natural
and experimental redds and evaluating groundwater and gravel
movement, groundwater D.O. and lake levels in relation to
enbryc survival. Assisted in data analysis and graphics
preparation for annual reports. Was also responsible for
collection, analysis and write-up of data for a zooplankton
monitoring report as part of this study.

- 5/81: HMontana FUWP. Fisheries Fieldman. Organized and
updated all instream flow recommendations for the Flathead
drainage and combined in a final report. Coordinated and ran
a creel census and recreational use study on Flathead Lake and
the upper Flathead drainage. Duties included: directing and
supervising field crews, developing random sampling schedule
and ceoordinating work schedules for shoreline, boat, and
aerial counting and interviewing crews, training crew members,
maintaining car counters, assisting with counts and intervicws
and processing collected data.

~ 4/81: Montana FWP., Fisheries Fieldman. Worked as a crew
leader on study to evaluate and inventory fisheries rescurces
in the Middle Fork drainage of the Flathead River. Most work
wags 1in the Bob Marshall and Great Bear Wilderness areas
regquiring approximately 60 days of backpacking and wilderness
camping. Duties included: measuring and recording habitat
features on numerous stream reaches in the drainage,
snorkeling sections of each reach to identify fish species
present and to look at size and age structure, walking streams
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6£/78

5/77

5/76

in the fall to count bull trout redds, and setting up and
collecting necessary data on several transects along the river
for use in establishing ninimum instream flows using the
Wetted Perimeter Inflection Point HMethod. Laboratory work
included reading scales and otoliths, analyzing stomach
sanples, crganizing habitat and snorkel data for entrance into
& computer, analvzing data and working on figures for an
annual report.

- 6/80: Montana FWP. Fisheries Fieldwan. Worked on study to
evaluate the effects of Hungry Horse Dam on the f£fish and
invertebrate fauna of the Flathead River. Dutiss included:
designing and building necessary sampling eguipment, monthly
sampling of fish and invertebrates from varicus sites along
the river, picking and identifying benthic sanples and
monitoring seascnal fish population trends in the river.
other work included: identifving kokanee spawning areas in
the river, studying kokanee spawning success and incubation
mortality and trying to relate these findings to the flow
records from Hungry Horse Dam, monitoring cutthroat migration
in the river using tagging and bictelemetry, helping set up
and ecollect field data on numerous transects in the Flathead
drainage for establishing minimum flows using the Wetted
Perimeter Inflection Point Method. Analyvzed data and worked on
tables and figures for annual progress report.

- 6/79: Murray State University. Graduate Research Assistant.
Worked on proiject to study the origin, distribution and
bicaccumulation of selenium in twe large reservolr systems.
Dutiss included: collection of fish, water and sediment
samples eon a monthly basis, preparing samples for analysis
and assisting in laporatory analysis using atomic absocrption
spectroscopy. Alsco analyzed data and wrote reports for the
project.

- 1z2/76, &/75 - 12/75, 5/74 - 9/74: Montana FWP. Fisheries
Laborer. Primary commitment was to the Flathead Lake
Fisheries Study on a 35-foot research boat. Duties included:
preparing and launching wooden boat each spring, maintaining
bLoat and all related equipment in good order, and assisting in
all experimentation and vesearch done on the boat. Used
specialized nets and other sampling equipment to study the
fish populations of Flathead Lake and to gather limnological
data a2t standard stations avrcund the lake. Worked with newly
developed hydro-acoustic eche sounding and recording system,
helped develop a midwater trawl to use in conjunction with
this slectronic gear, workad as member of a kokanse egg-taking
crew, and assisted with other fisheries projects throughout
the region.
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APFENDIX A

REGHESSION OF FLOW OM DISCHARGE
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EXHIBIT 1

F. Nelson (1989), Guidelines for Using the Wetted Perimeter {(WEPT)
Computer Program of the Montana Department of Fish, Wildlife and
Parks.






GUIDELINES FOR USING THE WETTED PERIMETER
(WETE) COMPUTER FROGRAM
OF THE
MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS

By
Frederick 4, Helson
Mentana Department of Fish, Wildlife and Parks
1400 South 15th Avenus
Bozeman, Momtana 597153

Revised
HMarch, 1989
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INTRODUCTICN

The wetted perimeter and flow relationships for selected riffle cross-
sections are a useful toel for deriving instream flow recommendations for
the rivers and streams of Montana. Wetted perimeter is the distance along
the bottom and sides of a chamnel cyoss-section in contact with water
{Figure 13}. 4e the flow in a stream channel increases, the wetted
perimeter also increases, but the rate of gain of wetted perimerer i1s not
constant througheout the entire range of flows. Starting at zero fiow,
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 inflectiom point, the increase of wetted perimeter is less rapid as

low increases, An example of a wetted perimeter-flow relationship
showing a well-defined inflection peint is given in Figure 2. The
instream flow recommendation is selected at or near this inflection point.

The MDFWP developed inm 1580 2 relatively simple wetted perimeter
predictive (WETP) computer model for use in its instream flow program.
This model eliminates the relatively complex data collecting and
calibrating procedures asseociated with the hydraulic simulation computer
models in current use while providing more accurate and reliable wetted
perimeter predictions.

The WETP computer program was written by Dr. Dalton Burkhalter, aguatic
consultant, 1429 South Sth Avenue, Bozeman, Montana 55715, The program
is written inm FORTRAN IV and is located at the computsr center, Montana
State University, Dozeman, Direct 21l correspondence concerning the
program to Fred Nelson, Montana Department of Fish, Wildlife and Parks,
1400 Scuth 1%9th Avenus, Bozemasn, Mentana 5%715.
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WETTED PERIMETER (f4)
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Figure 2. An example of & relationship between wetted perimeter and
flow for z riffle cross-section.

.

3



DERIVING RECOMMENDATIONS USING WETTED PERIMETER

when formulating flow recommendations for a2 waterway, the annual filow
cycle is generally divided inte two separate perieds. Thevy consist of a
relatively brief runoff or high flow peried, when 2z lavge percentage of
the annual water yield passes through the channel, and 2 non-runcif or low

low pericd, which is characterized by relatively stable base Ilows
maintained primarily by groundwater cutflows. For headwater rivers and
streams, the high flow period generally includes the months of May, June
and July, while the remaining months encompass the low flow period,

Method for the Low Flow Ferisd

The wetted perimeter inflection point methed is presently the primary
method used by the MDFWP for deriving low flow recommendaticns for rivers
and streams. This methed is primarily based on the assumption that the
food supply is a major factor influencing & stream’s carrying capacity
(the numbers and pounds of £ish that can be maintained indefinitely by the
aquatic habitat)., The principal food of memy of the juvenile and adult
game fish inhabiting the streams of Montana is aquatic invertebrates,
which are primarily produced in stream riffle areass. The method assumes
that the game fish carrying capacity is related teo food production, which
in turn is related to the wetted perimeter in riffle areas. This method
iz a slightly medified version of the Washington Method (Ccllings, 1872
and 1974). The Idaho Method (White and Cochmauer, 1275 and White, 19763
is also based on a similar premise.

The plot of wetted perimeter versus flow for stream riffle eross-sections
generally shows two inflection points, the uppermost being the @more
prominent. In the example {Figure 3), these inflectlion points occour at
approximate flows of & and 12 cfs. Beyond the upper inflecticn point,
large changes in flow cause only very small changes in wetted perimeter.
The area available for food production is considered near cptimal beyond
this point. &t flows below the upper inflection point, the stream begins
to pull away from the riffle bottom until, at the lower inflection point,
the rate of loss of wetted perimeter begins to rapidly accelerate. Once
flows are reduced below the lower inflection point, the riffle bottom is
being exposed at an even greater rate, causing the area availsble for food
production to greatly diminish. The method is intended to establish a
thresheld below which a stream’s food producing capacity begins to decline
(upper inflection point) and a threshold st which the loss ie judged
unacceptable {(lower inflection point).

The wetted perimeter-flow relationship may also provide an index of other
limiting factors that influence a stream’s carrying capacity. One such
factor is cover. Cover, or shelter, has long been recognized as one of
the bazic and essential components of fish habitat. Cover serves &s a
means for avelding predators and provides areas of moderate current spead
used as resting and holding areas by fish. 1t is well documented that
cover improvements typically increase the carrying capacity of streams,
especially for larger-size fish. Cover can be significantly influenced
by streamflow.
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An example of 2 relationship between wetted perimeter and
flow for a riffie cross-section.



Tpn the headwater streams of Montana, overhanging and submerged bank
vegetation and undercut banks ave often important components of cover.
The wetted perimeter-flow relationship for 2 stream channszl may bear some
similarity to the relationship between bank cover and flow. At the uppev
inflection point, the flow begins to pull away from the banks, decreasing
the amount of bank cover asscciated 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 also are used by many game fish species fox spawning and the
rearing of their young. Thus, the preotection of riffles insures that the
habitat required for these criticsl life functioms is alse protected,

Another important consideration that supports the keying of recommenda-
tions to riffles is the fact that riffles ave the area of a stream most
affected by flow reductioms. By providing a recommendation that wets a
large peortion of the available riffle area, we are, at the same time,
helping to protect both runs and pocls - areas where adult fish normally
reside.

The wetted perimeter inflection peint method provides a range of flows
{between the lower and upper inflection peints) from which a single
instream flow recommendation can be selected. Flows below the lower
inflection point are judged undesirable based on their probable impacts
on food production, bank cover and spawning and vearing habitats, while
flows exceeding the upper inflection peint are considered to provide a
near optimal habitat for fish. The lower and upper inflsction peints are
Lelieved to bracket those flews nesded te msintain the low and high levels
of aquatic hsbitat potsntial. These flow levels are defined as follows:

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

2. Low Level of Aquatic Habitat Potential - Flows to accompiish a low
level of aguatic habitat maintenance would provide for enly a low
population of the species present. In the case of game £ish
species, a peor sport fishery could still be provided. For vare,
threatensd or endangersd speciles, their populaticns would exist at
low or marginmal levels. In some cases, this flow level would not
be sufficient to maintain certain species.

The final flow recommendation is selected from this range of flows by 2
consensus of the fishery biclegists who collected, summarized and analyzed
211 relevant field data for the streams of interest. The blologist’s
rating of the stream resource forms the basis of the flow selection
LOCesE. Factors considered in the evaluation include the level of
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recreational use, the existing level of envivenmentzl degradation, water
availability and the magnitude and composition of existing fish popula-
tions. The fish population information, which is essential for all
streams, is a major consideration. A marginal or poor fishery would
likely justify a flow recommendaticon at or near the lower inflection point
unless other considerations, such as the pressnce of species of specizl
concern {arctic grayling and cutthrost trout, for example), warrant a
higher flow. 1In general, only streams with exceptional resident fish
populations or those providing crucial spawning and/or rearing habitats
for migrateory populations would be conmsidered for a recommendation at or
near the upper inflecticon point. The process of deriving the flow
recommendation for the low flow period thus combines 2 field methed
(wetted perimeter inflection point methed) with a theorough evaluation by
a fiseld bioclogist of the existing stream resource.

A publication of the MDFWP (Leathe and Helson, 1989) provides an up-to-
date synopsis of the history of the wetted perimeter inflection polnt
method, examines its theoretical and experimental basis, identifies its
strengths and weaknesses as compared to other available methods, and
provides & justification for its use Iin HMontana. Refer to this
publication to further explain the method,



DESCRIPTION OF THE WETP PROGRAM

The WETP program uses 2 te 10 sets of stage (water surface elevation)
measurements taken at differsnt known discharges (flows) to establish a
rating eurve. This curve has the equation, Q = (8 - z£)" where:

{ = discharge

§ = stage height

zf = stage height at zero flow
p = a constant

n = a constant exponent.

The relationship of measursd points, if perfect, would plet as a straight
line on log-log paper with n equal to the slope of the line and p equal
te the discharge whean (§ - zf) = 1. The actual line is determined by
least squares regression using the measured points. Onee the stage-
discharge rating curve for each cross-section is 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 wettad
perimecer at most flows of interest.

Srare Heisht at Zero Flow

The stage height at zero flow (zf) may be taken as the lowest elevation
in the cross-sectional profile for riffles but is more difficult to
determine for mnon-riffles, particularly poels, in which case the
procedures of Rantz (1982) should be consulted. The applicable portions
of that paper are included in Appendix A.

The zf value for & non-riffle cross-section can alsc be measured in the
Field. 1t is the elevation of the thalweg (as referenced to the bench
mark elevation) at the downstream control, which is typically the head of
a viffle. The contrel is a channel feature that causes water to back up
in an upstream direction.

The value of 2zf is controlled by use of an option record {(OFTS) in the
input data. If the option is set to ome, zf is either set to a value
supplied by the user or, in the absence of a supplied value, zf is
automatically set to the lowest elevation in the cross-sectienal profile.
if the user does not want zf te egual the lewest elevation in the cross-
sectionz] profile, the values for zf are entered on the XS5EC records. The
opticn record must be the first entry in the data file and is illustrated
in Appendices B angd C.

The opticn of setting zf to zero by setting the option record to zero is
also available. All results for an sarlier version of the WETP program
were obtained with zf automatically set to zero. Optlon zero is included
solely for the purpose of comparing results. Because the program now
incorporates zf inte the calculations, the accuracy of the hydraulic
predictions for those flows of interest that are less than the lowest




measured calibration flow should ilmprove over caleulations previcusly made
with zf = G,

Stage-Discharge Dsts

The program should be run using three sets of stage-discharge data
collected at & high, intermediate and low flow. Additional data sets are
desirable, buf not mandatery. The three measurements are made when runoff
ig receding (high flow), near the end of runcff (intermediate flow) and
during late summer-sarly fall (low flow). The high flow sheould be
considerably less than the bankfull flow, while the low f{low should
approximate the lowest Ilow that normally occurs during the summer-fall
field seascon. Sufficient spread beatween the highest and lowest calibra-
tion flows is needed for the program te compute a linear, sloping rating
curve.

The WET? prograzm will run using two sets of stage-discharge data. This
practice is not recommended due to the potential for "two peint”™ errer.
At times, however, only two polnts are obtainable and must be used in the
derivation. Bovee and Milhous (1875) concluded that twe points can be
used effectively if done with care., To minimize "two point” error, they
recommend that the calculations incorperate the stage at zero flow {(zf)
and that the higher calibration flow hbe at least twice as high as the
lower one. They further concluded that the limit of reliability could be
approached with only two data points, provided strict limitations were
placed on the range of extrapolation. While the findings of the above
suthors remove some of the uncertainty associated with the use of two-
point rating curves, abiding by their recommendations does not guarantee
that "two-point” erroy will be eliminated in all cases.

gther Hvdrsulic Predictions

In addition to wetted perimeter (WETP), the program alsc predicts other
hydraulic charscteristics that way be useful in deriving flow recommenda-
tions. Thess are the mean depth (DBAE) in ft, mean velocity (VBAR) in
ft/sec, top width (WDTH) in ft, cross-sectional asrea (AREA) in ft?, stage
(STGE) in ft, and maximum depth (DMAX) in ftr.

& useful pregram option, termed the width-at-given-depth (WAGD) option,
will calculate for up to 10 given depths the widith {(in £t} and percentage
of the top width having depths greater than or equal to the given values.
The widcth and percentage of the longest, continuocus segment having the
required depths is also listed for each flow of interest. This option is
illustrated in Appendices B and €.



FIELD DATA REQUIEEMENTS
The reguired inputs to the WETP program for each cross-section are:
1. Three sets of stage-discharge data measured at a high, intermeciate
and low flow. The stage helght zt zere flow (zf) is mandatory only

when non-tiffles are modeled.

Z. The eross-sectional profile, which consists of chamnel slevations
{vertical distances) and the horizontal distance of each elevation
measurement from the headstake (zero point).

The following are needed teo document £ield work:

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

Z, Field notebooks containing all surveying data, notss and caleula-
rions recorded in g neat, consistent wmanner.




FIELD METHODSE

Equipment

.
i

2.

in

[

)

1G.

i1,

12,

i3,

14,

4 self-leveling or automstlce level such as a Wild KaKl,
25-ft, telescoping, fibergiass level red.

50-500 ftr canyen line or other measuring tape. Tape should be
calibrated to 0.1 ft.

Rebar cut in 30-inch pieces (stakes). Two stakes are needed perv
crogg-section,

Two clamps {(modifisd vise grips with flat jaws).
Engineers field notehook.

Pencils.

Current meter and rod, stopwatch and beeper box. Gurley or Price AA
current meters ars preferved.

Small sledge hammer.

Camera.

Fluorsgcent spray paint and flagging.

Forms for recording stream discharges and cross-sectional profiles,
A rvod fitted with a porcelain, enameled, irven gage {(Part Ne. 15405,
Leupold and Stevens, Inc., F. O. Box 688, Beaverton, OJregon 97073}

for measuring water depths. A current meter rod can be substituted.

Machete and tree pruner for trimming vegetation.

Selecting Study Arveas and Placine Cross-Sections

Foliow these guidelines when selecting study areas and placing cross-
sections,

i.

It is best to locate study areas and stake cross-sections during low
water pricr to the onset of runoff. A good time is the fall when
fiows are low, most waters are easlly waded, and riffles are readily
discernible. It will be difficult to select these sites during the
high water perliod when data cellection begins,

The sslected study area lg normalily leocated near the stream’s mouth.
The study area is not intended to rvepresent the channel form and flow

regime that occur throughout the designated stream reach, which, in
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the case of the smaller streams, typically encompasses the entire
stream length between the headwaters and mouth. With this approach,
the reach boundaries serve merely to identify those junior water
users who will be subject to the instream right or teservation, which
{5 monitored at or near the stream’s mouth. Should the flow at this
site fall below the granted instream flow, then all junior users
within the designated reach must cease withdrawing water until the
Flow recovers. All upstream users are, thus, keyinmg to = flow that
is measured on the lower stream. Having similar flow regimes and
channel configurations at the upper and lower reach boundarvies are
not reguired with this approach.

Designating only ene reach is generally unacceptable for the larger
waterways. Here, a limited number of reaches must be established
using reascnable and defensible beundaries, such as major tributary
inflows and dams. For example, the Madison River has four deslgnated
reaches: 1) Yellowstone Park boundary - Hebgen Reservoir, 2} Hebgen
Dam - junction of the West Fork, 3) junction of the West Fork - Emnis
Reserveir, and &) Ennis Dam - mouth. Each reach may well encompass
areas having 2 similar flow vegime and channel configuratioen,
although this is not a reach regulrement. Again, the reach merely
identifies those junior users who are subject to the granted instream
right or reservation.

Place the ¢ross-sections in riffles if the wetted perimeter
inflection point method is used to derive recommendations. Cross-
sections can be placed in a single riffle or a number of different
riffles. Cross-sections should describe the typical riffle habitats
within the stresm segment being studied. OCther eritical habitat
types can also be used, depending on your chosen method.

For a particular riffle, the upper limit is three cross-sections
placed at the riffle’s head, middle and tail, Fewer can be used if
the riffle is Fairly uniform. To be safe, you may want €O nodel two
or three separate riffles in each study area. We recommend using at
least three and praferably five riffle cross-sectioms when deriving
the wetted perimeter-flow relationship for zach study area. The WETP
program accepts up to 10 cross-sectlons per study area.

Theoretically, one strategically placed cress-section could effec-
tively model the “typical®™ riffle habitat within & study area. More
cross-sections (up to 5) are recommended under the assumption that
this will result in a more accurate end product. The ability of the
biolegist te exercise good judgment is the ecrucial element when
placing cross-sections to medel 2 stresm’s viffle habitat,

The WETP model azssumes that the water surface elevatioms at the
water’s edge on the left bank (WEL) and right bank (WER) of a cross-
section are always equal at a requested flow. This is a 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 elsvations at WEL and WER were matched
when the cross-section was established. Aveid placing cross-sections
in areas where this assumption is likely to be viclated, such as

AAE
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sharp bends in rivers and multiple chapnels containing islands. If
cress-sections through these areas are wunavoldable, vyou should
proceed with caution.

5. Flace the headstake marking each cross-zsection well up om the bank.
Drive the headstzake almost flush with the ground and mark well., In
addition to marking the eross-zection and providing a fixed reference
point for establishing elevations, the headsteke is alsc your zero
reference peint for measuring herizontzl distances across the cross-
section. Headstakes for all the cross-sections within a study area
should be located on the ssme bank.

Another stake is driven on the benk opposite the headstake. Flace
thiz stake so that the water surface elsvations at the WEL and WER
of the established cross-section are equal or similar (within 6,05
fr)., This will require the use of a level and level rod. This stake
is used to mark the cross-section on the bank opposite the headstake
and also to attach the measuring tape when the chamnel prefile is
measured, so should net be driven teo ground level. Cross-sections,
when established, should be roughly perpendicular te the banks.
Eliminate all diagomnal cross-sections.

6. Number the crogs-szections consecutively from downstream Co upsiveam
{the downstream-most cross-section is #1),

7. Measure the distances between cross-sections, This is an optional
measurement that might be useful in lecating cross-sections during
return trips.

8. Femember, the WETP model is imvalidated if channel changes cccur in
the study arez during data collection., For this rveason, all Ffield
measurements should be completed durinmg the pericd beginming when
runoff is receding and ending with the onset of runoff the following

year., The stream chanmel is expected to be stable during this
period.
9, Over winter, headstakes can frost heave, changing their elevations.

This is an ilmpertant reasoun for completing all field measurements
during the summer-fall period. However, this does not prevent you
from placing vour headstakes and establishing your cross-sections in
f211 and starcing your measurements the following summer when runcff
iz receding.

Establishine Pench Marks

Egtahlish a bench mark a2t or near your study area. The bench mark is a
point that wiil not be disturbed or moved. A nail driven imto the base
of a trez, a fixed spot on a bridge abutment and a survey stake driven
inte the ground are examples of bench marks. Desgignating cne cof the
cross-sectional headstakes within a study area as the bench mark is an
aceaptable practice, provided all field measurements ave completed before
the onset of winter, Bench mavks should be well marked in the field and
their locations described in your field notebosk sc they canm be sasily
located during return trips., ALl chanpel and water surface elevations arse
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tablished relative to the bench mark, which Is assipned an elevation of

A
GO.G0 or 10,00 fr, Use 10 .00 ft whenever possible.

bt

For streams having "heavy” vegetative cover, the use of a single bench
mark may not be practical. In this case, the indlvidual headstakes can
serve as bench marks. For example, the headstske for cress-section #1
could serve as the bench mark for cross-sectlons #1 and 2, while the
headstake for cross-section #3 could serve as the bench mark for cross-
sections #3, 4 and 5. Each hesdstake could also serve as the bench mark
for that individual cross-section. While this is not the best surveving
technique, certain stveam reaches may rveguire Ltz use. Be sure to
carefully record in yosur notebook which headstakes ave used as bench marks
to avolid confusion and errers on return trips.

Remember, chanmel and water surface elevatiens for all cross-sections
within a study area <o not have to be tied te a single bench mark for the
WETP program to run properly. However, the use of a zingle bench mark
demonstrates good field technigus.

Survevine Technigues

The reader is referred to Spence {1973) and Bovee and Milhous (1%78) for
a discussion of the surveying techniques used to measure cross-sectional
profiles and water surface elevations. Both papers should be read by
those unfamilizr with the mechanics of surveving. A4ll investigators must
receive field training before attempting any measurements.

It iz important to be consistent and to use good fechnique when cellecting
and recording data. Record 21l data in your notebook and complete all
calculations while in the field, so that any surveying errors can be
detected and corrected. Remember, your field notebooks may be examined
in court or hearing proceedings. Good guality equipment such as an
automatic level is also an asset.

Measuring Water Surface Elevations {Stapes

Water surface elevaticns should be measured for each cross-section at
three different flows. If cross-sections are established prior o runcif
{this practice is recommended), you must return to the study avea at least
three more times; when runoff is receding (high flow), near the end of
runcfi (intermediate flow) and during late summer or early fall (low
flow).

It is unnecessary to collect surface elevation measurements for all of the

cyrogss-sactions within a study aves art the same flows., For example, if
ancther cross-section is added to the study area at a later date, the
calibration flows for this new cross-section do not have ©o match those
for the other cross-sections. It is alsc unnecessary to have the sans
number of calibration fiows for all of the cross-sections within a study
area.

