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In t roduct ion 

Development and Use o f  the North P l a t t e  River Management Model (NPRMM) 

The o r i g i n a l  version o f  the NPRMM was developed a t  the Universi ty 

o f  Wyoming Mater Resources Research I n s t i t u t e  (WRRI) by Or. Tsong C. 

Wei a t  the request o f  and w i t h  f i nanc ia l  support by the U.S. Bureau o f  

R e d a m t i o n  (USBR).  The model was used t o  simulate North P l a t t e  River 

operations t o  the Wyoming-Nebraska State Line under various options and 

especia l ly  the evaluat ion of the impacts o f  enlarging Seminoe Reservoir. 

The impacts were evaluated and assessed by comparing w i t h  present 

conditions. Tests performed included maintaining minimum pool i n  

d i f f e r e n t  reservoirs,  providing minimum f low i n  selected stream reaches, 

l i m i t i n g  f l o o d  discharge a t  system ou t le t s  t o  p ro tec t  downstream areas, 

and combinations o f  these operations w i t h  other features. Based on the 

simulat ion resul ts ,  changes i n  present operation methods and future 

development were suggested, and i t  was concluded t h a t  an enlargement o f  

Seminoe Reservoir could not  be j u s t i f i e d .  Test r e s u l t s  as wel l  as 

supplementary informat ion were presented i n  "North P l a t t e  River Opera- 

t i o n a l  Options Study w i t h  or without an Enlarged Seminoe Reservoir Using 

a Simulation Model," by Tsong Chang Wei, June 1977. 

I n  response t o  requests from various sources dur ing 1980, a re- 

evaluat ion o f  the model was i n i t i a t e d ,  again w i t h  f i n a n c i a l  support from 

USBR. The work was performed by M r .  Michael Akerbergs, who was also 

associated w i t h  WRRI and resul ted i n  modif icat ions t o  the model and 

input  data (Akerbergs, 1981). Result ing reports were "Final Report 

North P l a t t e  River Management Model Revision" and "User's Manual - North 

P l a t t e  River Management Model" both w r i t t e n  by Akerbergs i n  March 1981. 
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These repor ts  a re  located a t  the Univers i ty  o f  Wyoming Water Research 

Center (WRC) 1 i brary. 

Work performed by Akerbergs included: 

1, 

2. 

3, 

4. 

5. 

6- 

7, 

a. 

9. 

10, 

11. 

Transfer o f  the model from the Xerox Sigma-7 computer t o  a CDC 
Cyber 730/760 sys tern. 

Review o f  the e n t i r e  set  o f  h i s t o r i c a l  f l ow  inpu t  data. 

Data update through water year 1980, 

Revision o f  the In land Lakes accrual and del ivery.  

Revision o f  water usage and accounting below Whalen Dam. 

Revision o f  the Glendo Un i t  del iver ies.  

Revision o f  the p r i o r i t y  order f o r  i r r i g a t i o n  season natural 
f l o w  d i s t r i b u t i o n  was changed to: 

a. 

b. 

C, 

d.  

e, 

f. 

9. 

Five Di tch i r r i g a t i o n  demand. 

North P l a t t e  Project  d i r e c t  f low senior t o  the storage 
r i g h t s  (up t o  s ta tutory  l i m i t ) .  

Path f i nde r owners h i p . 
Guernsey owners h i  p. 

Kendrick Pro ject  (Seminoe ownership - Alcova ownership - 
Kendrick d i r e c t  f low).  

Glendo Un i t  ownership. 

River water, a lso refer red t o  as excess-to-ownership 
water. This i s  the amount o f  water i n  the r i v e r  i n  
excess of any other demands. 

System evaporation was increased by 22 percent. Guernsey 
evaporation was taken i n t o  account. 

Grayrocks Reservoir deplet ions o f  the taramie River were 
included. 

R e s t r i c t i o n  o f  4,000 c f s  (when possible) was placed on the 
f l ow  a t  the s t a t e  l i ne ,  

Alcova and Glendo Reservoir capacit ies were changed due t o  
resurveys. 
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The Akerbergs revised model was used by Banner Associates, Inc. f o r  

Panhandle Eastern Pipe L ine Company o f  Houston, Texas dur ing 1981. 

Their usage o f  the model was t o  determine how much water was avai lab le 

f o r  diversion from the North P l a t t e  River between Alcova and Glenda 

Reservoirs. 

Purpose o f  the Current Study 

I n  1983, R.W. Beck and Associates performed a Level 11 Reconnais- 

As a p a r t  o f  the sance Study o f  Deer Creek fo r  po ten t i a l  development. 

study, the USBR was requested t o  use the NPRMM t o  determine the ef fect  

o f  the deplet ions by a Deer Creek Reservoir on the North P l a t t e  River. 

The problem was approached by adjust ing the Alcova-Glendo Reservoir 

reach gain by the amount o f  the deplet ion by Deer Creek Reservoir as 

determined by Beck. The model entered an i n f i n i t e  loop, and no resu l t s  

from the model were obtained. Akerbergs, i n  h i s  studies o f  the model, 

a lso ran i n t o  t h i s  type of problem when untested par ts  o f  the model were 

entered. 

Due t o  the problems encountered w i th  the NPRMM, the Wyoming Water 

Development Commission (WWDC) requested the a i d  o f  the WWRC t o  again 

re-evaluate the model. The re-evaluation was t o  determine i f  the NPRMM 

was i n  s u f f i c i e n t  working order t o  use f o r  the Level 111 studies o f  Deer 

Creek and the L i t t l e  Snake River Management Project. WWRC contracted 

the model evaluat ion t o  Western tlater Consultants, Inc (WWC). The 

o r i g i n a l  scope of work included: 

I. Fami l i a r i za t i on  w i t h  the model i t s  assumptions, calculat ions,  
and operational requi  rements. 

2. Development of shor t  and understandable documentation o f  the 
legal  and funct ional  assumptions made i n  the model. 
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? 

3. 

4. 

S. 

Development o f  an operational debugged version o f  the model. 

Meet with representatives of the WWDC, State Engineer's 
Off ice,  and Attorney General's O f f i ce  f o r  purposes o f  discus- 
s ing the r e s u l t s  o f  tasks 1 - 3 and developing potent ia l  
rev is ions t o  the model. 

Development o f  three addi t ional  versions o f  the model. These 
versions will be establ ished a t  the above references meeting. 
I t  i s  l i k e l y  t h a t  these versions w i l l  address operation o f  
Glendo Reservoir power pool, the In land Lakes diversions, and 
a model update. 

During the course of meetings among WWDC, the State Engineer's 

Off ice,  Board o f  control, WWRC, and WWC personnel, it was decided t h a t  

the model update would be performed under t h i s  contract  and rev is ions 

t o  the model for evaluat ion o f  Deer Creek and L i t t l e  Snake Diversion 

water would be performed under the Level 111 Deer Creek and L i t t l e  Snake 

Rive Management P ro jec t  through WWDC contracts. 

Mode 1 Do cumen t a t i on 

I n  the course o f  f a m i l i a r i z a t i o n  w i t h  the model, i t  became evident 

t h a t  many o f  t he  model operations were not  s u f f i c i e n t l y  documented i n  

previous write-ups by Wei and Akerbergs. This sect ion w i l l  address 

those model operations not  s u f f i c i e n t l y  documented. 

Running the Model 

The WWDC has recomended t h a t  the NPRMM be run on the Univers i ty  o f  

Wyoming Cyber f o r  t he  Deer Creek and L i t t l e  Snake River Management 

Projects. The reason behind t h i s  recommendation i s  t h a t  1) the current 

model i s  operational on the Cyber 730/760 system a t  the Univers i ty  of 

Wyoming, 2 )  t h a t  rev is ions made under t h i s  contract  were made on the 
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Cyber, and 3)  WWRC i s  s t a r t i n g  a l i b r a r y  o f  models used on WDC projects 

t h a t  w i l l  be operational on the Cyber and i t  would be more convenient t o  

have the model avai lab le through t h i s  source. 

For these reasons, i t  was f e l t  a deta i led descr ip t ion o f  running 

the model on the Cyber was warranted. Underlined port ions o f  the 

descr ip t ion represent what the Cyber provides as prompts. 

To run the North P l a t t e  Model: 

Get,DNPDT3=NPOPDAT ( o r  o ther  modif ied -- data f i l e )  

Get,NPOP (Main program) 

Rew i nd , * 
FTN, I=NPOP,GO,L=g,ROUND=/ 

[Program i s  now running, be pat ient ,  i t  w i l l  take a 

Output i s  NPOT 
To send output t o  the Un ive rs i t y  o f  Wyoming l i n e  
Iv inson Center. 

COPY SBF , NPOT ,OUT 

Route ,OUT, DC=LP , FC=XK 

whi le]  

p r i n t e r  a t  the 

F€=XX i s  needed, as the output f i l e  i s  about 14,000 l ines.  This 
t e l l s  the U.W. p r i n t e r  t o  p r i n t  out  the f i l e  when demand i s  low. 
Pick up p r i n t o u t  a t  t he  computer center. It i s  recommended p r i n t -  
outs be sent t o  the U.W. l i n e  p r i n t e r ,  as the maximum l i n e  speed 
over the phone 'lines i s  1200 BAUD. 

Running the supplementary programs i s  documented on page 63 of the 

NPRMM User's Manual (Akerbergs, 1981). Operation o f  these supplementary 

programs i s  bas i ca l l y  the same as above, w i t h  one exception. When 

running the program use: 

- / FTN,I=[Program Name],GO,L=g 

The supplementary programs t h a t  provide the greatest amount o f  

usable informat ion are NPDIFSO and NPCOMSO. 
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The Program NPDIFSO compares two d i f f e r e n t  runs generated by the 

main program (NPOP). Difference tab les are p r in ted  ou t  by NPDIFSO. 

Note t h a t  t he  two runs t o  be compared must have the same per iod o f  

record. 

The program NPCOMSO p r i n t s  out component tables from the output 

generated by the main program (NPOP). The component tables are simply 

summary tab les o f  various components o f  the main program output such as 

end-of-month contents , evaporation, and ownerships. 

Irri ga ti on Pro ject  Demands 

A) Kendrick Project: The o r i g i n a l  NPRMM used a constant annual demand 

and monthly d i s t r i b u t i o n  as follows: 

Kendrick Pro ject  Demand (values i n  AF): 

May June J u l y  Aug . Sept. Total 
17,000 20,000 1i ,000 9,000 /o , 000 

Based on h i s t o r i c a l  USGS records (1956 - 1980), the Kendrick 

Pro ject  d iver ted the fo l l ow ing  quan t i t i es  o f  water through the 

Casper Canal : 

Kendrick Project  Diversions (Values i n  AF): 

Mav June Ju l  v Aua. SeDt. Total 

Max. Monthly 12,420 20,720 21,900 20,270 8.860 84,170 
Avg . 5,254 14,572 17,611 15,744 6,389 59,570 
Min. Monthly 0 6,222 8 , 760 7,904 4,190 27,076 

Based upon these resul ts ,  the value o f  70,000 AF used i n  the 

model could not  be supported. Car l ton Hunter of the Wyoming Board 

o f  Control stated as a general r u l e  o f  thumb the Kendrick Project  
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demnds an annual amount o f  60,000 AF. This amunt  i s  close t o  the 

average demand as tabulated above. For t h i s  reason, the Kendrick 

Pro ject  demand was changed t o  an average annual demand o f  60,000 

AF. A descr ip t ion of the changes are presented i n  the model 

rev is ions sect ion o f  t h i s  report.  

An attempt was made t o  corre la te the measured Kendrick Project  

d iversions w i t h  water a v a i l a b i l i t y  i n  an e f f o r t  t o  devise a l og i ca l  

means t o  vary the  Kendrick Project  demands w i t h i n  the model. The 

co r re la t i ons  attempted included: 

1. System i n f l o w  

2. Seminoe in f l ow  

3. Pathf inder i n f l ow  

No good c o r r e l a t i o n  was found. This type o f  approach was 

probably previously done w i t h  the same outcome. Thus i t  was 

concluded t h a t  a constant average demand would best represent 

current condi t ions i n  the model. 

6 )  North P l a t t e  Project: The model determines the North P l a t t e  

Pro ject  demands i n  the fo l lowing manner: 

I R D  223.4 - 0.2164 20 c I R D  < 75 
IRD = 214.3 - 0.1434 50 7 I R D  2 170 

May 
June 
July* I R D  327.0 - 0.4344 230-< I R D - <  285 
August I R D  = 301.8 - 0.2514 260 I R D  2 290 
September 140 7 - I R D  - 170 I R D  = 213.5 - 0.644Q 
where I R D  = monthly i r r i g a t i o n  demand 

Q = system i n f l o w  for current month 

*Note: Published model documentation shows Ju ly  i r r i g a t i o n  
demand = 327.0 - 0.343Q, an apparent t ransposi t ion o f  
numbers because the model actual l y  uses the c o e f f i c i e n t  
of 0.434. This value (0.434) was l e f t  i n  the model. 
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The North P l a t t e  Pro ject  demand was evaluated by averaging the 

measured F o r t  Laramie Canal and In te rs ta te  Canal d iversions and the 

maximum Five D i t ch  demand as se t  f o r t h  i n  the North P l a t t e  Decree: 

North P l a t t e  Pro ject  Average Delivery (1960 - 1974) 
(Values i n  AF) 

May June Ju l y  Aug. Sept, Total 

F o r t  Laramie Canal 27,337 37,014 84,378 90,209 56,019 294,957 
I n t e r s t a t e  Canal 63,062 40,048 114,060 116,818 82,607 416,595 

Five Di tch Max. 
Legal Demand 25,900 38,900 77,800 64,800 51,900 259,300 

Maximum Model 
Demands 75,000 170,000 285,000 290,000 170,000 990,000 

Subtotal m 77,062 i?KmI207,027138,626712,552 

TOTAL 116,29v 115,962 276,238 271,827190,526970,852 

While there were var ia t ions from the May and June measured 

diversions, the model demands were close f o r  the other months and 

annually. Therefore, i t  was decided t h a t  the North P l a t t e  Project  

demands would not  be revised a t  t h i s  time. This decis ion was made 

dur ing a June 5, 1984, meeting o f  State agency people, WWRC, and 

wwc 0 

Glendo U n i t  Project: As the Glendo Uni t  Pro ject  demands w i l l  be 

revised i n  f u t u r e  studies (Level 111 Deer Creek study), the Glendo 

U n i t  Pro ject  was no t  studied i n  d e t a i l  under t h i s  contract, 

North P l a t t e  Decree 

The model conforms t o  the North P l a t t e  Decree w i t h  the exception o f  

The North P l a t t e  Decree speci f ies how i t  handles r i v e r  carr iage losses. 

8 



r i v e r  carr iage losses for sections o f  the r i v e r  between: 

Alcova and Glendo Reservoir 

Guernsey Reservoir and Whalen Dam 

Whalen Dam and the  State Line 

Owed t o  the River Water 

It was determined t h a t  t he  model approximated the proper method f o r  

handling "owed t o  r i v e r "  water. However, t h i s  terminology i s  a n t i -  

quated, w i t h  correct current  terminology being "excess-to-ownership.'' 

This change i n  terminology has no e f f e c t  on the operation o f  the model. 

Excess-to-ownership i s  defined as follows: A f t e r  natura l  f l ow  has 

been d i s t r i b u t e d  t o  ownership and i r r i g a t i o n  demands, the remaining 

natural f low i s  i d e n t i f i e d  as "exces~-to-ownership," o r  simply surplus 

r i v e r  water. 

Model Evaporation 

The system evaporation estimates from the Wei model were analyzed 

by Akerbergs i n  1980 and i t  was found t h a t  the system evaporation was 

being underestimated by an average of about 22 percent. Rather than 

re-compute evaporation f o r  each reservoir ,  the system evaporation was 

increased by 22 percent over t h a t  used i n  the model developed by Wei 

(1977) . 
Figure 1 compares model and "actual" evaporation curves f o r  Path- 

f i n d e r  Reservoir f o r  the month o f  July. The "actual" curve was deter- 

mined by m u l t i p l y i n g  rese rvo i r  area as read from the area-capacity 

curves published by the USBR times the monthly average Pathfinder Dam 

pan evaporation f o r  the per iod 1949 - 1980. A 0.7 pan c o e f f i c i e n t  was 
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applied t o  the Pathfinder Dam pan evaporation r a t e  as set  f o r th  by the 

North P l a t t e  Decree. The model evaporation curve i s  t h a t  l i n e  a f t e r  the 

22 percent increase. The curve shows evaporation i s  overestimated by 

the model f o r  t h i s  p a r t i c u l a r  month. Figure 2 compares model and 

"actual" evaporation for  Seminoe Reservoir f o r  the month o f  August. The 

f igure shows "actual" evaporation computed using both Pathfinder and 

Seminoe Dam pan evaporation data. This was done because the USBR 

cu r ren t l y  uses the Seminoe Dam evaporation pan data i n  the operational 

accounting, wh i l e  the North P l a t t e  River Decree speci f ies that the 

Pathfinder Dam pan data should be used f o r  Seminoe Reservoir evapora- 

ti on. 

The USBR cu r ren t l y  uses four evaporation pans: Seminoe, Path- 

finder, Glendo, and Whalen. The pans are used as follows: 

1. 

2. 

3. 

4. 

Seminoe evaporation pan - Seminoe and Kortes reservoirs 

Pathf inder evaporation pan - Alcova and Pathfinder reservoirs 

Glendo evaporation pan - Glendo Reservoir 

Whalen evaporation pan - Guernsey Reservoir 

Revisions were made t o  the model t o  more accurately r e f l e c t  evaporation. 

The d e t a i l s  o f  the rev i s ion  are presented i n  the model revis ions section 

o f  t h i s  repor t .  

Model Operation of System below Guernsey Dam 

The Akerbergs model assigns 49,000 AF/year f o r  the Wyoming Pr ivate 

canals below Guernsey Dam. T h i s  quant i ty  represents the average 

h i s t o r i c a l  demand. The model assumes t h a t  natural  f l o w  supplies the 

e n t i r e  demand, and the f u l l  amount i s  obtained every year. From 

11 



I2,OOO 

10,OOO 

6000 

6000 

4000 

2000 

CALCULATED EVAP. VS CONTENT 
/ (BASED ON PATHFINDER EVAP. ) 

USBR PAN AT PATHFINDER DAM 15 O/o DIFF. 

AVERAGE IS FOR PERIOD 1949-1980 

AVERAGE EVAPORATION FOR AUGUST : 
CALCULATED EVAF! VS CONTENT 9.42 inches * 0.79 feet 
( B A S E D  ON SEMINOE EVAP. 

USBR PAN AT SEMINOE RESERVOIR 

AVERAGE IS  FOR PERIOD 1961-I980 

AVERAGE &VAPORATION FOR AUGUST 
6.59 inche8 f 0 .55 feet  

0 100 200 300 400 500 600 fOO 
RESERVOIR CONTENT ( 1000 A F )  

I I I I 1 I 1 I I I 1 
900 1000 I I00 

ITENT FOR SEMINOE FIGURE 2 : EVi PORAT ON VS AVERAGE RESERVO 

800 

R co 
R E S E R V O I R  ( A u g u s t )  



experience, i n  a t y p i c a l  year, the Wyoming Pr ivate canals w i l l  be using 

about h a l f  natura l  f low and h a l f  storage water. 

I t  was decided t h a t  a rev i s ion  o f  the model operation o f  the North 

Platte River below Guernsey Dam would be included as a p a r t  of the 

L i t t l e  Snake River Water Management Project. Thus, no further work was 

accomplished on t h i s  matter under t h i s  contract. 

Comparison o f  1984 North P l a t t e  River Operating Agreement and the NPRMM 

The 1984 Operating Agreement and the manner i n  which the NPRMM 

operated the r i v e r  were compared. L i t t l e  d i f ference was noted between 

the two w i t h  the  fo l lowing exception. The 1984 Operating Agreement 

states t h a t  " i n  the event t h a t  'Excess t o  Ownership' storage accrues 

less than 16,000 AF i n  any year, the f i r s t  12,000 AF sha l l  be used as 

operation o r  regu la t i on  water f o r  the Guernsey t o  Tr i -State section. 

The remaining "Excess t o  Ownership" water as apportioned t o  each s tate 

sha l l  by mutual agreement be released f rom storage; by agreement be 

credi ted t o  r e f i l l  storage ownership accounts; o r  may be ca r r i ed  over i n  

an amount no t  t o  exceed 12,000 AF f o r  use the fo l l ow ing  year as opera- 

t i o n a l  o r  regu la t i on  water." 

The NPRMM does not  include t h i s  accounting. However, t h i s  po r t i on  

o f  the Operating Agreement was introduced i n  1984 and i s  s t i l l  being 

discussed by Wyoming and Nebraska. Due t o  possible f u t u r e  revis ions o f  

t h i s  p o r t i o n  o f  the 1984 Operating Agreement and i t s  lack o f  use i n  

previous years, i t  was decided not t o  include t h i s  accounting i n  the 

NPRMM. Once a f i n a l  decis ion i s  made concerning t h i s  item, a rev i s ion  

t o  the NPRMM may be warranted. More de ta i l ed  discussion o f  the 

comparison can be found i n  Appendix Al. 
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Comparison o f  Actual Versus Calculated End-of-Month Reservoir Contents 

A graph was prepared t h a t  compared actual and calculated end-of- 

month contents for Semi  noe, Pathfinder , Alcova, Glendo, and Guernsey 

reservo i rs  f o r  the per iod 1960 - 1979. The r e s u l t s  were very good. 

Generally, any large discrepancy between the two could be a t t r i b u t e d  t o  

some type o f  management decis ion (such as lowering o f  rese rvo i r  content 

for o u t l e t  works r e p a i r )  ra the r  than some type o f  model problem. The 

graphs o f  actual  and ca lcu lated end-of-month contents are presented i n  

Appendix A2. 

Addit ional Documentati on 

Many d e t a i l s  o f  the NPRMM were studied and discussed under t h i s  

contract. 

be found i n  Appendix A l ,  A2, and A3. 

The items discussed and a descr ipt ion o f  t h e i r  functions can 

Supplementary Studies 

1. The data base was modif ied t o  r e f l e c t  deplet ions t o  the North 

P l a t t e  River between Alcova and Glendo Reservoirs due t o  a proposed 

Deer Creek Reservoir f o r  the period 1936 - 1938. The model was 

then run, and output was obtained. This procedure was performed 

because the USBR had problems w i t h  t h i s  procedure dur ing t h e i r  work 

on the Level I1 Deer Creek study. Results are avai lab le i n  

Appendix A3. 

2. Thirty-thousand acre-feet was introduced i n t o  the North P l a t t e  

River system annually (10,000 acre-feet i n  each o f  July, August, 

and September) above Seminoe Reservoir as though the water were 

being imported from the L i t t l e  Snake River Basin. The resu l t s  of 
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the run show t h a t  the Kendrick Project, North P l a t t e  Project, and 

the State o f  Nebraska would be the benef ic iar ies o f  the import when 

using the current  NPRMM. It was agreed t h a t  a new subroutine w i l l  

be required t o  address the usage and ownership o f  the water im- 

ported from the L i t t l e  Snake River Basin. Figure 3 represents the 

change i n  the output from the Akerbergs, 1981 model (base run) and 

the output modif ied t o  account f o r  the imported water. 

Subroutine Functions 

Flowcharts f o r  each subroutine (other than input  and output rou- 

t i nes )  are presented i n  Appendix B. It i s  recommended t h a t  these 

de ta i l ed  f lowcharts be used i n  conjunction w i t h  the general f lowcharts 

presented i n  the NPRMM User's Manual (Akerbergs, 1981). The general 

f lowcharts show the sequence o f  operations used i n  the NPRMM. The 

deta i led f lowcharts can then be studied t o  understand t h e i r  operation. 

Most o f  the var iables used w i t h i n  the NPRMM are defined w i t h i n  the 

descr ip t ion o f  the model i n p u t  presented i n  the NPRW User's Manual 

(Akerbergs 1981). 

History  of NPRMM Fol lowing Original  Model Completion 

The NPRMM has received considerable a t ten t i on  since i t s  completion 

by Tsong Wei i n  1977. Many meetings have been held concerning the NPRMM 

operations and have included representatives f rom the State Engineer's 

Off ice,  Wyoming Attorney General's Off ice,  Wyoming Board of Control , 
Wyoming Water Development Commission, Univers i ty  o f  Wyoming Water 

Resources Research I n s t i t u t e  (now the Wyoming Water Research Center), 
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USBR, Panhandle Eastern Pipe Line Company, Banner and Associates, and 

Glestern Water. Consultants, Inc. A search was made f o r  documentation o f  

these meetings and subsequent decisions concerning the model. It was 

f e l t  t h a t  these records should be compiled and published i n  one 

document, These records are presented i n  Appendix A4. 

Model Revisions 

As a r e s u l t  o f  t he  studies undertaken by WWC for the Wyoming tlater 

Research Center and presented t o  the WDC and State Engineer's Off ice,  

the fo l l ow ing  rev i s ions  were requested t o  be made t o  the model: 

1, 

2. 

3. 

4. 

5. 

Annual demand f o r  the Kendrick Project  was reduced from 70,000 
acre-feet t o  the average annual h i s t o r i c a l  d ivers ion of 60,000 
acre-feet . 
The evaporation curves present ly used i n  the model were 
replaced by algorithms representative o f  evaporation a t  the 
four evaporation pans operated by the USBR. 

Carriage losses, as speci f ied i n  the North P l a t t e  River Decree 
f o r  each reach o f  the r i v e r  should be incorporated w i t h i n  the 
model i n  add i t i on  t o  the present gains-losses rout ine.  

Glendo Reservoir storage accounting need not  be changed a t  
t h i s  time. However, b e t t e r  documentation should be provided 
for how the model accomplishes the accounting and model 
changes necessary t o  accommodate Glendo ownership. 

The data base was extended t o  include the years through 1983. 

Descript ions o f  each o f  the revis ions made t o  the model are presented 

be1 ow . 
1. Kendrick Pro ject  Demands: The annual d iversions t o  the Kendrick 

Pro ject  for the per iod 1956-1980 were 59,570 AF. This value was 

rounded t o  60,000 AF f o r  inc lus ion i n  the model. 
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Values i n  Acre-Feet 

Aug. Sept. Total May June Ju l y  

Avg. Kendrick P ro jec t  

Model Avg. Kendrick 
Diversion( 1956-1980) 5,254 14,572 17,611 15,744 6,389 59,570 

Project  Demand 5,280 14,700 17,760 15,840 6,420 60,000 

2. System Evaporation: The fou r  USBR evaporation pans used for day t o  

day operat ion o f  the system include Seminoe Dam, Pathfinder Dam, 

Glendo Dam, and Whalen Dam. Published records are avai lab le from 

the National Weather Service f o r  the Pathfinder and Whalen Dam 

evaporation pans. The USBR co l l ec ts  data from the Seminoe and 

Glendo evaporation pans, but  these data are no t  published. 

I n  1977, Larry  Lewis prepared a study on evaporation i n  the 

State o f  Wyoming (1978). As p a r t  o f  h i s  work, he obtained from the 

USBR f i l e s  i n  M i l l s ,  Wyoming, the evaporation data f o r  the Seminoe 

and Glendo pans. His compiled data were f o r  the per iod 1960-1977. 

The data f o r  Seminoe Dam are presented i n  Table 1 and f o r  Glendo 

Darn i n  Table 2.  Average evaporation f o r  the per iod was used i n  the 

model. 

As p a r t  of Lewis' study, an annual evaporation d i s t r i b u t i o n  

was developed based on data co l lected a t  the Pathfinder Dam eva- 

porat ion s ta t i on .  The d i s t r i b u t i o n  i s  presented i n  Table 3. This 

d i s t r i b u t i o n  was used i n  developing the monthly evaporation curves 

f o r  the model. 

Area-capacity curves published by the USBR were used t o  

develop curves of average end-of-month reservo i r  content versus 

evaporation. A s t r a i g h t  l i n e  was f i t t e d  t o  the data of the monthly 

average end-of-month reservo i r  content versus evaporation using 
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Table 1. Seminoe Dam Gross Pan Evaporation ( i n  inches). 

Year May June July August September 

1961 -- 10.9 11.3 9.8 4.7 

1962 6.8 8.1 10.5 11.4 7.1 

1963 8.6 10.1 11.4 8.1 7.5 

1964 7.9 7.0 11.4 9.5 7.9 

1965 6.7 8.0 9.9 9.4 5.0 

1966 8.6 7.9 10.9 9.5 6.3 

1967 5.6 6.3 9.8 9.5 6.0 

1968 5.7 9.4 10.5 7.8 6.8 

1969 8.0 7.4 11.7 10.1 7.1 

1970 6.4 8.6 10.1 9.1 5.5 

1971 5.6 9.1 10.0 9.3 6.1 

1972 6.3 8.5 10.0 8.7 7.5 

1973 6.7 9.7 9.3 9.2 4.7 

1974 8.3 9.3 9.4 9.2 5.9 

I975 4.9 8.2 10.8 10.2 7.1 

1976 6.2 9.1 11.2 9.3 6.2 

1977 7.2 11.5 11.8 8.7 8.1 
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Table 2. Glendo Dam Gross Pan Evaporation ( i n  inches). 

Year May June July August September 

1960 8.1 10.1 12.1 12.0 7.2 

1961 8.0 9.6 11.2 11.1 6.4 

1962 9.4 7.2 10.1 11.3 7.7 

1963 8.6 10.3 12.6 10.4 8.5 

1964 9.0 8.5 14.1 11.8 9.6 

1965 8.2 8.5 10.1 9.9 5.7 

1966 10.3 10.4 13.7 10.9 7.5 

1967 6.0 6.5 9.4 10.8 7.5 

1968 7.4 9.7 11.2 10.2 7.2 

1969 8.9 8.0 12.0 12.9 10.1 

1970 7.7 9.5 11.5 10.4 7.3 

1971 6.9 9.2 11.3 10.6 6.9 

1972 7.6 8.9 10.3 9.9 7.9 

1973 8.4 10.7 11.4 10.7 5.9 

1974 8.5 10.8 13.0 10.5 7.0 

1975 7.3 9.3 12.7 12.0 8.7 

1976 6.9 9.8 12.3 11.1 7.0 

1977 8.4 11.4 11.5 9.6 9.3 
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Table 3. D i s t r i b u t i o n  o f  Annual Evaporation Based on Pathfinder Dam Pan 
Evaporation Data (Lewis 1978). 

Month Percent o f  Annual 

January 2.7 

February 2.5 

March 3.9 

Apri 1 8.0 

May 11.5 

June 13.1 

July 17.1 

August 15.6 

September 11.5 

October 7.6 

November 3.9 

2.6 December 

100.0 
- 
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l i n e a r  regression techniques. The coe f f i c i en ts  as put  i n t o  the 

data f i l e  f o r  the model f o r  the s t r a i g h t  l i n e  approximations are 

presented i n  Table 4. Both Alcova and Kortes reservo i rs  had a 

pre-determined end-of-month content f o r  each month so average 

evaporation based on the end-of-month content i s  inserted i n t o  the 

model ra the r  than as an equation. 

The revised s t r a i g h t  l i n e  approximation i s  accurate except a t  

very low reservo i r  contents, as shown on p l o t s  i n  Appendix C. 

3. River Carriage losses: The r i v e r  carr iage losses as set  f o r t h  i n  

the North P l a t t e  Decree are based on Pathfinder Dam evaporation and 

are q u a n t i f i e d  as follows: 

Dai ly Loss.. . Cubic Feet per Second 

May June Ju l y  Aug , Sept, 

Alcova t o  Glendo Res. 43 61 70 6 1  45 
Guernsey Res. t o  Whalen 4 5 6 5 4 
Whalen t o  State Line 16 22 25 22 16 

The monthly r i v e r  carr iage losses are: 

Monthly Loss.. .Acre-Feet 

May June Ju ly  Aug . Sept. 

Alcova t o  Glendo Res. 2640 3623 4297 374 2673 
Guernsey Res . t o  Whal en 246 297 368 307 238 
Whalen to State Line 980 1307 1535 1350 950 

The r i v e r  carr iage loss i s  charged against water released from 

storage only. For example, assuming t h a t  a release o f  30,000 acre-feet 

from Pathf inder Reservoir i s  made t o  supply w a t e r  t o  the Ju l y  i r r i g a t i o n  

demand o f  the North P l a t t e  Project. There i s  100,000 acre-feet of water 

i n  the r i v e r  below Alcova Reservoir, O f  t h i s  100,000 acre-feet, 70,000 
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Table 4.  Coef f ic ients  f o r  S t r a i g h t  Line Approximation o f  Average End-of-Month Content Versus Evaporation. 

June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May 

Guernsey Reservoir 

Glendo Reservoir 

N Pa t h f  i nder 
P Reservoir 

Semi noe Reservoir 

a2 

51.9 

2.1 

22.0 

2.3 

21.4 

1.8 

17.8 

02 

42.0 

1.9 

20.0 

2.1 

18.6 

1.6 

16.4 

.3 .7 

75.8 170.0 

3.0 6.2 

31.9 65.6 

3.3 6.8 

29,O 59.5 

2 3  5.2 

25.7 52.7 

.9 1.1 1.3 1.2 

237.0 284.0 330.0 293.0 

9.1 10.5 13.1 12.2 

95.7 111.0 138.0 129.0 

9.4 11.6 14.6 13.2 

80.7 99.8 122.4 113.6 

7.3 9.3 11.3 9.9 

74.1 95.0 115.0 101.0 

.8 

202.0 

8.6 

90.2 

9.9 

84.8 

6.8 

69.6 

05 . 3  .2 

137.0 75.8 50.0 

5.9 3.0 2.0 

62.3 31.9 21.3 

7.3 3.3 2.2 

62.5 28.9 19.3 

4.9 2.5 1.7 

50.1 25.7 17.1 

Note: Values presented above a r e  C1 x 10. and C2 x 10,000 



acre-feet i s  natura l  flow and 30,000 acre-feet i s  storage water released 

from Pathfinder Reservoir. The percentage o f  water below Alcova 

Reservoir t h a t  o r i g ina ted  from storage i s  30% (30,000/100,000 x 100). 

The carr iage loss assigned t o  the reach Alcova t o  Glendo Reservoir would 

then be (4,297 AF)(0.30) = 1,289 AF. 

I t  i s  noted t h a t  i n  actual  r i v e r  operations, the carr iage loss i s  

calculated da i l y .  Since t h i s  i s  a monthly model, the r i v e r  carr iage 

loss represents an average monthly value. 

4, Glendo Un i t  Operation 

The ca l cu la t i on  o f  the annual de l ivery  o f  Glendo Un i t  water 

can be found i n  Subroutine GLUIRDl and the monthly d i s t r i b u t i o n  i s  

presented i n  Subroutine GLUDIST. 

These subroutines should be modif ied when the desired opera- 

t i o n  o f  the Glendo U n i t  i s  decided upon. Two options discussed in 

meetings conducted under t h i s  contract  are: I )  maximum u t i l i z a t i o n  

o f  the 40,000 AF pool assuming the Corn Creek Project  and Central 

Nebraska Pro ject  come on l i n e ,  o r  2 )  Central Nebraska demands 

Nebraska's f u l l  share and Wyoming's po r t i on  i s  u t i l i z e d  as i t  has 

been i n  the past. Option (1) w i l l  require the determination o f  a 

d i s t r i b u t i o n  (May - September) f o r  the u t i l i z a t i o n  o f  the 40,000 

acre-foot pool,  whi le  opt ion ( 2 )  w i l l  requi re  the necessary d i s t r i -  

butions and a scheme t o  account f o r  carryover storage. 

The NPRMM User's Manual states the current Glendo U n i t  accoun- 

t i n g  i s  based on h i s t o r i c a l  records. I n s u f f i c i e n t  records were 
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avai lab le a t  t h i s  t ime t o  v e r i f y  the resul ts.  The yea r l y  i r r i g a -  

t i o n  demand uses the fol lowing equations: 

GLAUVX = XMULT * ( 10**(-2.39308*ALOGIO (SY IN) 
+ 18.334))/1000 

where: GLAUVX = Glendo U n i t  Annual I r r i g a t i o n  Demand 
XMULT = m u l t i p l i e r  t o  change the maximum annual 

demand 

S Y I N  = system i n f l o w  calculated as fol lows: 

where: SEIN = Seminoe In f l ow  
CPGN = Kortes - Pathfinder Reach Gain 
AGGN = Alcova - Guernsey Reach Gain 
AGDV = Addi t ional  d iversion between Alcova and 

Glendo Reservoirs ( cu r ren t l y  zero) 

The equation f o r  annual Glendo Un i t  demand i s  based on a 

The maximum o f  20,000 acre-feet and a minimum o f  4,000 acre-feet. 

maximum demand i s  var ied by the use o f  XMULT. The value of XMULT 

i s  no t  a f a c t o r  but  ra the r  the actual demand i n  thousands o f  

acre-feet. 

The Glendo Un i t  demand i s  d i s t r i b u t e d  as follows: 

Month 

May June Ju ly  Aug. Sept. 

Percent o f  Annual Demand 10 15 25 25 25 

4. Data Base: A l l  recorded data through water year 1983 were inserted 

i n t o  the data f i l e .  The reach gains i n  streamflow f o r  each reach 

were obtained from the USBR Annual Operating Reports. The re-  

maining data were obtained from the Annual Hydrographers Reports 
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prepared f o r  the  Wyoming Sta te  Engineer's Of f i ce .  

obtained from both o f  these repo r t s  included: 

The in format ion 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

North P l a t t e  River  below Whalen Divers ion Dam 

Laramie R iver  i n f l ows  

T r i -S ta te  Canal Divers ions 

Ramshorn Canal Diversions 

French Canal Divers ions 

M i  t che l  M e r i n g  Canal Diversions 

Flow pas t  T r i -S ta te  Dam 

In f l ows  

i. 

ii. 

iii. 

i V .  

v .  

v i .  

v i i .  

v i i i .  

There i s  an 

due t o  Grayrocks 

from: 

Rawhide Creek 

Cherry Creek Dra in 

Katzer Dra in 

Spr ing Creek 

Sand Po in t  

Sand Draw 

Arnold Dra in 

North P l a t t e  D i t ch  waste 

i n p u t  which r e f l e c t s  deplet ions i n  the  Laramie River 

Reservoir. Deplet ions were s e t  t o  zero f o r  the  years 

1981, 1982, and 1983 as t h e  gage flow a t  the  mouth o f  t he  Laramie River 

a l ready r e f l e c t s  these deplet ions.  The model i s  operat ional  f o r  the 

extended data base. 
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APPENDIX A 

HISTORY OF THE NORTH PLATTE R I V E R  MANAGEMENT MODEL 
FOLLOWING ORIGINAL MODEL COMPLETION 



I 

€0 HERSCHCER 
Gov€RNoR 

BARRETT BUtWINO T€tEWONE: 307-777-7626 CHEVENNC WYOMING 82002 

June 6 ,  1984 

Dr. Victor Hasfurther 
mpartment of C i v i l  Engineering 
University of Wyoming 

Lacantie, Wyoming 82071 
Po BOX 329s 

Dear V i c :  

I 
This letter is to provide a follow-up to our North Platte model 
meeting of  June Sth, 1904,  Summarized below are those tasks that 
were determined to be the next phase of work on the m o d e l .  These 
specific tasks are: 

* I, Examine river operations for those years in which major 
discxepancies occur between the predicted (model.) and actual 

,- - reservoir storage values , Determine whether these discrep- 
ancies are the result of inaccuracies in the model or unique 
operations of the river for the given year. 

I) ' 

-2- '.rz\ , . . , 
*'* 

r 

,,y - 

,I $ Determine the derivation of the evaporation curves for  
the North Platte Reservoirs and verify their validity. 

3. Revise the "owed-to-river" tenninoLogy to "excess-to-owner- 
ship" and correct t h e  model documentation to be compatible 
with river operation. 

Modify the model to account f o r  Nebraska and Wyoming owner- 
ships in Glendo Reservoir. 

. S -  Examine cucrent operations and understanding of river car- 
riage losses and make necessary model modifications to 

, 
s 

' t  

4 .  

i 

* 1 .  - . ' (1) 

w incorporate this understanding. 

6. Review model operation and changes required in the model 
to more accurately represent current operations of the 
system below Guernsey Dam. 

. I .. .., . . .. .- . . .  .. . . 



/ # * 
* I  

* b  + ,  * 

. Evaluate the new (interim) operating plan for the North 
Platte and compare t h i s  plan to the one utilized by the 
model. 

I / F : P! 
'i 

\ 

We w i l l  be discussing these tasks at a meeting on June 28th, 1984 
at 1:OO p a ,  i n  the State Engineer's conference roomi. W e  hope to 

( have the irevised model documentation available for our consultant 
negotiations the f k s t  week of July and to  have the model f u l l y  
operational by July lSth, 1984.  

