United States Department of the Interior
OFFICE OF THE SOLICITOR

MAILING ADDRESS:
RO RBO 25067
DENVER FEDERAL CENIER
DENVER, CO 80225

SR e JUL 9 108

COLORADO RIVER WAIER

Mr. Robert L. McCarty CONSERVATION DISTRICT
490 LYEnfant Plaza East

Suite 3306

Washington, D.C. 20022

Dear Bob:

Pursuant to your telephone request, I am sending the
following documents to you and Mr. Roland Fischer.

1. Memorandum of Understanding between Bureau of Recla-
mation and FWS for Acquiring Biological Data on
Colorado River Endangered Fishes,

Cooperative Agreement between FWS and National Park
Service to Study Endangered Colorado River Fishes in
- the Yampa River.

Geological Survey's Study entitled "Impactiof Reservoir
Development Alternatives on Streamflow Ouantity an ‘the
Yampa River Basin, Colorado and Wyoming."

4. Cooperative Agreement between the U.S. Fish and wildlife
Service and the Geological Survey for the above study.

I am expecting the copy of the archeological study by LOPA
that was not included in the documents enclosed with your
July 9, 1981 detter that I had requested of you by phone,

Thank you for your cooperation in this matter,

Sincerely,

Wizl Gl

Margot Zallen
For the Regional Solicitoxr
Rocky Mountain Region

Enclosure

-
o

!//éc: Roland Fischer (w/encl,)




Contract No. 9-07-40-1-1016

Memorandum of Understanding between U.S. Burcau of Reclamation,

Uprer Colorado Reqion, and U.S. Fish and Wildlife Service, Region e

For Acquiring Biological Data on Colorado River Endangered Fishes

This Memorandum of Understanding between the Bureau of Reclamation
Upper Colorado Region, hereinafter called the Bureau, and the

U.S. Fish and Wildlife Service Region 6, hereinafter called

the Service, both being agencies of the United States Department
of the Interior, is entered into on this _16th day of April
1979, under Authority of the Economy Act, Section 601 (47 Stat. 417
as amended of the Act of July 20, 1942 (56 Stat 661) 31 U.S.C.

686. =]
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The Bureau is developing water resource projects in the Upper Colorado
River Basin which will affect and alter the physical and aquatic
environment of the Colorado River. The Endangered Species Act

of 1973, including the Amendments of 1978, requires the Bureau to consult
with the Service where proposed development may result in an impact to

an endangered or threatened species or their habitat. 1f toevserviace
finds that a proposed Bureau action is in or affects an area occupied by an
" endangered or threatened species, it is the Bureau's responsibility to
provide the Service with a biological assessment of the impacts of the
proposed action on such species. It 1¢rthe Service's responsibility,
after receiving the assessment data, to -provide a biological opinion

on the impact of the proposed project on endangered or threatened
species. The Bureau and Service are presently in consultation con-
cerning the impacts of various water development projects on the A
endangered Colorado River fishes, the Coiorado scuawfish (Ptychocheilus
lucius) and humpback chub (Gila cypna). The Service has conducted
preliminary examinations of several bureau projects under the

formal Section 7 consultation procedures, as provided for by the
Endangered Species Act of 1973. Conclusions from these initial exam-
inations and other documentation indicate that the proposed actions may
jeopardize the continued existence of both fish species.  The Bepvwice

has stressed the need for the Bureau to develop additional data on the
habitat requircients of these sgecies; themciore, iniorder #or.the Bureat
to meet its responsibilities uncer the Endangered Species Act of 1973 and
the Amendments of 1978, additional data ere nceded. The Service requires
this data to prepare biological opinions on those projects where consul-
tation has been initiated and for which biological opinions have not been
prepared. Also, data are needed to prepare biological assessments for those
projects where consultation has not been initiated.

This Memorandum of Understanding will provide for a major funding
source and study effort to determine habitat requirements, monitor
existing habitats, expand life history informatior, and facilitate
the gathering of biological data on the endangered Colorado
squawfish and humpback chub. - This information will also be used by
The Service to formulate recommendations for the restoration




of the Colorado squawfish and humpback chub 1in the Colorado
River. The studies to be implemented under this Memorandum of
Understanding are outlined in the attached work plan. The work
plan was formulated in accordance with the Final Colorado River
Squawfish Recovery Plan -dated March 16, 1978, and the draft Hump-
back Chub Recovery Plan as:submitted in February 1979.

The Bureau and Service have determined that the most efficient and cost-
effective method for obtaining the needed biological and physical
assessment data is for both agencies to work together at their respective
Regional Office levels. Specifically the responsibility of the

Service will be to directly acquire -data, to technically administer
biological contracts for acquiring data, and to coordinate the data-
gathering efforts. The Bureau's responsibility will be to provide
funding, to provide the contracting capabilities, to actively partici-
pate in physical data analysis related to streamflow and Bureau
projects, and to insure that data being collected are adequate

to fulfill the Bureau's requirements.

The purpose of this Memorandum of Understanding is to establish

the mechanisum for the Service to organize a team of professional
biologists to carry out and oversee the biological and physical

data collection on the Colorado River endangered fishes. Speci-

fically, the Service will establish a Colorado River Fishery

Project with appropriate personnel. Data gathered by this Colorado

River Fishery Project will be used by the Bureau to prepare biological
assessments for those Bureau projects where Section 7 consultation

on the Colorado squawfish and humpback chub 1s necessary and not completed.
The biological assessments, along with other ancillary information,

‘will provide the Service data from which to make cumulative biological
opinions, as required by chction 7. The data from this Colorado River
Fishery Project will be used by the Service to prepare biological opinions
for individual Bureau project consultations and for cumulative impact

biological opinions.
The Bureau Agrees:

6.1. To transfer funds to:the Seryice on a reimbursable basis
for cost assumed or expenditures made by the Service for carrying
out the purposes of this Memorandum of Understanding. Such billings
shall not be more often than once a month or less often than

quarterly.

6.2. To provide for contracting and transfer to the Service
the amount of $500,000 apportioned over fiscali years 1979 1060,
and 1981.

6.3. To apply the funds herein provided to the following
activities for Colorado squawiish and humpback chub as described on
the attached Table 1 and for other information that may be required
as mutually agreed by the Service and Bureau:




Spawning Requirements - Items b2 3 dahdiparts g
Young and Adult Requircments - Items 1, Zoandes
Migration and Movement - Items 1 and 2
Interspecific.competition - Item 1

Bioassay Studies - Items 1, .2, and 3

6.4. To solicit and execute contracts as deemed necessary with
commercial firms or institutions to provide data requirements, major
equipment, or project requirements. »

6.5 To provide physical - chemical data on the waters
of the Upper Colorado River and the analytical capabilities to
interpret this data as needed by the Service to assess
present and future- conditions and future conditions with and without

water development project(s).

The Service Aarees:

7.1 To perform the work as stated in section 6.3. by entering into
cooperative agreements, administering contracts, and conducting the
data gathering efforts.

, 7.2. To structure the project organization as shown in
the attached Table II, with the Project Office and Project Leader
located 1in 'Salt Lake City, Utah. :

7.3. To delegate to the Project Leader the authority to
make decisions regarding the day-to-day administration of this
project. The Project Leader will coordinate work with the Uppep
Colorado Region of the Bureau. :

7.4. To establish an Overview Committee that will assist the
project leader in setting priorities, and will review and make
recommendations to the Service and the Bureau regarding any signi-
ficant changes in design, scope, timing, and geographical area of the
Colorado River Fishery project. The Overview Committee will be
limited to five members as agreed to by the Regional Director's of
the Service and Bureau, Committee members may be representatives
from the Bureau, the Service, Bureau of Land Management, State of
Colorado, State of Utah or other agencies or institutions as agreed
to by ‘the directors.

7.5. To provide to the Bureau a Project Evaluation and
Review Technique (PERT) Chart that will be followed in the
implementation of the study. The PERT Chart will be provided
to the Bureau as part of this agreement. Any significant
changes in scheduled work as defined in 6.3 shown on the PERE
Chart would require Bureau approval prior to implementation.

7.6. To provide the Bureau with written quarterly progress
reports and hold quarterly meetings or as needed or requested
by the Bureau to review progress of those project activities

which the Bureau is funding.
\




Tty 1o continueito provide guidance and available information
on an informal basis as needed by the Burcau for preparation
of biological assessments.’

7.8 To previde the Bureal with(a} the daia collected
under thistcontract, {b) biological opinions and (c) other
available information as needed by the Bureau for each project
where Section 7 consultation has been requested. The biological
opinions involving the Colorado squawfish and humpback chub will
address the particular Bureau project where Section 7 consultation
has been requested, and will also provide a biological opinion
based on cumulative affects of those projects in the Colorado River
Basin that may affect the subject endangered species.

7.9. TJo consult with the Bureau prior to any key personnel
changes and receive the Bureau's concurrence in the selection of,
or changes in, the Project Leader.

7.10. To provide the Bureau with a draft report covering
those items as outlined tcdetion 6.3: above by Jonuary 1981
The Service shall provide a final report by March 1, 1981.

The Service and Bureau Mutually Agree:

g1, What this C(olbrado River Fishery Project will be
initiated immediately upon execution of this Memorandum of
Understanding and shall remain in effect until March 31, 1981.

8.2 That the project study period and dates -scheduled for
the draft and final reports may be extended upon agreement of
both parties.

g3, ithat there siill be on annual project and financial
review in September of each year that this agreement is in effect.

8.4. That the following procedure will be followed in
the event of any major disagreement between the Service, the
Bureau, the Overview Commi ttee, or the Project leader: ta) The
subject of the Disagreement shall be documented in writing in
the form of a memorandum, (b) the memorandum chall be transmitted
to the Regional Directors of the Bureau and the Service, and
(c) the disagreement shall be resolved by negotiation between

those officials.

8.5. That this Memorandum of Understanding may be terminated
upon 90 days' notice from either party.

Nelson W. Plummer : Harvey Willoughby

Regional ‘Director, UCR Regional Director, Region 6
Burcau of Reclamation : Fish and Wildlife Service
Department of the Interior , Department of the Interior
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COOPERATIVE AGﬁEEMENT
Between
YR RS SHE o nid BV EED RS BRIV GE
and

NATIONAL PARK SERVICE

To Study Endangered Colorado River
Ehshesiiniithhe i ampa  Rawven

1. INTRODUCTION and BACKGROUND

The Yampa River is the largest firee_flowing tributarylof the Creen and Colorado
Rivers in remaining without major modifications. Extending from the headwaters
near Steamboat Springs, Colorado to its confluence with the Green River, the
Yampa flows from Deerlodge Park to the confluence within the confines of
Dinosaur National Monument (see attached map).

Previous workers have reported that Colorado River endangered fishes use the
Yampa River during certain times of the year. Colorado squawfish have been
documented upstream as far as Milk Creek, a distance of approximately 125 river
miles. Humpback chub have been found upstream in the Yampa River as far as
Cross Mountain Canyon, about 60 river miles upstream from i1ts mouth. Bonytail
chub have not been found in the Yampa River in recent years, however, they were
reported to be common in the lower river during the 1960s.

The Yampa River cannot be separated from the Green River when discussing
Colorado River endangered fishes. The Green River downstream of the Yampa is

of extreme importance to the Colorado River fishes and has continually been
shown to be an area where alll life stapes of the fish occur. Also, a Cotorado
squawfish tagged in the Green River was recaptured 52 miles up the Yampa. The
Green River downstream of the Yampa exists in a semienatunaliistateftoday because
@l flie contribution 'of water! from the Yampa. ; T

linerel stipresentliyialrnsh for water developrent in the Yampa River drainage.
Thed¥proposed Juniper’ Cross Mountzin Project comnsists of two rTeservoirns witnis
combinedistoraee’ capacity of 172905000 acre feet.  «Thelprojectiwonldicause ‘a
minimum depletion of 60,000 acre-feet annually of reservoir evaporation, and
could set the stage for ultimate depletion of approximately 400,000 acre-feet




annually by making additional diversions possible. The Cheyenne Water Project
is proposing to divert 24,000 acre-feet from the headwaters of the Little Snake
Riversal majjons tributary of the Yampa River. Power production, some under
construction,fnear Craig "Collorado willl use approximately 20,000 acre-feet

per year and may request additional water in the future. Because of increased
energyfidevel opment ins theSbashn we expect additional water demands besides
those mentioned.

With the present rush for development on the Yampa and upper Green Rivers, it
1siampenative fthatibiologisiEs fand hydrologists determine water flow requirements
flomthese lendangered Collorado R iver fiche: 0f ciitical LMpentanceia e th e
tlor the Rationall Park Service to defiﬁn Shecn il el fille i conhmer e S orel e ot
Rattian gl Mo nuson o JAhla eI hels I idleala e b S : gty i

needsBoliitine endanetredi@olopadol Kiver 1ch)

Because of the mutual needs of the National Park Service and the FWS. thesec

two agencies are cooperating in this seudy ol BEhe Wanpa Rives 00 Wiie ERIS v )
conduct the field work and data analysis and NPS will provide assistance in the
form of personnel, funding, and other logistical support.

The Colorado Division of Wildlife (DOW) is presently monitoring the Yampa River
relative to Colordo squawfish habitat changes as required in the Colorado Squaw
fish Recovery Plan. The FWS plans to coordinate efforts with the Colorado DOW
in conducting this Yampa River study.

20 AR AR ORESTUDY

The area of study will include the Yampa River from Craig, Colorado downstream
to the confluence withithe Green River; the Little Snake River from dits con-
fluence with the Yampa River upstream to a distance of 30 miles, and the Green
River from the mouth of the Yampa River downstream to Split Mountain.

o INMER O S

A literature review will be done in March - April 1981, and all previous data
summarized. Field work will begin in April and continue through October 1981.
Data summarization and analysis will ‘be done in November — December and a final
report walililibe comple ted by January (15 1987

4. OBJECTIVES

The overall objective is to determine the importance of the Yampa River for
maintenance of the endangered Colorado River fishes and to delineate stream
flows needed to sustain these fishes. Specific cbijectivesiiare \as ol lows

a. Determine distribution and relative abundance of Colorado squawfish
and humpback chub in the Yampa River and in the Green River within Dinosaur
National Monument.




b. Obtain information on possible reproduction of Colorado squawfish
and humpback chub in the Yampa River.

c. Determine habitat requirements of Colorado squawfish and humpback
chub in the Yampa River and Green River within Dinosaur National Monument.

d. Determine extent and significance of movement of Colorado squawfish
and humpback chub in the Yampa River - Green River study area.

e. Determine the effect of various flows in the Little Snake and
Yampa Rivers on important habitats of the Colorado squawfish and humpback
chub in the Yampa and Grecn Rivers.

5. HETHODOLOGG:

a i Bilal oiod call " Dat ok

To evaluate reproduction of endangered fish in the Yampa River, intensive
sampling for young fishes will be conducted throughout the study area during
the 1981 field season. The primary sampling gear for this effort will be
seines. Spawning sites and movement will be investigated by radio telemetry
of 10-20 adult Colorado squawfish and humpback chubs. Fish would be implanted
in April. " Monitoring wouldibe dntensified during spawning periods: May for
humpback chubs and July - August for Colorado squawfish. Electrofishing will
be employed to catch adult fish in the Green and Yampa Rivers within the study
area. These fish will be implanted with an appropriate radio tag, held for a
week, then released near the point of capture. Efforts will be made to track
fish on an intensive basis during the spawning period. Also, attempts will be
made to recapture tagged fish during spawning. Habitat used for spawning

_ would be described in detail and reproductive success would be monitored by
making collections of young and larval fishes as described above.

Movement and potential migration of fishes within the study area will be
investigated using radio telemetry. 1In addition, all endangered fish larger
than 150 mm will be tagged with a Carlin dangler tag having a specific number
code. Recapture of these fish throughout the studyv area will assist in deter-
mining extent of fish movement and habitat preferences.

To determine the type of habitat utilized by the endangered Colorado River
fishes, extensive fish sampling will be done throughout the study area. This
sampling will be done using seining, electrofishing, trapping, netting, and
any additional means possible. Sampling will be done systematically using a
stratified sampling design. The mix of the various species will be recorded
and documented in line with the ongoing Colorado River Fishery Project in the
Green and Colorado Rivers. Habitat preference data will be gathered onm all
endangered fishes encountered in this study. This will include preferences
for water depth, water velocity, water temperature, substrate and presence

or absence of other fish species.




Special investigations will be made of the humpback chub population known
to exist in the Cross Mountain area. This effort may be done by Colorado DOW
or a combined effort by Colorado DOW and FWS.

b. Hydraulic Data:

Relationship of flow to endangered species habitat will be examined using
the FWS Instream Flow Group (IFG) Methodology. Two IEG stations will be
set up in the Green River study area and at least one additional station
in the Yampa River.

Integration of habitat data and biological data to determine flow needs
will be done by BI5 personnel invalved in che slndv. o This wvork wild

donetifinor i dun i th roua i s enitd el

6 EMREGTED W RESTETS

Results will describe the magnitude and significance of endangered fish
use of the Yampa River. Important habitat areas will be identified and
described. Changes in habitat with flow will be described. Use of the
Yampa River by endangered fish will be related to the overall Green River
population and use.