Water surface elevations are measured at the water’s edge directly
oppesite the stake marking the cross-section on each bank. Visually line

up the points {(WEL and WER) in rthe cross-zection where surface elevations
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will be measured. The stretching of & tape across the cross-section is
unnecessary because the herizontal distances from the headstake to the
WEL and WER are net needed. Measure water surface elevations to the
nearvest .01 ££. The mechanics of this measursment are discussed in Bovese
and Milhous (1978). Once water surface elevations are calculated, repeat
the measurements to check for surveying ervors. If all cross-sections are
tied to a2 single bench mark, water surface slevations should Iincreszse asz
the cross-zections progress upstyream.

As previously discussed, the WETP model assumes that the water surface
elevations at WEL and WER are alwavs egual at a selected flow of interest.
In 2 stream chamnel, the surface eievations =t the WEL and WEE of 2 cross-
section should remain fairly equal as the flow wvarles, provided the
elevations at WEL and WER were matched when the cross-sectlion was
established. Consequently, it is necessary to messure the water surface
elevations at both WEL and WER during 21l return trips to verify this
assumption, Thess two meassurements should always be within approximately
0.1 £t of one another. For the larger waterways, a greater difference is
allowable. Average these two measurements to obtaln the water surface
elevation that is entered on the coding sheets.

Mesasuring Stream Discharses

The flow through the study area must be measured each time water surface
elevations ave deteymined. On the larger waterways, it is best to locate
study areas near U5G5 gage statioms to ellminate a discharge messurement.

Use standard USGS methods when measuring discharges. FPublications of
Bovee and Milhous (1978), Buchanan and Somers (1969}, and Smoct and Hevak
{1968} describe these methods and provide information on the maintenance
of current meters. Read these publications before zttempting any dis-
charge measurements. Field training by USGS personnel is also mandatory.

Measuring Cross-Secticonal Profiles

The channel profile has to be determined for esch cross-section. Unlike
the measurement of watey surface elevations, this has to be done only
gnce. It is best {0 measure profiles at the lowest calibration flow when
wading is easlest. For the unwadable, larger waterways that require the
use of a boat, profiles are best mesasured at the intermediaste callbration
flow.

For wadable streams, 2 measuring tape 1z stretched across the cross-
section with the zero point set on top of the headstake, Setting the
headstake at zero, while not mandatory, is a good practice that provides
consistency in your field techmique. Hever attach the tape directly to
the headstake. The tape is attached with 2 wvise grip to 2 stake that is
driven behind the headstake. A vise grip can be attached directly to the
stake on the opposite bank to stretch and hoeld the zape in place.

Elevations are now meassured between the headstake and water’s edge using
your level and level rod. Elevations are measured at mejor breaks in the
contour. The herizontal distance of each elevation measurement from the

-
headstake {zero point) is also recorded. Elevations are also measured
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between the water’s edge at the opposite bank and the opposite stake and
the horizontal distance from the headstake recorded for each measurement.
Elevations of the exposed portions of inmstream rocks and boulders are alse
messured in this manner. Measure elevatioms to the nearest 0.01 ft and

horizontal distances to the nearest §.1 ft.

Be sure to collect profile measuvements for points well above the water's
edge. 1t is a good practice, although not mandatcory, to begin at the
headstake {distance of 0.0 f£) and end at the stake on ths opposite bank.
Remember, the highest elevations on both banks of the cross-secticnal
orofile must be substantially higher than the stage at the highest
calibration flow if predictions are to be made for flews of interest that
exceed the highest calibration flow.

For small streams having a smooth bottom and little depth, the entire
profile can be surveyed using your level and level rod. For larger
streams, a different approach involving the measurement of water depths
is used to determine the profile of the segment of the cross-section that
contains water. Water depth is measured using a current meter rod or a
rod fitted with a percelain, enameled, iron gage. Do not use your level
rod. (Prolonged use of your level rod in water ruins the foot markings
on the rod.) HMeasure depths at all major brezks in the bottom confour.
Genarally, 30 or more depth measurements are needed for streams and
creeks. Measure depths to 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 hottom elevation
at each distance from the headstake is determined by subtracting the water
depth from the water surface elevation (average for WEL and WER). For
example, if the average water surface elevation 1s 9.26 ft and at 10.2 ft
from the headstake the water depth is 0.40 ft, then the bottem elevation
at this distance is 8.86 fr (9.26 ft minus 0.40 ft). Elevations for all
points covered by water are calculated in this manner.

For thes unwadable, larger waterways, cross-sectional prefiles are measured
using a boeat, depth recorder and range finder. Grzham and Penkal {1%78)
describe this technigue.

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

The program will not handle undercut banks. These data have to be
adiusted before being entered on the coding sheets. The best method is
to treat undercuts as vertical banks. To accemplish 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 handie islands, bars and multiple channels, provided the
water surface elevations at all the water’'s edges in the cross-section
remain relatively equal as the votal stream flow changes. Because this
is unlikely, these areas should be avoided when establishing cross-
sections,
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OFFICE METHODS

WETP Data Format

an example describing the WETP format is given in Appendix B. Much of the
format 1is self-explanatory. Carefully examine this example and the
explanatory notations before entering vour data on the coding sheets.

The five cross-sections in the example were located in riffles. The stage
height at zere flow (2f) was therefore set to the lowest elevation in the
cross-sectional prefile for sach.

411 elevations in the example were keyed te a single bench mark, which was
assigned an elevation of 100,00 ft for illustration only. A bench mark

elevation of 10.00 ft would bhe more appropriate and sghould be used
whenever possibie,

Enter the WETP data on the coding sheets in the following manmer:
1. Flows of Interest {up to 100 flows are accepted by the program)

Integers in cfs or with decimal peints (not to exceed six
characters, including decimal peint if used)

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

Distances from headstazke - nearest 0.1 ft
Chamnel elevations - nearest 0.01 £t

3. Stage-discharge data (2 to 10 =zeta of measurements are accepted)

Stages {water surface elevations) - mnearest 0.01 £t
Discharges (flows) - nearest G.1 cfs

4. Stage helght at zere flow {z2f) {one for each non-riffle cross-
' section)

zf - nearesc 0.01 ftr
If the cyoss-zectional profile, stage-discharge and zf data are entered
as described sbove, decimal peoints ars not needed. Howewver, decimal

points can be uszed 1f desived.

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 filow is a less
desirable option because our main interest is to devive minimum Flow
recomnendations. Remember, the stage-discharge rating curve gensrally
flattens out 2T extremely high (above bankfull) and extremely low flows.

=y
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At these flows, the predicted stages from the measured rating curve are
questionable and could lead to inaccurate hydraulic predicticons.

hovee and Milhous (1978) recommend the following limits when selecting
flows of Intarest:

1. Twe point stage-discharge rating curve

Hydraulic predictions should not be made for fleows that are less
than 0.77 times the minimum measured flow, ner for flows higher than
1.2 times the paximum measured flow.

2. Three point (or greater) stage-discharge rating curve
Hyéraulic predictions should not be made for flows that are less
than 0.4 times the minimus measured flow, nor for flows higher than

2.5 timeg the maximum measured flow,

These are only guidelines, not hard and fast rules. Common sense, rather
than the strict adherence to a suggested puideline, should govern the
extent of yeour sxtyapelations.

WETE Dats Cutputb

The cutput for the input example in Appendix B is given in Appendix G.
Carefully ewamine this output.

Detecting Errors

Practicing good technigque when surveying cross-sections and measuring
Flows will eliminate errors {except data entry and ccding errors) in your
WETP imput and lsad to relisble hydraulic predictions at the reguested
flows of intervest. Despite precautions, errors can go undetected.
However, most will become evident when you examime your printouts and dgo
the followling:

1. Check for data entry errors

Carefully proof the profile and stage-discharge data on the printouts
to detect errors made by the data entry people. Few printouts are
without these errors. Format and recording erreors on the coding
sheets are other major causes for errors in the profile and stage-
discharge data.

2. Chack for error maessages

The vast majority of error messages that cccasionally appear on che
srintouts are the result of format errors on the coding sheats. in
general, these ars easily corrected before the printout is sent to
the ceoperatoer.

An error message will appear when predictions are requested for flows
of interest having stages that asre higher than the highest elevations

in the cross-sectiomal profile. Additional profile measurements
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coliscted higher up on the banks will correct this probles if deemed
necessary.,

Examine the cross-sectional profiles

Look for sudden elevation decreases in the cross-secticnal profiles.
For sxzampie, slevations that suddenly drop frem 7.42 ft to 5.35 ft
then jump te 7.36 ft are suspect. Sudden elevation increases are
also suspect. These, however, could reflect large rocks within the
cross-sectlonal profile.

Examine the r° values

If the r? value for a stage-discharge rvating curve is less than
approximately (.90, the cross-section should be eliminated from the
analysis. Low r’ values may be due to ervors, sc recheck the stage
and discharge measursments before eliminating these cross-sections.
A faulty discharge calculation may be the culprit. For those cross-
sections having only twe sets of stage-discharge mpeasurements
{remember, this practice is not recommended), r’ values are automati-
cally 1.000 and, consequently, of no use iun assessing the reliability
of the hydraulic predictions.

Near perfect r* values {>0.96) are the morm. If vour values are not
consistently 0.%5 or higher, vour surveving and discharge measuring
skiils need improving.

Exarine the stages

At each calibration flow, the mesasured stage (water surface
elevation) should increasg as the cross-sections progress upstream,
provided all cross-sections are keyed to the same bench mark. 1If a
decrease oceurs (i.e., water is flowing uphill), errors are present.
For example, the stages for cross-sectioms 1, 2, 3, & and 5 at ths
calibration flow of 23.8 cofs are 4,87, 5.23, 5.36, £.33 and 5.9%96 fr,
respectively. All stages for cross-sections 4 and 5 need rechecking
to determine which cross-section is imcorrect. 1If errers canmot be
found, eliminate the offending cross-sectionsz. Allowing such errors
te go undeatected in the field is indicative of shoddy technique.

For sach cress-section, calculate the increase of the measured stage
between the low and intermediate calibration flows and the inter-
mediate and high calibration fiows. Increases should be similar for
all viffle cross-sections. For example, if the stage between the low
and intermediate ecslibration flows for vriffle cross-secrions 1, 2,
3, 4 and 3 inmcreases by 0,31, 0.722, 0.7, G.IZ4 and C0.9%4 ft,
respectively, stage wmeasurements £for cross-section 5 should be
rechecked. If an ervor is not found, eliminate cress-section 5 from
the analysis,
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G, Compare the stages to the cross-sectional profile

For each cross-section, compare the measured stages at the calibra-
tion flows to the elevations in the cross-sectional profile Lo see

if the stages and profile elevations are "in line.” For example, the
stages for & riffle cress-section in a small stream are around &4 ft
and the lower elevations in the prefile are about 1 £t The

magnitude of this difference (3 £t) indicates errors.

7. Fxamine the zf{ values

The zf value, taken as the lowest elevation in the cross-sectionsl
profile for riffles, should gemerally increase as the riffle cross-
sections progress upstream, provided all cress-sections are keyed to
the same bench mark. If an upstream riffle cross-section has a zf
value that is significantly less than that of its downstream
naighbor, the accuraecy of the profile Is suspect. A recording or
data entry error is often responsible. ¥or example, a profile
elevation of 4.9& ft is entered as .94 ft, causing the zf value o
be excessively low.

g, Compare measurements to predictions

Include the flow at which you measured cross-sectional profiles as
one of your requested flows of interest. At this flow, your field
measurements will include the top width (WDTH), maximum depth (DMAX)
and stage (STGE) for each cross-section. On the printout, compare
these measured values to the predictiens, If the measured and
predicected values are dissimilar, errcrs are present.

3. Compare predictions for all cross-sections

Compare the hydraulic predictions for all riffle cross-sections at
one of the lower flows of interest to see if the predictions are
similar. For example, at a flow of 5.0 cfs the predicred wetted
perimeters for riffle cross-sections 1, 2, 3, 4 and 5 are &.23,
19.74, 18,62, 16.72 and 23.49 ft, respectively. The value for cross-
seetion 1 is out of line with the others and, consequently, is

suspect.

Plorting Wetted Perimeter-Flow Relationships

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

As 2 general guldeline when plotting wetted perimeter-flow relationships
for mountaln streams, the flows on the x axis should extend a little
beyond the stream’s average annual flow. Because the inflection pelnts
typlcally fall well below the average annual flow, extending the plot far
beyond this peint is unnescessery. The limit of the lower flow is a
judgment decision based on how comfortable you are with your data

extrapelations.




You may have to change the scale on your plets a number of times zo bettery
define the inflection points. Do not be concerned if a lower inflection
point is not discernible on your final pleot. If it is not evident, simply
state so in the narrative. The uppermost point, which is Ffar more useful
when deriving most recommendations, is typically well-defined for riffles
and easily located om the plots. 4 department computer program that
calculates changes in slope on the wetted perimeter-flow curves is
available to aid in selecting inflection points 1if needad.

if the upper inflection peint flow on the composite plet is, in vour
judgment, too high relative to water availability, vou should plot the
individual wetted perimeter-flow relationships comprising the composite
to see if any single relationship 1s overly influencing the composite.
This could be the cause of z "high” recommendation. You may choose to
remove the cffending cross-section from the composite.

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



OTHER USES FOR THE WETP OUTFUT

The wetted perimeter inflection point method, as previously described, is
the primary method the MDFUP is presently using to derive instream flow
recommendations for the waterways of Hontana. The WETP program and cutput
can alse be used in other ways for deriving recommendations. Some of
these uses are discussed in the following examples.

Passage of Migsratorvy Troutb

Many streams provide important spawning and rearing habitats for migratery
salmonids. Sufficient stream flows are needed mnot only to maintain
spawning and rearing habitats, but alsc to pass adults through shallow
riffle areas and other natural barriers while moving te their upstresm

spawning sites.

Trout passage criteria relating to stream depth have been developed im
Oregon znd Colorado {Table 1). These criteria, when used in conjunction
with the WETF output for critical riffles, can be used to derive nminimum
passage flows. For example, passage criteria developed by the Colorade
Division of Wildlife for streams 20 ft and wider indicate that the minimum
average depth needed to pass trout through riffles is ©.5-0.6 fr. The
output for the Tebacco River (Table 2} shows that the average depth for
a1l five riffle cross-sections exceeds (.5 ft, the approximate minimum
average depth required for passage, at a flow of 120 cfs. A flew of at
least 120 c¢fs is therefore recommended during the spawning peried te
facilitate the passage of adult trout to upstream spawning areas.

Tahle 1. Trout passage criteria {from Wesche and Rechard, 138485 .

Minimum Average Where

Soecies Scurce Denth (fe) Depth (ft) Developed
Large Trout Thompson 0.6 - Oregon
=20 inches 1972

ther Trout Thompson 0.4 - Oregon
<20 inches 1972
Trout Colo. Div, - - 0.53-0.6 Colorado
{on straams of Wild. ABCYOES

20 fr or 1974 riffles

greater}
Trout Colo. Div. - G.2-0.4 folorado
{on streams of Wild. 2CTOSS

10-20 £ 1974 riffies

wide)

fa
[Sw]




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

Average Depth (fi}

Flow Riffle Riffle Eiffle Riffle Riffle
(cfs) cs #1 cg #2 os #3 ©s #4 c§ #5
100G Lhd .63 .79 .68 AT
110 49 .63 .85 .72 .52
120 .54 .73 .91 .75 .57

The minimum depth criteria developed in Cregon could alse be used in
conjunction with the WAGD option of the WETP program to derive passage
recommendations. For this avaluation, criteriz are developed requiring
at least a certain percentage of the teop width of a eross-section to have
wateyx depths greater than or equal to the ninimus needed for fish passage .
In Oregon, at least 25% of the top width and a continuous portion equaling
at least 10% of the top width are used (Thempson, 1972). The flow that
satisfies these criteria for all cross-sections is recommended,

Goose HNesting Reoguirement

The maintenance of adequate flows arcund islands selected by Canads geese
for nesting is necessary to insure that the nests ars protected from
mammalian predators. Under low flows, predators have easy access to the
islands and can significantly reduce gocse production. The security of
the islands is a primary factor in their selection as nest sites by geese.
This security is previded by adequate side channel flows, which are a
function of depth, width, and velocity. PBecause wetted perimeter is a
function of both width and depth, ics relationship te discharge may be the
best indicator of the minimum flows that are needsd to maintain secure
nesting islands,

The wetted perimeter inflection point method is applied to the shallowest
area of the side chamnel bordering each nesting island, A wetted
perimeter-side channel discharge curve is generated for each cross-section
and the inflection point 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 point flow in esach side channel is determined, The final
recommendation is derived by averaging the recommendaticons for sach island
or choosing the river flow that would maintain at least the inflection
point flow around all the iszlands being sampled in the study ares. The
latter method is preferred.

Hinimum depth and width criteriz could alss be developed and used in
conjunction with the WAGD option of the WETP program to formulate flow

recommendacions for nesting,
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Maintenance of Spawning and Besring Habitats ipn Side Channels

Side channels provide important and sometimes eritical spawning and
rearing habitats for many cold- and warm-water fish species. The
maintenance of these habitats depends on adequate side chanmel flows.

The wetted perimeter inflesction point method, when applied to the riffle
areas of oritiesl side chammels, will provide a measure of the side
channel flow that is needed to maintain the spawning and rearing habitats
at acceptable levels., When this side channel recomsendation is used in
conjunction with a ecurve cerrelating the side channel flow te the total
river flow, the total river flow that would maintain adequate side chamnel

flow can be determined.

This method is applied to a series of side chammels and the f£insl
recommendation derived by averaging the recommendations for each or
choosing the river flow that would maintain at least the inflection point
fiew in all the sampled side channels. The latter method is again

preferred.

Becyeatioral Floatling Reguirement

Minimum stream depth and width criteria have been developed for various
types of boating craft by the Cooperative Instream Flow Service Group of
the U.S. Fish and Wildlife Service {Hyra, 1978). These are listed in
Table 3.

Table 3. Required stream width and depth for wvaricus recreation craft.

[

Recreation Craft Renulred Depth {fg¢ Regulred Wideth (ft
Cance-kayak 0.5 4
Drift beat, row boat-raft 1.0 £
Tube 1.0 4
Power boat 3.0 &
Sail boat 3.0 25

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

Cross-ssctions are placed in the shallowest area slong the waterway. The
WAGD option of the WETP program is used to determine the flow that will
satisfy the minimum criteria For the craft of interest. For example, if
deriving & recommendation for power boats, the flow providing depths
> 3.0 fr for at lsast a 6.0 ft, continucus length of top width is
recommended, When a series of cross-sections are used, the results for
each cross-section are snalyzed sepavately and the flow satisfying the
criteria for all cross-sectioms is reccmmended.




This analyzis can be expanded using addicional criceria. For example, in
addition te the shove criteria for power boats, it can zalso be regquired
that a certalin percentage of the top width, such as 25%, has depths
=z 3.0 ft. Remember, vou will have to justify all criteria used in your

analysis.



FINAL CONSIDERATIONS

Be sure to compare your instream flow recommendations to water avail-
ability. For gaged streams, many summary flow statistics, such as the
mean and median monthly flows of record, are available for comparison.
For ungaged streams, instantanecus flow measurements collected by variocus
state and federal agencies and simulated data are useful. The primary
purpose is to determine if the recommendation is reascnable when comparad
tc water availsbility. It is zlso desivable, for future planning, to
define the period in which water in excess of the recommendation 1is
available for consumptive uses and to guantify this excess.

It is commen 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 yesr. These mnaturally occurring low
flows, when coupled with the adverse effects of surface and ancheor ice
formation and the resulting scouring of the chammel 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
little or no water should be removed during the critical winter peried if
fish populations are to be maintained at existing levels.

The recommendations derived from the wetted perimeter inflection point
methed only apply te the low flow or nen-runoff months. For the high flew
or runoff period, flow recommendations should be based on those flows
judged necessary for flushing hottom sediments znd maintaining the
existing channel morphelogy. This method, termed the dominant discharge/
channel morphology concept (Montana Department of Fish and Game, 1979},
requires at least ten years of continuous USCGS gage records for deriving
high flow recommendations, so canmot be applied to most streams,
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APPENDIX A

Cajlculation of stage height at zerc flow {(z£f)} from Rantz {1982)
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EXHIBIT 2

S. Leathe and F. Nelgon, A Literature Evaluation of Montana's
Wetted Perimeter Inflection Point Method for Deriving Instream Flow
Recommendations {(MDFWP 1986, rev. 1989) .
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INTRODUCTION

Since the dinception of the Montana Department cf Fish, Wildlife and
Parks® {EEF§?§S> instream flow program in the mid-1970"s, the wetted perimeter
inflection point method has been the primary means for deriving instream flow
recommendations for the preservation of aguatic resources during the low-water
period in Montama's streams snd rivers, Because the field of iInstream flow
method (I¥M) development has continually expanded over the past decade or so,

the Department felt a need to review its method in light of recent advances in

the "atate-cf-the-art,” The purpose of this document is to {1} provide an
up~to~-date synopsls of the history of the wetted perimeter infdect@or goinia B “F
method, (2) examine its theoretical and experimental basis, and (3) didentify
its strengths and weaknesses as compared to other available procedures. We
will alsec discuss the applicability of the wetted perimeter infilection peint
method to a variery of streams, both large and small. guiéeiimes'for its use,

and provide a justificatiocn for the use of the method in Montana,



b a

HISTORY

The development of nethods to determine rhe amcunts of water to remaln
instream for the protection of {fish and wildlife resources and related
recreational opportunities has been a relatively recent phenomencn {(Loar and
Sale 1981). The primary reason for this has been a2 reluctance of wvarious
state governments to recognize Instream uses as "henaficial” uses of water.
Because of limited water availsbility and resultant user conflicts, it was in
the arid western states where instream flow methods (IFM's) were fivst
devised. These developments followed the sstablishnent of institutional
PramdBor'® ffﬁ@strea& flow programs), which have proliferated im the western

cotes since 1973 (Lamb and Meshorer 1983). However, the degree of protectlon

[£h

afforded to fish and wildlife by instream flow programs differs markedly among
sraces due to differing levels of statutory protection, water aveiiability,
snd user conflicts. Comsequently, = variety of IF¥'s have been devised by
state fisheries agencies to meet the needs of their particular instream flow
programs (Trihey and Sralpsker 1983). Apother factor contributing to the
diversification of IFM's was that the characteristics of aguatic vesources
fauch as warmwater ¥s. coldwater habitat, anadromous ve. resident specias)
vary both within and between states.

Many of the first studies concerning ingtream flow needs were conducted
during the 1950's and 1960°s belew federslly funded hydroeleciric end
irrigation dams on large rivers im the West (Trihey and Stalnaker 1983}.
Because these projects had thelr most visible impacts on naturally @asurring

1ow summer stresmflows, biclogists were most concarned with szetting minimum
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flow "standards’ for the summer-fall periods. The first applications of IFM's
to streams and rivers on 2 statewlde basis began in Oregon during the late
1960's. The early development of IFM's in Orsgon was not just coincidence
because in 1935 Cregon beeame the first western state to provide for rhe
administrative establishment of flow standards. Their progrzm was guite
successful and has been a prototype for other western states, including
Montanz {Lamb and Meshorer 1983),

4 series of workshops were held in the Horthwest during the sarly 19570°s
to review and discuss available IFY techmolegy. Three of the more significant
evenis in the development of IFM's did not occur untll 1976, The first event
was & publication by Stalnaker and Arnette (1976) that comprised the first
compilation and ecritical evaluation of existing IFM's. Second, a3 conference
sponsorad by the Western Division of the American Fisheries Society was held
in Boise, Idshe. This landmark event brought together IFM practitioners,
developers and administrators to discuss the legal, soecizal and biclogical
aspecte of the instream flow dIssue, and resulted in the publication of 2
two~volume document {(Orshorn and Allman 1976}, The third significant event
was the formaticn of the Instream Flow Group (IFG) by the U.5, Fish and
Wildlife Service at Fort Collins, Colorade. The purpose of this group was to
advance the "state-of-the-art” and becows the center of activity relared to
instream flow assessments. In the late 1970's the IFG developed the Imstream
Flow Incremental Method (IFIM}, which has bheen 1n a continual state of
refinement aver since. |

The timetable for the development of Montana's IFM cleosely paralleled
those for the other western states. In the early 1960z a series of unsuc—
cessful legislative attempts were made to obtain "beneficial use™ startus fer

fish and wildlife and to develop a procedure o obhtain instream flaws for



these  respurces (Peterman 1979}, The first provisions  for  the
instream flow needs for fish and wildlife wers made in 1559 when the HMontana

legislature authorized the Fish and GCeme Cormission to file for rights to the

-5

unappropriated waters in portioms of 1?7 stresms. Because the ‘'state-of-the-

o

art™ of IPM development was In its infancy, most of these original f£ilings

e

were based on the professional judgwent of local fisheries biologists. In
1980 and 1981 they were guesmntified using the wetted perimetex mathod.

