IN THE OFFICE OF THE STATE ENGINEER OF THE STATE OF NEVADA

INTHE MATTER OF APPLICATIONNUMBER 78780 0CT09 2[}14&,
ted S fA
FILED BY Uni tates of America, National Park Servwe PROTEST S

*as published on September 12, 2014
Comes now Southem Nevada Water Authority

Printed or typed name of protestant
whose post office address js 1001 S. Valley View Blvd. Las Vegas NV 89153

Street No. or PO Box, City, State and ZIP Code
whose occupation is wholesale water purveyor and political subdivision of the State of Nevada

and protests the granting

*
of Application Number 78780 _.filedon Augusts , 20 09
*as published on September i3 . 2014

by United States of America, National Park Service for the

waters of Baker Creek in Basin 195 (Snake Valley) situated in White Pine
an underground source or name of stream, lake, spring or other source

County, State of Nevada, for the followmg teasons and on the fol]owmg grounds to wit:

1) The amount of water requested by this applics

s 7 of th llca 7 it does ot com 85 60(1

Since the 2009 application no longer reflects NPS' intentions regarding the manner of use and amo of water requested_ jt shoul
¢ withdrawn or terminated and a new application sh uld be filed,

THEREFORE the Protestant requests that the application be denied

Denied, issued subject to prior rights, etc., as the case may be
and that an order be entered for such relief as the State Engineer deems just and proper.

Signed 4 S S o =
# .

Agent or profestant ,rw

OONR/DWRSNED

RECRVED

L ]

John J, Entsminger, SNWA General Manager: ™! e m

OCT 4 8 201 pried or yped e, ogenf S —

Address 1001 8. Valley View Bivd. MS 485 =

State of Nevada Street No. or POBox - __!: ” -
County of Clark Las Vegas, NV 89153 R
City, State and ZIP Code 2~ o

Subscribed and sworn to before me on&;t‘—a L)ef Ci , ZO { L( 702-258-7166 :1] =
— Phone Nutnber B
\JO;") i J . & Wﬂ qe_r" dana.walsh@snwa.com
3

E-mail
\ o, PAULETTE STACY |
[ Notary Pubiic State of Nevada |
Pl No. 02-75419-1 E
W G My Appt. Exp, Ju!y13. 2018 |
I S:gnatune of Notary PDT?F—REquIred /) Notary Stamp or Sezl Required

e
+ $30 FILING FEE MUST ACCO PROTEST. PROTEST MUST BE FILED IN DUPLICATE.
ALL COPIES MUST CONTAIN ORIGINAL SIGNATURE.




Attachment A
SNWA Protest to Application No. 78780
Introduction

SNWA recognizes that the State Engineer previously approved this application in Ruling
No. 6269, issued on March 7, 2014. SNWA timely protested this application when it was first
published in 2009, and incorporates the protest grounds from its original protest by reference
here. As Ruling No. 6269 states, Baker Creek was fully appropriated by an adjudication in 1934,
but since the National Park Service (NPS) requested a non-consumptive use of water for
“recreation and maintenance of aquatic habitat,” the State Engineer found that approval of the
application would not result in a conflict with existing rights, nor would it prove detrimental to
the public interest. SNWA is protesting this application again because NPS once again requests
more water for instream flows than what the stream has historically discharged. Additionally,
NPS misapplies a methodology described in Tennant (1976). A close reading of the Tennant
paper shows that his methodology actually does not support granting wildlife water rights for
instream flows at 200% of the mean annual flow, as NPS requests here. Under current
conditions, the reported mean monthly flows at Baker Creek demonstrate that the flows )
requested by NPS happen only two months out of the year on average. NPS has not ddcumented
or identified any harm to wildlife under these existing stream flow conditions that Wouid Jﬁsilfy

an even higher flow volume being granted under Application No 78780. Y- 2
pea [ |

1 -

Evaluation of Existing Baker Creek Flow Data S
[ :':)' N

o

First, monthly data were tabulated from the USGS gaging stations in close proximity cfi_ﬁ o
Application No. 78780 (Baker Creek). Second, the long-term, mean monthly value ovﬁj theé-~
period of record was calculated and recorded. The long-term mean monthly value was then
converted into a percentage of the published long-term mean daily discharge value. These values
were then compared to the NPS request for mean monthly flows. From these calculations it was
clear that the current long-term stream flow conditions do not meet the requests of NPS. To
determine how often the conditions would likely be met or exceeded an Exceedance Probability
analysis was performed.

