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CONSIDERATIONS FOR WATER USE AND MANAGEMENT IN THE BIG LOST 

RIVER BAS IN, IDAHO ; A SUPPLEMENTAL REPORT 

By E. G. Crosthwaite, C. A. Thomas, and K. L. Dyer 

INTRODUCTION 

The water resources of the Big Lost River basin were 
studied in detail by the u.S. Geological Survey in coopera- 
tion with the Idaho Department of Reclamation during the 
period July 1966 to June 1969. An open-file report entitled 
"Water resources in the Big Lost River basin, Idaho" by E. G. 
Crosthwaite, C. A. Thomas, and K. L. Dyer, which describes 
the results of this study, was released to the public by the 
U.S. Geological Survey in March 1970. It was originally 
planned that this report would contain a section discussing 
various management practices that have been suggested to 
provide for more efficient utilization of the basin's water 
resources. Because the section on management practices was 
not fully completed at the time the report was released, and 
because the data jn the report were needed as soon as pssi- 
ble by persons concerned with the basin's water resources, 
the section on management was not included in the initial 
release. 

The purpose of this supplemental report is, therefore, 
to present a discussion on various management practices that 
may be considered in utilizing the water resources of the 
Big Lost River basin. It is intended that this supplemental 
report should be used in conjunction with the open-file 
report noted above. 



The results of the study by Crosthwaite and others 
(1970) of the water resources in the Big Lost River basin 
showed that, on the average, about 23 percent of the 650 cfs 
(cubic feet per second) total water yield of the basin is 
used consumptively; about 12 percent leaves as surface flow, 
and 65 percent leaves as ground-water flow. The water leav- 
ing the valley is of good quality. If captured, it could 
be used within the basin to irrigate both the many arable 
acres that are not yet irrigated, and much of the presently 
irrigated land that does not receive a full supply in years 
of low runoff. 

An increased supplemental water supply for presently 
irrigated land and a supply for nonirrigated land can be 
achieved by making optimum use of all the water resources 
of the Big Lost River basin. This will, however, require 
a modification of existing water management practices. 
Additional quantities of water to meet irrigation require- 
ments during extended periods of low streamflow could be 
obtained by constructing reservoirs in upstream areas. 
These reservoirs could be multipurpose reservoirs that would 
be used to control floods in addition to supplying irriga- 
tion needs. Irrigation requirements could also be met by 
using existing canals and ditches to distribute additional 
quantities of water pumped from wells. These additional 
quantities of ground water could be made available by using 
artifical recharge techniques to raise the water table and 
thus increase the amount of ground water retained in the 
aquifers. 

Conjunctive use of.both surface and ground water pro- 
vides the most efficient use of the resource. The ground- 
water reservoir between Mackay Narrows and Arco c~ntains 
an estimafed 2.6 million acre-feet of water in its upper 
200 feet plus an unknown amount below this depth (Crosthwaite 
and others, 1970, p. 8 4 ) .  This ground-water reservoir can 
be utilized at any time to supplement surface-water supplies, 
as is now being done by about three-fourths of the existing 
irrigation wells in the basin. However, increased ground- 
water withdrawals may interfere with streamflow, thus raising 
questions concerning water rights. Ideally, conjunctive use 
of surface and ground water would provide a system that could 
draw heavily on the ground-water reservoir during dry years 
when streamflow is deficient, thus providing a full supply. 
During wet years, the draft on ground water should be mini- 
mized and excess streamflow artificially recharged to the 
ground-water reservoir. Only through this kind of exchange 
can use of all the water resources of the basin be optimized. 



POSSIBILITIES FOR ADDITIONAL MANAGEMENT O F  SURFACE WATER 

Additional management of  the  surface-water resources  i n  
the  Big Lost River bas in  i s  needed t o  (1) supply i r r i g a t i o n  
requirements dur ing  drought  yea r s ,  ( 2 )  provide increased 
f lood c o n t r o l ,  and (3) i n s u r e  more e f f i c i e n t  use of t h e  water  
supply a v a i l a b l e  i n  normal years .  An i n d i c a t i o n  of  t h e  amount 
of water t h a t  could be salvaged from unused outf low by addi- 
t i o n a l  management p r a c t i c e s  i s  provided by t h e  measurements 
of flow i n  t h e  Big Lost  River  a t  t h e  gage near  Arco ( t a b l e  1). 
Annual flow a t  t h i s  gage ranged from 0 t o  195,500 a c r e - f e e t  
dur ing  the  period 1 9 4 4 ,  1947-68. Also, al though an  average 
of only  about 7,000 a c r e - f e e t  p e r  year (10 c f s )  passed t h e  
gage during t h e  d r y  pe r iod  1960-64, t h e  annual flow exceeded 
100,000 acre- fee t  (138 c f s )  i n  5 years  of t h e  23-year pe r iod  
1944, 1947-68. However, d e s p i t e  these  v a r i a t i o n s ,  an average 
annual flow of 55,900 a c r e - f e e t  (77  c f s )  d id  pass  t h i s  gage 
and leave  t h e  bas in  dur ing  t h e  1 9 4 4 ,  1947-68 per iod .  Assuming 
t h a t ,  or t h e  average,  t h i s  annual  q- iant i ty  of water  continues 
t o  be available i n  f u t u r e  y e a r s ,  much of it could be made 
a v a i l a b l e  f o r  use  by prolonging the  use  of t h e  s to rage  space 
a v a i l a b l e  i n  Mackay Reservoi r ,  by cons t ruc t ion  of a d d i t i o n a l  
r e s e r v o i r s  above Mackay Reservoi r ,  by increased d i v e r s i o n  of 
upstream flows on to  t h e  h igh ly  rechargeable g r a v e l  a c r e s  of  
t h e  Chilly-Barton F l a t s  and thereby inc reas ing  t h e  amount of 
water temporari ly r e t a i n e d  i n  t h e  underlying a q u i f e r s ,  and by 
increasing i r r i g a t i o n  e f f i c i e n c i e s  a s  d iscussed i n  the  follow- 
i n 9  psges. 