If you have any questions, please contact me. Thank you for your 
assistance.  

r- 

I Sincerely, 

I 
Michael K. Purcell 

, Administrator . 

cc: George Christopulos I State Engineer 
Bob Srocksen, UW Water Research Center I 

I 
1 

i 
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North P la t te  RIver 

1. fxaraine r i v e r  operatfons f o r  
dttcrepanctes occur between the predicted (model) and actual 
reservoir storage values. Determine whether these discrepancfes 
are the result o f  Inaccuracies i n  the model or unique operatfons o f  
the r i v e r  for  the gfven year. 

The evaluatfon was done by examinfng the Annual Operating Reports 
published by the USBR. Results o f  the fnvestfgation are presented 
on the graphfcal actual VS. calculated reservoir end-of-month . 
contents. 

I n  additfon i t  was found that  the end-of-month contents o f  Seminoe 
and Alcova Reservoirs was affected by the KendriclcPmject demands, 
The mdel uses a constant demand as follows: 

(Values f n  AF) 9 June July Aug Sept - 
Kendrfck Project  Demand: 7,000 17,000 20,000 17,000 9,000 

Based on h i s to r i ca l  records (1956-1980 of diversions t o  the Casper 
Canal the fo l lowing Kendrick Project demands were found: 

t 

6/ 28/84 

Management Model Studies 

those years i n  whfch major 

Kendri c k Project  Demand: 
I 

(1 :. 

Max. 12,420 20,720 21,900 20,270 8,860 
Avg . 5,254 24,572 17,611 15,744 6,389 
Min. 0 6,222 8,760 7,90.4 4,190 

Comparing the range o f  actual Kendrick Project demands and the 
model demancb.4hows tha t  most o f  the time the model demand are 
greater than the h i s to r i ca l  demands. This corresponds t o  a greater 
draw on Seminoe and Alcova Reservoirs, 

An attempt was made t o  correlate the Kendrick Project demands t o  
various other flows i n  order t o  vary the Kendrick Project demands 
wi th in  the model. The correlat ions included: 

1. System Inf low 
2. Seminoe Inf low 
3. Pathfinder Inflow 
4. Mi tchel l  Ditch 
5. Lucerne Ditch 
6. Wright and Murphy 
7. Torrington Ditch 
8. Gratton Ditch 

DC tch 

No good corre la t ion was found. This type o f  approach was probably 
previously done and wi th  the same outcome resul t ing i n  a constant 
demand being input t o  the model, 
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2. Evaporation: The current model uses a straIght l i n e  equation 
which I s  defined by average content o f  the reservoir 
vs. evaporation. The evaporation estimates were 
analyzed by Mike Akerbergs i n  1980 and i t  was found 
tha t  the system evaporation was being underestfmated 
by about 22 percent on the average. Rather than 
re f ine  the evaporation curves to  more accurately 
represent the systear evaporation a factor o f  22 
percent was applied fn the model. Attached f s  a 
f lgure which coupares model and actual evaporation 
for  Pathftnder Reservoir f o r  the month of July. The 
actual curve was determined from t h e  area-capacity 
curves published by the USBR and average Pathfinder 
Dam pan evaporation fo r  the period-.l949-1980. A 0.7 
pan coef f i c ien t  was applied t o  the Pathfinder Dam 
evaporation as set f o r th  by the North Plat te  Decree. 
The curve shows evaporation i s  overestfmated by the 
model f o r  t h i s  par t icu lar  month. "Al'soattache'ci i s  a 
f igure which compares model and actual evaporation 
f o r  Seminoe Reservoir f o r  the month o f  August. The 
f igure shows actual evaporation using both 
Pathflnder and Semfnoe Dam pan evaporation data. It 
was not evident which pan evaporation data was used 
i n  the model f o r  Semfnoe Reservoir. 

Proposed Solution: Using the published area-capaci ty curves from the 
USBR f o r  Seminoe, KOrtes, Pathfinder, Alcova, Grey 
Reefs 61 endo and Guernsey Reservoi rs develop new 
evaporation versus average content curves. 
Dependent on the June 29, 1984 meeting wi th  the 
State Engineer the following pan evaporation data 
should be used: 

A. 

60 

As set f o r th  i n  the North Plat te  Decree 
Pathffnder Dam evaporation data should be used 
f o r  Seminoe, KOrtes, Fathfinder, Alcova and 
Grey Reef Reservoirs. Whal en Dam evaporation 
data should be used f o r  Glendo and Guernsey 
Reservoirs 

I n  actual pract ice the USBR uses Seminoe Dam 
evaporation data f o r  Seminoe and b r t e s  
Reservoirs; Pathffnder Om evaporation data f o r  
Pathftnder, Alcova, and Grey Reef Reservoirs; 
Glendo Dam evaporation data f o r  Glendo 
Reservoir; and Whalen Dam evaporation data f o r  
Guernsey Reservoir. 

':. 
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The curves input i n t o  the model could be modified i n  
one o f  the following ways: 

1. 

2, 

3, 

Redefine the equatlon o f  the lfne t o  mre 
accurately es t fm te  reservoir evaporatlon, 

A strafght l f n e  may not be the best es t fm te  o f  
reservo1 r evaporation as the evaporathn versus 
average content plot i s  curvil inear. I t  my be 
more accurate to  replace the strafght lfne . 
equation w l t h  a curvi l inear equatfon. 
Note: Alcova and Guernsey Reservoirs are 
“fixed reservofrsW meaning that  the water 
content o f  the reservofrs a r i ‘ s e t  f o r  each 
month o f  the year. For tMs reason the 
evaporation f s  h p u t  as a constant f o r  each 
month o f  the year rather than an equation as 
f o r  the other reservoirs. I f  the operation of 
these reservofrs. i s  changed i n  any manner the 
evaporation must also be revised. 
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3. Revise the "owed-to-river" terminology to  "excess-to-Ownershlp* and 
correct the model documentation to  be compatible wi th r i ve r  
opera ti on. 

Documentation: 

9. After  the natural f l ow  has been appropriated t o  ownership and 
I r r lga t lon  demands, the remaining natural f low i s  ident i f led  as 
"excess-to-ormership" o r  simply surplus r i v e r  water. 'River water 
accrued during October-February i s  stored i n  reservoirs and 
released i n  March. In  other months, the r l v e r  water i s  released 
famediately unless flood-control operation tr requested. No 
evaporatlon losses are charged t o  the r i v e r  water i n  storage; 

15d. I f  natural f l o w  remains i n  the system a f te r  Glendo Unl t  ownership 
and Guernsey evaporation have been satisfied, th fs  f l o w  i s  
i den t i f i ed  as "excess-to-ownership" and handled as described i n  
( 9 ) .  

How the "excess-to-ownership" i s  calculated w i l l  be more thoroughly 
documented i n  the f i n a l  report. 

I 
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4. b d i f i c a t i o n  o f  the 40,000 AF pool i n  Glendo Reservoir: c 

I 

1- 

r 

I 

I 
I 

The North Platte River Decree states the pool can 
store up t o  40,000 AF/year with a maximum accrual o f  
l ~ , O O O  AF. The current mode1 uses water from t h i s  
pool based upon h is tor fca l  records. Unfortunately, 
the h is to r fca l  records do not re f l ec t  demands for 
the en t i re  40,000 AF pool. A t  one time the demand 
fm Glendo Reservoir approached 20,000 AF. The 
model, i n  an attempt t o  shu ta te  the denrand on the 
40,000 AF pool , simply mu1 t l p l i e d  the h is to r ica l  
records by two. Thfr i s  not a f a f r  representation 
o f  the u t i l l r a t f o n  o f  the 40,000 AF available. 

Once the Corn Creek Project and Central Nebraska 
ProJect come on line the ent i re  40,000 AF will be 
comnitted. The worst case scenario would be that 
the avaflable water (up t o  40,000 AF) would be 
called f o r  each year. This would prevent any 
carryover storage. 

Proposed Solution: Revise the equations i n  the model so tha t  the 
avai lable water (up t o  40,000 AF) i s  u t i l i z e d  each 
year. This I s  the worst case scenarfo tha t  could be 
imposed upon the system. The monthly dfst r ibut fon 
o f  the water w f l l  need t o  be determined. Possible 
sources o f  the d is t r ibu t ion  include: 

a. H i s t o r k a l  records o f  other diverston near the 
kfyomtng - Nebraska l ine.  

b. --Estimates that  may have been developed by the 
Corn Creek Project and/or the Corn Creek 
Project. 

An optional revision o f  the model would be t o  
d i f f e ren t i a te  the d is t r ibu t ion  o f  water  t o  Wyoming 
and Nebraska. This r e v i s i o n  could provide valuable 
information concerning these projects. 
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5. River Carriage Losses: 

I 

I 
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I 

I 
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The model i n  i t s  current form does not include the 
r i v e r  carr iage losses as specif ied i n  the North 
P la t te  Decree. These carriage losses are based on 
Pathfinder Dam evaporation and are quant i f ied as 
fot  lowis: 

Dai ly Loss .. . Second Feet 
River Section & June July Aug Sept 

. Alcova t o  Glendo Res. 43 61 70 61 45 
Guernsey Res. t o  Whalen 4 5 6 5 4  
Whalen t o  State Line 16 22 25 22 16- 

As t h i s  i s  a monthly model the r i v e r  carr iage losses 
w i l l  be input  i n t o  the model as follows: 

River  Section 

Alcova t o  Glendo Res. 
Guernsey ks. t o  tlhalen 
maten t o  State Line 

The r i v e r  carr iage loss 

Monthly Loss ... Acre-Feet 
& * J u l y  AugSept 

2640 3623 4297 3744 2673 
246 297 368 307 238 
980 1307 1535 1350 950 

i s  charged against water 
released from storage only. 
incorporated i n t o  the model as i t  i s  a legal  
requirement and w i l l  a f f ec t  the storage i n  the 
system. 

It i s  important t h i s  be 

Proposed Solution: i n  the output from the main operational model the 
fo l lowing should be added: 

A. Storage water passing below t h i s  po int  must be 
charged a carr iage loss. Consequently the 
release from reservoir  storage where the water 
or ig inates must be increased by a s imi la r  
amount, The carr iage loss charged would be the 
Alcova - Glendo amount set  f o r t h  by the North 
P la t te  Decree. 

60 Storage water released below t h i s  point must be 
charged a carr iage loss as dictated i n  the 
North P la t te  Decree f o r  the Guernsey - Whalen 
River Section. The release from the rese'rvoir 
f r o m  where the water or ig inated must be 
increased accordingly. 



t 

I 

C, Same as above only the carriage loss assigned 
would be the Uhalen - State Line r i v e r  section. 

The carr iage loss should be applied as follows: 

Assume a release frm Pathftnder Reservotr ts  made 
to supply water t o  the North Ptat te  Project. I t  i s  
found tha t  100,000 acre-feet o f  water i s  released 
below Alcova Reservoir f o r  the month o f  July, O f  
t h i s  100,000 acre-feet, 70,000 acre-feet i s  natural 
flow and 30,000 acre-feet i s  released storage water 
from Pathfinder Reservotr, The percentage of water 
below Alcova Reservofr t ha t  ortginated from storage 
i s  30% (30,000/100,000 x loo), The carriage loss 
assfgned t o  t h i s  reach would then be (4,297 AF)(.30) 
= 1,289 AF. 

It would also be helpfu l  t o  add several rows t o  the 
output which sumnartzes the carr iage losses i n  each 
section, I t  i s  urged tha t  t h f s  incorporatfon be 
directed by personnel o f  the Wyomfng State 
Engineer's OffOce, pa r t i cu la r l y  Mr. Earl  Michael , 
Gary Mehling, and Carlton Hunter. 

It i s  ant ic ipated that  t h i s  task w i l l  be the most 
t ime consuming o f  the tasks l i s t e d  i n  the model 
r e v i  s i on. 
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60 Revise the model operation t o  more accurately represent current 
operations o f  the system below Guernsey Dam: 

The current model presents the Myoming Private 
canals as receivtng 49,000 AF/year which represents 
an average historical demand. The model assumes 
t h a t  natural  flow supplies the en t i re  demand and the 
f u l l  amount i s  obtained every year. In  actual i ty 
the Wyoming Prlvate canals i n  a typ ica l  year will be 
using about h a l f  natural flow and h a l f  storage 
water, The records w i l l  need t o  be researched and 
the operation o f  the pr ivate canals incorporated 
i n t o  the model, (Currently the model only 
recognfres the existence o f  the Wyonring Pr ivate 
canals but  they have no e f f e c t  on the operation of 
the model .) 

The operation o f  the North M a t t e  River between 
Whalen Dam and the State Line 5s very complicated. 
The revis ions o f  t h i s  par t  o f  the model should be 
closely coordinated with the Wyomfng State 
Engineer’s Office, par t i cu la r l y  Mr. Mfchael 8 Gary 
Mehling, and Carlton Hunter. 
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c 7. Sumnary o f  Comparison of 1984 North Plat te  River Operating 
Agreement and the North P la t te  River Management Model (NPRE1M) 

1984 Operating Agreement: 
I 

I'" 
I 

I 

A.Z. Any Qathflnder ownershfp i n  Guernsey Reservoir on September 30 w t l l  
remain Pathfinder wnershfp af ter  October 1. Thls water w i l l  not 
transfer t o  Guernsey ownership, but  w i l l  remain I n  Pathfinder 
ownership and may be transferred upstream as Guernsey ownership o r  
the Inland Lakes accrue water. 

The NPRMM does not account f o r  water fn t h i s  manner. Once Guernsey 
ownership i s  depleted, Pathftnder ownership from Pathftnder and 
Glendo Reservoirs i s  used. 

1984 Operating Agreement': 

8.3. The amount o f  water t ransferred from t h i s  account t o  the Inland 
Lakes sha l l  not  exceed 46,000 AF annually less evaporation losses, 
measured i n t o  the In te rs ta te  Canal i f  other water i s  being released 
and a t  Guernsey o f  on ly  the Inland Lakes water i s  being released. 

The NQRMM states how much water (46,000 AF maximum) is t ransferred 
to the Inland Lakes but  not  the po in t  where the measurement i s  
taken, 

1984 Operating Agreement: 

f .  Glendo Reservoir Capacity = 183,238 Af 

The NPRMM uses a capacity o f  789,400 A f  

E.5. The Glendo ownership w i l l  be accounted for on both a s tate and an 
ind iv idual  contractor basis. Such accounting w i l l  include ac- 
crual  s releases e evaporation , exchanges , and carry-over storage. 
Such amounts will  be al located by account in proport ion t o  each 
e n t i t y ' s  contracted amount o f  the Glendo water supply. Neither 
s ta te  w i l l  be allowed t o  accrue, i n  any one year, more than i t s  
proportiorrate share o f  the ownership (15,000 AF t o  Wymfng and 
25.00 Af t o  Nebraska), nor w i l l  the I r r i g a t i o n  pool including 
carryover storage accrue heyond 37,500 AF for Wyomfng o r  62,000 AF 
f o r  Nebraska. 

The N P M  does not include t h i s  type o f  accounting. 
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1984 Operatfng Agreement: 

f.2. I n  the event t ha t  "Excess t o  Ownershtp" storage accrues less than 
16,000 AF I n  any year, the f i r s t  12,000 AF shal l  be used as opera- 
t i o n  o r  regulat ion water f o r  the Guernsey t o  Trf-State section. 
the renatning "Gccets ta Ownership" water as apporttoned t o  each 
state sha l l  be mutual agreement be released from storage; by 
agreement may be credtted t o  r e f i l l  storage onnership accounts; o r  
my be carr ted over i n  an amount not  t o  exceed 12.000 AF f o r  use 
the fol lowing year as operational o r  regulat ion water. 

The NPRMM does not  tnclude t h i s  accounting. 

" (:. 

I .. 
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Comparison o f  1984 North P la t te  River Operating Agreement 

and the North P la t te  River Management Model (NPRMM) 

1984 Operating Agreement: 

A. Pathfinder - 1,015,888 AF (current capacity) P r i o r i t y  Oate - 
12/06/04 

1. All River gains upstream o f  Pathfinder Reservoir f o r  the 
October 1 through Apr f l  30 period are t o  accrue t o  t h f s  
ownerrhfp unto f f l i e d .  Gains May 1 through September 30 i n  
excess o f  natural f low demands may accrue t o  'Pathfinder 
ownershfp u n t i l  f i l l e d .  

2. Any Pathfinder ownership i n  Guernsey Reservoir on September 30 
wjll rearafn Pathfinder ownershtp a f t e r  October I. This water 
will no t  t ransfer  t o  Guernsey ownershtp, but  will remajn i n  
Pathfinder ownership and may be transferred upstream as 
Guernsey ownership o r  the Inland take accrue water. 

3. The Pathfinder evaporation charge i s  computed as though a l l  
Pathfinder ownership i s  i n  Pathffnder Reservoir, except for  
t h a t  por t ion  whfch may be i n  Guernsey Reservoir whfch sha l l  be 
computed a t  the same r a t e  as tha t  o f  Guernsey Reservoir, 

NQRMM: 

A. Pathfinder maximum capacity - 1,015,888 AF 

I ,  Upstream in f low i s  accrued f i r s t  t o  Pathfinder ownership up t o  
the capacity o f  the Reservoir during the period October 1 
through Apr i l  30, Natural f l ow  i s  d is t r ibu ted  t o  each demand 
i n  the fa l lowing p r i o r i t y  during the period May 1 through 
September 30: 

a, Five Di tch i r r i g a t i o n  demand 

b. North P la t te  i r r i g a t i o n  demand 

c, Pathffnder Ownership 

do Guernsey Ownership 

(The model agrees w i t h  the 1984 Operating Plan) 

2. The model does not  t rans fer  Pathfinder Ownership t o  Guernsey 
Reservofr. 
Ownershfp i n  Pathfinder Reservoir i s  used. 

Once Guernsey Ownership i s  depleted, Pathfinder 

11 
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3. North P la t te  Project  Evaporation: Ownership i n  storage less 
Guernsey Reservoir storage i s  assumed t o  reside f n  Pathfinder 
Reservoir i n  order t o  compute evaporation curve; then Guernsey 
Reservoir evaporation i s  added t o  obtain the North Plat te  
Project  evaporation (no difference i n  evaporation accounting 
from the 1984 Operating Agreement and the NPRMM). 

f 

1984 Operating Agreement: 
r 

I 

I 

I. 

6. Inland Lakes &,OW (Lakes A l i ce  and Minatare) 

I. Durhg  the months o f  October, November, and April, galns 
downstream fm Alcova Reservoir will accrue t o  the Inland 
Lakes, up t o  a t o t a l  o f  46,OO'AF, and a t  a ra te  not t o  exceed 
910 cubic fee t  per second. these gains may be stored i n  
Guernsey and Glendo Reservoirs and transferred t o  the Inland 
Lakes when Pathfinder I r r i g a t i o n  d i s t r i c t  resumes spring 
operations. The t ransfer  i s  t o  be completed no l a t e r  than May 
15. 

2, Evaporation w i l l  be charged t o  t h i s  ownershtp for water stored 
fn upstream reservoirs a t  the ra te  detemtned f o r  the reser- 
v o i r  where stored. 

3, The amount o f  water transferred from t h i s  account t o  the 
Inland Lakes sha l l  not  exceed 46,000 AF annually less evapora- 
t i o n  losses, measured i n t o  the In ters tate Canal if other water 
i s  being released and a t  Guernsey i f  only the Inland lakes 
water i s  being released. 

.- 
NPRW: 

1. Inland Lakes can accrue water downstream o f  Alcova Reservoir i n  
October, November, and Apr i l  up t o  a t o t a l  o f  46,000 AF. The model 
stores the Inland Lakes water i n  Guernsey Reservoir u n t i l  i t  i s  
t ransferred t o  Cakes Minatare and Alice. This t ransfer takes place 
i n  March (up t o  30,000 AF) w i th  the balance i n  Apr i l .  

(The model handles the operation o f  the Inland Lakes f a i r l y  wel l  
r e l a t i v e  t o  the 1984 Operating agreement. The 910 c f s  maximum 
diversion ra te  loses most o f  i t s  signif icance w i th  a monthly model) 

2. Evaporation i s  charged t o  the Inland Lakes a t  the Guernsey Reser- 
v o i r  rate. 

3. The model states how much water i s  t ransferred t o  the Inland Lakes 
bu t  no t  the po in t  where the measurement i s  taken. 
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2. The evaporation chargeable t o  Kendrick ownership shal l  be the 
actual Seminoe and Alcova Reservoir evaporation yesterday, 
plus the evaporation f o r  Kendrick ownership stored i n  any 
other reservo i r  but  assumed t o  be i n  Seminoe Reservoir, minus 
any loss charged t o  storage held under contract f o r  other 
e n t i t i e s  by the Bureau o f  Reclamation i n  Seminoe Reservoir. 

NPRMM: 

Seminoe Capacity - 1,017,280 A f  
Alcova Capacity - 184,300 A f  

1, The model p r i o r i t y  i s  as follows: 

a, Five D i tch  i r r i g a t i o n  demand 

b, North P la t te  i r r i g a t i o n  demand 

c, Pa th fhder  ownership 

d, Guernsey ownership 

e Seminoe and Alcova ownerships 

This agrees with No, 1 above. 

2, The water stored i n  Seminoe Reservoir i s  charged a t  Seminoe 
evaporation rates. The water stored i n  Alcova Reservoir i s  
charged a t  Alcova evaporation rates. 

1984 Operating Agreement: 

E. Glendo - 183,238 AF (current capacity) P r i o r i t y  Date - 08/30/51 
1. This ownership consists o f  a power head pool o f  63,148 AF 

(elevat ion 4,570), an i r r i g a t i o n  ownership pool not  t o  exceed 
100,000 Af, and an estimated evaporation pool o f  20,090 AF. 

All gains upstream o f  Glendo Reservoir f o r  the period October 
1 through A p r i l  30 a f t e r  the Pathfinder, Guernsey, and Ken- 
d r i ck  ownerships and the Inland Lakes Account have f i l l e d  are 
t o  accrue t o  the Glendo ownership u n t i l  f i l l e d .  A t  any time 
tha t  the Guernsey ownership has f i l l e d  and the Pathfinder or 
Kendrick ownerships have not f i l l e d ,  a l l  gains between Alcova 
and Glendo w i l l  accrue t o  Glendo ownership, Gains May 1 
through September 30 i n  excess o f  natural  f low demands may 
accrue t o  t h i s  ownershlp u n t i l  f f l l e d ,  

2, 

3. When the power head pool o f  63,148 AF (elevat ion 4,570) i s  
f i l l e d ,  no fu r ther  accounting need be made f o r  t h i s  pool. 
t h i s  minimum power head pool can be f i l l e d  but once from the 
r i ve r ,  a1 1 Glendo ownership evaporation w i l l  be charged 
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against the i r r i g a t i o n  pool unless storage f o r  evaporation has 
been underestimated and evaporation encroaches upon the power 
head pool. 
w i l l  be allowed as an exception, 

I n  t h f s  case, r e f i l l i n g  o f  the power head pool 

4. Glendo ownership can accrue annually i n  the i r r i g a t i o n  pool up 
t o  40,OOO AF plus estimated evaporation, provided th f s  t o t a l  
i r r t g a t i o n  ownershfp including carry-over does not exceed 
~00,000 AF plus estimated evaporation. Any dif ference between 
actual evaporation charged t o  the Glendo ownership and tha t  
estimated previously w i l l  be accounted f o r  by adjustment o f  
the next year's a1 lowable storage for evaporation. 

5, The Glendo ownership will be accounted f o r  on both a s t a t e  and 
fndiv idual  contractor basis, Such accounting w i l t  include 
accruals , releases * evaporation exchanges , and carry-over 
storage. Such amounts w i l l  be al located by account i n  propor- 
t i o n  t o  each e n t i t y ' s  contracted amount o f  the Glendo water 
supply. Neither s ta te  w i l l  be allowed t o  accrue, tn any one 
year, more than I t s  proportionate share o f  the ownership 
(rS,OOO A f  t o  Wyoming and 25,000 AF t o  Nebraska), nor w i l l  the 
i r r i g a t i o n  pool inc luding carry-over storage accrue beyond 
37,500 f o r  Wyoming or 62,500 AF f o r  Nebraska. 

6. The evaporation chargeable t o  the Glendo ownership i s  the 
t o t a l  actual evaporation minus tha t  chargeable t o  other 
ownerships and minus any loss charged t o  storage held under 
contract  f o r  other e n t i t i e s  by the Bureau o f  Reclamation in 
Glendo Reservoir, 

7. Gains Alcova t o  Glendo f o r  the October 1 through Apr i l  30 
period are t o  be computed as Glendo Reservoir in f low minus 98% 
o f  the Grey Reef outf low two days ear l ier ,  

NPRMM: 

Glendo Capacity = 789,400 AF (Note di f ference) 

1. Power head pool = 63,150 A f  
Carryover not t o  exceed 100,000 AF 
Evaporation pool = 20, 090 AF 

2, P r i o r i t y  i n  model i s  as follows: 

a. f i v e  Di tch demand 

b, North P la t te  i r r i g a t i o n  demand 

c. Pathfinder ownership 

d.  Guernsey ownership 

e Seminoe and Alcova ownerships 
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f. Kendrick i r r i g a t i o n  demand 

go Glendo Unit ownership 
I 

(Matches No. 2 above) 

3, The Glendo minimum pool i s  60,000 AF 

4, Same as operating plan 

5. Not included i n  model 

6. Same as operat ing plan 

7, River carr iage losses are being checked a t  t h i s  time. 

1984 Operating Agreement: 

F, Excess t o  ownership storage 

1. River gains upstream o f  Guernsey Reservoir for the May 1 
through September 30 per iod i n  excess o f  natura l  f l ow  demands 
not appl ied to  storage ownership accounts will accrue t o  
"Excess t o  Ownership." 

2. i n  the event t h a t  "Excess t o  Ownership" storage accrues less 
than 16,000 AF i n  any year, the f i r s t  12,000 AF s h a l l  be used 
as operat ional  or regulat ion water f o r  the Guernsey t o  T r i -  
S ta te  section. The remaining 'Excess t o  Ownership' w i l l  be 
c red i ted  t o  Wyoming and sha l l  be released f o r  use i n  t h a t  
state; o r  by agreement may be credi ted t o  r e f i l l  storage 
ownership accounts. I f  the "Excess t o  Ownership" storage 
accrues i n  excess o f  16,000 AF i n  any year, the account i s  t o  
be d iv ided between Nebraska (75%) and Wyoming (25%). For 
Nebraska's share, 12,000 AF' will be reserved f o r  use as 
operat ional  o r  regulat ion water f o r  the Guernsey t o  Tri-State 
dam section, The remaining "Excess t o  Ownership" water as 
apportioned t o  each s ta te  s h a l l  by mutual agreement be re- 
leased from storage; by agreement may be credi ted t o  r e f i l l  
storage ownership accounts, or may be c a r r i e d  over i n  an 
amount not t o  exceed 12,000 AF f o r  use the following year as 
operat ional  o r  regulat ion water. 

3. The "Excess t o  Ownership Account" w i l l  accrue i n  such a manner 
so as n o t  t o  i n t e r f e r e  wi th  authorized p r o j e c t  purposes or 
would endanger the safety o f  a structure.  

16 



I 
NPRMM: 

I 

1 

1'- 

I' 

1, Same as i n  model, only "Excess t o  Ownership i s  termed "Owed t o  
River." 

2, Not included in the model. 

3. The "€mss to Ownership Account" does not interfere with 
project purposes. The account i s  constrained by the capaci- 
t i e s  of the reservoirs and, thus, does not endanger the safety 
o f  a structure. 
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Miduel K, Puwdl 
Administntw 

June 29, I984 

Walter J.  Pitch 
chairman 

Jams Noblo 
Via Chairman 

WtUiam J. Kirven. Jr. 
-w 

Lewis heudenthal 
Kemuth Kennedy 
J.W. Wes Myen 
Willard C Rhoads 
Mar( R i u l w  
Ne(ron €. Wren. 3r. 

Dr, Victor Hasfurther, Associate  Di rec tor  
Wyomh-g Water' Research Center 
P , O .  Box 3067 
&ramie, Giyoming 82071 

Dear V k :  

This le t te t  is t o  follow-up our  meeting of June 28th and t o  answer same af t h e  
questtoas which you have ra i sed .  Based upon your presenta t ion ,  it was decided 
that the fol lowing changes should be made t o  t he  NPRMM, 

1. 
. -  .. 

Annual demand for t h e  Kendrfck Pro jec t  should be reduced from t he  
present  70,000 acre-feet  t o  t h e  average annual h i s t o r i c a l  d ive r s ion  of 
60,000 acre-feet ,  

The evaporat ion c u f t e s  present ly  used i n  t h e  model should be replaced 
by algori thms r ep resen ta t ive  of evaporation a t  t h e  four  BUREC evapo- 
r a t i o n  pans, 

Carriage losses, as given €or each North Platce reach wi th in  t h e  
Decree, should be incorporated wi th in  t h e  model i n  l f e u  of the present  
gains-losses coutine. 

Incotpotate an ownership rou t ine  i n t o  t h e  model such t h a t  Pa thf inder  
ownership Fa Gueimsey Resentoir can be accounted for, as p e r  i t e m  A.2 
in your handout. 

Gleado Resemoir storage accounting should not be changed ae this t i m e  
(as pet i t em E.S of your handout) but t he  present  method of t h e  
model's handling t h i s  situation and model changes necessary t o  
accomodate Glendo ownership should be documented. 

As p e r  o u t  d i scuss ions ,  I a m  more i n t e r e s t e d  in having t h e  above tasks completed 
first be€oce you begin work on t h e  revised model documentation, I feel t h a t  t h e  
Fnfonnaclon you have pzovided a t  our s e v e r a l  mee t ings  Fs adequate documentation 
fo r  now. Thesefore, L would l i k e  you t o  expend ycur e f f o r t s  a t  this t i m e  i n  
completing the above t a sks  by July 15th. and then begin on 



dokurnentatlon to b e  provided ln draft form by August 1st- A s  I stated in our 
phone conversation, 1 will. request funds b e  made available after June 18th to 
concirrue t h i s  work through che completion of docua~entation. 

- 

I 

r 

I 

I w o d d  l i k e  to commend you and Greg on the excellent job you have been doing on 
thfs study a& am looking focwatd to  your contlnutng LnvoLvement. If you have 
any questions 05 problems, please contact me. 

Sltacerelv. 

Michael KO Putcell 
A d m i n t s  trator 

cc: Bob Brocksen, UW Vater Research Center 
George Christopulos, State  Engineecs Office 
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J u l y  9 ,  1984 

I 
Dt. Victor H a s f u r t h e r ,  Associate Director 
Wyoming Water Research Center 

I 
I PO Box 3067 
I Laramie, Wyoming 82071 

Dear Vic: 

This is t o  r e q u e s t  your  h e l p  i n  two a d d i t i o n a l  t a s k s  i n  making t h e  North P l a t t e  
River Management Model u s a b l e  by t h e  WWDC i n  its s t u d i e s .  These are: 

I 
I '  - 1. Extend t h e  d a t a  base  t o  i n c l u d e  t h e  years through 1983. ' '. 

, . I a, Hold a p r e s e n t a t i o n  d e s c r i b i n g  t h e  r e c e n t  changes made i n  t h e  model. 

This should  be h e l d  after all changes are made but  prior t o  t h e  documentation 
phase, so t h a t  c o n s u l t a n t s  needing use of the model w i l l  be aware of t h e  r e c e n t  
changes.  

If t h e  a d d i t i o n  of t h e s e  t w a  - t a s k s  c a u s e s  a ' f i n a n c i a l  problem €or t h e  project, 
please let me know. 

I 
I 
1 

S i n c e r e l y ,  

Michael K. P u r c e l l  
Adminis t ra tor  

MKP:CG/rlb 
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North Pla t te  R iver  Management Model 

Rev i s i ons 

1. Recruested Revision: 

Annual demand f o r  the Kendrick Project should be reduced from 
the present 70,000 acre-feet t o  the average annual h is to r ica l  
diversion o f  60,000 acre-feet. 

ksul t: 
0 

The input data f i l e  was modified to  reduce the Kendrick 
Project demand froa 70,000 acre-feet annually t o  60,000 acre-feet 
annually. The 60,000 acre-foot value i s  based upon average 
k n d r i c k  Project demands as ref lected i n  records maintained for the 
Casper Canal. Nodqwoblcms were encountered i n  t h i s  modification. 
The Kendrick Project demands were changed i n  Card 117-118 (DKRO) t o  
the fo t  lowing: 

Kendrick Project Demand 

June July August September - Total May - 
5.28 14.7 17.76 15.84 6.Q 60.00 

2. Rauested Revision: 

The evaporation curves presently used i n  the model should be 
r e p l a d  by algorithms representative o f  evaporation a t  the four 
B O R E  evaporation pans. 

Result: 

The coef f ic ients  for the s t ra igh t  l i n e  estimation of 
evaporation were changed as they are included as input data and d id  
not require any model changes. 
entered an i n f i n i t e  loop and f a i l e d  t o  produce any output. TWO 
m i n o r  modifications t o  the model were made to  allow execution. 
While the modiflcations t o  the model were minor they were of major 
importance t o  the execution o f  the program and took time t o  
isolate.  The modified s t ra igh t  l i n e  estimation method of 
evaporation was used i n  the model. 
s t ra igh t  l i n e  approxfmation was accurate except a t  very low 
reservoir  contents. 

The resu l t  was that  the model 

I t  was found the revised 

Another problem encountered was the evaporation data fo r  
Seminoe and Glendo are recorded by the BURfC but do not provide a 



I 

I 

I 

published record, Time was spent locat ing the necessary data. The 
BUREC i n  Denver has no record and the personnel i n  the Casper 
o f f i ce  sa id t o  come t o  Casper and d i g  through t h e i r  f i l e s ,  The 
evaporation data f o r  the two pans, through 1977, were f i n a l l y  
located i n  an unpublished Master's thesis by t a r r y  Lewis, 

3. Requested Revision: 

Carriage losses, as given f o r  each North P l a t t e  reach within 
the Decree, should be incorporated within the model i n  l i e u  o f  the 
present gains-1 osses rou ti ne. 

Result: 

The-requested r e v i s i o n  should be reworded t o  "should be 
incorporated within the model i n  addi t ion to  the present gains- 
losses mutine." Gains-losses are i npu t  data t o  the model whi le  
carr iagewosses are applied only t o  the calculated release of water 
f r o m  stosage. 

We have n o t  been able t o  complete the incorporat ion o f  the 
carr iageqosses i n t o  the model. The work w i l l  be continued for use 
i n  the L t t t l e  Snake River Project. 

While carr iage losses are an important p a r t  o f  the model , 
their impact on the quan t i t a t i ve  evaluat ion o f  water supply by 
using the model should nat be s ign i f i can t .  The magnitude of the 
carr iage loss i n  the Alcova-Glendo reach i s  comparable t o  Alcova 
Reservoir evaporation. 

4, Requested Revision: 

Incorporate an ownership rou t i ne  i n t o  the model such t h a t  
Pathf inder ownership I n  Guernsey Reservoir can be accounted for, as 
per  item A.2 i n  the 6/28/84 handout. 

Result: 

Item A.2 states: "Any Pathf inder ownership i n  Guernsey 
Reservoir on September 30 w i l l  remain Pathfinder ownership a f t e r  
October 1. This water w i l l  not  t rans fe r  t o  Guernsey ownership, but  
w i l l  remain i n  Pathf inder ownership and may be t ransferred upstream 
as Guernsey ownership or the In land takes accrue water". 

As the Ownership Accounting por t ions o f  the model were 
studied, it became apparent t h a t  the model does no t  t ransfer  
ownership o f  water. 
equals the amount o f  water in storage. 
how much ownership occurs i n  which reservoirs.  It was f e l t  a f t e r  
studying the  algori thms t h a t  the current  model addresses i tem A.2  

I n  any month the amount o f  water i n  ownership 
The model does n o t  quant i fy 



I 

and that i d e n t i f y i n g  ownerships i n  reservo i rs  would require a major  
model r e v i s i o n  which could not be completed by August 1, 1984. 
This r e v i s i o n  would requ i re  close coordination with the Board o f  
Control t o  accurately ass ign ownerships t o  reservoirs. 

5. Required Documentation: 

Glendo k r e r v o i r  storage accounting should no t  be changed a t  
this time {as per item E.5 o f  handout) but the present method o f  
the model's handling this s i t u a t i o n  and model changes necessary t o  
accomnodate Glendo ownership should be documented- 

Resnonse: 

The W M  User's Manual states the current  Glendo Unit accoun- 
t ing i s  based on h i s t o r i c a l  records, 
ava i l ab le  a t  t h i s  time t o  v e r i f y  the results. The year ly  i r r i g a -  
t i o n  demand uses the fol lowing equations: 

I n s u f f i c i e n t  records were 

GUUVK = XMULT * ( 10*+(-2.393O8* 
ALOGIO (SYIN)  + 18,334))/1000 

where: GLAUVK = Glendo U n i t  Annual I r r i g a t i o n  Demand 
KMULT = m u l t i p l i e r  t o  change the maximum 

annual demand 

SYIN = system i n f l o w  calculated as fol lows: 

S Y I N  = (SEIN + CPGN + AGGN + GGGN + AGOV)*l000 

where: S U N  = Seminoe In f l ow  
C f f i N  = Kortes - Pathfinder Reach Gain 
AGGN = Alcova - Glendo Reach Gain 
GGGN = Glendo - Guernsey Reach Gain 
AGOV = Addi t ional  d ivers ion between Alcova and 

Glendo Reservoirs ( cu r ren t l y  zero) 

SEEN, CPGN, AGGN, GGGN and AGDV are included as input  
data t o  the model and w i l l  no t  requi re  modif icat ion.  

The equation f o r  annual Glendo U n i t  demand i s  based on a 
maximum o f  20,000 acre-feet and a min imum o f  4,000 acre-feet. 
maximum demand i s  var ied by the use o f  XMULT. 
i s  n o t  a f a c t o r  but r a t h e r  the actual  demand i n  thousands of 
acre-feet, 

The 
The value o f  XMULT 

The Glendo Unit demand i s  d i s t r i b u t e d  as follows: 

Month 
May June July Aug Sept - 

Percent o f  Annual Demand 10 15 25 25 25 



I The ca l cu la t i on  o f  the annual de l ivery  can be found i n  Sub- 
rout ine GLUIROl and the d i s t r i b u t i o n  can be found i n  Subroutine 
GLUOIST. 

I' 

I 

These subroutines should be modified when the desired opera- 
t i on  o f  the Glcndo Unit i s  decided upon. 
discussed are; (1) maximum utilization of the 40,000 AF pool 
assuming the Corn Creek Project  and Central Nebraska Project  come 
on line, and { Z )  Central Nebraska demands Nebraska's f u l l  share and 
Uyming's p o r t i o n  i s  utilized as i t  has been i n  the past. 

Two options previously 

(1) W i l l  q u i r e  the determination o f  a d i s t r i b u t i o n  (May- 
Sept) for the u t i l i z a t i o n  of the 40,000 acre-foot pool. 

(2) W i l l  requi re  the necessary d i s t r i bu t i ons  and a scheme t o  
account f o r  carryover storage. 

6. Requested Revisions: 

Extend the data base t o  include the years through 1983. 

Result: 

The model data base was updated through 1983 by reviewing the 
1981 and 1982 Annual Hydrographers Reports. 
obtained from Gary Mehling and John Shields. 
operat ional  f o r  the extended data base. 

Data f o r  1983 were 
The model i s  now 

! 

I 
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Dr, Robert Brocksen, DArectot 
Wyoming Water Research Center 
Univecstty of Wyoming 
Box 3067 
Laramie, Wyoming 82071 

, 

March 26, 1986 Walter J. Pilch 
Chairman 

James Noble 
vw Ch.Umn 

William J. Kirven. Jr. 
S W W W  

Lee Coffmrn 
Lewis Fraudenthrl 
Kenneth Kennedy 
J.W. War Myers 
Wtllard C. Rhcuds 
Ndlon &Wren. Jr. 

Dear Bob: 

This letter is t o  follow-up our  phone conversation and fonnally request  t h e  
aide of t h e  Watet Center in t h e  use  of t h e  North Platte River Management Model, 
We would like t o  have t h e  model opera t iona l  t o  &form var ious  s t u d i e s  for t h e  

I be l ieve  t h a t  t h e  
model's output  wtL1 also be u s e f u l  t o  t h e  S t a t e  Engineer, who will be a b l e  t o  
use the output  in asses s ing  o u t  p ro jec t s '  water r i g h t s ,  and t o  t he  Attorney 

Nebraska and the  Bureau of Reclamation. 

