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FRE~-FILED REBUTTAL TESTIMONY
OF FREDERICK A. NELSON
on behalf of

MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS (MDFWE)

Please state your name and business address.

Fred Nelson, MDFWP, 1400 South 18th Avenue, Bozeman, Montana
59715.

What is your present employment?

I am a2 fisheries bioclcgist employed by the Montana
Department of Fish, Wildlife and Parks.

Please state your educaticnal background and experience.

This information was already presented in previcus testimony
I filed for this reservation proceeding on behalf of MDFWE.
That testimony included a description of my instream flow-
related training and a vita.

What is the purpose of this testimony?

The purpose is to rebut elements of the objector’s testimony
of Thomas A. Wesche, water resource consultant for the
Montana Association of Conservation Districts.

What is the essence of the last paragraph con page 2 of Mr.
Wesche'’s testimony?

Mr. Wesche is, in my opinion, attempting to show that the
wetted perimeter inflection point method for deriving
instream flow reccommendations has little acceptance as a
valid instream flow method and that a more sophisticated
method, the Instream Flow Incremental Method (IFIM), is the
method of choice.

Is wetted perimeter an accepted method for deriving instream
flow recommendations?

Yes. Mr. Wesche's own publication (Reiser, Wesche and Estes
1989), which surveys instream flow practices in North
America, refers to the wetted perimeter methed as one of the
"Other commonly applied methods® in North America. (This
publication is attached as Attachment A.) According te
Reiser, Wesche and Estes (1589}, wetted perimeter is the
third most used or recognized method in North America.
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Which states and provinces are using the wetted perimeter
method, accerding to Relser, Wesche and Estes (1989).

Six states and provinces - Idahe, Michigan, Montana, North
Carclina, Virginia and British Columbia -~ are listed as
using wetted perimeter. For three other states -~
Washington, Oregon and Ceolorado - wetted perimeter criteria
are compenents of their methods. Wyoming is another state
that uses wetted perimeter criteria - the same method as
Colorado - in its instrean flow regquests, according to Tom
Annear, instream flow coordinator for the Wyoming Dept. of
Game and Fish, in & phone conversation with Fred Nelson on
Becember 5, 15%1. In Alaska, "other proven methods?® are
accepted (Reiser, Wesche and Estes 1989). According to
Chris Estes, instream flow coordinator for the Alaska Dept.
of Fish and Game and co—-author of Mr. Wesche's publication,
wetted perimeter is one of these other proven methods (phone
conversation with Fred Nelson on Dec. &, 13991).

2t least 11 states and provinces, many located in the
Northwest and Northern Rocky Mountains, recognize the wetted
perimeter method and methods that incorporate wetted
perimeter criteria.

Mr. Wesche's testimony states that "Washington and Idaho,
which formerly used a wetted perimeter approach, now reguire
IFIM for instream flow studies.¥ Is this correct?

Cn December &, 1%91, I spoke to Hal Beecher, instream flow
biclcocgist for the Washington Dept. of Wildlife, and Will
Reid, fisheries program cocrdinator for the Idaho Dept. cf
Fish and Game. Both called the above statement of Mr.
Wesche inaccurate. In Washington, the Toe-Width Method,
which utilizes wetted perimeter/inflection point criterisa,
centinues to be used today, and is Washington's most
commconly used method in the statefs overall instream flow
program. IFIM is basically restricted to evaluating smzll
hydro and other major developments. In Idaho, IFIM is not
reguired for zll instream flow studies, although it is
currently the most commonly used methoed. According te Will
Reid, most of the pending instream flow reguests of Idaho
Dept. of Fish and Game were guantified using the wetted
perimeter method.

Iz IFIM the method of choice for Montanals water reservation
process?

No. The legal protection afforded to instream flows will,
in many respects, dictate which methods are suitable.
Unlike the majority of states, Montana has a water
reservation process that legally recognizes instream flows
and incorporates them intc the legal framework that governs
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water richts. Montana's legal framework is the Doctrine of
Prior Appropriation. Under this doctrine, the MDFWP, as
helder of the instream reservation, can place a call on
junior water users conce the streamflow falls below the
amount of the granted instream reservation, provided there
are Junior users with priority dates after July 1, 1985,
which is the priority for the Missocuri Basin water
reservations. The nature of Montana's water rights system
demands that a minimum flow be asscciated with the instrean
reservation. This minimum, when reached, would trigger an
action by the MDFWP (a2 call on junicr users).

Instream flow methods designed for deriving minimum flows
are called standard setting methods. Wetted perimeter is a
widely accepted standard setting method. IFIM is not a
standard setting methed, but an incremental method. IFIM is
not designed to provide minimum flow recommendations. (Refer
to pg. 5 of the Prefiled Direct Testimony of Fred Nelson for
a description of the IFIM Method.)

A paper by Clair Stalnaker, leader of the Instream Flow
Group within the U.S. Fish and Wildlife Service that
developed the IFIM, and Woody Trihey, a former staff member
of the Instream Flow Group, is attached to this rebuttal
testimeny (see Attachment B). Trihey and Stalnaker (1985)
define:

"Standard-Setting Methodologies -~ measurement and
interpretive techniques designed to generate a flow
value(s) which is intended to maintain the fishery at
some acceptable level.

Incremental Methods - technigues designed to generate a
relaticnship between the quality of an instream
rescurce, such as the fishery habitat, and streamflow.”

They alsc state that "Standard Setting is most appropriate
for:

% Protecting the existing instream rescurce:
* State water alleocation permits or reservations;®

The developers of IFIM recognize the inappropriateness of
their method for setting minimum instream flows. They zalso
recognize its inapproprizateness for use in the water
reservation process.

Does Mr. Wesche recommend that MDFWP use the IFIM for
deriving its minimum flow reguests for the water reservation

process?
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Page 2 of Mr. Wesche's testimony implies that IFIM is a
better method based on the results of his poll of the
states. In tweo specific cases, Red Rock River - Reach 2 and
Ruby River - Reach 2, Mr. Wesche calls for the use cof IFIM
{see pg. 4 and 5 of Mr. Wesche's testimony). However, he
neglects to mention the unsuitability of IFIM for Montana's
recservation process, a fact the developsrs of IFIM {the
Instream Flow Group) have long recocgnized.

The first paragraph of page 3 of Mr. Wesche's testimony
dwells on the HQI method. Briefly describe this method.

Mr. Wesche states "The HQI is a multiple regression mocdel
based on a series of abiotic and bictic independent
variables which allows estimation of trout standing crop
during the late summer/fall pericd. Independent variables
included in the model are late summer stream flow, annual
stream flow variation, water temperature, nitrate nitrogen
concentration, water velccity, substrate, cover, ercding
stream banks, and stream width, as well as fish food
abundance and diversity. Each of these wvariables has been
shown tc be related to trout standing crop.”

Where is the HQI method used?

According to Relser, Wesche and Estes (1%89), HQI has but
one adherent, the State of Wyoming.

Mr. Wesche ends the above description of HQI with the
statement that "“Fach of these variables has been shown to be
related to trout standing crop.” Is this correct?

This statement is generally true. However, identifying all
relevant variables and defining their relationship to fish
is extremely difficult. The validity cof the HCI approach
depends on the accuracy of the trout standing crop
predictions that are derived from the mathematical analysis
of the model's many variabkles. Wyoming has had the most
success. Other states have been unable tc match the degree
of accuracy obtained by Wyoming.

Is HOT a2 valid method?

Yes. The State of Wyoming has had good succeszs with the
method under the state’s newly acquired instream flow
legislation.

Was the HQI apprcach tried in Montana?

Yez. A rigorcus test of the HCI concept was conducted by
MDFWP in 112 stream reaches in Montana's Flathead drainage
(Fraley and Graham 19382}. The results, however, were
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discouraging when viewing HQI as an instream flow tool.

Has Wyoming documented some shortcemings with the HQI
method?

Yes, Conder and Annear (1887} =~ both are inveolved with the
instream flow progranm of Wyoming Game and Fish - state:

"While we have had good results with the trout standing
crop estimates developed from the HQI in Wycoming, it is
not a panacea. We have had inconsistent results with
HRI in highly productive canyen habitats and in small
high=~elevation streams that support brook and cutthroat
trout. Our data base is also inadequate to fully
evaluate the HQI performance in large streams".

How should the HQI apprcach be viewed in relation to MDFWE's
instream reservation application?

HQI is one of many instream flow methods availakle for use.
Like all methods, it has shortcomings, as peinted cut by
Conder and Annear (1%87). When HQI was tested in Montana,
it proved unworkable as an instream flow method. These
limitations did not put HQI in the forefront of candidate
methods for use in Montana's water reservation process.

Mr. Wesche is incorrect if the intention of his testimony is
tc show that HQI is a better method than wetted perimeter
and that HQI is better suited for Montana'’s reservation
process.

Pages 3 and 4 of Mr. Wesche's testimony address perceived
shertcomings of the wetted perimeter method. Does the
method have shertcomings?

2ll instream flow methods have shortcomings and all are open
to criticism. Wetted perimeter is no exception., Mr. Wesche
believes that because wetted perimeter fails to fully
analyze the distribution of bottom substrates and water
velocities across a riffle, the microcinvertebrate drift,
hydraulic geometry, bed element variability, microtopography
and the degree of embeddedness, the method lacks merit. No
standard setting method in existence analyzes all these
intertwining factors nor is there hope that cne will ever
emerge in the future. To address Mr. Wesche's criticisms,
MDFWP would have to leave the realm of accepted instream
flow methods and proceed to full-blown, long-term, million
dollar +, kiological studies that will define the exact
relationships between fish, food and flows for each of the
281 stream reaches in MDFWP's application. The
impracticality of this approach is chvious,
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How does MDFWP view wetted perimeter and food production?

MDFWP belisves that a cover cof water is paramcunt to the
survival of the gill-breathing food items that are produced
in stream riffles. One can argue endlessly abcout the
interactions of velogity, substrate, invertebrate drift,
microtopegraphy, etc. in determining food production. But
in the end, without a cocver of water there is no food
production. The wetted perimeter method addresses this

basic tenet.

On page 4 of his testimony, Mr. Wesche further criticizes
the wetted perimeter method by guestioning the wvalidity of
the break (inflection) point concept. Respend to this.

The break peint, which is the point where the rate of change
begins to accelerate, as in wetted perimeter, is a commonly
used concept in the current body of instream flow methods.
Mr. Wesche himself has published instream flow work that
incorporates the break point approach (Wesche 1573).

In the last paragraph of page 3 of Mr. Wesche's testimony,
he questions the credibility of MDFWP's flow reguests based
on the unavailability of the regquested flows on some streams
during the late seascon. Respond to this.

Mr. Wesche makes the often repeated argument that the
requested flows must be available at all times. This
argument is flawed for a number of reasons:

1) If MDFWP was to recommend an instream flow that was
always availabkle in the stream, we’'d be asking for ths
historic low flow -~ the lowest flow that ever occcurred
on the stream. Only then would the regquest never
exceed water availakility. ©On streams already
overburdened by excessive irrigation depleticns, the
historic low could be zerc or near zero flow. Such a
raquest would ensure the destruction of the fishery.
Historic lows protect nothing. Such a recommendation
is analogous to asking a farmer to produce his crops
using only the amcunt of water available during the
worst drought year on record. It's inconceivable that
historic low flows cculd qualify as the minimum
instream flows needed to protect the resource.

2} Flow reguests of MDFWP exceed the normal late season
water availability on some streams. A Common reason is
that late seascon flows already reflect massiva
irrigation depletions and are but a fracticn of the
flows that cccurred in the undepleted or natural state.
Compavring the flow reguests to the flows that once
occurrad in the natural state provides a far bketter and
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fairer measure of how much of z stream’s annual water
yield is being requested for instream use. On those
streams where existing irrigation depletions have
already overburdened the stream, criticizing MDFWP's
instream flow requests on the grounds that MDFWP is
asking for too much of the pittance that remains is
unjustified.

3. This much repeated water avallability argument alsc
fails to take into accocunt the legal framework that
governs Montana's water law. The granted instream
reservation will have a late priority date of July 1,
1%85,. This entitles MDFWP to place a call only on
dunior water users, if any exist, when flows drop below
the amcunt of the granted reservations.

An instream flow reservation does not guarantee that
the granted flows will always be available; it merely
establishes the instrear flow level that will trigger a
call® response by MDFWP. In its application, MDFWP is
asking that flows up tc the amount of its reguests be
reserved for instream use. We are not asking that the
full amcount of these requests be maintained
continucusly.

Pages 4-10 of Mr. Wesche's testimony addresses his concerns
regarding specific instream flow requests of MDFWP. What
format will MDFWP use in its response?

MDFWP will list each stream in the same order used by Mr.
Wesche in his testimony. For those streams where Mr. Wesche
disputes the wetted perimeter inflecticn points, a copy of
the wetted perimeter-flow curve that was included with
MDFWP's reservaticn application, is attached to this
rebuttal testimony. A line was drawn on each of the curves
toe help identify inflection points.

Red Rock River—-Reach 2

MDFWP stands by its request for 60 cfs, based on the upper
inflection point. The actual break appears to cccur at
about 75 cfs, making 60 cofs a conservative estimate (see
Attachment C}. The 60 cfs reguest amounts to 18% of the
undepleted average annual flow for the Red Rock River (325
cfs), as estimated by the SCS (1975}. BAs discussed earlier,
the undepleted or natural flow provides a fairer baseline
for comparing the instream flow requests. In his testimony
(Warm Springs Creek and Cut Bank Creek), Mr. Wesche finds
"25% of estimated mean annual flow® reasonable.
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Mr. Wesche alsc calls for the use of IFIM on the Red Rock
River. The inappropriateness of IFIM was discussed earlier
in this rebuttal testimony.

Big Sheepr Creek

Mr. Wesche questioned why 5 cross-sections were field
measured and only 1 used in the analysis. Page 2-68 of
MODFWP's application states "Five cross-sections were
established to describe the various hakitat types®. The
varicus hakitat types included habitats other than riffles.
Only one riffle cross-section was among the 5. At the time,
MDFWP was exploring additional instream flow approaches,
which later proved unvorkable. Consequently, the non-riffle
cross—sections were not used.

Page 2-66 of MDFWP's application states that "These springs
provide about 56% of the flow during the early fall months®.
Whether or not this qualifies Big Sheep Creek as a spring
creek is guestionable. Regardless, the issue is irrelevant.
MDFWE was able to collect the needed field data (at a high,
medium and low flow) for Big Sheep Creek to calibrate the -
wetted perimeter computer program, thus enabling MDFWP to
use the wetted perimeter method. The reascn the base filow
appreoach was used to derive flow requests for most spring
crecks was because their stable flow regimes prevented the
collection of the needed calibration data at different
flows. Thus, the wetted perimeter method, MDFWP's methecd of
choice, could not be used for the vast majority of spring

creeks.

Horse Prairie Cresek

The study a2rea was located in the natural channel ¥near
stream mile 2 (T10S, R11W, Sec. 3A)". The reason why only 2
of 5 cross-secticons were used was previocusly explained under
Big Sheep Creek.

Mr. Wesche finds fault with MDFWP's 36 cfs reguest, using
“the relatively low trout standing stocks" as partial
justification. As mentioned in MDFWP's application (pg. 2-
100}, the fish present tended to be larger-size. "Eighty
percent of the brown trout were 13 inches and longer, with
each weighing an average of 1.3 pounds.®

The 7,590~-fcot-long fish study section supported an average
of 46 pounds of trout per 1,000 ft. While this may be
relatively low for a stream the size of Horse Prairie Creek,
it certainly does not warrant a low inflection point
recommendation. Further, Horse Prairie Creek has additional
fishery values bevond its resident fish populations. As
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stated in MDFWP's applicaticn, "Horse Pralirie Creek provides
spawning habitat for both wild brown and rainkow trout
inhabiting Clark Canyon Reservolr.¥ MDFWP stands by its 36
cfs reqguest.

It should be noted that the 3€é cfs equals 22% of the
estimated undepleted average annual flow (166 cfs) for Horse
Prairie Creek (SCS 1975). This is less than the 25%
standard that Mr. Wesche advocates as reasonable (see Cut
Bank and Warm Springs creeks).

Beaverhead River-Reach 2

The primary justification for the 200 cfs request was not
the results of a study completed 35 years agoc by the U.S.
Fish and Wildlife Service. MDFWP's request is based on the
wetted perimeter methced, a fact that is clear in the
application {pg. 2-111). The study of 35 years ago merely
supports the 200 cfs regquest.

Mr. Wesche states "While the WP-flow plot shows a minor
break point at 200 ¢ofs, no lower break point is evident®.
MDFWP contends that the break (inflection) peoint is clear
and cannct be described as "minor® (see Attachment D).

The absence of a definable lower inflection point on the Wp-
flow plot is irrelevant for the Beaverhead River and most of
the cother streams in MDFWP's application. This is because:

1} MDFWP maintains a list of streams in the state that
have an existing fishery or the potential for a
fishery. For the Missouri Basin above Fort Peck Dam,
the list contains 2,739 streams. MDFWP has requested
instream flow reservations for 248 of the 2,733
streams, which is 3% of the tctal. Clearly, MDFWP has
noct klanketed the basin with instream flow requests.
MDFWP has pared its regquests to include the “best®
waters. Because the basin's "best" waters are
involved, upper inflection point recommendations are
the norm. Thus, the presence or absence of a
discernible lower inflection point was basically
irrelevant to MDFWP and the needs of the fishery
resource. Had the abundance of lesser waters been
included in the application of MDFWP, reguests at or
above the lower inflection point would have been
commen, making the lower inflection point critical to
the analyses of instream flow needs.

2} Page 5¢ in Exhikit No. 1 {Leathe and Nelson 1983} of
MDFWP's pre=trial testimony states "The plot of wetted
perimeter versus flow for stream riffle cross-sections
generally, but not always, shows two points, referred
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to as break or inflection points, where the rate of
increase of wetted perimeter changes.® MDFWP
recognizes that a lower inflection peint may not be
discernikle in some cases. Having two inflection
peints is not an absclute requirement of the method.
MDFWP has never insisted that twe inflection points are
always present. The absence of a lower inflection
point does net viclate any hard and fast rule
established by MDFWE.

Mr. Wesche calls the trout population of the Beaverhead
River-Reach 2 "relatively low®. Page 2-111 of MDIFWP's
application states:

*In 1988, population work in Reach #2 at Dillon (about
river mile 55) showed an estimated 325 age II and older
brown trout per 1,000 ft of river. Near the river's
mouth downstream from Dillon, brown trout numbers
daclined to about 128 age II and older per 1,000 ft in
isge.®

Three hundred twenty-£five trout per 1,000 ft (1,71é per
mile) is not low by standards for ssuthwest Montana. As the
river progresses downstream to its mouth, trout numbers are
reduced to about 676 per mile, a relatively low level, but a
level still higher than the populations in the neighboring
and larger Jefferson River, where from 250-500 trout are
found per mile. To categorize the trout populations
throughout Reach 2 as "relatively low" is inaccurate.

Mr. Wesche further criticizes the 200 cfs request on the
basis of vthe apparent failure to consider likely hydraulic
geometry changes in response to dam installation®. This
criticism is puzzling. The wetted perimeter work was
conducted after Clark Canyeon Dam was constructed and thus
would reflect the post~dam hydraulic geometry.

Mr. Wesche concludes that the 200 cfs regquest "appears
unreascnakly high¥. If Mr. Wesche's own 25% standard of
reasconableness {see Warm Springs and Cut Bank creek) is
applied tc Reach 2, we find that the 200 cfs reguest equals
about 29%% of the undepleted average annual flow for the
Beaverhead River above the junction of the Ruky River (8CS
1675). If the undepleted average annual flow of the Ruby
River is included, the reguest is 20% (SCS 1975). Based on
Mr. Wesche's own standard, 20C cfs is not unreasonabkly high.

A further criticism by Mr. Wesche is "this reach is
exceptionally long and has twe major tributariss entering,
Ruby River and Blacktail Deer Creek. I question the
appropriateness of just one reguest for such a
hydrolegically (and likely hydraulically) varied reach.®
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This criticism is based on the assumption that each reach
designated in MDFWP's application represents a stream
segment having the same flow regime, instream flow
reguirement, and channel configuration throughout its
length. This assumption is incorrect. Page 1-3%0 of MDFWP's
application states:

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

The concept of monitoring instream reservations at or near a
river's mouth is supported in the Board's Crder for the
Yellowstone River Basin Reservation Applications, 1978.
Instream reservations for some major rivers were granted at
the river's mcouth. These include the Powder River (flows
218 miles within Montana), Tongue River (21C miles in
Mcntana), Bighorn River (84 miles within Montana)}, and
Stillwater River (68 miles long).

For the Missouri Basin rivers where more than one reach were
identified in MDFWP's applicaticon, the intention is te
monitor instream flow reservations at or near the rsaches?
downstream boundaries.

If MDFWP was required to separate all rivers into segments
having a similar flow regime, instream flow requirement and
channel geometry, it's likely the Beaverhead River would be
comprised of 10 or more reaches, rather than the two in
MDFWP's application. The impracticality of this approach
for the reservation process is cbvious.

Blacktzil Desr Creek

MDFWP did not adopt the high inflection point recommendation
for Blacktail Deer Creek, choosing a mid-range regquest of 42
ofs. Mr. Wesche claims “The logic of this reguest is
inconsistent with the WPIPM as described in the Direct
Testimony of MDFWP persconnel.¥ MDFWP requested a mid-range
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flow because of the stated fishery values on page 2-138 of
its application. The application states:

%R 5,280 ft secticn of Blacktail Deer Creek was
electrofished on July 29 and August 11, 158C. One
hundred fifty-six brook trout, ranging from 3.0-13.9
inches, and 14 rainbow trout from &€.6-14.7 inches were
captured. Other species present were mountain
whitefish, mottled sculpin and longnose dace.

The standing crop of brook trout was estimated using a
mark-recapture method (Table 2~33). This secticn
supported abcut 69 brook trout 5.0 inches and longer,
weighing 24 pounds, per 1,000 £t of stream. Thirty~
five percent of the trout were 10.0 inches and longer,
with each weighing between $.5 and 1.3 pocunds. Dus to
the low numbers of rainbow trout captured, a standing
crop estimate was nct possible.®

Page 2-13% further states:
"Due to environmental problems - summer dewatering
being the most notable - trout numbers throughout much
of Blacktail Deer Creek are less than expected for a
stream of its size. A flow midway (42 cfs) between the
lower and upper inflection points is, therefore,
reguested., ®

Mr. Wesche correctly states that the 42 cfs regquest equals
78% of the historic or depleted average annual flow. The
quantified flows for Blacktail Deer Creek in USGS (198%) are
for the gauge site located 14 miles upstream from the
creek's mouth. Flows at this site reflect diversions to
irrigate about 4,000 acres (Shields and White, 1981). The
historic average annual flow at this site deces not reflect
the average annual flow that would be available at the
creek's mouth if no depletions cccurred. This shortcoming
of the historic average annual flow for Blacktail Deer Cresk
should be recognized when comparing MDFWP's flow request.

Fuby River - Reach 2

MDFWP stands by its upper inflection peint reguest of 40 cfs
{see Attachment E). Fishery wvalues described cn pg. 2-150
of MDFWPR's application warrant a high inflection point
recuest, not the 25 cfs advocated by Mr. Wesche.

The 40 cfs reguest is more than reascnable, based on Mr.
Wesche's own 25% standard of reasonableness (see Warm
Springs and Cut Bank creeks). The 40 cfs egquals about 13%
of the estimated undepleted average annual flow for the Ruby
River (SCS 1975) and 19% of the depleted average annual flow

{(USGS 1989).
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Mr. Wesche further advocates the use of IFIM for deriving
instream flow requests on the Ruby River. The
inappropriateness of IFIM was discussed earlier in my
testimony.

Big Hole River - Reach 1

MDFWP stands by its upper inflection point reguest of 180
cfs. The 180 cfs is a conservative estimate of the upper
inflection point (see Attachment F). Mr. Wesche's
contention that the upper inflection peint occurs at 60 cis
is incorrect. Such a flow recommendation would lead to an
inordinately low instream flow. Sixty cfs equals but 10% of
the depleted average annual flow for the Big Hole River
below Mudd Creek, near Wisdom {(USGS 198%). The upper
inflection point regquest of MDFWP (180 cfs) equals 30% and
is far more realistic with regard to the fishery needs.
Reach 1 is the arctic grayling stronghold on the Big Hele
River. The fluvial or stream-dwelling grayling is being
considered for threatened or endangered status.

Big Hole River -~ Reach 2

MDFWP stands by its upper inflection point request of 800
cfs. Mr. Wesche's contention that there is no discernible
inflection point is incorrect (see Attachment G).

Mr. Wesche's contention that the 800 cfs request is suspect
because tape sag and wind could have overly influenced the
wetted perimeter results is farfetched. If these factors
were in fact a serious problem, field technigues practiced
by MDFWP would have minimized their alleged threat. The
metal tape used for the cross-sectional measurements was
tightly stretched across the channsl and held firmly in
place with vise gripes attached toc metal stakes. The tape
rested on heavy, metal tripods that were placed in the river
along each cross-section.

Mr. Wesche alsc contends that the wetted perimeter
difference between 800 and €00 cfs is relatively small
because it only amounts to a 3.9% decrease. This 3.9%
decrease eguals an additicnal 9% ft of dry channel, an amount
that MDFWP considers significant.

Mr. Wesche also suggests that Reach #2 should be sub-divided
into several more reaches. MDFWP's response to this
suggestion was previcusly covered under Beaverhead River -
Reach 2. The l40-mile-long Big Hole River was already
divided into three reaches. MDFWP believes that three is
adeguate for the reservation process.
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Big Hole River - Reach 3

Based on the quality of the fishery, Mr. Wesche apparently
supports the 650 cfs instream flow reguest. However, he
disputes the reach length {study design}. Refer to
Beaverhead River - Reach 2 for HMDFWP's response.

The 650 cfs recuest equals 54% of the depleted average
annual flow for the Big Hole River at the USGS gauge site
near Melrose {(USGS 1989) and equals 45% of the estimated
undepleted cor natural average annual flow of the river at

its mouth (SCS 1975).

Warm Springs Creegk

Here, Mr. Wesche presents 25% of the estimated mean annual
flow as a reascnable instream flow standard.

Swamp_ Creek

The lower inflecticn point for Swamp Creek is not well
defined and MDFWP may have erred in attempting to identify
cne. However, the critical element is the well defined, and
hardly subjective, upper inflection point at 8 cfs, which is
MDFWP's instream flow reguest (see Attachment H). Swamp
Creek provides critical habitat for the fluvial arctic
grayling, a species keing considered for endangered or
threatened status. An 8 cfs request is well justified based
en fishery values. It should be noted that 8 cfs eguals 23%
of the depleted average annual flow (USGS 1989}, which meets
Mr. Wesche's 25% standard (see Cut Bank and Warm Springs

creeks).

North Fork Big Hole River

MDFWP stands by its 30 cfs upper inflection point request.
While the upper inflection is not clearly defined, there can
be no denying that the loss of wetted perimeter greatly
accelaerates as flow decreases (see Attachment I). MDFWP has
conservatively estimated the upper inflection point at 30
cfs. Thirty cfs is 20% of the depleted average annual flow
for the North Fork (USGS 198%), which is well within Mr.
Weschefs 25% standard of reascnableness.

The North Fork's resident fish population is not relatively
“low as Mr. Wesche claims. Page 2-244 of MDFWP's application
states:
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vrhis 1,000 ft section supported approximately 168
trout 4 inches and longer, weighing 52 pounds, About
24% of the population exceeded 10 inches and trout
exceeding one pound comprised 10% of the estimated
biomass. The large size of the fish coupled with the
fairly substantial numbers make the North Fork one of
the more popular brook trout fisheries in the Big Hole
drainage.®

Fishery values on the North Fork go beyond its resident fish
populations. As MDFWP's application states, the fluvial
arctic grayling - a potential endangered/threatened

species - inhabits the North Fork. These fishery values
more than justify the high inflection peint recommendation
of 30 cfs. The presence or absence of an identifiable lower
inflection peint is, therefore, irrelevant toe the North Fork
and MDFWP's analysis of the instream flow needs.

The reason only 2 of 5 cross-sactions were usaed in the
analysis was previously explained under Big Sheep Creek.

Jerry Creelk

MDFWP stands by its upper inflection point recommendation of
7 cfs (see Attachment J). Seven cfs is a conservative
estimate of where the break actually occurs. Mr. Wescha's
contention that a 3 cfs request is more reasonable is
unsupported.

The fishery values cof Jerry Creek reveolve arcund the fact
that the creek supports westslope cutthroat trout, which,
like the arctic grayling, is a species of "special concern®”
that presently cccupies but a small fraction of its historic
range in Montana. Another important consideration is the
spawning/rearing habitat that Jerry Creek provides for
rainbow trout from the Big Hele River. These values, which
are discussed on pg 2-315 and 2-316 of MDFWP's applicaticn,
warrant instream flow protection at the high inflection flow
of 7 cfs.

Mr. Wesche's contention that rainbow trout spawning cccours
at or near spring runcff when water is abundant and,
therefore, cannot support MDFWP's instream flow request,
fails to consider important phases of the trouts?
reproductive cycle. Once spawning is completed and the
fertilized eggs are deposited in the bottom gravel, a 30-60
day incubation pericd is regquired before the eggs hatch and
emerge from the gravel as fry. Fry can leave the creek
after a2 few days or weeks and scme may remaln over winter or
a number of winters before out=-migrating to the main river.
In additicon for spawning, adequate flow must alsc be
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maintained during the period of egg incubation and fry
emergence, for the out-migraticn of fry, and to provide
year-round habitat for wintering young. All are important
for repreoducticon to succeed. A problem on many spawning
tributaries is the stream dewatering that occurs when sggs
are incubating and fry are ocut-migrating. Losses can be
severe, destroying the annual reproductive contribution.

Mr. Wasche's contention that successful rainbow trout
reproduction depends only on the spring runcff is incorrsct.

Jefferson River

MDFWP stands by its upper inflection peoint request of 1,100
cfs. Mr. Wesche®s contention that a distinct upper
inflection point occcurs at 700 cfs is incorrect (see
Attachment K). Refer to Beaverhead River - Reach 2 and Big
Hele River = Reach 2 for responses to Mr. Wesche's comments
on study design {reach length of 84 miles) and measurement
problens (the wind and sagging tape factors).

Mr. Wesche's contention that the reguested 1,100 cfs appears
excessive for the Jefferscon River is unfounded and
unsupported. The SCS (1%75) estimated the undepleted
average annual flow at Three Forks o be 2,869 cfs. MDFWP's
request is 38% of this. MDFWP does not believe that 38% is
excessive for a river with the Jefferscn's fishery
potential.

Boulder River - Reach 3

Because a midrange flow of 47 cfs was requested, Mr. Wesche
claims MDFWP was inceonsistent with the application of the
wetted perimeter method. MDFWP's midrange request is based
on an evaluation of the fishery rescurce. Page 2-3720 of
MDFWP's application states:

¥A 5,150 £t section of Reach #3 was electrofished in
1974. Except for a single broock trout, the brown trout
was the only game species captured. A mark-recapture
estimate showed that this secticn supported an
estimated 242 age I and clder brown trout, weighing 70
pounds, per 1,000 ft of stream. While the population
level is significantly higher than that in Reach #2, it
is still less than expected for a river the size of the
Boulder.

4 spawning run of brown trout, scme in the 5 pound
class, enters the Boulder River each fall. The run is
blocked in most years at an irrvigation diversion dam at
about river mile 2. On October 28, 1377, 216 brown
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trout, averaging 15.3 inches in length and ranging up
to 23.3 inches, were captured by electrofishing in a
200 £t section below the dam. Subsequent tag return
data indicated that most of these spawners resided in
the lower Jefferson River. Additional tagging studies
conducted in later years confirmed this finding.

When considering the magnitude of the sediment deposits
that inundate the lower Boulder River and its spawning
gravel, the capability of the river to produce young
brown trout recruits for the Jefferscon River fishery is
obvicusly limited. However, the fact that a
significant number cf brown trout spawners annually
ascend the Boulder - 2 stream providing only marginal
spawning habitat - is indicative of the poor state of
other spawning sites for the Jefferson River trout
population. The value of the Boulder River as a
spawning tributary may, therefore, be greater than
previcusly thought.®

MDFWP stands by its 47 cfs request. The above described
fishery values do not warrant a lower inflecticn peoint
request, as claimed by Mr. Wesche.

MDFWP's instream request of 47 cfs is 22% of the estimated
undepleted average annual flow for the Boulder River at its
mouth (SCS 1275). This is within the 25% standard that Mr.
Wesche claims is reasonable (see Warm Springs and Cut Bank

creeks) .

Gallatin River -~ Reach 2

Much of Mr. Wesche's criticisms relate to the reach length
{study design}. Again, Mr. Wesche incorrectly assumed that
a reach is a river segment having a similar flow regime,
instream flow reguirement and channel geometry throughout
its length. Refer to Beaverhead River - Reach 2 for MDFWP's
response.

Mr. Wesche's challenge of MDFWP's 400 cfs reguest is based
on an incorrect assumption (what a reach is) and on some
possible inadequacies in a fish population study that he did
not review. These criticisms have little merit.

Gallatin River - Reach 3

MDFWP agrees that the flow regquest azppears excessive based
on the flows that remain in this highly depleted river.
Current streamfiows reflect depleticns to irrigate about
110,000 acres (Shields and White 1%821) and municipal
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depletions for the City of Bozenan, Regardless of the
amount regquested by MDFWP, the Board is limited to granting
ne more than 50% of the average annual flow on gauged
streams (this gauged flow reflects massive summexr
depletions). For the Gallatin River at Logan, this 50
limitation egquals 537 cfs. Under law, the flow xequest of
1,000 cfs cannot be granted.

Hvalite Cresk = Beach 1

MDFWP stands by its 28 cfs upper inflection point request.
Mr. Wesche's contention that the "trout population data
(mostly smaller rainbkow)® does not Justify the 28 cfs
request is incorrect. Page 2-555 of MDFWP's applicaticn

states:

A 1,000 ft section of upper Hyalite Creek within the
Gallatin Naticnal Feorest was electrofished con September
5 and Octeober 8§, 1980. Two hundred eighty-four rainbow
trout, ranging from 3.3~17.6 inches, and cone 7.6 inch
brook trout were captured. The mottled sculpin was the
only other species present.

The standlng crop of rainbow trout, the predominant
trout species, was estimated using a mark-recapture
method (Table 2-15%). The estimate shows that this
1,000 ft section supported about 624 rainbow trout (3.3
inches and longer), weighing 75 pounds, Cf the
tributary streams electrofished in the Gallatin
dralnage, Hyalite Creek supported one of the highest
populations of rainbow trout.

A few cutthrcat trout, believed to be drifters from
Hyalite Reservoir, inhabit the upper stream.”

The turbulent, high elevaticn, mountain tributaries in the
Gallatin drainage do not grow large trout. Pan-size trout
of 7-10 inches are the norm. Relative te cther mountain
streams in the drainage, the fishery of Hyalite is
considered well above average. An upper inflection peoint
request is warranted.

Without explanation, Mr. Wesche further claims that the
"apparent historic water use in the lover portions of the
reach” warrants a low inflection point recommendation of 14

cfs.
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Deep Cregk

MDFWP never claimed that the wetted perimeter method is
perfect. We recognized the proklems associated with its
application on Deep Creek and corrected the flow request to
an amcunt that egualed about 34% of depleted average annual
flow. The problem we encountered was spelled cut in the
application for the scrutiny of all. A failure cr even a
group of failures is to be expected for a method the MDFWP

admits is not perfect.

Wise River

Mr. Wesche states "Based upon the identification of several
other potential limiting facters (heavy metals pollution,
channel alterations, histeric dewatering), the selection of
an upper break peint flow as a minimum te sustain a low
cuality fishery is questionable at best.®

MDFWP has not given up on the Wise River, a stream with the
potential to provide az far better fishery if habitat abuses,
particularly mine peolluticn, were abated. MDFWP's
justification for the 35 cfs request was clearly stated con
rg. 2=-313 of its applicaticn, which reads:

"Results of past and more recent electrofishing surveys
indicate that fish populations throughout the entire
length of the Wise River are depressed. This could he
a result of numerous factors, including angling
pressure, metals pollution from Elkhorn Creek, habitat
losses and channel alterations resulting from the dam
failure in 1927, and the dewatering of the lower S
miles of river. If these problems were abated,
particularly the mine pelliution, the fishery of the
Wise River could substantially improve. For this
reason, the high inflection point flow (35 cfs),
although not warranted by the depressed state of
existing fish populations, is requested. Should the
river be reclaimed in the future, a 35 cfs reservaticn
would help insure that the flow is sufficient to
accommodate a potentially expanding trout population.®

It should be noted that MDFWP's 25 cfs request is 15% of the
riverfs average annual flow (USGS 158%), derived for the
gauge at stream mile S.
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Flat Creck

The relevance of Mr. Wesche's criticism depends on the
location of the transbasin diversion that enters Flat Creek
from the upper Dearborn River. Mr. Wesche calls for two
reaches; one in the natural unaugmented channel above the
diversicn entrance and one below in the augmented channel.
The transbasin diversion enters Flat Creek about 30-35 miles
upstream from the creek's mouth. Consequently, virtually
all of the 32-mile~long~reach is within the augmented
section, making Mr. Wesche's criticism irrelevant.

Smith River - Reach 1

MOFWP stands by its 90 cfs upper inflection peint request.
An upper inflection peint clearly occurs at about 3¢ cfs,
not at 50 cfs as claimed by Mr. Wesche (see Attachment L).

Sheep Creek

Mr. Wesche again incorrectly assumes that a reach is a
stream segment having a similar flow regime, instream flow
reguirement, and channel configuraticon throughout its
length. Refer to Beaverhead River-Reach 2 for further
testimeny on this point.

The gage site that Mr. Wesche refers to in his criticism is
located at stream mile 28 of Sheep Creek {see pg. 1-3C
through 1=-31k of MDFWP's application). At the mouth of
Sheep Creek, where the requested instream flow is intended
to be monitored, the depleted average annual flow is 3¢ cfs
(USGS 1989). MDFWP's upper inflection peint reguest equals
32% of the 90 cfs.

The fishery values for Sheep Creek do not justify a lower
inflecticn point recommendation as called for by Mr. Wesche.
Sheep Creek supports a substantial resident trout
population, comprised of an estimated 945 rainbow trout per
1,016 ft of stream {(see pg. 3-168 of MDFWP's application).
The excellent small stream fishery of Sheep Creek warrants
an upper inflection point reccommendation.

Sun River - Reach 2

Mr. Wesche appears to find MDFWE's 130 cfs regquest
acceptable, althcocugh he cobjects to the excessive reach
length. See Beaverhead River = Reach 2 for MDFWP's response
to Myr. Wesche's criticism of reach length.
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Shonkin Creek

MDFWP stands by its upper inflection point regquest of 7 cfs.
Mr. Wesche's contention that the upper inflection cccurs at
& cfs is not supported by the wetted perimeter curve (ses
Attachment HM}.

Marias River = Reach 1

The breakpoint on the wetted perimeter flow relationship for
Reach 1 is not clear-cut. However, there is an increase in
the rate of drop at 200 cfs (see Attachment N). The 200 cfs
request represents a conservative estimate of the site of
the kreakpoint.

USGS (1%8%9) shows average annual flows of 1,100 cfs for the

Marias River above Tiber Reservoir and $10 cfs near Shelby.

The 200 cfs request is well within Mr. Wesche's 25% standard
nf reasonableness.

Mr. Wesche states that "use of the WPIPM (wetted perimeter
method) for a reach predominated by walleye, not trout,
appears to conflict with the intended application of the
method.”" How the application of wetted perimeter to the
Marias River - Reach 1 conflicts with the intended purpose
of the method is not explained. MDFWP presumes that Mr.
Wesche 1s contending that invertebrate food production in
stream riffles is irrelevant to walleye. Brown (1571)
states:

*Most kinds of agquatic invertebrates are eaten by
both small and large walleyes. Adults feed
heavily on small fish when these are available.®

Rainkow trout, while not the most abundant game fish in
Reach 1, are commonly found. The average size for rainbow
trout is large, averaging nearly twe pounds. Invertebrate
fooed production is important teo the maintenance of this
trout fishery.

Marias River - Reach 3

MDFWP stands by its upper inflection point request of 560
cfs (see Attachment 0). It should be noted that there is an
error in Figure 3-59% (Attachment C)} of MDFWP's application.
The 560 cfs upper inflection peint reguest was incorrectly
identified at 680 cfs.

Mr. Wesche guestions the reasonableness of the requested
flow based on the predominance of sauger, not trout, in the
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fishery. He does not explain the rationale for this
criticiem. Again, MDFWP presumes that Mr. Wesche is
contending that invertebrate food producticn in stream
riffles is irrelevant to sauger. Brown {1%71}) states:

"The food of young saugers is almest entirely
acuatic insects and crustaceans. Adults continue
to utilize these organisms but feed malnly on
small fish of any available species.®

The production of invertebrate focd items is also important
for mountain whitefish, shovelncse sturgeon, walleye,
channel catfish, burbot, and brown trout, which are other
species in Reach 3 {(Brown 1971).

The exceptional fishery values of Reach 3 warrant the upper
inflection point request. These fishery values are
discussed on page 3-261 and 3-262 of MDFWP's application.

cut Bank Creek

MDFWP stands by its high inflection point request of 75 cfs
for Cut Bank Creek. As stated on page 3-290 of MDFWP's
appllcatlong "Ccut Bank Creek is an important fishery because
it is the only trout stream readily available to persons in
the Cut Rank area¥., By area standards, Cut Bank Creek is an
important fishery réscurce and warrants 2 hich inflection

point request.

T+ should be noted that Mr. Wesche again raises his 25%
standard of reasconableness.

Teton River

A 35 cfs instream flow regquest for z major tributary in the
mid-Missocuri Basin is not unreascnable to MDFWP. While the
river environment suffers from long-term abuse, MDFWF has
not given up on the river’s potential as a fishery. We
stand by the 35 cfs upper inflection peint request.

