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PREFACE 

The r e a d a b i l i t y  of t h i s  r e p o r t  i s  important  t o  i ts  understanding.  
To t h a t  end t h e  au tho r  h a s  de f ined  o r  l i m i t e d  jargon. Many r e a d e r s  
may e l e c t  t o  l i m i t  t h e i r  read ing  t o  only t h e  a b s t r a c t  and t h e  
conclusions.  These r e a d e r s  should l e a r n  much. For  t h o s e  wi th  more 
time o r  i n t e r e s t ,  t h e  e n t i r e  t e x t  g i v e s  much more d e t a i l  and 
ana lys i s .  The concepts  and equa t ions  i n  t h e  r e p o r t  a r e  b a s i c  and 
should not  be an  impediment f o r  t h e  d i l i g e n t  reader .  
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DEFINITIONS OF SELECTED TERMS 

Acre-Foot (AF) -- The volume r equ i r ed  t o  cover  1 a c r e  t o  a dep th  of 
1 f o o t .  This  i s  equa l  t o  43,560 c u b i c  f e e t  o r  325,851 ga l lons .  

Alluvium -- D e t r i t a l  d e p o s i t s  of c l a y ,  silt,  sand and g r a v e l  
r e s u l t i n g  from t h e  e r o s i o n  and/or depos i t i on  by modern r i v e r s ,  t h u s  
i nc lud ing  t h e  sediments  l a i d  down i n  r i v e r  beds,  f l o o d  p l a i n s ,  
l akes ,  a t  t h e  f o o t  of mountain s lopes ,  and e s t u a r i e s .  

An t i c l i ne  -- A f o l d  t h a t  is  convex upward, i n  which s t r a t a  d i p  away 
i n  oppos i t e  d i r e c t i o n s  from a common r i d g e  o r  a x i s  and whose c o r e  
c o n t a i n s  s t r a t i g r a p h i c a l l y  o l d e r  rocks.  

Aquifer -- A formation,  group of f orrnations, o r  p a r t  of a format ion  
t h a t  c o n t a i n s  s u f f i c i e n t  s a t u r a t e d  permeable m a t e r i a l  t o  y i e l d  
s i g n i f i c a n t  q u a n t i t i e s  of water  t o  wells o r  spr ings .  

Ar t e s i an  Aquifer -- A r t e s i a n  is synonymous wi th  confined.  An a q u i f e r  
t h a t  c o n t a i n s  water under s u f f i c i e n t  h y d r o s t a t i c  p r e s s u r e  t o  cause  
t h e  water  l e v e l  i n  a well t o  s tand  above t h e  bottom of t h e  over ly ing  
con f in ing  l a y e r .  When t h e  water  p r e s s u r e  i s  s u f f i c i e n t  t o  r a i s e  t h e  
water l e v e l  above land  s u r f a c e ,  a well p e n e t r a t i n g  t h e  a q u i f e r  w i l l  
flow. 

Confined Ground Water -- Ground water  t h a t  is under p r e s s u r e  g r e a t e r  
t han  atmospheric.  I n  a well t h a t  t a p s  a confined ground water  body, 
t h e  s t a t i c  water  l e v e l  i s  above t h e  t o p  of t h e  aqu i f e r .  

C r i t i c a l  Ground Water Area -- An a r e a  i n  which an underlying ground 
water r e s e r v o i r  -is s p e c i a l l y  c o n t r o l l e d  by o r d e r  of t h e  Oregon Water 
Resources Commission due t o  c e r t a i n  c u r r e n t  o r  pending water supply 
o r  q u a l i t y  cond i t i ons .  

Drawdown -- The lowering of t h e  ground water  l e v e l  caused by well 
d ischarge .  It i s  t h e  d i f f e r e n c e  between t h e  non-punping water l e v e l  
and t h e  pumping water l e v e l  i n  a well. 

Evapot ransp i ra t ion  -- Water t r a n s f e r r e d  t o  t h e  atmosphere by 
evapora t ion  from water s u r f a c e s  o r  moist  s o i l  and by p l a n t  
t r a n s p i r a t i o n .  



Faul t  -- A f r a c t u r e  o r  series of f r a c t u r e s  i n  t h e  e a r t h ' s  c r u s t  -- 
accompanied by a displacement of one s i d e  of t h e  f r a c t u r e  with 
respect  t o  t h e  o ther  and i n  a d i r e c t i o n  p a r a l l e l  t o  t h e  f r ac tu re .  

Fu l l  Appropriation -- The l e v e l  of ground water withdrawal through 
r i g h t s  and en t i t l ements  which equals  t h e  present  o r  f u t u r e  
capturable por t ion  of average recharge without i n j u r i n g  senior  
r i g h t s  o r  ent i t lements.  

Ground Water -- Any water, except c a p i l l a r y  moisture, beneath t h e  
land surface  o r  beneath t h e  bed of any stream, l ake ,  r e s e r v o i r  o r  
o ther  body of surface  water wi th in  t h e  boundaries of t h i s  s t a t e ,  
whatever may be t h e  geologica l  formation o r  s t r u c t u r e  i n  which such 
water s tands ,  flows, pe rco la tes  o r  otherwise moves [ORS 537.795(3)]. 

Ground Water Reservoir -- A designated body of s tanding o r  moving 
ground water having e x t e r i o r  boundaries which may be ascer ta ined o r  
reasonably i n f e r r e d  [ORS 537.515(4) 1. 

Hydraulic Gradient -- The change i n  s t a t i c  head pe r  u n i t  of d i s t ance  
i n  a given d i rec t ion .  The d i r e c t i o n  genera l ly  i s  understood t o  be 
t h a t  of t h e  maximun r a t e  of decrease i n  head. 

In ter ference  -- The drawdown a t  wells o r  sp r ings  which is t h e  r e s u l t  
of t h e  withdrawal of water from another  w e l l ( s ) .  

Overdraft -- The a r t i f i c i a l  removal of ground water a t  a r a t e  which 
exceeds i t s  average annual recharge. 

Permeability -- The a b i l i t y  of a rock o r  s o i l  t o  t ransmit  f l u i d  such 
a s  water under a hydraulic gradient .  

Perched Ground Water -- Ground water separated from an underlying 
body of ground water by an unsaturated zone of material .  

Permit -- A document i ssued by t h e  Oregon Water Resources Department 
which author izes  t h e  d ivers ion  and benef ic i a l  use of publ ic  waters 
of the  S ta te .  

Porosity -- The r a t i o  of t h e  t o t a l  volume of voids i n  a rock o r  s o i l  
t o  i t s  t o t a l  volume, usually expressed a s  a decimal, f r a c t i o n  o r  
percentage. 



Po ten t iome t r i c  Head -- The l e v e l  t o  which water  i n  a n  a q u i f e r  w i l l  
rlse by h y d r o s t a t i c  p r e s s u r e  u s u a l l y  expressed a s  an e l e v a t i o n  above 
s e a  l e v e l .  

Res idua l  Drawdown -- The d i s t a n c e  dur ing  a recovery  p e r i o d  t h a t  t h e  
water l e v e l  i n  a well i s  found t o  be below t h e  pre-pumping water  
l e v e l .  

S p e c i f i c  Capacity -- The r a t e  of d i s cha rge  of water  from a well 
d iv ided  by t h e  drawdown. 

S torage  Coe f f i c i en t  -- The s t o r a g e  c o e f f i c i e n t  i s  t h e  volume of 
water an a q u i f e r  r e l e a s e s  from o r  t a k e s  i n t o  s t o r a g e  p e r  u n i t  a r e a  
of a q u i f e r  p e r  u n i t  change i n  head. 

