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Thirteenth Annual Report 

REPUBLICAN RIVER COMPACT ADMINISTRATION 

In conformity wi th  t h e  Rules and  Regulations of the Republican River 

Compact Administration, t he  Thirteenth Annual Report is submit ted a s  

follows: 

1. Pursuant to  Rule 12 , as amended ,  t h i s  report cove r s  t h e  period from 
June 9 ,  1972 t o  June 18, 1973. 

Members of the Republican River Compact Administration a r e  the  
o f f i c i a l s  of e a c h  of the S ta t e s  who a r e  charged wi th  the duty of ad -  
minis ter ing the publ ic  wa te r  s u p p l i e s ,  a s  fol lows:  

Dan S .  J o n e s ,  J r . ,  Director .  Department of Water  Resources ,  Nebraska 
C. J .  Kuiper, S t a t e  Engineer of Colorado 
Guy E .  G ibson ,  Chief Engineer ,  Divis ion of Wate r  Resources ,  S t a t e  

2 .  

Board of Agriculture, Kansas 

3.  The Fourteenth Annual Meet ing of the  Administration w a s  held on June 18,  
1973 in Conference Room 331,  Cosmopoli tan Ho te l ,  Denver ,  Colorado.  
Minutes  of t h e  meeting a r e  included in th i s  report. 

During the  period covered by  this  report ,  one  meeting of the Engineering 
Committee w a s  he ld .  
summary tabulat ions of the computed annua l  virgin wa te r  supply and  
consumptive u s e  for t h e  1972 wa te r  year  in the Republican River Basin 
were  presented to  and  accep ted  by the  Administration a t  t he  Fourteenth 
Annual Meet ing.  
in th i s  report. 

4 .  
A report from that  Committee together with 

Cop ies  of t h e s e  p re sen ta t ions  a r e  included e l sewhere  

5. One  June 18, 1973, Mr. C .  J .  Kuiper, Colorado member of the Admini- 
s t r a t i o n ,  was e l ec t ed  Chairman to se rve  un t i l  t he  nex t  annua l  meet ing 
of t he  Administration. 

1 



Respectfully submitted, 

REPUBLICAN RIVER COMPACT ADMINISTRATION 

By: 

Colorado Member (Chairman) 

Nebraska Member 
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Minutes  of the 
Fourteenth Annual Meeting 

Republican River Compact Administration 

Denver ,  Colorado June 18,  1973 

The meeting was  cal led to order by C. J .  Kuiper, Chairman,  a t  9:30 
a . m .  , in  the Conference Room 331,  Cosmopolitan Ho te l ,  Denver ,  Colorado. 

The following were  in a t tendance:  

Name Agency Location 

C .  J. Kuiper Official  Member Denver ,  Colorado 
Guy E .  Gibson Official  Member 'Topeka, Kansas 
Dan S .  J o n e s ,  Jr. Official  Member Lincoln.  Nebraska 
M. E.  Ball Chairman,  Engr. 

Committee t  tee Lincoln,  Nebraska 
Gerald E .  Hilmes Div. of Water  

Resources Topeka, Kansas 
Glen  E .  Brees Div.  of Water  

Resources Denver, Colorado 
Ray E .  Aldrich U.S. Bureau o f  

Reclamation McCook,  Nebraska 

Approval of the Minutes  of the previous meeting: 

Motion was  made by Mr. Gibson and seconded by M r .  Jones that the 
minutes of t h e  Thirteenth Annual Meet ing,  as published in  the Twelfth 
Annual Report ,  h e  approved as publ ished.  
mously.  

Report of the Chairman: 

The motion was  passed  unani- 

The Chairman s t a t ed  tha t  s t u d i e s  on the withdrawal of underground water  
out of the tributary portions of the s t reams involved in the Compact had been 
completed and  that they had been  incorporated into the Engineering Report 
this  year .  