Mackay Reservoir  d i d  n o t  f i l l  dur ing  24 of t h e  50 y e a r s  
of record.  ~o 'make b e t t e r  use  of t h e  r e s e r v o i r  s t o r a g e  space 
dur ing  the  low-runoff y e a r s ,  and t o  make more water a v a i l a b l e  
f o r  d ive r s ion  by way of t h e  r e s e r v o i r  o u t l e t  works, some of 
t h e  leakage p a s t  Mackay Dam could be i n t e r c e p t e d  and pumped 
back i n t o  t h e  r e s e r v o i r .  Also, some winter  flow, t o g e t h e r  
with summer f lood  f lows could be i n t e r c e p t e d  i n  Lower Cedar 
Creek and d i v e r t e d  i n t o  Mackay Reservoir through a l i n e d  
channel t h a t  could be cons t ruc ted  t o  provide g r a v i t y  flow. 
I n  a d d i t i o n ,  some of  t h e  su r face  water now l o s t  t o  ground 
water could be salvaged by l i n i n g  t h e  channel extending from 
Upper Cedar Creek i n t o  Mackay Reservoir.  

Surface r e s e r v o i r s  wi th  s u f f i c i e n t  s to rage  t o  a l l e v i a t e  
water  shor tages  dur ing  long per iods  of low flow could be 
b u i l t  i n  t h e  upper p a r t  of t h e  Big Lost River bas in .  Con- 
s t r u c t i o n  of such a d d i t i o n a l  r e s e r v o i r s  above Mackay Reser- 
v o i r  would provide more water  f o r  i r r i g a t i o n  by long-term 
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Table  1. Annual diversions from Big Lost River and annual 
mean streamflow i n  ac re - fee t  (rounded). 

~ i v e r s i o n s  Flow Diversions Flow R p p  aren t  
Water above a t  below a t  gage loss-  o r  gain  
year Mackav Mackay Mackay near Mackay Narrows 

Reservoir Narrows Reservoir Arco t o  Arco 



. .  . 
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Table i. Annual diversions from Big Lost River and annual 
mean streamflow in acre-feet (rounded)--Continued. 

Diversiorls Flow Diversions Flow Apparent 
Water above at below at gage loss or gain 
year Mackay Mackay Mackay near Mackay Narrows 

Reservoir Narrows Reservoir Arco to Arco 

47 year 
average 

a From the annual report of the watermaster, Water District 2 7 ,  
Big Lost River. 

b River flow below Arco Canal heading, which is probably greater 
than flow at gage below Arco. 

c Estimated from partial records of U.S. Geological Survey and 
the watermaster, Water District 27. 

il 



holdover storage, water for fishing and boating, and control 
of floodflows. The reservoirs could store some of the water 
that now passes the gage near Arco in high-flow years for 
release and use during low-flow years, and at the same time 
materially reduce floodflows. Streamflow records indicate 
that planned release of storage from such reservoirs could 
also be used to increase recharge to the aquifers underlying 
the Chilly-Barton Flats area (Chilly Sinks). The bulk of 
this recharge would gradually seep back into the river channel 
above Mackay Reservoir and thus would provide a more even 
rate of flow into the reservoir. ~ l s o ,  recharge to the Chilly 
Sinks could be timed so that increased amounts of water would 
be available in Mackay Reservoir when needed for irrigation 
and recreation uses. 

Six possible surface-water storage sites have been iden- 
tified above Mackay Reservoir (U.S. Bureau of ~eclamation, 
1961), but storage capacity at the sites is not known nor 
have benefit-cost ratios of reservoir construction and opera- 
tion been determined. In addition to these sites, the feasi- 
bility of a storage site on Antelope Creek (below Mackay 
Reservoir), in the narrows below Grouse, was investigated in 
1961. Investigation of this site showed a benefit to cost . 

ratio of considerably less than 1 to 1, however (U.S. Bureau 
of Reclamation, 1961) . 

Additional S u ~ ~ l v  Durina Drouaht Years 

Surface-water reservoirs upstream from Mackay Reservoir 
would alleviate water shortages occurring during drought 
years. To estimate the amount pf upstream storage needed 
to provide a full supply during dry years, past records of 
streamflow, yields from the subbasins contributing water to 
the river, diversions for irrigation, and the hydrologic 
characteristics of the river from Mackay Narrows to Arco were 
considered. 