The Exceedance Probability analysis was performed on available stream flow data published by
the USGS at or near the application point of diversion. The probabilities of meeting or exceeding
NPS’s requested flows were calculated, using a method similar to that described in Risley and
others (2008). The equation is given below. Risley performed the analysis on mean daily values
and here mean monthly values were used. Searcy (1959) suggests that a minimum of 10 years of
data be used for the analysis and this condition was met.
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Eq.1 P=100*(m/(n+1))
Where:
P = the exceedance probability

m = the ranking, from highest to lowest, of all the monthly mean flows for the period of record,
and

n = the total number of monthly mean flows.

Using the equation, high flows are assigned low percentiles and low flows are assigned high
percentiles.

The resuits of these analyses are discussed below.

United States Geological Survey {(USGS) maintained a gaging station, Baker Creek at the
narrows near Baker NV (station number 10243240). Published statistics for data collected
during the period of record of water years 1948-1955, 1993-1997, 2003-2004 are available
through the USGS (Elliot, 2006). Published monthly average discharge data are presented in
Table 1. The long-term mean annual flow (MAF) published for Baker Creek for the USGS
period of record is 9.08 cfs (Elliot, 2006). In its application, NPS estimated a MAF of 8.5 cfs.
Figure 1 presents published average daily discharge along with the 17.1 cfs year-round NPS
appropriation request published in the 2014 notice for Application No. 78780. NPS’s 2009
application requested 60% of the MAF for September through April, and 200% of the MAF for
May through August. An evaluation of the long-term record indicates that insufficient stream
flow exists in Baker Creek for the majority of the year to meet the requested appropriation.

Average Monthly Flows were retrieved from the USGS NWIS for Baker Creek to estimate the
probability that 60% and 200% of the MAF will be met or exceeded in a given year, usmg a-fwo-

step analysis (Tables 1 and 2). The results are presented in Table 3. e f:
mYo9 i
Table 1: Baker Creek at the Narrows Mean Monthly Flow, in cfs at Baker Creek o
AR v R S
Year Jan Feb Mar | Apr | May | Jm Jul Aug | Sep | Oct 'rl\i:ov _ Dec—
1947 2.4 |23 2.02+
1948 2.05 1741 195]| 467] 142 231 837] 449 | 2.87 | 2.86 | 236> 1.73°
1949 1.5 1.5] 2.02| 646 | 248 62.8 | 158 | 5.02] 245 2.89 | B.04.L. 238
1950 2.14 134 1.87] 3.83| 14.6 205 844 | 3.75| 2.88 | 2.64 |2.529 2.17
1951 1.55] 1.07]| 123} 228 17 29| 994 611 | 372 | 337 286 | 195
1952 1921 1.57] 187 944 | 651 905} 39.2 12| 525 | 38 3.16] 245
1953 2.16 18] 176} 236 | 3.64 12.2 64 426 | 243 | 2.75| 3.23 1.69
1954 1.5 19] 227} 9.65| 40.6 188 824| 366 | 337 312 3.06| 243
1955 214 235 2661 314 | 111 358 | 131} 7.85| 4.88
Gage Discontinued Oct. 1955-Sep. 1992
1992 1.48 | 1.09 | 0.788
1993 0.284 | 0435 | 1.08| 2.56| 625 41.2 14| 356 | 2.03| 259 | 2.19 1.51
1994 0496 | 0676 | 1.06 | 3191 193 21| 437 269 231 5.04 | 384d:m2bd
RECENED
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1995 169 2.02) 337| 406 188 1234 122 | 271 ] 413 223 | 182 ] 161
1996 0202 | 0.103 | 0.724 | 1.62| 182 214 ] 436 206] 1.77] 2.12| 243 ] 0915
1997 1.58 1 144 | 2171 397| 376 4291 115] 384 26
Gage Discontinued Oct. 1997-Sep. 2002
2002 262 ] 1.86| 143
2003 1371 1.01 123 | 178 224 312 516 2311 205] 199 1.8 | 154
2004 12971 103 236 464| 163 16.6 57] 2.83] 2.57
Gage Discontinued Oct. 2004
MeanMonthly | 51 13| 18| 42| 26| 30| 18| 61| 3| 28| 25| 18
Flow
Mean Annual Flow 9.08 cfs
Table 2: Mean Monthly Flows expressed as a percentage of the Mean Annual Flow (9.08 cfs)
Year Jan | Feb | Mar | Apr | May Jun Jul Aug | Sep | Oct | Nov | Dec
1947 26% | 25% | 23%
1948 23% [ 19% | 21% | 51% | 156% | 253% 092% | 49% | 32% | 31% | 26% | 19%
1949 17% | 17% | 22% | 71% | 273% | 692% [ 174% | 55% | 27% | 32% | 33% [ 26%
1950 24% | 15% | 21% | 42% | 161% | 226% 93% | 41% | 32% | 29% | 28% | 24%
1951 17% | 12% § 14% | 25% | 187% | 319% | 109% ] 67% | 41% | 37% | 31% ! 21%
1952 21% | 17% ] 21% | 104% | 717% | 997% | 432% | 132% | 58% | 42% | 35% | 27%
1953 24% | 20% | 19% | 26% 4§ 40% | 134% 70% 1 47% | 27% 1 30% | 36% | 19%
1954 17% | 21% | 25% | 106% | 447% | 207% 91% | 40% | 37% | 34% | 34% | 27%
1955 24% | 26% | 30% | 35% 1 123% | 398% | 146% | 87% | 54%
Gage Discontinued Oct. 1955-Sep. 1992
1992 16% | 12% | 9%
1993 3% | 5% | 12% | 28% | 688% | 454% | 154% | 39% | 22% | 29% | 24% | 17%
1994 5% 7% 12% 1 35% (| 213% | 231% 48% | 30% | 25% | 56% | 42% | 29%
1995 19% | 22% | 37% | 45% ] 207% | 1359% | 1344% | 298% | 45% | 25% | 20% | 18%
1996 2% | 1% | 8% | 18% | 200% | 236% 48% | 23% ] 19% | 23% | 27% | 10%
1997 17% | 16% | 24% | 44% | 414% | 472% ] 127% | 42% | 29%
Gage Discontinued Oct. 1997-Sep. 2002
2002 29% | 21% | 16%
2003 15% | 11% | 14% | 20% | 249% | 347% 57% | 26% | 23% [ 22% | 21% | 17%
2004 14% | 11% | 26% 52% | 181% 184% 63% 31% | 29%
Gage Discontinued Oct. 2004
Mean Monthly | 17% | 14% | 20% | 46% | 286% | 430% | 198% | 67% | 33% | 31% | 28% | 20%
o dom | 60% | 60% | 60% | 60% | 200% | 200% | 200% | 200% | 60% | 60% | 60% | 60%
equests
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Table 3:

Probability of Meeting or Exceeding the Flow Requested by NPS

Jan | Feb | Mar | Apr | May Jun Jul Aug | Sep | Oct | Nov ; Dec

NPS

Requested 60% | 60% | 60% | 60% | 200% | 200% 1 200% | 200% | 60% | 60% | 60% | 60%

Percentage of

MAF

Probability of
Meeting or 19% | 56% 81% 13% :
Exceeding <6% | <6% | <6% | to to to to <6% | <6% | <6%
NPS MAF 25% | 63% 88% 19%

Request

6% to
13% <6%

Tennant’s 1976 Instream Flow Methodology

The NPS request for instream flow volumes is based on a misapplied instream flow

estimation technique described in Tennant (1976). The Tennant (1976) paper, Instream Flow
Regimens for Fish, Wildlife, Recreation and Related Environmental Resources, describes the use
of the “Montana Method” of assessing instream flow requirements for wildlife and recreational
purposes. NPS uses Tennant (1976) as justification for developing the 60% and 200% MAF
requests. Below are bullet points summarizing information which is directly in conflict with
NPS’s claims.

Tennant recommends that baseflow of 30% of average annual flow will sustain “good”
survival conditions for most aquatic life forms.

Tennant also recommends that 60% of average annual flow provides “excellent to
outstanding habitat” for most aquatic life forms. '

Tennant states that an increase in the annual flow from 100% to 200% of average only
provides about a 10% increase in wetted substrate. Further, Tennant suggests that under
these conditions, increased velocities are probably too high for the well-being of most
aquatic organisms.

While NPS implies that Tennant recommends 200% of the average flow for “ﬂushmg the
stream system,” Tennant never discussed this flow rate in reference to w11d11ferneedé~
Instead, the recommendation was specific to intensive recreational activities. }-\c@dlng
to Tennant: “A flow of two to three times the average flow is often best forikay{ks and”
whitewater canoeing. A flow of this magnitude is also preferable for largef‘l')oats w;-th
inboard and outboard motors.” This level of recreational activity does Ifé’t occur .odn
Snake, Lehman, or Baker Creek. :1 Wy
Finally, a close look at Tennant’s recommendation on securing water nght§ for ff)stream
flows advises wildlife managers to consider the volume of water already appropriated for
downstream users. If water is already marked for downstream users, these volumes of
water should be included as satisfying part of the instream flow requisgrgRk < Ear
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example, if no water is being diverted above NPS’s requested point of diversion, and 15
cfs of the stream flow is marked for irrigation at Baker Ranches, this water could be
enough for the instream needs of the aquatic life without additional water rights being

granted to NPS.