Flow and habitat needs of the endangered fish will be keyed to 1) the Lily
Park area immediately upstream of Dinosaur National Monument, 2) the Juniper

Cross Mountain area, and 3) the Echo Park area of the Green River.

7: " W.5. FISH AND WILDLIFE SERVICE RESPONSIBILITY

The U.S. Fish and Wildlife Service will conduct the above study providing
manpower, equipment, and support in the amount of approximately $137,500.

8. NATIONAL PARK SERVICE RESPONSIBILITY

In order for this study effort to succeed, the full cooperation of the NPS
is needed. NPS will need to provide ‘or permit the following:

a. Funding in the amount of $12,500 for support of fishery biologist
function as assistant field iteam leader from Mazch 1. 198L to Januagyi 15, 82

b. Two boatmen to work with the project from April 1981 to October 1981.

c.ilf Some loffiilce Mlistoragestandlsving ispace | for (FWSI morkers W Living
accomodations for a YACC helper, and a team of 2-3 bio aids on a part—time j
basis if such accomodations are not required by other regular park operations.

d. Permit the low-level flying over the river of a radio receiving
search plane, up to one or more flights per week.




€. 'Permit the temporary stopping of river fleoating for up ta 1/2
day _
while stream flow measurements are made. This will be during the July -
September period.

f. Transportation assistance in moving personnel and equipment within
the monument.

g. Establish and run a water discharge staff gauge and thermograph at
both Deerlodge Park on the Yampa River and Echo Park on the Green River.

his Purchasiinediio e qgui pmentsiv i bi done by FuS with the cooperatis:
aidiinpa e from RSB ersoncl IR En Rt et e S nEIIIG e o) 2 c e n R UTIT ES
will be Steve Petersburg at Dinosaur National Monument, and Jim Reid of the
NPS Regional Office in Denver. Equipment purchased by the NPS will remain
the property of NPS following

completion of theistudy.

i. The FWS Project Leader (CRFI) will work directly with the Park
Superintendent concerning details of the above.

9. COORDINATION WITH COLORADO DIVISON OF WILDLIFE

Our efforts will benefit greatly from assistance by Colorado DOW. FWS
project personnel will coordinate study efforts with Tom Lytle, Colorado
DOW in Grand Junction and Charles Haynes, Colorado DOW in Fort Collins.
The following will be attempted:

a. Use of Colorado field teams in April - May to assist in capturing
adult fish for radio tagging.

b. Employment of one Colorado DOW field team from March to June to
conduct fish sampling above Lily Park on Yampa.

c. Coordinate with Colorado DOW crew from July to October in sampling
for larval and young of endangered fish. ]

d. Coordinate with Colorado DOW to have the State people take lead
in efforts to work with humpback chub in Cross Mountain area of Yampa.
FWS would supply some of equipment and one man as necessary to assist DOW
efforts in Cross Mountain.

J.0 N RER@RTS

Reports will be provided to FWS, NPS, and Colorado DOW om a regular schedule.
The first quarterly report will be completed June 1, 1981 and include accom-
plishments to date and any problem areas that may be evident. A second
quarterly report will be due September 15 and will briefly outline accomplish-
ments to date. A draft final report will be due December 15, 1981 and a
finalirepontEiw b el du el lamnary sl HIEEN 9 877
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Tables 42-46. Summary of simulated mcntnly streamflowss,
control point 43 (Little Snaka2 River n2ar
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Tables 47-51. Summary of stmulatad monthly streamflcows.
control point 41 (Yampa River near Sear-
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IMPACT 5F RESEQVIIR-DEVELCPMENT ALTERNATIVES CM STREAMELTW LUANTITY

I THE (YAURA RIVER SASINs CTLBRATEEAND SYGIEING
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3y Jack E. Veenhuis ana Ccnald o En il ter
A S TR G

A total of 35 major reservoirs has deen proposead for lconstalicEan

in tne Yampa River B3asin to provide additional water for increasing

. , dign ; b : Also, one new

industrials irrigationy andg municipal uses.
and anoddition +2a weond Frassmountaia diversion

transmount3in diversion Ahave been praposed. A multireservoir-flow

computer model was used ta simulate the effects on streamflow of
— S ——

five potential . eptionss incluging one
e /

representing historic conditions and four reprasenting varicus

degrees of resarvoir and transmountainQGiversion cdevelopmente.

Variocus combinations of 17 proposed reservgoirs and the 2 transmcuntain
diversions were used in the analysise. B8y varying the percentages

{25+ 50+ 75y ancd 100 percent) of hypothetical agricultural ang
transmountain diversions within each pgraoposead reservoir—develaopmant

option studied. different degrees of water-use allocaticn wera

simulateds thus providing results for a greacer rangs of alternativesa.

The results of these simulatians praovide watar managars and plannars
with some insight intc how proposed surface-water developments w~ill

affect streamflosae
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Tne grogcos=ac Yidler transacuntain diversion ~oulag
gtre3mflon onliv haiche Yana River isiEpasin snslethe
Park transmountain giversion ~ould affect streamflo~ urimarily
th2 Little Snak2 Rivar subdb3sine Streamflow in trigutaries tc tne
Yampa River would be relatively unaffectad by the vidlar rransmcuntain
diversian slthough streamflow in all reaches of thne Yamps River
downstream from cthe proposeqg diversion site ~culd oe affescred to

350me degrlce

More uniform flow regimes throughout the year a.oulg result

from some of tne proposed reservoir—develcomant OptionNs. =However,
2xisting (l979) minimum streamflows wculd not be maintained in many
instances =nd far many months therz2 wculd De nNo strzamflow with

the largar gercentage w~atar-use allocations.
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Histcoricallys, the grincipal use of surface water 1n the Yamroa
River basin (figs 1) nas peen for irrigation of hay neacows anc

~heat fields. rowevers increased energy 3nd econamic develcoment

in the 5asin will rasult in increasag use of surfaca—-water supplias

for industrials, municipaly and recreational purpos2s. R2z2cz2use only
57,000 acre—ft of raservoir storage (Steele and otners, 197%) is
currently (1972%) available in the basin, the construction of numarous
reservoirs in tne Jasin has been gropased as a means of providing
acditional surface—-watar suppliese. Proposals incluce tne construction
oif i35 ma jon  resenvoiins Swilchialitoitalliic ap aciiic yilo 2l sEim il o piia cria=
fts ~hich is &4l percent greater than the mean—annual ocutflow fraom
the 23sin (Ste=2la and cotherssy 1979). The effacts of raservcir

ildglife
hatitat need to be determined. Accordinglys the U.S. Fish and
Wildlife Service requestad that the U.S. Geclogical Survey azetermine
the affects of gotantial Feservoir configuracions and various
dllocations for irrigation and ctransmountain divarsions on ti

By

guantity cf str2amflow throughout the Yampa River 03sine.
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Figure 1. --Location of some representative proposed reservoirs and control points used in multireservoir-modeling analysis.
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Infchis scudy, 3 nuloiresarvcir—-flca model wasiused t9 simutacs

rthe AffSces of various configurations ofiellidvtoposegireservc!ig .,
and an add:troan Fo a Secand FrAASpoupatalia I /QF‘S/';)A)
and 1 gropods=¢ transmountain giversion aon str3anfls. in toe ¥3roa

R iwer .cosifa.: The 17 troposed rescrvoirs areitne itsrcer of the

[
total! 35 reservoirs Deing considered for construction in the basine.
Whereas the geohydrologic characteristics of the Yampa River basin

are well known, the physical characteristics ang operating schecules

of tne resaervoirs and transmountain diversions are sgeculatives as

ire the flows resulting from tne model simulations. To obt3in soms
xnowledge of tne possible effacts on str2anfilicey Cive soecsntial
spticns including One representing histaric condftions ({no aggitiangl
reservoir development) and four representing various degrees cf
reservoir and transmountadin-cdiversicn develcpment were stucdiac.

This stugy is an extension fafilearlier reservofs mcageling ccomplated
for the Yampa River bdasin (C. 3. Adams, D. P. Sauers R.

ang Te. D. Staela, U.S- Geological Surveys, written CoOMBUNa.s
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B e nneic s Baliof Yagricaliural ignaicrsnsaagne2in
Sl Vs S i RS ol Bt S a399 rasarvair-tevaloprsns Jpricn Stuliace
Ji Ffaranc decroes of cevelogmant wers 'siaulitag, wods Srovading

resulrs for 3 Srograrc rango gf altaraarivasi WliEa readl tsiafiitheso

simulacions will crovide w~ater manacers 3and planners ~itn s3me

insisnt inzc now groposad surfica-water devalgoments ~ill sfface

minimum streamflowsE)

Ra=ullcs el niinal rognasaarach v icansrol ol aEs B acllcir s =picad
tris Fracorte Rasyles for rRaldamagning S8 contpolliociBES oy
ne aorained fraom the Ua.Se Gaglagical Survey far cha Cost of computer

Ing regrgguctisn Timae




The multiraservoir-simulation moceael used in this stucy w~as

zne reC-3 multireservoir—flo~s mocel developed by the U.S. Army

Ccrps of Enginzers (195%3)

——

et o - i TR

do multipurgosas multireservair rOu;ing g straamblcw ~ithRia

rivar basine Far this study, the Yamp3 River dasin was simulacag
Dy a series of 47 control pointss arranged in dOwNStr23m orders
raprasenting either a reservoirs, a diversion gr return—-flow points
3 confluence of streamssy or 3 stream reach wnere fisn and wilalife
fachitacliisBofiiintanos oA RS Il ire sesvailiciconera l "oo bt shyiimomtnitivi:
values of net evaporation (evaporation Minus precipitation)s
cdownstream cischarja—-channel capacitiesy and reservoir gsometry,
including elevation—area and elevation-voluma tanless, werea specified.
Storage in each reservoir was divided into six starage anc surface-
ara2d increments to facilitate approximate simultanecus agjustment
cf all reservoir levals throughout the basine. Monthly diversions,
return flows to the next cownstream ccntrol! points ang estimates

cf consumptive use were spgecified 3t all divarsion control Zointse
Between all control pointsy incremental inflow was computreg on the

0a3asis of agvailable streamflow recordse




Caitly strzamflow recorcs, unsdjustea for cpnanges
From 3z straamflow-g5aging stations for water years l137.2-7¢&
and 3) were us=2d to compute mean monthly and mean annual streanflow
a4t the stations. OCata for periogs of nc reRcora were synth2s12=ag

wsing a leasc-arrory linear-regressian tecanigue (a. LRSS e

Geological Surveys, w~ritten communes L<975).j~rhe resuilzing str2amflow
F:raca ~2re useg ta: (1) Setermine incremenctal inflows to crocosad
resarvoirsy, and (2) cetarmine incremental inflows cetween 311 orher

control poincs for the 1327-75 mogel=a3nalysis neriode.
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Figure 2. --Location of streamflow-gaging and climatological stations having records used in multireservoir-modeling analysis,




CONTHOL| CONTROL |U.S. GEOLOGICAL PERIOD OF RECORD
POINT POINT SURVEY
(THIS  HSTEELE AND STATION

HLPORT) JOTHERS, 1979) NUMBER

09236000

09237600
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09238600

09239400

(92395600

09241000

09242500

09244100

08244410

09244600

09245000

08245600

09246€00

09247000 e

09247600

09248600

09249000

Figure 3. - Periods of record for streamflow data used in the multireservoir-modeling analysis.




CONTROL] CONTROL |[U.S. GEOLOGICAL PERIOD OF RECORD
POINT POINT SURVEY
(1S |STEELE AND STATION

REPORTY JOTHERS. 1479) NUMUER

09249200
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09250000
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09261600
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Figure 3. -- Periods of record for streamflow data used in the multireservoir-modceling analysis -- Continued.




Precipitation Records

Hontnly. srecioitation recaros for witar yoarsel o6 MR Fam
climacolocical srations Ogeratad by tha Mdaviooal iweathen (S=2fvice
at Columbines Craiys Hayden, Pyramids anc Steambodt 5oprinise CO10..

and J1x0Ns AyQe (Fig.z))aere usad in the resarvoir an3iysise Jata

for periods of nNo record wers synthesized using a laast—arrgrs

linear-ragression tachnigue (2. 4. Surnss, U.S. Geolojical Survey.

writton commiines L FTal




{Uiiniited Svscorakion datalarel Svailabls for £0E

nD3SinNne For this raasaons monthly evapgeration races g=2termined for

reservoirs in the vicinity of Denvar, Colce. (Ficke ang orthars,
L3778} ware us2d in the reservoir analysis. Mcnthly evaporation
rates for a reservoir in the Yampa River 5asin wera selectzd from
R elldaicatiia it apiliolile b as o d e nlild Scom siaimils ol e Fllgalaima tirliic
crnaracteristics betwaen one of the J2nver—vicinity rasarvoirs ana
tn=2 reservoir of interast in tne Yampa River 233sine [n many
instancess the &vaporation rates hac to De sstcimatec for ‘Movemoer
thraugh Yarch 3as <ata were not collectea for tnese months cecause
Sf iceHcavar —ibfusmes (‘e E. SPaNry UeSe. Seological Survey, writtan

GO mmMUNless LS8 g
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Consumptive sa 3nd Existlng Surfacezwster Civersion

~
1
e o e o A i et

zaalivisest offandiisitiing s U EaceswSitemliniish ool sin clia 1 o a siicals

indicate that more tharn 90 percent of th2 water withdrawals and 9¢

percent of the consumptive use of w«atar in northwestern Ccloracc

during 1376 ~as attributed to agriculctural irrigation (Xnucsen ana
Danielsany 1377; Gray and athersy, 1977}). Most records of giversions
tc the hay ana wheat fields and pasturelands in the pasin are
inccaplete. Howevers the effects of most of these diversioas on
_StreamFIOw wera accounted for oy increment3l inflows betw~esn control
pointss Civersions through the Gibraltar Lanal from tnhe Yampa

River near Haydens C3l0e.s ares documentad and were included in cne

raservoir analysis (zadble 2).
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oata regardin: : acr, The Sropos2g rasarvgirs sere
octained fSragm Hacbace D i ' satar and Poaxer Assgurcas
s5ervica (formerly UeSe 3u Feclamatione ~ri1TCEN COTMUNG .
1777}« Reservair gata ootsined included wartar-surfa claevacion
versus surface area and volume ancg some preliminary
active srcraje volumes (conservaticon £ool
2ach resarvoire QJutflow elevacions wers ger2rally not availatla,
Sg estimatas w~ere made for ceaGLStorage ar cgonservatign—zcol

elavatians. Tha amount of active storage availasla for ccocwnstrean

Nne2ds »as nct specifiea; therafare., for the l3C—-percann 2llocacion,

all awvailacles researvoir starage ~as Jistridutad Throdgn trn2 w~ater

yegar. Thus,y tne 100-gorceacallocacicn fariceachiresarvairicaticn
regrasanced use of the raszsrvcirs® total starage far givarsicn

SUrgcosese.




ALTERAINATTIVE RESERVI R CENFICGURATIEN

Secusaniinii aslige e canomiic allliviiE s o sinailiaie ot g = o I oigiciciitn it
ccnfiguraticns of the 35 oroposed reservoirs.  # representativa

reservoir—~develgoment options for 17 larger propos=ad

~8re chosen Aas summarizsed in table 3; the locations of tne resarvgirs

and cantrol ooints are shown inifigure L. These optigns ‘are tha
same as those used in the U.S. Gealogical Survey's Yamoa River
Dasin assessment and include rne largestiorapartion of thae tarsl

G2 senvol riis toracelisineEos ed ifiopiisneliniashin (S JCI A aoms v BigD ey Sl
Re He Lales angd T. C. Steeles, U.S. Gaclogical Survey, writzan
cCommune.s 1l980). Using these optionss a regresentative expacted

range in flo~ may bDe simulatad for various cdejgrees of reservoir

cevelgpmante.
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Table 3.--Propgsed raservoirs used in model analysis

Proposad scorage
Proposed resarvoir capacity

(acre=faet)

Bearl Yampa River 11,610

Cross Mountain® Yampa River 142,000
Juniperl Yampa River 1,079,990
Yamc:olol 3ear River 9,000
-Blacktail Yampa River 229,250
Childress Trout Cresk 24,160
Lower Green Green Creek 299,500
Lower Middle Middle Cresk = . 25,150
Pothook* Slater Fork 50,000
Sandstcne1 | Savery Creek

Upper Middis Middle Craek

California Park’ STkhead Creek

Crafg1 Yampa River

Duncklayt Fish Creek

Grouse Mountain WiTllow Creek

Hinman Park Elk River

1
Pleasant VYalley~ Yampa River

lProposed diversiaons for agricultural uses.
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A egsl
Some af the proocsed larg=are neservoic complex=s consileraz
ROt RiiSEiSis Uigiy Gl iiis (S aiiisio el G i Claois sl o inis el S E e G It
(Colioradeli iveriNgitoriloas Sy At ol G s s rlitcint, SLGITS il (20) (83 Sic BlE maa 0
svater and Power Proj2ct {Gak Creek Power Companys 1l37£), wrich

includes the following gropas2d reservaoirs: 31 i Lowzar Craen,

Cpseriang Lowen Pigalles iond Gl gaes sEii(BIIS sviady =20 =aoox s aa (=ocT

a’ 4
(UsSe Cepartment oFA{nterior. 19765 anad (&) Yamcalo groject (destern

- T T T
Engineerss Inq?}

19750 e The proposed Plaasant Valley
r2servoir i1s an expansicn of the existing Lake Catamount Resarvaoir

(Wwocdwara—-Clyce Consultantss 1377).




