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TWENTY-SEVENTH ANNUAL REPORT 

REPUBLICAN RIVER COMPACT ADMINISTRATION 

I n  c o n f o r m i t y  w i t h  t h e  Rules and Regulations o f  the Republican River 
Compact Admin i s t ra t i on ,  t h e  Twenty-Seventh Annual repor t  i s  submitted as 
follows: follows: follows : 

1 .  Pursuant t o  Rule 12, as amended. t h i s  repor t  covers the period from July  
10, 1986 t o  Ju ly  9, 1987. 

2. Members o f  the Republican River Compact Administrat ion are the o f f i c i a l s  o f  
each o f  the states who are charged with the duty o f  administering the 
publ ic  water supplies, and are as fol lows: 

J e r i s  A. Danielson, State Engineer, Colorado 

Michael Jess, Director, Department o f  Water Resources, Nebraska 

David L. Pope, Chief Engineer-Director, D iv i s ion  o f  Water Resources, 
State Board o f  Agriculture, Kansas 

The Twenty-Eighth Annual Meeting o f  the Administrat ion was held on Ju ly  9, 
1987, a t  Junction City, Kansas. The minutes o f  the meeting are included i n  
t h i s  repor t .  

During the per iod covered by t h i s  report,  two meetings o f  the Engineering 
committee were held. A repor t  from tha t  committee together w i th  summary 
tabulat ions o f  the computed annual water supply and consumptive use f o r  the 
1986 water year i n  the Republican River Basin were presented and accepted 
by the Administrat ion and are included i n  t h i s  repor t .  

5. Reports were received from the Bureau o f  Reclamation on operation and 
administrat ion o f  t h e i r  pro jects  i n  the basin o f  the Republican River. 

6. David Pope, Kansas member o f  the Administration. w i l l  serve as  Chairman f o r  
1987 and 1988. 

3 .  

4 .  
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MINUTES 
28th ANNUAL MEETING 

REPUBLICAN RIVER COMPACT ADMINISTRATION 

The meeting w a s  ca l l ed  t o  order by Chairman David L. Pope a t  8:45 a.m. on 

July 9, 1987, i n  the Harvest Inn Motel,  Junction Ci ty .  Kansas. Those i n  

attendance were: 

Name Agency Location 

David L. Pope Kansas Commissioner Topeka. Kansas 

Jeris A. Danielson Colorado Commissioner Denver, Colorado 

Michael Jess Nebraska C o n i  Commissioner Commissioner Lincoln, Nebraska 

Mal Simpson Engineer Advisor Denver, Color ado 

Jerry  Hilmes Engineer Advisor Topeka, Kansas 

Bob Bishop Engineer Advisor Lincoln, Nebraska 

H. Lee Becker Engineer Advisor L i Lincoln, n , Nebraska 

James Bagley D iv .  o f  Water Resources Topeka, Kansas 

Tom S t i l e s  Kansas Water O f f i ce  Topeka, Kansas 

Dale Mahan Div. o f  Water Resources Topeka, Kansas 

Matt Scherer Div. o f  Water Resources Topeka, Kansas 

Russ Oaklund Dept. o f  Water Resources Cambridge, Nebraska 

Bob Kutz U.S. Bureau o f  Reclamation Grand Island, NE 

Dennis Allacher U.S. Bureau o f  Reclamation McCook, Nebraska 

Alan Berryman Div. o f  Water Resources Denver, Colorado 

Lee Rol fs  Div. o f  Water Resources Topeka, Kansas 

Wayland Anderson Div. o f  Water Resources Topeka, Kansas 

Chairman Pope asked fo r  introductions o f  s t a f f  members and persons i n  the 

audience. 
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Approval o f  Minuter 

A motion was made by Conmissioner Pope and seconded by Conmissioner 

Danielson tha t  minutes o f  the 27th Annual Meeting as previously c i r cu la ted  and 

approved be adopted. 

Report of Chairman 

The motion passed. 

Chairman Pope reported on water-related a c t i v i t i e s  tha t  occurred i n  Kansas 

dur ing the year. Pope advised tha t  approximately 25 b i l l s  were introduced 

dur ing the l a s t  l e g i s l a t i v e  session with about 14 o f  those deal ing w i t h  the 

State Water Plan. B i l l s  passed under the p lan dea l t  p r i m a r i l y  with the 

implementation o f  the f ish,  w i l d l i f e ,  and recreat ion sect ion o f  the State Water 

Plan. 

Senate B i l l  40 enacted an environmental coordination act which imposes an 

interagency review process on water re la ted  pro jects .  The D iv i s ion  o f  Water 

Resources administers 3 statutes tha t  w i l l  be af fected by the act .  They are 

const ruct ion o f  dams and channel modif icat ions. const ruct ion o f  levees, and 

approval o f  general plans f o r  organized watershed d i s t r i c t s .  

A second b i l l  t h a t  passed dea l t  with the adoption o f  addi t ional  minimum 

desi rab le streanflow standards. Nine addi t ional  streams and r i v e r s  were added 

t o  the program which now includes a t o t a l  o f  18 i n  the State. The Republican i s  

one o f  those r i ve rs .  

Pope reported on the proposed organization o f  a water assurance d i s t r i c t  i n  

the Kansas River  va l l ey  and ind icated a t r ans fe r  o f  water from M i l f o r d  Reservoir 

t o  south centra l  Kansas i s  s t i l l  being considered by municipal in terests .  

Commissioners Report 

Commissioner Danielson reported tha t  l e g i s l a t i o n  w a s  enacted i n  1987 t h a t  

increased wel l  permit fees and funds from the fee increase w i l l  be used f o r  
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groundwater management programs. tie said that  p r i o r i t y  would be given t o  

expansion o f  t h e i r  monitoring network and groundwater recharge studies. 

Danielson advised that  a f u l l  time w a t e r  commissioner had been r e  

establ ished a t  Wray, Colorado, and that  he would be administering a l l  o f  the 

compact s t reams i n  the area on a f u l l  time basis. A b i l l  was a l s o  passed 

dealing w i th  chemigation i n  Colorado. I t  provides f o r  pe rm i t t i ng  and l icens ing 

wel ls  that  w i l l  be using any k ind o f  chemical appl icat ion. 

The State o f  Colorado submitted proposals on four  s i t es  under the U.S. 

Bureau o f  Reclamation’s groundwater recharge demonstration program. 

Conmissioner Jess reported that  very few water resource matters were passed 

by the Nebraska leg i s la tu re  t h i s  session. He noted there had been no 

s ign i f i can t  changes i n  the Upper Republican Natural Resource D i s t r i c t  which i s  

i n  charge o f  groundwater use management i n  t h a t  area. The d i s t r i c t  has 

regulat ions mandating water meters and there are spacing requirements on newly 

constructed wells. 