Big Spring Creek -~ Reach 1

Mr. Wesche faults the 110 cfs recuest of MDFWP that was
baged on the wetted perimeter method. He calls for the Base
Flow Appreoach due to the spring origins of the creek. Base
flow for Reach 1 at its downstream boundary is 110 cfs (USGS
1989), the same as MDFWP's redquest.
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Dig EBlk Creesk

MDFWP stands by its original request of $.5 cfs on qu Elk
Creek. In our opinion, the upper inflection point is
clearly defined at this level (see Attachment P). The
observaticn that large numbers of adult brown trout were
massed in one pcool at a flow of 4.8 cfs clearly indicates
that a flow level of 3.0, or even 4.8 cfs, is inadeguate.
Photo documentation is available to corrcborate these
mbservations. Brown trout are a species that seeks cover
for pratectlone When instream cover is dewatered, the only
viakle option for these fish is to seek the cover provided
by water depth, hence the concentration of fish in poois.
It should alsc be reiterated that flows from Big Elk Creek
ars crucial to maintaining instream flow in Reach #1 of the
Mussalshell River.

Nelson Rebuttal - Z3



LITERATURE CITED

Brown, C.J.D. 1971. Fishes of Montana. Bilg Sky Books, HMontana
State University, Boezeman.

conder, A.L. and T.C. Annear. 1987. Test of welighted usable
area estimates derived from a PHABSIM model for instream
flow studies on trout streams. North American Journal of
Fisheries Management 7:339-350C.

Fraley, J., and P. Graham. 1382, Fhysical habkitat, geologic
bedrock types and trout densities in tributaries of the
Flathead River Drainage, Montana. In W.B. Armantrout (ed.).
Acquisition and utilization of agquatic habitat inventory
information. Proceedings of a symposium held 1581 October
28-30, Portland, Oregon.

leathe, S.A. and F.A. Nelson. 1989 (revised). A literature
evaluation of Montana's wetted perimeter inflection point
method for deriving instream flow recommendations. MDFWF.

Helena, MT. 70pp.

Reiser, D.W., T.A. Wesche and C. Estes. 198%. Status of
instream flow legislation and practices in North America.
Fisheriles 14(2):22-29.

Shields, R. and M. White. 1581. Streamflow characteristics of
the Hudson Bay and Upper Missouri River Basins, Montana,
through 1979. U.S5. Geological Survey, Water Resources
Investigations 81-32. USGS, Helena, Montana.

seil Conservation Service. 1975, Hydrology of Jefferson River
Drainage. Scil Conservation Service, Bozeman, MT. 41pp.

Trihey, E.W. and C.B. Stalnaker. 1%85. Evolution and
application of instream flow methodcleogies to small
hydropower development: A&n overview of the issues. Pp.
176=183 in F.W. Clson, R.G. White and R.H. Hamre (eds.},
Proceedings of the Symposium on Small Hydropower and
Fisheries. Am. Fish. Socc., Bethesda, Maryland. 497pp.

U.S. Geological Survey. 1989. Estimates of monthly streamflow
characteristics at selected sites in the upper Missouri
River basin, Montana, base pericod water years 1937-36. U.S.
Geological Survey, Water-Rescurces Investigations Report 85—
4082, U.S8.G.S., Helena, MT. 103pp.

Wesche, T.A. 1%73. Parametric determination of minimum stream

flow for trout. Water Resources Series No. 37. Water
Rescurces Research Institute, Univ. of Wyoming. 102pp.

¥elson Rebuttal - 24



Frederick A. Nelson, being duly sworn, states that the
foregeoing testimony is true.

Dated this /é”ﬁif day of December, 1%91.

L My

Frederick A. Nelson

£
Subscribed and sworn to before me this /’é7 day of

December, 1991. C%é %ZZ - W

Notary Public for the State of Montana
Residing at Helena, Montana
My commission expires @{, é{/7§¥
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Status of Instrea

ATTACHMENT A

Flow Legislation and -

Practices in North America
Dudley W. Reiser, Thomas A. Wesche, and Christopher Estes

ABSTRACT

This paper presents the results of two nonstatistical surveys {(completed in 1981 and 1985) that sclicited information
from state and federal agencies concerning instream flow issues and practices in North America. Farty-six states and
12 Canadian provinces responded to the survey. Fifteen of the 46 states reporied legisiative recognition of instream
flows for fisheries protection. In Canada, individual provinces gererally lacked instream flow legislation, although
faderal legisiation existed that could be used. The most commoniy applied method {in use in 38 states or provinces)
far assessing instream flow requirements, as reported in the survey, was the Fish and Wildlife Service Instream Flow
Incrementai Methodalogy (IFIM). Major research needs cited by survey respondents included {1} more species habitai
information and preference curves, {2) techniques for determining instream flows for atypical conditions, and (3} testing
of fish habitat: flow: production refationships.

Encreases in the number of pro-
posed water development pro-
iects in North America have forced fish-
eries biologists to predict the level of
effects that result from such projects.
When water is develeped for agrical-
turai, municipal, industrial, and power
production uses, the magnitude, tim-
ing and duration of natural flows mav
be altered, thereby affecting the avail-
ability and quality of fisheries habitat
(Peters 1982). Therefore, the biologist
needs to determine the amount of
water that must be left in the stream
to maintain aquatic resources at some
desired level. Such flows are often
termed “instream flows.” To this end,
a number of forma} methodalogies for
prescribing nstream flow (IF} needs
have been developed (Stalnaker and
Amnette 1976; Wesche and Rechard 1980;
EA Engineering, Science, and Tech-
nology, Inc. 1586},

Today, although various state and
federal resource agencies agree thatin-
stream flows for fisheries should be 2
recognized use of water, they differ as
to how instreamn fows are legally per-
ceived and/or derived. In addition, be-
cause of geographic differences, in-
streamn flow problems will vary by
region with fish species (Peters 1982).

In 1981, the Water Development and
Streamflow Committes (WIDASC) of the
Western Division of the American

Fisheries Society (WIDAFS) surveyed
the western United States and part of
Canada and Mexico (WDAFS 1981} re-
garding [F procedures and programs
and to assess their effectiveness for
providing flows to sustain fishery re-
sources. The WDASC repeated and ex-
panded the survey in 1986 to include
ali of North America. In thig paper, we
summarize the results of both surveys,
emphasizing the expanded 1986 sur-
vey. McKinney and Taylor {1988) pro-
vides a more comprehensive summary
of some western state programs and
we recornmend it as a suppiement to
this paper.

Survey Format

We undertook the 1986 survey by mail
using 2 questionnaire patterned after
the 1981 survey, the resulis of which
were summarized but never formally
published (WDAFS 1981). The gues-
tionnaire solicited information on:

e stafus, titie, and effectiveness of cur-
rent instream flow legislation;

e name of agencyiies) administering
instream flow activities;

& methods used for assessing [F needs;

& basis for selecting a given method;

& ways in which field results are used
in formulating an [F recommenda-
Hon;

e major IF related research neads: and

Dudley W. Reiser is o seniov fisheries scientist with EA Enginesring, Science, and
Technolagy, Inc., 41 Lafayette Circle, Lafayette, CA 94549, Thomas A. Wesche is a
semior reseqrch associate with the Wyoming Water Research Center, University of Wy-
oming. Christopher Estes is a statewide instream HAow coordinator for the Alaska Die-

partment of Fish and Game.
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e other concerns related to IF's.

We sent 202 questionnaires io 136
agencies in the 30 states and to 16
agencies in 12 Canadian provinces that
administer fish and wildlife resources,
and in some instances water resources.
For many states, we also sent gues-
tionnaires o the federal agency ad-
ministering federal regulations in that
area, e.g., Fish and Wildlife Service
{FWS).

Survey Results

We received responses to 100 of the
202 mailed questionnaires, a return
rate of 49.3%. The non-responding
states, provinces, and territories were
Connecticut, lowa, Marviand, District
of Columbia, Prince Edward Island,
(Juebec, Saskaichewan, and the Yu-
kon Territory. Summary responses for
each state or province are presented in
Table 1.

Insiream Flow Legislation

Fifteen of 46 states {33%) reported
legislative recognition of instream
flows for fish and aguatic resource pro-
tection (Fig. 1). Several noted that other
refated legisiation addressed instream
flows; most commenly, statutes con-
cerning water quality and quantity for
industrial, agricultural, and domestic
uses. Not surprisingly, 9 of the 15 states
(60%) that have IF legislation are in the
western 1J.5. where the concept for
and impetus behind the preservation
of instream flows for fish and wildlife
had its origins (Fig. 1). Water law in

Fisheries, ¥ol. 14, No. 2



Table 1. Summary of responses o the 1966 instream flow questionnalre

State province

Status of iF
legistation

Title of iF Effertiveness of

Agencies
sdmintsiering IF

IF field methods used

Major IF rasearch needs

Alahama

Alavka

Arizona

Arkansas

Lalifurnia

Colerado

Detaware

Florida

Caorgia

Hawaii

idaho

[Hinois

Indizna

Kansas

Kentacky

Louisians

Maine

Aarch -

MNone

Enacted

None; legislation
was proposed for
1986 but not ine
troduced

Enacied

Norne {reiated leg-
islation: Section
3337 of Fish and
Came Code}

Enaczed

None

None {related leg-
istation}

Nore (related leg-
islation}

Eracted

Enscied

None

Enacted {several
zades reiate to
flow raleases
from dams)

Enacted

None {pending}

Momne

None {related leg-
islation}

April 1589

iegisiation legistation
NA ’ N
AS 46,15 145 of the Untested
AK Waler Use
Act
REEN NiA
State Aot 1051 Untested
DA NiA
Senate Bl 97 Yariable
{passed in 1973);
a2dditionat legis-
lation in 1967
NiA& Nia
NiA NiA
NIA NA
I Instream Use Unigsted
Act of 1982
1578 Minimum Lnknown
Streamilow A
NiA NiA
1N Code 13-2-6.1. Lintested
Water Resource
gL
1980 Minimum De- High
sirable Stream-
flow Act
NiA A
NiA NiA
NIA NiA {Refated

iegislation is
effective}

FERC, AL Dept. Environ.
Mgt COE

AK DNR: AK Dept. Fish
& Came

AZ Dept. Watey Res.
BOR, USFWS

AR Soi and Watey
Comm.

State Water Res. Conirol
Board; CA DF&G de-
termines need and
quantity

£ Water Conserv.,
Board; flow recommen-
dancens made by {0
Dhv. Wildlife

NiA

FL Game and Fresh, Fish.

Cumr: FL DNR: FL
Dept. Env. Reg.

GA Eawviron. Protection
Div: GA Water Res.
Mgt

Hi Dept. Land & Nat.
Res. Div. of Water &
Langd Dev.

1D Dept. Water Res: 1D
Dept. Fish & Came
makes recommenda-
tions

iL Div. uf Water Res.

Mat. Res. Comm. of N
DNR. Div of Water
provides tech. input

Chief Engineer. Div. of
Water Res. of Board of
Agricuiture

KY Div. Water. Nat. Res.
& Environ. Frotection

Wot Stated

3E Dept. Environ, Pro-

tection; Dept. inland
Fisheries & Wildlife

iFing, AVDEFTH, Ten-
AaRt

iFini, Tennant, and other

proven methods

AR method, (discharge)
testing, LV

IFIM {§FCA); USFS has
used R-2 cross; other
methods considered

R-2 Cross, as specified in

5.B. 97: select cases use

iFIM

Evaluate water guality
with respect to flow

Based on water guality
standards and focal
sonditions

7Q10; IFIM {PHABSIMV

IFi54 is being tested; have

used Q90 values

FIM; Wetted Perimeter

IFIM

IFIM (IFC4 & WPy, Ten-
nant

IFin

Professional judgment;
Tenrant

Littie need for IF determi-

nationg

HEP apd IFiM and modi-
fications theveof; alsc
professional wdgment

Test validity of IFiM on resident cool and
warmwater species: development of
preference curves for these specivs

Need methads tested and mudified for
Alaskan conditions; locsl preference
curves, better fish data bases, more
gauging stations

Preference curves for native species inglud-
ing T&E: do the species including TRE;
do the parameters of depth, veloaty,
substrate and cover adequately predict
fish habitat )

Validation of models; develop better mech-
anistic models based on bomass and
numbers emphasis on yvalusting com-
munity rather than -1 indicator spenies

Validation of mudels; fushing fow studies;
need more generalized stream models
that work with invertebrates; evaluste ef-
fects of prolonged low flows un fish
populations; is tributary recruitment sui-
fcen? to seed mamnstern hebital remuve
subjectivity of IF1M so it can be uni-
fprmly applied

Wafidation of weighted usezble arga (WUA)
as & function of fish population; L2,
does habitat relate to fish?

instream Rows are not 3 majer Siue in
Delaware and no instream flow provlems
rave developed in the state

Need to determine optimal flow far river
systemns: address problems of water
guality and fluw Tuctuations

Need habitat curves for eastern streams;
need new echniques for suutheastern
streams

Need to define micvohabitat requirements
of native streamn {auna (moiluscs, gobies,
ercl; correlate habital b fish produstion;
determine applicability uf IFIM w0 high
gradient streams

Need more stream and specivs-specific
probability-of-use information

meed definjtion of relationship of
flow habitafish population

Determine which streams need IF protec-
tion and how te set flow needs: more
individuals trained in IF methods

Walidate response of standing crops 10
varving flow regimes; assess adequacy of
established minimum fluws

hiore streamilow data for the stete, present
coverage is thin; ushing flows; water
guality effects: low flow angmentation
for wasiewater planis

Freference cusves for warmwater stream
fishes

Agcurgie predictive medels for small wa-
tersheds; preference curves for north-
easieTn species; assess population re
sponse 16 {low establishment tolfow-up
studies); habitat inventories of all wa-
tersheds; fish behavior studies refated to
flow regulations: technigues for using
HET and FiM in deep, riverine habitan:

- assess effects of winter-time flow regula-
tion; sssess effects of fdow regulation on
subsiraie composition



Table 1. {continued}

st/ provings

Status of iF
iegisiation

Title of IF
legislation

Zifsgliveness of

lzgislation

Agencies
administering iF

iF fizld methods used

wiajor iF research nesds

Mzasachuseits

Michigan

Minnesoiz

Hdississippi

Missouni

Moniana

Nebraska

Nevada

MNew Hamp-
shire

New lersev

New Mexico

Mew York

Morth Caroling

North Dekota

Ohic

Oklahoms

Nane

None

Eracied {1977,
19813

Mope {aempied

but fziled in leg-

siature}

Pending {water bill
introduced into
1985 legisiation)

Enacted

Enaced (1984}

Nane
Nane (attempled
but fatled in leg-

islature}

Nore

Nonrg {aitempted
bt faifed in leg-
islature)

None

Nane (refsted leg-
isfation}

None

None

Nene

BA

MNiA

MM Stenuies
125,59, Sub b,
108,41

House Bill 1470

Water Use Act of
1973

insiream Appropri-
ations, 46.2, 107
to #5.2, 119 Bl
1104

NiA

NFA

<
X

NiA (regional leg-
islation passed
far 31 reservoir
relgases)

Ni&

Bia

BiA

NiA

Effective

NiA

Uniested

Effective

Untested

NIA

Mis

Iradequate

Cumbersome

NiA

MNiA

MNIA

A Water Res. Comsm;
M Div. Fisheries &
Wildlife

&: DNR, State Water
Res. Comm.

A DNER. Div. of Waters

MS Bureau of Pollution
Control; M5 Dept.
Wiidlife & Fisheries

MO DNR; MO Dept. of
Conserv.

T Dept. Fish Witdlife
and Parks quantifies

nights; DR and Coen-

serv. revigws applica-
tions; Board uf Mat.

Res. & Conserv. grants

rights

NE Nat. Res. Districts

{22y AE Game & Parks

Comm. specifies
reaches: Nat. Res.
Comm, {iles applica-

tion; Director Wat. Res.

Branis permit

MY State Water Engineer;

NV Dept. of Wildlife

MM Fish & Game; NH
Water Res, Bosrd

Nj Dept. of Environ. Pro-

tection, Div. of Water
Res.

M State Waler Engineer

XY Dept. of Environ.
Consery,; Div. of Fish

& wildlife; Div. of Reg.

Affaizs; NY Dept. of
Health

=C Div. of Wildlife; Res,
Div. of Waler Res.; Div.

of Environ. Mgt.

ML Siate Water Comm.;
CGame & Fish Dept.

OH DAR, Div, of Water

O Watey Res, Boasd

MA Balance: Aguatic bag-
efiow; T

Weited Perimetes: veloc-
ity«habitat method
{similar)

In the process of review-
ing methods

{FIM: aiso standard hy-
rological methods

M (WSP and IFCH);
Tennant; personal exe
penence

Wetied perimeter/inflec-
tian puint; others ¢con-
sidered

None specified

None specified

Agustic Base Flow: [FIM:
HEC-2; site specific
datz; historical flow
data

MT Method; New Enge
land Method; 7QI0

No spedific methods;
iFiM has been used

1FiM, professional “eve-
batling,™ flow duration
Qurves

IFIM, werted perimeter,
Septembrer median flow

Tennant

Standard USCS methods

iFidd, Tennang

Habitet requirement dala of importan:
gastern species fur use with IFIM; infor-
maton on minimum Jow needs in fow.
through punds

HSI model verification; H5! mudef devel-
opment for invertebrates; M3 develup-
ment for nongame fish specizs

Assess applicability of existing HSI curves
for fish speries in Minnesota; develop
techrigues (o sssess impacts of peaking
Aows on aquatic systems; evaluaty vaist-
ing IF mathods for use in MN; st valid-
ity of fish biomass + habitat relationshipy

Suitability indices for warmwater yystems
i southeastern U.S.; research 10 assens
effects of diverted streams and gravel
operations

Muare models; more stream gauges to mun-
itor discharge

Summanze data of bivlogical responses
Aows; flow needs fur wetlands and ri-
parian habitaty; impacts of rapid fuctua-
tions on {ish; biolugical needs uf flushing
flows: assess impects of winter water de-
pletion an fish; assess effects on existing
smail hydre on fish; legal means o aug-
ment Nows in depieted streams

Dwtermine channe! maintenance fows in
altuvial streams; can cruss section change
im dominant discharge be used w predict
fong term change in widih, Jdepth. et

None at present

Suitability curves for northeasiern spedies
including Atlantic salmon: determine if
differences in 51 curves exist between
large and small streams

Better define characteristics of New Jersev’y
streams; develop minimum flow proce-
dure that will protec aquatic biota; de-
{ine minimum fows 1o protect fresh/salt
water interface; more information on fish
screening and passage

Develop curves for T&E species: determine
habitai needs of mative fish species

improved habiter eleclivity cusves for fish
& aquatic invertebrates; establish ffow;
habitat:prod uction relationships; develop
electivity curves for recreational activities
{boating, fishing, ete.} water quality-fow
relationships; assess effects of puising or
peaking lows

Warmswater riverine fish preference curves

Habitat needs of forage and gamefish of
intermitient praife streams; better fsiher-
ies dota on streams; define physical pa-
rameters relsting habitas to flow; data o
define minimal flow needs

Assess impacs of flow modification due ¥
small scale hydro; need adequate staff
and fanding 1o work on ingtream flow
problems

Dietermine flow requirements for optimum
sportiishing; transbasin flow diversions:
impacts of flow regulation on fisherman
wee: gvaluate significange of intermittent
strmams; deveiop IF methods lor large
rivers; work on water quality modeis

Lisheries, Vol 14, No. 2



Table 1. (continued)

Seaiaf provinge

Status of IF
legisiation

Title of IF
tegisiation

Effectiveness of
legisiation

Agendies
sdministering iF

iF feld methods vsed

Major iF research peeds

Oregon

Pennsylvania

Rhode jsland

South Dekota

Tennessee

Teuas

Vermont

Virginia

Washington

West VYirginia

Wisconsin

Wyoming

CANADRA
Alberta

British
Columbbia

Manitoba

Hlew Bruns-
wick

Mortheest Tar-
rHones

Enacted

Enacied

hicne

Mpne {under con-
sideration}

None {related leg-
isiation}

Enacted

Enacied

None fattermpied in
19741980}

None (related leg-
isfation}

Enacted

None

None (refzted tege
islation)

Mone fattempted
but failed in
1985}

Mone (related lege
islation}

None {related leg-
islation)

None (related leg-
Islation}

None {rizted legs
isiation}

MNone (related jeg-
isation}

March - April 1989

ORS 336,328 {1985}

Clean Streams Law
of 1975

MNiA

i

Ni&

House Bifl 2, 198%
Parks & Wildlife
Code 12.00%1
and 12,024

House Bili 56; [ne
siveam Flow
Amendment
1986

Minimum Water
Flows and Levels
Act 13909) Waler
Resources Act of
1971

NiA

NIA

Ni&

Mi&

MNiA

Nig

IR TN

MiA

iintested

Low ftows still
impact fishesv
ies

NA

Untested

Uniested

Ni&

Effective but
controversisl

NIA

%A {Related
iegislation 2
- fertivel

NiA

Nig

Less than 0.53%
of water allo-
cated for iF

Water Res. Comm.; OR
Dept. of Fish & wildtife
[determines Aow needs)

PA Dept. of Water Res.;
FA Fish Comm.

Rl Div. of Fish & Wiidlife

S0 Dept. Came, Fish &
Parks; 50 Dept. Water
& Nat. Res.

T Géfice of Water Mgi;
TN Wildlife Res,
Agency; TVA

TX Water Comme.; TX
Water Development
Bontd: TX Parks &
wiidlife Depi.

§IT D, of Water Res.;
UT Div. Wildiife Res.
{recommend fiows)

¥T Dept. of Fish & Wild-
fife: ¥T Dept. of Water
Res.

Wi State Water Control
Soard; VA Comm. of
Game & iniznd Fisher-
ies

Wa Dept. of Ecology; Wa
Dept. of Game: WA
Dept. Fisheries

WV DNR Wiidlife Div.

wi DNR

WY Game and Fish Dept.
WY State Conserv.
Comm.

AB Fish and Wildiife
Div.: AB Environ.

BC Ministry of Environ.,
Wazer Mgt, Branch;
Fish and Wildlife

ranch

Government of MB,
Water Aes. Branch

W8 Dept. of Municipal
Aflairs and Environ,

Dept, Renewable Res.

iFIM and versions Ores
gon method

Q7-30% 0% Avg, An-
nual Flow {Teanasni);
3.35 cfsm

NiA

IFiM; sag tape (oursory
Survays}

[Fibd; visual assessment

IFIng

iFiM; Tennant

T Fisheries Flow MNeeds
Kiothod; IFIM: New
Engiand Aquatic Base-
flow {ABF}

Wetted perimetes TOWn
IFIM

1F1aL USGS Toe-Width:
Tennant

{FiM: Aguasic Basefluw
1ABF); Tennant

1FiM, hydravlic modeis;
habitat computation use
ing Revnoid's numbers;
judgment; water quality

IFihE {IFG 4, 1PG-1) Habi-
tat Quality index (HGI;
Tennant

Tennant, [FIM

Tennany Weited pemmer
e IFIM

Fik; Tenrant; correlate
venr class 10 spawning
flow

225 of Avg Ann Flow
{Tenmaniy [Fldd

MNiA

Svpiuate FIM habitas flow relationships:
develop and vaiidate low (ost methods
for water resources planning snd smaif
projects

Effects of water quality, flow fluctuations
and reduced flow; validaie FIM; and
validate fish models for eastern streams

Cugrent weilands and dam legislation si-
iows control of instream {lows

Habita suitability curves of midwestern
fishes: refine and document hydraulic
madels; water quality changes related to
flow regulation; assess fish populations
in ail SO streams; match populations to
zvailable habitat

Aone stated

Assess surface water availability fur future
development; more extensive data base;
effects of flow fluctuations and waler
quality changes

Effects of peaking on fisheries; impruve
preference curves of cuttheoat froul; de-
velop preference curves for non-gamgs
fish: test habitat: fish population refa-
tionships; establish fushing fow
methods

Regivnai habitat suitability curves; effects
of shortterm Qow fugigations on habital
use: tung-ierm effects of flow by-pass on
shannet morphuiogy; test relationship of
flow and fish communily structure,
grawsn and abundance

Validate suitability models fur eastern
streamns; vertfy mudel use for warmwater
streamns; test relationship of habitat and
fish production; assess long-lerm
changes in fish pepulation resultirg from
flow regulation; are instream fows 2 Him-
iting factor to fish

sathods fur high gradient streams: im-
proved saimenid habitat preference
curves; verification of habitat preference
curves; newd big river Juw models: test

fish production vs. habitatlow
More species specific biviugical informa-
tion: evaluste fluctuating fows

Ris-

Regivnal life history information; if
tory information for invertebrates: muore
hydroiogical data and gauging statisns
user friendly 1PN suftware

Validation of IFIM;: winter flow newds;
fAushing flows; verifivatiun of fow rec
ommendations

More acceptabie bivlogical curves; persunal
computer programs hydrauli models
for use in ice-covered conditions: publc
relatiuns o raise awareness of instream
Aows

Calibrate MT Method to BC validate fuow;
fish popuiation refation; develop meths
ads tu assess recreational needs: mult-
disciplinary approach to IF studies; vaii-
date habitat models

Cptimum flows for overwiniering fivh and
epg incubation, maximum and minimum
fiows jor spawning relationship of bew
fluw o waler quakly

Entire range of insiream flow research s
reded

Rewiew uf instream low related research

3.3
(1)
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Tabie 1. {continucd}

Status of IF Title of IF

Effectiveness of Agencies

Statgiprovinee fegisiation legisiation legistation wdministenng IF IF fieid methods used Stajer IF reseasch needs
Neova Seotia None {related leg- NiA NiA NE Dept. of Environ, Tennant iFiM Determine if habital changes influence fish
islation} populations; validate hydraulic models:
a55ess salmonid overwintering require-
ments; assess ¢ffects of shortsterm flow
redugtions
Newloundiand Nong NiA NIA Dept. of Environ, Tennant, WSP IFIM Examine production vs. flow relationships;
Labradar develop habitat preference curves for lo-
cal species; assess rver geomorphometry
as it reiates to flow change
Ontarde None (related feg- MNiA MiA ON Ministry of Nat. Res.; LUse various methods - Develop data base of flaw use and cruss-

is{ation: Canada
Fisheries Act}

Ministry of Environ.

none preferrad; have
used IFIM; water qual-
ity models

sectionz] area for important habitals; as-
sess relationship between life stages and
flaws; evaluate IF methods for Canada;
adapt IF methods for other uses; develop
methods to evaluate water quality prob-
lemns; integrate risk assessment into
water quality studies

the West is primarily based on the doc-
trine of prior appropriation which
states, “first in time is first in right’;
whereas the riparian doctrine predom-
inates in the East. The pror appropri-
ation doctrine has put a premium on
unappropriated water in western
streams. Three weslern siates, Arizona,
New Mexico, and Wyoming noted that
legislation had been introduced for
consideration, but had failed o pass
{note: Wyoming passed IF legislation
in 1986}

Six eastern states reported having a
formal IF protection statute. In Missis-
sippi, New Hampshire, and Vermont
legisiation had been introduced but
failed to pass; in Kentucky, Missouri,
South Dakota, and Virginia legislation
was pending as of 1986, The impox-
tance of IFs is apparently becoming
widely recognized.

Most respondents indicated the of-
fectiveriess of newly enacted legisla-
tion was largely “untested.” States that
reported legislation as “effective” in-
clude Kansas, Minnesota, Montana,
and Washington. Even among these,
problems related to budget, cverap-
propriation, and coniroversy were dited.
Passage of formal legisiation does not
guarantee preservation of fishery re-
sources, aithough it is an important and

.necessary frst step.

In Canada, formal IF legisiation was
generally lacking. However, the ma-
jority of the provinces noted that re-
lated legislation existed that can be
used for protecting instream re-
sources. In particular, the Canada
Fisheries Act, in force In all of Canada,
specifies that the Ministry of Fisheries
and Cceans can designate a sufficient

25

flow 1o protect fishery rescurces. In Al-
berta, Saskatchewan, Manitoba, and
Ontario {4 of 10 provinces) execution
of the act has been delegated to the
province. Where it has been applied,
it has been effective. An abundance of
water and a historical low demand for
the resource were cited as reasons for
lack of IF legislation in Newfoundland,
indeed, most streams and rivers in
Canada remain free-flowing and un-
reguiated. Thus, competition {or a im-
ited water resource has not become as
intense as in the United States. Canada
has the enviable position of having the
opportunity o adopt insiream flow

legisiation and reserve instream flows
before intense resource competition
develops.

Use of {nstream
Flow Methodology

Respondents reported a wide array
of methods for determining instream
flows (Fig. 2}, ranging from office
methods such as the Tennant {1973}
and Aquatic Baseflow {ABF; USFWS
1981} technigues which are based largely
on historical flow records, to field/of-
fice methods such as the.Instream Flow
Incremental Methodelogy (IFIM; Bovee
1982} and the Habitat Quality Index

Figure 1. Siales having formal instream flow legislation as of 1986,

=
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{HGIL Binns and Eiserman 1979} in
which the collection of detailed field
data iz integral to making flow rec-
ommendations. We refer the reader to
the summary review reports of Wesche
and Rechard {1980}, Stalnaker and Ar-
nette {19763, EA Engineering, Sclence,
and Technology, Inc. {1986}, and the
proceedings of the Symposium on In-
strearn Flow Needs (Orsborn and All-
man ads. 1976), for detatled informa-
Hon on specific methods.

The most commonly used instream
flow method is the IFIM. This method
was cited as being used in 38 states or
provinces, and was lsted by 24 re-
spondents as the preferred method. In
California, Washington, and Idaho itis
the required technique for conducting
instream flow studies. The IFIM and
its compenent computer software
package, the Physical Habitat Simula-
tion {PHABSIM) system, were derived
in the late 1970s by the FWS Instream
Flow Group (IFG} {now the Instream
Flow and Aguatic Svstems Group), in
Fort Collins, Colorado. The method was
a modification of earlier techniques
{Waters 1976; Collings 1972}, which
provided incremental assessments of
effects of flow reduction on fish habi-
tat. Unlike other methodologies, the
IFIM is an interdisciplinary process used
to evaluate the effects of individual or
combined flows on habitat availability
for individual or combinations of spe-
cies and life phases. The most com-
monly practiced IFiM technigue is to
collect physical and biological data fol-
lowing procedures that allow for anal-
vses using the PHABSIM, a series of
computer programs. [he [FIM pro-
vides the most detailed and graphic
approach for assessing effects of water
resource developments on fish habitat.
Due to its utility, the many reports and
information papers produced by the [FG
since 1976, and the [FG short-course
offerings of “hands-on” training, it is
not surprising that the IFIM is so widely
applied today.

The Tennant Method is frequently
used in selected states and provinces.
Twelve respondents listed the method
as comrnenly used, usually as an office
technique for providing reconnais-
sance-level evaluations of instream flow
requirernents, In Alaska, New Jersey,
and North Dakota, the Tennant Method
or a modification thereof (Estes 1987}
was cited as the primary technique for
deriving instream flow recommenda-

March - Aprit 1989
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Figure 2. Instream flow methods presently 2pplied in North American and their relative
frequency of use. For 2 description of methods, see Wesche and Rechard (1950}, and A
Enginecring, Science, and Technology. Inc. {1988},

tions. In North Dakotz, it is the only
method recognized.

Qther commonly applied methods
are the Wetted Perimeter (WP}, the ABF,
and the 7Q10. The WP method was
listed as the primary technique in
Michigan and Montana, the latter re-
quiring its use for making instream flow
recommendations. The ABF technique
was developed for and is used pri-
marilv in New England. The 7Q10
method (defined as the flow which is
greater than the 7-day 10-year jow tlow
event) is generally applied when in-
siream water quality problems exist.
Eastern and southeastern states have
used it most frequenily {Fig. 2).

Professional judgment was also cited
as a viable and currently used ap-
proach. We find this encouraging and
hope that the application of all meth-
odologies, no matter how complex or
sophisticated, leaves room for profes-
sional judgment in formulating rec-
ommendations.

Several respondents noted that spe-
cific methods for guantifying IF re-
quiremnents have not been designated.
Minnesota, for example, was review-
ing various methods for applicability
to their stream systems. Othsr states

iny this category lack 2 general instream
flow statute, for example, Nevada and
New Mexico. More states and prov-
inces will probably adopt or require
specific methods for conducting IF in-
vestigations. This would insure that all
studies are conducted and tlow rec-
ommendations derived using the same
techniques. However, there are risks
in requiring a set method, the major
one being that new or revised methods
mav be developed which are more ap-
propriate or valid than those previ-
cusly required. In addition, the com-
plexity and costs for application of a
“required” method, may, under some
circumstances and for some projects,
be more than necessary for assessing
flow regulation effects on the aquatic
resource, as determined by less rigor-
ous methods. Thus, it may be more
appropriate to establish guidelines for
determining whether an 2nalysis is valid
as opposed fo specifying which anal-
ysis is performed.

Needs for Instream Flow Research

The major areas of instream flow
research cited by respondenis as
needed are listed on the next page ir
order of decreasing freguency {the

ki
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number of thmes each area was listed

as a primary or secondary need re-

spectively, is shown In parenthesis),

& Need more species habitat informa-
fion and preference curves devel-
oped for local areas, including curves
for threatened and endangered (T&E)
species, warmwater species, and re-
gional curves develaped for eastern,
southeastern, and southwestern spe-
cles (11,4}

s Develop new methods or techniques
for determining flow requirements
for different conditions. Respon-
denis indicated that specific meth-
ods are needed for assessing in-
stream flow problems: in smail
watersheds and high gradient
streams; to assess peaking impacts;
for determining channel mainte-
nance flows; for assessing effects of
shart term flow Juctuations; for sport
fishing and recreational needs; to de-
termine incubation flows and over-
wintering flows; and for planning
purposes. (5,10}

s Validate and test the [FIM to deter-
mine i Weighted Usable Area
{WUA) does relate ts fish production
(5.1}

s Determine if a relationship exists be-
tween Flow: Habitat: Fish Produc-

tion and define the relationship

(3.10).

# Validate and test the existing Habitat
Suitability Index Models (HSI) and
modify to local conditions (3,2).

& Develop mare hvdrologic and water
resource data throughout the state
or province {2,2).

s Develop new and validate existing
water quality models {1,5}.

e Modify and adapt the IFIM to local
conditions {e.g., high gradient
streams of large, deep rivers) {0.3).

& Validate existing and develop new
hydraulic medels (0,3}

e Determine flushing flow require-
ments for streams (0,3}

® Need more fish life history infor-
mation {0.2).

s Need more funding support and staff
to handle IF issues (0,1},

e Develop public awareness programs
explaining the benefits of IF uses (0, 1).

e Need to assess the adequacy of ex-
isting flows for maintenance of the
fshery resource (3,1}

With regard to the most frequently
cited research need, preference curves
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are required for application of the
IFIM, and the frequency of interest in
this research need relates to the wide-
spread use of the [FIM technigue. The
development of appropriate curves for
use with the IFIM FPHABSIM is often
the most time-consuming and contro-
versial aspect of its application. Maost
respondents citing this need were from
the easiern and midwestern portions
of North America, including Georgia,
Louisiana, Massachusetts, Minnesota,
Mississippi, New Hampshire, North
Carolina, New York, South Daketa,
Vermont, and Virginia, where the IFIM
PHARSIM has only recently been ap-
plied. Two western states, Arizona and
New Mexico, cited the need for de-
velopment of curves for T&E species.

There is still an apparent need for
the development of new methods to
address specific IF problems. Nineteen
respondents cited this need, listing
several areas of application. One area
receiving little attention to date is that
of assessing recreational IF needs. This
includes sport fishing opportunities,
rafting and canceing, fish and wildlife
viewing, and other recreation a550Ci-
ated with riverine svstems. To date,
essentially all methods have focused
on IF requirements from a biological
perspective. In the future, methods will
be nesded for integrating sociological
needs into the flow-need assessment
process.

The validation of the relationship
between flow, habitat, and fish pro-
duction was cited as a research need
21 times, & of which specifically men-
tioned the validation of the IFIM
PHABSIM. All quantitative iF methods
in use are based on determining flows
needed to meet some quantity of hab-
itat assumed to be crucial for sustaining
fish populations. Unfortunately, the
linkage establishing a relationship be-
tween habitat and fish populations has
not been adequately established. Thus,
flows necessary for habitat preserva-
tion may be different from flows re-
quired for sustaining the fish popula-
tion. Interestingly, it has been a decade

. since Wesche (1980) noted the fallacy

irs the then “state of the art” IF methods
that no available methodology ad-
dresses the question of potendal bio-
logical consequences. This same defi-
ciency remains today. Although some
research has attermpted to address this
issue, {e.g., Scott and Shirveil 1987;
Conder and Annear 1987, Orth and
Maughan 1982} the resulis have been

inconclusive, narrowly useful, or con-
troversial in interpretation. Clearly, as
indicated by the number of respon-
dents, this area of research should be
intensified in the future.

Comparison with 1981
urvey Results

Sinice 1981, an additional three states
have enacted formal IF legislation: Ha-
waii (Himited to certain islands), Utah,
and Texas. Wyoming, Arizona, and
New Mexico have made repeated un-
successful attemnpis to pass IF legisia-
tion during 1981-1986; Wyoming has
since enacted such legislation.

As in 1984, the 1981 respondents
emphasized the need to collect jocal
data on spawning, incubation, rearing,
and fish-passage habitat data to refine
or develop stream-specific habitat suit-
ability curves. They also stressed the
need to improve and simplify proce-
dures for evaluating aguatic habitat
alterations and a need to share infor-
mation and procedursgs. Some respon-
dents stressed the importance of quan-
tifying federal reserve water rights
linked to federal lands {e.g., national
forests and lands administered by the
Bureau of Land Management). The
methods used in 1981 were similar to
those emploved in 1986 and ranged
from IFIM to professional judgment,
with the selection of a given methed
based on the nature of the problem,
time, financial and logistical con-
straints, and the reliability and legal
acceptabilitv of the method.

The 1986 survey of instream flow
issues reveals increasing emphasis on
preserving aquatic resources in North
America’s rivers, It should be useful
not only for comparing present pro-
grams ameng states or provinces, but
alsc for prioritizing research efforts
among those areas perceived zs most
needed 2nd with the widest applica-
tion. A similar survey in about 5 vears
(1992) might usefully update the status
of instream flow activities in North
America.
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Evclution and Application of

Insiream Flow Methodologies

tc Small Hydropower Developments: An Overview of the Issues’

. Woody Trihey® and Clair B. Stainaker?

Ahstract.--Methods for evaluating instirzam flow needs
have evolved over the last 30 years resuiting in two
categories which are defined as “standard-setting” and
Rincremental®. Standard-setting methodolgies refer to those
measurement and JInterpretative technigues designed to
generate a flow value{s} which is intended to mainzain the
Fishery at some accaptable level, Incremental methodologies
on the other hand are organizsd and repeatable processes by
which: (1) a fishery habitat/streamfliow retationship and
t+he hydrology of the stream are transformed into z baseline
habitat time series; {2) proposed water management alterna~

tiyes are gquantified and compared with the
{3} project operating rules are negotiated.

baseling; and
A hierarchial

approach to small=hydro instream Flogw analysis is suggested.

Seyveral technigues exist today which, tg
varying degrees, are capable of either tdentify=
ing a base streamflow necessary t0 maintain
instream resources &t some acceptable Jevel or
guantifying the incremental response of the
instream resource to naturally ocgurring or
project-induced changes in streamflow, stream
temperature, sediment transpert, or water
guaility. These technigues were deveioped
primarily to resolve conflicts resuiting from
excessive allocation of streamflow to out-of-
stream uses. CLentral to the evolution of
instream flow methodologies are western waler
law {appropriation doctrine}, Federal water
poticy {e.g., the Carey Act) and environmental
concerns {e.g., NEPA}. A discussion of the
evolution of institutional awareness and the
guantification of instream flow needs is found
in Stalnaker {1982},

Today we are discussing instream flow
methodolagies due to yet another institutional
stimulys that is particutariy applicable to
small scale hyvdropower development. This
stimulus is the Public Utility Regulatory

Hydro/
May - 1-3,

Small
Cale.

at the
Denver,

‘Paper opresented
Fisharies Symposium,
1985,

ippincipal, £. Woody Trihey and Asscoiates,
Anchorage, Alaska.

1 gader, instream Flow Group, U.S. Fish and

Wildlife Servize, Ft. Collins, Cole.
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bolicies Act of 1978 {PURPA). Withoutr the
cconemic incentives provided by this Act--which
<timulate small scale hydropower development cn
steep gradient  headwater streams=-litstle
interest or need for new or modified insiream
flow methods wouid exist.

In this paper, we define methods as specific
techniques for measuring ov predicting changes
in important physical, chemical, or biolcgical
variables of the stream environment. Method-
slogies on the other hand, are coliections of
methods sequenced in  organized repeatable
processas which identify the response of specific
resources to changes in water, sediment,
chemice?, andfor autrient supply. Quantifying
these changes leads to ejther specific 1imits on
streamflow medifications necessery for protect-
ing the existing instream rgsaurce or idenzi~
fication of impacts and tradecffs among the
resource uses evajuated. Conseguently, neither
a fish sampling method nor a hydrauiic simulation
method constitute an instream flow methodoliogy.
They zre simply methods for examining important
variables.

A brief review of the eveiutiom of instreanm
flow methodeiogies from esarly studies to the
smali-hydro era shows that during the 1950°%s and
1950°s the concentration was on the construction
of large federally-funded firrigation and hydro-
power projects in the West, particutarly those
of the Bureay of Reclamation &nd to & lesser
extent the Corps of Enginesrs. Due 1o the
nature of western waier law and the fact that
most of these projects ware predominantly
arsociated with downstream diversions for



rrigation, fisheries biclogists were logicell

lost” concerned about periodic dewatering of
iatural streams during the spring runaff and the
ow flow season while water was stored in these
arge reservoirs, In addition, throughout most
if the West, the irrigation season coincides
ith a period of Tow stream flow. Consequently,
he diversion of streamflow inte irrigation
anals and fields can completely dry up sactions
f satural streams during tate summer and fail.
he occuyrrence of these two types of pertuba-
ions caused Tisheries biclogists to seek fdenti-
ication of a base streamflow that would ensure
ish survival through perionds of low flow and
he phrase "minimum flow" was coined {Orsbarn
ng Aliman 1978). The minimum flow was a stream=
Tow "standard" which was meant to constrain
ither project storage or irrigation diversion
uring the Tow flow_season. Throughout the
emainder of the year, projects did not affect
fows, streamflows were usually greater than the
minimum flow”, and fish populations were assumed
b be ocut of danger. Thus, a standard-setting
ethodology evalved that is defined as any set
f methods {techniques) designed to generate
tow recommendations to maintain the fishery or
gcreational activity at some acceptable level
see table 1 for definiticns).