Proccsed Jdiversions associdtad with resarvaoir deavalopment 10
Yampa River casin ~ill te mace for agriculzural, incusctrisl,
auAilctoal Use withinl Ehalbasiine Sadiauaicioal lusa ouesisaiitine

Dasin (transmountain diversions)s In tha mgdel simulationss the
proposed diversions for agricultural use within the bBasin were

variad by using a percentage wata2r-use allocation (25 50, 75, anc

100 percant) of the tortal ar pxe7 cf active reservoir storage

used in each option. The oroposed diversions for industrial and
municipal use within the basin were assumned to be L00-percent usage
throughout the analysis; the proposed transmountain Jdiversigas also
~ere varisd Dy the same gercentages as the prdpcsec d1vaersicons for

agricultural use.




Nt v

Aaeicdllsdnall  dyensions

serncul cural idiversion forlirrigarion {siana nfiioae ForjestT
orocosed uses of resarvoir storage. An 3zoroximat2 mcannly
dystripucian of fiversionss MOSt ©ccurringiduring the Jrowing
Seasons ~as assumed fForialllimodel simulacions i(tasle 2. Ginc ivelltcs
VW o : . . :

SQ‘ 'n- table 2 represent 10C percent of the agricultural irrigation
~atar-use allocations from the notad resarvaire. For the analysisy
it was assumec that the total active reservgoir storajs »a3s availaple
23¢ch yeare. In the mocels it also was assumegd that, of the wonconly

: : . it +he
agricultural diversionss two-thirds would De returned tg streams
- 4 14 L
and tnat gne-third w~ould ce lost—-—either by plant avigotrarsc}ration

or rechargd to thne ground=water systen. "iSome s riculrural civersion

contral=ogint locaticns are showrn in figure ls but because cof the

numercus raturn—flow sitess control pgints for raturn flows are

nct shown 1n figure l.
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focustrial opd Mupigioal Dt/srsions

Procposed incdustrial and municigal diversions us2d in the madel
+the c_orrespandv‘nq aensral paints Q@re
are listed in tabla 4 and,shown in figure l: the values in taodle
4 were not varied during the model simulations. [t was assumed

that industrial diversions would be completely usez in the cooling

nDroca2sses associated with eiecetricity generaction at fossil-fueled

powerglantse. Values for the amount of watar needea for cooling

pcer megawatt of elactricity produced were acapted from computations
oy Palmer Qwd s7b2.25 I oTT ) ¢ Foriexanpicaiin 3 wet—cooling
towers 27,300 acre-ft of water is reguired for every 2.800 megawatts
of electricity generateds. For municipal usess it ~as assumnec that
one—-third of the giversions would be consumed and that two-~thirds

would De returned to the streams.




Table 4.--Proposed monthly diversions for industrial and municipal use

Reservolr
or

diversion

Contral point Type of

in figure 1 diversion

Honthly

divanston Consumptive

{thousands il

of acre-feet) (percent)

Remarks

Pleasant Valley
Reservolr
Dunckley Reservolr

“Elkhead Reservoir

Yampa River down-
stream from
Fortification
Créek

Hayden powerplant

Blacktail Rescrvoir

Municipal

Municipal

Industrial and

" municipal

Industrial

Industrial

Industrial

Steamboat Springs, Colo.,
area.

Downstream area.

Cooling water for electric-
power generation plant and
amwnicipal use in Craig,
Colo., area.

Cooling water for electric-
power generatfon plant in

Craig, Colo., area.

Cooling water for electric-
power generation plant.
Cooling water for Oak Creck

Wa‘ler‘ Or\J pauje r

Pruject.
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Transmountain

Ts0o transmountain diversigons from tne Yamga River
Se=n groscsed: Tha Widlee divarshion (Sheeshogal pro ject))

~ivern about 122,C00 acra—-ft o=sr year from the eastern

Yampa Pivaer subbasin to the Jenvar, Calo.. matropolitan arss (Rooert
an addi*ian 7o The 2x'5Tia g
~

Mareland, Vidller i Mannell Corpey wriTtend cammufie s LTy andp Hog

Park diversion that would divert aoout 31,000 acre-f yesr

fraom the eastern part of the Littla Snake River subfasin td Chayenna.
WyQae (3anner and Associatase [Nnce.s LF75). Inthe mcdellyicanitrol
noint 39 (Yampa River at Steampcat Springse Coloe) r2grssents the
<ithdrawal 20int for the Vidler diversiony ~hich will divert water
from the Yampa River anad six trioutaries uostream from Stesmboat
Sorinss, ang conrrol Soiptiab il eestlo Snake 3nvens dear i3lorac.

WyQae) reprasents the withdrawal point for the Hog Park diversion
{(flice The monthly schedules assumed for the civarsions. w~nich
~ere tased on the availaoility of w«ater during pe3k-flow months.

are listed in taslie 5.
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2ac3use the REC-3 simulation model has na parameters to
calicrates only verification to Jaged streamflow ~23s used to
coetermine the accuracy of its oradictive capacility for tha Yampa
River Dasine. Therefore, a model simulation reprasenting historic
congitions with'negligibie r2servoir gperations was compareg to
streamflow records at +AYe2 streamflow—gaging stations fcr S0 water
years (l1927-7%). The comgariscns bDetwaen simulatag snc measurad
mean annual discharges at the Thv&2 streamflow-gaging staticns are
shown in figures 4-8. Simulatad discharges were within 5 percent
of measurec discharges at control‘point 39 (Yampa River near
Steamtoat Springss Colo.) and contrgl point 42 (Little Snake

near Lilys CGloe)e and within 20 percent at,

é::;;;rol point 13 (Yampa River near
“*aybells Coloe)a The decr=ase in accuracy for certain lgocatians
is partly cue td the uncertainty in accurately representing historic

irrigation Jdivarsions in tne model. Un the basis of tnese

simulacionss it is Ccomeiieer that the maccel has Zesan part\q

verified for tne study arede
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Figure 4. --Simulated and measured mean-annual streamflow at coatrol poiat

J S g -
Yampa River at Steamboat Spriags, Colo., 1927-76 water years.
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Figure 3. --Simulated and measurad mean-annual streamflow at coatrol point 18,
Yampa River near Maybell, Colo., 1927-76 water years.
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Figure 6. -- Simulated and measured mean-anaual streamflow at control peiat 42,
Little Snake River near Lily, Colo., 1927-76 water years.




Mocdel simulations wera2 made for a SC-year period of water
yaars 1927 through l975. This period was chosen because the pericg
tncludes o wido range af i cliimacic conditions. including credeaugite
aficone 1830%s gpa tha (15950 sy ang beceusel tne HeC -3 nodal iis lamecad

to a 50=year intarvale.

Thirty=-Ffour simulations were made to determina streamflow 3t

the 47 contral potnts in the modele. The first simulation determineg
Nistoric conditions without any proposed transmountain Jiversions

or reservoir development. For the seconc simulaticn, tne assumption
was made that only the two transmcuntadin diversions wculg de in
dperation. In each simulation, mean, median, and 30-percent
exceedence flawss in cubic f2et per saconds were cetermined for

agch month at =2ach control gointe. lhe d3@=cercent exceecence flgas

averaqe pacm el
arg1f10is that would be -—. exceeded 80 percent of the ov745sSy

wof'a_, ;Je’f\ MOIH'A /"__‘_\\
Statisticallys median Flcugacan be expected to be exceedeq

once avery 2 years, on the average. and tne 3C-percant exc=2ecencsa
flows can pe expected ta be exceeded & out oF every 5
-—.—.—__—————/

yearss QN the averagee.
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Siiatii st almon eEniilAlsic peo aiflic Wisilc tR e e G TR e s pitmEo s iR eI C ino U s R ot =

the Yamgca River 5asin ware detarnined as fallows:

Hilsteamiciciandintirgnis s
Ll thisEoriiclicomfaitiioasi v ERait ian . o opos 2 diie (Ve nSilicn Sie
HisStoriC conditions wi ¢ GaESSs ~=2

Lransmountain civersionsSe.

3. Resarvoir-development options l-&4:

s altocationt afi2Slisccecentio s Sllliscsiivollir asolnyiaiin
stograge for agriculitural Use withoyt Say trassmouncdiin
liversionss and including 100 percent of induszrial
and municinal civersicgnse.

Al ocatian ofl 25 eecceat @f ‘toEall Sctive ires=ciont

storage for i gerucul EUaali Gsaliwiith 2580 2ncant folf

oroposed transmountain diversionsy anc including

1CO percent of ingustrial and municipal Ziversions.
Allocation aof 50 percent of total active resarvoir
storage for agricultural use without any transaguntain
diversiansyiandivacliiding 1Cd ncrcentitof inaldstcri gl
and municipal diversianse.

Allgcation aof 50 percent of tocal 2active res=rvoir
stcrage folr agnh clllicunaliit solwihERn B Al oc necnitlc &
Droposed transmountain divarsionse and 1aclucding

180 sercentilaf iincduseri gl ema municiz3l 2ivcersvanse




Allacatian.of 75 icercent of cotaleactiive fesorvoln
stcrage for agricultural usa witncut any transmaountain
Hiversionss and including 120 percent SF incustrial
and municipal 4diversicnse.

Allocatcion ¢cf 75 percent of total active resarvoir
starage for agricultuesl use witn 75+icerceat of
oropossd transmountain diversionss and including

100 parcant of indusctrial ancimunicipal diversionss

Allocation of 100 percent of tot3l active ressrvoir

srorage for agricultural use without 2ny transmountain
diversionse and incluging 100 percent of induscrizl and
municipal gdiversionse

x1location af LC0 cercantiof totdl active resesovole
storage for agricultural use with 189 sercemre of
proposed transmountain Jiversions, ancg inclucing

100 percent of industrial and municipal gdiversionse.




Results of rha model'simulacicns For nine reapresantatciva
contral points (tanle H) are presentadiiinitehi siic el gt s ol - e

the cantrol pcints are at or Near. streamflow=cacing stations. which

Jermits 3 COmMpParisan with acrual cafci Eransiii al cimalini e int The

Jhow;n
mogel results-Amontnl values of mean, medians and 3T-percant

exceegence flows for each control Joint are presentad in a s=ries

of five tables. The first table presaents the resules of Ristoric
concitions without and with transmountafn divarsions and, ~here
aoplicables 3 summary of the streamflow fecoraSilfcniyS Ea Ry c A r o

USl2i el nemiitn e streamflow—gaging station at or near the contrgl
Point. The remaining four tacles present ER=lme s ISE S E e o cilig St
50-» 75-, 2n@ lCO-percent water-usa allocations of ytne aceicinl tiral
diversions witn and without the transmount3ain diversions. For al]
tacless moncthly streamflow statiscics less tnan the corresponaging
values for historic conditicns are underscora2d to ingdicate recuctions

i F]o'do




Table 8.--Control ooints for wnich resulis o

model simulations are araseantad

Control : Bl
ST Locatian Significancs

s0int

Yampa River at Steamboat Springs, Cola. Gaging-statian control;

(at gaging station 09239500) transmountain diversion.

Elk River near Trull, Calo. Gaging-station control;.
(at gaging station 05242500) ‘ fish habitat.

Trout Creek at mouth Fish nabitat.

Yampa River at Craig, Calo. Industrial and municinal
(downstream_frcm srgpased supplies; fish habitat.
Craig Rasarvair)

Confluence of Yampa River and Fish habitat.

Milk Creek

Yampa River near Maybell, Colo. (at
gaging station 05251000; downstream
from propasad Juniger 2aservair)

Yampa River near Lily, Cola. (downstraam =ish habitat.
from proposed Crass Mountain Reservoir)

Little Snake River near 3aggs, Wyc. Gaging-station cantral;
(near gaging station 09254700) transmountain diversion.

Yampa River near Deerlodge Park, Cala. Commitments for Upger

Colarado River Compac=:.
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Hoaall-siilalliatoafnonienliyicieipcanifillic vsiflgriic st ey lEialoiiae
River at Steamdoat Soringse Lalo.) are pgresent=c in taoles
Simulateg nantnly mean 5treamF¥Ows fom s teisiiiciican @l cliloms
progoseg tramsmountadin givarsions vary from +1 ta -3 percen

-

avarage absolute variation af 3 gercent of tne moncnly strazmflows

streamLlow This
calculated from,;gaging-station racords; i1d;icITES

A
can reasonably predict conditions at this control pointe
average acsoluce variation is computed Dy summing the individual
jaluss of o Gl _ _
absclute,percentage variations for 3 given location in2 mogel
congitions and then dividing by the number cf gata points.
The underscored values in tablas 28-1ll indicate a reguction in
thelinistoric Al Flow o any gevelopgment icondition < FEallvillene

nonirrigaticn montns of QJecembar or January occasicnally snowed no

decrease in flow statisticse Generally, as the raservoir-Zavelopgmant

options and percentage of <~ater use allocaticon incre2asads the flow

volume lessened. Reservoir—develgopment option 4 indic3tec¢ tha most
siigmificant ceguctianlin flo#3s aliresulic lof fiche ladsence of demanag
from Juniper ang Cross Mount3in Raservgoirs Jownstream on tne Yampa
River. 4“Without the demand from these Tw~0 resarvoirss thes flow ac
this sit2 «3s reduced and mora water remained in the ugstrasm

raservoirse.




Sinulataa scr2amflas at this control

Do taRt gl ot fac esiiof SghNiiEEdrawall s EES o e i

Jiversicn SqiALAaE tha lCC-gercent water-uys=> al

e

=hzalliynlic SElls B an g itno i E Sl r oot oa st Giitea inl i 2 cucec
szreamrlos woUld occur wars frogueatly as'thae water~use sllacstion
mercantages. incr2as2. 2aro-flow conditions «er= foune to dccur

most frequently for reservoir-cdevelopmant oprion & for all lavals

Sif ~adter-use allocatione. ESven the historic congitions

—— A

with 120 percent of the transmountain diversions ingicated il

cero flow cammonly occurring auring Jdul y.
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Modeli=siimulisited monthl /A steocamftlgws for contnolitsarat 35 (€l
River near Trull, Colo.) are presencted in tables l2-l5. Siaulatea

noatrl vl sersamtllows fiar " hiistoricliconditions witnout arcgas=a

transmountain Jiversions vary from +1 to =25 percemt and an 3v=ar3aga

absaliure "Warhscion laf 'Ll gercent ot Enalincoatnl yiSscraeamnfilans icalell tac

frcm str2amflow—gaging—station racordse.
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ccnsiderea fcr the proposed =ainman 2ar<ior Gecluse “ountada E=SarJairS .
Ialiroservolic sacvelopmentiopitions il ynal 2Wic halis 8 =lve an  fll ol i aElilSEI €5
(tatcles 12-15) nava responded toC aﬁ tNnCr2ase3d damanc from =ha
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Srogosaa Hinman Parkx and Grouse “Yountdin R2S2rvcirs upsStream,

tsndged to even gut tne monthly flo~ cycle. In reservoir—-caval

option 3. mcre «ater has t2en releasag from HAinman Parx ang Srouse
“ountain to meet the demand from the Juniper and Crcss Mounzain
Reservoirs cQuring the irrigatidn s23s3c8n. Rasarvoir—-develcgmant
gption 4 includes the Hinman Park 3and Grouse Mount3in Res2rvCcirs,
Jut the downstream gdemand from Junizser and Crass Mountain “sservoirs
usa is not included; caonsequentiy the flow di1d Not vary ~izh
increased wsater-us2 allgcations. Incr=2asing tne watsr-use allocation
gencentasesiicenenallivllincgealsediicnoagaumpen oifinoatisiitaise i cno oy
statistics are less than the historic Congitions (undarsccr
sTatisticsy tatles el duriac iogigationysaasan
(FEaimiilist o et galcilie The upstream reservoir causeg 3 r=guction in
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requiring water to r2place tne Vigler Tunnel transmountain Ji1varsion
~3ter taken from the Steamboat Sorings locations can any r=2al [EcEr

on the Flows statistics be noticed for the Zlk River n=ar Trull,

Coloe. loc3atione.