I Deer Creek and Little Snake RFvel: Water Management p ro jec t s ,  

I 
I General, who would be a b l e  t o  u t i l i z e  the  model i n  p o t e n t i a l  d i scuss ions  with 

The North Platte River Management Model (NPRMM) was developed f o r  t h e  U.S. 
Bureau of Reclamation by Tsaag C, W e i  a t  the  Universi ty  of Wyoming Water Re- 
sources  Research I n s t i t u t e  (now t h e  Wyoming Water Research Center) i n  1977. 
Subs tan t i a l  modifications were made t o  t h e  NPRMM by Michael Akerbergs i n  1981. 
Because l t  has  beea seveza l  years s ince  its  use a t  t h e  Universi ty ,  and because 
t h e  Bureau of Reclamation discovered new "bugs" i n  t h e  model during its attempt 
t o  use it An the  Deer Creek s tudy ,  it is expected t h a t  some t i m e  and e f f o r t  w i l l  
be involved i n  f a m i l i a r i z a t i o n  and debugging the  model, 

The following is a list of t a s k s  which are necessaLy t o  i n su re  t h e  model 
can a s s i s t  us  La evalua t fng  the North Plat te  River system and impac t s  on t h e  
system from o u t  proposed p ro jec t s :  

1. Fami l i a r i za t ion  wi th  t h e  model, i t s  assumptions, c a l c u l a t i o n s ,  and 
ope ra t iona l  requirements.  

2. Developtuenc of s h o r t  and understandable documentation of t h e  l e g a l  and 
func t iona l  assumptions made i n  t h e  model. 

3 .  Development of an ope ra t iona l  debugged vers ion  of t h e  model. 
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Dt. Robert Brocksen 
(.> . t ,  

March 26, I984 
/ ,  Page 2 

I 

. .  

... r ... - <.?! 
k ... . . 

. .  ...* $1 

4, Meet vLth ceptereacrclves o f  the  'wwM=, State Engineer's Offlce and 
Attorney Ccnecal's Offlce f o t  purposes of dlscussfag the results of 
tasks 1-3 and developing pote ta tFd  cevisioas to the model, 

3. Devdopent o€ three add%tfoaaL'vecstons of the model, These vertsioas 
w i l l  br cstrbUrhed at the above referenced meet*; 
that thasa rec~ous wIU addcess opecatiou o f  Clendo Restrrtoir pwer 
poor, the Inhad tokes dfxaruions, md a model update. 

It frr likely 

8 

_ -  
We w a d  apprecgast coprplettoa or the above referenced votk by July' IS, 

1984, SO that we MY proceed with our studies ou schedule. If you have aay 
questtorrrr or cmments, please f e e l  free to contact me. ~&rrk you for your 
ass Its t aacc . 

.:.:/ :; ! 

1 

:: I 

:I c*.-.j. MKP/CG/vsb 

* *  ; 9. Larry Wolfe 
. .  cc: George Christopulos 

I 

Mchael K, PurceILI 
Administrator 

- .. ..... . . .  - . .  
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Dr. Victor flesfucthel: 
Department of Civil Engineering 
University of Wyoming 

Laxantie, Wyoming 82071 
Po BOX 329s 

Dear Pic: 

'Illhis letter t s  to pcovtde a follow-up summarization of our North Platte Model 
maetjtngs of May lkh, 1984. It is our understanding tha t  a t  the present the, 
the following have been accomplished: 

1. The model Ps ruanfng, has been debugged, and could be operated by 
others. _ -  

2. The Ucwa - Glendo reach gains have been modified fo r  1936 - 1938 f o r  
depletions resul t ing from a Deer Creek Reservoir. 

3. The model has been checked aad appears t o  comply with th  Decree. 

Tasks which you wtll be performing and which we plan t o  dlscuss at our upcoming 
June meeting are: 
.. * 

;I * # 1. The comparison of ac tua l  reservoir storage values versus model 
culated values fo r  t h e  period 1960 - 1980. 

. '  ' . .  , 
2. A detatlcd check of model subroutines t o  es tab l i sh  how they 45." * a . .  

0 performing titter operations. , 
*f 

. 

cal- 

are 

3. Summarhe and document the  above with par t icu lar  emphasis on how the  
/ model handles: 

a. Glendo Reservoir,. 
b. The Inland Lakes, x 
c. The Supreme Court Decree, 
do Owed to the River Water. , 



, 

Dr,  Victor Hasfurther 

Page 2 
Hay IS, I984 

4, Develop the data base modlfic&tons aecessacy to nm the model with 
a the following condlttons: 

- .. a. Thirty-thousand acre-feet introduced tnto the eystem annually 
(10,UOO acre-feet %n each of July, August, and September) from 
the L i t t l e  Snake Uvez baeh. 

Full use d t& 40,000 act-foot GlLendo water right by the Cora 
Creek Project and Central Nebraska Project, 

,:*' I . 9 

..* , r.'. t ', ' 
4. 

6 '  

b. 
. 

-. 

t 

If pou*have questions concerniag this  fnfomatioo, please contact me. 
for pout asrristance. 

T h d  you 

Sincerely, 

Michael It, Purcell 
AdtPLaiscratoc 

t 

NKo:€G/clb 

cc: George Chrgstopulos, State Engineer: 
Bob Srocksen, Uuivetstty of Wyoming 

. 
_ -  

. .. . . ,. .. ~ ..-.- . .. . . 
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Hr ,  Carp Mehling, Hydrographer - Commissioner 
511 W. 27th 
Torrington, Wyoming 82240 - 
Dear Mr. Mehlllng: 

We w i l l  be holding a meeting in the  State Engineer's confetence room at 1O:OO 
a.m. on Tuesday, June 3 ,  1984 t o  discuss the  use of the North Platte Mvet  
Management Model, p a r t i c u l a r l y  for  the  WWDC Deer Creek and L l t t l e  Saake proj- 
ects. The Water Center at the University is current ly  reestabl ishing the model 
on the  University computer and is prepaging documentation of its modeling 
procedures. 

A t  the June 5th meeting we w i l l d i s c u s s  t h e  followlng topics: . 
1. Details of how the  Hodel operates. In par t icu lar ,  the  following 

topics  : 
I 

a. Glendo Reservoir:, 
b. The Inland Lakes, 
c.  Owed t o  the  River Water. 

i 

2. The e f f e c t s  05 f u l l y  operational. Corn Creek and Central  Nebraska 
pzojects upon Glendo Reservoir and water ava i lab i l i ty .  

3. Reservoir operations with the introduction of 30,000 acre-feet annual- 
ly in to  the  North P L a t t e  Rlvet from the  L i t t l e  Snake River. 

4, The poteutial foc modtfytng t h e  model t o  account North Platte water on 
a daily basis.  

a .. . , .  . .  



- - .  L \  
We'are seeking your advice  and input at th i s  meeting and hope that the outcome 
Ls to have the wde l  operate as realistically as possible, If you have any 
qutetfoas regarding the ~ o p i c s  to be discussed at this meeting, p l e a s e  feel free 
t o  coatact me. Tour assistance in t h i s  matter is appreciated, 

I! SLIIcerdy, 

Hichael K. Purcell 
Mminb tratot 

cc: Bob Brocksen, University of W g 0 d . 1 ~  
Victor Hasfurther, Univecsitg of Wyomjlng 

t 



North Pla t te  River Management Model 

6/5/84 
Sumnary o f  Studies: 

Comparison o f  actual reservo i r  storage values versus model 
calculated values f o r  the period 1960-1980. 

The comparison was made f o r  the perfod 1960-1979. Results 
show good cor re la t ion  between the actual VS. modelled €OM 
contents . 

Detai led check o f  model subroutines t o  establ fsh how they are 
performing r f v e r  operations. 

There are approximately 70 subrouttnes i n  the main model. The 
deta i led check o f  model subroutines i s  ongoing. A descript ion 
o f  what each subroutine does i s  included as Table I. 

Summarize and document the above with par t i cu la r  emphasis on how 
the model handles: 

a. Glendo Reservoir: The model c losely addresses the operation 
o f  Glendo Reservoir as can be seen i n  the €OM comparisons. 
The del tvery  o f  water from Glendo Reservoir needs work as 
discussed la ter .  An avai lable tnput t o  the model i s  the 
minimum pool o f  Glendo Reservoir. This option has not been 
run as yet. 

b. Inlands Lakes: Inland Lakes can accrue natural flow below 
Alcova i n  October, November and Apr i l  up t o  46,000 acre-feet. 
This i s  t ransferred t o  Lakes Al ice and Mini tare I n  March up t o  
30,000 acre-feet and the balance i n  Apr i l .  
water i n  storage i s  less than 30,000 acre-feet i n  March, Apr i l  
accrual may be transferred i n  advance by borrowing water from 
Guernsey ownershi p and returning i t  i n  Apri 1. 

I f  Inland Lakes 

The downstream in f low i s  d is t r ibu ted  t o  Inland Lakes water and 
Guernsey ownership as defined above. This i s  assumed t o  be 
stored i n  Guernsey Reservoir and cannot exceed the reservoir  
capacity. A f te r  the Inland Lakes water has been transferred 
to  Lakes A l i ce  and Minitare, the vacancy created can be f i l l e d  
by Guernsey ownership. However, i f  part o f  Guernsey ownership 
i s  t ransferred t o  Inland Lakes i n  A p r i l  the vacancy cannot be 
f i l l e d  since cumulative ownership i s  res t r f c ted  by the 
reservo i r  capacity. A summary o f  the operation o f  the Inland 
Lakes f o r  the period 1928-1981 i s  provided as Table 2. 

c. The Supreme Court Decree: Areas o f  concern re la t fng t o  the 
Decree include: 

(i) Ooes Colorado current ly  export 60,000 AF o f  North P la t te  
River water i n  a ten-year perfod? Is Colorado u t i l i z i n g  
water f o r  145,000 acres and 17,000 AF o f  storage? 

. .  ... . . . . . .. . 
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( i f )  Is Wyoming u t i l i z i n g  water f o r  the f u l l  l68,OOO acres 
allowed by the decree? A 1969 inventory showed 156,620 
acres being i r r iga ted ,  a d e f i c i t  o f  11,380 acres. Using 
one c fs l70  acres f o r  the 11,380 acres an additfonal 
69,000 A f  o f  water could be diverted f o r  i r r iga t ion ,  
neglecting re tu rn  flows, 

(W) The reservofr evaporation losses f o r  Seminor, Pathfinder, 
and Alcova Reservoirs are t o  be determined d a i l y  based 
upon evaporation data from Pathfinder Reservoir as stated 
by the North P la t te  River decree. 

The model uses evaporation curves f o r  each reservoir. No 
documentation has been found t o  de ta f l  how these curves 
were developed, how they are used, or i f  they re la ted t o  
the Fathfinder Reservoir evaporation data. 

( i v )  River Carriage Losses: The North P la t te  Decree 
quant i f ies  the r i v e r  carr iage losses f o r  sections of the 
r i v e r  including: 

Alcova t o  Wendover 
Guernsey Reservoir t o  Whalen 
Whalen t o  State t i n e  

The model uses h i s t o r i c  data i n  which the r i v e r  carr iage 
losses are implied. The model does not spec i f i ca l l y  
apply the r i v e r  carr iage losses quant i f ied i n  the Decree. 

d. Owed t o  the River Water: A f te r  the natural f low has been 
appropriated to  ownership and i r r i g a t i o n  demands, the 
remaining natural f low i s  i d e n t i f i e d  as tha t  owed t o  the 
r iver ,  o r  simply r i v e r  water. River water accrued during 
October - February i s  stored i n  reservoirs and released i n  
March. I n  other months, the r i v e r  water i s  released 
i m d i a t e l y  unless f lood contro l  operation i s  requested. No 
evaporation losses are charges t o  the river water i n  storage. 
The owed t o  r i v e r  accounting i s  done f o r  two reaches; above 
Alcova Reservoir and above Guernsey Reservoir. Sumnaries of 
the owed t o  r i v e r  accounting i s  provided I n  Table 3. 

4. Oevelop the data base modif icat ions necessary t o  run the model w i th  
the fol lowing conditions: 

a. Thirty-thousand acre-feet introduced i n t o  the system annually 
(10,000 acre-feet i n  each o f  July, August, and September) from 
the L f t t l e  Snake River basin. 

The data base was developed and the model was run. The 
results show that  the Kendrfck Froject, North F la t te  Project, 
and the State o f  Nebraska are the benef ic iar les o f  the 
project, A new subroutine w i l l  be required t o  address the 
usage and ownership o f  the imported water. Refer t o  f igure  1. 
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b, Fu l l  use o f  the 40,000 acre-foot Glendo water r i g h t  by the 
Corn Creek Project and Central Nebraska Project, 

An optfon i n  the input data o f  the model is the f u l l  use o f  
the 40,000 acre-foot Glendo pool , The model del ivers th is  
water t o  the Glendo Un i t  Project  below Whalen Dam, Currently 
i t  i s  not possible t o  be able t o  disttngulsh fndivldual uses 
o f  the water (Corn Creek, Central Nebraska), The model does 
not currently dfst inguish between the 25,000 AF t o  Nebraska 
and 15,000 AF to  Wyoming. Refer t o  Figure 2. 

Mfscel laneous: 
-Aspotcheck of the North P la t te  Project demands were made, A 

colapartson o f  the calculated v5. model demands follows-: 

Values i n  Acre-feet 

Total Sept - June July May - 
Calculated 116,299 115,962 276,238 271,827 190,526 970,852 

Model 75,000 170,000 285,000 290,000 170,000 990,000 

The calculated numbers include USGS records o f  the Fort 
Laramie and In ters tate Canals f o r  the period 1960-1974, The 
model values represent maximum demands and are input data t o  
the model, Records were not avai lable f o r  the f i v e  Ditch 
demand so the model demands were used: 

Values i n  Acre-Feet 

Total - May -June July Aug Sept - 
Five Ditch 
Demand 25,900 38,900 77,800 64,800 51,900 259,300 

The calculated values do not include Warren Act Contractors 
and Northport D i s t r i c t  del Sveries, 

Conclusion: Demands should be ver i f jed.  

8. A search was made o f  Water Research Center f i l e s  (formerly 
WRRI), no f i l e s  o r  documentation were found. 

. 

C, No documentation was found t o  v e r i f y  such i tems as: 

(i) North Plat te  Project demands 

(ii) Five  Ditch demand percentage o f  North P l a t t e  Project 

(ii'i ) Kendrick Project Demands 

( i v )  Reservoir evaporation 

I . .  
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REPORT ON THE 
OF 

NORTH PLATTE RIVER .HANAGEMENT PfODEL SIMULATION 
FISH AND WILDLIFE PlINIENEt FLOW STUDY 

1. Computer Runs and Criteria . c 

- The purpose of the  simulatLdn runs is to maititafn a minimum 

streamflow at a selected reach of the system for the enhancement of 

. . f i s h  and wildlife activit ies  and to study its effects on specific 

aspects o€ present management of the system such as irrigation, power 

geqeratlon, reservoir operation, etc, The computer runs performed 

wfth the minimum stream flow assigned to various reaches are given 

below. A 1 1  runs use stteamflow data for water years 1928 to 1973, a 

total  of 46 years. 

Test 100, pccsent conditiom CUQ: A l l  physical  and regulatory.' 

criteria are the  same as the present system. N o  minimum flow require- 

ments ace imposed on any readies w i t h  the exception of the Miracle 

Nile (below Serninoe Reservoir) and the reach below Alcova Resezvoit, 

which have beeu regulated to  500 cfs  and 300 cfs  miaim.um flow respec- 

tively under presetrt operation criteria, 

Test 111, 150 cfs min!murn f l o w  below PathZindec with present 

Seminoc dam height: 

powerplant Erom Pathf fnder tcserwir is partially transferred and 

'released €ram bypass devices to maintain the 150 c€s  (9,000 acre-feet 

pec mouth used i t 1  the model) m i n i m u m  scream€low requirement 'for the 

ccach j usc: bclow PatWitrdcr. 

Water originally released through Fremont Canyon 

. .  

Test 112, 200 cfs  m i n i m u m  flow below Pathfiridcc with presetit 

Seminoa dam height:  Same as Test 111 w i t h  m i t r i n i u m  streamflow 

i 
" 



itrcrcascd t o  200 eEs (12,000 acrc-fcct pcr niotrth used i l l  tlic modcl) .  

I 
. 

I 

Test 113, 100 cfs m i t r i m w p  flow below Glendo and Guernsey with 

Maintain 100 cfs (6,000 acre-feet per 
0 

presetit Semfnoc dam height: 

month used i n  tire model) minimum release of flow from'Clendo Reset- - 

voic a d  the same amount of release from Guernsey Resew6irt l a  additloa 
a .  

- .  

t o  the notrqal delivecy of irrigation water to provide the minimum 

fl& €QC the reach below Whaien'divers%oa dam. . . .  

.Tes t  114, 150 cfs minimum elow below Cltkdo and Guetrrsep vith . 

present S d n o e  dam .height: Same as T e s t  11.3 with minirnuar stream6low" 

for teaches betow Glendo and Guernsey itrcreased to 150 cfs (9,ooO 

. acte-2eet per month used in the model). . .  

Test 211, 150 c€s minimum flow-below Pathfindet with S d n o e  

enlargement: 

enlarged to  1,406,777 acre-feet  (el. 6,374 feet). 

Same .as Test 111 with Sednoe araximuar storage capacity 

Test 212, 200 cfs minimum flow below Pathfinder w i t h  Seminoe 

enlargement: Same as Test 112 with Scrninoe maximum storage capacity 

enlarged to 1,606,'777 acre-feet *(el .  6,374 feet). 

Test 213, 100 cfs m i n i m u m  flow b e l o w  Glendo and Guernsey with 

SemLnoe enlatgement: Same as Test 113 with Semlnoe maximum storage 

capacity enlarged to  1,406,'777 acre-feet (el. G ,374 feet) 
0 

Test 2 l 4 ,  fS0 cfs  mirr fmwr flow b e l o w  Glendo and Guernsey with 

SemLtroe enlargement: Same as Test 1l4 with Semitroe maximum storage 
. -  

capacity enlarged to 1,406,777 rrctc-fcct (el. 6,374 €eet). 

* In ocdec €QC the modcl t o  crccommodrrtc the mitrimurn flow require- . .  . 

=tit, tlrc computcr (~ogcam has bcetr modiflcd and rrdjustcd t o  s u i t  

such compel: ittg situatiotts as the reservoirs' drawdowtr t o  hrinimunr 

storage capacity.couplcd with  downstream water demands such as ' 

. .. .. . 

2 



irrigatiotr d c l i v e c y  atid mitiirnum flow rcquirerncrit at  tempts t o  witlidraw 

i . .  . 

1 

- .  

water frm the systca. To overcome the reservoir storage shortage, 

the ttrigatfon dclivecy is reduced to sat i s fy  the other restraints. 

. 

Since the change in the p&tar~ 1s rather ox~ens ive ,  the base tun- * 

that fs the system opeFatcd under 'present operational and regulatory * 

nties-was recalculated and. compared with the otigiaal base run used * 

t o t  the Ppiaimum pool. study; 

ezightly, as shown Ln the difference tab le  Test'tun LOO. Most of the 

diaccepaacies ate within one percent of the ociginal value, and the 

t-distrtbution is lnside the crttical region with 4% significance 

. .  

. 
The two runs w e c e  fouud to d t f f e r  

. 
- ,  

revel; t h e d f f e r e n c e s  ace considered irisignfZfcauc Ln general and 
.# -  . .  

. -  the latest base run values are used foc 'evaluation o€ ..mfnfplurp flow 

effects .  
.- 

Two operational alternatives ate possible t o  satisfy the 

Pathfinder minimum flow requirements. One .is tb reduce the water 

celeased from the Fremont Canyon powerplane to  meet the miuimuwflow 

cequirearent without chatighg the total  amount of water released from 

'the reservoir, and the other is' to release the minimum requited flow 

* 

directly from the tesertoir i n  additfotr t o  the present' release through 

Fxemont Canyon powerptant. Present opetation of t h e  system determines 
.- 

the Pathfinder release according to the downstream water demands' and 

adjusted t o  the physical  testiaints of the teseyvoir. If additional . . .  
*water were released Qrom Pachfindar, it would trot only waste the water 

but it would also be i.mposslble to f ind  enough spacc i t r  the downy . 

stream tesecvoit's to store che water, Thus, the f ics t*al ternat lve  

is selected for the opctation. 

Minimum flow requircmetrt of Glendo atrd Ctrcrtrscy is intctadcd t o  

3 
. . . .:v; ; .'"'.,: ., 

. ._ , . *. . -,* . ... 
. .  . . ..... . .  

. . . .  ". ..: -., , . , . .  
. .. *.. 

.!#.:&a* .. ' 



* m a i t r t a i t r  a m i n i m u m  streamflow' for reaches below Glendo. A t  prescrit, 

t 
. both reservoirs are shut down during the winter months and both .  

&ease river water and irrigation water ln  the ~uuuner.~ Since' 

krigatLoa watecs ace dlvetted at Whalen .dam to Interstate Caaal and- 

Larranrte Canal, $he tLvec water re lease  must be facreased to meet the 

I 

. * '  

I 

. .  * PIjtnLmraa requiremet& €ot the reach below WhaLen. All waters are 

r . '  - 'released through Clendo and Guernsey pawetplants f o r  power genecation . 

t c b  compensate- foc poss ib le  power loss fn che upstream powerplaa~s. -:. I... 
s.;.. . * .... ' 

-4 . ;"* s . . 
a .  

.;*. .: 5::*- * 
. - I  .. , 

-1.: . . . . ..._ '.. ' : * * -  
. .. ... . .  . . .  . . . .  . * _ .  .. . ' .  IZ. Analysis o€ Test Results . . .  ... . . . .  . .  .. 

-* j  . - . , 
.--. . .  . . .  .. Generally speaking, Pathf lnder minimum €low requirement . .  decreases 

power gentcattoti by 3 to 5X while Clendo mtnimum flow requirement. 
..* .. .. - .  

:,.. - 

:'I . .. 

ceduces the irrigacion'tevenue by 3 to SZ and power by 1 to 2% for the :- 
:* I: .. . * .. " .  

* ' .b 

. entice period. Seminoe enlargement does not impcove and idpractice 
. .  8 .  

s l lght ly  worsens the situation. Following ate detailed analyses of 
i . .  

..( :: * 

. .  the effects by items. 
. .  .-. , . . .. 

c SF.9 ; s 4' . . Effects on Power Generation . .  
. .  . .. ... 

Pathfinder minimum flow requirements (Test -111, 112, 211, 'and 

212), as expected, reduce the power genecation of the system as shown 

Lm Table L. 

plane. It decceases about 11% for 130 cfs minimum flow and 13% fot 

200 cfs minimum f l o w  a t  present condit ions,  atrd 12% and 16% respec- 

. .cLvely €or the Semlnoe strlargcment. 

.. :-c r:y..: 

The Largest reduction occurs at  the Fcemont Canyon power- * 

.. 

, 1  

Power getieration change i n  other 

plants Ls itisigtrificatrt. Tables 2 ,  3 ,  atrd 4 show tlrc ceasotrs foc the 

' affccts, A h c g c  amoutrt of water that oc ig lua l ly  goes into the E'rcmotrt 

Canyon powerplant (Table 2 )  is released thcough bypass devices 

(Table 3) to maititah the requested minimum a t  the streamflow just 

below Path€Ltidc.c rescrvolr. The average motrtlrly storage head of 

4 



.. Pathfitrder r e s e r v o i r  (Table 4 )  is also sli&htly. .lowc.red. As a result ,  

power generation from the Fremont powerplatrt declines tremendouslyo 

, .  

. 

- .  

* .  

. 

Tho storage head and flow d i s t r i b u t i o n  in o t h e r  r e se rvo i r s  remafn 

r e l a t i v e l y  uaaf fec ted ,  wi th  l i t t l e  less effect on their power genera0 

tfon.0 
- .  

. During t h e  46-yeal: test period, t h e  Pathfinder minimum f l o w .  
. 

constantly reduces the  systep annual power generation every year 

(Table 5 ) .  - .  On tho average, the 3.50 cfs mlnfmum flow lost 24.32 . 

mil l ion  kwh and. 200 cfs minkm flow ' lost 32.71 million kWh in  t h e  . 

power revenue under present cotrditions a d  26.74 roiiliotr kMa atid 35.03 

mil l ion  Wh respoct iye ly  a f t e r  Seminoe ealargearent. 

. 

also reduces t he  system power generatiota, bu t  much less than t h a t  of 

. a .  

* Glendo and Guernsey minimum flow (Test 113, ,114, 213, and 214) 

. '  
t h e  Pathfinder minimum flow case (Table 1). 

generation decreases i n  Seminoe, 

plants atrd increases  i n  Alcova atid Guernsey powerplants. 

Sn general ,  t he  power 
4 

Fremont Canyoa, and Gleado power- 

The minimum 

flow requirement requests  extra - .  water release from the system and 

consequently reduces a l l  reservoi r  storages (Table 4 )  and the head 
. .  

for  power generat ion.  

all powerplants increased except the  Fremont Canyon. 

enlargement , only t h e  downstream powerplants (Alcova, Glendo , and 

Under present conditions,  turbine r e l ease  of 

After Seminoe 

Guernsey) increase  about t he  same amount of t u rb ine  release as under 

present  cot\ditiotis , while the  upstream powerplants (Seminoe, Kortcs , 

arid Fccmottt Catryous) dectease the.  turbine relcase; . .  
Effects 

minimum flow 

ixicreasc and 

011 t he  atitrual power getreratioti due to Glendo and Cucrtrscy 

ace  givetr i n  Table S. 

dccrcnsc tlrtougliout the 46-year pctiod. 

Thc r e s u l t s  are a mixture of 

No specific . 
'. . 

5 

.. . 
. .  . .  

. ..:..-: 
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I 

I 

0 .  

f 
. 

trend Fu the variatiolls was €ound; they probably arc due t o  the 

combined effect of water storage 'in each individual reservoir and 

downstream water demands. 

Effects on Irr iga t ion  Delivery and Proiect Ownership 

. .  

. .  

project reduces 102 and 13% respectively, while the Glendo Unit 

project drops 492 arid 67% (Table 6). 

affect the results at  a l l .  

Semirioe enlargement does not 

The average monthly ownership of North 

. 
* 

. .  

The Pathfinder: minimum flow has tnsignificant effects on. the . 

irrigatton delivery 40 the North Platte project, Kendrick project, 

- and Glendo-Unit project and their ownerships, as.shown'fn Table 6 and 

' Table 7. Howewi, GLctido a d  Cuenrsoy mitrinouar flow decreases trriga- 

. tion deliverp as w e l l  as File water ownecslrip. The North Platte 

project d e l i v e r s  2% less water under 100 cEs minimum flow require- 

ment and 3.5% less water for 150 cfs mfniaaun flow. The kendrick 
. -  

PLatte, Kendrick, and Cletido Unit declines S X ,  8%; and 442 respec- 

t ive ly  €or 100 cfs rnirrimum flow case arid 7%. 17%, and 55% for 1 5 0 - c f s  

adnirnura flow case. 
. *  

Table 8 shows the ef fects  on system annual irrigation d e l i v e r y  . 
during the 46-year t e s t  period. 

system is 1,138,000 acre-feet. 

The annual i r r i g a t i o n  demaud of the 

It is important to note that a great 

. 

reduction i n  antiual irrigatfotr delivery occurs i n  dry years when 

irrtgation is I& needed for crops. 
. .  

The test results indicate that 

the Glcrrdo h i t  pcojcct is tho most affectcd project. - The dcta i l cd  

printout of the computct output tcvcals that the project catitrot . 
d e l i v e r  any water i n  24 yeacs out of the 46, arid i t 1  mother 4 yeacs 

d e l l v c t s  lcss thw o~rc-haIf of thc i t r i g a t  iotr demmtd. 

.. .:: , 
' 6  * 



Effects 011 Notiirrigatfou Water Release - 
i The Pathfinder minimum flow has almost no effect on the nonirrlga- 

t ion  water release-also known as river water o t  na tu ra l  water. . 

The Glendo and Guernsey m h f m u m  flow increases  the nonirrigatioh 
. .  I 

relea'se about 44% and 70% for 100 cfs requirement and 150 cfs require- 

ment respect5vcly (Table 9 ) .  

same magnitude of increase in both cases. 

I 
The Searinbe -enlargement has about the . 

. I  The aqatrual r u t d o k o f  * 

. . . .  

the change in nou i r r iga t fon  release is given in Table 10. =The 
* 

. increased amoutrt in most years supplemeats t he  a c t u a l  river: water 

* . release of Test 100 t o  satisfy its annual m i n i m u m  req.uftemeaf of 72,000 - 

acre-feet and 108,000 acre-feet. . . . .  i 

.I .* . .  . . -  
Effects on Rcsemrotr Storage . 

0 

. . . .  

Table 11, Table 12, and Table 13 s h i  the effect of rninimuxn 

flow requiremetits oti the end-of-month storage of Scminoe,. Pathfinder, . 

. .  
I - i  . .  

. * .. - 
I *  and Glendo, respectively, For Seminoe resefvoi'r, PatSaEinder minimum 

. :<*-&.* . .  

. .  
flow increases  the reservoir s torage ,  while the Glendo sand Guernsey 

* .!*a - .  * .  
..I . .. 

. .  . .  mfnimum flow decreases t he  storage. With the Seminoe enlargemetit, 

t h e  Pathfinder m i n i m u m  flow f u r t h e r  'increases the reservoit storage 

and the Glendo atid Guernsey minimum flow reduces t h e  amount of Che 

.. 
' -  :! -3:- . .  

decrease, Tn Pathfinder r e se rvo i r ,  both minimum flow cases reduce 

the  storage with the Glendo atid Guernsey m i n i m u m  flow requirement . .  

having mote sigriif €cant in f luences ,  

worsens thc situation. In Glendo reservoir, thc Pathfinder miaimurn 

flow has no e€€ect .  oti tesccvoir. s t o t j g e ,  while the Clcndo and Cucrtrsay - 

The Setuinoe enLargemenC further 
' . .  

mitrimurn €low rcduce thc r e se rvo i r  stocagc. . .. 
0 

. .. 

, 
7 
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'Table 1. E f f e c t s  on Total Power Generation in the 46-Yea.r' ' . 
Test .'Period f o r  t h e  System and .Powerplants in M i l l i o n  kWb . 

* . .  Fremont 
Test Run System Seminoe Kortes  c at1 yo 11 Alcova Clendo Guernsey 

Number T o t a l  Powerplatit Powerplant Powerplant Powerplant Powerplant Powerplant . .  

hc t ual Geriara t ioir - 
. 100 34,495.62' 6 , 205.32 7,051 . 59 1 0 , 4 9 3 . 9 2  5,72S.19 . * 3,807.59 1,211.94 

Difference of Test 100 atid Test 
1 7  65 . -2.34 -1,138.36 1'. 05 3.26 0.11 -1,118.61 

1 .25  3.31 0.14 
86.02 -9.21 59.12 

143.44 -19 . 89 96.42  
5 . 0 8  5.12 0.88  
5 . 2 9  . 5.26 0.94 

90.28 -6.61 60.07 
-631 . 81 147.22 * -17.. 7 2  96 .52  

-1 , 504.56 21.95 -2  93 -1 * 528.32 
- 3 0 8 . 7 7  -190.29 59.47 -313.89 

-1,229.90 * 7 7 . 1 4  -8 8.5 3 -1,2 29 5 5 
-533.80 -284. a7 74 . 04 -542 95 

-1,611.35 81.27 -85.15 -1,618.97 . 
- 4 5 0 . 3 0  -145.65 . -46.34 -402 02 
-698.2a - -257.54 -34 . 95 

,111 
112 
113  
114 
211 
212 
213 
214 

. .  . . .  
. 

* 

. '  
. *  

* 

* .C . 
. .  . 

. 
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. - Table 2 .  ' Effects on Tota l  Water Released through Turbino 

Acre-Fee t b 

in the 46-Year T e s t  Period a t  Each Powerplant in Thousand . .  

Fremotr t 
* . Test Run Serninoe Kortes Canyon Alcova . Cletrdo Guernsey 

Number Powerp 1 at1 t Powerp 1 on t Power plant  Power p l a n t  Powar platr t Fowcrplmt ' 

A c t u a l  Release 
41,328.76 40,997 46 41,704.12  4 O a ! j 6 3 . 7 9  41,734.29 * 17,686667' 100 

Differelwe of Tost 100 atid Test 
1 . 5 8  
2.06 111 

112 554.42 919aOO 1,322.12 113 . 
114 
211 
2 12 
213 
.2 14 

-11 a 39 * -13.52 -4,396483 6 .54  4a59 
-14.07 -16 . 94 -5,923.37 7 .96  ' 5 a 2 1  * 

182 15 346.21 * -405.64. 
2,079 a 13 267.61 4 3 5 . 9 2  -616.20 ' 919.74 1 ,594  a 57 

-514 . 74 -4,201.66 34 . 03 28.18  12.77 -366.62 
-368.63 -494 .98  -5 ,738.29 13.66 3S4'12 * 29.04 - 
.-221a 79 -268 a 97 -190.20 583a67 . . 947.60 1 , 335all 
-162 87 -i97.81 -450.66  945.71 1 ,621468  2,077.57  

. 

.. . *  
. .  . .  

. .  

. .  

. .  . 
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Table 3. effects on Tota l  Water Released through Bypass i n  the 46-Year- * * .  

T e s t  Period from Each Reservoir in Thousand Acre-Feet . 
0 

Test Run S e fn i 11 o e Kor t es Pathfinder  hlcova Cletido . Cueriis ey 
Number Reservoir Reservoir Reservoir _ .  Reservoir Reservoir Reservoir 

. Actual Release 
271.51 591.70 3,049 a4 84 1.25 8,023 . 2 7 33,7 80.4 8 100 

Dif fGrcnce o f  Test. 100 arid T e s t  
111 -1.76 0.36 4,404 . 52 1 . 4 4  . 3.41 6.42 

-216.58 717.17 4% 11 -193.08 -627 . 83 
114 -74 . 86 -243.17 1,120.67 * 22.06 -55s 0.70 -1,068089 
113 ' 

211 -271.31 -123.39 4 , 2 4 6 . 9 7  10.74 17.29 32.71 
212 -271.51 -145 . 16 5,785.50 * 11.04 . i a . ~  33 83 

-271.14 223.96 533 . 14 51.28 -189.89 ~ 6 0 9 . 0 2  
-1 ,041 .0~ 

213 

. 1 1 2  -2.60 0.26 5 , 9 3 2 . 5 2  1.55 4 . 3 s  7.50 
-52.52 .. 

2 14 -248.134 -213.90 983.91 18.90 -ss3..51 

. .  
. .  

.. 
. .  

. .  

. 

. 
. . .  . '  

' .  
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Table 4 .  Effects on Averago Monthly Rcservoir Storage 

. for the 46-Year Test Period i t \  Tlrousnnd here-Feet , 
* 

. I  

Test Run ' Sernitioe Pathf itrdet Cletrdo C ue r ns ey 
Number Reservoir Re s e rvo i r Re s er vo i r ' Reservoir'  

Actual Average Motrthly Storage . . 
'471.72 393.7'1 277.29 18 35 100 

O.00 
* Q.00 

-0.26 

D i f  fcrctrce. of Tept  100 nrrd Tss t - 
111 . .  6.. 68 -6 . 58 0.15 
112 8.59 -80 34 0. $5 
113 -52 95 -57 . 14 -21.78 

211 58.34  - 5 7 . 4 2 .  0.04 ObOO 
114 -77.17 -99 . 65  -35 . 30 . -0.23. ' 

0.00 
-4 b 59 -104.27 021.82 -0 26 

-0.23 

* .  212 .. 60.64 -59 .46  0.06.  
213 
214 735 43 -13.74 -35 36 

. .  

. 

. .  
. .  

. 
. .  * 

.. 
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Table 5. 'Effects on System Atmual Power Generation during the  46-Year Test Period i n  M i l l i o n  kWh . 

Water * Actual Generation Qifference of Tgst 100 and Test 
113 114 211 212 213 2 14 . Year Test 100 111 , '  112 

1928 870.27 ' 

1929 1,071.74 
19 30 795 . 06 
1931 727.51 
1932 916.69 
1933 869.24 
1934 670.80 

576.60 
7 4 5 . 4 5  

1935 
19 36 
1937 749.06 
19 33 751.03 
1939 832.11 
1940 615.60  
1941 662 .54  
1942 696 . 66 
194 3 7 4 2 . 8 0  
1944 661.06 
1945 633.32 
1946 667 . 67 
1947 705.41 

1949 852.34 

1951 700.72 - 
1952 942.62 
1953 746.92 
1354 579.58 . *  

1957 740.78 
1950 832.97 

1948 743.9a 

1950 826.38 ' - 

1955 * 514b27 
1956 - 6l7.75 

1959 . 705.43 
1960 738.28 
1961 703 .54  

-26.91 
-1'9.16 
-22.77 
-42.01 
-10.7s 
-1s. 74 
-46 .55  
-20.63 
-20.23 
-26.15 
-26.73 
-24.82 
-27.01 
-21.33 
-22 . 15 
-20. 73 
-19 . 88 
-24.33 
- 2 4 . 7 7  

-27.15 
-27.42 
-22.71 
-35.01 

- 9 . 1 7  
-36 . 69 
-17 .50  
-20.99 
-25.97 
-22.73 

* -23 .51  
-26 .'59 
-22 . 95 

-25 b 91 

-23 .68 .  

-35.88 21.50 
-25 56 , -14.40 
-31.99 .9G 

, -56.27 26 .41  
-15 . 10 3.04 
-22.12 -14 . 22 
-62 0 56 18.24  
-27.43 . 5 .27  

-34. aa 1 6 . 5 1  
-35 . 69 -6.02 
-33.49 13.37 
-35 . 64 -37 . 56 
*-29 20 -9 . 91 
-30 . 09 -42 . 05 

. -280 13 - 2 4 . 4 5  
-27.67 2 .06  
-32.29 -20.90 
-32.9'1 .a 1 1 . 4 7  
-34.46 Y 7 . 4 4  
-36.15 . -1.89 
-36.39 -50.8.7 
-33 . 27 4 . 6 3  
-4 5 . .10 36.03 
-11 .59  . -24 .92  
-50 . 81  56 . 08 

-27 . 21 3 4 .  a7 

-23.36 -38.82 

-34.46 ' 5.80 
-38.65 * -47.10 

-30.88 . -7.01 
-31.36 ' 17 .'32 
-35.46 39.98 
-31.25 -96.66 
-31.65 - 7 . 7 7  

38 35 
-36 . 65 

35.61 
10.8s 

-32.01 
27 .83  

6 .34  
32.55 
23 .98  
16. 74 
29.46 

-79.16 
-41.76 
-39 . 16 
-23.09 

-3.65 
-26 . 50 
15.24 
6.88 

27.22 
-89.28 
-3.28 
59 99 

-49 . 99 
. 63.72  

-67.88 
-90.04 

49.34 
3.07 

2.33 

14*18 

-221.24 
* '-14.48 

.- 3,63  ' 

-172.88 -181.39 

2 3 * 4 0  10 t 9  
65.50 . S S A 8  

-145.73 -149.89 

90.20 80.07 
-19.20 -26.08 
-19.43 t26 .50  
-26.26 . -34.98 
~ 4 9 ~ 6 7  oS8.63 
-26.97 - 3 5 4 7  

-8.15 -16.63 
-21.51 ' -29.35. 
-22 . 34 -30.26 

-20.01 -27.78 
-24 .53  -32 .47  
-24 . 79 -32 99 
-26.03 -34.57 
-27.28 -36.27 

-117.68 -126.41 
-9 . 29 0.18 . 69 

1 . 4 1  10.71 
-129.83 4 3 5  12 

78.70 67 . 79 
-13.80 -21 . 61 
-29.29 -38 . 9 1  

* -25.81 . * -34.31 
-34 . 10 -42 . 18 

9 - 2 3 . 6  ' -31.24 

723.04 -31 . 22 
-24.U3 -32.09 

Oe59  -3. aa 

-29 . 91 4 1 e 5 S  

-20.98 -28.35 

- 1 a . h  -27.22 

-129.88 ~ 1 1 3 ~ 6 8  
* 1 0 . 4 6  -11.29 

65 03 67.55 

-128.'80 -125 . 26 
-10 81  - 1 8 . 5 5  
123 .27  1 1 9 . 9 5  

8 e 0 7  10.38  
35 . 80 33 .58  
16.44 23.97 

13.36 2 9 . 4 6  
-37.54 -79.16 

-9.89 - 4 1 . 7 8  
-42.05 . -39.19 

-23.09 -24 0 44 
2 .06  -3 . 66 

-20.90 -26 . 50 
11.47 1 5 . 2 4  
-7.43 6 .88  

27.22 -1.89 
-79 . 85 -89.28 

12.69 - 3 . 2 0  
43.34 59 .99  

-155.72 -143.$5 
100.77 * 98.77  

9 .16  - 4 6 . 4 3  
-35.07 - *  * -02.82 

11p48 * * 49.32 
-6.90 . 2 . 8 1  
1 7 . 4 1  - 14.11 
40.08 * 3 . 3 2  

113.10 i i a . 2 2  

-6 .58 . 16.73  

.. 