For your reference, the Tennant paper is attached to this protest as Exhibit A,

Conclusion
Because evaluation of the long-term record indicates that insufficient stream flow exists
for Baker Creek for the majority of the year to meet NPS’s requested appropriation, SNWA
requests that Application No, 78780 be denied. In the alternative, for those months where the
requested flow conditions cannot be met, SNWA recommends that the minimum monthly flow
in the period of record for the corresponding month be the permitted flow rate for that month.
Additionally, should the State Engineer approve this application, SNWA requests that in order to
prove beneficial use, NPS should be required install a gaging station and to submit continuous
mean daily values to the State Engineer to support the permitted flow rate. If actual measured
flows do not match permitted flows consistently, any certificate issued should only reflect actual
flows. SNWA also requests that the permit terms include an annual reporting requirement so
stream flow data is available and accessible to the public throughout the duration of NPS’s use of

this water.
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INSTREAM FLOW REGIMENS FOR FISH, WILDLIFE,

[

RECREATION =
AND RELATED ENVIRONMENTAL RESOURS‘;Eﬁ

———d
[ S s
Donald Leroy Tennany moo
= B
LY i
o
- R =
ABSTRACT L R—
=

A quick, easy methodology is described for determining flows to protect the aquatic resources in both warmwater and coldwater
streams, based on their average flow. Biologists do their analysis with aid of hydrelogical data provided by the U.S. Geological Survey
(USGS). Detailed field studies were conducted on 11 streams in 3 states between 1964 and 1974, testing the “"Montana Method.” This
work involved physical, chemical, and biological analyses of 38 different flows at 58 cross-sections on 196 stream-miles, affecting both
coldwater and warmwaer fisheries, The studies, all planned, conducted, and analyzed with the help of state fisheries hiologists, reveal
that the condition of the aquatic habitat is remarkably similar on most of the streams carrying the same portion of the average flow,
Similar analyses of hundreds of additional flow regimens near USGS gages in 21 different states during the past 17 years substantiated
this correlation on 1 wide variety of streams. Ten percent of the average flow is a minimum instantaneous flow recommended to sustain
short-term survival habitat for mest aguatic life forms. Thirty percent is recommended as a base flow to sustain good survival conditions
for most aquatic life forms and general recreation. Sixty percent provides excellent to outstanding habitat for most aquatic life forms
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during their primary periods of growth and for the majority of recreational uses.

Introdurtion

Natural, free-flowing streams are one of the world’s most
beautiful and valuable resources. Before the coming of Christ,
the Roman Emperor Justinian said: ““By the law of nature certain
things are common property: for example, the air, running
water, and the sea.” America’s late Senator Norris from
Nebraska said: "The streams that are flowing downhill were
given us by a creator. They do not helong to any special interest
or to any individual. They belong to the people and ought to be
utilized for the benefit of all of them.”

Few streams in the United States have escaped degradation
from land use practices or altered flows by some kind of man-
made “waler development™ project. Some recognition is finally
being given 10 insiream flow regimens to protect the natural en-
vironment. Stientists from many disciplines are seeking reliable,
practical methods for derermining streamflow reguirements to
protect fishes. waterfowl. furbearers, reptiles, amphibians,
meliuscs. other aquatic invertebrates, and related life forms from
all the various people competing for our Nation’s water.

With the help of several hydrologists and many State and
Federal biologists, this quick, easy method was developed for
determining flows to protect the aquatic resources in both
warmwater and coldwater streams. This methodology evolved
over the past 17 vears from work on hundreds of sireams in the
states north of the Mason-Dixon Line between the Atlantic
Ocean and the Rocky Mountains. This work has been cited in a
score of publications gnd is best known as the “Montana
Method.™

THE AUTHOR: A native of Ohio, Donald L. Termant
graduated from Ohio State University with a B.S. in Fich and
Wildlife Conservation and worked for the Ohio Division of
Wildlife. For nineteen years he hss been with the U.S. Fish and

Wildlife Service. .
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Method

The Montana Method is so brief it can be tlyped ona 3" x 5"
card. It ean be applied rapidly to many segments of thousands of
streams by referring to Table 1 of this paper and surface water

records of the USGS.

Table 1. Instream flow regimens for fish, wildlife, recreation, and
related environmental resources.

Recommended base flow regimens
Oct.-Mar. Apr.-Sept.