¥

A second major stimulus for identifying
nstream flow "needs" was the water allocation
roceduras of the western States. The States’
ater planning policies were meant tc assist the
tate engineer, state water administration
ffice, or the 5tate legislature in estab-
ishing scme end point or 1imit on water use
ermits for out-of-stream consumptive uses.
ithin the institutioral framework and phiiosophy
f water administrators, minimum flows were
reserved” by the State to maintain instream
ishery resources.

in practice, the degree of protection
fforded the fishery varies cansiderably both
ithin and among the States {Lamb and Meshorer
383). In the relatively "water rich® Pacific
srthwest, minimum flow standards were meant 4o
rotect a viable and diverse fishery, often
gisting prior to the proposed development and
1e term "resource maintenance flows™ came into
ague.

in other western States where sireamilow
35 scarce and economic incentives associated
ith out-of-stream uses were readily apparent,
inimum flow standards were adopted to provide
' minimum amount of water necessary to keep
e stream channel wet. Minimum flows of this
spe could maintain a fishery of some sort but
ire not intended to maintain fish populations
: predevelopment levels.

Because of the diversity in "minimum flow"
rjectives, many different methodologies were
weloped by State fishery agencies %o guantify
te "minimum Tlow”, each narrowly focused on a
irticular definition of minimem flow. Many of
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Tahle 1. Cefinitions of methods as used in shis
paper,

Instream Flow Methods - techniques to measure,
describe, or predict the value of some
variable assumed to be important to the
general well being of some instream use or
user.

Instream Flow Methodology - a coliection and
integration of several instream flow methods
{techniguas; arranged in an organized
process far the purpese of: (1) developing
flow recommendations for siated management
objectives: {2} guantifying the impacts of
potential water management altermatives an
instream resources; {3} developing mitiga-
tion plans for specific water management
schemes; or {4) negotiating project operat-
ing rules and flow releases.

Standard-Setting Methodologies - measurement and
interpretive techniques designed to generate
a3 flow value{s) which is intended to main-
tain the fishery at some acceptable lavel.

Incremental Methods - techniques designed to
gengrate a relationship between the gquality
of ap instream resource, such as the fishery
habitat, and streamflow.

Incremental Methodology - an organized and
repeatable process by which: {1} a fishery
habitat/streamfiow relationship and the
hydrology of the stream are transformed
into a baseline habitat time saries;

(2) proposed water management alternatives
are guantified and compared with the base=
line; and {3} project operating rultes are
negotiated. Items Z and 3 are often itara-
tive processes involving trade ¢ffs among
instream and out-of-stream uses.

these methodolegies and their associated criteria
are described by Stalnaker and Arnette {1978)
and Wesche and Rechard {1980}.

A third stimuius for the guantification of
2 "minimum flow” was the Clean Water Act of 1972
and its subseguent amendments. In order te
design sewage treatment plants so that effiuent
would not degrade water quality im receiving
streams during low flow perfods, engineers at the
Environmenta? Protection Agency {and the former
Public Health Administration) chose the 7 day
Q}g Tow flow statistic as the low flow gquantity

{standard} of the receiving water in which the
effluent must he diluted. This flow is the
lowest which oceurs for 7 consecutive days in 3
i0-vear pericd, thus wastez treatment plants
desigred to meet water guality standards at
this level were assumed io be adequate.

Most  standard-setting methodologies can
generally be categorized as either hydrolegic,

o
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which lead to minimum flow recommendations based
an streamflow statistics {e.g., 40% of mean
annual flow), or hydrawlic, which lead to recom
mendations based on some streamflow-depandent
habitzt index (e.g., the break in the wetted
perimeter vs. flow relationship). Methodolegies
developed to set minimum flow standards on
streams for the purpose of State water allocation
or to protect water gquality is receiving streams
were nearly always based on analysas of the
histeric streazmflow record. MWinimum standards
were often indexed to flow amounts equalled or
exceeded 90% of the time: 10% of the mean annual
tow, 7 day Qjag or even the lowest daily flow

on record. - An excellent discussion of these
different standard-setting methods are found in
Wesche ang Rechard (1980) and Loar and 3Sale
{19813}.

The problem with basing the weli-being of
fish populations on Jlow-flow statistics is that
the long term effects of artificially maintaining
these minimum flows is seldom the same as
infreguent, naturaitly occurring, short term
effects that may appear in the historic record
{e.g., shree drought years in a row is UnNCOmMmAn}.
The abiiity of fish popuiations to compensate
for & one~in-ten-year low flow event may give
the false impression %hat the fish population
will remain healthy and wiable if this minimum
flow {drought} condition were imposed yezr after
year. As water projects were built and operzated,
it became apparent that in many cases the fish-
ery resources were decimated as a result of the
planners’ and hydrolegists® illogically assigned
jow-flow stazistics.

Streamfiow releases immediately downsiream
from the large federa} water impoundments built
during the 1950's and 60's were not as constrain-
ed by the low-flow statistics of the particular
stream because upstream storage was very large,
and water could be stored and carried over from
one season to another and, in many cases, from
one year to another. Tharefore, instream flow
methodolegies develaoped to determine minimum
flow recommendations below large reservoirs tend
to focus upon stabilizing or even enhancing the
downstream fishery. This came about because the
normal project operation tended toc provide
fairly cold water releases in amounts often in
excess of natural, mid=-summer, preproject stream-
flows. In addition, many of the large storage
reservairs were built on streams in arid environ-
ments and as & result of the cool water release
the downstream fTishery was often converted from
warm water species to trout. Hence, maintenance
of the pradevelepment fish population was not
always the metivating factor when guantifying
rhe minimum filow. In several instances inten~
tipnally replacing the predevelopment fishery
with a viable trout Tishery was the objective of
the “minimum flow.”

Definition of acceptable levels of the
post-development fishery is guite variable and
ranges from the minimur flow needed for the
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mainterance of the existing fishery to enhance-
ment or even changing or maximizing of fish
sopulations. In the past thirty years, seyersa!
af the resource agencies have conducted biolog-
ical stucdies on unregulated streams for the
purpose of examining correlations bDetween fish
standing crop and the instream flow as deter-
mined from one of the standard setting methods.
Trout pepulations in the intermourtain west have
been shown to remain hezlthy and viable when
minimum flows during the summer low flow manths’
are in the range of 30 to 60% of the mean annual
flow {Eiser 1972; Wesche and Rechard 1973:
Stalnaker and Arnette 1976}, keeping in mind ihat
figws are well above these minimums during most
of the remainder of the year. In tfrout streams
possessing a rejatively rectangular cross-
sectional shape, it has alsc been found that 2
Hminimum flow" at or above the inflectior point
of a wetted perimeter versus discharge plot
generally maintains the fishery in a heslthy
status {(Nelson 1980), but again, streamfiows
assaciated with these -studies were well above
the ®minimum™ value during most of the year.

o

Post audit studies conducted for the Fish
and Wildlife Service by Hazel (1376} and Nelson
=t al. {1576} found thzt Tor 50% of the western
Federal water projects ewvaluated, the minimum
fiow agreed upon was frequently violated during
drought cycles. Inasmuch as the identification
of minimum streamflows had evolved with the
understanding that they would protect the fishery
during the Tow-flow season and droughts, tne
wide-scale violation of these standards prompted
notable caoncern on the part of the genersl
public, fisheries managers, and the water pian-
ning community.

The Water Resources Council and the numerous
River Basin Commissions provided an 1impetus
throughout the 1960's for planning the multiple
use of water. This impetus on muitinsle use
planning and the poor track record of protecting
instream values using standard-setting method-
piogies led to the reguest by many respurce
agencies for stricter permitting requirements,
including monitoring and enforcement clauses.
fnforcement is likely only when the trade-offs
between offstream uses and instream uses ars
ciear. Hence, mare sophisticated methodologies
were needed %o address the "what if” guestions
and in particular, "What happens to the fishery
resource when the streamflow {standard) identi-
fied for maintaining the fishery is not
delivered?® {Orshorn and Aliman 1976).

This state of affairs in the late 1960°s and
eariy 70's led to many symposia and meetings
where a need was expressed for methodologies
which would answer the “what if" questions pro=
posed by the water development and planning
community. &lired {1976) presented the perspec-
tiye of the water administrator when he said 7if
tpstream flow {nterests expect to compete with
osther uses for iimited water supplies, they must
be able to demonstrate with the same type of



analytas and approach as other uses the nesd for
instream flows and the affect of not obtaiming
those flows".

Conseguently, during the last decade we
have seen the development of instream flow
assessment methods which attempt to evaluate
fish habitat en the basis of the hydraulic,
structural, and water guality aspects of the
crream onyircnment. These methods are generaily
referred to as "incremental®™ in naturg because
ofF the nesd te examine different increments of
streamfiow {table 1}. The cemmon product of
incremental methods is a relatienship between
Fish habitat and stream flaw. Important ploneers
of this aporoach were Collings et al. (19723,
who used binary depth, velocity, and substrate
criteria to evaluate the influence of incremental
changes ia streamflow on the guality of spawning
habitat for salmon in Washington streams. Also
waters {1976) applied weighted criteria for
depth, velocity and substrate/cover and intro=
duced computer simulation to avzluate the
‘response of rainbow trout habitat to streamflow
variations in California. The application of
hydraulic modeling methods in conjunction with
streamflow dependent criteria for Tish habitat
began with single transect methods such as the
37 CROSS procedure introduced by the Forast
Service {Issacson 1976; Weatherred et al. 19813.
Single transect methods were foliowed by more
saphisticated muitiple transect, hydraulic
medeling methods adapted from Water Surface
Profile simulation medels commoniy used by tne
Corps of Engineers, the Bureau of Reclamation,
and the Soil Conmservation Servics.

The Bureau of Reclamation assisted the
Mgntana Department of Fish and Game by modifying
their water surface prafile program to provide
greater resolution of hydraulic conditians in
stream channels. Single valiues for mean reach
velocity and depith were replaced with depth and
velocity predictions in a number of cells across
transects within the study site, and the watted
perimeter at each iransect was calculated as a
function of streamflow {(Ceoley 1576). The
development and refinement of hydraulic simuia~
tion methods to facilitate evaluation of habitat
conditions under broader rznges of instream
hydraulic cenditions has coatinued to the present

{Milhous 1984). A well known exampls is the
physical habitat simulation mode i -PHARSIM
(Milhous et al. 1981) which is an Important

component method within the Instream Flow Incre—
mental Methodology {IFIM) as described by Bovee
{1982},

In this gverview of instream flow methods
and methodologies, it is important to consider
the fact that all technigues have evoived from
experience gained through empirical studies.
The predictive technigues and compuler simetation
models which can be used today with limited
field measyrements are based upon the experience
and knowledge gained from previous fileld studies.
For most cases more can be learned about the
dymamics af the stream system today with fewer
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Field measurements than were necessary Z0 years
agn. However, there are sti11 many situations
in which an extensive number of repetitive field
measurements are necessary. Ag more elaborate
cimulation models become available for use im
the determination of instream flow reguirements,
a greater nesed exists to critically evaluate and
fully document the underpinning assumpticns of
the simulation models chosen for each finstream
fiow study. Whenever natuyral conditicns cannot
readily be described by existing formelas or
theory, empirical data is 2lways as agod as, and
in most cases better than, simulated gata. For
example, in those situatiens where instream
hycraulic conditions are not compatibie with
standard application of existing hydrauiic
simulation models, additicnal time and resaurces
will be reguired to conduct the necessary
empirical studies hefore reliable {ncremental
solutions can be provided.

Tt should also be racognizad that simplified
“rule~gf-thumh® methods and methedelcgies are
generaiiy derived from large daia bases. Once
these ampirfcal datz bases have been sbtained
and sufficient knowledge of the interactions
betwesn physice? processes and biologic responses
is gained simpiifying assumpticns can be made
without jeopardizing the relfability of fore-
casts. A good, simplified, rule-of-thumb method-
alogy cannot be developed prior o acguiring
broad experience with the situation.

Wa now have two Dasic types of instream
£1ow methodologies for fisheries: (1} those for
protecting existing resources by setting instredm
fiow standards far streams, which can than serve
as constraints on develapment; and (2) these for
quantifying trade-offs by describing the response
of fish habitat to streamflow alterations.

A1l instream flow investigations should be
viewed as part of a phased process in which
standard setting can be a precursor to incre-
mental analyses and each have an important role.
Whenever a specific project: (1) has relatively
benign impacts; (2) is proposed where 1imited
fisheries or vecreational values existy or
(3} is not anticipated for development for
several years in the future, standard setting as
the first phase is most appropriate. In such
cases the specific methods chosen depend on the
resource agencies’ management policy, the region
of the county, and the aguatic organisms of
CoRCETn,

The second phase commences when alteration
of the streamflow, stream temperature, channa!
structure or water chemisiry is proposed and has
orompted cquestions concaraing the effects of
theca alterations cn the fisheries and racreation
‘nterests. in other words, pnase two Ccommences
whan the water development interests begin
asking what will napper 1f the aminimum flow
standards are violated., This could alsc be
initiated Dy the resource agencies seseking
opportunities to improve the existing fish

popuylations or to alter the species composition.




is site-specific and data intensive.
sime series, project cperating rules,

This phase
Streamfiow
and species habitat response curves Are necessary
intermediate products of this phase.

Despite the SuULCesSEs, fisherios Diologists
have npot yet achieved the capabiiity of forecast-
ing the mumber of fighes produced in response £
any particular water management scheme. This
guestion is being braught up more and more in
present-day water development and constitutes a
third phase. Within the next decade or =0 2
ceramble g expected for research and method
development aimed at predicting changes in
numbers of fish resulting from flow and channel
alterations. This will be cimilar to the 1370%s
when methods to guantify the response of fish
habitat to streamflow were developed. Only
after reaching this third phase can we begin %o
guantify the sconomic wvalue of altering the
instream resource. 1his will provide an equiv=
atent basis for comparison of fishery resourCces
with other insiream/out~of-stream values.

The numerpus Instream flow methods and
methodnlogies that now exist provide sufficgient
analytical tools o avaluate hydropower develop=
ment of small stireams. Perhaps the most giffi=-
cult aspect of avaluating the instream flow
concaerns associated with a small hydropower
development is in the selection of appropriate
cost-effective study methods and agreeing on 2
methodological process. In brief:

¢andard Setting is most zppropriate for:

= Protecting the existing instream
resource;

® Seate Water Plans;

¢ State Water Allocation permits oF

reservations; and

® Tdentifying target flow for use during
project feasibility stucies.

Increments] Methods are mast appropriate

for:

# Time series analysis 10 identify
Timiting flow conditions;

e Fine tuning & Tresource mainterance
chjective {(maximum grilization of
available water);

= Ayoiding or minimizinrg flow-related
impacts; and

s Comparing mitigation slternatives.

spstream flow studies e

wWhen undertzking
relicensing of a smail

support the Yicensing or
hydre project it iy wise io divide the process
inte three distinct teyels of analysis. Depend~
ing on the nature 0¥ the development and the
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instream flow reiated issues, & Ticense applica-
+ign coutd De successfully supported at any one
of thase levels. Each level of analysis:
reconnatssance; feasibility; and speraticnal
design; is intended to provide relevani answirs
to technical guestions of increzsing complaxily.
Theso analysis levels are cummarized in takie 2.

I+ 1s important %o avoid the pitfall of
implementing 2 compiex design level field study
{e.qg,, IFIM moceling study) without first
complteting & fessibility level analysis. BSased
on experiences of the zuthors, the most common
mistake being made when imitiating instrean flow
studies at smail hydro sites has been that of
partially compieting & reconnaissance level
study and immediately undertaking an operation
Jevel IFIM modeling study. oo often this is
done without first implementing the hydrologic
and biologic elements of the feasibility level
analysis to determine: {1} if the project has
the potential for being compatibie with agency
palicy; and (2y if it is necessary :o initiate a
complex operational modeiing study to desigh
conditions assuring thst compatibiiity.

should recognize that
is generaily & multi-

A11 participants
1icensing hydro projects
year iterative process and therefore adopting
the suggested nierarchical approach putiined 1in
table 2 for the instream Flow studies as 1§
common in traditional engineering studies, will,
ip the jong-rum, e most cost effective.

Once outside the realm of receonnaissanc
and feasibility level studies and the applicaii
of standard-setting methodolcgies, the instream
fiow analyst can no longer ignore the infiuence
of channel siructure, channel dynamics, water
qualiiy, temperature, and food production on the
fpstream UuSes. Unfortunately, much of the
ability to foracast changes in these habitat
components s sti}l predominantly hased on
empiricism necessitating move time and fipancial
resources. However, these habitat components
can be evaluated and integrated into an instream
Fiow ascessment. The hydro developer ang the
fishery manager must <therefore &ssess the
decision-making arena in which they are being
asked to participate and tailor the methodology
accordingly. IFf identification of a resource
maintenance flow is adequate to protect the
predevelopment resource for several years in the
future, when application of a standard-setting
methodology is al? that is warranted. 1f,
howeyer, the proposed development will obviously
change the predevelopment fishery or recreszticnal
value of a stream sysiem, then application of a
methodoiogy incorporating she hydroiogic,
shermal, morphoiogic, chemical, and Dbislegic
aspects of the siream becomes essential to ithe
long range management of the stream system for
multiple uses. In order to be yseful for
cecision making, results from jncremental methods
should be presented sp some form of a vime
series comparison betwesahn existing {pre} and
post project mapitat conditions with the limiting
habitat conditions clearly identified.

Alrerna-
+ive managemant scenarios can be evaluated by
guantifying the

2

fragquency, magnitude and guration

&



Table 2.
for supporting ithe licensing or relicensing
hydropowar projects.

Three lavals of fnstream Tlow analyses

Reconnaissance Level: (Goal is to identify

Yeasi

questicns and goncerns,

Identify project location, configura-
tion and generation.

Idantify fish or recreatiscnal interest
that may be affected.

Identify stream segments of primary
and secondary concern.

Identify applicable agency pelicies,
guidelines, and fish management goals.

Datermine whether major {ssues are
Tikely to arise from project fncompat=~
ibility with resource requirements or
with agency policy.

If project appears benign and compat-
ible with agency policies procesd to
Exemption Process.

If project compatibility with fish
management goals cannct be adequately
defined then proceed to feasibility
study . )

bility Level: Goal is to establish the

compatibility of the proposed
development and existing
instream uses.

GQuartify streamflow regime

13} annual hydrograoh
23  monthly duratiom curves
3}  baseline time series analysis

Identify ssascnal species distribution
and relative abundance.

iscuss influence of streamfiow on
distributicn and abundance.

Determine maintenance streamfliow
Pstandards® for stream.

Forecast with-project streamfiow
regime.

Compare with-oroject streamflows to
maintenance standards and identify
major issues.

If the proposed project or proposed
project and accompanying mitigation
is compatible with agency policy,
prepare an Exhibit £ using the
maintenance standards as conditions
for ligensing.
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Table 2. {conciuded}

® If the proposed project appeears compai=
ible with agency policy, but impacts
need to be quantified or mitigation
measures agreed upon, orocesd to
design and cperation level siudies.

-

Operation Level: Goal is to guantify impacts,
develep mitigaticn measures,
estabiish project operating
riules and conditions.

= Convene scoping meeting to:

1Y Determine major issues and estab-
1ish format of the analytic
compariscn needed for decision-
making.

2} Design project-specific
methodology.

{Assemble appropriate methods and
criteria to evaluate the physical,
chemical, and biclogical issues
identified during the feasibility
study and scoping process).

= Conduct necessary field investigaticns
and analyses. '

® GQuantify impacts.

° Determine mitigation opportunities.
2 Negotiate settlement and conditions.
* Proceed with Yicensing.

of the limiting habitat conditians associated
with each alternative.

A1l im all, the state=of=~the-art has greatly
advanced from the early 1950%s when instream
flow concerns first arose. When water is avail-
able and legal and institutisonal recognition
exists for protecting and managing an existing
fishery vesource technology is aveilable for
maintaining existing habitat conditions. This
can be done guite well for salmonid fishes in
cold water stream environments, and Tairly well
for cool water species because of the numerous
studies made of these species. Given sufficient
time and resources for studying and develgping
appropriate habitat criteria for warm water
species, management for protection of these
stream enviroaments 1s also guite feasible.
However, when physical and chemical changes are
impaosed upon & stream system, producing a very
different mix of these conditions, and the flow
regime is radically changed, the ability to
predict the response of the physical habizat,
the benthic crganisms, and consaguently the fish

e



poputation is rather pogr and represents an svea
for needed physical and biciogical resegarch.

The current {third} phase of methods devel-
opment focuses of <tream channel dynamics,
sediment transport, temperature, water auatity,
and species interactions. DOnly when changes in
the physical/chemical components of the enviros—
mert can be integrated with aguatic species
response medels will the desireg predictive
zhirg phase of water manazgement becfome

operational.

1$SUES RELATED TO THE SMALL
HYDRO/FISHERIES ARENA

= Agency promulgated instream flow method-
clogies must include well documented
eriteria for interpretation, stated manage-
ment goals, and policy relevant to the type
of development propesad.

* Standard-setting of protection or mainte~
nance flows should be a pari of every water
planning process and incorpeorated into the
feasibility phase of nydro-project develop-
ments.

& thannel form and substrate transport condi-
sions are too often overlooked and can De
critical in alluvial streams and gravel
Jimited streams.

- Hydraulic simulation and hydrograph synthe-
sis technigues are only hyiiding blocks in
come overall process and should not be
referred to as instream fiow methodologies.

- Basic research is needed on aquatic crgan-
isms and community response tp  stream
environment changes before the state-of-
the-srt can move from the present singie
species habitat protection or enhancement
approach to water deyeiopment forecasting
and economic comparisons amonig instream and
gut~of=-stream uses.
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Figure 2-4, The relationship between wetted perimeter and flow for a
composite of five riffle cross-sections in Reach #2 of the Red

Rock River.
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Hole River.
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PRE-FILED REBUTTAL TESTIMONY
OF FREDERICK A. NELSON
on behalf of

MONTRANA DEPARTMENT OF FISH, WILDLIFE AND FPARKS (MDFWP)

Please state your name and business address.

Fred Nelson, MDFWP, 1400 Scuth 19th Avenue, Bozeman, Montana
59715,

What is your present employment?

I am a fisheries biclogist employved by the Montana
Department of Fish, Wildlife and Parks.

Please state your educational background and exXperience.

This informaticon was already presented in direct testimony I
previously filed for this reservation proceeding on behalf
of MDFWE. That testimony included a description of my
instream flow-related training and a vita.

What is the purpcse of this rebuttal testimony?

The purpose is to rebut elements of the cbjectorfs testimony
of Roger Perkins, consultant for the Missouri River
Conservation Districts. The portion of his testimony to be
addressed by this rebuttal are contained on pg. 7-21, under
headings Mr. Perkins titled Water Availability and Habitat
Considerations, and on page 23 under Gengral.

How will you organize this rebuttal testimony?

Throughout his testimony, Mr. Perkins makes countless
unsubstantiated statements, expresses opinions outside of
his field of expertise, deals extensively in speculation,
and advances arguments that are not logical. Given the
limited timeframe for rebuttal, responding to his testimony
on a peint-by-point basis is both impractical and
unproductive. Instead, MDFWP has attempted to filter out
what I perceive to be the focus of his testimony and respond
to these issues.

In your opinion, what is Mr. Perkins attempting tc show
under the heading of Water Availability in his testimony?

Mr. Perkins advances the often repeated argument that
MDFWP's instream flow reguests are invalid because they
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Q.

1

often exceed the available stream flows on some waters.
Does this argument have flaws?

Yes. These are discussed as follows:

1. The argument that water must always be available for
MDFWP to hold a reservation is unreasonable. If MDFWFP
was held to this regquirement, the instream flow
requests could not exceed the historic low flow of
record - the lowest flow ever recorded. OCnly then
would the requests never exceed water availability. ©n
many waters, particularly those already cverburdened by
irrigation depletions, this requirement could result in
instream flow reservations of near zerc and possibly
zerc flows. Such a reguest would ensure the
destruction of the fishery. Historic low flows protect
nothing.

2. On some streams, late summer flows already reflect
massive summer irrigation depletions. Consumptive
users have depleted a large portion of the flow,
leaving little for the needs of the fishery. Some
depleted flows are but a fraction of the flows that
occurred in the undepleted or natural state. On those
streams already overburdened by existing irrigation
depletions, criticizing MDFWP's instream flow requests
on the grounds that MDFWP is asking for tos much of the
flow that remains is unjustified.

3. This much repeated water availability argument also
fails to take into account the legal framework that
governs Montana's water law. The granted instream
reservations will have a late priority date of July 1,
1385. This entitles MDFWP tc place a call only on
junior water users, if any exist, when flows drop below
the amount of the granted reservatiocns.

A reservation does not guarantee that the granted flows
will alwayvs be available; it merely establishes the
instream flow level that will trigger a %call? respconse
by MDFWP. In its applicaticn, MDFWP is asking that
flows up tgo the amount of its requests be reserved for
instream use. We are not asking that the full amcount
of these requests be maintained continucusly. More
water cannct be created by an instream reservation.

Are there other problems with Mr. Perkins' water
availakility argument?

Yes. Mr., Perkins selectively applies his water availabkility
argument sclely to instream uses. For example, the
Conservation Districts submitted 10 project applications

Nelson Eebuttal - 2



that would, in total, divert an additional 310 cfs from the
Jefferson River, a river long overburdened by depletions.
Mr. Perkins does net address the availability of water for
consumptive uses, for which the availability of water is a
relevant consideration.

This water availability argument has alsc failed to halt the
issuance of new water permits in the upper Missourl Basin.
For example, between 1973-85, 20 new water pernits for
irrigation were issued in the Jefferson Basin; irrigation
permits and applications after 1985 total nine {pg. A-4 and
2-5 in the Draft EIS). There are no guarantees that further
appropriations won't continue into the future, creating more
dewatered streams and further depleting those that are
already dewatered.

Ts there water available for instream use?

Yes. The fact that water continues te flow in Montana's
streams in fall and winter, during spring runcff, and during
the summer irrigation season - although summer flows may be
severely depleted in some - is evidence that there is water
available for instream use. If this was not the case, the
flow quantifications for the Missouri Basin streams (USGS
1989) would read zerc for all menths in all vears. The
fisheries MDFWP studied are also confirmation of flows.
MDFWP only reguested instream reservations where a fishery
now exists.

What will an instream reservation do for the fishery?

An instream reservation, if granted tocday, will maintain the
status guc of our stream fisheries. For many streams that
are already overburdened by depletions, the status quo does
not provide a desirable fishery. & reservation will simply
prevent an already undesirable situation from worsening.

For streams that presently do not suffer from serious
dewatering and provide good fisheries, the reservation will
help to ensure that good fisheries are maintained into the
future.

What baseline streamflows should be used for comparing the
instream flow regquests of MDFWP?

Because streamflows are often diminished by consumptive
diversions, the historic average annual flow (RAF) derived
for most streams reflects the depleted, or non-virgin,
state. This depleted AAF can be substantially less than the
undepleted or natural AAF for the same stream site. The
following example from the mid-Missouri River basin
demonstrates the potential magnitude of the difference
between a depleted and an undepleted AAF.
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Example:

Flatwillow Creek is a 119-mile-long tributary to the
Mussslshell River. Increased diversions for irrigation in
about 1930 above USGS gauge #06127900 drastically decreased
the AAF from 46.2 cfs (1912-30C period of record) to 14.3 cfs
(1930-32, 1935-56 period of record}, a reduction of 69%
{Shields and White 1981). The AAF of 23 cfs for the entire
period of record reflects the post-133C irrigation
develcopment, which is currently about 5,000 irrigated acres.

Thus, the historic AAF of record (29 cfs) is 63% of the
virgin or natural AAF that occurred before major depletions.

Comparing the instream flow reguest to the depleted AAF
could make the request appear excessive when, in fact, it's
a reascnable amount based on what's actually avallable
before depletion. In the akove example, MDFWP's request of
18 cfs is 62% of the depleted average annual flow cf record,
but 39% of the natural AAF that occurred before major
depletions The analysis that Mr. Perkins performs in Table
1 of his testlmony fails to take into account the above
discussad proklem with the depleted AAF.

Are there other problems with Table 1 of Mr. Perkins'
testimony?

ves. Aside from Mr. Perkins! misapplication of the 50% of
average annual flow limitation tc ungauged streams, the
table contains many errors. For example:

1} Average annual flow for Scuth Willow Creek is 35 cfs,
not 25 cfs.

2} Beaverhead River near Dillon is not the site where
MODFWP intends toc moniter its 200 cfs flow reguest for
Reach 2. The correct site is the Beaverhead River near
Twin Bridges.

3) The Smith River near Fort Legan reflects flows at the
downstreanm boundary of Reach 1, not Reach 2.

The Smith River near Eden veflects flows at the
downstream boundary of Reach 2, not Reach 3.

ofn
St

51 The Smith River below its forks does not reflect the
flows at the downstream boundary of Reach 1.

6 Sheep Cresk at the USGS gauge reflects flows at mile 28

of Sheep Creek, not at the mouth wheare the reservaticon
is intendad to ke monitored.
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73 North and South forks of Dupuyer Cresek -- average
anmial flows are reversed.

83 Birch Creek —-- MDFWP's flow request of €4 cfs is based
on the Fixed Percentage Technigue., MDFWP reguested 40%
of the average annual flow of 159 cfs at the USG5 gauge
near Dupuyer (#06095000), which is the gauge with 10 or
more years of record clesest tc the end of the stream
reach (see Attachment B} . The wetted perimeter method
was not used.

33 The Teton River near Strabane does nct reflect flows at
the lower boundary of the Teton River reach. This site
is located in the upper 1/3 of the designated reach.

A conclusion of Mr. Perkins in his secticn on Habitat

Consideraticns is: "the net effect of irrigation may be
positive by alleviating harsh winter conditions.” Is this
caorrect?

This conclusion is purely speculative and is not based on
factual evidence. Mr. Perkins first states that "irrigation
returns warm groundwater tc the stream during the harsh
winter months and may help the fishery.” Then he refers to
the pre- and post-irrigation hydrograph, presumably from pg.
43 of the Draft EIS {see Attachment A), to support his
statement. The hydrograph compares the natural streamflow
for the Tavlors Fork to the streamflow pattern that is
expected tc occur assuming 6,000 acres of new flood
irrigation. One would expect the hydrograph to show
increased return flows in winter, as implied by Mr. Perkins'’
argument. It deocesn't. In January, February, and March,
return flows are virtually zeroc. Under natural flow
conditions, these are the most critical months for survival
cf fish. There are some increased return flows in the
winter months of November and December. Return flows cannct
warm the streamflow in winter if there are virtually noc
return flows in winter. Mr. Perkins then turns to the warm
releases below dams in winter, implying that the benefits
that may accrue to the downstream fisheries are solely the
result of warm winter releases. MDFWP disagrees with his
coentention. Dams alter many factors that influence
downstream fisheries, including flow regimes, productivity,
feod supply, and summer water temperatures. Impacts can be
both beneficial and deleteriocus.

Mr. Perkins concludes his argument by stating "Even if
stream dewatering, sediment and nonpoint pollution have some
minor impact on the fish habitat in late summer, the net
effect of irrigation may well ke positive by alleviating
harsh winter conditions." Mr. Perkins, without
documentation, brushes aside stream dewatering, sediment and
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nonpolint pellution as having only minor lmpacts on fish. He
then speculates that the net effect of irrigation may well
be positive by alleviating harsh winter conditicns. I
assume this alleged benefit results from the warm, winter
return flows, which appear tc be virtually nonex1stent
during much of the winter (Attachment A), and warm, winter
reservoir releases, which Mr. Perkins attributes to
irrigation. This entire argument is without a factual
kasis.

A reference cited by Mr. Perkins states “fish communities
may be abkle to withstand near-drought conditicns for one

vear in ten (or one menth per year)®. Do you agree with

this?

Yes, in part. Fish communities in general appear to survive
infreguent low flows, as occurs during near-drought
conditions. Even then the populations are harmed. However,
when these infreguent low flow events beccme commonplace,
fish suffer long-term impacts, causing the fishery to be
permanently harmed. Flow depletions can reduce the natural
flows to inordinately low levels, levels which rarely, if
ever, occur in the natural state.

Figure 4-2 on page 43 of the draft EIS demonstrates this
point {see Attachment A). This figure compares the natural
streamflow in the Taylcrs Fork to the streamflow pattern
that is expected to occur assuming 6,000 acres of new flood
irrigation. Figure 4-2 points out three major impacts. In
general, August flows are proporticnally more affected by
irrigation depletlons than are the flows in other months.
In the example in Attachment A, the depleted August flow is
about 1/5 of the natural August flow. Second, depletions
cften shift a stream's normal low flow perlod from mid-
winter to the month of August. Third, in a stream depleted
for irrigation, the low flows of August are often lower than
the winter lows that occurred in the natural state,
resulting in permanent adverse impacts to the fishery.

What is the crux of Mr. Perkins’argument in regard to fish
being able to withstand near-drought conditions?

Mr. Perkins appears to be attempting to show that the low
flows resulting from irrigation depletions don’t harm fish,
because fish can tolerate infregquent low flow events. Mr.
Perkins fails to recognize that these once infrequent low
flows have now become commonplace on many streams due to
irrigation depletions. As a result, what was once & 1-in-10
vear flow event in the natural state, has now become common
in the depleted state.

Mr. Perkins claims there is no obvious documentaticon in
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MDFWP's application that shows the effect of late summer low
flows on fish populations. Is this correct?

No. Depressed fisheries in streams depleted by consumptive
use are described throughout MDFWP's application and pre-
filed direct testimony. Alsc, refer toc pages 7 and 15 in
Exhibit 1 of MDFWP's pre-filed direct testimony.

Mr. Perkins quotes a statement from Addendum C, page 12 of
MDFWP's Clark Fork Water Reservation Applicatien. (This is
Exhibit 1 in MDFWP's pre-filed direct testimony for the
Missouri Reservaticons.) The statement discusses the impacts
of the winter envirconment on fish and concludes with "It is
this winter period and its associated low flows that
ultimately regulate the capacity of most Montana streams to
sustain fish.¥ 1Is thils statement correct?

Yes. On undepleted streams, winter appears to be the most
critical season influencing trout densities. However, on
depleted streams, the habitat reductions that result when
irrigation water is removed cften limit the population,
replacing winter habitat as the ultimate population control.
This was discussed in Exhibit 1 of MDFWP's pre-filed direct
testimony.

Under natural flows, food supply is believed to be the most
important regulator of fish populations in summer. In the
warmer months, higher water temperatures initiate fish
growth and yocung fish are hatched and enter the population.
The availakility of an adeguate food supply during these
warmer months is essential to the growth and population
expansion that generally occurs in summer. This grecwth and
populaticn expansion provides anglers with a harvestable
surplus of fish. Anglers will have the opportunity to take
a2 portion of the fish bicmass that will normally be lost
over winter, without materially impacting future fish
abundance. Pages 6-16 of Exhibit 1 of MDFWP's pre-filed
direct testimony discusses the relationships between fish,
food, and flows.

On page 23 of Mr. Perkins' testimony {under General} he
creates an argument to show that the dewatering of a stream
by consumptive users leads to a smaller stream channel,
which will provide the same or better habitat potential, but
on a smaller scale. How does MDFWP respeond to this
argument?

Mr. Perkins ignores the fundamental principle that governs
channel shape and form. It is the stream's annual high flow
characteristics, not its low fleows, that are the major force
in the establishment and maintenance of channel form (Emmett
1372, Lecpold et al. 1964, Nelscon et al. 1986, and U.S5.
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Bureau of Reclamation 1273). The consumptive users would
have to permanently eliminate the high flows of spring
runcff before channel size and form could be altered. Even
if this was possibkble, Mr. Perkins provides no svidence that
the resulting altered channel would provide "the same or
better habitat potential.® This argument is based on a

misunderstanding of the basic principle that governs channel

form.
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Frederick A. Nelson, being duly sworn, states that the
foregoing testimony is true.

Dated this ﬁééggz day of December, 1%31.

Frederick A. Nélsen

Subscribed and sworn to before me this ﬁé‘gﬁ day of
December, 1591.

Wt 27 2

Notary Public for the State of Montana
Residing at Helena, Montana

My commission expires )3?§§K/§/,4@29/

517.3%A
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ATTACHMENT A

43

Figure 4-2. Matural streamfiow patiern contrasted with streamfiow patiern affected by irrigation®
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by imigation are estimated assuming 8,000 acres of new flood imgation.

typically store water for more than one use, with
nurnerous operational constraints.

Water storage and the associated benefits are treated
asconsumplive uses in Figure 4-1. This is because of the
large amounts of water that are retumed to the atmeo-
sphere through reserveir evaporation.

FLOw RECORDS

When avatlable, stream gauging recards provide
some indication of streamflow conditions in a basin.

Percentlle exceedance flows are the flow rates
that have been equalled or exceeded at a given fre-
quency over the period of record. ¥For example, In
August at USGS gauging station 06025500 on the
Big Hole near Melrose, the 80th percentlle flow is 340
cfs and the 20th percentile is 700 cfs for the perdod of
record from 1937 to 1986 {USGS 1989b). That means
that average flows of 340 cfs or more have been
recorded in 40 of the 50 Augusts {80 percent] {rom
1937 to 1586, Similarly, only 10 of the 50 Augusts
hetween these years had recorded average flows of
700 ofs or more. [0 assessing strearmflow conditions

in the bastn, DNRC has generally assumed that the
80th percentlle exceedance {low represents a typical
iow flow condition, while the 20th percentile flow
represents a typical high flow condition.

To help provide 2 common basis for assessing
flow conditions in streams throughout the basin, the
UJSGS, In cooperation with DFWP, estirnated the aver-
age monthly streamfiow records at 341 sites for the
50-year period from 1937 to 1986. USGS then com-
puted new average monthly means and 20th, 50th,
8Cth, and 90th percentile exceedance flows for each
site. The results are published in the Water Re-
sources Investigations Report 89-4082 (USGS 1989)
and are used extensively in this draft EIS {Appendix
) and in many of the reservation applications.

HEADWATERS SUBBASIN

Flows of the Gallatin, Madison, and Jeflerson
rivers and thelr major tributaries have been mea-
sured In several locations by USGS. Average monthly,
average annual, and percentile exceedance {lows are
shown in Table 4-1. Records at gauges near the



ATTACHMENT B

06098000  BIRCH CREEK NEAR DUPUYER, MT

LOCATION,~--Lat 48°13°, long 112°39', near center of szc,28, T.2Z9 N., R.8 W., Pondera County, Hydrelogic init
i0e3820%, 0.5 mi (0.8 km) upstreanm from B canal hesdgates and & m1 (13 km) norvihwest of Dupuver.

SRATHAGE AREA.--10% mi? (272 ka?), approximatelv.
PERICD OF RECORD. --August 15207 o September 1837,
REVISED RECORDS. --WEP 1305: 1985, 1512, 18X4{M}, 1217, 1%8:i3,

GAGE.--Nonrecording gage. Altitude of gage i

s 4,180 fr (1,274 km), from topographic map. Prior to June 29, 1927,
nonTECRTEing gages at several sites within 0.5 mi (0.8 km} describe

d site at different datums,

REMARKS. --Severzl small diversions for irrvigetion above siat¢icon. Flow regulated by Swift Dam since 1913,
COOPERATION. --Records furnished by Valier-Montana Land and Water Co.

AVERAGE DISCHARGE.-~30 vears (1907-37), 159 ft¥/s5 {4,305 m¥/s5), 115,200 scre-fu/vr {142 amP/vr).

¢ not determined, occurred about June o, 19087 minimum observed,
6, 8, 9, 1937, but may have been less during periods of

o

EXTREMES FOR PERIOD OF RECORD.--Maximum discharg
3 fz?/s (0.083 m?/s} Apr. 7, 1821, end Apr. 4-
ice effect.

MORTHLY AND ANNUAL ®EanN DISCRAAGES  1909-37 MALNITUDE aND PRUBABILLITY UF ANNUAL ilw FlLUw
KASEQ DN PERIULR LF HECORD 1914-37
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PREFILED REBUTTAL TESTIMONY
OF LITER E. SPENCE
CH BEHALF OF THE
MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS (MDFWE;

Please state vour name and business address.
Liter E. Spence, MDFWP, 1420 E. 6th Avenue, Helena, MT 55620.
By whom are you empleoyed, and in what capacity?

T am employed by the Montana Department of Fish, Wildlife and
Parks. My position 1is Water Resources Superv1sor in the
Fisheries Divisicn. My primary responsibility is to implement
the Department’s instream flow program, which includes
cbtaining and protecting instream flow reservations and other
instream flow water rights.

Have you previcusly prepared testimony in this proceeding?

Yes. I prepared written testimony as part of DFWP's Prefiled
Direct Testimony submitted November 1, 1991 and alsco written
Objectors Testimony submitted December 3, 1991.

Does that testimony include statements of your qualifications
and experience?

Yes, it does, including a description of my instream flow
training, experience and a biography.

What is the purpose of this rebuttal testimony?

The purpose is to comment con the cobjector testimony of those
persons who objected to DFWP's instream flow reservations
being granted because of their «concerns about water
availakility, storage, the adjudication process and DFWP
standing. I will alsc comment specifically on the cbjector
testimony of the following persons: Bonnie Conley-Tolton,
Daniel E. Nelson, Cle M. Ueland, Scott V. Heag, Jr., Gary
Elwell, and Roger Perkins.

What format will you use in your testimony?

There were many Db3ECthS with common concerns about the DFWP
reservations affecting water rights and water availability,
standing, adjudication and cppeortunities for new storage.
Rather than reply individually to these objectors, I will
provide a general response to each concern. Heowever, I will
respond individually teo the cobjectors' testimony of those
persons listed above.

Many persons, testifying as chjectors to the DFWF application,



have stated the instream flows should not be grantecd because
many streams are over-appropriated and there is no water
available for instream flows unless existing water rights are
utilized to provide that additional water. What is DFWP's
raesponse to this concern?