The annual diversions listed in table 1 show that droughts 
have occurred in the Big Lost River basin. A drought is con- 
sidered to have occurred in years when diversions were average 
or below average and all surface flow in the basin was util- 
ized, with little or no flow at the gage below Arco during 
the irrigation season. A severe drought is considered to 
have occurred when diversions averaged less than 50 percent 
of the average annual diversion below Mackay Reservoir of 
approximately 170,000 acre-feet. A moderately severe drought 



would have occurred when d i v e r s i o n s  were between 50 and 80 
pe rcen t  of normal. Divers ions  below t h e  r e s e r v o i r  dur ing  
t h e  47-year period of  r e c o r d  were less than 50 percent  of 
average i n  6 years  and l e s s  than  80 percent  of average i n  
1 6  years .  O f  t hese  16 y e a r s ,  1 0  y e a r s  were i n  the  pe r iod  
1929-41. 

A l l  of t h e  s u r f a c e  water  a v a i l a b l e  f o r  d ive r s ion  between 
Mackay Narrows and Arco is  der ived  from t h e  flow pass ing  
Mackay Narrows and t h e  y i e l d  of subbasins t r i b u t a r y  t o  t h e  
Big Lost  River below t h e  Narrows. I n  many y e a r s ,  t h e  corn- 
bined y i e l d  from t h e s e  sources  is n o t  s u f f i c i e n t  t o  s a t i s f y  
an average annual d i v e r s i o n  of approximately 170,000 acre-  
f e e t ,  mainly because much of t h e  water  from t h e s e  sources  
e n t e r s  the  underlying ground-water a q u i f e r .  

Figure 1 was c o n s t r u c t e d  t o  a l low es t ima t ion  of (1) 
t h e  amount of su r face  water l o s t  t o  t h e  underlying ground- 
water  a q u i f e r s  i n  t h e  r e a c h  between Mackay Narrows and Arco 
and (2)  the  amount of  s u r f a c e  water  t h a t  must be s t o r e d  
above Mackay Narrows t o  a l low an annual  d i v e r s i o n  of 170,000 . 
a c r e - f e e t .  A s  shown i n  f i g u r e  1, annual  surface-water d i v e r -  . 
s ions  below Mackay Narrows p l u s  t h e  f low i n  t h e  Big Lost  River  
a t  Arco a r e  r e l a t e d ,  by curve  A, t o  t h e  annual flow a t  Mackay 
Narrows and, by curve B,  t o  t h e  annual  flow a t  t h e  Narrows 
p lus  t h e  n e t  annual c o n t r i b u t i o n  t o  surface-  and ground-water 
flow from t h e  subbasins w i t h i n  t h e  reach Mackay Narrows t o  
Arco. I n  cons t ruc t ing  f i g u r e  1, t h e  flow a t  Arco was added 
t o  t h e  d ive r s ions  because it was considered t h a t  p r a c t i c a l l y  
a l l  t h i s  flow could have been d i v e r t e d  f o r  use.  Within the 
subbasins below Mackay Narrows, a  l a r g e  p a r t  of the y i e l d  
generated is consumed by i r r i g a t e d  crops  and, t h e r e f o r e ,  
t h i s  q u a n t i t y  of water was n o t  inc luded i n  t h e  values used 
t o  d e f i n e  curve B. Also,  t h e  q u a n t i t y  of subsurface  f low 
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pass ing  around Mackay Dam was n o t  considered because t h i s  
flow is r e l a t i v e l y  c o n s t a n t  f r o m  yea r  t o  yea r  and i ts  inc lu -  
s i o n  merely s h i f t s  both  curves  some d i s t a n c e  t o  t h e  r i g h t .  

From example 1 i n  t h e  f i g u r e  it can be seen t h a t  dur ing  
a  drought year  such a s  1934, when no water  flowed p a s t  t h e  
gage below Arco ( t a b l e  l ) ,  d i v e r s i o n s  t o t a l e d  only about  
35,200 ac re - fee t ,  t h e  s u r f a c e  flow a t  Mackay Narrows was. 
about  95,000 ac re - fee t ,  and t h e  t o t a l  c o n t r i b u t i o n  t o  thk  
system ( inc luding t h e  n e t  c o n t r i b u t i o n  from subbasins down- 
s t r e d w a s  about 170,000 a c r e - f e e t .  From t h i s ,  it is ev iden t  
t h a t  although an amount e q u i v a l e n t  t o  t h e  average annual 
d i v e r s i o n  of approximately 170,000 a c r e - f e e t  entered  t h e  
system, about 135,000 a c r e - f e e t  (170,000 minus 35,200) leaked 



THOUSANDS OF ACRE-FEET PER YEAR 

CURVE A - SURFACE-WATER FLOW AT MACKAY NARROWS 
CURVE B - SURFACE-WATER FLOW AT MACKAY NARROWS PLUS NET 
CONTRIBUTIONS FROM SUBBASINS DOWNSTREAM 

.FIGURE 1.--Correlations between annual diversions and 
(A)  the surface-water supply at Mackay Narrows and 
(B) contributions to the system below Mackay Narrows. 