Report of Off ic ia l  Members:  

Mr. Jones s t a t ed  that a l l  reservoirs  in Nebraska had f i l led this year 
with the  except ion of Enders Reservoir on Frenchman Creek.  T h i s  I S  the 
third year that i t  h a s  not f i l led.  
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M r .  Gibson s t a t ed  that  cop ie s  of the Twelfth Annual Report had been  
s e n t  to interested a g e n c i e s .  Norton Reservoir on Prairie Dog Creek h a s  
been low for a number of years  and  the Distr ic t  h a s  instal led a number 
of we l l s  to supplement  the supply.  Mr. Gibson reported that  Gerald E .  
Hilmes would be  the Kansas member of the Engineering Committee replac-  
ing Harris Mackey who had been  promoted i n  the Kansas Divis ion of 
Water Resources .  

Mr. Gibson  r a i sed  the quest ion of the responsibi l i ty  of the Chairman 
to d i s t r ibu te  the annual  reports to the President of the United S ta t e s  and  
Federal  Agencies .  After d i s c u s s i o n ,  i t  w a s  decided that this  w a s  the 
responsibi l i ty  of the Chairman a s  outlined in  the Ninth and  Tenth Annual 
Reports.  
Council  and  the Chairman of the Missouri  River Basin Commission be  
added  to  the list. Mr. Jones seconded the motion, and  i t  w a s  pas sed  
unanimously.  

Unfinished Business  : 

Mr. Gibson made the motion tha t  the Director of Water  Resources 

There w a s  no bus iness  carr ied over from the previous meeting that had 
not been  concluded.  

New Business:  

A. Report of Engineering Committee:  

Mr. M.  E .  Ball, Engineering Commit tee  Chairman,  presented a report 
of the Engineering Committee.  A copy of that report  i s  a t t ached  hereto 
a s  Exhibit "A".  Accompanying the report  a r e  tabulat ions of the Com- 
puted Virgin Water  Supply,  and the Computed Annual Consumptive U s e  
for the 1972 Water  Year, r e spec t ive ly .  A summary of the computations 
w a s  presented by M r .  G .  E .  Hi lmes.  
that the report  of the Engineering Committee be  accep ted .  The motion 
w a s  seconded by Mr. Gibson and  carr ied unanimously.  

A motion w a s  made by Mr. Gibson and seconded by Mr .  Jones  that  
the Engineering Committee be authorized to cont inue their s tudy and 
a s s ignmen t s  the same a s  during the pas t  year .  The motion carried 
unanimously.  
cerning the water  budget s tudy .  

B .  Assignments to  the Engineering Committee for the coming year:  

1 .  Compute annual  virgin water  supp ly ,  1973 wa te r  year: 

2 .  Compute annual  consumpt ive  u s e ,  1973 wa te r  year: 

3 .  

A motion w a s  made by Mr. Jones  

The motion w a s  l a t e r  amended to  d e l e t e  item N o .  6 con-  

Compute inflow to Lovewell Reservoir and net evaporat ion of Repub- 
l i can  River water  s tored in Lovewell ,  1973 water  year: 
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4 .  Compute a d j u s t e d  a l l o c a t i o n s  on  a n n u a l ,  f ive-year average  
and  ten-year ave rage  b a s i s ;  

Cont inue inves t iga t ions  of d e p l e t i o n s  b y  w e l l s  i n  the  a l luv ium.  5 .  

C .  Reports of Other  Agencies:  

Mr. Ball p r e s e n t e d ,  for  Mr. K .  A. MacKichan, Dis t r ic t  Chief ,  WRD, 
U . S .  Geologica l  Survey ,  Lincoln,  Nebraska ,  a review of t h e  com- 
puta t ions  of the  Republican River return-flow s t u d y  of the  Engineering 
Committee Report d a t e d  J u n e ,  1972 tha t  w a s  inc luded  in the  Twelfth 
Annual Report. Mr. MacKichan 's  review is inc luded  in  the  record and  
is marked Exhibit "B"  . Members  of t h e  Compact  Administration ag reed  
tha t  further s tud)  would not help to reach  a n y  def in i te  conc lus ions  and  
tha t  the  U .S .  Geologica l  Survey not b e  a s k e d  to  cont inue  the  s tudy .  