There seems to be considerable misunderstanding regarding the
intent of the DFWP instream reservations. Many objectors
believe the instream flows, if they are granted, will come at
the expense of their existing water rights so that the level
of flow requested by DFWP will be maintained. This is not the
case at all.

Water currently being diverted by existing water users is not
available for instream flcocws. Water is available only when it
is not actually being diverted during the irrigation season cr

~at other times of the year by these seniocr users.

July 1, 1585 1is the priority date established by the
legislature for all reservations that may be granted.
Instream reservations will not interfere with water rights

that have a priority date before July 1, 1885. Once a
pricrity date 1is established, the reservation statute
specifically states that "... a reservation may not adversely

affect any rights in existence at that time." [85-2-318(9) (e},
MCA7J.

The purpose of the instream reservations is to prevent flow
conditions from becoming any worse than they are now on
streams where water is not always presently available for
fully protecting instream values, or where water is available
to protect these values, to protect these instream flows
against future depletions. Instream flows will not be
provided by taking water from anycne's existing water rights.
This is against the law. Reservations would be used just like
a new water use permit is used. For example, if 2 new water
use parmit is granted by the state on a stream where there are
already other appropriators, the new permittee has the right
to utilize water up tc the amount of his permit, but only when
water is physically available and not being utilized by senior
water users. The same conditions would apply to cur instream
flows., We could use and protect water up to the amocunt of the
instream reservation but only if it was not already being used
by water users with priority dates before July 1, 1985. This
is previously discussed in my direct testimony (Spence Direct,

page 9.

& number of persons whe provided individual objector testimony
to the DFWP application have stated that the instream water
reservations sheould not be granted until the adjudication of
existing water rights in the basin is completed. What is
DFWP's response to that concern?
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Although it would be good to have the adjudication process
completed in the basin, it deesn't appear that the process
will be finalized for many vears. Water rights will be fully
adjudicated only after the issuance cof final decrees by the
water court. There are no final decrees yet issued in the
Missouri Basin above Fort Peck Dam. Before final decrees can
be issued by the water court, the water rights of the federal
government and the Indian tribes in Montana must be negotiated
and resolved by the Reserved Water Rights Compact Commission
by July 1, 1999 unless negotiations are suspended. If nc
compacts are negotiated or negotiations are suspended, the
claimed tribal and federal rights must be filed in the
adjudication process.

The Reserved Water Rights Compact Commission was established
by Secticn 29 of SB 76 in 1879 (CH. 697). Since that time,
one compact has been completed and ratified by Congress (Fort
Peck Tribe) and one compact has been approved by the Montana
Legislature but not vyet ratified by Congress (Ncrthern
Cheyenne Trike). The Reserved Water Rights Compact Commissicn
is currently invelved in the compacting process with the Fort
Belknap and Rocky Boys Indian reservations. Compact
negotiations have either not begun or been completed for any
of the federal agencies claiming reserved water rights (BLM,
USFS, USFWS, National Park Servicej.

Completion of the adjudication process will not affect our
knowledge of the physical availabkility of water neor will it
alter the need to preserve the status gquo of the basin's
fisheries.

The legislature has mandated that this Misscuri basin water
reservation process be completed by July 1, 1992, but there is
no legal requirement that the adjudication process be
completed by that date or any other time. DFWP 1s simply 2
participant in an established legislative process and has
accordingly submitted its water reservation requests for the
Board to consider.

A number of perscns in their individual testimony have claimed
that instream flow reservaticns will, if granted, prohibit the
construction of new storage facilities. Many have also stated
that storage should be the means by which instream flows are
provided rather than utilizing the water reservation process.

What is DFWPF's response to this concern?

The purpose of the instream reservations is to preserve at
least a portion of what is left of remaining strezam flows on
streams where flows have gradually been depleted for over 10C
years. Without the reservation proccess, there is ne legal
means to protect remaining water important to fisheries in the
basin. In most cases, DFWP did not request high flows which
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pccur during the spring runcff period. The reguested flows
are the minimum reguired to maintain the fishery resocurce. If
these minimum instream flows are granted by the Board and
there is a potential to build a steorage proiect on any of
those streams, a portion of the high flows that occur during
spring runcff could still be stored by the project as long as
the minimum flows are met below the dam.

DFWF considers storage as one of several tools that could be
used to improve streamflows. Some objectors have stated that
storage should be the scle means of providing instream flows.
If storage proijects are built to provide "multiple uses”,
instream flows may be one cf the needs that preject water
should supply. If a2 new project is censtructed on a stream
having a fishery, additional downstream flows could be
provided so the project can have multiple benefits. DFWP's
current instream flow requests could be essentially the same
as the flows that would be needed below a new storage project
te maintain a healthy fishery. Thus, it weoculd make no
difference whether the instream flows are authorized on a
stream before a project is built or implemented after the
project is built for multiple purposes. The flow needs could
be the same. However, DFWP would not have a right to compel
the release of stored water for an instream flow reservation
if the stored water was being used for other purposes as part
of the storage project unless DFWP had a right, contractual or
otherwise, to a portion of the stored water.

There may be some future opportunities teo build new storage
that is cost effective and cculd provide the multiple benefits
of irrigation, recreaticn and instream flows. However,
project costs and the relative pricrity of new storage
projects established in the State Water FPlan by the 1891
legislature will have to be favorable. However, due to the
widespread dewatered conditions of our streams in the Missouri
hasin above Fort Peck dam, storage will not solve our instream
flow problems on a basin-wide basis. Storage may be a tool to
improve streamflows on scme streams, but as long as new water
permits continue to be issued, it is not a substitute for
obtaining instream reservations that will at least maintain
the status guo of streamflow in many Missouri basin streams.

2 number of persons have expressed concern that DFWP will
ebtain legal standing in basin water issues if it is granted
an instream flow reservation. What is DFWP's response to this
concern?

There are usually two concerns expressed about standing.
First, DFWP would acguire standing to object in the
adjudication process and, second, that DFWP would become an
objector to new water uses cr changes in existing rights in a
basin. I will address the adjudication concern first.
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DFWP already has standing to object te water rights in the
adjudicatiocn process because Wwe have our own existing
dlveVSLDnary water rights as well as pre-1573 instream flow
rights in many basins. These include diversionary water
rights for such purposes as fish hatcheries and wildlife areas
and our instream Murphy Rights. There are 28 sub-basins in
the Missouri River basin above Fort Peck Dam that are utilized
by the water court in the adjudication process. DFWP has soma
kind of existing, prew1973 water right in 18 of those basins.

Nine of the remaining basins flow directly intc downstream
basins where DFWP has pre-1973 claims. DFWP, therefore, has
standing by virtue of its pre-1%$73 claims and the basins’
hydrological connections in all 28 basins except one, Dry
Creek (sub-basin 40D} that directly enters Fort Feck
Reservoir. Any reservations that may be granted would not
change the Department's standing in those basins because we
are already a pre-1973 water right hoclder and are already
participating in the adjudicaticn process.

The second issue concerns standing to object to new permit
applicaticons or requests for changes in water use. If
instream reservations are granted to DFWP, we would gain
additional standing‘on.many stream reaches and, therefore, the
right to participate in water decisions in tnose reaches where
instream flows may be adversely affected by new consumptive
depletions with consequent harm to the fishery. These
decisions include the issuance of new water use permits and
applications to change existing water rights (i.e., change in
point of diversion, place of use or type of use). DNRC
currently denies the Department's cbjections toc new permits
and changes where we do not have an established existing water
right that could be adversely affected by the reguested new
permit or change of use, or where the DFWP objection is based
on harmful impacts to the fishery of a stream where we do not
have a Murphy Right. DFWP currently has this type of standing
to cbject wherever we have Murphy Rights. Murphy Rights held
by DFWP are shown in Appendix A. If instream flows are
granted, we wculd have the same rights as any other water user
on a stream to object to new water use permits and any changes
in existing rights that we could show would adversely affect
cur water rights.

Tec which objector's testimony does this rebuttal testimony
refer?

The testimony of Bonnie Conley-Tclton.

Please describe Ms. Conley-Tolton's cbjector'!s testimony and
DFWP's responsea.

I am responding to her testimony individually because she
attributes some statements in her testimony to me perscnally.
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Ms. Conley-Tolton contends that DFWP is reguesting water in
streams where no water is availakle and that DFWP statutorily
and administratively was vreguired to demeonstrate that
reguestaed water 1is avajlable. She alsc objects to the
reservations on the basis that due %o the lack 2f water
available for instream flows, the supposedly required costs of
measuring streamflows are not cost effective. I will address
the former concern first.

The water reservation administrative rules require all water
reservation applicants teo provide a water availability
analysis on streams where reservations are reguested. DFWP
provided this information through the USGS publication
"Estimates of Monthly Streamflow Characteristics at Selected
Sites in the Upper Missouri River Basin Montana, base period
water years, 1937-86 (U.S. Geclogical Survey, Water Rescurces
Investigations Report 89-4082) which is Exhikit 4 of DFWP's
direct testimony. The water reservation statutes and rules do
not reguire DFWP to compare the amocunt of water availakle to
the instream flows requested. Prior to submitting its
application, DFWP was not reguired to, had no means to and did
not measure flows over a long period of time on all of the
reqgquested streams. Rather, this information was provided
through the USGS report and is based on data from streams that
are measured over a long pericd of time and by estimating
streamflows on those streams where no gauging record was
available.

Ms. Ccnley~Tolton's overall concern about water availability
is similar to the concern cof other objectors and has been
previously addressed in this testimony.

Secondly, Ms. Conley-Tolton has misinterpreted the stream
gauging information we discuss in our applicatiocon Management
Plan (Page 1-%0) and the flow measurements she feels are
regquired prior to submittal of an applicaticon. ©Our Management
Plan explains the process we have used and plan to use to
monitor and protect any instream flows we might be granted in
the Missouri basin. The Management Plan addresses some stream
gauging that may be required to moniter instream flows so that
junicr water users can be notified when flows fall below the
instream reservations. Stream gauging 1s expensive and
gauging costs are a consideration in any monitoring that will
be done by the DFWP. {(This is alsc explained in the
Management Plan.} Stream gauging will be reguired only on
streams where there are water users Jjunicr to the instream
reservaticns. Some streams slready have stream gauges which
can ke used to monitor instream flows.

Finally, Ms. Conley-Tolton criticizes the instream application
because ¥cost benefit ratios required te be analyzed are
woefully out of balance, the costs far exceed the benefits.

SPENCE REBUTTAL - €



The Department of Fish, Wildlife and Parks has admitted as
much.® She incorrectly infers that a separate cost-benefit
analysis was required for the enforcement effort to protect
instream flow requests. This is not the case; there is no
such recuirement in the statutes or administrative rules.
DFWEF activities under +the Management FPlan will bhe
evolutiocnary. DFWP does not have to install a gauge on every
stream where instream flows are granted. Whether any gauges
are installed at zll will depend upon how many, if any, new
water use permits are issued. We can utilize existing gauges
and be selective in the need for any new gauges by installing
them conly when enough new water use permits are granted to
justify their installation.

To what cbjector's testimony does this rebuttal testimony
pertain?

To the cbjector'’s testimony of David E. Nelson, U.S. Bureau of
Reclamaticn, for the Beaverhead River reaches #1 and #2.

What is the ceoncern of this objector and what is DFWP's
responsa’? '

Mr. Nelson states that there is nc water available in the
Beaverhead River reaches #1 and #2 for the DFWP's reguested
instream flow reservations because the Bureau of Reclamaticn
and other senior water rights have appropriated all the flow
in the Beaverhead River.

The DFWP's instream flow reguast would simply preserve the
status guo of the flow conditions existing in the Beaverhead
River reaches #1 and #2. The requests would not interfere
with the operation cof Clark Canyon Reservolir or the East Bench
Unit, but would cnly protect existing flows from water users
who might obtain new water use permits with priority dates
after July 1, 1%85.

To what objector's testimony does this rebuttal testimony
pertain?

To the testimony of David E. Nelscon, Bureau of Reclamation,
for Missouri River reaches #2, #3 and #4.

What is the concern of this objector and what are DFWP's
responses?

Mr. Nelscn's concern is that water stored in Canyon Ferry
Reserveir is no longer part of the Missouri River natural flow
and is not available for appropriation by an instream
reservation. He alsoc states DFWP has reguested flows which
exceed the 50% limitation on instream flows at gauged sites
under 85-2-316(6) MCA,. I will address the former concern
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first.

Once water is released from Canyon Ferry Reserveir inte the
Misscuri River it is no longer under the contrcl of the Canyon
Ferry project. The water flows intc Hauser Reservoir, where
it is temporarily stored by the Montana Power Company, which
then releases flows inte the river below Hauser Dam. From
Hauser Dam, the water flows through reach #2 into Holter
Reservolr where it is femporarily stored by MPC and then
released intc reach #3 of the Missocuri River below Holter Dam.
Water then continues through several other MPC reserveoirs into
reach #4 which ends at the mouth of the Marias River.

As stated by Mr. Nelscn, DFWP currently cooperates with the
Bureau and MPC on flow releases. We will continue this
cooperation. The reservations are not intended teo interfere
with reservoir operations, but only to protect the fishery in
these river reaches from any future new water uses which might
lower flows below the instream reservations of DFWP.

Regarding the 50% limitation on instream flows at gauge sites,
Mr. Nelson has provided figures for the average annual flow
and 50% of the average annual flow as determined through Water
Year 1990. These flows are lower than those used by DFWP in
its applicaticn (page 1-30) because the last water year used
by DFWP when preparing its application was water year 1587,
which ended September 30, 1987.

Mr. Nelson alsc states that since the flows requested by DEFWP
vary during the vear, the reguest for each period should not
exceed 50% of the average flow for that periocd. Section 85-2-
316(6), MCA states only that the Board may not grant instream
flows that exceed 2 maximum of 50% of the average annual flow
of record on gauged streams. The statute says nothing about
how flows should be established by the Board if the instream
flow requests are greater than 50% of the average annual flow.
Mr. Nelson's suggestion would penalize the CFWP by providing
fiows toc low during periods which do not include a high flow
period. The average annual flow includes flows which cccur
durlng the entire year, including the high flow peried. There
is a kig difference between 50% of an average annual flow and
50% of the average flow for a given time period if that period
includes only low flow months.

In my pre-filed direct testimony {(Spence Direct, page 10) DFWP
has suggested & means by which the Beoard can handle such a
situation. DFWP suggests that any reductions in filow be made
during the high flow period of the year between May 15 and
July 1. This is preferable to making reductions during the
irrigation season months when flows are already often too low
in a stream reach. We suggest that the average annual flow
can be interpreted by volume {acre feet) as well as by flow
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rate {ofs) and downward adjustments may be made more
effectively on an acre feet basis., For example, depending on
the =zize of the required reduction, all of it could be made
during one month simply by reducing the total acre feet
requested in that month by the amount which is greater than
50% of the average annual flow. The reduced volume granted
can then be converted to a flow rate in cfs. Reductions could
alsoc be spread over the May 15 teo July 1 periocd by the same
means if this would alleviate large impacts of the reductiocons
on the requested flows for a single month. This is a better
way to handle regquired reducticns than is recommended by Mr.
Nelson.

The average annual flow determined at a gauged site is a
moving target. When DFWP was preparing its application, the
average annual flows for the periocd of record through 1987 at
various stream gauges were somewhat higher than those
presentad by Mr. Nelson threough Water Year 1990. By the time
the Board makes its decision, £flow records from Water Year
1991 will be available which will likely show yet ancther
average annual flow at these gauge sites. We need some
criteria for the use of these figures which consider the long
time periocd between preparation and submission of an
application, preparation for the contested case hearing and
the Bcard's decision.

To what objector's testimony does this rebuttal testimony
pertain?

To the testimony of David E. Nelson, Bureau of Reclamation,
concerning the Sun River reaches #1 and #2.

What is the concern of this objector and what is DFWP's
responsea?

Mr. Nelson's concern is that Gibson Reservoir on the Sun River
requlates streamflows for irrigaticn use on the Sun River
project and that water is not available for the reguested
instream flows of DFWP.

DFWF recognizes that Gibson Reservoir regulates streamflows
and, as stated earlier in this testimony, 1is concerned only
abaut protectlng from new water uses those flows which
presently cccur in the Sun River. The instream reservations
will not interfere with any current operations of the Sun
River project or the water available for those purposes, but
will only affect Jjunior water users who may receive water use
permits in these stream reaches after July 1, 13885.

Toe what objector s testimony does this rebuttal testimony
pertain?
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T the testimony of David E. Nelson, Bureau of Reclamation,
for the Marias River reaches #2 and #3.

What are the concerns of this cohjector and what is DFWP's
response’?

The concerns of Mr. Nelson regarding water availability are
the same as those for Canyon Ferry Reservoir. He states that,
since water is stored in Tiber Reserveoir, it is no longer part
of the Marias River natural flow and is, therefore, not
avalilakle for appropriation by an instream flow request. He
also states that the regquested minimum flilows are higher than
the maximum allowed under B85~2-316(5}, MCA.

The water availability question on the Marias is the same as
that for the Misscouri River below Canyon Ferry. Cnce
streamflows are released from the dam, whatever flows are
released are no longer contrclled in the Marias River and
could be available for new appropriation except for stored
water released for a valid water uss downstream. DFWP intends
only to protect the flows released into the Marias River below
Tiber Dam from any new appropriations that should cccur after
July 1, 1585.

Secondly, Mr. Nelson states that the only gauge on the Marias
River below Tiber Reservoir is the USGS gauge #06101500 on the
Marias River near Chester, Montana. Mr. Nelson states the
Chester gauge should be used for both reaches #2 and $3.
However, there is alsc a record of streamflow at a USGS gauge
on the Marias River near Loma, near the mouth of the Marias
River (gauge #06102050). This gauge has a period of record
from 1959~-1972 {13 vears) and is a more appropriate gauge to
use for reach #3 of the Marias River than is the Chester
gauge. The average annual flow recorded at this gauge for its
pericd of record is 377 cfs. Fifty percent (50%) of this
average annual flow is 488 cfs, which is a higher flow than
suggested by Mr. Nelsonfs use of the Chester gauge. The
Chester gauge shows the average annual flow is 846 cfs with
50% being 423 cofs. The Board cannot grant more than 50% of
the average annual flow of record on these gauged streams. We
kelieve these 13 vears of record at Loma are appropriate teo
use for reach #3 even though the Chester gauge is the only
gauge currently cperating on the Marias River below Tiber Dam.
The Chester gauge shculd be used for reach #2 but not reach
#3.

Te what objector’s testimony does this rebuttal testimony
pertain?

This pertains to the testimony of Ole M. Ueland, Vice~Chairman
of the Headwaters RCED.
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What are Mr. Ueslandis concerns?

Mr. Ueland states that the only way to supply instream flows
is through water storage which would provide multiple
benefits. He states there is no water available during the
irrigation season, that the DFWE application will not fulfill
its stated purpose and will unnecessarily complicate the water
planning process in the headwaters region. He states the only
way to solve instream flow proklems is to increase the amount
of water available through conservation and water storage
projects in the tributaries. He states DFWFP has failed to
expleore and/or plan for these alternatives and also states
that the instream flow request by DFWP will preclude storage
on some streams because there is no excess water available in
winter and spring.

DFWP knows of no overall comprehensive water management
planning process that is ongoing or pending in the Misscuri
River basin headwaters. DFWF would support and participate in
such a planning process, but a comprehensive plan was not
contemplated or ongoing a2t the time DFWP submitted its
instream flow requests. It is not DFWP's responsibility to
initiate a comprehensive plan. This is better dcne through
the state water planning process. DFWP is simply following an
established water reservation process te acguire instream
flows.

Mr. Ueland states the only way to solve the problem of low
streamflows is to increase the amcunt of water available. He
states one way to do this is through water conservation. We
agree with him that there may be opportunities for
conservation and are hopeful that streamflows can be improved
through conservation measures. In the meantime, we need to
preserve the status guo with instream reservations.

Mr. Ueland's ocother concerns about water availabkility and
storage are similar toc those addressed earlier in this

testimony.

To which testimony does this rebuttal testimeny pertain?

Tc the testimony of Scott V. Hoag, Jr., U.S. Soil Conservation
Service. '

What part of Mr. Hoag's chijector’s testimony is addressed in
this rebuttal testimony?

Mr. Hoag discusses the SCS's small watershed and flood
protection program under Public Law 83-566. He discusses the
technical assistance and funding available to build small
watershed projects and that such projects can be funded by
state agencies or irrigation districts. He states that,
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whenever possible, new storage facilities are designed for
multiple purposes and that they can stabilize instream flows.
He also says the program can help irrigators become more
efficient, thereby increasing instream flows. He discusses a
small watershed project on Mill Creek, a tributary of the
Yellowstone River. He states that DFWP is participating in
this preject and that ocne of the projectis benefits is to
provide instream flows to flush cutthreoat trout fry downstream
to the Yellowstone River during critical periods.

At the time his testimony was submitted, the Mill Creek
project had recently been completed but had not yet operated
during the irrigation season. The project is expected to
first operate in the 1992 irrigation season. The Mill Creek
project 1is noct a storage project; there is no dam or
reservelr. It is a project that will convert a flood
irrigation system to a gravity pipeline sprinkler system.
although instream flows were shown as a project benefit in the
autheorizing documents, no instream flows were actually
authorized by Congress and none will occur due to the project
itzelf. They will only be acguired and protected by DFWP
through the water leasing program. Mr. Hocag's testimony
implies that the benefits are already being provided when, in
fact, nc leasing agreement had yvet been reached with the water
users and no instream flows had been provided in Mill Creek.
If an agreement is not reached, flows will not be provided.
However, DFWP is hopeful current negotiations with water users
will result in such benefits becoming a2 reality. Although new
small watershed projects are pessible in the Missocuri basin
under Public Law 83-566, instream flows are not a guaranteed
provision of project coperation.

To what testimony does this rebuttal testimony relate?

This testimony relates to the objector testimony of Gary
Elwell, HKM Asscociates, in which he compares estimates of
monthly streamflow characteristics at selected sites in the
upper Misscuri River bkasin for the base period water years
1837=86 and 1530-50. Mr. Elwell concludes that, by including
the water years 1930-36 and 1987-9C, the magnitude of the
flows at four stations he analyzed was lower than those shown
for the same stations in the USGS analysis. He also concludes
that it would be reasconable to assume that other streamflow
gauges with similar hydreologic characteristics would yield the
same results if meonthly streamflow characteristics for water
vears 1%37-86 and 1930-%0 were comparsd.

My rebuttal testimony will simply clarify why the 1937-86
period of record was selected and why the 1987-30 periocd was
not included. :

DFWF began formulating the water availability study with the
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USGS and DERC in March 1987. We decided to use 50 years of
record ending with Water Year 1986, Water Year 1%86 was
selacted as the ending date because it was the latest complete
water vear avalilable when the study was begun. {Water year
1986 ended September 30, 1986.) This put the period starting
date at water year 1837, Another consideration in this
decision was the number of gauging stations available toc use
zs index stations to extend the period of record for those
streams which had little or no gauging data available. Priocr
to about 1937, there were fewer gauging stations operating,
and, according tc the USGS, using fewer stations (i.e., by
including water years prior to 1937) would have produced
poorer correlations for estimating flows at ungauged sites
than would using the 1937-86 periocd.

As far as the 1987-90 water years are concerned, streamflow
estimates at the sites included in the USGS study were
completed prior to July 1, 198%, the date DFWP's application
had to be submitted to the Board of Natural Resources and
Conservation. Water years 1987 through 198% were not included
because the study was begun before these water years were
complete or had even begun. Water year 1990C began October 1,
1989, three months aftaer our application was submitted.

To what objector's testimony does this rebuttal testimony
pertain?

To the testimony of Roger Perkins, Water Resources Consulting
Engineer for the conservation districts whose testimony has
alsc been adopted by other objectors toc DFWP's application.

What is your specific testimony in this regard?

My testimony will address the parts of Mr. Perkins' testimony
concerning the guestion of standing (page 3), the issue of
storage (page 4), and part of his review of DFWP's application

{(page 23}).

The cuestion of DFWP standing has been raised by other
cbjectors and has already been addressed in this testimony.
However, there are a few additional points to address in Mr.
Perkins® testimony. On Page 3, paragraph 1, he guotes a
statement from the DEIS as follows: YReservations would give
reservants legal standing to object to changes in senior and
junior rights and applications for new permits and the right
to participate in the adjudication process.” This statement
should not be attributed to DFWP. In our written comments on
the draft EIS dated September 12, 1991 (page 10}, we
specifically take issue with that statement (see Appendix B of
this testimony).

Alsc on page 3, paragraph 1, Mr. Perkins speculates as to
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DFWP's actions in the VYellowstone River basin where DFWP
already has instream flow reservations. He incerrectly states
that DFWP has not actively pursued objections in this basin
because we are walting for the reservation process tc be
complete on a statewide basis. In fact, since the
reservations were granted in 1978, DFWP has had an active
program of monitoring applications for new water use permits,
changes in existing rights and extensions of water use permit
applications to determine if any of those would affect the
instream flow reservations. This program is discussed in my
direct testimony (Spence Direct -~ page 7).

Mr. Perkins also speculates (page 3} on what future changes
will occur in DFWP's protection of instream flows because of
changes in leadership and pressure from those interested in
instream flow protection. He quotes an undocumented Ceclorado
case where water right changes are conditioned on the
protection of junior instream flow rights. It appears the
Colorade situation is no different than that which occurs
under Montana water law where changes to existing water rights
must not adversely affect the water rights of senior gr junior
water right holders.

Mr. Perkins! testimony on this issue concludes with the
suggestion that the Board condition DFWP's instream
reservations so that we *... cannct object to any senior water
rights until the adijudication process is complete in the
basin.” Earlier in this testimony, I addressed the timing of
the adjudication process as it relates to the schedule for
completing the water reservation process. If the state waits
until the adjudication process is completed before any granted
reservations can be protected against new consumptive uses and
the current water permitting process continues during the
expected long period of time before the adjudication is
completed, the result will likely be even less water available
for instream flows than presently occcurs. There will be no
instream reservations to protect instream flows from those new
water uses, where necessary.

On the issue of storage, Mr. Perkins, throughcout this part of
his testimony, promotes storage as a means to improve flows.
He states that instream flows should not be granted without
storage, that the DFWP instream flow reguests are
unreascnable, that the instream flow requests should be set at
a flow level that will not hinder development of new storage,
that the instream flows, if granted, would become unreascnable
standards for future projects, and that instream flows cannot
be set at optimum rates for the fishery and still provide
water for other uses. His testimony is inconsistent con these
points.

Mr. Perkins gees to considerable length to address the issue
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of storage that he feels granting of instream flows would
preclude. Mr. Perkins would like to improve instream flows by
building storage, however, he makes a circular argument. On
page 4, paragraph 1 of his testimony, he claims that granting
1ibera1 instream flows Ycan completely negate kbenefits for
those who typically pay for storage,® implying that DFWP's
requested instream flows cannot be allowed if storage is to be
used for other purpeses, such as irrigation. At the same
time, in the next paragraph, he suggests the use of storage as
a means to "augment instream flows.® Mr. Perkins is not
specific about how granting the instream flows now would
preclude new storage projects or what he means by augmenting
flows.

Mr. Perkins guctes liberally from Kansas and Wyoming
references {nc documentation of the references is provided)
which outline the instream flow policies of those two states
{page 4). Storage is apparently a factor in both states’
policies. According to his testimony, the goal of the Kansas
instream flow program is "not to have water in the stream all
of the time® and "only in cases where reservoir storage is
availakle to supplement stream flows can there be a likelihood
of maintaining desirable stream flows at all times® (emphasis
added}. Mr. Perkins seems to be wanting teo improve instream
flows but provides ne informaticn as to how the “1mprovedﬂ
flows from storage would be any different from flows now belng
requested by DFWP. On page 5, paragraph 2, Mr. Perkins again
states that instream flows cannot be set at optimum rates for
the fishery and still provide water for other uses. Agailn, we
are confused by his testimocny. In that same paragraph, Mr.
Perkins states that "many reserveoirs never materialized
because of the financial constraints imposed by instream
flows." However, he provides no examples or supporting data
for that statement. We must conclude that Mr. Perkins
supports some instream flows below storage, but not
necessarily in amounts necessary to provide a healthy fishery.

on page 5, paragraph 2 of his testimony, Mr. Perkins states
that reservoirs have a life of 100 to 500 years.

Since the United States has been a country for just over 200
vears, and most existing dams are less than 100 years cold, we
guestion the reliability of these statistics.

Mr. Perkins concludes his storage discussion by suggesting the
Board conditicon any instream reservations so that if a storage
project is built, the instream flows delivered below the
project are based on a habkitat model other than the Wetted
Perimeter Inflection Point Method. This conclusion is reached
without any prior discussion of cther instream flow methods.
We assume he is referring to the Instream Flow Incremental
Methodology (IFIM) develcped by the U.S. Fish and Wildlife
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Service.

CFWE utilize2 the Wetied Perimeter Inflection Polnt Method (a
standard setting method) to derive most of our instream flow
requests. The IFIM can be used when instream flows must be
negotiated to allcoccate a limited water supply amongst
different water users (such as building new storage}. DFWF
has no cbjection to the use of this model for that purpose as
long as all parties understand the medel's limitaticons and
agree to the criteria used in the model to determine fishery
flows. However, Mr. Perkins implies in this reccmmendaticn
(page 7}, and is perhaps hopeful, that the instream flows
derived from a different instream flow habitat model may be
less than the flows derived through the Wetted Perimeter
Infiection Point Method. This is not necessarily the case.
Another model may derive flows egual to or greater than these
regquested by DFWPE.

On page 23 paragraph 2 of his testimony, Mr. Perkins states
that instream reservations "should not be used to maintain the
status quo or preservation of existing conditions, but as a
means of cooperating with other consumptive users to improve
the availability of water.”® Under this current water
reservation process, the status gque is all that can be
maintained by the reservaticns. We are not asking for all of
the remaining flow, only a portion of it. By starting with
maintaining the status gquo, we can work towards negotiaticon
and cooperation with other water users to improve streamflows.
With the possible exception of Hyalite Reserveir currently
being rehabilitated, there are no means to establish instream
flows by bulilding new storage projects before the July 1, 1892
deadline established by the legislature for completicn of this
reservation process.

On page 23, paragraph 3, Mr. Perkins speculates on the future
acticns of DFWP once instream reservations are granted. He
claims DFWP will challenge all new consumptive uses cnce we
receive cbjector status and will eventually "shoot heoles in
senior rights.® This is contrary tec DFWP's history with
instream flow protection and he has no basis in fact for such
speculation. On page 24, paragraph 1, he again speculates on
the acticns of DFWP with no substantiation of such
speculation.

Mr. Perkins states twice in his testimony (page &, para. 3 and
page 24, para. 2} that water conservation will neot
significantly improve flows in Missourl basin streams. This
is contrary to the belief of Mr. Ole Ueland who states in his
testimony {page 2, item 7) that instream flow problems can be
sclved, at least in part, through conservaticn measures that
make more water available. There are many factors, including
return flow, evaporation, =znd water lost toc agquifers not
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connected to the stream of origin, that must ke analyzed on 2
site specific basis before a conclusion can be reached whether
conservation can significantly improve streamflows, especially
during the summer low flow period.

Liter E. Spence, being first duly sworn, states that the foregoing
testimeny is true.

BATED this {7 day of December, 1991.

Lt oo

Liter E. Spence

. . A
Subscribed and sworn to before me this /7 day of December, 1331.

//}
Md & e
Notary Public for the State of Montana
Residing at Helena, Montana

My commission expires }Zﬁiﬁ/x/9/,/§3f9’
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Montana Department of Fish, Wildlife and Parks

summaryvy of Murphy Right Claims Filed Under S.B. 76

o Flow Volume
Streamfﬁeachj/?y;eaég E>a¥€~ Period fcfs {acre-ft}
: /
1) Big Spring Creek {31 miles tatal)
Mouth-State Fish Hatchery /1 =12/37 110 79,617
{31 miles) 12/24 /70
2) Blackfoot River (52 miles total]
Mouth-Clearwater River (34 miles) 9/1 - 37231 650 273,257
1/ /7 4/1 - 4713 7048 20,822
/ j/ 4/16- 4/30 1,130 33,612
5/1 - 6/30 2,000 241,926
7/1 -~ 7718 1,523 45,30%
716 8731 700 65,241
Clearwater R-NF of Blackfoot 5/1 - 3/31 360 151,343
{18 miles) 1/7/71 4/1 - 4/30 500 29,745
5/1 -~ 5/15 837 24,897
5/16- 8/15%3 1,758 107,578
/16~ 5/30 1,423 42,327
7/1 - 7/15 848 25,224
7/16- 8/31 500 456,601
3} Flathead River (56 miles total}
Flathead Lake-Scuth Fork 8/1 - 4/15 3,500 1,790,649
{46 miles) gz/zz/7a 4/16- 4/30 €,650 187,804
5/1 - 77158 B,12%5 1,224,502
7/16- 7/31 5,402 171,395
Scuth Fork-Middle Fork (10 miles) 1G/1 - 3/31 1,950 753,787
a2 /e 4/1 - 4/15 2,100 §2,465
4/16- 4/30 3.597 106,993
5/1 - 7/15 5,000 753,540
7/16- T/ 3,945 125,167
8§/1 - 9/30 2,100 254,022
4} Gallatin River (67 miles total}
Mouth-E. Gallatin River 9/1 - 4/3¢ 8GQ 383,909
{12 miles) ;ngijqo 5/1 - 5/15 547 28,169
5/16- 5737 1,278 403,548
/1 - 6/158 1,500 44,618

/16~ 6/30 1,176 34,98¢C
/1 - B/31 850 104,504




Stream/Reach

Beck and Border Ditch-YNp
{55 miies} 51,,,]?_{/70
5) Madison River (99 miles total}

Moucth-Ennis Dam {40 miles?
(L{2R [0

—— L TE— G TEr— RN
: .

Ennis Ressrvoir-West Fork
{44 miles) L # /70

West Fork-Quake Lake {12 miles!
{fed /2

I Quake Lake-Hebgen Dam (3 miles}
vt fze

i‘w §) Middle Fork of Flathead River
{77 miles total)

' Mouth-Bear Creek {44 miles])

ivfre/70

Bear Creek-Cox Creek {33 miles}

e rr/s

7% Missouri River B3 miles totall}

Smith River-Holter Dam {62 miles)

%l{i 7/’?(,:,
Canyon Ferry Reservoir-Toston Dam
{217 miles} u¥53/70 .

vz /e

Flow Volume

Period cfs facra-ft)
7/16~ 5/15 400 241,133
5/16- 7/15 800 96,770
171 - 5731 1,200 359,320
€/1 - 6/30 1,500 89,235
7/% - 7/15 1,423 42,327
7/16-12/31 1,300 435,665
1/1 - 5731 500 269,490
&/1 - 7/15 1,400 124,929
7/16-12/31 1,050 351,883
1/1 =12/31 500 361,902
8/1 - 3/ 500 240,938
4717 - 7/31 500 12,09%
i
8/1 - 4/15 850 434,872
4/16- 4/30 1,831 54,463
s/1 - 7/15 2,325 350,396
7/16- 7/31 1,904 60,470
10/1 - 3737 75 27,068
4/1 - 9/30 180 £5,320
/1 -12/31 3,000 2,171,385
5/15-12/31 3660 4400 gar492
1/1 - 1/237 5064400 53,210
2/1 -~ 5/15 IH00 4,400 818696
5/16- 6/30 4,000 364,872
7/1 - 7/18 3,816 113,507
7/16- 9/14 P 5EE Y00 1B ats
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Stream/Reach

8} North Fork of Flathead River
{59 miles total)

Middle Fork-Bowman Creek
{34 miles} gLﬁLLf5a

Bowman Creek-Sorder (25 miles)
§kf11f%a

3} Rock Creek {56 miles totall]

T

Mouth-Ranch Creek {14 miles]

1o /71

(

Ranch Creek-Headwaters {42 miles)

J/?/%;

103 Smith River {72 miles tctall

Hound Creek-Cascade County Line
{33 miles:} ng{?f7O

Cascade County Line-Sheep Cresk

24 miles
¢ les) vfrn /70

[hM Sheep Cresek-Ft. Logan Bridge
{15 miles] ?inlﬁ%?g

oo
b

Pericd

16/ -
&/ -
4716~
5/1 -
7/16-
8/1 -

10/1 -
4/1 -
4/16-
5/1 -
7/16-
g8/t -

7/16-
5/1 -
5/16-
&8/1 -
6/16~
7/1 -

7/16-
5/1 -
5/16~
6/1 -
£/16~
7/1 -

7/1 -
5/1 -
5/16-
/16~

/1 -
4/1 -
5/1 -

741 -

7/1 -

5/1 -

fn dak
T e,
wd da}

it

15
4/3

7/15
7/31
5/30

3/31
4/15
4730
7/15
7/31
3/30

4/30
5/18
5/31
6/15
6/30
7/15

4/30
5/15
5/31
£/15
6/30
7/15

4/30
5/15
6/15
6/30

3731
4/30
/30
B/31

4/30
6/30

Flow
{cfs

987.5
1,400
1,766
2,625
2,041
1,400

625
750
1,100
1,500
1,279
750

2540
454
375
9286
766
382

158
454
875
G926
756
382

1548
372
400
398

Valume

{acre-fL}

356,395
41,643
52,530

395,605
64,757

169,348

225,566
22,309
32,720

226,062
40,580
90,722

143,272
13,504
10,935
27,544
22,785
11,363

85,963
13,504
30,935
27,544
22,785
11,363

90,425
11,065
24,589

&
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Stream/Reach

11} Scuth Fork of Flathead River
{59 miles total)

Hungry Horse Reservoir-Powell/
Flathead County Line {43 miles}

T 0 O GEeEpE 020 0 TEmgpe 0 SRR 0 EERElE 0 SEREEE

Powell/Flathead County Line-
Headwaters {16 miles} //7/7e

12) Yellowstone River {155 miles
total)

Carbon/Stillwater County Line-
Stillwater River {10 miles:

Stillwater River-Boulder River
e 43 miles
{ Yy

Boulder River-Tom Miner Creek
(85 miles) N/ 7 « (2(23/70

Tom Miner Creek-¥NP {17 miles!}
%Lflaj%o

Period
10/7 - 3/
4/1 - 47158
4/18- 4730
5/1 - 7/15
7/168- 7/31
8/1 - 9730
4/17 -~ 8/3¢
10/1 - 3/31
4/16-10/31
11/1 - 4/15
11741 - 4715
4/16- 4/3C
5/1 - /31
/1 -10/31
11/17 - 4/15
4/16-10/31
1/1 -12/31

TOTAL CLAIMS = 106

Flow
{cfs

£G0
700
1,180
1,750
943
700

270
100

Volume
{acre~-ft}

216,544
20,822
315,099

263,739
29,920
84,674

97,580
36,091

1,026,005
453,769
427,951

53,541

401,360

328,384

395,014
789,234

579,033

o,



o ' APPENDIX B

1420 East Sixth Avenue
Helena, MT 59620
September 12, 1591

ECEIVED
SFP 16 1891

Larry Dolan
Re: Missouri River Reservaticns RIONTENA DNRC

Department of Natural Resources and conservation HELEMNA FIELD QFFICE
Water Resources Division

1520 East Sixth Avenue

Helena, MT 5%620-230C1

Dear Larry:

We have reviewed the draft Envircnmental Impact Statement for water
reservation applications in the Missouri River Basin above Fort
peck Dam. The following are our comments on the draft EIS.

First we would like to compliment the department on the preparation
of the DEIS, a voluminous document containing a great deal of
information. Tt is well written and organized and very

informative.

We are providing general comments on the contants of the DEIS and
also offer specific page by page comments where we feel our
comments will clarify or update the information provided. We have
also attached some corrected pages from the DEIS to reflect the

current situation.

General Comments

1. nlthough realizing that the four alternatives you provided in
the DEIS are only four of several alternatives, we believe
rhat a fifth alternative should be provided that provides for
instream flows without any diversionary projects included in
the alternative. particular emphasis in this alternative
should be on the maintenance of existing water guality
conditions on the streams in the Missouri Basin. The instream
flow =zlternative in the DEIS contains diversicnary projects
which have the potential to reduce water guality and perhaps
negate the effects of providing the instream flow portion of

the alternative.



The water quantity model used to determine the availability of
water on certain streams and the impacts of projects on water
availability is limited in that there are not encugh nodes on
important streams oOr tributary streams to allow much
specificity in guantifying the impacts of projects on the flow
regimes. In Chapter 4, +he DEIS dces, in 2 narrative fashion,
briefly describe where some low flow problems cccur in the
basin. The descripticn of dewatering is more specific for
some streams than it 1is for others. Even though the
dewatering cannct be guantified as it is at points where nodes
are sstablished, the DEIS needs to make evident tc¢ the Board
that such dewatering may be quite significant even <on smaller
streams. Otherwise it would be easy to overlecok the 1lmpacts
of new water uses on these stream reaches, which do not have
the benefit of more specific quantification of flow

conditions.

Review of the draft EIS raised a number of guestions regarding
analysis of benefits and costs associated with water use for
agriculture, municipalities and recreation.

The information on Page 109 details the expenditures per day
{Table 4-41) while the information for the net economic value
{Table 4~43) is for all recreational trips, not a per trip
basis or per day basis. Appendix K provides recreational
values on an acre foot basis, but does not provide the
necessary information on how the net economic value per trip

was converted te net eceonomic value per acre foot of water.

The economic informatien for recreation is presented Dby
geographical area and not by individual water. This tends to
hide the economic value for highly valued waters. Alsc, the
instream values {$ per acre fcot) shown in Table K~4 are the
same for the Gallatin, Jefferson and Madisen rivers. However,
the net economic values associated with fishing these waters
are not the same and, in fact, are guite different, i.e.,
Madison River - $160 per day, Jeffersan River - $79 per day.
The DEIS analysis dilutes the value of instream use ©on more
important waters by presenting the values on a geographical
basis and by combining all types of recreation use into one
value. Other examples are the recreational values shown 1in

Table §-40 (pg. 229).

Chapter 5 discusses various alternatives for granting water
reservations. Under the consumptive use alternative, all
reservations, whether municipal or irrigation, would be
granted no matter if they were economically viakle projects or
not. We find it disturbing that such projects would be
considered where the bensfit cost ratio is less than one.
Under the instream and combination alternatives, irrigation
projects are scrutinized as to their econcmic viability. We
find it difficult te understand why economic viability is not

2
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also a reguirement in the consumptive use alternative.