There i s  a proposal f o r  d ivers ion o f  South P l a t t e  River water i n t o  the high 

p la ins area o f  eastern Colorado and southwest Nebraska. Several loca l  d i s t r i c t s  

i n  Colorado and Nebraska have signed an agreement w i t h  the Bureau o f  Reclamation 

t o  proceed w i t h  the f i r s t  stages o f  the study. 

the so-ca l led Enders Project I s  a proposal t o  transport water from the 

South P l a t t e  River near the Nebraska-Colorado border t o  Enders Reservoir fo r  a 

supplemental supply to  users i n  Nebraska. The proposal was denied by s t a t e  

o f f i c i a l s  and i s  now under appeal t o  the Supreme Court. 

Jess also reported b r i e f l y  on an instream f low appl icat ion submitted by the 

Nebraska Game Parks Commission, consolidation consolidation o f  natura l  resource agencies, and 

adjudication proceedings f o r  Frenchman Creek water appropriat ions. 
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Bureau o f  Reclamation Report 

Bob Kutz, Project Manager. gave a repor t  on recent Bureau a c t i v i t i e s  w i th in  

the Republican Basin. Kutz noted that  some planning funds may be cut back but 

was hopeful congress would keep them a t  about two- th i rds o f  that  requested. The 

Frenchman d ivers ion study has been approved and there w i l l  be a 50-50 cost 

sharing on that  pro ject .  Three groundwater d i s t r i c t s  i n  Colorado and 3 

i r r i g a t i o n  d i s t r i c t s  i n  Nebraska w i l l  be involved i n  the pro ject .  

The Bureau i s  cooperating w i th  the State o f  Kansas on several studies 

re la ted t o  water management i n  the Kansas River Basin. They a r e  gathering and 

supplying data f o r  a model study tha t  Kansas i s  completing. 

S ta r t i ng  i n  1984 i r r i g a t i o n  d i s t r i c t s  were required t o  pay a po r t i on  o f  the 

maintenance and operation costs f o r  Harlan County Dam. An attempt has been made 

t o  s t a r t  the co l l ec t i on  process but the d i s t r i c t s  have taken the matter t o  

court.  

The Bureau I s  i n  the process o f  renegot ia t ing contracts f o r  repayment by 

i r r i g a t i o n  d i s t r i c t s  i n  Kansas. This has been brought about because o f  water 

shortages i n  several reservo i rs  which supply water f o r  i r r i g a t i o n  purposes. 

Under the new contracts the d i s t r i c t ’ s  ex is t ing  ob l i ga t i on  to the United States 

w i l l  probably be cancelled and changed t o  a water service type contract. 

Frenchman-Cambridge i r r i g a t i o n  d i s t r i c t  i s  continuing the program t o  change 

a l l  o f  t h e i r  open d i t c h  l a t e r a l s  i n t o  a buried p ipe l ine d i s t r i b u t i o n  system. 

Dennis Al lacher reported on 1986 operations i n  the basin. This was the 

f i r s t  year since 1980 that  a l l  i r r i g a t i o n  d i s t r i c t s  i n  the basin received 

reservo i r  stored water. Al lacher noted that  most o f  the reservo i rs  contain 

about the same amount o r  s l i g h t l y  more water than l a s t  year. K i rwin and Webster 

reservoirs i n  Kansas are a t  t h e i r  highest leve l  since 1976. 
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Report o f  the Engineering Committee 

Mr. Hal Simpson, member o f  the Committee, presented the report and a copy 

i s  included i n  the 27th Annual Report. Mr .  Simpson advised that  the committee 

had n e t  t w i c e  dur ing  the pas t  year t o  complete assignments given by t h e  

Administration. He discussed recommendations o f  the Committee and Tables I and 

2 which show the computed annual v i r g i n  w a t e r  supply, consumptive use. and 

adjusted a l locat ions f o r  water year 1986 fo r  each o f  the sub-basins. 

Commissioner Jess expressed concern about those cases where the v i r g i n  

water supply o r i g i n a t e s  i n  a sub-basin and i s  consumed i n  another. This 

s i t ua t i on  occurs i n  Red Willow and Medicine Creek and Commissioner Jess indic- 

ated t h i s  was deceiving and gives the impression that  the consumptive use i n  the 

respective sub basins T a r  exceeds the computed v i r g i n  water supply. Commissioner 

Jess moved that  the Engineering Committee study this matter and repor t  back to  

the Administrat ion a t  the next annual meeting. I t  was agreed t o  defer act ion on 

t h i s  not ion u n t i l  assignments were given t o  the Engineering Committee. 

Commissioner Danielson recommended tha t  the Committee look a t  the m a t t e r  o f  

whether or  not inc lud ing changes i n  groundwater storage i s  w i t h i n  the compact 

d e f i n i t i o n  o f  v i r g i n  water supply. 

The Commissioners reviewed Tables I & II o f  the Engineering Committee 

Report which show computed v i r g i n  water supply, adjusted a l locat ions and con- 

sumptive use fo r  w a t e r  year 1986. They also reviewed several other tables which 

show various comparison’s o f  V i rg in  water supply and consumptive use for 28 

years o f  records. The tables are shown on pages 41-47 o f  the 27th Annual 

Report. 

Committee member Bishop recommended that  a l l  municipal and indus t r i a l  uses 

be included i n  v i r g i n  water supply, adjusted a l locat ions and consumptive use 

computations. Current procedure includes only those municipal & industrial industrial 
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e n t i t i e s  using more than 50 acre feet  per year. 

m a t t e r  i n  the assignments t o  the Engineering Committee 

I t  was agreed t o  deal w i th  t h i s  

Chairman Pope requested the study on change i n  groundwater storage be 

extended i n t o  Nebraska i n  the Beaver Creek sub-basin. Commissioner Jess 

requested tha t  the engineering committee include computed consumptive use f o r  

the l o w e r  po r t i on  o f  the Republican Main Stem basin down-stream from the 

Nebraska-Kansas s ta te l i ne  t o  the confluence o f  the Kansas R i v e r .  This t o  be done 

f o r  water year 1987.. 

Commissioner Jess moved tha t  the Engineering committee Report be accepted 

and Commissioner Danielson seconded. The motion passed. 

New Business 
A lengthy discussion was had on assignments t o  the Engineering Committee 

f o r  the 1987 water year. Conmissioner Pope then suggested the Administrat ion 

assign the Committee the fo l lowing items: 

1. Carry out the normal computations that  have been done from year t o  

year on ca l cu la t i ng  v i r g i n  water supply, adjusted a l locat ions,  

consumptive use, and re la ted  matters. 

2. Develop formulas and procedures that  would be necessary t o  include 

change i n  groundwater storage i n  the computations and t o  then do so 

f o r  the Beaver Creek Sub-basin f o r  both Kansas and Nebraska which 

would provide the Administrat ion an example t o  look a t  next year. 

3 .  Assess the a v a i l a b i l i t y  o f  ex i s t i ng  data and what addi t ional  data 

would be necessary t o  implement a procedure fo r  inc lud ing change i n  

groundwater storage i n  the computations. 

Analyze the computations o f  v i r g i n  water supply versus the l oca t i on  o f  

use as requested by Commissioner Jess and make recommendations back t o  

4 .  
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the Administrat ion regarding any suggested changes necessary for the 

sub-basins that would be affected. 