The passage of the Montana Water Use Act 4in 1973 and the Yellowstone
Moratorium in 1974 provided the main stimull for the devalopment of methods to
quantify the instream flow needs of fish and wildlife in Montana, The Water
Yse Aet was a revolutionary legislative act that epecifically defined fish and
wildiife as beneficial users of water and established a process for reserving
snappropriated water for these purposes. The Yellowstons Morvatorium was
enacted in respomse to a ‘rush” of applications for Yellowstone River water by
industrial and water-marketing concerns and placed a mérat@rium on all largs
divarsion or storage applications in the Yellowstone Basin. The Yellowstons
Moratorium provided 2 period of three years to gquantify all future bepeficial
uses {including fish and wildlife) 4irn the basin and allocate water to meetl
those needs (Peterman 1979).

973 and 1974, in response to this mandate, the MDFWF began in earnest

ot

In
to develop an IFM trhat was appropriate for the rivers and streams of Meontana
and could be cost and time-effactively applied om a hasinwide scale {(Spence
1576). After a review cf available IPM's, the MOFWP decided Lo enter into a

cooperative program with the U.S8, Bureau of Reclamation and in 1974 began

fomudh

using the Bureau's WSP {water surface profile) model to gemerate hydraulic and
channel configuration information on which instveam flow recommendations were

based {Spence 15%75; Dooley 1976), Data from the W8P model were used to define




(1)} passage flows for migratory fish, (2) nest protection flows for Canada
geese, and for the first time in Montana, {3} to define minimum flows for fish

during the low flow pericds based om the relationship between wetted perimater
g 4 P P

4

vy

and discharge in riffles {(Elser 1976), Preliminary field testing of the WEP
model was conducted during the wid-19707s by MDFWP persconnel (Elser 1976;
Workmar 1976). These evaluations were geared towards the technical aspects of
the WSP hydraulic model as well as the appropriateness of using wetted
perimeter~discharge relationships to derive instream flow recommendations for
the low flow perisd.

Following the completion of fieldwork associated with the Tellowstone
water vreservation in 1977, the MDFWP shifted emphasis to the Upper Clark Fork
and Upper Missouri River Basins. An action plan was devised to guide Depart-
ment efforts at securing instream flows (Nelson and Peterman 1979). The
wetted perimeter method using the WSP hydrauiic medel continued to be the
primary means of deriving minimum flow recommendations for the low flow period
until the results of an evaluation study were published by MDFWP (Nelson
1960a, 1980b and 1980c). This study, funded by the U.S. Fish and Wildlife
Service under the auspices of the IFG, evaluated four IFM's applied to five
river reaches in southwest Montana. Besides providimg a basis for using the
wetted perimeter inflection peint method, the study lad to the development of
an improved and simplified method te generate wetted pevimeter— discharge
relationships Tfor streams and rivers {Melson 19842Y, The resultant WETFE
computer program replaced the WSP model and since 1980 hag provided the wetted

erimeter~discharge dataz upon which the Department s fio recommendations are
P I

based,



RELATIONSHIPS BETWEEN STREAMFLOWS AND FISH POPULATIONS

Many physical and blelogical factors imteract to regulate fish abundance
in streams. Hall and Enight (1581} 1list five major factors: streamilow,
habitat gquality, food abundance, predatiom. and movement and migraticn. Im a
patural stream envircnment, it is difficult to measure the effect of one
factor independently of the others. The exact role each factor plays in
regulating 2 given stream population is often masked by the interaction of the
others. This complexity hampers the ability of fishery scientists to predicc
¢he response of a fish populatlon in & given stream to environmental
wariations, such as man—caused changes in streamflow. Accurate predictions
require the development of a model that quantitatively dascribes the relation-

ship between fish abundance and all regulating variables. The Ystate~of-the-

o

art" has not yet advanced to this level, nor is 1t evident that such models,
if ever developed, would be applicable to =a broad renge of streams.

Bocause there are wide gaps in cur knowledge of how fish vespond to
environmental changes, fishery scientists must rely on broad, general
assumpticons when discussing the means by which stream fish populations are
regulated. These assumptions may not fully describe the means of regulation

for a given stream of interest or apply to 21l streams In 2 particular region,

and many have not been tested in definitive scientific studies. Despite these

o

limitztions, the assumptions, in general, are logical and defensible, but not
{mmune to criticism. These assumpticns are an essential part of aill instream

flow methods., This section will briefly discuss some of the assumptions




regarding the regulation of fish abundance in Montzana's streams, and provide a
basis of support from the scientific literature.

The standing crops {(number and total weight} of fish that a particular
stream supports can vary over time. For Montana's streams, standing crops are
typically lowest following the rigors of winter and highest in £z1l after the
summer growing season. The magnitude of these annual lows and highs can vary
substantially from year-to-year.

A factor often considered a major, if not the overriding. cause of this
variability within a particular stream is the vear—to-year variation in
streamflows. Simply stated, more water translates inte mo¥e space for fish
and the population increases to fill this void, Conversely, lower flows
provide less space and lead to 2 reduction in fish standing crops. It is the
logic of this relationship that has led many to believe that the peried of
lowest streamflows is the single factor having the greatest impact on a
stream's carrying capacity. Carrying capacity here is defined as the standing
crops of fish that can be maintained indefinitely by the aquatic environment.

Substantiel support for this belief is provided im the literatura.
Positive correlztions between the magritude of a stream's annual low flows
and the vdriation in fish standing cxops over time have been documented im
aumerous studies (Weave 1949 and 1958, McKernan et al. 195G, Wickett 1951,
Henry 1953, Neave and Wickett 1953, Pearsom et al. 1970, Burns 1971 and White
ot al. 1976). Tn Montapa, such relationships have been suggested fer the
Callatin, Big Hole, Madison, Bighorn and Yellowstone tvivers (Nelson 1984b,
Predenberg 1985, Vincent 1987, and Clancy 15885.

Flows can increase to a level where they mo longer benefit fish popula-

tions. High flows, especially those associated with floods, have been shown

i

to adverssly lmpact 1s

ish, with sggs and voung generzlly affected more severely



than adults (Allen 1931, Elwood and Waters 1969, Sfeegrist and Gard 1977 and
Anderson and Nehring 1985). However, the magnitude of the impact on the
population can vary by species, the time of vyear high flows occur and the
physical stream chavacteristics.

Not ail spzce in a stream is equally suited for fish. Fish tend to
concentrate and spend much of their time in specific habitats, which consist,
ameng other things, of = preferrad range of bottom substrates, current
velocities 2nd water depths, and contain cover. Components of the preferred
fish hakitar - not ail of which are readily identifiable - can vary with the
species, life stage and size of figh and by stream and season.

Cover, ot shelter, has long been recognized as ons of the basic and
essential components of fish habitat. Cover servas as a means for aveiding
predators and provides areas of moderate current speed used as vesting and
holding areas by fish. Cover is provided by such things as undercut hanks,
averhanging 2and submerged bank vegetationm, woody debris, aquatic vegetation,
instream boulders and ccbbles, and surface turbulence. Water depth by itself
is 2 form of cover.

Fish habitat can be improved through srtificial wanipulation, thus
increasing a stresm's carrying capacity. One of the most cited examples
sccurred at Lawrence Creek, Wiscomsin, where the brook trout biomass (total
weight) increased almost threefold following extensive habitat improvements
that increased bank cover by 4167 and posl area by I89% (Bunt 19271 and 1978},
Figh habitat can alsoc be degraded by man's activities. The destruction of
bank wvegetation is a prime example that leads to habitat losses and, in turn,
reduces the carrying capacitv. For example, a study evaluating the effects of
habirat manipulation on trout abundance in a small Montana stream rteported

that rhe removal of & portion of the overhanging brush cover reduced the trout




blomass in 2z test section by 417 {(Boussu 1%954). It is thus well established
that fish do respond, sometimes dramatlcally, to habitat siteratioms.
The amcunt of available fish habitat in a pavticular stream is stromgly

i relationship hecause many

]

an c¢hviou

&

influenced by streamflow. This
habitat components. such as water velocity, depth, and available bank cover,
are directly affected by the magnitude of the flow {(Randolph 1984 and Wesche
1573). Yt dis through 4its influence on fish habitat that streamflow is
believed to primarily regulate fish abundance. OGreater £lows expand the
available habitat, allowing the fish population to increase. Conversely,
following flow reductions, fish populations decrease in response teo shrinking
hakitat. Numerous studies have documented positive relationships between fish
standing crops and various indices of habitat quantity (Gunderson 1966, Lewis
1949, Stewart 1%70, Wesche 1974 and 1980, Nickelscon and Hsafele 1%78 and Loar
et al. 1983b}.

While streamfliow primarily .reguiates fish sgtanding crops through d{ts
effect on physical habitat, other factors that can contribute to the variation
in fish ;bundance over time sre also dnfluenced by flow, One such factor is
food supplv. The abundance, production and composition of food items can be
altered by variations in flow (Cushman 1983).

Aguatic insects, such as caddisflies, stonefliies and mayflies, and other
aguatic invertebrates are the primary food of Montans's stream-dwelling pgame
fish {Brown 1971}, It is widely accepted that the producticn of these aguatic
food prganisms is greatest in riffles of streams (Hynes 1970). Weedham (1934}

reported that 80 percent of the invertebrate productisnm in

Songet?

and Briggs (1948
their study stresms cccurred in riffles., A rviffle is 2 section of stream in
which the water flow is rapid and shallower than the sections sbove and balow.

Streams usually consist of a succession of pools and riffles,



Aquatic invertebrates normeily become available a2z a food source when
drifeing in the current, although salmonids and other fish also rely heavily
st times on bottom foraging. The majority of the stuiies reported in the
literature support the general conclusion that a strong positive correlation
exists between the abundance of aguatic drift and water velocities {or stream
discharge) {Chapman 1966, Waters 1962, and EHverest and Chapman 1972},
Increasing wvelocities, which are necessary to free invertebrates from the
Eettom substrate, should increase the guantity of drift wp to the point where
flows near fleood ieveis (Warers 1969),

While increased water velocity is the generzlly accepted wmechanism for
ereating drifg, sufficient riffle habitat must be available to produce this
fond source. To sustain maximum invertebrate productiern. the yiffle habitat
should be wetted vear-vound because the majority of aquatic insects live from
one to three years on the stream bottom before emerging as air hreathing.
winged forms and completing their life cvcles. These organisms cannot be
expected to readily recolonize those areas that ave alternately wetted, dried
and rewetted each year. Up to 47 days may be reguired to fully recolonize a
dewatered substrate {Gerisch and Brusven 1981)., Thus, both the total amount
of wetted riffle ares and the velocities through these riffles appear te be
important factors detevmining the quantity of drife.

The assumption that food supply can be an Important factor controlling
fish abundance is supported by a number of studies. HMasca and Chapman {19633,
Peterson (1966}, Ellictt {1973} and Gibson and Calbraith {(1973) veported that
stream sections having the higher incoming drift supported greater figh
standing crops, Murphy et al. (1981} found that trout biomass at six stream
sites in Oregon’s Cascade Mountains was highly correlated with the bicmass {in

yiffie samples) of the collector-gatherer group of iavertebrates {r=0.99,




P, 01 and moderTately correlated with the total invertehrate bicmass {(r=0.83,

¥ish abundance can reflect the quantity of the food supply and, in those
streams whers food is limiting, populations will benefir 1f food preducticn
was optimized. One means for accomplishing this geal is to maintain a flow
level that wets the maximum amount of a stream’s riffle area. The underlying
assumption is that fish standing crops will respond to increases in wetted
riffle area via the impact on food preducticn. Support for this logic is
provided Ey Vearson et al. (1970}, who found that pools having larger upstream
riffles averaged higher production of coho salmon per unit of pool areaz than
did pools with smaller riffles. Om the regative side, Cada et al. (1983} were
snable to show 2 consistent relationship between inveriebrate densities and
riffle wetted perimeter (an index of wettad riffle area) at varlous flﬁws for
four southern Appalachian trout streams. Howewver, they concluded that their
analysis was only preliminary and, inm 2 subsequent correspondence with the
MDFWF, Cada stated that he hoped to restudy the relationship in greater detall
and suspected that there was some value in examining wetted perimeter when
considering flow effects on aguatic invertebrates.

Streamfiow will control the amount of riffle area that is covered by
water and, as a result, may influence food production. This potential
relaticnship between streamflows and foed production is of particular signifi-
cance during the warmer months when higher water {emperatures initiate fish
growth and young fish are hatched and enter the population. Due to this
growth and vecyultment, the population increases oOver summer in both numbers
and biomass, typically reaching its highest level in fall. The fact that
fish populztions in Moprana's streams tend to increase over summer suggests

that the amount of preferred habitat needed for population expansion is im

-1l



excess at this time. Vacant habitat would have to bhe available in order for
this expansion to occcur. This Is consistent with the fazct that streamfleow in
Montans's unregulated stresms is normally highest in summer snd lowest in
winter (Figure 1). (Prairie streams, regulated siveams and those heavily
depleted for drrigation often vielate this “rule of thumb™;. Comsequently,
habitat availability is expected to be greataest during summer and lowest in
winter. On these streams, food supply may be more influential in limiting the
summer papgiation expansion than is a lack of unfilled habitat., Experiments
cf Wiizbach (i%SS} suggested that, 1in summer, food abundance was the over-—
riding factor determining the abundance and distribution of adult cutthroat
trout 1n streams. (In 1987, the Cooperative Fisheries Research Unit
at Montana State University began a study to assess the role of sumeer food
supply in regulating trout abundance im Montanz's streams. No study results
are availlable at this time.)}

Tn winter, Montanz's streams normally exhibit high fish losses, which are
attributed to the seasonally lew flows coupled with the detrimental effects of
suh-surface ice Fformation, lce scouring amnd other harsh physical conditicns
that typically characterize a lontana styaam in winter. The severity of the
winger environment on trout survival has been discussed by a number of authors
(Maciolek and Needham 1952, Needhar and Jones 1939, Burler 1979 and Kuvtz
1580) and borne out by the high over-winter mortality rates that have been
documented for s number of ¥ontanaz stysams (MDFWE 1984 and Schrader 1985). By

3 T

winter's end, populations are typically reduced to the lowest level of the

year in response to the adverse habitar conditions. The winter pericd and its
associated low flows are believed to ultimately regulate the capacity of most

Mentana streams to sustaln fish.
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A bhetter understanding of the connection between food supply and winter
habitat in regulating fish abundance is provided by Mason (1976). He waé
able, through supplemental feeding, to Increase the summey biomass of juvenile
salwon in o small British Columbia stresm by 6-7 fold when compared to natural
1evels, THowever, the over-winter loss of these fish was extrenely high,
resulting 4imn a spring population that was numerically similar te the
population uvnder natuyral conditions {no supplemental feeding). This study
demomstrated that food supply was the most important factor contrelling
population size in summer, but physical habitat In winter ultimately limited
the population, preventing =z high carry-over of fish from the previous
summer 's supplemental feeding.

The role of habitat in regulating fish abundance in Montana's streams is
probably dominant in winter and of lesser importance im summer when food
supply likely plays a key role, DPuring the transition period between summer
and winter whem flow levels start to approach the winter lows (Figure 1),
habitat should begin to play a more prominent role in controlling population
size. As natural flows progressively decline, a theoretical peint is reached
when habirat reductions overtake food supply as the primary limiting factor.
Justificarion for habitat becoming a key limiting factor srier to the winter
low flow period being reached is hased on the fact that the habitat needs of
individual fish are generally considered greatest during the warmer months
when fish grow, reproduce, and actively defend territories. In winter,
escaping from the vigors of the harsh physical enviromment appears to be the
primary life function. For protection, wintering fish tend to sesk out the
deeper pools, enter the bottom substrate or congregate amid heavy accumula-
rions of brush and debris {(Chapman and Bjoran 19683, Becouse wintering fish

tvpically confine thelr actrivities to 1imited areas and are less active, thelr
i ¥




individual habieat requirements appear to be less than their non-winter
requirements. Thus, a greater flow 1s needed in the warmer months than is
reguired during winter o support the ssme fish abundance. Stated ancther
way. a given flow should provide less fish habhitat during the warmer months
than in winter. (This generality zpplies only tco these time pericds when
sub-surface ice 1s not the dominant determinant of channel structure. When
icing is severe, physical habitat is grossly altered and is no longer
comparable to the habitat im summer. )

The amount snd availability of physical habitat may limit fish popula-
tions during the non-winter wmonths in streams that are depleted for
irrigation., The habitat reductions that result when {irrigation water is
removed, especially im late summer and fall when natr-al flow levels have
dropped considerably, become more limiting to the population than the food
supply and, if flow depletions are severe, replace winter habitat as the
vltimate papulétiﬁn contral. Data collected for the Gallatin, Big Hole and
Shields Rivers — Montana streams that ave severely depleted for drrigation -
suggest that the summer low flow has become the ultimate pepulation regulator
on portions of these streams (Nelson 1984b and Clancy 1985},

How stresmflow regulates populations during the non-winter months - via
food supply, habitat or a combination of both - is less velevant than the fact
that regulation does occur. As a result, there ave digtinct benefits to
maintaining non-winter flow levels that exceed rthe winter lows. OUmne dmportant
henefit is that the higher flows of the non-winter peried zllow the population
ro achieve maximum growth and expansicn 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 biomass

rhat will normally be lost over winter, without mateyially impacting future



fish abundance. Haintaining flows vear-rvound at the low level of winter would
not allow for this summer expansion and would, therefore, diminish or
eliminate fishing oppertunitiss. Another real possibility ds that a yesr-
round low (winter) flow would reduce the fall population to a level below the
carrying capaclty of the winter habitat, and thus lead to a major reduction in
future fish abundance., This stems from the likellhood that habltat reguire-
ments of individeal fish may be greater in the warmer months then in winrter.
Clearly, neither fish nor fishermen wounld benefit 1if flows were maintained
year—round at their low winter levels.

Yhile streamflow is often considered the most important wvariable
regulating fish demsities, its imfluence can be masked or cverridden by other
controls, such 28 man-caused pollution and the owver-harvesting of fish by
znglers. In these situvationms, fish standing crops are suppressad by factors
unrelated to flow and held at a level far below the stream’s carrying
capacity. The influence of flow levels, therefore, becomes secondary except
possibly under extvemely low flows. If these other controls were reduced oF
eliminated, streamflow would again become the dominant population regulator.

When deriving flow reccwmmendations for Montana’s stveams, fishery
managers strive to provide a level of protecticn that will maximize fish
populations. Given this goal, a2 prudent and defensible approach is to fully
protect winter flows., Flow reducticns during the winter low flow peried
would only serve to aggravate am already stressful situation for fish (MOFWE
1984Y, potentially leading to even greater over-winter losses., For the
remainder of the year, a reasonable strategy is te provide a flow that main-

tains food production and fish habirar at a level that maxiwizes the growth of
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inddvyidual fish and the expansion of the pepulation over the summer growin
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SURVEY AND ANALYSIS OF INSTREAM FLOW METHODS

gurvev of Availablie Technigues

Frobably the best and wmost defensible method for determining streamflows
necessary to maintaln existing aquatic rzsources is to observe responses of
figh populations to changing flow vegimes in & specific water over a2 period of
vears. While this approach is desirable, it is impractical for use on 2 broad
gcale because of time 2nd manpower requirements. The need to collect data
over a wide range of annual flow conditions is an additional constraint since
rezsearchers seldom have control over this varisble. Although such information
exists for a few of Montana's "blue ribbon™ trout streams (Nelson 1580a and
1980%), 1t iz not a viable zlteynative to the commonly used IFM's.

Recent reviews by Wesche and Rechard (1580}, Loar and Sale {1981}, and
Trihey and Stalnaker {1983) have shown that the commonly used and accepted
instream {low methods can be classified into three categories. They will be
referred tm‘as:

1. Xon-field

2. Habitatr retention

3. Incremental

Non~Fielid Methods

The first category includes a variety of "non-field” methods that set

minimum flows based on existing historical streamflow records. Ome of the

moet ecomnon of these is the Tennant Methed, also known as the Montana Method,

The name "Montana Method™ iz 2 misnomer because 1t is not the prefevved method



in the MDFWP's program to set instream flows. This method derives flow
vecormendations based on parcentages of the mean apnual flow for the stream ino

question. Other related methods are based on manipulatiomns of

water yileld or
flow duration information, All such methods ave similar in that they are
usuallv performed in the office using existing hydrologic informatiom with

few, if anv, on-site visits required. These methods are also generally weak

in estaklishing a biclogical hasis for the recommended flows.

Hahirat Retention Methods

The second group of IFM's includes a wide array of techniques that
examine relationships between discharge and generalized fish habitat indices
v derive flow recommendations infended to maintain the stream resource at &
desired level. They are called "habitat retention” methods because they
specify flow levels where certain desirable aquatic habitat characteristics
{guch as riffle wetted perimeter) are retzined. These methods reguire ome or
more visits to the stream or river where hablrat measurements are made along
established cross-sectional tramsects. Some methods employ hydrauvlic simuia-
tion models {such as Manning's equaticm orF stage-discharge relationships)
while others rely on repetitive measurements made 2t several different flows.

Habitat retention methods commenly apply criteria to define flows
necessary to provide suitable conditions for one or more of the following life
functions:

1. unimpeded passage to spawning areas

2. adequate spawning habitat

3, adequate rearing habitat

4. adeguate food producing hablrat.

For example, the Oregon Method addresses fish passage requirements by

examining water depths and current velocities over = range of flows at several
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rransects, These transects are establishad zeross evitical viffles where

a

ish passage problems would first appear as discharge decreases. Criterisa

bty

developed for varicus fish species from fleld observations and laboratory
studies are then compared to cross-sectional information to identify flows
where channel width, water depth, and current velocity conditions no longer
allow adequate passage, Depth znd velocity passage criteria for a varilety of
fish species were presented by Thompson (15723, Similarly, several habitat
retention techniques use either species~specific or generic depth and velocity
criteria and carefully placed cross-sectional tramsects to derive flow
recommendations for known spawning areas (Wesche and Rechard 1980C).

While not all of the habitat retention methods described by Wesche and
Rechard (1980} consider passage and spawning requirements, they do share a
common emphasis on defining flows require& to provide adequate fish rearing
habitat. However, as pointed ocut by Thompson {1972, the identification of
appropriate rearing flows 1is far more difficulr than determining passage and
gpawning flows. Fish habitat requirements for rearing purposes are coemplex
because preferences for water depth, velecity, cover, and substrate gsually
vary not only batween species but .also betwaen 1ife stages (i.e., frv,
juveniles, adults) of a single species, Further, the habitat requirements
{(primarily current velocity, substrate and depth) of the numerous species of
aquatic macroinvertebrates that comprise the main food base for trout in most
streams also vary significantly between species.

Recause rearing habitat requirements of Iotie fish species and food
organisms are so complex and interrelated, the habitar retention IFM’s
typically evaluate the relationship between streamflow and some gensral index
of physical habitat conditioms din deriving flow recommendations. Many of

these methods foocus on riffles because of thelr importance as food producin
P P &



areas and the belief that the maintensnce of riffies will provide adequate
amounts of habitat in other areas of the stream {Bitalnaker and Arnette 1976).
As shown in Table 1, four of the seven common “habitat retention” methods
specifically consider riffle habitats and five methods give at least some

consideration fo the smounts of wetted parimeter retained in the stream.