Mogcal-=simulacad monthly streamflcws for contral point 34 (Trout
Creek at mouth) are presented in taples l7-21 and the gjerergsl
locdciaon safithis st dsishosn onfr gure "l The effocts

agricultural and transmountain Sivarsions w~ould be
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Water and o
diversions faor tne Cak Cres=k, power Proj=< are

tha gate for resarvoir—-development cptions 2» 3s a0C &
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in water-usealiliocation can De mcticea (lse=2 taplias A =20g 8Tno
reservoir-cevaelagpment option 4 maonthly streamflows wer2 slightly
roduced bDecausa the Juniper and Cross Mountiin Res2a3rvorirs were not
in cperation and did not require upstream flow to fulfill civersion

regui rementsas




Sl snodieen S Ayl oo comet ol o
@ionsi Snoodi s imaiic
1z - td A [0 ereene g7 twemssennase s d-vopsions
[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=80-PSRCENT EZXCIZDANCZ. Underscorad
values are less historic conditions without transmountcain diversions;

g F N Cl SEETERE QESEE D
FLOW HONHHLYSECOWSERRIINECUBTCEE B2 A Siashii,

VALUES

QeI NGV SO BC T AN S e E R R AR S ERCEE i JUNE JULY

WITHOUT TRANSMOQUNTAIM DIVERSICONS

24 23 27 by 158
23 23 72 Lo 5128
17 L 23 28 Sl

WITH TRANSMCUNTAIN DIYERSICNS

24 23 27 : 158 4 123
23 23 29 - 128 2h
L 17 23 g w T




P e B

i g 0 Mgl o : e
Table 18 0-ssummem: (08 5o famad nionel

e
5,
-l oy
- 7 I L U e S . -~ - <

SopmRas i slefirihetl STS (el \ STECIZING s O sl g
- - - . .
oW e 2O TR SO e Tl A

SO0 SO oulzira. oS SRoRSmOUAI T

o
7o el Sl ; o S0
LN TN YT S B R Gl SLons

(FLOW VALUES: M ; 3=MEDIAN; and C=80-PSRCENT EXCEEDANCE.
Underscorad valuas ar than correspending table 17 historic condizicons]

0p- FLow MAONTTHEYS slialS T ERINE CO 8T CRCE S e S EEGND

TION VALUES

DEC AN T BER S M AR AR R A JUNE JULY

WITHOUT TRANSMOUNTAIN DIYERSICNS
b 158
%0 128
29

=
w

24
13
1%
18
17

(V8]

WITH TRANSMQUNTAIN J1YERSICNS

23 27 158
23 23 : 125
17 23 ) 31

— NN
~l W un

2 18
26 2

T

—af o —l N

R (W0 I Vo wn
— N

QO LI N

e e e
ml\xlm I
jeaf~a ;J\




- b'{ 19 e . 0 ; A omenEa Ty B Voore s
13 e e Jud'-:;m @ opes A G TONITALE STI2LT] LUwWI,
ey 7 b A -., = 7 = A
slojaksms ol (ojeinytis ¢ 28R 2T TNDUSA/,
RON DRSO CGT

Tilcnd o nanoolaTa Tt

[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=30-PERCENT
Underscarad values are less than corrasponding table 17 hi

MONTHLY FLOWS, IN CuslC

DEC. JAN. FEB. MAR. APR. MAY JUNERRI UL

WITHOUT TRANSMOQUNTAIN DIVERSIONS

24 23 27 hi4 w158
23 23 23 ho 128
23 23 1

— NN
~wun
s

1
4

27
25
i

NN
owm
(N}
(Vo]
QM

~ lwl
o O
wl

-
N
—_—

N
(UN)

OO —

Jofeo oo

|3l

Je
32
15 2L
35
e
25

Gl |5

|wioro
a0

WITH TRANSMCUNTAIN DIVERSIONS

24 723 27
23 28 23
7 17 23

158
128

=
31

(R 5 0
0o —

e
as — 4

— NN
O O
[e ALWE I N}

— NN
~i

|
|

owm
(93]
W
o
— A
5 -
—N
win
el & P
N

NN
O UL

|‘
Im

5
& |y

E

|

iy
5
W)
~N
(@]
~I
>4
O

N
)

|

N
o
~N
N s)
N R
— N

=

N

=

~

wn

=

wd

()
[SSRNV V)

At
(€0
~
=] O
)
n
9

|
]

«

v

(RS [WN] [ON) )
rajun .

-~ O

ot =

i FO

= -

U G

o] OO

Lo

l
l
|




.

Table 20.-~Swrmexry o simulased monthly soracrylous,
aontralicoint J& (Ircus Jr2ek oo meutrg,
Tior aomonRaTl ng sramsmountain fIiuerst
grocrapomcursoty aeye

s 3 ———pyy -

AT =
LELUS TG

[FLOW VALUES: A=MEAN; 3=MEOIAN; and c=80-PERCENT EXCEZDANCE.
nderscorad values ara less than corresponding table 17 historic conditicns]

MONTHLY FLOWS, IN CUBIC F

GP-  FLOW
TION VALUES

FEB- I MAR L ARR.

24 23 L1 A
2 23 4Q % 43
e 29 )

N
olw
— o
oo

I
l

s
U

- N

(TR (Ve T N e e AN

20
L)
10
20
iE]
i

RANSMOUNTAIN

-

23 27
23 S
197 28

o — &

— b

46
24

— ™
4} U4y O
—_ N
Q

—_ N

ay Uy O

)
oo O |~

= »| Q \lu)
junf a0




{FLOW VALUES:

20T ZZTULSULTUD

A=MEAN;

MOAT ALY STP2N T CUS,

o =l

Gmooiilao o ol

22

Vil
—~—

~a
L

ey vy s
S el D

PRae O gt

Uo7

v

~aay
BT

s At oy e g A
Hracene Gadpmevas st

- = e e GG
AN CE DO T e SR S7 SENN Z 22

3=MEDIAN;

and C=80-PERCENT EXCEZzZDA
Underscorad values are less than corrasgonding table 17 hiscor

aP-
TION

FLow
VALUES

MONTHLY

FLOWS,

W giEle FEET BER

zCIND

QCHe

NQV.

B

MAR.

APR. MA

Y JUNE

S

WITHOUT TRANSMOUNTAIN DIVERSIONS

l-ulN
| —

—
—

o |

14

i
20
TyEaT

—
C

—
UV}

H TRANSMCUNTAIN

1
Lo
29

o
o

)
0

~n
~

Wl
wn

l

N
=

S

158
128

2 1

—f —
—
(U] § S )
[RST A8

|

~I
[6))

L\)
N

o
o
N

0{

(O8]
(WS}

—
(UN)
—
~

237
243
Ll
56

1O
wiwlo

QN
oo

Ul
(00

(@]
~I
~nN

~1

~

15
>

DIVERSICNS

23
23
17

(RS Sl o
N o —

1 gl o
W O

(1) 2
o

"~
L0

()
=

e
(8

|3
&

(911N )
(63 (UF)
(@}
=1~
i~

Sy

O MU
— ~4 O
— NN
O T\
oy ~J

O —* L
oy i
— PN
(@]
(Vo)

|

P
WO
N o
NN

:

=
v
a

(O3]
ey
N

1'

Opu

W
=

4T 00 O

[S RV WENY

0O

oo

U
(@}

LN
n
(¥0)

u \0

(&}

(¢}

(Wo]

1O
N~
[CARNS]

—lun
i 0o

(&)

(§8)

(e8]

~

)

~4

4

(6E

2
o]

— ™
SN

—

Ll Sl VN }

Uy N 00

oy —_— -
an ~ W~

|u\iui

o

- ~4

5

— A5
u — O

- 4 \J)

Oon D~ =

l..

=4
™

— ) — 0
S~ N

gy 00N

fjorfo

by oy
Oy — &

T

N
O

feafupio | ll

™ —

I~~~ =

[3%)

jujos —

— el

jwn~ijro




Model -siimulated maoncthly strzamflcws for control coint 23

HiveE e Cralsy Caled)l i prascrnese in camles 22=254 VW

G Crom . ;
DeinE MlsEllE cat -di doNns Eream trne progcsed Craig Reservai

A
Lrom

3lsag gownstcraan A Ethe confluence of the williams Forx (fic

Th2 simulated results for raservoir-cevelgpment ogtion . ragresent

Soth limitad upstream giversion cemancs (table 2) an= M3 jor downstream

diversions from Juniper and Cross Mountain Rasarvgirse The option-

2 simulations incluged a larger numter of upstream reszrvoir

(tacle 3) and consequently further reducec the flow at this 1t

“ontnly streamflow simulations for reservoir-davelggment options

3 anag & includea the immediate upstr2am effects of tne Cwalie

Reservoir and tanded to even gut the monthly flgw cistriputian

(taples 22-25). The monthly streamflcw for reservoir-development

option 4 is less than option 3 because of the absenca of the

cownstream demand from Juniper and Crcss Mount3in Reservoirs. The

simulated mezn monthly streamflows for the Sd-year pariod ana the
. aaldioe

l20-percent watar-use allocation (table 26), reduced to zaro for at

least & months e3ch year under optians 3 and &.

The upstream Vidler transmountain givarsion hag varying effects
{Lables 24-28) on the flow at the Craig sited Farithe histdric
conditicon with 10C percent aof transmountain diversion (taple 22},
the 5-year low flow (80-percent exceegence probability} was decraased
to zero for 3 montns. Simulatea monthly sctreamflows incluading tn
Yidler transmountain diversion 3nc the 10C0-percant ise
allgearion (taple 26) were Alss Stifgmiittlic sn il

EEansmouatatl aldiversiign ivas inc lildeds

30




[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=80-PSRCINT ZXCIZDANCE.

SALID

Uncersc:

alues ars lass fthan historic conditions without transmountain oi

S MONTHLY FLOWS,

\ UES
VALUES QGTENOVE e AN

AUG.

SIMULATED HISTORIC CONDITICNS

273 211 5318 2l 5052
114 s G T 530 v Z2eg 5293
e 2L4 af i 2l 505 1676 5036

SIMULATED HIST! TTONS WITH 1300 PSRCENT OF TRANSMOUNT

AN DIVERSIONS

132 Lo3-7 1795

e
o

6
173 552 7503 520
Py 527 1387 364

([} (ST IS]

arad

varsians!



BT o 3 4 s

Gt = = 2 P J —pwmin ey | e

faplied28ili== Symrar ol ol G ot RC AT AL UE Sl
7 oy 2 7 =5 = Tenpea

conTrdl BoiaT FolUanna SrUuse el ooty

oy

P)

-+

e
—_

:

97 8

. 5 . : dis
SeTon i =oias i ord wno SYmnSpouRTaTA 2ty

iy = - - Guidla L
: JCTN IGYLSULTUDCL L TPENSMOUNnTILY Tt

25

S LT z SLA L . .
zerz2ant J7 LAZUSTILGEL NG TMALCLDGL 4iversionad oY

[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=dC-PERC:ENT &
Underscorad values ara less than corraspanding table 22 Ahis

XC
e

or

;
arsions,

UE2NS eSS, arne

i ¢ -
~7 N v, T pma mop
Rl SLIUARITLITS

S0ANC
:

cHco

ditions]

OR= FLOW

HONTHISAE AN SIEINE GUB TG mE sl 2= RIS EE AN D

- VALUE '
RION WALSE2 oem NoV. i oEc. BN, ‘Fea. | WAR. ARR U GMAY

JUNE

JULY

WITHOUT TRANSMOUNTAIN OIVERSICNS

239 w100 e dls . UhE1 12010 b2l

4333

52

2k3 211 217 460 2065 4354

L2395

472

24015 e 200 L37 1339 334k

7l
olef

235 235 218 kibS 915 6782

L82

WA 202 a3 410 1977

TR .

43857

209 96 131 333 TAL0

.
0S4

(VN }

308 258 < 290 L53 1807

o

369, 239 60 1384

291 li51 L22 1408

~ijuiun
QO —f =
[UST  FN

SR o

178137 3781

-

227

7780
475

152
333
532

186) "170 E IRy S dls

1ag a1 3501 374

(V0] i = (U ]
arqoinN

Mo
WO~

WITH TRANSMOUNTAIM DIVERSICNS

21L 174 S 437 1513

-

223 o i8] S 438 1979

185, 108 773 LB hds

OMLO LY
(o} [ = § 8]

(RS ] Ay

~Jf =

)5 212 S 2 1315

o

213 180 36 1363

150 a8 - L

(8 2% I bl AN ]
FUjo

OIS ~4

[\ 1 o

2870 238 1701

B
-
e

2884 270 38 1756

252 145 : L 1277

ST
L

njol .

Olop—

~1

131 s

{5

123
164 143 17
43 S} 123

v lime. .

&
(X4 O O
(3} B & (VN
(878 {50 P o

b

- NN A —— ey
Ul = N LD B\ — - O
Ul O wm ~I N = U 00

w
|o|wlu1

raliaes Sige u
L6 BLCN R bl P (59 Y Y
WO U =

— N
ATy —
QO OO

~N
ON

[[el] CL)I

(& IIN)
+ha

D W
aN — On

~N

NOOy —
WO\ —

ol
W —




Table 24 --Surmen 2
contoall Jotar (L3
gncior SoroN Lol
= oF foch cor-cuizurzl wmid franswainioin

S TS B S o T S
TRCUSTITA L. NG TSI EE L SiUEnstonS

[FLOW VYALUES: A=MEAN; 3=MEDIAN; and C=80-PERCENT &
Underscarad values are less than corraspending table 22 hi

op- FLOW MONTHLY FLOWS, IN CUBIC FEE)

TION VALUES

QCT. | INGY.% DEC. ' UJAN." =EBCSMAR. - RPR HAY

WITHOUT TRAMSMOUNTAIN DIYERSIONS
243 196 213 1588 41394
250 216 151 2064
220 s 1530

W
(o8]

—
—
v

o
(@]

—
—

PELE 2 7/ 114 1924
234 199 20 1938
206 3a 15460

(V]
o~

&

1401252 = 1703
T 29 444 1754
298 175 402 1282

B
20
25

(3]
(62

152 siagiaise
133 T
80 633 1

IOIDl

WITH TRANSMOUNTAIN D1YERSICNS

ON

189 i
175
157

ales
Ol

~yj o} o
O]\
— Lol E
— P3N
=1 00
O,

238
165
150

-._.
(U1 58]
j~joy o

~| -
‘ —

-t —b

(VeI WS N ON
ayerEd )2

[ONE RS A

=
(NS has | |
Lt 1551 1¥0)
0

oM &

248
256
215

i)
A7 ONM O

(@] e ]
[@]§es]
[N

—a) e —

— 0D
QIO
waf 4T
E
(RS I A |
=il
— NN
- N
O O
L ey
O~
[ecXVUINV} ]

(X

e
jojol& |

-
[
o

) OO

=

o s

NP ]
\ng -

1
L

— 1N
oy el
[T RN B
L1
k»
o
A
|Oo|ojwn
‘(_)lCJl

10|




CATnSTG U atn, ALU208EgnS),
S e Rt ; -
o wren e o e il TN omouiTeSl (LU SNS TR S, T

. iy
o)

AT e s 5 : Jopa s Ay o

L2l o 5 N TS el wovZa

(FLOW VALUES: A=MEAN; 3=MEDI[AN; and C=80-PERCENT Z!
Undaerscorad values are less than corrasponding table 22 hi

MONT il NGB Gl
B i MONTHLY FLOWS, IN CUSIC

TION VALUES 0

cr UNOVLE DEC,  JAN . SRR AR VERAR i SUNERUHTEY

WITHOUT TRANSMOUNTAIN DIVERSIGONS
HEM ; 2018 4130
N RDilS L7 2064 L4304
110 7 S 1553 3233

—

i
N
o O

e Bt N ]
(@] e N I =
OO} Cof\
(&) ;\n
o gD

Ui
w

-
[3S]
{ oy

2 zadu 1923 4763
1 200 ly 2002 L4386

s 1410 3846

k217
k505
3522

=~
U~

|

A
Ji
~

w N
{0 hSRRE vy &
~J W
[(S11®]
[8 )}

189
228 :
0 ]

NN
-
N Oy 00

oy
oy o
oo
w ~4 \OD
~ NN
60 O L
[YS R WS)
w O
~4 U

L0

385 1726 L340
385 1316 L4438
38411373 3405

-
—

|
(B9 Y [ pyd
|oloio

o)t
1o10]

WITH TRANSMOUNTAIN DIVERSIONS

gl
s
70

409 1753
389 1304
ASRI s

=
0
[0 )Y

r

—\J)
ULOf —
O
N

Ol
witoho
[38] {OV] (O8]
(W31 We} (VW)
1 -Fj0o
— v D

1 —
~
P

L =7

1850
1713
1189

d fad
1=

L
~Hanf e

110
1654

1

-~
—_

N

wal\n
Wiot o
w0l
~1| e

WNLoi~
OMup LD

N — |~
=)

YR
(U3} BFES {N 8

I
|

~N
N

4=

1533
1357
Sé2

4=

(A % by
~Jl —] —

(ON]
(@}

w oy =
=8 ] Ko A
1 U~
0 —I~
S a
_— NN
—

NTRVIRV,

(&)

!

o
(P8 )
(O
(6]

|o|ojo

1ol 7




Tat Ty jrrmees, > 7 T e S e Ty - =7
Tabla 26.-=Sumnary 297 simulased menTaly STr2aNTLOWS,
2O0NTY T wmasm—= 15 [T Sy o~ Tass s ot )
QIVTT O‘J = 1wy, | o) ‘.-.«nuc PRa a4 - a oAy 40/‘9‘;‘,

!

oo - P ~—~r T desly 5 gy oyt VIS A [ e e o S e

a0 T O] GLTCULTURCL nd N SPCNSTOUNTELT ZTUZPSTONS,
-
=

Sl L
nd wi

Udiallpisi  1010)