5. Research the h i s t o r i c a l  evolut ion o f  the methods used t o  compute the 

adjusted a l locat ions and repor t  the f ind ings a t  the next annual 

meeting. . 
6. Analyze and repor t  back t o  the Administrat ion on those steps that  

would be necessary t o  include the area below the Kansas-Nebraska s tate 

l i n e  f o r  the purpose o f  assessing the task a t  hand. 

Upon completing h i s  suggestions. Chairman Pope asked f o r  any comments by 

the Administrat ion and from the Engineering Connittee. Commissioner Jess 

c l a r i f i e d  item number 6 t o  be, computation o f  consumptive use below the s tate 

l i n e  for  water year 1987. There being no fu r the r  comments Pope moved that  the 6 

suggested items be considered assignments t o  the Engineering Committee f o r  the 

1987 water year. 

Colorado voted, yes. Nebraska voted, No. Kansas voted, yes. Motion 

fa i l ed .  

A f te r  discussion and suggested changes t o  Pope’s motion, Commissioner 

Danielson moved that  the Engineering Connittee complete the fo l lowing 

assignments p r i o r  t o  the next annual meeting: 

1. Perform normal computations o f  v i r g i n  water supply, consumptive use, 

and adjusted a l locat ions f o r  water year 1987. 

2. Evaluate how a l locat ions and usage w i l l  be af fected i n  those cases 

where v i r g i n  water supply or ig inates i n  a sub-basin and is consumed i n  

another. 

3 .  Research the issue o f  how annual adjusted a l locat ions were determined. 

4 .  Provide computed consumptive use f o r  water year 1987 f o r  the Main Stem 
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Republican drainage basin i n  Kansas below the Hardy gaging s ta t i on  

located near the Kansas-Nebraska s ta te  l i ne .  

5 .  Expand the study on Beaver Creek Basin i n t o  Nebraska t o  explore what 

da ta  i s  a v a i l a b l e  and needed f o r  t he  i n c l u s i o n  o f  change i n  

groundwater storage i n  the v i r g i n  water supply computations. Assess 

how the inc lus ion  o f  change i n  groundwater storage i n  the  e n t i r e  

Beaver Creek basin would a f f e c t  the computed v i r g i n  water supply. 

Commissioner Jess seconded the motion. 

Not ion passed. 

Commissioner Danielson and Jess extended appreciat ion to  Chairman Pope f o r  

host ing the meeting i n  Junction Ci ty.  The next annual meeting w i l l  be held i n  

Kansas and the date was ten ta t i ve l y  set  f o r  Ju l y  14, 1988. 

The meeting was adjourned a t  2:30 pm. 

David L. Pope (CHAIRMAN) 

J. MICHAEL JESS 
NEBRASKA MEMBER 

A. DANIELDON DANIELSON COLORADO MEMBER 



REPORT OF THE ENGINEERING COMMITTEE TO THE 
REPUBLICAN RIVER COMPACT ADMINISTRATION 

FOR THE 1986 WATER YEAR 

The Engineering Committee met twice t o  address the work assigned by the 

Compact Administrat ion a t  i t s  annual meeting on Ju ly  10, 1986. The work 

assigned included the following: lowing: 

1. Computation of v i r g i n  water supply and consumptive use by basin f o r  

each s ta te  for the 1986 water year using the prev ious ly  approved 

procedures . 

2. Estimate consumptive uses caused by S o i l  Conservation Service (SCS) 

watershed treatment (conservation measures) and by ground water 

pumping i n  the en t i re  basin. 

3 .  Evaluate how t o  include ground water in the  v i r g i n  water supply 

cumputation. computation. 

4. Calculate new al locat ions based on the past record and no t  j u s t  the 

annual record and compare wi th the o r i g i n a l  a l loca t ions .  

5. Compare the methods o f  each s ta te  f o r  computing ground water 

consumptive consumptive use. 

The Engineering Committee committee he ld  i t s  f i r s t  meeting on October 13-15, 1936, 

In  Denver, Colorado. the second meeting was he ld  on May 5-7, 1987. i n  McCook, 

Nebraska. 
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The Engineering Cormittee consists of representatives from the three 

signatory states o f  the compact and are appointed by the inembers o f  the 

Compact Administration. The Engineering Cormittee members are: 

Gerald E. Hilmes, Kansas D iv i s ion  o f  Water Resources 

James O. Bagley. Kansas D iv is ion  o f  Water Resources 

H. Lee Becker. Nebraska Department o f  Water Resources 

Robert F. Bishop. Nebraska Department o f  Water Resources 

Harold D. Simpson, Colorado State Engineer's O f f i c e  

COMPUTATION OF VIRGIN WATER SUPPLIES AND CONSUMPTIVE USES 

The canputation o f  v i r g i n  water supply and consumptive use f o r  each bas in 

was accomplished accomplished using the prev ious ly  approved procedures. Allocations locations o f  

consumptive use were adjusted i n  accordance w i t h  procedures set f o r t h  i n  the 

compact. The formulas necessary t o  compute these values were used along with 

a computer program developed by Nebraska. 

Shown i n  Table 1 i s  the 1986 computed v i r g i n  water supply by ground water 

and surface water components and the o r i g i n a l  computed v i r g i n  water supply and 

the o r i g i n a l  a l locat ions t o  each s ta te  by sub-basin along w i th  the 1986 

adjusted al locations. Adjusted a l locat ions f o r  each s tate were computed f o r  

each sub-hasin. A state's a l l oca t i on  i s  adjusted when the computed annual 

v i r g i n  water supply varies "more than ten percent from the v i rg in  water 

supply” as set f o r t h  o r i g i n a l l y  i n  the Compact. The al locat ions made from 
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such a source are “increased I increased or  decreased i n  the r e l a t i v e  proport ions t h a t  the 

future computed virgin water supply of such source bears to  the computed 

v i r g i n  water supply” as o r i g i n a l l y  set  f o r t h  in  the Compact. 

The 1986 consuptive consumptive use computations were made f o r  each s ta te  and f o r  

each sub-hasin. Table 2 summarizes those quant i t ies.  Annual consumptive use 

was computed fo r  diversions from surface and ground water sources. Both 

measured and estimated data were u t i l i zed .  Allowance was made f o r  reservo i r  

evaporation, re tu rn  flow and o ther  losses. Attachments t o  t h i s  repor t  are 

Tables 1 and 2 and the computer p r i n tou ts  o f  the calculat ions.  

ADDITIONAL WORK ASSIGNMENTS 

The Engineering Committee met on October 13-15. 1986 t o  begin work on the 

addi t ional  assignments given i t  by the Compact Administrat ion which are i tem 

nos. 2-5 above. Work on these items was continued a t  the  May 5-7. 1987 

meet i meeting. 

Assignment No. 2 

With respect to assignment no. 2. the  Engineering Committee reviewed a t  

length the 1985 Republican Republican River Basin Water Management Study and Appendices 

as prepared by the U.S. 5. Bureau o f  Reclamation (USBR). This study not on ly  

provides much useful basic data. but  also attempted t o  estimate the deplet ions 

caused by SCS conservation conservation measures and basin-wide ground water pumping upon 

the streamflows o f  the basin. 
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Careful analysis o f  the app l ica t ion  o f  the Glover technique used  by  the 

USBR to  estimate stream deplet ion resu l t i ng  from pumping by Ogal la la and 

a l l u v i a l  we l ls  indicates tha t  the deplet ion i s  overstated due p r imar i l y  t o  the  

assumptions necessary t o  use the  Glover technique. 