Table K-4 (Appendix K) presents an application number GA-201
for irrigation that shows a consumptive value per acre foot of
$389.49. This project ic for irrigating new ground for seed
petato production. While this particular crop does have a
high return, the investment reguired for the project 1is
substantial. Without an analysis of the costs and returns
associated with this project, we have some guestions about the
high net return pexr acre foot of water used.

The consumptive value of water for municipalities is shewn to
be $590 per acre foot across the board for all municipalities
and for any type of water, whether surface or groundwater (see
Table X-4). However, in Table K-§, the cost per thousand
gallens of providing +his water to each municipality varies
considerably between municipalities. We would like to know
how the $590 value was derived.

our next general comment concerns the reference in the DEIS to
the Montana Rivers Information System (MRIS). We were pleased
to see that the data from this system, particularly the
recreation information, was used as it was intended tc be. We
were also pleased to see that further research was done beyond
the use of MRIS data and that MRIS data was not used as a scle
source. The fisheries data was alsc appreopriately used and,
again, with supporting informaticn.

We do have a comment concerning how the MRIS is cited and the
need to standardize the citation. On Page 86, under the
heading Fisheries and Aguatic Habitat, the seccnd paragraph
explains the origin of the data as the "Rivers Study Fisheries
nata Base located at the Montana Natural Rescurces Information

System.® Three years age the Montana Rivers Study was renamed
the Montana Rivers Information System since a preduct was
finally produced frem the study. The Natural Resource

Tnformation System (NRIS) disseminates the information
contained in MRIS. The #fisheries databasa® is a porticn of
MRIS and is not a data set which stands alone. ©On page ge,
the second paragraph under Fisheries and Aguatic Habitat,
should be changed to read as follows: *ITnformation presented
in the following sections ccmes primarily from the fisheries
portion of the Montana Rivers Information System housed at the
Montana Natural Rescurce Information System at Montana State
Library.® Alsc, in Appendix H, the recreation data from MRIS
is cited incorrectly. Sources for Columns 4 through 12 should
read "Recreation portion of the Montana Rivers Informaticon
System” not the Natural Resource Information System {(NRIS).
NRTS houses and disseminates data from a variety of data
bases, including MRIS.




an additional table should be added to the DEIS. This table
would list those streams and stream reaches where conflicts
scour among the applicants. The table should list whe is in
conflict: for example, instream and irrigation, or instream
and municipal, or instream, mupicipal and irrigatiocn. This
addition would make it much easier to identify where conflicts
do or do not occur and measure the impacts of the reservation

applications.

Througheut Chapter &, there are references Lo consumptive use .
projects that, if implemented, would reduce the flows in some
streams to zerc because those streams are already subject to
extremely low flows. 1In our cpinion, streamflows should not
pe allowed to be reduced any further in these low flow

. situations and projects which would further reduce current low

flows should not be approved.

In reviewing the discussion of angler use beginning on page
111 under the Headwaters Sub-basin, we noticed discrepancies
in the angler use numbers utilized throughout the section.
attached are the corrections we believe are necessary. This
review was complled by Bob McFarland, DFWP, Bozeman, and any
guestions can be referred to him.

Page by Page Comments'

page 7, column 2, third paragraph - The four-year plilot
program stated in the paragraph is out of date. The pilot
progran is now for 10 Years.

Page 22, column 2, line 8 - The discussion about the variation
of the wetted perimeter method developed Dby Tennant is not
correct. Tennant did not use a wetted perimeter method to
derive instream flow recommendations. Rather, he used &
percentage cof the mean annual flow from gauging stations to
make his flow recommendations. This sentence should be
changed to read "“a fixed percentage method that was develcped
from the results of the wetted perimeter method was used to
derive instream flow requests for 27 high guality stream

sagments.®

page 24, table 3-2, under Jefferson and Boulder River
drainages - The reach description for North Willow Creek
should read Hollow Top Lake to mouth.

rage 26, table 3-Z, under Dearborn River drainage - Sheep
creek is not a tributary tc the Dearborn. It should be moved
to the secticn called upper Missouri River and tributaries.
Under Smith River #1, the reach description should be Nerth

and South Forks to Sheep Creek.
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Page 29, map 3-6 - Narrows Cresk in the Upper Red Rock
drainage is mislocated. It should be shown fo enter Elk Lake.

Page 43, column 2, last paragraph — The reference "USGS 1588bY
is not shown properly in the bibliography. Alsoc on page 43,
column 2, the USGS reference should be USGS 198%b. Also, in
that same paragraph, the reference to 341 measuring sites

should be 321 sites.

Page 46, table 4-2 - Some stream reaches where low flows occour
are identified only as "portions of creek.” This is an
inadeqguate description of the location or extent of the
dewatering problems on those streams. Even on those stream
sections where a reach is identified more specifically, the
extent of the dewatering is not shown. What a low flow
represents may be a state of mind with different individuals
and it may be difficult to convince the Board that new water
uses should not be issued on these streans without some better
definition of how low the streamflow actually gets. There
=hould be some language in the DEIS that states that, on these
styream sections, no naw diversionary water uses sheuld be
allowed, including reservations. of water, until a more
specific water availability analysis is made.

Page 46, takle 4-2 - The streanm reach for the Beaverhead River
should read Clark Canyon Dam te mouth. Also Big Sheep Creek
and Long Cresk {(under the Beaverhead River) belong on page 47
under the Red Rock River. They should be eliminated from the
Beaverhead River section.

Page 46, under Big Hole River - The following streams should
be added to the list: Pintlar Creek; Swamp Creek; Trail
Creek; North Fork Bighcle River: Governor Creek.

Page 46, under East callatin River = We are not certain
Thompson Spring Creek has a dewatering problem. Alsc Baker
Creek, South Cottonwcod Creek, Camp Creek and Big Bear Creek
are not tributaries to the East Gallatin River. They are
tributaries to the Gallatin River.

Page 46, under Gallatin River - We believe the stream reach
where low flows cccur should be changed from that shown to
nghedd's Bridge to mouth.®

Page 47, table 4-2 - Under Madison River, change stream reach
to Hebgen Dam to Quake Lake.

Page 50, table 4-4 under Missouri River - The Missouri River
it=elf from its headwaters at Three Forks to Canyon Ferry
Reservoir should be added to the list as a stream with a
dewatering problem due to irrigation.



Pages 46 through 54, tables 4-2, a~4, 4-6 and 4-8 =~ The
dewatering discussion on these pages should include a caveat
t+hat these are some of the low flow problem areas and may not
be an all-inclusive list.

Page 54, column 2, last paragraph - The statement that all
applicants claim that water is physically available for their
reservations... etc. does not apply te the DFWP reservations.
We have never claimed that water is physically or legally
available 211 the time toc meet our reservation reguests. The
amount of water available for instrean flows will depend on
the pricrity date of the reservation in relating tc other

water rights and the water available to satisfy these rights.

Pages 50 through 54, tables 4-4 through 4-8 - Sane comment as
for page 46, table 4-2.

Page 55, column 2, last paragraph - In addition to the
discussicn in that paragraph, there should be a statement as
to how many applications have been received for new water use
permits since 13%87. That would clarify the confusion in the
last sentence of the paragraph in which the phrase "the 75
remaining applications...” is used with no reference to the
original number of applications.

Page 61, table 4-~12, last column in table -~ It would appear
that the fourth and fifth entries in that column are in errcr
cince the same entries in column E are negative numbers which
would indicate that, in the last cclumn, the number 20 should
be 18 and the number 32 shcould be -18.

Page 61, under Murphy Rights - There should be some indication
of the 1970 and 1971 priority dates of the Murphy Rights.
None is listed in the paragraph and there is no reference to
priority dates in table 4-13.

Page 62, table 4-13 - Under the West Gallatin River, the reach
should be changed from Yellowstone Park to Shedd's Bridge.
nlsc the reach for Blg Spring Creek should be changed fxom
state fish hatchery to mouth. There should alse be an
addition to table 4-13 as follows: Missouri River, Holter Dam
o mouth of Smith River, 1/1-12/31, 3,000 cfs. :

Page 86, column 2 under fisheries and aguatic habitat - B8O
species of fish should be changed to 85 species.

rage 88, under paddlefish - The state record paddlefish
weighed 142.5 1bs.

Page 89, under westslope cutthroat trout, column 2 -~ Although
Brown (1971} states that a westslope cutthroat trout can grow
as large as 15 1lbs., this may be somewhat misleading. A three

P
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to four pound maximum weight is more likely to occur.

Page 89, under blue sucker - The state record weight for 2
rlue sucker is 11.5 1bs.

Page 89, under arctic grayling - Arctic grayling are known to
reach lengths of 20 inches. Distribution of grayling in the
Sun River is now limited to those found in the Sunny Slope
canal bpelow Pishkun Reservolr. Grayling are no longer found
in the Sun River or its tributaries. Grayling found in the
ned Rock River may be drifters from the Red Rock Lakes area.

Page 89, column 2, last paragraph = The number 25 should be
changed to 24 streams.

Page 30, under Madison River drainage ~- Reservations have been
requested on 29 stream reaches rather than 26 reaches. Also,
in that paragraph, beginning with line 7, only gne stxean
supports Arctic grayling.

Page 50, column 1, last paragraph - The first sentence should
be changed to read ngtream-dwelling Arctic grayling are found
vear around in the Madison River. Lake dwelling Arctic
grayling spawn in the Madison River and possibly Moore Creek

znd the Scuth Fork of Meadow Creek.®

Page 90, column 2, first full paragraph - Should read "Trout
populations in Hebgen, Earthguake, Cliff and Ennis lakes
depend on tributary streams for spawning and rearing habitat.
Tributaries to the Madison River are also used as reproductive
sites for scme mainstem trout. Table 4-24 indicates the
tributaries that provide this habitat.? {Note: We have
enclosaed an updated Table 4-24.) Blsc note that Whiskey
Spring is a tributary to Hebgen Lake, not the Madison River.

Page %1, under Jefferson and Boulder River drainages, first
paragraph, line 1. 11 strream reaches should be changed teo 13
stream reaches.

Page %1, column 2, first full paragraph - The follewing should
be added to the paragraph “"In 1551, rainbow trout returned to
Willow Spring Creek tc spawn, indicating that the stocking
cfforts are proving successful.”®

page 92, table 4-25 ~ The footnote {a) should be delested.
(See our preceding comment.)

Page 92, under Big Hole River drainage - Brown trout should be
added to the sentence beginning with line 5. In paragraph 2,
line &, Terry Creek should read Jerry Creek. Howaver, Deep
creek and Jerry Creek should be eliminated from that listing
mecause Deep Creek provides only winter habitat for grayling

7
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flows could still be depleted down to the instream flow
reguests, ©or, on streams where DFWP has no reservations, flows
could be depleted which could affect flows in the reservation
streams. Consegquently, the 0.0 figure (and perhaps the others
as well) is misleading and does not truly reflect possible
future streamflows. Also, in table 6~41, the July-August flow
reduction for the upper Missouri sub-~basin under the
combination alternative (26,470.5 acre feet) exceeds the value
for the consumptive alternative (20,163.1 acre feet). Is this

possible?

We disagree with how the term "professional judgment™ is used
to describe how instream flows are estimated by the wetted
perimeter method. Instream flows are determined from the
wetted perimeter/discharge relationship derived by the WETP
computer program from field observations. Any professional
judgment by the biclogists would be in their knowledge of the
stream's fisheries, the relative value of each stream and the
need for instream flows to maintain those fisheries.

Page 230, table 6-42 - Same comment as for page 229, Table 6-
41. '

page 250, under Montana Department of Fish, Wildlife and
parks, column 2, third full paragraph - The second sentence
should ba changed to read npesirable flow amounts are assumed
to egqual a fixed percentage of the estimated average annual

flow."®

Page B=-3, column 1, second paragraph = The second sentence
should bhe changed to read “This method 1is based on the
assumptions that aguatic organisms which make up the majority
of food for game fish are produced in riffle areas and that
food supply for the fish is a major factor in determining the
number and weight of fish a stream <can support during the
warmer months when f£ish grow and new fish are recruited into

the pepulation.®

Page B~4, column 1, under base flow approach - The second
sentence in the first paragraph should be changed to read as
follows: "On 17 high-quality spring creeks {(Table B-3) DFWP
is reguesting that the lowest average monthly flow for the
vear (the base flow) which tvpically occurs in winter be
allocated for instream purposes year around.” (Emphasis added
only to show correction.}

rage B-5, under other approaches - the last szntence in that
paragraph should be changed to read as follows: *Lastly, on
two intermittent tributaries of the Missouri River (Table B-4)
the mean monthly flow was rasguested during four menths each
year to protect a rainkbow trout spawning run.” (Emphasis
added only to show correction.)

1l



Page B-5, Table B~4 - Under the reguest column for stickney
creck and Wegner Creek mean annual flow should read mean

menthly flow.

Page D=3, the following streams are missing from Table D-1:
Under Red Rock and Beaverhead drainage, Poindexter Slough;
Jefferscon drainage, Willow Spring Ccreek: Madiscon drainade,
plack Sand Spring Creek; Big Hole drainage, Rock Creek at
mouth near Wisdom and Delanc Creek at mouth near Wise River;
Jefferson drainage, Halfway creek at mouth near Whitehall;
smith River draipage, North Fork Desap Creekx at mouth near
Milligan; Musselshell River drainage, Collar Gulch at mouth
near Maiden: Marias River drainage, Badger Creek below forks
near Browning.

Page D-15, under the Dearbern River drainage - Sheep Creek at

mouth near Cascade is not =z tributary to the Dearborn. It
should be listed under the Missouri River drainage - Holter
Daw to Belt Creek. =~

Page E-3, Tabkle E-1 - Corrected copies of this table from the
DEIS are attached.

Page G-3, Table G-1 - We have attached coples of Table G-1
with necessary corrections.

page I-3, Table I-1 - On four streams in the Gallatin River
drainage, DFWP reguested all the remaining unappropriated
flow. The table shows flows remaining on these streams after
the instream flows are subtracted. Since DFWP reguested all
of the remaining flow for each month of the year, the table
should show zerc remaining flow at the foellowing: Bridger
Creek near Bozeman, East callatin River at Bozeman, Rocky
Creek near Bozeman, Sourdough Creek near Bozeman. Also, in
table I-1 under the Madison River drainage, the same comments
above apply to the fcllowing three streams: Beaver Creek near
West Yellowstone; Cabin Creek near West vellowstone; West Fork

Madison River near Camerch.

Page I-4, undexr Jefferson River drainage - Black Sand Spring
Creek is a Madison River tributary, not a tributary toc the
Jefferson and the flows listed are not correct. Halfway Creek
and Willow Spring Creek flows are not correct. Under the Big
Hole River drainage, the fleows are not correct for Delanc
Ccreek or Rock Creek. Under the peaverhead River and Red Reck
River drainage, the flows for Poindexter Slough are not
correct. A1l these flows are too low. DFWP can provide the
correct numbers.

Page I-6, under Smith River drainage, the North Fork of Deep
Creek is missing from the list.

1z
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page I~7, under Marizs River drainage, the flows for Badger

reek are not correct (tooc lowWj.

Page I-8, under Musselshell River drainage, the flows for
Collar Gulch Creek are not correct (too low).

Sfigerely,
y%iééﬂ,!xégié%ﬁyg/em
Liter Spence

Water Resources Supervisor
Fisheries Division

13



Table 4-24 Madison River tributaries providing spawning and
rearing habitat for game fish.

Lake or Stream Fish Species
where spawning Tributary spawning in
run originates Stream tributary streang
Hebgen Lake Black Sand Spring Creek Rainbow trout
Brown trout
south Fork Madison River Rainbow trout

Brown trout
Mountain whitefish

Cougar Creek Brown trout
Rainkow trout
Duck Creek Brown trout
Rainbow trout
ked Canyon Creek cutthroat trout
Rainbow trout
Watkins Creek Rainbow trout
Trapper Creek cutthroat trout
Rainbeow trout
Grayling Creek Rainbow trout
Brown trout
Madison River Rainbow trout
Brown trout
Whiskey Spring?® Brown trout
Earthguake Lake cabin Creek? ‘ Rainbow trout
Brown troutl
Beaver Creek? Rainbow trout
Brown trout
Cliff Lake antelope Creek Rainkow trout

cutthreoat trout
(recently introduced)

Ennis Lake N. Meadow Creek?® Brown trout
Moore Creek® Arctic grayling
Madisen River Cherry Creek Brown trout
‘ Mountain whitefish
Filk River?® Rainbow trout
Brown trout
W. Fk. Madison River® Rainbow trout
Brown trout
Hot Springs Creek Brown trout

2p gpawning run is helieved to exist bhut has not been
confirmed.

brpield work in 1991 falled to confirm grayling spawning.




G

\In._‘ -

T TEET 2 Oamve g

EIS Corrections - Angling Use

Page 111

Headwaters Subbasin - numbers don’t agree with repert

i.

2.

Rivers and streams in 1985 had 355,090 angler days of use, not 345,820

Angler days statewide in 1985 was 2,443,438, not 1,193,000, Statewide
stream use in 1985 was 1,324,277 angler days.

Angler use is licensed angling pressure. This pressures does not include
juveniles which account for 10-25% of the pressure or any pressure on
Indian reservations or National Parks.

Percent of pressure in headwaters basin is 14.5% if based on total
statewide angling pressure or 26.8% if based on total statewide

strearn/river angling pressure.

Map 4-7, percentages are wrong. See my Table 1.

Table 1. Angler use of EIS subbasins for 1585.

Subbasin Total % Stream/Rivers Only
Angling
Use Use %
Headwaters 489,522 20.0 355,055 25.8
Upper Missouri 444,159 182 205,743 15.6
Kootenai, etc. 558,813 22.9 189,632 14.3
Middle Missouri, eic. 121,603 5.0 50,600 3.8
Marias/Teton 63,328 2.5 5,587 (.7
Upper Clark Fk, etc. 304,764 12.5 201,641 15.2
Upper/Middle Yellowstone 330,545 13.5 244,667 18.5
Lower Missouri, etc. 131,593 5.4 65,637 5.0
2,441,727% 1,322,566%
* Siatewide totzl = 2,443,438, The difference is that * Statewide total =
some pressure could not be assigned to a drainage; it was 1,324,277, The difference
statewide or regionwide in ceding. is the same reason as for
statewide total pressure.
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6. Map 4-8 not clear if it is fishing only or total recreation use since the title
is recreation but legend says angler days. I didn’t check these numbers,
but the Boulder basin does not add up if it is fishing pressure.

7. Table 4-47. Corrections made because of coding errors when doing
survey (i.e. Clark Canyon and Clark Canyon Reservoir are the same, and
Hyalite Lake and Hyalite Reservoir should be added since Hyalite Lake

receives very little pressure)

1982 1983 1984 1585 Average
Clark Canyon Reservoir 58,820 30,162 39,485 35,900 41,093
Hyalite Reservoir 16,775 6,732 4,762 4,482 6,688

Gallatin River Drainage

Coding is hard to get correct section (three possible sections on the Gallatin) since
Rozeman is the closest town to all three sections. So pressure between sections is not accuratg,
total pressure for Gallatin River is accurate. 1 would not use pressure for any given section.
As you can see from the following table, the total pressure remains fairly constant while the
sectional pressure fluctuates wildly. This is caused by using different people to code for the

different years.

Missouri River Drainage - Three Forks to Holter Dam

The pressure on the river sections below each reservoir (Canyon Ferry, Hauser) is hard
to allocate properly when coding. There is some discussion as to whether these are part of the

Reservoir and not the niver.

Missouri River Drainage - Holter to Belt Creek

Missouri River Sections (Holter to Cascade; Cascade to Morony) are again hard 0
allocate properly when coding. When an angler says the nearest town was Cascade, which

section do you give the pressure?

Sun River Dirainage

Agszin, section coding problems.

Marias/Teton Dirainage (P. 119)

Map 4-10 - Same as map 4-8 and 4-9.
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Middie Missourl Subbasin

Map 4-11 - same as map 4-8, 4-9, 4-10. Angler use in subbasin 1985, see my Table 1.

1982 1683 15%4 1585 Average

Galiatin River 01 37,523 4,956 6,686 4,552 13,439
Gallatin River 02 9,755 42,158 27,545 34,173 28,408
Gallatin River U3 4,460 9,406 19,352 25,215 14,618
Total 51,738 56,563 53,623 63,940 56,466

e,
Madison River Drainage

Same applies to the sections as in the case of the Gallatin River. Here the problem is
not so severe, but the section from Yellowstone National Park to Hebgen should be included
with the section from Ennis to Hebgen.

Jefferson River Drainage

First paragraph does not make sense. Angler days averaging from 21,125 angler days
too low.

Big Hole River Drainage

Again, sectional pressure is extremely hard to allocate accurately. I would suggest
combining sectional pressure.

Upper Missouri Basin Page 1135.

1) Angler use (total) is 444,155 Angler Days, 18.2% of total use or using streams/rivers only
is 205,743 angler days or 15.5% of that total use. Total should be 1,324,277 angler day for
siream use only.

2) Map 4-9 comments same for map 4-8.
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i ¢ E-1. Water quality classifications and impairments for streams where reservations are requesied

3
L3

llatin Dralnage fzdison Drainage
-’ Watar Caality Water Cuality
Samv/Aeach?® Classification impairments® Siream/Reach? Classification impaimmens®
ler Crask B-1 Critical low fiow Anelops Cresk B-1 MNone
Harl Spring Crask o1 None Baaver Dreelt A-1B-1 Sedimers
1 Bear Croek B3 Critical kow flow Black Sand Spring Creek B None
Kper Craek a1 Critical iow flow Blaine Sprng Cresk 81 Criical low flow
?ie Creek B-1 Sediment -7 Cahin Creek &1 Sediment
~ork Hyaliie Craek Al None | Chemy Creek B1 Mone
’“ai%ggn River #1 B-i Sediment, nuident f&;;?) Couger Crask =) Nons
Lidar wasiowater Duck Cresk B Nons
E::'len: plarg Elk River B None
Sallatin River #2 B-1 Sedimert, pH, nutients, Grayling Cresk B-1 None J’ Lol
plow wastewaler femperallire Hat Springs Craak B1 Nome Critice fow 4 12
irnent plant + 1 indian Creek A-1B-1  Critical low flow
Jatin River #3 B Sediment, pH, nutents, | Jack Creek \g&ﬁ” B-1 Sediment, critical low flow >
: 4;,?9 ; ([? ‘tamge@wﬁj e Madhi ivar \" B-1/A-1  Temperature, metais {c YSC";W, .
ot River#t =t Crticatiow oy $ Meadow Creelt- 1 /‘{ B-1 Critical kow flow
atin River #2 B-1 m Moore Creek B9 hetals, criical
a latz River #3 B-1 Critical low fiow foaw i
3l m&%’&?eek A-1/B-1  None O'Dal Spring Creek 21 None /A
lor Fork Galtatin River 81 Sediment Fled Canyon Creek Bi MNene 5((},;};5 au/(/n 8 f'm Sy
le Fork Hyalts Creek #1  A-1/B-1 Gﬁ;ma-eaa-ﬂew/wm)& Fluby Creek B-1 Critical low flow
iddle Fork Hyafte Cresk #2  B-1 Sedimeant, p m}nnen}s L 5 Fark Madison River 2-1 Nonej{
iddle Fork of West B-1 Nons ¢ yitical Squaw Cresk A-1/B-1  None
Ek (Saliatn Hiver Jew £ fow | Standard Cresk B-1 None
upine Cragk 2-1 Nong Trappar Creck B None
ease Creek B-1 Nutrients Watkins Creek B-1 Critical low flow
y Creak B-1 None W Fark Madison Hiver 23 Sedirnent
Fdough Cresk B-1 Sedimsnt, DCYB0D, pH.
nutrients, critical iow flow
Fork Cottorwaod Creek B-1 Critica! low flow
ok Spanish Creek A-1/8-1  None
h Fark of West B-% Sediment
ork Gallain River
panish Creek B-1 Nons
raw Creek B1 None
ompson Creek B-1 Sediment
J Fork Hyalite Creek A-1 None
isl Fork of Gaiflatin River  B-1 Sediment

Sourcs: [HES 19841986, DRFWP 1585-1588

Fse: Syeamdreach locatons #1, #2, eic. are described in e DEWP applicaton, June 1583,
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Jefferson and Boulder Drainages

Big Hole and Ruby Drainages

Watar Cualty Waler Casality
Siream/Heach® Classificalion Impairments® Stream/Heach® Classification impairments®
’;:.t,s.;i =
, . . j T N
Boulder Fiver B Sediman, pH, nudents, Alder Creek 9 ?l’i Crtical kow Tlow
‘ 1emperature, meials, Big Hoke River #1 A-“E Critical low flow
erilical kow fiow Sig Hole Fiver #2 A Critical fow Tiow
Halfway Cresh B-1 Nong ? Big Hole Fiver #3 B2-1 Sedimant, lemparailre,
Helis Canyon Craek 2-1 @ca iow flow | erifical low fiow
Jeflerson Hiver B-1 Sedimart, tampearatura, Big Lake Craek At Criticat kow fiow
critical kaw fiow Canyon Cresk B-1 Critical low flow
io Boulder Rivar 21 Critical low Tkoaw Coal Gresk B-1 None
M Willcw Cresk Bt Critical low flow Caottomwocs Creek B-1 Sedimernt
S Bouider River B-1 pH, matals, cical Divide Creek B-1 Crtcatlowfiow
' iow flow E Fork Buby River B-1 Sediment,Eritical knw fiow ,7 4
S Witlow Creek B-1 Moaa- (1 1 teed ! oue i Fishtrap Creak A1 Critical low flow
Whitetall Cresk B~ Crmcai Tow flow -1 Frangs Creek At Critical kow flow
Willow Creal - Gavemnor Creek At Sediment, criical kow Tiow
gmlbw-Spmgsefsek-—im—B‘ e ST Jemy Cresk B Critical low flow
"%; Johnson Creek g1 Critical iow fiow
M Fork Ruby River B-1 Sediment
Ml Cresk B-1 Critical low fiow
iiner Creek At Sedimerd
Monse Creek B-1 Critical kow flow
Mussigbred Cresk B-1 Critical low flow
N Fark Big Hole River B-1 Critical iow flow
N Fork Greenhom Creek B-1 Nona
Pintlar Craak B-1 Crirical low flow
Rock Greek Al Critcal knv fiow
Poxck Creek B-1 Critical low flow
Ruby Creek B-1 Critucal low fiow
Fluby River #1 B-1 Sediment
Ruby River #2 B-1 Sediment, Cis brond feie 47
5 Fork Big Hole Hiver . At None
Steel Craek )7 e i{u;&?A 1 Sediment
Stesi Creek f Critical low low
Swamp Creek A-‘% Sediment,, ¢ wticef few £
Trapper Creek Crtical fow flow
Warm Springs Csesk(ﬁfﬂbg ?A 1 None
Warm Springs Cs’eek\_h; 3 LB ‘} Sediment, lemperatre,
critical kow Hiow
W Fork Ruby Fiver B-1 Sediment
Willow Creek B-1 Critical fow {low
wisconsin Creek E-1 Critical kow flow

5 Moe Sweamfresch locaions 21, $2, i, are described in he DFWP appt

5 Saurce; DHES 1584,10088; DEWP 19851839

Leaton, Jurne 1585,
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PREFILED RERUTTAL TESTIMONY CF RICHARD A. OSWALD
ON BEHALF OF THE MONTANL DEPT. OF FISH, WILDLIFE, AND PARKS

My name is Richard A. Oswald, business address 730 N,
Montana St. Dillon, Montana. I am a fisheries biclogist emploved
by the Department of Fish, Wildlife, and Parks and have been
responsible for +the fisheries management of the Red Rock,
Reaverhead, Ruby, and Big Hole River drainages since 1983. I have
been employed with the Department since 1980 and prior to my
oresent position worked on the assessment of fisheries resources,
water quality, and instream £flow characteristics on numerocus
streams on the Mt. Haggin WMA near BAnaconda; worked on an
assessment of the fish populations and instream Flaow
characteristics of numercus streams in the Big Hole, Red Rock,
and Beaverhead drainages in the Dilleon area; and worked con the
assessment of fish vpopulations and cutthroat trout spawning
migration in Bear Creek near Jardine priocr to mining development.
I held a B.S. dsgree in zoology from the University of Wisconsin,
an M.8. degree in =zoclogy from Montana State University, angd
certificaticon as a professicmal fisheries scientist from the
Emerican Fisheries Sociesty.

The purpose of this testimony is rebuttal to testimeny filed
by Mr. Richard H. Kennedy in opposition to the DFWP instream flow
resarvation applied for on the Beaverhead River, by Mr. Lowell K.
Sauerbier in opposition to the instream flow reservaticn appiied
for on the Ruby River, and by Mr. Chad G. Holland in ocpposition
to the instream flow rTeservaticon applied for on Grasshopper
Creek.

BEAVERHEARD RIVER

Mr. Kennedvy's testimony suggests that no unappropriated
water exists for Teservation or new permits. This suggestion
fails +to recognize the variation in water availability to the
RBeaverhead River dependant upon annual variation in Treservoir
storagse and inflows to the reserveir. It further suggests that no
reasonzable liklihood exists for the issuance of new permits on
the Beaverhead River. These statements ignore the occcasional sale
of additicnal water for irrigation bevond contracted allotments
and fail to show why additicnal water use perxmits will not be
granted in the future. The reservation request does not intexrfere
with prior appropriaticns and merely seeks to aveid additicnal
stream dewatering dus to increased future withdrawal.

Mr. Kennadyv's testimony suggests that the stream fishervy,
zngling, and other forms of water born recreation are fully
orotected and maintained under normal operating conditions.
However, conditions in Reach 2 downstream from Dillon  often
evidence flows approaching the 25 ofs minimum authorized by the
Clark Canvon Preoisct. Trout populations within this reach decline
rapidly from Dillon to Anderson Lane to the observed minimum of



200 to 300 per mile near Beaverhead Reock. Irrigation season flows
within Reach 2 exhibit periodically Jdewatered conditicons under
present operating levels. The reservaticon merely seeks to avoid
an increase in the frequency of such minimal flow conditicns,

My. FKennedy notes that DFWP agreed upon winter rslsases of
35 cfs from Clark Canyvon Dam during the 1%8% - 1950 and  1%9%0 -
1991 nonirrigation periods. It should be noted +that +this was
agreed upon as a temporary measure to conserve stored water under
record low reservoir storage conditicons. DFWP recognizes that
releases of 35 cfs are far below the optimal minimum to maintain
quality trout populations within Reach 1.

RUBY RIVER

Mr. Sauerbier’s testimony suggests that no unappropriated
water exists for reservation or new permits. This suggestion
fails to recognize the wariation in water availability +to the
Ruby River dependant upon annual variation 1in reservoir storage
or inflows +to +the reservoir. It further suggests that no
reascnable liklihood exists for the issuance of new permits on
the Ruby River. These statements ignore the potential for
occasional sale of 24ditional water for idirrigation bevond
contracted allotments and fail to show why additional water use
permits will not ke granted in the future. The reservation
request does not interfere with pricr appropriaticns and merely
seeks to aveid additicnal stream dewstering due to increased
future withdrawal. :

Mr. Sausrbier’s testimony suggests that the trout fishervy of
the Ruby River has prospered under pressnt management and
requires no further protection under the reservation. Reaches of
the Ruby River currently undergo periodic dewatering. This is
particularly svident in the Alder =~ Laurin reach and the reach
from Harrington Bridge t¢ the mouth. Fish population data
indicate strong brown trout populations upstream from Rlder and
in the Silver Spring area where streamflew is relativlv constant
and abundant. The lowest tyrout populations chserved have been
surveyed in twe study sections downstream froem the Harrington
Bridge. The reservation merely seeks to avoid an increase in the
frequency of dewatered conditions within these critical reaches.

GRASSHOPFPER CREEX

Mr. Helland’'s testimony suggests that no unappropriated
water exists for reservaticns or new permits in Grasshopper
Creek. It further suggests that no new permits are likely to be
granted in +the future. The objection fails to fully demonstrate
why new permits could not be issued. The reservation reguest doss
not interfere with pricr appropriations and merely seeks to aveid
additional stream dewatering due to increased future withdrawal.

Mr., Holland's +testimony suggests that fish populations in
Grasshopper Cresk are presently doing well without flow
reservaticns. Current trout population data for most  of
Grasshopper Creek, particularly the upper basin {upstream from
- Bannacki, are presently lacking. Low streamfliows and dewatering



have been observed periodically in the reach betwsen the
Grasshopper - Wise River road and Highway 278 and in stream
segments west of the Grasshopper voad. It is most probable that
such low streamflows are well below optimal conditions for the
maintainence of trout populations within this reach. The
reservaticon regquest merely seeks to avoid an increase  in the
frequency of low flow events in CGrasshopper Cresk.

Richard A. Oswald, being fivst duly sworn, states that the
foregoing testimony is true. -

Dated December 4££fg 15861

Subscribed and sworn to before me this Z%ﬁday of December,

ﬁQSALEE B. RICHARDSORN
Clerk & Recorder E@:(uerhead

1991,

3851d1ng at Dillon., Montana

My Commission Explﬁwu A /5
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PRE-FILED REBUTTAL TESTIMONY OF BILL HILL
ON BEHALF OF THE MONTANA DEFPARTMENT
OF FISH, WILDLIFE AND PARKS (MDFWP)

What is vour name and address?
Bill Hill, Box 256, Choteau, Montana 59422
What is your occupaticn and by whom are you employed?

I am a Fisheries Biclogist employed by the Montana Department
of Fish, Wildlife and Parks.

Have yvou provided previcus testimony in this proceeding?

Yes. I provided pre-filed direct testimony on behalf of DFWP
which was filed on November 1, 1591. That testimony contained
a statement of my qualifications and work experience and a
biography.

What is the purpose of your rebuttal testimony?

The purpose is to respend to the objector testimony of Theomas
A. Wesche, Lecnard Blixrud, Herbert L. Tangen and Les Otness
in regard to DFWP's instream flow reservation requests on the
Teton River and Cut Bank Creek. I have reviewed their
testimony and have the following responses to make.

What is your response to Mr. Wesche's testimony?

Regarding Cut Bank Creek, Mr. Wesche guestioned the ¥high
fishery value" because of the put-and-take rainbow trout
fishery and the preclusion of natural reproduction.

cut Bank Creek is considered to have a high fishery value to
people in the Cut Bank vicinity because it is the only trout
stream readily available. Catchable-size rainkow trout are
stocked annually to supplement a limited wild rainbow trout
population. Reproduction of these wild rainbow does occur.
Brown trout introduced in 19565 also reproduce in this streanm
reach. These fishery values need preservation through an
instream flow reservation.

What is your response to Mr. Blixrudis testimony?

Mr. Blixrud said the Farmers’® Cocperative Canal Company runs
Teton River water into offstream reservoirs and this is an
example where offstream storage provides recharge flows to the
river system throughout the vyear. He alsc said these
reservolirs contain fisheries and provide cover for birds and
other wildlife.

HILL REBUTTAL - 1



lows in the Teton River are gresatly reduced when water is
diverted to Harvey and Farmers reservoirs. Once water is
removed from the river and placed into the storage reservoirs,
there is no opportunity for this water to find its way back to
the dewatered portion of the river. The Farmer's Ditch ends
up on the Farmington Bench northeast of Chotsau. Any excess
water or recharge would be to Spring Coulee or Muddy Creek and
nct the Teton River. The reservoirs do provide resting and
nesting for waterfowl and other water oriented species of
birds. The reservoirs do not provide year-round fisheries.
Surveys conducted in the sarly 198¢'s indicate these waters
fluctuate drastically and are toc shallow to overwinter game
fish. For this reason, they are not managed by DFWF. Rough
fish (suckers) dinhabit the reservoirs because they can
tolerate lower dissolved oxygen levels. A few trout enter the
reservoirs from the Teton River via the canal headworks but
the majority will die during the winter due to the marginal
habitat.

What is your response to Mr. Tangen's testimony?

Mr. Tangen said that after the 1964 flood, the Army Engineers
and the Fish and Game Department ccoperated in a debris
removal program in the Teton River from Choteau into the
mountains which caused damage to the river.

Fish and Game (now DFWP} objected to the debris remcval
program because it would eliminate the fishery in this stretch
of river {refer to attached correspondence dated May 13 and
14, 1965, in Appendix A). Similar debris removal projects
were undertaken by Teton County following the 1975 flood. I
tried to convince the county that trees anchored into the
river should be left for fish habitat and stakilizaticn.
After many discussions, some trees were left intact. DFWP has
not caused or encouraged any damage to the Teton River. In
fact, we earnestly try to protect and improve habitat through
the stream preservation laws. Alsc, since the early 1560's,
we have cooperated with the Forest Service on habitat
improvement projects on the river.

What is your response to Les Otness’ testimony?

Mr. Otness said that the Teton County Conservation District
Designated a portion of the Teton River betwean Eureka
Reservolr and the town of Choteau as an intermittent stream
and that this designation demonstrates that there 1is ne
unappropriated water in the river for instream flow
reservations. Mr. ©Otness alsc said that public entities
filing on Teton River water want control of the river and that
DFWP contaminates the river with water released from Freezeout
Lake.

HILL REBUTTAL - 2
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My, Otngss failed to mention that the conservation Ristrict
recensidared its designation and oh January 20, 1881, they
doclared the Tebton River to be perennial from the Highway 8%
north-gouth section line (wheve the Teton canyon Yoad lakes

Ify deownstrean to the cholLeaus-Fairfisid Bridge. Presently,
the Consprvabion District usas USES Raph fo detarmine wholthor
gtreans are peremnial.  The 1931 decision agrecs with USGS
detarminations. AT times, porvtions of thig strelob of river
will dry up due to the many upstrean diversions pulling water
throughout the summer, Afler irrigation ceascs, the viver
beging to {iow again. -

DEWE is not trying to get contrel of tho viver. We only want
to spsure That Tiver flows will nol get any . worse with new
water appropviations which would further atfect £ish and other
aguatic 1ife in this part of the river.

z e

Weber reloased into the Teton wiver from Pracseout Lake mugt

pasn through Priest Butte Lake. accerding to informetion we
have on Priest Dutbe Lake, this weler is nol contaminated. We
iptroduced rainbow trout inte the lake in 18969 and carried on
thin practice through 1872, Appandix B shows (rael Cansus and
notting dam on rainbow trout gwsplad in the laks.

Tt is nobt known what Hr. ORness moant DY foontani nated” watexn.

Tn the late 1870's, interest grew in developing warnwatar
fisnerics. Yellow perch and black crapple werg stocked into
tha lake from 1681 through 188%. Surveys conducted in 1939

and 1%91 show these specles are sarviving in the lake
{appondix 0.

Bi11 Hi11, being fivst duly sworn, slates that the forggoing
tantineny is brue.

A day of December 1990

DATED this

gubmeribed and sworn te befors me

1951, 3
o LT L q‘/'; crd { R s ,--:x’/ I
Ngfary Public for tho Ztate of Hontana
Booiding at Chotesu, Honban . -
¥y Comulssion Fxpives Sl
HILL REBUTTAL - 3
RELEIUER §ROH . PaaiE, 1F%E e%:é:i PO
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FROM WESTMOMT AGEMDY 12.13.1991 B33 P,
APPENDTIX A
s PR
& //:{:‘: - s
MONTANA FISH AND GAME DEPARTMENT
FISHERIES DIVISION
Notes from Meeting en Teton River Emergency Uhannel Rehabilitation
Ieten County Courtheuse, Choteau, Montans
Mav 11, 1965 : :
Participants:

Us 8. Arqy Corps agf 1SETS
Jim Kelly, OmaHs Bists C. E., Omaha, Nebraska
Don Beckman, Fgrt Peck Area C. E.; Fort Peck, Montana

Teton County
Martin Shannon,
Hoy Codell,
Homexr Royland,
Robert Riggs.

County Commissioner
1] b
[ [+

Gounty Reoad Foraman

Montana Fish and Qame Depsrtment
Gecorge D. Heltdn '

Choteau was flgoded in the 1564 flood snd had been flooded geveral times previocusl
At the behest of ledal residents, the County Commiesion appealed to the Federal Offlce
Emergency Planning fior action to prevent recurrence. The [request was referred to the
Corps of Engineersv It is the opinion of the Engineers that gireambank damage caused b
lact year's flood cdupled with snags left In the streambed will #esult in the river

escaping ite banks 3t even 2 lower water level than bsfore. i

At this meetin
CIVENG-25-0856~111 a
Briegfly, & miles of
4 miles the stream
The new chamnel wil
natural channel wil

will be cut off. 5

{if interpreted cor
which will be repls
stream bottom will

representatives adm
refrained from refe

In addition th
“timbers, stumps; sn
width of 10 feet on
of 3 inches or grea

the Corps of Engineers presented thelr plani(Refer to C, E. Invits

d C. Es aerlal photos in Habitat Evaldation
in vicinity of Chcteaq

he Teton River

will

annel will be reshaped - rsferred te by C.
For the most part the previous

be followed, however, it was mentloned that twe natural stream mea ders

heve & 40-fsot

%ﬁ
%gach cresk bank™.

minimum width bottom.

channel will be clesred: "all standidg and 1
s and flood debrls and fallen tress only ghe

Live trees tc be zs

ter measured 2 feet above the grcund9

moved a

file, Fish Div, Helena).
In the uppsr

e affectsd.
« as "channel cleancut

feet of natural siream
Material removed from
nk. Corps of Engineex
tection and carefully

allen irees, limbs;
11 be removed from a
re those with & diamet

The lower iwo miles of the project ares will not dnvelve chs
be subjected to cleawina to the same extent si ithe uppsr 4 miles

nnel cleancut but wili 

il

Yﬁ
<13

ticn

i

sequent examingtion of aerial photosffurnished by the C. E. indicates
ctly) this will result in the lcse of 4,200
d with 700 feet of streightened stre bed.

placed in & continucus plle en the north bs
ted thia would afford only limited fleed o
ing to thess pilas a9 dikes. :

ed
the
=3

ar




E FROM WESTHONT BEENCY

During his 4di
comments which subs
should restrict thel
¢xpediencles.
correctly called £
free passage of wate
will deterlorste in
13 years.