i n t o  the  underlying ground-water aquifer  and was not  ava i l ab l e  
fo r  d ivers ion from sur face  flow. However, t o  have d iver ted  
170,000 acre-feet  i n  1934 ( f i g .  1, example 2 ) ,  would have 
required t h a t  a t  l e a s t  320,000 acre-feet  be contributed t o  
the  system. Also, about 150,000 acre-feet  (320 ,000  ac re - fee t ,  
the  quant i ty  necessary t o  supply the  diversion;  minus 170,000 
acre-feet ,  the  quan t i t y  en te r ing  the  system i n  1934) of addi- 
t i o n a l  s torage would have been needed above Mackay Reservoir.  
By con t r a s t ,  Mackay Reservoir has a storage capacity of only 
44,370 acre-feet .  Similar  approximations i nd i ca t e  t h a t  t o  
have supplied 170,000 acre - fee t  each year fo r  d ivers ion dur ing 
a drought equal t o  t h a t  of 1929-38 would have required about 
900,000 acre-feet  of s to rage  upstream from Mackay Reservoir.  
An a l t e r n a t i v e  t o  upstream s torage  i n  such l a rge  amounts would 
be pumpage of s to red  ground water t o  supplement streamflow 
ava i lab le  f o r  d ivers ion.  Pumping 9 0 0 , 0 0 0  acre-feet  over t h e  
drought period would have lowered ground-water l e v e l s  and 
thereby increased the  i n f i l t r a t i o n  of surface flows. This 
would fu r the r  reduce t h e  amount of surface flow ava i l ab l e  f o r  
diversion and r equ i r e  add i t i ona l  pumping. Nevertheless, t h e r e  
i s  such a l a rge  quant i ty  s to red  a s  ground water, and t h e  
 round-water body i s  so  completely recharged during per iods  
of above-normal runof f ,  t h a t  ground-water pumping a t  ca re fu l ly -  
sa lec ted  loca t ions  could adequately meet d ivers ion def ic ien-  
c i e s .  

Flood Control 

Generally, Mackay Reservoir  is too small t o  adequately 
s t o r e  prolonged floodflows even though la rge  amounts of water  
seep i n t o  t he  aqu i f e r s  undsrlying t h e  r i v e r  channel and cana ls*  
i n  the  Chi l ly  Sinks a rea .  For example, the peak flow observed 
a t  Howell Ranch i n  1967 was reduced more than 2 ,000  c f s  a t  
Mackay Narrows by leakage i n t o  the  Chil ly Sinks a rea  and by 
s torage i n  the  r e se rvo i r .  However, because t h e  high flows 
pers i s ted  f o r  a long per iod,  i n f i l t r a t i o n  r a t e s  i n t o  t he  Ch i l l y  
Sinks a rea  reached the  maximum a t t a inab le  with the  e x i s t i n g  
divers ion system and a l l  a v a i l a b l e  storage space i n  Mackay 
Reservoir f i l l e d .  A s  a r e s u l t ,  r iverflow below the  r e s e r v o i r  
could not be cont ro l led  and considerable damage was done t o  
roads, i r r i g a t i o n  s t r u c t u r e s ,  farmland, and other  improvements. 
Reservoirs i n  the  upper bas ins  would provide not  only addi- 
t i o n a l  s torage,  but  a l s o  could be operated t o  cont ro l  f lood- 
flows. More extensive  and c a r e f u l l y  planned a r t i f i c i a l  re -  
charge t o  ground water i n  t he  Chilly-Barton F l a t s  a rea  during 



high r i v e r  s t a g e s  could a l s o  he lp  c o n t r o l  f loods  by delaying 
inflow t o  Mackay Reservoir .  An a d d i t i o n a l  measure t o  c o n t r o l  
f loods  below Darlington would be t o  use the  o ld  Utah Construc- 
t i o n  Co. canal  t o  d i v e r t  f lood  water from t h e  r i v e r .  To 
accomplish t h i s ,  t h e  canal  would have t o  be extended s o  a s  
t o  d i scharge  t h e  d ive r t ed  water  t o  t h e  b a s a l t  lava p l a i n  south 
of Arco beyond t h e  f lood a r e a .  

Addi t ional  Supply During Normal Years 

A s i g n i f i c a n t  p a r t  of t h e  water  d i v e r t e d  from t h e  Big 
Lost  River i n  normal yea r s  f o r  i r r i g a t i o n  could be made 
a v a i l a b l e  f o r  use  t o  i r r i g a t e  a d d i t i o n a l  land by improving 
e x i s t i n g  i r r i g a t i o n  e f f i c i e n c i e s .  Diversions from Big Lost  
River i n t o  cana l s  have averaged 5.7 ac re - fee t  per  i r r i g a t e d  
a c r e  p e r  yea r  f o r  t h e  pe r iod  1922-68, while  n e t  consumptive 
use  i s  es t ima ted  t o  have been only  about  1.2 ac re - fee t  per 
a c r e  when a f u l l  supply is  a p p l i e d  t o  t h e  land.  It appears ,  
t h e r e f o r e ,  t h a t  considerably more water  i s  being appl ied  t o  
t h e  c rops  than i s  needed and t h a t ,  i f  i r r i g a t i o n  e f f i c i e n -  
c i e s  could be improved, s i g n i f i c a n t  q u a n t i t i e s  of water would 
be saved. The use  of s p r i n k l e r s ,  l i n i n g  of cana l s ,  land 
l e v e l i n g ,  b e t t e r  c o n t r o l  of t h e  l e n g t h  of t i m e  water is 
app l i ed ,  and c o n t r o l  of l e n g t h  of furrows a r e  examples of 
techniques  t h a t  would improve i r r i g a t i o n  e f f i c i e n c i e s  by 
reducing both  pe rco la t ion  l o s s e s  from cana l s ,  d i t c h e s ,  and 
i r r i g a t e d  l ands  and t h e  consumptive use  of water by nonbene- 
f i c i a l  v e g e t a t i o n  growing a long d i t c h e s  and canals .  