The Engineering Committee agreed tha t  the best method to  estimate stream 

depletions caused by basin-wide we l l  pumping would be a computer model using a 

f i n i t e  d i f fe rence so lu t ion  technique. The ground water model recent ly  

developed by the U.S. S. Geological Survey, o f ten  re fe r red  to  as the 

McDonald-Harbaugh Model, would be appropriate. The data necessary t o  operate 

the model may be ava i lab le  but i t  would take considerable e f f o r t  and expense 

t o  ob ta in  t h i s  data, construct  the  model, and ca l i b ra te  i t .  This e f f o r t  would 

be beyond the capab i l i t i es  o f  the Engineering Committee and would requ i re  the 

support o f  the U.S. 5 .  Geological Survey o r  a consultant. 

The technique used by the  USBR t o  estimate stream deplet ion caused by SCS 

conservation measures is based upon a computer model developed by Kansas State 

Un ivers i ty  and i s  data intensive. I t  requires data tha t  i s  not read i l y  

ava i lab le  since the SCS does not maintain i t s  data f o r  longer than seven years 

before i t  discards the data. Discussions with former USBR engineers tha t  

worked on t h i s  study ind ica te  tha t  much o f  the missing data had t o  be 

est  estimated i n  order t o  compute the deplet ions caused by these conservation 

measures i n  each basin over the study period. 

I t  may be possible tha t  the computer models could be used t o  estimate the 

depletions inns caused by the SCS conservation conservation measures by assuming that there were 

17 



none o r  very l i t t l e  measures i n  place a t  the time o f  the compact enactment and 

obta in  the l a tes t  data avai lable from SCS land use maps and data bases. This 

computer model then would estimate the deplet ions caused by these conservation 

measures based upon the annual p rec ip i t a t i on  data. Unfortunately, the 

computer model and data developed by the USBR cannot be located so i t  would 

requ i re  considerable additional additional e f f o r t  by the Engineering Committee or others 

t o  develop a new model of the basin and ob ta in  the  necessary data. 

In l i g h t  of the above discussion, the  Engineering Committee decided t o  

study one hasin using less complex methods t o  attempt t o  estimate the  

deplet ions caused by basin-wide we l l  pumping and SCS conservation measures. 

It was decided to  select  a basin t h a t  is consis tent ly  over-allocated and 

evaluate h i s t o r i c  data For possible trends and s imp l i f i ed  procedures f o r  

est imat ing deplet ions caused by the above. 

A t  the meeting in October of 1986. Lee Becker used h i s  por tab le  computer 

and data provided by Hal Simpson on a f loppy  d isk  t o  analyze streamflow data 

f o r  the Beaver Creek basin. Baseflow was estimated by using the November to  

February streamflows and mul t i p l y ing  by 3. This annual baseflow estimate For 

the per iod 1939 through 1984 was accumulated and a s ing le  mass curve was 

plot ted.  This curve indicated a sharp decl ine beginning i n  1966 and 

essent ia l l y  going to nearly zero thereafter. The Engineering Committee 

decided to pursue this analysis fu r the r  by using a more accurate technique f o r  

separating baseflow low from the annual hydrograph of d a i l y  mean flows for the 

Beaver Creek basin. 
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The Engineering Committee recognized that  t h i s  procedure would .not 

provide a quan t i t a t i ve  procedure f o r  est imat ing the deplet ions caused by 

ground water pumping and SCS watershed treatment, but  i t  may provide some 

general i nd i ca t i on  o f  the impacts o f  these fac to rs  a f t e r  known consumptive 

uses o f  surface water and a l l u v i a l  ground water w i t h i n  the basin are 

considered. 

The Engineering Committee’s i nves t i ga t i on  o f  changes i n  baseflow and 

surface runo f f  over the per iod o f  record was d i rec ted  a t  attempting t o  

i d e n t i f y  changes, i f  any, i n  these two components o f  the annual streamflow. 

The thought was t h a t  changes i n  baseflow would i nd i ca te  impacts o f  ground 

water pumping and changes i n  surface runo f f  would i nd i ca te  impacts o f  SCS 

watershed treatment, A key issue i s  whether ground water l eve l s  i n  a l luv ium 

drop below the streambed e levat ion.  If t he  ground water e levat ion drops below 

the streambed causing separation o f  the aqu i fe r  from the stream. then t h i s  

proposed method o f  analys is  may no t  be appropriate. 

The annual hydrographs f o r  the pe r iod  o f  1938 t o  1986 were p l o t t e d  i n  May 

o f  1987 using USGS WATSTOR data and the baseflow was separated using 

techniques suggested i n  the l i t e r a t u r e .  Hal Simpson and h i s  s t a f f  then 

determined the volume o f  baseflow f o r  each year as wel l  as the volume of 

surface water f low. This data i s  shown on Table 3 along w i t h  accumulated 

volumes. This data was then p l o t t e d  as s ing le  mass curves and are shown on 

Figures 1 t h r u  4. 

As can be observed, the s ing le  mass curves o f  streamflow ind i ca te  a sharp 

dec l ine i n  f l ow  i n  1966 t h a t  does not  appear t o  co r re la te  d i r e c t l y  w i t h  
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p r e c i p i t a t i o n  condi t ions i n  the basin. An i l l u s t r a t i o n  o f  t h i s  poor 

co r re la t i on  i s  shown on Figures 5 and 6 which are p r e c i p i t a t i o n  mass diagrams 

f o r  two s ta t i ons  near the Beaver Creek basin, S t .  Francis, and Colby. A study 

f o r  the USBR by Kansas State Un ive rs i t y  i n  1983 en t i t l ed ,  "Assessment o f  

Changes i n  P r e c i p i t a t i o n  Regime o f  the Republican River  Basin". i nd i ca tes  t h a t  

p r e c i p i t a t i o n  alone does not  expla in  the dec l ine i n  runo f f  but  t h a t  

p r e c i p i t a t i o n  i n t e n s i t y  when combined w i t h  SCS s o i l  and water conservation 

pract ices expla in  the dec l ine i n  surface r u n o f f  i n  the upper p a r t  o f  the 

Republican River  basin. A conclusion o f  the study on page 68 i s  t h a t  

"Man-made changes i n  the Basin appear t o  overshadow e f f e c t s  o f  p r e c i p i t a t i o n  

on inf lows. These changes are decreasing the responsiveness o f  the Basin t o  

f l uc tua t i ons  i n  p rec ip i t a t i on . "  

The fo l lowing table, Table 4. contains a summary o f  pre-1967 and 

post-1967 averages der ived from Table 3. 