Incremental Methods

The third group of IFM's can he referred to as “incremental.” These

techniquaes produce habitat-discharge relationships for specific life stages of
various fish species, They are termed “incremental” methods because they
attempt to predict the actual amount of sultasble fish habitat present as flow
changes incrementally. The "California Method” for rainbow trout and the
"WRRI Method” for brown tvout {both described by Wesche and Rechard 1980}
are included in this group. However, the best known technique is the Instream
Flow Incrementzl Method (IFIM), IFIM is the most scphisticated instream {low
methed and it continues to be refined by the IFG at Fort Collins, Colorado.

The ITIM has heen describad in detail elsewhere (Trihey and Wegner 1981,
Bovee 1982, Miihous et al. 1984}, Leoar and Sale {1981} describe the method as
follows:

"4 package of computer progrems, collectively called FHABSIHM

{Physical HABitat STMulation systemj, is used to dimplement this

analysis of dnstream flow needs. The overall approach combines

{1 multiple-transect field dats from a vrepresentative and/or

criticzl rviver reach, {(2) hydrauiic simulation models to predict

phvsical hsbitst parameters such as mean velocity (v}, depth {d;,

end substrats {8}, and {3} speciss-specific suitability functions

(& , 5., &3, Suitabliity functiocns are used to calculate weighting

¥ a &
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Table 1. Summary of rthe common “habitat retention” methods used to determine
rearing flov requirements {derived from Wesche and Rechard 1980).

Habitat Unic

Hethod Species Considered Rearing Oriteris
Oregon salmonids riffles adequate depth
0% wetted
velocity 1.0 te 1.5 ft/sec
pocis velocity 0.3«0.8 £t/s2c
pool-riffls ratio near 30:50
{alorady salmonids riffiles 5% wetted
{USFS Region 2} average velocity 1.0-1.5 fr/sec
depth 0.2-0.4% 1f widzh less I0°
0.5-0.6% {f width more 20f
DB5FS Eegion 4 szimonids a1l units numerical rating svstenm for pool

{pools, riffles, Tums,
et )

gquality, pool structure, stream-
bed and bank environment

salmonids

“rypical rearing habirae?

#fpod producing habitar®
5

velocity G.2~1.6 fifsec

depth 0.1-3.0 £t
velocity 1,0-4,0 ft/sec

inflection polnt on wetted
perimeter: discharge curves

inflection point on wetted
perimeter: discharge curves

Moptens ‘s WEIP

salmonids

inflection point on wetted
perimeter: discharge curves

—_
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coefficlents reprasenting the habitat prefersnces of wvarious

stages of target fish specles. Finally, measures of habitat sult-

ability and availability (a5 wetted surface area, a,) are used in
i

computation of Weighted Usable Area {(WUA}, an index of habitat

condition. This index is computed for each iife stage le.g.s

spawning (8}, fryv (F), juvenile {3}, and adult {A}] and can be

plotted against discharge" (Figure 2).

A maior difference between IFIM and the "habitat retention” methods is
that it builds a two-dimensional surface area model of a stream section while
the other methods usuallv examine habitat characteristics in terms of usable
width at discrete cross-sectional transects. TFIM divides the study section
into a matrix of rectangular cells (Figure 3} and uses either a single~fliow
(WSP-type model dincorporating Marnning's equation) or a multiple-flow stage-
discharge hydraulic modeling approach to describe flow-related chamges in
depth and velocity within each cell., Once the hydraulic model for each cell

is constructed, habitat suitability curves are consulted to determine habitat

suitability for a given life stage of a given species for each flow of

interest.

Ixample habitat suitability curves for velocity, depth, and substrate are
shown in the upper right on Figure 2. Suitability factors range between 0.0
(most unsuitable) and 1.0 (most suitable)., A composite habitat suitability
fortor is determined for each cell in the study section at gach flow of
interest by multiplication of factors for depth, wvelecity, substrate and/or
cover. This composite suitzbility factor also vanges between 0.0 and 1.0 and
it is multiplied by the surface area of the cell to determine the "usable”

area in the cell at & particular flow. These values are tabulsted for all
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Figure 3.

Subdivision of a stream reach inio transects and mapping cells
for computational purposes with the Instream Flow Incremantal

Merhod (IFIM;

{from Loar and Sale 1981).
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cells in rhe study section to determine total weighted usable area (WUA) at a
given flow for a life stage of 2 spaecies (i.e., WUA for raimbow trout fry in
stream section "xz" at 13 efs). Using habitatr suitability curves and depth and
velocity predictions from the hydraulic model, graphs of WUA versus discharge
for various life stages of & fish species can be gensrated {(i.e., lower right

in Figure 2}.

Advantages and Limitations of IFM's

There are a number of IFM's that can he emploved to determine the
instream flow needs for fisherv resources. Wesche and Rechard (19%80) listed
11 common techpigques, many of which are still in use. There is no consensus
on which methed is the most appropriate for =211 situations. Such a consensus
may not be possi%le because of regional differences in instream flow program
structures and goals, hydrology, channel morphology, fish community structure
and habitat use, available funding, and continuing advances in the “state-of-
the-art"” of instream flow analysis.

Because there iz no "best” method to determine instream flows to meet
fishery needs under all conditions, the following discussion will examine the
assumpticns, strengths, and limitations of the main IFM's. The interested
reader is encouraged to consult the excellent review by Loar and Sale (1981)
since much of the following is derived from that source. Since the main
obiective of this report is te evaluate Montana's wetted perimeter inflection
point method, particular attention will be paid to this technique,

We will discuss the advantages and limitations eof the variocus IFM's with
regard t¢ the following main subject areas: hydraulics and channel morphology,
decision—making capabilities, and dara and manpower requirements. Many of the

TF¥ evaluation studies conducted to dare will be discussed with particular
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arvention paid to assumptions and sxperimental design.. Finally, the results
of studies that evaluate the effectiveness of Montana's wetted perimeter
methed are summarized, and criteria for selecting a particular IFM are

discussed.

Hydraulics and Chanoel Morphology

The abiliry of varicus IFM's to account for differemnces in channel
morphology between watersheds or even individual stream veaches 1is an
important consideration. The Ynon-fleld” 1FM's have the least 2bility to
compensate for such differences heceuse they do not rely on site-specific
relationships between habitat and discharge. For example, the Tennant Methed
{probably the most widely used pon-field IFM) assumes that a certain
percentage of mean annual fiow will provide adegquate channel! width and depth
to maintain agquatic resocurces at sSome desired level, However, watershed
gecmorphology 1nvestigations have identified a number of variables besides
flow frequency (such as watershed area, geology, slope, age, and stream order)
that play important voles iIn derermining stream channel and flow character-
istics. These variables have been shown to vary significantly hetween water-
sheds but none of the common "non-field” T¥M's address this problem {Loar and
Sale 1981), Hence these methods are best suited for regional application

where assumptions regarding the relaticnship between channel geonetry, stream

flow and habitatr are met.
)
The "inoremental” and "habitat retention” IFM's utilize site-specific
nabitatr wmeasurements that account for differences im channel morphology
B 3

ecam reaches by developing Thabitat-discharge

g
)

hetween watersheds oY 8

each stream reach., To develop these relationships, some

ia

relationsbips fo

form of hydraulic model {either empirical or mathematical) is used. Each type




of hydranlic model dis based on certalin 2ssumptilons and has certain advantages
and limitations.

Empirical relationshiss between habitat and discharge are derived by
direct measurement over a faﬁge 2f stream flows. This ds a simple and
straightforward approach but it involves extensive time and manpower invest—
ments and offers limited ability to predict hebitat characteristics cutside
the range of ohserved flows. Trihey and Baldridge {1985} recommend an
empirical approach for high gradient streams with complex hydraulic features,
but their method reguires three or more field wvisits to develop acceptahle
habitat-discharge relationships. The need for a large number of site visits
is common with empirical approaches because habitat-discharge rvelationships
are seldowm linear, thus necessitating pumercus “points” {data sets) on graphs
to adeguately describe these relationships. Extrapolation between and beyond
observed test flows can be a2 questicnable practice if empirical field data are
inadequate o preoperly describe the shape of habitat-dischargse curves,

Mathematical models are used by many of the field-oriented IFM's to
(1) reduce the amount of field effort required and (2} provide more ability to
extrapolate beyond cobserved flows. Three general types of hydraulic models
are typicelly used. The simplest and most divect hydrzulic models are those
based on stage-discharge relationships generated by regression techniques.
These velationships are commonly derived from field measurements made at three
different flows, although accuracy can be ilmproved by additionsl measurements.
In certein instances, messurements can be made at two flow levels but signifi-
cant Ttworpoint” errors can result (Bovee end Milhouws 1978},

Several "habitat retentlen” IFM's such as the RZ-Cross, or Colorado.
Method utilize a second tyvpe of hvdrauglic meodel based on Manning’s equation,

Thiz model develops a simulzted stage~discharge relationship for a given



cross— section based on field measuremeﬁts of cross-sectional area, hydraulic
radius, energy slope, and channel roughness at =z single discharge. This
method is advantageocus because it entails only one set nf fisld measurements,
However, it 1s not well suited to natural stream channels where flow
conditions are not zlways uniform. Manning's equation was developed to
describe flow conditions in manmade channels where epergy slope and channel
roughness (Manning's "n”) remain relatively constant as flow changes. These
coefficients often vary eignificantly din natural channels as discharge
changes, thus reducing the accuracy of the predicted stage-discharge relation-
ship {(Bovee and Milhous 1578}, Consegquently, for most natursl stream
channels, stage-discharge relationships are best obtained using an empirical
approach using three (or more) sets of field cbservations. The regression
approach alse allows extrapolation over a greater Tange of  flows
{Bovee and Milhous 1978).

"Seep-backwater” models comprise the third main group of hydraulic models
wsed in IT™'s. The most well known of these models is the W3SP (Warer Surface
Profile) model. This method produces three dimensional depth and velccity
maps of a stream section uging Manning’s eguation and the Bernoulli Energy
Equation, It can be applied using only one set of field measurements, but its
accuracy and range of extrapclation can be enhanced by one or more additional
sets of field data {Bietz et al, 1985). Step-backwater mcdels require more
srecise and detailed field survey dats and also require accurate and mandatory
placement of transects acYoss all hydraulie control points din the study
section. 1FIM is the moet flexible IFM in terms of hydraulic modeling because
it =licws the use of empivical, regression, oF step~-backwater procedures as

wall zs combinations of the latter two,




Decision~Making Capabilities

A1l the varicus IFM's have advantages and disadvantages in terms of ease
of interpretation for decision msking, ability te “customize” flow vecommen-
dations, znd defensibility of decision criteria and processes. Trihey and
Stalnaker (1983) identifisd twe tvpes of IFM's that relate to decision-making
capabilities. They are the "stendard setting” methods and the "imcremental”
methods. What we've czlled "non-field” and "habitat retention” methods are
standard setting methods. These metheds {dentify minimum flow standards that
may constrain development, whereas incremental methods {of which IFIM is the
best known) quantify tradeoffs by examining fish habitat responses to flow
alteratricons.

The standard setting methods are by far the easiest to interpret Ifor
making decisions since they are concerned with setting wminimum flows, whether
it be for spawning, passage, incubarion, rearing, or food production.
However, becsuse these mnethods recommend mindmum flows they can actually
compromise some portion of the aquatic resource if these minimum flows are
ail that is maintained during the pericd of recommendation. Tribhey and
Stalnaker's (1985) analogy was that fish communities may be able to withstand
near—drought conditions for ome year im ten §er one month per vear). however,
standard setting methods may impose such conditions for 10 out of 10 years {or
all months of the wyear)., This could have sericus biclogical consequences
hecause fish and other agquatic organisme are often dependent on seascnal
variations in streamflow.

Tneremental methods, in particular IFIM, can compensate for this problem
tn some degree because they can develop seasonal flow recommendationms for

3

4 habitat

several life stages of many specles 1f adequate hydrologic and



suitability data are availabie. In this regard it is a superior method to the
Yhabitat retention” methods that consider fipw-related changes In only one
{such as riffle wetted perimeter) or a very few habitat compenents to indicate
overall ecosystem response. The abilicy of IFIM to genarate complex seasonal/
species/life stage-specific flow recormendations can alsc be a limitation. At
times, an almost overwhelming amount of snformation can be generated, creating
problems with data synthesis and determination of recowsended flows. FProblems
that must be sddressed include determiming which life stage is mest limiting
to a species, and which 1ife stage of which species is most important during a
glven season, These difficult decisions often require "professional judgment”
and are nscessary because a flow that is beneficial to ome life stage cof a
given species may be detrimental to other species or to other life stages of
the same species.

The various procedures used by IFM'e to derive the final flow recommen—
dation{s) offer certain advantages and iimitations. The simplest and most
divect procedurss are employed by the tnon-field” methods that simply select
percentages of annual Flew or some other measure of flow Ifrequency. While
this approach lacks biological sensitivity and, at times, ig unrealistic, the
mechanics of deriving the flow recommendations are relatively unassailable.

The approaches used by various "habitat retention” IFM's to derive final
£1ow recommendations are the source of some controversy. Two approaches are
typically used. The first uses hebitat criteriz 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
must provide adequate depth im riffles, cover approximately 607 of riffle aves

fsec riffle water velocity, provide 0.3 to 0.8

=

by flow, provide 1.0 to 1.5 faee

fept/sec pool water wvelooity, and must produce a pool:riffle ratio of 5G: 50




(Thompsen 1972}, The second approach rteliss on  the ddemtification of
inflection f{or breasking} points on habirar-discharge curves to identify
critical flows below which habitat losses increase rvapidiy.

Loar and Sale (1981 and Annear and Conder {1984} criticized the
inflection point approach as belng too subjectrive and having the potential to
“create rather than alleviate controversy over water allocation needs.” Loar
and Sale (1981) recommend using habitat criteriz because they "are much less

ambiguous than imflection-polnt calculations and are preferable because the

%

value judgments are clear and relatively more defensible.” However, Bistz et

al, (1%85) presented an entirely opposite asrgument and ryejected the use of
habiratr criteria because none of the parameters have been directly relatad to
tabitat guality. They further state: "The relationship between percent
{emphasis added) wetted perimeter vetained and aquatic habitat guality is even
more tenuous. Unlike the wetted perimeter inflection peint, there 1z ns
currently available raticnale for claiming that a fixed percentage of wetted

perimeter vepresents an acceptable or non-acceptable level of aquatic habitat

H

retention,'

As emphasized by Loar and Sale (1981), all IFM's involve some ;Evel of
subjectivity, and professional judgment is essential to formulate final flow
recommendations. Inflection point methods reguive Judgment in selecting
infiection point flows. while methods employing habitat criteria require
judgment in defining the criteria to use. The selection of inflection points
is often very simple and vequires litrle professional judgment. However. in
gsome cases the biologist must use judgment to select inflection point flows
that will provide adeguate habitar for the existing aquatic reseurce. To

employ habitat criteria, the judgment has to be made by the biclogist at the



outser, but it should not be censtrued as being any less subiective than that

smployed in selecting inflection points,

Tata and Manpower Requircments

Eoeh IFM has specific reguirements for streamflow gaging information,
£ield transect data, and site-specific habitar suiltability data for targer
gpacies. Tr Montana, the requiremente for flow gaging information are
critical because most of the stream reaches involved in water allocation
proceedings have no gaging records, The habitat retention IFM's are best
suited for ungaged strsams since they require little or mno long-term flow
information and alsec invelve one to three or more visites to the site. Flow
measurements and chamnel morphology observations made during these visits give
the biclogist some idea of the annual hydrologic regime and a “feel™ for the
flow-related chenges in figh habitat quality and quantity.

Many of the non-field IFM's reguire long-term streamflow records.
However, mean annual flow of many streams can be adequately estimated using
watershed analysis techniques requiring iirtle or no fieldwork., The Tennant
method {a ﬁonmfield method hased on percentage of mean annual flow) can,
therefore, be used im the zbsence of good streamflow rtecords, provided mean
annual flow can be accurately predicted from basin characteristics. Long-term
hydrologic informatlom is considered essentizl by the IFC te negotiate flow
recommendations.

The non-field IFM's typically require little or no transect information
gathered on-site. On the other hand, the habltar-ratention and incremental
methods offren require extensive amounts of tramsect data at several flows.

Field datz reguirements for habitat retention methods can be substantisl if




passage, spawning, and rearing flow requirements all need to be determined.

This conld require twe or more sets of transects In different habitats that
would esch need to be visited three or move times and possibly at different
seasons., Montana's wetted perimeter iInflection point method is one of the
simplest field methods because it requires only three sets of water surface
clevation datz and one set of channel profile measurements at sach transect,
In contrast, many other habitat retention methods, as well as IFIM, require
depth, velocity, substrate and/cr cover measurements at pumercus points across
each transect for each visit to the site.

Habitat suitability curves fer species of interest are esgential to the
appiication of IFIM as discussed previously and illustrated in Figure 2.
Originally, preferences for depth, veloclty, substrate, and cover for a single
1ife stage of a2 species were thought to he simiiar in all streams. Hence,
guitability data gathered in ome stream would be transferrable to others, thus
saving additiomal time and effort. However, problems in applying IFIM in scome
areas have been traced to the fact that fish may not use habitat agquivalently
in different stream environments (Nelson 1980c, Annear and Conder 1983},
Mayle and Baltz {1985) recommend developing habltar sultability curves on—-gite
for each species of interest because variations im fish population densities
and species compesition within and between streams can lead to diffevences in
habitat use via intra- and inter-specific competition. Also, well %nown
diurnal and seasonal habitat preference shifts can seriously complicate the
sse of IFIM {Campbell and Neuner 1985). Perhaps the best sclution to this
problem is to Identily which limiting factors operate during each sesason €0
regulate fish populations and then focus instreanm flow analysis and habitfat

criteriz on these conditions {Campbell and Heuner 1985y,  If agire-specific
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habitat preference data are indeed wandagory, the costs and time involved in
IFIM applications become very high.

Manpower rvequirements vary significently among various IFM's and have
Lesn discussed in detail by Wesche and Rechard {19803 and Loar and Sale
{1981). The "non-field" methods typically reguire little or nc fieldwork and
can usually be completed with less than one man—day of office effort. Man-—
power requirements are highly variable between "habitat retention” methods and
depend upon which method iz used and what life functions (spawning, incuba-
rion, passage, rearing) are considered. According to Wesche and Rechard
(1980}, the Oregon Method requires 3-6 man—days of field effort and 1-3
man-days of office work to derive recommendations for each of three functions:
spawning, passage, and rearing. The Wasghington HMethod requires much more
effort (man-days): 10-20 field days and 15-30 office days for spawning; the
same for rearing; and 5-10 field days and -3 office davs for wetted
perimeter. The Montana wetted perimeter infiection point method requires
relatively iittle manpower - about 4-6 man-days im the field and %1 man-days
in the office. Fone of the above menpower estimates include travel time.

Ais wmight be expected, IFIM has wvery high manpower and training time
requirements. Loar and Ssle (1581) estimated that IFIM would typically
require up to ten times the manpower as the simpler habhitat retention methods
such =as the Colorado (R2-Cross) Method and Montana's wetted perimeter
inflection point method. In addiction to manpower, the training costs for IFIM
are very high compared to other methods. The USFHS conducts 2 mandatory
series of 4-35 short courses te train IFIM users. These courses invelve
150-170 hours of training and cost $1,500-52,000 to complete, excluding

salarv, travel, and lodging expenses. In addition, access to IFIM computer

software is extremely 1imited for non~federal persommel.
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IFM Evalupation Studies

The guestion of how effective varicus IFM's are for determining instresm
flow needs for maintenance of fisheries and other aguatic resources is ome of
the most important issues facing fisheries bilologists taday, vet remzins the
most difficult to rescolve. Although many studies bave been published that
feyaluate” one or morve IFM's (e.g. Nehring 1979, Prewitt and Carlsom 1979,
Stalnaker 1979, Hilger: 1981, Orvth and Maughan 1982, Annear and Conder igg3
and 1984, Bietz et al. 1985), most of them are deficient because they tended
to foeus on the mechanics of the models used. or the uniformity of the
results, vather than on the biological adeguacy of the instream flow recommen-—
dations.

The problem of relating the results of various IFM applications directly
to fish oopulations was recognized by Wesche and Rechard {1980), who stated,
"t¢he fallacy of the 'state of the art’ has been that no methodelogy, no matter
hew detailed, addresses the question of potential biclogical consequences.”
The following statement by Trihey and Stalnaker {1985y dindicates that we
continue te face this dilemma:

"Tespite the successes, figheries biocloglsts have not vyet
achieved the capability of forecasting the number of fishes preduced

in response to any particular water menagement schema. This

gqusstion 1s being brought up more and more in present-day water

development and constitutes a third phase. Within the next decade

or so a scramble is expected for research and method development

aimed at predicting changes in numbers of fish resulting from flow

snd channel alterations. This will be similar to the 1970%s when

methods to quantify the response of fish habltar fo streamflow were

developed. Omly after veaching this third phase can we begin to
quantify the economic value of altering the instream resource. This

will provide zn equivalent basis for comparison of fishery resources

with other instream/out-of-stream values.”

Our present Inability to thovoughly evaluate the adegquacy of instreanm

flow receommendations is related to two major difficulties. These ave: (1



lack of a thorough understanding of the carrying capacity of lotic systems and
how various factors operate to limit carrying capacity, and (2) problems with
experimental design. Both of these problems are complicated by the fact thar
aguatic ecosystems ara comprised of complex assemblages of organisms that
interact with one another as well as with their physical enviromment {Giger
1971}, Further, these interactions may vary seasonally, betwsen life stages

of a2 species, and between stream envircnments.

Carrvying Capacity and Limiring Factors

4 persistent problem that hampers efforts to successfully evaluate and
apply IFM's iz the knowledge of whar the carrying capacity of the stream is,
Whethe% or mnot fish populations are at carrying capacity, and what
factor () act to vegulate carrving capacity., Although the concept of carrying
capacity may be simply defined (the standing crops of f£ish that can be
maintained indefinitely by the aguatic enviromment) the controlling mechanisms
are not essily guantified. Carrying capacity 1s determined by the action of
one or more iimiting factors.

Giger (1%73) reviewed a number of publications and agreed with McFadden
(1969} who concluded that it was impessible to identify any ome factor that
exclusively regulated populations of early trout znd salmon 1life stages {(fry
and fuveniles), Rather, a number of factors interact to regulate £ish popula~
tigns and Teach factor can be understood properly only withia the context of
the network of relationships” (Giger 1973). It dis likely thatr iimitiﬂg

factors vary hetween streams, or at least regionally, due to differences in
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There is general agreement among researchers that in most cases physical

habirat during the late summer, fall, and winter months when streamflows ave
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a2t znnual lows is the primery factor limiting fish populations in western
coldwater streams and rivers (Wesche and Rechard 1980, Giger 1973). Loar and
Sale (1981} suggest that fish habitat may be a limiting factor only during
very high ox very low flow condirions. They further state that at inter-
madiate flows when habitar availability 1s high, other fzecters such as food
preduction may become more Important as limiting factors. It is obvious that
continued research is needed to develop consistent methods to {dentify limit-
ing factors so that instream flow recommendations can be better tailcred to

sult differing seasons and stream enviromments {Campbell and Neuner 15853,

Experimental Design

Based on a review of available literature, three main approaches have
been used to evaluate the adequacy of variocus IFM's for making appropriate
instrean flow recommendations. These are:

{1} Approaches that examine short-termn relationships betwaeen streamflow
or some hahitat index {such as weighted usable area (WUA) derived

using IFIM) and fish population size or standing crop.

-
a3
-

dpproaches involving experimental manipulaticons of flow and fish
populations or standing crops.

{3) Long-term studies of relationships between flow regimes and fish

populations or standing crops.

Fach of the sbove approaches has certein advantages and limitaricns. The
first is probably the least suiltable for evzluating IFMis., At least two
studies (Stalnaker 1979, Anmear and Conder 1983) have examined the relation-
ships between WUA (2 measure of habirat gquantity) and treut populatiocns in

ow flow period

[

several streams at ome point in time, typically during the

when habitat is assumed to be limiring. While this approach does offer some



insight into the ability of IFIM to quantify amounts and quality of fdish
habirat, it does little to address the question of the adequacy cf IFIM's flow
recommendations. The relevance of this approach in addressing the first
question (relatiomship between WUA and fish population size) 1s questiomable
since one must assume that the fish ropulations were at carrying capacity
during the one peint in time when populations were estimated, This assumption
{5 seldom tested, primarily due to a lack of rapid and accepted assessment
techniques,

4 similar approach was utilized by Orth 2nd Maughan (1%82) who examined
relationships between WUA and biomass of several fish species in viffle areas
of a warmwater stream during IWo consecutive summer low flow perieds.
Although significant positive correlations were observed, their work was
strongly criticized by Mathur et al. {1985), primarily on the grounds of small
sample size and assumptions concerning carrying capacity. Irvespective of
these criticisms, the shovt-term nature of such studies and the lack of any
vriori knowledge of what the minimum flow should be renders them ineffective
in truly evaluating the adequacy of IFM recommendations.