“The project willj
Federal Goverrment.
undertaking -~ one the
pratection project,

providing the land and borrow materlal.

In efiffect he said the channel work inve‘ved in this project cannot be

[y
L
Lo
B
T
vt

12.33.1993

ussion of the Corps of Engineers proposal Mr., Kelly made several
ntiate the Fish and Game Depariment philoso;hy that government agencias
stream channel werk to substantial pragecte rather than temporary

i

d protection, its purpese ie to open the river channel snd allow |
downgtrean. The stream is not golng io stgy put, instead the wor%
relatively short time. The antitipaﬁed liie of the project is

cost approximately $1B,000 and this Lill be entirely borne by the
Mr. Beckman explained that the C. E. would grefer a mere substantiel
t would involve standsrd dikes or levees. This would be 2 true flead

The problem is local parilcipstion would be lrequired to the gxtent of
Alse local sponsors woulld have to fence the lebees

and maintain them, ekcept when extracrdinary meintenance was required, In which case the

G E. would bear the
apprevale

mitted to express Fi
federal projects, bul
gliminate what sirea
out that we would mu

‘after the emergg

the need for perisdib stream rechanneling and clearing, onld be
fishery. 5

with & stream gpoxti

The County Commi
gnd felt something m
Project as presented,

substantial levee prpiect for leng rangs flood protection.

George

prépared by
May 1B

A full-scals levee project wOuld fequire congressional
i :

ney project was described by the C. Es reprgsentatives, I was per-
h and Game Department views. I explained wed had no jurlsdiction over

EXpenses

+ that we did not like the work being undertasken, since it would

fishery there is in this stretch of Tston jver. I further pecinted

h prefer the more substantlal levee praject hich, by eliminating
uch mere compatable

ssion is concerned about the possibility of [fiocods agaln this sprihg
st be done. Therefore it epproved the Emerdency Channel Rehabilitstion
However, at least limited interest was expgrassed in a future

T. Holten
, 1965
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PREFILED REBUTTAL TESTIMONY OF WADE FREDENBERG
OW BEHALF CF

THE MONTLNE DEPARTMENT OF FISH, WILDLIFE AND PARES [(MDFWDP}

Please state your name and business address.

My name 1s Wade Fredenberg and I work at the Montana
Department of Fish, Wildlife and Parks Region 3 Headguarters,
1400 So, 19th St. Bozeman.

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

I am currently empleoyed as a fishery program Spec%alist In
this positiocn I am considered the regicnal bioclogist in charge
of the fishery program in the Gallatin and Madison River
dralnages, In addition, I have statewide responsibility for
overseeing certain aspects of the Department's electrofishing
program. I have been in thisg positicn nearly three years.
Prior to that time, I was a regional fishery biologist in the
Billings office of DFWP. For six years there, I was in charge
of the fishery program in the Bighorn and Upper Musselshell
River drainages.

Have vou provided previous testimony in this proceeding?
P e g

Yes, I provided pre-filed direct testimcny on behalf of DFWP
which was filed on November 1, 1%%1. That testlmony contained
a statement of ny educatien and work experience and a
biography.

What is the purpose of your rebuttal testimony?

The purpose is to comment on certain cohjector’s testimony by
individuals from the Blig Hole basin who criticize the
reliability of DFWE's fisheries data and take issue with the
effects dewatering has on cutthroat trout, Arctic grayling and
other fish species.

Several obijectors to the Department of Fish, Wildlife and
Parks' instream flow reservation application in the Upper Big
Hole River basin have guestioned the accuracy of the
Departments’ fish distributicn data on grayling and cutthroat
trout {(see Direct Testimony of Dale Str@dtmanf D.L. Smith,

Gaylon Zohner, et. al.j. all fish distrikbuticn data as
presented in the department’s reservation application 1is
substantiated with field records of cbservations by trained
biclogists in the department I wish te point cut that fish
distribution and abundance is oftentimes not accurately
perceived by the angling public. The data on fish species and
numbers we have collected utilizing our electrofishing

FREDENBERG - REBUTTAL 1



equipment is of greater accuracy and reliability than the
information that can ke cbtained by anglers.

Mr. Zohner states that there are no cutthroat trout in Bear
Cresk based on DFWP's statement on page 2-84 of 1its
applicaticn that Yno estimate of cutthreoat trout could be
devised {sic) due to a lack of sufficient recaptured fish teo
insure statistical reliability¥*. Estimating the size of a
population reguires that a certain number of fish be captured.
Thirty-six (36) cutthroat trout were actually caught in Bear
Creek on August 4, 1982. These fish were marked, released and
some of them recaptured on August 10, 1582. However, not
encugh marked fish were recaptured to estimate the actual size

of the cutthroat population.

There are also statements in the testimony of cobjectors that
the drought and low water conditions experienced in 1988
actually benefitted the fisheries of the areas and improved
the fishing. The attached 9-page excerpt {(Attachment A} from
a Job Progress Report prepared by MDFWP in 1989 clearly states
that "The recent period of low streamflow has resulted in
marked effects on populations of gamefish, particularly
rainbow and brown trout, in the Big Hele River.® It goes on
to say that the drought cycle had 2 profoundly negative effect
on surviwval and recruitment of yvoung trout. Thus, the full
effects would likely be manifested over the course of several
vears. The complete report with figures is availzble upon
reguest (Vincent, et.al. 1989. Montana Department of Fish,
Wildiife and Parks! Job Progress Report F-46-R-2, Job 1-f.
Helenaj .

There is conjecture in scme of the testimony of the objectors
to the Departments’ instream flow reservation that the decline
of the fluvial Arctic grayling is due to stocking of brock
trout intc the Big Hole River by DFWP and is not related to
instream flow depletion (see Direct Testimony of §. J.
Seidensticker, Dale Stroditman, et. al.). The most recent
scientific analysis of the causes for decline of the Big Hole
grayling point tec a 1likely scenaric including fishing,
competition with non-native species, and hakitat degradation

as a result of dewatering. {Kaya, Calvin M., 19%C. Status
Report on Fluvial Arctic Grayling in Montana. Montana
Department of Fish, Wildlife and Parks, Helena). Attached as

Attachment B is the discussion secticn of that report which
deals with these issues. It 1is clear that it is not a simple

problen.

However, 1in considering the objector's testimony, one may be
left with an erronecus conclusion as toe the source of the
competing species, especially brook trout. Brook trout
appeared in the Big Hole system arocund the turn of the century
and there are no Department of Fish, Wildlife and Parks

FREDENBERG - REBUTTAL 2
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resords yegarding those very esrly fish plante. Fish stocking
at the turn of the century was an agtivity often conducted by
well-meaning but ill-informed membars of ihe public with neo
cennection to any official State of Montana preogram. Sinee
1931, whaen the firat Depeariment records exist, the Stats hae
stockad about 2.4 million rainbow trout, 792,000 brewn twout,
306,000 cutthroat trout, 200 kokenee salmon, and nearly 2
million grayling inte the Blg Hela River. There hss bean no
stocking of brock trout durdng that pericd.

Wade A. Fredenberg, being firet duly sworn, states the foregoing
testimony is toue.

/6%
DATED this =  davy of Decsembgr, 1881L.

Wade &. Fredanberg

,
Bubseribed and sworn to befors me this fip Y day of December,

18%1%.

NOTARY FUBLIC.for the state of Montana

{NOTARIAL SEALJ Residing at . 13078 m A
. S : My Commissien expires __§- 21~9 0

-
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Attachment A

.ﬁQﬁTﬁNR DEPARTHMENT OF FI&H, WILDLIFE ANWD PARKS
' FISHERIES DIVISION

e . & @

PN R . JOB PROGRESS REPORT

State: Hontana " prodect Number: Fedf-Re2
B Job Number: . I-£
Project Title: Statewlde Fisheries Investigations
Study Title: survey and Inventery of Cold Water Streams
Job Title:s Southwest Montana Major River Fishsazies

- ‘ Investigation - ’ ,

?eﬁied(CQvezed: July 1, 1988 through June 30, 1988
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BIG HOLE RIVER
Fieh Population Estimates

Yisdom - MeDowell Sections

. - The Wisdom and MeDowell study ssctions wexe established to
 moniter and zesesxch erctie greyling populatiens in the uppsr RBig

.Hole drainage. Fopulation estimate work wae conducted in thase
gections in 1986 but no estimates wexe cellected in 1987 and 1588
due to extremely lov streamflov., The 1586 population data will be
presented with future dats in a subsequent report dus to previocusly
digscussed cut-migration problems (Oswald 1586) and a need for a

broader span of current data.
in addition to population estimete work, the arctic grayling

research was expanded to include work on migration, winter habitat
and spawning reguirements. Since 13586, all captured grayling in
axcess of 7.0 inches in length have been implanted with numbered
fl6éy ancher tage. Subsequent tag return information hag shown thet
the Big Hele grayling population requires & large sxpanse of river,
migrating up o &0 river miles between gpawnlng, summer and winter
habitats, This data has been collected and will bs presented in mozre
detail in a subsequent report. Winter habitat has been located in
three large pools downstresam from the Wisdom vicinity. The ags and
length composition of grayling collected in these hebitats has been
snalyzed as well as the migration of these tagged fish between
hebitats which has confirmed the importance of grayling migratien
between summer, winter and spawning habitats. Thess data will be
presented in more detail in a subsequent xeport. All mater
components of the grayling spawhing migration were apalyzed in 1588
and 1983 by sampling large reaches of the 31g Hole River between
Jackson and Wise River, N7T. Migretion, length, age, and sex
composition of the spawning run as wall as descriptions of spawning
habitat have been documented and summarized (Shepard and OGswald
198%9). This data will be summarized in a subssgquent repozt.

The Jerry Creek study section was ipnstituted in 1586 to monitor
wild reinbew and brown trout populations in a poxtion of the rpivex
dominated by rainbow trout and to provide fisheries management data
for the resch In order to formulate a river management plan. The
Jerry Creek section heads at the Jerry Cresk bridge and continued
downetream to 2 common use boat launch downstream from Dewey, MT for
& distance of 4,73 miles in 1586 and 13587, In 1588, the section vas
shortened to 4.30 miles to end at the newly develeoped Dewey Fishing
Access Site FWP. Because of the predominance of ralnbow trout in the
sectien, it is sampled in the fsll [S=pt.-Oct.). Gamefish collscted
in the study ssetlon include, rainbow trout, brown trout, mountaln
whitefish, arctic grayling, brook trout, cutthrost trout, and
burbct. Non-game species occupying the section include white,

17
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iongnose, and mountain suckex, longnose dace and mottled sculpin.

: During the 1586-87 sampling periocd, fishing regulations which
applied to the Jexry Creek ssction included the standard bag limit
cf five bhrown , réinbow, or cutthroat trout, only one of which may
excesd 16 inches in length (Limit A) and legal terminal geax
included the use of bait, In 1588, 2 coelltion cf locsl sportsmen
‘succeedsd in including the regch of river wundexr the speclsl
.regulations that have applied to the Divide to Melrose reach since
‘1981, Thisz epecial regulation, extended from Divide upstream to
Dickie Bridge, allows the harvest of three trout under 13 inches and
‘ona in excess of 22 inches and restricts geaxr to the use of
‘artificial lures and flies. Future trout population analysis for
the Jerry Craek section will consequently include an avaluation of
the special rxegulastlona.

. . Rainbovw trout density and standing ercp within the Jerry Creek
section is presented in Pigure 15. The section supports the highest
average rainmbow trout densities found in the Big Hole River. The
‘i&rge increase in population hetwsen 1586 and 1387 was due o
supericr recruitment of yearlings from 1386 which supplied the best
summer flow regime of the 1585-88 period., The sudden drop in
population between 1987 and 1988 was dus to the extremely
low summer flow regime of 1988, Standing crope of rainbow trout
follow density trends within the ssction, however the 1987 denslity
peak was wmuch more marked than the Riomass peakx dus to a
predeminance of age 1 fish in the population. This is further
Aemonstrated in the analysis of the population by age class (Figure
16.) which depicts the superior recruitment of vearlings in 1987.
Thie figure also depicts the affects of low 1588 stxeamflow on the
populaticn as the strong class of yearlings present in 1587 wes
rapidly reduced in 1§88. The data suggsst that age classes in both
1566 and 1588 were affected by low streamflowe in 1585, 1587, and
1988, Size distributions cf reinbow trout within the sample (Figurs
17.) and within the population (Figure 18.) indicate the the rainbow
‘¢fout population of the Jerry Creek section was dominated by fish
under 13 inches in length however, numbers of 16 inch and largex
£ish exceeded thoss cbserved in the Maidenm Rock ssction which has
been under epecial regulation since 1581,

Brown trout densities and standing crops for the Jerry Cresk
ssction are presented in Figure 19. The epparent population increase
between 1987 and 1988 is probably an artifact of sampling date and
dus to estimete inflation resulting from spawning movement. It is
‘apparent that the section supports low densities of brown trout
relative to downstream study secticns and relative to the rainbow
“trout population within the ssction. The relationship betwesn
standing crop &nd density indicates a dominance zf the population
by large fish. This dis furthex supported by length - freguency
‘@istribution within the sample (Figure 20.} and estimated densities
~f selected length groups within the populatien (Figure 21.)
Distriburion of brown trout density amocng age classes (Flgure 22.)
- suggests thaet this is due, in part, %o iimited recruitment which

probably results from an eheerved scarcity of brown trout meainstem

18
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spawning habltet in the section. The scarcity of spawning habitaet
is due to the steep gredlent end large substrate of the section. The
predominance of lerge brown tzout is elso partially dus to supericr
brown trout g¢rowth concomitant with low densities within the

spacias.

¥elrose and Malden Rock Sections

P Comparison of the Melrose and Malden Roek sectiong have
provided an evaluation of the speclal regulation "slot limit” since
dts initiation in 1981 (Oswald 1584, 1986). The Melrose ssction was
not sampled in 1987 and 1988 due to a reorganizaticon of work plan
however sampling in the Malden Rock section has been continuous
gince 1981, Both sectiocns were sampled In spring and fz21l in 21l
Bampla years.

‘Estimated numbers and standing crops of brown trout are
presentad in Figures 23 and 24 for the Melrose and Nalden Rock
sections. Numbers and bicmass of brown trout In the Melzus= section
were matched guite closely over the pexiod indicative =f an averaga
weight of on isund per fish. Brown trout populations within the
section have shown a tendency to increese over the
sample pericd reeching cbserved maxime in 1985 and 1586 fellowing
a period of abundent streamflow in 1582-84. In contrast with the
¥Melrose section, brown trout bicmass in the Meiden Rock section
exhibited & trend to exceed numbsrs indicative of a dominancs of
the pepulation by larger fish. Excepticons to this trend included
1%8), prior to the inception of special zegulations, 1585 whan
exceptional recruitment similayr to that observed in the Melrose
sectinn occurraed, and 1988 when populatiens of large brown trout
declined giving way to younger fish. The recruitment peak din 1885
in the Maiden Rock section did not carry over into 1586 as it did
in the Felrose section indicating a continuved dominance of the
population by larger mature fish.

gerimated densities of 13 inch and larger brown trout have baen
compared for the twe sections to determine the affect of the special
regulations in increasing numbers of fish within the protected slot
(Figure 25.)}. It is apparent from this graph that no significant
increase in numbers of 13 ineh and larger brown trout csn be
sttributed to the special regulastions. Comparison of densities of
mature larger brown trout betwean ths twe sections (Figure 26.)
indicates a substantisl incresss in the numbexr of these 18 inch and
larger brown trout due to special regulations. The numbsrs of 18
inch and larger brown trout in the Faiden Rock sectien increassd
more than five fold in the 18581-86 pericd while numbers of these
large fish increassd, only siightly in the Melross section. Some of
the slight increase in the ¥elrose section may be attxibuteble o
sut migration from the Malden Rock section immedistely upstream. The

- decline in the number of large browsn tyout in the MNaiden Rock

section in 1987 and 1388 i3 believed to be due to the dominance of

the population by the older larger £ish vhich supprassed recruiiment
and numberz of young fish. This can be seem in declines in numbers:

1%
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M%W

Fj of brown trout in the 1981-84 and 1585-07 period and is corroborated

© by recrultmant data. As the deminant year classes aged and began %o

: ‘suffer from mertality, the population of 1§ inch and largexr £ish

; ‘began to decline in 1987 wvhich opened more habitat for younger £ish

which incressed in number. The 158% data indicates an upward trend

‘ : in the numbsrs of larger £ish. This ies furthsr demonstrated in

i Figure 27, which depicts the percentags of the brown btrout standing

crop that is acecounted for by 19 inch and larger fish and shows the

-domination of the brown trout production by this sagment of the

population. The growth, maturation, angd decline of the 18 inch and

+larger segment of the brown trout population cf the Malden Rock

‘gection can be seen in Figure 28, which splits the density of these

o -larger fish inte inch groups. The data indicate a slower growth in

) - the .number of fully mature ({13 and Z0+ inch £ish) until they

r attainsd maximum numbers after four $o five years of regulation,

These maximum numberg of laxgs fish then underwent a rapid decline

in 1587 and 1988 s5 mortality ercded the population. It is possible

- that the specisl regulation of the brown trout in the MHalden Rock

gaction may result in e¢yclas in which the 18 inch and larger fish

dominate the population while inhibiting recruitwent until mortality
of old fieh causes short texm declines and an _

- opportunity for younger fish to enter the population. It iz alse
posgible that the population is still adjusting to rsygulated harvest
and will mexely seek a level modified by recrultment and mortallity
‘rates and attain & relative degree of stabllity. It will be
important teo continue future monitoring to determine the mechanisms
by which the populstion responds to the special regulatien.

Begtimated numbexs and atanding creps of ralnbow trout aze
prasented for the Naiden Rock and Melrose sections in Figures 285
and 30. ‘Totald numbers and biomass of rainbow trout have xisen

‘markedly in the Maiden Rock section since the lnception of the
special raguletions while numbers in the Melross section declined
or fluctuated. Comparstive densities of 13 inch and largex rainbow
trout (Figuxs 31} have also shown marked increases in the Malden
Rock section while densitles cof thess fish have increased slightly
and fluctuated in the Melrose section. Fluctuations in the density
of these fish under spscisl regulations may be Iindicative of a2
cyclic process as was speculated upen for brown trout oxr may be a
function of low streamfiow in the 1985-88 peried. Densitiez of if
inch and larger rainbow trout in the Maiden Rock section increased
‘rapidly to achisve & maxinum in 1583 thet was triples the obsszved
depsity in 1981, This was followed by a decline and stabilizatlion
at approximately 50 per mile that has persisted sinee 1584. While
pepulations of these larger rainbow trout have increassd under the
special regulation, -2 similsr increase vwas noted in the MHelro=e
section over the 1%561-88 period. 1t iz possibls that out migretion

- of some of these fish from the Maidsn Rock section has contributed
to this incresse. It is elso possible that the specisl regulatlion
hag had the opposite affect that it hes had on brown trout and is
mogt effective in increaesing numbsers of 13 inch end lavger rainbow
pg well as oversll rainboav trout density. Limited increases in the

20
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- 1% inch and larger reinbow trout in the Maiden Rock gection also may

ba a function of limited growth potential due te higher densities
" within the speciss {Figure 3Z}. BSome of the data suggest that this
- factor may be in opszation and future snalysis of this data will be

presented in a subseguent repozt.

- Hog

5 The Hog Back etudy ssction was established in the lower 3ig
Hole River in 1987 in order to monitor brown trout populations and
tprovide data necessary to foxmulate a xiver management plan. The
section originates at the mouth of the Garxison diversion channel
. {T48, RBW, NE Sec. 31) and continues downstream 4.52 miles to the
¥Noteh Bottom PFishing Access Site (MDFWP). Because the primazy.
component of the fishery of the section ls brown trout, the section
igs sampled in the spring. Gamefish occupying the sectlion Iinclude
brown trout, mountain whitefish, rainbow treut, burbot, and
pecasional arctic grayling. Nongeme species cccupying the section
include  white and longnose suckey, longnose dace, and mottled

sculpin.

Pensity and standing creop of age 2 snd oldexr brown treout are
reported in Figure 33. This figure demonstrates that the zsach
supports high densities of brown trout ranging between 1052 anpd 1885
per mile. While standing cyop closely epproximated density levels
in 1987 and 1989, the two parameters vwere widely divergent in 1988.
This was due to excellent recruitment of age 2 fish from 1%86, the
gams ohzoxrvation made for rainbow tyout in the Jerzry Creek ssction
in upper zrsaches of the river, This is demcnstrated in greatex
datall In Figure 34 which presents estimated densities of age
classes of brown trout. Age data from the spring sample of 1385 has
not been included in this graph gince it has not been analyzed. This
figure also deplcte poor recruitment into the pepulation from 1985,
as evidemcaed by the low density of sge 2 brown trout in 1987. The
iength distribution of the 1988 sample (Figure 35} and the densities
cf selected length groups of brown trout {Figure 3£) demenstrate the
length composition ©f the brown trout population of the sectlion.
These distributions indicatrte that brown trout growth is somevhat
limited in the zecticn relative te cother study sectlons upstream.
This is probably due te chronic low summer stresamflow within the
. reach couplaed with high brown trout density. Wumbers of 18 inch and
- lazrger brown trout (15 - 20 per mile are the lowest observed foxr any

sictian supporting a viable brown trout population in the Blg Hols

River.

‘ ‘Estimated populstions of rainbow trout in the Bog Back section
{Pigure 37) are low, ranging between 165 and 204 per mile. This
represents a downward trend in zainbow trout density from highs
chserved in the Jerry Creek zection downstream to minimum densities
obeerved in the Hog Back section. It is believed that this is dus
to & change in habitat from high gradisnt rubble cobble substrate
te a lower gradient cobble ¢ravel substrate as well as = gradual
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« decline In tribuvary spawning habitat, The length distzibution of
S ¢he rainbow trout in the 1987 is shown in Figure 38 in order to
= depict the length composition of the sample. The xaiabow trout
« population of the Hog Back ssection represents a relatively minsr
component of the fishery of the reach. ,
Sampling was conducted within the reasch in the saxly 1870's., -
puring this era, the Big Hele River still received anpual plants of
hatchery zeinbow trout. It has been demonstrated that wild trout
» populations have responded favorably to the cessation of of thess
-+ plants in in the Big Hols River in 1874 (Dswald, 1984). As was the
" . case in the MHelross section, beth brown and rainbow trout
~ pepulaticons in the Heg Back Section have increased merksdly ovex
- densities observed in the Reichle secticn in 1872 and 1973 Figures
- 3% and 40, Modern day wild populations of both specles are
“spproximately double theose obserxved during the ere of hatchery
-plants.
oo Dischargs
: Eummer streamflows Iln the Big Hole River were somewhat below
averags in 1986 and markedly below average in 1287 and 1388 {Filguze
41). This is representative of a drought eondition which hes
. persisted in southwest ¥ontana since 1083 and has limited area
 streamflcw. Flows in 1988 dropped to an instantanesus recorded
minimum of 51 efs, only 2 cfs above the record minimum of 45 ofs
observad in 1531, Figure 41 demonstrates that August and Seplenbex
flows in 1987 and 1988 were wall below the minimum recommended
gtreamflow of 13100 cfs for this reach of the Big Hole River. This
.drought regime streamflow in the Big Hele River is in shearp contrast
te the esbundant streamflows observed in the 1982-84 period.
The recent peried of low streamflovw has resulted in mazked
- effects on populations of gamefish, particularly ralnbow and brown
trout, in the Big Hels River. FPreliminary analysis of population
data indicate that the affects of low streamflow have been manifest
most severely in declines in survival of young rainbow trout betwesn
- age-1 =nd age 2 a&nd declines in recrultment of both brown and
. reinbow trout. This data is bDeing analyzed and will be presented in

& subseguent zeport.

Water Temperatures

, Hean summer water temperatures in the Blg Hole Rivar ware above
_everagas in 1987 and 1588 concomitant with low streamflow and warm
elimatic conditions (Flgure 432;. Haximum - instantansous wabterx
. tempsraturas recorded over the period wers 71.6 F in 1%85, 72.5 F
. 4m 1987, and 74.3 F in 1988, For the July =~ August perled,
temperaturss in excess of 70 F were recorded on thres days in 1986,
10 daye in 1387, and 21 deys in 1988. Taemperatures =a high as 806
F were reccrdsd im lower segments of the river nesr Twin Bridges and
wers associsted with thermal stress kills of mountain whitsefish and
Brown trout. High water tempsraturse coupled with low streamflow
yesulted in effects on the treut populstions which will be analyzed
in detril in a subsequant xreport.
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POSSIBLE COMTRIBUTING FACTORS OM THE BIG HOLE RIVER

Fishing Pressure and Harvest

Befure the adoption of more restrictive angling requlations, grayling
may have been caught and harvested at disproportionately high ratios from
the Big Hele River. Grayling sceounted for a much higher proportion of
anglers’ catches than oblained through slectrofishing surveys in 1959.
Grayling made up 5% of 500 salmonids reported in MOFWP wardan creel cansus
of the Big Hole River above Pintlar (Wipperman 1965), in contrast to 1% in
the electrofishing survays thal same year in 2 similar portion of the river
{Heaton 1980). In the nine years from 1954 to 1962, the éverag@ percentage
of grayling among salmenids caught in the Big Hole River was about 10%

betwaen Divide Dam and Pintlap Cresk {annual renrge 2.6-82.4%) and about 13%
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from Pintlar Creek upstream (annual range 1.1-44,9%) (Wipperman 1965) .,
Varley {1977) reported that grayling made up enly about 0.5% of fish
sampled by electrofishing in the upper river, but werg the sredominant fish
in catches of Tishermen interviewed in the same area.

These figures suggest that grayling were easier to catch than frout
and were beling removed from the fish community at a dispropovticnately high
rate, Howevar, 1% is possible that thg actual prepertion of éray?ing in
the salmonid community was higher than {ndicated by alectrofishing, if they
were concentrating in the Jarger, desper psols that could not be
gffectively electrofished (Wipperman 196%). Regulalions on angler harvest
of grayling from the Big Hole River have beecome increasingly move
restrictive in recent years: five fish (in combination with trout) up
to 1983, one grayling from 1983-64 to 1987-1988, and catch and relezse
since 1688-89. Thus far the grayling pepulation of the Big Hole River has
nat responded to the more restrictive regulations and has appareatly

continued to decliine between 1983 to 1989 (Shepard and (swald 1889).

Hahitat Alteraiion

pmong the factors mest commonly cited as being detrimental t¢ Big Hole
River grayling is the partial dewatering of the river and its tributaries
during the summer by irrigation diversions {Heaten 19603 Liknes 19813
Shepard and Oswald 1288). In addition fo reduction in available habitat
for grayling of a1l ages, other possible effects of dewatering include
stranding of incubating eggs or young fishg {ncreased predation on young
through their being concentrated in remnant watlers with adults and other
fishas, ?eguged fond availability through hebitat reduction for aguatic
invertebrates, and increased maximum daily temperatures. The mochamisms

through which reductions in stream dischargs volume may influence Big Hole
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River grayling have not been investigated, but 1t appears that weak year
ciasses are associated with Tower fiows and strong year c¢lasses with flows
normal to slightly above average {Shepard snd Oswald 1989).

In addition to stream dewatering, the diversions are alse causing Joss
of gray?%ngs especially young fish. Grayling fry and juveniles are found
in the ditches and may be carried into irrigated fields or left stranded in
ihe ditches when headgates are closed at the end of the irrigation seasen
{Shegard and Oswald 1989}, Hhile the magnitude of this less is not known,
an earlier study of trout in irrigation diversions from Montana streams
indicates that such loss can be substantial {Clothier 1983).

Ansther major alteration on the rivar 1s the presence of Divide Dam
near the town of Divide. The dam was originally built in 188% (M.
Paiterson, Butte Water Company, pers. comm.} by the Butte Water Company to
divert water inte its municipal supply system. A second, hydroelectric dam
built a shert distance upstream & few years later by the Homtana Power
Company was destroyed by a flood in 1927, The migrations of grayling
between upstream spawning and downstream wintering areas in the Big Hole
River (Shepard and Oswald 1989) and in Alaskan rivers (Armsirong 198G) have
been previously mentioned. It is possible that migrations up and down the
Rig Hole River were originally more extensive than at present and included
movements beiween the lower and upper reaches now separated by a dam.
Although grayling may be able tc swim over the dam during periods of high
water flow, it {s a ganeral barrier to upstream migration (Heston 1960;
Wippperman 1965). Rainbow and brown treut replaced grayling in the lower
river somelime afier construction of these dams, perhaps becsuss grayling
declined from having thelr access o upsiream spawning aréas restricted,

and/or through interspecific interactions with ncn-native salmontds,
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The Divide dams could have had two contrasting effects on grayling in
the upper river. Without the fish being able to move between upper and
lowar seciions of the river, each section of river alone may repraseni
marginal quality habitat for fluvisl grayling. On the other hand, it is

possible that the Divide dams have had a vole in preserving the grayling

popuiation by inhibiting free upstream movement of nen-native trout,
especially brown trout, inte the upper river. These twe roles are not
necessarity mutually exclusive; thé dams could have confined the grayling
within marginal gquality habitat but helped to save them there by inhibiting
upstream colonization by brown treut.

Information is not available to determine whether vther habitat
parameters such as siream temperatures or turbidities of the Big Hele River
have besn degraded through human activitias and have centributed to the
decline of grayling. Present midsummer water temperalures in the upper Big
Hole River may be at times marginal for grayling, aad stream dewatering may
be contributing to elevated temperatures. Liknes {1981) suggested that
higher numbers of grayling in the Wisdom area than in areas further
downstream could be related te cooler temperatures. However, temperatures
may alsc pecome marginal ia the Wisdom section. for exampie, continuous
recordings by the U.S. Geological Survey (19889) {ndicate that maximum daily
water temperatures in the Wisdom arez consistently exceeded 20 °C during
July 1988 and reached a maximum of 24.8 PC. Although 24.5 8C 43 below
levels that would produce a thermal ki1l of grayling (Feldmeth and Eriksen

1578}, temperatures above 20 °C may be higher thenm optimum for the species

{Hubert et al. 1988).
Feldmeth and Friksen {1978} hypothesized thei warmer temperatures may

Faver non-native salmonids over native grayling end cutthroat trout in
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¥ontana, They measured upper critical thermal maxima of 26.9 8¢ for adult”

grayling and 28.7 °C for grayling fry acclimated te zbout 13 °¢, compared
to critical thermal maxima of 29.8, 29.6, snd 31,6 for brock, rainbow, and
brown trout, respectively, They concluded that the lower tharmal
tolerance of grayling would make them susceptible to being replaced Oy the
non-native salmonids at warmer temperaturss.

In an earlier and more intensive study, however, McCauley {1958)
derived lower shori-term lethal temperatu%&s for brook trout than Feldmeth
and Ericksen. Upper lethal temperatures im his study were about 27.0 and
25.5 9C for brook trout (juveniles?) acciimatad to 20 and 18 9C,
respectively. These values indicats that breck trout may have lower,
rather than higher, toelerance for warm temperature than do greyling., This
suggests that brook trout would be meore adversely affected than grayling by
warm summeyr iemperatures, If so, then warm summer temperatures of the
upper Big Hole River would not account for the dominance of brook trout

pver grayling {and over rainbow and brows trout) in the zalmonid communiily

of the upper Big Hole River.

Interactions with Non-Native Species

The best evidence for detrimental effects of interactions with non-
mative fishes in the 8ig Hole River 1s provided by the Tower river below
Oivide Dam. Grayling have become vare in these lower reaches, which are
dominated by brown trout and in which rainbew trout are aise abundant
(Dswald 1984, 1386). Very Timited infermation suggesis that grayling were
largely replaced in these reaches by rainbow trout befors brown irout wers
intreduced. According to 5. J. Seldensticker of Twin Bridges (pers.
comm.y, grayling were shbundant and easily caught in his grandparents’ time,

$n the 18305°s, near the family ranch 1n waters around the confluence of the
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Big Hole River and the Jeffersen River. By héslémyhaaﬂ in the Jate
1320°s, grayling had become reletively uncommen and the main sportfish
caught wes rainbow trout. He elso related that in the Tate 192075 to early
1930°s, 2 lgcal sportmen’s club introduced brown trout inio the lower
Beaverhzad River near its confluence with the Big Hole River, anc that this
may have been their first introduction into these waters. Brown trout had
become the predominant salmonid at Teast by the 19307s {Heaton 1561;
Wipperman 1965). Thus 1t appears that species interactions in the Tower
rfver have followed a pattern consistent with other former grayling streams
in the upper Missourt drainage; establishment of brown or rainbow trout
associated with disappearance of grayling. It is not known whether the faw
grayling present in the lower river eriginate lecally or whether they
represent fish which have moved down from reaches further upstream.

Interactions with non-native saiman%és‘may alse be important in the
upper Big Hele River. According %o 2 perspnal account cited by Liknes
{1981), brook trout have beea in the river since abaut 192%, Since at
teast the 1950°s and continuing te the present, brook trout have been the
dominant salmonid in the upper river and small numbers of ratnbow trout sre
2lso present (Heaton 1961; Wipperman 1965: Oswald 1984, 19853, A recent
upstream expansicn of brown trout distribution in the Big Hele River
represents obvious additional concern. Brown trout were not seen above
Oivide Dam in eleetrefishing surveys in 1859 and 1964 (Heaton 1561
Wipperman 1864), but started being seen in small numbers in later surveys
{(#ells and Rehwinkel 1980; Liknss 1981}.

1f species interactions are coatributing to the Tow densities and
apparent continuing decling of fluvial grayling in the upper Big Hole

River, only the brock trout appears sufficiently numerous to be exerting
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such an effect. However, datz are lacking on mechanisms of possible -
interactions beiween grayling and brook trout and the relations between the
two species arg not understood, HNelson {1954} reported finding & fouw
grayling fry in the stomachs of brock trout in the spawning tributary of
Upper Red Rock Lake, but this abservation did not necessarily indicate that
grayling fry are particulariy vulnerabls te predation, McMichael (1990}
Found sucker fry {unidentified Calgpstomus species}, longnose dace

(Rhinichihys cataractae), and young‘mﬁuntaiﬁ whitefish, but no grayling in
the stomachs of 35 brook trout collected from the upper Big Hole River.

Skaar {1589) found differences in habitat aceupied by brock trout and
grayling in the upper Big Hole River. Age-1+ breck trout were mest
ahundant in higher gradient sections and faster flowing water, while
grayling were more typically found in slow runs or pools with depths of
6.6 m or greater, It is not known whether this difference in habitat use
resuits from difference in preference between the twe species or from
competitive displacement of one by the ctiher,

1t is interesting to speculaie on pessible reasons for the persistence
of fluyial grayling in the upper Big Hole River despite the Teng presence
of non-native salmonids, contrary to their disappearance froem all other
sireams in Montana and Michigan, One possibility is that the present
s{tuation represents the final stages of the complete veplacement of this
fluvial grayling population by ihe pop-natives. Vincent {1982) cencluded
that 1t takes about 4C years for fluvial grayling to be veplaced by
introduced species. Grayling have persisted in the Big Hole River longsr
than this prediction, haweve%§ since brook trout sppesr to have baen

oresent in the river for about 60 years.

Another possibility is that the upper Big Hole River is marginal
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quédlity habitat for saimenids in general, and that fluvial grayling have
persisted there because they ere as able or better able to withstand
certain unfavorable conditions, such as partial siream dewalering, than
Brown or rainbow trout. This hypothesis is indirectly supperted by ths
situation previcusly described for the Sunny Slope Canal, where grayling
persist despite severs seasonal dewatering and where rainbow trout are
present in only small numbers. Marginal habitat conditions may thus have a
dual effect on grayling in the upper river, serving both to depress ithe
grayling population whila preventing their replacement by nen-native
salmonids. As with other potential factors, howsver, avidence is lacking
for the role or mechanisms of interacticns between grayling and non-pative

salmonids in the upper Big Hole River.
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FERUTTAL TESTIMONY OF JCHN DUFFIELD
UPPER MISSCURI RIVER BASIHN WATER RESERVATICON APPLICATION

PART 1. OVERVIEW
Please state vour name and business address.

John Duffield, Department of Economics, University of
Montana, Misscula, MT 59812 and Biloeconomics, Inc., 2850
Station Drive, Misscula, MT 55801.

What iz your present employment?

I am a Professcr of Economics at the University of Montana.
I alsc work for Biceconomics, Imc., a natural rescurce
aconcmics research firm.

Please state vour educaticnal background and experience.

I was educated in Montana pubklic schools through high
school. I am a 1968 graduate of Northwestern University with
a B.A. in eccnomics. I received a Ph.D. in econcomics at Yale
University in 1974, with a specialization in natural
resource econcomics and market crganization. I have been
employved at the University of Montana since 1%74, where I
teach courses in resource and environmental economics,
microeconomic theory and mathematical econcmics. I have
attached 2 copy of my resume as Exhikit 1.

What is the purpose of your testimony?

The purpose of this testimony is to offer a rebuttal to
cbhjector testimony filed in these proceedings by Randal
Rucker and Roger Perkins.

‘How is your rebuttal testimony organized?

I will examine the testimony of each individual in the order
named. For purposes of clarity, I will use subsection
headings to indicate the focus of the testimony. For
purpcses of brevity, a2ll page number references unless
otherwise indicated are to the respective objectoris
testimony. Rucker's testimony is the most extensive and is
organized in three parts: I will examine each part of his
testimony seguentially.

What are the parts of Rucker'’s testimony?

There are three parts. Rucker first lists major issues, then
provides a list of specific comments and closes with a

DUFFIELLD REBUTTAL -~ 1
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series of guestions.
II. RUCKER - MAJOR ISSUES
What are the points in the first part of Rucker's testimony?

Rucker states (p. 2} that "Seven basic flaws in..Duffield's
analysis are listed below.” Only six are actually listed. I
will take these in turn. The first point is basically that
"The correct approach to determining the value aof DFWP
instream flow requests is to base the calculation on the
actual [Rucker's em§hasis] effect on water flow levels of
granting (Gr not granting} the DFWE® requests " {p.3). If
this view is acceptsd, the implication is obviocus. For
example, for DFWP's requests for which there are no known
competing uses, it can be argued that granting the requests
will not change stream flow levels and therefore vield no
benefit. This would imply that the value of all DFWP
reservaticns with no competing uses is zero, rather than on
the order of $34 millicn dollars per vear as I have
estimated (Duffield Direct - 19).

Is Rucker's approach valid?

No. It is inconsistent with the policy and decisicn criteria
specified in the Administrative Rules of Montana for the
issues at hand. I have previcusly discussed these (Duffisld
Direct = 4 to & and Duffield Direct Exhibit 1) The
essential points are the explicit definiticn in the ARM
(36.16.102) that direct benefits "mean all benefits to the
reservant derived_from applying reserved water to the use
for which it is granted®. This implies that the "without?
case point of reference is net a before/after/actual change
in flows but the change if the water was not applied to the
beneficial use in guestion. In fact, as my direct testlm@ny
describes, (Duffield Direct-19) the water in question is
being applied to a legally descriked *beneficial use®
including fish and wildlife and recreational use and in fact
supports valuable fish and wildlife populations and provides
the opportunity for many hundreds of thousands of davs of
recreational use. In the absence of the water being
Yapplied®” to these uses, the uses would not exist.

Does the ARM specifically describe maintaining flow levels
as a beneficial use?

Yes. Implicit in Rucker's point #1 is the status quo as a
point of reference. From this follows the view that in the
absence of changes from the status quo there are no
benefits. This view is overly narrow and explicitly rejected
by the ARM where it states: "Montana must be responsive to
the need..for maintaining stream flows for the protection of

DUFFIELD REBUTTAL - 2



existing water rights, acquatic life and water guality® (ARM
36.16.101 (1}} and "For the purposes of these rules, the
term henaeficial use includes the maintenance of a minimum
flow, level or quality of water.® {(ARM 36.16.101 (3)).
Presumably "beneficial® use would entail a point of
reference and definition of benefits such that positive
benefits are associated with maintaining status guoc flow
levels. In fact, the definition of "direct benefits®
described abeove, from the ARM, provides just such a
definicion.

What is the underlying basis for the definitions in the BRM?

In my view, these rules are explicitly designed to put
instream uses on an equal footing with diversionary uses,
consistent with the Montana consitution. The economic point
here is that one could just as well argue that nc water
rights should be allccated {for example, historically) to
irrigators unless there was evidence that ancther irrigator
would want the water. What is the value of a policy that
prctects or establishes rights in the absence of known
conflicting use? The point is that rights of use need to be
established teo provide security of supply, otherwise the
irrigator would not risk investment in locating his ranch,
buiding ditches or laying pipe or seeding multi~year crops
like alfalfa. The same security of supply is needed for
instream rights. This is cbvious for hydropower usas
entailing major investments in generation facilities.
Howeaver, the same argument holds for fish and wildlife and
recreational uses. Without the security of supply of
instream uses, the substantial public investment in
management and improvement of fisheries and outdoor
recreation is at risk. Investing in 2 recreation access site
is conceptually no different than the investment in an
irrigaticn ditch, and deserves the same level of protection
under the law. Similarly recreational users, outfitters and
guides invest in physical property {equipment, boats,
shoreline property and improvements, etc.) and "human
capital” in the sense of committing to getting to know how
to fish a given stream.

Dees Rucker’s point #1 lead to illogical conclusions with
regard to water allocation?

Yes. Rucker is suggesting that the benefits of egstablishing
instream flow water reservaticns in the absence of known
cenflicts is zere, yet argues that there may be benefits to
establishing instream flow for cases of competing
consumptive uses. This leads to rejecting all reservaticons
where the opportunity cost to society is zero and accepting
only reservations where the cpportunity cost is positive.

DUFFIELD REBUTTAL - 3



How does Rucker suggest analvzing cases where there are
competing consumptive use reguests?

For these cases he suggests that the appropriate reference
is the change in actual amcunt cf flow due to the
consumptive requests. Inplicitly, the consumptive requests
provide the measure of the changs in flow being analyzed. He
states: "The amcount of the current consumptive use requests
is the correct quantity on which to base the estimates of
the current benefits and costs of granting the DFWP
reguest.”