Transmiss iv i ty  -- The r a t e  a t  which water  i s  t r a n s m i t t e d  through a 
u n i t  width of t h e  a q u i f e r  under a u n i t  hyd rau l i c  g r a d i e n t .  It i s  
equal  t o  t h e  average hyd rau l i c  conduc t iv i t y  times t h e  s a t u r a t e d  
t h i c k n e s s  of t h e  a q u i f e r .  I n  common terms, t h e  a b i l i t y  of an 
a q u i f e r  t o  t r a n s m i t  water. 

Unconfined Ground Water -- Ground water i n  an a q u i f e r  t h a t  h a s  a 
water t a b l e .  

Unconformable -- Having t h e  r e l a t i o n  of unconformity t o  t h e  
underlying rocks ;  not  succeeding t h e  underlying s t r a t a  i n  immediate 
o r a e r  of age and i n  p a r a l l e l  p o s i t i o n .  

Unconformity -- A s u r f a c e  of e r o s i o n  o r  nondeposi t ion t h a t  s e p a r a t e s  
younger s t r a t a  from o l d e r  rocks.  

f r ~  
penet  r 
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Water Level  -- The d i s t a n c e  land  s u r f a c e  t o  t h e  t o p  of t h e  
water column i n  a well t h a t  a t e s  e i t h e r  an  a r t e s i a n ,  perched 
o r  water  t a b l e  aqu i f e r .  Whet1 Lrie well is  pumping, t h e  water l e v e l  
is r e f e r r e d  t o  a s  a pumping l e v e l .  The water  l e v e l  i s  r e f e r r e d  t o  
a s  a s t a t i c  water l e v e l  i n  a well t h a t  ha s  recovered from pumping. 

Water Table -- The water s u r f a c e  i n  an unconfined ground water body, 
a t  which t h e  p r e s s u r e  is  atmospheric.  

Water Year -- The yea r  which begins  October 1 and ends  t h e  fo l lowing  
September 30. It c a r r i e s  t h e  year  number du r ing  which it  ends. For  
example, Water Year 1985 (WY 1985) ended September 30, 1985. 



The we l l  and spring numbering system used i n  Oregon i s  based on the 
rectangular system used f o r  subdivision of publ ic  land. Each we l l  
nunber indicates the geograhic loca t ion  of the w e l l  and describes 
the township, range, and section. For example, the we l l  number 
26S/17E-20ca or  T26S/R17E-20ca indicates a we l l  located w i th in  
Township 26 South, Range 17 East, and Section 20. The l e t t e r s  
fol lowing the section number ind icate the w e l l  loca t ion  w i th in  the 
section as shown i n  Figure 1. The f i r s t  l e t t e r  (c )  represents the 
quarter section (160 acres), the second l e t t e r  (a) the 
quarter-quarter section (40 acres). I f  more than one we l l  i s  
located wi th in  a 40-acre t rac t ,  a series number i s  added fol lowing 
the second l e t t e r  t o  d is t inguish each well. 

Figure 1. Well Numbering System 
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GROUND WATER CONDITIONS I N  THE FORT ROCK BASIN, 
NORTHERN LAKE COUNTY, OREGON 

-- 
by Donn W. M i l l e r  -- 

ABSTRACT 

The Fo r t  Rock Basin i s  a reg ion o f  i n t e r i o r  drainage located i n  
south-central Oregon. I t  comprises a t o t a l  o f  about 2500 square 
mi les i n  three component val leys:  Fo r t  Rock Valley i n  the  northwest, 
Christmas Valley i n  the east, and S i l v e r  Lake Valley i n  the 
southwest. The basin lowlands account f o r  1/3 o f  the basin area and 
are near ly continuous, ranging i n  e levat ion from approximately 4300 
t o  4500 feet .  Rugged mountains and r idges form the perimeter of the 
basin w i th  d iv ide  elevat ions ranging from about 4700 f e e t  on the 
east t o  8200 feet  a t  Yamsey Mountain on the southwest. 

The basin lowlands are semiarid, commonly rece iv ing l ess  than 12 
inches of  p r e c i p i t a t i o n  per year. I n  contrast, the  higher uplands 
can receive up t o  40 inches per year. The growing season i n  the 
lowlands i s  l ess  than 100 days and records show tha t  k i l l i n g  f r o s t s  
can occur every month o f  the year. 

Surface water supplies i n  the basin are essen t ia l l y  l i m i t e d  t o  
S i l v e r  Creek and two other perennial  streams which f low from the 
southwest uplands i n t o  S i l v e r  Lake Valley. I n  northern Christmas 
Valley, Peter Creek occasional ly flows and sinks i n t o  the va l ley  
f l o o r  dur ing rap id  snow melt  o r  intense p r e c i p i t a t i o n  condit ions. 
Elsewhere i n  the basin, except f o r  smal l  springs and ponds, surface 
water and na tu ra l  drainage development i s  l a rge l y  absent. 

Cenozoic volcanic rocks under l ie  the e n t i r e  area. These rocks 
include basalt,  andesite, t u f f ,  basa l t i c  agglomerate, pumice and 
cinders. The t o t a l  thickness o f  these volcanic rocks i s  unknown but 
ce r ta i n l y  more than 1000 feet .  I n  the lowlands, these rocks are 
l a rge l y  over la in  by sedimentary deposits which contain up t o  several 
hundred f ee t  o f  diatomite, c lay,  s i l t ,  sand and gravel. Except f o r  
t u f f ,  proper ly constructed wel ls  penetrat ing the volcanic rocks are 
cons is tent ly  capable o f  y i e l a s  o f  1000 gpm (ga l lons per  minute) o r  
more. Wells i n  sand and grave l  can obta in  these y i e l d s  also. The 
production capacity o f  andesite i s  untested i n  t he  basin. The 
depths o f  wel ls  range from l ess  than 50 t o  near ly 1500 feet ,  but 
most are between 100 and 500 feet .  

Winter p r e c i p i t a t i o n  w i t h i n  the basin i s  the p r i n c i p a l  source of  
recharge t o  ground water i n  the basin. This recharge occurs i n  
par ts  o f  both the upland and lowland areas. The na tu ra l  f l ow  o f  
ground water leaves the basin by subsurface outf low t o  the  Deschutes 



Basin  on t h e  northwest ,  by e v a p o t r a n s p i r a t i o n  w i t h i n  Chris tmas 
Valley i n  t h e  e a s t ,  and by subsu r f ace  outf low t o  t h e  Summer Lake 
Basin on t h e  south. 

The main ground water  r e s e r v o i r  i s  t h e  dominant sou rce  of ground 
water i n  t h e  F o r t  Rock Basin.  Water l e v e l s  i n  t h e  r e s e r v o i r  
gene ra l l y  rest between a l t i t u d e s  of 4285 and 4300 f e e t .  Most 
s u r f a c e  waters  a r e  perched above t h e s e  l e v e l s .  The main ground 
water r e s e r v o i r  i s  widespread and c o n s i s t s  of a q u i f e r s  of vo l can i c  
and sedimentary ma te r i a l s .  The r e s e r v o i r  d i s p l a y s  bo th  conf ined  and 
unconfined cond i t i ons .  Only one f lowing well i s  known, but o t h e r s  
could a l s o  be d r i l l e d  i n  e a s t e r n  Chris tmas Val ley where land  s u r f a c e  
a l t i t u d e s  a r e  below 4290 f e e t .  The r e s e r v o i r  i s  very f a v o r a b l e  f o r  
t h e  t ransmiss ion  and s t o r a g e  of water .  Aquifer  test c a l c u l a t i o n s  a t  
i r r i g a t i o n  wells i n  each  v a l l e y  r ende r  h igh  t r a n s m i s s v i t i e s  of 
70,000 t o  2,750,000 gpd/f t . ( g a l l o n s  p e r  day p e r  f o o t )  . One test  
l ead  t o  a high - s t o r a g e  c o e f f i c i e n t  of 0.10 t o  0.12. 