J
i) . = - . - s .
— S — o 5 - S —
OTM ZETLSULTUTZL 17 TPINEMOUNTILY AU2YSioNs, N4

=

e i e A ey vn e ) s oA e ap e S e e s

’ 5 5 . - 2 = e e
ST cl ond e erlTal 4AtU2RSI RS Vs i~ STl ac oS

or
[FLOW VALUES: A=MEAN; Z2=MEDIAN; and C=80~PEACENT

= DANCE.
Underscorad values are less than corresponding table 22 his

o et
ALY
toric conditions]

MONTHLY Fl b e RERESE EO
op- ZLowW MONTHLY FLOWS, IN CUBIC FEET R SECAND

TION VALUES

GCT. ' MOV.  BEC. JAN. "FEB.  MAR.. L APX. AL JUNE JULY

WITHOUT TRANSMOUNTAIN DIVERS!GONS
211 291 249 447 2038 4209
55 189 218 L24 2093 4340
176 18155 158 381 16580 . 3330

204 200 S5 1884 4785
189 400 2014 4963
334 1408 3884

304 1658 LkéhL
185 1330 362%
12 1140

W N
[0 s R V2 HVs)

g

1724
13813
1370

._-AC‘;*
— 00
[e5) (N} (U]
|

U
(N¢]

il

ol
N

joloy -

=0 st
Q -+ O]

w
w 0O U
OO W

D uny 00
00 Oy —~4
~} QO —
o — &

(V)
@)

oo~

O|O|O




MWod=l-simuliat=dtmonthlvilis eraanfllicesiforiconEnr o= oltniT

(confluenca of Yampa River and 411k ra2ex) ar crasentctad

({Ftce liis

At the confluence of the Yampa River and %ilk Cr=2aky the flow
statistics are similar to the upstream Yampa River at Craigs Coloes
(contrél Jcint 28) with only the aggiticn of the flce from “ilk
Creés< ang raturn flos Fraom Craig Reservdir Jiversions.’ Rd@sarvoir=

development ogtions L and 2 were similar in effects with l2ss mean

annuel flow for option 2 due to acgitional demands for water

ypstream. For resarvoir devalgpment gption 3, the largar flow

statistics reflact the Juniper ang Crcss Mountaia Rasesrvoirnr downstream
JEMANGCS e in reservoir-aavelocjent cptign &4, tre ascwnstream cemands
were norexistent and the flow statistics Jecressec at this sicte.
Enors Sl solias sl cccrease i Flowistatiisohicsiia st Ee e aililoeaEile oY
gercanrages. increased (tables 28-3l)s DLt to a much smalier ¢

The apsence af a cdownstream demand allowad more ~atar to b

; | Paserveim _ athay :
inECE Shre ANQ{USSTr2am reservoirs, and less wat2r to o€
A




§ 4 sememes o sue e

~-n
. -

<iiie .
ALITor o 2
Yoo LliT o

[FLOW VALUES:
values ara less

A=MEAN;

=
»
i

3=MEDIAN;
San - hilscerlc condict

Sty

Undersceorad
in diversions]!

e MONTHLY FLOWS,

[NECLAHE

FEETIPERESEEOND

VALUES

GET N OV D E G TR AN

BESE

MARSEARR A UUNESE SRR AU GRS & BT

SIMULATED HISTC

286
289
255

223
267
10%

275
273
251

SHIMULATED & C

CONDITICONS WiTH 1

8} 5

RIC CONDITIONS
2349
25705
1763 44

5083
Lsgs
3240

7l
S5
Qg

TRANSMOUNTAIN OIYERSIONS

144 197

oy

189

29
21 154
17

a
1
G

P\

9
,‘:/O
L

/ 33

183

bt [ONY A1

—hnjLo

o
4|




Eod ozl Seaccai ciio,
Tomsa Ftvar ord MLLx Trazii,
T ol np Iramsmouncain 4iuarsions,
1 mnd Sranamounsoin Ziuersions, Iind
~nE mumioinal diuersions For 21l sitmilaiions

[FLOW VALUES: A=MEAN; 3=MEDIAN; and £=80-PSRCENT
Underscorad valuas ara less than corrasponding tadble 27 hi

op- SLow MONTHLY FLOWS, IN CUBIC FZET PER SECAND

TION VALUES

0T~ NOV. VDEC. . JAN. WEEB. MARy L ARRL ERAY JuNEREL Y

WITHOUT TRANSMOUNTAIN DIVERSIONS
251 208 60231 Lok 2180 4749
203 22R0CDRa 88T 2235 (B753
773 w2y w218 o Gen 183k 1834

sl —<

[EST I oy B 2
O Bjwn
OO~

(UN}

247 246 2.8 bhre 2088805301
268 1217 LLO 2125 5451
A T 6t 18 1519 L4233

w|
g (e )
wnjo
$ ~~
[@ R VA
=~

321 2586 304 486 1982
2908 . 300 202 o Les nandy
300" Wtalheig 70l sas e i RT3

—_— N
(VAR VNS
00w ON

1870 s DR L3
Potel TR ARl EE
FR2 b S  Ee g e

~J
= O

~{j\rij 00
i
I

i~
(RO} I8

WITH TRANSMOUNTAIN 21YERSICONS

&=

228 1890207
236 205 208
185 il 138

2083
2137
1534

e

- O
=

1N W

~

— N
100 =
~i N
=

wil O~
go (¥} B
[6 AW I §81
(&)

]

=

|

[N}
—
I

£

i
Lo
~I O~

22843 220 e 21
229 131 2ag
135 Fro 088

1985
202¢C

1417

i~
0

— N
g —
00~

1

=
O
(@]

Bl e
(@ o el X I

Wt =

N
\n
(91}

288 748 283
S{o a T N
e 1553 255

1875
1509
1364+

| E
N O

|

)
n
£l

£ 0
—_ N
= 0N
w O O

—

[RS BN A8
(D N

%
14
AW}
aN

143 2 134
5 167 188
51 16 183

1

O
[0 2
[(PA}
(ON}

Ol

1
|

|

o ] (W)
—]\n

13
i3
13

[ONT[ONY (V)
[o )N (¥ (W)
O
i
1~
0

+
5

(ON)
(SN}
N
x
O

Y5




X e -
@R = U oo amE SIS,
o g Sl
Sl eyl i e Dideizind)

grsicns,
e ; .
LR S S P R R
AT SO E e LSS CRS ) SR

o . ~ P - «
~ .y e 5 ey = T ~ A e v oy
- \-wJé."S,uno 4." i c¢v-\¢/w¢:/u"!a

[FLOW VALUES: A=MEAN; 3=MEDIAN; zanc C=80-PSRCENT & 2
Underscorad values ara less than corresgonding ctable 27 hi et canditilcns

Ly MONTHLY FLOWS,

)
TION VALUES

ke

WITHOUT TRANSMOUNTAIN DIVERSIONS

250208 00 ' 2166 4713
261 231 282 5 2232, 4691
2800 sy o le25 3691

SO A
(NS I Sl N |
SRV RV

246 243 231 L 2084
247 210 220 . Zk16
2015 1iola; - 2ofd : 1534

Q L\
B SRV

327 27k 310 1382
328 S B2 : 1944
B2 186 282 : 1346

W OMAD
S 1 e
= O

16k 15T Magn 190
195 190 210, BU4 S
Soudy T T e

L
7R
ok

wal~4
LOROIO
RN

WITH TRANSMOUNTAIN DfVEZRSIONS

201 6
208 135
131 iy

—a
L0
N

LLg 1969
5§ 7035
1447

&

=IO
)=
O I

ey
un
9

=

204 138
204 Jill
s 1

[38)
aN O
NijOfi

1201
1506
1356

=

s
ol ~ai~1
i oo
Uil
— s ON
—{ua] O
[S1{VN} Xo V]

~n

=
~JPf

€=
~Jdfof—
OO

1678

1650
1253

K289 243
287 5
282

N
LI ON O
[38] ] (ON]
w4

[N I by

O OO O
WILOIN
w00
) =4 -4
oy OOWwW

A b

oA bty
M
<O

—s
(V9] (Vo] o 3]
Ny

~ifro

o i

[STIUSYIONY
| OMud

— I\

1
1
|

~

QOf\nf~}
OO O 1IN
hoolo




S L e
b e i)
LU AR08 TCNTALY

oo o e ellice Rl on

SR Se TN RRTg S
UDR NG O SR STRO T T ST s

S
W NEG)
‘$ W\ -

. - - 2 dille : .
; el = 7 o~ ) AT AL = e
TULTARZ D Zd Rl soviT et
S + sipae - s 5
o A = ~a ) oVica A D
ARl a2 eLONS

Y

2
Ba, e

s

Ao T~ -
STTULLTLONS

)
ls \

[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=30-2SRCINT
Underscaored values ara less than corrasponding tablie 27 hi felfcandittilcn s

ap- FLAW MENTHEY FILGWSI NECU SH G Riss Eiili2 = S E COND
TION VALUES 0

Cili. NOV D E C o AN T Eie B TR AR SRR AR ROEE AR UN R U LY

WITHOUT TRANSMQUNTAIM DIVERSIONS
239 206 242 5 2188 4709
250 221 261 2280
200 177 1383 : 1724

237
238
199

—
o )

o
0

210
269
11

-

uy O
— O
0oL —

Q2
18
Fi

[N g

128
151
i

pu—y

) 18] ]
(Vile) f'e)
o0 N =

g APS Y KO AN
i O OO

WITH TRANSMOUNTAIN DIVERSIONS

508 1753
339 13Ch
353 1411

(W8
O

—a

NV —

A |

l

=]
O
(3]

~
=

38k 1825
3/ agd
337 1750

-
o

o g

]
oy~ oo
NS
~iLo

l
I
]4:!0\|ho ]C)lrdlo\

TE

o
(o' Ko

—jufon
[@3{ON] § 8}
[o'® (ON

N Of -~
O oNO

=

2
3

[ ]
OO

(R 35 S

—t ] b ] b
Ojunjon

onjuas) —
(Wod N Xe)S
§5
(Vo) it oy
[N HAS1 138
O i
4 ONAD
ry Oy —
ON W ON
[ R VS RN
Q =W
— ~] ON

[$%]

[ Snd

— it
100

v~
E

~If £
— N

(O8] My (V]
¥

"~
OO
N
i oy
RS

I

=
Mo
N[O
Ui~
"~

(Ve

(X4

\Jy

~I

l




HOATALy ISTL2iTTE

i SR
~ v v, L 2 i3
Dopsalae N SRRl Beddal | ik

3
(%)

WENAOM TR SgU a7

) ((\ Q%
: s
OO

3

Uy -

4

[FLOW VALUES: A=MEAN; IEE=DANC .
Underscaorad valuas are ic conditions]

14 ‘\': 1 :
ke MONTHLY FLOWS, IN CUSIC

\‘l (R ol

UL el T e AN. " FESS AR, APR.

WITHOUT TRANSMOUNTAIN DIVERSIONS
243 263 . 480 2208
200 238 450 . 22651
g JhevEog Ty aE

>~

(OS]
N Oojun
NOO

214 2005 28 2054
183 203 R o Sk
43 175 6 TR

—
0

—
wnfun

=
—l o
QOi~4j OO

~N
~
—) o~y
~j
won L

~{
(8 0]

109 337 1846
2NIE5E
88 2R

IS
—\n

W unjun
LOINTO

un

O™ L) ~=
O W~
~ ~i

—
(Wal {WaT B

wun
—

kDs il
LA
363 1

fas
oo
o
4 ON
o
=~

/

—
ey
N —

—] OO

— IOl ON

%
~N
0
[[S OV RN}
(o VSO

o
\WN ]
=~
~di O
[3e)
I\
NG

11

WITH TRANSMCUNTAIN DIVEZRSIANS

o
~{

123 T 164 518 1883
1288 100 1 335 1321
Z_i ]_1_ 3111‘.; 1 31:.2

[0)Y
=~

— =

~f~1
L (9 ENY

=
O\

"~
——\un

A¥3]
15

|
l

169 1
162 1
142

2 3820722
36t 1789

523 1277

= e
[§S] fob)

rlunin
O
wl

(UNILV})

i —| 1
Ul oo o
._b..-oN

g —
| oof~i

1o

l I
—
l

[0 )Y

5 1362
1339
35s

=

—

—

U

4TiWn
B

I~ 0
\n = Q0

(VRN RN |
— N
— T O

N —

I 4

|5 jod
™~
&

=
QO

= 1¥3]

—f ] =
~Ij (x4 OO

[ASY It ¢
ey

o
=)
Y
L

e
—
— o

ol AV

1
1
1

AP O
(@} Wy (V1] ]

[N OS R N)
(Vo ROV NN}

1o

2.0
=




i i

Hoaal—simgliz=odilsonepill iicie s gmEllc Vst hE e Sn s

River near Mg, 3re present=2a in tacles
/(,:rom |
ite i : 2 Cownstream tne oroposea Juniser fsservoir
SN 2ampPariEon 40 Fhe SeFadmeiz y-d3F
A J - 34
spoproximagsly 1 mile east of iEhelitown of Mavoell ez, 1

mean monchly streamflows for the histaric (1327-7&) conai

~i=hout transmountain liversions (zaole 32) vary from <<

o :
238 gercent andx%n jverage absolute variation of 7 percanty

Tnes2 simulatecd values te2ngd to principally underoradice
tE= it low Sisicatiisciic sliaduaiincitnedtmantns 1ot JialliyvheseAugusicl il o Sssrtemder.
ARl Encaenl iRl gwiis satiistlcs altabilasil 2=8 60l s s st gaiiien

corresponding historic monthly flow are underscored.




—~

For tn2 Yampa RRiver acr “sycel lccacionsiailarge agr icultur 3l
Jiversicns Junipger RA2S2rvoiry locatacg usscr=am. IR 3s5suted

toralvacricdltar al giversionisiamuliaren (For, JUB Sar S asa0ciE vey U 1t
invglva as muca 3s sight timas t! e Silf e €9 Be
EsriicEa iastr=2am Viclericunnel i Eraasacuntay A d ey ams toa .
RlilVerine o Aalyhe IS s chENic atllc onitir ol & it eS8 B

51.—4"?.‘0“
streamflow-53ging site andg incexAFor stre2amflcocw from the Yzmzca
River Bor rhe Celarado River Compact of \ISagldiinis acreanen
reguires Snat S+C00,8808 acre—-ft of 'water g=f L8—-y=23r 5201C6
celiveraec from the Yampa Dasin upstream, ~hicn represents ar

SERreRIMOEE CenEilnuers Fleg @F 690 fed/8s  For Bnils FmEsSeno s

Silisa iflor it hallsiss naisadii«iillidtonad s sceniciiRit/e silinedcaidovnisitos = nii(iss

Sl g lial, S SRy s tolr iang Power i YResoucces Ssavitc2y  For nenliva

off Recllamations ~riEten communes LIS al2 3B -/ aasiinod
SR Seie Peir Eials SieEs Thiisitels W alisc cllasellviisponoximates
=lilnaum mesn Tonchl vy flgw But s Bauhcaliai gl Ellias siien 2 al it ae

S=S/simeaniiannu 2 Gl oWl or it ali Sl E 2t e




Faor tme Yamga Rivern aear Maytelllsita,iitne Juniper
15 incluge? fcr reservoir—-cevelopmant Oogtisns Ls» 2y ani
i iiandlice SUTe sl i m elmie e o U ais oid @ o Wilcia el g e o
(catles 33-3s2). Ressrvgoir-davelogment 2ptLion & w~iZnout Junider
2eservoir tends to follow a reduceag annuil-flow pattern similar to
shechnustarn clifl ows it apil as F3 20 3na i30S

For reservoir—-gevelogpment options 1l» 2+ ana 3» zha welian
nontalvilifliaws st cxlly drogito Rl dasired il aw o ER2Gae eI aciian o
rha 30-pgarcent exceedenca value aropped ta 2ero for 3 or mor2 months
at the 75-percent allgcation percentage (tatle 35). Realistically,

if any substantial flow is to be maintained in the Y3mzca

this locatianes reservoir-devalopment aptions ls 29 ana 3 woulc da

rastrictacg to the 50-percent agriculctural w~atar-us2 allocation cr

lesse.