200% of the average flow

60%-100% of the average flow

Natrative description
of flows *
Flushing or maximum
Optimum range

Outstanding 0% 60%
Excellent 30% 50%
Good 20% 0%
Fair or degrading 10% 30%
Poor or minimum 10% 10%

Severe degradation 10% of average flaw to zero flow
*Mos! appropriate description of the general condition of the
stream flow for all parameters listed in the title of this paper.

The following intensive use of this method will produce a
factual, conclusive streamflow study on eny stream. First, deter-
mine the average anoual flow of the stream at the location(s) of
interest (listed as AVERAGE DISCHARGE by USGS and
hereinafier called average flow). If the average flow is not
published by 1the USGS, it can quickly be calculated for you.
Visit the stream and observe, photograph, sample, and study flow
regimens approximating 10%, 30%, and 60% of the average flow.
Other flows ezn be studied; but these three regimens will cover a
flow range from about the minimum to near the maximum that
can normatly be justified and recommended to protect the
natural environment on most streams.

The average flow of a stream {or any given portion or per-

FISHERIES Vol 1, No. 4
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cent of the average flow) is a composite manifestation of the size
of the drainage area, geamorphology, climate, vegetation, and
land use. These relationships have been evaluated and reported
also by other biologisis and hydrologists. (Rantz 1964; Tennant
1957-1975).

On uncontrolled streams, study USCS records for daily,
maonthly, and annual flow patterns; then go 1o the field and
check their gages until you can view and study natural flows ap-
promimating 10%. 30%, and 60% of the average Mow.

IT lows are controlled, begin by having the highest flow you
with 1o wstudy released first: then regulate so that each
succeeding lower Mow will begin the following midnight. Photos
taken early the next morning will reveal the difference in ex-
posed substrate or wetted perimeter (Fig. 1), This is photographic
“‘regression analysis.” An interval of 8-10 hours will normally be
sullicien! 10 negate any appreciable differences in flow levels due
1o bank storage.

Fignare L. Missouri River helow Holier Dam, Montana., whowing
differences In-tween Mows of 3.000 ¢fs (35% of the average Mow)
and 2000 «f~ {37% of the average fow), The verieal drop was 7
inchew. Flows reduced shout midnight  will clearly reveal
differenecs in wetted subsirate when photographed the next
marning {photographic “regression analysis™),

Pictures may be the hest data vou will colleel for selling
your recommendations to the general public, administrators of
construclion agencies managing water development projects, and
judges or juries adjudicating water laws. Black and white
photographs and 35 mm slides of kev habilal types {e.g., riffles,
runs, pools, islands and bars) from elevated vantage points like
bridges and high stream banks will give resulte superior to
ground level shots or photes from aircraft high above the siream.
Record appropriate. vital information on all photographs and
slidex as soon as they are received.

USGS monthly measurements of width, depth, and velocity
cover a variety of flows at most of their stream gage or cable
crossings. Obtain cross-seclional datz on width, depth, and
velocily measurements from the local USGS field office for Mow
regimens under study. Use this information to ploi and compare
water widths. depths, and velocities to known requiremenis for
aquatic resources. As manpower and money permit, USGS will
make specific eross-sectional measurements of width, depth, and
velocity for government agencies at any point on any stream. It
Tequires proper experience, equipment, and plenty of time for
others to make the necessary cross-sectional measurements.
Siudy average daily. monthly, and annual stream-flow regimen
tables and previous historic low-flow data published by USGS 1o
learn the hase flow patterns of the climatic year and help deter-
mine {lows that mimic nature and justily your final recommen.
dations. Recommend the most appropriate and reasonable
flow(s) 1hai can he justified to provide protection and habitat for
all aquatic resources.

Results

Detailed field studies were conducted on 11 streams in 3
states between 1964 and 1974 1enting the Montana Method
(Table 2). This work involved physical, chemical, and biological
analyses of 38 different flows at 50 cross-sections on 196 stream
miles. affecting bath coldwater and warmwater fisheries. Reports
or publicalions on 6 study streams are available as indicated in

Table 2. Detniled studies of instream flow regimens using the Moantsna VMethml.