Water l e v e l  monitoring i n  wells i s  concent ra ted  i n  t h e  lowland 
a reas .  I n  t h e  absence of pumping, t y p i c a l  water l e v e l s  i n  t h e  main 
ground water r e s e r v o i r  seem t o  f l u c t u a t e  l e s s  t h a n  1.1 f e e t  p e r  
year.  Under very s t r o n g  annual  recharge  c o n d i t i o n s ,  water  l e v e l s  
may rise 1 f o o t .  Conversely, under very weak annual  recharge  
cond i t i ons ,  l e v e l s  may drop 0.4 f o o t .  Long-term water l e v e l  
f l u c t u a t i o n s  l a g  about  1 y e a r  behind t h e  recorded long-term 
p r e c i p i t a t i o n  and streamflow f l u c t u a t i o n s .  With widespread pumping, 
water l e v e l s  may f l u c t u a t e  annual ly  less t h a n  1.1 feet i n  i s o l a t e d  
a r e a s  t o  more t h a n  100 feet a t  pumping wells. 

Ground water  i n  t h e  b a s i n  i s  u s u a l l y  of good q u a l i t y  f o r  d r ink ing ,  
i r r i g a t i o n ,  and o t h e r  uses .  I n  g e n e r a l ,  it h a s  a d i s s o l v e d  s o l i d s  
con ten t  of less than  250 mg/l(mil l igrams p e r  l i t e r ) ,  hardness  of 
less t h a n  150 mg/l, and boron less t h a n  1 mg/l. Ground water  i n  t h e  
a r e a  i s  usua l ly  of t h e  sodium b ica rbona te  t ype  and has  an average 
s p e c i f i c  conductance of about 300 micrmhos  p e r  cen t imeter .  Water 
temperatures  range from 50° t o  97OF wi th  most between 50° and 60°F. 
A Carbon-14 water  sample from a 700 f e e t  well rendered an apparent  
ground water  age of 2500 y e a r s  be fo re  p re sen t .  

P r i o r  t o  1972, ground water  pumpage was less t h a n  20,000 AF 
( ac re - f ee t )  p e r  yea r  and showed no d i s c e r n i b l e  long-term a f f e c t  on 
water l e v e l s  i n  wel ls .  The pe r iod  1972 t o  1981 d isp layed  s teady  
i n c r e a s e s  i n  es t imated  pumpage from 22,000 t o  91,000 AF. Pumpage 
between 1981 and 1985 has  f l u c t u a t e d  between 68,000 and 92,000 AF 
annual ly ,  averaging about 80,000 AF . Consis ten t  pumpage i n  excess 
of 40,000 AF/year has  r e s u l t e d  i n  a d i s c e r n i b l e  effect on water 
l e v e l s .  

A r eg re s s ion  of t y p i c a l  water  l e v e l  change p e r  c a l e n d a r  yea r  and 
l o c a l  streamflow p e r  water  yea r  p r i o r  t o  1972 shows good c o r r e l a t i o n  
of n a t u r a l  water  l e v e l  f l u c t u a t i o n s  t o  varying r echa rge  cond i t i ons .  
Under t h e  weakest annual  recharge  c o n d i t i o n s  a drop  of 0.39 f o o t  i n  



water l e v e l  is ca lcu la ted ,  representing average d ischarge  from t h i s  
reservoi r .  Under long-term na tu ra l  equil ibrium condi t ions ,  t h e  
average recharge w i l l  approximate t h e  average d ischarge  from t h e  
reservoi r .  The e f f e c t s  of pumping s i n c e  1976 have served t o  
discharge a r t i f i c a l l y  a s  much water a s  i s  normally recharged. From 
1976 t o  1986, water l e v e l s  dropped about 2.5 f e e t  while t h e  
non-pumping regress ion  p r e d i c t s  a rise of 2.0 feet. A t  c u r r e n t  
pumping i n t e n s i t i e s  and c l o s e r  t o  average recharge condi t ions ,  water 
l e v e l s  i n  t h e  r e se rvo i r  w i l l  drop about 0.4 foo t /yea r  and pumping 
discharge w i l l  slowly supplant n a t u r a l  discharges.  Water l e v e l  
s t a b i l i t y  a t  lower water l e v e l s  can be re s to red  a s  d ischarge  changes 
occur. S ince  ground water i n  s to rage  i s  many hundreds of t imes  t h e  
average recharge, running out  of water is not  imminent. 

I r r i g a t e d  a g r i c u l t u r e  provides a l i v i n g  f o r  many of t h e  1100 
i n h a b i t a n t s  of t h e  For t  Rock Basin and represen t s  most of t h e  water 
purnped there .  I r r i g a t :  about 40,000 a c r e s  occurred from wel l s  
i n  1986. The Oregon Wa' sources Department r e p o r t s  v a l i d  ground 
water permits on 65,OOC from 400 wells. P o t e n t i a l l y ,  a t  l e a s t  
100,000 ac res  a r e  s u i t a b l e  f o r  i r r i g a t i o n  i n  t h e  basin. I n  March, 
1984, t h e  Water Resources Direc tor  ha l ted  permit i ssuance  i n  the  
area. By October, 1986 t h e  Department had accepted a p p l i c a t i o n s  f o r  
the  i r r i g a t i o n  of 6,000 add i t iona l  acres.  The dec i s ion  t o  a c t  on 
these and subsequent app l i ca t ions  r e s t s  with t h e  Oregon Water 
Resources Commission. 



INTRODUCTION 

PURPOSE 

I n  1489, t h e  Oregon Water Resources Department began t h i s  s tudy  t o  
add re s s  t h e  ground water  supply concerns  of water  u s e r s  and managers 
r e a c t i n g  t o  r a p i d  i n c r e a s e s  i n  i r r i g a t e d  a g r i c u l t u r e  i n  t h e  F o r t  
Rock Basin. The a v a i l a b i l i t y  of i r r i g a b l e  raw land  was s u f f i c i e n t  
t o  s u s t a i n  a  doubling of l a n d s  i r r i g a t e d  w i th  ground water.  The 
economic s e t t i n g  was a l s o  very f a v o r a b l e  f o r  t h i s  expansion t o  
occur.  I n  a d d i t i o n  t o  a c t u a l  pumpage, t h e  i s s u a n c e  of new, 
unexercised ground water pe rmi t s  r ep re sen t ed  a  f u t u r e  i n d i c a t o r  of 
water use on thousands of new a c r e s .  The purpose of t h i s  s t udy  was 
t o  determine ground water  c o n d i t i o n s  i n  t h e  F o r t  Rock Basin f o r  
reasons  of water  supply management. I n  o r d e r  t o  accomplish t h i s ,  
t h e  o b j e c t i v e s  of t h e  p re sen t  s tudy were t o  d e s c r i b e  ( 1 )  t h e  
hydrogeology of t h e  bas in ,  (2)  t h e  ground water  f low system, (3)  t h e  
q u a n t i t y  of ground water  withdrawals  and app rop r i a t i ons ,  ( 4 )  t h e  
e f f e c t  of withdrawals on t h e  p e r e n n i a l  supply of ground water,  ( 5 )  
t h e  q u a l i t y  of ground water ,  and ( 6 )  p o s s i b l e  a c t i o n s  f o r  f u t u r e  
ground water  monitoring and management. 