The Vicler transmountain diversign at the l0C—-percant allocation

lone, : : ‘
¥eveg%causes an 3pprcximate l2-percent reductior in flow

2

3s can te seen in table 32. jihen compined ~itn the lar: i L Sse 0 ey
gilyermsion from tats siitat(laptians Ly 2% and Blliviitne

transmountain divaersion increases the number of zero-flow cccurrencas
3s the perczantage of watar-use allocation incraases and recduces

5

thelnassiiculincey ot raiaEaining thelicesiiired Elowi o 26C e i/ sil(iednil o

5 "36)9




S e
TCNTALY STY2CT; LCWS,

. 5
D tems) e o)

= S
7 S
Ao e O

TSI O s S

(FLOW YALUYES: A&=MEAN; 3=MEDIAN; and
values are lass than historic condizicn

i MONTHLY FLOWS, IN CUSIC
\ HES
{ERHE2 locr. . Nov. woec @ s eeal ddaRl lapR ok Ma. UUNEL ey

SIMULATED HISTCRIC CONDITIGONS

352 387 313 290 & W223 0l 132700
32359302 295 R R IR (ST S d ate
2190239 258 rons L D Sg e SRR AT

— P

oW O
— 00O

SIMULATED HISTORIC CONBITIONS WITH 10G |

273000433 209 (W 210 285
2367 230 0 26 disgl i ang
P e A )

SIReS (o)
[£9] (OF] 118

CALCULATED STRE! ERC

355 Bal
32l 2GR 0 76

191 2438 202




..
N
‘-

i

[V}

18
ISERY

o S
Srchin 2=
Ly e
7N i Wit ’
At G2

SOANSMOUNTILA o

SISO e =

z2

«
) '% \~ti
g\x\.(!
38
S
STcUy

X

~2 Ay mvra
LIS

}

{FLOW VALUES: {EAN; B=MEDIAN; and C(=BC-PERCENT
Underscored values ara than corraspending tabls 32 hi

S MONTHLY FLOWS, IN CUBIC FEZT PER SECOND
1 \ U S
WO TR acr. A NoU. BEC. M, EEB.. MAR. ARRL WA JUNE ULY

WITHCUT TRANSMOUNTAIN DIVERSICNS
397 (Sr Pt
Hig 0 20862588
253 200 723

U Oy U
ul O W
— OGN

=

S 523 4 3883
23 200 o)
B4 112080 753

3

W 0N Uy
4~ O
~Nw o

Ul Oy )
Oy —\D
o O

2

s

382 588
418 200
2h3 o 200

= O Mm

OO~ ~w O

92
610
- A
plefe]

wuy Oy

N
(63 (Vo] Bl
O — O
(TN ST}
OlOIO
OO\

=

- r fod

5a2 5
222 7435 1
3

191 3%6

— NN

~jOf -~

wiwnjwun

O ~d

W~

(V6] (ON] 6 o) NN —
— | 9]

OO

O —

WITH TRANSMOUNTAIN DIVERSIONS

576 453
200
200

Y
S OOf~

U OM\n
uy O W
a0
— It} =
I IO
— e
— O
SO O
WD~ O
N ~1] OO
O n~4
[6 2V RO Y §iS )
SIS
QOO
o|lojm
N W LY
4= 1IN0
Ui O

L57
200
200

= ON

w)
wi—f—
o

D

(ViRVINV)Y
A o
o N o
N

~Jj O\ —
= fo) (V1)
(W) (OS] (N}
e (VN [ON]
S~y
o Qo
DO} O
—s ] Qo
PRI
Ololo
(@] feY (V5
D Lo
w O

~§ N

508
200
290

Uy Ovun
ult O M
$=~1 O
Uy oM
= Qa0
o = N

NN
LR § IS (Wh
N0
~il
el LYN 1 LUN]
il
wil {on
~ijvijan
QN O 00
[o¥ Y] o]
(U5 (Wel Kon)
[3SE RS NN
OO0
o]0} +.
DWW
wur O
o~ 0

Ty [
Hoo{~4
(@]
A

(Vo) o

-
2
!

(v} {WN]

1C
S0

i
I

of =<
(@) (V3] (O8]
wWOIMN

-

s
Vil ie]

AL | ON
ON =\
— N

wILNDIVD
DO R
il
o

wijuijun
(¥} {6 )8 (V2]
W (O
aNMunjun
OO
[ON)

(o)

l




Table 3L4.

: S el . = - - SR
green 27 20T IgrLlULTUCL S elsh mAlea T IO e

7

s S - 5o Rl .
cpdSert . crn TRIAL e eSS Ve RSt O

[FLOW YALUES: A=MEAN; 3=MEDIAN; and C=80=25EeNT 5X
Underscorad valuas ars less than correspgonding table 32 il

MONTHL Y 10 | : SoEmlocnic o R
op- FLOW MONTHLY FLCWS, IN CUBIC ~ZZ0 R SZCOND

TION VALUES

ACT! NOV. . DEC. ¥ JAN. (FEB. WMARLARR . RIAY JUNESEJULY

WITHOUT TRANSMQUNTAIN OIYERSIANS
Lh i chg tig30idbgse 283 W5 1d
5o 573 iisgarnngaii 000t Be
L6g Lhg 3700, 28 270

N
0

rofungi

(UN]
(@]
=

OO~}
ajrjul
[STHTIe)
OIojo
ojojo

[
3y
o

(O8]

(S0)
Ui

|

537 534 ' 283 1804
ehg i s5 20 Znie) e
b7 G T

L
=
o

i

= v
=

W N g
00 N~y
POIOY
ONMLD] O
SIINDS
alolo
ololo

N W
on
oW

C
Sa7 0 5o
L77  4Lé
218

2
2B 2
154 1

o
=0
D

N oW
O wm
o o0
4 uan
o )N ¢ AN ]
~{ Ui
(&
N
Ojolo
olojo

ot
(&}
o

P
QY — D
o O~

259
205
150

s

={wO] —
O —
ONu Oy

RANSMOUNTAIN DIVERSICNS

N
o
A

528
554

3

[3®]
—
VN ]
—

|

Faal V) IV 5 )
D Oy Ul
(V)]

[FSTRANTH S
OO D
O~ 0
(SIS
OlOION
(@] [=] fo )
ST RIS
(o] {e]{e)
ojojo
I N
@ () O
(&7 (@) (&)

~
o
(@]

|

~
{0
(@]
—
-

OO -

520
sS4k
428

.

P OMLD
=i
o~
o

r

~J

~1i
O
o

£ Uy Ul
~§ O™ &
Q0 ~— W
OO
—{ ON O
[aSTRASTR AN
QIO
[@] {®] §38]
I 1
[&] e} Ie]
[} f'e] {®]
0
&)
(]

N
o
(@
(RS )
OO
o

N
(Vo)
(21

526

L31

—

[SSIRORAVE)

s (¥6)

)
o
'Y

i

RV
oN\p WU
ola o
QO o\n
o)
OO~
O|ojo
(RS SO AN )
OO O
OO0

o] E
W)~y

ro
(@]
o

|

=

—Ind
(¥} (W8]
MO\
<

|

— 1 ON O
~IpD T
~ OO

Uil OMLD
OO
I
SN}

o oo
(WS e

wf N
- QOO
o —| =
LGl

~
£
e a1
WO} —

(USTIVATIV:Y
il s
WILO LD
(ONTEN TAY 8]
~H oD
(W)

|




[FLCW VALUES:
Undarscored values ars

A=ME;
1

f \SremsTiCuUn SRt

Lione umTort

v s

— o

o0, oo

Lersicns

v T 3w

=

t
()

Q ~.-

)

: [l (s Gy 0
20

2 by

(G

.
S}

MONTHLY

op-

FLOW

FLOWS,

(NieLalelrsET PEA SECOND

PION GVALUES (orr. oW iED

JAN.

EEB.

MAR.

APR.

JUNE ]

ULy

WITHOUT TRANSMOUNTAIN OIVERSIONS

204
200
L

2T
21k
200

220

389
381
200

328

310
a

389
471
2
402
L78
200

231

258

343

323

200

200

no
(@)
o

of i
SO
Q

0

367

2CQ

2CQ

~
o
o

r
C
(=)

218

ch
5=

415

200

200

200

200

200

ST RS
OO0

Ojojo

+
I
i

N r) -
OlOND
(@3 Fo) § 8]

2C0

281

L

2

239

2
2

8
C

23i35

[T RAST RN
OJOJO
Olajo

[SS1RS]
QOO
OO

2ie

b

2227

(ST S
4

s 7

201
205
ia2

185

00

1549

4 O —
Finlo
O O —

Oaad -

-

M) —

WITH TRANSMOUNTAIN OIVERSIQNS

161

186

274

262

200

100

Pl

Q0

210

)

283

270
220
2

g

o

[AS IR TS

1P| —
[} ¥ep) ¥O W)
OO~

(V0]
~

200

200

Sy
s |
=

~o

(@}
(o]

0

184

aQ

—

1299

=}

N
(@]
o

200

200

()
©)
o

n
v

i~

[l E0] Bond
OO0
(@] {®&] o)

[

Py —
OO ~4
- (O

—+f U
Al OO

"~

o
o O

o

(N

MAad

\_j =

(UNE LN
wiinito
wiojey o

oA O

g e
(OS] Ko @ (VN )
wolu

I ONND
— O

OO O

— a1

Q
(o]

O3 =10

Ay (XKD

|




4 e N

Sl e 3 e

TONTALY STT2ANT LJWS,
e

S .
neax Moyzail, Lo.C.)

J
: N 1o, )
Lol mnesi (o el S ok
Trd eranSerideac  Te U2 T alls, TG

loipel Sivepsions “or =il stmulaTicrs
[FLOW VALUES:
Underscorad values ar

THL c FEZT PSR SEZCOM
s e MONTHLY FLOWS, IN CUSIC FEZT PSR SECOND

TION VALUES

GCT. NGV, DEC. © AN b FERLG MARLIG BRI MAE SN E S

WITHOUT TRANSMOUNTAIN DIVERSICNS
2k 272¢ 348 189 weRldoad
200 4L0 D gho. Vo

) 0" 280 . 200

un
(UN)

l{=1{=)

—
(8]
jojojo

2 5 i 252
200 ! : 00
200

~
lOIO,N |olOl

~J
[0

~3
(%)

103 25
a : L 200
o 200

N poi

OfOlLo

(@] o
ol

Ui ]L)l

—

135 . 5223
202 j - 85220
113 el {91887

e (®]

o
2
122
&5
)

watunij\n
[0} {U¥] ¥ &
W~
50}
U

~3
E

i

WITH TRANSMOUNTAIN DIYERSICNS

(833
~
O O w

O Ow

Q 200

143 1123 283
a
Q g 200

(o}
OO

7 b

u
|o]olo jolaio

2

&
0

IRSYRAS IS
SYESTEN
olojoy
(o] o] NA

P e
ol
jojoju

|

~N
38
N

[@}19)]
jojoimn

NN s
[@] ke Fep
(@] fal LN}
g
(@}
o
N —

(38
3
(&}

d tor
(Lo}
Ui

-
U

un =l
ropol jojol® jojolar

N
WS}
N
B b B
~it O
(U}
wn

|
gt
|
|

w
(@)
=1 4
(09 (@]
]
(URY o)
(@7} (V3
=
i

SHONMLO
(¥§]
L

g

rof i~

i
[Sa o
3
[0 (W8]
=

W

l




samalli-simuliatec tinenzill s = r =

T eEar L s Eelieial eie Sl aSsn Ees

Leem

t1s locatad gcocwnscraam i EMeiarocased Junilasr ena Crass Maunrad

z2servynirs Bl and apgroximscally, 2 ai S snrchme it ceapiaiE
confluanc= of e ljcellel Snox= River o AT noneERlive Fllio s lis e ot St
less than tne corresgoncging nistoric flos statiscics

37-41 ar= again underscorede.




PNiel it Veme s R IviEy mEse Lol s S hEes Chie sropesss Cress Sounies s

pEservolicinis consil Jered for Fascrvnr-Sevellooment 13581 005 B
Jol sRrincrpally bacalsa 0f tnel bar Jeleatirn bl ow Freom

Eihile i Heserviaiigiia s e e S sililahiVien Siisns, it Mo mone ml e ey
STatisEhcs at chis site reflect larcer vol imos tnaniche Lot raam
506G st Payme bl (eenerell seine a2 (tebles 33=3t- Shd Slsleadil i e
Flow statistics for this site also indicated a mor2 nighly regulatag
annual-flow hycrogragh than the histcoric discharjes for reservoir-
developmant options le 2y and 3. Reservoir-—-gdevelogment option &
again fcllowed 3 more closely historic annual-flow nydrograun
Decalsa of thellapsence 'of i the Ugstroam Junto=r and Grass Hountcasn
R=lsaipviolin ss L liny Dot heltiiic ol dosiiie o SEN o e if 3 d el cieial /<l Un el s
3pproximataly 2gual to the historic sunmer average monthly
wasiestaolisnad For icnisélacacion.’ " Inimgan i instancess (the
/s cesirea llow ivas oot meth sarnriculacly Foe'rhe HCC=ye

~atens=-use alllgcation’ lavel (caplie 4l).  =or exampla, ia res

development opgtion 4 with the 25-, 5J-, 75~, ana l2C-percent watar-

dse allcecacionsy 2eth With and ~itthout Ethne fransmounciin S0 versionss
theidesirediiflowinas ot mat dur inc at least o months ofi aach  ja5r

(FE3Gliase 2 5=4 i,




- . - - .- ~—

2 Al T e R sl S S S e e

I osimu.cTed Tenealy Sl SanT LOUS,
ey S L

7 e = aamn Ao DTl el S

ssrsootag s =i ghetoasl BB 00T NI 9 S T

g s s Lo i e s - -~ s, Ay e s
M=l L Sl s onaors | e IS STROMG sttt TLU2BSEOES

[FLOW VALUES: A=MEAN; B=MEDIAN; and C=80-PSRCENT EXCEESDANCEZ. \Underscorz
valu las ans

d

es arsa than.1istoric conditions without transmountain diversi i

= MONTHLY FLOWS, IN CUBIC FZET PER SECCND
FLOW

AL HIE
[BLOES 0T, (NOVL | DEC. SN PEIU G MAR BB kAl JuLY

SIMULATED HISTGRIC CONDITIONS

Vel 108 . 3ER e BT 3260 V7311 622 397
30 iR 33T 320350 3033« 7037 . 63065 : 304
258 283 294 238 304 - 2080 5137 5 162

SIMULATED HISTORIC CONDITIONS WITH 100 PERCE TRANSMOUNTAIN DIYVERSIONS

A BRZI2OR 278 25) Q 87 e ad
3 2924 258 250 2 St 254 884 5314
© 177 117 2t 20 2 2 e 3529




- 8 oy ¥ =
Tap et o == Srimmmeon i

- T oy a e
.407:;/- v TOLLS - L - e ind

AT . -
SRS RN SRON N O eSS

S AR g s e .
S s v e e s S e e S
S2iCeic \Jh e rgUSTaTea L Grd il @t DG L 2L UEn 5 L o7S

{FLOW VALUES: A=MEAN; 3=MEDIAN; and C=80-7ERCINT Z;
Underscorad valuas ara lass than corrasponding table 37 hi

op- Z1Law MONTHE = aNS RENEEY 3 fC s== TR e S S EAND

TION VYALUES

0Ci. QEE. T TAN = ER S AR AP RICEEMAY. JUNE JuLY

WITHOUT TRANSMOUNTAIN DIVERSIONS
842 622 L Sh2 L334
281 36 533 3825
il 344 R A

[)3
[
=

a
uJ
=

Oy O O
w4 ON
O oM\

Uy Oy
U
~I

Oy O™ O
W~ O
O W

N

o Q
(e )R UN]
on

Edl. 19B0 o
482  61S L&
7

5. a0

V)
O

O

o

™ O™ O>
N~
o

Oy ON 4
B —
o
3
o~

{

N
(o)
N

oMo

4550
3935
1720

4573
430
355

Ul Oy O
oy Oy W
W — )
O™ O O
N ~J
O =0
N OV~
)\ —
~Jd~iwun

Uiuniwn
OIDw

w
(@]
Lo

6311
5548
4513

264 580
253 523

206 371

—f o
O\
i

— ol

Elunaf©

[ 3] ~4 0\,.

ey
— N
~IONM OO

(V3] = e
D] —ho

WITH TRANSMOUNTAIN DIVERSIQONS

642
861
a1k

563
il
354

Oy O
LD U N
[AS T oS I V)
O O ~4
~y 000
O 00\
o™ (N ON

L ~d Oy
QO W &

531
L33

353
473

LS50

351

843
,r
ool

616

Uy Oy O
~1 00 o
O ON ~-§
U 00O
asLp 00
Oy Oy ON
W~ O
13~} O

6Lk
663
618

W un N W N

UL Oy O
Oy OV
UL —
~ O PN
O O O
W ~4 ON
A 00—

228
222

-
30

U

[5n H0)

o] W —Q
=i a»

Njolo

[NSTRISTR N

U Oy
Y IS
Lo
[33] e} AN
u

SO

—

n




Cunccen Sigerssons
SnSmounTGLY CLuensians, ond
diverstons Tor 2l. simuiloeiors
[FLOW VALUES: A=MEAN; B8=MEDIAN; and C=80-PSRCZNT ZACEZDANCE.
Underscorad values are lass than corresponding table 37 historic conditions]

MONITA ISR G WS SRIINEC LB ICE S = =i = RS E CIN )

OR= FLCW
TICN VALUES 9

Gl N N < FESL L MARL G AFRLE AN CSEJUNE UL Y

WITHOUT TRANSMOUNTAIN DIYSRSICNS
L2 663 522 L3 3061
661 678 852 47 1720
614 530 332 i 20

41 O
$os (N

uy Oy O
W -
~ = w

U
&=
=

631 659
85 659
806 607

3344
L
1720

o
—1 00
(O3] (VW)

Ul O O
avul N
—_ NN

LN
4=
s
ey
N
LN
U

538 645
859 665
Q03 624

O O

U N
[ NS OS]

4 O
dhol -

4

— s

S
~Jj OO —
DN —
OO
NP
v~y \un
Uy v

L8]

(3]

oM OO

244 265
57 0 25
122 20

(A {3

N O
—
i~y —
(UN] Bt B

LU £1 (UN] o )}

baad N1 RS
~J3j ON OO
[N I8 =

=

15 (W0 R (W8]
~Jj M QO

WITH TRANSMOUNTAIN OI1YVERSICONS

k39
358

3hi

851
YE
823

N~
ey

13frjun
(@3 (0B ) 1= &5

=}
~f~aj o

~N
—
QO W) )
a0 00 W
O LI WY
D oM

Uy O O
O AW
~j\a =

0
=

538
%30

345

wuy O O
ur N
o = —
O ON
[0 I Sl N ]
N W O
e 1)
~Jq~v0
[3e] 381 N
OO
— i
~~3jO
SR
™ORN 2
N~
[VSRVI RVL)
00 G
QO W
(Yo i@ & by

o O

4| &=

576

(3]

[ ~

i w
& —
—s

~
J
(&}
NEONMN O
OO ON

Ul O O
ul AN
oy =
o 00 W
O N W
OLD W

Uy Oy O
D W —
= ~w
Ssis-iun

[R°)
=

[N
il =i
wlunfuo

S OO
(&1 B+ (U5}

— o
~I{} =L 0
N | (DN

= N O
waf
wilojoO
—~1O{
WA
OO O
O N\
aN =]
e
~JON O
WA OD

|

I

S
o




Tabie 4Q.--Swrmary 27 s<mulzzad Gigars e
CONTXO: JOtnS 24 (Iam Fiyey wecw Tily, Toio. )
Jercent o7 agriculzural mmd no ironsmcurccin Seyzns-onal
gregns 07 Zoth zoriculsural nd Spansmourcain

T
e AP Tk Qs G =
SrelORE CHESTrE Rl ane s ar ol Sy onaa o 2o

B A
ORI O TS

MONTHLY FLOWS, IN CUBIC

0 FLOW

TION VALUES 0CT.