Such decrease i n  p e r c o l a t i o n  l o s s e s  would, however, 
r e s u l t  i n  a  s i m i l a r  b u t  l e s s e r  dec rease  i n  ground-water 
recharge ,  and a very small  d e c r e a s e  i n  r e t u r n  flow t o  t h e  
r i v e r .  Because t h e  ground-water s t o r a g e  capaci ty  i s  very 
l a r g e ,  t h e  recharge  from p e r c o l a t i o n  l o s s  i s  small compared t o  
t o t a l  annual  recharge,  and, a s  t l ie  ground-water r e t u r n  t o  t h e  
r i v e r  r e p r e s e n t s  the  overflow of t h e  ground-water r e s e r v o i r ,  
t h e r e  would be  l i t t l e  e f f e c t  on ground-water r e t u r n  flow. 
Any e f f e c t  t h a t  might develop would tend t o  be removed by 
t h e  excess ive  recharge dur ing  normal and above-normal yea r s  
of runof f .  



POSSIBILITIES FOR INCREASED USE OF GROUND WATER 

About 435  c f s  o r  65  pe rcen t  of the  t o t a l  water  y i e l d  
of t h e  bas in  l eaves  a s  underground flow pas t  Arco (Crosth- 
wa i t e  and o t h e r s ,  1970, p. 9 8 ) .  Therefore, use of s u r f a c e  
water alone w i l l  n o t  permi t  f u l l  development of a l l  t h e  b a s i n ' s  
water resources .  I n t e r c e p t i o n  of ground-water flow seems 
t o  o f f e r  t h e  bes t  means f o r  optimum development of t h e  w a t e r  
r e sources  and i s  the on ly  means by which some of t h e  water 
can be captured.  Pumping from wells anywhere i n  t h e  B i g  
Los t  River v a l l e y  above Arco, i n  addi t ion  t o  those  a l r e a d y  
i n  use ,  would se rve  t o  decrease  the  quant i ty  of water  leav-  
i n g  t h e  bas in .  Large q u a n t i t i e s  of water s u i t a b l e  f o r  irri- 
g a t i o n  can be obta ined from a d d i t i o n a l  wells screened i n  t h e  
unconsolidated a l l u v i a l  d e p o s i t s  t h a t  occur throughout most 
of t h e  va l l ey .  Commonly, w e l l s  open t o  these d e p o s i t s  have . 
y i e l d s  of s e v e r a l  thousand g a l l o n s  per minute. I n  s t r e t c h e s  
where r i v e r  l e v e l s  a r e  contiguous with o r  below t h e  water 
t a b l e ,  however, w e l l s  l o c a t e d  near the  stream w i l l  have some 
a f f e c t  upon streamflow. Where stream l e v e l s  a r e  above t h e  
water  t a b l e ,  a s  i n  t h e  C h i l l y  Sinks and Darl ington Sinks 
a r e a s ,  pumping w i l l  n o t  a f f e c t  nearby streams. 

Wells y i e l d i n g  s u p p l i e s  of  water i n  amounts adequate 
f o r  i r r i g a t i o n  probably a r e  n o t  obtainable i n  a r e a s  onder- 
l a i n  by t h e  o l d e r  cemented a l l u v i a l  deposi t s .  Examination 
of t h e i r  s u r f a c e  ou tc rops  and r e s u l t s  of t e s t  d r i l l i n g  i n  
Mackay Narrows imply t h a t  t h e s e  deposi t s  a r e  we l l  consol i -  
da ted  and have a low permeabi l i ty .  Low y i e l d s  obta ined 
from w e l l s  l oca ted  high on a l l u v i a l  fans ,  such a s  those of 
Alder and Antelope Creeks, i n d i c a t e  t h a t  poorly-sorted 
m a t e r i a l  deposi ted  a t  t h e  heads of fans such a s  these  a l s o  
has a low permeabi l i ty .  

South of Arco t h e  w e l l s  t h a t  have t h e  b e s t  y i e l d s  a r e  
about  100 f e e t  deep and produce from gravel  near  Big Lost  
River. These wells a r e  i n  secs. 11, 12, and 13, T. 3 N . ,  
R. 26 E . ,  and a r e  s e v e r a l  m i l e s  downstream from t h e  major 
i r r i g a t i o n  d i v e r s i o n s  on t h e  r i v e r .  Because s e v e r a l  of 
t h e  we l l s  a r e  c l o s e l y  spaced, pumping from one w e l l  lowers 
t h e  water l e v e l  i n  o t h e r s ,  b u t  no s i g n i f i c a n t  o v e r a l l  deple-  
t i o n  of t h e  ground-water supply i s  apparent. Experience i n  
t e s t  we l l  4N-26E-21abbl northwest of Arco suggests  t h a t  a 
b a s a l t  l a y e r  a t  t h i s  l o c a t i o n  w i l l  y i e l d  a t  l e a s t  moderate 
quantities of i r r i g a t i o n  water.  