Do you agres with this for cases where there are competing
usesy

2As a practical apprcach to the probklem, yves. In fact in my
direct testimony (Duffield Direct-5) I note the symmetry of
approaching the valuation of the water allccations in
guestion from either the standpeoint of a pesitive increase
in the diversicnery use (such as irrigation) or from the
standpoint of an increase in instream flows. I in fact
choose to analyze this set of cases from the standpeint of
the consumptive change, as Rucker suggests, because of the
accounting problem that arises from specific irrigation
projects affecting flows in many river sections. As a
practical matter, it is much more convenient to analvee the
change from the standpoint of the diversionery use. This
understates the benefits of the DFWP reservations in the
cases where the DFWP reservation exceeds the diversionery

change.

Does Rucker recognize that vou distinguish between 1) cases
with no competing uses and 2) cases with competing uses?

NHo. Rucker states "Prof. Duffield makes no attempt to
distinguish the situations descrikbed above.¥ In fact,
(Duffield Direct~12), I explicitly deal with these cases
separately stating: "I have organized this part of nmy
testimony in two parts. First I will discuss the consumptive
use reservations, including municipal aznd irrigation. =
Secondly, I will discuss the net benefits asscciated with
DFWP's reservations for which there are no competing
consumptive uses.®

Does Rucker understand how you analyzed the second type of
caseae’?

No. He states that my analysis Yseems again to be based on
the assumption that the effect of granting DFWP instream
flow requests will be to increase stream flow by the amount
of the reguest® (p.4}. This is obvicusly not the cass. I
clearly define the issue ¢f symmetry and base the entire
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analysis for the competing use cases on the consumptive
regquests (Duffield Direct-12 to 18).

Does Rucker suggest a third type of situation?

Yes. The first two cases presume that water is available to
be appropriated. A third possibkility is that there is no
water available to be appropriated. He argues that in this
case there are no benefits to instream flow. Cne can add
that there are no benefits to diversicnery requests. I have
proceeded in my analysis on the assumption that the
hydrclogical issue of water availability has been taken into
account and that the diversioconery reguests by the
conservation districts and municipalities and the instream
flow requests by DFWP are for availilable water.

What is the second issue raised by Rucker?

Rucker is concernad that [my numbering]: 1) "the value of
water is constant over the entire range of the reservation
recuests (see Duffield Direct, p. 8}" and notes that 2)
*This assumption is inconsistent with the most fundamental
law of economics -- the First Law of Demand." Rucker further
states that 3) ¥An important conseguence cof this assumption
is that Prof. Duffield's analysis always [Rucker's emphasis]
suggests that gnly one [Rucker’s emphasis] reservation
reguest should be granted. His analysis does not allow for
the possibility that an efficient allocation of water on any
given project might involve granting a fraction cf the
irrigation requests and a fraction of the DFWP reguest. His
analysis therefore can ncot provide any insights intc this
important issus." (p.5}

Are these points significant in this context?

Neo. I will discuss them sequentially beginning with the last
point. I de not consider the intra-project alleocation issue
an important one. As a practical accounting matter for the
projects with competing uses, we chose to use the
diversionery reservation reguests or projects as the unit of
analysis (as previcusly noted) since these were generally
smaller than the DFWP requests and cut across several DFWP
requests. We alsc chose this approach because it had already
been used by DNRC in their project level analysis (ses
maffield Direct Exhibit 16} and provided us with sonme
econcmies in our analysis. In fact the guidance in the ARM
concerning water reservations is very clear that the unit of
analysis is the reservation. For example, under the public
interest criteria it is stated that the guestion is whether
"the reservation is in the pubklic interest”. Rucker is
suggesting that we should additionally examine whether gome
part of a given reservation is in the public interest. There
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is no guidance in the ARM for this reguirement and, perhaps
more importantly, this would add considerable complication
to an already complicated undertaking. He would alsc have
these proceedings investigate the appropriate scale of each
reservation. As a practical matter, DNRC has, for the
irrigation requests, accepted the scale of diversion put
forward on each project. The irrigators should have the
responsibility for identifying the optimal scale on esach
project and in fact have an incentive for identifying it in
the sense that it minimizes costs and maximizes the net
return. Similarly, DFWP has investigated the scale of its
requests through the wettad perimeter method. In short,
reservation level rather than intra-reservaticon {(or intra-
project) alleocation is the allocatiocon level reguired by the
relevant Administrative Rules for Montana.

Is there any other reason why you think the intra-project
level of allocation is unimportant for these cases?

Yes. Most fundamentally, as I will develop below, the
relevant values asscociated with irrigation are likely to be
constant cover the scale of a given diversionery project, '
which is our unit of analysis. A similar argument can hbe
made for the hydropower values (as 1t turns out, for the
same technical reasons). While recreation values will vary
with the level of flow, the impact of many of the individual
projects on flow levels is likely to be small. These facts
tend to suggest that if a project does not show positive net
benefits at the proposed scale, it is unlikely to be show
positive net benefits at any scale.

Turning to Rucker's second point on this issue, does the
"First Law of Demand® apply for all of the values you
utilize?

No. Invoking the "First Law of Demand” makes a nice
argument; however, in economics it seems one has to qualify
just about everything with an "it depends®. Unfortunately,
this applies to the law of demand. While Rucker does not
define the latter, it is a reference to the generally
observed inverse relationship of price and guantity
demanded. The law derives from consumption theory but
actually requires a specific assumption that the amount
demanded of a commodity increases when income increases. The
law is therefore more of an empirical law rather than one
that holds in all cases. Declining guantity demand with
increasing price is the common case, but does not held for
21l commodities. In other words, there are exceptions to the
law even for commodities. Mcore impertantly, there are
different types of demand relaticnships. The law of demand
is generally formally derived for the individual consumer
and applies to most final consumption goods. However, there
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are several important types of demand relationships for
which price or value is constant over the relevant range of
quantity demanded. For example, this is the case for the
demand curve faced by the perfectly competitive firm which,
by definition, is toc small to influence market prlces
Another important class of demand relationships is the
derived demand for inpuis on the part of firms. Here the
shape of the demand curve for a glven input depends on the
nature of the production relaticnship. For example, if
ocutput increases linearly over the relevant range of 1nput
variability, this implies that the incremental contribution
of the input to the firm's output (technically, the
“marglnal product®) is constant at all levels. For a firm
that is small relaztive to the market served, the value of
this input tc the firm is alsc constant. In short, inveking
the (to use Rucker’s words) "most fundamental law of
economics® should be done cautiously with an examination of
whether the law applies to the case at hand.

Does the law of demand apply to 2ll of the water values you
nave referenced, for sxample in your (Duffield Direct)
Exhibit 4 {(hydropower and recreation) and 7 (irrigation)?

No. For example it does not hold for hydropower, which is
the specific value discussed on the page of my direct
testimony (p. 8) which Rucker references. In fact both the
hydropower related water values and the irrigation related
water values are explicitly based on derived demand for
water as an input in the preduction of commodities,
electricity and alfalfa respectively. The hydropower
production techneology described by Larry Gruel in his
testimony as well as DNRC's approach to characterizing this
technology implies, in fact, a linear producticn
relationship. The same is true of the producticn technology
underlylng DNRC's model of irrigated aflalfa production. The
latter is based on extensive agricultural experiment station
data that shows a linear relationship between the water
input and ocutput within the relevant range of water use.
This relationship is descriked in the paper by Dan Dodds and
others referenced in Duffield Direct-10 and is explicitly
used by Dodds in his computation of alfalfa related water
values. Alfalfa production is likely to approximate the
conditions of a competitive market from the standpeint of
the irrigator. These twe conditions taken together lead to
constant values for irrigation water at the proiect level as
displaved in both DNRC's analysis (Exhibit 16, Duffield
Direct) and cur version of that analysis (Exhibit 7,
Puffield Direct).

Do vou also use constant values for recreation cover the
range of all reservations?
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No. The recreation values are specific at the basin level
and reflect a continucus nonlinear relaticnship ¢f flow and
value derived in DFWP Exhibkit %. In a sense these
relationships could also be cconceived of as based on a
production relaticnship in the sense that streamflow is an
essential "input? from the standpcint of the recreatoer
“"producing® a recreational experience. This model is in fact
cne commonly appealed to in the recreation literature and is
termed a "household production” model. In this case,
however, the producticon technelogy is nonlinear in the sense
that streamflow changes at some levels (eg. at the level
where "boatabilityY or survival of the fish stock changes
dramatically} have greater influence on the sxperience than,
for example, small changes at normal streanflow levels.

What is Rucker's third issue?

He suggests that there is "methodological inconsistency? in
valuing nonmarket goods because I have not used the sams
methodology for irrigation water and recreation water.
Specifically, Rucker suggests that we ocught to use a
contingent valuaticon (or direct survey appreoach, see the
discussion in Duffield Direct-30 to 31) noting ¥the task of
asking irrigatcrs the questicn 'What is the minimum payment
you would accept for your water rights® would not seenm
prohibitive.” (p.5) But instead, "Prof. bDuffield, however,
uses a totally different methodology for cobtaining the value
of irrigation water.." {(p.35)

Is this a valid point?

Neo. The class of "nonmarket® goods is a very broad cne and
includes anything that is not generally traded in
established markets. Because both irrigation water and
recreation happen to be nonmarket commedities, it does not
follow that the best method for estimating value for
recreation is the best method for irrigation. One important
difference is that irrigation water is an input for a priced
agricultural commodity; it makes sense to this relaticonship.
This is not an opticn for beneficial use of instream flows
for recreation in most settings. As noted in Duffield
Direct-30, a commonly used recreation value methodology is
the travel cost model. This apprecach is in fact the basis of
the analysis in DFWP Exhibkit 7, which is the scurce of the
values for the noncompeting set of cases (Duffield Birect-19%
and 20). This model makes use of the "wesk complementarity”
connection of recreaticn to an existing market, the market
for travel services.

Why doesn't Rucker suggest this approach to evaluating
irrigaticn values?

DUFFIELD REBUTTAL - 8



Presumably because he recognizes that it would be impossible
to apply.

Is it a general practice to use different metheods for
different nonmarket uses of water?

Yes. The standard references on methods for valuing water in
different uses, such as the U.S. Water Rescurces Council
Principles and Standards (1983}, suggest different methods
for 4different uses. The methods we have used are among those
suggestad by these guidelines as explicitly noted for
recreation, for example Duffield Direct-31.

What about the specific approach of using contingent
valuation for irrigaticn water as Rucker suggests of "What
is the minimum payment vou would accept for your water
rights?®

This is an apprecach that could be concelvably used in this
application, though its use would be novel and perhaps hard
to justify given the oppertunity to use cbserved market
information and carefully developed producticon
relaticonships. In additicn the specific guestion that Rucker
suggests is naive in that it is & "willingness tc accept”
question. The latter actuzlly is inconsistent with cur
application of contingent valuation (CVM) in this case (eg.
DFWP Exhibit 9) in the sense that we used Ywillingness to
pay” cuestions. It is commonly found in empirical
applications of these methods that "willingness to pay®
measures and "willingness to accept¥ measures may differ by
two to five feld. Additionally, the use of "willingness to
accept® guestions cof the type Rucker proposes are explicitly
not recommended in the federal guidelines for this method.

Could there be an argument for using a "willingness to
accept” measure for foregone recreation values that would

accompany new irrigation diversions?

This depends on the point of reference. The cheoice of
willingness tc pay versus a willingness to accept depends on
the implicit or actual entitlement. For example, the new
proposed irrigation diversions will reduce instream flows.
If it could be argued that recreationist's have a right to
at least the existing flow levels, then a willingness to
accept measure may be appropriate in the sense that
recreationists should be compensated for their loss.
However, one could also argue that irrigators have an equal
right to divert additional water. Ancther perspective on
this issue is that the appropriate benefit-cost test is that
the proposed change lead to a potential Pareto improvement.
The latter means that gainers (here irrigators) can more
than compensate loosers (here recreationists and
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hydreoelectric users). The only directicn of a real change in
flow levels actually proposed in these proceedings is a
reduction of status quo flows. This suggests that we can
only be sure of a potential Pareto improvement for proposed
diversions if irrigation benefits exceed the amount needed
to compensate recreationists and other instream flow
beneficiaries for their loss. If this test is accepted, the
willingness to pay measures used here for recreation
benefits understand the compensation that would be demandad.
To avoid the emprical preoblem of implementing willingness to
accept CVM studies, one could compute willingness to accept
from the willingness tc pay measures using thecoretical
relationships. Note that a similar argument could be made
for actually using a willingness to accept measure for
irrigators if one was considering a change from the status
que that led to increased streamflow and reductions in
existing levels of irrigation diversiocns.

As a point of clarification, why do vou use the travel cost
model results for the DFWP reservations for which there are
no competing reguests?

I did this for reasons of efficiency. Recall that the
analysis of the DFWP reservations with competing uses is
fairly complicated and justifies being concerned with
marginal values for the recreaticnal value of instream flow.
Accordingly the analysis of these cases is based on DFWP
Exhibit 9. For the cases with no competing uses, a much
simpler approach is taken to merely indicate the approximate
magnitude of the values of DFWP's ressrvation regquests
appliad tec the fish and wildlife and recreation beneficial
use. For these cases the logical unit of analysis is the
DFWP reservation razquests. When these are aggregated at the
stream or even sub-basin level, it is convenient to have
recreation values that alsc are aggregated at this level.
These are conveniently available in the travel cost model
study (DFWP Exhibit 7) and were accordingly used.

What is Rucker's fourth issue?

There are three points made here. A1l relate to the specific
form of the question used in the contingent valuation
approach we used te value recreational use of water. The
first point is that we did not supply a copy of the actual
questionnaire used in the study described in Exhibit 8§ and
therefore *..1it is not possible teo comment in detail on the
fishing survey used by Prof. Duffield..” (p.8). (This point
is revisited in connection with issue number six below.}

Is this an impertant point?
No. It indicates that Rucker did not understand from which

DUFFIELD REBUTTAL - 10



studies the recreation values used in our analysis are
derived. In fact they are derived from the studies in DFWP
Exhibits 7 and Exhikit $, not from Exhibit 8. The study
described in Exhibit 8 is cited for twe reasons in my direct
testimony. {(The studies in these exhibits are generally
described Duffield Direct-32). First, on Duffield Direct-31,
results from the study in Exhibit 8 for the Madison River
{(also Duffield Direct Exhibit 21) are presentaed as a means
of describing the general methed. In fact, the specific CVM
gquestion used is actually listed here {Duffield Direct=31}).
Secondly, the CVM study in Exhibit 8 is used as a basis for
comparison and validation of the results in Exhibit 7, which
iz a travel cost model study.

Were the CVM guestions actually used as a basis for
estimating the recreaticnal values of instream flows in your
direct testimony in fact available?

Yes. The complete survey instrument is provided as Appendix ™
A of DFWP Exhibit 5.

What is the second point on this issue raised by Rucker?

He suggests that the approach is unnecessarily complex in
that values were derived by ¥splicing estimates of the value
of fishing trips from cone study (DFWP Exhibit 48) with
estimates of changes in use rates in response tec changes in
water flow levels from another study (DFWP Exhibit #95)%. (p-
)

Is this true?

No. The recreational values referred to are based on Exhibit
9,

Does Rucker suggest another approach?

Yes. He recommends a contingent valuation guesticn, stating:
"A more straightforward approach to estimating the value of
increased instream flows would have been to ask fishermen by
how much their willingness to pay would change in response
to a specified change in water levels.?

Would this ke a géﬁﬁ appreach for the problem at hand?

Ne. This approach would not have been feasible within the
budgetary constraints of the sponsoring agency (DNRC). This
is because to make such a question meaningful it is
necessary to be able to ancher the response to scomething
specific, such as changes from 1200 CFS or changes from the
flow level you experienced. The first is implausible because
"1200 CFSY would be a meaningless description to most users;

DUFFIELD REBUTTAL - 11



the second iz infeasible given the very large number of
river reaches at issue and the inadeguacy of secondary data
on actual flows. Additicnally, a separate guestion would
have to be asked for each reach and flow increment. We have
actually implemented a study of this type but did it with
on-site surveys: the cost of deing twe river segments
{totaling 60 stream miles) was eguivalent to cur budget
available for evaluating stream flows in the study in
Exhibkit ¢ for the entire Upper Missouri River Basin. Our
judgement was that the only feasible methodology for the
problem at hand was Narayanan's approach (as described in
Duffield Direct 37-38).

Does Rucker make any cther points on this issue?

Yes. He comments that we "did not specify the condition of
other similar water systems in the area” and "it is
impessible to say what assumptions concerning this issue
werea made by fishermen in their answers to the surveys®.

(p-6}
Have you considered this problem?

Yes. The natural assumption is that the angler would have no
reason to anticipate a change in the absence cf specific
guidance in our survey. From a practical survey research
standpoint it is necessary to aveid burdening the respondent
in these types of surveys with an overlcad of information.
For example, it would be burdensome to specify changed
conditions at the site of interest and a number cf othar
sites. The standard approach has been to ngt specify the
conditions at all other sites. Qur assumption is that
changes are evaluated with conditions constant at all other
sites. Actual cash transaction experiment results have
tended te validate this approach to the problem in that the
cash results are for unchanged other conditiocns and the
responses are consistent with CVM responses where conditlions
at other sites are assumed unchanged (by the researcher) and
not specified.

What is the fifth issue raised by Rucker?

Rucker suggests that omitted indirect benefits and costs may
influence the results. He first mentions (p. &) the Ypro-
instream flow biases in his analysis that were discussed
above® as part of issue number cne. This is an cdd way to
view the basic point he raises in issue number one. The
argument there has to do with the point of reference with
the outcome either zerc or $32 million per year. He did not
under issue one raise the argument that the estimate of $32
millicn was *biased® (i.e., high or low) but that it was
zerc., He secondly states that my analysis #fails to mention
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scnme important indirect benefits from irrigation and at
least one important indirect cost associated with granting
the DFWP's instream flow request.

What are the indirect benefits?

Rucker states that "additional irrigated aflalfa acreagse
will result in & reduction in the price of hay" {p.86) and
then goes on to explain that this will Y"encourage expansion
of both the cattle industry and the recreational horseback-
riding industry in the state®. There is no evidence provided
that the latter are possibly significant or even necessarily
beneficial. Is the market for beef such that an expansion of
industry supply will actually benefit Mcntana ranchers?
Moreover, Rucker ignores the direct impact a reduction in
hay prices will have on project economics for the irrigation
reservation requests (see Duffield Direct-17). A reduction
in the expected price of alfalfa means that the net values
associated with irrigated agriculture in the DNRC model are
overestimated. Rucker alsc notes that "increased storage of
water during pericds of high fleows for later use in
irrigation may actually increase the value of recreational
fishing®. This point deoes not seem particularly relevant
given that few of the proposed projects are storage
projects. Rucker makes an additional unsubstantiated
assertion that "additional alfalfa acreage has the potential
to reduce impacts of drought on the cattle industry in the
state”. (p.6). In the absence of any empirical evidence,
these "indirect benefits" seem quite speculative. I would
expect that they would be cutweighed by the direct effect cf
reduced alfalfa prices on project net benefits and the
unguantified indirect benefits I have menticned in my Direct
Testimony (16~17) on the instream flow side. The latter
include diluticn of arsenic concentrations in the Missouri,
existence values associated with protecting unigue
envircenments and species, benefits of adeguate flow levels
to existing irrigators in the coperation of diversions and
headgates, and the failure to incorporate a2 plausible trend
of increasing amenity, energy, and recreation values
relative to the value of agricultural products.

What is the indirect cost that Rucker mentions?

Rucker suggests that if DFWP is an owner of water rights in
most of the Upper Misscuri River Basin YDFWP will have the
right to challenge almost any water transfers or reguests
for change in use in the entire basin® which will increase
the transaction costs associated with transferring water in
Montana. Rucker contends that this will reduce the
likelvhood of efficient transfers ccouring.

Does this concern seen well founded?
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No. DFWP already has significant water rights on many
streame in the basin, the so-called Murphy rights. There is
no evidence that this has led to burdensome transaction
costs. In fact, some water transfers may ke in DFWP's
interest. For example, a change in point of diversion may
increase the flow in a given reach.

What is the sixth issue Rucksar ralses?

Rucker states that the deccumentation accompanying my direct
testimony was incomplete and incorrect on several points.

What are the specific concerns?

Rucker ncotes that the wrong survey (an elk survey
instrument) is included in ocur fishing study provided as
DFWE Exhibit 8). This survey was incorrectly included in the
original printing of the document and has never been
revised. It was an oversight te not correct this for
purposes of exhibits in these proceedings. However, as
noted, the results of this study are only used for purposes
of explaining methods and for compariscn to the travel cost
model results (DFWP Exhibit 7) that are used to value the
DFWP reservations with no competing uses. A copy of the
angler survey that was used in the study describad in DFWP
Exhibit 8 is provided as Exhibit 2 to this rebuttal
testimeony. Additicnally, Rucker notes that footnotes are
missing to Duffield Direct Exhibit 4 and referenced
municipal values are alsc missing from Exhibit 4. These are
oversights. A corrected Duffield Direct Exhibit 4 is
provided as Exhibit 3 to this testimony. It may be noted
that the municipal value per acre-foot is provided and
described at Duffield Direct-12. Finally, Rucker notes that
variable definitions are not provided for Exhibits 7, 8, and
5. Exhikit 4 to this testimony provides variable
definitions. I would note that the key exhibit is Exhibit 7.
We do provide terse variable names that are fairly
descriptive. Additionally, we note in the discussicn
{(Duffield Direct-18) that these exhibits are derived from
the DNRC Appendix K-4 (Duffiald Direct Exhibit 16). We have
alsc in Exhibit 5 of this testimony provided an annotated
computer code to facilitate interpretation of Duffield
Direct Exhibit 5.

Have vou made other correctiens or changes to your previous
testimony?

Ves. We noticed that Duffield Direct Exhibit 7 did not list
the measure of irrigation project value that was actually
used in computing the net values. The irrigation values
listed were VALUE rather than VALUEZ2 (defined in Exhibit 4
this testimony). We provide a corrected Duffield Direct
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Exhibit 7 as Exhibit 6 to this testimony. The nat values are
unchanged. We also noted that several words had been
transposed intc the wrong columns in Duffield Direct Exhibit
11; we provide a corrected copy as Exhibit 7 to this
testimwny@

IIX. RUCKER - SPECIFIC COMMENTS

Are you now going te address the specific comments that
Rucker makes in the last two parts of his testimony?

Yes., It is tedicus to repeat all of these comments here in
narrative. In Exhibit 8, I provide a complete copy of
Rucker's testimony part II and III with each comment
sequentially numbered on the left side with circled penciled
numbers. In Exhibit 9, I provide correspondingly numbered
replies to each of Rucker's comments.

IV. PERKINS
Do you have any comments on the testimony by Roger Perkins?

Yes. Perkins briefly discusses "Instream and Recreational
Values® on pages 21-22 of his testimony.

What issues does Perkins raise?

Many of his comments address issues similar to those
discussed above with respect to Rucker's testlmcnye The
general theme is that the analyszs reported in the DHRC
Draft EIS generally overstates instream values and
understates irrigation water values. However, the points
argued are often unsubstantiated cor, where examples are
glveng the facts described may actually counter the general
point presented. His first comment is that "Recreaticnal
values are assumed to be perfectly elastic, which we believe
to not be the case. Several examples fellow. In the above
average water years, the marginal value of an acre foot will
ke much less than in the dryv, below average vears.”™ In fact,
as described earlier and as shown in Duffield Direct
Exhibits 31 and 32, marginal recreatiocn values are
presented. These, as Perkins suggests they should, show
higher wvalues at lower flow levels.

What other points dees Perkins make?

One of his next comments is "If a consumptive diversicon is
located in a historically dewatered area, we bhelieve the
recreational value of water to be overstated. This is no
documentation of the maximum extent that fishing or other
activities can expand without overcrowding or over-use.”
Does this mean that Perkins concedes that the recreational
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value of water is not overstated in other situtations? In
any case, there is no basis provided for the assertion. The
concern about overcrowding is beside the peint. Cur analysis
usad current levels and only evaluated streamflow changes
that would reduce recreational use. Perhaps Perkins means
that the trend in recreational use is, other things egqual,
for increased use. This would suggest that our computaticn
of recreational value (which assumed no increase in future
use levels or willingness to pay) lesads to an underestimate.

Dees Perkins distinguish cases of DFWP instream flow
reservation requests where there are no competing irrigation
or municipal requests?

Yes. He states that ¥In those streams with no expected
consumptive competition for the water, we believe that the
marginal value is nonexistent®. His meaning is not entirely
clear, because in this case 1if "marginal value" refers to
the nonexistent consumptive competition, the value of the
latter is indeed nonexistent. However, if the point of
reference is instream flow value, he is in error on this
point for the reasons presented akbove with respect to
Rucker's first issue.

Does Perkins ralise the issue of indirect benefits?

¥Yes. Perkins mentions the value cf water storage in
headwaters reservoirs as having instream benefits, but docs
not identify any such reservaticn requests at issue in these
proceedings. He states generally that "It is not clear
whether instream or consumptive indirect benefits would be
greater. Ag spends considerable dellars to support
irrigation and contributes tax decllars to state and local
government. The extent of recreaticnal indirect benefits is
unkown.¥ {(p. 21).

Are the latter business expenditures and tax dollars
indirect benefits as the term is used in the ARM?

No. Economic measures of expenditures, for example, do not
provide unigue measures of net benefits for use in benefit-
cost analysis but provide ¥henefits” in another metric - the
jobs and income economic impacts usually examined in
regicnal ecconomic analysis. In fact recreationists alsc make
substantizl expenditures and contribute in this way to the
iocal economy.

Does Perkins make the same argument as Rucker concerning the
stability an expanded hay rescurce would provide for the
livestock industry?

Yes. Again it is unsubstantiated.
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Does Perkins demcnstrate an understanding of the
comparability of economic measures used in both recrsation
and fisheries valuation and agriculture?

No. He states: "Apparently there is a difference in what
DFWP is willing to pay for instrean leasing of water,
compared teo the rancher's perception of the value of the
water. Market value is a better measure than marginal value
for fisheries. This reaction demonstrates that the water for
fisheries is valued equal to or less than the water for
agriculture in the real werld." These assertions do not
demonstrate anything having toc 4o with relative value.

Does Perkins offer any quantitative evidence concerning the
economics of irrigated agriculture?

Yes. Several points of fact are menticned. Perkins first
argues that the amount of water per acre foot that the DNRC
EIS kelieves will be diverted for the Conservaticn Districts
(1.9 acrefeet per acre) is much too high and suggests values
of ©.71 AF/acre to 0.928 AF/acre with the latter being his
praeferred estimate for current use. He notes that "With
sprinkler irrigation, closed pipelines and high power costs
leading to the common practice of deficit irrigaticn, we
believe the depleticn for the new acreage should be closer
to 0.75 AF/acre.” He concludes that "Thus, reducticns to
both power and recreation benefits may be censiderably aover-—
estimated in the EIS and the Duffield analysis?®,

Is this a valid point?

The point that irrigators may actually be diverting less
water than DNRC assumed may be valid and it certainly may be
important. However, the full implicaticns are not examined
by Perkins. The tradeoff that determines whether irrigation
projects past a benefit-cost test (which includes the
opportunity cest of foregeone insteam flows} is not extremely
sensitive (not at all for hydropower) to the range of flow
changes Perkins considers. On the cther hand, irrigation
benefits are quite sensitive because of the high fixed costs
{investment costs) associated with the types of projects
being considered by the Conservation Districts. Relatively
lower utilization of the fixed irrigaticn capital will
reduce net returns. In fact, the DNRC analysis of the net
benefits of irrigation rests heavily on the assumpticn that
crops will be efficiently and adequately watered. Does
"deficit irrigation? mean the opposite? DNRC is predicting 4
to 5 tons per acre of alfalfa production, much of which is
tied to irrigation water. If Perkins' 11 numbers are really
diversion per acre, the contribution of irrigation to a
given alfalfa crop will be fairly small. For example, assume
that conversion efficiency is 100 percent:; this may not be
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A.

Q.

A.

realistic. Assume that application efficiency is €5%, which
is achievable with center pivot, sidewheel or handline. If
only .75 AF/acre are diverted at €5% application efficiency,
is this not only a maximum contribution to
evapotransporation of about 6 inches? Using the marginal
physical product that is established in agricultural
experiment station studies for alfalfa of .12 tons par ET
this implies a contribution to production of only 1.14 tons.
At 1986 to 1989 alfalfa prices in Montana ($65 per ton),
this implies a gross value (ignoring all costs) to the
irrigation of about $75 per acre.

Does Perkins provide any information on costs?

He provides only the anecdotal statement that "We have
visited with three irrigation dealers in the Headwaters
subbasin and they are all busy installing irrigation
equipment on new land at a cost of $400 to $800 an acre.
This is the true test of the value of irrigation water.®
Actually, this may indicate the true cost of irrigation
investments. Invastments of this scale, amcrtized at say 2%
for 20 vears would imply per acre costs on the order of up
to $87 a year. This does not sound like teoo good an
investment if the gross return is really 575 an acre and we
haven't even identified operating and maintenance and power
costs.,

Do Perkins' estimates have implicaticons for the
interpretation of the DNRC irrigation net benefit estimates?

Yes. Presumably Perkins is well acguainted with the facts of
water ussage levels and investment costs. The range of
numbers he cites for these key parameters would suggest that
the net benefits to irrigation water (absent even
adjustments for variable and cpportunity costs) developed by
DNRC are overestimated.

Does Perkins provide any other guantitative infermation?

Yes. Perkins notes that "Generally, the Duffield testimony
and analysis under-values agricultural water and cver-values
recreational water. We are aware of several waltsr purchases
in the Bozeman aresa of agricultural water valued at $3C teo
$50 per AF.Y

Iz this useful informaticn?

Yes. It would he very interesting to ses documentation of
these values. To the extent there are widespread market
transactions for irrigation water rights, this contradicts
the testimony of Rucker, who suggests (as noted above) that
these are nonmarket resources.
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Bo these values indicate that you have under-valued
irrigation water?

Although both Perkins and Rucker seem to give me credit for
the irrigation values we use, they are totally based on the
DNRC analysis. In fact, as reported in Duffield Direct
Exhibit 4, the average DNRC "gross benefits® for irrigation
water at 4C mill power is $41.68 across all projects. This
gross benefit® is net of costs toe the irrigator, for
somewhat subsidized power, and excludes opportunity costs
and therefore may provide at least a rough approximation to
what an irrigator might ke willing te pay for water rights.
In fact, the values Perkins cites bracket the DNRC average.
Perkins'! values therefore do not seem to support his
asserticn that irrigaticn water is being undervalued in
these analysis. Of course one needs to lock more closely at
the particulars of the the cash transactions to really
evaluate the comparison.

Does Perkins have any other comments?

Yes. He states that "We are aware of several other studies
that value fishing davs and recreational davs at a value
much less than Duffield derived®. (p.22}

Is this a valid point?

Yes. I think it is appreopriate to lecok at the values that
have been derived by cther researchers. However, one should
be carsful in such a compariscn to be aware cof differences
in methodology, assumptions, and particularly the nature cof
the experience wvalued. Rescurces like the Madison, Big Hole
and Gallatin are viewed as unigue and important fisheries by
anglers from across the United States. This is reflected in
the very high preportion of nenresident anglers among those
who fish these streams. On the Madison {and Big Horn)
nonresident use in some summer months is over 70%. These are
destination fisheries and are likely to have values in
excess of those associated with more local or lower guality
fisheries.

Does this complete your testimony?

Yes.
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I, John Duffield, being first duly sworn, state that the foregoing testimony is true.

Subscribed and sworn to before me this / lo &day of December, 1591,

Bria Podekmist

Notary Public for the State of Montana
Residing at Missoula, Montana.
My commission expires 3-3 ~ 7o~
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REBUTTAL EXHIBIT 1

RESUME OF JOHN W. DUFFIELD

3699 Larch Camp Road
Missoula, Montana 59803
(406) 721-5511

EDUCATION

Ph.T. Economics, Yale University, 1974
B.A. Economics, Northwestern University, 1968

AWARDS AND HONCRS

Phi Beta Kappa

Woodrow Wilson Fellow

National Science Foundation Fellowship in Economics, Yale University 1970-73,
Resources for the Future Dissertation Fellowship 1973-74.

Research Sabbatical, Inst. of Economics, University of Oslo 1983,

PERSONAL

Born September 28, 1946 in Great Falls, Montana. Primary and secondary education at
Mystic Lake and Thompson Falls public schools. Married. Avid skier, angler and boater.

FPROFESSIONAL EXPERIENCE

Dr. Duffield is currently Professor of Economics at the University of Montana where he has
taught since 1574, His areas of specialization are environmental and natural rescurce
economics. His teaching responsibilities include microeconomic theory and mathematical
economics. Duffield is also the owner of a naturzl resource economics consulting firm,
Biosconomics Associates, based in Missoula, Montana. '

In the last fifteen years, Dir. Duffield has participated in research examining 2 wide range of
environmental and natural rescurce issues including air pollution standards, energy
forecasting, benefit/cost analysis of hydrecelectric projects, and optimization of residential
energy systems. His current and most recent research is largely in the area of nonmearket
valuation. Dr. Duffield recently direcied a two-year study for the U.S. Forest Service Rocky
Mountain Experiment Station a2imed at developing economic methodologies for valuing
instream flows. Duffield is currently directing a study for the U.S. Environmental Protection
Agency field-testing option and existence values in a simulated market context. Duffield also
has a contract with the State of Montana o undertake natural resource damage assessments
on Montana "Superfund” sites. Anocther current preject is using contingent valuation methods
to evaluate proposed welf recovery in Yellowsione National Park.

During his graduate and undergraduate education, Dr. Duffield worked in a part-time



consulting capacity with a variety of organizations including the Asscciation of American
Medical Colleges, Scuthern Railway Systemn, and Metrecon Division of Larry Smith and Co.

MEMBERSHIP

Association of Environmental and RBesource Economists

RECENT GRANTS AND CONTRACTS

1991-1592. Director, research project for the Liz Claiborne and Art Ortenberg Foundation.
"Wolves and People in Yellowstone: A Case Study in the New Rescurce Economics”.
Assessment of the economics of wolf recovery in Yellowstone National Park based on 2
naticnal random-digit dialed contingent valuation survey.

T
T

1959(-1892. Co-Director, research project for the Northwest Area Foundation. "An Economic
Evaluation of Montana Sustainable Agriculiural Practices”. Evaluate environmental benefits
and economic viability of sustainable small-grain/legume rotations on Montana farms.

1989-1991. Director, research project for U.S. Environmental Protection Agency
Cooperative Agreements in Environmental Economics. "Field Testing of Option/Existence
Values”. Project in cooperation with The Nature Conservancy to apply simulated and
hypothetical valuation measures to instream flows in Montana.

1989-present. Coniract with Montana Department of Health and Environmental Sciences to
conduct natural rescurce damage assessments on selecte¢ Montana National Priority List
*Superfund” sites.

1990, Director, research project for the National Park Service. "An Economic Analysis of
Wolf Recovery in Yellowstone National Park”. Contingent valuation assessment of direct
recreational benefits and existence values for wolf recovery.

1990. Contract with 1J.S. Forest Service to provide a literature review of nonconsumptive
recreation including wildlife viewing and the literature on wildlife preservation or existence
values.

1990, Contract with Montanza Department of Fish, Wildlife and Parks (o estimate fair market
price for leased water to augment instream flows on select Montana streams,

1990, Ceoniract with Montana Department of Fish, Wildlife and Parks to conduct contingent
‘valuation assessment of waterfowl hunting in Montana.

1989-1990. Contract with Moniana Depariment of Natural Resources and Conservation to
evalute the recreational benefits of instzeam flows in the Upper Misscuri River Basin of
Montana. Large scale contingent valuation household mail survey.



1989-1990, Contracts with Montana Department of Fish, Wildlife and Parks o conduct
socio-economic assessments of proposed habitat acquisiions including elk winter range
adjoining Yellowstone National Park. Contingent valuation of changed envircnmental
conditions in a total valuation framework.,

15988-1950. Director, research project for Montana Water Resources Center (U.S.
Geological Survey support), "Net Economic Values of Instream Flows: A Regional Travel
Cost Model of Monianz Trout Streams®. Develop pooled time-series/cross-sectional travel
cast application.

1988-1989. Contract with Montana Department of Fish, Wildlife and Parks to direct
contingent valuation studies of wilderness lake fishing and deer hunting in Montana.

1988. Contract with Montana Department of Fish, Wildlife and Parks to analyze fishery
regulations on Rock Creek. Contingent valuation analysis of bank angler/float fisherman
conflict.

1987-1585. Director, research project for U.S. Forest Service Rocky Mountain Experiment
Station. "Economic Value of Recreation and Preservation Benefits of Instream Flows".
Application of contingent valvation methods to instream flows; empiriczl study of Big Hole
and Bitterroot Rivers.

1585-1987. Director, Montana Bioeconomics Study for Montana Depariment of Fish,
Wildlife and Parks, with John Loomis, Stewart Allen and Rob Brooks. Comprehensive
contingent valuation and travel cost modeling of stream and lake fishing and elk, deer and
antelope hunting in Montana,

PUBLICATIONS AND REPORTS

ysis (Yale, 1874).

Projections of Northern Great Plains Coal Mining. Report to the National Science
Foundation. (May 1976} (co-author).

"Defining the Market for Great Plains Coal”, 14 psiness Ovarterly 3 (Summer
1576) pp. 18-25 {co-author).

"Toward Planet Terrarium: A Househoild Production Function for Sclar Energy® (Paper
presented at the Western Economics Association Mestings, Anaheim, California, June 20-23,

1977).

The Future Prices of Electricy in Montana. Report for Montana Energy Advisory Council. ‘



S

Jan. 26, 1977.

"Regional Electricity Models: A Case Study of Montana™ (Paper presented at the Western
Social Science Aszociation mectings in Denver,Colorado, April, 1977).

“The Costs of Congestion: An Econometric Analysxs of Wﬁdemess Recreation, by Charles

Cicchetti and V. Kerry Smith” (Bock Review) 1 Environmental Management 5 (June 1977).

Economic Critique of the Aubum-Folsom South Unit Central Valley ?mjecte Report for the
Aundubon Society. March 17, 1978,

"The Lands N@b@}r Wanted Policy for National Forests in the Eastern United States™ (Book
Review) 2 Environmental Management 4. (July 1978).

Eeview of The Economi

Economics of & ating, 4 Joumal of Energy & Developr
{Autamn, 1978)

Economic Analysis of the U.S. Corps of Enginesrs Red River and Trinity River Waterways.
Report for the Audubon Society. March, 1978.

Some Economic Aspects of Air Pollution in Montana. Report for Air Quality Bureau,
Montana Department of Health and Environmental Sciences., December (ccauthor with Ted
{tis),

Energy Forecasting: A Survey of Methodologies Applicable to the State of Montana. Final
report for the Ford Foundation. January, 1979 (with Ted Otis). .

*Sclar Energy and Market Failure” published in Conference Proceedings of Department of
Energy, Techneiagy for Energy Conservanen Conference, Tucsen, Jan. 23-25, 1975
{refereed), and in Energy News Digest.

"Auburn Dam: A Case Study of Water Policy and Economics,” 16 Water Resources Bulletis
2 (April, 1980).

“Energy and Shelter in Scandinavia®, Final Report for International Environmental
Froblems Grant, November, 1979,



*Joint Optimization of Sclar and Superinsulation in a Cold Climate” and * Intsgrateé
?as&we S@lar and Wood Design for the Pacific Northwest” in Proceedings of the
Jational Passive Solar Conference, September, 1981, Parﬂané

“A Preliminary Estimate of the Value of Recreational Use on the Upper Clark Fork and Its
Tributaries”, report for Montana Department of Fish and Game, February, 1981,

Ecen@rmcs @f @11 ane:}; Gas Leasing cn the Sun River Game Range” in Sun
ATV ] ental Review, February, 1981, Montana Depastmem gf Fxsh

A High-R Handbook for Superinsuiated Buildings, Technical Report Seres, Naticnal Center
for Appropriate Technology, Buite, {co-authored with Robert Corbett, 1982).

*Energy and Environment in Scandinavia” in Int ional T
Crisig, Richard Barreti, editor, Westview Press (1982)

“The Value of Recreational Use of Kootenai Falls®, Chapter in Kootenal Falls Hydroe gls
Proiect Final EIS. (Montana Department of Natural Resources and Conservation, Helena,
July, 1982).

Projections of Coal Demand from the Nerthern Great Plains Through the Year 2010. Senior
author and co-editor with Amnold Silverman and other participants in the ¢oal study group.
Available through NTIS (Final Report under OSM grant G5105076)(1582).

*Forecasting Coal Demand in the Western 1J.5.”" in The Use of Simulatic dels 1ergy
Planning, pp. 101-114, Proceedings of the International Cenference held at R.ase National
Laboratory, Denmark, May, 1983, Published by the Commissicn of the Eurcpean
Communities (1983).

“Th@ Eemand for Northern Great Plains Coal to the Year 26107, in Coal Development:
Ce : pers, Vol 1, pp. 53-57. Proceedings of the Cbﬂf@fﬁﬂ@ﬁ on Coal in the West,
Gra.mj Juncﬁen May, 1582, and Casper, June, 1982, Bureau of Land Management (July,
1983), (co-authored with Amold Silverman).

"Logit Analysis of a Spatial Market Boundary: Case Study of Powder River Coal”, Final
Report, University Research Grant Program, University of Montana (1584).

es in Applied

"Travel Cost and Contingent Valuation: A Comparative Analysis® in Advang
Microeconomics, Vol, 3, V. Kerry Smith,editor, AJT Press (1984).




"Forecasting, Uncertainty and Resource Planning” Paper presented at the anmual meeting of
the Pacific Northwest Economics Association in Olympia, Washington (May, 1984).

Montana Coal Market to the Year 2000: Impact of Severance Tax, Air Pollution Control and
Reclamation Costs. Report for Montana Department of Commerce (January, 1985). Co-
author with Amold Silverman and John Tubbs.

"Supply and Demand of Electricity in Two Regional Systems: Norway and the Pacific
MNorthwest”, Paper presented at the Pacific Northwest Regional Economic Conference, May
1-2, 1986,

“Hydropower in Norway and the Pacific Northwest: Preservation or Development”™. 13

Western Wildlands 1:28-35 (1687).

Econcmic Analysis of Social Carrying Capacity on 2 Fee Fishery: Case Study of Nelson’s
Spring Creek. Report for Montana Department of Fish, Wildlife and Parks (October, 1986).