Mr .  Ray E .  Aldrich of t h e  U.S. Bureau o f  Reclamation O f f i c e  in  McCook, 
Nebraska g a v e  a report  of the  p lans  LO remote cont ro l  s even  reservoi rs  
in  the  Republican River Bas in .  The remote cont ro l  c e n t e r  loca t ion  wi l l  
b e  in  the  Bureau of Reclamation Office i n  McCook, Nebraska.  

Resolution: 

Mr. Gibson read  a reso lu t ion  commending Mr. Harris L. Mackey for 
h i s  contribution to  the  Republican Ricer Compact Engineering Commit tee .  
motion w a s  made by Mr. Gibson that the  reso lu t ion  b e  s e n t  to Mr. Mackey  
and  a copy he made a part  of t h e  record .  
and  i t  car r ied  unanimously.  

Election of Chairman: 

A 

Mr. J o n e s  seconded t h e  mot ion .  
A copy  of the  reso lu t ion  is a t t a c h e d .  

A motion w a s  made by Mr. Gibson that the  name of C .  J .  Kuiper. O f f i -  

The motion w a s  seconded by Mr. Jones a n d  car r ied  unanimously. 
cial Member from Colorado, b e  p laced  in nomination for Chairman for the  
coming year .  

Adjournment: 

On motion of Mr.  J o n e s  and seconded by  Mr .  G ibson ,  the  Fourteenth 
Annual Meet ing of the  Republican River Compact  Administration w a s  adjourned 
a t  11:45 a . m . ,  June  18, 1973.  
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RESOLUTION 

WHEREAS, Harris L.  M a c k e y ,  Senior Engineer,  Division of 
Water Resources, Kansas  S ta te  Board of Agriculture,  h a s  b e e n  a member 
for Kansas on the Republican River Compact Administration Engineering 
Committee s i n c e  November 19, 1959: and  

WHEREAS, Mr. Mackey h a s  voluntarily e l e c t e d  t o  re l inquish  h i s  
du t ies  a s  Secretary of the  Engineering Committee of t h e  Republican River 
Compact Administration: and 

WHEREAS, Mr. M a c k e y ,  through the  y e a r s ,  h a s  contributed his 

knowledge, profess iona l  s k i l l s  and  s e r v i c e s  to  the  fulfi l lment of the pur- 
p o s e s  of the  Republican River Compact Engineering Committee: 

NOW, THEREFORE, BE IT RESOLVED. that the  Republican River 
Compact Administration d o e s  hereby  acknowledge the  outs tanding  contri-  
bution of Harris L. Mackey t o  the Republican River Compact Engineering 
Committee a n d  e x p r e s s e s  s i n c e r e  apprec ia t ion  and  commendation for h i s  
s e r v i c e s .  

BE IT FURTHER RESOLVED, that th i s  reso lu t ion  be entered  in to  the  
records  of th i s  Administration and  t h e  Chairman be instructed to  s e n d  a 
copy to  Mr. Mackey.  

Adopted a t  the Fourteenth Annual Meeting of the Republican River 
Compact Administration a t  Denver ,  Colorado ,  on the 18th day of J u n e ,  
1973. 
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Report of Engineering Committee 

Republican River Compact Administration 

June 18. 1973 

The Republican River Compact  Administration a t  its 13th Annual Meet ing 

held June 9 ,  1972. agreed t h e  a s s ignmen t s  t o  the Engineering Committee 

would b e  a s  follows: 

1. Compute annua l  virgin wa te r  supp ly ,  1972 water  year: 

2 .  Compute annua l  consumptive u s e ,  1972 wa te r  year; 

3 .  Compute inflow to Lovewell Reservoir and  ne t  evaporat ion of Repub- 
l ican River wa te r  s tored in Lovewell ,  1972 water  year: 

4 .  Compute ad jus t ed  a l loca t ions  on a n n u a l ,  five-year ave rage  and  
ten-year  ave rage  bas i s :  

Cont inue inves t iga t ions  of dep le t ions  b y  we l l s  in the alluvium; 5 .  