To achieve these o b j e c t i v e s ,  va r ious  r e p o r t s ,  r eco rds ,  and 
hydrologic  d a t a  were reviewed and analyzed. A f i e l d  inventory  of 
more t han  300 wells provided a  b a s i s  f o r  e s t i m a t i n g  pumpage from 
power records.  Other f i e l d  s t u d i e s  inc luded  t h e  l e v e l i n g  of 
wellhead a l t i t u d e s  a t  about 35 wells, sampling and ana lyz ing  water  
a t  selectea wells, conduct ing t h r e e  a q u i f e r  tes ts  and ongoing 
measuring of water  l e v e l s  i n  obse rva t ion  wel l s .  
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by providing acces s  t o  wells and ground water da ta .  C e r t a i n  
f i n a n c i a l  and m a t e r i a l s  suppor t  from Lake County, North Lake County 
Water Users,  Mids ta te  Electric Co-op, and t h e  U.S. Bureau of Land 
Management were apprec ia ted .  C l i n t  C a r r i c o  and Gordon Emery k ind ly  
allowed t h e i r  we l l s  t o  be used f o r  a q u i f e r  tests. S p e c i a l  thanks  go 
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PREVIOUS STUDIES 

Ground water  r e sou rces  of t h e  a r e a  were desc r ibed  i n  geo log ic  
r e p o r t s  by R u s s e l l  (1884) ,  Waring (19081, and Hampton (1964).  Basic  
ground water d a t a  was t a b u l a t e d  by Trauger  (1450) and ground water 
recharge f o r  t h e  bas in  was e s t ima ted '  by Newcomb (1953). Hydrologic 
r e p o r t s  by P h i l l i p s  and Van Denburgh (1971) and Brown (1957) 



explored c e r t a i n  ground water/surface water re la t ionsh ips.  M i l l e r  
(1984) examined l i m i t s  t o  ground water development i n  the basin. 
Geologic mapping o f  the area was completed by Walker (1977); 
Peterson and McIntyre (1970) ; Wall r s  (1967); and Wells 
and Peck ( 1961). 

LOCATION 

The Fo r t  Rock Basin ( f i g u r e  2) occupies a t o t a l  o f  about 2500 square 
mi les  (mi21 i n  south-central Oregon. I t  r e s t s  e n t i r e l y  i n  
northern Lake County except f o r  about 70 mi2 i n  Deschutes County 
and 140 mi2 i n  Klamath County. The bas in  cons is ts  o f  three 
va l leys o f  near equal size: S i l v e r  Lake Val ley i n  the  southwest, 
Fo r t  Rock Val ley i n  the northwest, and Christmas Valley i n  the 
east. The l a t t e r  va l l ey  i s  a lso known by the  more t r a d i t i o n a l  name 
Christmas Lake Valley. Each va l ley  has i t s  own i n t e r i o r  drainage 
with f a i r l y  low c e n t r a l  d i v ides  separating component val leys.  

I n  the course o f  study, i t  was apparent t ha t  c e r t a i n  data were 
needed i n  adjacent areas i n  order t o  b e t t e r  understand ground water 
condi t ions w i t h i n  the F o r t  Rock Basin. Therefore, ground water data 
were taken from wel ls  and springs i n  the  Klamath Basin t o  the 
southwest, the Deschutes Basin t o  the northwest, t h e  Crooked River  
Basin t o  the northeast, the  Harney, A l ka l i ,  and Abert Basins t o  the 
east, and the Summer Lake Basin t o  the south. F u l l y  viewed, the 
Fo r t  Rock Basin reg ion noted by p l a tes  in t h i s  r epo r t  i s  about 
10,000 mi2, 
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Figure 2: Locat ion Map o f  the F o r t  Rock Basin. 



ADMINISTRATIVE ACTION 

On March 26, 1984, William H. Young, Oregon Water Resources 
Direc tor ,  i n i t i a t e d  a proceeding f o r  t h e  determination of a c r i t i c a l  
ground water a rea  i n  t h e  For t  Rock Basin (Appendix I X ,  P l a t e  1). 
This was based on prel iminary f ind ings  which gave him reason t o  
be l ieve  t h a t  ground water l e v e l s  i n  t h e  a rea  were dec l in ing  and t h e  
ava i l ab le  ground water supply i n  t h e  a r e a  was about t o  be 
overdrawn. This  ac t ion  served t o  h a l t  t h e  issuance of new permits  
f o r  t h e  appropriat ion of ground water permits  u n t i l  t h e  r e so lu t ion  
of a c r i t i c a l  a rea  determination. This admin i s t r a t ive  process 
survived a test of its l e g a l i t y  through a decis ion  of t h e  Oregon 
Supreme Court i n  December 1985. 

A t  t h e  time of t h e  i n i t i a t i o n ,  a hearing on t h e  matter  was 
an t i c ipa ted  within two t o  four  years .  This would al low f o r  the 
c o l l e c t i o n  and ana lys i s  of add i t iona l  da ta .  In  1985, t h e  Oregon 
Leg i s l a tu re  crea ted  t h e  Water Resources Commission with d i r e c t  
author i ty  over ground water. I n  August 1986, t h e  Commission 
d i rec ted  Water Resources Department s t a f f  t o  proceed w i t h  
author iza t ion  through t h e  withdrawal o r  c l a s s i f i c a t i o n  process f o r  
unappropriated ground water i n  t h e  F o r t  Rock Basin i n s t e a d  of 
seeking a c r i t i c a l  area.  These processes could c l o s e  the a rea  t o  
new appropriat ions f o r  c e r t a i n  uses but not restrict e x i s t i n g  
appropriat ions a s  could a c r i t i c a l  a rea .  While t h e  f u t u r e  of 
cu r ren t  adminis t ra t ive  a c t i o n  is uncer ta in ,  it appears t h a t  t h e  
withdrawal/classif icat ion,  c r i t i c a l  a rea  determination,  and pending 
permit app l i ca t ion  mat ters  w i l l  be concluded i n  1987. 



GEOGRAPHIC SETTING 

CLIMATE 

The lowlands below an e l e v a t i o n  of 4500 feet are semi-arid,  
r ece iv ing  an average annual  p r e c i p i t a t i o n  of less t h a n  1 2  inches  
( f i g u r e  3 ) .  P r e c i p i t a t i o n  i n c r e a s e s  with i n c r e a s i n g  e l e v a t i o n  of 
t h e  land  s u r f a c e  such t h a t  average va lues  of about  18 i n c h e s  occur  
a t  5000 feet and 40 inches  a t  7300 feet. Most of t h e  p r e c i p i t a t i o n  
f a l l s  dur ing  t h e  win te r  months of October through March under t h e  
in f luence  of s torms moving in l and  from t h e  P a c i f i c  Ocean. 
Convective thunderstorm c o n d i t i o n s  can  r e s u l t  i n  very i n t e n s e  but 
l o c a l i z e d  p r e c i p i t a t i o n  du r ing  t h e  summer. 

OF DEFICIENCY. 

- - -  

Figure  3: Calendar Year P r e c i p i t a t i o n  and Cunula t ive  Departure  from 
Average P r e c i p i t a t i o n  i n  inches:  1918-1985 (Frernont, Oregon). 