-96.47 -221.13 
-7.49 -14.50 
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Table 5 (continued) 

Water Actual Generation Difference of Test 100 and Teat 
Year Test 100 - '  111 , '112 113 114 211 212 * 213 214 ' 

35.98  
-189 . 47 
-34 . 92 
-30 . 80 
56.51 

-16.56 
' 66.98 

33.96 
-110.15 
-25.11- 
17 . 19 
11.21 

-34 . 28 
-30.23 
-25 . 09 
i28.84 
- 3 t .  14 
-32 . 96 
-35.57 
-34.52 
-143.40 
-45.41 * 

-40.74 
. 24.60 

. 20.43 
431.40 

- 6 t  82 
-26 . S1 
'30.08 
13.70 
25.95 
18.37 

-139 . 89 
-71.56 
9 2 A 2  
-47.32 

-9.79 

35 . 98 
-187 4G 
' -34 . 9 5  
-30.80 

5 6 . 5 1  
-16 .56  

6 6 . 9 8  
33  . 36 

- 1 5 6 . 6 9  
-139.23 
102.45 
- 4 2 . 9 3  

765.01 
654.16 
607.89 
602.67 
6S1 . 85 
643.46 
635.02 
753.03 
861.38 

1,088.82 

1,065.38 
770.03 - 

- 2 5 . 5 3  
-22 . 42 
-18 . 99 
-21.20 
-23. SO 
-24  . 69 
-26 . 67 
-28.49 
-19 . 25 
-23.77 
-19 . 26 

-26 . 18 

-34 . 00 
-30.31 
-2q.05 
-29 ; 02 
-31.31 
-32.95 
-35.57 
- 3 4 . 4 1  
-38.09 
-25 .40  
-33.10 
-25.33 

20.24 
- 1 3 1 . 3 4  

-66.70 

30.14 
13.49 
26.05 
18.34 

- 5 0 . 4 3  
-9 . 64  
5.10 
49 

-26 . i s  

-25.76 
-22 . 38 
-18. 92 
-2lrOl 
-23.51 
-24 69 
-26 . 67 
-26.29 
-134.01 

-40.19 
38.61 

-39.77 

-26.. 7 4  

- 

1962 
1963 
1964 
.1965 
196C 
196 7 
1968 ' 

1969 
19 70 
1971 
1972 
1973 

-35 . 03 -15.18 -6.71 -11 60 749.90 -24.32 * .  -32 . 71 Average 

. .  
c 

0 

. 
. .  . . .  . .  
* .  

. .  

. .  . .  ' .  

.. . .  
. 

a .  

. . .  . 
. 
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- Table 6. Effects 011 Irrigation Delivery i n  the 46-Year 

Test Period tn Thousand Acre-Feet I 

Test Run System North Platte Ketrdc f c k Clendo Unit 
Number - T o t a l  P r o j e c t  Project Pro j cct  I 

Actual Delivery 
50 9 Q21 6 1  2 %9 12 -12 679.20 LOO - r .  

1 . .  * 111 5.. 06 1.39 - 0 3 0  3.. 96 
LL2 5.64 1.40 -0.37 4.41 
113 4 , 5 S G .  14 -931.62 -292.00 -332032 
311.4 -2.4 79.73 -1,632.01 -393.21 4 5 6  . 53 

. 211 6.36 2.92 0-53 2.88 

( 

212 6.83 2.97 0.44 3.42 
213 -1.S52 -49 -926.31 -292-01 -334.17 
214 -2,4 78.09 -1,628.44 -393.36 -656 . 09 

b I 
I 

. 

. .  

I 

. .  

.: . .. 



Table 7. 
Ln the 46-Year Test Period in Thousatrd Acre-Feet. 

Effects on Average Monchly ProjeCt Ownership . -  ..  
. 

I 
I 

Test Run - Nocth Platta Kendrick - Glendo U r r i t  
Project Project Project Number * 

L 

. .  
Actual Average Ownership 

SS6-55 671.01 108.68 LOO * . - 
. .  I 

I Difference of Test 100 and Test 
# 

111 . -0.12 * -0.33 0.70. 

113 -27.60 -26 82 -47.37 .. 

213 -27.12 . -56 A 28 i47.19 

0.85 112 -0.12 -0.34 

114 4 1 . 2 3  -112.63 -58.16 . 

212 
- 211 0.16 0.01 0.78 

0.16 -0.01 .LO6 

. 214 -40 . 80 -112.51 -58.01 

. .  
i 

f 

’ .  

. .  

. .  
1 .  

. .  , . .. 

. .  

* .  
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Table 8. Effectqon System A nnual Xrrigation Del.ivery 

0 '  0 . . 
uring the 46-Year Test Period %n Thousand Acre-Feet 

Water Actual Delivery . Difference . of Test f0O:and Ths t * . 
Year . Test 100 111 112 113 * 114 211 a212 213 214 

1928 
1929 
1930 
1931 
1932 
1933 

. 1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
194 6 
194 7 
1948 
1949 
1950 
1951 

- 1952 
1953 
1954 
1955 

. 1956 
1957 
1958 
1959 
1960 
1961 

1 , 138.00 
1 , 138.00 
1,138.00 
1,138.00 
1 , 138.00 
1,138.00 
911 b 01 
895.25 

1,138.00 
1,138.00 
1 , 138.00 
1 , 138.00 
895 . 30 

1,138.00 
1,138.00 
1,135.00 
1,069.71 
1,014 54 
1,138.00 
1 , 138.00 
1,138.00 
1,138 . 00. 
1,138 00 
1,138.00 
1,138.00 
1 , 138.00 
670.40 
827 .'41 
966.25 

1 , 120.00 
1,120.00 
1,120.00 

i , 120.00 
1,066.61 ' 

. 00 
' . 00 

0 00 . 00 . 00 
-00 
b 00 . 00 

+ 00 . 00 . 00 
000 * . 00 
000. . 00 

2.88 
. 000 . 00 . 00 . 00 

00 
b 00 . 00 . 00 . 00 . 00 . 00 .. 00 
; 00 

. - 000 . 00 . 00 

, 000 

. .7a . 

0 0 0  . 00 . 00 . 00 . 00 
' 0  00 . 00 . 00 
b 00 . 00 . 00 
0 00 . 00 . 00 
0 00 . 00 

2.88 
b 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 
b 00 . 00 
0 00 
0004 . 00 
b 00 . 00 . 00 

1.11 

-3 .24  . 00 . 00 
b 00 . 00 . 00 

-59 . 00 
-40 .49  
-25 .41  
-18.00 
-14.13 
-18.00 
-131 . 48 
-57.03 
-58.92 
-fib. 17 
-7 . 67 
-1 . 97 

-60.31 
-7.00 . 00 

-18.00 
-18 00 

-12.90 

. 00 . 00 
00 

000 ' 

000 . . 00 
-101.51 

-66.67 
-18% 00 
-18.00 
-18.00 
-208.71 
-123*04 
-59.40 
-88b 00 
-50.45 

-9* 13 
-88 00 
-25 b 00 
-18.00 
-18.00 
-18.00 
-18 . 00 

-77 .79  . 

. 00 . 00 . 00 b 00 . 00 00 
b 00 . b o o  . 00 00 . 00 000. . 00 . 00 . 00 b o o  

000 . b 00 
b 00 b 00 . 00 b 00 . 00 . 00 

. 00 . 00 
00 . 00 

-000 . 00 
3.09 3.09 . 00 00 

0 03 b 00 . 00 . 000 
00 . 00 

0 00 ' 000 . 00 -. 00 . 00 c 00 

1.58 . . 1.62 . 

'-18.00 * 

-18 . 00 
-68* 33 
-127 53 

-85.09 . 
0 00 

' 000 
' b o o  

-152.47 

-18 00 
-18 00 
-130.97 
-168.97 . 
-120.70 

b 00 

-33.99 
-323.28 

' b o o .  

. 000 . 00 
b 00 . 00 . 00 . 00 
000 * -  a .OO' .. 
000 - . 00 . 00 . 00 . 00 '. 00 
.. 00 . b o o  

. 0.02 -002 

. -?.24 . 00 
' 000 

b o o .  . 00 . 00 
"S9.00. 

-26.16 
-18.00 
-15 . 06 
-18 . 00 
-131 45 
-57.02 
-58.92 
-56 *' 15 

-7 67' 
-1.97 
-60.31 
-7 00 . 00 

-12.00. 
-18 00 
-18.00 

-48.49 

-18.00. 
-18.00 
-64 13 
-126.61 
-85 10 

b 00 . 00 
b 00 

-152 45 
-1.68 -40.58 ' .oo * *  b o o  ' -1.01 

00 . 00 . 00 
00 
00 . 00 

-101. s1 
'-77.79 
-68.23 
-18 . 00 
-18 . 00 
-18.00 

-208 . 7 1 
-123.04 

-59 .  45 
-88 00 
- 5 0 . 4 6  
-9.13 
-83.00 
-25.00 
-18.00 
-18.00 
-18 00 
-18.00 

. -18.00 
-18.00 
-127 . 26 

' -169 07 
-120.76 

00 
00 

-34 . 32 
-323 26 
-40.61 



b .  
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Table 8 (continued) 

. .Water Actual Delivery Difference of Test 100 and Test 
Year Test 100 - *  11.1 112 113 114 211 212, 213 214 

1962 
1963 
1964' 
1965 
1966 
1963 
1968 
1969 
1970 
1971 . 
1972 
1973 

Ave rage 
8 .  

1,120.00 
1,001.37 
1,099.48 
1,075.97 
1,112.55 

1 , 138 . 00 
1 , 138.00 
1,137. SO 
1,138000 * 

1,138.00 
I , 138.00 

1,050.00 

1,087.43 . 

too 
- 0  05 

000 * 

0.30 . 
1.75 . 00 . 00 . 00 . 00 . 00 

000 * . 00 

. 00 
0.04 . 00 
- 0  35 
1.84 

000 . 00 . 00 . 00 
. 00 . 00 

,000 

011 ' 012' 

. 00 
-191.84 
-104.59 

-64 . 01 
-62.55 . . 00 
-20.02 
-18 . 00 
-9.21 . 00 . 00 . 00 

0 00 
-305 01 
-104 13 

-65 64  
-62.55 

0 00 
-25 0 00 
-18 00 
-21.15 . 00 . 00 

,oo 

. 00 

. 00 

.26 
1.48 . 00 . 00 . 00 . 00 

0 00 
00 

. 000 

. - .05 
. 00 

0.04 -191.85 
0 00 -105 . 11 

-64 01 
-62.53 

. 000 0 00 . 00 A20 . 02 
000 -18 . 00 . 00 -9 . 21 

. 000 000 * . 00 . 00 . 00 

' 000 

.l8 . 
1.94 

. , O O '  

. 00 
-304.98 
-104 . 17 

-65 64 
-62 .55  

0 00 
-25 . 00 
-18 00 
-21.15 

b 00 . 00 
' -00 

-33 0 a3 -53 91 .14 . 15, -33 . 75 -53.87 
. .  

. 

. 

* .  
. .  

* 

. 
. . 

. '  . 

. . .  

.. . .  

* .  . . .  . .  
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Table 9. Effects on Total River Water (Nonirtigation) Release from 
the System during the 46-Year Test Period in Thousand Acre-Feet 

0 .  
I 

.Actual Release Difference of Test  100 and Test 
Test 100. 111 112 113 114 , 

*- 4.417.79 2.6s 3.75 9 1.95a.43 3,093.78 
. .  

1 

Difference of Test 100 -and T e s t  
211 212 213 214 

39.68 41.10 I, 986 . 57 . 3,121.06 I .  

. .  

.' 

. *  
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Table 10. 
Release during the 46-Year Test Period in Thousand Acre-Feet 

113 114 

5: . 99 

Effects  on System Annual River Water (Nonirrigation) 

Difference o f  Test 211 100 @\Id Test Water Actual  Release ' Year Test 100 111 112 213 114 

52.99 05. 72 
- 4 3 . 4 3  

. 00 
8.47 . 00 

5 . 4 9  . 
. 00 .26 . 28  5.44 51.06 * 83.59 1.54 1.35 . 

.93 83.39 .48 -. 03 
-3 . 60 

-99 . 30 
-3 . 75 1.25 

-37.86 1.95 L l 2  
' 68.13 1 0 4  13 

1.67 - .57 
-101.75 0 .  75 

0 00 
108 . 00 .oo' 

. 00 
72.00 

104.13 68.13 

108.00 
. 00 

. 00 . 00 . 00 
72 . 00 108 . 00 72.00 . 00 . 00 

108.00 
. 00 

72.00 
72.00 . 00 . 00 

82.58 
A O .  

. 00 
46.58  

108 . 00 
b 00 

72 . 00 . 00 . 00 
00 

69.47 105.47 82.58 
0 00 

. 00 

108. 00 
. 00 

72.00 
105.47 ' . 00 69.47 . 00 00 

106 . 74 . 00 
70.74 

108 . 00 . 00 72 . 00 
37 3 4  

* 000 

25 . 32 106 . 74 .OO * 70.74 
b 00 

66.07 
. 00 . 00 

32 . 26 37.34 
..oo 

25 . 32 . 00 
67.58 

* .oo 
. 00 

31.58 
172.32 32 . 26 66.07 

1.41 
. 00 . 00 

so. 59. 1.41 
2S.35 

67.58 31.S8 
b 00 

1.44 

104 . 08 . 00 1.44 

68.08 
50. S9 25.35 . 00 

. 00 

72.30 
1 0 4  . 08 

36 . 38 . 00 68.08 . 00 . 00 36.38 4L27 77.27 . 00 . 00 . 00 
72.38 . 00 41.27 ~ 67.90 103.90 ..oo - . 

. 00 
77.27 

. .68.57 104.57 . 00 . 00 
103.90 . 

.oo 
106.11 

. O O '  * 

. 00 
I04 . 57 . 00 

-31.70 
. 00 

b 00 . 00 
3.12 

102.93 
2.56 

.oo . . 00 
68.33 

-31 70 

108.00 
3.53 

-67.70 
3.64 

.38 -. 35 
'72.00 

102.93 . 00 68.33 
108 00 

. 00 
* *  72.00 

108.00 
. 00 

; 60 108.00 . 00 72 .OO 108.00 
. oc, ,OO , 32.00 

000 . 
72.00 

i o 8  . 00 
000 

72.00 
108.00 

107 . 62 . 00 72.00 
. 00 . 01) 

. 00 
000 . . 

.31 . 62 72;oo . . 108.00 . 00 . 00 
~03.00 

b 00 
71.62 . 00 

.72 . 00 . 00 72.00 . 00 
108.00 9 b o o  72 . O o  

. 09 83. TI2 . 00 
~ 1 8 ~ 3 0  -. 8.47 6.07 7.04 

22 . 6 4  -000 
-26.77 -51.73 

1928 
1929 
1930 
1931 
1932 
1933 

3.87 * 1934 
19 35 

0.00 193G 
0.00 19 37 
25.42 1938 
2.53 1939 
0.00' 1940 
1.26 1941 . 

1942 
41.93 194 3 
40.42 1 9 4 4  
57.41 1945 
3.92 1946 

1947 35.62 
30.73 1948 
4.10 1949 

1950 
1.89 1951 

.139.70 1952 
1953 

0.00 19S4 
0.00 1955 

0,oo 
1956 
1957 

0.38 . 19S8 . 0.00 1959 
1961) 

694 . 03 
165.32 
25.80 . 
70.05 

263.56 

1.95 37.95  51.06 * 

37.95 
7.34 040.49 

* 0.00 . 00 
.I08 00 

. 00 46.58 

b 00 b 00 

. 00 b o o *  

b o o .  67 . 90 
68.S7 
70.11 -. 106.11 

. .oo 
70.11 

-67 70 

3.43 

5.07 . 00 
0.00 . 00 

0.00 . 00 . 00 72.00 . '  108.00 
b 00 

* 107.62 ' 
. 00 
000 . 00 108.00 .oo 
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' Table 10 (continued\ 

. . 

Actual Release Difference of Test 100 and Test ' 

114 . 211 212. 213 214 fJa t er 
Yeqr Test lo0 * 111 112 113 

196 1 

1963 ' 

1964 
196s 
1966 
1967 
1968 
1969 
1970 
1971 
1972 - 

I 1962 

. 1973 

Aver a g e 

32. a4 
OaOO 
3.18 
19.11 
56.53 
la35 
0.00 
52.95 

I a  75 
189 a 69 
948.36  
243.09 

1,054a55. 

96 a 04 

. 00 . 00 
a 00 . 00 
a00 . 
a 00 
a 00 
a 00 . 09 
a 00 
a 56 
r04 . 05 
.06 

. 00 39.16 
a 00 72.00 
a 00 68. a2 . 00 * 52 a 8.9 
aOO 43a08 
a 00 70a65 . 00 72aOO . 00 2 5 . 4 6  . 00 70.25 . 00 19a33 
,61. -132.28 
. O f  ma06 
a 08 3aOS 

a 0 8  . 4 2 . 5 7  

75.16 
108.00 
104.82 
0&09 
66.92 
106. C 5  
108 . 00 
55aO5 
106.25 
28-36 

-259 a 96 
-1 a 85 
4.49. 

67 a 26 

00 . 00 . 00 . 00 
a 00 . 00 

. 00 
*.oo 

a 00 
6.91 
6 . 4 9  

, 000 

. 69 

000 * 39.16. . 00 72,OO 
000 , 68* 82 . 00 52.89 . 
* 00 4 L 0 8  ' 

. 00 72.00 . . 00 25.46 

.OO ' 19.33 
6.94 -126.68 
6.60 7 S O  
1.09 1.41 

00 70.65 

. 00 7Qa25' 

a06 . . 89 43.19 

73.16 
108 . 00 
104.82 
88.89 

106.65 
108.00 

66 a 94 

.55 a 05 
106 a 65 
28.36 

-257 a 4 9  
8.26 
2 . 9 4  

67 a 05 

. #- 

. .  

. .  
. .  



0 .  . 
Table 11. Effects of Minimum Flow Requirement on Seminoe 
Reservoir End-oGHonth Storage i n  Thousand Acre-Feet 

Month Actual Storage Difference of Test  100 and Test 
Test 100 111 112. 113 114 

04% 
Nov. 
kc. 
JM. * 

Feb. 
Mar. 
Apr- 
k Y  
J W  
J d Y  
Aug. 
Sept . 

526.99 
469.30 . 
401.52 * 

326.03 
289.38 
288.67 
304.18 
466.25 
694.91 
700.21 
638:09 
586.30 

4.38 
5.18 
6.35 
7.80 
7.15 
6. 73 
6.83 
8.46 
8.04 
8.98 
7.59 
2.70 

5.74 
6.80 . 
8.29 
10 . 11 
9.33 . 

8.73 
10 . 69 
10.20 
11.21 * 

9.37 
3.83 . 

8.78 

-63.19 . 
-58.73 
-22.09 ’ 

-65 45 
-42.12 
-39 . 23 
4 6  47 
-50.17 * 

-48.37 
-54.68 

. -64.69 
-70.28 

-94.81 
-84 . 85 
-75 . 01 
-63.M 
-58.68 
-54*71 
-63.78 

. -75 . 95 
-70.49 
-81.81 
-98.47 . 

-104 02 

. .  
Nonth ’ Difference of Test 100 and Test 

211 212 ’ . .213 214 

- Oce. 69.91 71.73  . -5.. 82 . -44.76 
NOV. 51.91 53.87 -14 1 61 -47.63 . 
DeC . 34.92 37.06 -22.66 4 9 . 6 5  
Jan. 19.78 22 . 10 -29.31 4 9  . 10 

27.27 29.53 -19.28 -38.41 
Hare 36.05 30 .23 .  -8.86 -28 . 30 
Feb. 

Apr. 43.57 46 . 15 -9.19 -32 . 99 
k Y  54.95 . 57.80 -8.53 -3.9 . 53 
June 77.55 80.24 14.26 * -16.98. 
July 87.70 90.31 . 16.30 -20.22 
Aug . 96.88 99.l.2 15.98 - -28.75 

. 

Sept . 99.58 101.22 16.69 ’ -29.22 

. k e :  Values arc.*mnttrly valucs averaged for t h e  tb-ycar period. 
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' Table 12. Effects of Minimum Flow Requirement on Pathfinder 
I I s ewolr  End-of-Xonth Storage in Thousand Acre-Feet. 

Actual Stocage Difference of Test 100 and Test 
Month Test 100 . 111 112 '113 114 

1 

Oct. 
. Nov. 

I nec. 

Feb . 
I Mar. 

- Apr. 
a .  May : 

i June 
July 
Aug . 
Sep t 

* . -  Jan. * . 

;.<a - .4 .. . ; . :. .--; 

315.21 * 

348.16 
387.00 
4 31.94 * 

443.93 
4SL.39 
873.91 
488.00 
430.91 
361.78 
306.65 
293.94 

-4.11 
-4.91 

-7.53 
-6.86 
-6 0 44 
-6.54 
-8.40 
-8 0 23 

-6.07 

-9 . 38 
-8.03 
-2.43 

-5.33 
-6.38 
-7.87 
-9.69 
4 . 9 0  . 
- 8 0  34 
-6.28 
-10 . 49 
-10.27 

-9 ..69 
-3.42 

-11.67 

-50 . 9s - 
-55.27 
-39 . 79 
-64. S t  
-67.36 . 
-68.43 * 

-60.98 * 

-53.43 
-52.49 
-si.s9 . 

-32.72 
4 7  . a8 

-91. 70 
*-98.41 . ' 

-t0t0t7 

-114.88 
-115.46 - 
-106 09 
-92.51 

. -91'.97 
-90 . 18 
-91.73 

' -85.82 

-112e25 

I DiUerence of Test 100 atid Test 
214 

i 
Month 211 212 213 

Oct 0 

' mv. 
k c  0 

Feb . 
Mar. 

1 

... "' -:: Jati. - 

Apr. 
; ' May 

. * -  Julie . 
July . 

. -68.7a 
-40.73 
-33.68.  
-18.S4 
-26 01 
-34.76 
-42.27 
-56.36 
-77.23 
-87.48 

-70.34 4 

-52.61 
-35.58 
-20*61 
-28.02 
-36 . 69 
-44.60 
-57.04 
-79.68 
-90.05 

-109.03 
-98 . 07 

-79.64 
. -08.85 
-97.43 
-94 88. 
-94 00 
-114 . 12. 
-121.51 

-87.87 . 

-L41.00 
-135 -05 
-12.9 33 
-126.00 . 

-141.01 
-136.02 
-125.36 
-144.91 
-151.12 . 

-136 12 

Aug . -960 69. -98 . 66 -132.24 -160.76 
Sent . -98.46 -99 . 85 -133.S5 -159 .'84 
Aug . -960 69. -98 . 66 -132.24 -160.76 
Sent . -98.46 -99 . 85 -133.S5 -159 .'84 

Note: Values ace monthly values averaged for the 46-year period. 
0 .  

. .  

. . -  . 
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Ile. 13a Effect of M i n i m u m  Flow Requirement 'on Giendo'. . .  

Reservoir End-of-Wth Storage in Thousand Acre-Feet 

*nth . A c t u a l  Storage . . Difference of Test 100 and Test 
Test 100 . 111 ' * 112 -113 * 114 

-126a50 
188,42 

3013.84 
268a41 

365 a 95 
377.10 

466 . 08 
402.62 
236.71 

. 99.58 
60 a 00 

427 a 10 

- a 0 0  . 00. 
-00 
.oo 
0 0 0  
-00 

0. 04 . 12 
A0 . 61 
'-70 - 

a 0 0  

. 

-6.64. 
-14 11 
41.71 
-28 82 
-35.. 08 
-39 . 13 
-37 a 97 
-39 19 

-18 I8 
. -4.64 . 

025 I85 

a00 

-10 a 35 
-21 74 
-33 . 62 
4 5  . 96 
-56.88 
-63 . 67 
-61.09 
-48 . 27 

- 43.11 
-3Oa43 

. - a m  
a 06 

Month Difference of Test 100 and Test 
211 212 213 214 

1 

-6a64 -10 33 
.oo . -16.10 -21.75 

.. .oo 00 
.oo 

-* 02 
0.02 

* -.02 
-,28 -. 28 -. 17 . 16 
-4s 
a 71 
.oo 

Oct 
Nova . 00 -21.70 -33 a 63 
Dec. 
Jan. -00 -33 . 06 -56 . 90 -. 27 * -39.'10 -63 68 Feb .* 

-61.10 
Mat. 

-.27 
a.16 -29.31. -40 . 44 ApCe 

%Y 
. -30 . 61 -47 -18 . 24 . 72 -4.63 -8 . 58 July.  

. 00 . 04 . 00 
Auge 
scp t 

.oo ' -28.79 -45 . 97 

-38 . 22 .. . 
. 17 -26 . 00 - -43.35 June 

Note: Valucs nta monthly values amcaged €or the 4G-ycar period. 
* .  
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reservoirs without loss. 

Tho accral f i v e s  for  Is? were the same as those used in 1966. 
follows : 

May JUne J a y  Au,rSust 
90 s.f. w s.f* * . I40 s o f .  35 s.f, . 

ALCOVA OUTWd OR G:XY RSX? RE.SZR?OEt 3ZEL3SE 
! 

Water; rzleascd a t  the Grey &ef Reservoir will be charzed with the 

They are as ' 

Septezber 
35 s.f* .. 

following lossas 
set  by the decree. 
below. 

The zkended loss figures Alcova to Glendo by mont!!~ are shotm 

Nay June J d Y  Auggs t Septc&5r 
b5 s.f. -&s*f. 61 s,f. 70 s.f. 61 sofa 

fnere sfil ts a two (2) day tka lag'in tra&porting water: frozi Grey .%cf aicservoir 
to GLecldo &seruoLr, water released at Gray TZeef Reservoir will reach the Glendo 
i?eserwir two (2) days after the release date. 9 .  e 
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l 

A one (1) 
the River 

'day time lag is used i n  taking water from the River Station below **alen 83n 
Statioa below Tri-State Da, 

Carriage 
Line s e t  

r -  
Kay 
20 

I 

, .  . 

I 

i 

. .  

los'ses i n  the river section Guernsey Reservoir t o  the Wyoming-Sebraska State 
by the  Decree are as fo2lows: 

. . Daily Evqoration 
June J d Y  August  September Losses shown by 

xuoaths. 
0 

27 31 27 20 
Losses are showu i n  secondfeet, 

Computing the channel.' gain or loss, Whalen Dam to the Tri-State Canal, using rm sheets. 
* 

( for period July a, thru July 15, 1967 ) 

The method to compute the g a h  or loss using tIhe ruQ sheets.' 
(exanple) - 0  

Total water a t  the '&den D a  (T) July ~II.I-.I-o-----~----~o--aw-wowo- L533 sec. ft, 
Xinus  evqoration l o s s  for monL?i of July, botton of nat. f l w i  run sheet--- 31 sec. f L  
Total water at  'Whalen Dam minus evaporation  loss------^^=---^==^-----^^ 4502 sec. ft. 

To the figuze of &O2 sec. ft. for July a, will be added the inflows * i n  the reach 'rlhalen 
Dam to t'ne Wyo.-Ne'or. State L i n e  for July 15, 1967 (e) 3&0 sec. ft. th is  difference or' one 
day is to make up the time lag that occurs Whalen D a a  to the State Line. 

Total water a t  Whalen D ~ Q  minus the evqoration l o ~ s - ~ ~ - - - - = c - ~ ~ ~ ~ ~ ~ o - = ~ ~ ~  &SO2 sec. ft, 
'TO this to ta l  is added 'Whalen t o  State Line  inflow (e)---l~l----oa~-~=-oa 3kO sec. ft. 
Totah water in reach Wnalen Darn 60 .the State L i n e  for July l&, 15, ------- 4842 see. ft, 

Total diversions i n  the reach Guernsey Res, to river belog Tri-State Dam for July lh, and 
July 15, 1957 as Shown on run sheets ( ~ ) w ~ - L I - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ o ~ ~ ~ ~ g - ~  L a 3  see. fi;. 
July I&, July 15, the l total water in the reach Wiale'n Dan to the State Line i s  larger 
U\an the Aatzi d+versims or ( ~ ) ~ ~ ~ ~ - ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ a ~ m ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ g  b6&3 s s ,  ft. 
Total  water in the reach Whalen Dam t o  Ziver below Tri-Statz Dam --------- t8b2 sec. fi;. .C 
The loss in the reach "halen to Below t h e  Tri-State Dam is -a- LSL2 sec. ft. 
Minus the total diversions or (c) a o o o - - - a ~ - - o ~ ~ - - o - ~ - - ~ ~ ~ ~ ~ ~  b6&3 sec. f t .  
Loss in reach M a l e n  Dam to below Tri-State Dan-------------- 199 sec. ft. 

fhe loss in the section is prorated percentage wise as show (V) & (W) on tho run shoeki 
f o r  July lb, 1967 and is 77;Z to natuzal flow or 199 X 77 = 153 m c .  ft. 
the storage water Loss to be returned is ------ 199 x 23 lr6 sec. ft. 

As mly the *,-tion of Loss to storage water is t o  be returned or the &6 sec. ft .  xhen 
the t o t a l  titversions reach a larger f igwe  o r  when (c) bscom3 larger than (T) p h ~  (e) 
on th2 run sheets tire gain is prorated. the saim as the loss  using (V) 0: {ti) perczn%gz- 
wise aad returned on ths sans basis, the storage ?ortion of the gcin .is miltiplied by 
(V?)  and sub-tracted fron the amount of water charges out as 1053 t o  storaGa watzr 
t rans it. 

. - 
- 0  

. . 



Water. in transit fr0r;r the Alcova Iiescrvoir to tLhc ~yominC-&braska S t a b  Line  was 
&arced w i t h  the following carrinec losscs, divided into the river sections as 
shown, and proportioned between natural flow and storage water on a prorate bas is .  

. Rivor aroa . 
River Section Zn acre3 Daily losses in Second feet by months 

Alcova Hcscrvoir May June July  August jtJp teR;bcr 
Glendo Reservoir to . G L d o  Rosarvoir- 6,740 Acres h3 61 . 70 61. . b5 
Wyoming. -Nebraska 

State Line 3,000 Acres 20 - *  27 31 27 - 20 . 
* 

f 

The above carria& losses were computcd upon tho basis of thc area of the river- 
. water surface as determined by aerial survey made in 3339 and prcviow .years and .* 

upon monthly evaporation a t  Pathfinder Reser*oir for t!!e period from 1921 to 1939 
inclusivg as provided by the .decree of the United States Suprelae C o u r t 4 1  the North 

. P l a t t e  River litigatioa, 
9 .  - .  

-.- The carriage loss from tho Alcova Reservoir to t h e  liyomi3g-NebrasKa State Line i s  
:. the-same as used in previous years and is based on the mean evaporation a t  the Path- 

* '  finder Reservoir. Loss figures by'months are shown on the table below. . .  

. .  - .. 
. .  . .  

.a Hay JUne J d Y  August Sepcenber 
- -  0.561 0,767 0.910 0,799 0,568 .- 'The coeff icht  of Oe71 is used to reduce pan records to open water surface records. '. 

SEHLNOE, PATHSLNDZR AND ALCOVA RESERVOIRS 

Evaporation uas computed daily, based on evaporation f roai weather bureau stand324 
(&) faot in dlaneter class {A) pans located at Seminoe Reservoir and Tathfinder 
Reservoir. The daily evaporation was multiplied by the area of  the water surCace 
of the reservoirs in acres and by coefficient of  0.70 to reduce pan records t o  . 

. open uater records, 

Computed sane as above except pan evajorat ion a t  &alen Dam is used for the Guernsey 
Reservoir, ?an evaporation a t  the Glendo Reservoir was started June- 30, 1960, 

* 
' .- 0 .  *.:.. . 

a=  a 
' .  

. .  I .  . 
. .  .. 
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North P la t te  Storage Ownership Accounting 
(To bc effect ive as of October 1 ,  1970) 

. I ,  General C r i t e r i a  - October 1 through April 30. 

(a) 
Atcova, Pathfinder, Gray Reef, Glendo, and Guernsey Reservoirs. 

Totat ownership equals total water i n  storage i n  Seminot, Kortes, 
This 

.also applJes flay 1 through September 30. 

. 

. .  

. . .U. 

(b) For s imp l ic i t y ,  one day lag i s  considered i n  computing the evapora- 
In other words, today's total owner- 

. .  

' M o n  chargeable to each ownership. 
ship evaporation charge i s  equal to  ycsterday's ' total  annual evaporation. 
The evaporation chargeable to the Kendrfck ownership i s  the actiral Atcova 
evaporation yesterday plus the evaporation frocn .the balance of  Kendrick 
t o t a l  ownership from yesterday assumed to a l l  be i n  Seminoe Reservoir, 

- The tvaporation chargeable t o  Guernsey ownership i s  t h e  la rger  o f  the 
actual evaporation or the evaporation computed from Guernsey ownership, 
including Lake A1 i ce  and Minatarc water stored i n  channel reservoirs, 
a l l  assumed to be i n  Guernsey, it: Guernseyknership i s  sufficient t o  
pay t h i s  charge: 
a l l  Pathfinder ownership, except that  por t ion o f  Pathfinder ownership i n  
-Guernsey, i s  i n  Pathf inder Reservoir so long as there i s  any ownership 
in  Guernsey ' p r i o r i t y .  
evaporation charge w i l l  be the actual Guernsey evaporation p l u s  the evapora- 
t ion computed as though the balance o f  Pathfinder ownership was i n  Path- 
f inder Reservoir. This a l l  on the assumption that  physical water i n  
Guernsey after Al i ce  and Hinatare plus Guernsey ownership i s  *evacuated i s  
Pathfinder storage water. 
o f  Septe65er 30 o f  any year w i l l  remain i n  Pathfinder olmership as o f  . 

October 1,  
actual evaporation minus that  determined as chargeable to the other three 
ownerships, 

The Pathfinder evaporation charge i s  computed as though 

I f  there-1s no Guernsey ownership, then the Pathfinder 

- 
Any Pathfinder water i n  Guernsey Reservoir as 

The evaporation chargeable t o  the Glendo Uni t  i s  then the total 

. -.. 
( c )  
current day, minus 98 percent o f  the Alcova outflow tvm days e a r l i c r .  
r i v e r  gains - Glendo to  Guernsey - are the Guernsey in f low minus the Glendo 
outf low w i t h  no time Jag. o r  losses considered. 

The river gains - Alcova to Glendo - a r e  computed as ' the  Glendo inflow, 
The 

(d) 
October, November, and April will accrue t o  Lakes A l i ce  and Minatarc, up to 
a total o f  46,000 acre-feet and a t  a ra te  not to exceed 910 second-feet. 
k t p b c r  and November r i v e r  gains which w i l l  accrue to  Alice and Ninatarc can 
be stored i n  Guernsey Reservoir and transferred t o  t h e i r  own reservoirs when 
the Jnterstate Canal i s  opened i n  March. Ho.ever, i f  during the winter CQnths, 
the Guernsey ownership plus A1 i ce  and Minatarc  water i n  Guernscy reaches 45,228 
acre-feet, then the gains - Alcova to Glendo - are to  be credi tcd t o  the Glcndo 
U n i t  u n t i l  t ransfer  o f  Alicc and Minatare watcr i s  i n i t i a ted .  
t i o n  occurs, the r i v e r  gains - Glendo t o  Guernsey - should f i r s t  go to m k e  
up thc Gucrnscy seepage and evaporation and the  balance rclcased to the r i v e r  
o r  credi ted as owed to the - r iver .  I f the gains bc1ot.r Glcndo are insufficient 
to make up tlrc Guernsey evaporation and s&pagc, the di f ference i s  to Ic. 

I t  i s  assumed that  the r i v e r  gains below Alcova during the months of 

Thc 

Whcn thiscorrdi- 



up f r m  gains bclow Alcova. 
Guernsey section, then owcd to the r i v e r  w i l l  deplete by thc ncgat ivc gain. 
Owed t o  the r i ve r  w i l l  take the loss as w e l l  as the gains i n  t h i s  section. 
the water which i t  i s  est imated A l i c e  and Hinatare are en t ' i t l cd  tc) i n  A p r i l  
cm be borrowed from Guernsey ownership and transferred dur ing the Narch run 
prior to  occurrence. 
Guernsey, Guernsey ownership can' then accrue t o  45,228 acre-feet. 
Guernsey ownership accrues to 45,228 acre-feet, the gains - Alcova to Glendo - 
will accrue to the Glenda U n i t ,  and the gains below Glendp minus the Guernsey 

When a negative gain occurs i n  Clendo to . 

A f te r  A l i c e  and Minatare water i s  evacuated from 
A f t e r  

*. evaporaFion and seepage are to be released to  the r i v e r  or credi ted as owed 
. - .-. - to the river. 

' ,There are t w o  condi t ions under which the Guernsey ownership accrual t o  
. .  6,228 acre-feet i s  restricted: . .  

. . .  
* I  

- I  

(1) 
Hinatare ptlor to  May 1. 

When mote than 46,000 acre-feet total i s  t ransferred to Alice and 
. .  . .  

.. - 
(2) -!hen the t ransfer  p r i o r  to  Hay 1 exceeds the sum o f  the October, 
November, and A p r i l  'gains below Alcova l i m i t e d  to.91.0 second-feet, 

Transfer o f  A l i c e  and Hinatare water shall not be in i t ia. ted p r i o r  to 

Accrual o f  water i n  Guernsey wh ich ' i s  cred i ted as owkd to the r i v e r  

. .  - 
(e) 
Hatch 1, 

*(f) 
during the winter  months i s  to be released a t  Guernsey p r i o r  to  opening the 
In te rs ta te  Canal i n  March. 
the release made a t  a ra te  suitable.for power production. 

- 
--.-. - . 4 t .-. 

-- This release i s  to  be measured a t  Guernsey ard 
a . 9 . .  

' .  . - .. 
(9) 
Hatch a n d 3 h i c h  has been c red i ted  as owed to the r i v e r  s h a l l  be released 
prior to the time then na tu ra l  f l o w  c a l l s  on the r i v e r  are made, 
Qf. t h i s  "owed t~ r i v e r "  water i s  made whiic' the i n t e r s t a t e  Canal i s  opened* 
then the release i s  t o  be measured a t  Whaten. 

Accrua1 of water in Guernsey a f t e r  the I n t e r s t a t e  Canal i s  opened i n  - 
I f  reieasc 

0 .  

. *-'- (h) As o f  May 1, a n y  accrual o f  water t ransferred to Alice and Minatare 
- s ince the previous October 1 i n  excess o f  the smaller o f  46,000 acrc-feet or 

the sum o f  the October, November, and A p r i l  gains below Alcova l i m i t e d  to 
910 cfs w i l l  be considered water stored under the Guernsey p r i o r i t y ,  and thus 

b l i m i t  the f i l l i n g  o f  Guernsey ownership. 
-* 

0 

2. General C r i t e r i a  - May 1 through September 30. 

(a) 
.on the r i v e r  unless t h i s  release exceeds the t o t a l  natura l  f low o f  the r i v e r .  
I F  neither Guernsey nor Glendo ownerships are f i l l e d  and the Guernsey rctcase 
i s  smaller than the gains Alcova to Guernsey, then the d i f f c r c n c c  between 
these gains and outflows f i r s t  goes t o  make up Cucrnscy losses and the 
balance accrues t o  Guernsey ownership. 
but Clendo has not f i l l e d ,  the AIcova-Guernscy gains f i r s t  go to s a t i s f y  the 
Cuernscy release and losses and the balance, limited to  thc Alcova-ClcndO 

Guernsey releases a f t e r  A p r i l  30 are assumed t o  be na tu ra l  flow Calls 

. I f  thc Guernsey ownership i s  f i l k d  

2 



. gains, accrues to Glendo owmrsh ip  inc luding an allowance for  evaporation. 
I f  the Glendo-Guernsey gains are larger than the Gucrnsey relcascs and losscs 
when the Guernsey ownership i s  fu11 but Glendo is not, then the diffcrcncc. 

are to  be released as such, After both Guernsey and Glendo ownctships arc 
f u l l  , tncluding a1 towablc storage i n  Glendo for evaporation, and the Cucrnscy 
releases and losses a r e  less than the Alcovo-Guernsey gains, then the di f fc r -  
ence between these gains and Guernsey-outflow and losscs i s  owed thc r i v e r  

of above: 

. between these gains and releases inc luding IOSSCS i s  owed to thc r i v e r  and 

- ."  and wit1 be released i n  accordance w i t h  subparagraphs (f) and (9) o f  Article 1 

I (b) When the  Guernsey outf low exceeds the to ta l  natural  f low of the strcam, 
then the  di f ference i s ,  of course, release of storage water, The North Pla t te  
Project f s  assumed to release water stored under the Guernsey p r i o r i t y  bcfore 

Sn Guernsey Reservoir on September 30 of any year will rcmain Pathfinder owner- 
-ship on October 1 any year, This water will not t r ans fe r  to Guernsey ownership' 
but w i l t  remain i n  Pathfinder ownership and be t ransferred back up stream as 
Guernsey or Lakes A l i c e  and Hinatare accrue water, 
ownerships are to be computed as fottows: 

I - releasing that  stored under the Pathfinder p r i o r i t y .  Pathf inder wmcrship 

I 

Dur ingThis  condition, the 
! 

