
U nited States D epartm ent of the Interior
OFFICE OF THE SOLICITOR

MAILING ADDRESS!
P. O. BOX 25007 
DENVcR FcDERAL CENI Eh 
DENVER, CO 80225

July 22, 1981 JUL 2 7 1981

Mr. Robert L. McCarty
^COLORADO RIVER WAl ER 
CONSERVATION DISTRICT

490 L'Enfant Plaza East 
Suite 3306
Washington, D.C. 20024 
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.

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

3. Geological Survey’s Study entitled "Impact of Reservoir 
Development Alternatives on Streamflow Quantity in 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 letter that I had requested of you by phone.
Thank you for your cooperation in this matter.

Sincerely

Margot Zallen
For the Regional Solicitor
Rocky Mountain Region

Enclosure ,
/cc; Roland Fischer (w/encl.
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Contract No. 9-07-40 L~lQt6 ^. J ~~ ■ ìt~'\
t

Memorandum of Understanding between U.S. Bureau of Reclamation, f j  
Upoèr~Coìorado Region, and U.S. Fish and W ild life  Service, Region 6 /  ~ u 
For Acqui ri ng Biological Data on Colorado River Endangered Fishes

7. 2
L.hi

1. This Memorandum of Understanding between the Bureau of Reelam ationog  
Upper Colorado Region, hereinafter called the Bureau, and the
U.S. Fish and W ild life  Service Region 6, hereinafter called  | g
the Service, both being agencies of the United States Department g »  ^
of the In ter io r , i s  entered into on this 16th day of April_______? L e|
1979, under Authority of the Economy Act, Section 601 (47 Stat. 417)2^ |^§ 
as amended of the Act of Ju ly  20, 1942 (56 Stat 661) 31 U.S.C. 5) 3  —*o  m686. 50

2. The Bureau i s  developing water resource projects in the Upper Colorado 
River Basin which w ill  affect and a lte r  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 resu lt  in an impact to 
an endangered or threatened species or th e ir  habitat. I f  the Service 
finds that a proposed Bureau action is  in or affects an area occupied by an 
endangered or threatened species, i t  is  the Bureau s responsib ility  to 
provide the Service with a biological assessment of the impacts of the 
proposed action on such species. I t  i s  the Service s resp onsib ility ,  
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 
endangered Colorado River fishes, the Colorado scuawfish ( Ptychochei1 us 
lucius) and humpback chub (Gila cyp’na). 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 in i t ia l  exam
inations and other documentation indicate that the proposed actions may 
jeopardize the continued existence of both f ish  species. The Service  
has stressed the need for- the Bureau to develop additional data on the 
habitat requirements of these species; therefore, in order for the Bureau 
to meet i t s  re sp o n s ib ilit ie s  under the Endangered Species Act of 1973 and 
the Amendments of 1978, additional data are needed. The Service requites 
th is  data to prepare biological opinions oti those projects where consul
tation has been in it ia ted  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 in it ia te d .

3. This Memorandum of Understanding w il l  provide for a major funding 
source and study effort  to determine habitat requirements, monitor 
existing habitats, expand l i f e  history information, and f a c i l i t a te  
the gathering of biological data on the endangered Colorado 
squawfish and humpback chub. This information w ill also be used by 
The Service to formulate recommendations for the restoration



of the Colorado squawfish and humpback chub in the Colorado 
River The studies to be implemented under this Memorandum or 
Undcrstand^nrPare outlined in the attached wort plan. The wort 
plan was formulated in accordance with \ h^ inaV/ ^ or d̂of5 ^ mn 
Squawfish Recovery Plan dated March 16., 1 9 7 8 , and the draft Hu p 
back Chub Recovery Plan as-submitted in February 1979.
The Bureau and Service have determined that the ™ ^ > f f i c i e n t  and cost- 
effective method for obtaining the n e e d e d  biological and physical .
assessment data i s  for both agencies to work
Reqional Office le v e ls .  Sp ec if ica lly ,  the resp o n sib ility  of the 
Service w ill  be to d irectly  acquire data, to techn ica lly  administer 
biological contracts for acquiring data, and to coordinate the^data- 
qathering e ffo rts .  The Bureau's resp onsib ility  w il l  be to provide 
funding, to provide the contracting c a p a b il it ie s ,  to act ive ly  p art ic i  
pate in physical data analysis related to streamflow and Bureau 
projects, and to insure that data being collected are adequate 
to f u l f i l l  the Bureau's requirements.
The purpose of th is  Memorandum of Understanding i s  to estab lish  
the mechanisum for the Service to organize a team of P ^ ^ i o n a l  
biologists to carry out and oversee the biological and physical, 
data co llection  on the Colorado River endangered f ish e s .  Speci- 
f i r s l l v  the Service w ill establish a Colorado River Fishery  
Project’with appropriate personnel. Data gathered by th is  Colorado 
River Fishery Project w ill be used by the Bureauto prepare biological 
assessments for those Bureau projects where Section .7 consultation  
on the Colorado squawfish and humpback chub is  necessary and notcomple 
The biological assessments, along with other a n c i l la ry  ,

•will provide the Service data from which to make cumulative biological 
opinions as required by Section 7. The data from th is  Co orado River_ 
Fishery P r o je c t V i l l  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 Service on a reimbursable basis  

for cost assumed or expenditures made by the Service for carrying  
out the purposes of th is  Memorandum of Understanding. Such b i l l in g s  
shall not be more often than once a month or le ss  often than 
quarterly.

6.2. To provide for contracting and transfer to t ^ S e r v i c e  
the amount of $500,000 apportioned over f is c a l  years 1979, 198U, 
and 1981.

6.3. To apply the funds herein provided to the following 
a c t iv i t ie s  for Colorado squawfish 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:

/



(A) S p a w n i n g  Requirements - Items 1» 2, 3, and parts of 5.
(B) Young and Adul t Requirements - Items 1, 2, and 5
(C) Migration and Movement - Items 1 and 2
(D) In terspec if ic  competition - Item 1
(E) Bioassay Studies - Items 1, .2, and 3

6.4. To s o l i c i t  and execute contracts as deemed necessary with 
commercial firms or institutions to provide data requirements, major 
equipment, or project requirements.

■V 6.5 To provide physical - chemical data on the waters
of the Upper Colorado River and the analytical c a p a b il it ie s  to
interpret th is  data as needed by the Service to assess
present and future- conditions and future conditions with and without
water development p ro ject!s ) .

7. The Service Agrees:
7.1 To perform the work as stated in section 6 .3 . by entering into 

cooperative agreements, administering contracts, and conducting the 
data gathering e ffo rts .

7.2. To structure the project organization as shown in
the attached Table I I ,  with the Project Office and Project Leader 
located in S a lt  Lake C ity , Utah.

7.3. To delegate to the Project Leader the authority to 
make decisions regarding the day-to-day administration of th is  , 
project. The Project Leader w ill  coordinate work with the Upper 
Colorado Region of the Bureau.

7.4. To estab lish  an Overview Committee that w il l  a s s is t  the 
project leader in setting p r io r it ie s ,  and w il l  review and make 
recommendations to the Service and the Bureau regarding any s ig n i
ficant changes in design, scope, timing, and geographical area of the 
Colorado River Fishery project. Thé Overview Committee w il l  be 
limited to five  members as agreed to by the Regional D irector'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 in st itu t io n s  as agreed 
to by the d irecto rs .

7.5. To provide to the Bureau a Project Evaluation and 
Review Technique (PERT) Chart that w ill  be followed in the 
implementation of the study. The PERT Chart w ill  be provided 
to the Bureau as part of th is  agreement. Any s ig n if ican t  
changes in scheduled work as defined in 6.3 shown on the PERT 
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 a c t iv i t ie s  
which the Bureau i s  funding.

\
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• ' 7 7 To continue to provide guidance and availab le  information
on an iniormai b a " s  a/needed by the Bureau for preparation 
of biological assessments.

7 8 To provide the Bureau with (a) the data collected

avai 1 abl eSi nf or aat i on{ The^bi ol ogi cal  
where A c t i o n  7 c o n s u ' uawf i sh and humpback chub will

basecTon S u t ? «  " f e i U  o*f thoSe projects in the Colorado River 
Basin that may affect  the subject endangered species.

7 q in  consult with the Bureau prior to any key personnel 
change; S d 're ce W e  the Bureau's concurrence in the select,on of. 
or changes in , the Project Leader.

7 10 To provide the Bureau with a draft report covering ' 
those H e m s  as outlined in Section 6.3. above by January 1, 1981. 
ih e le r v i c e  shall provide a final report by March 1. 1981.

8. .  The S e r v i c e  a n d  B u r e a u  M u t u a l l y ' A g r e e :

8 1 That th is  Colorado River Fishery Project w i l l  be 
in it ia ted  immediately upon
Understanding and shall rema,n ,n effect unt,l March 31,

8 2 That the project study period and dates scheduled for  
the8draft and fina l reports may be extended upon agreement o 
both p art ie s .

o o Th a t  th e re  will be an annual p ro je c t  and f in an c ia l  
r e v ? ;« ' in  September of each year  t h a t  t h i s  agreement , s  ,n  e f f e c t .

ft A That the following procedure w il l  be followed in 

those o f f i c i a l s .
8 .5 . That th is  Memorandum of Understanding may be terminated 

upon*90 days’ no t ice  from e i th e r  party .

Nelson W. Plummer 
Regional Director, _UCR 
Bureau of Reclamation 
Department of the In ter io r

Harvey Willoughby 
Regional Director, Region 6 
Fish and W ild life  Service  
Department of the In terior



fWO&tCAL !tf3**AT!0X f le W (F ) 
Hitchery (H) 
Lib ( l ì

Honth* to Time Sp ed ii

Fish Specie*
Size of 
Fish {*«1

Geographic
Area

Wort To C o lu t e Consideration*

2. Use sto^-ich analysis to determine 
iced reqylre^eoU» Use preserved 
Msft kn virlous -.collections, _ Also use 
fish  cipu^ed 1ft this study by.taking 
v»jyuch ' contents, * I tHow t sacrlH dng  
f \ s h ♦

A ll four specie* F R A le s i le * A ll ir e i*  f ish  taken and wherever 
preserved specimens ire  curated.

M  year*

1. V»* 1 •'l M*h t 'cn  hltXhery operation
C-iU^lft« sta-M-na md pe*t s - lw lft f  
speed* ' for various sites of f ish . 
v«te to iC CeieriU  irO e«pmd hitchery 
ccen tic ft lo n tse  test fH h .

A ll four 
Spectei

Hit Veed to concen* Any hitchery or l ib  
t r ite  e ffo rt on which h*s f i d l i t i e s  
smaller size fish  to test fish

KA 1 year

4 . Oo feeding tests oft various site  fish  
*t r.itcrery to Cetera!ft -n«t natural
foods are t u t  ft-K>st r t iC U y . delate 
th is In fonrétlOft to the Vr‘i,tu  * ' tuition..

A ll four 
<pec1e*

H A ll sizes Hatchery where fish  being held 
or propagated

KA 2 year*

5. Use SCUSA or snorkelling gear to 
» l ib i l i /  record «here fish  found. 
Nei s-re ru jor hibt t l t pi r ira te rs .

Colo squawfish 
Humpback Chub 
Bonytitl Chub 
lUzorback sucker

F
F
Ho

F

A ll stzes Green R, UT ; Colo R. CO;
A ll t i l t !  , B ,R, Colo R. CO; L i t t le  Colo R.AZ 

known v iib le  f ie ld  populitton pf rU e r f ls h  iv a i l ib le  for study 
All slzes Green R, UT; Colo R ..C 0 .

low flow 
low f 1 ow
low flow

1*2 yean1*2 years 

1-2 years
C . M ention  md wp.erant

1. fro-» Section A. record raveoent of 
tCjW  sot*nvft? f is h . Tig *11 fish  
1*r~e e n . ; 1' to t ig , *re captured 
v r- t r  * . i 5. with Aw-^ricil type 
sp ig ctii tags.

A ll four specie* F >150 Green R, UT; Colo R ,, CO; l i t t l e  
Colo R, A2

concentrate 2-4 year* 
on spring nove
ran ti Mar-Jul

3. S i«d e  ift T i* ? i . kM te. Upper Green 
*fti Upper Colorico P.Uers sp e c if ica lly  
co Optare f»sn Urge enough to tag# 
{rv 'o j  i s p in e t t i type tig or M f l l f  
Vig m\\ in tre* d d vd  n v te rs .

A ll four species F >150 Yimpa-below Kaybell; Vhtte-lower 
40 m l,; Upper Colo-below DeBeque

A ll four 
season*

2-4 years

t). Inter seed f <c competition
V. fr .c tr objective * . B. iC record *11 A ll four sped f t F A ll t i r i * A ll areas singled under A* B, C NA 2-4 years

! 3 f c a f s of f 1 vn found together.
d it i S t lt lS t lC lH /  to cetendne 

tf co rre iil»or.t e d it  bet“ ««'' occurmce 
q f t r c i * ‘ trtO species if'C the occurmce 
or ncn»oc Cvr mce of other species.

U d ite  food taken to vartovs 
tine* of the year.

BonytaiV chub «redi
to be taken to hitcNory twwedtately
for propigitlon work



TajSfe i - Biological Inforin&i'um Meeds o

Field (H Months to Time Spedi i
IlOlOGICAl !>T08̂ JkT10M
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HiUhery (Hi 
1*0 II)

Site of 
F1 Ih (m)

GeogripMc
Are*

Vori To Complete Consideriti  »M

k .  Spi-M*« reggi re»-? ft It

\ . I 13 advit fish Use radio U 7S i i
• i n  at prescribed f ro*  Vt lU l  CQfttriCt
I tw i /  O' Indiv idual  hu-Cered Spinetti  
U g s ,  A f U r  ta9*31 «"J fo l io *  1 199c«Í f ish  
b; f i iMo ,  seinin'}, t r ip p in g , m í  uflíer» 
*a l e r ocs er»a*. ten.

Colo tquiwf 1 $h F >450 Green R. ,  UT Kay-Auf ‘ 2 Jurors Use n o t o  Laos
HurvbKk Chyb F >2 SU t i t t l e  Colo R. ,  AZ; Slick Rocks (S.R.I 

on Colo R. ,  Co10
viable f i e ld populitlon of river fish 
Green R, UT, Colo R. Colo

1 Kay • Au 9 2 su-*f n Use sp*9« Ul  typ< U f t

BonyUll Chub 
Ratorback Sucker F

( «o kno*n 
>300

ivi  1 l ibi  e 
kp r -Au 9

for study 1
2 suwners Use Sp*9« t t 1 tyt>* t i f f

2. Tile habitat Ki H/ r r xMj  where spinning
l i t e  fHH ro*t,  rest ,  and spa-n. Parameters 
to record «oyld oc f i o- ,  SuOStrite,  
t r ^ f r i t j r f ,  turpltfvt/,  1 , 0. S, ire*
0 f 1 tr< *a ,

3 . '  «vis-re h i b i t i t  pirirwfteri where youn?- 
o f . t >«.;■{ir (yo/1 ire found. Use seining 
Uo sa*ci e ties *» ter i r t u ,  Mso electro-  
f t i n O ' l t r m  i«to 1 01 cck 1 *7 seine
-♦»*'1 possible.  8 f < C r d Si-*« hlOjt l t  
M ' W . t M  U 51 »Cft 1 ft i 2 .

<4. Use I3. l t  flVh row tn 1 hitc^ery 0r 
*)< t Mift 1ftto MUftcr; to record 1 pj - n 1 
Call.  U S 1 r 5 r e C 1 r C y11 11r 9 »Iter »1tft 
t r x e n t - r e  control *r.d select ive Dot to*» 
types 1 ft 1 or ? doc-men-t spawnfng
b«**»1 or, tevpe ri U'e  wr.en spawning
CCiu'l, ird nftit t/pe of bo t ic* is 
s ejected.

5 , Cctenrlre egg swrvtvil under various 
cc*4«;»cft|,  U .  t e~?enture , 
substrate etc.  Use ending red or 

• inrfitffted specie s if e 5 31 *»*l iable,
, , ^l f  r.pt use s i * Ui r  species.  Can be

; corre', * led »lift Ho. 4 *bo»e»

I ,  T&urg «ftp 1 Cult requirements

1 » Sirple b/ *11 possible re i ns ; seines 
elec tr0f 1 snlng, (ri irvl  nets,  trap nets,  
t u , ,  for various sUes  of (lift,  Record 
i l l  pertinent Molt* l parameter me nvrements 
where fish taieft *1 In (A*2 ).

Colo squiwflsh F
Huinpb ick Cftub F
Sonyu11 Chub 
Ruoroack Sucker F

>4$0 
>2 SO

(Ho known Meld 
>300

Creen R. UT Kiy-Auj
l i t t l e  Colo R. AZ, B.R. on Colo R.'CO HayAug 

population of river fish iv i i l abl e  for studyl 
Green R. ,  UT; Colo R, CO Apr.Aui

2 unwers
2 suweri  Procedure! ihould <e*ftn» U  t.F.C.

guidel ine» for «Ivci i v l ty  O t r n t2 suwn

Colo Soul-fish F
Hcr*pb*ck Chub F
Sony u 11 Chub 
Riiorbick Sucker F

<60 Green R,,  UT . • Au9-Hovt 2 f i l l i
<60 l i t t l e  Colo, AZ, 8. R.on Colo R, CO Aug-aov 2 f i l l i

(sto known vi ibi e Meld populitton of rlver f 1 ih t v i U i b l t  for study]
<60 Green fl. Ut; Colo R, CO Aug-Hov 2 f i l l i

Colo Squiwfiih

Humpback Chub 
Bony tai l  Chub 
Raiorbick Sucker

All four species

Colo Squiwfiih

Hgmpbick Chub

SonytlM Chub 
Rixorbick Sucker F

K >450 Appropriate Hitchery
H >250
H >250
H >300 ,

Hit KA Approprlite Hatchery

F 60-  ̂SO Green R, UT; Colo RM CO

F 60*250 l i t t l e  Colo, R..A7 ; B.R,*Col• R
Colo, Creen R. ,  UT

F 60*250 Green R. ,  UT
60*300 Green R. Ul *, Colo R. , CO

XA M  jreiri Could vsf Colut i l i  K  sqvmrf(i)a
for basic d i U

KA 2-3 yeirs - *■
KA 2-3 years
KA 2*3 ye*rs

HA 1-2 years C^uld use Columbia R. Murvrfisii 
or nyvhdtail chub for tom* baste 
data

S l»p lt *11 2 ye irs Area should include trib u ta rie s
four seasons SuCh is  Vhltt in« T*wp4 Rivers

for a l l  specivs« 2 years

f . . ?
2 ye irs
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T, Oo controlled competition tests
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Of d i f fe re n t  SU M  and tne virtouS 
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4ft 1 c t fe r  e o t i c  v te c f t s ,  »Men new 
res '  i *  I "  t*»e CcVoriCO
* » *t r S /Str» .

C. t<cessy ;1 lev
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of-/ear for tempsntore , T .O .S . ,
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no threatened or endangered species 
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spec ies .
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f le ld l f )
MalcherylFl SWe of

Fish Species lab 1U Fish (nw)

AW four spedes HU Oo u i r lo u iSizes

Colo SQUlwflsh HU >150
Humpbict Chub Hit >150
Bony ta ll Chub HU >150

AM four l  '60
species
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Species

AW four l  . >60
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1

Geographic
Are*
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Wort

TW
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C o n s ld t r i t l * * *

Hitchery or l ib  HA
equipped to do tM * 
type of work

Could do In hitchery HA 
where fish  peir»9 reared 
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When eggs 
available
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2-4 ye*r*  Colorado iq urw ft ih  end Kawpbitt 
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2-4 y e ir*  Use as i t ir t ln o  point for squivflsh  re 
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Idaho on tne development of fish  toxl* 
“ squaxln*
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COOPERATIVE AGREEMENT 

Between
U. S. FISH and WILDLIFE SERVICE 

and

NATIONAL PARK SERVICE

To Study Endangered Colorado River 
Fishes in the Yampa Pd ver

1. INTRODUCTION and BACKGROUND
The Yampa River is the largest free-flowing tributary of the Green 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 its 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 all life stages of the fish occur. Also, a Colorado 
squawfish tagged in the Green River was recaptured 52 miles up the Yampa. The 
Green River downstream of the Yampa exists in a semi-natural state today because 
of the contribution of water from the Yampa.

There is presently a rush for water development in the Yampa River drainage. 
The proposed Juniper Cross Mountain Project consists of two reservoirs with a 
combined storage capacity of 1,291,000 acre feet. The project would cause 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 
River, a major tributary of the Tampa River. Power production, some under 
construction, near Craig, Colorado will use approximately 20,000 acre-feet 
pe.r year and may request additional water in the future. Because of increased 
energy development in the basin, we expect additional water demands besides 
those mentioned.

With the present rush for development on the Yampa and upper Green Rivers, it 
is imperative that biologists and hydrologists determine water flow requirements 
for these endangered Colorado River fishes^ Of critical iinportance 1:; the ncc*t! 
for the Rational Park Service to define specific flnv rctiiiirejrku t s for Iiino.s;u:r 
National Monument. An imnortant eonr i Jnrn: i on ■ • *.s . fHmdr
needs oi the endangered Colorado River ijsiu_Ar | +

Because of the mutual needs of the National Park Service and the FWS1 these 
two agencies are cooperating in this study of the Yampa River. The FWS will 
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.
2. AREA OF STUDY

The area of study will include the Yampa River from Craig, Colorado downstream 
to the confluence with the Green River, the Little Snake River from its 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.
3. TIME OF STUDY

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 will be completed by January 15, 1982.

4. OBJECTIVES

The overall objective is to determineL 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 objectives are as follows:

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.
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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 Lh<* Colorado squawfish and humpback 
chub in the Yamna and Green Rivers.

5. METRO DO LQG'i

a. Biological Data:

To evaluate reproduction of endangered fish in the Yampa Riverf 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 would be intensified 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. In 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 study 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 on 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 IFG 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 flow6 needs 
will be done by FWS personnel involvedin rhe stu^v. This work \:i11 he 
done fren* June through Septc:__| .

6. EXPECTED RESULTS

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. U.S. FISH AND WILDLIFE SERVICE RESPONSIBILITY

The U.S. Fish and Wildlife Service will conduct the above study providing 
manpower, equipment, arid 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 NFS 
is needed. NPS will need to provide *or permit the following;

a. Funding in the amount of $12,500 for support of fishery biologist
to function as assistant field team leader from March 1, 1981 to January 15, 1982.

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

c. Some office, storage, and living space for FWS workers. Living 
accomodations for a YACC helper, and a team of 2-3 bio aids on a part-time 
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.



e. Permit the temporary stopping of river floating for up to 1/2 
day

while stream flow measurements are made* This wiJ.l 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.

h. Purchasing of equipment will hi done hv TVS wi th the cooperat. I-- 
and input from NPS personnel. Technical rctp resen La L i vn contact for the ; 
will be Steve Petersburg at Dinosaur National Monument, and Jim Reid of the 
NPS Regional Office in Denver. Equipment purchased by the IIPS will remain 
the property of NPS following

completion of the study.

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.