The b e s t  undeveloped land i n  t h e  bas in  l i e s  w e s t ,  south- 
w e s t ,  and south of Arco i n  the  Era F l a t s .  Development of t h i s  
land has been only p a r t l y  accomplished because no dependable 
surface-water  supply i s  a v a i l a b l e  and few large-capaci ty  irsi- 
g a t i o n  we l l s  have been successfu l .  About 1 0 , 0 0 0  a c r e s  i n  t h i s  
a r e a  is  p resen t ly  dry-farmed o r  used f o r  grazing.  Assuming 
t h a t  t h i s  1 0 , 0 0 0  a c r e s  is s u i t a b l e  f o r  i r r i g a t i o n ,  about  3 
a c r e - f e e t  of water per  ac re  of land i r r i g a t e d  would provide  
an adequate water supply under the  most e f f i c i e n t  cond i t ions  
of water  use (pipe l i n e s  and s p r i n k l e r  i r r i g a t i o n ) .  Thus, 
30,000 ac re - fee t  of water o r  about 40 c f s  would be t h e  minimum 
annual requirement. I f  t h i s  water were obtained from w e l l s  
l o c a t e d  between Arco and Moore, a p a r t  of the  ground-water 
out f low now moving unused from the  bas in  would be in te rcep ted .  

Ground-water pumped from t h e  a l l u v i a l  depos i t s  between 
Arco and Moore could provide n o t  only  a dependable i r r i g a t i o n  
supply f o r  t h e  Era F l a t s  b u t  a l s o  could supply o the r  nearby 
a r a b l e  land. In  t h i s  a r e a ,  heavy pumping from about t h e  
upper 400 f e e t  of s a t u r a t e d  a l l u v i a l  depos i t s  would reduce 
flow i n  t h e  r i v e r .  To a l l e v i a t e  t h i s  e f f e c t ,  provis ion  could 
be made t o  augment t h e  surface-water supply with a d d i t i o n a l  
ground water pumped from these  d e p o s i t s  when streamflow i s  
inadequate.  Pumping from a deep b a s a l t  and a l l u v i a l  d e p o s i t s  
under ly ing t h e  b a s a l t  northwest of A r c o  would have a lesser 
e f f e c t  on r i v e r  flow than pumping from about t h e  upper 400 
f e e t  of  depos i t s .  L i t t l e  is known, however, about  t h e  water- 
y i e l d i n g  capaci ty  of these  deeper zones, and pumping l ifts 
would be  considerably higher  than  i n  t h e  shallower zone. 
Regardless  of the  complications r e s u l t i n g  from the e f f e c t s  
on strearnflow, t h i s  i s  the  f a r t h e s t  downstream p lace  i n  t h e  
b a s i n  a t  which ground water can be in te rcep ted  and used 
be fo re  it e n t e r s  and is l o s t  t o  the  Snake River P l a i n .  

it 

There a r e  ava i l ab le  l a r g e  t r a c t s  of  u n i r r i g a t e d  a r a b l e  
land upstream from Arco, p a r t i c u l a r l y  on t h e  a l l u v i a l  f a n s  
a long t h e  e a s t  s i d e  of t h e  bas in  from Arco t o  nor th  of L e s l i e  
and i n  t h e  Chilly-Barton F l a t s  a rea  above Mackay Reservoir.  
Most of these  a reas  are under la in  by coarse-textured a l l u v i a l  
f ans  o r  g rave l ly  a l l u v i a l  depos i t s  having s o i l s  of low moisture- 
hold ing capaci ty .  Even though these  s o i l s  would r e q u i r e  
l a r g e  amounts of water f o r  i r r i g a t i o n ,  n e t  dep le t ion  of the 
water  resource  would be only t h a t  used by crops (1 .2  ac re - fee t  
per  a c r e )  p lus  t h a t  l o s t  by evaporat ion from free-water  
s u r f a c e s  such a s  canals  and l a t e r a l s .  The remainder o f  t h e  
water app l i ed  f o r  i r r i g a t i o n  would r e t u r n  t o  t h e  r i v e r  



o r  aqu i fe r  and thus  be a v a i l a b l e  f o r  r euse .  Each a c r e  i r r i g a t e d  
would dep le te  the  average water supply by s l i g h t l y  l e s s  than  
0.0017 c f s ,  plus t h a t  l o s t  by evapora t ion  from cana l s  and 
d i t ches .  Development of 30,000 new a c r e s  would d e p l e t e  t h e  
average supply by a l i t t l e  more than 50 c f s  o r  about  10 p e r c e n t  
of t h e  estimated average s u r f a c e  and underground outf low 
from t h e  bas in  a t  Arco. 