6 .  Make a water-budget s t u d y .  in cooperat ion with the U . C .  Geolo- 
g i ca l  Survey,  of the Trenton-Pal isade to  Cambridge reach of the 
Republican River. 

The Engineering Committee held one meeting during the y e a r .  May 10 

through 11. 1973, to s tudy the virgin water  supply a n d  consumptive u s e  of 

the wa te r  supply 1972. 

the following: 

Submitted here  and made d part of this  report a r e  

1 .  Computed annua l  virgin water  supply Republican River Basin 1972; 
a n d ,  

2 .  Computed annual  consumptive use Republican River Basin, 1 9 7 2 .  

The de ta i l ed  computat ions of virgin water supply and consumptive 

use,  the adjusted a l loca t ions  on an annual  basis for 1 ' 3 7 2 ,  and a f ive-year  

and ten-year  average b a s i s  are intersection here a t  this  meeting. 



Tables  a r e  also ava i l ab le  for in spec t ion  identified as at tachments  10A 

through 10E showing the  following. These  t ab le s  have  been  made ava i l ab le  

previously to  the  Compact Administrators.  

10A. 1959-1972, Computed Annual Virgin Water  Supply: 

10B. 1959-1972, Allocations Adjusted on Basis of Annual Virgin Wate r  
Supply; 

10C.  1959-1972, Average Annual Virgin Water  Supply for Five-Year and  
Ten-Year Running Averages: 

10D. 1959-1972, Adjusted Allocations by  Five-Year and  Ten-Year Run- 
ning Averages: 

10E. 1959-1972, Computed Annual Consumptive U s e  by  Years.  

These  at tachments  a r e  not made a part of the  engineer ing report .  

Municipal and  industr ia l  u s e s  a r e  not included in the  virgin water  supp ly  

formulas ,  bu t ,  for the record,  t hose  ava i l ab le  to the  Committee a r e  g iven  

below: 
1972 Calendar  Year 

Ci ty  of Norton 600 Ac.-Ft.  
Midwes t  O i l  Company 429 Ac.-Ft. 
L. V. O. Oi l  Company 11 Ac.-Ft.  

Recorded d iv i s ion  of d ive r s ions  from the North Fork Republican River by  

the Halgler  c a n a l  for 1972 was :  

Colorado 3 , 6 2 0  Ac.-Ft. 
Nebraska 8 , 7 4 0  Ac.-Ft.  

Total  1 2 , 3 6 0  Ac.-Ft. 

Other recorded d ive r s ions  from su r face  wa te r  in Colorado with the 

excep t ion  of the Hale  Ditch were: 

S .  Fork Republican River 1 , 2 8 0  Ac,-Ft .  
N. Fork Republican River 5 , 0 4 0  A c .  F t .  
Arikaree River 0 AC.-Ft. 

0 Ac.-Ft. Beaver Creek  

Colorado 's  d ive r s ions  from groundwater ,  based  on information and da ta  
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compiled by the U.S. Geological  Survey,  were  est imated by applying a n  

ave rage  divers ion of 169 Ac.-Ft.  per wel l  to the number of we l l s  in  the 

alluvium and a r e  shown below: 

Sub-Basin Acre-Feet 
S .  Fork Republican River 1 , 0 1 0  
N .  Fork Republican River 510 
Arikaree River 3 , 7 2 0  
Beaver Creek 0 

Nebraska recorded divers ions from su r face  wa te r  by  other  than major 

canals were: 

Frenchman Creek  1 , 7 8 0  A c . - F t .  
Medic ine  Creek  1 , 1 4 0  A c . - F t .  
Red Willow Creek  3 3 0  Ac.-Ft.  