10. REPORTS
Reports will be provided to'FWS, NPS, and Colorado DOW on 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 
final report will be due January 15, 1982.
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Doy le  G. F r e d e r ic k ,  A c t in g  O i r e c t o r

For addit ional  Information w r i te  to:

Colorado D i s t r i c t  Chief  
U.S. Geological  Survey, MS M5-  
Box 250^6,. Denver Federal Center 

‘ Lakewood, CO 30225



r ~r*«T :=.\* ycw « • U. • « J

D -5»-» cx 
• 3  ^  —

-Dstract------------------ir*;**?1

Introduce* on— — -— — —------~

yocel descr i pt i on— -- — — — ■

3a ta avai 1aoi1 * tv--— *— — — —

Screamflov» racorss— -- 

s r aci o •tati on racards-—  

evaooration records— —

Consumptive use ano exiseing sur face—-ater di vars i ons —

il carnati va reservoi r con f i gurat i ons studied— *«*— — — |— e----

3roposad di versi ons usad in tna mede 1------------- — — — —~ —

Agr i cui curai ai vers i ons------- --- —  ------- -—  ------ -—

Industriai and munì ci pai diversicns--------- ----- ----- —

Tr ansmoun ta * n diversi ons————— — —— — — — — —  ---— .

^oael resul cs— --— — ------------ —------------- -— ì----- -— ■
Sommar y— --------—--------------------- --------------------- —

^ 7

3 /
3 3 -

/

3 ?
3 0

tf/. 
‘ ‘l i 3

| § f

■7̂ 3 

3~S~ 

/J-•*-



+■.4 ■

ILUJSTSiTIC.NS
Page

posed reservoirs ano centro’ points used >n

Z* *ap sno-*ing location of strsamf 1 o»-gag r ng and 
c l • macol og i cal stations having records used

£»-£. Graons showing simulated measured mean

annual screamflow at:
u , Control point 39* vamca 9iver at Steamocac 

Springs* Colo.* L9Z7-7S water years —

.5*. Control point 13» Vampa 3 i ver near **ay- 
oel1 * Colo.* 19>7— 76 water years '

Control point **2* Little Sna*e 3iver near

malti reservoi r-made 1 i ng anal y s i s-

in mu Itireservo>r —model ing analysis 33

3 . Graph snow i ng peri ods o r records for stream?1 o 
data used in multireserve ir-model«ng

analys i s

Lily* Colo.* 1927-76 »ater years-



3 D 1 e

7-

1 Cu— »

tables

°age
L. Montnl/ evaporation rates used for reservoirs in

* *7the Vampa River oasin-------------------------- *¿4' ^

2* Assumed monthly schedules for agricultural aiver-
s i on s y----— -----— ^ —  ----- ---------------------- *37

3# Proposed reservoirs used in moael analysis-—  ------ y o .

Proposed monthly diversions for industrial and
municipal use—— —— — ------- --- * Ì--------------  ^  7

5^ Assumed monthly schedules for transmountain diver—
i£fs i ------------------------------------------------ - ' /

tm Control points for which results of model
simulations are presented-— — — — — -— -— *SU— w  7  

II* Summary of simulated monthly strea.mf low's » control
point: 39 (Yampa R i v e r  a t Staamooat 3pr i ngs ♦ Cdo*):

7* For historic conditions and with I3C percent
é ìof t r ansmoun ta i n diversions--- ------- --

3* With 25 percent of agr* cui tura 1 and no 
transmountain diversions» and with 25 

percent: of Doth agr ieu 1 tur al and trans- 
mountain diversions* and including LOG 
percent of industrial and municipal 

diversions for all simulations---------- a s



Tao l es

r\ir‘ I ,i j vL.U;* , ' — IJ

TABLES— Cont «nued
Page

7—11« Summar y o f s i mu 1 at ad non tn 1 y straamf lows» cant r o I 

point 39 (Yamoa Siver at Steamboat Sor»n g s * 
Colo.)— Continued}-’

9 • W i t h 50 percent of agricultural and no 
transmounta in a •vers tons* and wi tn 
50 percent of Doth agricultural and 
transmountain diversions* and includ
in g  IOC percent of i ndustri al and 
muni c i pal d * vers ions for al1
s i mu 1 at i ons----- --- —------- *---- ----

10* with 75 percent of agricultural and 
no transmountain d iversions * and 
with 75 percent of ooth agricul
tural and transmountain diversions* 
and including LOO percent of indus
trial and municipal diversions for
all s i mul at ions— |p ---- ------ ---—

li* with LQO percent of agricultural ana 
no transmountain diversions* and 
with IOC percent of both agricul
tural and transmountain diversions* 
and including 100 percent of inous- 
trial ano municipal diversions for

<o éall simulations



r  ^3l c S — Cor t i n̂ e-j
R dr C e

ilb’Tf i L 2 - L c • S u g a r y  of s ifnu 1 a tec .Tiontn 1 / 3 c ream f 1 j m 3 ♦ 

control point 33 (Elk River near 
Cola •) :

12* ?cr ni 3 tor i c cono i t i onsj ana f ■* i tn I0i 

oercent of transrnounta i n civer~ 

s «ansi '

L3.

L4—

Ai cm 25 percent of agricul r.ural anc 

no transmountain diversions.»- anc 
*t th 25 percent of aotn a-̂ ri cul
tural and transmountain diver

sions* and including LOG percent 

of industrial and municipal 

diversions for al1 simulations— —  

w i t .o 50 percent of agricultural and 

no transrnountain diversions* ana 

»¡tn 50 percent of Oatn agricul

tural and transmountain diver

sions* and including 100 percent 

of industrial and municipal diver

sions for- al T simulations-------- 7 0



Taoles 1

r* v< j t •*« i •

¡J • « 5— • * IP -** »

TA3LcS-Cont i nuac
P age

2-L5- Sunuiary o f s i mu 1 a tea monthly streamflows.
control point 38 (Elk Piver near Trull.
Colo.)— Continued:

15. with 75 percent of agricultural and
no transinountain diversions, and 
with 75 percent of Cotn agricul
tural and transmountain diversions, 
and including LCG percent of incus- 
trial and municipal diversions for 

all simulations--- ----- --------
16. with LOO percent of agricultural and

no transmountain diversions, and 
with LOO percent of both agricul
tural and transmountain diversions* 
and including 100 percent of indus
trial and municipal diversions for 
al 1 s i mul at i ons----------- '---------

'MT

7*2-'

9



Cont•nued

tael as 17-21.

i 2 v in i..ii< V *»« »4 .* *» i

TA2L = S-

m  » sJ rVw»*W >»J i *

Summary of sinu 1 ated montnl / streamr 1 o.„s . 
control point 3v (Trout Creak at .ncutn) :

L7. For historic conditions anp tr>
LOO percent of transmounta>n

d i vers i ons------------ -------- “
13. aitn 25 percent of agricultural and 

no transmountai n diversions» and 
wi tn 25 percent of ootn agricul
tural and transmountain diver- 
si ons * and including 100.percent 
of industrial and municipal 
diversions for all simulations —  

19. with 50 percent of agricultural ana 
no transmountain diversions» and 
„¡tn 50 percent of aotn agricul
tural and transmounta«n diver
sions» and including. 100 percent 
of industrial and municipal 
diversions for all simulations— -

7 ^

w

7 7



T a b l e s — Continued
Pa

Tad-las 17-21 • Summary of simul ated month 1 / streamf lows »
control point 3^ (Trout Greek at ^outn)

Continued:
20* with 75 percent of agricultural and 

no transmountain diversions* ana 
with 75 percent of doth agricul
tural and transmountain diva* 
sionst and including LOG percent 
of industrial and municipal
aiversions for all simulations-- *-

21* With 100 percent of agricultural anc 
no transmountain diversions» ana 
with 100 percent of noth agricul
tural and transmountain diversions» 
and including* 1QG percent of 
i-ndustrial and municipal diver
sions for all s i mu 1 at i on s— ------- jj

11



°3çe

tâjjj
I Ì Ì.L_____| ,

Ta b l e s — Continues

Tapies 22-26 . Summary of simulateci montili y s t raamf 1 ows ♦ 
control point 15 ( Yairpa River at Craig* 

Colo•):

2 2

23.

2^.

Par historic conditions and with 
100 percent of transmountain
divers» ons--— --------—

with 25 percent: of agricultural and 
no t ransmourrta i n diversions* and 
with 25 percent of Doth agricul
tural and transmountain diver
sions* and including 100 percent 
of industrial and municipal 
diversions for all simulations-*—  

with 50 percent of agricultural and 
no transmountain diversions* ana 
with 50 percent of Dotn agricul
tural and transmountain diver
sions* and including 100 percent 
of industrial and municipal 
diversions for all simulations-— -

F-2

7 3

12



Pace



Page
TaoVes

i » .

TASLcS— Cont» nuecl

2T-3L* Summary of simulated nontnl y streamf 1 ows.* 
control point 25 (confluence of Yampa 
River and Milk Creek):

27• For historic conditions and with LOO 
percent of transmountain diver
sions -------------- -— -— ------— ----

23* with 25 percent of agricultural and 
no transmountain divers ions* and 
with 25 percent of Ootn agricul
tural and transmountain diver
sions » and including 100 percent 
of industrial and municipal diver
sions for all simulations“ -— — *— 

29* With 50 percent of agricultural and 

no transmounta*n diversions# and 
with 50 percent of both agricul-* 
tura 1 and transmounta in diver
sions»- and including 100 percent 
of industrial and municipal diver-
sions for all simulations



T 3 1I e s

T A.3L E S --Ccn t * nued

27-31 . Summary of si'nulacea .nontnl y strea^f lowst 
control point 25 (confluence qf'Yampa'
River and M ilk Creek)— Continued:

30. with 75 percent of agricukural ana
no transmountain diversions« and 
with 75 percent of both agricul
tural and transmountain diver- 

. sionst ana including LOG percent 
of industrial and municipal 
diversions for all simulations— -

31. with 100 percent of agricultural
and no transmountain diversions« 
and with LOG percent of Doth 
agricultural ana transmountain 
diversions« and including LOO 
percent of industrial and 
municipal diversions for all
s * mul at i ons—



ì  ! w .

TA3LSS— Ccnt i nued

Tables 32*36# Summary of simulated mcntnl / screamf I )a s #
control point L3 (Yampa River near 
MayPel 1# Colo#):

32# For nistoric conditions ana w i:h 
100 percent of transmountain
d i vers » ons------ --— *—  ------

33# With 25 percent of agricultural ana 

no transmounta♦n ci versionst ana 
**th 25 percent of Doth agricul
tural and transmounta * n diver-* 
sionsf and including 100 percent 
of industrial and municipal
diversions for all simulations---

3^# With 50 percent of agricultural and 
no transmounta*n diversions# and 
with 50 percent of both agricul
tural and transmountain diver
sions# and including 100 percent 
of •ndus trial and muni c i pa 1 
diversions for alI simulations---

Face

g s '

9

97

16



Tables 32-36«

TABLES— Continued

Summary of s i mul ated month! y streamf 1 ows* 
control point 13 (Yampa River near 
iJMa y del 1 ♦ Colo«) — Cent i nued -

35«. With 75 percent of agricultural ana 
no transntountain diversions« ana 
with 75 percent of Doth agricul
tural and transmountain diver
sions» and including 100 percent 
of industrial and municipal diver
sions for all simulations---- — ~ ~

36♦ With 100 percent of agricultural ana 
no transmountain diversionst and 
with LOO percent of Doth agricul
tural and transmountain diver
sions» and including 100 percent 

of industrial and municipal 
diversions for all simulations----

Page

L 7



1 i «

TA3LSS— Continued
Paye

Tables 37-l L. Summary of simulated mcntnl y s tr e nmf 1 ows ♦
control point 19 (Yampa Aiver near Lily
Parx * Colo.):

37. For Historic conditions ana witn
LOO percent of transmcunta«n
d i versions / O X j

38. With 25 percent of agricultural ana

no transfnountain diversions* ana 
w# th 25 percent of doth agricul
tural and transmountain a * ver
sions* ana including LOG percent 
of industrial and municipal 
diversions for all simulaticns-

39. With 53 percent of agricultural and
no transfnountain diversions* ana 

with 50 percent of Doth agricul
tural and transmountain diver
sions * and including LOO percent 
of industrial and municipal 
diversions for all simulations---- mm

\ a



TA BLE S— Con t i nueo

aqe
Tables 37-^1* Summary of simulated monthly st'reamf l ows ♦

control point 19 (Yampa River near

4*0 * With 7 5 percent of agricui tural ana
no transniountain diversions» and 
*#ith 7 5 percent of botn agricul
tural ana transmountain a»ver- 
s ions» and including 1QG oercent 
of industrial and municipal 
diversions forali simulations"

4*1 . w i th LOG per can t of agr i cultural ana
no transmcuntain diversions» ana

»
with LOG percent of both agricul
tural and transmountain oiversions» 
and i nel ud i ng LGQ. percent, of-.-indus
trial and municipal diversions for

Li 1 i j Colo*)— Conti nuea-

19



TA3L6S-—Conti nue

Tables 4-2-^6
Page

Summary of simulated monthly streamflows* 
control point 4*3 (Little Snake River near 
Baggs* wyo*):

4*2* For Historic conditions ana with 
1GG percent of transmountain
d i vers i ons--— w— • - ---

4*3* With 25 percent of agricultural ana 
• no transmountain diversions* and 

with 25 percent of ootn agricul
tural and transmounta»n diver- 
sionst and including IGO percent 
of industrial ana muncipal diver
sions for ail simulations-— —— ---

4-4** with 50 percent of agricultural and 
no transmountain diversions» and 
with 50 percent of both agricul
tural and transmountain aiver- 
sionsf and including 100 percent 
of industrial and municipal 
diversions for all simulations---

/ o f

/ / o

/ / /
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TA dL cS— Con tinu e d

T a d  as ^2-^0 • Summary of simulated monthly streamf iowSt
control point ^3 {Little SnaKe ver near
3aggs » Wyo•)— Conti nueo:

<+5. with 75 percent of agricultural ana
no transmountain diversions* and 
with 75 percent of Doth agricul
tural and transmountain diversions* 
and including 100 percent of ¿naus- 
tr i al and -nun t c i pal d i versi ons for

^6« with LOG percent of agricultural anc
no transfncuntain diversions» and 
with LOO percent of Doth agricul
tural and transmountain civer
sions» and including LOO percent 
of industrial and municipal diver
sions for all $imu 1 ations —— —— S?—

2 L
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TA3LS.S— Continued

Taoles 47-51.
P age

Summary of simulated montnly streamflcws. 
control point *,1 (Yampa Piver near Deer- 
lodge Park, Colo.}:

«•7. For historic conditions and * i th .
100 percent of transmounta•n
diversions— -— ---------- ----- IL-----| // 7

^3. With 25 percent of agricultural and 

no transmcuntain diversions, and 
’-¡th 25 percent of doth agricul

tural and transmountain diversions, 
and including ICO percent or indus
trial and tnunicipa.l diversions for
all simulations------ -— -------------

49. with 50 percent of agricultural and 
no transmounta«n d i ver s »on$f and 

50 percent of Doth agricul
tural and transmountain oiver— 
sions* and including 100 oercent
of industrial and municipal 
d i ve r s i ons for all si mu 1 a t i ons

22



TABLES— Cant i nued

T  a o 1 e s ^7-51* Summary of simulated monthly streamf I ows * 
control point A! (Yam-aa River near Jeer - 
1odge Park t Colo*)— Cant» nued:

50« with 75 percent of agr i cultur.al anj 
no trans-nountain ai vers ions« anG 
with 75 percent of ootn agricul
tural and transmountain diver
sions» and including LOO percent 

. of industrial and fnunicioal di ver
sions for all simulations--------

51* with 100 percent of agricultural
and no trans,mountain diversions* 
and with 100 percent of doth 
agr i cultura! and transmounta i n 
diversions* and including 100 
percent of industrial and munici
pal diversions for all simula- 
t» ons-------- —------- ------ --------



METRIC CCNV5RSIGNS

Mult*ply inch-pound unit By To ootain metric unit
i nch (in.) 2 5.<V0 m i11 imeter
m i1e (m i ) 1.509 k i1ometer

acre-foot (acre-ft) Q.GGI233 cubic hectometer
cuoic foot per second 0.02332 

(ftVs)
cubic meter per second
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IMPACT Op RESERVOIR-Q£V£LCRMSNT ALTERNATIVES CM .STREaMPLu W '-CANT I Tv 
IN THE YA.MPA RIVER 3ASI\* CGLCRaCG AND ,*YCMING

3y Jack E. Veenhuis and Gena Id c. Hillier

A3STRACT

A total of 35 major reservoirs has Seen proposed for construction
in the Yampa River basin to provide additional water for increasing

. . gm* ne~u/
industrial* irrigation* and municipal uses.

m> * #Ai $  C1t r an smounta in diversion^ have been proposed. a mult¡reservoir-flow
computer model was used to simulate the affects on streamflow of
five potential options* including onew— .. . *
representing historic conditions and four representing various 
degrees of reservoir and transmounta i n-d i vers i on development*
Various conipinat ions of IT proposed reservoirs and the 2 transmcuntain 
diversions were used in the analysis* 3y varying the percentages 
{25* 50* 75* and 100 percent) of hypothetical agricultural and 
transincunta i n diversions within each proposed reservo i r-daval opment 
option studied* different degrees of water-use allocation were 
simulated* thus providing results for a greater range of alternatives* 
The results of these simulations provide water managers and planners 
w »th some insight into how proposed surface—water developments will 

af feet streamf1ow*

25



The proposed -/idler trans.nountain diversion *ou 1 a a f f e c t 
streamflow only in the Yampa ver sutoasin the proposed^nog ■.

°ar k tr ans.nounta i n diversion would;affect s t rearn f 1 ow pr i mar i 1 / i n 
the Little Snake S i ver subOasi n* Streamflow in tr i outer i es to the 
Yampa ver woal d oe relative! / unaffected 0/ the V idler t r ansmeunta i n 
d » ver s i on a 1 thou gh s trsanif low in all reaches o f the y a mpa w> i ver 
downstream from the proposed diversion site would oe affected to 
some degree»

Mere uniform flow regimes throughout the year «oulu result 
from some of tne proposed reservoir-development options» However * 
existing (1979) minimum streamflows would not Oe maintained in many 
instances ana for many months there would oe no streamflow with 
the larger percentage water-use allocations.

26
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INTRODUCTION

Historically» the princioal use of surface water m  tne varroa 
Ri ver bas in {fi g* I) has oeen for i rr igat ion cf hay neacows ana 
wheat fields* However» increased energy ana economic devel.coment 
i n the bas in wi 1 1 result in increased use of surface-water suppl i as 
for industrial» municipal» and recreational purposes* Because only 
57»C00 acre-ft of reservoir storage (Steele ana others* 1 9 7 9 } is 
currently (1979) available in the basin» the construction of numerous 
reservoirs in tne basin has been proposed as a means of providing 
add i t i onal sur face-water supplies* Proposal s induce the construction 
of 35 ^iajor reservoirs with a total capacity of 2*13 inill ion.acre- 
ft* which is vl percent greater than the mean-annual.- outflow from 
the oasin {Steele and others» 1^79.)* The effects of reservoir 
development on streamflow and 7̂ /7̂  effects on fish and wildlife 
habitat need to be determined* Accordingly» the U*S* Pish and 
wiIdl i fe Service requested that the U*S. Geological Survey determine 
the effects of potential reservoir configurat♦ons and various 
allocations for irrigation and transfnountain oi versions on the 
quantity of streamflow throughout the Yampa River oasin*

27
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In this study» a *nul t i reserve t r-fl cw ■•‘node! was used to simulate 
the effects of various configurations of L7 o r o p o s ec reserve* rs ̂

O.A 't** Q* 'hriX AS nrt o j d «  ^ r ^ / ' 2/1 ^

and JL prooaseu transmoun ta i n diversion ^on stream, flc~ >n tne v afro a 
River oasin. The L7 proposed reservoirs are the larger of tne 
total 3 5 reserve i rs oe i ng cons icJerea for construct | on i n the basin.
Vif/te*e&s the geoh/drol og * c characner i sties of tne Yampa River basin 
are weH' known» the physical character*stics ana operating schedules 
of tne resarvoi rs and transmountain diversions are speculati ve» as 
are the flows resulting from tne model s *mu 1 ations. To obtain some 
Knowledge of tne possible effects on streaftflo*» five potential 
options including one representing historic conditions {no additional 
reservoir deve1opment) ana four representing various degrees cf 
reservoir and transmountain—diversion development were stuci ec•
This study is an extension of earlier reservoir modeling completed 
for the v amp a River Pas * n ( 0 . 3 .Adams» 0.  ̂* Bauer» R * H »  Cale» 
and T. Q. Steele» U.S. Geological Survey» written commun.» 1930).



i i lL -.il  ̂. » ._ .  B K i: J i i a g £ l  Sljfcfe \ ^ __. . ^ i U i i

3/ varying the percantages o f agripulcur al an^ orans^Ounta1n
d» versions  ̂i cn i n each proposed reserve« r-caveloomenc option studied»

j i ffarenc oe 5 r ee s 0 f oev e 1 opme n t ar e 5 i n u 1 3 1 e o ♦ tn u s p r o v » c » n 9
results ^ r  a greater ranee of altarnati vss* The results of tnese
simulations will provide *ater managers and planners>i cn some

i n s¡fee into no« proposed sur f t e r  deve 1 aoment s ^ill arfect
minimum 3 treamf 1

Rasulz s for n i ne representat i ve control po•nts ar e pres anted
i n tn i s report* R esul ts for the remaining 33 control points may
oe ootained from the U*S » Gaolog t cal Survey for the cc sc of computer
arc reproduction t i me *



í : i t i

MG3EL 3ESCRI*TIGN

The muíti reservo ir-si mui at i on macal used i n th i s study was 
tne h EC-3 mu 1t»reservo *r-f1ow model developed by the ü • S . Army

do multipurpose* mu 11ireservo»r routing of streamflow witnirt a 
river basin* Por this study > the Yampa River basin was simulated 
by a series of 4>7 control pointSt arranged in downstream order* 
representing either a reservoirt a diversion or return— flow point» 
a confluence of streams» or a stream reach wnere fisn and .wild-l ife 
haoitat *s of interest* At all reservoir control points» monthly* 
values of net evaporation {evaporation minus precip* tation}* 
downstream discharga-channel capacities» and reservoir geometry» 
including elevation—area and elevation-volume tables» were specified* 
Storage in each reservoir was divided into six storage anc surface- 
area increments to facilitate approxiinate simultaneous adjustment 
of all reservoir levels throughout the basin* Monthly d«versionst 
return flows to the next downstream control point» ana estimates 
of consumptive use were specified at all diversion control points* 
Between all control points» incremental inflow was computed on the 
oasis of ava* 1 ad 1e streamflow records*

Corps of Engineers (1963) to
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Streamflow Records

Gaily straa^flow records* unadjusted for changes in water use* 
f  r om 3s s t r earn f 1 ow-gay i ng stations for water year s 1 910-76 (figs# 2 
and 3} were used to compute mean monthly and mean annual streamflow 
at the stations# Data for periods of no record were synthesized 
using a lease-error» 1 inear-regression technique ( a • w • Burns» U#S# 
Geological Survey» written cofntnun»» 1976) The resul ting s t reamf 1 ow 
data -*ere usee to* (l) Determine incremental inflows to prooosed 
reservoirs» and (2) determine incremental inflows setween all other 
control points for the l?27-76 mocel— analysis period#

32
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l*‘igure 2. — Location of streamflow-gaging and climatological stations having records used in multi reservoir-modeling analysis.
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Figure 3,— Periods of record for atreamflow data used in the mulMrescrvoirMUodcliag analysis.
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Precipitation Records