The study by FKraft {1972) {illustrates the pitfalls that can be
encountered by shorz-tern studies where carrying capacity is net taken iImto
account. In this study {conducted in southwest Montana), responses of a wild
hrook trout population were related to manipulated flows in a natural streat
channel., The results indicated that gignificant dewatering {up to 907) du;ing
5 three-month, smmmer, low flow period bad little effect on trout populations
or biomasa.

raft'e results are somewhat surprising in view of the abundant evidence
{borh experimental and intuitive) supportinmg the comtention that the flow

regime playe a major role in regulating fish populations. Shortcomings in




Kraft's study that may explain these anomalous findings are that noc attempt
was made to determine (1) whether the stream was at carrying capacity, (2)
what factor{s) limired the population, and (3) what the long-term effects of
such z flow regime might be. (4nother possible, although uaproven, ezplana~
¢ion that would support his findings is that brook trout are move tolerant of
low flows than are other trout species.) FKraft's study apparently contained
the only evidence that Mathur et al. (1983} could provide to suppert their
suggestion that "short term” reductions in flow may not affect Tish population
size.

The second IFM evaluation approach invelves the manipulation of fish
populations and flow regimes Iin experimental channels. Examples of such
designs are studies by Easterbroocks (1981), White =t al., {1981}, and Randoclph
(1984Y, A unigue and key inpredient of these studies is the attempt to insure
that initial fish populaticn levels are at carrying capacity. This is accom-
plished by oversaturating the habitat with introduced wild fish, then sallowing
the population to reach equilibrium (via emigration) prior te dewatering.

This i3 a conceptually appealing method to examine vesponses of fish
populations {(at carrying capacity) and habitat to streamflow reductions, but
it alse has shortcomings. Randolph (1984) suggested that equilibrium fish
population size before and after such experiments may be affected by initial
atocking density. While this phenomenon obvicusly creates some "accounting”
problems, it may not significantly affect the overall study objective, which
is to identify erirical flows and habitat conditions below which the stream’s
shility to support a healthy aguatic vescurce rapldly diminishes. Other
limitarions to this study design are that (1) only one {(or a few at most)
gtream channel 1s examined, {(2) investigations are usually counfined to omne
cne period of the vear {i.e., late summer low flow), and

flow regime during

-3



{3} 4ir is not applicable to larger streams and rivers because of logistical

The third approach to IFM evaluation involves the examination of fish-
flow information ceollacted over a period of years on one or more streams,
This empirical approach overcomes many of the shortcomings inherent in short-
term and/or experimentzal studies, but it teo has limitatioms. First, this
method invelves a lomg-term commitment of time and manpower, probably for at
least five to ten or more vears. This is essential to insure a diversity of
observations at a variety of flows. Long study periods are also required to
enable the researcher to follow individual year classes of fishes through
their 1ife cyele (from fry to adult} which commonly requires three to five
vears. Because of the long-term nafure of such studies, the researcher must
remain aware of, and try to account for, changes in the watershed (logging,
grazing, other development) and management policies {fish stocking changes,
fishing regulations} that may alsc affect fish populations. Further, long-
term studies can generate enormous amounts of complex hydrelegle and fisheries

information (if multiple specles and life stages are considered), which can

buto

prove d;fficult to compile in 2 comsistent, meaningful, and dafensible manner.
Consequentlv, this approach has been applied to only 3 few waters.

Due to their dintensive dats requirements, long-term, empirical IFH
evaluation studies are velatively rare. They are advantageous because thay

provide flow recommendations based on direct chearvatrions of fish population

st

response to a flow regime under 'natural” conditions. The adequacy eof IFM
flow recommendstions can then be critically evalusted, as Kelson {1080a, 1980bL

and 1980c¢) and Anderson and HNehring {1985) have done. Annear and Conder

(1984} stressed the continued need for such studies:




“The question of adequacy of sgny instream flow method for
fisheries will only be resolved by long-term hiclogical documenta-
tion - a2 component of all comparisons of Instresm flow metheds that
ig noticeably missing. Until this issue is resolved, studies such
as this one will continne to only hint at acceptable procedures for
identifving realistic fishery needs for instream {low,”

Evaluations of Montana's Wetted Perimeter Mathod

The adequacy of Montana's wetted perimeter inflection point method has
bean tested using all three of the above study approaches with generally good
results, Orth and Maughan (1982) compared the wetted perimeter, Tenmant, and
IFI¥ metheds on a warmwater stream in Oklahoms. They found that a1l three

zmethods produced similar, acceptable minimem flow recommendations for the low

2=

flow period,

Randelph (1984} evalusted the wetted perimeter methed in a small stream
in southwestern Montana during & two-month pericd In lszte summer/early fall.
Wild rainbow trout densitiss 1im three stream sections were enhanced to
simulate Ycarrving capacity” by the relocation of wild fish from upstream
arsas. He conclueded that the wetrted perimeter Inflection point method
produced an sccurate minimum flow recommendation for a section characterized
by viffle-pocl habitat, but it underestimared fish flow needs in riffle-rum
sections, Fish population response to reduced flows (emigration} appsared to
be more clesely relasted to riffle depth (total or longest. coatinuous top
width having depth of 15 cm or meore) than to changes In wetted perimeter.
Hence. depth criteria may be viclated before the wetted perimeter inflection

point is veached dn the velatively shallow riffle-rum habitats cf small

gfyeans.

oy ] o



Nelson (1980a aad 1980b) compared minfsum flow recommendations derived
using the wetted perimeter, Tennant, and TFIM methods to long-term information

ive veaches of four "hlue ribbon®™ rivers

iy

on trout sﬁandiﬁg crop and flow in
in southwest Montana. With one exception, the empirical trout/flow data sets
included information for 4~13 years. He concluded that inflection points on
wetted perimeter—discharge cuvves for one riffie in each- river provided
acceptable flow reccmmendations, Recommendaticns based on composites of
several transects through variocus habitat units {pools, runs, and riffles
compbined) were mnot as reliable because inflection points were less easily
recognized. The Tennant method was found te be of some use im making minimum
flow recommendations, but percentage of flow required appeared to vary betweaen
rivers. Finally, IFIM flow recommendations wers incrdiﬁatgly low dus to the
application of & small stream habitat model to a large river and the program’s
pse of mid-depth velocity measurements, rather than the velocities near the
stream bottom, to describe the water velocities used by fish. The IFG has
since corrected these problems.

Léar et al. (1985a)} observed populastion fluctuations of three age classes
of rainbow troutr in twe Appalachian streams over a two-year pericd 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
thase fish were related to reductions in riffle wetted perimeter.

Studies by Annear and Conder (1984) and Bietz et al. (1985) examined the
consiztency of the wetted perimeter recommendations for a pumber of streams by
comparing them to recommendations derived from other methods or by converting
them to percentages of the nmean annual flow and comparing these to each other.
These studiss, while contributing to the advancement of the srate~of~the—arg,

are not considerad in this discussion because they do not address the adeguacy

why D
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f the wetted perimeter vecommendations in malntaining the stream fisheries at

acceptable levels.

Criteria for Selecting an IFM

A number of factors must be considered before selecting an appropriate
IFM for a given situation. These include biological goals, geographic scope,
administrati&e goals, time and manpower availability, biological and histori-
cal streamflow data availabilitv, 2bility to monltor and enforce flow
recommendations, and the type of decision-making process followed.

The geographic scope and the type of water allocation process invelved

are the primary considevations in selecting an appropriate I¥M., Trihey and

Stalnaker (1985) concluded that standard setting methods {(such as the Teomnant

methed and Montzna's wetted pevimeter inflection peint method) are most
appropriate for:
1. Protecting the instream flow resource.
2. State water plans.
Statre water allocation permits or reservations.
4. TIdentifying target flow for use during project feasibility studies.

They concluded that imeremental methods (primarily IFIM) are most appropriate

for:
1. Time series analysis to identify limiting flow conditions.
A Fine tuning a respurce malntenance objective (maximum uwitilization of
available water),
3. Avoiding or minimizing flow-related dimpacts.
4, Comparing mitigation alternatives.
These recommendaticns carry substantial weight and are based on considerable

experience; one of the authors {Dr. Stalnaker) has been the leader of the



IFPG since its formation omne decade ago.
The "standard setting” methods are most sppropriate for basinwide water

they can provide cost effective, simple, single, minimum

vl

allocation becaus
filow values for a large number of streams with a wminimal amount of time
consuming negotiations. Simple, minimum flow veconmendations facilitate water
allocation processes and can be moniteored and enforced with relative ezse.
Other advantages are that thess methods require little or no long~term stream-
flow datz and (at least in Montana) appear to provide reasomable minimum flow
recommendations for streams and rivers alike,

The high time and manpower requirements and the nature cf the decision~—
making process make IFIM an impractical tool for use in State water allocation
programs. As pointed out by the developers of the method (Bovee 1982, Trihey
and Stalnaker 1985), IFIM is not designed to set minimum flows., Rather, it is
designed for negotiating flow regimes for specific project areas by quantify-
ing fiow-telated habitat tradsoffs.

We contacted water rescurce administrators in fish and wildlife agencies
in several western states and the provinces of Alberta and British Columbiszs in
early 1986 to solieit their views regarding the use of the wetted perimeter
inflection point method and to ascertain which IFM(s) they utilized. The
results indicated that most states or provinces follow a hierarchical approach
eimilar te that described by Loar and Sale (1981) or Trihey and Stalnaker
{19853, That is, they employ a variety of IFM's {(non-field, habitat veten-
tien, and incremental) in their programs depending upon the neads of a
particular situatien. The use of I¥IM is usually restricted to significant
weter development projects or highly controversial allocation disputes.

Six of the eight agencies (Colorado, Washington, Minmesota, Wyoming,

Idaho, and British Colusbia) that rtesponded indicated that they used some




variation of the wetted perimeter method in some part of thelr instream flow
program. California and Alberta do muot use the wetted perimeter methed.
California currently has no basinwide alleeation process anaiogous to
Montana's water reservation svystem, so they are primarily concerned with new
water development projects on which they place "conditioms” (personal communi-
cation with Gary Smitch, Fiéheries Biclogist, California Fish and Game).
Californiz vequires project developers te fund and conduet 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 uses IFIM on large

water deveiopment projects.



MONTANA'S INSTREAM FLOW METHOD

An IFM that was compatible with the State's water reservation process was
a major consideratiom when the MDFWP selected its primary method for making
instream flow recommendzticns., Under the reservation preocess, the unappro-
priasted waters im a basin are allocated among ail competing uses, including
municipal, agricultural and industrial as well as instream for the protection
of fish and wildlife and water quality. When granted, the instream reser-
vation becomes a part of the priority date system, with some Ffuture uses
subject to, or junior te, the instrveam reservation. During some time periods,
especially in water short years, Junior censumptive users will have to comply
with the terms of the reservation and cease withdrawing water when streamflows
fall below the granted instream flows. GCiven this requirement, complex flow
recommendatrions that vary by time period and by year are generally unsuitable
because they confuse junior water users and exacerbate problems with compli-
ance and policing. A single, year-round recommendation tends to mininize
these sroblems, but such a recommendation may fail to fully satlisfy the
ipstream flow needs of all fish species and all of their life stages and
functions, However, keeping the recommendations simple appears, in the long
»un, to be in the best interest of the resource because compliance and
policing problems are minimized,

Under the reservaticn process, the Department has the responsibility
for requesting instream flow protection for literally hundreds of streams.

Due te the large number of streams, funding, manpower znd time Iimitations




alsc became an important consideration in the selecticon of an appropriate
meth@del ¢f the thrse broad categorvies of methods previously described; two
were quickly relegated to z secondary role in deriving recommendations under
the reservation process.

Office or non~field methods {Catepory 1) were Judged Iess desirable
because of the Department’s cente&tien that the recommendations would be more
credible if they reflected stream-specific habitat and discharge relationships
rather than 2 flow quantity deriwved solely from the historic flow record.
Furthermore, the lack of sufficient histeric flow data for the vast majority
of Montazna's streams precluded the use of virtuslly a1l cffice methods. In
addirion, the consensus in the literature ig that this category should be
confined to deriving preliminary or reconnalssance grade recommendations
{Stalnaker and Arpette 1976}, thus limiting their suitability for Montana’'s
reservation program.

Methods that apply specles— and 1life stage-specific habitat criteria in
evaluating the condition of the stream enviromment at variocus flows (Categovy
3) proved to be incompatible with the basic goal of the Department’s instream
flew program. which is to set flow recommendations at a level that will
sustain existing fishery resources. Category 3 methods, of which the IFIM is
the best kpown and meost commonly spplied example., were designed to be used in
negotiating flows rather then setting minimum standards. This is a2 costly,
complex and time consuming analysis that has Iimited application im Montansz's
water reservatlon process.

Those methods that examine various components of a stream’s hydraulic
characteristics at various flows for the purpose of developing generalized
habitat~discharge re;aiionships are included in Category 2Z. The flow

recommendations would not. in most cases, be hased on detailed evaluations of



the habitar rveguirements of specific fish species oF 1ife stages. The
simplified prediction techniques that this group uses in evaluating the
condition of the stream enviromment reduce the field data requlrements to the
point where dollar costs, manpower nesds and iime expended are reasonable.
The cuteome of the analysis is 2 minimum flow gtandard that is dntended to
fully protect some aspect of the stream resource. These methods are most
appropriate when instream protection 1is requested for a large number of
streams, as occurs in state water allocation programs {Trihey and Stalpaker
1885},

The MOFWP was, therefore, limited to selecting a method from Category 2.
The methed chesen was the wetted perimeter inflection point method. A brief

description of the method, its assumptions and data needs follow.

Yatted Perimeter Inflecilon Foint Method

This method focuses on the previously discussed assumption that the food
supply can be a major factor influencing a stream’'s carvying capacity during
the non-winter months. The primcipal food of many of the juvenile and adult
game fish inhabiting the streams of Montana is aquatic invertebrates, which
are produced primarily in stream riffle areas, The method assumes that the
game fish carrying capacity is related to food producition, which in turn is
related to the amount of wetted perimeter in riffles.

Wetted perimeter is the distance along the bottom and sides of a channel
cross-saction in contact with water (Figure 4y, As the flow in a stream
chanmel increasses, the wetted perimeter also increases, but the rate of gzin

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

s
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The plot of wetted perimeier versus flow for stream tiffle crous-—
sections generally, but not always, shows two points, referred to as break or
inflection points, where the rate of incresse of wetted perimeter changes. In
the example (Figuxe 3), these inflection points ocecur at approximate flows of
8 and 12 cfs. Below the lower inflection point, the flow is spreading out
harizon;aily across the stream bottom, causing the wetted perimeter to
imcreas; rapidly fer very small increasas in flew. A point is eventually
reached {at the lower inflection point} where the water starts te nove up the
sides of the active channel and the rate of increaée of wetted perimeter
begins to decline. At the upper inflection polnt, the stream is approaching
its mexioum width and begins to move up the banks as flow increases. Large
increases in flow beyond the upper inflection point cause only small increases
in wetted perimeter. Flow levels at these inflection points are depicted iIn
Figure 6.

The area available for food production is consideraﬁ near optimal at ths
upper inflection point becsuse almost all of the available riffle area 1is
werted. At flows below the upper inflection peint, rhe stream begins to 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
helow the lower inflection point, the riffle bottom is being exposed at an
even greater vate and the area available for food production greatly
diminishes, The method is Intended to sstablish a threshold below which a2
cstream’'s food producing capacity begins to decline (upper inflecticn peoint)

apd a threshold at which the loss is judged unacceptable (lower inflection

point),

While this inflestion point concept focuses on food production, there are

indications that wetted perimeter relates to other facters that influence a
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stream's carrying capacity. One such factor is cover {or shelter}, a well
recognized compoment of fish habitat.

In the headwater streams of Hontana, overhanglng and submerged bank
vegetation and undercut hanks are often important components of cover, Im
Wyoming, overhead bank vegetation was the cover perameter that explained the
greatest amount of wvariation in trout pepulation size in small, brown trout
srreame (Wesche et al. 1987). The wetted perimeter-flow relationship for a
stream channel is, in some cases, similar to the relationship between bank
cover and flow, Flows exceeding the upper inflection point are considered to
provide mnezr optimal bank cover. EBelow the upper inflection point, the water
pulls away from the banks, decreasing the amount of hank cover asspcizted with
warer. At flows below the lower inflection point, the water is sufficiently.
removed from the bank cover to severely fééuce its value as fish shelter.
Support for this relationship is provided by Randolph {1984), who found a high
correlation between riffle wetted perimeter at various flows and the total
area of overhanging bank vegetation (r = 0.88-1,00) and undercut banks {(r =
0,84-0.97) for three study sections In 2 gmall Montana stresam.

Tn addition te producing foed, riffles alsc are used by many game fish
species for spawning and the rearing of theilr voung (Sande 1981 and Loar et
al. 1985a). Thus, the protection of riffles insures that the habitat required
for these critical life functioms is also protected.

inother important consideration that supports the keving of rvecommen-
dations to riffles is the fact that riffles ave rhe area of a stream most
affacted by flow reductlons {Bovee 1974, Helson 1977 and Loar et al. 1985a).
By providing a recommendation ¢that wets 2 large portion of the available
riffle area, we are, at the same time, helping to protect beth runs and §Qelg

- areas where adult fish normally reside.



The wetted perimeter inflection point method provides a range of Tlows
(hetween the lower and upper inflectiom points) from which a single imstream
flow recommendation iz selected, Flows below the lower inflection peint are
sudged undesirable based on their probable impacts on food production, bank
cover, and spawning and rearing habitats. Flows exceeding the upper inflec-
tion polint are considered to provide near optimal conditions for fish. The
upper and lower imflection points are believed to bracket those flows needed
to maintain the high and low levels cf aquatic habitat potential. These flow
levels are defined as follows:

1. WHigh Level of Aguatic Habitat Potential - That flow regime which will

comsistently produce abundant, healthy and thriving aquatic popula-
sions. In the case of game fish species, these flows would produce
abundant game fish populations capahle of sustaining a good Lo
excellent sport fishery for the size of stresm involwved. For rare;
threatened or endangered species, flows to accomplish the high level
of aguatic habitat mazintenance would: 1} provide the high population
levels nsaded to ensure the continuved existence of rhat species, or
2y provide rhe flow levels zbove those which would adversely affect

the species.

2. Low Level of Agquatic Habitat Porential - Flows to accomplish a low

jevel of aguatic habitar maintenance would provide for only a low
population of the species present. In the case of game fish species,
a poor sport fishery could grill bhe provided. For rare, threatened
or endangered species, their populations would exist at low or
marginal levels. Tm some cases, this flow level would not he

sufficient to maintain certaln specles.




The channel profile also has to be measured for each cross-section,
Unlike the measurements of water surface elevation, this bas to be done only
once. it is best tc measure profiles at the lowest calibrationm flow when
wading is easiest.

The wetted perimeter method 1s spplied solely to riffles. Cross-sections
can be established in 2 single riffle or ip 2 number of different riffles.
Cvross—sections should describe the typical riffle habirat within the stream
segment being studled. For each riffle, the upper limit is three cross~—
secticns 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 riffles in each study arvea. At least three and preferably five
riffle cross-sactions should be used in the WETP analysis. The WETP program
scceptes up to 10 cross-sections. The computed wetted perimeters for all
~iffle crose-sections at each flow of interest are averaged and the recommen-
dation derived from the wetted perimeter-flow relationship for the composite

of all viffle cross-sections.

An in-depth description of the WETF computer program and data collection
procedures 1s provided in 2 publication titled "Guidelines for Using the

Wetted Perimeter (WETP) Computer Program of the Montana Department of Fish,

Wildlife and Parks” {(Nelson 1984a).



MONTANA'S WETTED PERIMETER METHOD ~ FINAL CONSIDERATIONS

The wetted perimeter methed 1z intended to quantify the flow needs of
fish during the non-winter pericd from approximately April through October,
exciuding the high flow, or snow runoff, months of May, June and July when
about 75% of 2 stream’s annual wacter vield passes through the system (Figure
1Y, Flow recommendations for the high flow period should be based on those
flows deemed necessary for flushing the annual accumulation of bottem
sediments and maintaining the existing channel meorphology.

A stream’'s annual high flow characteristics are genevrally accepted as
being the major force in the establishment and maintenance of channel form.
It 1s the high spring flows that determine the shape of the chanmel rather
than the average or low flows.

The major functioms of the high flows in the maintenance of chamnel form
are bedload movement =2nd sediment transport. It is the movement of the bed
and beznk material and subsequent deposition which forms the mid-channel bars
and, subsequently, the islands, High flows are capable of covering already
established bhars with finer material, which leads successively to vegetated
islands, Increased discharge associated with spring runcff also results In a2
fiushing action, which vemoves deposited sediments and maintains sultable
gravel conditions for aquatic dinsect producticn, fish spawning and egg
incubation.

Reducing the high spring flows beyond the point where the major amount of
bedload and sediment 1s transported would intervupt the ongoing chapnel

processes and change the existing channel form and bottom surfaces. A

w58




The final flow recomsmendation is generally selected from this range of
flows by 2 consensus of the bioclogists who collected and analyzed all relevant
field data for the streem of interest. The bioclogists' rating of the stream
rescurce forms the basis for the flow selection process. Factors considered
in the evaluation include: (1) the ievei of recreational use, (2} the existing
tevel of envirommental degradation, (3} water availlability and {4y the
magnitude and composition of existing fish populaticns. Fish population
information, which is essential for all streams, 1s a major consideration. A
marginal or poor fishery would likely dustify a flow recommendation at or near
+he lower inflection peint unless other considerations, such as the presence
of species of ’'special concern” (arctic grayling end cutthreat trout, for
example} warrant a higher flow. In general, streams with significant resident
fish populations, those providing crucial spawning and/or rearing habitats for
migratory populations, and those supporting significant populations of species
of "special comcern” should be considered for recommendatlons at or near the
upper inflection point.

Other candidates for upper inflection point recommendations are streams
that have the capaecity 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 to strive for should the wmeams become
available to 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 pollution, and which
have the potential to support significant fisheries if reclsimed, are
additional candidates for upper inflection point recommendations.

The procese of deriving the flow recommendation for the low flow pericd

5]

thus combines a field method {weited perimeter inflection point method) with



thorough evaluation by field bilologists of the existing stream resource.

Brief Description of the Wetted Perimeter (WETP) Computer Program and Bata

The wetted perimeter—flow relatiomship for a stream of iInterest is
derived using a wetted perimeter predictive {WETP} computer program developed
in 1980 for the MDFWE.

Two pileces of information - the cross-sectional profile and stage-~
dizcharge rating curve - are reguirved for gach riffle cross-section as input
to the WETP program. These data are obtaimed in the field using standarxd
surveying procedures.

The stage~-discharge rating curve describes the relationship hetween the
height of the water surface (the stage) in the riffle cross—section and the
magnitude of the flow (discharge) through the cross-section, fhis rating
curve, when coupled with the cross-sectional profile, is all that 1is needed to
compute the riffle wetted perimeter at most flows of interest.

The WETP program vequires ar least two sets of stage measurements taken
at different known flows to develop the stage-discharge rating curve.
However, the use ef three sets of stage-discharge data collected at z high,
intermediate and low flow is recommendsd. The three measursments are made
when runcff is recediag (high flow), near the end of runoff {(intermediate
flow) and during late summer—sarly fall (low flow). The high flow should be
considerably less than the bankfull flow, while the low flow should approxi-
mate the lowest flow that normally oceurs during the summer-fall seasoen.
Although the WETP program will run using only two sets of stage~discharge

datz, this practice is not recommended because substantial Trwo-point” ervor
¥

can result., However, when only two data sets sre obtainable, the higher

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




significantly altered channel configuration would affect both the sbundance
and species composition of the presenmt aquatic populations by gltering the
existing habitat tvypes.