Name of Miles  Numher of Dilferent Parameters Type of
Stream State Date Studied  Stations Flows Siudied2 Fishery b Beference
Republican R. Nebraska 1964 40 3 4 w.D,VSBCTF ww 25
Wind-Bighorn R. Wyoming 1968 30 10 3 Ww.D.SB.CTF CW&WW 24
Marias H. Montana 1968 67 9 3 w.DVSBCTF CW & WW
Missouri R. Montana 1970 15 A 4 W.DVSBCLF CW&WW
Blacks Fork R. Wyoming 1971 16 4 3 wW.D,VS.C]l CwW 31
Shoshane Creek Wyoming 1971 14 2 9 W.DV.SBCF CW
Ruby R. Montana 1971 1 4 3 w.D.VSB,CF cwW 10
W. Fk. Bitterroot Montana 1971 1 5 3 W.D.VSB.CF CW 10
W. Rosebud R. Montzna 1971 3 3 4 w.D.V.S,B.C.F Cw 10
N. Platte R. Wvoming 1974 2 10 2 w.D,V,SBCF CWE&WW
Totals 196 58 3 s =
=

. . = —y J
“Parameters Siudied: W, Width: D, Depth; V. Velocily; 5, Substrate & Sidechannels; B, Bars & Islands; C, Coverr M. Migratioa;-
T, Temperature; I, Invertebrates; F, Fishing & Floating; E, Esthetics & Natural Beauty. -

bType Fishery: WW, Warmwater; CW, Coldwater.

July - August 1976
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(INSTREAM FLOW--)

Table 2. Numerous black and white photos and 35 mm slides
were taken of all the flow stages studied at each cross-section.
The studies, all planned, conducted, and analyzed with the help
al arate fisheries biologists. reveal that the condition of the
aquatic habitat i« remarkably similar on most streams carrying
the xame portion of the average flow.

Width, depth, and velocity are physiecal insiream flow
parameters vital to the well-being of aquatic organisms and their
habitat. Sixteen hundred measurements of these parameters for
48 different flows on 10 of the streams cited in Table 2 show that
they all increuse with flow, and that changes are much greater at
the lower levels of flow (Fig. 2). Width, depth, and veloeity all
changed more rapidly from no flow to a flow of 10% of the
average than in any range thereafter.

TRTTH TN FEET AMD R3OLTTY IN FEEY PEL SEGOMD
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Fignre 2. Average width, depth. and veloeity from ten field
tests of insteepm flow regimens using the Montana Methad
und the USGS hydraloagy dela.

Ten percent of the average flow covered 60% ol the sub-
sirates. depths averaged 1 foot, and velocities averaged 0,75 foot
per second. Stwlies show that these are critical points or the
lower limits for the well-being of many aquatic organisms, par-
ticularly fishes. This substantiates the conclusion that this is the
area of most severe degradation or that 10% is a minimum shori-
term survival flow at best. Flows from 30% 10 100% of average
result in a gain of 40% for wetted substrate, average depth in-
creases from 1.5 to 2 feet, and average velocities rise from 1.5 to
2 [eet per second, These are within good to optimum ranges for
ayuatic organisms; however, it requires 3 to 10 times the amount
of water needed for a short-term minimum or good base flow, and
gains or benefitfcost ratios may become questionable. Increasing
flow frim 100% of average ta 200% of average (doubled) only in-
creases average wetted substrate by 10%, average depth increases
from 2 to 3 feet, and average velocity rises from 2 ta 3.5 feet per
second. Veloeities averaging 3.5 feet per second are probably 100
high far the general well-being of most aquatic organisms but
good for moving sidiment, bedload. and white water boating, In
all 11 field tests of the Montana Method, water depth appeared
adeguate for aquatic orgamisms whenever velocilies were
satisfactory.

Analyses of hundreds of additional flow regimens near USGS
gages in 21 dilferent states during the past 17 years substantiate
these correlations between similar flows on a wide varicty of
streams. Running waters studied ranged from small precipitous

brooks high in the Rocky Mountains, to large, lOW-gmdient
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rivers out on the prairies of mid-America and streams along the
coastal plains, This phenomenon of nature is dicumented with
hundreds of black and white photographs and 35 mm slides that
are registered and filed with the U.S. Fish and Wildlife Service
(FWS) in Billings. Montana; Grand I[sland, Nebraska; and
Denver, Colorado.

Application of the Montana Method

Using the Montana Method it is easy te adjust to above or
below water years and maintain siream flows that are appropriate
portions of monthly, quarterly, or annual instream supplies of
water. This helps fish, wildlife, and aquatic resources share sur-
pluses and shortages of water equitably with other users.

With the Montana Method, USGS measures the hydraulic
characteristics of the stream, and hinlogists inerpret the
biological responses. This saves considerable precious time that
biologists can use on a more complete ecological analysis of
streamflow neecds.

There is significant hydrological and biclogical evidence
that the Montana Method can be used successfully on streams
throughout the United States and in other parts of the world
(Rantz 1964: Whelan and Wood 1962). USGS data from cross-
sectional measurements is subject to computer analysis with
predicted flow parameters for width, depth, velocity, hydraulic
ralius, ete. al any desired water stage between zero and historic
peak discharge.