Monthly pr ec i o i tat i on records For water years . l9l0-76 Fran-: 
c! »matologica1 stations operated by the Motional .*eatnar Service 
at C ala mo i ne♦ Cra » g # Hayden # P y r am i a » and Steamboat Springs# Colo## 
and Dixon# v*yo. (Fig*2 )} were used in the reservoir analysis. Data 
for periods of no record were synthesized using a least—error#
1 i near-regression tacnni cue B *  W. Burns? U#S. Geological Survey# 

written commun.# 1976}#



Evaporation records

Limited evaporat i on data are availadle for the vampa R i ver 
oasin* Por this reason» (tiontfiiy evaporation rates determined fGr 
reservoirs in the vicinity of Denver» Cole. (Picxe ana others» 
1976)» were used in the reservoi r analysis* Monthl y evaooration 
rates for a reservoir in the Vampa River basin were selected from 
the data in taole 1» based cn a comparison of geometric 
cnaracteri sties between one of the Canver-vicini ty reservoirs and 
the reservoir of interest in tne Vampa River oasin. In many 
instances» the evaporation rates had to be estimated for Novemoer 
through yaren as data were not collected for tnese months Decause 
of i ce^cover c f f ('¿. E. Spahr» U.S.. Geological Survey» written
commun.♦ 1 9  7 7 ) *
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Consumptive Jsa ang existing Surface-water Civersions

Analyses of existing surface-water rights and aiversions 
indicate that more than 90 percent of m e  water wi thdrawaU and 9t 
percent of the consumpti ve use of water in northwestern Col Grace 
during L9?6 was attriPuted to agricultural irrigation (Knucsen ana
Dan » el son* 197?; Gray and others»1977)• Most records of aiversions

to the nay and wheat fields and pasture!ends in the oasin are
» neemp1ete^» However» the effects of most of these diversions on
streamflow were accounted for oy incremental inflows Detween control

points* Ci¡versions through the Gibraltar Canal from tne Yampa
R * ver near Hayden* Colo** are documented and were included in the
reservoir analysis (table 2)*
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Reservoir Geome| r /

Oata regarding tre geometry of the proposec rasarvo i J s were 
ocrainea from Heraert Cisnl ip* u#S# .vacer ana °ower Resources 
Service ( formerly U • 3 # Bureau of K ec 1 amat i on * written co-mun*« 
LOTT)* iesarvoi r data ootainea i nc 1 a dec! wa te r-su r 1 ace el eve c i on 
versus surface area and volume and some preliminary estimates of 
active storage volumes (conservation pool minus dead storage) far 
eacn reservoir#- Outflow elevations were generally not aval ladle ♦ 
so estimates were made for dead— storage or conservation— pool 
elevations#- Thp amount: of active storage availaole for downstream 
needs was net specified; therefore* for the IOC—percent allocation* 
all availaole reservoir storage ~as distriputea tnrougn tne water 
year# Thus» tne LQO-percent allocation for each reservoir option 

represented use of the reservoirs* total storage for diversion 

ourposes•

m



ALTERNATIVE RESERVOIR CONrlGURATICNS STUDIED

Sec ause i t was not econom i cal 1 y feas i o 1 e to moca 1 ali pos s i o 1 9 

ccnf » gurat i cns of the 35 proposed reservoirs* &  reprasentat i ve 
raservoir-develcoment options for 1 ? larger proposed reservoirs 
^ere chosen as summarized in taole 3; the locations of tne reservoir 
and control ooints are shown fn figure l* These options are the 
same as those used in the U*S* Geological Survey’s Yamca River 
Pas in assessment and include the largest proportion of the total 
reservoir storage proposed for tne basin (0. S'. Adams» C*V ?w Sauer» 
R* H* Dale* and T» C » Steele* U * 3 ♦ Geological Surve/» written 
commun** 19SO) m Using these options* 3 reoresentat» ve expected 
range in fio* may De simulated for various degrees of reservoir 
development*



J i k :-— .i . . . . . . . .  .. i . .u. ^  l ~ : .N«.. »

Tabla 3 .—Proposed reservoirs used in mode! anal/sis

1
Option 

2 3 4
Proposed reservoir Stream

Proposed storage 

capaci ty 

(acre-feet)

X Bear* Yampa River n,sio

X X yA Cross Mountain* Yampa River 142,000

X VA X Juniper* Yampa River 1,079,990

X X X YA Yamcolo* Bear River 9,000

X X X -31acktail Yampa River 229,250
X X X Childress Trout Creek 24,160

' X X X Lower Green Green Creek 99,600

X X X Lower Middle Middle Creek 25,150

X X X Pothook* SI a tar Fork 60,000

X X X Sandstone* Savery Creek 15,500

X yA yA Upper Middle Middle Creek 102,200

X X California Park* Elkhead Creek - 36,540

X X Craig* Yampa River 44,490

X X Dunckley* Fish Creek 57,090

X X Grouse Mountain Willow Creek 79,260

X X Hinman Park Elk River 44,040

X X Pleasant Valley*1 Yampa River 43,220

^Proposed diversions for agricultural usas.
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Some the proposed larger reservoir complexes considered
for this study include: (l) Juniper and Cross fountain project
(Coloraao 3iver ^ater Conservation Cistrict? 1 9 7 5 ) ; (2) Qa* Creek
*ater and 3ower Project {Cak Creek Power Company* 1976}* wrich
includes the following proposed reservoirs: 31ackrai1 * Lower Green*
Upper and Lower Middle* and Childress; (3) Saver y-Pomook project

4̂ 6»(LUS* Department of^Interior♦ 1976); and (>) vamcolo project (western 
Engineers* 'fptjjfj ? 1975 )• The prooosed Pleasant valley
reservoir is an expansion of the existing Lake Catamount Reservoir 
{Woodward-C 1 yc.a Consul cants * 1977 } *

<*3
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3R0PGSED OIVSRSIQNS US£C

Proposed Ji versions associ aceo with reserveir development in 
the Yampa River oasi n will oe made for agr i cuI tur a 1 ♦ « ndus t r i a 1 ♦
and 'Municipal use within tne oasin» and municipal use outside the 
oasin (transmounta i n diversions)* In the model simulations* the 
proposed diversions for agricultural use within the oasin were 
varied Dy using a percentage water-use aHocation (25» 50t T5» anc 
100 percent) of the total or , pojZT cf active reservoir storage 
used in each option* The proposed diversions for industrial and 
municipal use within tne basin were assumed to De 100-percent usage 
throughout the analysis; the proposed transmountain diversions also 
were varied Dy the same percentages as the proposed diversions for 
agricultural use*

A*
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A q r i c u 1 turai 3 « v e r s ions

Agr » cu 1 cur a 1 diversi on for » rr i gat i on i s one o f the 1ar ges t 
0r ocosed uses of reservoir storage« An aporox » mate monthly 
d i striout i on of d i vers i ons* most occurr i ng dur i ng the qro^ ing 
season« was assumed for al 1 model simulations (taole 2}* T'ne values 

2 represent 10G percent of the agr ì cu 1 tur al » r r i gat i on 
water-use al locations froiii trie noted reservoir* For the analysis* 
it was assumed that the total active reservoir storage was available 
each year* In the* model * it also was assumed that» of the monthly

'mé•agr i cui turai diversions* two-thirds would De returned tOyf str earns 
and that one-third *.ou1d ce lost— either Dy pi ant av jpotransc/rati on 
or recharge to the ground-water system* Some agricultural diversion 
control-point locations are shown in figure L* Out because of the 
numerous return-flow sites* control points for return flows are 

not shown i n  figure L•

¿r5



Industrial and Municipal Diversions

Proposed industrial and municipal diversions used in the model
cormspond̂ q Mi*'^  <2^

are listed in table ^ and^shown ¡n Figure 1 ; the values in tac le 
K were not varied during the model simulations* It was assumed 
that industrial diversions would be completely used in the cooling 
processes associated with electrici ty generation at foss» 1-fueled 
powerplants* Values For the amount of water needed For cooling 
per megawatt of electricity produced were adapted from cornpu tat * ons 
by Palmer "j 19 7T) . For example* in a wet-cool ing
towert 27*000 acre-ft of water is required For every12♦000 megawatts 
of electricity generate'd* For municipal useSf it was assumed that 
one-third of the diversions would be consumed and that two-tnirds 
would be returned to the streams*

Kb



Table 4.—Proposal monthly diversions for Industrial and municipal use

Reservoir

or

diversion

Control point 

in figure 1

Type of 

diversion

Monthly 

diversion 

(thousands 

of acre-feet)

Consumptive

use

(percent)

Remarks

1'leasant Valley 

Reservoir

5 Municipal 0.91 33 Steamboat Springs, Colo., 

area.

Durckley Reservoir 11 Municipal .60 33 Downstream area.

Elkhead Reservoir 13 Industrial and 

municipal

.66 100 Cooling water for electric- 

power generation plant and 

municipal use in Craig, 

Colo., area.

Vampa River down

stream from 

fortification 

Creek

28 Industrial .24 100 Cooling water for electric- 

power generation plant in 

Craig, Colo., area.

Hayden powerplant 3 3
*

Industrial .60 100 Cooling water for electric- 

power generation plant.

Rlacktail Reservoir 47 Industrial 7,85 100 Cooling water for Oak Creek 
vVaV g f* o.«' Juj a c

project



Trans mo u n t a in 3 i vers i ons

Tmq transmounta»n diversions from tne y ampa River das in have 
Dean proposed: The vidler diversion (Sheephorn project) m a t  wculJ 
divert about L32»GGG acra~ft per year from the eastern parz of tne 
Yampa River suboasin to the Denver♦ Colo** m e t r o o d »tan area (Rooert 
*ia re 1 and» V i d 1 er Tunnel Corp.t written common*t L977)* and^ Hog 
Park diversion that would divert aoout 3L»QQQ acre-feet per year 
from tne eastern part of the Little Snake Ri ver suDtas in to Cheyenne* 
wyo* (Danner and Associa-test Inc*» 1975)# In the model * control 
point 39 (Yampa River at Steampoat Springst Colo#) represents the 
withdrawal point for the Vidler diversion» which will divert water 
from the Yamoa River and s *x trioutaries uostrearn from Steampoat 
Springs» and control point 4-6 (Little Snake River near Slater *
W y o * ) represents the withdrawal point for the Hog Park diversion 
(fig* L)• The month1y schedules assumed for the civersions* «nich 
were based on the availaoility of water during peak-flow months* 
are listed in table 5*

m



nnr f ¿  ■ " r - • • ........•[ ; ï ' "■‘T ì\
1 I t '  í . '¿ , í . ■ . J i . í ..t • 4 11 ì  I • . . .  : í ü l ü l  !

Sí* ¡j sssj’S'/'i/ÿ ¿S&,4* */•*&•* Sor c/yocr̂ j'o ,ĵJ.
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MCCcL VER IFICATIOM

Because the SiEC-3 simulation model has no parameters to 
cali Dratet only verification to gaged streamflow was used to 
determine the accuracy of i ts predictive capability for the vampa 
River Dasin* Therefore» a model simulation representing historic 
condit i ons w »th negl igible reservoir operations was compared to 
streamf! ow records at s t r aamf 1 ow- gag i ng stations Per 50 water
years (L927-76)* The comparisons oetween simulated ana measured 
mean annual discharges at t h e s  treamf 1 ow-gag i ng stations are 
shown in figures i-o* Si mulated di scharges were within 5 percent 
of measured discharges at control point 39 (Yampa River near 
Steamboat Springst Colo*) and control point 42 (Little Snake River 
near Lily» Colo^)♦ and within 2C percent azj

Maybel1» Colo-)* The decrease in accuracy for certain locations 
is partly due to the uncertainty in accurately representing historic 
irrigation diversions in tne model* Gn the oasis of these

control point 13 (Vampa River near

^erlfiec for tne study area
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•MC3£L SIMULATIONS

Mode l s i mu I at i ons were made for a 5G-year period of water 
years 1927 through I97S. This period was chosen because the Der icct 
included a wide range of climatic conditionSf including tTe droughts 
of tne I930fs and the l95Qf s* and oecause tne. HSC-3 model is limited 
to a 50— year interval• -

Thirty-Four simulations were made to determine st reamflow at 
the 47 control points in the model* The first simulat ion determined 
historic conditions without any proposed transmountain diversions 
or reservoir development* For the second simulation» tne assumption 
was mace that only the two transmountain diversions would oe in 
operation* In each simulation* mean* mediant and 30-percent 
exceedence flows* in cubic feet per second* were determined for 
each month at each control point. The 80-percent exceedence flows

once every 2 years* on the average» and the BG-oercent exceedence

’Cor' a* 3 1 ̂  *\ mdrrbk
median flows^can be expected to be

exceeded 80 percent of the
Stat * st i cally* exceeded

flows can oe expected to be exceeded 4- out of every 5
years* on the average
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Simulated monthly streamflows at the ' a-7 control joints thr'ougnou 
he vampa River oasin were aetemined as follows;

A. Historic conditions:
1* Historic conditions without any proposed diversions#
2. Historic conditions with 130 percent of proposée 

transmountain diversions*

Reserve i r-dev el opment options l-4>:
L* Allocation of 25 percent of total active reservoir

storage for agricultural use without any transmouncain 
diversions» and including LOO percent of industrial 
and municipal diversions*

2* Allocation of 25 percent of total active reservoir 
storage for agricultural use with 25 percent of 
proposed transmountain diversions» and including 
LOG percent of industrial and municipal divers ions*

3* Allocation of 50 percent of total active reservoir
storage for agricultural use without any transmountaîn 
diversions» and including LGQ percent of industrial 
and municipal diversions«
Allocation of 50 percent of total active reservoir 
storage for agricultural use with 50 percent of 

proposed transmountain diversions» and including 
130 percent of industrial and municipa 1 d ivers *ons.

56
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Allocation of 75 percent of total act i va reserve ir 
storage for agricultural use without any tr an. s noun ta » n 
ji versions ? and including 100 percent of industrial 

and ¡nun i c * pal diversions.
Allocation of 75 percent of total active reservoir 
storage for agricultural use witn 75 percent of 
Proposed transmounta*n diversions» and including 
ICO percent of industrial and municipal diversions* 
Allocation of 100 percent of total active reservoir 
storage for agricultural use without any transnountain 
diversions» and including LOO percent of incustr ial and 

rnun I c i pal d * vers i ons *
Allocation of 100 percent of total active reservoir 
storage for agricultural use with ICO percent of 
proposed transtnounta i n diversions» and including 
100 percent of industrial and municipal diversions^

57



MODEL RESULTS

«esults of the model simulations for nine representative 
control points (taola a) are presented in this section. cour of 
the control points are at or near screamf1ow-gaging stations, which 
permits a comparison with actual conditions in -the basin. The 
model results y^monthTy values of mean, median, and 30-percent 
exceedence flows for each control point are presented in a series 
of five tables. The first table presents the results of historic 
conditions without and with transmountain diversions ana. «here 
applicable, a summary of the streamflow records for water years 
1927-76 from the strearaf1ow-gaging station at or near the control 
point. The remaining four tables present the results of tne 25-»
50-, 75-, and IG-O-percent water-use allocations of tne agricultural 
diversions with and without the transmountain diversions. Por all 
tables, monthly streamflow statistics less than the ■ corresponding 
values for h i s t o n e  conditions are underscored to indicate reductions
in flow#
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Table 5 .—Control ooints for which results of 

model simulations are presented

Control Location Significance
point

39 Yampa River at Steamboat Springs, Colo. Gaging-station control;
(at gaging station 09239500) transmountain diversion.

38 Elk River near T ru ll, Colo. Gaging-station control; 

(at gaging station 09242500) fish  habitat.

.34 Trout Creek at mouth Fish habitat.

23 Yampa River at Craig, Colo. Industrial and municipal 

(downstream from proposed supplies; fish  habitat. 

Craig Reservoir)
25 Confluence of Yampa River and Fish habitat. . 

Milk Creek

13 Yampa River near Maybe!I, Colo, (at Gaging-station contro l; 
gaging station 09251000; downstream fish  habitat, 

from proposed Juniper Reservoir)

19 Yampa River near L i ly , Colo, (downstream Fish habitat, 
from proposed Cross Mountain Reservoir)

43 L it t le  Snake River near 3aggs, Wyo. Gaging-station control; 
(near gaging station 09254700) transmountain diversion.

41 Yampa River near Deerlodge Park, Colo. Commitments for Upper
Colorado River Comoact.
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Moce1-s i mu 1 a tea mon th1 y s t r eamf 1 cws for control point 3e? ( y am pa

ver at Steamboat Springs» Colo*) are presentee in taoles ?~LL. 
Simulated monthly Tie an streamf 1 o^s for historic cone* t ions * i t nc ut 
proposée trans-nountain diversions vary from *1 to -8 percent one 
average aosolute variation of 3 percent of tne monchi y streemflows

can reasonadly predict conditions at this control point. rhe 
average aosolute variation is computed by summing the individual
absoluteApercentage variations for a given location and model 
Conditions ana then dividing oy the number cf data points.

The underscored values in tables 3-LL indicate a reduction in 
the historical flow for any development condition. 3nly the 
nonirrigation months of December or January occasionally snowed no 
decrease in flow statistics. Generally^» as the r eservo» r-esve l ocment 
options and percentage of water use allocation increased» the flow 
volume lessened. Reserve» redevelopment option W indicated the most 
significant reduction in flow as a result of the aosence of demand 
from Juniper and Cross Mountain Reservoirs downstream on tne Yanaa 
River. without the demand from these two reservoirs» tne flow at 
this site was reduced and more water remained in tne upstream 
reservoirs .

bC
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SiTiul^tea streamf 1 ow at tnis control point: also shewed the 
potent * al affects of proposed  ̂i th jr awal s for the Vrdl ar transtpcunta i n
O j version _ . p| at the LCC-percent ' water-use -al l c c a t » on.
level in catle 7 and the four options c i ted in tool es 3-il. -ecuceo 
st ream? 1 o* woul J occur /more frequent 1 y as the -water-use al 1 ocat i on 
percentages increase* Zero-flow conditions were founc to occur 
most frequently for reservoir-development option 4 for all levels 

water—use allocation* Even the historic conditions 
with LOG percent of the transmountain diversions inai catec o n l y  

cero flow commonly occurring during July*

6 L



OTable 7*~~5u/?7xcry o f  siz ruZccad  ^onohZi»' 

f o r  h i s t o r i c  o o rtd io io n s  end  zsiok 100 p e r c e n t  o f en srr.ou n tc in d iv e rs io n s

[FLOW VALUES: A=M£AN; 3=*MED1 AN; and C-30-P.ERCENT EXCEEDANCE. Underscored 
values are less than historic conditions without transmountain diversions]

FLOW MONTHLY FLOWS IN CUBIC FEET PER SECONO
VALUES OCT. NOV. DEC. JAN. FE3 • MAR. APR. MAY JUNE JULY AUG. SEPT

SIMULATED HISTORIC CONDITIONS
A 130 122 104 100 101 153 669 1716 1760 348 145 1013 120 115 102 97 93 144 615 1565 1724 276 1 34 38C 33 37 37 82 33 111 419 1270 1128 137 32 69

SIMULATED HISTORIC CONDITIONS Wi TH 100 PERCENT OF TRANSMGUNTA IN DIVERSICNS
A
3
C

53
42Ca

44
41
19

27
24
5

23
TUT
~T

23
19
m

30
66
-33

286
224
Ü

1325
1 ilà* 
"l79

1373
1332
737

69
0
£

69
56
■14

23
To'
£

CALCULATED STREAMFLCW FROM GAGING-STA'riGN RECORDS
A 136 126 104 101 104 172 631 1771* 182 ! 345 . 150 1063 132 121 100 100 100 159 630 1755 1720 260 136 50C 37 97 87 32 35 115 423 1233 1074 163 90 oo

¿x.



Table 3.—Svim,càÿ o f s im u la ted  Monehoy j
co n tro Vaccin - J3 r.Zorrea .P .iver ce  Ste^cario c a t Sor*:ncSy Co !*C * / j

n th  25 ce rcen H ® e a rd l and no tra n s  ¡ren n ed in  d io e rs ic n S y
end v i t h 25ereene ^7 oo ■zgvicziZPuz’d  zn¿ srrcunt e in  d i v e r s io n s J ~~

in c c iu c in e 100 peveo f u s e r id Z one. •our.i.e^.oc i  d iv e r s é ons f a r CO-** s e r ns
[FLOW VALUES ¡¡ A^MEAM; 3J»HEDIAN; and c=3o-perceiHT EXCEEDANCE.Underscored values are less chan corresponding cable 7 h i stor i c cond ictons]

OP- FLOW MONTHLY FLOWS, IN CUS 1C FE ET PIE.R SECO:NO
Tl ON VALUES OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SE?T

WITHOUT TRANSMGUNTA1N 01 VERS 1CNS
i • A 

3
127
105

110
112

101
101

108
102

99 R  
U  TW

653
607

1707 
135^

1750
1717

353
232

1A5
136

105
100V* 34 72 2 1 33 H  i i i E X Î2ÏÏ2 112! 208 ios 77

' 1' A 7A 63 62 100 65 ICO 551 153A 1663 265 1 1 533 61 57 5d 5A 52 3 7 W f ì 486 l6A¿ 787 eli wC 33 E l 11 11 l i  IE 307 1197 1029 103, E L 2A
3 AM

3
ob
51

6l
51

61
56

53 
* 53

60 90 
52 75

551
A71

160 9 ■ 
1A07

1655
1612

257 
. 179

66.. 
52 "

32
33C 11 11 E l 11 IE m 1 130 1010 111' 11 H

lx A 39 37 36 33 35 63 330 1321 161A 201 31  ̂-» 1 i3 33 30 35 31 30 53 3A9 1232 1535 130 22 TTC IE n 11 17 78 3A 215 3oA 338 H m

W ITH TRANSMOUNTAIN DIVERSIONS
I A 111 3A 77 91 76 131 560 1605 1657 263 133 353 78 78 37 77 117 508 I 45 1 ' ré 19 m 1 17 oT

C BT AO 52 6<r 5*+ 50 310' 1 1 64 102L 11A 92 jf~~La~n~m 1 111 T
2 A 5A A3 A2 80 A5 30 A53 1A90 1565 175 59 363

C
Î2
20

38
11

3T
21

3A
20

3l 63“ 
27

399
210

i W
1099

Ï5ÏÏL*
i l i

n 5_
li 4
L L

25

3 A A5 Ao AO A0 ao 65 A50 1510 1557 167 1. È-O 333 31 30 33 33 32 55 352 1365 151A ■'TT fT
C 16 J_6 il il il 11 T8Ô 1082 31 3 |b TcT . 1 «•' ■' —— —

lx A 20 13 1 6 1A 15 al 232 1223 1517 103 • 2 2
3 13 11 16 11 11 3A 251 1 1̂ 87 jr ̂ jC 0 0 1 r\Ü 1 li 117 70 0 ¿85 || 5 T...~~ . t" 1 ■ — *—

o



Table 9- --Su ro n o ry  o f  3iryu .lo.tsd  
c o n t r o l  o o in i  33 ficonpo F .iv s r  o z  Stscor.booz S e r in g a ,  C o lo . } ,  