. -  
. (1) Kendrick ownership equals yesterday's ownership minus Kendrick com- 

puted evaporation and minus Casper Canal deliveries, 

(2) 
.- 

- . - .  

'Glendo ownership equals yesterday's onwership. minus computed owner- 
.- ' s h l p  evaporation and minus the Glendo Unit del iver ies.  

I '  -- . . . (3) Pathfinder ownership is merely yesterday's ownership minus Pathfinder 

.- 
- .  

ownership evaporation so long as any ownership remains i.n the Guernsey 

(4) 
minus ( l . ) ,  (2) ,  and (3)  above. 

The Guernsey ownership i s  then the total o f  all water in  stot-agc 

- *  

( 5 )  After Guernsey ownership i s  reduced to zero, then Pathfinder owner- 
* 

. * s h i p  i s  a l l  water i n  storage minus (1).  and (2) above. . 
- 

. .  
- 3. . Glendo Uni t  Ownership. 

Since the power  head pool of 64,780 acre-feet i s  now filled, no furthcr 
m o u n t i n g  need be made for t h i s  pool. This minimum power head pool can bc 
f i l l e d  but  once from r i v e r  water. A11 Glen& ownership evaporation w i l l  be 
charged .against the i r r i g a t i o n  pool unless storage for evaporation has becn 
underestimated and evaporation encroaches on the power head pool. 
casc refilling o f  the power head pool w i l l  be allowed as an exception CO the 
aboue statement. Glendo ownership can accrue i n  the i r r i g a t i o n  pool  4 0 , C g O  
acre-fcet plus cstimated evaporation i n  any water year providcd th is  tots1 
Irrigation owncrship inc lud ing carry-ovcr storage does not excccd 100,O~O 
acre-feet plus estimatcd evaporation. 
any di f ference bctwcen the actual evaporation charged to the Glcndo o:.mcr.jl\iP 
and tha t  estimatcd previously w i l l  bc taken care of by adjustnrcnt of the next 

In ?Iris 

A t  the end of  the  i r r i g a t i o n  S C C ~ : - @ ~ .  

year's a1 lowabtc storogc for  evaporation. 

3 
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Mr. Paul Rechard, Director 
Watet Resources Research Institute 

Oallvcrsity of Wyoming 
Laramie, WyOpLfng 02071 

wpo Hall 

Dear Paul: 

I tried without euccess several t h e s  
Ackerburg, and since L w i l l  be  out o f  town 
you instead. 

last week to contact 
most of t h i s  week, 1 

you or Mike 
decided to write 

be 
Dr. 
cea 
to 
as 
is 

As you know, we have been talkfag about how much time and ef fort  would 
jtavolved fn trying to do some things with the North Platte'Ritrer model by 

U y  like to  get an Idea of how long i t  would take and how much it would cost 
do these things. I am enclosing a list of the problems I see d t h  the model 
it is, and unless there 2s some explanatfon that says the model i8 okay as 
and my rationale is  faulty, then I would w a n t  to correct the model. 

We%. Our need for that information i s  becomlng mot? imminent, and I would 

I would appreciate your giving this some serious thought, and if the cost 
and time requirements are not too great, I believe we can come up with some 
funding fog such a project. I ' l l  try to contact you in a week or SO, and we 

I 

cau discuss th is  in more detail. 

Best personal regards, 

Sincerely, 

Floyd A. Bishop 



North Pla t te  River Operation Study 
With o r  Without Enl. Seminoe Res. 

I 

I 

; 

Using a Simulation Model 

By Tsong Chaag W e i  
June 1977 

Problems 

1, There ate times when we are storing 
Ncowa and Pathfinder) aad a t  the same time 

water in the  upper 
delivering storage 

reservoirs (Seminoe , 
water t o  North 

PLatte  Pcoject lands. 
rights and store only what is left over. 
d-d greater than the d i r e c t  flow r igh ts  a t  s ta tutory rat- - or what? 

We should use the natural  flow t o  fill the  d i r ec t  flow 
Does the model assume a direct flow 

2. There are times when Kendrick Ptoject  is stor ing water and a t  the same 
time storage water is being delivered t o  North P l a t t e  Project lands ( L e o  June 
1943). This should not be. 

3, The pr ior i ty  l i s t ing  on page 32 of the  report should be revised t o  te- 
flect the priorities a8 they ac tua l ly  are, 
much trouble, Z think it will correct  most of the problems with the model. 
ft should be as follows:: 

If t h l s  can.be done without too 

5 Ditch Demand (okay). 
North P l a t t e  Project  I r r iga t ion  Demand (12/06/04) (direct  flow 
up to statutory  l M t )  (check with George Lo Christopulos t o  see 
If he agrees). 
Pathfinder Res. (l2/06/ 04) . 
Guernsey Res. (1923). 
Seminoe (including Alcova) Res. (1931 and 1936) (?) (check with 
George l,. Christopulos) 
Kendrick Project  Itrigation Demand (1934) (d i rec t  flow up t o  statu- 
tory l imi t ) .  
Gleado Res. (1951). 
River Water. 

4. Why do w e  have a North P l a t t e  Project  irrtgatllon demand and delivery 
It appears t o  be 30,000 acre-feet every March and up to in Hatch and April? 

30,000 acre-feet in A p r i l .  

5. In many years the IUcova t o  Guernsey gains exceed the  t o t a l  of water 
t raas fe t ted  t o  the Inland Lakes plus Guernsey Reso ownership gains, plus Glendo 
Re80 ownership gains. Where t h i s  is true, the excess water must be going on 
over Trl. %ate Dam and into Nebraska. Some of these differences are s tga i f fcaa t  
(Leo 1937, whHe the difference was about 116,000 acre-feet). 
t h e  QrLntout shows a shoctage of water t o  €ill Gleado demands 04 34,000 acre- 
feet. There ace many years when t h i s  situatioa occurs although the magnitude 
of the dif€ecences is usually less. 

S t i l l  i n  1937, 

60 In 1967, the  printout shows no i r r iga t ion  delivery from Crendo Reservoir 
when there was water avai lable  i n  the  reservoir. Why? 



7. The latest run where Glendo demand was increased from L8.000 acre-feet 
_- - ----per year to 40,000 acre-feet per  year shows an increase i n  the "River Water" t 

I soma months ( L e o  A p r i l ,  1938, May, 1928, May, 1929, etc.). It seems to m e  that 
the result of an increased Glendo demand should always be a decrease in the 
"River Water". Why is this  not so? 

8. The data should be expanded to include the years from 1974-79, if pos- 
stble .  

I 
I 
I 

I 
I 
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X. fie 

Progress Report - Revision of N. Platte River Model 

October 27, 1980 

e n t i r e  set of h i s t o r i c a l  flow input da ta  (1928-1973) has been 

reviewed. This has  led t o  considerable revision of t h e  data. 

Revtsions made fell in t o  3 categories:  

A, 

8, 

Errors in the original da ta  en t ry  ( for  example: 28.0 entered 

as 280.0) 

Values 

data, 

areas : 

gains. 

that could not be matched with any ava i l ab le  source of . 

These types of - discrepancies were found mainly in two 

reach gains above Alcova and Whalen-state line reach 

facons is tenc ies  were mainly found l q  t he  o lder  (pre- 

1960) data. 

c lo se  t o  t h e  values shown ku USBR records they were not changed. 

Whalen-state l lne  reach gains are computed as N. Platte a t  

state line minus N, Platte below Whalen (Laramie River inflow 

is entered separa te ly) .  

devia te  from USGS records up t o  around 1960, 

changed accordingly. Not a l l  of these  changes, however, w i l l  

have pcac t i ca l  s ign i f i cance  i n  t h e  model operatiou since many 

of the changes were made i n  non-irrigation months when flow 

below Whqlen simply passes below Tr i - s ta te  I n t o  Nebtask. 

So= time in the  e a r l y  1960's the  Guernsey watershed runoff 

values published i n  the  N, Platte Project Compiled Water Records 

were reviewed and revised by the USER. The o r i g i n a l  input d a t a  

for the model uses t h e  pre-revision values (found i n  t h e  1960 

I f  t h e  reach gains above Alcova were r e l a t i v e l y  

The values i n  the orig-1 input d a t a  

These values were 



I 

I 

e d i t i on  of t h e  N.P. Computed Water Records). These values were 

changed t o  t h e  post-revision values (found in the 1967 ed i t ion  ' 

of t he  N.P. Compiled Water Records). Changes were made t o  May- 

September values from 1930 t o  1947 and 1953 to 1963. For years 

before Glendo Reservoir was constructed the  Guernsey watershed 

runoff w a s  di 'btributed 85% Alcova t o  Gleado 15% Glendo to 

Guernsey. 

in many years although indiv idua l  monthly d i s t r ibu t ions  d id  

change. 

~30 ,000 ,  30,000, and 48,000 ac-ft respectively. 

v 

Tota l  year ly  tunoff w a s  not s ign i f i can t ly  affected 

However, the d i f f e rences  fo r  1934-1936 were s igni f icant :  . 

The data set was updated t o  include t h e  w s t  recent d a t a  available:  

through Water Year 1980. The major sources for data  were N. P l a t t e  

Compiled Water Records and t h e  d a i l y  computed storage and river 

record shee t s  in Mills, Wyo. 

below Whalen. 

Xn the original model the North P l a t t e  Project demand was s e t  t o  a 

constant 30,000 ac-ft  i n  March and between 20,000 and 30,000 ac-ft 

i n  April  depending on system inflow (p. 57 i n  completbn repor t ) .  

This demand represents,  i n  t he  model, mainly water t ransfer red  t o  

idland l a k e s  during these  months. However, t he  maxipiurn release t o  

fnland lakes  is 46,000 ac-ft per  year l imited by October, November 

and April reach gains below Alcova. The model was re- 

USGS da ta  w a s  used for some values 

- t h i s  46.000 - ft- . 1 n t h e p t i n t o u t L a a p O n n r r f t  

and 16,000 ac-ft  d-ds 

March-April a l t h o w h  t h e  a md.&lix&..es. ax%-- 

P T  

2 



4. The original model runs show a considerable amount of flow passing 

Tri -s ta te  dam during a l l  months. 

most Late summer months. 

be zero excluding Warren act and Clendo Unit orders passing Tri-state 

dam. 

t h i s  amount is re leased  by Guernsey. 

therefore  is forced t o  pass below Trf-state. 

below Whalen, while not available t o  I n t e r s t a t e  and Fort Laramie 

This should not be, especially f o r  

Flow below Tr i - s ta te  dam should theo re t i ca l ly  

In the o r l g i n a l  model, demands below Guernsey are computed and 

Any reach gain below Guernsey 

In z e a l l t y  any ga ins  

canals, are avaflable to the Five Ditches as part of their natural 

flow r igh t .  

come f i r s t  from Whalen-state line reach and only the remainder front 

The model w a s  changed so t h a t  t h e  Five Ditch demand would 

the  system above Guernsey thereby reducing required releases from 

Guernsey and decreasing flow below Tri-state t o  'zero whenever possible. 

5. As mentioned above, i n  t h e  original model, t he  Whalen-state l i n e  reach 

gain is not a part of any irrigation delivery.  With the change de- 

scribed i n  ( 4 )  above t he  value of the gain becomes important. It was 

determined that Whalen-state line reach gain is not t h e  desired figure. 

Hitchell-Gering cana l  (one of t he  Five Ditches) diverts upstream of 

t h e  state line gage. Also, Triostate canal includes water from drains.  

(This water, however, is re tu rn  f low from I n t e r s t a t e  Canal go-ing mostly 

t o  Northpoct d i s t r i c t  and is t he re fo re  already accounted for in the 

water diverted at Whalen). It w a s  f e l t  t h a t  the  cor rec t  figure was 

a Whalen-Ttl-state gain (or more conceptually co r rec t ,  a Whalen- 

Five Ditch gain). 

gain during i r r i g a t i o n  months and is computed as Tri -s ta te  canal from 

This f igu re  replaces the Whalen-state l i n e  reach 
---_. 

past Tri-state (Total Nebraska Diversions) minus N. Platte below -.-- --- *I.-- -- -.. -- L. -.-. -- * . . c . .-.-- 

3 



6. 

Required d a t a  are ava i l ab le  only from 1937 on. A regression 

equation r e l a t i n g  these flows with N. P l a t t e  a t  state l i n e  was developed 

for estimating 1928-1936 values. Durinn non - i r r ina t ion  months s t a t e  

line release is hased_onp& 0r-n - q t w h  g a i ~  

- -  state *' shows the 

monthly difference between the  original. W h a l e n - s t w  e r- 

In the revised model n a t u r a l  flow-storage water is segregated accord- 

fng t o  the methodused on a d a i l y  bas i s  i n  Totrington and Mills, Wyo. 

This type of segregation is relevant only in t he  Whalen-Tri-state 

reach. I n i t i a l l y ,  a simple na tu ra l  flow-storage flow computation 

was included at each reservoir inflow and outflow point (except Gray 

Reef) and is shown i n  the  lines ''Natural Flow'' and "Storage Flow" 

preceding .total inflow and t o t a l  outflow f o r  each reservoir.  It 

does not,  however, t ake  f n t o  account any car r iage  losses.  This simple 

natural flow-storage flow segregation seems conceptually valid but 

with l i t t l e  p r a c t i c a l  s ign i f icance  although it seems t o  have been the  

bas i s  f a r  the water d i s t r i b u t i o n  above Whalen i n  t h e  1950's. The 

natura l  f l o w s t o r a g e  segregation sec t ion  in t he  pr in tout  is based 

on the method present ly  in use. There are, however, two differences:  

1) i n  the  model ca r r i age  l o s s e s  are not included, 2) i n  r e a l i t y ,  

natural flow 1s computed a t  Alcova, Gray Reef outflow, Clendo inflow, 

plus 20 cfs gain Glendo t o  Guernsey. I n  the  model, water might be 

stored i n  upstream r e se rvo i r s  even thosh there  are na tura l  flow 

c a l l s  on i t  downstrea m. Therefore, total na tu ra l  flow is based 

on sys t em inflow (Seminoe inflow plus reach gains).  "Below lJhalen 

natural" is computed as d e l i v e r i e s  a t  Whalen ( I n t e r s t a t e  and Laramie 

4 
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Canals), plus Wyoming p r i v a t e  canals,  plus Clendo uni t  de l iver ies  

~torane.  The natural flow, therefore,  is computed exactly as it 

is done on the d a i l y  sheets. This na tu ra l  flow is dis t r ibu ted  75% 

Nebraska - 25% Wyoming. 

Two new l i n e s  were added t o  t h e  "Whalen Dad! 7. sec t ion  of t he  printout:  

A. "Wyoming P r iva t e  Canals" are p a r t  of t he  na tu ra l  flow computatfons. 

Based on ana lys i s  of h i s t o r i c a l  diversion records a constant 

49,000 a c - f t  is delivered t o  t h e  e igh t  o r  so pr iva t e  canals 

d i s t r i b u t e d  May - September 6,860, 7,840, 13,230, 12,2150 and 8,820 

ac-ft. Diversion records shown that t he re  is usually not much 

variance i n  the t o t a l  year ly  delivery.  

p r io r i ty  da t e s  and even i n  poor years w i l l  d i v e r t  mostly na tu ra l  

These canals have early 
- .. 

flow. Therefore, these canals are not considered a d i sc re t e  

component i n  the  model (like, f o r  example, Kendrick project o r  

N. P l a t t e  p ro j ec t ) ;  they always ge t  t h e i r  water and it Ls all 

na tu ra l  flow. 

B. "Tri-state from drains'' is a l s o  not involved i n  the  model 

computations s i n c e  it is r e t u r n  flow from water already accounted 

for i n  Whalen diversions.  It is included i n  t h e  pr in tout  because 

the value had already been computed earlier. A regression 

equation was developed for estimating 1928-1936 values. 

8. A reappra isa l  of the equations used t o  compute t h e  N. Plat te  Project 

and Five Ditchdemandswas done s ince  t h e s e  demands represent the bulk 

of d e l i v e r i e s  within t h e  system, His to r i ca l  data were analyzed and 

compared with simulated demands. The model accura te ly  simulates 

5 
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Five Ditch demands: a c t u a l  - 246,000 ac - f t ,  simulated - 243,000 

ac-ft  (1962-1976 mean). The mean N. Plat te  p ro jec t  de l ive r i e s  

(excluding Five Ditch, but  including Warren act contractors)  were 

831,000 ac- f t ,  but  simulated only 739,000 ac-ft .  

original equat ions for N. P l a t t e  demand were based on h i s t o r i c a l  

d e l i v e r i e s  t o  Interstate and Ft.  Laramie canals.  This  does not  

lnclude two components of t h e  N. P l a t t e  Pro jec t :  

and Warren act cont rac tors .  

The N. P l a t t e  p ro jec t  demand was t h e r e f o r e  increased by 10% (5% each 

for Northport  and Warren act) t o  bring t h e  simulated demand more in 

line w i t h  actual de&iverfes .  

The Glendo Unit  d e l i v e r i e s  were also reviewed. It is felt t h a t  t h e  

cons tan t  6,000 ac-f t  each i n  Ju ly ,  August and September are too low 

s i n c e  the decree al lows up t o  40,000 ac-f t  pe r  year. 

be  reasonable  for t h e  amount of water presen t ly  con t r a c t e d  foL 

(about half of t h e  maximum 40.000 a c - f - a b u L . - m & J A m u & L . .  

vuSCcondi+ions- These condi t ions  may not  be too f a r  off 

since a t  t h i s  time app l i ca t ions  have been submitted for most, i f  not 

a l l ,  of t h e  remaining water. 

on h i s t o r i c a l  d e l i v e r i e s  and system inf low was developed. 

equat ion repcesents  only ha l f  of the p o t e n t i a l  demand the  value was 

mul t ip l i ed  by two wi th  a year ly  maximum of 40,000 ac-f t  and a 

minimum of 4,000 ac-f t  (Glendo Unit  con t r ac to r s  will most likely use 

a t  least 10% s ince  they  must pay for t h a t  amount whether they use 

i t  o r  not) .  Later the m u l t i p l i c a t i o n  f a c t o r  was increased t o  3.0 

with a minimum of 8,000 ac- f t .  

It appears t h a t  t h e  

Northport d i s t r i c t  

Both d i v e r t  about 36,000 ac-f t  pe r  year.  

/ 

9. 

18,000 ac-f t  

A variable Glendo demand curve based 

Since the 
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10. The exact meaning of seve ra l  l i n e s  i n  the  "North Platte Project" 

section of the  p r in tou t  were changed. 

added. 

demand. I n  the  revised version they have been separated so t ha t  

" I t r iga t ion  demand" is N. Platte pro jec t  exclusive of Five Ditch 

demand. 

below Whalen dam, a l i n e  "from system above Guernsey" has been added. 

fhe next l i n e  "Delivery from storage" is self explanatory. "Deliverv 

from na tu ra l  flow" includes all n a t u r a l  flow down t o  Tri-state dam. 

Inland lakes water fs assumed t o  be s torage  water. 

from na tu ra l  flow" is comprised of Five Ditches (up to 75% of na tu ra l  

flow below Whalen) with the  remainder t o  North P l a t t e  project. 

" I r r iga t ion  delivery" is not the  total i r r i g a t i o n  delivery but, ra ther ,  

the  de l ivery  from the "system above Guernsey" and should equal the  

values in t h a t  l i n e  except when the re  is a shortage. 

The p r i o r i t y  order f o r  na tu ra l  flow d i s t r i b u t i o n  w a s  changed ftom that 

appearing on p. 32 of t he  completion report .  

Several new ones have been 

In t h e  oc ig ina l  model " I r r iga t ion  demand" included Five Ditch 

Since p a r t  of t h e  Five Ditch demand is s a t i s f i e d  ftom flow 

The "Delivery 

The 

11. 

The revised order is: 

1. Five Ditch i r r i g a t i o n  demand 

2. 

3. Pathfinder ownership 

4 . Guernsey ownership 

5 .  Seminoe ownership 

6 .  

7 .  Alcova ownership 

8. Clendo u n i t  ownership 

9. River water 

North P l a t t e  d i r e c t  flow (up t o  s t a t u t o r y  l i m i t )  

Kendrick d i r e c t  flow (up to s t a t u t o r y  limit) 

7 
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Glendo unit direct flow was eliminated. The major change is t h e  

move of North Platte d i r e c t  flow to  directly behind Five Ditches. 

The dtrect f l o w  right  fs now i n  its proper place thereby impl i c i t l y  

e f f e c t i n g  a natural flow-storage flow segregat ion in the  model. In 

rea l i ty  Seminoe-Kendrick d i r e c t  flow-Alcova are lumped together but 

are separated here according to their priority dates. 

runs were made comparing ownership gains simulated with the  original 

priority order; the revised order and a c t u a l  data .  

for beginning of year s t o r a g e  and monthly releases from Guernsey 

were substituted in the data file. 

cons is tent ly  resulted in simulated ownership gains  much closer t o  the 

actual data than did  t h e  o r i g i n a l  p r i o r i t y  order. 

of years the original model showed an ownership .gain suf f i c i e n t l y  

large to satisfy Glendo unit demand, yet deliveries made were far 

below the demand. This was t raced  to incons is tenc ies  between the 

p r i o r i t y  order  and computation of water a v a i l a b l e  t o  the Glendo unit 

made elsewhere i n  the program. The revised priority order  corrected 

this problem. 

Computer 

Actual values 

The revised priority order 

During a number 

A minor change was made concerning t h e  a l l o c a t i o n  of 

flow above Alcova. 

Alcova so upstream 

Kendrick p r o j e c t  . 

Normally Guernsey will fill from gains below 

gains would go first t o  Pathfinder  and then t o  

Several  tes t  runs, however, showed t h a t  Guernsey 

did not f i l l  from damstream gains. 

ahead of Kendrick for ga ins  above Alcova. 

During the c o u r s e  of work several ''bugs" were discovered in the  main 

program as well as i n  the f i v e  small u t i l i t y  programs used t o  convert 

t h e  output: to various printout formats. These "bugs" surfaced mainly 

as a result of input d a t a  changes which affected the flow paths 

Therefore Guernsey was placed 

12. 

i 
a 



within the program. Though annoying and t i m e  consuming to trace 

and correct, the surfacing and elimination of "bugs" within any 

computer pcogtam of considerable size and complexity remains an 

almost constant i n e v i t a b i l i t y .  

l3. A user guide for the model remains partially completed pending review 

and approval of proposed revisions. 

I 

I 

9 
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WATER RESOURCES RESEARCH INSmUTE 
f. 0. DOX S0.7.  UWvlRSIW STATION 

October 31, 1980 

Mr. George Christopulos 
State Engineer’s Off ice  
2nd Floor, Barrett Building 
Cheyenne, Wyoming 82002 

Dear M r .  Christopulos: 

WRRL is present ly  involved i n  a review of the North Plat te  River 
Management Model developed here severa l  years ago (Final Completion 
Report, June, 1977, by Tsong Chang Wei). Several changes have been 
made to  the model. 
computer program, d a t a  from WPRS and the State Water Office and numerous 
consultations with personnel a t  Banner Associates, Board of Control i n  
Torrington, and WRS i n  M i l l s  and Denver. 

These changes are based on a review of the o r i g i n a l  

I would apprec ia te  i t  i f  you would review the enclosed material  and 
return any comments you may have on the work t h a t  has been done. 
enclosed p r in tou t  has been spot checked for e r ro r s .  
i t  if you would note any e r r o r s  o r  inconsistencies found and include 

The 
I: would appreciate 

these along with any o ther  comments. 

Sincerely yours, 

Enclosure 

/jaf 

Michael Akerbergs 
Sc ien  t is t 
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I 

r '  

I To: 

FROM: 

SUBJECT: 

A l l  Persons involved w i t h  WRRI's North P l a t t e  
Pzannfng Operat ians Study 

John Buyok, Engineering F i e l d  Inspector 

Item discussed  dur ing  meet ing concerning North 
Platte m d e l  h e l d  January 8 ,  1981 a t  k t - R - R . L  

The f o l lowing  people  a t tended  the meeting: 

W -  Go MoCracken - W - P - R - S .  
Jack Marshall - W - P - R - S -  
Gary m h l i n g  - Wyoming Board of Control 
Car l ton  Hunter - Wyoming Board of Control 
Jbhn Buyok - Woming S t a t e  Engineer 's  Office 
Mike Akerbergs - W . R . R . I .  

To s t a r t  the meet ing ,  new p r i n t o u t s  a n t d i n i n g  the l a t e s t  revisions 
of the program were passed o u t -  
of a l i n e  showing d e p l e t i o n  of the Laramie River Inflow b y  Grayrocks Dam. 
Addition of the l i n e  caused Laramie River inflow to be nega t i ve  a t  several  
times up un t i l  1958. Tt w a s  dec ided  t h a t  diversions for the L i n g l e  Power 
P l a n t  were the cause of the n e g a t i v e  numbers because they hadn ' t  been ac- 
aounted for i n  the program- 

One of the revisions was the a d d i t i o n  

Car l ton  Hunter p o i n t e d  out t h a t  many of the numbers used i n  the mde2 
came f r o m  W , P . R , S ,  annual opera t ing  p l a n  r a t h e r  than f r o m  the a c m u n t i n g  
sheets which l i s t  the ac tua l  f l o w  f i g u r e s -  
check the f i g u r e s  to make sure o n l y  actual  f i g u r e s  were used- 

Mike Akerbergs agreed to double 

Jack Marshall stated that the model was i n t e n d e d  only as a planning 
s t u d y  and a tool to discaver r e l a t i o n s h i p s  between var ious  changes i n  the 
river. 
Operat ions Study to avoid  cronfusion w i t h  the Annual Operat ing Plan. Actual 
s t a r t i n g  s torage  va lues ,  inflow va lues ,  and demand va lues  should be p1ug-d 
into the program year  b y  year  if operat ion  i s  to approach a c t u a l .  
the s torage  and demand f i g u r e s  a r e  estimated i n  the program i n  order to 
pmvide m n t i n u i t y  through the computer run. Mike w i l l  run a w e t ,  a d r y ,  
and an average year  through w i t h  ac tua l  va lues  i n  order to check the opera- 
t i o n s  c r i t e r i a  - 

T t  was agreed to change the heading of the p r i n t o u t  to Planning 

Many of 
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. A p m b l e m  exists w i t h  the evaporat ian curves  i n  the model. 
porat ion  i s  soaretimes off b y  a s  much a s  500%. 
was used a s  a n  adjus tment  to  make the other values  balance o u t ,  

Eva- 
Apparently the evaporation 

The Water C r e d i t e d  to River heading is to  be changed to Surplus  to 
Ownership, 
and Water Gain above Alcova w i t h  a new heading, System Water Supply ,  placed 
beween the portions. Whalen Storage i s  to be changed to Storage a t  Whalen 
i n  the Natural Flow - S t o r a g e  Segregat ian section to avoid confusion with 
s t o r a g e  reservoirs, Total Water Uses under the reservoir headings should 
be e l iminated  because it is m a n i n g l e s s .  I r r i g a t i o n  d e l i v e r y  and t u r b i n e  
release cannot be added because i n  most cases, t u r b i n e  r e l e a s e  is  i r r i g a t i o n  
d e l i  very - 

T h e  s e c t h z  i s  then to be s p l i t  between River Water i n  Storage 

An asterisk w i L l  be placed  in f m n t  of those portions of the pmgraxu 
that aze for refeznce purposes  only and have no e f f e c t  on the rest of the 
program. Some o€ these t h a t  were mentioned were T r i - S t a t e  F m m  Drains and 
Depletion by G r a y r o c k -  

The Glendo c a p a c i t y  used in the program is wrong because it does not 
take into account  the flood pool. 
stored in the fzood pool rather than b e i n g  dumped down river a l l  a t  once. 
The pmgram should reflect this. Flow p a s t  Tr i -S ta te  shou ld  be l imi ted  to 
a maximum of 10,000 cfs because of this s torage .  Maximum ownerships used 
i n  the program f o r  Sednoe  and Alcava are also incorrect because resurveys  
have been made and new c a p a c i t i e s  a r e  a v a i l a b l e .  Minimum ownerships are 
based upon several different c r i t e r i a ,  some of which are a r b i t r a r y ,  a s  i n  
the case OP Guernsey. 

Water t h a t  i s  s u r p l u s  to ownership is 

Natural flow and storage f l o w  segregat ion  is meaningless  during the 
non- irr igat ion  months. 
tember. 

I t  should be segregated o n l y  from May through Sep-  

Conveyance Losses a r e  not c a l c u l a t e d  i n  the program. I t  w a s  assumed 
that losses would show up i n  the gage f l o w .  All diversions from the river 
which are  not separately l i s t e d  are inc luded  i n  the reach  gain  or loss and 
the user's guide  should  reflect this. 

Natural flow should  not be inc luded  i n  the ownership gain  f i g u r e s  be- 
cause it moves on down through the system. 
should be counted, Reservoir ownersh ip  w i l l  probably be incorrect for a 
g i v e n  year  because of the problem w i t h  evaporat ion mentioned e a r l i e r  and 
because the pmgram i s  set up to c a l c u l a t e  n a t u r a l  f l o w  w i t h  reservoir stor- 
age used as a balance .  

O n l y  reservoir ownership gain 

A problem may exist w i t h  the program because it i s  set up to use 40,000 
AF every year f z v m  Glendo Reservoir. 
80,000 AF and the s u p p l y  w i l l  be short. T h e  pmgram a l s o  does not take i n to  
acaunt the fact t h a t  c o n t r a c t s  have not y e t  been made €or a l l  of t he  40,000 
AF. 

In  some years Glendo may not gain 



January 19, 1981 

The 25% - 75% s p l i t  of natural  f l o w  between Wyoming and Nebraska 
was discussed i n  depth. 
the program appears fo be correct. 

The p m s e n t  method of incorporating it i n t o  

The changes sugges ted  above w i l l  be made by Mike Akerbergs as soon 
as possible and c v p i e s  of t h e  revised run w i l l  be d i s t r i b u t e d .  
sary, another m e t i n g  w i l l  be h e l d  to s t ra ighten o u t  any further problems. 

If neces- 

I 



Progress  Report - Revision of North Plat te  River Model 

January 27, 1981 

This  is the  second progress  r e p o r t  f o r  t h i s  pro jec t .  The f i r s t  

repott was dated  October 27, 1980. Many of t h e  revisions discussed below 

wece based on discuss ion  a t  a meeting held a t  the  Wyoming Water Resources 

Research I n s t i t u t e  on January 8. 
b 

P a r t i c i p a n t s  were W.G. McCracben - 
W.P.R.S., Jack  Marshall  - W.P.R.S., Gary Mehling - Wyoming Board of 

Control,  Carf ton Kunter - Wyoming Board of Control,  John Buyok - Wyoming 

State Engineer 's  Of f i ce  and Mike Akerbergs, W.R.R.I. 

1) Guernsey evaporat ion is not  charged aga ins t  t h e  ownership. The 

model has  been changed so t h a t  any Guernsey evaporation is recovered from 

t h e  river even if Guernsey is not  i n  p r i o r i t y .  

2) Banner Associates has  r e c e n t l y  completed an opera t ions  s tudy 

for Grayrocks Dam on the Laramie River. A result of t h e  study is an 

estimate of t he  dep le t ion  of Laramie River Flow due t o  t h e  r e se rvo i r .  

This dep le t ion  can be e i t h e r  p o s i t i v e  or negative.  Monthly Laramie River 

dep le t ion  va lues  were entered  as d a t a  t o  t h e  model. The opt ion  t o  use 

these  d a t a  o r  run the  model wi th  no dep le t ion  is e a s i l y  implemented. 

E f fec t  of Gcayrocks on Laramie River flow is l i s t e d  i n  the l i n e  "Depletion 

by Gcayrocks" . 
3) For t h e  sake o€ c l a r i t y  t h e  terminology i n  t h e  Whalen Dam, North 

Platte P r o j e c t ,  Water Credi ted t o  River (changed t o  Surplus River Water), 

and Natural  Flow-Storage Segregat ion s e c t i o n s  of output  was revised.  

Severa l  foo tnotes  were added a t  t h e  bottom of page 4 of 4 i n  t h e  p r in tou t  

t o  c l a r i f y  some of t h e  items. 
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4 )  Orig ina l ly  the  Laramie River inflow da ta  d id  not include water 

I d ive r t ed  t o  Lingle  power p l an t .  The r e s u l t  w a s  negative inflows when 

Grayrocks dep le t ion  w a s  Implemented. 

for 1928-1956 was changed t o  inc lude  t h i s  d iver ted  flow. The Whalen- 

Tri-State  reach ga in  had t o  be adjus ted  i n  an equal  but  opposi te  

The d a t a  for Laramie River inflow 

d i r e c t i o n  so t h a t  total g a i n  remained t h e  same. 

5) An opt ion  w a s  included t o  have t h e  model compute Glendo Unit 

demands and d e l i v e r i e s  based on e i t h e r  t h e  present  20,000 ac-f t  (apptoxi- 

mate) per year or a maximum c o n t r a c t  of 40,000 ac-ft .  

6 )  A r e s t r t c t i o n  of 4,000 cfs (if poss ib le )  was placed on t he  flow 

a t  state  Line. The previous runs  of t h e  model had RO r e s t r i c t i o n s  on 

flow a t  t h e  s ta te  l i n e  wi th  t h e  r e s u l t  t h a t  water was never s to red  i n  

t h e  Glendo Flood pool. This is con t ra ry  t o  normal operat ing procedures. 

Res t r i c t ing  flows t o  4000 cfs, i f  poss ib l e ,  forced the  model t o  u t i l i z e  

t h e  Glendo flood pool. 

7)  I n  the f i r s t  progress r e p o r t  i t  was s t a t e d  t h a t  the  n a t u r a l  flow 

at  Whalen w a s  based on system inflow: If t h e  water a t  Whalen equalled 

or exceeded system inflow n a t u r a l  flow a t  Whalen would equal  system inflow. 

The model was changed so t ha t  maximum n a t u r a l  flow a t  Whalen is computed 

a s  system inflow minus any gains t o  ownership during that month. 

8) October-April n a t u r a l  flow - s to rage  flow a t  reservoir inflow 

and outflow po in t s  was de le t ed .  Also, n a t u r a l  outflow and s to rage  

outflow a t  Guernsey were de le t ed  s i n c e  they would o f t en  c o n f l i c t  with 

n a t u r a l  flow-storage flow va lues  a t  Whalen which are computed d i f f e r e n t l y .  

9 )  "Total  water uses" was de le t ed  from the .p r in tou t .  The tecminology 

is i nco r rec t  and the  l i n e  se rves  no purpose. 
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10) Earlier, Seminoe ownership-Kendrick d i r e c t  flow-Alcova owner- 

s h i p  were separa ted .  

where the t h r e e  are combined as simply ownership gain.  The separa t ion  

appears  t o  be a r t i f i c i a l  wi th  no p r a c t i c a l  s ign i f i cance ;  furthermore,  

it has  no e f f e c t  on model oepra t fon .  

It w a s  decided to  r e t u r n  t o  the  o r i g i n a l  format 

11) The l i n e  "ownetship gain" i n  t h e  North P l a t t e  P ro jec t  s e c t i o n  

of t h e  printout no l onge r  fnc ludes  d i r e c t  flow, 

12) Alcova reservoir c a p a c i t y  w a s  changed t o  184,300 ac- f t  with 

April-August ope ra t ing  s t o r a g e  a l s o  set  to  184,300 and maximum Kendrick 

accrual reduced accord ingly ,  t o  1,201,580 ac-f t o  

capac i ty  w a s  reduced t o  183,240 ac- f t  (100,000 ac- f t  c a r r y  over s to rage ,  

63,130 ac-f.t power head pool  and 20,090 ac- f t  evaporation allowance). 

These changes are based on r e c e n t  resurveys.  

Glendo u n i t  maximum broh T ~ J L . ~  

13)  A cons ide rab le  amount of time was spent  i n  e l imina t ing  "bugs" 

which sur faced  when o t h e r  changes forced t h e  program t o  fol low previously 

untes ted  paths .  The bugs manifested themselves as i n f i n i t e  loops wi th in  

t h e  program which prevented t h e  program from running t o  completion. This  

debugging process  is r e spons ib l e  f o r  much of t he  computer time used and 

is a process  t h a t  w i l l  c e r t a i n l y  con t inue  p a s t  t h e  completion of this 

project for as long as t h e  model is used i n  it's capac i ty  as a versatile 

p Ianning too I. 

14)  Seve ra l  runs  were made t o  compare simulated opera t ion  with 

a c t u a l  opecat ion.  It: was f e l t  t h a t  t h i s  would provide an adequate tes t  

of t h e  model's accuracy. 

va lues  w a s  no t  a t t a i n e d  but  due to  the  complexity of the  system and t h e  

q u a n t i t y  of v a r i a b l e s  involved t h i s  would be an unreasonable and unat-  

t a i n a b l e  goal. A "reasonable" agreement i n d i c a t e s  t h a t  t h e  model cr i ter ia  

Exact agreement between observed and a c t u a l  



simulate t h e  way t h e  system is a c t u a l l y  operated and vice-versa. 

I 

Three runs were made: 

1968-3.980 - s t a r t i n g  with a c t u a l  (1968) storages and 
ownerships - average year 

1973 - a c t u a l  s t a r t h g  ownerships and s torages - 
w e t  year 

1974 - a c t u a l  s t a r t i n g  ownerships and storages - 
dry  year  

Comparison between simulated and measured values of selected com- 

ponents is presented t abu la r ly  and graphica l ly  in the  following pages. 

Minor d i f f e rences  may be noted between c e r t a i n  values  i n  the pr in tout  

and t h e  same values  on t h e  graphs: t he  graphs were drawn using runs 

befoce t he  changes i n  i t e m  12 above had been implemented. 

1s) The user  manual t o r  t he  model is scheduled f o r  completion within 

the  next few w e e k s .  It was o r i g i n a l l y  thought t h a t  computer generated 

flow-charts produced at WAPRS in Denver could be incorporated as a usefu l  

par t  of t h e  manual. However, preliminary r e s u l t s  i nd ica t e  t h a t  these 

flow charts are of limited u t i l i t y  and, therefore, will not be included. 



Memorandum Woodward-Clyde Consultants 
6053dC-52Ib 
SF-30 

Charles Andrews From 

Office 3 Embarcadro 

415-956 -7070 
San Franasco, CA 94111 

Oate February 4,1981 
Subject 

Endosed in an agenda for the meeting to discuss the 
operations model of the North P l a t t e  River and the surface 
water supply system for the WyCoalGas Project on February 10,1981. 
The meeting will begin at 1:30 pm in the WRRI conference room 
in Wyo Hall on the University of Wyoming Campus (307-766-2143)- 

The purpose of the meeting is twofold: *-r 

1. to allow participants from the State Engineer's Office, 
Board of Control and WPRS to discuss changes made by 
Mike AcJcerberg in operations model of North Platte River 
since meeting on January 8,1981. 

2, to aid the BLM and Woodward Clyde, who are preparing the 
Environmental Impact Statement on the WyCoalGas Project ,  
in assessing the  adequacy of the North Platte and La Prele 
Creek operations models for determining the yield of 
the proposed WyCoalGas surface water supply systems and 
probable impacts on other users in the systems. 

L think the meeting will be very productive, and I look forward 
to your participation. Please cal l  if you have any questions. 