¥Montana's high flow method, termed the dominant discharge/chamel
morphology concept (Montana Dept. of Fish a2nd Game 1279, requires at least 10
years of continuous USCS gage rvecords to derive recommendations and, conse—
quently, cannot be applied to most streams. Becommendations from the wetted
perimeter inflection point method do not satisfy flushing or channel mainte-
nance reguirements. Because most water users, particularly irrigators, are
gnable to divert a significant portionm of the runoff flows and, therefore, are
incapable of materially impacting the high filow functionz of bedload movement
and sediment tramsport, high flow recommendations may be unnecessary in most
cases. Therefore, extending the wettad perimeter recommendetions through the
high flow peried - a common practice of the MDFWP - should not jeopardize the
maintenance of adegquate high flows for most streams. Fufthermere, Montans law
limits the granted imstream flows for gaged streams to no more than 507 of the
average annual flow, thus eliminasting flushing and channel maintensnce flows
from consideration in a reservation application.

As discussed in ap earlier section, the protection of natural flow levels
during the critical winter months is justified if the goal is toc maintain fish
populations at their existing levels. As a guideline, the winter recommenda~
tien should not be less than the base flow, which 1s defined as the lowest
mean monthly fiow during the winter months. Because the wvast majority of
Montana's waters are ungaged, winter base flows ave unquantified for most
streams. Past work by the MDFWP has shown that the upper inflection point
racommendations of the wetted perimeter method typically exceed base flows

(Leathe et al. 1953}, Winter flows would, therefore, be protected if uppaer

-



inflection point recommendations were extended through the winter periocd.
This is a common practice of the MUFWP when recommending flows. Lower inflec~
tion point recommendations are normally inadequate for protecting winter base
flows.

Regardless of the method used to guantify instream flows, there will be
gome time periocds, especially during drought years, when the recommendations
exceed the available flows. Only when the recommendations equal the historic
tow flows would they never excead the available water supply. However., such
recommendations would devastate a stream fishery 1f maintalned for any length
of time and are analogous to asking a farmer to produce his crops using only
the amount of water available during the worst drought year om record.

Leathe =nd Enk (1985) evaluated the amcunt of time the wetted perimeter
recommendations for five gaged., mountaln streams In Montana'’s Swan River
drainage exceeded the available streamflows, Tear-voumnd, upper Inflection
peint recommendations were found to exceed dally streamflows from 24 to 647 of
the time, depending on which of the five streams was evaluated., On the
average, recommendations exceeded the available daily flows 41% of the time
and, conversely, were less then the daily flows 55% of the time. In other
words, excess water would be available for other uses 397 of the time, on the
average. Unpublished data for a number of the larger rivers in southwest
Montana showed that the wetted perimeter recommendations generally fell within
the %0trh to 90th percentile renge of flows, meaning that the availsble daily
streamflows, even with existing depletions, will still exceed the recoumen-
dations from &0 te 907 of the time,

The wetted perimeter inflection point method bas primarily been applied
in Montans to coldwater trout streams east and west of the Continental Divide.

Results of validation studies in Montama support the use of this methed in




deriving minimum {low recommendations for these waters (Nelseon 1980s, 1%80b
and 1980c and Randelph 1984). The loglc behind the method should apply to
warmwater streams 28 well, However, no biological studies have been conducted
in Montana to confiyrm the reliabilicy of warmwater rvecommendations, although a
warmwater evaluatien in Oklahoma supported the use of wetted perimeter {(Jrth
and Maughan 1982}.

The wetted perimeter method is unsuitable in certain situations. The
method 1s designed for use on stresm reaches in which the flow is confined to
a2 single channel, although the application to side channels off of main river
channels is a commonly used approach for deriving recommendaticons for these
vivers in which side channels are crucial ¢o the well-being of certain
species. When the flow iz distributed smong wmany channels, c¢ross—-sections

through these bralded reaches are wvery difficult to model hydraulically,

aking most computer models, including WEIP, unworkable in this situstion.

&)

Waters having little or no rviffle development, such szs cascading mountain
streams that plunge from pool te poel and some low gradient, prairie streams,
ars ancther exception, =2s are spring creeks. The stable, year—round flows
that characterize spring creeks prevent the collection of field dats st a

high, medium and low flow - information needed to callibrate the WETP computer

program.
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EXHIBIT 3

Photographs illustrating fish habitat found in the prairie streams
where instream flows are requested.






Photographs nlustrating fish habitat found in the
prairie sireams where instream flows are reguested.

Poplar River at Highway 248 crossing near Scobey, MT
Photo by Liter Spence. November 19, 1992,

East Fork Poplar River at Highway 13 crossmg north of Scobey, MT,
Photo by Liter Spence, Movember 19, 1992,






Little Missouri River on Camp Crook Road between Alzada and Capitol, MT.
{Note riffle between pocls.)
Photo by Liter Spence. November 16, 1992,

Little Missouri River at Capitol, MT.
Photoe by Liter Spence. Movember 16, 1992,






Beaver Creck (Lattle Missount River) at Highway 7 crossing near Wibaux, MT.
Photo by Liter Spence. Movember 17, 1992

Box Eider Creek at Highway 323 cressing south of Ekalaks, MT.
Photo by Liter Spence. November 16, 19592,






EXHIBIT 4

C. Parrett and D.R. Johnson (1994). Estimates of Monthly Stream
Flow Characteristics and Dominant Discharge Hydrographs for
Selected Sites in the Lower and Little Missouri River Basins. U.S.
Geoclogical Survey Water Resources Investigations Report 94-4098.
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Estimates of |

Manthly Streamflow Characteristics and

Dominant-Discharge Hydrographs for Selected Sites in
the Lower Misscuri and Littie Missouri River Basins in

Acniana

By Charles Parrett and Dave R. Johnson

Abstract

Various strearnflow characteristics were
estimated for water-reservation purposes for 17
sites in the lower Misscuri River Basin and four
sites in the Litrtle Missouri River Basin in Mon-
tana. The characteristcs were mean monthly and
annual streamflow and monthly mean streamfiow
that is exceeded 90, 80, 50, and 20 percent of the
time. In additon, dominant-discharge hydro-
graphs were estimated for 16 of the 17 sites in the
lower Missouri River Basin and for all four sitesin
the Little Missouri River Basin. Pominant dis-
charge, generally defined as the bankfull dis-
charge, was considered tc be equal to the peak dis-
charge having a recurrence interval of two years.

Monthly streamficw characteristics gener-
ally were based on 2z common 1937-86 base
period. A mixed-station record-extension program
was used to estimate missing flow data during the
base period for streamflow-gaging stations.

Two methods were used to estimate charac-
teristics at ungaged sites. One method was based
on correlating muscelianeous discharge measure-
ments at the estimating site with concurrent daily
mean discharges at a nearby gaged site. The sec-
ond method was based on using a drainage-area
ratio to ansfer streamflow characterisics at 2
gaged site to the estimating site.

Dominant discharges for gaged sites were
obtained from a previous flood-frequency report or
by fitdng a log-Pearson Type 3 probability dismi-
bution to recorded peak-flow data. A drainage-
area-ratio adjusmment was used to ransfer domi-
nznt discharges from gaged sites to ungaged sites.
Dominant-discharge hydrographs were  deter-
mined from visual examination of recorded
hydrographs having maximum daily discharges
that were relatively close o the estimated domi-
nant discharges.

INTROCDUCTION

The surface-water supply for most tributary
streams in the lower Misscur and Limle Missouri
River Basins in Montana is seasonally variable and
generally unable to satisfy demands of all users. To
allocate the remaining finite supply among the compst-
ing users, the State of Montana developed an adminis-
trative process enabling govemmental agencies 1o
reserve surface water for existing and future beneficial
uses. Among the uses for which water may be reserved
are fish, wildlife, and recreation. To establish an
instream-flow reservation for these uses, the Montana
Deparmment of Fish, Wildlife and Parks (GFWP) needs
o determine various streamflow characteristice, The
U.S. Geological Survey (USGS) previcusly deter-
mined monthly streamflow characteristics for several
hundred sites in the upper Missoud River Basin (Par-
rett and others, 1989 for water-reservation purpeses.
The USGS, in cooperation with DFWE conducted the
study reponed here (0 determine streamflow character-
istics at 17 sites in the lower Missouri River Basin and
4 sites in the Lirtle Missouri River Basin for which
water reservations are requested.

PURPOSE AND SCOPE

The purpose of this report is (o present the esti-
mated streamflow characteristics and data for the dom-
inani-discharge hydrographs and to describe the
methods used o make the estimates for 21 selected
sites in the lower Missouri and Limle Missouri River
Basins in Montana, The estimates include (1) mean
monthly and annual streamflow; (2) varicus poinis on
the menthly mean stream flow-duration curve (monithly
mean streamflow that is exceeded 50, 80, 50, and 20
percent of the time) for all 21 selected sites; and (3)
dominant-discharge hydrographs for 14 of the 21 sites
whers DFWF considered the maintenance of existing
stream-channe! momphology o be iImponant for waier-
reservation purpeses. To ensure that estimates of
monthdy snd annual streamfBiow were consistent with
estimates previously made for the upper Missourn
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River Basin (Parrett and others, 1989, the common
base period used in the previous study (water years
1937-86) was alsc used in this smdy. The dominant-
discharge hydrograph at each of the 14 sites was based
on 2 hydrograph duraticn of 14 or 21 days and a max-
imum daily discharge equal 10 the dominamt (bankfull)
discharge. The dominant discharge was assumed o be
equal 1o the peak discharge having a recurrence interval
of 2 years.

Monthly streamflow characteristics were esii-
mated for 17 sites in the lower Missourd River Basin
between Fort Peck Lake and the Moniana-North
Diakota border and 4 sites in the Lirtle Missouri River
Basin in Montana (fig. 1). Of the 21 selected siies,
7 are locaied at streamflow-gaging stations having
continucus-record streamflow data, 2 have miscella-
necus discharge-measurement data, and 12 have no
flow data, although a streamflow-gaging station is
located on the same stieam upstream or downsirsam
from each of the 12 sites. Three of the estimarion sites
(18, 20, and 21} are located at the Montana border.
Sireamflow-gaging stations are located just down-
stream from all three siies, and the gaged streamflows
are considered o be equivalent 1w those at the border.
Streamflow data from nearby sircamilow-gaging sia-
ticns were used to estimate monthly sireamiflow char-
acteristics at the 2 sites having only miscellaneous
measuremends and the 12 sites having no streamfow
data. Ofthe 14 sites selected for the determination of
dominant-discharge hydrographs, 10 are in the lower
Missouri River Basin and 4 are in the Linde Missourd
River Basin. None of the 10 sites in the lower Missoun
River Basin have gaged data, but a streamflow-gaging
staticn is located on the same siream upsiream or
downstream from each of the 10 ungaged sites.
Although all four sites in the Little Missouri River
Basin have gaged data, data from one gaged site {(sie
21) were not used 1o determine a dominant-discharge
hydrograph because streamfiow during the short
periad of record was considered to be unrepresentative
of long-term hydmlogic condidons. Recorded stream-
fow data from a streamflow-gaging station on the same
stream were used to estimate dominant-discharge
hydrographs at each of the 10 ungaged sites and the site
having a short period of record. The locations of the
estimation sites and the nearby siream flow-gaging sia-
tions used for estimation purposes are shown on figurs
1. The sites, types of streamflow data available, and
whether dominant-discharge hydrographs were esii-
mated are shown in tabis 1. The estimated monthly
streamflow characteristics at the sites are presented in
table 7 at the back of the report, and daily mean dis-
charges from the estimated dominani-discharge

hydrographis are presented in table § at the back of the
report,

ESTIMATES OF MONTHLY STREAM-
FLOW CHARACTERISTICS

The 7 streamflow-gaging stations for which
monihly streamfiow characteristics were estimated and
the 11 nearby gaging siadons used for estdmation have
varizbie record lengths as shown in table 2. Th ensure
that estimated menthly streamflow characieristcs were
representative of the same general hydmlogic condi-
Hons, a common base period of record (1937-86) was
developed for 16 of the 18 stations using a streamflow
record-exiension program (Alley and Bums, 1983) that
was previously used for the study in the upper Missouri
River Basin. Monthly streamfiow characiernistics at the
2 mainstem Missouri River sites (sites 1 2nd 17) were
based on the peried since Fort Peck Lake was substan-
tiaily filled and became cperational (1943). After
sireamflow records were extended to the common
base period, two general methods, the concurrent-
measurement method and the drainage-area-ratio-
adjustment method, were used 1o estimate monthiy
sireamflew characteristics at ungaged sites. Both
methods are based on the use of moenthly steamfiow
characteristics at gaged sites to estimate those charac-
teristics at ungaged sites,

Development of the common base period,
1937-28 watler years

As  descibed by Alley and Bums (1983),
the streamflow record-extension program is a mixed-
siation program that selects the best base statlon from
ali the available streamficw-gaging stations in a region
10 estimate each month of missing siream fiow record at
a site. The critericn for selection is 1o use the base sta-
tion that resulis in the smallest standard error of predic-
ton for that station for that month. Only stations with
streamfiow record for a pardcular menth were used 10
estimate missing values at other sites for that month;
previgualy estimated monthly flows were not used 10
estimate any missing flows. To make full use of
recorded flow daia before 1937 and afier 1985, the
record-extension program was used 10 estmate missing
monthly flows at all 18§ stations for the pericd 1906-90.
All estmated and recorded flows for the periods 1906-
36 and 1987-90 were eliminaied and monthly stream-
flow characterisiics at ail gaged sites except the two
mainstem Missoun River sites were determinged based
on only the 1937-86 period. For the 2 mainsiem Mis-
souri Riversites, all estimated and recorded fliows for

2 Estimaies of monthly streamfiow characterisiics and dominant-digcherge hydrographs for selected sites In the lowsr Missour! and Linde
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by omitting the first two digits, which
identify the major droinoge Dosin, gnd
the last one or two digits if they ore
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siies and sirsamilow-gaging stations.
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Tabis 1. Streamilow estimation sites and svailabls data

Type of streamilow data  Domi-
avaiiabie nani-
Dralnage dis-
Siim arem, Misoal- charge
Siream name
no aguars  Gaged lanecus hydeoe
Moene
miles FEeord messure- graph
ant &5l
maied

1 Missouri River below Fort Peck Dam, Mont 57,556 X - - -

2 Beaver Creek above Lower Lake, near Havre, Mont, 874 x . - —

3 Litde Boxelder Creek at Clear Creek Road, near Havre, Mont. 532 - - X -

4  (lear Creek at Clear Creek Road crossing, near Lohman, Mont. G613 - - X -

3  Baule Creek at mouth, near Chinook, Monz. 1,15 o - b4

5§ Peoples Creek at Bamey Olsen Road, near Dodson, Mont. 0.5 - - X -

7 Frenchman River ai mouth, near Sace, Mont. 2,565 - . X

8 Beaver Creek az Fort Bellmep Indian Reservation, near Zortman, Mont. 53 - - X -

§  Beaver Creek a1 mouth, near Sace, Mont 1798 - e x X
18 Rock Creek at mouth, near Hinsdale, Mons. 1,376 -- - X X
11 Redwater River above confiuence of East Fork Redwarter River, near Vida, Mont. 1,766 . - X X
12  Redwater River near Vida, Mont. 2,113 i - X k4
13 Poplar River sbove confluence of East Poplar River, near Scobey, Mont. 572 - — X X
14 East Poplar River at mouth, near Scobey, Mont 755 - - X X
15 Poplar River at Fort Peck Reservation boundary, near Scobey, Mont, 1,745 - X - X
156 West Fork Poplar River at Fort Peck Reservation boundary, near Four Buties, Mont. 732 - X - X
17 Missouri River near Culberison, Mont 1,357 x - - -
18 Little Missouri River at Montena-South Dakota border! 1,970 X - - X
1% Boxelder Creek near Webster, Mons. 1,092 X - - x
30 Litle Beaver Treek at Montana-North Dakota border 6513 X - - X

R X - . X

21 Reaver Creek 2t Montana North Dakota border

'Name of sreamflow-gaging station is Litde Missouri River ai Camp Crook, 3. Dalc.
Name of sireamflow-gaging station is Listle Beaver Creek nesr Marmarth, N. Dak.
*Mame of sreamfiow-gaging station is Beaver Creek near Trouers, N. Dak.

the periods 1506-42 and 1987-90 were eliminated, and
the monthly streamflow characienstics were deter-
mined based on the 1943-86 period. Base stations
used for this study and their periods of record from
1806 10 1986 are shown intable 3. At one gaged site,
Esst Poplar River at Intermational Boundary
{D6178500), recorded dows prior to the completion of
a reserveir in Canada in 1976 were not used in the
anaiysis. All monthly fiows for this site duning the
period 1937-76 were considersd o be missing and
were estimated using the streamflow record-extension
program.  Because the period 1977-86 generally
was drier than normal in the lower Missoun River
Basin in Mon{ana, use of the sireamfiow record-exien-
sion program in this instance 1o estimate missing fows
under regulated conditions was considered o provide
a more reasonable and consisient flow record than the
use of recorded, regulzied dows for 1977-86 only,

&4
Bizsourt River Basglng iy Moniane

Table 4 shows the number of monthly flows estimated
for each of the 18 stations (including the 2 mainstem
Missourn River sites) using the streamflow record-
extension program and the average standard ermor of
prediction.

The average standard error of prediction shown
in table 4 is the average across all months, The average
standard error of prediction ranged from 18.6 percent
1o 176.5 percent. The number of monthly Bows esti-
mated by the streamflow-record extension program at
each of the 18 sites ranged from O 1o 600, For the
streamflow-gaging station, Liide Box Elder Creek at
mouth, near Havre {06141600), all 600 monthly fows
in the base period were estimated. The only recorded
flows at this station were 48 values ouiside the base
periocd. At 5 other stations, more than 300 monthly
flows owt of the 600 i the 1937-86 base period were

Estimates of monthly siresmtlow characteristes and dominant-discharge hydrographs for selecled siles In the lower Missouri and Littls




Table 2, Monthly streamfiow estimation sites and assaciated streamiiow-gaging data

Sireamflow-gsging sistion data

A1 estimation sils

A3 nearby sits ussd for

Slte
Sweam namea estimsation
ae. Period of Period af
Mumber Number
record reeord
i Missouri River below Fort Peck Dam, Mont 08132000  1943-90 - o
2 Beaver Creek above Lower Lake, near Havre, Mont, 061402997 1966-90 - -
3 Little Boxelder Creek at Clear Creek Road, near Havre, Mont, - - 05141600  1987-5¢°
4 Clear Creek at Clear Creek Kosad crossing, near Lohman, Mone. - - 06142400  1984-50°
3 Benle Creek at mouth, near Chinock, Mont - - 08151500 1908-21;
1944
1684-503
& Peoples Creek af Bamey Clsen Road, nesr Dodson, Mont - - 06154400 1967-50
7 Frenchman River at mouth, near Saco, Mont. . . 06164000 1917-9¢°
8  Beaver Creek 2 Fort Bellmap Indian Eeservation, near Zorman, Mont - - 08164590 1983.60
$  Beaver Creek at mouth, near Saco, Mont - - SE166000  1920.21;
1581-9¢7
i3 Rock Creek at mouth, near Hinsdale, Mont - - 08145500 191617,
1956-TT;
1978-90°
11 Redwater River above confluence of East Fork Redwater River, nesr Vida, - - OR1TTRIS  1976-85
Mon
12 Redwater River near Vida, Mon:. - - 08177825 1976-88
13 Poplar River shove confluence of East Poplar River, near Scobey, Mont - - 05178000 1931-5¢°
14 Es=st Poplar River at mouth, near Scobey, Mont -- -- 08178500 1931.90%
15 Poplar River at Forr Peck Reservarion boundary, near Scobey, Mont, - {5) 08178000  1931.907
16 Wes: Fork Poplar River ai Fort Peck Reservation boundary, near Four Butiss, - & 06178000 1931.90°
bone
17 Missouni River near Culberison, Mont. 06185500  1943.52; - -
1938-90!
18 Lide Missouri River ai Montana-South Dakota border’ 063345006 1906-07: - -
1656-90
1% Boxelder Creek near Webster, Monz 06334630 1961-73 - -
20 Litde Beaver Creek zt Moniana-North Dakota horder® 06335000 193876 - -
21 Beaver Creek at Montena-North Dakota border 06336500  1977-90 - -

'Period of record since completion of Fort Peck Dam. Earlier record not used o calculate monthly flow characterisiics.
2 Sreamflow-gaging station operated by U.S. Soil Conservation Service. Number assigned for compaubility with USGS numbers.