Summers are usual ly  warm and d ry  and win ters  are t y p i c a l l y  c o o l  and 
moist. Mid-summer h igh  temperatures are about 80°F whi le  mid-winter 
highs are about 40°F. D iu rna l  temperature changes o f  more than 40°F 
are not uncommon i n  the basin dur ing the summer. Because of  the 
h igh e levat ion (4300+ f e e t )  and l a t i t u d e  (43ON), morning f r o s t s  can 
occur any month o f  the year. This cond i t i on  general ly  l i m i t s  the 
growing season t o  l ess  than 100 days per  year. 

Winds are o f  add i t i ona l  note i n  the F o r t  Rock Basin. Damaging winds 
can occur i n  any month. The win ter  winds are o f t e n  pers is ten t  whi le 
summer winds are usual ly  l e s s  in tense and drying. 

The c l imate o f  a reg ion i s  composed o f  i t s  weather fac tors .  I n  
general, only a few decades o f  record are  ava i lab le  w i t h  which t o  
character ize these factors.  P r e c i p i t a t i o n  i s  o f  p a r t i c u l a r  i n t e r e s t  
i n  the Fo r t  Rock Basin since the average i s  so low. Studies by Keen 
(1937) and Antevs (1938) examined t r e e  r i n g  growth o f  ponderosa pine 
i n  the Great Basin o f  Oregon i n  order t o  es tab l i sh  a proxy record 
f o r  p r e c i p i t a t i o n  over the l a s t  several  hundred years. They 
observed t ha t  the acute drought o f  the 1920's and 1930's was the 
most severe i n  recent centuries, but t h a t  s i m i l a r  per iods had 
previously occurred. I n  a study by Graumlich (19851, i t  was 
concluded t h a t  p r e c i p i t a t i o n  reconstruct ions from t r e e  r i n g  widths 
i n  the P a c i f i c  Northwest do not  revea l  long-term changes i n  mean 
condit ions, but  show episodes of wet and d ry  condi t ions.  Although 
there i s  no question t h a t  the c l imate of  the Fo r t  Rock Basin reg ion 
has evolved w i t h  time, there i s  no concensus about cur rent  c l i m a t i c  
changes i n  Oregon, according t o  K e l l y  Redmond, Oregon's Sta te  
Cl imatologist  (personal communication, 1985). 

CULTURE AND INDUSTRY 

About 1100 people l i v e  i n  the Fo r t  Rock Basin. The populat ion 
centers are the small  towns o f  Christmas Valley, S i l v e r  Lake, and 
F o r t  Rock. Most o f  the  bas in 's  inhab i tan ts  l i v e  outs ide o f  the 
towns. Much o f  the cur rent  popula t ion has migrated t o  the  area i n  
the l a s t  t e n  years. 

Agr icu l ture  forms the p r i n c i p a l  i ndus t ry  o f  the basin. Livestock, 
hay and small  gra ins  are  the main a g r i c u l t u r a l  products. Due t o  i t s  
h igh p ro te i n  content, l o c a l  hay i s  i n  good demand by dairymen i n  
western Oregon. Other i ndus t r i es  are the  harvest ing o f  timber, 
d iatomite mining and processing, and tourism. The l a t t e r  i s  
supported by l o c a l  geologic, archeologic and rec rea t iona l  features. 

State Highway 31 i s  the p r i n c i p a l  roadway which crosses the  basin. 
I t  provides access t o  the l a rge r  populat ion centers o f  Bend t o  the 
northwest and Lakeview t o  the southeast. Other paved roads connect 
the towns w i t h i n  the  basin. The area i s  fu r the r  served by numerous 
grave l  and d i r t  roads. 



PHYSIOGRAPHY 

Topographically, the basin can be div ided i n t o  two categories: a 
lowland area below 4500 feet e levat ion and an upland area above 4500 
feet. The lowland i s  general ly f l a t ,  semi-arid, of t e n  su i tab le  f o r  
farming, and contains about one-third o f  t o t a l  basin area. The 
upland i s  general ly rugged, semi-arid t o  humid, and unsui table f o r  
farming. Much o f  the lowland i s  covered by sagebrush, greasewood 
and rabbi tbrush while much o f  the upland i s  covered by stands of 
p ine and juniper. Land surface elevat ions i n  the  Fo r t  Rock Basin 
range from 4285 fee t  i n  eastern Christmas Valley t o  about 8200 f e e t  
a t  Yamsey Mountain on t he  southwest boundary. 

The Basin and Range and the High Lava Pla ins physiographic provinces 
merge a t  the Fo r t  Rock Basin . The Basin and Range area covers 
approximately the southern t h i r d  o f  the basin and i s  characterized 
by north-trending fau l t s ,  prominent f a u l t  scarps ( r i m  rocks), and 
basins of i n t e r i o r  drainage between fau l t -b lock mountains. The High 
Lava Pla ins region i s  a r e l a t i v e l y  undeformed and undissected 
expanse of young lava f lows dotted i n  places by c inder  cones, t u f f  
r ings,  and sh ie l d  volcanoes. The basin i n t e r i o r  i s  ra ther  f l a t ,  
exh ib i t i ng  c e r t a i n  shorel ine features from Ice-Age lake  wave action. 

Surface drainage i n  the For t  Rock Basin i s  i n t e r n a l  (P la te  1).  
Perennial streams consist  o f  S i l v e r  Creek, Buck Creek and Bridge 
Creek. They r i s e  i n  t he  southwest mountains, merge i n  the  lowlands 
of S i l v e r  Lake Valley a t  Paulina Marsh and f low t o  S i l v e r  Lake. 
Addi t iona l  i n te rm i t t en t  streams occur i n  t h i s  area. I n  northern 
Christmas Valley, Peter Creek occasional ly f lows and s inks i n t o  the 
va l ley  f l o o r  during rap id  snow melt o r  intense p r e c i p i t a t i o n  
conditions. Ephemeral streams are common on the south, east and 
northeast upland areas o f  the basin. Such drainage i s  poor ly  
developed on the west and northwest. Numerous smal l  springs occur 
i n  the southwest mountains but are ra re  elsewhere i n  the  basin. 
Many small, shallow ponds form i n  lowland depressions fo l low ing  wet 
periods. The shallow lakes o f  S i l v e r  Lake (T28S/R15E) and Christmas 
Lake/Alkal i  F l a t  (T26S/R18E) can be several square miles. 



GEOLOGIC SETTING 

GENERAL DESCRIPTION 

The rocks of t h e  F o r t  Rock Bas in  range i n  age f rom Pl iocene ( 1  t o  12 
m i l l i o n  years ago) t o  Recent. Volcanic rocks  u n d e r l i e  t h e  e n t i r e  
bas in  and almost a l l  o f  t h e  surrounding area shown on P l a t e  2. 
These rocks cons is t  l a r g e l y  of basa l t ,  andesite, t u f f ,  b a s a l t i c  
agglomerate, pumice and c inders.  Over ly ing these rocks  i n  l o w l y i n g  
areas are sedimentary depos i ts  o f  d ia tomi te ,  c lay ,  s i l t ,  sand and 
gravel .  