'¿j~i*zh uQ o zvo zn o  'rcv^ouZoiiZ'zZ zrid no ôvco^s^cw^ôcdyi d 'iv z v s ic n s 3
zG p eveen o  o f  booh o g vd cu .Z tu r'z l or.d Tcoor.srroufizc.ik  d iv z rs d o ^ s  j

y/zĉ unonc oncusovoc:̂  zrjz run~£%y£:t ,V SV SZ Q 713 toons

[FLOW VALUES : A=MEAN; 3=HED1AM ; and C=®30-■PERCE;NT EXCEEOANCEUnderscored values are less than correspondî.ng cable 7 ni storî c cond î C ionsj

OP* FLOW MONTHLY FLOWS , IN CL131C F•rex p<ER SECOND
TION VALUES OCT. NOV. OEC. JAN. FE3. MAR . APR. MAY JUNE JULY AUG. SEPT

W1TH0UT TRANSMOUNTA!N DIVERSIONS
1 A 123 107 106 110 101 154 656 1693 m 2 357 153 1083

C
108
92

102
2i

105
85

106
39

OQJv
82 T W  

T m
602
382

1542' 
1260 1713

1110
235
210

§»
jiV

104
77

2 A ‘ f 63 62 100 Q if 100- 551 1595 î 664 266 75 563 Z z 57 W 54 IT ~ W 497 ;ipâ ToST 732! o5 45C $£ il -1 31 EE IE w ii'56' 1030 106 U 3£
3 A 61 53 56 57 53 36 526 1530 1637 25^ .77 ; / 553

C
50

m 31
52
36

11 
J °

52
H

7350.
O T
260

1439 
1146

1596
367"

î 75 
109

6̂
ü

42
TT

m A 39 37 36 33 35 63 375 1270 î 597 131 23 213 33 30 35 31 30 53 3ÏÏÎ 1206 1570 120 22 15nV li H J7. 17 n Ü 215 756 35 » 3 1
WITH TRANSMOUNTA IN OIVERSICNS

i A 93 56 55 73 55 103 44« 1498 15^5 134 122 7 R3
C

90
H

E l

lit
59
Ü

75
z L

TT
11

95
63

ITT
197

I 343" 
T 063

1510
319

li TTo t— •.
t *0 
11

2 A 36 29 23 21 64 64 357 î 355 1469 112 s 213 23 w 19 1 A 13 S3" 301 1291 i k k j 0 |§fC ~ K 1 £ "T 11 112 1002 ill £ w
3 A

3
25
10

]2n0
16
IT

19
11

18
10

38
25

314
i34‘ 1369

1217'
1436
1356

104
23

33ü
21

0C 1 0 0 1 2 QJ 46 313' 7>A 0 0 2' r —•
4 A 0 0 0 0 ; 0 24 T 30 107^ 1 ¿g 1 'O M . a3 0 0 0 0 0 i 4 153 101 I 1 375 f\ ■ H* 0C 0 0 0 0 0 ~Q '20 5ÔO / / 3 V: 0 2 0

M



Tabla îQ. — Sujrrtcry o f  s in u lc o ,  
c a n o ro  Z p o in t  33 (Zcrrpc R iv e r  oc 

'¿ ion  7 5  p e rc e n o  o f  z ç r ic u Z o u r c l  '¿¡ÿd 
znd w i oh 75 o e rc e n  à o f  io  oh 'z g r ic u  Z o u ro  Z 

in c lu d in g  130 o e r c e n t  o f  in d u s o r ic Z  end ~zm/

d  ncnohZg s o re c n fZ  
Stecrrbcoo S p r in g s y 
no oroonsmcicntcrZn d

cioczZ d iv e r s io n s 1

VOS y
v*v-/ • /' J

iv  e r  s ie n  3 j . 
a v e r s io n s j

[FLOW VALUES : A=»MEAN 
Underscored values ara lass

3=*ME0(AN; and 03G-PSRCENT EXCEEDANCE, 
han corresponding c a a 1e 7 historic condì cions I

OP
TION

FLOW
VALUES

MONTHLY FLOWS, IN CUBIC FiEET PER 3ECQN0
OCT. NOV. 1DEC. JAN. FE3. iMAR. APR. MAY JUNE JULY 1AUG. SEPT

WITHOUT TRANSMQUNTAIN DIVERSIONS
1 A 109 96 95 112 11A 1A7 Wimmaoo 163A , 1735 j6/ 163 103

3 106 91 100 106 100 135 601 1 5A9 1703 293 156 ÎQL
C n 5£ So 35 6o 103 A22 1257 1 1 25 226 119 A t

2 A 66 62 57 95 • 58 93 530 1577 1663 270 li 55/ 3 57 57 52 H A9 35* ZÖ5 1A65 10A3 13A 67 5̂
C li li ü li n 5£ 292 11A6 1032 M li IL

3 ' A 55 iiS • Ü A3 A6 LA 1A7 A56 1A93 163 A 276 33 qn̂ y
3 ââ 3^ v r 75* A3 q LL w 1373 1592 207 *7*7

'L l» i2
C 11 li li li H* aii 111 1065 101 3 I 122 / y 0 1 27

•t ' 5 ■ :n 39 37 36 33 35 63 371 1221 1531 13A 27 ¿L
3 33 30 35 31 30 53 3A9 1 Is 1552 109 22 » 5<*•u To" H 11 17 n  ‘ li 215 712 9 5 7 35 ' il 7y

WITH TRANSMQUNTA!1 DIVE•RSIQNS
1 Ar\ A6 29 2A 3̂ A3 107 A06 139A |h 120 9A

3 39 10 11 17 32 32 331 1257 ILO*4 li fl 17
C £ £ £ £. £ li 172 963 ¿23 £ li £

2 A 16 13 aJ 3 51 11 236 1270 1380 7A 23 6
3 0 0 0 0 0 15 777 1145 1 357 0 '""-fiS Q
C £ £ £ £ £ £ £ T e l 752 £ — iÜ £

3 A 16 11 6 7 8 m1 ^ 188 1163 13A9 32 32 - j!
3 0 0 0 0 0 £ 1038 1309 0 0
C £ £ £ £ £ "FT-'j •J 722 Ili £ . £ M VJ

k A 0 a 0 0 0 c 73 523 1233 0- 0
3 0' 0 0 £ £ £ 55 352 1255 £ £
c 0 0 0 r\ w nw J Ü m  9 boi 0 0 O—• *"•“* 'm0m -nr-ir-m

¿ s -



Tabl a 11. - - S i û t t z r y  o~  s z r z ic C L ts à  z c n z n c u  s z r e c z r r  ^ 3 j

78TO&71V O f  Z g v d c Z lZ z U T 'Z t  CTJZ KO ZTC^SKCZLKOCLZK ZZV  S V  S Z 0 K 3  j
H | octh clct?~IcilI~x?'z I  cozd zvcr.ornowr.zadn dzvzvozcno, cria

~ T COld 'Ktü'ZZOn-Za ■'- ’OZZ*SVSZOK3 ~0V CL ̂ ̂ 3Z*?ìZ4. -/ -»ŵ om EwM̂, 100 zevcsnz y/Z£U3~

[FLOW VALUES: A=MEAN; 3=MEDrAN; and C=3Q-?ERCENT EXCEEDANCE. ^
Underscored values are less than corresponding table 7 historic conditions]

MONTHLY FLOWS, IN CU31C FE;et per SECONOOP- FLOW
T1GN VALUES 0C7. NOV. OEC. JAN. FEEL MAR. APR. MAY JUNE JULY AUG. SEPT

W 1THOUT TRANSMOUNTA1N DIVERSIONS
Î AM 90 90 34 121 136 146 682 1639 1739 370 145 38

3 . ir 39 70 108 93 137 639 1552 1707 306 143 66

C aT W K iti iti 67. 423 1265 1133 225 li iti
2 A 54 49 47 S3 48 73 A69 15A2 1670 277 30 A3

3 TT To w 37 TT 67 399 1414 I0À3 193 69 H
c n 20. 22 20 lit li H E 1131 1034 110 li 7.

3 A 52 46 38 37 37 107 Li A 1 AA2 1670 29A 36 Ü
3su

39
H

33
Ü

37
20.

35
20

34
21

59
Ü

371
i n

1371
1033

i6'i a 
1105

iti
133

7T
li

22
a"

A3 39
33

37
30

36
35

33
31

35
30

63
53

370
349

1175
1033

1565
1530

173
109

25
22

21
15

C To f J_7 17 n lit 215 6 54 liti li il 7.

WITH TRANSMOUNTA 1N 01VERSIONS
I A 7 0 2 23 34 35 349 1304 1356 76 59 5

3 0 0 0 0 7 H 252 Ì Vài I3I2 0 21 0.
C 0_ 0. 0 0. O 9. h e Ò79 TAO 0 0. A■J

2 A
3

2
0

2
o'

3
0

T
0

35
0

22
0

133
0

1142
IQA3

1233
1252

A3
0

18
0

2
0

C £ 0. 0. 0 0. £ 0 âZi 643 0. 1 £

3 AM

3
9
0

6
0

3
0

0
0

0
0

10
0

65
0

1053 1307
1275

76
0

37
1

17
0

£ 0 £ 0. 0. £ 0 oTS 708. 7 0 §
î.T Ä 0 0 0 0 0 0 0 784 Epi 0 0 0

3 0 0 0 0 0 0 0 q ? 1 .1 ! 39 , c 0
C a 0 0 0 0 0 Q 2s3 549 nvj Aaj



•Mo d e l - s  i muí a t e d  monthl  y s t r e a m f l a w s  f o r  c o n t r o l  p o m t  33 (51 k

 ̂ i v e r  n e a r  T r u l l *  C o l o * )  a r e  p r e s e n t e d  tn t a d e s  1 2 - L 6 .  S »•’ 

'nontnl  y 5 t rearnf  1 ows f o r  hi  s t o r  i e  cono» t i -ons  t n o u t  pr  OOOS8Í  

t r a n s m o u n t a i n  o i v e r s i o n s  v a r y  from *L t o  - 25  p e r c e n t  ana  an 

a o s o l u t e  v a r i a c i ó n  o f  LL p e r c e n t  o f  t he  monthl  / s t r e a m f 1ows  

f re m s z r a a m f I o w - g a g * n g - s t a c »on r e c o r a s *

57

ulatea

aver age 
cal cu 1ated



Table 12.— Summary o f  sirnulcoed ztcnihty so recn fZ o vs/ 
co n zro l poino 32 ( EZk  R iv e r  %kzr E m l l j  CoZo . ) , 

f o r  h i s t o r ic  con d io icn s end v i t h  ICC p e rce ra  o f  0rar.3 rr.0unta in  d iv e rs io n s

[FLOW VALUES: A-M6AN; a«KEDlAN; and 03G-PERCEN7 EXCEEDANCE. Underscored 
values are less than historic conditions without transmountain diversions!

FLOW
VALUES

MONTHLY FLOWS, IN CUBIC FEET PER SECOND
OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

SIMULATED HISTORIC CONDITIONS
A 34 76 79 76 50 146 580 1911 2082 4«8 35 57
3 33 79 80 75 39 *43 561 1373 2129 443 32 54
C 46 47 62 56 73 113 420 1476 1646 137 55 25

SIMULATED HIS'TORIC CONDITIONS WtTH IOC1 FERCENT OF TRANSMOUNTAIN 0 IVERS 1QNS
A 34 76 79 76 90 146 530 1911 2082 498 35 57
a 33 79 80 75 33 143 561 1873 2129 443 32 r» »,
c 46 47 62 56 79 118 420 1476 1646 137 D  0 23

CALCULAT’ED STREAMFLOW FROM GAG!NG-5TAT!ON RECORDS
A 103 91 35 79 35 156 633 1995 2149 552 113 74
3 no 91 36 73 36 146 530 1955 2170 432 100 7ii
C 57 60 69 55 76 116 434 1438 1574 206 62 37



~cnznuu 3

■oin t ZB (Z Z k  R iv e r  n e a r  U n t i l  ¿
Table 13*" -Siviaxcry o f  svrrru ¿ozzs< 
convrc 1

w it h  25 c e rc e n o  o f  a g r i c u l t u r a l .  and no 
and w i t h  25 c e rc e n ó  O'2 b o th  - a g r ic u l t u r a l  an

êcarr
■SK/ •

a n s m c u n tc in  
r c n s r x c z o z ta i?

in c lu d in g  10Q c e rc e n o  o f  uncus vi in rovers*

ro ver szons ¿ 
d iv e r s io n s  y 
tan xlm ŝ rrui tons

[FLOW VALUES: A^MEAN; 3=M£DI AN; and C=30-?ERCSN7 EXCEEDANCE. 
Underscored values are less chan corresponding table 12 historic conditions]

OP- FLOW 
7ION VALUES

MONTHLY FLOWS, IN CUBIC FEET PER SECOND
OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS
A 98 83 38 35 34 147 546 1850 2078 5T0 105 75
3 95 90 39 31 93 144 529 1800 2123 448 103 75
C 61 62 75 65 33 121 397 1393 1646 159 77 50
A 110 38 87 37 93 146 547 1823 2063 513 113 37
3 112 91 89 37 93 143 529 1742 2098 447 116 36
C 84 53 69 64 82 120 337 1376 « 11 (, /■ i 04O 172 99 67
A 173 164 163 158 165 200 450 1423 1854 555 212 172
3 1S0 167 165 160 167 200 4^7 1326 1831 469 215 176
C 146 147 155 148 160 133 372 1032 Ï4§i-f 285 182 146
A 76 68 77 30 97 ‘ 153 530 1905 2069 485 75 50
3 73 71 79 80 97 152 561 l80o 2117 F30 72 4a
C 1L z l 57 51 88 125 425 1464 i637 1 2 i 47 pffr

WITH TRANSMOUNTAIN DIVERSI0NS
A 100 38 38 35 94 146 547 1842 2075 SIS 108 76
3 35 90 89 31 93 144 529 1 731 2105 4SI 105 Jo
C 69 62 75 65 33 121 337 139^ 1 ¿46 173 73 c t > 1
A 112 86 35 36 91 145 547 1314 2064 521 124 50
3 119 90 89 37 91 143 529 1740 2092 450 126 33
C 30 58 69 56 79 120 337 1376 1646 202 109 0 >
A 248 230 227 221 229 308 451 1419 I852 561 214 171
3 237 217 - 224 214 221 252 461 1320 1828 473 213 170
C 183 183 195 193 206 249 372 1032 1 ̂93 132 140
A
3
C

76
73

63
71
m

12.
I I57

30
30
51

97
37
33

153
152
125

530 
561 H  ç• dm ^

1505 206?
i860 2117
1-6A 1637

m m
430
121

m



Table 14. — Sur er ar y o f  s irru l 
control* come 33 (z *<. Riosr - o n } *o *o.) 3̂

W ith  50 oercsno 'o f  eoriczilourci end no 
and 'jith50 o s r c s n t o- both zg r ic u ltu r z i M  trznsrnountcin d iversions, 

including 100 osr cent o f  industries — *-H#***"*" .4*. |•**zTid 'Tzmic'ivc.Z divers*

[FLOW VALUES: A=MEAN; 3=M£DiAN; and C=3C-?ERCENT EXCEEDANCE. *•  ̂ j  _ 
Underscored values are less Chan corresponding table 12 historic condiCions,

OP- FLOW 
I ION VALUES

MONTHLY FLOWS, IN CU3IC FEET PER SECOND
OCT. NOV. OEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS

2

A
3
C

93
95
63

33
90
62

38
39 
74

35
82
65

94
93
83

147
143
121

547
529
337

1338
1777
T3W

2074 
2110 
1646

517
457
164

113
109

33

77
76
31

A 106 36 36 35 92 146 547 1313 2066 520 127 87
3 115 90 39 37 92 143 529 T IT S 2092 453 126 Qo. ̂ jA / '
C 83 53 69 57 79 120 397 1377 1646 131 108 bo

A 171 163 163 157 163 198 491 1396 131? 537 245 174

3 175 166 165 160 167 159 a6T 1308 18̂ *2 525 255
P 1̂ 7 147 155 143 160 180 372 1034 1472 310 205 142

A 76 68 77 80 97 153 580 1905, 2069 435 75 50
3 73 71 79 30 97 152 561 1 §¿6 2117 430 72 *?o
rw 41 S 57 11 38 - 125 425 1564 1637 121 24

WITH TRANSMOUNTAIN QIVERSIGNS

A
S
u

99
100
71

35
90
53

36
39
69

30
81
59

95
93
32

145
143
120

547
529
397

1332 
1 765
t j s t

2063
TTöÜT
1646

535
461
232

115111
93

31
31
50

A 106 34 33 30 93 145 547 1308 2062 537 139 35
3 112 91 32 30 90 143 529 1750 2095 469 146 35
C 57 50 67 55 79 116 397 1376 1646 231 115 * t3 *

A 175 162 161 154 160 134 493 1390 1313 603 248 176
8 131 I oo 166 159 167 199 46T TioS" 1834 557 260 170
C 150 147 155 145 156 170 372 1038 1472 317 156 142

A 76 68 TTf / / .30 97 153 330 1905 2065 435 75 50
3 73 71 79 30 97 152 561 1 866 2117 -30, 72 TTo*
C 41 43 57 51 38 125 425 1 ̂ ¿4 1o37 121 u 7 ■24

7 0

i d Hi...’ I
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¡Mg* -T5 rr>ic ziver rear 7ruZZx
Tab I a 15. — Sijrzrcry o f  

ocnloroZ ooZn
'jZoh  75 o e r c e n t  o f  zgoyicziZ m r z  1 d kd  ko ovcz^srnc^joztcrin H v e rs Z c y is x 

znd 'J'izh 75 o evcerzt o f  ocoh zg rio iL Z o u rzZ  czid orzy:s~ounozzn ¿ Z v z rs 'io n s  x z? 
in c Z u d in c  1QG oeroeizo o *  ir z z u s t ir iz Z  otic. Tw vio^oaZ d iv e r s io n s  f o r O  >« > : Jt s \J  * •> O

[FLOW VALUES: A=M£AN; 3=*MED I AN ; and C-30-PERCENT EXCEEDANCE. 
Underscored values are less than corresponding cable 12 historic conditions}

OP
TION

FLOW
VALUES

MONTHLY FLOWS , IN CUBIC FEET ??R SSCCNO
OCT. NOV. 0EC.' JAN. FE3 • MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSM0UNTAiN 0 iVERS IONS
1 A 1 82 32 31 so 143 552 1353 2073 532 11 5 75

3 94 86 84 30 91 m 5 W i343 2121 473 113 30
C . 53 55 64 58 77 m 337 l402 1656 134 1 84 43

2 A 96 83 83 31 30 146 543 1842 2067 534 123 74
3 / 108 86 33 32 90 143 530 2104 476 133 79
C 52 55 67 55 II 117 397 i lf i543 198 33 37

3 A H 126 117 110 115 185 4R? 1491 1341 682 299 180
3 173 150 149 121 102 169 451 1527 1365 648 303 132
C 53 51 48 41 51 38 332 ToBo 148 § 403 244 105

4 A 76 53 77 30 97 153 530 1905 2069 435 d 50
3 B 71 79 30 97 152 561 1 §66 2117 430 1 - 4a"
C 51 57 51 33 125 425 i46a 1637 121 1 ~ i 2'-i

WITH TRANSM0UNTAIN 01VERSIQNS
ti A 90 79 30 74 91 143 557 1365 2074 549 103 59

3 90 3i 78 72 38 137 550 I ¿55 2119 435 105 63
mu 46 43 Ip;', 50 21 115 339 1421 1633 225 33

2 A 33 79 30 76 Re■ M J . 142 553 1653 2070 544 123 ; 1
3 97 31 31 74 f£<r H r OO 04 211b 4b 5 123 65
C 46 50 64 55 21 115 M 1 AQ4 1656 210 . 3i 33

3 A 129 110 101 91 100 143 483 1548 1884 714 290 153
3 136 105 35 73 38 135 446 1 556 1914 685 313 rdo* J
C 50 51 47 zi 50 >< ¿4 329 1095 1522 451 207 34

S HUr\ 76 68 77 30 37 153 580 1305 2069 435 75 5G
3 73 71 79 30 97 152 ,561 1366 211.7 >,30 / ¿4 2d_
C ii ITT 57 51 38 125 425 1 A64 1637 121 A7 P





■ _ . . „ .. . « | ' . é

Tne effects of egr » còl! tur aJ ¿nc t r an s noun ta * n a « €%;r s * on s «ere 
recuced at tnis si te because no aao» cianai proposed aiversjc^s were 
ccnsiaerea fcr che proposed linftian Par< or Grouse ’‘louncain Reservoirs* 
In reservo «r-aeve1opment options 1 ana 2» t^e 5G-year flow statistics 
{tables L2-lb) have responded to an i n c r e a s e s  demand from the 
downstrearn Yampa ma i n- stem reservoirs» principdny Juniper ana 
Cross ^ounta in Seservoi rst Dy a s 1 i g.h t reduction in the non t h T y 
oeak flow# Aeservoi r-development options 3 ano included tne 
proposed Hirnnan Park and Grcuse Mounrain Reserveirs upstream ♦ ana 
tended to even out tne monthly flew cycle# In reservoir-oeve1opment 
option 3# more water has been releasee from Hinman P a r *  ana Grouse 
Mountain to meet the demand from the Juniper and Cress fountain 
Reservoi rs during the irrigation season. Re ser vo i r-de ve 1 opmen t 
option ^ includes the Hinman Park and Grouse Mountain Reservoirs» 
out the downstream demand from Juniper and Cross Mountain Reservoirs 
use is not included; consequently the flow did not vary * i c h 
increased water-use al locations* Increasing tne water-use allocation 
percentages generally increased the number of months t.nat tne flc~ 
statistics are less than the historic conci cions (underscored 
statistics» tab 1es 12-16}» especially during irrigation season 
(Aprì 1 to Cctooer} • The upstream reservo i r caused a reduce i on i n 
peak flows ana a flow increase during the low-flow» high water-use 
i r r i ga t i on months#

73



The cransmounta»n a i versions nave little or no a f feet » n 
reserve * r-deval ocmant opt ions 1* Z» and 2n 1 y in reserveir-
Oevelooment option 3♦ where.tne large downstream reservoirs were 
requiring water to replace the V idler Tunnel transmounta*n aiversion 
water taken from the Staampoat Springs locotiont can any real effect 
on the flow statistics oe noticed for the elk  ̂i ver near Trull ♦

Colo« 1ocat ion.