I n  the  Chilly-Barton F l a t s  a r e a ,  t h e  l a r g e  seepage l o s s e s  
occurr ing i n  canals  and i n  some o f  t h e  upstream reaches  of 
t h e  r i v e r  i n d i c a t e  t h a t  i f ,  by us ing  a r t i f i c i a l  recharge  
techniques,  a d d i t i o n a l  amounts o f  water w e r e  temporar i ly  
s t o r e d  underground s o  a s  t o  r a i s e  t h e  under ly ing water t a b l e ,  
r e t u r n  flow t o  downstream reaches  of the  r i v e r  would be  in -  
creased.  The depth t o  water  below land s u r f a c e  a t  t n e  o l d  
C h i l l y  S to re  ranged between 24 and 65 f e e t  dur ing  1967 and 
1968 and, f a r t h e r  downstream a t  Barton School ,  t h e  depth  
t o  water ranged between 4 and 16 f e e t .  The p a r t  of t h e  Chi l ly -  
Barton F l a t s  a rea  southwest  of t h e  Big Los t  River averages 
about  3 miles wide and 6 m i l e s  long and covers  about  11,500 
ac res .  Thus, i f  it i s  a s s u m e d ~ t h e  rechargeable  unsa tu ra ted  
a l l u v i a l  depos i t s  average 20 f e e t  i n  t h i c k n e s s  and have a 
s p e c i f i c  y i e l d  of 20 p e r c e n t  (Crosthwaite  and o t h e r s ,  1970, 
p. 8 4 ) ,  about 46,000 a c r e - f e e t  of water c o u l d ,  t h e o r e t i c a l l y ,  
be recharged. P r a c t i c a l l y ,  a  somewhat smaller amount would 
be recharged i n t o  t h e s e  d e p o s i t s ,  because it would n o t  be  
e i t h e r  f e a s i b l e  o r  d e s i r a b l e  t o  r a i s e  t h e  water t a b l e  every- 
where t o  the  land s u r f a c e .  However, s e v e r a l  consecut ive  dry 
years  would allow more wa te r  t o  e n t e r  t h e s e  d e p o s i t s  because 
t h e  water t a b l e  would be somewhat lower t h a n  dur ing  t h e  
1967-68 period. Any water  a r t i f i c i a l l y  recharged i n  t h e  
Chilly-Barton F l a t s  a r e a  would d i scharge ,  a f t e r  a  d e l a y  i n  
t r a n s i t  through t h e  a l l u v i a l  m a t e r i a l s ,  t o  t h e  r i v e r  and 
r e s e r v o i r  and thus  be a v a i l a b l e  f o r  s t o r a g e  i n  r e s e r v o i r s  
o r  f o r  immediate use. Hydrographs of t h e  f low a t  Howell 
Ranch, water l e v e l s  i n  w e l l  9N-22E-32dcc1, and inf low to 
Mackay Reservoir (Cros thwai te  and o t h e r s ,  1970, f i g s .  1 9  and 
26) i n d i c a t e  t h a t  t h e  i n c r e a s e  of inf low t o  t h e  r e s e r v o i r  
would occur wi th in  3 months a f t e r  recharge  began and t h e  
e f f e c t  would p e r s i s t  f o r  about  18  months a f t e r  recharge  ends.  

Water f o r  recharge i n  t h e  Chil ly-Barton F l a t s  could 
be obtained by d i v e r t i n g  t h e  r i v e r  through a s e r i e s  of 
cana l s  i n t o  l a r g e  ponds. Some of t h e  d i v e r t e d  water  would 
be l o s t  by evaporat ion d u r i n g  t h e  recharge  per iod .  E s t i -  
mated evaporat ion,  based on Rowher's equa t ion  (Crosthwaite  
and o t h e r s ,  1970, p. 19)  , would be about  10 inches  f o r  t h e  



3-month period Apr i l  t o  June,  t h e  p r i n c i p a l  period when water  
would be ava i l ab le  f o r  recharge .  However, .another p o s s i b l y  
more important f a c t o r  t o  cons ide r  i s  t h a t  r a i s i n g  t h e  water 
t a b l e  beneath and upgradient  from t h e  bottom lands  i n  t h e  
lower reaches of Warm Spr ings  Creek, and o t h e r  creeks  t h a t  
a r e  2 o r  3 miles  upstream from t h e  r e s e r v o i r ,  would impede 
o r  de lay  the  harves t  of c rops .  T h i s  f a c t o r  should be weighed 
a g a i n s t  t h e  advantages of an improved i r r i g a t i o n  supply 
downstream during dry years .  