Hanpton (1964) f i r s t  d e t a i l e d  t h e  var ious  rock  u n i t s  i n  t h e  F o r t  
Rock Basin ( f i g u r e  4). I n  a d d i t i o n  t o  naming formations, he 
o u t l i n e d  the  s t r u c t u r a l  geology o f  t h e  area and assessed t h e  ground 
water cond i t i ons  and p o t e n t i a l  o f  t h e  rock  u n i t .  Subsequent 
i n v e s t i g a t i o n s  have modi f ied  some o f  h i s  work. Th is  r e p o r t  r e f e r s  
t o  many o f  Hampton's desc r ip t i ons  i n  t h e  t e x t ,  b u t  combines c e r t a i n  
rock u n i t s  o f  s i m i l a r  age and genera l  composit ion f o r  s i m p l i c i t y  i n  
P l a t e  2 a f t e r  t h e  work o f  Weissenborn (1967). 

STRATIGRAPHY 

PICTURE ROCK BASALT 

The P i c t u r e  Rock Basa l t  i s  t h e  o ldes t  outcropping rock  u n i t  i n  the  
bas in  and i s  o f  Pl iocene Age. I t  c o n s i s t s  o f  a  t h i c k  sequence o f  
b a s a l t i c  l a v a  f l ows  and interbedded p y r o c l a s t i c  and sedimentary 
mater ia ls .  The maximum exposure o f  b a s a l t  i s  700 f e e t  wh i l e  t h e  
maximum observed th ickness o f  i n t e r b e d  m a t e r i a l  i s  250 fee t .  T o t a l  
th ickness o f  t h e  u n i t  may exceed 1000 feet.  

I n d i v i d u a l  b a s a l t  f l o w s  are  10  t o  50 f e e t  t h i c k  with scoriaceous 
tops  and bottoms. According t o  Hampton ( 1964), these scoriaceous 
zones are  permeable and c o n s t i t u t e  a l a r g e  p o r t i o n  o f  t o t a l  f l o w  
thickness. Interbedded mate r ia l s  add f u r t h e r  t o  t h e  p o r o s i t y  o f  
these zones. Conversely, t h e  middle p a r t s  of f l ows  a re  dense with 
few cracks and j o i n t s  t o  p rov ide  permeabi l i t y .  

The P i c t u r e  Rock Basa l t  crops ou t  on t h e  southern r i m  o f  t h e  bas in  
on the  mountain a rc  f rom south o f  t h e  spectacular  exposure a t  S i l v e r  
Lake graben (29S/16E) t o  southeastern Christmas Val ley.  The u n i t  
probably e x i s t s  below much o f  t h e  c e n t r a l  area o f  t h e  bas in  as w e l l  
as the  nor thern  p o r t i o n  o f  t h e  Summer Lake Basin. Exposures are 
heav i l y  fau l ted .  Th is  f e a t u r e  makes t h e  depth t o  t h e  u n i t  h i g h l y  
va r iab le  under t h e  a l luv ium covered areas o f  t h e  bas in  f l o o r .  

I n  general, t he  water-bearing and t r a n s m i t t i n g  c h a r a c t e r i s t i c s  o f  
t h e  P i c t u r e  Rock Basa l t  a re  good. The pe rmeab i l i t y  and p o r o s i t y  o f  
t h e  scoriaceous tops o f  f l ows  as w e l l  as t h e  interbedded mate r ia l s  



GEOLOGIC TIME UNIT FORT ROCK BASIN UNIT 

(AFTER HAMPTON, 1964) 
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make t h e  P i c t u r e  Rock B a s a l t  an  impor tan t  a q u i f e r .  Numerous wells 
i n  t h e  south  and c e n t r a l  p o r t i o n s  of t h e  bas in  p e n e t r a t e  t h e  
formation and produce l a r g e  q u a n t i t i e s  of water .  

INTERMEDIATE COMPOSITION VOLCANIC ROCKS 

The volcanic  rocks  of i n t e rmed ia t e  composi t ion form t h e  l a v a  cone 
masses of Horning Bend ( T27S/R14E-1) and Cougar Mountain 
(T25S/R15E-14). Based on s t r a t i g r a p h i c  p o s i t i o n ,  t h i s  u n i t  i s  
assigned a middle P l iocene  Age. The maximum t h i c k n e s s  of t h e  u n i t  
i s  unce r t a in ,  but is probably more t h a n  1000 feet i n  t h e  middle 
p o r t i o n s  of t h e  two e r u p t i v e  c e n t e r s .  

Horning Bend c o n s i s t s  of a f ine-gra ined ,  l i g h t  b lue  gray  t o  cream 
a n d e s i t e  while  Cougar Mountain i s  composed of a f ine-gra ined ,  da rk  
pink t o  bluish-gray rhyodaci te .  Black and r e d  s t r e a k e d  obs id i an  
grade i n t o  rhyodac i te  on Cougar Mountain. Although t h e s e  rocks  a r e  
f r a c t u r e d  and heav i ly  eroded,  t hey  have weathered t o  form only  t h i n ,  
rocky s o i l s .  

The u n i t  unconformably o v e r l i e s  t h e  P i c t u r e  Rock B a s a l t ,  having 
i s sued  from f a u l t s  c u t t i n g  t h e  basement rock. The v i scous  l a v a  
formed r a t h e r  high, i s o l a t e d  mountains of l i m i t e d  a r e a l  e x t e n t .  Due 
t o  t h e s e  f a c t o r s  no wells have been d r i l l e d  i n t o  t h e s e  rocks. 
Therefore ,  water  y i e l d i n g  c h a r a c t e r i s t i c s  have not  been determined. 

FORT ROCK FORMATION 

Sedimentary and volcanic  rocks  of t h e  F o r t  Rock Formation 
unconformably over ly  t h e  P i c t u r e  Rock B a s a l t  and t h e  i n t e rmed ia t e  
composition vo l can i c  rocks.  The format ion  c o n s i s t s  p r i n c i p a l l y  of 
t u f f ,  d i a tomi t e ,  c o a r s e  b a s a l t i c  d e b r i s ,  b a s a l t i c  l a v a ,  black sand 
and pumice g rave l .  T o t a l  t h i c k n e s s  i s  h ighly  v a r i a b l e  wi th  a 
maximum known t h i c k n e s s  of about  1000 feet. Dia tomi te  a l o n e  may 
c o n s t i t u t e  more t h a n  600 feet  i n  c e r t a i n  a r e a s .  

The formation u n d e r l i e s  much of t h e  v a l l e y  f l o o r  and c r o p s  o u t  i n  
i r r e g u l a r  and s c a t t e r e d  exposures .  I m  o r t a n t  ou t c rops  occa r  a t  Table  
Rock (T28S/R15E-l), Fandango Canyon f ~ 2 8 ~ / ~ 1 8 ~ - 4 ) ,  Seven Mile Ridge 
(T27S/R17E-28) and t h e  sou theas t e rn  border  of Chris tmas Valley. 
Numerous smal l  exposures  a l s o  occur  on t h e  western,  no r the rn  and 
e a s t e r n  margins of t h e  v a l l e y  f l o o r .  Based on s t r a t i g r a p h i c  and 
d i a tomi t e  f o s s i l  evidence,  t h e  F o r t  Rock Formation i s  ass igned  a 
middle t o  l a t e  P l iocene  Age. 

The va r ious  l i t h o l o g i e s  comprising t h e  F o r t  Rock Formation o f f e r  
d i f f e r i n g  water-producing c h a r a c t e r i s t i c s .  The d i a t o m i t e s  and 
f ine-grained t u f f s  a r e  r a t  her  poor producers  while  t h e  c o a r s e r  
b a s a l t i c  agglomerates and l a v a s  a r e  o f t e n  very good a q u i f e r s .  The 
d i a tomi t e  and f ine-grained t u f f s  a t  shal low depths ,  p a r t i c u l a r l y  i n  
t h e  Thorn LakeKhr is tmas  Valley a r e a s ,  g e n e r a l l y  make shal low wells 
modest producers.  