MocaWsimulated monthly streamf lews for control point 3 a  (Trout
Creek at mouth) are presented in tadles 17-21 and the general
location of this site is shown on figure L. The effects of
agricultural and transmountain diversions would Oe negligible in
many instances at thi s control point. The effects of ..the. proposed

A ''1diversions for the Cak Creak^gjower are indicated oy
the csta for resarvoi r-cievalopfnent options 2» 3t ana 4* • Tne C ok 
Creek power complex includes only i ndustr i al di vers i ons ana* 
therefore» v er y little change in mon th1y f1ow stati st i cs w i th c h ange 
in water-use allocation can Oe noticed (see taoles L 3-2 L} ♦ The 
reservo ir —deve1o omen t option 4- monthly streamflows were slightly 
reduced because the Juniper and Cross Mountain Resarvo»rs xere not 
in operation and did not require upstream flow to fulfill diversion

requ * reirents



Table 17. — Suxrr.czry o f  siorru Icozzd » a“OX̂ ÔOTt̂  0\0\**oj( 
cor.oro  l  p a i n t  34 d r o u z  m jksm x t  ~ au ~ k) s 

f o r  h i s t o r i c  c o n d it io n s  en d  w ith  IOC o f  d iv e r s io n s

[FLOW VALUES: A=MEAN; 3=MEDIAN; and C=3G-?SRCENT EXCEEDANCE. Underscored 
values are less than historic conditions without transmouncain diversions]

FLOW
VALUES

MONTHLY FLOWS, IN CU3IC FEET PER SECOND
OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS
A 21 25 24 23 27 Vi 158 297 103 22 1.4 14
3 m 23 23 23 29 40 128 243 38 17 11 11
C n 17 17 17 23 ooJ 91 166 40 1 ! 6 11

WITH TRANSMCUNTA IN DIVERS IONS
A 21 25 24 23 27 41 153 297 103 22 14 14
3 17 23 23 23 29 40 123 243 33 17 11 11
C 11 17 17 17 23 29 91 166 40 11 r3 11



IS '

Table 18. —Surizary o f  sim ule:zed monthly szream fZcwsj
co n tro l o o in t 34z J r eek a t mouth > y

zh 25 zercenz o f  zçTicziliruz’zZ jjsd m zransmounza in  dtv evsion S*§||| yiùh 25 o o f  bozh a a r ic u ltu ra S and iro n srr.oun.tain d i v e r s ic n3j and
in ciu d ù iç 13Q p ercen t of  in d u s tr ia l and ntunied -4 e rs io y>3 fev a is — 0im ulaziOKS

[FLOW VALUES: A=*MEAN ; 8-MEDIAN; and c=3o-? ercenT EXCEEDANCE
Underscored va lues are less than corresponding tab! a 17 h isto ric  conditions 1

OP- FLOW MONTHLY FLOWS, IN CUBIC FEET PER 3EC0N0
TION VALUES OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS
1 A 21 25 2k 23 27 41 158 297 103 22 14 14

•3 17 23 23 23 29 ko 123 243 33 1 7 11 11
C 11 17 17 17 23 29 91 166 40 1 1 6 11

2 AM 24- 25 23 k2 27 39 131 224 94 34 23 20
/ 3 19 20 20 21 26 36 ITT 191 TT 4l 15 10

C 10 I i i l Ü  I I I i H 140 52 15 9 ap
3 A 23 2 22 21 2k 36 116 194 qqJ a 44 25 193 17 19 Ü 20 25 32 102 170 54 41 13 5c 1 H H I i  I i I i I i 132 65 13 * 8 3
if A 16 18 19 , 20 23 3 k 121 239 55 32 16 123

C
13
I

17
i l

TT
1 1

'1 9  23
ü  I i

30
2k

I T
11

2CPT
137

m
w

31 
11

7
1

7_
1

WITH TRANSMOUNTAIN DIVERSIONS
1 A 21 25 2k 23 27 4l 153 257 103 22 14 14

3 17 23 23 23 25 40 123 243 38 17 11 11
C 11 17 17 17 23 29 91 166 40 11 /•0 11

2àm A 24 25 23 k2 27 39 131 224 54 34
41

23 203 19 20 20 21 26 IT TTT 151 T4 15 10
C JO. i l I i 15 21 2T "TT ¡¡¡ I 52 15 9 '*■41 11 Hg

3 A 23 2k 22 I I  I i 36 116 194 95 44 25 193 17 19 19 20 25 32 102 170 94 41 13 't
c 1 I i Ü 11 I i I i 75 132 65 13 8

| A i i 13 19 20 23 S 121 239 39 32 16 123 1 3 17 IT 19 23 30 H 2 0 4 Ü 31 7 7_
q 7_ 13 13 Tk 19 2k ■*» sI / 137 49 !,} 1i * 1

7 ^





.'Il !.

Table 20. — Svmncz’y O vi uU L/wÜZ «✓ad ~zontkly stream 7 ̂ CU3 j
■ sóntpo"o in t o4 (Crono  ̂ Creek a t  ricutn) j

wi oh 75 OerCSKO OJ CÇTV** -"»*/ / no transrrtountain d iv e rs 3 J
and a i t h 75 a erceTW o f boa îf r*s*~w* T \WÈ. y**? m : oransr^cunoain Aiv e r SOO"ns, and

incilud in g 200 gercen t o and men'ItCO'C'a l  d iv e rsio n s -^l •7  ̂*• Ovont oat t <ans

\ [FLOW VALUES : A=MEAN; 3=MEO 1 AN ; and C-8Q-PERCENT EXCEEDANCE ♦ \

Underscored values are less than corresponding tabi a 17 hi s to rî c condì t ionsJ

MONTHLY FLOWS, 1N CU3IC FES•T PER SEC0N0OP- FLOW
T ION VALUES OCT. NOV. OEC. JAM. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMQUNTA1N DIVERSI:0NS
î A 21 25 2L 23 27 L1 158 297 103 22 1 L IL

3 17 23 23 23 29 L0 128 2L3 38 §7 11 11
C 11 17 17 17 23 29 91 166 LO 1 1 6 11

2 A 23 25 23 Li 28 Li 130 226 9L 3L 2L 20
, 3 13 20 20 21 25 36 115 19F FF Ll 15 ü

c 12. 15. ü l i 20. TF “ 7F 1L0 52 15 9 . 1

3 A 22 23 20 19 22 Li 11L 21 1 92 35 25 21
3 16 19 19 19 21 28 99 IFF FF 35 13 11

• c ~F ü 10 Ü 1L 11 21 130 53 13 3 7

£ A 15 19 20 21 2L 36 129 256 a ?
m  «• î 6 aV Q

3 13 TF TF 20 25 ' 33 107 215 TF 12 7*0 7
C 7. H i l 15 20 11 Ü ILO l i xyî. 

0 1 n

WITH TRANSMOUNTAIN 01V!ERS IONS

1 A 21 25 2L 23 27 L1 158 297 103 22 IL 1V
3 17 23 23 23 29 L0 128 2L3 88 , *Tt / 11 1 î
C 11 17 17 17 23 29 91 166 LO 11 6 11

2 A 22 2L 22 22 L6 LO 133 227 55 33 26 22
3 15 20 20 21 2L 30 117 201 F l Ll 15 10
C 1 Ü J1 Ü Ü 11 "96 1L3 52 15 7 7

3 A 21 23 20 18 22 33 120 21L 91 37 26 20
3 1L 19 19 19 19 TF 101 T9F FF >0 15 g

j

C 6 ü 10 IE IE 2£ Ü i l i 5L 13 Q s0

k A 15 13 20 21 l i 36 129 256 52 1 6 1 a ■
j

1
3 13 TF TF 20 25 ü 107 21 5' § i l

t**0 7
C 7 ü 13 Ü 20 l i n

?G*» J — j ■ 2̂

*
- 7 ?



Tabla 21.— Summary of sórruleose oor.on.̂
ruó Sree 0.0 ".cu sa)}a o r.tro l e o in i  34

oh ZOO Z2VC&7ÌZ o f  0CTZCZLÍ 7V'X. ̂A. OTj¿> 7ZO ZTC713rxcunzedti ddvZVSdOTlS y
j jit i  ZOO zeveenz o f  hem  wÊÊÊÊÊÊm• Wmsm 7 377*CZüZZO,dn id vevsdcns 7zd

K ¡ ¡ ¡ '.lud irá 100 oeveenz o f dndiiszrdal end ; -V1pci csversdons fe y SeTTTU dens

[FLOW VALUES: A=>MEAN ; 3=MED IAN ; and •C.-8Q-?ESCENT EX CEEDANCE.
Underscored values are les 5 than co rr esponding table 17 Historic condì t ions ;

MONTHLY FLOWS . IN CUBIC FEET PER SECON0QP- FLOW
TI QN VALUES OCT. NOV. 0EC. JAN. FE3. MAR. APR. MAY JUNE JULY AU0 . SEPT

WITHOUT TRANSMOUNTAIN DIVERS 1 ON S
1 A 21 25 24 23 27 41 153 297 103 22 1A 14

3 17 23 23 23 29 40 128 243 38 17 11 11
C 11 17 17 17 23 29 31 166 40 11 a0 11

2 A 20 22 21 43 30 40 132 230 95 33' 32 24
/ 8 15 15 15 •21 26 39 113 203 HT 42 13 7

C 1 11 11 n_ 11 22 76 I S =L > • 15 7 1

3 A 18 20 13 13 20 35 112 220 93 47 35 21
3 13 15 14 14 TT 24 100 2 00 jjjcTw j 43 13 6
C* £_ 10 m l i TT l i • °1 133 54 17 0 5.

V A là 15 20 21 25 37 131 253 33 l i 9 Q- J

a 13 TT ¡ r 30 25 33 107 215 73 1 2 T*0 1
c I l i  ' 1 1 15 20 I T 77 : M m l i 0 1 5_

WITH TRANSMOUNTAIN 01VERSI0NS

1 AA 21 25 24 23 27 41 153 297 103 22 14 14
3 17 23 23 23 29 40 127 243 3av-' J : 17 11 11
c 11 17 17 17 23 25 91 166 ft A-ru h 11

7 A i3 21 19 21 47 46 135 234 93 40 h] 23
3 12 15 15 15 21 43 114 209 50 41 7_
C 7. U_ 11 11 15 22 "s'6 150 mm ?30 15 5 ]_

3 A 16 19 17 16 20 ~ J 106 235 99 54 33 13
3 12 14 IT 14 TT 24 OC 207 95 47 ■ av
c 0 l i TO l i H t t Jo 146' 67 Zm A

A 16 19 20 21 25 11 13" 253 a a 16 ' 0■ -/
3 J 2 J f IT l i 25 33 107 215 Zel 12 2. J
C l i H 15 20 ¿¡» 3 / 1 1 -0 ¿9 ■n

2. 5



k

,Model -s i mu 1 ated monthl y streamf 1 g w s for control point 2o (Yamoa 
^¿ver at Craig» Colo*) are presented in taoles 22-Z6. Tnis control

r̂rcrrs
oo«nt is located downstream > tne proposed Crai q Reservoir and
, u  Aalso downstream ^ the confluence of the Williams Fork (fig* I)*

The simulated results for reservoir—development option I represent 
both 1 i rri ted upstream diversion cemancs (tadle 3) and major downstream 
diversions from Juniper and Cross Mountain Reservoirs# Tbs option- 
Z simulations included a larger number of uostrearr, reservoirs 
(table 3) and consequently further reduced the flow at this site* 
^ontnly streamflow simulations for reser vo i r-devel opment .‘opt» ons 
3 ana included the immediate upstream effects of tne Craig 
Reservoir and tended to even out the monthly flow distribution 
(tables 22-25). The monthly streamflow for r eser vo i r-aeve l opmen t 
option ^ is less than option 3 because of the absence of the 
downstream demand from Juniper and Cress Mountain Reservoirs. The 
simulated mean monthly streamf/1 ows for tne 50-year period and the

£ (JUr/CX100-percent water-use allocation (table 26 Jyt reduced to zero for at 
least ^ months each year under options 3 and ^ .

The upstream Vidler transmounta*n diversion had vary i effects 
(tables 22-26) on the flow at the Craig site. For the historic 
condition with LOG percent of transntountain di version (table 22)» 
the 5-year low flow (80-percent exceedence probability) was decreased 
to zero for 3 months* Simulated monthly streamf1ows including tne 
Vidler transmountain diversion and the 100-oercent water-use 
allocation (table 26) were also s i gn i f i cantl y. reduced when r.he 
transmountain diversion was included*
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oizk ZS p ercen t 
and w ith  ZS p e rcen t o f  both

’Swrirerv o~ s irz i
z e in z u» ù », I  area
* ** icu lzu ra Z  :
'  both a o ria u lz ic
indus-t r ia l  and ■

end 11 zransrcunz< vn «version s >
u^zuraz ana zransmounzazn d zve rszen s, one

incZud ina  100 zercen z o f  in d u s t r ia l and m un icipa l d iv e rs io n s  fo r 3ZZTU.J

[FLOW VALUES: A=*MEAN ; 3=*MED I AN ; and O*30-PERCEMT EXCEEDANCE. 
Underscored values are less than corresponding table 22 histor?c conditions]

OP
TION

FLOW
VALUES

MONTHLY FLOWS* IN CUBIC Fcry pciR 3ECONO
OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSM0UNTA1M DIVERS IONS
i A p| 224 235 * 194 216 461 2010 4231, 4333 752 168 157

3 ÜMt. 2ÏF 25f 2lT 217 7+oÏÏ 2066 4354 4296 472 142 123
C 101 172 214 115 201 u37 i W HFF z t t t 227 115 104

2 A 125 223 235 234 218 41 4 1915 4732 4322 773 154 156
3 ~15 227 237 202 IÖF 410 1977 ¿4922 4357 475 142 m
C 35 m 209 ~E 191 m 1440 3900 3G94 152 37 56

3 A 153 271 308 254 290 453 1307 4214 4542 333 225 211
3 128 272 309 239 291 4So 1334 4315 4517 532 210 169
C 115 216 291 151 262 422 TFÔF » 69; 2783 274 155 123

1 A 32 122 174 137 192 379 1733 4534 4732 651 35 51
3 0 TTF IFF 170 194 377 1815 4627 9740 343 7J 13
C £ 11 149 31 177 IFF 1378 3 60 ¿' 2956 d 0 £

WITH TRANSMOUNTAIN DIVERSIONS
1 A 130 199 214 176 153 437 1513 4124 4232 S -*oo7 154 142

3 Ï0ÜT 195 223 151 196 Î39 1970 4225 m # 3F0 124 111
C 100 139, jm ToF 173 trt i439 3244 2766' 131 110 .100

2 A 109 201 213 2T2 197 394 1315 4675 4720 702 145 142
3 So 206 213 130 l t é 13? 1869 4312 4745 380 1 39 121
C T Ï Ï 140 m ¿0 170 M 5 TIFF 3â02 2964 100 36 56

3 A 144 242 287 236 268 432 1701 4110 4441 754 210 136
3 116 2¥T 283 270 269 F39 1 7ÔÔ 4194 4u00' 44.3 138 153
C 105 174 262 145 240 402 1277 3378 2720 216 193 120

i. ,1rh 24 31 131 115 169 360 1635 4437 4654 577 26 33
3 0 IF TPT H J 175 IFF T71F 453b 4642 : J 0
C 0 0 43 a 156 335' TIFT 35ÖF apf 0 0





[FLOW■VALUES: ■A»M£AN; 3=MED 1 AN; and C=3Q-PERCENT EXCEEDANCE. 
Underscored values are less than corresponding table 22 historic conditions]

MONTHLY FLOWS, IN CU3IC FEET PER, SECOND
QP- FLOW

TION VALUES OCT. NOV. DEC. JAN. FE3-. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSJONS/
1 A 116 205 226 194 228 450 2013 4190 4277 743 159 136

3 1 1 I JW 229 210 216 447 20134 4232 463 146 122
C 50 139 m 110 177 335 165$ 32BT 2I 3T 203“ 106 I T

2 A 91 208 224 219 209 413 1923 4763 4733 772 140 124
3 35* 213 227 139 200 412 2002 i 960' 4802 473 143 m
c . "IT i4g W 50' 179 HI T 4; 1 b w z 3047 147 67 26

3 A 1C8 164 198 167 189 454 1599 4217 4332 924 301 208
3 121 171 253 193 226 404 1646 4505 4331 726 305 216
C £ £ £ £ £ 132 1262 3322 378 237 52

k A 16 62 115 127 177 385 1726 4340 4610 540 2 11
3 0 0 134 172 196 384 1816 4433f 4579 220 ¡1

U 0
C £ £ £ 0 s HI 1373 3405 2885 £ £ £

WITH TRANSMQUNTAIN DIVERSIONS

1 A 58 123 147 111 159 409 1763 3911 3989 514 *+ /* 
7 0 /  •.

3 AO 120 136 113 139 3̂ 9 lS04 *033 3943 191 32 52
C £ o£ 109 2 1 103 353 i4 n 3023 2541 54 2* nW

2 A 51 147 170 110 217 351 1656 4464 4499 597 101
3 6 T5T 167 1 44 149 341 1713 4620 301 97 72
C £ n 142 V 125 315 TTS9* 3581 2756 n I£ £

3 A 75 114 136 106 126 243 1433 3372 4146 771 245 154
3
r

72
£ £

m
£

m
£

130
£

TiT
£

T W
" H Z

4312
3026

4167
273*

510
291

245 
115

144

ugg A 7 13 30 39 63 213 1404 4047 4317 385 u £
3 0 0 0 0 14 133* 1507 4285 £ Q Aw

c 0 0 0 0 0 £ 1080 3112 2592 £ £ J
*****





Model-s ¡mu 1 a ted monthly srrea.nf lows for control point 2 5 
(confluents of Yampa River and Mil* Creek) are presented in taeles 
27-31* This site is located aoor cx r ma te.-1 y 10 river miles upstream 
ys the^ proposed J u n ipar Reserveir (fic* L)*

At the confluence of the Yampa River and Milk Creek? the flow 
statistics are similar to thaupstream Yampa River at Craig? Colo*? 
(control point 28) with only the addition of tne flow.from Milk 
Creex and return flow from Craig Reservoir aiversions^ Reservoir- 
development options L and 2 were similar in effect? with less mean 
annual flow for option 2 due to acoi tional demands for water 
upstream. For reservoir development option 3? the larger flow 
statistics reflect the Juniper and Cress Mountain Reservoir downstream 
jemancs* In reserve i r-davel op.nent option A? the downstream demand s' 
were nonexistent^ and the flo^ statistics decreased at tr.is site*
There also was a decrease in flow statistics as the allocation 
percentages increased (tables 23—31)? but to a much smaller degree*
The aosence of a downstrearn demand a 1 1 owed more water to be a

A
and less water to oe released*

3 6



Table 27.--S urrrftzry ' o f  s irru  
s o n o ro t  s c in o  25 ( confC usncs o\ 

~on h is o c v ic  s o rx iic io n s  corei v io h  ICO
i  COTCO'O. ? .i i)  s ic  cocci M i i ;<  Ce* S  S  K ; y

isecoanc o f  óronsrrounòain d iv e r s i ns

[FLOW VALUES : 
values are less

A=*MEAN; 3=MEQIAN; and C=30-?ERCENT EXCEEDANCE, 
than•histar !c conditions without transmountain

Underscored 
di vers ions]

FLQy MONTHLY FLOWS, IN CUBIC FEET PER SECOND
VALUES OCT. NOV. DEC. JAN. FEB. MARf APR. MAY JUNE JULY AUG. SEFT

SIMULATED HISTORIC CONDITI ONS

A 150 273 236 223 275 564 2349 5571 5083 794 125 13 3
3 122 279 239 267 273 565 2373 5696 4996 493 99 13 3
C 76 213 259 105 261 523 1763 4409 3240 147 43 32

iIMULATED H1 S'TOPIC CONDIT IONS W!TH 100 PERCENT OF TRANSMOUNTA IN 01VERSIONS

A 71 17^ 200 ■Hi 197 A3 6 1965 5130 4701 539 62 Pk !»
00

3 ¡j; 195 21 1 m 194 437 19o2 5305 4605 235 il s. m V# A ”33* ■ 170 3 T3T 450 1451 4013 2349 11 4 i.



Table 28 . - - S i s t T n a r y o f  sim ulczec z.onzn^u szrocr:~ .m s ,
oonzrol o o in t 25 (sonfZugnas s f  Zozrsa. R ive» a rc  iH lk C re sk ),

•jizh 25 oèoozr.z o f cgrieu ltu rc l o p» orensrrcvr.zein d iversion sj
~rjd vibn.25 osrosnz o f both agricrj.isurel vror.srr.oiMizc.vn ^nc,

including 100 zsroenz o f in d u strie l ore run ioioel d iversion s svzu^ezzons

[FLOW  V A L U E S :  -A-M EAN; 3 - M E D IA N ;  a n d  C = 3 0 - P E R C E N T  E X C E E D A N C E .   ̂
Underscored values are  le s s  than correspondin§ tab le  27 h i s t o r i c  co n d it io n s !

MONTHLY FLOWS, IN CU31C FEET PER SECOND
.UE3 OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS
A 1=6 237 251 206 231 494 2130 4749 4517 779 176 164
3 125 22? 25? 226 230 491 2235 4753 4416 493 150 132
C 106 TacT 222 125 218’ H E 1634 3654 2936 250 121 To?

A 137 236 247 246 232 447 2085 5301 5007 305 162 162
3 TÔT 237 IT ? 212 222 440 2125 5^51 4957 496 147 137
C 100 173 217 H E H E 41? 1519 42 IP 3i ¿o 171 104 104

A 175 233 321 266 304 486 1982 4751 4753 900 265 236
3 141 235 320 300 302 4?5 2027 4791' s /* L 4004 534 248 133
C 127 224 300 161 275 456 1A73 3773 2924 333 191 153

A La 136 187 149 207 413 1908 5071 4947 713 - 75 .76
3 15 Î3 ? 200 w 20? HmT 1345 5015 4859 i w EE if 4
c ~? ~EL 162 ~TT M 3H2 1457 3917 3113 "T T 35 22

WITH TRANSMOUNTAIM 0 I VERSIONS

A 142 212 226 189 207 471 2083 4643 4417 693
3 1 1 6 205 ITT 205 2Ö? a69 2137 4621 4307 401
C 104 147 135 117 n ? g r H T T 3539 2838 1 54

A 121 214 226 224- 2 1 1 427 1985 5134 4904 723
3 104 217 228 191 200 7IÔ 2020 5352 4845 401
C 56 148 155 71 1 1 397 1417 4Î21 3036 7T?

A 161 255 299 248 283 465 1875 4646 ¿*656 831
3 130 251 300 279 283 464 1909 465^ 4545 505
C 117 73? 273 153 255 E l 1364 3680 2850 260

A 41 95 143 127 134 393 T3l 0 4973 4850 y 1. * .■***¿44

3 12 71 173 lé 7 ld6 330 1847 4917 4761 307
C ~7f T? 51 16 169 3o3 1359 3820 301 5 5 »

! OC
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Tab te 2 9 .—Sium cry o f  sirruteoee ncnznlu s vrecerflow s, 

co n tre t p o in t 25 (confluence o f  Zerrpe R iver end 'H lk Creek)^
"* /**?j 7. rr.:mnr* 7.weon Qu perceno op cgneczi^turcl one no crensrrtcunveen oeverseens 3 

end with 50 oerceno o f  both e c r ic u lc u re l end orensmeunoein d iv e rsio n s > end
incluciric: IQ G oercenz zne nunz vverseens s emusjcjp̂ M '>o

[FLOW VALUES: A-MEAN; 3=>MEDlAN; and C=*80-PSRCENT EXCEEDANCE. 
Underscored values are  le ss  than corresponding- cable 27 H is t o r ic  co n d it io n s]

OP
TION

FLOW
VALUES

MONTHLY FLOWS , IN CUS 1C FEET PER 5ECONO

OCT. NOV. DEC. JAN. FE3* MAR • APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DfVERSHONS
1 A 150 235 256 208 232 494 2166 4713 4438 767 175 157

j 3 124 111 ITT 23Ï" 232 *90 2232 4691 4379 432 149 132rw 105 182 H I 126 217 465 1q25 3691 2900 235 122 ToT

2 A 128 233 246 243 231 447 2094 5273 4985 795 159 155
3 104 236 247 210 220 439 2116 5439 T?2T 438 144 131
C l i 172 21 5 100 202 417 1534 4214 3142 159 104 100

3 r\ 159 250 327 274 310 473 1382 4659 4632 534 333 244
B 139 247 328 311 312 474 1944 4662 4521 640 330 217
C 116 196 312 186 282 433 1346 3714' 2851 374 270 172

ti • A 47 110 164 151 210 417 1909 4957 4915 702 33 §¡¡4
3 17 I T 195 190 210 41 4" 1945 9̂32 u7â5 392 70 m
C i l 1 90 4l 192 ' 3S6 1464 3^6 3077 92 06 40

WITH TRANSMQUNTAIN DIVERSI0NS

1 A 120 i a i 201 166 192 446 1969 4511 4234 612 142 123
3 111 169 206 w w 446 2034 4488 4172 293 130 115
C I T 115 161 111 152 412 1447 f i f e 271 3 119 104 104

2 A 93 192 204 138 252 410 1901 5071 4785 668 143 123
3 101 TUT 204 171 TST 400 1506 5253 4722 335 134 122
C 10 129 175 16 165 37T 1356 4018 2955 1 12 ICO 47

3 A 140 205 233 233 263 419 1673 4436 4462 313 293 217
3 . 121 210 TST 255 267 ! 656 44l8 Î 2S9 513 235 2Q0
C 102 122 1ST 150 232 372 125S 3500 27S5 306 213 153

4 A 33 61 36 98 125 335 1713 4762 4720 532 76 — spo
3 17 11 75 134 160 365 1753 E73T ¿¿CgC 197 70 -f i
C 13 a 11 11 11 251 1263 3650 2882 92 56 4q—* nrn rnmmmmm T ,r T .n"lL

??