3 Seasonal data only available for some periads.
# Recorded data before 1577 not used because of completion of Canadian reservoir, 1576, Flows for 1937-78 were estimated using siream-

flow record-extension program.
‘Sum; scven measurements of discharge are available ai a site several miles downstream.
ine measurements of discharge zre available.
"Mame of smeamfiow- -gaging station is Litdle Missouri River at Camp Crock, §. Dak,
BN’a_me of szeamflow- -gaging station is Litde Beaver Creek near Marmarth, N, Dak,
Name of sreamfiow-gaging siation is Beaver Creck near Trotters, N. Dak.
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Tabis 3. Streamilow-gaging stations used in the streamilow-recerd extension program

Sireamiiow-
gaging Streamilow-gaging siation nams Ferlod of recoed from 1908-88

aiaton na,
06135000 Milk River at eastern crossing of Internasonal Boundary 1905-86
06137406 Big Sandy Creel at reservation boundary, near Rocky Boy, Mont, 1982-86
06137576 Hoxelder Creek near Kocky Boy, Mont. 1976-86
06137580 Sage Creek near Whitlash, Mont 1977-82;1985-86
26138500 Big Sandy Creek near Box Elder, Mone 1927-3%
05135060 Big Sandy Creek near Larede, Mont, 1918-20
05135500 Big Sandy Creek near Havre, Mont 1945-34:1984-85
06140299 Beaver Cresk above Lower Lake, near Havre, Mont. 1966-86
G61405G0 Milk River at Havre, Mont 1566-23:1954-86
06141600 Lirtle Boxelder Creek at mouth, near Havre, Mont. -
06142000 Clear Creek near Bearpaw, Mont. 1918.22
06142400 Clear Cresk near Chinock, Mont. 198486
06143000 Milk River ai Lohman, Mont 1518-21;1923.26;1934.51
05149500 Batile Creek af International Boundary 1917-85
46150000 Woodpile Counlee near International Boundary 1927-77
06150500 East Fork Baule Creek near Internanional Boundary 1927.71;1973-77
06154100 Milk River near Harlern, Mont i960-59:1083.856
061544310 Lirtle Peoples Creek near Hays, Mont. 1972-86
05154500 Peoples Creek near Dodson, Mont 1918-22:1551-73;1582-86
06155030 Milk River near Dedson, Mont 1983-86
06155500 Milk River ar Malia, Mont. 190622
(6156000 Whitewaier Creek near Intermnational Boundary 1927-80
06164000 Frenchman River at International Bowndary 1817.86
06164510 Miik River at Juneberg Bridge, near Saco, Mont. 1578-86
06164860 Beaver Cresk above Dix Creek, near Mailta, Mono 1967-65;1976-82
06167500 Beaver Creek near Hinsdale, Mont. 1918-21
05168500 Rock Creek a1 International Boundary 1914-1£;1927-62
06155000 Horse Creek at International Boundary 1914-17;1927-62
06170000 McEachern Creek at International Boundary 1924-77
06170200 Willow Creek near Hinsdale, Mont 1965-73
06171000 Rock Creek near Hinsdale, Mont. 1906-07:1912.20
06172000 Milk River near Yandalia, Mont 1915-25:1928-39;1970-73;1983-95
06172310 Milk River at Tampico, Mont. 1974-77:1587-85
06174000 Willow Creek near Glasgow, Mont. 195486
06174500 Milk River at Nashua, Mont. 1940-85
06175000 Porcupine Creek at Nashua, Mont. 1908-25;1982-86
06175540 Prairie Ellk Creek near Oswego, Mont 1976-85
06176300 Wolf Creek near Wolf Point, Ment. 1908-14;1950.53,1582.86
06177000 Missouri River near Wolf Poing Moni. 1929-88
06177500 Redwater River at Circle, Monz. 1929.72:1575-84, 1984
08179000 East Fork Poplar River near Scobey, Meont 1835-40;1973-80
06180660 Wes: Fork Poplar River near Richland, Maont. 193549
05180500 Poplar River near Bradene, Mont. 183447
06181060 Poplar River near Poplar, Mont. 1508-25;1547-69;1975-79,:1982-86
06182500 Big Muddy Creek at Daleview, Mont 1947-72
06183450 Big Muddy Creek near Antelope, Mont 1979-86
66185000 Big Muddy Creek near Culbertson, Mont. 1908-22
05334008 Litile Missoun River near Alzads Mont, 1911.25,15928-32,1933-69
86334500 Liale Missouri River at Camp Crook, 8. Dak. 1957-86
46334630 Boxelder Creek near Webster, Mont 1961-73
06335000 Linle Beaver Creek near Marmarth, N, Dak. 193879
06336500 Beaver Creek at Wibzux, Mont 1938-69:1575-83
6336604 Beaver Cresk near Trotters, N. Dak. 1921:1538-69:,15975-83
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Tabie 4. Hesults from the streamilow-record extension program

Sireamilow-

gaging sizton

Sweamilow-gaging siatien nams

Average Mo. of monthly flows

slanderd error sstimeied for 1837-86,

no, of pradicton sxcapt a2 notsd
06132000 Missouni River below Fort Peck Dam, Mont. - g
DE140329% Beaver Creek above Lower Lake, near Havre, Mont. 278 450
361431600 Little Boxeider Creek at mouth, near Havre, Mont 712 &0
06142400 Clear Creek near Chincoit, Mont. G55 583
06151500 Battle Creek nesr Chinoolk, Mont 8.3 588
06154460 Peoples Creek near Hays, Mont 751 362
06164000 Frenchman River at International Boundary 176.5 349
36164590 Beaver Creek near Fortman, Moni 26.6 £59
06166000 Beaver Creek below Guston Coules, near Saco, Mont, 1443 551
06169500 Rock Creek below Herse Creek, near International Boundary 383 328
O8177TR2S Redwater River near Vida, Mont 92.0 480
06178000 Poplar River at International Boundary 865 132
(6178508 Easi Popiar River at International Boundary 54.7 148
051853500 Missouri River near Culbertson, Meont 18.6 175
06334500 Liude Missouri River at Camp Crook, 5. Dak. T100.0 240
06334630 Boxelder Creek near Websier, Moni. 80.5 444
6335000 Linde Beaver Creek near Marmarth, N, Dak, 135.9 B4
06336600 Beaver Creek near Troters, M. Dak, 71.8 567

"Number of estimates for 1543-86.

estimated using the sireamflow-record extension pro-
gram,

Tc determine the effect that a large average stan-
dard error of prediction coupled with a shont record
length might have on monthly stregmflow charactens-
tics based on a long extended record, the streamflow-
record extension program was tested at one station. As
shown in table 4, Little Beaver Creek near Marmarnth,
N. Dak. (566335000) had a large standard error of pre-
diction (135.9 percent) but a relatively long record
length (only 84 cut of 600 monthly fows estimated
during the 1937-86 base pericd). The pericd of record
at station 06335000 used for the test was 1239-75.
Monthly mean flows exceeded 50, 50, and 20 percent
of the time (Q.90, Q.50, and .20, respectively) were
calculated based on the 1543-75 period (excluding the
48 months of recorded flows pricr 1o 1943), Then,
assuming that the only recorded flows available for use
in the streamflow-record extension program wers the
48 monthly values for the 153942 period, all flows for
station 06355000 during the 1943-79 period were esti-
mated using the streamflow-record extensicn program.
2.90, .50, and (.20 were then calculated based on the
estimated flows for the 1943-79 perdod and compared
1o those calculated from the actual 1943-75 record,
This test was considered to represent a sifuation similar
10 that for station $6141600 wherein a relatively small
number of recorded flows (48) were available only for
a period outside the selecied base period. In one sense,

the test represents a “worst case” situation because the
standard error of prediction for station 063350C0
(135.9 percent} is substantially larger than that for sta-
don 06141800 (77.2 percent).

The resulis of the test are displayed in figure 2.
Figure 2A shows the comparison between a low-flow
characteristic (03.90) calculated from the actual 1943-
7% record and that calculated from the extended record.
For most months, the differences between .90 from
the acmal record and .50 from the extended record are
within 1.0 cubic foot per second or less. The single
exception is for the high-runcff month of June where
the difference is about 4.0 cubic feet per second. For a
medium-Row characteristic {3.50), figure 2B shows
that the only two months having a significant difference
between .50 from the actual record and .50 from the
extended record are the high-runoff months of March
and June. The largest difference cccurs in June and is
about 30 cubic fee: per second. Figure 2O shows the
comparisen for 2 high-fiow characteristic (Q.20).
Again, the only monihs having 2 significant difference
between Q.20 from the actual record and Q.20 from the
extended record are the high-runoff months of March
and June, The largest differcnce in Q.20 is about 120
cubic feet per second in March, Overall, figure 2 indi-
cates that, for the test station, monthly flow characier-
istics based on a period (1943-79) coniaining only
estimated flows generally are very close (o characteris-
fcs based eniirely on recorded fiows for the same

ESTIMATES OF MONTHLY STREAMPLOW CHARACTERISTICS 7
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pericd. Flow characteristics calculated from a com-
pletely extended record are significantdy diferent from
those calculated from actual record enly for months
of generally high runoff, presumably because flow
characteristics for those months are sensitive o a few,
large recorded flows that were not duplicated by the
strearn flow-record extension program.

Concurrent-measurement methad

ne method for estimating sireamflow character-
istics at an ungaged site requires 3 series of discharge
measurements af the site, The measured discharges are
correlated with concurrent discharges at some nearhy,
hvdrclogically similar, gaged site, and the relation
between the discharges at the two sites is used to irans-
fer the desired long-term streamflow characierisfic at
the gaged siie o the ungaged site. This estimation
method, referred to in this report as the concurrent-
messurement method, was used 1o estimate monthly
streamflow characteristics for the 1937-86 base period
at two sites {sites 15 and 16). Although Poplar River at
Fort Peck Reservation boundary, near Scobev, Mont.
{site 15) has no continucus-record of sireamflow, 67
miscellaneous measurements of discharge were made
from 1977 1z 1981 at a site several miles downstream.
The measured discharges were considerad io be equiv-
alent 16 discharges at the boundary and were used as a
basis for the estimation of monthly streamflow charac-
teristics at the boundary. Similarly, nine miscella-
neous measurements of discharge made from 1575 io
1976 at West Fork Poplar River at Fort Peck Reserva-
tdon boundary, near Four Ruties, Mont., (site 16) were
used 1o estimate monthly streamfiow characteristics at
that ungaged site. The measured discharges at each site
were presumed o be equivalent 1o daily mean dis-
charges and were paired with concurrent daily mean
discharges ai the sireamflow-gaging station Poplar
River at International Boundary (station 06178500},
The MOVE.1 curve-fitting technique described by Par-
reit and others (1989, p. 10-13) was used © develop 2
relation between discharge at each ungaged site and
discharge at the gaged site. The relations, expressed in
the form of linear equations, are as follows:

logy13=0.859+0.743 log x (1)
logyig = 0520+ 0673 logx {23

where
log vis  is the base 10 logarithm of discharge

at site 13 in cubic feet per second,

iogx s the base 10 logarithm of discharge
at stagon 96178000 in cubic feat
second, and

15 the base 10} logarithm of discharge
at site 16 in cubic feet per second.

The comelation cosfficient between discharges at
the correlating station (station 06178000) and sites 15
and 16 were 0.89 and 0.93, respectively. The standard
errors of estimate (standard deviations of the residuals)
for equations 1 and 2 were 0.348 log units and (.188
log units, respectively. The MOVE. 1 equations and the
scatter about the lines described by the equations are
illusirated by the graphs in figure 3. The relations for
concurrent daily mean discharges were presumed o be
apphicable also for monthly stream fiow characieristics,
and equatons 1 and 2 were used o calculate monthiy
streamfBow characteristics at sites 15 and 14 from
monthly streamflow characteristics at station
06178000,

10g ¥16

Drainage-area-ratio-adjustment method

A second methed for estimating streamfow
characieristics ab an ungaged site requires condnucus-
record streamflow data from 2 gaged site on the same
stream as the ungaged site. Long-term streamflow
characeristics at the gaged site are transferred 16 the
ungaged site by multiplying the values of the characier-
istics at the gaged site by the ratio of the drainage area
at the ungaged site to the drainage area 2t the gaged
site. For cxample, if the drainage areas ai the ungaged
and gaged sites are 150 and 100 square miles, respec-
tively, each desired long-term streamflow characternisiic
for the ungaged site would be calculated by multiplying
the value of that characteristic at the gaged site by (150/
1G0), or 1.5.

This methed for estimating streamfiow charag-
teristics at ungaged sites, termed the drainage-area-
ratio-adjustmnent method in this report, was used to esti-
mate monthly streamflow characteristics for 12 sites.
The sites and data used for the drainage-area-raiio
adjustments are shown in 1able 5. For the Frenchman
River at mouth, near Sace {site 7), the drainage-arca-
ratio adjustment was applied o recorded flows at the
upsiream gaging station, Frenchman River at Interna-
ticnal Boundary (06164000), after subtraction of flows
in the Frenchman Canal near Saco (061645005,

ESTIMATES OF AEPRESENTATIVE
DOMINANT-DISCHARGE HYDROGRAPHS

Diominant discharges for 14 selecied sites were
estimated based on recorded data at the site or at a
streamn flow-gaging station locaied on the same siream.
Representative hydrographs having a maximum  daily
discharge equal 10 the dominant discharge were
estimaied from visual examination of selected recorded

ESTIMATES OF REPRESENTATIVE DOMINANT-DISCHARGE HYDROGGRAPHS g
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Table 5. Estimation sites whars drainage-area-ratio-adjusiment method was used 1o sstimale monthly streamilow

characieristics

fmi%, square miles]

Srreamiiow-gaging

. aiation ueed for
Dralnage

Sita Stream nams araa eetimation Lrainage-
. (mi?) Drainege 9rea ralic
Mo, aras,
{mi%
3 Linte Baxelder Creek at Clear Creek Road, near Havre, Mone. 532  0pi141600 555 .55
4 (Clear Creek az Clear Creek Road crossing, near Lohman, Mont. 913 06142400 135 B8
5  Bagle Creek at mouth, near Chincok, Mont. 1,710 05151500 1,623 1.0%
& Peoples Creek at Barney Olsen Road, near Bodson, Mont, 20.6 06154400 226 At
7 Frenchman River at mouth, near Saco, Mont. 2.565 06164000 2,299 11,12
8 Beaver Creek at Fort Belknap Indian Reservation, near Zortman, Mont. 5.5 06164550 10.1 54
% Beaver Cresk at mouth, near Sace, Mont, 1,758 06166000 1,200 1.50
10 Rock Creek 2t mouth, near Hinsdale, Moni, 1,375 06169500 328 4,20
11 Redwater River above confluence of East Fork Redwater River, near Vida, Monr. 1,708 (6177825 1,574 )
12  Redwater River near Vida, Mont 2,113 06177825 1,974 1.47
13 Poplar River shove confluence of East Poplar River, near Scobey, Mont. 572 06178060 363 1.57
755 05173500 541 1.460

14  East Poplar River 2: mouth, near Scobey, Mont

IE1ows at Frenchman Canal near Saco (06184500} were subtracied om station 06 164000 before applyving drainzge-area-rafio adjusi-

ment {arior,

hydrographs at the site or at a gaged site on the same
siream.

Dominant discharge

The dominant discharge generally has been
defined as the bankfull discharge (Montana Depart-
ment of Fish, Wildlife and Parks, 1981; Reiser and oth-
ers, 1585}, The bankfull discharge, an index discharge
generally considered to be important for channel for-
mation, has been found to have a recurrence inierval of
110 2 years for mosi alluvial screams {Leopold and cth-
ers, 1984). Although the recurrence interval for the
bankfull discharpe has considerable site-io-site vari-
ability, the peak discharge having a recurrence inierval
of 2 vears was used as the dominant discharge for all
sites in this study, In this report, the term dominant dis-
charge is used in place of the peak discharge having 2
recurmence interval of 2 years.

For each streamflow-gaging station used 1o esti-
mate dominant discharge (table 6), the dominant dis-
charge was based on recorded annual peak-flow data.
For most stations, dominant discharges were obtained
from a flood-frequency report by Omang (1952). For
those stations not included in the food-frequency
report, dominan: discharges were determined by fitting
a log-Pearson Type 3 probability distribution o
recorded annual peak discharges using procedures of

the Interagency Advisory Commitice on Water Data
{1982} as described by Omang (1992, p. 4-8).

For each ungaged estimaticn site and for cne
gaged site {site 21) where recorded peak-discharge daia
were considered to be generally unrepresentative of
long-term hydrologic conditions, dominant discharge
was estimated by applying a drainage-area-ratioc
adjustment described by Omang {1992, p. 12-13} 1©
the dominant discharge at a gaged site on the same
stream. The drainage-area-ratic adjustment developed
by Omang {1992) is similar to the drainage-area-ratic-
adjustment methed used (o estimate monihly siream-
flow characteristics, except that the drainage-area-ratio
for dominant discharge is taken o scme power less
than 1.0. For sites in the lower Missouri River Basin,
the exponent on the drainage-area ratio is 0.69, and for
sites in the Little Missouri River Basin, the exponent is
(.55 (Omang, 1952, tatle 2), For example, if the dom-
inant discharge for 2 gaged site in the lower Missouri
River Basin having a drainage area of 300 square miles
was 400 cubic feet per second, and if the ungaged sie
on the same stream had a drainage area of 500 square
miles, the estimated dominant discharge for the
ungaged site would be 400 x (500/300)%%%, or 569
cubic feet per second,

Although Omang (1952) suggested that the use
of 2 regional equation for estimation of dominant dis-
charge might be better than the use of the drainage-
arez-ratio adjustrnent for drainage-area ratios less than

ESTIMATES OF REPRESENTATIVE DOMINANT-DISCHARGE HYDROGRAPHS 11



Table 6. Dominant-discharge hydregraph astimation sites and associated streamflow-gaging siztion dats

Station used

Sits Siream name o gstimats  Period of penk-  Dralnage-
neo. dominani flow record arga ratic
dischargs
5  Banle Creek 2t mouth, near Chuncok, Mono 6151500 1906-21; 1.08
1982
198690
7 Frenchman River at mouth, near Saco, Mont, G61584000 191790 1.11
§  Beaver Creek at mouth, near Saco, Mont. 06164808 1957-59: 194
1974-82;
1986
1&  Rock Creek at mouth, near Hinsdaie, Mont. 06165300 151790 420
11 Redwater River sbove confluence of East Fork Kedwater River, near Vida, Mont, 08177825  1976-83 1
12 Redwarer River near Vida, Mont 06177825 1976.-35 1.07
13 Poplar River above confluence of East Popiar River, near Scobey, Mont. 05178000 1931.90 1.58
14 East Poplar River at mouth, nesr Scobey, Mont 06178500 183190 146
15  Popiar River a1 Fort Peck Reservation boundary, near Scabey, Mont, 06181000 1909; 1915 it
1921; 1623;
1946;
1948-1963;
1965-1965;
1975.187%;
1982.198%
16 West Fork Poplar River a1 Fort Peck Reservaltion boundary, near Four Buues, 05180000 153549, 1.7t
MonL 1690
18 Linle Missouri River at Montana-South Dakota border* 06334500 1904-06; -
185750
19 Boxelder Creek near Websier, Mont. 06334630 1966.75 -
26 Linle Beaver Creek at Montana-Nerth Dakota border 06335000 1938.79 --
21  Beaver Creek at Montana-North Dakota border 08336300 1872; 1921, 1.75
1929;
1938-1965;
1979-1983

‘Name of sweamflow-gaging station is Little Missouri River at Camp Crock, 3. Dalk.
Name of streamflow-gaging station is Little Beaver Creek near Marmarth, M, Dak.
*Name of sireamfiow-gaging siatien is Beaver Creek near Trotters, N, Dak,

(.5 or greater than 1.5, the adjustment was used in this
study for drainage-area ratios as large as 4.20 (table 6).
Because the regional squation for the estdmation of
dominant discharge developed by Omang (1952) had a
relatively large standard error {eguivalent ic having
only 3 years of gaged record}, the authors believe that
the drainage-area-ratic adjustnents provided more reli-
able estimates of dominant discharge than did a
regional equation.

Deveiopment of Representative Hydrograph

After the dominang discharge was estimated for
gach site, a representative runoil hydrograph of daily
mean discharge was developed (fig. 4. Although dom-
inant discharge estimaied in this study is for an instan-

neous pezk, the dominani discharge was aiso used for

the maximum daily discharge for each representative
hydrograph to be consistent with previous work for
DFWP (Montana Depantment of Fish, Wildlife and
Parks, 197%; 1981). In addition, each representative
hydrograph developed in this study had a duration of
either 14 or 21 dayvs 1o be consistent with representative
hydrographs previcusly developed for DEWP (Mon-
tana Department of Fish, Wildlife and Parks, 1579},
Limiting represcntative hydrograph durations 1o just
two values is intended to simplify administration of the
waler reservalions.

To estimaile reasonable runoff hydrographs hav-
ing these charactenisiics, fow records for each gaged
size used 1o determine the dominant discharge were
examined, and annual hydrographs having maximum
daily discharges relatively ciose to the dominant dis-
charge at the estimation site were selected for further
analysis. For the 14 selected sites, runoff hydrographs

12 Estimsios of monthly streamilow characieristics and dominant-discherge hydrographs Tor selected sites in the lower Missouri and Littls
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Figure 4. Development of a representative hydrogragh using recorded hydrographs.

resulting from summer thunderstomms generally have
durations tha: are shorter than 14 days. These runcff
hydrographs were excluded from the analysis regard-
less of the maximurm daily discharge value. Although
the use of either 14- or 21-day durations for typical run-
off hydrographs may seem overly restrictive, most
recorded annual snowmell runoff hydrographs that
were analyzed had durations reasonably close o either
14 or 21 days.

Selected hydrographs were plofted together with
their maximum daily discharges in alignment ¢n 2
common day so that hydrograph durations and shapes
could be more easily compared (fig. 4). The dominant
discharge for the estimation site was also plotted on the
same day as the maximum daily discharges for the
recorded hydrographs, Visual examination was used i
estimate values of daily discharge on either side of the
dominani discharge such that the slopes of the rising

and recession limbs of the representative hydrograph
were in close agreement with the average slopes of the
recorded hydrographs. In some instances, one or mors
recorded hydrographs may have had shapes that were
significantly different from other recorded
hydrographs. In these instances, the atypical recorded
hydrographs either were not used to develop represen-
tative hvdrographs or were given less weight in devel-
oping representative hydrographs.

On many recorded hydrographs, generally
smooth hydrograph recession curves were interrupted
Gy storm runotf. The resultan: sudden increases in flow
on the recession curves were ignored in the defermina-
ton of representative discharge values. The represen-
tative values of daily discharge generally were visually
determined average values of several recorded
hydrographs. In some instances, however, the repre-
sentative values of discharge were determined largely
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from one recorded hydiograph that was considered o
be most representative of normal, long-term runoff
conditions. The choice of 2 14- or 21-day duration for
the representative hydrograph was somewnhal arbitrary,
but was largely based on the following criteria: (1) the
discharge values for the first and iast day had 1o be
close to base flow, and (2) the slope of the recession
limb of the hydrograph had to be fairly constant so that
successive values of discharge near the end of the dura-
don were not repeated. In some instances, the frst cri-
terion was not fully met because the best value for a
representative hydrograph duration was probably
greater than 21 days. In some instances, the second cri-
terion was not fully met because the best value for a
representative hydrograph duration was probably less
than 14 days.

The estimated dominant discharge, hydrograph
duration (either 14 or 21 days), and values of discharge
on the rising and recession limbs of the hydrograph
were used to plot a dominant-discharge hydrograph for
each site. From the plot, daily discharges were deier-
mined for each day of the selected duration periad.
Dominant-discharge hvdrographs for two sites are
compared 1o the selected recorded hydrographs from
which they were developed in figure 5. Recorded
hydrographs in figure 5 are shown on the actual days of
occurrence. The dates on the dominant discharge
nydrographs in figure 5 arc arbitrary and were selected
8o thar all hydrographs could be easily compared.
Because estimated discharges were rounded, the
dominani-discharge hydrographs shown in figure 5 are
nct completely smooth throughout the rising and reces-
sion Himbs. As indicated in figure 3, the dominant-dis-
charge hydrographs are similar in shape 1o the recorded
hydrographs and are considered 1o be reasonably repre-
sentative of general ranci¥ conditions at the gaged sites
where the data were recorded. In one instance, Rock
Creek at mouth, near Hinsdale (site 103, the selected
recorded hvdrographs used to develop the dominant-
discharge hydrograph were for a gaged site having a
drainage area less than one-fourth that of the estimation
site. Although the dominant discharge was estimated
hased on a drainage-area-ratio adjusiment, no such
adjustments are available for hydrograph characteris-
tics such as duration and slopes of the rising and reces-
sion limbs. Namral hydrographs at ungaged estimation
sites thus may have different duratons and shapes from
those of the estimaied dominant-discharge
hydrographs, particularly if the difference in drainage
arca berween the gaged and ungaged sites is large.

<3 Estmates of monthiy siresmiiow characisrisies and deminanv-discharge hydrograpns Tor selecied sites in the lower Missour! end Littls

Missour] River Basins in Moniana

RELIABILITY OF ESTIMATES

Although the reliability of the estimates of
monthly fiow charactenstics znd dominant-discharge
hydrographs cannot be directly measured, some infer-
ences can be made based on £ndings of the previcus
study for the upper Missouni River Basin (Parrett and
others, 1989) and the results of the test of the
stream flow-record extension methed described sardier
As described by Parrett and cthers (1939), estimates of
monthly Aow characieristics ar gaged sites generally
are the most accurate and, if the record spans the base
pericd, the only error s measurement error. Measure-
ment error is generally small and, for purposes of this
report, will be ignored. On that basig, the estimated
flows for the Missoun River below Fort Peck Dam (site
1) are considered 10 be virmally error free because the
ecorded flow record for the 1943-88 period is com-
plete. For the other gaged sites, the error of estimation
is due splely to the error of the record-extension
method. The error of the record-extension method
depends on the iength of record and the average stan-
dard error of prediction. The shernter the length of
actual record and the larger the average standard error
of prediction, the greater the error.

The test of the sireamflow-record extension
methed that was described earlier in this report found
that the error of record exiension was significant only
during months of generally high munoff. Although the
tesi was not rigerous, it did represent 2 probable
“worst-case” situation wherein the standard error of
predicticn for the stream flow-recond extension method
was refatively large and all fows during the selecied
base pericd were estmated, The test results suggest
that record-extension errors probably are not signifi-
cant for most menthly streamflow characieristcs for
most months at streamflow-gaging statons used in the
study. Parreit and others (158%) found that record-
extension ermors in the upper Missowri River Basin gen-
erally were less, even for record lengihs as short as 5
years, than the errors resulting from estimation based
on regional regression equations or the concurrent-
measurement method at ungaged sies.

For the two ungaged sites where the concurrent-
measurement method was used, the ermor of estimation
depends npon the number of CONCuUment Measurcmenis
and the degree of correlation berwesn the estimation
site and the nearby gaged site. Because of the greater
number of measurements spanning a greater range in
fiow, the sstimated montily Bow characteristics for
Poplar River at Fort Peck Reservation boundary, near
Scobey (site 15) are considered 1o be more reliznble than
the estimated monthly flow characteristics for West
Fork Poplar River st Fort Peck Reservation boundary,
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near Four Buttes (site 16). Based on the value of the
corvelation coefficiert, the degree of comelation
between the estimation site and ihe gaged site was
considerzd 10 be relatively good.