HAYES BUTTE BASALT 

The Hayes B u t t e  Basa l t  unconformably o v e r l i e s  t h e  F o r t  Rock 
Formation and o l d e r  vo lcan ic  rocks. Due t o  i t s  s t r a t i g r a p h i c  
p o s i t i o n ,  i t  i s  assigned a l a t e  Pl iocene Age al though e a r l y  
Ple is tocene (about 2.5 m i l l i o n  years ago) i s  poss ib le .  The u n i t  
cons is t s  o f  numerous f lows,  ranging i n  th ickness from 10 t o  30 
fee t .  The maximum measured th ickness exceeds 1300 f e e t  a t  Hayes 
But te.  

P r i n c i p a l  outcrops o f  t h e  u n i t  occur a t  Hayes B u t t e  (T27S/R15E-8), 
Table Mountain (T25S/R16E-191, t h e  eastern upland border o f  
Christmas Val ley and t h e  area surrounding much o f  Pau l ina  Marsh. 
Primary e r u p t i v e  centers  are  t h e  cones a t  Hager Mountain 
(T29S/R14E-35) and Hayes But te.  Exposures r e v e a l  t h a t  i n d i v i d u a l  
f l ows  cons is t  o f  a thin scoriaceous base, a dense y e t  j o i n t e d  cen te r  
and a rubb ly  top. The b a s a l t  has undergone f a u l t i n g .  Displacements 
are genera l ly  l e s s  than 50 f e e t  bu t  exceed 100 f e e t  i n  c e r t a i n  
places. 

The water-bearing p r o p e r t i e s  o f  t h e  Hayes B u t t e  Basa l t  appear t o  be 
very good. Several  deep i r r i g a t i o n  w e l l s  penet ra te  t h e  u n i t  i n  t h e  
Pau l ina  Marsh area where they produce l a r g e  q u a n t i t i e s  o f  water with 
l i t t l e  drawdown. I n  general, t h e  fo rmat ion  occurs i n  areas where 
sur face sources o f  water a re  a v a i l a b l e  o r  s o i l  c o n d i t i o n s  a r e  no t  
favorab le  f o r  i r r i g a t i o n .  

PEYERL TUFF 

The Peyer l  T u f f  unconformably o v e r l i e s  a p o r t i o n  o f  t h e  Hayes B u t t e  
Basal t .  This l a t e  Pl iocene o r  e a r l y  Ple is tocene u n i t  c o n s i s t s  o f  a 
sequence o f  e s s e n t i a l l y  undefonned t u f f s ,  tu f faceous sandstones and 
pumice conglomerates. The maximum th ickness o f  t h e  fo rmat ion  may be 
400 f e e t  w i t h  i n d i v i d u a l  l a y e r s  being genera l ly  only a few fee t .  

The outcrop area i s  conf ined t o  a 10  square m i l e  area on t h e  western 
edge o f  t h e  bas in  i n  what was once a smal l  basin. These w a t e r l a i n  
ma te r ia l s  o r i g i n a t e d  f rom e r u p t i v e  centers  l oca ted  t o  t h e  west o f  
t he  outcrop area. I n  add i t ion ,  a welded r h y o l i t i c  t u f f  a t  t h e  top  
o f  t h e  fo rmat ion  suggests depos i t i on  by a glowing c loud  f o r  t h a t  
p a r t  o f  t h e  formation. 

The P e r y e r l  T u f f  appears t o  occur above t h e  water tab le .  Therefore, 
i t  i s  no t  an aqu i fe r .  Exposures suggest t h a t ,  i f  t h e  u n i t  were 
saturated i n  places, i t  may be good water-producing mate r ia l .  

PAULINA BASALT 

The Paul ina Basa l t  unconforrnably o v e r l i e s  t h e  Peyer l  Tuff and t h e  
Hayes Bu t te  Basal t .  However, Peterson and McIn ty re  (1970) were 
unable t o  d i s t i n g u i s h  the  Hayes Bu t te  Basa l t  f rom t h e  Pau l ina  
Basal t .  I n  any event, a se r ies  o f  l a t e  Pl iocene and Ple is tocene 
f lows 



forms t h e  dominant l i t h o l o g i c  u n i t  along t h e  no r the rn  border o f  t h e  
basin. Ex t rus ion  o f  t h i s  u n i t  came from t h e  numerous low s h i e l d  
volcanoes o f  t h e  Pau l ina  Mountains, which a r e  northwest o f ,  and 
adjacent to, t h e  F o r t  Rock Basin. 

I n d i v i d u a l  f l ows  o f  t he  Pau l ina  B a s a l t  a re  f a i r l y  thin, rang ing i n  
th ickness from 5 t o  20 fee t .  The t o t a l  th ickness o f  t h e  fo rmat ion  
i s  probably i n  excess o f  1000 f e e t  a t  e r u p t i v e  centers. Typ ica l l y ,  
f l ows  are  s l i g h t l y  b recc ia ted on t h e  bottom, dense b u t  j o i n t e d  i n  
the  middle, and broken and scoriaceous on t h e  top. Flows have 
undergone minor f a u l t i n g  with displacements u s u a l l y  l e s s  than  10 
feet. 

Exposures suggest t h a t  t h e  water y i e l d i n g  charac ter  o f  t h e  Pau l ina  
Basa l t  i s  very good. Scoriaceous m a t e r i a l  a t  f l o w  con tac ts  prov ides  
exce l l en t  h o r i z o n t a l  pe rmeab i l i t y  wh i l e  j o i n t i n g  and f a u l t i n g  g i v e  
good v e r t i c a l  permeabi l i t y .  The fo rmat ion  i s  an impor tant  a q u i f e r  
i n  t h e  nor thern  p a r t  o f  t h e  bas in  and The S inks  area (T25S/R18E) i n  
p a r t i c u l a r .  

UNCONSOLIDATED DEPOSITS 

A th in mantle o f  s u r f i c i a l  m a t e r i a l  o v e r l i e s  t h e  o l d e r  sedimentary 
and volcanic rocks i n  t h e  F o r t  Rock Basin. Th is  cover i s  
e s s e n t i a l l y  l i m i t e d  t o  t h e  v a l l e y  f l o o r  and cons is t s  o f  l a c u s t r i n e  
and d e l t a i c  depos i ts  o f  Ple is tocene age and streambed, p laya  and 
windblown depos i ts  o f  Recent Age. The source o f  m a t e r i a l  f o r  these 
deposi ts  was t h e  under ly ing  sedimentary and vo lcan ic  rocks o f  t h e  
basin. 

Ple is tocene F o r t  Rock Lake occupied t h e  present  bas in  du r ing  t h a t  
wet te r  pe r iod  t o  a maximum e l e v a t i o n  o f  4500 fee t .  Varying l a k e  
stages deposited and reworked l a c u s t r i n e  depos i ts  between t h a t  l e v e l  
and the  present v a l l e y  f l o o r  l e v e l  a t  about 4300 f e e t .  Lake bed 
deposi ts  o f  f ine-gra ined c lay ,  s i l t ,  sand, vo lcan ic  d e t r i t u s  and 
diatomaceous e a r t h  cover much o f  t h e  i n t e r v a l  between 4300 and 4500 
fee t .  Coarser-grained sand and g r a v e l  a re  t h e  remnants o f  sho re l i ne  
terraces, bars and sp i t s .  The f iner -gra ined l a c u s t r i n e  depos i ts  
c o n s t i t u t e  t h e  s o i l  o f  much o f  t he  farmed area. 