The Net Economic Value of Fishing in Montana. Co-authored with John Loomis and Rob
Brooks. Montana Department of Fish, Wildlife and Parks, Helena (April, 1587).

Heteroskedasticity and Functional Form: Alternative Specification of 2 Travel Cost Model
Demand Function for Montana Cold Water Stream Fishing. Montana Department of Fish,
Wildlife and Parks. (July, 1987).

A Regional Travel Cost Demand Model of Mentana Elk Hunting, Montana Department of
Fish, Wildlife and Parks (Auvgust, 1987).

Contingent Valuation of Montana Trout Fishing by River and Angler Subgroup. Montana
Department of Fish, Wildlife and Parks (March, 1988).

"The Worth of Fishing”, 19 Montana Qutdoors 6:31-35 (November/December 1588).

*The Worth of Hunting”, 20 Montana Outdoors 2:6-5 (March/April 1985%). Coauthor with
Rob Brooks.

"A Discrete Probability Model: Implications for the Design and Interpretation of Logistic
Contingent Valuation” in Benefits and Costs in Natural Resources Plapning (Kevin Boyle and

Trish Heekin, editors). University of Maine Agricultural Experiment Station (July, 1989).

Brewer Property Acquisition: Social and Economic Impact Assessment. Report for Montana
Department of Fish, Wildlife and Parks (June, 1989).

Melson Property Acquistion: Sccial and Economic Impact Assessment. Report for Montana
Department of Fish, Wildlife and Parks (December, 1989).




7,

"Hedonic Stumpage Demand and Log Supply and Local Price Projections for National Forest
Timber”. Manuscript. Coauthor with David Wear and David Jackson (August, 1989).

Law Review. 10:155-

"RPA Values for Recreation: Theory and Practice”.
138 (1589).

Wildlife and Fish in the Northern Region: Literature Review of Economic Studies of
Hunting, Fishing and Wildlife Viewing. Report for U.S. Forest Service. Coauthor with
Susan Butkay (May, 1990).

Instream Flows in the Missourl River Basin: A Recreation Survey and Economic Study.
Report for Montana Department of Natural Resources and Conservation. Coauthor with
Chris Neher, David Patterson and Stewart Allen (July, 1990).

Economic Value of Recreation and Preservation Benefits of Instream Flow. Report for
USDA Rocky Mountain Experiment Station. Coauthor with Susan Butkay and Stewart Allen
{August, 1950).

Market Value of Water Leased for Instream Flows. Report for Montana Department of Fish,
Wildlife and Park. Coauthor with Chris Neher (October, 1950),

Montana Deer Hunting: A Contingent Valuation Assessment of Economic Benefits t©
Hunters. Report for Montana Department of Fish, Wildlife and Parks. Coauthor with Chris
Neher (September, 1990).

*Economic Valuation of Fisheries: Nonmarket Studies in the Clark Fork Basin”. Proceedings
Clark Fork River Symposium. Montana Academy of Sciences (forthcoming).

*Inference and Opamal Design for a Welfare Measure in Dichotomous Choice Contingent
Valuation™. Land Economics §7(2) (May 1591). Coauthor wz.th David Patterson.

“Comment on Camemn s Censs}red Lﬁglstac Regression Model for Referendum Data”.
Journal of Environmental Fconomics and Management 20(3):275-283 (May 1891). Coauthor
wﬁh Da\qd Patters&n

An Economic Analysis of Wolf R@C@very in Yellewstene Fark Vasit@r Attitudes and Values.
Draft chapter for Wolves ello ort to the U.S, Congress Vol. IIL. Research
& Analysis. Yell@wst@na Natx@nal Park E}ecember 1?9@

Recreation Benefits of Instream Flow: Application to Montana’s Big Hole and Bitterroot
Rivers. Coauthor with Susan M. FEhlers and Thomas C. Brown. Final Report B for USDA
Rocky Mountain Forest and Range Experiment Station. Fort Cellins (January, 19%0).



Net Economic Values of Instream Flows: A Regional Travel Cost Model of Montana Trout
Streams. Final report for Moniana Water Resources Center, Bozeman. Coauthor with Chris
Neher (January, 1591},
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Exhibit 4. Values per acre-foot.

Item

{nollars/aF)

(A} Hydropower values

Headwaters

Unper Missourl
Above Canyon Ferry

Below Canyon Ferry
Marlilas/Teton
Middie Missouri
{B} Recreation?®
Headwaters
Upper Missouri
Marias/Teton

Middle Misscuri

{C) Summary of instream values for 75 mill power

Headwaters HMadison

Headwaters, other

Upper Missouri
Above Canyon Ferry

Below Canvon Ferry
Marias/Teton

Middle Missourl

per acre foof.

SO milis* 108 mills
69.1¢6 138,32
£5.1¢ 37.74 138.32
59.07 g8.61 118.14
3038 45.57 60.76
30,38 45.57 £0.76
July & Aug ERest of ¥r Average”?
£0.67 14.62 50.37
25.27. £.38% 11.73
5.81 1.63 4.33
5.81 1.63 4.07

Hydropower + Recreation average

154.11

148.11

109.47
160,34
49.50
49.84




Exhibit 4 continued.

Item {(Dollars/AF)
(D} Izrigation {(all projects) Average nge
valy
{a) Gross benefits of DNRC; 40 ~27.35
mill power,50% return flows 41.58 398.49
(b} Gross benefits return flows
at 21% for most sprinklers, 25.55 -13.68
0% for some sprinklers, 43% 168,22
for £lood, actual use for
GA-201, GA-4%
Net benefits
{1} 50 mill powerx ~38.3¢6 -105.23
99.22
{2} 75 mill power ~658.87 -147.13
78.69
{3} 100 will power -98,.98 ~3189.03
58.1¢
Dollars/AF
594,080

(B} Municipal

* Table K-2Z, DHRC EIS {June 18%1;.

2 Corrected Table K-1.

®* Based on Table 6-41, DNRC EBIS p.22%.



REBUTTAL EXHIBIT 4

Variazble definitions for exhibits 7 and &.

Variable Definition

0BS Cbhservation number

CODE DNRC code for reservaticn reguest

o sequential ID number added to table K-4, DNRC EIS

VALUE

VALUEZ
VALEREC
VRLHY,
REPLACE
HET
DIVERSNZ

REC

HYDRG

Return flow dummy variable, O=some return flows can be
expected and l=n¢ retuxrn flows from project

Consunptive value per acre foob from coluwmn & table -4
DNRC EIS

Consumptive value {as above) adjusted for return flows
Recreational value of instream {lows

Hydropower value of instream flows

Value of replacemsnt power

VALUE? - {(VALREC + VALHY + REPLACE)

Proposed level of water diversion adjusted for
anticipated zeturn flows

Indicator for which subbasin proposed project is in and
hence what recreational value of instream flows should
be assigned

Indicator variable for which subbasin the proposed
project is in and hence what hydropower value for
instream flows should be assigned

Dummy for analysls of arsenic contamination, not used in
£inal analysis

Dunmy £for analyslis of arsenic contamination not used in
Einal analysis

Proposed level of water diversion from table 3-1 DNRC
EIS

Dummy variable, l=sprinkler irxigated, O=flood irrigated
Estimated annual power usage of project in Kwh

Estimated annual diesel usage of prodject in gallons




SramE missouril TorNSasdimissourl
fa missouri.main:

gt missouri.irgate;

ool o 3 TR g e g g g o pen o -

TT SPRIME=T TO MISSIMNG

=
H

then
then diversn=c43;

id=1% then diversn=2350;
id=21 then diversn=81l;

diversn=gnd;
diverasn=7071;

then
then

id=£3 then diversn=258;
id=56g4 then diversan=10642;
=10% then giversn=487;

diver en=od;
diversn=100;
diversn=830;

then
then
Thaen

id=13% then diversn=I0D;
id= 136 then diversn=I13Z5;
1d=1%%9 then diversn=435;
id=1E% then diversn=483;
1d=132 then diversn=144;
idmzi4 then diversnsbl;

1d=E33 then diversn=238l5:
ID=74 THEN DIVEREN=IET;

DATE ENTRY EREECES

in

and hydro=Z then dog

hydyo=dg

value=Z30 and regsd

3EIaN USE CETEGDRY 1=MUNICIF

value=59% then use=lielce

SSIGM RECREEAT I

iy e BT ST e 5
i UewmDEFl oTn o
4
i al=Ty
w e
= oy iy gy
t e

R ) I S S s e

[

and wvalreo 1t 1 then
and wvalrecs 1t 1 then
and walrec 1t 1 then
i then valhy=£Y. 15;
=2 then valhy=85. 163
3 then valhy=532,07
4 then valhw=30.38;
VLLETD *ECENARIO D WEISHTED

then va
then wvalhy=I39.0
then valhy=30,38

Py o=z

:

HYDROFOWER

bhen

VOLUES

REBUTTAL

; =
0. 37
11.73;
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ARLHY VR HY# 1, By = SETS FPOWER 2087 AT 72 MILLSE
TUN=3 # SETE HOW RETURNM FLOWS aRE TREATED
K=, Q73 *» SETE FOWER COST &7 72 MILLE

[F USE=2 THREM DO;

#IN FUN=1 RETURN FILLOWS AFE S04

IF RuN=1 THEMN DIVERSNIZI=DIVERSN/Z:
»IN RUN=Z RETURN FLOWS ARE S0% FOR FLOOD AND 0¥ FOR SFRIMELEFS

IF RUN=Z THEN DO:
IF SPREINE INMOL, . THEM VALUEZ=VALUE/Z AND DIVERSNIZI=DIVERGH;
EL.SE DIVERSNZ=DIVERSN/Z AMD VALUEZ=VALUE;

INDj

D

IF USE=% THEMN DO:

1M RLN=3 ADDITIONAL INFOD ON X OF EXFECTED RETURNE 15 ADDED

IF EliM=Z THEM D
IF RETURN=O AND SFWIN% I
VALUEZ=C(VALUE /2=l 28
ELSE DG

Midl, . THEN DOj
D IVERSNZ=DIVERSN®. 7875 ; END;

[
BT

VALUEZ=(VALUE/Z)+1.73%: DIVERBNI=DIVERSN®*.575;END;

IND;
D

IF RETURN=1 THEN DO:VALUEZ=VALUE/Z; DIVERSNZ=DIVERSN: END;
eDIVERSION FOR MUNICIFAL RECGUEST I35 SBET

IF WUSE=1 THEN DO; VALUEZ=VALUE; DIVERSMZI=DIVERESN;END;

FT'E

+HATER INFOQO FOR Z SPECICIC REQUEETS IE B

[F CODE='ERA4E8Y THEN DO YALUEZ=C(VALUE/ 23+ . Bl DIVERSMNIZ=1235 END;

IF CODE=F&AZO0LY THEM D VQLUEEﬁiVQLUEEE}*a844;$$ s DIVERSNZ= 143208 EMD

CALCULATION OF REPLACEMENT FOWER COST

[F FOWER=. THEN POGWER=O;
FERPLACE=T (POWER® LOCO % 0 X, 040 5 SR IVERBMNI;

e CALCULATION OF NET INDIVIDUAL AND GROBE VALUES

[NSTREAM=VALREC+VALHY
JET=VALUEZ-INSTREAM--REFLALE;
FOMET GE O THEN PABS=1;
SREFLACE=REFLACE#DIVERSND;
recEvalracediversni;
zhjdf=m»m,”fﬁ§1,8r5nh§
VELUE=VALUES*D IVERGMI;
ENE?:GVALUE_GHY§EG~GEEimuF TR ATE

QLTRFUT OF CASE LEVEL EEQULTS

H
MT: VAR CODE VALUE VALRED VALHY INETREGM NET DIVERDBNI RUNM:

¥



VIGRESATION OF CASE LEVEL FEESULTS

HET GBE O THEM
=

oo sorbiby W

O SUMmMEYY TWayl
frey

lass counts

ar gwvalue grec ghydro SEEFLACE FADS:
oy owse DLATE:
wtput cut=outl sum=sumval sumrec sumhydro SUMREFL

WLTIFLYING AEERESGATED RESULTS BY NET FRESENT VALUE

TA STUFF;

SET WORK.OUT1; _

MRECs (SUMREEC*ZE. 1097080 ;
IMHYDREC= { SUMHYDRO®2ZZ . LOF7087 ;
IMVSL= (BUMVAL*ZZ. 1037080
IMENET= ( SUMGNET#2Z. 1097087 ;
MEEFL=

(I eo

=
#
S
e

(BUMREFL®*ZZ, 10370

i

WTFUT OF FInNAL RESULTS
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OLE
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o. 2058
R
iZ.&190
2. 2813
S, 3034
i6. 5248
16, 1535
15,9771
15,3862
16. D830
17. 1452
13.0751
17.652%
2. 9130
16.68387
8.83%330
13,2472
14, 43350
5.81i6z
16, BEB3
14,7222

13. 6257

Lo L)
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Oy, 00
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Z0.07330
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O, 00
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Yoot frads o

CENAFID O WEIGHTED RECD; RETURNS, .=RE-FLOUD LEIES-GRFRINK TR MILL POWER
: 17205 Monday, December 185, 1

1Bs CoDE YALUEZ YALRED VELHY FEFLALE NET DIVERSNZ

Sa THED 13,2700 4,07 0 43,570 . 3T30 —~d, TET 1Ee54
S THES 14, S50 &4, 07 45,570 ZF.0071 -5, 582 SOSE
o CHSE -2, 3100 4,07 45, ST 13.747¢8 -~71.6'78 ZES L4, 00
b IRC R AN =i, OS50 11.73 288. 603 5.7822 ~F5. LR PRCE
=55 CB10T 25.37324 11.73 88. 805 10,6452 ~-75. 807 14&.
57 TEill G, 0483 11.73 28, 605 10. 6533 =58, T30 Ers.21
e INES Bais 21,2448 11.73 45. 370 73074 —-43. 262 2%, 77
=9 L2171 176201 11.73 g8, 605 9. 598732 - AR L L 10
&0 csz1 0. P00 12.73 28. 605 O, D000 ~ P, 434 110,20
= T8EE 3.7733 11.73 g8, 5605 8. 8687 =108, 226 PESINE
&3 L5241 2. 930 11.73 88. 605 o, 7497 ~35. 0392 i43.8%
e LSzl 17.32330 11.73 828. 605 10.8%14 G 5 ) 245, O
&4 R Sy FE.E711 11.73 88.&03 S, 2006 -32. 6585 G, B
&5 CSR7i 23.8EE8E 131,73 28. 605 Z,32138 —~75.982 105,52
=1 NSRS 9, 9363 11.73 28. 605 5.6372 ~g, D56 T, 02
&7 IR NCHES 5. 7EEE 11.732 58. 605 9, 1341 =103, 68% £2.5
=B Te33 Zd, 3321 11.73 88. 805 8.8421 -8, Bt shal, B
& HNSICIa] oL 7858 11.72 g8. 805 S, 2SS0 ~-7E. 824 = Ty L]
T T e B3. 6280 11.73 G5, 570 3. 3252 wpB. I6T el 7
7i 2543 40, 7412 11.73 45 . T7 0 11,6602 -ZE. 213 37L.7
7z E=E T 27.88545 11.72 G5. 270 e 000 S I T A S5, B
73 L8471 i1.73 g88.&05 13,5244 -5, 136 S,
T RSN 11.732 g8. 803 8.610% -104, 195 132,
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different alternatives for water use. The text of the table indicates there
are at least thres explanatory footnotes. These foomotes, which
rresumably provide insights into the construction of the estimates, are
not included as part of the exhibit. Further, on p. 9 of his direct
estimony, Prof. Duffield refers to the values of municipal withdrawals
shown in exhibit 4. Exhibit 4 containg estimates of the values of
‘hydropower, recreation, and irrigation, but does not contain estimates
of the value of municipal uses.
- Exhibits 7, 8, and 9 appesar to be the computer cutput and computer
code that are the basis for Prof. Duffield’s esumation of the efficient
allocation of water on individual projects. None of these exhibits
coniain variable definitions and Prof. Duffield’s direct testimony
contains only 2 very brief discussion of these exhibits. A much more
detailed explanation of these exhibits is required for an evaluation of
his approach.

I. SPECIFIC COMM QEJES’E‘I@NS

In Prof. Duffield’s calculation of the present value of net benefits associated
with his estimated efficient allecation of water, he uses a discount rate of
4.3%. Clearly, the appropriate discount rate © use i3 2 topic that has been
widely debated among economists and policy makers. What effect does the
use of different discount rates have on his estimated net benefits?

This discussion is unclear. Did Prof. Duffield not determine the efficient use
on 2 project-by-project basis? Why did he have to worry about “aggregation”?

Prof. Duffield appears to have assumed in his calculations that the value per
acre foot for a gwess use is the same for all of the reservaton. For example,
if an irrigator requested a reservation of 100 acre fest, Prof. Duffield seems to
z2ssume that the value of the 1st acre foot and the 100th acre foot were the
same. As indicated in section I of this document (see discussion of FLAW
#2), this assumption is flawed. Further, it is not clear whether the value per

acre foot used by Prof. Duffield is 2 marginal value or an average value.

Prof. Duffield nesds w elaborate on his second step.  What does be mean by
"the amcunts of water that woulé be zpplied to %ch beeneﬂcxai use in a given
reservation™? Did he, for example, use the DFWP instream flow reguesis
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shown in table 3-2 (vo- 23-28) of the DNRC Drafi a

water 1o be applied to instream flow use? Because Prof. Duffiel
demonstrate anywhere in his testimony or the mmmymg exhibits what
qmu&m (acre feei) he used for mdmdual pmgegt,s 32 is m& p@sszbie o

dollar value ﬁf the w@xffz- f@f cach use, he muiﬂphﬁ the valuﬁ per acTe-
foot of water times the acre-foot quaxmn&s at issue®, Were the "acre-foot
guantities at issue” the quantities specified reservation requests? Again,
this is unclear.

For irrigation reservation requests, when calculating the cost of the value of
giecmc energy lost, did Prof, Dufﬁeld assume &haﬁ an acre-foot diveriad

elects “ mm"

In his discussion of the value of lost hydropower, Prof. Duffield uses the cost

@f rcplacmg that power as his estimate of value. Thereisa pmblem with this

“I‘he m social coet of 2 unit of lost hydropower is the difference
narginal cost of electricity from the alternative source

@@@t @f electricity from hydropower.

Where zre the footnotes for Exhibii 47

Exhibit 4 in the text, is he suggwmg that the
ined {e.g., 50.37 for the Headwate

35e3 how th@ avmge valpe of 2
Exhibit 4% Eﬂnbx&

£ cmm aﬂy valu@ f mumcxmi &vm@ﬁs p
v 1o evaluate Prof. Duffield’s analysis.

Are the values in Exhibit 4 in units of dollars per acre foot pg

ble discussion of the efficiency of
st suggests that my of the projects are
that it will take many years

Prof. E?ufﬁalﬁ goes through cons
different irrigation sysiems, He
distant from the river where the diversion ooours,
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5 be return flows? Did he make this assumpt
mw&s‘? Ef 0, then which ones?

Prof. Duffield says that "Where there are competing uses
convenient o base the Mym ot i}se wmpﬁve use pm;wﬁ 2
reservation amount.” His immediz Eding g g
this point in his testimony, he is refs
values of the consumptive use reu

with more than one consumptive use n @n mumt from Conservation
Districts. In such a case, when Prof. | calculates the value of the
instream flow and the irrigation reservation mums does he compare the iotal
value of all the competing irrigation projects with the single instream flow
request? Or did he compare each competing irrigation request with the
instream flow request? In his calculations, it is again unclear whether Prof.
Duffield assumes that the entire reservation request will be available each year.

In exhibit 6, what is the difference between “replacement power® and
“foregone hydro generation™? Also, it is unclear from this exhibit whether the
values presented are annual flow values or discountad values of future benefits
and costs.

Did Prof. Duffield attempt to obtain any information on market prices for
irrigation water? While he goes to considerable lengths to try to "validate® his
estimates of recreation values, he seems to make no effort to ®validate™ his
estimates of the value of water in irrigation uses. It is important to keep in
mind that Prof. Duffield’s estimates of irrigation water values are constructed
artificially from technical information. It is entirely possible that these vaiue@ :
are not accurate, The prices paid for farmiand (which include the value of the
wates nghts t&m accompany the la.nd), may well be based on factors other than

mercial profitability of farming opera 0!15 m “style of life” that
goes mth the purchase of 2 farm siders’

s Prof. Duffield mean by his statement that
= marke: effects fit betier under the cri

What are the distinguishing characterist
59& that make them so valuable?

Prof. Duffield nesds to provide us with definitions of ang sources for the
variables in exhibits 7 and 8, Further discussion of exhibi

1 for us {o determine how be obizined his estimaies. Ex s
e elee to be able 1o decipher his computer code mﬁ&a N @gc@mpaﬂymg
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discussion of the code is ludicrous.

Prof. Duffield seems w0 suggest that the price at Nelson’s Spring Creek may
represent a quality differential rather than a difference in the value of the
experience, Does this imply that an increase in quality does not increase the
value of the experience? Also, given that the owners of Nelson’s Spring
Creek sometimes allow six rods per day, it is unlikely that the guality
differential is due to lower congestion (as suggested by Prof. Duffield).

How good is the statistical fit between the actual and predicied values shown
in Exhibit 227

Why does Prof. Duffield expect the CVM estimates to be slightly smaller than
the TCM estimates? In exhibit 23, for ten of the seventeen streams, the TCM
estimates are smaller than the CVM estimates. [s this a problem? If not, why
not?

Also, why are the differences between the CVM and the TCM estimates
“likely to be small for goods like recreation”? In exhibit 23, the average
difference between the TCM and CVM estimates is 29% and several of the
estimates differ by 40% or more. Are these differences large enough o cause
concern? If not, why act?

Other questions on exhibit 23 include the following:

- What is the definition of a trip?

- is the CVM estimate for the Madison (3228) derived from
exhibit 227 Given the small number of bid values in exhibit 22
in excess of $228 and the low probability of 2 "yes” response
for these bid values, the estimate of $228 seems too high.

- How exactly are these values “derived from Duffield and
Allen®? ' '

- Why are the CVM values expressed in 1985 dollars and the
TCM values expressed in 1586 dollars? How would conversion
of these values io the same base year affect the values in this
table and the test results reporied in exhibit 247

The study by Duffield and Allen (DFWP Exhibit #8) is described as a study of
17 of Montana's better rout streams. There are 283 DFWP apolications. It is
unclear whether most of these applications are for streams of lower quality
than the streams for which value estimates are derived in the Duffield and
Allen study. If many of the 283 DFWP applications are for lower quality
sireams, then are not Prof. Duffield’s estimates of the value of recreation

biased ypward?
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purpose of the projects that resuited in DFWP
Exhibits 7 and S Was w mmaw avemge willingness to pay . . . under
current conditions®, To what extent does Prof, Duffield use estmates
o mﬁmaw values under very dié‘fmt mndiuﬁ'@ﬁs? t is, the apr iicati@na

UW Missouri River Hagin,

shows the results of 2 tex of the null hypothesis
ficn betwees the TCM and CVM estimates, The

that there iz no correla
question being asked, however, i3 whether the estimates

Prof. Duffield use his datz 1o test the null a OLNesis

same? If so, then what is the result? The p-values listed in this exhibit
suggest that thiz null hypothesis may also be rejected.

Why dees Prof. Duffield pick 80 observations as the level for splitting the
sample? Are his results seasitive to splitting sample size 2t 50 or 100
observationy?

y” and “quite

What dees Prof. Duffield mean by the phrases
similar®?

What is Exhibit Rec-87 No such exhibit ssems to accompany this testimony,

Is the study under in 1589 for DNRC" one of the DFWP exhibits that

Prof. Duffield says that "This model, p%us a baseli cational value
gstimate, can be used gis values per acre-foot of
stream flow.® Prof. 1 w expimn just how he did this
mmpum@ﬂ

Why zre the recreational values per acre-foot in exhibit 32 (i=zble 6-40)
different from the valuss per acre-foot shown in exhibit 47

iz the “Combination® aliemmative in exhibit 32 (@@i@ﬁ E4] and @42)?

Pref. @ufﬁelé indicates that the sstimated net economic value of river-related
trips in the Upper Missouri River Eamn is betwees 3110 and $175 million.
He then states that "one can be 93 % sure that the true value is within this
range.” It is important to note that this confidence level @zaiy &pﬁg}h@ﬁ if the
underlying m@@mﬁs md smp!xmi assumm@ﬁs are a@f@m It is alse
Em?@r@ﬁt o kegn ind

not perticniarly mimt for the im being addressed ?m Prof. Duffield’s
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Does Prof. Duffield think that it would be appropriate to compare the
estimates in exhibit 25 (iable 38) to the prices charged at Nelson’s Spring
Creek?

In exhibit 25, what do the numbers in table 37 represent in terms of the
demand curve for a typical site??

In the survey conducted in DFWP Exhibit #8, Prof. Duffield finds a few

- people who say they would pay 3500 more for one trip to a particular Montana

river or stream. What implicit assumption about the condition of other
fisheries was made when fishermen answered this question? Given the surplus
of other high quality fishing streams in Montana, it difficult to believe
anybody would pay $500 to fish a particular stream if substitute streams are
still available at 2 zero access price.  There is 2 distinction between the value
of fishing at a particular site and the value of fishing in general - the latter is
probably much higher than the former. How does Prof. Duffield know that he
is indeed getting estimates of the former?

Does Prof. Duffield have any information on either the short run or the long
run relationship between fish stocks and water levels?

Prof. Duffield indicates that his estimated model of the relationship between
changes in visitation and changes in flow levels "plus a baseline recreational
value estimate, can be used to compute marginal recreational values per acre-
foot of stweam flow.” It is not clear exactly how Prof. Duffield does this.
Does he divide his baseline recreation value by the iotal acre feet of stream
flow to obtain value per acre foot? Or does he use some other approach? Is
the estimate of the value per acre foot obtaiped by Prof. Duffield 2 margmaj.
or an average value?

Rather than go through this complicated approach of combining the results
fromy two separate studies, why did Prof. Duffield not include 2 question like
"How would an X% change in the river flow affect the maximum bid you

would pay?” in the survey used in DFWP Exhibit #87

In exhibit 32 (tzble 44) what is the appropriate interpretation of the numbers?
How, for example, does one interpret the value $50.287 Is it the marginal
value per year of an additonal acre foot of flow throughout the entire basin
during July and August to all fishermen on the river basin? Or is it something
else? Exactly how are these numbers calculated? What was used for a
baseline recreational value? Also, what do the 50%, 75%, 1% represent?
They are not described adequately either in this testimony or in DFWP ibi
#2 (pp. 76-81).
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In exhibit 32 (iable &-41) why do insiream flow reservations result in
reductions in stream flows?

DFWP Exhibit 9, pp 43-45 does not seem to contain the comparison of values
per acre foot indicated by Prof. Duffield. '

The Duffield estimony contains 2 large amount of information and a vanety of

ernpirical estimates presented primarily through numerous exhibits. To determine the
validity of the information and estimates presented in the Duffield testimony it is critical that
we be able 1o understand how they were obtained. To this point, we have found it almost
impossible, using the information provided, o determine how some of Prof. Duffield’s

- estimates were obtained. Answers o the above questions will make it possible 1o evaluate
the estimates presented in his testimony.

» QUESTIONS

A copy of the fishing survey used in this study is reguired before this study can be
evaluated in detail.

What sort of introductory comments were made by the people in the field whe
administered the survey used in this repont? Did the people being surveyed have any
idea of the purpose of this survey?

Did the survey (which is not includad with this report) specify the conditions of other
streams and rivers in the region?

There are a number of widely acknowledged problems with survey approaches like
the one used in this study. Types of biases that have been discussed in the literature
include hypothetical bias, strategic bias, payment vehicle bias, starting point bias,
information bias, and interviewer bias What approaches were taken in this study to

- reduce or eliminate these potential biases?
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What sort of introductory comments were made by the people in the field who
administered the survey used in this reponi? Dad the people being surveyed have any
idea of the purpose of this survey?

appears that the survey vsed in this report did not specify the conditions of other
streams and rivers in the region. Is this correct?

On p. 71, Prof. Duffield indicates that 40% of the respondenis said they would have
made the trip regardless of the water level. These observations were then dropped
from the sample. What would be the effects on the estimated mede;i of mciudmg the
ohservations in the sample? Would this reduce the estimaied recreation value per acre
foot? By how much?

On p. 73, what proportion of the predictions from the OLS regressi
zero Of greater than one?

On p. 75 (table 41), how many deg
it not possible 1o get estinates at a less aggregate:
level of the flow included as an explanatory able in this re

rrees of freedom are there in these regressions? Es
i level? Also, why isn’t the actual
Sression?

On p. 79 (table 43), how does Prof, Duffield get "Nonresident® estimaies for thres
subbasins? Table 41 suggesis that he only ran two regressions for nonresidenis. How
did he get these estimates?

On pp. 79-80 (tables 42-45), what do 30%, 753%, and 100% represent?




EXHIBIT ©. RESPONSE TO RUCKER COMMENTS AS WUMBERED IN EXHIBIT 2.

1.

2.

15,

16,

We have not computed this sensitivity as it would entail
reestimating Dan Dodds’ model.

We did determine efficient use on a project by project basis.
We do not "worry' about aggregation but present the results by
way of providing an overview.

As cur discussion of Rucker's issue 2 indicates, Flaw #2 is
flawed. When values are constant, average and marginal are

equal.

Duffield Direct Exhibit 7 provides the gquantities used for the
cases with competing uses. The diversion amounts are labeled
DIVERSN2 in this exhibit and are derived from DNRC DEIS Table
3-1. The reservation amcounts for the DFWP reguests are based
on Tables K-3 and K-5 in the DNRC DEIS. The noncompeting
amounts are aggregated at the sub-basin level and reported in
puffield Direct Exhibit 10C.

Yes.

No.

Good point. We are assuming that the marginal cost of
electricity from hydropowar is negligable.

See Exhikit 3 this testimony.

See Duffield Direct-3 and =38%. The estimates come from Table
6=40 in Duffield Direct Exhibit 32.

See Exhibit 3 this testimony.

These are not strictly comparable in terms of the relevant
economic measures.

See Duffield Direct-12 and Exhibit 3 this testimony.

Yes.

We do not know if it takes 70 years. We make this assumption
(zero return flows} for the projects coded Y17 under the
RETURN variable in Duffield Direct Exhikit 8.

Yes.

The competing irrigation request is compared to the value for
recreaticn at the sub-basin level. It is assumed that the
reservation reguest is available each year, both for
irrigation and instream flow. '



i7.

1g.

1s.

20.

215

22%

23.

24.

25,

26.

27.

22,

29,

These are discounted values. Replacement power is defined DRRC
DEIS pp. 232-233. Foregone hydre generation is the value of
hvdre generation lost due to reduced instream flows.

Na.

Is there a "need" for increased alfalfa production when many
farm programs are designed to reduce agricultural preoduction,
though these programs are not all aimed at alfalfa production?

These were among the projects that were not typical irrigation
projects.

See Exhibit 3 this testimony.

I would expect that an increase in guality would increase the
value of the experience. I have the impression that six rods
per day is exwperienced as "uncongested?® by these anglers.

We have estimated the deviance (a gocdness of fit statistic)
for this model to be 27.2 with a P-value of .35 based on a
chi-sqguare distributicon with degrees of freedom equal to the
number of bid levels minus 2.

Usual relationship of Hicksian willingness to pay measure and
ordinary consumer surplus. This may be a problenm, depaending on
the precisicn of the estimates.

Expect small income effects. These differences are not
surprising given the sample sizes.

A trip is a possibly multi~day event that is presunmed to begin
and end at the usual place of residence and include time at
the given recreational site. No. This is a truncated mean as
iisted in Table 2¢& of Duffield and Allen: the procedure is
described in the latter repoert. The year dollars are TCM 1985
and CVM 198¢ corresponding to the years of survey. We have not
investigated the effect of using same year dollars.

We 4o not use DFWP Exhikit 8 in our aestimated instream flow
values.

We have neot used thesse estimates under very different
conditions.

There are several ways to test whether the estimates are the
same across sites. One approach is to use a paired t-test on
the differences. The mean difference 1is 5.00 and the t-
statistic with 16 degrees of freedom is .473 with a P-value of
-643. Nocte that the ratios of the CVM and TCH values are also
shown in Duffield Direct Exhibit 24. One can do a t-test for
the null hypothesis that the ratic is one. The mean ratio is
1.010 with a t-statistic of .11, accordingly one cannot reject
the null hypothesis in either of these tests. .



3.

3i.

32.

33.

34,

35.

36,

37.

a8,

is.

44,

£1.

42.

43.

44@

We have not investigated this issue.

The cash experiments for willingness to accept differed by
about 60%, with cash being lower. The willingness to pay
experiments were within 10% for some cases. Quite similar is

within 20%.

Reference is to Exhibkit 26, specifically Table 4-43.
DFWP Exhibit 9.

See DFWP Exhibit 9.

The wvalues in Exhikit 4 are based on aggregating instream
values (from Table €-40) over all subbasins below the subbasin

in cuestion.
See DNRC DEIS p. 5-2.
No comment seems to be requested here.

No.

These represent average individual welfare measures based on
a2 Hicksian compensated demand curve.

One pilece of evidence we have is the consistency with cash
transaction experiments.

There are several sites listed in the DFWP instream flow
application that discuss this issue.

It is marginal. See DFWP Exhibit 5.

See the discussion suprz with respect to your issue number
four. '

The numbers in Duffield Direct Exhibit 32 (Table 44) are
computed based on equaticon 24 on page 76 of DFWP Exhibit 5.
The intent was to meet DNRC's desire for sub-basin average
estimated marginal flow values by time of year. These numberof
the marginal wvalue of an additicnal acre foot of flow
distributed in any way among the major basin streams. Ths
specific headwaters subbasin July=-BAugust value of $50.28
reported in Table 44 is the sum of resident and nonresident
marginal value for these waters provided in Tables 42 and 43
of DFWP Exhibit 2. As an exanmple, the resident value was
computed using 1) total resident river-based recrsational
value in the basin of $21,734,550 for July-hugust (from Table
39 p.&7, DPFWP Exhibit 9), 2) total flows based on the
discharge at the mouth of each of the Misscuri's major
tributaries in the subbasin (Big Hole, Jefferson, Madison,
Gallatin, Beaverhead, Boulder, Ruby, and Red Rock] which
totals 432,130 acre feet in 1989 as discussed p. 77 of DFWF



45,

45,

47 .

48,

49.

53.

Exhibit 9, 3) and the observed average share of July-August
angler use to the year total on 1% major Montana streams
(discussed p. 76 DFWP Exhikit §) of .3€656. Note that the 1583
discharge levels used in all such computations are provided in
Exhibit 10 of this testimony. These factors alone can be used
to compute an average flow value in the subbasin for residents
in July-August of $18.3% (eg. Takle 46). These factors are
used in Equation 24 along with the derivative of the first
flow wvalue relationship listed in Table 41, to derive the
marginal wvalue at any flow level (such as at 50% of actual
experienced flows, the value of $20.24 in Table 42).
Nonresident values are computed in a similar way. Because cf
a smaller sample, subbasin level net values per day were not
computed (Table 38) but only 2 basin wide value. This was used
with estimated nonresident subbasin use levels (Table 15) to
generate the aggregated estimate in Table 39. Given the
subbasin level total value estimates and discharge, average
and marginal values are computed symmetric tc the resident
case. Note that only a basin-wide flow value relationship was
astimated for nonresidents. The permutaticn of subbasin values
for nonresidents in Tabkle 43 is based on differences in total
value and discharge by subbasin, not on differences in flow-
value response. The 50% marginal flow level accordingly has
the interpretation of being the marginal value of an acre-foot
of flow through the subbasin when flows are at 50% of actual
experienced flows. Since these are by definition subbasin
averages, the interpretation of these values is that thay
represent the value of an extra acrefoot of flow distributed
in any way among the eight guaging points.

The DNRC "instream” alternative includes some diversions such
as municipal. Ses DNRC DEIS p. 5-2.

This reference should ke DFWP Exhikit 9, pp. 84-87.
See Exhikit 2, this testimony.

This was a mail, not a field survey. The individuals who
received the surveys were provided with a cover letter.

Ho.

We generally tried to minimize hypothetical bias by valuing a
concrete, easily described commodity. The choice of payment
vehicle was bhased on our experience and the literature.
Starting point bias was avoided by not using an iterative bid
procedure. We had no interviewers as it was a mail survey. We
did not experiment with information levels as the good was an
easily described one. :

Ancther mail survey. The cover letters are provided in Exhibit
1.

Yes.



53.

56.

57.

The effect of including the observations in the model depend
cn how they are used. If it is assumed that all of these
respondents would continue to visit even at zerc flow levels,
values would be reduced. We investigated this subsample and
found that 57% were participating in activities that would be
precluded by zers flow levels, eg. fishing from shore, fishing
from boats and fleaters. This suggests that the respondents
had difficulty answering the guestion and that the ambivalance
might rather indicate distributing the subsample over all
possible sample points. We chose to instead drop these
observations.

The model we used was the logit. It is impossible to have
values less than zero or greater than cne in such a model.

Three. No, there were fixed response percentages. The number
of actual river guaging stations in the basin is quite
iimited. It would not have been possible to get meaningful
flow data for many of the visited sites. The cellection and
tabulation of this data would have been too costly given the
resources available for this study.

See note 44 supra.-

&

See note 44 supra.



Calculation of total discharge figures wused In marginal flow wvalue
caleulations
Big Hole 56,840 486,700
Jefferson £0,450 851,500
Beaverhead £4,930 190,590
Ruby 34,640 161,200
Galiatin 93,170 486,200
Boulder 5,250 65,200
Madison 104,290 £83, 400
Red Rock 15,5820 64,289
Total discharge 432,130 July-august 2,935,879 Entire year
2,503,749 Sept.-July
July-aug. discharge 1283 vear
Missouri at Ft. Benton 562,500 4,020,000
- Sun River -83,520 =496, 300
Totals 479,080 July-Angust 3,523,700 Entire year
3,044,620 Sept.-July '
July-Aua. discharge 1589 vear discharge
Missourl at Ft. Benton 562,600 4,020,000
Teton 16,850 88,510
Musselshell 10,650 36,050
Marias 134,130 487,060
Totals 724,290 july-august 4,631,560 entire vear

3,907,270 Sept.-July



DEPARTMENT OF NATURAL RESOURCES
AND CONSERVATION

REBUTTAL EXHIBIT 11
STAN STEFHENS, GOVERNOR EXHIBIT 11 1520 EAST SIXTH AVENUE

-STATE OF NONTANA-

DIRECTOR'S OFFICE {406) 444.6639 HELENA, MONTANA 586206-2301
TELEFAX NITMBER {406} 444-6T21

September 14, 1589

Dear Hontapan:

Yater allocation is onme of the main issues facing Montanz and the western
United States. The State of Montana is now in the process of deciding how
unallocated water in the Misscuri River basin will be used. Cities,
congservation districts, znd state znd federal agencies are asking to reserve
wvater for drinking, irrigation projects, protecting water quality, and for
instream flows for fish, boating, and cther recreation uses.

¥e are asking vou to complete and returnm the enclosed survey to help
Kontanz make decisions ahout water reservations in the Misscouri Basin. Your
responses will be an important source of information about recreation uses and
values in the basin. They will be combined with other studies we are
conducting.

The survey takes about 15 minutes and we think you will enjoy completing
it. We have included a stamped, addressed returm envelope for your
convenience. Your opinions will be completely confidentiazl. Each survey is
stamped with a2 number so we know which have been returned.

Ve need to hear from you even if you don't visit rivers for recreatiom.
You are one of a small number of people scientifically selected to receive
this survey. For our results to be accurste and representative, we need your
opinicns.

Thanks for vour help. If you would like a2 summary of the results of this
study, please write your name snd address on the return envelope (not on the
guestionnaire), and I will make sure you get one. Because gf the igportance
of this survey, we've established 2 toll-free number. Please call my survey
staff at (800} 448-0664 with any guestions you have.

Sincerely,

Karen L. Barclay

Birector
HI/ib
Encs.
CEMTRALIZZD SEEVICES COMIERYATION DISTRICTS EMERGY DI AND GAS WETES RESOURCES

DTFISION DIVISION CEVISICHN GIVISION DIVISION

PR FemTY A48 R SARET 34§ EETE fABRY 344 888



DEPARTMENT OF NATURAL RESOURCES

AND CONSERVATION
STAN STEFHENS, GOVERANCE . 1520 EAST BIXTHE AVENUE
- STATE OF MONTANA:
N H
i i
BIRECTOR'S OFFICE (406} 444-6692 HELENA, MONTANA 596820-2301

TELEFAX WURMEER {408} 444.5721

September 14, 1589

Dear Angler:

Vater allccation is cne of the main issues facing Montana and the western
United States. The State of Montana is now in the process of deciding how
unallocated water in the HMisscuri River basin will be used. Cities,
conservation districts, and state and federal agencles are asking to reserve
water for drinmking, irrigation projects, protecting wster quality, and for
instream flows for fish, boating, and other recreztion uses.

We are asking you to complete and return the enclosed survey to help
Montana make decisions about water reservations in the Missouri Basin. Your
responses will be an iwportant scurce of imformation about recreation uses and
values in the basin. They will be combined with other studies we ars
conducting.

The survey takes about 15 minutes and we think you will enjoy completing
it. ¥%e have included a stamped, addressed return envelops for your
convenience. Your opinions will be completely confidentizl. Each survey is
stamped with a number so we know which have been returned.

You are one of a small pnumber of anglers sslected 1o receive this survey.
For our results to be accurate and representative, we need your opinions.

Thanks for vyour help. If you would like a summary of the results of this
study, please write your name and address on the return envelope (not on the
guestionnaire), and T vwill make sure you get one. Because of the importance
of this survey, we've established a tell-free number. Please call my survey
staff at (B00) 448-0664 with any guestioms you have.

Sincerely,

Karen L. Barclay

Dirsctor
NI/ib
Encs.
CENTHALIZED SERVICES COHSERVATION DISTRICTS ERERGY SILARD GAS WATER RESGURCES
DIVESION CIHSION DIISION DIVIEXON DIVISIOH

AR} 428 870R 14063 444.ER8T {408 544-B897 1508 484 BETE 1408} 444-5801
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