The reliability of the estimated monthly fow
characteristics for sites where the drainage-area-ratio-
adjustment factor was used is primarily depen-
dentupon the difference in hydrologic characienisuics
berween the gaged and ungaged sites. To the degres
that the difference in hydrologic characteristics is
related to drainage area difference, the reliability
depends upon the drainage-area ratio. For sites where
the drainage-area ralic is close 1o 1.0, the reliability of
flow estimates is considered 1o be almost as good as for
gaged sites. For sites where the ratic is less than about
(.5 or greater than about 1.5, the reliability is consic-
ered to be significandy less than for gaged sites.

The reliability of the estimated dominant-
discharge hydrographs is difficult to determine because
there is nc single runoff hvdrograph tc which each
dominani-discharge hydrograph can be compared.
Statemenis about the reliability of dominant-discharge
hydrograph estimates thus are more general than for
estirnates of monthly flow characteristics. In general,
the estimated dominant-discharge hydrographs for
gaged sites are considered to be more reliable than
those for ungaged sites. As noted previocusly, however,
the dominani-discharge hydrograph for site 21 (Beaver
Creek near Tronters, M. Dak.), was based on a different
streamfow-gaging station than the one near the site. In
this instance, considering the site 10 be ungaged and
using the drainage-area-ratio adjustment provided a
more reliable dominant-discharge hydrograph than did
the gaged record.

For ungaged sites in general, the closer the drain-
age-area ratic is 10 1.0, the more reliable is the est-
maied dominant discharge. On that basis, the estimated
dominant discharges for Battle Creek a2t mouth, near
Chinock (site 5) and Redwaier River near VYida (site
12) are considered to be the most reliable, and the estd-
mated dominani-discharge for Rock Creek ar mouth,
near Hinsdale (site 10) is considered to be the least reli-
able. The reliabitity of the dominani-discharge
hydrographs is also related o the number of recorded
hvdrographs used for visual comparisen and the degree
of similarity among them. Onthat basis, the dominani-
discharge hydrograph for Redwarer River near Vida,
although having one of the more relizble dominans dis-
charge estimates, is one of the least reliable
hydrographs overall because the recorded hydrographs
used for visual compariscn had widely varying shapes.
On the other hand, the dominani-discharge hydrograph
for West Fork Poplar River at Fort Peck Reservation
boundary, near Four Buttes (site 16) is considered 10 be

is
fizsourt Rlver Basins in Montana

one of the most reliable because the recorded
hydrographs on which it is based had fairly consistent
hydrograph shapes.

SUMMARY

To establish an instream-flow reservation in the
lower Missouri River and Limde Missour] River Basing
for fish, wildlife, and recreation purposes, DFWE
requires information about various streamflow charac-
teristics. USGS, in cocperation with DFWE  con-
ducted a study to determine streamnfBow characieristics
at 17 sites in the lower Missouri River Basin and 4 sites
in the Little Misscuri River Basin in Montana, Mean
monthly and annual streamflow and monthly mean
stream flow exceeded 50, 80, 5G, and 20 percert of the
time was estimated for 2l 21 sites. Streamiflow-gaging
stations were located at 7 of the selected sites, and the
streamflow record was used as a basis for determining
the monthly streamflow characteristics. Foreach of the
14 ungaged sites, streamflow records from nearby gag-
ing stations were used as 2 basis for estimating stream-
flow characteristics,

Far gl sites but two on the Missouri River main-
stem, the streamflow estimates were based on 8 com-
mon 1937-86 base period. For the two Missour River
sites, streamflow characteristics were estimated based
on the pericd of record since Fort Peck Lake was sub-
stzntially filled and became operational {(1943-86). A
streamflow record-exiension program was used 1o esti-
mate missing values of monthly flow during the 1937-
26 base period at streamfiow-gaging stations used o
estimate flow characieristics at the selected sites.

For two ungageqd sites in the Poplar River Basin,
miscellaneous measurements of discharge were come-
lated with concurrent daily mean discharges at the
streamflow-gaging station Poplar River at Intemational
Beoundary {station 06178000) using the MOVE.1
curve-fitting technique. The resultant log-linear equa-
tions relating discharge at the ungaged sites io dis-
charge at the Poplar River at International Boundary
wers used 1o estimaie monthly streamfliow characteris-
iics at the ungaged sites.

For each of the other 12 ungaged sites, monthly
streamfiow characteristics at a streamflow-gaging sia-
ton located on the same siream were used o estimaie
monthly sireamflow characteristics at the ungaged siie
using a drainage-arca-ratio-adjustment method. The
ratic of the drainage area at the ungaged site 0 the
drainage area at the gaged site was multiplied by the
vatue of each monthly streamflow characienistic at the
zaged site o estimate the value of the characteristic at
the ungaged site.  An adapiation of the drainage-ares-
ratio-adjustnent method was used 10 gstimale monhly
streamilow characieristics for Frenchman River at

Estimates of monthly sireamilow characieristics snd dominani-dischargs nydrographs for selscied siies in the lower Missour! and Litde




mouth, near Saco. For this site, the drainage-area-ratic
acdjustment was applied w0 streamflow characteristics
developed from flow records at Frenchman River at
international Boundary (station 06154000) minus flow
records for Frenchman Canal near Sace (station

06154500).

Dominant-discharge hydrographs were esti-
mated for 10 ungaged sites in the lower Missouri River
Basin and 4 gaged sites in the Linde Missourl River
Hasin. The dominant discharge was considered 1o be
equivalent (o the peak discharge having a recurrence
interval of 2 vears and, for 3 of the 4 gaged sites, was
determined from recorded data at the streamfow-
gaging stations. Foreach of the 10 ungaged sites and 1
gaged site, the dominant discharge was determined by
multiplying the dominant discharge at a gaged site on
the same stream by 2 drainage-area-ratio adjustment,
Domipant discharges at all gaged sites were obiained
from a USGS flood-frequency report or by firdng alog-
Pearson Type 3 probability distribution 1o the recorded
data,

For each of the 14 selected sites, the dominant
discharge was used as the maximum daily discharge for
the dominani-discharge hydrograph.  Visual examina-
tion of selected recorded hydrographs from each gaged
site used 1o determine dominant discharge was used 10
determine the duraton and daily mean discharges
on the rising and recession limbs of the dominant-
discharge hydrograph.

Based on results of a previous siudy for the upper
Missourl River Basin, the estimates of monthly stream-
flow characteristics are considered o be most reliable
for gaged sites. Ignoring measurementi ermor, £3tmates
for cne Misspuri River site (site i) are virtually emror
free because the estimates are based on gaged records
with no months of missing flow data, The reliability of
the monthly stream fow estimates for two sites (sites 15
and 16} using the concurmeni-measurement method is
considered 1o be almost as good as that for gaged siles.
Likewise, the estimates of monthly streamflow based
on the drainage-area-ratio-adjustment method for sites
where the drainage-area ratics are close to 1.0 are con-
sidered 1o be almost as reliable as those for gaged sies,

The relisbility of the estimaed dominant-
discharge hydrographs is difficult 10 assess, In general,
the estimates made at gaged sites are befter than those
made for ungaged sites except for Beaver Cregk at
Montana-North Dakota border (site 21). At ungaged
sites, the cioser the drainage-ares ratic is to 1.0 the
more reliable is the estimate for dominant discharge.
The reliability of represeniative hydrographs devel-
oped from recorded hydrographs generally is related 1o
the degree of similarity of the recorded hydrographs

and the distance from the estimation site to the gaged
site.
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Tabio 7. Estimated monthly and annual sireamflow characteristics

[Q.3X, monthly mean stresmfow exceeded XX percens of the dme, in cuble feet per second: QM, mean streamflow for specified monih, or mean annual
strearnfow when Annual is specified, in cubic fest per second]

Site no. Siresm name Month .30 .80 .50 .20 Cihd

H Missouri Hiver below Fort Peck Dam, Mont. Ociober 5,200 5,060 11,500 15,180 12830
November 4,590 5,800 2210 13,200 9,450

Pecember 5,150 6,880 16,108 11,308 9,046

Tanuary 4,470 6,540 16,500 13,006 2620

Fetruary 2,130 5,500 10906 14,100 8,600

harch 1,250 4,130 TG 11,300 7,620

April 2,120 4,430 7,520 10500 7,440

May 2,800 5,500 7385 12,0040 2,310

June 2,500 4,174 TH06 12,700 8,420

July 3,540 5,770 16,000 13,200 10,300

August 5,380 7,720 12,160 18,900 13,000

September 5,900 7,020 11906 18,800 13,000

Annual - -- - R 5,870

2 Beaver Cresk above Lower Lake, near Havre, Mont. Ociober 3 4 7 12 G
MNovember 4 4 7 1z 3

Decemnber 2 2 g H T

January 4 3 7 8 7

February 7 7 g i3 10

March 7 g . ig i3 20

April 12 14 23 s 27

May 17 18 23 128 54

June 14 19 3a 74 49

July 3 4 il 31 18

August 2 3 5 12 g

Seprember 2 2 4 10 7

Annual - - . e 19

3 Lizle Boxelder Creek 2t Clear Creek Road, near {ciober 0 G 2 3 i
Havre, Moni. November e G 3 3 1
December G 0] 3 p 1

Tanuary G 0 2 1 2

February g 1§ g & 4

March A 3 & 18 i1

April 5 1 5 17 11

May . 1 3 ig8 15

June g A 3 i5 il

July a a i 7 &

August O G z 2 1

September & O 2 1 H

Annual . - . -- 5

4 Clear Creek at Clear Creek Road crossing, near October G GO 2 Z H
Lohman, Mont Movember g g 5 3 i
December & 1 K] 3 2

January i g 3 1 2

February 0 A 5 & &

March 5 B g 34 23

April 3 H 5 23 S

May 2 Z £ 3z 29

June d 5 5 27 20

Tuly ] d Z H) 5

Algust &) G A 2 H

September g & i i

Annual - - - e 3

TABLE 7 1%



Tabla 7. Estimated monthly and annual streamflow characteristics {Continued)

Site no, Siregm NEme Manth {3,540 {380 G50 .24 &Y ;
3 Battde Creek at mouth, new Chinock, Maon:. Ociober G ] 5 16 7
MNovember G ) 3 H g
December Y G A 7 4
Jenuary 0 0 1 2 2
February g 0 : 14 12 j
March ¢ 1 15 3 34
April Y 4 31 £S5 145
May & 3 34 118 73
June A N 21 47 40 i
July & A 12 26 i4 2
August G 5 3 g ]
September ] o 3 7 4
Annual P - - . 32 !
& Peoples Creek at Barney Glsen Hoad, near Dodson, Mont Ocober G 0 5 2 1
Movember ] 0 5 2 i
December 4 G 4 2 5
January b & & 1 1
February & g 1 & 4
March 3 2 7 18 13
April 3 4 7 ig i1
May Kd 1 4 i7 12
June A 1 L) 20 12
July 4] 8 Z ] 4 )
August g it 2 pa i .
Sepiember 0 0 H 5 i i
Annual - - - - &
7 Frenchsnan River ai mouth, near Sace, Mont Ocicber O & 3 13 i0
MNovember g 2 5 1t 7 ;
December G ! 2 7 3 g
January ] 4] 3 3 2
February g ] B 7 17 ¢’
March 3 13 75 199 151 :
Aprl 23 52 239 T35 460 i
May 14 17 5% 195 139 '
Tune 0 1 21 94 58
Tuly 0 C 13 37 41
August th g 4 i3 2
Sepiember 4 a 2 8 5]
Annual e - - - 5
3 Beaver Creek at Fort Belimap Indian Reservation, near October 2 3 4 3
Zortman, Mont. Movember 2 3 5 1
December A 2 3 ]
Januery L G 2 3
February o 1 2 3
March 2 3 5 5
April 2 3 5 H .
May 2 Z 5 2 H
June 4 2 1 3 2
Fuly B! 3 5 H i
August A A i 1
Sepember 2 2 4 3
Amnnual - s e -

20 Estimsies of monthly stresmiiow characieristios and dominant-discharge hydrographs for seiscied sites in the lower Missour
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Table 7. Estimated monthly and annual streamflow characterigtics {Continuad)

Sie no, Siresm name Month {.30 3,80 .50 Q.90 Cibd
G Beaver Creek ai mouth, near Saco, Mont. Cewber 0 2 5 38 27
Movernber 2 2 5 18 il
Diecember 2 2 5 H 8
Janyary 1 pi 3 3 7
February 2 2 9 58 47
Mazch & 21 80 338 204
April 2 3 23 225 198
May 3 H: 51 543 329
June 4 7 35 207 133
July 2 3 27 i2% 85
August i 2 i4 2% 18
September 2 2 2 21 48
Annaual - - ” - 53
10 Rock Creek at mouth, near Hinsdale, Mont. Cctober i Z 7 13 g
Movember 3 4 K 10 g
December 2 2 3 5 3
Jenuary o g B k) 2
Febraary 0 o 2 11 16
March 1 18 151 738 354
April 35 39 239 1130 508
May 18 20 46 164 #4
June 9 14 34 115 TG
July 2 b 13 39 36

August o 0 4 é i
September 4] & 4 [ 15
Annual - - - - 93
11 Redwater River above confluence of Eass Fork Dcwber ) i 3 & 4
Redwater River, near Vida Mont, Movember 2 2 3 4 4
Becembar ] 1 3 4 3
Fanuary 0 8 & 2 2
February & i 3 &7 52
March 7 14 77 223 213
April 3 & 24 &2 108
May 4 ) H 34 21
June 2 4 13 101 70
July & 2 & 52 35
August & i 2 ] 4
Sepiember 1 1 1 4 3
Annual - - - . 43
12 Redwater River near Vida, Mont, Octobar 5 1 3 7 4
November 2 2 4 5 4
December 7 2 3 4 3
January G G 3 2 2
Febmary i 2 4 a3 &4
March 10 17 g5 274 263
April & 12 30 77 135
May ] & 14 43 27
Tune i 3 ié 125 a7
Huly i 2 7 &4 43
August g K 2 7 3
Sepiember 1 i 2 4
Annual . - - . 53

TaBLE 7 21



Takie 7. Estimaled monthly and annual streamflow characterstics {Continued)

Site no. Siream name #onth 3.50 {a.80 £.50 €3.20 [l
13 Poplar River above confluence of East Poplar River, near Cewober 3 1 4 5 4
Scobey, Mont Movember i 2 4 & 4
Decernber & 7 2 4 2
Janpary E i y 2 3
February g G k 4 4
March 4 13 62 207 113
April i4 18 80 333 168
May B 11 20 47 32
Jume 3 5 13 31 26
Tty e’ i 4 ] 12
August 2 2 3 3
September 2 2 3 2
Annual - - - - 31
14 Eas: Poplar River ai mouth, near Scobsy, Mon:. Cetober 2 3 4 4 4
Movember 2 3 4 4 4
Decernber 2 3 4 4 3
Ymnuary 2 2 4 4 3
Fetmuary 2 3 4 3 4
March 4 4 3 74 3
April 4 4 2 183 &8
May 3 G i5 37 20
June 4 & 5 26 i8
Fuly 3 3 4 € 5
August 3 3 4 ) 5
Sepiemnber 3 3 4 4 4
Annual - - - - 14
15 Poplar River at Fort Peck Reservation boundary, near Cciober 2 7 i6 21 17
Scobey, Mont. November 3 3 16 2 17
December 0 a G 15 H
January ¢ 0 2 9 )
February 0 0 4 15 16
March 3 39 122 298 192
Apnl 43 50 118 443 255
May 27 34 32 59 4
Iune 13 20 3% 73
Tuly 3 s 15 31
Angust i H 3 1
Seprember H H 4 13
Annual - - -- --
16 West Fork Poplar River at Fort Peck Reservation boundary,  QOcioher 1 3 & 8
near Four Buttes, Mont, MNovember 2 K] & g
December o 2 4 2
Jamzary O o 1 4
February ! o p 6
March 1 i4 40 i3]
April i35 17 s 127
May 160 iz 18 33
Iine 3 S 14 25
July i 3 & ¥
August 7 7 i ]
September 3 N 2 5
Annual - - - -
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Table 7. Estimated monthly and annual streamilow characteristics {(Continuad)

Sle aa, Siream nemes Manth 2.80 0.8¢ .50 .20 el Y]
17 Miszsourd River near Culbertson, Mont Ociwher 5,520 6,430 11,300 18,500 12,800
Movember 4,610 5,320 2,200 13,100 5800
December 5,380 6,850 9,620 11,600 7,950
Jamary 4,620 6,160 131,600 12,7060 G.490
Fetruary 2,390 6,026 11,200 14,400 10,200
March 4,150 5,420 0,700 14400 16400
April 4.9%3 7.470 10500 155060 11,960
May 3,276 5050 5260 14,860 10,600
Tune 4,480 3,440 8,520, 13,800 9,780
fuly 5,160 6,430 9940 13500 11,000
August 5,470 1670 12260 19200 13.000
September 6,520 7.420 12,160 19,100 13,280
Annuaj v - n -- 10,900
18 Liule Missouri River ai Monane-South Dakota border Ociober 2 3 4 18 35
November a 3 ! 8 B
Becember 2 3 ) 7 3
January i i 3 5 &
February 1 2 & 9 58
March 15 38 192 613 359
Apml B 26 72 332 282
May 3 7 71 539 319
June S 22 230 790 418
Faly 5 14 48 119 86
August "1 4 16 71 38
Sepiember 2 2 3 53 49
Annual - -- - - 140
19 Boxelder Creek near Webster, Mont, October 2 2 5 12 2
MNovember 3 4 & 8 7
Deacember 2 2 4 & 5
Imuary 2 2 3 & 4
Felruary R4 1 5 48 44
March i5 21 25 3G8 211
April 11 17 58 285 257
May 7 i5 48 235 149
Tane 13 25 123 263 174
July 3 & 32 72 30
Augnst 1 2 id 37 22
September Ry 2 3 37 21
Annual . - - .- 31
20 Linle Beaver Creek a1t Montana North Daketa border Oectoher 0 4 2 G 10
November 3 1 3 4 3
December a 5 i 3 3
January 0 ) H 4 4
February ] 3 3 46 27
March g i4 52 268 148
April 5 g 28 133 113
May 3 6 i 4% 42
June 5 15 53 138 23
July 2 4 1] 7 29
August 2 1 4 ) 19
Sepiember & 3 3 14 13
Annuat - - — - 41
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Tabla 7. Estimated monthly and annual sireamflow charactaristics {Continued)

SHs no. Sirsam namo Manth 23,90 Q.50 .50 .20 ot X |

21 Beaver Creek at Moniana-North Dakota border” Cictaber 0 G k) 2 1
MNovember G G &4 2 3
December G 2 1 z H
January & G A 2 2
Februzry i 3 5 &3 3G
Mareh 8 14 71 429 18]
April 4 7 23 148 i1l
May 8 1 8 24 i4
June 2 3 10 3 35
Faly i B 5 25 38
Augusi v g 3 3
September o O 3 2 7
Annual - - - - 36

‘Mame of sireamflow-gaging station is Little Missouri River at Camp {rook, 8. Dak,
Mame of steamflow-gaging station is Little Beaver Cresk near Marmarth, N. Dk
*Name of sireamflow-gaging stztion is Beaver Creek near Trotsrs, N, Dak.

28 Estimaies of monthly strepmflow characieristies and dominant-discharge hydregraphs for selected sites in the lower Missouri
and Littie Missour] River Basing in Montana




Takis 8 Daly mean discharges from the estimated dominani-discharge hydrographs

Daily mean

Sie
Stream neme Day dischargs, In cuble

0.
fosl per sscond

4G

90
210
470
1,520
710
260
130
100
85
70
&0

3 55
45

5 Bastle Creek at mouth, near Chinook, Mont.

ME OO ]GRO B ) D e

Pk e ot sk vt
i Lo D pen G

HY
30
G
G
150
290
430
740
1,320
1,010
TE0
580
479
360
280G
200
160
120
30
70
a0

7 Frenchman River ai mouth, near Saco, Maonz,

B bt p—d ot oot pb Pk el fud e
N2 O ) Ch W B L B s €0 D G wd DR LA LD b e

2
prnet

10
190
8830

2,210
1,750
1,180
540
5GO
390G
300
210
180
150
126
ico

20

&6

45

20

10

10

g Beaver Creek ar mouth, near Saco, Mont.

-
b v (2 UD G B Oh L £ LD R e

o

Ll T )
GO =nd O LR i 3

b b e
s €
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Takis 8 Daily mean dischargss from the estimated dominant-discharge hydrographs (Continued) i
Site Daily maan
e Siream name Day discharge, In cublc
foef por second
14 Rock Cresk 2t mouth, near Hinsdale, Moent 1 13 i
2 25 ]
3 B0
4 T8G
5 1,500 s
& 2,560
7 1,750
8 1,266
o 780 ¥
10 486 %
11 310
12 2043
i3 140
14 100
13 20
16 55
17 45
18 33
19 25
20 20
21 20
i1 Redwater Biver above conflaence of East Fork Redwater River, near Vida, Mont. 1 &
2 20
3 &0
4 18O
5 TG
& T80
7 340
g 340
8 230
iy 120
13 100
12 80
i3 &0
i4 40
1z Redwarer River near Vida, Mont. i 3
Z To
3 110
4 a0G
5 486G
& SO0
7 TG0
g 480
g 250 !
10 180
i1 15G ’
1z 130
13 110
i4 93

26 Estimeles of monthiy strosmilow charecieristics and dominani-discharge hydrographs lor selested sites In the lower HMissour
and Littie Missour! Biver Basing in Montane




Tabls 8. Daily mean dischargas from the estimated dominant-discharge hydragraphs [Continued)

Daily mean

She
discharge, in subic

3
m
g

Stream name

no.
fost per second

40
150
678

1,000
870
320
160
110

BG

60

3¢

30

20

20

2

&
10
50
280
540
330
200
80
18 &0
11 pal]
12 S
1 7
14 3

50
200
880

1,930
1,530
1,000
820
500

360
220
G
120

70

13 Poplar River above confluence of East Poplar River, near Scobey, Mont,

ot
Lo A N o RSN I NESF IR SN WIS S g

PO
Bd b s

-
s

14 East Foplar River at mouih, near Scobey, Mont

MDD = O U ) P s

pnd
L

Poplar River at Fort Peck Reservation boundary, near Scobey, Mont

ot ot ot s o
F L D e DM GO ) O LA e L) T e

16 West Fork Poplar River at Fort Peck Reservation boundary, near Four Buttes, Mon:.
240

456
350
370
430
350
200
170
144
110

20

80

445

e
A 00 ] (R i e B pem

Pk el e ot
o LD e b
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Table 8. Dally mean discharges from the estimated dominant-discharge hydrographs {Continued)

Dally mean
Elte
Siresm hame Day discharge, In cubic i
fa.
foet per socond
18 Little Missouri River ar Mentzana-South Dakota border’ 1 10
2 15
3 20
4 75
5 250 !
4 1,456
7 2,540
a 2,320
9 1,570
10 1,150 !
i1 940 =4
12 768
13 566
i4 430
15 280
i6 240
i7 260
18 280G
1% 2448
20 200
21 150
19 Bexelder Creek near Webster, Mont. ! &
2 25
3 553
4 170
3 346
& aso
7 1,910
8 1,480
G 1,226
10 BEO
i1 546G
iZ 386
13 160
14 128
13 35
18 35
17 15
18 i8
1% 5
20 4
©21 3

Estimates of monthly streamilow charscleristics and dominani-discharge hydrographs for selected sites in the lower Missourd
and Lintle Bissour! River Basins in Moniana
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Table 8. Daily mean discharges from the estimated dominant-discharge hydragraphs (Continued)

Saily meaan
She
R Stroem name Day discharge, in cubis
R,
toot per sacond

243 Linle Beaver Creek at Montana-North Dakate border” 1 2

2 3

3 7

4 g

5 620

& 2,050

7 3,316

4 1,080

g 258

] 160

i1 110

12 75

13 33

14 41

i3 35

16 30

i7 25

18 205

19 20

24 1%

21 15

21 Beaver Creek at Montana-North Dakota border i 10

2 15

3 3s

4 130

5 320

] 790

7 1,050

) 660

g 330

10 136

i1 &5

12 53

i3 44

14 35

‘Name of susamflow-gaging station is Limle Missowi River at Camp Crook, S. Dak,

*Mame of soreamflow-gaging siation is Linle Beaver Creek near Marmarth, N, Dak,
MName of sweamfiow-gaging station is Beaver Creek near Trotters, N. Dak.

TABLE 8
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