DEC. " JAN. 'EE8 GLMART . ADH .

WITHOUT TRANSMOUNTAIN OIYERSIONS
532 0 S7L N sL 372 1986
§38 1685 517 4 1720
50170 508 128 1720

~N

— L0

(3% ] RN} U]
Ojlojo
NN
LS I S O
un
oy O o

— o)
~ifajun

&

522 : 81
536 : 4
5272 ‘4 Ly

[}
(Ve
~
"~
[0
iV
(&)

568
596
522

273
525
536

5ok

e | N |
NN
(o] {®)
—Al\)
~i =
[10) (WA
s
NN o
(doy o2y 5,
= oy 0o

[ o T )

3568
344
3hh

rf~J
Qlo
oo
Wil ON
~tw
— {0

N
~j O

450
582
5

NN
N W
=0
O o O

~
N
(@]
~Jd
~N
(@]

2821
2550
1763

\J
(V8 )

o

O IV
OpNnjo
— o

N
[&] (V4] (U}
oy

NI
[I5] KO, (¥
(¥e] FolN (V)
1 O Oy
o as
&
41 0N Oy

(W¢} Xe

[V
NiOw
[38) 1581 (PN

WITH TRANSMOUNTAIN DIYERSIONS

s 2
S170¢ 1570
Sy

Laog
583
274

385
544
L6

k53
580
125

387

355

/ »
344

— N

[E9] ¥ IN)

~
NIy
Ojofx

443
552
3

ka3

u
(VI N
=3

Ny e
Ojwnj—

— N
~H Ol

21N N
N o
w O
Ly 0N N

NN
{35 I OV |
0O O
— 0 |-

~n
w
ul
n

D
0
(&)

'] A |
w

s

0O ~§ 4=
-— OO
Oav ~4

—
rd

,.,._,«A

=) =1 O» ~i 3 O
UIAD )
o —

oy O

YY) Oy

(VS ]
)
1=

S T
(S Ko M\ FeaY l

|\»’ D

waiunjun
(X4 O3~J
MLl e
ORI~

ol

W x
ST RS

ol

O
-

U - OO
Uy — 0

U O Oy

e

— L
Oy N W)
s 00 ]

U

— D
~J4 N W

—
=+ 3 )

—b wi
(P2}
(03]

145

E%




(FLOW VALUES: A=MEAN; 3=MEDIAN; and C=30-PES3RC:ENT ZXCSEDANCE.
Underscarad values ars less than corrasponding tabtle 37 historic condizions]

3p- FLaw MONTHLUY =LoWS, NS CUBLE == 2R SECIND

TION VALUES

BEBS I MAR. L APR . MAY JUNE JULY

WITHOUT TRANSMOUNTAIN DIVERSIONS

358 Lgs L43 308 349 1330
8L 601 535 PEE . BRI 7909
6 R s e e T

ul U~y

. 184353
498 352  34h
132004 186 33& -

£ 00
ay ™
- )

389 a2k 8
454 e T

sy GO

~E N WY
£ 4=

=

175 : 670
110 534
Lg 4538

.4
0
(V)

ey
.

36
32
32
25 i3S

5
2ing
"
8

WITH TRANSMOUNTAIN DIYERSIONS

358
355
N

—

(SR nllen ]
L0 OM\D
00\ —+

354
354
3hb

o3
4=
—a

4= O

B Sal U ) I
¥ 3 I S V)
o0y O
NI
(o] o]
[OSIVs I Y
4oL W
=— O
O o
il O~

A

309
35L
22

—

< N Oy

s~} OO SO0

Jswuan
aNul O
o B
e
NN
Oluloo
40U~
LA

0
\J

N
.0
i (=)

I
\Dpun}—

L5
)
(Vo)

|

g o
— L olr
PO} —
O
Wi v
~Iil~ ] O>

~d

Ul
€2
)




“adal=simulaced monenly str=amfleows for contrali corat &

(Litzla Snake iver near 23G3Sse 4y06) 3Ar2 drasanted inE e Nalg a7 =
25 . i 2 . 0
In *ompaec38A -3 He #f@amf!du-«:}oj"?:? R~4A racsra

i ~J

*0 . 4 Sirulatea monthly wmean straamflows for nistor:c camngiensns

~ithout Dreponsad transmountain Ziversions vary i cinii= 2T ocArcCent
."\

Win average apsoluta varistion of 6 gercant,

BﬂUA

This indicate2s that the mcdel can reasonably preaict

corgitions at rhis control point (Fige l)s which is located Gow~nstraam

cflithelcdosaScaiiae SlD 3 transmountain divarsion and the progesed
-
f -

andston2 and DO%HOOK Reservoirss




=ole . [FEgSFY el eavellseinsae tn s lenl WLl ieateiie | Bas
ErgnsmounEaralicil o rsilony inc PSR Dml I e S o) ] (@ =i
Al B0l bEe, eomeliciomne . (ealas S_2Caus2 n2ithar Coé%cck ey
S2nastons Paservoirs wSre iconsidared For this ogpTion. | Since rrora
~8re no diversions for option L, the increase in alloscatcian aercartage
Sesuilard v nag Ag of feccion i ine Flos segriscics (raclas A2l u 1o
reservoir—gevelooment ogtions 2y 3, and 4, hotn upgstraam resServairs
wara corsidered and tre Flow sStatistics ~era2 regucad Sicvacic 3l
dueilng 'tne saring=runcft monrhs oF Marens AZril, May, abd duna.
ieservoir-develooment option & Flow Statistics w~ere tha mest regular
4) ot lessiif low garing ERe isoring runoff isnd inora tlimic ofir

AUmMERr 2AC wintar angAtils et Syl eaaulating toananchly Fla o e thic

icne addizional flow was also Being sucalied For zhne Jca=Fflon

nantns for the downstroam Dinocsaur National Yonumenc.

Simulatea sctr2amflow staciscics a3t control sg0inc %3 most
significantly reflactea the potential =ffacts of pProucsed ~itharawals
Dy EAe i Hog@grki Erdasmountain idiversion it i ao iaark L it me sy cn il

&fftoct can mosr ez2sily Dalscan in £actaig3linnan
percanct ~ater—use allocatign gFiEpelltrgnsmeLats it Gz o s i an NG s
3ddedy rasulcing in zerc flow for the menth of July guring Tany

YeAars.




g .
i seRoamit eS|

(FLOW VALUES: A=MEAN; 3=MEDIAN; and C=80-PCERCENT

values are less than historic condizions wizh

SLOW HONTREYEFIEOWS N CUBHIC RS 2R 28 3= SECTNGD
VALUES -

e

NGVEEED = CoRR AN == S0 IO - SR O JUNE R

SIMULATED HISTORIC CONDITIONS

gl il g 77 l'9g @ 85 iiined bpag 1dLy
RSl S R e e
J5 gl ek ateRidEaR W e i o g £ g (g

SIMULATED FiISTORICICANDITICNS W1 TH ICCURERCENT ORI HRANSMOUNT I INTDIMERSIANS

6L 33 83 7 36
Lg 78 78 6 88
25 54 55 54 55

=t

~Jf O ~1

a8y %o
{ i

(PN} NT1Vs)
NIl
O OO
— oo
Ny —

1O
—1Ofj 00
O~ —
i3

CALCULATED STREAMFLOW FRCM GAGING-STATION 3

86 S6 5 19 343 1017 2482
50 36 74 260 19204 2012
il 54 i 23 a3 570 1age




STrCLTIs MoRak L SuTgcmTLons
Letiggrnokaiiituen neanr Foaas
o v oI g sl o B e o b o e g
turel otm s cnovsEaunead A Bl g o

9 Sl B . ~
e i = e e L
T LG atu2renar s Ros

[FLOW VALUES: A=MEAN; 3=MED!AN; an

Underscorad values arz lass than carrsspond

- FLOW MONTHLY FIET PER SECOND
TION VALUES

Ciliel NGV S B G AN ¥ APR. MAY JUNER I LY

WITHOUT TRANSMOUNTAIN DIVERSIONS

285 1089 2236
222 8Ly 2268
140 Lig

wl
\‘
~
e

N ON O

Uy ~4
4+ 0

= \wh\n

Uy O
4= O

Q0
o
o
w
(2]
~
O

1'
|

un
~d

[
o
uy Oy OO
o —
DO

75
g
O
O
(OX}
o

~d
<
~
(Vs }

ON
Ui
~

w

[
(U8 )
o
Ry

243
137
185 251

—
(e ¢]
(9N

=
Ui

ro 2
o
(V3
W
o
~

3k
Tl
aa
i3
4s

v~ O
OO0

&
)
O~
N

WITH TRANSMCUNTAIN DIYVERSIONS

1037

=

QSO
Wi~ O
~ijwijo

[ON] Wy ]
Wi

A R Y0
= 0w
- Ovd

— NN
4N 0
O N

—'
o) OO0 VO

Uy OGN~y

o

[0¢)
oo

sl Ss¢
~i~d

‘;1
el

Ui\0
LOIS

ey
mun
(V11§81

O LD D
O\
— ol
O~
[80'{Ns] FIN]
(RS I S W ONY
[Ee) e (o

-1} OO 4= O
\n ~ O

NN
N — iy
Of~4f~
1~u

—— w

A0 I -
OO

e
[¢]
ol
N

~i
(4 )Y

0y oL

] o

Ie

=
a
N 19 W
[ §S JON 6

—

—] =i
[ON} (¥e) Would
(l'), i

=)
(SN ON)

(T R B

.

=~ O .
DD —
(VIR NIG's}
=~ O O
O OO\
O] =

==

o
e
o




Tablae b, -=Swmery oF strmlazed menshly siracmicous,
eontyal Soins 438 | l2 Srcka Fhuer necr 3aggs, Wyo./,
30 semcent 97 asricuil nY SPMSMCUAICLA A1varstens,
zens 07 SCTh agriculzwe and spenmsmounitcin Ziversicns, d

-~ . - o e B e - - -t

. S . ~ 5
- A= S | S mmer o 3 it s = ; s R
vereens O LAKUITTIAL TUALCLICL 2LUSVSLONS [I¥ Zl. 3WRUITLOYS

[FLOW VALUES: A=MEAN; 8=MEDIAN; and C=30-PERCENT ZXCEZZDANCEZ.
Undarscored values ara lass than corrasponding table 42 historic conditicnsi

Y Sl oW cl S iRl Gl
op- FLOW MONTHLY FLOWS, IN CUBIC FEET PER SECOND

e i
TION VALUES gnp OEC. JAN. FEB. MAR. APR. MAY JUNE JULY

WITHOUT TRANSMQUNTAIN DIVERSIONS

83 235 - 1069 22396
78 222 ¢ dby 2264
55 140  4h& 1369

o Uy Q0L
»N Uy 00 O
— )

0 O 0

=

285 . 967 7258
205 hl 21y
sl Y BE3 1266

4N

0o
n
W i

~J QO\D

O\
(VRN RNs
W o &

e

287 580 2256
204 768 2142
138 3o 1206

-t
U~y \D
AD 0O o

Ui~ 0O
o*q\q

(R}
Uy R

w0
b

242 2004
ta7 . 528 1331
s 258

NN

o~ 4

5k
&
a8
57
gk
37
55

U~y
—
(G RV
— U
sy e
A\ O

WITH TRANSMQUNTAIN OJIVERSIONS

25 1006
38 753
b5 382

0~

O QO 0

) O
= O~

8g6
236
278

Ly QO\n
oy NN

3= Ul
=

U an =

£~

=4
:]
u\U\\’c’;

4T\

Uy W

~df 4
vol =
4=

~~1] OM~~1

(Us] 1 (Vs
wnf o
QO ~4j O
(SR REST NS ]
~ILOLON
1= AN A
Oy — O

e O B VN |




oAl Aemeap -

20 .Jnu/l-.f:' gorecan

- . Chale - Sl =

conTroe. ZC 1= 4 4o, sru2rnazoan =
s, 5 . 4
wren 73 zercen ; ng TLCAIMoOUnTa
- o il - 4 . . A o i .

Srcdliistien S senaonts : Lo S pevol | mslsadclpianniloniy e

. S e S S S e .
: o 719 AR ey e A, 2 g
reludlng - JoNzepeonel SR AaTlSice T z Tl ol oGl 22 U225

[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=8Q-PERCENT &
Underscored values are less than corrasponding table 42 his

MONTHLY FLOWS, IN CUBIC FEET PER SECOND

DECTEIANSE el AR AR R T A JUNE JULY

WITHOUT TRANSMOUNTAIN DIVERSICNS

83 i g6 285 2256
78 66 88 a7 2268
55 54 55 140 46

— N
00 o W

g 135 18 250
ST B s R
34 73 62 1138

&

o
— |4
~i~| =

(W)
o™ O~
~~ O

137 123 266
143 108 222
85 134

8L
70

50

O ~§
—tFjo
Oy O~
s OV

[N &8

(oIS V4
\0 OO\l

1335

1025

P OO W O OO

(Gl {e)
OJJ o

47
9l
a7
55

=W N
O i

—s A L)

WITH TRANSMQUNTAIN DIVERSIGNS

(@)
i
N~
S e}

A

7l
66
sk

Ll Kl
~af~i~1

L B VS

O

AN QoD

Ul 00 O

WOl =

LD O
g

A OO L

—

124
138
62

—

LUV [ g B D
Bl e

—t -t
~Jj O O

Nl

N —] &
o O (O
~~ O
4= 4= Oy
O O W

136
143
83

31
70

25

—f

~i} O ON
=
= I

wnjo|o
w

A B b W )
OO oo

S]] N o)
-
o
Ny Oy (O
~I1 ~ O

= -

~ o
O O

(0 I

[ ~1 o

il ave
~if\unj oy
N~ o0

S
wa M)
NER V) T

—
(@)

i

(O8]




spriae A A~
" zu’»’zc) g

. - .
g vvwe | ey
O i e s

G788

[FLOW YALUES: A=MEAN; B8=MEDIAN; 2nc £=80-253CENT E£XCZZDANCE.
Underscarad valuas ars less than corrasponding table 42 historic conditions!

op- FLOW MONTHLY FLOWS, 1IN CUBIC FEET PER SEZCOND

<1 ;
T1ON  VALUES ac

i JAN . FEB.IMAR AR JUNE  JULY

WITHOUT TRANSMOUNTAIN OIVERSIONS

83 Y 96 285 1063 2296
78 686 3 w7 gLy 2268
55 54 140 L4s 1369

— N

o O D

Ph3. T 258
138 104 220
82 64 Tk

de3 - 2039
63 1732

4 1073

O O\D
W WO\

o 120 6
150 106 1
€2 4

3 any 2020
5 [sEs 1750
386 107

GO Oy
\D WD

537 . 241 208 199
70 157 SR e
50 138 #2108

WiTH TRANSMOUNTAIN D1YVERSIGONS

=

2163
2140
1241

e
S~ o~
OM~1] —*

78 86

55 54

33 77 235
222
1L

— <\

O OO
— e
O g

(ON] LN (V']
[y5] [ON}

Q

110 250
<0 207
58 107

1873
1530
284

o=
(N )
] —
—

2

~.J{\ij O
Qlui -
I
ot Re N ®]
DO O
Uy OM\D
(UVRUVIRV 3]

(O8]
o

iz
E
Lo~

-~

114 27 1855
qL 220 1630
56 140 a7s

-
-
=
—
o

Wl

15
3
(V5]

~d
(&)
~
00 M
0

o}
ur Oy
D —

[

[15) B 2 Hannd

25k 1364
201 171
133 e

—tf —

i O

——
U 3

‘-\J L) =4

O




il el Sie S 14S i e
(Yamz3 River near s ol gt Miair
=Sl sl isis ST A TS s s el s i s caica g g e Unks i in
ot - ae aneal ondlitne Bllife el Sa acs
Singsaur dNational Monument (fiJe Ll)e 7 L)) Sie s ) Siie Dilel s
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AltFough no streamflow record is availaocle at rthis sitas the histeric

simul gtea B lon ssatisedcs should'congfarm to- the ac=ial Berpasmslogs
Stream =z -390 7
2s thare was clase agreement for the naarast uostreamAscgtioné.
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Thei ¥ ampa Fiver atileerlodge ®arky s benslilast aswrstrean
contirg el i aliERistici Ve r=n3siin i shimtl acions Rsiistyans e RS o el n
regp2s=aars theftoeal efifsct of allliresarvgir-davelocment aptians.
Lransmountain giversionss and w~ater—use allgcation gn tha oucflow
from the Yampa River basine. An average mconthly desirez streamflow
of e G/ s iwast siicecifliied 'at ehisi costrall 2oint s comgutec

; ! 2 g
from a comdinatioa aof tne 530-ft /s desired

Llow . : i ;
stream jage (control point Ll3) and the Little Snak2 River arainage
inpute This minimum desired flow ~3s estanlished on th=a pasis of
thelllS4aetColicr1do JUilver lCompsce and the progos=a Wil a 2nd
River gesignation ~ithin Tinosaur Ydacional Monumant {:

UeSe dMatar ana Power Rescurces Service, formerly U

Reclamation, writt2n commun.s L975).