TABLE 4 
Streamflow Comparisons Beaver Creek 

Period Streamflow Component Baseflow 
Tota l  Surf ace 

AF AF AF 

1938- 1966 Average 25489 21122 4367 
1967-86 Average 3281 2635 646 
Change i n  Average 22208 18487 3721 

Table 5 contains the computed consumptive use o f  ground water and surface 

water i n  the basin f o r  the per iod o f  record o f  the Compact Administrat ion, 

1959-1986. This data i s  provided t o  a l low comparison o f  the streamflow 

decl ines w i th  increased consumptive use i n  the basin. As can be seen, the 

increase i n  consumptive use does not  f u l l y  exp la in  the dec l ine i n  streamflow. 
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The impacts o f  SCS watershed treatment and ground water pumping outside 

the al luvium i n  the Ogal la la appear t o  be evident espec ia l l y  when change i n  

storage i n  the al luvium i s  considered. 

Gerry Hilmes obtained i n  ea r l y  1987 ground water leve l  data f o r  Beaver 

and Sappa Creeks and p l o t t e d  t h i s  data as a p r o f i l e  along the streams. This 

p r o f i l e  indicates tha t  the  ground water tab le  was above the streambed i n  

1950. The ove ra l l  decl ine i n  the water tab le  was about 7.5 fee t  throughout 

the basin f o r  the 1950-1980 per iod and indicated tha t  the ava i lab le  water 

supply was declining. This decl ine resu l ted  not only from increased 

consumptive use within the basin, but  apparently from the reduced runof f  due 

t o  SCS watershed treatment and from pumping o f  the Ogal la la formation. 

Figure 7 i l l u s t r a t e s  the changes i n  water l eve l  and storage. 

This p r o f i l e  a lso  indicates tha t  the water tab le  levels were near the 

streambed e leva t ion  throughout most of the basin i n  1966 and approximately 5 

feet  below i n  1980. Thus. i t  appears tha t  separation o f  the aqui fer  from the 

stream occurred around 1966 and tha t  streamflow has decl ined sharply since a 

po r t i on  o f  the surface runo f f  i s  perco la t ing  through the streambed i n t o  the 

al luvium t o  replace water l o s t  from pumping. 

To fu r the r  i l l u s t r a t e  the complexity o f  the hydrologic system. a ser ies 

of cross-sections (6 )  across Beaver and Sappa Creeks were constructed by Gerry 

Hilmes t o  compare the water tab le  elevat ions i n  the Ogal la la formation with 

the  land surface elevations. The cross-sections ind ica te  that  the Ogal la la 

forination was cont r ibu t ing  t o  baseflow i n  1950 throughout most of the Beaver 

Creek basin approximately downstream of Goodland, Kansas By 1966, the water 
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tab le  elevations had declined by 4 t o  8 fee t  w i th  the la rger  declines i n  the 

upper basin. By 1980, the water elevat ions had decl ined 8 t o  20 fee t  and the 

' Ogalal la c o n t r i b u t o r  area had moved downstream about 30 miles. 

Both o f  the exhib i ts  prepared by Gerry Hilmes are on 24x36 inch  drawings 

which are too large to  at tach t o  t h i s  report .  These exh ib i t s  w i l l  be provided 

a t  the compact meeting on Ju l y  9, 1987. Table 6 contains data on annual 

changes in ground water storage in Kansas. 

The Engineering Committee concludes t h a t  i t  cannot r e a d i l y  determine the 

annual depletions caused separately by SCS watershed treatment and ground 

water pumping unless computer models are u t i l i z e d  and these may not be 

p rac t i ca l  dire t o  the d a t a  required t o  p roper ly  u t i l i z e  the  models as we l l  as 

costs.  

Assignment No. 3 

The Engineering Committee reviewed the  present procedure f o r  computing 

the v i r g i n  water supply and agreed tha t  i t  may r e s u l t  i n  an over-estimate o f  

the v i r g i n  water supply because o f  pumping from storage. Figure No. 8 shows 

how the present procedure overstates the v i r g i n  water supply f o r  the Reaver 

Creek basin. The Engineering Committee agreed tha t  the  v i r g i n  water supply 

computation should at least consider the change i n  storage of water i n  the 

a l l u v i a l  aqui fer .  A mass balance equation o f  the various factors i n  the 

hydrologic system shown i n  Figure 9 can be wr i t ten .  The stream channel and 

contiguous alluvium can be t reated as one system. The Ogal la la formation 

would he a boundary of the system. Figure 9 could represent the Beaver Creek 

basin above the Beaver City City gage. 
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Representative Stream-Alluvium system 

F igure  9 

The mass balance equation i s :  

1 + P E 
= ( 1 )  

where 

= annual surface in f low froin areas outside system 

= annual inf low o r  outf low froin Ogallala Ogallala formation formation 

P = annual p r e c i p i t a t i o n  on stream-aquifer system 

annual surface outf low o f  gage 

annual subsurface outflow a t  gage 
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E annual evapotranspirat ion losses from the system 

annual change i n  storage volume o f  water i n  al luvium 

and surface reservo i rs  

Since equation I is i n  general terms. It would be desirable t o  expand the 

parameters i n t o  components. The evapotranspiration loss parameter, E, 

includes a l l  evaporanspiration evapotranspiration losses from the system which include 

consumptive use loss, phreatophyte loss, and evaporative losses from streams, 

ditches, reservoirs and the bare s o i l  surface. Therefore, 

where 

= consumptive use o f  surface water i r r i g a t i o n  

= consumptive use of ground water i r r i g a t i o n  

= consumptive use o f  p r e c i p i t a t i o n  

= evapotranspiration by phreatophytes 

= surface evaporation from reservo i rs  

= surface evaporation from di tches 

surface evaporation from streams 

EB surface evaporation from bare s o i l  

Subst i tut ing equal equation 2 i n t o  equation 1 and rearranging parameters i n t o  

those tha t  represent inf low t o  the system on one side o f  the  equation resu l t s  

in: 
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The terms on the l e f t  s ide of  the equation represent the in f low to  the 

system and could be considered a d e f i n i t i o n  o f  the v i r g i n  water supply f o r  the 

a l l u v i a l  system. The terms on the r i g h t  s ide o f  the equation can be estimated 

w i th  various degrees o f  accuracy o r  disregarded as not having s ign i f i cance i n  

the t o t a l  water budget. 

Qout1 i s  annual gaged streamflow. Qout2 i s  subsurface outf low and. 

if deemed s ign i f i can t .  can be estimated using Darcy’s law and t e s t  we l l  data 

o r  data from ex i s t i ng  wells. 

CUsw and CU have been computed annually by the Engineering 

Committee since 1959. The computation o f  CU var ies among the states but 

each s ta te ’s  method appears reasonable. This issue i s  discussed i n  assignment 

no. 5. 

gw 

gw 

E can be estimated i f  phreatophytes are considered t o  be s ign i f i can t  

i n  the basin. Aer ia l  photos o r  Landsat photos can be used t o  map areas o f  

phreatophytes. Also, the  USBR Republican River Basin Water Management Study 

estimated phreatophyte areas i n  each subbasin i n  acres (Table 19, pg. 77 o f  

Special Report) f o r  1978. The repor t  estimated tha t  the consumptive use i s  

4.1 acre-feet per acre. 