MÊÊfflÊm®
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Table 30.--Sw 

co n tro l p o in t 25 {confluence o f  Zarrpa d iv er an 
with 75 p ercen t o f  o ar  

and w ith 75 p ercen t o f  both 
in clu d in c 1QG cercenz o f  in d u str ia l and

$ szoru^azec rcnznzy streartp  >cw3j
i l k  C reek)j

r a l  and no zransTnounzain d iv e rsio n s> 
u ltic ra l anjd transm om tain  d iv e rsio n s . 

ru n ic io al d iv e rsio n s ~cr a l l  s in
ana

zns

[FLOW VALUES: A=*MEAN; B-MEDIAN; and C»80-?SRCENT EXCEEDANCE. 
Underscored values are less than corresponding table 27 h isto ric  conditions]

OP
TION

FLOW
VALUES

MONTHLY FLOWS, IN CUBIC FEET PE;3 SECCNO

OCT. NOV. 0£C. JAN. FES. MAR. APR. MAY JUNE JULY AUG. •SEPT

WITHOUT TRANSMOUNTAIN DIVERSIGNS
1 A 123 217 233 206 242 483 2188 4709 4462 770 167 143

3 120 209 240 221 231 w 2230' 4749' 4371 435 153 127
C H E H 7 200 117 m M T /IS i m 2907 230 110 53

2 A 103 221 237 231 223 447 2093 5231 4967 793 143 131' 3 102 225 23^ 204 216 441 2127 5512 4929 494 14a 112
C 11 h e 199 “H 133 TilT 1544' 4154 3151 Too' 65 41

3 A 132 177 210 179 203 488 1782 4789 4660 1071 402 263
3 181 266 203 239 432 • 1802 5042 4606 869 413 273
C 21 11 11 11 11 153 1 341 3661 3050 513 339 150*

lx A 41 76 128 139 191 41« 1910 4912 4888 687 1Q4 71
3 21 13 151 192 211 4i 4 1952 4350 4751 362 102 57
C J7. *1 11 157 M 1 Ac3 3779 I gP" 132 93 57

WITH TRANSMOUNTAIN DIVERSIONS

1 A 53 123 i j ? 111 159 405 1763 39H 3939 514 96 76
3 m 120 Ho 113 139 3̂ 9 l304 4o 3 3 3943 191 52 52
C £ 6£ 105 70 103 353 i4t 1 3028 25̂ 1 54 2? £

? A 63 159 133 122 232 384 1826 4983 4634 624 110 52
3 23 159 m Tscf H I 377 THzT 5171 4672 333 1C6 «•'/*"/O
C V 97 153 n_ 136' 337 125o 3904 13z t io3' 20 4

3 A 97 126 H8 n 3 m 276 l6l6 lx$ Ixh 4424 916 336 201
3 9£ 33 151 91 140 w 1537 4850 4423 oc3 3-7 202
C Q £]_ 11 H 11 3£ 1069 3334 2926 42 0 201 9;  •• >

um A 32 27 42 51 73 247 1537 4619 4555 532 102 6t
3 21 11 11 11 35 1649 5̂57 A457 144 ’■ 02 * T
C 17 T $T T 11 30 1175 2765 132 C* 57Uirr_T "" 1 w

9o
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Table 31 •—Suirrnary o f  siru Z oted  ncnckíy strecar.fZoios, 
control* c e in t 25 { confluence o f  Zorree: d iv e r  ¿b$á 'AiZk CreekJ , 

v ick  100 cerceno o f  agrieuZzuroZ and no tran sro u n td n  d iv e rsio n s, 
v ick  10C cerceno o f  hook aarricu ttu ral and cran srcu n tain  d iv e rsio n s, and

in elu d in g 100 cerceno of  in d u str ia l- and run ici]VU( 1/ wte •-» w*<3TSÍCn s fo r C i •> o'iaru lo tio n s

[FLOW VALUES: A=MEAN ; 3='MEDIAN; and C=30-='ERCENT EX CESDANCc
Underscored va lues are «ess than corre spandi!ng cab! e 27 hi scor îc condì t ions’ T '

OP- FLOW monthly FLOWS , IN CUS IC F::et  pe R SECOND
TiON VALUES OCT. MOV. OEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

W1THOUT TRANSMOUNTAIN DIVERS; ions
1 A 99 207 223 213 263 ¿»80 2208 4728 4456 753 132 tt 1

3 75 213 203 201 233 A50 SU T 4745 43 ó 3 4o0 119 96
C . ¡g l M H I 128 171 M I 1725 3727 2915 222 37 l i

2 A 74 193 220 218 21 A 428 2054 5284 4964 799 137 : 114
3 TT 191" 2Î2 183 203 TJT 2134 5477 4936 ¿»36 U ! T T
C U 127 m ¡¡g H P 369 1524 ST3Ô 3152 173 17 x

3 A 33 73 88 101 109 337 1846 5054 4825 1177 376 131
3 IT 11 11 15 17 222 w x 5215 A 78 5 937 H 80
C 10 TT 11 T 11 53 1277. 3959 3390 607 65 X

A A ■ 40 51 96 123 « > M ICO 403 1912 4866 4857 671 133 i i3 IT 11 33* T3T 209 412 TsSo W oa 4723 236 133 75
C 11 x x 11 H M Ì469 3772 3025 172 r?ar — J Z i

WITH TRANSMOUNTAIM 01VERSIONS
i A 36 37 123 114 154 413 1883 4358 4073 477 67 47

3 m 73 123 100 125 M E 1921 4369 3978 170 16 l iC ir H 75 f j j 11 3A4 1342 33A5 2520. 11 A EL
2 A 43 129 169 112 217 382 1722 ¿»905 ¿»537 535 100 30

3 a m T IT ÏEÔ TsT 1ST T7ÏÏ9 50 ¿7 45̂ 7 325 53 I EC t 55 Jj+2 n_ 135 H E 1277 W T 2766 l i <r • -4.
3 A 53 51 53 46 56 151 1362 4952 4524 387 269 137

3 J_5 11 11 11 15 ~TZ 1339 5083 * 4AO 9 749 141 42
C "T[ " I T [ 11 26 856 3989 3010' 459 l i —x

k A 30 19 22 28 >0 165 1462 -475 4469 489 133 73
3 2o 11 11 11 15 125 4Á77 u332 Ï34" 133 75
C 22 —TT* 1 T 11 30 1042 3381 2634 M l 123 75



t v  3.TO. 3"ode 1 -s i *nul a ted contal y streanFIc^s for contro» poire 15
7 i ver near '••a/Dell* Colo«) are presentan in cacl es 32-36 * This

^rorr\
site is 1 acatad downstream tne proposed Jan»per Reservoir ana
aoprox imately i mile east of tne town of Mayoell (f» I ¡.  ̂Si n u l ateo 
mean monthly streacflows for tne historic (1727-76) conn i ti ons 

without transcountain diversions (cao 1e 32) vary from *6 to - 
23 percent andean average absolute variation of 7 percent^

These s i mu 1 ateo values tend to pr in c ¡pal 1 y underored» ct
the FT aw statist i cs duri ng tne months o F J u 1y» August* ana Septemoer*
a 1 1 -no n t n 1 / Flow stat i sties » n tables 32-36 less trian tne
corresoond*ng historic monthly flow are underscored*



For t ne Yarnoa River at Ma/ceM locaci on » a large agricultural 
diversion? Juniper Reservoir? is located uoscrean* The assumed 
total agr ¿cal turai diversion simulated For Jun* per Reserve♦f wou 1 d 
involve as ff-uen as eight times the am cunt of water to oe diverted 
For the ugs tream V i a 1er tunnel t rans.mcunta i n di ver s » on * The Yamoa 

River near *Mayoe 1 1 location (control point IS) i s cl/3o  tne
S n i f f istreamf 1 ow-gaging s *te and inGex^for streamflow from the y area 

River £or the Colorado River Compact cf L9V3* This agreement 
reoji res tnat 5?CGG>GGQ acre-ft of water per LO-year pericd oe 
ae1 i vereo From the Yampa basin uostrearn ? *nicn represents an 
approximate continuous Flow of 690 f t3/s * For this reason? and 
also For the proooseo wild and Scenic River reach downstream (h * j .
2e1i s! e t U *S • water anc Power Re sour ces Servi ca ? For ner1y J • $ . Bureau 
of Reclamation? written comman•? 1976)? a 23Q-ft3/s desired Flow
was set For this site* This f*l ow a 1 sc c 1 ose 1 / approx i mates the 
minimum mean monthly Flow but is cuita a bit less than t he L ♦ 550 —
Fc3/s mean annual flow for tnis location*
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n o  r tne yampaRiver near May tel 1 si t a r  t n e  J u n i  per - ese r v o i r
i s include.:! For reservoi r-development options 1 » 2 * a m  3 (table
2 )t dnd results in a more regulated Flow condition than octicn.4 
(tables 33— 36)* Reservoir-development option tr; without juniper 
Reservoir tends to follow a reduced annual-flow pattern similar to 

the n i stor i c F!ows (tao1es 3 2 and 3 3)*

For reservoir-development options 1* 2 * ana 3* the met Tan 
monthly flows quickly drop to the desired Flow of ¿03 ft V s  and 
the 30-parcent excasdence value cropped to zero For 3 or more months 
at the 75-percent a 1 location percentage (tad!a 35) . Realistical1 y ♦ 
if any substantial Flow is to be maintained in the vampa River at 
this location» reservoi r-developinent options 1» 2* ana 3 would be 
restricted to the 50-percent agricultural water-use al location cr 
less.

The V idler transmountain diversion at the IQG-percent allocation 
level^causes an approximate 1 2 -percent reduction m  f l 
as can be seen in tadle 32* When comoi ned witn the large irrigation 
diversion From tnis site (options 1» 2» and 3)» the Vidier 
transmountain diversion increases the number of zero-flow occurrences 
as the percentage of water-use allocation increases and reduces 
the possibility of maintaining the desired flow of 20C ft^/s (tables
32—36)*

94



Table 32. W w4Ài Jt  ̂ ^ 3VCTU ̂ t e n ó n i y 3 crear:flore s J
c o n tro 1 ■ go-inz gp TTC CL H r 'cccr *’la ' / c a l l , w- alb. ♦ / J

f o r  h i s t o r i c io n s  end  d ~I  1 0 0  , e v e n s-o u n e c in f i v e r 3 e o n s

[FLOW VALUES: A®MEAN ; 3-MED 1 AN ; and C»30-PERCENT r y r r r DANCE. Underscored
values ars les 3 than historic  conditiens wi theut transmiounta i n d t ver 5 Tons]

FLOW MONTHLY FLOWS, IN CUBIC FEET PER SECOND
VALUES OCT. NOV. DEC. JAN. FE3. ]MAR. APR. MAY JUNE JULY AUG. SEPT

SIMULATED HISTORIC CONDITIONS
A 352 337 313 290 323 713 2794 6223 5277 1210 291 200
3 323 322 295 277 287 575 2616 5562 5331 1043 246 153
c 219 235 259 245 255 523 1840 4376 3644 459 110 31

SIMULATED HISTORIC CONDITIONS WITH 100 PERCENT OF TRANSMCUNTA1A DIVERSIOMS

A 273 233 227 212 245 635 2410 5337 4391 955 223 132
3 -23? 230 IT ?  199 209 497 2225 5571 494o 743 T7? *33r 1 46' H 171 ToT THI ¿*45 1449 3535 3253 331 Z i 22

CALCULATED 3TREAMFL0W FROM GAGING-STA7! ON RECORDS
A 353 351 296 274 323 675 2647 6 2 08 5472 1331 373 245
3 324 324 276 266 295 - 608 2755 6210 5315 1200 32S 202
C 191. 248 202 207 247 428 .1544 4322 3546 545 157 137

w é





i t
Table 3̂ - —zuircnoĉ J o f sioru iaseà nonthl'j snrecrtfZoTjjo ;

contro  1 s a in t  I,w ("SCOTTO G. Ri4'v&r nec r  -Acoj i ~><o *0 • J j
h c J rerrent o t  so r ic u t t»■■VVT T y*Q tvoT.sr&xrrccn,n orci:e rsrc n s 3

xod -oith o# se rre n t o f  both cru ltu rsl ano., -*.* -O*ricwztc.m  erroe rs'io n sy cord
ü 7*̂ 'lu à in ç 13Q 'gercer.- of  indus cr-iaE end ~u n ic is 7 t* Ci» ✓ c/ersio n s  fo r Z ÌI sirru tztiO ns

rFLOW VALUES: ¿»MEAN ; 3=*MEDIAN; and c=3o- rercemt' EXCEE;dance.
Underscored values are less than corre spending tab la 32 h isto ric  conditions

MONTHLY FLOWS, IN CU3IC FEET PER SECOND
OP- FLOW

Tl ON VALUES OCT. NOV. OEC. JAN. FE3 ♦ MAR. APR. MAY JUNE JULY AUG. 5EFT

W1THOUT TRANSMOUNTA! N DIVERS IONS
] A 231 395 474 549 530 405 232 1513 I 775 277 200 200

3 w 431 527 573 556 ¿¿26 200 531 1502 200 200 200
c 200 240 355 469 449 322 200 271 200 200 200 200

2 ifj 1 r\ 304 409 479 537 534 410 283 18C4 2416 231 200 . 200
3 323 466 526 546 552 4i d 200 71 â 1919 200 200 200
c 200 245 384 kk7 413 M 200 2§7 246 200 200 200

3 A
3

313
350

444
511

523
565

542
547

527
554

395
430

305
200

1550
~ lC l

2093
1644

273
200

200
200

200
200

r C 200 254 467 477 446 294 200 200 232 200 200 200
H it A 249 163 191 213 253 560 2354 5615 5105 1116 249 141

3 205 153 210 213 225 UiiQ 2224’ '5331 5132 325, 210 33
C 150 ü " 33' 164 194 ~55o 15̂ 0 3893 351 i 4CÓ 134 42

WITH 'FRANSMOUNTAIN 01VERS IONS

1 A 261 343 443 528 553 333 243 1106 1299 266 200 200
3 213 312 493 554 561 403 200 “ 17 287 200 200 200
C 200 200 295 439 495 236 200 200 200 200 200 200

1 / A 280 362 462 320 543 400 240 1456 1911 272 200 200
3' 277 363 507 544 561 %02 200 696 163̂ 200 20Q1' 200
C 200 200 343 423 478 305 200 291 200 200 200 200

1 3 A 295 356 434 526 525 394 252 1179, 1535 270 200 200
3
C

322
200

443
200

535
332

553
451

559
456

“27
27?

200
200 231

ó O b 
200

200
200

■ 200 
200

200 
200 ■ .

4 A 235 120 112 1 165 173 484 2159 m l 9 4505 556 242 123
3 196 78 85 169 167 3?4 2023 5139 ¿¿5S6 760 203" 11
C 12a çJ O 117 12 m 1351 1if -5 11 IJjo?d 3315 3/0 ■W f~SJ J __

9 7



i 3 0 I 0 3 D * "* wOrTTCCry SVWHoL «<̂ìl *sSCL *• •'->’̂
contra t acino 13 Cleome. d iv er nocar '-icy a 

oiah  75 percen t o f zgriczilw xrczl card njo trcnsmc 
and '¿ion 75 aercen t o f  both zcricuZturciZ and braansrnciüitz 

in a lid ir à  2J0 o ero sn i o f  in d u s tr ia l and ru n .ic io a l d iv ersio n

ecmp ÔüjS j
j  • / J

u n tain  d iv e rsio n s, 
\tn d iv e r s io n s , 

ns fo r  a l l  siwi

[FLOW VALUES : A-MEAN; 3=¡MEDIAN ; and C=30-PERCEN'T EXC2 EDANCE .
Underscored values are la s s  than co rre spending tab le  32 h i s co r i c cond ì t ìc ns I

O P - FLOW
MONTHLY FLOWS, IN CUBIC FE ET ?E R ScCONO

TtQN VALUES OCT. NOV. 0EC. JAN. FEB * MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERS IONS
1 A .141- 141 204 389 389 291 266 343 420 200 ì30 134

3 200 200 200 381 471 329 200 200 2QO 200 200 200
C £ £ ..£ 200 £ £ 200 200 200 200 200 £

2 A * i ® 163 277 323 402 367 216 543 649 200 192 166
3 200 200 2 Ï T 310 478 W o 200 200 200 200 200 200
C £ £ 200 £ 200 200 200 200 200 200 200 200

3 A 145 160 220 281 313 253 139 478 510 200 192 T73
3 200 200 200 200 325 2ÏÏÔ" 200 200 2Q0 200 200 200
C £ £ £ £ £ £ £ 200 200 200 200 200

k A 243 135 154 207 239 563 2355 5570 5077 110 1 271 139
3 204 I F 152 205 219 U i i i i 2227 5272 S I S ! 858 233 2 1
C B É £ a> ¡62 W 400“ 1 5^9 3837 3489 446 * i r 1 M; co So

WITH TRANSM0UNTAIN 0 1VERSI0NS

1 A 100 110 161 186 270 274 262 26 V 289 137 136 m ,
3 100 0 200 100 220 297 200 200 200 200 200' 2C0
C £ £ £ £ £ £ 200 200 20 0 200 ',A~ !W 35y

2 A
3

132
200

160
200

217
200

283
200

320
307

266
271

232
lo o

384
2 0 0

439
200

152
200

173 
2G0

Î32
2CG

C £ £ £ £ £ £ 200 200 200 200 200 Ü

3 A 128 151 184 199 253 211 133 421 343 183 Ì76 13 ì
3 200 200 200 200 216 2GQ 200 229 200 200 200 2Q0
C £ £ £ 11 "'n~ W £ £ £ 200 200 200 200 0

k A
n 234 36 69 118 126 396 2032 5277 4734 948 2 6 3 1 23
3 w J i Ü 122 113 350 1 «85 4979 4858 £.cn 21 3 5 1r
C 130 ü*4 3 3 39 1239 35**4 3195 A IO T è a 53

9?





**ooe I ~s * mu! itsc monthi / screamf ]

? « ver near L i1 / . Col o*) are cr esen ted
-Crc nn

i s 1 ocated G C wnscre-3'T. the proposed

ervo » rs (|B -  i > and approx innate! y

conf!uence o f the Li ttle Snaxe 3 i v e r *

less than the cor respondi ny ns stari c 
3 T-^L are ayain underscored*

cws for control joint- L ?■ C y amc a 
in too 1 es 3 7 - ̂ L • rni s s » te
Jun iper and Cross Mount a i n

2 n i upstream from tre |

A 1 1 »T on thly f ! o * star iStic s

flow statist » cs c •van * n c a d e s

ip1



At t iie y amp a R i v e r near L » 1 y si te» the proposed Cross '-'ountain 
Reservoir is consiaersd for reservoi r-osveloo.nenc :pci:ns 1 * 2 * 
and 3 (tael e 2)* Principally because of tne large return M o *  f rc.Ti 
the juniper Peservoi r agricultural diversions? tne monthly M o *  
stati sties at this site r e M  set larger voljmes tnan the up s t ream 
site at -aybel 1 (control point 13) (taDlss 33-35* and 3 -3-vi) . Tne 
flow statistics for this site also indicated a more Highly regulated 
annual-f 1 ow hydrograph than the historic discharges for reservoir- 
development options L» 2 * and 3« Reserveir —deve 1 opment option.*» 
aga i n fc 1 1 owed a more closely historic annual-How n /dr ogr apn 
because of the aosence of the upstream juniper and Cross fountain 
Reservoirs. a hypothetical desired flow of 3 ^  ft3/s* which is 
approximately equal to the historic summer average monthly flow» 
was established for this location. In many instances, the 3^4- 
ft3/s desired flow was not met» particularly for the IOC-percent 
*ater—use allocation level (table ¿►I). -or ex am ole* in rsservo i i—  

deve 1 opment option 4* with the 25-» 50-» 75-* anc LOC-percent water- 
use allocations? both with and without tne transnounta i n p i ver si ons * 
the desired flow was not met during at least o months of eacn /ear
( tael es 33-*» L )





Table 33 .  -  Ŝ ĵrznczry 0 sirru lazed ncnzhl¿ szrzcrt flaw s 3
aonzro l  p o in t 3fi .-1 . / '1er,pa R iver m ar 2 *«/ s O  • /  J

wizh 25 zerren ■vê -J J  <-«.̂ ¡1 *  v i «*►—xrc.1 znd no tronomounzain  d iv e r s ia n s >
wizh 25 p3VC371Z f f ^  a g r ic u ltu r a l on.d zran smerunzain d iv e rs io n s , -and

in alu d in c 100 percenz pF s&ai*s z r ic 1  ¿Kgq ■ w4< ■* w* W p a l d i versSc ns fo r O U  S Ü w* \sOns

[FLOW VALUES :  A=MEAN;  3MEDIAN; and C-3Q-PERCEMT SXC2E0ANCE.
Underscored va lues are less Chan corresponding tabla 37 h isto ric  cond î tiens Ti

OP- FLOW MONTHLY FLOWS ,  IN CUBIC FSET PER SECOND
TION VALUES OCT. NOV. OEC. JAN • FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN 01 VERS I ONS
i A 624 622 642 663 622 471 Q42 4394 4341 1361 712 664

3 644 66l □ 76 652 533* m 3?2? 4523 1720 639 673
C Sk i 531 614 630 532 3̂ 4 3ÏÏ2 1720 2633 1720 670 630

2 A 632 630 643 653 629 431 350 4783 5331 1375 711 660
3 660 655 662 674 650 592 6Ï9 TTTT 797? 1720 630 677C 562 533 617 620 533 351 330 1720 3136 1720 656 635

3 A 633 632 646 650 620 473 105,3 4550 5132 1369 715 561
3 ‘■M 657 663 674 653 590 653 33á5 k j\2 1720 637 673
C 563 534 613 620 533 35? 750 1720 29d5 1720 657 634