Agenda for WyCoalGas Surface Water Meeting 

February 10, 1981 1:30 at University of Wyoming 

WRRI Conference Room 

I. Introduction and Purpose Andrews 

11. WfrCoalGas Surface Water Supply System Coleman 

XCXL Operations Model of North Platte River Ackerberq 

(a) backgrdound of model 

(b) verification of model--changes made 
in model within past month 

(c) applicability of model for analyzing wrhu, 
u d e s  yield 

Ruff 

Ruff 

(d) availability of water for Panhandle - 
Lv. Operations Model of LaPrele Creek - 
V. Impacts of Water Withdrawals 

Anticipated Participants 

Lou Allen 
John Buyok 
Mike Coleman 
Mike Srogan 
Rob Currier 
Mike  Rckerberg 
Jim Ruff 
S i g  Zvejnieks 
Floyd Bishop 
Charles Andrews 
Gary Mehling 
Car1-n Hunter 
Jack Marshall 

State Engineers ' s Off ice 
State Engineers's Office 
Panhandle Eastern 
BLM 
BLM 
WRRI 
WRRI 
Banner Ass 
3anner Ass 
Woodward-C lyde 
Board of Control 
Board of Control 
Water 6r Power  Resource 
Service 

. 
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1984 Operating Agreement: 
f' 

I 
C, Guernsey - 45, 612 A f  (current capacity) P r i o r i t y  Oate - 04/20/23 

1. River gains upstream of Guernsey Reservoir for the October 1 
through A p r i l  30 period and not credited t o  the Inland Lakes 
w i l l  accrue t o  t h i s  ownership u n t i l  f i l led,  Gains May 1 
through September 30 i n  excess o f  natural f low demands may 
accrue to Guernsey ownership u n t i l  f i l l e d ,  

-2. The Guernsey evaporation charge i s  computed as though a l l  
Guernsey owners h i  p i s i n  Guernsey Reservoi r , 

3. A l l  releases made t o  f u l f i l l  contractual obl igatfons t o  
Federal contractors by the Bureau o f  Reclamation a t  i t s  
Torrfngton o f f i ce  w i l l  be coordinated with the Hydrographer- 
Commissioner of D i s t r i c t  14, Guernsey Reservofr releases 
a f t e r  A p r i l  30 are t o  be natural f low class upon the r i v e r  
fo l lowing coordination among Wyoming, Nebraska; and Bureau o f  
Reclamation personnel. 

4. When Guernsey Reservoir releases exceed the natural  flow of 
the r i v e r  a t  t h i s  point, then the dif ference i s  a release o f  
storage water, 

NPRMM: 

1, The model handles the operation o f  Guernsey Reservoir i n  the same 
manner, I n  addit ion, a f t e r  the Inland takes water has been trans- 
ferred t o  Cakes A l i ce  and Minatare, the vacancy can be f i l l e d  by 
Guernsey ownership. 

2, Guernsey evaporation charge i s  computed as though a l l  Guernsey 
ownership i s  i n  Guernsey Reservoir. 

3. Not applicable t o  the model. 

4. Model handles t h i s  po in t  i n  the same manner. 

1984 Operating Agreement: 

0 ,  Kendrick - 1,201,574 Af: (current capacity; Seminoe - 1,017,279 AF, 
Alcova - 184,295 AF) P r i o r i t y  Dates (Seminoe - 12/01/31, Alcova - 
04/25/36) 

1. 

t;, I :  

A l l  gains upstream o f  Seminoe Reservoir f o r  the October 1 
through A p r i l  30 per iod a f t e r  Pathfinder and Guernse owner- 
ships have f i l l e d  are t o  accrue t o  Kendrick (Seminoe 3 owner- 
ship f o r  the October 1 through Apr i l  30 per iod a f t e r  Path- 
f inder and Guernsey ownerships -have f i  1 led are t o  accrue t o  
Kendrick (Alcova) ownership u n t i l  f i l l e d .  Gains May 1 through 
September 30 i n  excess o f  natural  f low demands may accrue t o  
the Kendrick ownership u n t i  1 f i  1 led. 
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L checked the beginnins  q u m t i t i e r :  in t h c  propam and a11 tiese-voir storage 
a d  ownership quantities cgrecd :.iith the exception of Pathfinder 3eservoi.r 
being 283.18 IVLF*and Pathfinder Ownershi? being 536.64 KAF when it should be 
512.10 W. 
ones Rzservoir storage, ownership qumtities,  evaporation and surplus weter. 

I didn't check a l l  q m f i t i e s  in the program just  the  significant 

i t . z h l a t 9 d  the actucrl end of mter  year quzntities ir, the Kendrick, Pathfinder 
and tilendo ownerships ~d compared them with what m e  computer Zenercuted. 
For the 13 yeram 1968-80 thc  cwerirll percextage average was +lo& or +86.6UF 
when the three ownerships were considered, computer over actual. 

A sknil6:ir comparison was .mde using thc th ree  major reservoirs Scnfme, 
Pathfinder and Glendo, t h i s  bcb-6 bwed on 3hs nctml pbysicd. storage. 
The overdl average prcantcge  'rm f-7 2.85 or 9 3 . 3 W  computer over the actual 
q u n t  ity . 
h o t h e r  corn-parison m s  made of thl;: Surplus water q u a n t i t y  i n  t he  computer run 
and it appears that the average of+74$ or+I65.'7" above t h e  a c t d  average 
t h a t  I dctxrmincd. f m  tilo 196C-SO period. 



i 

ABBREVIATIONS: Pt. - Previous Mo. = Month's Mos. - Months' 
EOY - End-of-Year Max. z Maximum Min. - Minimum 

i.054 x Input  (Gage 06-6490) 
Input x (#Days i n  Month) i 1,000 
Input  
Input  0 - 6.00; Min. of 0.00; Max. of (0.399 x (# Days in Month)) 
Input x (# Days i n  Month) + 1,000 
Oct. - May 
Pr. Year Tota l  a+ a x Monthly Factor 
June - S e p t . .  

C(Pr. Mos. 0 +a x Monthly Factor 
Lesser of: A) 0 - 8 ; Min. of Zero 

. B) 6)- ; Mu. of Zero 
Lesser of: 'A) @ B) (DOC9 C) 0.3246 x (# Days i n  Month) 
Lesser of: A) (19.54 L P r .  EOY @) - C(Pr. Mos. 0) 

B) Q - 0 - O  -.. 
O c t .  - Apr. 

May - Sept.  Lesser of :  
A) 0.25 x @  
B) 5.00 -C(Pr. MOS. @) 

43- cD+@) 
@ Base on Capacity of: 

Lesser of: A) 9 
{(Pr. Mo. @)+(Pro Mo. @@@)}+2$x(# Days in Month)+l,000 8 Lesser of: A) @ 8 )  @ ( 0 . 9 0 a ) ;  Min. of 0.00 

3) (0.3 9 x # Days 
C) 26.54- Pr. EOY 
D) 26.24 - {Pr .  Min of 0.00)) ; Min. of 0.00 

Check: is @ > 0 
- Yes - Lesser of: A) {@ - (0.90m )*0.90; Min. of 0.00 

B \  P r .  Mo. 
No - Lesser of: Aj @ - (0.9&(8$-0.90; Min of 0.00 

0ct.-Apr.0) 2.00 - (C(Pr.  Mos. ) +a}; Min. of 0.00 
+@I; Min. of 0.00 May- Aug.B) 

C) Pr. MO. @ + @ - 8 - 0.015; Min. of 0.00 

- 
4.50 - {C(Pr. Mos.:. 

Sept. - Pr. MO. @ + @ - a ~ -  0 . 0 1 ~ ;  ttin. of 0.00 



- 
1 -  a+-a+@) 

'Lesser of: A) Pr. ~ 0 .  0 + @ - 0 
(Lea Pr. MO. @t< Pr .MO .am 

2 
B) (Evap. Rate) X Capacity of 'urface 

Check: is (Pro ~ o .  63 + @ + 
Yes: @ - 0 x Pr. Mo. @ + @ - Q  No: @ - 0 

i n  of 0.00 

n 

Elevation (Xn Feet) at Storage Capacity of 0 
Surface ~ r e a  ( ~ n  Acres) a t  Storage Capacity of 0 

+ @) -26.54; Min. 0.00 

@ + @  
Lesser of: A) @ - @ - @ 

B) Pr. Mo. @ - 0.18; Min. of Zero 
Lesser of: A) @ B) Pt. MO. @ 
63-rn 

Check: Is (Pr. Mo. @ + @ - @) >0.001 

No: @ * 0 Pr. Mo. 6 1 2 
Yes' @ @ pro Moo @% f -  

0 If 0.00 
of 0.00 
of 0.00 
Storage 

Lesser of: A) @J 

Capacity of 

0 
@) 
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WYCOALGAS WATER SUPPLY OPERATION STUDY 

1. Reservoir Inflow 
Inflow t o  LaPrele Reservoir was based on USCS gage #06-6490 records. A 
mult ip l ica t ion  factor of 1.054 was used t o  account fo r  ungaged contribut- 
ing drainage. ' 

2. Senior Rlghts Demand 
Senior appropriators '  r i g h t s  along LaPre le  Creek downstream of LaPrele 
Reservoir. 
season (May through September). 

The demnd was based on 1 c f s  per 70 acrE - &ring the i r r i g a t i o n  
1276 acres = 36.16 - . b Y  

2.1 Association Return Flows 
Return flows to LaPrele Creek r e s u l t i n g  from i r r i g a t i o n  de l ive r i e s  t o  
LaPrele Association lauds. 
return f l o w  s t u d i e s  that indicate 8% of t he  annual diversions of t he  Associa- 
t i o n  return to LaPrele Creek and ate usable by senior downstream irrigators. 
The USBR studies also showed t o t a l  return flows of 48% of annual diversions. 
For ca lcu la t ion  purposes, Octobet through May r e tu rn  flows were based on the 
previous water year's total  diversions times a monthly d l s t r i b u t i o a  fac tor  
June through September r e t u r n  flows were based on yea r - toda te  total di- 
versions tjmes a monthly d i s t r i b u t i o n  €actor (see Appendix A). 

The USBR report '  on the LaPrele Unit showed 

3. Senior Rights Bypass 
This r e f l e c t s  water bypassed t o  meet sen ior  downstream d l r e c t  flow r ights .  
The amount bypassed was t he  lesser of the reservoi r  inflow o r  the  senior 
r i g h t s  demand; t h i s  f i g u r e  was then reduced by any r e tu rn  flows avai lab le  
for dlvexsion. 

4. Association Tota l  Demand 
The t o t a l  demand was based on t h e  optimum water necessary f o r  i r r i g a t i o n  
requirements. 
port .  
canal e f f i c i e n c i e s  of 63X, and farm efficiencies of 65%. 
gated included the Association Lands (10,304.5 acres) as w e l l  as the carrier 
r i g h t s  (1,149.5 ac res )  served by Association canals but not p a r t  of the 
Association. 
h g  met by r e tu rn  flows with in  the  u n i t  itself (see Appendix A). 

Average monthly values were used based on the 1969 USBR re- 
The r e p o r t  ca lcu la ted  consumptive use requirements and then applied 

The lands irri- 

The total demand was then reduced.. by 5% for the demand be- 
1 

5 .  Direct Flow Bypass 
The Association Lads and the  carrier r i g h t s  have a d ixg~k t f low rights 
mounting t o  1 cfs per 70 acres, or a t o t a l  of 324.55 7 . 
bypassed w a s  any remaining flows ava i l ab le  a€ ter meeting geniot r i g h t s ,  
l i m i t e d  t o  t h e  lesser of t h e  t o t a l  demand or the d i r e c t  flow r igh t s .  

The amount 

6.  Storage Releases 
biPrele storage releases were from t h e  Association's account t o  meet any 
i r r i g a t i o n  demand not m e t  by d i r e c t  f l o w .  

7. Deficit 
Amount of Associatlon's i r r i g a t i o n  demand (including c a r r i e r  r i gh t s )  t h a t  
could not be met by d f r e c t  flow r f g h t s  or storage releases. 



8 .  Seepage 
In accordance with the  LaPrele agreement, reservoir seepage must be charged 
aga ins t  WyCoalCas's s torage  account and delivered as p a r t  of WyCoalCas 
supply. 
capacity of LaPrele  Reservoir. 
which was based on seepage information gathered since the LaPrele Dam re- 
h a b i l i t a t i o n  (see Appendix A) * 

The seepage was based on an i n i t i a l  estimate of the average monthly 
A curve of seepage vs. capacity was used 

9. Storage Release 
These were releases made from the  WyCoalGas storage account above the  see- 
page release. Storage releases were made to meet any WyCoalGas p l an t  de- 
mands not m e t  by seepage o r  by the  WyCoalGas 1974 p r i o r i t y  N. Platte r igh t .  
I f  s torage  releases w e r e  required, t h e  s torage  releases were increased t o  
compensate for conveyance losses. In accordance with the  LaPrele Agreement, 
total releases for t h e  period of October-April cannot exceed 2,500 Ac-Ft, 
Due t o  th i s ,  t o t a l  year-to-date releases p lus  the  present month's s torage  
release wece not allowed t o  exceed 2,000 Ac-Ft t o  compensate f o r  t he  un- 
cont ro l led  seepage releases L a  f u t u r e  months that could cause the  2,500 
Ac-Ft limit t o  be exceeded. 
August, year-to-date releases were held t o  4,500 Ac-Ft so as not t o  exceed 
t h e  yearly 5,000 Ac-Ft limitm 
account in September was released i n  its en t i r e ty .  

Similarly,  for t he  period of May through 

Any s to rage  remaining in the WyCoalGas 

10. Add t o  s torage  
The amount of water placed in s torage  w a s  t he  inflow ava i lab le  a f t e r  the  
d i r e c t  flow r i g h t s  were s a t i s f i e d  but  r e s t r i c t e d  t o  the one- f i l l  limita- 
tion. The s torage  was separated into two accounts: A) Association; B) 
WyCoalGas. During the uoni r r iga t ion  season (Oct-April), all flows were 
placed in t h e  WyCoalGas account up t o  2,500 Ac-Ft. 
of ava i l ab le  flows up t o  a t o t a l  maximum of 5,000 Ac-Ft in any year was 
placed in t he  WyCoalGas account. 
Association account. Twenty-five percent of any ava i lab le  flows during 
the  i r r i g a t i o n  season were placed i n  the  WyCoalGas account l imited t o  the 
yearly total of 5,000 Ac-Ft with the  remaining €lows going to  the Associa- 
tion account . 

Above the amount, 25% 

All remaining flows were placed in t he  

H. Total Storage Release 
The t o t a l  s torage  relkase includes s to rage  releases for i r r i g a t i o n ,  s torage  
releases for WyCoalGas, and seepage rel&ses. 

12. S p i l l s  
S p i l l  w i l l  usually occur due t o  the  o n e - f i l l  limit being reached but can 
a l s o  occur due t o  the  physical capacity o f  LaPrele Reservoir being exceeded. 

13. Evaporation 
The evaporation f o r  t h e  month w a s  ca lcu la ted  by averaging the beginning and 
end-of-month s torage  i n  order t o  determine the average monthly storage.  
Fcom t h i s ,  t he  average sur face  area w a s  determined and the appropriate 
evaporation cate applied t o  that sur face  area ( r e f e r  t o  Appendix A ) .  The 
losses were d i s t r i b u t e d  between the accounts by a ratio of t h a t  accounc's 
s torage  t o  t he  t o t a l  storage.  

2 



14.  Change in Storage 
The monthly s torage  change was ca lcu la ted  bysubt rac t ings torage  releases 
and evaporation losses f o r  each account from the amount added to  storage 
far t ha t  account. 

15. EOM Storage 
The End-of-Month storage w a s  the  sum of t he  previous month's EOM storage 
p l u s  the present month's change i n  storage.  
handled i n  a s i m k l a r  manner. The water sur face  elevation and the  water 
sur face  area were based on the t o t a l  LaPrele Reservoir EOM storage. 

Each of the accounts w a s  

15.1 LaPrele Creek a t  Mouth 
The projected €lows of LaPrele Creek a t  its mouth r e f l e c t  only the  flows 
resulttag from LaPrele Dam releases and irrigation return flows. 
flows do not iuclude any cont r ibu t ing  drainage area below LaPrele Dam. 
During the noa i r r iga t ion  season, t h i s  included total WyCoalCas releases, 

' spfL,ls, and return flows t o  LaPre le  Creek from the  Association lands. 
During t he  i r r i g a t i o n  season, it w a s  assumed that all return flows t o  
LaPre le  Creek from the Association l ands  are uti l ized by senior downstream 
I r r iga to r s .  Thus, the flows during the irrigation season consisted of 
total WyCoalGas releases, any s p i l l s ,  and retura flows from the senior 
downstream irrigators (assumed t o  be 48%). 

The 

16. WyCoalGas LaPrele Supply 
This is the t o t a l  a v a i l a b l e  to WyCoalGas from the LaPrele Reservoir 
below LaPrele Dam. 
WyCoalGas account. 

This includes seepage plus  storage releases from the . 

17. Conveyance LOSS 
This is t he  conveyance loss between IaPrele Dam and WyCoalGas's point of 
divers ion  on the  North P la t te  River, assumed t o  be LO% of the amount 
available below the  LaPrele Dam. 

18. Net LePrele Supply Available 
The LePrele supply available a t  WyCoalGas's point of d ivers ion  on the North 
P l a t t e  River. 
B) Placement in s torage  in Panhandle Reservoir 81; or C) Bypass. 
LePrele supply was f i r s t  made ava i l ab le  t o  meet t h e  coa l  gasification p lan t  
demand with any excess going t o  storage.  
handle ReserGoir #l  had been reached, any excess w a s  bypassed a t  the  point 
of d ive r s  ion . 

This supply w a s  handled e i t h e r  by A) Direct Diversion to P lan t ;  
The 

I f  t h e  storage capacity of Pan- 

19. 0-T-R Water 
The Owed-To-River water q u a n t i t i e s  were obtained Erom t he  "North Plat te  
River Operational Study" performed by WRRI. These are the  excess flows 
fa the North Platte System above a l l  ownership and irrigation requirements. 

20. Water Available to  Panhandle 
WyCoalCas has a r i g h t  t o  t h e  North Platte 0-T-R water of up t o  201.2 cfs 
under a 1974 pr io r i ty .  To assure tha t  no p r io r  r i g h t s  on t h e  North P l a t t e  . 
a t e  harmed, Lt was assumed t h a t  no North Platte water was ava i l ab le  to  
WyCoalGas unless t h e  0-T-R water exceeded 6,000 Ac-Ft i n  any month. This 
s u p p l y  was handled either by: A) Direct d ivers ion  t o  t h e  p l a n t ;  B) Place- 
ment i n  storage i n  Panhandle Reservoir #l ;  C) Bypass. The North Placte 
supply was f i r s t  used to  meet any  p l a n t  demand not previously met with  any 
excess going t o  storage, Water was bypassed l f  t h e  o n e - f i l l  l i m i t a t i o n  
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20. Water Available to  Panhandle Cont, 
had been reached on the  N. Platte supply in regard to  Panhandle Reservoir 
#l,  i f  t he  phys ica l  capac i ty  of t h e  Reservoir had been reached, o r  i f  l imi- 
t a t i o n s  due t o  p i p e l i n e  capac i ty  ex i s t ed .  
P l a t t e  supply u t i l i z e d  i n  any month. 

Column 2OD t abula tes  t h e  N. 

21. Add t o  Storage 
This  c o n s i s t s  of t h e  total water added t o  s to rage  i n  Panhandle Resemoir  
#l from the  LaPrele supply and t h e  North P l a t t e  supply. 
of each supply source  ate maintained i n  t h e  r e se rvo i r  operations.  

Separate  accounts 

22 . Storage Releases 
Storage releases were made from Panhandle Reservoir #1 to meet any p l a n t  
demands not previous ly  s a t i s f i e d  by t h e  d i r e c t  LaPrele supply t o  t h e  p l a n t  
and/or t h e  d i r e c t  N. P l a t t e  supply t o  the plant .  
dead pool of 177 Ac-Ft would exist. 
releases were first made from the LaPrele account wi th  the  remainder be- 
ing  made from t h e  North P l a t t e  account. 

It was assumed tha t  a 
If s to rage  releases were required,  

I 

23. Evaporation 
The evaporat ion for the month was ca lcu la t ed  by averaging the beginning and 
ed-of-month s t o r a g e  i n  o rde r  t o  determine t h e  average monthly s torage.  
From this, the average surface area was determined and t h e  appropr ia te  
evaporat ion rate appl ied  t o  that s u r f a c e  area (see Appendix A). 
were d i s t r i b u t e d  between t h e  accounts  by a r a t i o  of t h a t  account 's  s to rage  
to the total s to rage ,  

The l o s s e s  

/ -5  Change in Storage 
The monthly s t o r a g e  change w a s  ca lcua ted  by sub t r ac t ing  s torage  releases 
and evaporat ion losses for each account from t h e  r e spec t ive  add t o  s to rage  
account.  

* 25 E O ~  Storage 
The end-of-month s to rage  was t h e  sum of t h e  previous month's EOM s t o r a g e  
PLUS t h e  p t e sen t  month's change i n  s torage .  Each of the accounts was hand- 
led in a similar manner. The water s u r f a c e  elevation and the  water su r face  
area were based on the  t o t a l  Panhandle Reservoir #1 EOM storage.  

. 

-.. Groundwater Supplied t o  P l a n t  
The groundwater supply w a s  assumed t o  be a backup supply only. 
w a s  suppl ied t o  t h e  p l an t  on ly  when t h e  p l a n t  demand could not be m e t  by 
one o r  a combination of d i r e c t  LaPcele supply,  d i r e c t  N. Platte supply,  and/ 
oc s to rage  releases from Panhandle Reservoir # I .  The groundwater w a s  
suppl ied from t h e  Green Valley Well Fie ld  and t h e  Morton's Well Fie ld  with 
each w e l l  f i e l d  l imi t ed  t o  a maximum of 2,000 Ac-Ft in any year. 
also assumed t h a t  t h e  f u l l  2,000 Ac-Ft from the  Green Valley Well F ie ld  
would be used before  t h e  Morton's Well Fie ld  would be u t i l i z e d .  

Groundwater 

- 

It w a s  

- : (J Plant Demand 
The c o a l  g a s i f i c a t i o n  p l a n t  demand schedule  was provided by WyCoalCas, Inc. . 
(see Appendix A). 

4 



f 

. ' d Tota l  P lan t  Del iver ies  
The t o t a l  p l an t  d e l i v e r i e s  cons is ted  of t h e  d i r e c t  LaPrele supply, d i r e c t  
N. P l a t t e  supply, t o t a l  Panhandle Reservoir #I s to rage  releases, and t o t a l  
groundwater suppl ied.  

'- :* Plant  D e f i c i t s  
I The p lan t  d e f i c i t  w a s  the d i f f e rence  between the  p l an t  demand and t he  t o t a l  

p l an t  de l ive r i e s .  

I 

. .  ': 41: 

LaPrele Associat ion (Water Consumption) 
This row r ep resen t s  t h e  water used by t h e  LaPrele Associat ion i n  any month 
i n  comparison wi th  flows t h a t  would have re su l t ed  had t h e  LaPrele Unit n o t  
been there ,  Th i s  amouncs t o  the  water placed i n  t h e  Associat ion s to rage  
account p lus  t h e  Associat ion d i r e c t  d ive r s ion  less t o t a l  return flows to  
t h e  N. P l a t t e  System, 
d ive r s ions  of which 8% r e t u r n  t o  LaPrele Creek ( r e fe r  t o  Row 2.1). 
f o r e ,  t o t a l  r e t u r n  flows are s ix  times row 2.1 for t h a t  month. 

Total r e t u r n  flows amount to 48% of t o t a l  annual 
There- 

WyCoalGas (Water Consumption) 
This tow represents the t o t a l  dep le t ion  by WyCoalGas on the North P l a t t e  
System both from LaPrele Creek and d i r e c t l y  from t h e  N. P l a t t e  River. 
ThLs amounts t o  t h e  water placed i n  t h e  WyCoalGas s to rage  account in La- 
Prele Less t h e  t o t a l  releases from t h e  L a P r e l e  WyCoalGas account p lus  the 
total water picked up a t  t h e  WyCoalGas po in t  of d ivers ion  on t h e  N. P l a t t e  
River. f 

'"Concluding Report on LaPrele Unit,  Wyoming", 1969, USBR, Region 7 .  

! 
5 



CALCULATION PROCEDURES 

NOTES: ALL VAiUES TO BE IN KAC-FT; IF ABSOLUTE VALVE <0,005, SET fO.00 
ANY "c" REFERS TO VALVES IN PRESENT WATER YEAR ONLY 

ABBREVIATIONS: Pr. - Previous Mo. = Month's Mos. = Months' 
EOY - End-of-Year Max. = Haximum Min. - Minimum 

LO54 x Input (Gage 06-6490) 
Input x (#Days in Month) 1,000 

= Input - Input - 0 - 6.00; Mfn. of 0.00;  Max. of {0.399 x (# Days i n  Month)} - Input x (#  Days in Month) +.1,000 
Oct, -May 
Pr. Year Total @+ @ x Monthly Factor 
June - Sept. 

C(Pr. Mos. a+@ x Monthly Factor 
Lesser of: A) 0 - 8 ; Min. of Zero 

* -  B) (D- ; Min. of Zero 
Lesser 'of: 'A) @ 3) 0 -0 C) 0.3246 x ( I f  Days i n  Month) 
Lesser of: A) (19.54 i Pr. EOY @) - C(Pr. Mos. @) 

B) Q - O - 0  

A) @ 
B) f2!% - C(2. Mos. @I + {b - ( 2 . 5 0  -$Pr. MOS. @?}x .25 
C) 5.00 -C(Pr. MOS.  @) 
A) 0.25 x @  
B) 5.00 -C(Pr. MOS. @) 

@ 

4 
\. 

M&, oFSK40 @ Oct. - Apr. L e s s e r  of:  
NM oczmo 

M 2 5 f  May - Sept. Lesser of: 

@ =@-a a tesser of: I )  ~ r .  ~ a .  @ + @ B) 0-0 
@ =@-(O+@) 
@ Base on Capacity of: 

Lesser of: A) @ 8 )  @ ( 0 . 9 0 a ) ;  Min. of 0.00 
{(Pr. Mo. @)+(Pr. Mo. @@@)}+29~(# Days in Month)+l,WO 

B) (0.399 x # Days in Month) - (0.90 x a )  - @ 
C) 26.54- Pr. EOY @-z(Pr. Mos. @) - {Pr. Mo. @ + (@c0.90) - @; Min of 0.00)) ; Min. of 0.00 

Check: is @ > 0 
- Yes - Lesser of: A) {@ - (0.901@ 0 )+0.90; Min. of 0.00 

- No - Lesser of: A) {@ - (0 .90  x a  8 cO.90; Min of 0.00 
B) Pr. Mo. @ + 0 -a- O . O L S  

0ct.-Apr.B) 2.00 - + @ I ;  MLn. of 0.00 
Hay- Aug.B) 4 . 5 0  - +@I;  Min. of 0.00 

C) Pr. Mo. - 0.015; Min. of 0.00 
Sept. = Pr. Mo. @ + @ - 0 -  0.015; Min. of 0.00 



NEW 

1s0 
o€ 0.00 

No: @ = O  

- W - W  
Elevation (In F e e t )  at Storage Capacity of @ 
Surface Area (In Acres) at  Storage Capacity of 0 
:&g:@+ 0 

- @ + @  
x 0.10 

'-. Lesser of :  A) @ 3) @ 
+ @) -26.54; Min. 0.00 

Lesser of: 

Lesser of: A) @ B) Pr. MO. @ 

Lesser of: 

A) a - @ 0. 

B) Pr. Mo. @ -  0.18; Min. of Zero 

A) (Pr. MO. @ + @ -@I 
a @ - @  

1 
Pr. Mo. + ( P r . M w  

2 @ Capacity of Surf ace B, (Evap* ( Area 
Check: Is (Pr. Mo. @ + @  - @) W.001 

xo: @ - 0 Pr. Mo. 
Pr. Mo. @ +a- Y e s :  @ - @ x 

0.00 
OIOO 
OIOO 

\ 

Elevationyin gt) a t  Storage Capacity of @ 
Surface Area (Acres) a t  Stora e Capacity of @ 
Lesser of: A) (--@& 

B) 500- (Pr. MOS. 0) - 
Lesser of: A) 0 
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ROUTING SLIP 

Ini t ia l s  A c t  ion  
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I' 
I 

krnorzndum 
To State Ehgincer And Division 
F r o m  Carlton Hunter &# 
Subject WyoCodGas diversion possibilities 

1 Supt. 

h my analysis I operated on the idea that they could not divert water 
unti l  Guernsey m-d Alice ti Minitare on chennel ownerships were at 45228 AF'. 
and Glendo ownerehip was f i l l e d  to its m8ximuDI ownership storage capability. 

i.lIhen these conditions are met b!yoCoalGas can divert water that  is the glcova 
Glendo segment of the North matte River Natural Flow after an accumulated 
quantity of 6,OoW has been availzble to them. Based on the river miles, 
Ths WyocOaLcas Diversion point is located about 7556 of the distance down 
tbe river from Blcova to Orin Jct, therefore they w i l l  only have available 
75% of that segment gains. 

The upper reservoirs may not  be full, but w i l l  be f i l l i n g  and WyoCodGas 
can be taking water. 
water and the upper reservoirs a r e  full they can fake water. 

If t he  glcova-Glcndo seamnt is not  producing enough 

UyoCodGas diversion can continue until the time t h a t  a 6000 dF cushion 
remains of the divertable available water. 
be defined. 

I don't know how this will 

Data was W e n  from the North matte Storage Accounting Sheet and the  
Iktwal flow tabumation sheet a f t e r  Apri l  27. 

1976 April 11 Glendo Ownership Full 
Iky 29 Pathfinder I* 

June 15 Kendridc r1 

June 29 Ownerships started chzrging storage 
Apr i l  I? t k u  June 28 72 days &GOO M/Day= 28,800 a~ fm ~ Q O C O ~ L G ~ S  

I1 

If 

7 977 qril 28 Glendo Ownership ft*U 
L2.y 3 & 4 water availzble above 6000 d' cushion 

1980 Apri l  4 Glendo Ownership F u l l  Guernsey Spi l l ing  40AF/ dzy 
Kay 10 Pathfinder Swnerskip Full 

27 Evap and Storage r e f i l l e d  A l l  Ownerships F u l l  
July 6 Ownerships started charging storbge 
Jul,y/2(J,ied to River Account depleted 
Apr i l  12 t h r u  July 5 85 days 4 4OQ U/da~34,000 aF for W y ~ C o ~ G a s  



ED H€RSCHLER 
GOVERNOR 

Earl Michael 
Supt. Division No. I 
511West 27th Street 
Torrington, WP 82240 

b a r  Earl: 

Eaclosbid t s  a copy of the information I found in the Storage Ownership 
8.  

Accounting Sheets from 1964 to 1980 with regard to Panhaudle Eastern's 

a meeting with Panhandle for 9:00 a.m. on Wednesday, May 20th to discuss 
their diversion. I think i&I1 answer some 

of the questions we've been asking. 

(Wy Coal Gas). proposed diversion from the North Platte. We have scheduled 
.- 

Could you look this  over? 

Thanks 

CC: George C. Christopulos 
State Engineer 

Carlton Hunter 
644 Pineview Place 
Casper, WY 82601 

G a r y  Hehllng 
511 West 27th 
Totrington, W 82240 

I 

John Buyok 
* Interstate Streams Engineer 



* *  ANALYSIS OF STORAGE OWNERSHIP AND ACCOUNTING (1966-1980) 

Water Year 1964 
None qf the  ownerships f i l l e d .  
No OTR account. 

Hodel shows no water d iver ted  to  Panhandle - low tunoff year. 
i 

Water Year 1965 
May 1 154 passing Whalen 

2 
3 
4 
5 
6 
7 
8 

1 - 9  
10 
11 
12 
13 

Guernsey f i l l e d  14 
15 . 

' Glendo fi lLed l6 
17 
18 

I 19 
20 
21 

I 

I 

t 

312 
360 
216 
564 
1256 
1304 
1304 
732 
604 
739 
1083 
1244 
1028 
669 
11929 
6996 
6541 
4257 
1917 
666 

June 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

102 
2333 
4399 
3820 
2595 
3102 
4908 
3261 
2019 
2247 

OTR gain 
OTR g'a'in 
OTR gain 
OTR gain 
OTR gain 
OTR gain 
OTR gain 
OTR gain 
OTR gain 
OTR gain 

Total  OTR gain - 61092 AF 

.. 

OTR gain  
OTR gain .. 
OTR gain 
OTR gain 
OTR gain 
OTR gain 

OTR from trfbs between Alcova and Glendo (flbod) 

gain from Glendo t o  Guernsey 

Model shows 11,990 AF diver ted  to Panhanle i n  May. 

Water was avai lab le  f o r  16 days in May & June from trfbs between Alcova and 
Glendo after Glendo ownership f i l l e d .  

Hax&mm d f v e r t t b l e  by Panhandle 6138 AF 

Water Year 1966 
Jan. 4 - March 1 OTR ga in  1375 AF 

Glendo filled March 2 
3 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

623 
514 
308 
207 
033 
1612 
1619 
1810 
IS09 
1022 
252 
868 
3s 
114 
578 

OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 
OTR 

OTR t ransfer red  t o  Guernsey and Alice 
and Minatare t o  make up for gains lost 
when A & M water was i n  Guernsey owner- 
s h i p .  

1. 



Water Year 1966 continued 
March 19 570 OTR 

-*20 437 OTR 
21 262 OTR 
22 577 om 
23 83 OTR 
24 458 OTR 
26 931 OTR 
27 1077 OTR 
29 1284 OTR 
30' 542 OTR 
31 661 OTR 

April 1 824 O m  
2 1317 OTR 
3 1682 OTR 

T o t a l  OTR gain - 24066 

OTR t r ans fe r r ed  t o  Guernsey and Alice 
and Mfnatare t o  make up for gains  l o s t  
when A & M water w a s  i n  Guernsey owner- 
ship . 

* 

Model shows uo water d i v e r t e d  t o  Panhandle. 

Below normal runoff 

Water Year 1967 
Feb. 15 t o  March 
May 6 t o  May 
Glendo f i l l e d  May 
May 31 to June 

year ,  no water a v a i l a b l e .  t o  Panhandle. 

14 359 AF OTR ga in  
17 6712 OTR ga in  
10 
29 56739 OTR ga in  

Model shows no water d i v e r t e d  t o  Panhandle. 
full from t h e i r  model run.* 

Probably because Reservoir  w a s  

. OTR water from Hay 10 to May 17 a v a i l a b l e  f-or d ive r s ion  t o  Panhandle a f t e r  
Glendo f i l l e d  gains from Alcova to Glendo. 

.- 

OTR water €corn Hap 31 to June 29 t r a n s f e r r e d  t o  Kendrick ownership on July 3. 

Average runoff year. 

Water Year 1968 
Feb, 21 - March 23 10922 OTR gain 
Glendo filled Feb. 28, 1968 
Apti l  4 - Apr i l  9 5142 OTR gain also r e l eas ing  down river on these  d a t e s  
Guernsey f i l l e d  May 2, 1968 
May 2 - M a y  8 6455 OTR gain  
Hay 24 - June 12 26728 OTR ga in  also r e l e a s i n g  down rtver on these dates 

Model shows 11,890 AF d ive r t ed  to Panhandle i n  May. 

Water was a v a i l a b l e  for 33 days a f t e r  Glendo f i l l e d ,  
Panhandle - 13,280 AF. 

Maximum d i v e r t i b l e  t o  

Above average runoff year. 

2. 
. . . _  . -. . .  .. . 



I 

Water Year 1969 
Dec, 6 ,  1968 to March 23, 1969 26,848 AF OTR gain 
Glendo"fi1led Feb. 9, 1969 
Guernsey never does fill. 

Mbdel shows no water diverted to  Panhandle, 

OTR water comes slowly and is all released down the river even though 
Guernsey never fills. 

Panhandle could d i v e r t  most of the 26,848 AF, 

Above average carryover causes l a r g e  OTR account even though it is a , -  

below normal runoff year. 

Water Year 1970 
Jan, 29 to  April  8 10257 OTR gain t ransfer red  t o  Pathfinder 
Glendo f i l l e d  March 29 
May 11 to  May 2s 41076 OTR gain t ransfer red  t o  Pathfinder 
Guernsey f i l l e d  Apr i l  28 

Hodel shows 11,920 AF dtver ted  i n  May and 4240 AF diverted i n  June t o  Panhandle. 

. .' Above average runoff year, 

All OTR t ransfer red  to  Pathfinder ownership i n  Glendo by agreement with Nebraska. 

Water Year 1971 
Jan. 29 t o  April 4 28,991 AF OTR gain 
Glendo filled March 9 
April  4 t o  May 6 gains from Alcova t o  Clendo 

Passed a t  Tri-State ( subs tan t ia l  LOO0 t o  SO00 AF) above demand a t  Glendo 
and Guernsey 

Guernsey filled A p r i l  29 
Glendo r e f i l l e d  May 6 
May 6 to May 12 70,574 AF OTR gain 4000 t o  6500 AF passing Tri-State 
Pathfinder filled May 12 
May 13 to  July 14 AF passing Tri-State 
Kendrick f i l l e d  June 2 
All ownerships r e f i l l e d  June 17 

1000 t o  9000 

Way above average mnof f year. 

Panhandle could d i v e t t  approximately 67,600 AF 

Model shows 3520 AF diver ted  to Panhandle i n  A p r i l ,  

Water Year 1972 
- Jan !S to Feb. 13 1081 AF OTR g a h  

Glendo f i l l e d  Feb. 22 
Feb, 22 to  A p r i l  4 97,926AF . s p i l l e d  in an t i c ipa t ion  
Guernsey f i l l e d  A p r i l  27 
Pathfinder filled May 6 



Water Year 1972 continued 
Kendrick f i l l e d  May 18 
Hay 24’ t o  J u l y  9 500 to 2000 AF passing Tri-State  
Glendo r e f i l l e d  June 4 
Pathfinder  and Kendrick evap, r e f i l l e d  June 5 
Glendo evap, r e f i l l e d  June 6 
Guernsey r e f i l l e d  June  7 
June 7 t o  June 20 98,568 OTR ga in  

Model shows 3890 AF d i v e r t e d  i n  Apr i l  and 70 AJ? d ive r t ed  i n  May t o  Panhandle. 

Panhandle could dfvert approximately 35,800 AF. ‘ 

Above average runoff  yea r  wi th  large carryover from 1971, 

Water Year 1973 
Jan. 24 t o  March 7 2270 AF OTR gain 
Glendo f i l l e d  March 7 
March 7 to  March 24 9582 OTR gain  
March 21 to Apri l  8 
Aprfl 9 t o  Apr i l  28 
Guernsey f i l l e d  May 1 

600 t o  2000 AF s p i l l e d  
47,676 AFt:gpilled’ p a s t  

past Guernsey 
Tri-S tat  e 

. Apri l  30 t o  June 27 
Pathf inder  f i l l e d  May 6 
Glendo r e f i l l e d  May 8 
May 8 t o  May 30 521,801 AF OTR gain 
Kendrick f i l l e d  May 10 
A l l  evap. r e f i l l e d  May 11 
June 28 t o  Sept. 30 

4000 t o  8000 s p i l l e d  d a i l y  past Tri-State 

SO0 to 4000 AF s p i l l e d  pas t  Tri-State 

Model shows 3720 AF d i v e r t e d  i n  Apr i l  and 40 AF diverted i n  May t o  Panhandle. 

Panhandle could divert approximately 71,630 AF. 

Way above average runoff  year ,  system wide spill. 

Water Year 1974 
Jan, 18 t o  Feb, 20 2663 AF OTR ga in  
Feb. 26 to  Api-il 22 200,000 AF Pathf inder ,  200,000 AF Kendrick s p i l l e d  

Pa thf inder  f f l l e d  March 15 
Apr i l  22 to Hay 14 
Pathf inder  refilled A p r i l  24 

Kendrick r e f i l l e d  May 14 
Glendo r e f i l l e d  June 2 
Pathf inder  r e f i l l e d  June 4 
A l l  ownerships r e f i l l e d  June 7 
June 7 t o  June 24 81,050 OTR gain 
June 7 t o  J u l y  5 

p a s t  Whalen 

53,316 AF re leased  from Glendo past Tri-State  

d * *  Guernsey f i l l e d  May 1 ’ 

500 t o  2000 AF passing Tr i -S ta te  

Model shows 4110 AF i n  Dec,, 470 AF i n  Jan, ,  400 AF i n  Feb., 250 AF i n  Apri1, 
70 AF i n  May, and 90 AF in June d ive r t ed  t o  Panhandle. 

Panhandle could d i v e r t  approximately 47,080 AF. 

Above average runoff year ,  e a r l y  s p i l l .  
1. 



I 

I . .  

Water Year 1975 
Feb, 25 to March 27 1101 AF OTR g a i n  
Glenda f i l l e d  Apr i l  2 
April 2 to April 16 9430 AF OTR ga in  
Aprfl 17 to  Apri l  26 

Guernsey f i l l e d  June 10 
Kendriclc f i l l e d  June 21 
June 21 to J u l y  16 
June 22 to June 29 23,796 OTR ga in  
Glendo r e f i l l e d  June 22 

500 t o  2SOO AF passing Whalen 
I Pathfinder f i l l e d  June 9 

300 t o  2000 AF passing Tri-State 

W e 1  shows 2880 AF d ive r t ed  in June t o  Panhandle. 

Panhandle could d i v e r t  approximately 20,100 AF. 
* 

Above average runoff year. 