Geophysical d a t a  imply t h a t  t h e  a l l u v i a l  f i l l  of t h e  
v a l l e y  from Chi l ly  Buttes  t o  t h e  upper end of Mackay R e s e r -  
v o i r  ranges i n  thickness from a  few hundred t o  more than  
2,000 f e e t .  Assuming t h a t  t h e  s p e c i f i c  y i e l d  of these  
d e p o s i t s  i s  20 percent ,  t h e  upper hundred f e e t  of s a t u r a t e d  
v a l l e y  f i l l  i n  an a rea  of 40 square  mi les  would con ta in  about  
500,000 acre- fee t  of ground water .  This  is almost enough 
water t o  supply the  i r r i g a t i o n  demand below Mackay Reservoir  
f o r  t h r e e  i r r i g a t i o n  seasons ,  assuming t h a t  181,000 a c r e - f e e t  
(see f i g .  1, example 2) a t  Mackay Narrows provides an  ade- 
quate  annual supply (170,000 a c r e - f e e t )  f o r  p r e s e n t l y  irri- 
ga ted  lands .  Also, t h e  water  i n  s t o r a g e  i n  t h e  upper 1 0 0  
f e e t  of t h e  a q u i f e r  i s  e q u i v a l e n t  t o  more than ha l f  t h e  amount 
of supplemental water t h a t  was needed f o r  i r r i g a t i o n  dur ing  
t h e  drought t h a t  l a s t e d  from 1929 through 1939. To provide  
181,000 ac re - fee t  t o  Mackay Reservoi r  dur ing  a  year  s i m i l a r  
t o  t h e  d r i e s t  year of r ecord ,  1934, would r e q u i r e  about  86,200 
a c r e - f e e t  of supplemental ground water ,  which is equ iva len t  
t o  65 w e l l s  pumping 3,000 gpm ( g a l l o n s  per  minute) each dur ing  
a  100-day i r r i g a t i o n  season. This  assumes t h a t  t h e  water 
would be conveyed t o  t h e  r e s e r v o i r  i n  p i p e l i n e s  o r  l i n e d  
d i t c h e s  s o  t h a t  none would be l o s t  by seepage. - 

Pumping a t  these  r a t e s  i n  t h e  Chilly-Barton F l a t s  a r e a  
f o r  s e v e r a l  consecutive i r r i g a t i o n  seasons would lower t h e  
water t a b l e  and reduce t h e  n a t u r a l  ground-water d i scharge  
t o  Mackay Reservoir.  Lowered'water l e v e l s  would reduce t h e  
s i z e  of t h e  swamp a rea  i n  Thousand Spr ings  v a l l e y  and In 
t h e  a rea  j u s t  upstream from Mackay Reservoi r ,  b u t  c rop produc- 
t i o n  i n  these  a reas  could be maintained by ground-water 
pumping and by using water from Warm Springs Creek. 

The est imated average surface-water  y i e l d  of t h e  bas in  
upstream from Mackay Narrows i s  about  235,000 ac re - fee t  
(Crosthwaite  and o t h e r s ,  1970, p. 9 0 ) .  This  i s  about 38 
percent  l a r g e r  than t h e  p r e s e n t  water  needs (170,000 acre-  

' f e e t )  downstream from t h e  Narrows. A r t i f i c i a l  recharge  i n  
t h e  Chilly-Barton F l a t s  a r e a  dur ing  w e t  yea r s  and pumping 



from t h e  va l l ey  fill dur ing  d ry  years  could provide a more 
balanced water supply f o r  i r r i g a t i o n ,  bu t  t o  recharge a l l  
t h e  streamflow i n  ve ry  w e t  yea r s  would r e q u i r e  very exten- 
s i v e  f a c i l i t i e s .  

Downstream from Mackay Reservoir ,  a r t i f i c i a l  recharge 
would have t o  be accomplished almost e n t i r e l y  by seepage 
from cana l s  and smal l  ponds along t h e  margins of t h e  v a l l e y  
and high up on t h e  a l l u v i a l  f a n s  where r e l a t i v e l y  t h i c k  
s e c t i o n s  of unsa tu ra ted  d e p o s i t s  occur.  This  is necessary 
because along the  a x i s  of  t h e  v a l l e y  t h e  water t a b l e  i s  near  
t h e  su r face  and, t h e r e f o r e ,  t h e  a q u i f e r s  a r e  v i r t u a l l y  
f u l l .  The o l d  Utah Cons t ruc t ion  Co. canal  along t h e  west 
s i d e  of the  v a l l e y  from Dar l ington t o  Era F l a t s  could be 
r e p a i r e d  and t h e  bottom cleaned of s i l t  and c l a y  s o  t h a t  a 
maximum amount of water  would seep i n t o  the  ground. A s i m i -  
l a r  cana l  on t h e  e a s t  s i d e  of t h e  v a l l e y  would be twice a s  
long and would, t h e r e f o r e ,  probably have a t  l e a s t  double t h e  
recharge  p o t e n t i a l  of t h e  e x i s t i n g  canal .  

The disadvantages of a r t i f i c i a l  recharge i n  these  a r e a s  
a r e  t h a t  the  recharge  water  would have a r e l a t i v e l y  s h o r t  
d i s t a n c e  t o  move underground be fo re  it would reappear  a s  
streamflow, and, t h e r e f o r e ,  a s h o r t  t r a n s i t  t i m e .  For  t h e s e  
reasons ,  a cons ide rab le  amount of t h e  recharged water might 
n o t  be a v a i l a b l e  a t  t h e  time it i s  needed. Also, t h e  re- 
charge water might r a i s e  water  l e v e l s  i n  t h e  lowlands t o  t h e  
e x t e n t  t h a t  t h e  product ion  of crops i n  t h e  lowlands would be 
adverse ly  a f fec ted .  
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