¿i A 309 256 266 .264 311 680 2319 6311 6079 1364 306 1833 253 m 243" 25$ 265 529 264V 65̂ -3 6179 1157 126
C m 137 205 20? 23? S/T 1759 46 ! 3 7TT? 46 3 TZF 75

WITH TRANSMOUNTAIN 01VERS10NS
1 A 624 622 642 663 622 463 359 4105 4693 1351 709 664

3 65k 644 661 676 652 477 530 3377 4430 1720 638 673
C Ski 531 614 630 532 344 367 1720 2522 1720 670 630

2 A 631 627 643 660 623 431 360 4=06 5199 1362 708 660
3 6Ó0 646 661 673 643 S Ê 564 3575 £̂75 1720 689 677C 562 532 616 620 537 M 363 1720 2779 1720 656 632

3 A 633 630 644 649 620 473 953 4263 4999 1857 712 661
3 661 652 66 3 674 651 627 3677 4608 1720 696 678
C 563 534 613 620 533 351 443 1720 2643 1720 657 633

4 A 302 215 223 241 233 660 2721 6713 5382 1250 297 1703 247 734 229 22? 2^1 510 6 5̂0 6o3i 1053 250 107C TÏÏ1 75 30 131 l i t 7?2 1 6o2 5̂21 '¥.! 20 Â2 142 57

/03



Table 33 •  *  — StiFIPïanv 0  J " s m i bated  rcnvht ■j  strecaifZcw s y

£ y O ' i n t §§ Rigomoa R iver \ Lr .  s i £  v  0 ‘. 0  •  /  i

-h sa O&rC&TVT  i l  a g ric u tv uz*d u orcnsrecun ter.z i  orrvevsrans y

and v it,h SG c o f  bcth ea~**iauZezinaZ onu tra z s r r . C ' x r . z a in  errversron s  y m a
inceluding IGG oevoent o f indus orrai. end. •rrunicii'j Œ  i. Or.v e rs 0 / j r

«JF ^  / j ira
y  O- y *  < .U w n s

[FLOW VALUES wmm.3= MEDIAN; and C=30-PERCENT’ EXCEE;dance.
Underscored values are less than correspend ing tacle 37 h isto ric  cond i t î on s i

iO
u

O MONTHLY FLOWS .  IN CUBIC FEET PSP: SECONDFLOW
T! ON VALUES OCT. MOV. 0EC. JAN. FE3 , MAR. APR. MAY JUNE JULY AUG. SEPT

W1THOUT TRANSMOUNTA1N DIVERSIONS
1 A

r \ 615 622 642 663 522 463 565 3061 3721 1381 1252 334
3 644 644 661 676 652 477 yZK 1720 3262 1754 1275 330
C 537 531 614 630 532 S i ÿ j$ 1720 T W 1720 1230 303

2 A 622 622 631 65O 624 475 539 3344 4374 1334 1256 334
3 652 644 650 650 637 4ÏÏSV 415 1737 3698 1754 1275 830
C 561 596 606 607 586 H E 3L4 1720 1993 1720 1235 303

3 A 623 626 638 645 617 470 643 3136 4049 1382 1259 334
B 652 639 659 665 640 4ÏÏT 491 1819 3439 1753 1275 829
C 563 598 609 624 531 344' 347 1 720 ld32 1720 1235 308

h. A 308 229 244 265 314 634 2820 6638 6047 1348 314 182
3 253 233" 252 251 2o9 533 2646 6396 6 ’ 56 1128 271 119
C 75 123 204 239 475 1760 IISS 4i 32 500 173 70

WI TH 1■RANSMQUNTA! N 01VERS 10NS

1 A 615 622 642 651 631 461 43g 2654 3198 1363 1215 332
3 644 644 661 676 653 469 344 1720 2354 1738 1273 330
M 537 581 614 623 597 3-4 H E 1 720 1720 1720 1213 3G3

2 A 621 617 625 636 626 472 538 2972 3840 1875 1239 334
3 644 627 644 652 643 433 ■ 430 1720 3407 1743 1275 330
C 556 594 592 608 532 344 344 1720 17â7 1720 1223 309

3 A 622 621 631 639 613 467 576 2731 3506 1873 1233 333
3 644 623 651 662 637 W 444" 1720 2769 1745 1274 32G
C 556 597 604 607 591 yznr 344 1720' 1720 1720 1223 308

h i A 294 180 165 213 229 502 2625 5502 5352 1223 303 183
3 m 132 TUT lôd 215 1 6200 H 960 265 10*
C 177 54 ifé T^T 53 374 1571 m si 402 173 / Q

/ o < f



Table 4Q. 
co n tro l 

ystzh  75 oercenz 
end -jith  75 cercene  

zn clu cin ç TOO percen t ¡I

—Diarmcry op senu^zzea 
poznz IS ('Ierroa  Priver narr? l î  
o f  zcriczcl t u r d  end reo treces 

o f  oozh e c rê c u lzu rcí end 
I  enees z r iz l  end n un icioe

f l«
i
'rversions 3 
[¿v ersio n s 3 -erd 
r  z tv  szrru^ezzons

[FLOW VALUES: A-MEAN; 
Underscored values ara lass t 3«ME0IAN; and C=30-PERCENT EXCEEDANCE, 

han correspond 1ng tabla 37 h isto rie  conditions í

OP- FLOW MONTHLY FLOWS, IN CUS IC FEET PER SECOND
ION value:' OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WIT■H0UT TRANSMOUNTAIN DIVERSIONS
1 a 606 608 533 574 514 331 372 1986 2533 2398 1707 3723 63̂ 613 638 655 617 W yinr 1720 2270 2410 1792 1128r 527 580 501 563 133 H E IW 1720 1720 2256 1760 613
2 A 613 535 579 563 522 433 381 2197 2320 2918 1773 10603 631 605 535 596 596 56o' 394 1720 2<f34 2416 1792 1133C 560 563 536 522 522 341 349 1720 1720* 2234 1761 1106
3 A ol 4 533 564 523 450 349 363 2070 2635 2396 1782 10843 631 602 575 534 562 345 mi 1720 2371' 2416 1792 1132C 560 562 517 358 57 n 3̂ 4 1720 1720 2230 1761 1105
4 A 302 196 208 254 295 686 2821 f * <- -,0033 6020 1333 336 1733<• ■ u

2W
170

132
57

IQ4
H

243
197

266
229

536 2650
1769

63̂ 6 
4451?

0 2̂3 
M 60

1102
522

¡fe? a ¡r 122 
 ̂/ *

WITH TRANSM0UNTAIIN OlVc•RSI ONS
1 A 567 575 475 388 385 333 367 1353 2303 2362 1497 3S63 623 613 617 570 546 344 344 1720 21 4b 2406 1735 11 \oC 51 ^ 567 57 4i_ 46 I E 394 1 720 1720 2233 918 535
2 A 567 563 521 498 453 376 380 I960 2513 2334 1672 ■ *3 it *73 592 532 567 589 560 359 394 1720 2150 2408 1731 î î 23C 521 538 412 274 125 204 jer 1720 1720 2201 1756 56!
3 A 563 561 510 448 40-3 322 363 1923 2341 2352 1660 3333 539 530 563 552 527 344 3̂ 4 1720 2059 2400 1732 ! Î2IC 525 533 479 68 51. u 3 Uix 1720 1720 2050 ‘ / 0 0 37!
f. A 253 147 122 165 182 514 24og 6359 5727 1 ! 73 33ft 1633 241 96 iL 162 169 427 2314 O055 5832 izi

 ̂«
170 54 A4 52 53 136 14Ó2 4226' 3S6Ó 522 2Q3 < w

JOS’



Table ¿*1 •—Stürmer u of  szrru nonzhZ¿/ sorecn~ *C7J3j
zcr.zvcl zaznz 13 (Zczrzc. +7 ¿rv*• • e«* 'V d*« m e r Z 0 L>0 * } j

zh 230 o e r  centz o f  a£Trn*ezcIzu rz l Étf£ jra z?zr.srr>aur. zzzn drlversion
end wizh 130 b&rÔ&Tîiï o f  beT* St s*/̂ r%** s-** / "•/1 * >«»W ̂  >VwC> !/u re i erd  zncrAsricioivAA 44»iv e r  s ie n s , e yid

ine indine ZOO zsrssn af  ird z isz rza l 1Tzazieipei d i V3TSZC- Ce 0 ion s

[FLOW VALUES: A=MEAN; 3“MEDIAN; and C-30- PERCENT EXCEEDANCE
Underscored values are less than correspond Ing cabl e 37 h î stori c cond 1 cions îi

OP- FLOW MONTHLY FLOWS, IN CUBIC F’EET PER SECONO
T10N VALUES OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMGUNTAIN DIVERSIONS
1 A 496 476 356 405 446 305 349 1330 2765 2951 1343 n s

3 553 533 35? 601 585 137 JET 1720 2730 3130 1456 574
C 394 54 l i 41 163 133 JS 1720 2212 3000 409 524

2 A 539 507 407 379 402 384 353 1909 2776 3000 1530 ■ 322
i 3 571 553 498 523 519 352 34? 1720 253i 3136 2277 523

C 508 430 132 h i 51 I I E '34? 1720 2074 3035 439 461

3 A 532 507 339 299 254 240 318 1363 2669 3012 1655 333
3 571 559 454 191 TT-T 143 344 1720 2427" 3135 2231 524
c 505 430 129 l i h i H 221 172 b" ¡ f f f e 3034 427 474

L A 301 170 175 242 270 670 2823 6Ó06 598? 1317 365 183
3 250 114 110 l î â 2o3 534 2654 ¿296' 610.6 1 25$8hRI Ooo 322 i l iC 175 ü ~ -E 150 M M E T f l9 4517 4140 562 236 105

WITH TRANSMÛUNTAIN DIVERSIONS
Î A 452 357 266 234 202 235 356 1304 2705 2666 1091 633

3 506 449 bL 51 6 2 171 344 1720 2041 3045 463 563
C 330 h i 35 J £ 45 M l 344 1720 2120 1385 398 409

2 A 4?0 441 320 299 333 353 354 1834 2637 2337 1230 637
3 547 521 322 35 2Ï3T 344 IS ? 1720 2450 3118 931 450
C 458 124 M I H IE 137 yznr 1720 7393 2404 344 405

*5Jt : A 504 448 325 267 201 180 309 1828 2462 2907 1269 736
3 554 534 337 57 59 112 344 1720 2387 3133 1023 512
C 466 153 55 H i ? ? ME h t 1720 1220 2670 344 430

L A 291 138 100 i4a 144 ky, 2374 6215 5601 1135 365 135
3 2L2 • r t f 56 123 74 TÉÌT 2168 5905 SJ! 5 365 322 i nC TtT 54 -4 52 51 11 à 1 ¿96 lit ZÙ 1 wM 550 ¿36 t 0 c " 'I w 3

/ ô 6



vooe 1 -simu 1 ated monthly stream fl cws for control
(Little Sn ak e ver near Saggs♦ w/o♦ ) are o rasenteo 

S *  * or* 3 ¿J ̂  -f-j **W» t» -?M u/ 1 ^ £ 3 ¥h*

•vo •  ̂ 5 i m *j 1 a t e Q monthly m e a n s t r e a in f 1 o * s for n t s t o r t c 
without oroposeo transmounta»n diversions vary from 

a n a * * n average aosolute variation of 6 percent*

This indicates that the model can reasoned 
conditions at this control point (fig* 1 )* ^hich is 
of tne proposed hcg Park transmountain diversion ana

|y
and °otHook Reservoirs.

A

po i nt ¿o 
i n t a d  s s 
conditions 

- 8  to *3 percent

1 y predict 
located downstream 
the proposed

Sandstone



£or reservo« r oevG I OQ-Tient in option L «izn out cr»e r:jc, ferA 
- r an smou n r 3 i n diversion» nc change i n Flow wos noticed fro~* zr,& 

historic conai ti pns (tables **Z-<*o) oecauss neither eogjWock 7 1 0 V 
Senes tone 3eservoi rs -ere considered for tnis option. Sines r.rsrs 
»ere no diversions for option L» the increase in allocation percentage 
similarly nao no effect on tne flow s tat i s t »cs (tao l as ; . In
reservoir-deve1ooment opt•ons 2» 3» and 4, 3ocn upstream reservoirs 
were considered and tne flow statistics were reduced principally 
during tne spring-runcff months of Marcn* April» May» and June, 
meservoir-develooment option 4- flew statistics were the most regular 
with less flow during the spring runoff and more flo« during tne 
summer and winter months. 3y regulating' tne monthly f1o«s as this 
location, additional flow was also oeing supplied for tne lc«— flow 
montns for tne downstream Dinosaur National Monument.

Simulated streamflow statistics at control poinc A-3 most 
si ;nificantly reflected the potential effects of proposed withdrawals.. 
Oy the Hog Park tr ansmounta i n diversion durin<; April throupn July.
This diversion effect can most easily oe seen in t a d e  **3 «nan IGC- 
percant water—use allocation of the transmountain diversion «as 
added, resulting in zero flow for qhe month of Jul/ during many 
years.
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fo r  h is to r ic can ài ~Z”Qn3 p f lh : :o  ;'ere enÒ orc7isrr:cwztcin d iv e rsio n s

[FLOW VALUES: A=MEAN; 3=MEDIAN; and C==30-PERCENT cvrrr■:AuC2DANCE. Underscored
va Iues are la ss than hist;orîc conditions wit ho ut transir»cunta i n d t verslonsj

FLOW monthly FLOWS, IN CUBIC FEET PER SECOND
VALUES OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

SIMULATED HISTORIC CONDITIONS
A 64 93 33 77 96 285 1069 2296 1341 135 28 34
3 m 78 78 66 33 222 347 2263 1305 65 13 17Ç 25 54 55 54 55 140 446 1389 889 21 3 10

SIMULATED HISTOR 1C CONO IT• i o n s  w i TH ICO PERCENT OF TRANSMOUNTA1| DIVERSIONS
A 64 93 S3 77 96 235 a Lq

v  ■ J 2163 1715 37 23 34
3 49 78 78 66 88 222 730 2140 1672 0 13 1 71u 25 54 55 54 55 140 M 12A1 761 0_ 3 10

CALCULATED SI’RE AH FLOW FROM GAGING-STATION I ECOROS
A 66 96 35 79 • . 95 343 1017 2432 1350 136 26 37
3 50 36 78 74 83 260 920 2412 T 306 30 14 6
C 17 54 55 55 56 159 576 1403 568 21 3 T

/ O f



1

Table k }. O » ̂ enzee ncnthl >■ otT5£S7i b * w w 0J
cen tre  > jo r 3 (L Sndke r.iV3T ■/'.S.CT 3ac 1‘ O

' j i t h 23 percen t g riez il zrd  no iron s ncuntz r sie n s 3
end j i t h 25 : 'erceno ü  B th z e rie k tv u rz l cf.s» ■ m*yt/*y*sm auntcin d iv en sie n t i  hid

in elu d in g  1 00 percen t op uncLu.scn*ua1  ds£ r e n ia i rcS ccv e rsic ns fe v Z > v 0 c*tat<><4.
i FLOW VALUES: A-MEAN ; 3=M£01 AN ; and C=3o-PSRCENT EXCEEDANCE.

Underscorad values ara lass chan correspondt ng cab la 42 h i SCOT tc ccnd î trions î

OP- FLOW MONTHLY FLOWS , IN CUS IC FEET P£R SECOND
T10N VALUES OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS
! A 64 93 33 77 96 285 1069 2296 1341 135 23 343 49 73 78 66 38 222 347 2263 1305 ■ r U03 13 17C 25 54 55 54 ' 55 140 446 1369 389 21 3 10
2 A 56 86 32 31 98 273 1030 2299 1 325 179 36 363 W 76 73 65 38 210 3o3 2223 1781 57 24 21C 22 * 11 53 62 127 390 1260 373 30 22 20
3 A 54 34 1 1 77 96 275 1033 2302 1325 179 35 363

C
35
20

71
s

TsT
52

63
54

35
60

213
i l l

314
w

2250
1307“..J'tf J

1.791
373 ► 1

57
12.

23
22

21
19

u A 67 100 SixV • 38 94 243 300 2007 1303 243 345 2023
C

41
l i

79
»

75
Ü

70
50 H55

w
135

521-
251

1326 
10 13

»715 
”3 09"

205
45

367
162

191
12

WITH TRANSMCUNTAIN 01VIERS10NS
] A 64 93 33 77 96 235 1037 2264 1809 153 23 343 49 78 78 66 38 222 315 2236 1773 33 13 17C 25 54 55 54 55 140 414. 1337 357 0 3 10
2 A 57 83 32 30 ooJ J 272 994 2264 1793 152 36 373 43T BcT 7$ 70 90 209 766 2177 1759 25 24 1 W

C 11 47 i l 53 64 h e 356 1220 34i 12. 22 T G* V
3 A 55 85 SO 79 95 274 1001 2267 1793 152 36 363 i f 76 76 63 213 77 3’ 2211 1759 25 23 n 1 44 lC 22 IE 52 54 o2 H E 3 6 0 1245 ~ E L 2£ 22 I9
lx A 66 101 34 36 ■ 9A 245 767 1973 1773 232 341 1913 4l 79 75 70 H7 194 îicîi 1794" 1679 150 357 171C 17 4o • > 51 54 ocf 1 33 w Sto 111 20 -1 ^ 3

i f f



Table 44. " ciòtta 
con tro scino 43 (Zitti

includine 103 oercent wMmsi

¿toted  r.cntn^u stvecrr* ÿuÛ/O y
"¿zkc d iv er near Boggsy ri vo n y

c?jd ”jo vrcr^ncvT.tain d iv e rsio n s ,
r e d  erd  srcTisnoiintain d iv e rsio n sy
rrun ic'iod  d iv e rsio n s fo r  d t  siniL

[FLOW VALUES: A=*HEAN; 3~M£DIAN; and C=3ù-PERCENT EXCEEDANCE. | | 
Underscored values are less than corresponding table 42 h isto ric  conditions 1

MONTHLY FLOWS, IN CU8IC Ft ET PER SECOND
OP- FLOW

I I  ON VALUES OCT. NOV. OEC. JAN. FEB, MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERS IONS
1 A 64 58 33 77 96 285 1069 2296 1341 185 28 34

8 49 73 78 66 88 222 347 2263 ISOS 65 13 17c 25 54 55 54 r*00 140 446 1369 885 21 3 10

2 A 56 93 54 50 102 265 967 2256 1813 154 54 41
3
C

AO
26

39
56

85
70

92
52

35
l i

205
135

751
323

2125
1206

1779
360

73
59

45
45

26
26

3 A 54 90 37 33 97 267 980 2266 1313 194 t u 4t
3 w ÏÏ5 77 75 88 204 76F 2142 1775 73 26
C 1L 49 5<T * 53 57 i n H E 1206 " m 59 45 26

f. A 65 Ott 51 36 54 242 803 2004 1738 24« 340 17 /
3 AO to 75 70 m W 52ÜT i t l f 1695 217 355 T4l
r>U 1 1 49 51 50 55 135 255 1022 321 65 146 12

WITH TRANSM0UNTAIN DIVERSIONS

1 A 64 53 33 77 56 285 1006 2232 1777 125 28 34
3 49 78 78 66 88 222 733 220? 1741 2 13 17
C 25 54 55 ■ 54 55 140 111 1305 325 U 3 10

2 A 56 98 100 92 101 256 896 2175 1750 142 54 41
3 m 97 91 82 53 216 1ST 2033 1715 I T . 45 26
C 22 59 63 56 60 h e HI 1142 756 11 45 26

3 A 55 ..95 54 39 101 265 904 2186 1750 142 54 41
3 39 94 . 84 78 92 203 0S 7 2043 1715 32 m r* 26
C 20 51 63 52 63 136 292 1U2 796 21 45 2i



Table k S .—Surerary o f  siorulaeed monthly séneca: flo w s, 
corterot peine 43 C o ite le  Snake R iver near S ag e s, *\*o . ) , 

w ith 73 percene o f  a g r ic u le u ra l ana no eransm cim tain d iv e rs io n s , 
ana -with 75 p ercen t o f  both a g r ic u ltu r a l and transm ountain d iv e rsio n s3 an 

in clud in e 100 cercene or ir td u str ia l and m tn ic iea l d iv e rsio n s -or a l l  s ie u la t yns

[FLOW VALUES: A»MEAM; 3-MEDIAN; and C=*3Q-?ERCSNT EXCEEDANCE. 
Underscored values are less than correspondtng table kZ h isto ric  conditions!

OP
TION

FLOW
VALUES

MONTHLY FLOWSI IN C!JBIG FEET PER SEC0N0

OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS
i A 64 93 83 77 96 235 1069 2296 1341 135 23 34

3 49 78 73 66 38 222 347 2268 1805 65 13 17
c 25 54 55 5 V 55 140 446 1369 389 21 3 10

2 A 55 120 141 134 113 259 874 2131 1753 216 76 54
3 39 125 134 134 101 217 m 1739 1737 106 67 40
C 62 84 73 62 130 317 1153 ~ m Sa¡H j 37 40

3 A 54 113 153 137 123 266 376 2109 1739 216 76 54
3 40 125 161 143 106 222 634 1752 1737 106 67 40
C 2£ 53 108 35 67 131 H T 1153 348 39 67 40

1 A 61 99 89 84 94 242 805 2001 1773 255 322 157
3 1Si 78 75 70 Ü w 529 1335 1673 228 353 102
C H 49 5± 50 55 TW 253* 1026 324 30 140 9

WITH TRANSMOUNTAIN 0.1 VERS IONS

1 A 64 93 33 77 56 235 975 2200 1 746 104 23 34
3 49 73 73 66 83 222 751 2172 1709 0 13 17
C 25 54 55 54 55 140 350 1273, 793 0_ a 10

2 A 74 126 149 124 125 267 77 ó 1986 1694 141 .30 I mJ
3 57 124 140 133 115 223 523 1690 1¿31 4o 67 f4Q
C 22 61 111 62 73 143 255 1040 752 ' X L 67 bQ

3 A 70 127 153 136 130 271 730 1963 1638 l4l 86 53
3 56 123 154 148 118 223 522 1Ó5Ó 1607 46 67 ho
C 22 61 114 63 67 143 313 1031 752 H 67 ,Jr0

4 A CQ 103 83 31 -4 251 709 1399 1632 pf» 311 148
3 j t 78 75 7° n 200 m 1739 1577 160 354 37
C To 49 51 55 56 W m 930 723 31 140 a

E.

/ / 4 L



Tabla 46.— Sier p t S y  s t a u .

c e n tr â t  t a in t  43 ( L i t t le  Snake near , m g
with ICQ t s r e s n t  o f  a g r ic u ltu r a l  an¿ -na transaour.tavn atv  ,

and with ICO te r e sn t  o f  bath a g r ic u ltu r a l  , ana
including 100 te re sn t  o f  in d u s t r ia l  and d iv e rsio n s fo r  s^.-uoattc?

[FLOW VALUES: A=>MEAN; 3=MEDIAN; and C-3C-PERCSNT EXCEEDANCE.  ̂
Underscored values are less chan corresponding cable 1*2 htscbrlc condicions]

MONTHLY FLOWS, IN CUBIC FE;et per SECOND
OP- FLOW

T1 ON VALUES OCT. NOV. DEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMQUNTAIM DIVERSIONS
1 A 64 93 33 77 96 235 1069 2296 1341 135 23 34

3 49 78 78 ■■66 38 222 847 2263 1305 75 13 17
c 25 54 55 54 55 140 446 1369 389 21 8 10

2 A 38 142 143 113 109 256 343 2039 1772 239 aqj  0 75
3
C

82
23.