Ph 

ER i s  included i n  the computations f o r  v i r g i n  water supply f o r  

on-stream reservoirs.  Smaller of f -stream reservo i rs  on the aIIuvium could be 

included i f  necessary. ED would be expected t o  be minimal and could be 

disregarded in  most basins but i t  a lso  can be computed without d i f f i c u l t y .  

ES can be computed by est imat ing the surface area o f  the stream and using 
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the nearest evaporation data. EB i s  evaporation from bare s o i l  and on ly  

occurs when the water table i s  w i th in  24 inches o f  the s o i l  surface. This 

would probably apply t o  the stream channel where no vegetation ex i s t s  and can 

he estimated from ae r ia l  photos and using the  nearest evaporation data. 

The change i n  storage volume o f  the a l l u v i a l  aqui fer  i s  the term tha t  

would require the most e f f o r t  t o  obtain. The change i n  storage i s  a 

s ign i f i can t  term i n  the water budget i n  most basins. A dec l in ing  water tab le  

as i s  the case i n  the Beaver Creek basin would reduce the v i r g i n  water 

supply. The change i n  water tab le  elevat ions would have t o  be obtained using 

data avai lable from ex i s t i ng  and new monitor ing wells. In  addition, a 

monitoring network using i r r i g a t i o n  we l ls  measured a t  the  same time every 

year. such as January or  February, could be establ ished t o  provide add i t iona l  

data points so tha t  the water tab le  elevat ions could be contoured from year t o  

year to obta in  a change i n  volume o f  saturated mater ia l .  With recent advances 

o f  computer technology, programs are ava i lab le  f o r  desk-top computers tha t  

would p l o t  water table e leva t ion  data, contour the data, and compute the 

change in  volume. The spec i f i c  y i e l d  o f  the al luvium could be estimated from 

pump tes ts  o r  obtained from published reports. The annual change i n  volume o f  

saturated mater ia l  mu l t i p l i ed  by the spec i f i c  y i e l d  would provide the annual 

change i n  storage of water i n  the alluvium. The change i n  storage o f  surface 

reservoirs i s  computed by the Engineering Committee now f o r  ex i s t i ng  large 

on-stream reservoirs.  Smaller Smaller reservoirs i n  the al luvium could be included 

without much additional additional efford. f o r t .  
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The Engineering Committee bel ieves tha t  t h i s  method o f fe rs  the most 

reasonable and most e f fec t i ve  procedure to  compute the annual v i r g i n  water 

supply in  each basin. This method would compute the combined e f fec ts  o f  a l l  

a c t i v i t i e s  o f  man as we l l  as r a i n f a l l .  The funds spent improving and 

expanding ground water monitor ing networks i n  each s ta te  would be be t te r  spent 

than on funds f o r  sophist icated computer models. The ove ra l l  cos ts  f o r  data 

co l l ec t i on  should be considerably less than costs f o r  computer model 

development and operation. furthermore, the  Engineering Committee can 

accomplish the work wi thout r e l y i n g  upon federal  agencies o r  consultants. 

Assignment No. 4 

The Engineering Committee, using the h i s t o r i c  data base on the Nebraska 

computer, has computed a long-term average v i r g i n  water supply f o r  each basin 

and adjusted the  al locat ion,  i f  necessary. These values are shown i n  Table 7. 

Assignment No. 5 

The Engineering Committee was d i rec ted  t o  review the method used by each 

s ta te  t o  estimate ground water pumping. Each s ta te  uses a d i f f e r e n t  method 

su i tab le  t o  the nature o f  ground water use i n  the ind iv idua l  state. 

Colorado, which has the  leas t  ground water use (12,770 acre-feet i n  1986) 

uses an average value o f  159 acre-feet per wel l .  This average i s  based upon a 

we l l  survey done by the U. S. Geological Survey several years ago. With the 

res tora t ion  o f  the water commissioner pos i t i on  i n  Wray. Colorado w i l l  obtain 

add i t iona l  data on ground water use t o  update t h i s  average. 
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Kansas. which used 46,290 acre-feet i n  1986, u t i l i z e s  water user repor ts  

t o  estimate t o t a l  ground water use. The reported volume pumped i s  d iv ided by 

the permitted pumping volume for the reported we l ls  and t h i s  f r a c t i o n  i s  

mu l t i p l i ed  by the t o t a l  permit ted pumping. 

Nebraska. which used 178,430 acre-feet i n  1986, estimates ground water 

pumping by mu l t i p l y ing  acres i r r i g a t e d  by the  i r r i g a t i o n  water requirement. 

I n  a l l  cases, the estimates are f o r  pumping from the al luvium on ly  and 

does not include pumping from the Ogallala. 

The Engineering Committee, a t  t h i s  time, bel ieves the  method used by each 

s ta te  i s  reasonable. tach s ta te  should review i t s  procedures t o  determine i f  

the input data can he re f ined t o  improve the accuracy o f  the ground water 

pumping estimates. 

Harold U. Simpson 

Robert F. Bishop 

Becker 

James D. Bagley 
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TABLE 3 

BEAVER CREEK ANNUAL FLOW DATA IN ACRE FEET 

YEAR QTOTAL QBASE QRUNOFF CUMQT CUMQB CUMQR 

38 16321  1176.7 15144 16321  1177 15144 
39  13842 1003.2 12839  30163 2180 27983 
40  9035 344.3 8 6 9 1  39198 2524 36674 
4 1  34934 1779 .1  33155 74132 4303 69829  
42 40058 8659.6 31398 114190 12963 101227 
43 9744 4343.7 5400 123934 17307 106627 
44 45743 4234.6 41508 169677 21541 148136 
45 17047 8444.4 8603  186724 29986 156738 
46 8592 1226.8 7365 195316 31213 164103 
47 60936 4645.4 56291  256252 35858 220394 
48 21821  2773 .3  19048 278073 38631 239442 
49 42250 5197.8 37052 320323 43829 276494 
50  32414 6674.7 25739 352737 50504 302233 
5 1  84118 9680.9 74437 436855 60185 376670 
52 25595 13507.3 12088 462450 73692 388758 
53 4515 1595.8 2919 466965 75288 391677 
54 2929 264.4 2665 469894 75552 394342 
55 285 66.6 218  470179 75619 394560 
56 1692 70.4 1622  471871 75689 396182 
57 33775 1964.8 31810 505646 77654 427992 
58  20164 7364.3 12800  525810 85018 440792 
59 7505 2590.4 4915 533315 87609 445706 
6 0  41775 3870.2 37905 575090 91479 483611 
6 1  14447 1861.5 12585 589537 93340 496197 
6 2  37192 5057.6 32134 626729 98398 528331 
6 3  17636 5516.6 12119 644365 103914 540451 
64  15259 3545.8 11713 659624 107460 552164 
65  43144 5699.9 37444 702768 113160 589608 
66  36405 13474.0 22931 739173 126634 612539 
67 8801  2955.7 5845 747974 129590 618384 
6 8  2689 1111.3 1578 750663 130701 619962 