Water Year 1976 
Guernsey f i l l e d  March 5 
March 6 t o  March 28 719 AF OTR ga in  
Apr i l  6 to  April 15: 1889 OTR ga in  
mendo f i l l e d  Apr i l  I1 
Apri l  15 to May 3 
April 27 to Apri l  30 2930 OTR ga in  
May 26 to May 28 1502 OTR ga in  

300 t o  700 AF passing Tri-State .- 

Model shows 2130 AF i n  Feb,, 2770 AF i n  A p r i l ,  220 AF i n  May, 
June, d ive r t ed  to Panhandle. 

170 AF in 

Panhandle could d i v e r t  approximately 4000 AF. 

Average runoff  year, large carry-over and high  i r r i g a t i o n  demands. 

Water Year 1977 
March 20 to A p r i l  1 431 OTR gain 
Apr i l  8 to April 10 1694 OTR gain 
Apr i l  14  t o  Apri l  15 384 OTR g a i n  
Glendo f i l l e d  Apr i l  28 
April 28 t o  Hay 5 16,295 OTR gain 
Curensey f i l l e d  May 3 
Kay 8 t o  May 11 300 t o  800 AF passing Tri-State 

Hodel shows 3410 AF d ive r t ed  t o  Panhandle in A p r i l .  

Panhandle could d i v e r t  4400 AFe 

Very low runoff year, 

Water Year 1978 
Peb. 10 to April 2 805 OTR gain 
Guernsey f i l l e d  May 14 
Hay 14 to May 23 45,062 OTR g a i n  

5 ,  



Water Year 1978 continued 
Glendo f i l l e d  May 1 7  

Ebdel shows 3690 AF diverted to Panhand1e.b May, 

Panhandle had water ava i lab le  for 10 days i n  May, Could have diverted 4024 AF. 

S l ight ly  above average runoff year. 

Water Year 2979 
Feb. 28 to April I 847 OTR gain 
April 10 to April 16 427 OTR gain 
Pathfinder and Guernsey f f l l e d  Hay 30 

Model shows 4050 AF diverted to Panhandle in May. 

No water was available. 

Slightly above average runoff year. 

Water Year 1980 
Feb. 15 t o  A p r i l  6 4548 OTR gain 
Glendo f i l l e d  April 5 
A p r i l  14 to May 1 
Guernsey f i l l e d  May 1 
May 1 to May 10 
Pathfinder f i l l e d  May 10 
May 10 to June 23 
Glendo re f i l l ed  'June 9 
June 9 t o  June 23 65,457 AF OTR gain 

4500 AF/day passing Tri-State 

3600 AF/day passing TrL-State 

1000 to 2500 AF passing Tri-State 

.. 

- 
Model doesn't go to 1980. 

Panhandle could divert €or 72 days i n  April, May and June for a total  of 
28,973 AF, 

*. 

Above average runoff year, 

6. 



Panhandle  Eastern (WyCoalGas) Meeting 

9:OO a,m, 5-20-81 SEO Conference Room 

Those i n  at tendance were: 

Earl Michaelr Board of Contra1 Dick Stockdale,  SEO 
Carlton Hunter, B a r d  of Control John Buyok, SEO 
Gary Mehfing, Board of Contml S i g  Zve jn ieks ,  Banner 
George L. C h r i s t o p u l o s ,  Sw Don V o w e l l ,  Panhandle 
Lou A l l e n ,  SEO Jack P a l m ,  Panhandle 

The meeting began w i t h  a d i s c u s s i o n  of the comparison of s u r p l u s  
f low numbers from the WRRI model to the a c t u a l  amount of s u r p l u s  f lw 

taken from the North P l a t t e  S torage  Ownership Accounting d a i l y  reports. 

The comparisons p u t  -gether  b y  John Buyok and Car l ton  Hunter d i f f e r e d  

because Hunter assumed that WyCoalGas would be able ta divert whenever 

there was water  i n  the OTR account and that they could divert as l o n g  

as no s t o r a g e  water was being d e l i v e r e d  to downstream users- 
allowed dfversions when the OTR account was gain ing  water  or when water  

was being dwnped p a s t  T r i - S t a t e  Dam. 

Buyok only 

There was a question as to h o w  WyCoalGas could be allowed t o  d i v e r t  

i n  the n o n - i r r i g a t i o n  season as d e f i n e d  b y  the d e c r e e  when l a t e  1800's 

p r i o r i t y  i r r i g a t i o n  r i g h t s  downstream could not d i v e r t -  

t h a t  the early p r i o r i t y  r i g h t s  would have to be allowed b d i v e r t  i f  

the$ w i s h e d ,  

model and the comparison f i g u r e s  from the SOA reports t a k e  in to  account 

the w h o l e  rivler and not just the surplus water  a v a i l a b l e  a t  the WyCoalGas 
diversion- 

PP&L gaging station near  Glenmck on the North P l a t t e  and compare them 

to Gray R e e f  o u t f l o w  to t r y  to determine the percentage of s u r p l u s  water  

t h a t  is developed above the divlersion p o i n t -  

I t  w a s  d e c i d e d  

A n o t h e r  q u e s t i o n  was r a i s e d  about  the f a c t  t h a t  the WRRI 

S i g  Zvejnicks w a s  asked to compile  the stream records a t  the 

Another problem t h a t  was d iscussed  is the f a c t  t h a t  the years  t h a t  

SOA reports a r e  a v a i l a b l e  were, for the mst p a r t ,  above average r u n o f f  

y e a r s  and so w u i d  g i v e  an u n r e a l i s t i c  p i c t u r e  of s u r p l u s  water a v d i l d b l e  

from the North P l a t t e ,  

cussed .  A n  adjustment  i s  needed t o  t a k e  into account inflows and d i v e r -  

sions between the p l a n t  and the s t a t e  l i n e  to make the model come closer 

The  cushion  or contingency f a c t o r  was also dis- 

to the mark- 



I 

T h e  pssibil i t y  o f  o b j e c t i o n s  from Nebraska was noted, e s p e c i a l  1 y 

i n  years when the lower s y s t e m  i s  s p i l l i n g  b u t  the upper system i s  short 

of water-  S tockdale  brought up the pre l iminary  r e s u l t s  from the ground- 

water  model which shows t h a t  pumping f r o m  the Madison wells may deple te  

surface water  flow i n  the t r i b u t a r i e s  to  the river, e s p e c i a l l y  i n  Boxelder 

C z e e k .  

groundwater and Vowel1 s a i d  that: the gmundwater  is the only backup- 

He asked if any other backup water  has &en obtained except for 

Panhandle asked the SEO to begin  looking a t  the LaPrele Creek supply 

and the grounduater supply- 

and Earl Michael for review and geohydrology information is to go to Dick 

S tockdal  e . 

LaPrele infonnation i s  to go to Lou Allen 

Earl Michael mentioned t h a t  he had heard that Panhandle and the LaPrele 

I r r i g a t i o n  

rights below the reservoir are to be handled-  
the neservoir to fill d i r e c t  f l o w  r i g h t s  w i t h  the same p r i o r i t y  which would 

also bypass  Panhandle's storage r i g h t .  

District were having a disagreement as to how the direct f l o w  

T h e  District f a v o r s  bypass ing  

JOHN BUYOK . L./& 
X n t e r s t a t e  Streams Engineer 
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The operation studies were Tade v i a  the use of  a computer modeling program 
(North P l a t t e  River HanagcTnt Model) dcveloped by the Wyoming Water Resources 
Research tns t i t u te .  
be used t o  simulate the N o q h  P l a t t e  River operation under many options, and 
their impacts can be evaluaFed and assessed by comparing the resu l t s  t o  a 
base run or base condi t ion. (  This summary contains a synopsis o f  resu l t s  for 
the Glendo U n i t  of the fall wing three operation studies (simulations). 

(1) Base Run - i s  a l a t i o n  o f  the present reservo i r  system and manage- 
i n  operation o f  the North P l a t t e  River system. 

The prygram was dcveloped as a "planning tool" and can 

ment decisions 

It i s  assumed t ha t  the present system and operations were " o n b n e "  
i n  1H1, the s t a r t  qf the study. 
this s imulat ion w u k d  consist  o f  various contracts t o t a l  ing 20,-00.0 

The study data used are from 1941 t o  1980. 

The Glendo I r r i g a t i o n  U n i t  i n  

acre-feet, w i t h  a minimum demand o f  4,000 acre-feet i n  any one year. 
The demand pa t te rn  for t h i s  u n i t  should c losely  co r re la te  w i t h  the 
demand pa t te rn  o f  the present Glendo contractors. 

(2) Increased Clendo Demkd (40,000 acre-feet) - t h i s  study i s  intended 
to simulate the effects o f  contract ing the f u l l  40,000 acre-feet o f  
i r r i g a t i o n  water. I t  i s  assumed that  the demand pat tern would be 
s i m i l a r  to the e x i s t i n g  Clendo contractors, i.e., the contracts would 
be made w i t h  small t o  medium sized i r r i g a t i o n  d i s t r i c t s .  The maximum 
demand i n  any one ye' r would be 40,000 acre-feet plus evaporation and 
the minimum demand Juld be &-000 -_ -. - * 4 acre-feet p l u s  evaporation. 

c- 

(3) Base RUR (With lncrc  i sed Glendo Demand 40,000 acre-feet, w i t h  a 
Minimum Demand o f  20,000 acre-feet) - i s  a siniulat ion o f  the effects . 
of  contracting the f u l l  40,GOO acre-feet o f  i r r i g a t i o n  water; however, 
a minimum demand o f  70,000 acre-feet per year i s  placed on the u n i t .  
The maximum demand i h  any one year would be 40,000 acre-feet plus 
evaporation. 



GLENDO PROJECT 

POWER HEAD POOL 

EVAPORATION POOL 
IRRIGATION POOL 

63,148 Ac-Ft 
100,000 Ac-Ft 
20.090 Ac-Ft 

I i 183,238 A c - F t  I TOTAL 

I 

- 

U 

I 
i 

MAXIMUM IRRIGATION DELIVERY 
PER YEAR 

I 

MAXIMUM ACCURAL PER YEAR ! = 
I 
I 
I 

I 

. 
0 

40,000 A c - F t  

40,000 Ac-Ft + Last year's evaporation 

I 

I 
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M i  tcheI1 
Enterprise 
8 r i dgeport 

GLENDO PROJECT - IRRIGATION UNIT I CURRENT CONTRACTORS 

Sub-Total Nebraska 
( I  7,b0/25,000 Ac-Ft 7 68%) 

1 

Lucerne 
Burbank 
Wright & Murphy 
New Gra t tan 
Torrington 

I 
Sub-Total Wyoming 
(4,400/ 1 5,000 Ac- F t  = 29%) 

I 
TOTAL. 1 

I 

12,000 Ac-Ft 
3,000 Ac-Ft 
2.000 Ac-Ft 

17,000 Ac-Ft 

2,500 Ac-Ft 
200 Ac-Ft 
200 Ac-Ft . 
500 Ac-Ft 

1.000 Ac-Ft 

21,400 Ac-Ft 

4,400 Ac-Ft 

I 

I 

t 

I 

I 



. H 

1 r r igated 
D i  s t r i c t  Acres (1980: 

Mi tchcll 

Enterprise 

8 r i dgcpo rt 

Luce me 

Burbank 

Wright & +turphy 

New G rat tan 

Torri ngton 

, I IL -  L.. . b u t 8  I I U k L  I u e . 4  

STORICAL USE - ig6I-Ig6O 
Storage 

% - Average 
0 i ve r s  ion 
Ory Years 

S to rage 
Averagc Divers ions(Ac-Ft) % Average 
storage Natural flow Oiversion (*) (1977) 

i 12,768 

7 ,333  I 

8,103 

3,351 

32 1 

* 149 i 
4 

1,142 

2,096 4 

I 
i 
I 

4 

9 

L 

I 
i 

I 

I 
I 

I 

I 

I 
I 

I 

4,750 

250 

1,430 

570 

10 

130 

80 

160 

I 7,000 

22,070 

28,270 

14,210 

440 

250 

4,290 

. 8,290 

22% 

1% 

* 
2% 

33% 

2% 

2% 

52 - 69% 

1 - 0% 

6% 

14 *- 23% 

9 - 23% 

'49 - 50% 

3 - 7% 

4 - 5% 

*Average - 
1964, 1966 
1961, 1963, 



CLEWDO PRO ECT - I R R I G A T I O I - I  U:llT 
NORTH P L A T l E  I VER tVtNACEMEt4T E.lODE1 

OPE c TlON STUDIES 
Rp 

I 
fRRIGATlOt4 DEMANO (Water in 1,000 acrc-feet) I 

1941 7.1s 
' 1942 4.00 

$creased C 1 endo Base Run W/lncressed Glendo 
Year Base Run De .  nd (40,000 A.F.) 40,000 A.F. W/20,000 A.F. Min. 

1 

21.44 21.44 
10.96 20 . 00 

1946 7.89 
1947 4-00 
1948 6.92 
1949 4.00 

TOTAL 308.94 I 794.75 
I 

23.68 23.68 
9.08 20 . 00 

20.80 20 . 80 
8.24 20 . 00 

1,008.93 
I 

AV E RAG E 7.72 19.87 25.22 
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CLEM00 PH JECT - I R R l C A T l O N  U!JIT 
NORTH PLRTT R I V E R  MANAGEMENT MODEL 

0 i ERATION STUDIES 

I 1RRlGATlON DELIVE 1ES (Water i n  1,000 acre-feet)  

tncreased Clendo Base Run W/ Increased Clendo 
Year -t Base Run 1 Demand (40,000 A.F.) 40,000 A.F. \5/20,000 A.F. Min.  

1 

1941 
1942 
1943 
1944 
1945 
1946 
1947 
1940 
1949 
950 
1951 
1952 
1953 
1954 
1955 
19% 
1957 
1958 
1959 
1560 
1961 
1962 
.t 963 
1g64 
1965 
1966 
1967 
1968 
1969 
1979 
1971 
1972 
1973 

* 1974 
1974 
1976 
1977 
1978 
1973 

7.1s 
: 4.00 
6.04 
8.65 
4.00 
7.89 
4.00 
6.92 
4.00 
4.76 
6.48 
4.00 

13.23 
20 00 
20 . 00 
0.00 --- 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 , 

96 
7.36 
4.00 
13.72 
4.60 
4.00 
6.88 
4.00 
4.00 
4.45 
4.00 
4.00 
4.00 
5.45 
17.80 
4.00 
4 -08 

I 
1 
i 

I 

I 
! 

I 

1 
I 
i 
! 

i 

I 

21 -44 
10.96 
18.12 
25 97 
8.32 

9.08 
20. 80 

8.24 
14.28 
19.44 
8.00 
39.68 
40.00 
5.52 
o.oofl 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

22.05 
8.00 
40 . 00 
0.00 

10.12 
20.60 
8.00 
8.00 
13.36 
8.00 
8.00 

11; .oo 
16.37 
40.00 
.8.48 
12.25 

23.68 

21 -44 
20 00 
20.00 
25 97 
20 . 00 
23.68 
20.00 
20.80 
20 00 
20 -00 
20 . 00 
20 . 00 
39 68 
40 . 00 
3.60 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
22.05 
20 00 
30.55 

20 . 00 
20.60 
20.00 
20.00 
20.00 
20 . 00 
20.00 
20.00' 
20.00 
It0 0 00 
20 .oo 
20.00 

0.00 -- 

I 8.00 20 . 00 1; 980 I f  .oo 

TOTAL 222 112 1 

AVERAGE 5.56 

515.76 688.37 

12.89 17.21 
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I GLENDO PR I JECT - IRRIGATION UNIT 
NORTH PLATTF RIVER 14ANAGEME!.IT I40DEL 

0 ERATION STUDIES f 
I WATER SHORTAC (Watcr i n  1,000 acre-feet) 

Increased Clendo 8ase Run W/ t ticreased G 1 endo 
I Year Base Run ]Demand (40,000 A.F.) 40,000 A. f .  b!/20,000 A J .  Min. 

I 
1 
I 

r- 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I -  
I 
1 

i 

I 

I 

I 

j 

1 
1 

1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
134 9 
1950 
1951 
1952 
1953 
1954 
19% 
1956 
1957 
1958 
19s9 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1 9 74 
1975 
1976 
1977 
1978 
1973 

' 0000 
0000 
0 .QO 
0.00 
0.00 
0 ,OO 
0.00 
0.00 
0.00 
0.00 
Om00 
0.00 
0.00 
0.00 
0.00 

4.00 
7.20 
14.40 
12.48 
19. I6 
4 .QO 

13.36 
0.00 
0.00 
0.00 
0.w 
0.00 
Om00 
O m 0 0  
0.00 
0.00 
0.00 
0 .0Q 
0.00 
0.00 
0.00 
0.00 
0.00 

11.92 

O m 0 0  
0000 
0000 
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 
0,OO 
0,OO 
0.00 
0.00 
Om00 
34.48 
35.68 
8.00 

21 -60 
40.00 
37.43 
40.00 
8.00 

0.00 
0.00 
0.00 

13.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 
0 .oo 
0.00 
0.00 
0.00 

.40.00 

0.00 
0 000 
0.00 
0.00 
0.00 
0.00 
0:00 
0.00 
0-00 
0.00 
0,00 
0.00 
0.00 
0-00 

36 - 40 
3s 68 
20 .oo 
21.60 
40 00 
370.43 
40.00 
20 00 
40 . 00 
0 .00 
0 .oo 
9.45 

20 00 
0.00 
0.00- 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 0 0 0  
0.00 

1980 0.00 0.00 0.00 

TOTAL 06 52 278 93 320 -56 
! 

AVERAGE 2.16 6.97 8.01 
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I 1941 122-89 
19112 1.51 19 

105.84 lW.84 
130.52 121.68 

1962 
1963 
1364 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

' 197s 
1976 
1977 
1978 
1979 

194s 175.36 
196 161 -40 

r . 1947 174.48 
I948 154.06 

45-60 
4723 
76.61 
121 .73 
109.42 
93 . 26 
138.86 
136 -69 
172.51 
169.57 
167.16 
171 .sci 
164.04 
173.42 
16s 39 
133.71 
175.07 
160 24 

171.48 160.03 
148.46 148.45 
169.39 158.78 
144.37 141.03 

36 70 
39 88 
55-81 
96.21 
g.66 
SO . 38 

t 84.01 
71 -24 
1014.86 
129.17 
153.64 
167.44 

167.22 
154.62 
111.60 
157.49 
l J t l . 7 9  

i 
i 
! 

I 

i 160.09 

I 

36 70 
39.87 
$5 80 
83 009 
55 07 
46.96 
71 -02 
59 32 
81 -17 
91 -89 
110.16 
133.18 
149.77 
lS9.12 
151.11 
111.80 
llt6.16 
123 .65 

1 gco 169.56 165 . 46 142.68 

4,161 .C6 

AVERAGE 124.05 1011 . 04 
I 

TOTAL 4261 .9s 

t 

3,823 57 

35 74 
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JECT - IRRIGATION UI4IT . 

RIVER M/\NACEMENT tZOOEt 
ERATION STUDIES 

Ownership Gai (Water i n  1,000 acrc-feet) 

Increased Clendo Base Run W/lncrcased Clerrdo 
Year Base Run I I Ocmand (40,000 A.F.) 40.W A.F. V/20,000 A.F. Min. 

I 

I 

r 

1- 

I 

I ’  

r 

I 

i *  
i 

1 
I 
I 

I 
i 

1941 
1942 
1943 
1944 
I945 
I946 
1947 
t 948 
1949 
1950 
1951 
1952 
19s3 
19s4 
195s 
19% 
1957 
1958 
19S9 
1960 
1961 
1962 
1963 
1964 
196s 
t 966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
197s 
1976 
1977 
1978 
1979 

29.1 1 
‘5.1117 
32-05 
38-57 
36. I8 

7-38 
26 67 
8.76 
39.61 
24.82 
17-95 
36 98 
1 3 - 9  
6-93 
14-95 
091 
4s 

6.11 
3.21 
0.00 
0.00 

- 49.48 
20.76 
54 30 
57 56 
12.85 
2.80 
s4 36 i 
1 g .68 
54-97 
17.57 
23.04 
28 .0s 
17.34 I 

37.60 
17.55 
17.85 I 

63 79 
%. 17 

29.11 
53.93 
$2.72 
50 57 
52-73 . 
1 1 . 7 6  
41.34 
13.85 
48.99 
29.90 
20.16 
5s 59 
17-74 
6.93 
14.95 
091 
-4s 

6.11 
3.21 
0.00 
0 .OQ 
40 .oo 
20 . 76 
54.30 
56.32 
12.85 
2.80 

51 -08 
19.68 
51.85 
so 23 
57.92 
41 .26 
21.40 
42.1 I 
23 067 
28.62 
71.44 
14.75 

29.11 
53-93 
58.09 
55-57 

. 52.65 
23-21 
41 039 
2k. 46 
52.26 
40.14 
20.16 
59 . 57 
29 69 
6.93. 

14.95 
-91 
45 

8.11 
3.21 
0.00 
0.00 
40.00 
20 . 76 
54 30 
56.32 
12.85 
2.80 

50.91 
19.68 
so 78 
48 93 
58.21 
59.94 
35.05 
52.77 
31 -68 
32.13 
71 -44 
14.75 

. 

1980 31 098 I 50.25  57.26 

TOTAL 989.02 ! 1,224.24 1,365.35 

AKRAGE 24 73 30.61 . 34.13  

! .  

I 



D 

GLENDO PR JECT - IRRIGATION UNIT  
NORTH PLATT i R I K R  I.1ANAGEMENT MODEL 

I O ~ E R A T  I 014 STUD I ES 

EVAPORATION t SS (Water i n  1,000 acre-feet) 

Increased Glendo Base Run Whcreased Glendo 
Year Base Run Oemand (40,000 A.F.) 40,000 A.F. W/tO,OOO A.F. Hin. 

I 

I 
I * 1941 11.17 

1980 18.66 

1- 

r 

I 
I 

i 
I 

I 

I 

l -  
I 
I , 

i 

I 

I 

1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1923 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
196s 
1966 
1967 

1969 
1970 
1971 
1972 
1973 

. 1974 
197s 
1976 
1977 
1978 
1973 

I 968 

a a 7  
23 57 
26.96 
12.91 
13*95 
11 .59 
22 . 26 
18.17 
22.56 
23*35 
29.37 
31 -83 
33 86 
24.41 
14-14 
8.67 
9.02 
18.80 
14.36 

3.88 
18-17 
17.56 
8.44 

I 1  .44 
14.36 
4.76 
14.97. 
15.15 
16.51 
21 .oo 
19.65 
20 . 86 
24.22 
20.13 
31 -73 
18.43 
18.92 

9.48 

13.93 
18.29 
23-91 
26.1) 
12.61 
11.10 
1 1  -33  
18.07 
17.77 
22.40 
23.06 
20.32 
28.96 
31 870 
21 851 
12.82 
7.22 
7.22 
17.63 
5.54 
0.00 
3.30 
17.58 
J6.32 
7.92 
10.40 
1 1  .oc 
7.33 

11.85 
10.23 
17.92 
20.09 
19.46 
20 75 
23.98 
19-90 
31.44 
17.27 
18.20 

. 13.93 
18.09 
23 74 
25 . 88 
12-37 
11.11 
11.06 
21 -4.1 
17.44 
18.98 
23 -* 0 I- 
20.18 
31 .33 

. 31.26 
21 -39 
12.85 . 
7.23 
7.22 
17.43 
5.61 
0.00 
3.30 

17-59 
16.32 
9.03 

10.32 
10.91 
6.85 
10.78 . 
8.93 

18.21 
19.94 
16.92 
18.46 
23.42 
19.69 
31.44 
17.08 
17.26 

18.58 18.03 
i 

655.12 TOTAL 709.14 

AVERAGE 17.73 16.38 
I 



CtEt4.100 PR JECT - I R R I G A T I O N  UNIT 
NORTH PLATT R I V E R  14ANAGEMENT MOOfL 

0 g €RATION STUDIES I 

I 
Surplus River Water ( cleascd) Water in  1,000 Acre-feet I 

I 

i 
I 

r 
1 
1 

I 

I 
! 

I 
1 

I 
i 
i I 

! 1 lncreascd Glendo Base Run W I  I ncreased G 1 endo 
Y e a r  Base Run Oemand (40,000 A.F.1 40,000 A.F. W/20,000 A.F. flirt. 

I 
- 1941 

1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
19s 1 
1952 
1953 
1954 
1955 
1956 
I957 
1958 
1959 
1960 
1961 
1962 
1943 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

. 1974 
197s 
1976 
1977 
1978 
1979 

0.00 
182.05 
49.58 
43 85 
67.04 
2s 70 
54J9 
61 -90 
25-37 
26 97 
4.04 

586.65 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2-33 
1.85 
0.00 

44.34 
1-34 
0 -00 

9 - 8 3  
1.74 

260 . 56 
1Q40.11 
326.50 

1162.84 
941 020 

42.82 
195.76 
27.41 
64 88 

6.58 

22.83 

I 
I 
I 

I 
i 

I 

i 
i 
t 

t 
I 

* 

! 

0.00 
179.29 
28.91 
31 08s 
50.49 
21 -32 
41.52 
56.81 
15-99 
21.89 

1.85 
568 . 04 

18.60 
0.00 
0.00 
0.00 
0.00 
0.00 ' 

0.00 
0.00 
0.00 

11.81 
1.85 
0.oil 

'45.58 
1.34 
0.00 

5 6 - 1 1  
1.74 

263.68 
1012.66 
291 .GZ 

1149.63 
936 95 

38.31 
189.64 
16.64 
s7.23 
0 .oo 

0.00 
179.29 
23 54 
26 . 85 
s.0 57 
9.87 

41 -47 
46 120 
12.72 
1 1  -64 

1.85 
564 . 06 

6.65 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1 t .8t 
1.85 
0.00 

4s. 58 
1 - 3 4  
0.00 

56 . 28 
1.74 

264.75- 
1013.98 
291 - 3 3  

1 130.9f; 
gor.lS 

29 70 
181.63 

13.13 
$7 23 
0.00 

. *  

1980 527.11li I 509.22 502.21 

AVERAGE 146.27 140.51 136.98 
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I n  SItrmMry, the m a d e l  is adequate if used for planning s t u d i e s  

and as a tool to discover the relationships between changes i n  the 

regimen of the river. 

of actual quantities of water i n  the North Platte River. 

rt was never intended to be accurate i n  terms 
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Notes: Meeting t o . d k c u s s  North P l a t t e  H o d e l ,  October 1 ,  1982, 1O:OO a.m. 

Attendance: Lou A l l e n ,  Gary Mehlfng, Carltm Hunter,  John Buyok 

W e  m e t  on October I ,  1982 to  d i s c u s s  the N o r t h  Platte Model devel- 

oped by the Bureau of Redanration and the W a t e r  Resources Research In- 

stitute. The nrost up-to-date copy of the model output that we have is 

the copy reclefvad September. 16,  1982.froa Jack Xarshall of the Bureau 
o€ffce in Denver: and dated June ,  1981. T h i s  run u s e s  a period of re- 
oofd of 1941-1980 and is t i t l e d  "North P l a t t e  River Base Run w i t h  Host 

Recent Wnership  Accounting." Hunter infonned u s  t h a t  the Bureau is 
curzent ly  developing a new base run s t u d y  w i t h  a 1962-1981 period of 

r e a r d .  

ac tua l  data on the river wi thou t  having to a d j u s t  h i s t o r i c a l  records 

te include reservoirs built aftec the data was c o l l e c t e d .  W e  w i l l  need 

to study this new base run  t o  make sure  t h a t  no major mod i f i ca t ions  

w h i c h  ooujtd p o s s i b l y  a f f e c t  the r e s u l t s  have been made by the Bureau, 

The atam recent pdod of record w i l l  enable them to u s e  more 

One of the problems w i t h  the m o d e l  i n  prev ious  runs had been t h a t  

projected numbers from the Annual Operating Plan had been used fo r  in- 

p u t  data i n s t e a d  of ac tua l  numbers from the North P l a t t e  account ing 

sheets, 

has probably been corrected. 

A brief review of &he i n p u t  da ta  i n d i c a t e s  that this problem 

Evaporation f r o m  the Glendo U n i t  was another  problem i n  the o r i g i n a l  

runs  because the model was set up to c a l c u l a t e  evaporat ion  from the var- 

ious ownership a c w u n t s  a s  the Bureau d o e s  it i n  ac tua l  p r a c t i c e ;  sub- 

tract: t h i s  number f r o m  the t o t a l  s y s t e m  evaporat ion losses, and con- 

sider the difference to be Glendo  U n i t  evaporat ion  loss- T h i s  method 

r e s u l t s  i n  an inaccura te  evaporat ion  f i g u r e  for the Glendo U n i t ,  but 

the inaccuracy is g e n e r a l l y  very small i n  comparison to the year l y  water 

SUPPl Y - 
There are  many other i naccurac ie s  i n  the model due to the d i f f i -  

c u l t y  of modeling ac tua l  opera t ing  conditions. 

to improve the accuracy of the model would requ i re  a l a r g e  amount o€ data 

and would r e s u l t  i n  very small  percentage changes i n  the model o u t p u t ,  

For the most p a r t ,  changes 



I n  SItrmMry, the m a d e l  is adequate if used for planning s t u d i e s  

and as a tool to discover the relationships between changes i n  the 

regimen of the river. 

of actual quantities of water i n  the North Platte River. 

rt was never intended to be accurate i n  terms 
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United States Department of the Interior 
BUREAU OF RECLAMATION 

RECHlNAL OFFICE. LOWER MlWtW REGION 
8UlLUlNC 90. DENVER CE0E:RAL CENTER 

P.O. BOX 25247 
DWVER. COLORADO 8022s 

NOV 15 I983 
irlr. Jon Wade 
Geohydrologist, Wyoming Water 

8ar re t t  Bui ld ing 
%cyenne, hi 82002 

Oevel opment Commi ssion 

Dear Mr. Wade: 

Enclosed i s  a copy o f  our analysis showing the e f f e c t  o f  the proposed 
Deer Creek depletion to the North Pla t te  R i v e r  flows. The analysis was 
made using the North P la t te  River system ownership as reflected i n  .our 
North Pla t te  simulated model study No. 1141 depict ing Gray Rocks (laramie 
River depletion) operation on the system. 

A t  t h i s  time, the North P la t te  simulat ion model w i l l  not  produce any 
resul ts  with the diminished gains i n  the Alcova t o  Glendo reach o f  the 
r i ver .  Therefore, t h i s  analysis i s  based on t h e  system ownership and 
r i v e r  water ownership. P r i o r i t y  was given to  the Deer Creek depletion. 
These results indicated the development o f  water on Deer Creek could have 
the fo l lowing e f f e c t  on the North Pla t te  River operation: 

1. Average reductton i n  ownership storage o f  8,450 acre-feet per year. 
2. There would be an average annual loss o f  8,700 acre-feet o f  system 
owners h i p water. 
3. The r i v e r  water t ha t  is  released past Whalen Diversion Dam would be 
reduced by an average o f  13,340 acre-.feet per year. 
4. The total average annual effect on the North P la t te  River would be a 
reduction o f  30,490 acre-feet. 

Looking a t  t h i s  analysis, i t  appears tha t  Glendo operation would be affected 
by an average reduction o f  17,150 acre-feet o f  water per year. Three-fourths 
o f  the current Glendo i r r i g a t i o n  water would he fo r fe i t ed  for the Deer Creek 
water development. The 13,340 acre-feet o f  river water would impact the 
d i s t r i bu t i on  o f  the North Pla t te  River waters t ha t  were al located by the 
Supreme Court decree. 

t ine explanation is as follows: 

! -. 
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I 

I 

1. System gain t o  ownership taken from simulation model study No, 1141 

2, Deer Creek depletion computed from Re W. Beck and Associates data 

3. The difference between l ines 1. and 2. (1. - 2. = 3.) 

4, System ownership water del ivery f rom study tl-0. 1141 

5. Irrigation shortage - l ines 3. -4. -60 + previous 7. for values 
less than 0 

6. System m r s h f p  evaporation lass f r o m  study No. 1141 

7. End-of-year storage ownership = previous l fnes 7. + 3, -40 -5. -6. 

80 River water gafn f r o m  study No. 1141 

9. Use river water t o  make up depletions, then use ownership t o  make up 
depletions : 

9. = 2. when 80 7 2 .  and then 2. = 0 
Men 8 .M2. ,  2 = absolute value o f  8. -2. and 9. = 80 

10. The difference between lines 80 and 9.  
< 

(8. - 9. = 10.) 
I 

11. Equals 2 

12. Equals 9 

The enclosed resul ts can be used u n t i l  they are superseded by a simulated 
mde1 study. 

I f  you have any questions or need further explanation, please ca l l  
Jack Marshall o f  my s t a f f ,  (303) 234-4418. 

Sincerely yours 

W i l l i a m  3. weere 
Regional Planning Of f i cer  

Enc 1 osures 
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BARRE- 6UIl.OING CHEYENNE, WOMtNG 82002 

Novetabet 28, 1983 

Jon Wade 
Ceohydtologis t ,  Water Development Commission 
Barrett Building 
Cheyenne, Wyoming 8 2002 

, 

Dear Jon: 

I have completed a b r i e f  review of t h e  "Deer Cteek P ro jec t  
, F e a s i b i l i t y  Report" prepared by R.W. Beck and Assoc ia tes ,  dated 

October,  1983 aad a lso t h e  study prepared by t h e  Bureau of Reclanra- 
t i o n  da ted  November lS, 1983, showing t h e  e f f e c t  of proposed 
Deer Cteek d e p l e t i o n s  on North P la t te  River flows. The b a s i c  
approach of t h e  F e a s i b i l i t y  Report appears  t o  be acceptab le  t o  
d e t e m i n e  t h e  f i rm y i e l d  of t h e  proposed Deer Creek Reservoir  

€0 HERSCHLER 
GOVERNOR 

* 

assuming t h a t  t h e  downstream requir-ements on t he  North P la t te  
River w i l l  n o t  have an e f f e c t  on Deer Creek Reservoir  s to rage .  
The Bureau of Reclamation s tudy approach also appears  t o  be  
accep tab le  t o  determine t h e  e f f e c t  of t h e  Deer Creek Project on 
North P l a t t e  River flows us ing  year ly  flow averages,  ' The problem 
is t h a t  n e i t h e r  s tudy  w i l l  provide an accu ra t e  estimate of t h e  
water l e g a l l y  a v a i l a b l e  t o  t h e  Deer Creek Reservoir .  The two 
s t t i d i e s  must be  in t eg rased  t o  provide an accu ra t e  estimate of 
water supply.  

The Bureau s tudy  should be r e f i n e d  t o  a d a i l y  b a s i s  r a t h e r  
than  a y e a r l y  b a s i s .  
stored i n  t h e  Deer Creek Reservoir  .in almost every year .  
t h e  watef s t o r e d  i n  t h e  r e s e r v o i r w i l l u s u a l l y  have t o  b e  r e l eased  
t o  meet p r i o r  downstream s t o r a g e  r i g h t s .  
a v a i l a b l e  t o  Deer Creek Reservoir  as f i rm s t o r a g e  only  i n  two 
s i t u a t i o n s .  The f i r s t  i s  a systern-wi.de s p i l l .  I n  t h i s  case, 
the Deer Creek Reservoi r  would probably be a b l e  t o  s t o r e  and use  
any water t h a t  could be phys ica l ly  captured.  
would be t h e  case where a r e l a t i v e l y  unusual s e t  of circumstances 
c e s u l t  i n  a s p i l l  or s t o r a g e  beyond ownership e n t i t l e m e n t s  
i n  t h e  lower North P la t te  River below Alcova Reservoir .  The second 
s i t u a t i o n  u s u a l l y  only occurs  over a per iod of a few days ,  however, 
and is no t  r e f l e c t e d  i n  monthly or y e a r l y  flow averages.  

Watec w i 1 . 1  be phys i ca l ly  a v a i l a b l e  to  be  
However, 

Water w i l l  probably be 

The second s i t u a t i o n  

The 
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Jon Wade 
November 28, 1983 
Page 2 

amount of water a v a i l a b l e  in t h e  second c a s e  can only be determined 
using d a i l y  flow d a t a .  

The majority o€ water a v a i l a b l e  to t h e  Deer Creek P r o j e c t  o v e r '  

In most yeacs ,  in f lows  in t h e  lower North P l a t t e  system, 
a span of years would probably occur  a s  a r e s u l t  of t h e  second 
s i t u a t i o n .  
combined with releases fcoza che upper  North P l a t t e  system above 
Alcova Reservoir for power g e n e r a t i o n ,  r e s u l t  i n  a short period of 
t i m e  when t h e  reservoirs in the lower system are p h y s i c a l l y  f u l l  
even though t h e i t  ownerships are not y e t  f u l l .  Some water i s  l o s t  
to t h e  o v e r a l l  system through s p i l l s  or s t o r a g e  as "owed t o  the 
r ive t "  water. A daily s t u d y  of North Platte River opeca t ions  should 
be combiaed w i t h  a Deer Creek Reservoi r  o p e r a t i o n s  s t u d y  t o  determine 
if t h i s  water, which would otherwise  be l o s t  t o  t h e  system, could be 
captured  i n  t h e  Deer Creek Reservoir in o r d e r  t o  determine i f  t h e r e  
is an  adequate  water supply for t h e  Deer Creek P r o j e c t .  

In conclus ion ,  t h e  Bureauof Redamat ion  s t u d i e s ,  whether done on a 
y e a r l y  b a s i s  or a monthly b a s i s  a s  is t h e  case w i t h  t h e i r  North Plat te  
s i m u l a t i o n  model, w i l l  noc be of much u s e  i n  determining i f  there is 
a water supply  a v a i l a b l e  for t h e  Deer Creek Project because most of the 
water supply w i l l  only be a v a i l a b l e  on a d a i l y  basis. 
has an i n t e r e s t  in showing t h a t  t h e r e  is no water a v a i l a b l e  f o r  t h e  
Deer Creek Project. They manage t h e  ea r l i e r  p r i o r i t y  downstream s t o r a g e  
r i g h t s  which may be  impacted, i f  o n l y  i n  t h e  s e n s e  t h a t  o p e r a t i o n s  may 
have t o  be changed s l i g h t l y ,  and they have also been r e c e i v i n g  a p a r t i a l  
water supply for some of t h e i t  Nebraska projects which a r e  in an i d e a l  
position t o  c a p t u r e  s p i l l s  from t h e  Wyoming North P l a t t e  system even 
though they are not  allocated the water under t h e  North Placte Supreme 
Court  Decree. 
i f  t h e r e  is a water supply a v a i l a b l e  for t h e  Deer Creek P r o j e c t  because 
i t  f a i l s  t o  cake into account: t h e  downstream North P l a t t e  water t i g h t s .  

The Bureau a lso 

The R.W. Beck s tudy  is also not  of much u s e  in determining 

If  you have any q u e s t i o n s ,  please Let me know. 

S l y p w  

JOHN P. BUYOK 
I n t e r s t a t e  Streams Engineer 

J P 0 / h t  
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March 26, 1978 

To t Prank J. Trelsaue, Director 
wdng Water Planning Program 

FROM : Louis E l  Allon, Water Resource Engfneer 

SUBJECT : Meeting on P l a t t e  River Model, March 25, 1974, 
1330 to 1700, Univerrity of Wyoming, W M X ,  Laramit 

TMem Preeentr Teong Wef, Paul Rachard, George Christopulos, 
Roger Perkins,  Clive Walkerr Ron Tablar, 
Lou Allen 

Dhxaas ion was confined to the river operation model, which 
starts w i t h  the inflow to senrfnoe Reservoir and operates the 
storagee, accrot:Lona, and decretions through Guernsey Reservoir 
on a monthly basis, 
downstream demands are satisfied first. R0q~fnmtent8 fmpoaed 
by Decree appear to be m e t .  

The model operates in such a way that  

Future work suggested: (I) Expand criteria deacriptfon; 
( 2 )  Extend operation to Nebxaeka State Line; ( 3 )  Consider 
industrial diversion ownerships and prioritfaa; ( 4 )  Bring model 
to dally operation; and ( 5 )  Look at alternate operations. 

Some written material in rough Eom on ariteria, and a 
model flow chart, was provided, Additional written material, 
plus printout,  w i l l  5e forwarded when avaLlable. 

Theze was some diecussion ralativa to input-output exchange 
between t h i s  model and the economic model, and to uuhg output 
from the  a8-yet-to-be-developed watershed model as input to this 
operation model. A ground-water model w i l l  eventually be 
incorporated, when it f a  developed. 