In other  b a s i n s  in  Nebraska su r face  water  d ive r s ions  were  computed a s  

1.35 ac . - f t .  per a c r e  intended to be i r r igated.  Groundwater divers ion rate  

used  for 1972 w a s  1.4 ac . - f t .  per a c r e  irrigated a s  determined from reports 

of irrigators for 12% of we l l s  pumping from the val ley alluvium. 

Diversions by individual irrigators from a l luv ia l  we l l s  or s t r eams  in  Kan- 

sas were  est imated on the b a s i s  of water  u s e  reports  from 37% of the water  

u s e r s .  Average of a l l  reported divers ions in the Republican River Basin in 

Kansas w a s  1.7 ac . - f t . / ac .  Average rate  of divers ion from alluvium w a s  

1.8 ac . - f t . / ac .  and from su r face  water  w a s  1.35 ac . - f t . / ac .  

Estimated divers ions by individuals  in Kansas for 1972 a r e  given below 

in acre-feet :  

Sub-basin Groundwater Surface Water  

Arikaree River 260 0 
S .  Fork Republican River 8 , 5 2 0  210 
Beaver Creek 7 , 7 9 0  520 
Sappa Creek 8 8,650 6 50  280 
Prairie Dog Creek 1 2 , 7 5 0  1 , 8 7 0  
Republican River above  90 910 

Hardy 
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Return flow percentages were  computed for  the major c a n a l s  from da ta  

provided by the U . S .  Bureau of Reclamation a s  follows: 

Return as % of Return as % of 
Canal  Total  Diversions Canal Total Diversions 

Culbertson 43% Franklin 56% 
Culbertson Ext. 5 0 %  Franklin Pump 42% 
Meeker-Driftwood 46% Naponee 43% 
Red Willow 44% Superior 53% 
Cambridge 43% Courtland-Nebr . 2 6 %  
Bartley 36% Courtland-Kansas 
Almena 52% above  Lovewell  47% 

below Lovewell 48% 

Return flow percentages for other  c a n a l s  and  d ive r s ions  were  est imated 

a s  given below: 

Hale  Ditch and Haigler Cana l  38% 

Groundwater and su r face  wa te r  d ive r s ions  25% 
Champion and Riverside Cana l s  43% 

Computation of the return flow from the Courtland Cana l  in Nebraska i s  

shown to be  6 ,  720 acre-feet .  

in Kansas 67% of the irrigable land above  Lovewell  w a s  irrigated in 1972 

with an average divers ion rate  of 1.83 ac . - f t . , / ac .  

w a s  e s t ab l i shed  that  1 , 3 9 0  a c . - f t .  were  diver ted o n  762 a c r e s  above  Hardy 

and the return flows were  650 ac . - f t .  

Net evaporat ion from Harlan County Reservoir w a s  divided (51%) 5 , 8 0 0  

ac re - f ee t  to Kansas and (49%) 5 , 5 8 0  acre-feet  to Nebraska based  on total  

d ive r s ions  b y  t h e  c a n a l s  in each  s t a t e  below Harlan County Reservoir.  

Based on this  da t a  i t  

Computations of inflow to Lovewell Reservoir gave  a 1972 total  inflow of 

40,420 acre-feet  of which 29 ,940  ac re - f ee t  was diverted from the Republican 

River. 

evaporation loss of 510 acre-fee:  f rom Republican 

wel l  a t  the beginning of the wa te r  year w a s  30.970 acre-feet of which 

10 
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9 , 6 2 0  acre-feet  w a s  water  from the Republican River. At the c l o s e  of the 

water  yea r .  s to rage  in Lovewell w a s  3 8 ,  980 acre-feet  of which 6,700 

acre-feet  w a s  wa te r  from the  Republican River. 

Computation of consumptive use  in Kansas of water  diver ted from the  

main s t em Republican River, including prorated s h a r e s  of net  evaporat ion 

from Harlan County Reservoir and Courtland Cana l  t ransportat ion loss through 

Nebraska w a s  3 6 , 1 7 0  ac re - f ee t  in 1971-72 water  year .  