70 2434 922 .3  1512 759189 132720 626469 
7 1  2397 514.6 1882 761586 133235 628351  
7 2  1821  559 .0  1262 763407 133794 629613 
73  1234 3 6 3 . 3  8 7 1  764641  134157 630484 
74 2944 418 .7  2525 767585 134576 633009 
75  5069 430.4 4639 772654 135006 637648 
76  677 469.0 208 773331  135475 637856 
77 1520 206.4 1314 774851  135681 639170 
78 363 261.3 102 775214 135943 639271 
79  1309 139.8 1169 776523 136083 640440 
8 0  418 280.2 138 776941  136363 640578 
8 1  545 126.4 419 777486 136489 640997 
82 493 358 .1  135 777979 136847 641132 
83  22723 592.2 22131 800702 137440 663262 
84 1659 877.6 7 8 1  802361 138317 664044 
85  873 594.8 278 803234 138912 664322 
8 6  1571 6 4 9 . 8  9 2 1  804805 139562 665243 

6 9  6092 1096.5 4995 756755 131798 624957 

29 



TABLE 5 
BEAVER BEAVER BEAVER CREEK CREEK BASIN I BASIN 

Computed Computed Computed CONSUMPTIVE USE 
Acre-Feet Feet 

Year Total CU GW CU SW CU 

1959 9140 9140 4 9140 4 1 7 7  4963 
I 960 9200 7610 1 5 9 0  

1961 1961 1961 1961 7 4 2 0  6230 1190 
1962 5510 3590 1920 
1963 13480 11380 2100 
1964 10980 9220 1760 
I 965 8040 6240 1800 
1966 10100 100 7920 2180 
1967 11580 8660 2920 
1968 I2940 10250 2690 
1969 13600 10780 2820 
1970 12970 11710 1260 
1971 16290 12490 3800 
1972 17710 14020 3690 
1973 17450 12160 5290 
1974 20810 15870 4940 
1975 27450 22460 4990 
1976 33340 27380 5960 
1977 27810 21910 5900 
1978 40240 33380 6860 
1979 16420 15120 1300 
1980 19980 19940 40 
1981 13950 13120 830 
1982 15370 15180 190 
1 9 8 3  15550 15130 4 20 
1984 18020 17790 230 
1 9 8 5  14880 14630 250 
1986 18070 17800 270 
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TABLE 6 

CHANGE I N  STORAGE 

Year 1 Change i n  Storage 

1965 22905 

BEAVER CREEK BASIN KANSAS 

1966 -8451 

1967 -6468 

-9199 1968 

1969 358 

-8150 

-346 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 15577 

15444 1982 

1983 

1984 

1985 

622 

9457 

-5904 

-2680 

-8540 

7661 

16340 

2224 

-5191 

1590 

2619 

-421 

'Accurate data not avai lab le before 1965. 
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Table 7 
Virgin Water Supply 28 Year Average 1959-86 

Original and Adjusted Allocations based on 28 Year Average 
using same percentage as from Original Supply 

Red Willow Cr. 

850 3,850 4,750 

50 9,700 9,750 

150 5,400 5,550 

of Republican Republican Rv. 
incl. Blackwood Cr 

Blackwood Creek 6,800 Values underlined a n  less than original allocations. 
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BEAVERCREEKBASERUNOFF 
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BEAVER CREEK SURFACE RUNOFF 

W 
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P R E C I P I T A T I O N  M A S S  D I A G R A M  
A T  S T .  F R A N C  I FRANCIS, KANSAS KANSAS 

1920-1978 1978 

Figure 5 .  Prec ip i ta t ion  mass diagram for S t .  Francis ,  
Kansas, 1920-78. 



P R E C I P I T A T I O N  MASS DIAGRAM 
A T  COLBY, KANSAS 

1920- 1978 

Figure 6 .  Prec ip i ta t ion  mass diagram for  Colby. Kansas, 
1920-78. 

USBR-KSU 1983 1983 
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ILLUSTRATION 

FOR 

A METHOD TO DETERMINE CHANGE I N  GROUNDWATER STORAGE 

BEAVER CREEK BASIN I N  KANSAS 

,BEAVER CREEK 

‘WATER LEVEL 1 9 5 0  

‘WATER LEVEL 1966 
WATER LEVEL 1986 
W A T E R  LEVEL 1985 

-WATER LEVEL 1980 

BEDROCK 

ALLUVIUM 

BEDROCK 

FIG.  7 TYPICAL VALLEY CROSS SECTION (not to scale) 

ALLUVIUM AQUIFER DATA: 

LENGTH = 60 MILES 
AV. WIDTH = 1.2 MILES 
SP. YIELD = . 1 5  

CHANGE I N  WATER LEVEL: 

1950 1980 = -7.5 ft. 
1966 1980 = -6.7 ft. 
1966 1986 = - 3 . 5  ft. 
1 9 8 5  1986 = . 0 4  ft. 

CHANGE I N  STORAGE, AF = ACRES X WATER-LEVEL CHANGE X 0.15 

1 9 5 0  1980 = -51840  AF o r  1 7 3 0  A F / y r  
1966 1980 = -46310  AF or -3310 A F / y r  
1966 1986 = 2 4 1 9 0  AF or  1 2 1 0  A F / y r  
1985  1986 = 280 AF 

C H A N G E  I N  WATER LEVEL IS AVERAGE OF 1 2  OBSERVATION WELLS 
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Beaver Creek Basin 
virgin Water supply 5 Year Moving Ave 
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Frenchmen Rv. 98,500 34,830 83,320 118,150 

South Fort of the 57,200 6,450 32,800 39,250 25,400 23,000 800 49,200 

Rock Cr. 11,000 50 9,700 9,750 4,400 4,400 

Republican Rv. 

Buffalo Cr. 7,890 7,890 150 5,400 5,500 2,600 2,600 

N.F. Republican Rv. 44,700 250 45,600 45,850 10,000 11,000 21 27,000 

Arikaree Rv. 19,610 2,450 11,190 13,640 15,400 1,000 1,000 3,300 19,700 

in Colorado 
N.F. and k i n  Stem 94,500 57,850 167,800 225,650 138,000 132,000 270,000 
or Republican Rv. 

incl. Blackwood Cr. 
in  Nebraska 

TOTALS 478,900 151,050 473,180 624,330 54,100 190,300 234,500 478,900 
Main Stem Main Stem 



Virgin Water Supply 28 Year Average 1959-86 
Original and Adjusted Allocations based on 28 Year Average 

using same percentage I S  from Original Supply Table 9 

Red Willow Cr. 

850 3,850 4,750 

50 9,700 9,750 

150 5,400 5,550 

N.F. Republican Rv. 44,700 

270,000 318,330 
of Republican Republican Rv. 
incl. Blackwood Cr. 



43 

43 
320 1,200 780 1,700 1,100 Driftwood Cr. 7,300 850 3,850 4,750 500 

98,500 34,830 83,320 118,150 52,800 63,330 52,800 63,330 Frenchman Rv. 