Apparently tAie next emphasis will be on e x t c k f o n  to the 
s t a t d i n a t  d a i l y  operation, and then the watershed model. 
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The USBR version is  apparently a power rmudmidng model, with the 
available run haw the constraint of a dnhm release from Kortes of 
&,OOO ac-ft per month from &ortes, 
Mvision interactions, w i t h  power generafion i n  river basins in addition 
to  the North Platte River, * 

The output reflects the Western 

The U.W. version apparently is designed t o  reflect present con&- 
ftons of North Platt8 River operation, with options of exploring the 
effects of various possible mrudrmteing or  minimising criteria and of 
increased capacity in seminoe Reservoir, 
input-output exchange with other related models either be* developed 
or planned. 
present conditions. 

The model is designed for 

The a v a a b l e  run i s  a base run with operation rules under 

The output formats of the two models are similar, but the various 
accounting line h e w s  and groupings vary enough to  make direct cam- 
parieons difficult. Such things as ownership accounting can be roughly 
compared as  to  consistency, but without the model programs the adequacy 
of their calculation in the models cannot be assessed, 

The studies appear t o  be consistent, considering the differences 
in operating cr i ter ia  with the resulting variations i n  reservoir levels 
and evaporation, turbine releases, irrigation deliveries, etc. 
ownership accounting appears t o  be consistent, within the above variations, 
80 far as  the two accounting methods can be compared. 

The 



I 

I 

Frank J. melease-memo Page 2 August 25, 19'15 
. 

Both sets of data tetminate after the 1963 water gear, Comparisons 
for the recent (197LW73 or 1974) water ysars would be of interest, 
in view of the high-flow character of these years and the actual spilling 
of Pathfinder Reservoir in this period, 

more d8-d breakdowns and the dawnstream order of report- reser- 
mirs and reaches I s  a more Logical. presatatlon of data. 

The 0.b model OUtPU6 f O m t  8- f0  be the m S h ' t 0  f O ~ O U .  The 

The U.W. model run pxxxtded appears t o  indicate that the model is 
adequate as a baais of a aomparative analysis for the Seminoe Danr 
m i c a t i o n s  Studies, providing the rec-t high flow years are hnnrlled 
eatlefactosily bp the model, 
* _. . - ..... 
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State Line Fkw Above Norm1 
F.'loob Limit and 0- Stwage 
at Criticat. increase Flood Limit to M+x. 
FLOODS = 2 
S T W  = S T M  * 1,983 * DAvMo( K 11 1 0 0 ,  
(#CRST 3 UFLST 
EXCESS = STRU K ) - S T F W  

Change Fiood Limit and F b a d  Pool to M;rximrrm 

0-4 
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Flow at  State Line Exc++ded Muc 
A l l a v u l  

1 
State Line Fbw Exceeded Max. Flood 
Limit and G h d o  Stwage at Flood Pool 
Capacity. Find Available s0;tCc in O W  
Reservoirs 

FLms = 3 
MEDAJ = ExESs 

Primary Miortion Space Available in Upstream 
Reuwoirs 
PTFLW = PTTR( K ) + PTRL( K )  + PTSL( K ) 
SEFLOW S€TR( K ) + SRL( K 1 + SESl( K 1 

I 
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00 
4 b P 

SCANS = S E C W  

1 

B-7 
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(krcrfption: increase ttn Outfiw of  an Upstream Reservoir to Mairrtoin Stor- 
of Computing Reservoir at a Desired Level, 
Return 1 To Fu- Upstream Reservoir 
Retun 2 To the Computing Reservoir for Reducing Fbw 

I Storage at the Min. , Camot Release I Futher From This Reservoir 

Turbine and Bypass Release at Full Capacity- 
Cannot Take Futher Release 

L 
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River Water lshould Gain of Rekru 

I 

I c=t I 

I 

B-11 





I 

no 

1 b 
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P 
00 3 N = K, 13 G- 

Ajustrmnt of water + 

0 

B-17 



f 

9- 

c 

U 

U 

1 

ADJUST N. Platte Evap. 
K+l )+EVOIFF 
K+l)+EVDlFF 

P R I M K - t ) ~ P R E V ( K + l  )+EVOIFF 

t 

U 

L 



OQ Q 

4 

c 

AOJUST GAtN 

I 

0 0044N=K,13 

1 
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Q Q 

L 

I 

I "  

I 

B-20 



Q 
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no k 

Whole Adjust in Glenda Unit 
Gl.UA(K-1 ) = U U A ( K - l  )+GNOlFF 
PRAC(K-1 ) = P R A C ( K - l  )+GNDFF 

L 

A qes 
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Q 

& 
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r 

0041 N = K , S  +=? 

B-24 



0 
4 
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Q 
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I -  

I Storage Lower than Casper Canal Headwaters, I Increase Flow 

No Irrigation Delivery, chodc 

B-28 



Q 

c 
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L 

b 

Pathfinder Full, kK#owo Outflow 
MTR(K)=ALTMK)+ACST(K+t ) -ALSR(K] 

I 
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~ 

storage H i g h  thrn-tb MIX- 
Reservoir Capacity , Spill the Excess Flow 
G R a K ) m G R S L ( K ) + G R S T ( K +  1 )-oRMXsT I Gf?ST( K + 1 ) GRMXST 
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9 
chcclc For Mh. Release 

9 

t. to wil Glendo lnilov and Storage 
M)15K=MS,7 
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Q 

Water Needed irr Glendo and Guernsq 

GLTRAS = SUM( GLTR, 7,  ME) 

TRQ = GLTRAS - M A S  < UST( 7)  - GLSR(12)) + GLASLS 

k i n g  April and Sspt. 

A G G N A S = M & G N , f , M E )  
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I 

I 

I 

I 

I 

( K = 8 + K K 1  

K 1 

1 
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Q 

MTR( 12) = MTR( 12 ) - ( ALSTCR( 2, N ) 
-1w) *0.5 
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Q Q 

Ajust Jump to Sept. Flow V#i#rccr Within 20% of  Average 
AvE4=SU% ALTR,?, 12) /4 .  

I S = O  

I 

-) M T R ( 9 ) = 0 0 . 8  * A W  
U T R  ( 10 ) = 1 2 * AVG4 
A L T R ( I l ) = 1 2 * A W  
A C T R ( 1 2 ) = O 0 . 8 * A W  

€3-37 



#Ndc For Min. We- 

hflow and Storage 

I- 

0-38 



L ~ S  thwr as 

Adjust Alcova Release 
When Glendo Exceeded 

K ' f R C K ) = W * U . T R ( K )  

I no 

EX#S=UST(K+ I ) -UMXsT 
ALTN K 1 = FLOW( ACTN K ), EX€S ) 
U#u( K 1 = FLWC GtN K 1, EXES) 
GLST( K + 1 = UMXST 

6 
B-39 



I 

PTRLC( K ) - PTMR( K) 
FCTR( I( ) 

4 

ALN K ) - Pfm( K )  

Q 
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L 

4 

b 

[I] 

1 I 
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4 

B-42 



f-5 RETURN 
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m 

4 
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b 

b 

Apr . Inland Lakts Gain Balance 

no WAP = SUM(AflEV) 
CANGN = GUAQOW - GAIN + EVA? 

GUSP(7) F GUSP APR > 
CANAOO = GUSPO) - GUSPAPR 
CANAUOI = WTGN + CANADO 

-C ANGN 

1 
a 

CANAOD = CANADO - CANAD01 

r\O 

c b 

I WTGN = WTGN 4 CANADO 1 

GUSP(7) = GUSP(7) - CAN ADD 
. 

I J 

# 

AMEV = 0.0 D 
b J 

North Platte Project Oeliveries in April 
Limited to Amount of Inland lakes Delivery 

PNIR(K) = AMIR(K) 

LGPAC(K) = WTGN - AMAC(K) I 
r 

6 
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Q 
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I 
0 
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Q 

GCUA(K)= GCUA(K1- ACC + GLUPSG 

1 
A 

ACC = GLUPSG e 
Assign Excess Water  
to River 
RVGNCK) = GUMP(K) + SURP - GCUA(K) 

b 

GUFC(8) = 332 + GUSP(8) + GUSL(8) * .073/4.8 
a b 

(RETURN) 
B-52 



W r l p t f o n :  Irrig4fSan Delivery to the Five M t c k  with Highest Priority. 
P isbrcentage of North flatte Demand Assigned to the Five D i t c h  

I 

6-53 



FDOO(I) = FDRO(1) 

I yes 

Calculate Five Ditch 
Irrigation Delivery 
FDIR( I) = FDD( I )  + f DOD(1) 

f 

\ 

RETURN a 
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FUNCTION SUM 0 
Array X(K) from 
K = l  t o K = N  
SUM = SUM + X(K) 

- .. 
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b 

b r f p t i o n :  Pfwlde the Region where a Giwn Value Y belongs i n  the Given Criteria, 
CI (Lower Limit) and C2 (Upper Limit) IV - 1 -0  blow tower Limit 
1Y = 2 0 -  Bctweerr Lfmits IV = 3 - 0  Above U ~ w r  Limit 

E 
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I Calculate Jurre North Phttc Project tkmwrd 
p M z o ( 9 ) ~ 2 1 4 . 3 - O . f 4 3 ( ~ 9 ) +  AUW(9)) I 50 S m 9 )  I 1 7 0  

0-57 



Calculate September North Platte Project Oernand 
PNRD(12)=213.5-0.644(SYGN(12) + AGDV(12)) 

140 5 PNRD 170 

DO 27 I = 8 ,  12 1 
~- ~ 

North Platte Project Demand Reappraised, 
Increase Original Model Demand By 10% 
PNRD(I) = PNRD(I) + , I  o *(PNRD(I - FDRD(IN 

’ TSP = SUM (GUSP) - 
ONGNOF =SUM(DNGN) 

Oct. to Feb. Downstream Water Not for 
the North Platte Project. 
EXES 1 = GUNP( 1 ) + ONGNOF - TSP - GUMXST 

I 

for the North Platte Project 
DNGNMA = DNGN(6) + DNGN(7) 

b J 

P IR = PNRD(6) + PNRD(7) 
* 

EXCESZ = DNGNMA - PIR 

1 
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Y- 1 
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3 = 3  

ADJ = 
1 

b 

PfU IR( I) = FlOW(PNRO( I), AD 3) 
+ 

1 
4 

DO 25 I = MS, ME 

P N I R ( 1 )  = FDIR( I )  

( 

b 
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r 

I 

1 c 

I J 

8-62 



Y *= 

nQ 

I 
I 

I 
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h c r i  9 t h :  Check Project3 Evaporation aQsimt Sydem Evaporation. The 
Evaporation i s  Redistri b u t d  in  Proportion of  Average Ownership of  each 
Project. (7) 
I, 

+- 

I #  
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STPU = STPN + STOK + STGL. L 
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PREV = PNEV 4 OKEV + GLUE w 
YQE )(RETURN) 

ERROR = PREV - SYEV I 
el IT = IT + 1 

i4 STOP EXECUTION 

I "* w DKEV > PNEV yes 

I no 
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M(EV=MEV-ERROR 
DKST2 =DKST2 + ERR(#2 I 
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kcr ipt ion:  Check Ownership for Evaporation Distri bution. 

8-68 



Ir 



Adjust within tht Pcriod 
Power Generation Watw 
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b 

Q Q 
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-riptian: Program ~he~b ~er#ratecj mer with plant Capacity and Cornputts 
the EOM Storage. If Sptll or Shortsge Occur Water Usc Components 
am Adjusted withh the Month to aiminate o r  Minimize them. 

I 

ST = STZ 

ABS(ST - STZ) < 0.01 1 I=, 
Spill a d  Shortage chcdc U J = IV(STMN,STMX,ST2) 
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Q 

c U 

# 

1 

RHiU#othcrCompormsts 
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De3cription: 1 n a Given Period, Some of the Month3 HOYC Spill that Storage Exceeded 
the Max. Capacity o f  Reservoir Shortage that Storage Lower than Min. 
Allowed. This Program Selects e Water U3e Component end Increase3 or 
Qecrewea the Water Use but not Exceed the Required Limit3 to Reduce 
or Eliminate the Spill  or Shortage i n  the Period. 

(SUBROUTINE OISTBT) 

S(K) = ROUND (S(K),3) 
ST(K) = ROUND (ST(K),J) 
WC(K) = ROUND (WC(K,3) 
WCtT(K) = ROUND (WCLT(K),3) 

I 1 

1 

Total Spill o r  Shortage and the Amount 
of  Water Use that can be Utilized 
for Compensation in the Period 

ss = 0 
WT = 0 

H WT =: WT + ABS(WClT(K) - WC(K)) 

I 1 
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Q 
A RETURN M1 

c s s  2 0.010: 

RETURN 
\ / 

Adjust for the Period 
WT = 0 
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c 

ss < 0.010 -<) 

n0 

L 
' ST(I + 1 )  = ST(I + I )  - W T  
.! 

1 
A 

L 

S (K)  = S S '  )r l = l -  1 
b t 

0-77 



I "* 
I ST(K + 1)  - ST(K + 1)  + S(K) I S(K) = 0 .  - S K I  

1 
~. .. . . 

WC(I) = wc( I) + S(K) 3 

S(K) - 0 
MN(K) = 0 

0 
I 

SS = SUMCS, IS, IE) 

(-5 RETURN M1 

B-78 



Dmcription: Check the Generated Power with Plant Capecity end Adjust 
for the Power Generate Water. 

ST2 = S72 +S 

S l =  ST2 - STMX 
ST2 - STMX 

/(dk&/ CAP ,o 
1 
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1 

PG =O 
TX = 0 

c'4 RUURN 

PG =(WH + CT) * TR 
TX = CP/(WH + CT 

Generated Power Exceeds Plant Capabilfty 
Adjust Power Generation Water to Max. 
Capacity. 
REDC = TR -TX 

TR = TR - R€DC/2 
ST2 = ST2 + REDC/2 
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0 0  

v e= 

ABS(REDC) 0.04 3 

r 

L 

iL7 SfOP EXECUTION 

ST2 = ST2 = ABS(St) 
sc = 0 

MTH(K) = 0 

REOC = TR - 1% 
TR = 1% 
SL = SL + REOC 

P d 

c 

1 

I- 

TR = TR - REDC/2 
ST2 = ST2 + REDC/2 

AWH = (#ti + CT) * 1000 n 
2 3  RETURN 

B-81 



I I 
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1 

1 

Partially Reduce the Spill 
TR = TX 
SL = SC - A00 

J fi 
I 
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kcr ip t ion:  Reservoir Storage Becomes Lower than Minimum Allowable Capacity. This 
Program Selects O n e  Water U s  atld R e d m  the Water Use 43 Low 83 Permitted 
to Malnt8in Reservoir Storage at Lowet mint. €OM Star8ge Actual Amount. 

SH = STMN -STZ 

I Is the Water Use at the 
Minimum Allowed 
R U = T R - T M  

* Enough Water ta Aboltsh the 

TR=TR-SH 
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TR = TM 
SH = SH - REL 
Sf2 = ST2 + REL 

b 

I 
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Description: Lincar Interpolation o f e  T8bk  with Data i n  Ascending Order. 
If the Value Located Outside the Range, Boundr y Yalw i s  Asumed. 

I r 

1" 
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h r i  ption: Round Off the Value X at Nth Oeciml Plsce, 

I Y = X  * 10 ** (N - 1) 
W = X * l O * * P (  
PC=ABS(\#')+.5 
w = ABS(Y) + .5 
I =  I%-rf * 10 

SIGN = 0 rj 

B-87 



Description: Semina Outflow L e s  than Minimum Required.. 
Adjust Previous Months to Eliminate the Shortage. 

SlBRUJTW SEWAJ 

SHORT = SERlOR - TOUT 

d 

B-88 





bscription: Pathfinder End of  Year Storago should be kept at 50,000 M when 
Semime and P8thflnder Combined Stor8ge I S  Less than 400,000 
AF by Adjusthg the Last Three Months Outflow from Semime. 

AVG * SUM@ETR, 10,12)/3 
xt=o 

DO24K= 10,12 

A 
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B-90 



Q 

K =  10 

B-91 



I 

fhcription: Glendo End of Year Storage Should be Adjluted to a Required Level. 

sLIE#zoUT~GtENoY 

d 

aswr = amK) - UST(K + 1) 

Pathfinder Storage Not Enough, 
Use Semime to Supply the 

W S  = GLSHOT - P T M R  
SEEXTR = S€ST(K + 1) - SEDRST 

stwage 

B-92 



,&, 
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CAtL AUGMNT 
(Pa t h f indcr ) 

RETURN Ml 0 
CALL AUGMNT 

( Alcova) 
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FUNCTION FLOW 1 

d 210.005 )"- 1 

FLOW = 2 i"i 0 R€TURN 

B-95 



b 
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r J 

Simplistic Natural Flow, Storage Flow 
Segregation at All Reservoir Inflow, Outflow 
Points Except for Seminoe, Gray Reef and 
Guernsey Outflow. 
FLOWTO( 13) = 0.0 
FLOWN AT( 1 3) - 0.0 

6 

INITIAL = 1 r"l 
DO 30 I = 8,12 u 
FLOWNAT(1) - Z(1,l) = FLOWSTO(I) 
FLOWNAT( 13) = FlOWNAT( 13) + FLOWNAT(I) 
fLOWSlO( 1 3) = Fl.OWSTO( 1 3) + fLOWSTO(I) 
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FLOWSTO(1) = 2(1,12) - fLOWNAT(1) 

FLOWSTO(I) 0.0 <)- 
L 

FlOWNAT(1) = Z(I,l2) 

b 

FLOWNAT( 13) = fLOWNAT( 13) + FLOWNAT(1) 
FLOWSTO( 1 3) = FLOWSTO( 1 3) + FLOWTO( I) L 

B-98 



Description: Ownership Gain for Storaqe Up to S f  MX 

(-) 
b J 

SUM = ST(1) 
KM1 = L -  1 

SUM =: SUM + FREE - EV(K1 

<-> yes , 
-I 

E K E S  = SUM - STMX 
AC(K) = FREE - E K E S  
FREE = EXCES 

FREE = 0 
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Oescfi ption: Ownership Oistrf bution 
1. Five Ditch 
2. Ptithfinder Owrrership in  Storage 
3, Guermey Ownerahip i n  Storage 
4. Kcndrick Ownershi p i n  Storage 
5. Glendo Unit Ownerahip i n  Storage 
6. N. Matte Direct Flaw Right 
7. Kendrick Direct Flow Right 
8. Glendo Unit Direct flow Right 
9. RiwrWater 
Ewportatiarr Assumed 83 been Camputed 

I five Ditch Accrual of  I NatwalFbw 

s Free Water in Reaches 

(3 
B-100 
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(Guernsey 

Yes 

SUN = GLUS( 1 )  

DO 181= 1,KMI 

SUN = SUN f GLUA(I)- GLUE(i) 

I 
d 

I "* 

GLUSUM = SUM(GLUA, I ,  KM1 4 

STOAVE = GLUMXS - GLUS(K) + GLUE(K) 

' es >I GLNEED = STO AV€ 

J 

J 
1 

b 
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I River Water 
RVFw(K) = WST(K) + WGN(K) I 

(*) 
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** -&. 

FREE D€M + 0.005 5 
I no 

OFGN = FREE 
FREE = 0 

RETURN 0 
OFGN = OEM 
FREE = FREE - OEM 

(RETURN) 
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I 

I 



N. Platte Project Direct Flow 

PNOFOM * AMlN 1 (PNOfDM, PNSTLMT 

Pathfinder Ownership 

YQ3 
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0 

c i 

.I, w 

REMFLOW = UPFREE + DNFREE 

DNFREE = DNFREE - PNOFGN(K) J 
UPF RE€ = REMFLOW 

,I,-- 

P 
PPAC(K) = 0 
UffREE = 0 
OMFREE = 0 

REMFLOW < 0.001 GPAC (K) = 0 

(Guernsey) 

no 1 

UPFREE * REMFLOW 
PRFREE = 0 

Seminoe Ownership 
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Q Q 

I 
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00 181s 1,KMf 

I 

UNEED = STOAVE 

1 
4 

UNEED = STOAVE 

CKZ 1 

f 
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) GPHK) = GPSTAV 
Ye= 

PNSTRt fNSTRL - GPSTAV * I 
I WNK) = PNSTRL 

PNSTRL = 0 I - I 
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b 

f 
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I 

I no 

1 GLUA(K) = GLUA(K) - GPADJ I - 

I DKS€ AC(K) = OKSE AC(K) - GP ADJ 

V 
DKSEAC(K) = 0 

PPAC(K) < GPEV(K w 
I no 

PPAC(K) = PPAC(K) - GPADJ 3 

PNDFGN(K) = PNDFGN(K) - GPADJ h r- 
B-115 



no 

FOOFGN = FODFGN - GPAOJ 

/ \  

GPEV(K) = 0 
GFAC[KI=O 

> ' 

>' GPIR(K) = GPSTAV 
PNSTRL=PNSTRL-GPSTAV 

I I 

I Guernsey Ownership r 

GPSTAV GPST(K) - PNGUMN h 
GPIR(K) = PNSTRL U PNSTRL = 0 

GPST(K + 1 I GPST(K) + GPACXK) - GPIR(K) - GPEV(K) 
* 

1 
Pathfinder Ownership 
PPEV(K) = PNEV(K) - GPEV(K) 
PPST(K + 1 )  = PPST(K) + PPAC(K) - PPlR(K) - PPEV(K) 
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I no 

I FPSTAV = PPST(K) - PNMNST + PNGUMN - PPEV(K) I I 
1 1 I 

I 

PPSTAV < PNSTRL PP!R(K) = PNSTRL 

I 
SHORTtPNSTRL-PPSTAV 
PPIR(K) = PPSTAV 

N. P lattc Project Owncrship 
PNAC(K) = FODFGN + PNOFGN(K) + PPAC(K) + GPAC(K) 
PNST(K + 1)  = PNST(K) + PNAC(K) - PNEV(K) - PNIR(K) 

Kendrick Ownership 
OKAC(K) = OKALAC(K) + DKSEAC(K) + OKOfGff(K) 
DKST(K + 1 )  = OKST(K) + DKAC(K) - DKIR(K) - OKEV(K) 

Glendo Unit Ownership 
GLUA(K) = GLlJA(K) + GLUOFG 
GCUS(K + 1 I = GCUS(K) + GLUA(K) 

1 

I 
I 

GtUI(K) - GLUE(K) 

I River Water I RYAV = RVST(K) + RVGN(K) 
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Dcscritfon: Compute A l m  Power Generation and Assign Exess Water to Spill. 

. 

. I  
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Dcrxrlptlon: primary Eathation of  Turbine Relase for Semiwe i n  k t .  thru Jan. 
kcarding to Semlm Storage at the End o f  Jan. 

I "  
hitid Storage L-5 than 

Lowest criteria I 

I I SETR(K) = ROUND(SETR(K),3) + CTEY(K) 
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Estimate Possible Total Release from 
Semirnn from Oct. thru Jan. 
SERLW = S€OJRT(J) * <sEST(Is) + sElr4chKJ - SESTRQ(J) - SELSW) 

Pathfinder Stwage Higher OT Loww than Upper 
OT Cower Criteria. Adjust Semime Oct, to 
Jan. Release 
-0J = SEW03 - PTST(B) = PTSTCRCJ 

x1= IE - Is 4- 1 
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Sct h i n o e  Turbine Release 
to Mh. 

I L 

Pathfiiw Storage kt b t w t m  thc Upper and 
Cower Criteria. Scminoc Oct. - Jan. Release I Greater than Min. Required. 

S e m b  k t .  - 3wr. R c k a ~  H W  
Given Criteria. Distribute the R e k a u  by 
Day Ratio for Turbine Release. 

h 

I 
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00 I f  K = IS# E E 00 I f  K = IS# E E 

8- I23 



I 

Excess Wattr Mort Than 

TR=TR+FL 
SLsSL-FL 

HydraulicL'mit 
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C t d c  Tvbine for Max. to I D e t w m h  Bypass 
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c", RETURN 
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I 
I TX-TR < O m  

I I \l/ IK) 
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L 

) C A N A O J  = STMX - STZ - 

I no 

J 1 

~ C A N A O J = T R + R L - T M  1 

C A N A D J  ) EX +-I 
EX = C A N A O J  

c - 7  CALL REDUCE 
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Oescription: Reduce the Amount o f  Excess From B y p a s  (RL) and Turbine Relmc (TR). 

TR- f R +  RL 
f?l=o 

EX = EX + TR - TM 

, 

(*) 
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Description: Increwe theArnount of  Excew i n  Turbine (TR) and Bypws (RL) 

[ SUBROUTT(E AUGIINT) 

TR = TR + EX 

Yes 
TR < 1% + 0.005 

R L = R l , + T R - T X  
TR = TX 

I no 

I EX = EX - RL + RX I R t  = RX 

Y RETURN 
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Descri ption: Assign Release Water  to Proper Component. 

[SU8ROUTly COMP AJ) 

ACT = TR +SL +RL+SP 
Asskp Release that Exceeded the 
Request to Spill 
S l  = FLOW(ACT, REQ) 
TR = ACT - SL 0 SP 
RL =O 

I 
TR < TX + 0.005 

RETURN 

1' 
OTR = TR 

RETURN Mt 
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Ducprition: Cornputatfan of Inflow, Storage, Water Use and Fbwer Generation i n  
Guernsey and Adjustment o f  Gtendo Turbine Relase. 

SuBRouTwmAJ 
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Guernsey Full and Glendo Not 
Full - Reduce Jnflow 
GLRL(K) = GLRL(K) - GUSLCK) r GUSLCK) = 0 

GLRCCK) = 0 

i"l GLTRCK) = 0 
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J 

Yes \ 
# 

no 

+ GUSL(K) PNIR(K) = PNIR(K) + GUSC 
P k 1 1 

I 
1 

GUIR(K) = GLUI(K) 4 PNIR(K) 
* 

P 1 
b r 

RETURN 
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I Check for Mfn. Release I % l = E - I s + I  
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I 
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P 
I 

I 
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Descrfptlon: Compute sndhdjwt Water b e  and hwer Generation fn Pathfinder, then 
M5wt the Turbltw kkwe of Slrmlm, Fremont Canyon, and A l m  
According to Storage i n  Pathfinder and Seminoe. 
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b 

ucs 
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b 

I 

I 
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4 
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b 

b 

U 

b 

C A N W  PTST(K + 1) - P T W T  

TTR(K)( PT%T(K) + 0. a=- 
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cw) 

C 

I 
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i 

I Pathfinder Dry I DIFF = f TST(K + 1 I - PTORST <- ABS(0LDSH - PTSH(K) c 0.0 

I I FCTR(K) - PTTR(K) 

x 
V A 

CALL PTMFCK 
Pa tkfinder 

1 
LI 

c", RETURN 
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Oexriptton: Kortw F%wcr and Water Components Cornputatton. At the fbgirrning S e m i m  
Turbine R e l m  i s  Set a$ that of KOIC1es. Cater i t  fs Checked with Kortes Plant 
Capacity and the Excess Water I s  Set tts Spill. 

sot#MuTM CTPWAJ 

I CTN(K) =TOUT 
-T = SEHT (SyoNO, K) I CTTR (K) * CTPI (K) - ClEV(K) 

B-151 



I J = FI (CTMNST, C T M T ,  CTST (K + 1)) I 
'I Y MI 
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b 
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b 

I 00 10 K = IS, E 

no I 

ins 
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0 c 
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I Kortes Reservoir 
Compute Power Generation I 

DO 20 K = IS, IE s 
TOUT = SETR(K) + SESL(K) + SESP(K) + SERL(K) 

I 
L 

CALL CTPWAJ 0 

c5 RETURN 
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b 
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, 

(,,,) 
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Wrl ption : Sequence Operation of the Enti re  Bast n. 

Total Rckrst from Seminoc, 
TOUT = SETR(K) + SESF)CK) + SESL(K] + SERC(K) 
SEST(K + 1 = SEST(K) + SEIN(K) - S€TR(K) - S€RL(K) - 

SESP(K) - SESUK) - SEW (K) 
i 

B-159 



Storage Lower Than Min. , Reduce Outflow 

SEST(K + 1) = SEMNST 
I SETNK) = S€TR(K) SEMNST + SEST(K + 1) 

w I 

-- 
Rekru Less ttrUr Min. 
Requested 

PTNK) = TOUT + m K )  

CALL AJSYPS 
(Pathfinder) 

B-160 



i 

Cannot Increase Seminoc Fbw, 

"5.5; L I 
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00 

EXES = PTST[13) 

b 

1 PTST 13 = PTST(13) 

0 
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. 

Q 
# 

I Frtmont Cayon Power Plant r- FCTMK} = PTTR(0 
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Q 
Total Release from Pathfiwrder 
TOOT = PTTR(K) + PTst(K) + PTRL(K) 
PTST(K + 1) PTST(K) + PTpc(K) - P m K )  - PTRL(K) 

- PTSL (K) 0 PTSpO 0 PTEV(K) 

Storage Not a Required twel (ALSR) 
DIFF = MST(K +1) - USl?(K) 

1 I 
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1 

1 \ 

1 

U 
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I 

J 

P 

Total Release from A h v a  
TOUT = ALTRCK) + AI.SL(K) + ALSP(K) + W ( K )  
ALST(K + 1) = ALST(K) + M M K )  - ALIMKI - MTR(K) - ACID - ALDM(K) 

- ALRL(K) - ALEV(K) - ALSPCK) 
ALst(K) 

6-166 



U 

8 OFF ( 0  

I Storage Too low, Increase 
Upstream Release, Try Pathf- 
O F -  ABS(0IFF) I 

1 -  

1 -  1.1 

I 
b 
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4 4 Q 
GRAY REEF 
C M L  GROREG 

Y e  

I 

Glendo - When Spilled, Reduce Pathfinder and 
A h v a  Outflav. If Storage is  Short, RoducQ 
(krtfbw. The End of  Yew Storage Should Be 
M a i n t a w  at Assigned Level 
#==a 

UIN(K) = TOUT 

I 

I no 

I" A yes 
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b 

b 
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i 

I Release Not as Rcqucsted(E%CES) I EXCES=OtlTREQ-OUTACT 
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i 
Glendo Release Too Much, try to Reduce 
Glendo Outflow 
E%CES = ABS(EXC€S) 

ALST(K 4 1) GLSTMX - 0.005 m Ino 
Rtduce Glendo Release 
CALL REMJCE 

(Glendo) /I 
1 I 

no 

f 

Glendo Release Too Low, try 
to Increase Glendo Outflow 

J >  GCST(K + t )  < GLSTLT + 0.005 

d 
B-171 



4 

I -  

I 

I I ExclEs = USLOO 

G W  Spills or Release 
Excess water 

r 
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C 

I 

I 
I 

I 

I 

I 

I 

I 

I 
I 
I 

I 

b 

1 

f 
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Q 
Cannot Reduce, Add Excess 
Water  to Irrigation or  River 

PNlR(K) = PNW?(K) + WCES 
I C = O  

WCES 3: PNR(K) - PCYRMK) 
PNIR(K) = PIYRO(K) r- GCU€(K) = GLUE(K) + E%C€S 

RVST(K + 1) = RVST(K) + RVGNY(K) - RVRUK) u 
no 

I RVGN(K) = RVGN(K) - RVST(K + 1 )  
V 

I 
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ST(K + 1) > USTLT -0.0 1 
Glendo Storage Less than M' Mwmwn 

EXCES = Gl.§nT - UST(K + 1) 

I "  
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4 

I-  

yes: 

1 
fWE% RVRLCK) - GUMP(K) 
RV€% = RVEX - E X E S  
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B-177 



Storage Lower than Requested, 
Redl#~~oOmand 

NST(K + 1) PP1M>CST - (I. a 
B-178 



I 

1 . 
C 

Q I 
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c 

J 

Q Q 

1 
I 

I 1 

I PNlf?(K) = PNtR(K) + E E S  
PNST(K + 1) = PNST(K + 1) - EXES 

I 1 
I 

I 

L 
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L 
0 
0 

I" 
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I 

(Guernsey) 

iJ\ IAC. NE. 0 

No Release from Guernsey Before Feb 
GLQXCK) = GIIRL(K) + GUTR(K) 
W T W )  = 0 
W G ( # )  = 0 

< I 

OUT ACT = GUTR(K) + GURt(K) + GUSL(K) 
i 

I 

1, 

4 
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n v 

+- 

Q 

4 
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I Guernsey Storage Too Low I DFF = W!Sl(t( + 1) - GUMtJST 

c 
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A 

I Guernsey Release Not as Rtqucsted I uJDFF=GUTR€Q-TauT 

i I  

B-185 

* 



I 

UST(K + 1) p UST(K + 1) - (iuDFF 

Excess Water from 
G l d o  Mirr. Flow r- Assigned to WR 

i 

I 
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GUSL(K) = GUSL(K) + TOUT = WTREQ 
a ( K )  = GtlRt(K) - TOUT - UJTREQ 

checrc River Water in Storage for 
Release as Excess Water 
M T ( K  + I f = RVST(K) + RVGNCK) - RVRL(K) 

Ad just for Large 
Difference 
OUFir(K)= GURLCK) r-l + GUTREQ + TOUT 
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I 

I I AdjWtocmand 
Cannot Adjust Release, 

I 
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Q 

( Abva)  9 
I 
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(Glendo) 

Try to W e a s e  Semiwe 

CALL A D D M  
(Seminoel 

I no 

CALL AUGMNT 
(Glendd 

Cannot Increase Upstream 
Release ., Reduce Ocmand 
RVDF = RVRL(K) - @JMPIK) 
RVDf = RWF - Dlf 
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Q 
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161-8 

i 

I 
b 



b 
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B-194 



#O 

2 121 



J 00748 I m 6 , f  

7 
I 
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4 

Check Total Evaporation in the System 
WEV = SEEV( K )  + CTEV( K ) + PTM K ) + ALEV( K ) + 

GREN K 1 + UEv( K 1 + WEN K 1 
REV - PNEN K ) + OREN K ) + GLUE(K) 

L 

rn 
I GLUM K ) = UUMKI + SHORT 1 
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RE" TO Al, 

1 K = K + 1  
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Description: Ktndrick Project Ownership Celculation. 

SUBROUT INE OKPR 

A 1  AVST = ACST(K) + ALST(K + 1 )#2 
DKST(K + 1) = DKST{K) + DKAC(K) - MINK) 

- DKEV(K) 

Project Evaporation and €OM Ownership 
EV = DKEV(K) 

I IT = 0 

IT = IT + 1 i"l 
i 

ye5 EVST = (DKSTCK)) 
+ DKM%ST)/Z - ALAVST 

1 
I 

4 

EVST DKST(K) + DKST(K + 1)/2 - ALAVST 

DKEVCK) = ALEVIK) + CTEV(K) 
ST = DKST(K) + DKAC(K) - DKEV(K) - DKIRCK) 
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b 
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Ocscrfption: A l u m  Irdgatlon Dellvery to Kendrlck Project lrrlgaflon 1s H a y  
thru Sept. According to the Amount of Water Available with 
Maximum given (13 Input A U R O  

B-202 



, 
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. 

Description: Glendo Unit Project Ownership h u n t i n g  

In0  I 

I I 
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Description: FrQm the Dowmtream Watw tkmand Determine Inflow to and Outflow from 
Guernsey, River Water R e l m  and Outflow from Glendo by Asumfng All  
Water Goa through the Turbtne wlth the E%mptbn of Sapage. 

M3 20 K = MS, ME 

I GLTR(K) = 0 
UWK) = GLMR(K) I 

1 
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4 

0 

i 1 

b 
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1 

Q 1 ABS(GUST(K + 1) -STt) 0.005 (I] 

I no 

IT = IT + 1 i"l 
no 

I 

GUIN(K) = GGGN(K) f GCMR(K) 
GUTR(K) = GUIN(K) - GUfV(K) 
GLTR(K) = GUMR(K) 

>I No Downstream 

I r'"l K = 7 - 1 2  
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Description : Glendo Unit Irrigation Delivery. Based on Historic Delivery with 
Mj ustment to Increase to Maximum Possible Use (40,000 AF) 
If GLUOPT = 0 Use Present ( 1980) 20,000 AF Max . PossiMe Use. 

SUBROUTINE GLU IRD 1 
I 

I SYW = (SEl~(13) + cpGNc13) + AGGN(13) I + GGGN(13) + AWV(13)) * 1000 

r"i XMULT = 3.0 

110 I 

I I GLUAW = XMULT * (1 0 **(- 2,3908 * ALOG1 O(SY lkl) 
+ 18.334])/1000 

CALL SUSROUT IN€ 
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110 I 

8-211 



I 

Description: Cakulat ion of I r r iga t ion  Projects Owned Storage end Tot81 Delivery to the 
Project from Reservoir Then Check the Project Storage and r5djust Weter 
Use i r) Reservoi r 

SUBROUTINE PRO J A J 

> 

I 

IP = 0 
IPATH = 0 

I 
CALL PNPROJ 

PNST(K + 1 ) PNMNST - 0.01 5 3 
I irrigation Delivery I 

Changed, Adjust I Downstream flow I ICC = 1 

DO 15 I = MS, K I 
IS = MS w 

Ownership Less than Minimun 
Allowed 
Reduce irrigation Delivery of 
Previous Months 

Irrigation Delivery and Ownership 
Storage at the Minimum - Reset 

1 

System Outflow & 
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I 
IK) I 

Irrigation Dclivtry and Storage 

Reset System Outflow 
Glendo Unit Project 

C U ( i U e R 0 J  

amshiQ at the ~inimum 

I 
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P 
-1 

I" 

1 
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Q 
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Description: Compute the End of  Month Reservoi r Storage taking into Account 
of those Component3 E x p r e ~ e d  a3 the function of Averge Storage. 

L 

EV = AVEST * € 1  /10000. +E2/10 

[ ~ U T I ~ E  ENOSTO 1 
IT = IT + 1 a I SL (0.01 

I no 

I ST2 - STZ + SL I a SL = 0 

SL = S f 2  - STMX 
ST2 = STMX 

NEST = (ST1 +ST2)/2 

Compute Evaporation from AVEST 
> 

1 

Yes 
E l  <0.0001 and 

I no 1 

1 f I 
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I I sL=o 
ST2 = ST2 + SL 

i", RETURN 
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hcr ipt ion:  Computation of Inflow, Storage, Weter Use end Power Generation end 
Mjustment of Alcws and Fremont Canyon Turbine Release According 
to the Storage i n  Glcdo and Alcem. 

Icc =2 

no 1 

Release It I 

A yes 

t ria 

I .no 

I WRLO - RVSTCK) + RVGMK) I FLMX = STMXFL * 1.983 * OAYMO{K)/1000 

RVRC(K) < FLMX + 0.005 5 7  
I RVRt(K) = FLMX 

0-218 



MDTR = GlTR(K) 
0U)R = GLRL(K) 
Outflow Requested By Guernsey Demand 
GURQ = GUSR(K) + GUIR(K) + RVRL(K) - GUST(K) 

REST + GUMR(K) + GUEV(K) + GUSR(K) - GUST(K) 
+ GUSPCK) + GUEV(K> 

ci- REST 2 W R D  

CJUTREQ = GURQ .. GMjN(K) 
& 

Define Min. Storage 
GLSTLT = GLMNST 

B-219 



I Ikfm Max. St#;LgC I  as^-^ 

na I 
L / \  

I (=heck Release Against 
Flow Requested at I -nssy 
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6 

00 

I 

I 

1 

b I 

I I OlFF = WTACT - OUTREQ 

In the Process of  Determining 
Downstream Demands, Adjust I AlCQVa Flow. 

c 

I no 

From Pathfinder 
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U 

1 

Q 

,=+ 
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0 

M 

I I 
I 
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U 

F U N K )  = FCTRCK) + - ACTCXK) 

I 

- 
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Storage Higher than Max Res 
Capacity 
OIFF = GLST(K + 1 )  - GLSTMX 

no 

GLTR(K) = 0 
GLPG(K0 = 0 

I 

' /  

L \ A  

J I rlQ 

1 

CALL REOINF 
(Fat hfinder ) 

b 2  

I 
A 
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c 

no 

I* 
I 
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GUTRCI) = GUTR(I) + DIFF 
GLUI( I )  = GLU I AD 

K = IS 

( 
Yes 

I 

GUMR(K) = GUMR(K) +DIFF 

I 
J 

I 

L I 

I no n 
GUIR(1) = GUIR(I) AOJSTO 
GUTR( I )  = GUTR( I) + AOJSTO 
GLCII(I! = GLUR(I) 
O1FF = OlFF - AOJSTO 
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m 
I 

1 , yes 
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9 
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b 
Uescriptron: I Case Controts Semrnoe vam miyrli 

= 0 Present Height =CAP 10 17.28 
= 1 Enlargement Ht. Cap 1406.78 
= 2 Enlargement Ht. When Flow Greater than Mean * Crit. 

I SEPRSH - 1017.28 I SEElYCH = 1406.78 

(RETuul) 
I 

w s  

I 
SEHT = SEENLH 

1 
> 

(*) 

0 ETURN 
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APPENDIX C 

EVAPORATION VERSUS AVERAGE END-OF-MONTH 
RESERVOIR CONTENT PLOTS 
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