At tnts do~Nstream
siESeistilies wer2li s anlis e ton
and 3. Hsecause of the siza of the ugstream Juniper 3n2 Cross
reanrn
“ocunNrtain R2servoirs anc the ostner snaller groposed‘reservoirs
. /
ucstream (tadla 2) and also pecause of the gesired flow rejuirement

at this location, the flow statistics inagicated large ragulatsag

impacts for th2 monthly flow values (tables 48-51). The cesired

2 : ; : :
flow of 750 ft /s is maintained throughout rasarvaoir-cavelogment

options ls 2, and 3 for water—use allccations at tna 25- ang S3-
parcant levels (traples <3 ancd %3). Several values lass than the
750-ft /s ZJesirsed flow can be seen i1n tadles 53 ang Si aﬁc at tne

75— and 190-percent water—-us2 allccationes A slight decline tn flow
w3s 3lsc noticad wirth progression from rasarvoir—-cevelogcment options
ly 29 3n3 3, cue to increased proposed raservoir develogcment ugstraam
in the basin. Jdption & without Juniger and Crass Mountain 2esa2rvairs
reflacted a fairly tragitional annual hydrograph w~i1th 3 slightly
reduced 1evé$'of flows and appears laast affected Dy thne wa3tar-use
allocation percentage increases (tacles 43-S5Sl). 2ac3use of tr=

more traditional annual hyarograch (table 47)s reservoir-gavslopment
option 4. 35 well as the h;Storic cgnditigonss me2ts th2 nycotherical
750-ft3/s desired flow target for &6 or more :months 2acn year

{tables 43-S1).




inel Flow statistics G4t Sech W idlerniong waal 2 apciitr a0 noUNESIN
dli7enstiiens i atie ol BGGeblolecians GCcattion are present=ad in tatla

45 The combined effect can be easily noticed ~nNen comparad td

chalinistoricl Bl owilistarilsiticss slic when Wwaclilidealiaicalrasarvoliic =

development octions (tables SEEl G (el nes el SF Gee s wie P eelie ik

thalipluaEar o filigntas  taat e oo clile adiRElig wi liiclimo el f o n Sig e milicin e

median and S-ye3dr low—-flow (3C percent exca2edencs) StatisSticCSe




[FLOW VALUES: A=MEAN; 3=MEDIAN; 2nd £=80-PCERCENT
values ara lass than historic conditions withcut

e Yt v i ! 3
ey MONTHLY FLOWS, IN cUsicC
VALUES '

GETENGY SO E G I AN = = 31 A S D RS

SIMULATED HISTORIC CONDITIONS

S 70 as13 L annl w2t ohge TR 2R G355 19937 172
458 483 445 Loz 435 933 L4030 3408 8181 141
2791 3h3 BBl e 346 0 1375 0508 2540 6RS ol b

SIMULATED HISTCRIC CONDITIONS WITH 100 PERCENT OF TRANSMQUNTAIN 3SIYERSIAONS

A 38 408 374 348 2
34l 10363 " BOG 4367 o B 35
5 :)

& 741 | 189 257 26k

863 361 -
R0 Al
2 TERR i

=

L1
&g
e

8
T
1

] 1




{FLOW VALUES:

y A - AL e
o =y ey T (OB Sl e
STThiLav2d .c/',//:./:« STO2CNT LJWS,

7 AT ol I =
{Tomma Rtver vecr Dserlicdze Fox

| w il S

s L AN G R RO SO ecl oL

z ~7 —~—~ T oy 7 T e, ~ ape
SOZ21 GSTULCULTUADD. NS SOCNIMOUT.

Underscorad values arz less than corrasponding table !

o A
ol

AT L
3 A Y

P e T
-quf’auv

. .
SU22So S,

~
P

7.3,

. -
STLTULL

S s

A
- 4"M

—— e

21073

QR QW

MONTHLY FLOWS, (N CUBIC FEET.®

v VALU
N NALES e | NGl

QEC. JAN. (FEB.w MAR. DARR.MAY

JUNE

JULY

738
750
753
738
758
750
738
750
750

373

WITHOUT TRANSMOUNTAIN DOIYVERSIONS

733 78@ 7 J4Z o d63) 2057 JUBS

790 7500 750 750" 1a8g Falag

750 ¢ 1750 0L 7800 50 £ SE TR

s GG 860 2021 7452

750 789y 7584 750 1656 5722

750 780 B0 TR0 HARE R TU T

738 qedl Tio : 7217

—

750, i sc 780 19 £A

7800 750 At

~J| O
(6% {84 [V

Wl O~
oof~af -

373 a8l azs

330

387 40 333 = 367

202

A TR R

U O~}
[@] (Ve

=
NN
(WS LWAILN )

738
750
753

i3
750
750

WITH TRANSMOUNTAIN DIVERSICNS

J3d t0 : 855

738 a0 750
750 e 739

(€s) \J‘! (¥e)

~ijoln
ONANE~)

LAl O O
1O —jO>

T

a0 130

o
(5] [

bt BT (R

Uil ol

780 /539

W
&

LS TISY Aa |
~lju

738

=

=i

750

(W3] Fo MY (Ve )
wifuf oy
[ 5 (WA) Ko'e]

O —] O

753

ON\UILD
o 4=

| ON O

fuiph 0}

(@0]

A NG

DD ~—e
L A0 ()

~J 0O &

-+

-— 4 N
QO 9
oo O

LU

o PN
Mo —

\n n\o
SN e Y]

e

9

— IO

— i
O G LD

=Dl

]
-1 O™

i

(&)
(WS e oY Y

‘O —ln

T RN
wil O OO

b

(VR N}

g

~J 00 QO
ul N Oy
O~ O

~i (0 X
u O =
O wn o~

~4 o 0 ~! oo 0
Ul N wl o W
an 4 0o F

Ui~ Oy
Ox Iy |
— O W

S~
Ul gy O
o o —

~ ~J |
Uy Uy Oy
O 0o

~ e~
Ul Ul O
6.0 O

W
OO
~Jw ~d

e B T |
ul U O
QO O~

gy O
Bic) &

~4~ 4 ~ ~3 ~!

g O
Qo O

(UN OV)
L) ~} OO
VRN ROV




N
[\
(8

i R ri
TmONTALY  STIECT LoWS,

=
- T
S2enlcazo PR

i

-

sRalorg ol i edn s

¢
\ t‘a 8 ¢
N8

[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=80-PERCEINT EX
Underscorad values ares lass than corrasponding tablas 47 hist

MONTHLY FL CUBIC FZET PER SECO
A MONTHLY FLOWS, IN CUBIC FZET PER SECOND

TION VALUES

oy - DEC. . JAN,  FEB. MARLIAPR. MAY | JUNE. L JULY

WITHOUT TRANSMOUNTAIN DIVERSICNS
738 5% 7sz 8o 168545753
750 750 750 750 1553 %708
750 750 750 750 36k 3533

6006
47Lg

738 i750 750 347
Je0l 7oonl Ea 50
reol Al e

~3fwafon
an

| =

=

[0}

wun
i
0) =
\J)

7330 7284 sadeahy
7500 750 caee 750
750 950 (50 758

(UNTLVE YT

]
(66 (V41 (Ws)
o] N] PN

348, 960 ‘i3z 1039
5 W
120 281 SIS 709

Lo

(0% N0} o
(We) o2 e8]

WITH TRANSMOQUNTAIN DIYERSICNS

YRsLl Sysar.mlsg
19 4750 G750
7500 =500 W 750

= Snd

(Vo) g (V) )

=B

O 9~

Of~3f =
Of —{ O
—_ NN
~J o~
~lu N
[NV NUNY
LD AN D
(@ BT w5 |
wn 0 -+

D
[OSENE

=

738 a8 750
/=0 iB0y 50
750 (1750 80

4=

NjuUyY =
(@]

~if ™

U O OO
Ojwipun
O wm

AD VDD
— = 00
0D oo

738
750
758

o
(W3] VX
Ojco

— ] b
wun
—s sl
2Ol O
(T B
VO LD D
— =0
(0~1 O

'\‘
wn
Q
>~
Ul
()

1
4
Z
- !

ALY AN 1iVe)
oMU
SO0
B (9] (o)
O O
(@] (V51 (V]
N (WG} FaS ]
o] ON
WO O
— U
(08—
o) Q0D




Taple 50, ~=Summeom OF demuizoad momsihly soroy
comtrol gotns 41 (Zompa Fiuzr necy Ceerlodcs Pork,

3 Dereart of zeveaylcunal ceding iSremomountaty

rengart o= Zoth aamieylouRal and St st

e - > - . - - 3 . - - e . -~
Dexzenc o5 LNCUSTIIAL G4 TLAALELT& L 4LUE8XSionS

[FLOW VALUES: A=MEAN; B=MEDIAN; and C=3Q-PSRCENT 2
Underscored valuas arzs lass than corrasponding tacls 47 his

0} i FLOW MONTHLY FLOWS, IN CUBIC FEET PER SECOMD

TION VALUES

QCITe OV L BEC . T JAN G CERR L0 MARL S ABRIG (M A Y JUNES JULY

WITHOUT TRANSMOUNTAIN DIVERSIONS
36 el aal fams ings igng
750 750 750 750 1358 L4ati
837 758 298 543 © 974 3413

32 66h I8 1310 BT70
Fo0R 7500 lEa 11168 "42h]
120 750 BRGS0 2R

1~
-1
—

N

G760 598 Ligno 1kdn  Hens
750 750 750 1168
ghor 18y Beg Tyey

[0 2 AN S ]
ONLO \D
O -\
(VI e )
QD —
Wil O
WD AN O

48 413 1038 3855
360 . 750 3828
285 709, 0

—a} —s
] (N} 'O A

u Of 00

OO} =
O 4 O
~ uUI\D
L O 0o

WITH TRANSMOUMTAIN OIVERSIONS

TR
9l T a8l g 50
a9 N

W~
~Jfuni s
—1O

842\ 831z 608
i B0 S0
86/ iksl e 203

R

wnf~ij~4
anMunjun
ok
i

-
wuILD

875 w59 iagy
750
a7

(¥ (W] (0N}
DO 4=
(971 {¥s} § 18]

— =~
~ui
=Gy

S~ N
Ul (0w
O~ O

‘=N
—I\n
[N RN
[N ON]

e EAS 1 R Y]

i
~ijwa] Oy

i it}
volu] =
[0 a1 (V0]

OLON =
ON =4 Oy

—t

Q
3
5

(VIS No'e]

=
=l o

~3
(SR VN
(D AW




SerTALU STRoCT;
S A
Bzl Ho ool o

L and ro cRanSTCun ot

el ok j 4 ; o . :
pogled doktal IOk ke | Ol ; b tslany Sronsmoun

. i imie . . o - . o
P I RS okl a1 < - , 7 ann md ] e Y SAGA A
gL S uﬂg < 2 G 4 AT LTl A U2 2SS 2 In

[FLOW YALUES: A=MEAN; B=MEDJIAN; and C=380-PERLE EXECEZDANCE.
Underscorad values ars less than corrasponding taole 47 historic conditions]

e MONTHLY FLOWS,

TIGN VALUES

QCT:. BEC: "JAN, FEB,UMAR. APR.TMAY . JUNE

WITHOUT TRANSMOUNTAIN DIVERSICONS

452 kg2 587 > 4612
S E0 s 50 4452
122 11h r22b, 3452

Py
~i~ Oy
Ui\ 0o
Qw —

o B

583 502 e s
7591 75055 4750
25 Tl 2T

e T
~j O
Uij OO (™
Cijw] oo

~I1f OMLD
oM F i
g LON ) (UN]

N —
L OO
— -0
~N 00O

ofung 4=

AW ST N oy
~d
(V3]
(@]

(3]
O
o
oo
==

533 423 380
758358 217
2hg s s

=g

PJLO—
-

o Gy
~HOFN

N O
(@] Kokt ooV ]
i
WR\nif Co
—{ O\ —
R
]
~1~4 O
(V) IV N Vo)

O o

~
(0'e)
=

(WS}

e

175 ass . 3ad 3661
280 323 'i5% G3°3
&5 - A il B 2075

ey

N W
w0 =

N i~d
(O¥] (¥s] o s}
(=
o —

-

WITH TRANSMOUNTAIN DIVERSIANS

[

el (@) ()

= N

{ent A
(U0) Trs

185
105

362 3 1
1 : 1
i

N W
s

w00
~1 =1 1=
N Ul

O oW
~} 1 (0

AN

470 468
518 580
135 131

[3S UV ROV
[SRN0 AN o
N OO
N Owm
~1 L QN
O B
O O O
~4 ~3\D

Ul un AN
O O

|
Ui O
O

xb
~ihpDl—
(Wal (O] IS
@ Fow §iN]

L3L 339
588 182
134 124

W
aN\un

W~

o wn

~1 O

. Ny
» N O
~i 4= O
ul Y 0
O WD —
wiu O
@O N

(W8]
A
i >~ O

e 253
183 134
104 i34

[RSY O]
\nNjoy o

e )
~—OjON
(Vo) (Wa] Ko )N
OO0
—s D~
OO\

-
=]
~ O}

g =+
O N
S (R
(USING AN PN}
O W U0

=] Gy O

WY ~1 O




SUMMaRY

A total cf 35 major raservoirs has 2ean progosedl for construction
1N toe Yampa River Basin to provide addictiandl water for sacreasing
tndustrial, irrigstions and aunicipal usas. Adgitiansily,
transmcuntiin diversicns have S2en Zrgsosad T8 transscrt ~3ter to
the Jenver, Coloe.s 3nd Cheyennas, WyQ.s matropolitan areas. 2

mulcireservoir=-flow comgutaer model was usec to simulate the effects

) .
3n streamflow of five patential DCTiIiOoNS,
Bz

e ——

including one rapresanting historic cenditiagns (nao adcitional

reservoir development) and four reoresenting varigus dagress cf

rasservoir and transmountain-civersign Zdevelggoments. -Yariodus
b .

ccntbinaticns of 17 larger proposed reservoirs and the 2 transmountain

fiversions ~er2 us2¢ in the mnacdel analysise




Simulatea mcnthly strzamfloss at 47 3i1tes throu,nout
Fiver basin wera getermined for tha followingj conaitions
Hiscosliicliconaifthionsis
[P Hilsiearlic capaitilons wicRadutian/iicaososedi dizaiEsiicniste
2. historic conditicns with @9 scecont Of RiresagscdlitEERSTWOURE S
diversions.
Reservoir=davelopment options l-4:
Allocatian oFf 25 percent offcotal Jctave \r8servoir I StOfa e
for ‘agricul tural uss Jithout any transmountiin diversicnse
and' including 100 cercant of industrial ang municigcal civer—‘
sioné.
Sl leEaiaien oF 25 asresns ofF EeEsl | s Ve FEssr Vel
Fer agricultur 3l Usenith 28 gercent of \Cropgosed Transmountain
diversionss and incluaging 1lC0C percsnt of industrial 3ang
municipal diversionse.
Allocation of S0 percent of total active reservai
fFor agricultural us2 without any transmount3in di

and including lLOC percent of industrial and munici:

Alloc3aticn of 53 percaent of total sctive r2servoi

for agricultural use ~ith S5C percent of grcopcsegd
giversionss and including l3C percent of industr:
municigcal diversionse

Allocation of 75 percent of total active reservoi

Far agricilturaliusel sitnoguthany togpemouptalaidiversianse

and incluging 100 percant of Wacustrial and municical divergionss




Allccanion of 75 percent of .tot3l actiwe reservolr
acriculrural use ~hch 7oioercantino fiDACDOSES RO all
diyarsionss and.ipclading 130 percent aof ingustabs]
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