USGS 15 considering the revision of stream flow data
programs {or most ol the states (U.S. Department of Interior).
The majority of existing gages may be discontinued under its
future program. Technigues like measuring channel geometry,
interpolation from a known flow 10 an unknown flow, and cor-
relations with adjacent streams will be used to provide stream
flow information at any point on any stream. Simple chainel
geometry measurements have produced average flow data as ac-
eurate as M} vears of continuous gage records (Hedman and
Kastner 1974). The standard errors were lowest for mountain
regions and in competition with 5 to 10 years of gaged records for
the plains region, There is very little variation when results are
compared hetween channel width and average flow {Fig. 3).
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Figure 3. Correlation hotwoeen average flow aniﬁ'hnnm-l width
for sireams in the mountain and plains regions of-Colorado,
Kansas, Maniana, and Wyeming. Used with the permission of
E.R. lledman,
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Mean annual discharge is one of the few criteria thar will be
routinely provided by this future program. Therefore, the Mon-
tana Method can still be used with this new program, since it is
based primarily on knowledge of the mean annual discharge or
average flow. The ability to provide the average flow al any point
on any stream at any time would actually facilitate the use of the
Montana Method in the futare.

Adopting the metric system would nat require conversion
tables or olher problems since this methed is based on percen-
tages of the average flow however it is expressed.

Conclusions

Ten percent of the average flow: This is a minimum instan-
taneous [low recommended to sustain shert-term survival
habitat for most aquatic life forms, Channel widths, depths, and
velacities will all he significantly reduced and the aquatic habitat
degraded (Figs. 2.4). The siream substrate or wetted perimeter
will be about half exposed, except in wide, shallow riffle or shoal
arcas where exposure could be higher. Side channels will be
veverely or totally dewatered. Gravel bars will be substantiaily
dewatered. and istands will usually no longer function as wildlife
nesting. denning, nursery, and refuge habitat. Streambank cover
for fish and lur animal denning habitat will be severely dimin-
ished. Many wetted areas will be so shallow they no longer will

Figure 1. Republican River below Hardy Bridge, Nebranka,
showing a flow of 12 ofu (10% of the average flow). Water deptha
were adequiste 1o provide some fish cover, living space, move-
mends and fishing, Tempreatisres were within toleenble limiis.,
Thix Is & minimum inslantaneous flow recommended to sua-
tain shori-term survival habitat for most aquatie fife forms.

serve an cover, and fish will be crowded into the deepest pools.
Riparian vegetation may suffer from lack of water. Large fish will
have difficulty migrating upstream over riffle areas. Water
temperature often becomes a limiting factor, especially in the
lower reaches of sirrams in July and August. Invertebrate life
will be severly reduced. Fishing will often be bery good in the
dreper pools and runs since fish will be concentraied. Many
fishermen prefer this level of Mow. However, fish may be
vulnerable to overharvest, Floating is difficult even in a canoe or
rubber raft. Natural beauty and stream esthetics are badly
degraded. Most streams carry less than 10% of the average fMlow
al times, =0 ¢ven this low level of flow will occasionally provide
some enhancement over & natural flow regimen.

Thirty percent of the average flowe: This is & base Mow
recommended to sustain good survival habitat for most aquatic
life forms. Widths, depths, and velocities will generally be
satisfactory (Figs. 2,5). The majority of the substrate will be

covered with water, exceplt for very wide, shullo”dﬂh'mac’
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Figwre 3. Bighern River hrlow Boysen Pam. Wyoming. show-
ing a Now of 0 e (30% of the average Mow). Water depth wan
adequate for tronl movemenl. spawning, incohation, snd
winker survival in moxt run and posl arcas for a distance of 45
car milex downslrcam. Thic i 8 hase flow reenmmended 10
sustnin goon survival bahitat for mast aquatle life formn,

areas. Most side channels will carry some water. Gravel bars will
be partially covered with water and many islands will provide
wildlife nesting, denning, nursery, and refuge habitat. Stream.
banks will provide cover for fish and wildlife denning habitat in
many reaches. Many runs and most pools will be deep enough to
serve as cover lor fishes. Riparian vegetation will not suffer
from lack of water. Large fish can move over riffle areas. Water
lemperatures are not expected to become limiting in most stream
segments, Invertebrate life is reduced but not expected 1o
became a limiting factor in fish production. Water quality and
quantity should be geod for fishing, floating, and general recrea-
tion. especially with canves. rubber rafts, and smalier shallow
draft boats. Stream esthetics and natural beauty will generzlly be
satislactory.