Consumptive u s e  to  mouths of t r ibutar ies  in Nebraska a r e  shown below: 

Consumptive Use  in  Nebraska 1972 

By Formula Above Mouth 
A c . - F t .  

Prairie Dog Creek 0 6,700 
Beaver Creek 9 , 1 2 0  1 1 , 4 8 0  
Sappa Creek 7,780 8 , 2 0 0  
Medicine Creek 9 , 3 1 0  9 , 8 4 0  
S .  Fork Republican River 0 180 
Buffalo Creek 680 870 

The Twelfth Annual Report of the Administration d o e s  show that  the Chair- 

~~- Ac.-Ft. 

man of the Engineering Committee produced a tabulation ent i t led "Republican 

River Return Flow Study for the Years 1954-1971, and recommended to  the 

Administration that  the U . S .  Geological  Survey be  r eques t ed  to  review t h i s  

tabulation and to  comment whether or not the s tudy  should be cont inued in 

the river r each  from Trenton to  Cambridge. 

recommendation and Mr. Butler Shaffer of the U . S .  Geological  Survey s t a t ed  

that they would be glad to  make this Study. 

The Administration accep ted  the 

A report of the s tudy by t h e  U.S. Geological  Survey w a s  submitted to 

the  Engineering Committee and this  report will  be  d i s c u s s e d  l a t e r .  

report is not submitted a s  a par t  of the engineer ing report. 

This 

11 



Respectfully submitted, 

Nebraska 

Kansas Kansas a S 

Colorado 



Computed Annual Virgin Wate r  Supply 
Republican River Basin 

Compact 1972 Water Year 
Ac. Ft Drainage Basin Ac  t 

Prairie Dog Creek 27,600 2 0 , 6 2 0  

Beaver Creek 1 6 , 5 0 0  1 7 , 1 7 0  
Medicine Creek 5 0 , 8 0 0  4 4 , 4 7 0  

Red Wil low Creek 2 1 , 9 0 0  2 6 , 7 4 0  
Driftwood Creek 7 , 3 0 0  6 , 0 1 0  
Frenchman Creek 98 ,500  122 ,780  
South Fork of the  5 7 , 2 0 0  41,800 

Sappa Creek 2 1 , 4 0 0  2 1 , 0 9 0  

Republican River 

Rock Creek 1 1 , 0 0 0  9 , 9 3 0  
Buffalo Creek 7 , 8 9 0  4 , 9 4 0  
Arikaree River 1 9 , 6 1 0  1 8 , 7 4 0  
North Fork of the 44,700 700 4 4 , 5 1 0  

Main Stem of the  *94 ,500  139 ,500  
Republican River 

Republican plus  
Blackwood Creek 

TOTALS 4 7 8 , 9 0 0  5 1 8 , 3 0 0  

*Main  Stem 8 7 , 7 0 0  
Blackwood Creek 6,800 
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Computed Annual Consumptive U s e  
Republican River Basin 

1972 Wate r  Year 

Drainage Basin Colorado Kansas Nebraska Total 

Prairie Dog Creek 1 2 , 8 3 0  460 1 3 , 2 9 0  

Sappa Creek 6 , 7 0 0  8 , 2 0 0  1 4 , 9 0 0  

Beaver Creek 0 6 , 2 3 0  1 1 , 4 8 0  1 7 , 7 1 0  

Medicine Creek 9 , 8 4 0  9 , 8 4 0  

Red Willow 1 0 , 9 7 0  1 0 , 9 7 0  

Driftwood 0 820 820 

Frenchman Creek 53 ,940  5 3 , 9 4 0  

South Fork of t he  
Republican River 6 , 4 9 0  6 , 5 5 0  180 1 3 , 2 2 0  

Rock Creek 220 220 

Buffalo Creek 870 870 

Arikaree River 2 , 7 9 0  200 0 2 990 

North Fork of t he  
Republican River 6 , 4 0 0  5 , 4 2 0  11,820 820 

Main Stem of the  
Republican River 36 ,170  1 5 5 , 3 9 0  191 ,560  

TOTALS 1 5 , 6 8 0  6 8 , 6 8 0  257 ,790  3 4 2  150  
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United States Department of the Interior 
G e o l o g i c a l  SURVEY 