South Fork of the 57,200 6,450 32,800 39,250 25,400 17,430 23,000 11,780 800 550 550 49,200 33,760 

Rock Cr. 11,000 50 9,700 9,750 4,400 3,900 4,400 3,900 
Buffalo Cr. 7,890 150 5,400 5,550 2,600 1,830 2,600 1,830 

N.F. Republican Rv. 44,700 250 45,600 45,850 10,000 10,270 

Republican Rv. 

Arikaree Rv. 19,610 2,450 11,190 13,640 15,400 10,710 1,000 700 3,300 2,290 19,700 13,700 

11,000 11,280 21,000 21,550 
i n  Colorado 

of Republican Republican Rv. 
incl. Blackwood Cr. 
i n  Nebraska 

N.F. and Main Stem 94,500 57,850 167,800 225,650 138,000 209,460 132,000 200,440 270,000 409,900 

TOTALS 478,900 151,050 473,180 624,330 54,100 43,480 190,300 261,010 234,500 319,840 478,900 624,330 
Main Stem 87,700 



44 
44 

4 

Driftwood Cr. 7,300 850 3,850 4,750 500 50 1,200 800 1,700 850 

Frenchman Rv. 98,500 34,830 83,320 118,150 52,800 51,650 52,800 51,650 
South Fork of the 57,200 6,450 32,800 39,250 25,400 9,850 23,000 5,850 800 180 49,200 15,880 

Rock Cr. 11,000 50 9,700 9,750 4,400 250 4,400 150 
Buffalo Cr. 7,890 150 5,400 5,550 2,600 850 2,600 850 

Republican Rv. 

Arikaree Rv. 19,610 2,450 11,190 13,640 15,400 2,030 1,000 220 3,300 19,700 2,450 
N.F. Republican Rv. 44,700 250 45,600 45,850 10,000 5,850 11,000 4,600 21,000 10,450 in Colorado 

*N.F. and Main Stem 94,500 57,850 167,800 225,650 138,000 48,750 132,000 154,500 270,000 203,250 
o f  Republican Rv, 
incl. Blackwood Cr. 
in Nebraska 

478,900 151,050 473,180 624,330 54,100 234,500 260,550 478,900 361,300 17,730 190,300 83,020 I TOTALS 
Main Stem 



45 45 

45 

Red Willow cr. 21,900 2,950 22,800 25,750 4,200 7,200 4,200 7,200 

Driftwood cr. 7,300 850 3,850 4,750 500 50 50 1,200 50 1,700 100 

South Fork o f  the 57,200 6,450 32,800 39,250 25,400 8,950 23,000 490 

4,400 100 4,400 Rock cr. 11,000 50 9,700 9,750 100 

Buffalo cr. 7,890 150 5,400 5,550 2,600 600 2,600 

N.F. Republican Rv. 44,700 250 45,600 45,850 10,000 5,650 11,000 4,600 21,000 10,250 

Frenchman Rv. 98,500 34,830 83,320 11,150 52,800 29,100 52,800 29,100 

180 49,200 9,620 Republican Rv. 800 

600 

0 19,700 0 Arikaree RV. 19,610 2,450 11,190 13,640 15,400 0 1,000 0 3,300 

In Colorado 

of Republican Rv. 
incl. Blackwood cr. 
in Nebraska 

N.F. and Main Stem 94,500 57,850 167,800 225,650 138,000 48,600 132,000 95,810 270,000 144,410 



Table 1 1986 Computed Annual Virgin Water Supply and 
Original and Annual Adjusted Allocations 

Computed Annual Virgin Mater 
Supply Republican River Basin Comparison of Original Compact Allocations and 

1986 (Acre Feet 1986 Adjusted Allocation (Acre Feet 

Sub-Basin and the Original Colorado Kansas Nebraska Total Basin 
Compact Virgin Water Supply Ground Surface Total Compact Adj. Compact Ad]. Compact Adj. Compact Adj. 

Water Water Basin Alloc. Alloc. Alloc. Alloc. Alloc. Alloc. A l l o c .  Alloc. 

Prairie Dog cr. 27600 19660 4620 24280 12600 11090 2100 1850 14700 12948 

Sappa Cr. . 2140) 27510 5870 33380 8800 13730 8800 13730 17600 27460 

Beaver Cr. 16500 17800 I840 19640 3300 3930 6400 7620 6700 7970 16400 19520 

Medicine cr. 50800 12310 35370 47680 4600 4600 4600 4600 

Red Willow C r .  21900 4720 16460 21180 4200 4200 4200 4200 

Driftwood C r .  7300 1300 1410 2710 500 190 1200 450 1700 640 

Frenchman Rv. 98500 34830 47420 92250 52800 52800 52800 52800 

South forb of the 57200 11980 20700 32680 25400 14500 23000 13130 800 460 49200 28090 
Republican Rv. 

Rock Cr. 11000 100 8550 8650 4400 3460 4400 3460 

Buffalo Cr. 7890 700 4920 5620 2600 1850 2600 1850 

Arikaree Rv. 19610 5220 6920 12140 15400 9530 1000 620 3300 2040 19700 12190 

N.F. Republican Rv 44700 380 40280 40660 10000 10000 11000 11000 21000 21000 
in Colorado 

N.F. and k i n  Stem 94500 95180 149130 244310 13800 202180 132000 194150 270000 296430 
of Republican Rv. 
incl. Blackwood Cr. 
in Nebraska 

TOTALS 478900 231690 353490 585180 54100 37960 190300 248560 231500 298660 478900 585180 

Main Stem 87.700 
Blackwood Creek 6,800 
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Table 2 1986 Computed Consumptive Use within the 
Republican River Basin (Acre Feet) 

Colorado Kansas Nebraska Total Basin 

Water Water Tota Water Water Total Water Water Total Water Water Total 
Sub-basin Ground Surface Ground Surface Ground Surface Ground Surface 

Prairie Dog cr. 19660 4270 23930 1390 e 1390 21050 4270 25320 

Beaver Cr. 0 0 0 8370 170 8540 9430 100 9530 17800 270 18070 

Sappa cr. 8240 90 8330 20570 150 20720 28810 240 29050 

Medicine Cr. 13310 4190 17500 13310 4190 17500 

Red Willow Cr. 4720 8320 13040 4720 8320 13040 

Driftwood Cr. 0 0 0 1300 1300 1300 1300 

Frenchman Rv. 34830 17170 52000 34830 17170 32000 

South Fork of the 2530 8430 10960 6450 270 9720 0 0 0 11980 8700 20680 
Republican Rv. 

Rock Cr. 100 150 250 loo 150 250 

Buffalo Cr. 700 750 1450 700 750 1450 

Arikaree Rv. 4060 0 4060 460 0 460 700 0 700 5220 0 5220 

N.F. Republican Rv. 380 4300 4720 0 2930 2930 380 7270 7650 
In Colorado 

110 37980 38090 91380 98900 190280 91490 136080 228370 91490 N.F. and Main Stem 
of Republican Rv. 

In Nebraska 
incl. Blackwood Cr. 

TOTALS 6970 12770 19740 46290 42780 89070 178430 132660 311090 231690 188210 419900 

Evaporation from Harlan County Reservoir Kansas 40 percent 9300 Acre Feet 
nebraska 52 percet 10070 Acre Feet 
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