Sixry percent of the average flow: This is a base flow
recommended 10 provide excellent to outstanding habhitat for
most aquatic life forms during their primery periods of growth
and for the majority of recreational uses. Channel widths,
depths, and velocities will provide excellent aquatic habirat
(Figs. 2.6). Most of the normal channel substrate will be covered
with water, including many shallow riffle and shoal areas. Side
channels that normally carry water will have adequate ftows.
Few gravel bars will be exposed, and the majority of islands will
serve o5 wildlife nesting, denning, nursery, and refuge habitat.
The majority of streambanks will provide cover:for fish-and sale
denning areas for wildlife. Pools. runs, and riffles will be ade-
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Figure 6, North Fork Shoshone River near Wapiti, Wyoming,
showing n Mow of 456 cfs (approtimately 68% of the average
NMow), Water widths, depths, and velocities very good for fish
and fiching in all riffles, runs end ponls. This is a base flow
recommended te provide sarellent to outstanding habitat for
mast aquatir life forms during their primary periods of growth
and for the majority of recreational vses,

quately covered with water and provide excellent feeding and
nursery habitat for fishes. Riparian vegetation will have plenty
of water. Fish migration is no problem in any riffle areas. Water
temperatures are not expeeted to become limiting in any reach
of the sirezm. Invertebrate life forms should be varied and abun-
dant. Water quality and quantity is excellent for fishing and
floating canoes, rafts, and larger boats, and for general recres-
tion, Stream esthetics and natural beayty will be excellent to out-
standing.

A flow of two to three times the average flow is oflen best
for kayaks and whitewater canoeing. A flow of this magnitude is
also preferable for larger boats with inboard or outboard motors,
like those many people use on the annual Missouri and
Yellowstone River floats held in June and July in Montana.

Recommendations

1. Request “instantanecus flows’ 1o prevent Row releases
from dams and diversion structures that are averaged over a
day, month, or year, which permils erratic releases or even
no flow at times.

2. Recommend that dual or multiple outlets to all dams be
designed and constructed so that minimum flows of an ap-
propriate temperature and quality to protect the aquatic en-
vironment can be by-passed at all times, including during
drawdowns for salety inspections and emergeney repairs,

3. Insist that costs for providing of instream flows to protect
the aquatic environment downstream below dams be project
eosts, including costs for unforeseen emergency repairs and
routine maintenance over the life of the projeet.

4. Justify only that portion of & stream flow required 1o fulfill
specific instream nosds. If fish need a Now of 100 ofs in a
segment of streem where there are already legal re.
quirements of 25 efs for municipal water, 15 cfs for jrriga-
tion water iransport, and 10 <fs for a U.S. Environmental
Protection Agency water quality requirement, you logically
and legally should have 1o justify a flow of only 50 fs,
Planners of water development projects may ask you to

Nate: Complete copies of this report can be obtained free by
writing U.S. Fish and Wildlife Service, Federal Building,
Billings. Montana 59101. NCNRDWRISNBC
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justify and apply benefit/cost ratios for fish to the 100 cfs
flow because this makes their “'project purpose” look more
favorable on a comparable benefit/cost basis,

5. Stipulate that the downstream flow will not he less than the
inflow to impoundments, whenever operators of water
development projects cennot provide specific flow re-
quiremenis. Make this an integral part of every flow regimen
recommendation, preferably part of the same sentence.

6. Reduced releases 10 e siream should not exceed a vertical
drop of 6 inches in 6 hours. Fluctuations greater then this
may significantly degrade aquatic resources.

7. Request that maximum flows released from dams not exceed
twice the average flaw. Prolonged releases of clear water
greater than this will cause severe bank erosion and degrade
the dewnstream aquatic environment.

8. Use “undepleted” USGS hydrology data for {low recommen-
dations that relate to the stream in its pristine conditions
(e.g.. before dams, diversion, pumps, etc.). Otherwise,
recommendations from the Montana Method may relate to
depleted stream conditione and result in less than ideal
flows.

9. Avoid recommending minimum instantaneous stream flow
regimens less than 10% of the average flow since they will
result in catastrophic degradation to fish and wildlife
resources and harm both the aquatic and riparien en-
vironments. Encourage lawmakers 1o pass legislation that
would prevent diversions or regulation at dams, whenever it
would reduce streamfllow below 1his level, If water develop-
ment projects cannotl make it on 90% of the water carried by
a stream, use of the remaining 10% probably wont justify
their projects. Philosophically, it is a crime against natare to
rob a siream of that last portion of water so vital 10 the life
forms of the aquatic environment that developed there over
cons of time.
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