Water Resources Divis ion 
Room 127, Nebraska Hal l  

901 North 17th S t r e e t  
Lincoln, Lincoln, Nebr Nebraska 68508 

February 16, 1973 

Mr. Marion Bal l  
Ass is tan t  Director  
Department of Water Resources 
P.O. Box 94697 
Lincoln, Nebraska 68509 

Dear Marion: 

Mr. Shaffer  and I have reviewed the computations of the  Republican River  
re turn-f low study i n  accordance with Recommendation No. 2 of  the Engineering 
Committee r e p o r t  dated June 1972. 

The Engineering Committee made the  following assumptions: 

1. The u n i t  runoff  from the  ungaged a r e a  equals  t h a t  from 
t h e  ungaged, unregulated area.  

2. The w e l l  water is  equivalent  to  imported water. Computations 
a r e  without  wel l s  operat ing ( l i n e s  26, 29, and 33). 

3. A s  an a l t e r n a t i v e ,  the  wel l  water is assumed t o  be p a r t  of 
t h e  bas in  supply. 
( l ines  27, 28, and 31). 

Computations a r e  with wel l s  opera t ing  

The computations a r e  cor rec t  using the above assumptions. 
order  of the  l i n e s  was rearranged and some l i n e s  more accura te ly  descr ibed,  
the  computations would be e a s i e r  t o  follow. 
be made l i n e  24, s i n c e  l i n e  27 as  shown is  the sum of l i n e s  19 through 23. 

The f i r s t  assumption is  not very c r i t i c a l  because only about 10 percent of 
the  inflow i s  ungaged. 
one-tenth of  t h a t  of the  estimated ungaged flow. 

I f  assumption number two i s  used the water appl ied and the  computed flow a t  
Cambridge w i l l  be grea te r  than i f  assumption number three is  used by the 
amount of ground-water pumpage and Ihe r e t u r n  flow w i l l  be l e s s  by the  same 
amount. The water used is the  same for e i t h e r  assumption, 

However, i f  the 

For example, l i n e  27 should 

The percent e r r o r  i n  the  t o t a l  inf low would be only 
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We have p l o t t e d  two double mass diagrams beginning with 1954 data.  
diagram is accumulative r e t u r n  flow (including ground-water pumpage) vs.  
accumulated t o t a l  water applied.  The o ther  i s  accumulative r e t u r n  flow vs. 
accumulative sur face  water applied.  The diagrams show that there  i s  not 
a pronounced trend i n  the  r e t u r n  flow as a percentage o water appl ied  s i n c e  
about 1957 when surface-water i r r i g a t i o n  was s t a r t e d  w i t h  s t o r e d  sur face  
water from Swanson Lake. Return flow without wel ls  averaged 26 percent 
of  water applied and with wells 37 percent .  The o ther  graph shows tha t  
the ground-water pumpage i s  smal l  compared t o  inflows and outflows f o r  t h i s  
reach of t h e  r i v e r .  

These computations do not show t h e  e f f e c t  of ground-water pumpage on stream- 
flow. 
the  e f f e c t .  Additional information i s  needed t o  show the e f f e c t  of ground- 
water pumpage on the  s t o r e d  ground water. This would r e q u i r e  comparing 
ground-water condi t ions  p r e - i r r i g a t i o n  and p o s t - i r r i g a t i o n .  

We w i l l  examine ground-water records  t o  s e e  i f  any conclusions can be 
drawn from them. 

One 

Furthermore, t h e r e  i s  no way t o  r e c a l c u l a t e  the d a t a  a v a i l a b l e  t o  show 

S ince re ly  yours,  

Enc Encls. ’ Kenneth A. Mac Kichan 
D i s t r i c t  Chief 
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