139
71

136
32

104
60

. 99 
54

220
114

563
342

T 7 S 5

1078
1691

g p r
132
119

39
39

53
53

3 A 39 140 151 120 112 264 347 2020 1767 238 qq .J J 74
3 32 139 150 106 100 215 548 1 758 1651 132 33 53
C 24 i«»/CO 92 62 55 140 J 5 S ïotüt 335 119 39 53

4 A 53 59 36 • 82 54 241 308 1999 1769 264 296 *139
3 k 75 75 70 5 w 531 1839 1652 131 323 33
C n Ü 50 55 i n 261 1030 330 119 143 3.

WITH TRANSM0UNTAIN IfV ERSI ONS

1 A 64 93 33 77 96 235 QhQr ■ u 2163 1715 37 28 34
3
C

49
25

73
54

78
55

66
54

33
55

222
.140

730
H I

2l4o
1241

1677
761

0a 18 
3

17
10

2 A 102 141 137 110 112 250 737 1373 1641 145 106 95
3
C

92
39

142
64

123
70

50
53

90
62

207
107

4S9
3 0 2

1o30
1 5 7

1 5 5 4
707

0 0
47

33
39

63
53

3 A 95 143 146 114 115 271 741 1855 1636 144 103 1 37
3
C

37
39

153
66

136
63

94
56

97
67

220
140

W T
300

1 6 3 0
874

Ï55o
707

66
47

89
33

61
53

I A
3
C

53
13"
l i

105
76
49

35
75
51

78
63
55

95
m

56

254
201
135

633
403
1 7 7

1364
1711

339

1641
1524

702

134 
1 -*Q 

48
236
323
136

131 
53 
,t> /

/ / s



'•'ode 1 -s » mu 1 a ted monthly streamflcw statistics for central 
ccint ¿*1 ( vampa River near Deer 1 cage Per‘<* Colo«) ere ■'or esente a ■ i n

r-Vro/va
tao» es Tnis site is . l ocated .downstream. ^  c!̂ e confluence
of the Yampa and the Little Snake Rivers and near tne entrance to
3inosaur Natione 1 Monument (fig* l ) ♦ All flow statistics given in
taoles ^7-51 for less than the historic values are underscored.
Al though no streamflow record is avail sole at. this site* ttie historic
simulated flow statistics should conform.to- tne actual streamflows
as there «as close agreement for the nearest uostrsam- scation's ,w ^A
vamp a R i ver at Mayoe 1 1 ( control point L3 } ano the L i tt 1 e Sna*e
River near Lily (control point" ¿+2) .

The vampa River at Deer lodge °arkt is tne Iast downstream
control point in tnis river-oasin simulation. as such* this location
represents the total effect of all reserve» r-devQlopment options*
cransmountain ai versions* and water —use allocation on the outflow
from the Yampa River basin« An average monthly desired s t r e am fio**
of 75G ft3/s was specified at this control point« This *es computed
from a comp»nation of tne 690-ft^/s desired flow at the Maycel 1 

J2/$V
strean^ gage (control point L3) and the Little Snake ¡̂\ter aralnage 
input« This minimum desired flow was established on the oasis of 
the !##§ Colorado River Compact ana the proposed wild ana Scenic 
R i ver desi gnat ion w i tn in C i nosaur Mat i onal Monument (H• j V Eel isle* 

U«S« Water and Power Resources Service» formerly U*S* Bureau cf 
Reclamati on, written commun«* L976)«

iU t



At tn ii s downs trearn point in the Vampa R i ver basinr tne screen-flow
stati st i CS weresimi Tar for reservoir-jeve1fcoment Opr. ions L» 2 *
and 3* because of the size o f the upstream Juniper and Cross

up 3 tr s *-r'Mountain Reservoirs and the otner smaller proposed^reservotrs 
upstream (taole 2) and also oecause of the oesíred f1ow requ*rement 
at this location, the flow statistics indicated large regulated 
impacts for the monthly flow values (tables <+8-5l). The des»red 
flow of 750 ft^/s is maintained throughout reservoi r-cevslopment 
options It 2t and 3 for water-use allocations at tne 25- and 50— 
percent levels (taoles ^8 and Several values less than the
750-ft^/s desired flow can be seen in tadles 50 and 51 anc at tne 
75- and lOO-oercent water-use allocation* A slight decline in flow 
was also noticed with progression from reservoir-cevelooment options. 
!♦ 2t ano 3, aue to increased proposedreservo¿r development upstream 
in the basin. Option ^without Juniper and Cross -iountain Reservoirs 
reflected a  f a i r l y  traditional annual hydrograph with a slightly 
reduced level of flow* and appears least affected by the water-use 
allocation percentage increases (tables ^3-51). Because of the 
more traditional annual hycrograph (table A>7) » reservó i r-aevel opment 
option A** as well as the historic conditions» meets the hypothetical 
750— ft3/s desired flow target for 6 or more months eacn year 
(tab 1es ^8-51)* ^

115



The flow statistics with occh v i dl er ana hog °  a r'< trap s noun ta in 
diversions at tne LOG-percenn allocation are presented in table 
^8* The combined effect can be easily noticed «nen compared to 
tne historic flow statistics» out when included with reservoir- 
develooment options (tad 1es ^9-5 1) • it has tne effect of recucinq 
the number of months that the desired flow is met for doth the 
median ana 5-year low-flow (30 percent exceedence) statistics*

L 1 6



Table kj. "Sur.rrrory o~ szr
contro  > co in s 41 (ZCOTTO CZ ?,ÌV  *

k isz o v ic  co n cisio n s end wish 1.

*sOm .0^^/%^^ O V  C ✓ v̂ e -W O  }
'ccccc Zs seced e a P crk j ZoZo. >3 
'S evern * o f  srensrreuntzein  d iv e r s io n s

[FLOW VALUES: A=m£AN; 3=M£DlAN; and C=*80-?ERCSNT EXCEEDANCE. Underscored 
values are less than historic conditions without transmouncain diversions]

FLOW MONTHLY FLOWS, IN CU3IC FEET PER SECONO
VALUES OCT. NOV. OEC. JAN. FE3. MAR. APR. MAY JUNE JULY AUG. SEPT

SI MULATED HISTORIC C0N0ITI ONS

A 517 513 461 424 499 1223 4359 9932 3143 1721 424 295
3 1+53 483 445 402 435 933 4030 9408 31 a i 1410 340 243
C 279 3̂ 3 361 346 375 353 2527 6638 5611 646 181 114

SIMULATED HIST’CRIC CONO IT"IONS Ü TH 100 PERCENT OF TRANSMOUNTAII t  DIV ERSIONS

A 438 408 374 346 421 1145 3856 9413 7631 1363 361 - 227
V 3 W “00 mm 324 357 T'-c T'-W"odd 3d 11 8890 7662 1029 H 7 ToO

C 211 IS ? 267 264 297 775 2105 6 î 69 5092 382 131 72..n ' 1

m



Table■ W . o f  3trrj.la.02d ncnokly sorecrtf 
ccmovot oodnt 41 Clarrca R ivev  near Doeylodga Pcark, 

25 oevceno or aaydcoiZziara3 -card no oTaoisrrc&btta in
end 02VC27VZ Of both

■ including' osyosnro o f >/Ch«i»<AO
y a Z  and acornsrr.cionoaon. 
rzoaioisaZ divoysions

rns>
„vers* a?zd

f
Underscor

FLOW 
ed va

VALUES: 
lues ar

A-MSAN; |  
a less than

»MEDIAN; and C=80- 
corresponding tab

PERCENT EXCEE 
le 47 n istori

1 DANCE, 
c cond 11 ions *

i

MONTHLY FLOWS, in Cu bic  fSET PER SECONOOP- FLOW
TION VALUES OCT. MOV. OEC. JAN. FE3. mar. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSMOUNTAIN DIVERSIONS
i A 7̂ 0 733 733 750 742 363 2052 7056 6337 2235 350 761

3 750 750 750 750 750 750 1690 6130 6470 2030 306 750
iw 750 750 750 750 750 750 961 34§ir 3725 1369 750 750

i A 740 733 738 750 751 360 2021 7452 7312- 2244 357 760
3 750 750 750 750 750 750 l6p6 6722 7039 2013 322 ' 750
C 750 750 750 750 750 750 924 3747 4040 1375 750 750

3 A 740 733 738 738 739 354 2131 7217 7113 2233 360 760
3 750 750 750 750 750 750 1749 6403 6702 2013 327 750
C 750 750 750 750 750 750 946 is y r f f f ? 1375 750 750

ft*T A 415 373 373 361 429 1029 3649 5143 7955 1703 691 407
3 339 330 w 333 367 750 3320 w n a 3G23 l 303 750 393
r 207 202 w 273 317 705' 205F 6232 5443 750* 750 *****2J _

WITH TRANSMOUNTA1IN DIVERSIONS

1 A 740 733 733 750 742 355 1937 6735 002/ 2194 347 76l
3 750 750 750 750 750 750 1537 5720 6125 1953 305 750
C 750 750 750 750 750 750 922 345,2 -  > -*/" ¡fJ O / o 1337 750 750

nL A 740 738 733 750 751 359 1894 7155 7148 2204 354 760
3 750 750 750 750 750 750 1496 6379 6325 1331 320 750
C 750 750 750 750 750 750 35o 3*15 3727 1355 750 750

3 A 740 738 733 738 738 853 1994 6896 6943 2199 857 760
3 750 750 750 750 750 750 1645' 5911 65 9̂ 198 1 325 750
C 750 750 750 750 750 750 910 3446 3665 i?icr' 750 750

4 A 411 333 330 337 406 1012 3513 9011 7328 1613 873 333
3 324 o3T 320 31 343, 730 IT S? 355?" 739̂ 1173 730 373nu 207 T42 1 Si 2*2 29̂ 6do 1523 610 3 5 313 750 561 *' - ̂  ,



oTabla 4 9 ." r~ s im lv ®  nontnug
co n tro l co iné 41 (Zorrea R iver m ea? le e r  ledos Rarky Ce l o , )  y 

with 50 cercené o f  a g r ic u ltu r a l  and ne eransmouneain d iv e rs io n s j  
and with 50 cercené o f  both a g r ic u ltu r a l  and eransmoicneain d iv e rs io n s , arad 

ineliuiinc 100 cercene o~ . in d u s tr ia l  and rounieical deversion s g ar  a té  szotusateen s

[FLOW VALUES: A=*MEAN; 3=M£DIAN; and C=30-PSRCENT EXCEEDANCE. 
Underscored values are less than correspondino t3ole 47 historic conditions]

OP- FLOW 
TION VALUES

MONTHLY FLOWS, IN Cl13 1 C 1EET PER SECOND

OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT

WÍTH0UT TRANSMOUNTA1N DIVERSIONS
1 A 741 733 738 750 742 860 1635 5763 5790 2350 1461 972

3 750 750 750 750 750 750 1558 WoZ 4870 2176 1459 343
C 750 750 750 750 750 750 964 3433 jitnr 1963 1333 905

ÿ A 740 733 738 750 750 -347 1607 6006 6416 2362 7491 930/ 3 750 750 750 750 750 750 TIW 4749 5435 2194 1491 943
C 750 750 750 750 750 750 792 3344 3195 1998 1420 315

3 A 740 738 738 738 738 843 1675 5803 SO«! 23ÓQ 1434 =30
3 750 750 750 750 750 750 1410 4¿75 5157 2194 1491 947
C 750 750 750 750 750 750 835 3349 .3189 1993 1421 313

A A 415 350 343 362 432 1032 3653 9026 7913 1693 694 3S0
3 327 315 3A3 337 371 750 3321 8590' 7998 1307 750 34i
C ¿11 142 190 n 319 709 2067 bl91 5339 '750 633 i l l

WITH TRANSMOUNTA1N DIVERSIONS

1 A 741 738 738 738 752 352 * ft, r1 34b 5292 5204 2277 1423 371
3 750 750 750 750 750 750 1471 4399 4343 2125 1459 943

750 750 750 750 750 750 90 Ó 3308 3G26 1907 1372 90S

2 A 740 738 733 733 750 344 12*35 5557 cr>COu> 2301 1474 330
3 750 750 750 750 750 750 1283 4492 4302 2130 1485 343
C 750 750 750 750 750 750 750 3230 3006 1963 1420 915

3 A 740 733 738 738 733 338 1530 5323 5484 2298 1474 930
3 750 750 750 750 750 750 1318 A* 362 /♦ h-Z G T ■ J J 2130 1435 347
C 750 75° 750 750 750 750 750 32BÖI 2995 1963 1415 513

I A 401 304 269 3C6 347 956 ■3392 3764 7660 1537 677 349
3 316 244 235 233* 327 750 3059 3331 773S' 1123 750 313
C 21 i Ï Ï3 104 184 Mß 562 1 <307 533I 5129 750 374 1C8

/ / ?



Table 50.’—5 
co n tro l p o in t 4 

th 75 percent o f  
■h 75 percent o f  
1QG percent o f  i

'uirrxcry o f  sirru lated  tonchio sv re c n flc v s  j 
1 (Zeno a  d iv er n ear De e r ic  doe Zarkj Z o lo .)3 
I a g r ic u ltu r a l  and no oransmountain d iv e rs io n s> 
doth a g r ic u ltu r a l  and transrncunoain d iv e rs io n s> 
in du strial corra m un icipal d iv e rsio n s fo r  a l l  sirrru

[FLOW VALUES: A»MEAM; 3=*MED I AN; and 03Q-PSRCENT EXCEEDANCE. 
Underscored values are less than corresponding table k7 h isto ric  conditions]

OP
TION

FLOW
VALUES

MONTHLY FLOWS, IN CUBIC rEET PER SECGNO
OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT

WITHOUT TRANSM0UNTAIN DIVERSIONS
1 A 743 723 635 66I 634 772 1502 4723 4630 2960 1386 1152

3 750 750 750 750 750 750 1356 4411 4326 2903 2047 1264
C 750 750 637 750 298 5ÏÏ3 974 3412 ffp*. 2663 1378 - 750

2 A 741 738 733 712 664 799 1316 4774 4914 3012 2100 1260
3 750 750 750 750 750 750 ÏÏ5 T Ç2ÏÏT 4373 2945 2099 1299
C 750 750 750 750 750 750 750 323F 305Î 2712 2039 1270

3 A 741 738 729 676 596 722 1306 4625 4725 239O 21G9 1234
3 750 750 750 750 750 750 1168' 4141 4345 2544 2099 1301
C 750 750 750 640 163 w 750 3170 305? 2665 2033 1269

1 A 405 316 310 343 413 1034 3656 3973 7880 1634 698 3573 32? W Ï 311 339 w 750 3328 3515 7383 13CÒ 750 299C 215 120 i l l 259 294 713 2071 6159 5356 750 673 112
WITH TRANSMOUNTAIN DIVERSIONS

l A 703 691 571 475 505 725 1404 4504 4350 2844 1765 1061
3 750 750 750 745 750 750 TISo 43Ï5 Ó6 2307 2030 1251c 750 750 169 n o 131 371 878 3316 3130 2574 1150 750

2 A 715 711 632 63z 608 750 1217 4392 4513 2903 2003 1149
3 750 750 750 750 750 750 1045 401 ë 4154 2853 2037 1295C 750 750 667 450 243 m 750 3053 2=5? 2635 2034 750

3 A 705 711 675 594 557 700 1205 4342 4331 2871 1996 1 136
3 750 750 750 750 750 750 1044 3969 5oW 2841 2097 1237
C 750 750 750 171 137 360 750 2335 2545 2529 2034 750

1 A 395 272 223 256 300 371, 3238 8534 7492 1471 634 3393 315 227 1 3 243 23? 725 2935 m M 7574 1105 750 235c 215 Vis 1QÀ m ? 133 ■ M 1639 5770 4967 750 511 112

/ JL Ô





Summary

a total of 35 major reservoirs has Dean proposed for construction 
in tne Yampa River basin to provide additional water for increasing 
industrial» irrigation» and municipal uses* Additiona 1 1 y » c*o 
transmounta in di vsrsions have been p reposed to transport water to 
the Denver» Colo*» and Cheyenne» Wyo*» metropolitan areas* a 

mu 1 1 ireserveir-f 1 ow computer model was used to simulate the effects 
on streamflow of five potential  ̂ options»
including one representing historic conditions (no additional 
reservoir development) and four reoresenting various degrees of 
reservoir and transmountain-divers* on development* Various 
combinations of t? larger proposed reservoirs and tne 2 transmountain 
diversions *ere used in the model analysis♦

L 2 2



S i mu Vatea month!y s treamf1o *s at ^7 sites throu¿tout tre Yampa 
Piver basin were catermined for the following conaitions:
A* Historic conci cions:

L. Historic cone i t i ons 1 i tnoat any proposed a « versicn s •
2* Historic conditions with ICQ percent of propasea transmountarn 

diver s i ons ♦
3* Peser vo i r-davel opment options L-A:

I• Allacat * on of 2 5 oercent of total active reservoir storage 
for agricultural use without any transmounta»n aiversions» 
ana including LQQ percent of industrial and municipal diver

sions.
2 • a 1locat i on of 25 percent of total active reservoir storage

for agricultural use with 25 percent of prooosec transmounta*n 
d i vers * ons t and including LOG percent of industrial and 

municipal diversions.
3. Allocation of 50 percent of total active reservoir storage 

for agricultural use without any transfnountain diversions» 
and including LOG percent of industrial and inuniciijal diversion

A- Allocation of 50 percent of total active reservoir storage
for agricultural use with 5C percent of proposed transmountain 
diversions» and i nolud i ng 1 0 0  percent of industri al and 
municipal diversions.

5. Allocation of 75 percent of total active reservoir stor age 
for agricultural use without any transmounta«a diversions* 
and including IOC percent of industrial and frunicipal diversion

12 3



6 . Allocation of 75 aercant of total active reservoir storage for 
agricultural use „itn 75 percent of proposed trans.nountai n 
diversions» and including 130 car cent of industrial a n 

municipal diversions«
7. Allocation of IOC percent of total active reservoir storage 

for apricultural use without any transmountain diversions.
and including 1 0 0 percent of industrial and municipal diversions 

3. Allocation of LOO percent of total active reservoir storage for 
agricultural use with LCC percent of proposed transmountain 
diversions* and including LOG percent of industrial and atunicipa 

d » ver s i ons «



3Q ;

Results of th is study »era designea t? lenonstrate tf-.e 
. J W  of J computar jreservoi r-mcdet ing/ technique ,n ne 1 p i n

to evaluate certain areas of concern for oroposed reservoir 
d e v e l ootren t int.heYampa River - basin. i o i s stuoy» as presented, 
is an extension of some ear 1 ier resarvoir-mcdeltng «or'< completed 

for the Yarrtpa River basin (0. 3. Adams» 3. ?. 2auer» R . w. Gale» 
and T. 3. Steele, written commun.» 1980). Results presentac m. 
tnis report are somewhat speculative because cf assumptions -nicn 
Had to ce made for the model application and also-because of tne
1 imi ted possiDIe reservoir-development schemes wnicn -ere considered 

for tne study« ihe results, however, do present some possible 
impacts of tne oroposed sequential reservoir developnent in tne 

Yampa River basin.

8 y varying the percentages of agric u lturai ano transmountain 
diversions witnin each proposed resarvoir-development opt ion, 1 esser

N
degrees of development than tnose currently (1979) proposed -ere

thus provi¡ding resalzs for a
s * u 1 m.of tnese ations^provia

w i t h  some insign't on how proposed s u r f a c e - w a t e r  developments - i l l  

affect minimum streamf 1 ows.

L 2 5



Curing the partial model veri fication for cne o 3S i n * the fit
of toe mean itontnl y streamflow statistics to s treamf 1 o*-gag • nc-
station records» statistics are good to fair (5 to G3 percent)* i ¿."f a a r\

main-stem Yampa River model osvcf s t reamf 1 o^-gag i ng
S® m iiV l a ¿c #*. - dj - •/station record statistics sS/iatM'CL decrease^ in the downstream

t * * * *C/¡'»'»er?.aC ^direction from minus 5-percent^at Steamooat Springs to minus 
cii-ffere. ac

20-perce-nt^ at the Craig or Maybe 1V streamf1ow-gaging stations*

Mode 1 -s i mu 1 at i on results for nine reo resen tat i ve control points 
presented in this report are summarized below* Results for tne 
remaining 38 control points may oe obtained from the U*S* Geoloci cal 
Survey for tne cost of computer and reoroduction time.

For certain tributary locations— namely Elk River near Trull
(control point 38} and Trout Creek at mouth (control point
the monthly flow statistics are far less affected by allocation

sera e. rpercentages or development option th^n^the Yampa River m a »n stern. 
The transmountain diversions also have little effect for tnese two 
locations* In general♦ the 50-year monthly flow statistics for 
any tributary to the Yampa River exhioi t regulated flow patterns 
only if that tributary had one or more reservoirs upstream*



Tne Vamoa  ̂iver xa i n-s tern s i ces res:ond in di ffere^t
cependinj on t^eir location in the proposea reservoir system ana
other downstream ana uDStreafn demands. In general » all locations
studied responieo to increases in agricultural-aiversion «eter-use
allccotion cercentage and trans*Tountain diversion with reduction

\7Jf"fu£ rt t ' S S f S~*r £  - i | R  * m  r*i*̂  | \ f> C.c *’ S  C 2 i d  jQ ^ 
in s t r e am f1 a w • In so^e^
/neri,if*d ¿/ rz ,!* *± - - s  r t S s t r / C ] ^ S  >v i +*r *  *us\ST**

rese c, j-r do ,y>. a „ ¿¿q

The V idler ana Hog Park transmcuntain diversions nad noticeac1 a
effects on most Yampa River main-stefn sites# Tne Vialer t r ansmoun ta i n

dClro/y**diversion affected all Yamoa River locations downstream ^  Steanrocat 
Spr»ngs ♦ Colo*t while the Hog Rark diversion affected all Little

m m  K  I .Snake River 1 ocati ons downstream SpS approx 1 mate!y 0 «xon• a ,0 * 
effects of 0 0th diversions were recognized at the Yampa River near 
Deer lodge Park location* The Steamtoat Springs location is most 
highly affected oy tne Vidler transxountain diversion with lesser 
impact downstream*

■ 1



Cf the nine sites of interest presented in this report» tnree 
or the sites nad some periods of crcjecteo zero flow for tne 50- 
year monrnl/-flow simulation. The Steampoat Springs 1ocation naa 
periods of zero flow when the V^odler trans-ucuntsin ai version was 
included for reservoir-development options 3 ana 4 at the proposed 
25-percent water-use allocation and for all options a t t n e  100- 
percant water-use allocation. The Craig location on tne Ya.mpa 
River nad some zero— flow periods in r eser vo i r-ceve 1 oomen t op t i on 
at the 25-percent water-use allccation level» increasing to several 
instances of zero flow for all options at the ICO-percant watsr- 
use allocation» both with and without the Vidler transmounta*n 
diversion. The Yampa River at Mayoell location maintainec some 
flow in all the monthly flow scati sties unti1 she » rr i. Ration-water 
allocation reacret 75-percant water-use allocation. At this 75- 
percent water-use allocation» several zero-flow montns cccurf»^^ 
especially during the low-flow season of summer and fall
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