Concurrent with l a c u s t r i n e  depos i t i on  a t  F o r t  Rock Lake, d e l t a i c  
depos i t ion  occurred on the  southwest shore where streams were 
present. The lower reaches of S i l v e r ,  Bridge, Buck and Murdock 
Creeks d i sp lay  remnants of a d e l t a  i n  t h e  form o f  bedded terraces.  
These deposi ts  show a depos i t i ona l  range f rom g r a v e l  t o  c l a y  layers.  

Recent a i r b o r n  t ranspor t  o f  P le is tocene lakebed depos i ts  has formed 
s t a b i l i z e d  and moving sand dunes i n  t h e  eastern  p o r t i o n  o f  Christmas 
Valley. These dunes may serve as a good ground water i n f i l t r a t i o n  
medium s ince they a r e  more permeable than  nearby lakebed deposits.  
I n  a spec ia l  case, perched ground water i n  dune m a t e r i a l  i s  t h e  
source o f  water f o r  t h e  t r e e s  o f  t h e  Lost  Forest.  



Stream va l ley  al luvium o f  Recent Age has accunulated along the  lower 
reaches of  the perennia l  and i n te rm i t t en t  streams. This mater ia l  
cons is ts  o f  thin layers  o f  gravel, sand, s i l t  o r  c lay.  Water i n  
these mater ia ls  seem t o  provide baseflow t o  streams and a modest 
source of  water t o  shallow wells. 

YOUNGER BASALT 

Unconformably over ly ing the  Paulina Basal t  i n  several  areas on t h e  
northern slopes o f  the  basin are younger basal ts o f  Recent Age. 
This u n i t  consists o f  v i r t u a l l y  unweathered lava  flows as w e l l  as 
c inder cones w i t h  prominant exposures a t  T24S/R16E and T25Sm17E. 
I nd i v i dua l  f lows range i n  thickness from 5 t o  50 feet .  To ta l  
thickness a t  erupt ive centers i s  as much as 200 feet .  

The i n f l a t e d  granules o f  the c inder cones and the broken lava  o f  the 
f lows suggest t h a t  these basal ts  are an important ground water 
recharge i n l e t .  The basal ts  l i e  above the saturated zone, so the 
u n i t  i s  not an aquifer. P rec ip i t a t i on  s t r i k i n g  the basal t  can be 
rap id l y  conveyed downward t o  the Paulina Basalt, thus escaping h igh 
losses due t o  evaporation and t ranspi ra t ion.  

GEOLOGIC STRUCTURE 

The most important geologic s t ructures i n  the Fo r t  Rock Basin w i t h  
regard t o  ground water are f a u l t s  and fo lds.  These s t ructures 
in f luence the current  topography and drainage i n  the  basin. A 
knowledge of the  s t ructures w i l l  help exp la in  the occurrences and 
thicknesses of the various rock un i t s .  

North-trending f a u l t s  are t he  dominant f a u l t i n g  pa t t e rn  i n  the  Fo r t  
Rock Basin. Movement along these normal f a u l t s  occurred 
sporadical ly  from the ea r l y  Pliocene t o  Recent time. Displacements 
are greatest w i t h i n  the  P ic tu re  Rock Basalt. Displacements i n  t h a t  
u n i t  may exceed 800 f e e t  whi le those o f  younger u n i t s  are general ly  
less  than 100 feet .  

Deep f a u l t i n g  o f  the P ic tu re  Rock Basal t  has resu l ted  i n  the 
generation o f  horsts and grabens. These features c o n t r o l  the 
thickness of over ly ing beds (general ly  For t  Rock Formation). I n  the 
Thorn Lake area (T28S/R16E), graben f i l l i n g  has resu l ted  i n  more 
than 1000 f e e t  o f  sediment accumulation above the  basalts. Quite 
v i s i b l y ,  the S i l v e r  Lake graben (T28S/R15 and 16E, T29S/R15 and 16E) 
shows the severe downdropping of  a block w i t h i n  the P ic ture Rock 
Basalt. 

Faul t ing trends are a lso ind icated by alignment o f  erupt ive 
centers. These f a u l t  zones have l o c a l l y  con t ro l led  t he  d i s t r i b u t i o n  
o f  volcanic u n i t s  younger than the  P ic tu re  Rock Basalt. Alignment 
o f  erupt ive centers i s  p a r t i c u l a r l y  conspicuous i n  the areas of 
Paulina and younger basal t  extrusion. 



Though t h e  p r i n c i p a l  normal f a u l t s  a re  nor th- t rending,  a number o f  
o ther  normal f a u l t s  i n t e r s e c t  them a t  approximately r i g h t  angles. 
These f a u l t s  occur i n  t h e  P i c t u r e  Rock Pass area as w e l l  as adjacent 
areas o f  t he  Summer Lake Basin t o  t h e  south (Donath, 1962). The 
displacement along these east-west t rend ing  f a u l t s  i s  usua l l y  l e s s  
than 50 f e e t  b u t  exceeds 100 f e e t  i n  places. 

Hampton (1564) s ta ted t h a t  o f  severa l  major f o l d s  i n  t h e  F o r t  Rock 
Basin, only one could be accura te ly  mapped. The a x i s  o f  t h e  St.  
P a t r i c k  A n t i c l i n e  forms t h e  c r e s t  o f  t h e  southern bas in  boundary 
from P i c t u r e  Rock Pass t o  Sheep Rock. The a x i s  t r e n d  i s  arcuate, 
being east-northeast on t h e  west, east  a t  St .  P a t r i c k  Mountain and 
southeast on t h e  east. Th is  a n t i c l i n e  i s  asymmetrical w i t h  rock  
l a y e r s  o f  t h e  P i c t u r e  Rock Basa l t  d ipp ing  2O t o  5 O  n o r t h  on the  
n o r t h  l i m b  and 7O t o  lo0 south on t h e  south l imb.  Th is  f o l d i n g  
occurred b a s i c a l l y  du r ing  Pl iocene t ime p r i o r  t o  F o r t  Rock Formation 
deposit ion. 

The St.  P a t r i c k  A n t i c l i n e  serves t o  depress t h e  o l d e r  P i c t u r e  Rock 
Basa l t  below t h e  v a l l e y  f l o o r  due t o  i t s  n o r t h e r l y  d ip .  The presence 
of t h e  F o r t  Rock Formation a l l ows  f ine-gra ined m a t e r i a l  t o  a c t  as 
con f in ing  l a y e r s  above t h e  more permeable P i c t u r e  Rock Basa l t .  Wel ls 
i n  Christmas Va l ley  o f t e n  encounter very l i t t l e  water u n t i l  t h e  F o r t  
Rock Formation i s  f u l l y  penetrated. Upon encountering under ly ing  
basal ts ,  water l e v e l s  r i s e  t o  near l a n d  sur face and y i e l d s  increase 
g rea t l y .  

Colbath (1982) i n  h i s  work on t h e  d ia tomi tes  o f  t h e  upper F o r t  Rock 
Formation found t h a t  these beds have been sys temat i ca l l y  deformed 
and d i p  0.5O t o  5O t o  t h e  west o r  northwest i n  t h e  area o f  Thorn 
Lake. Truncat ion o f  t h e  d ia tomi te  beds i n  t h i s  otherwise f l a t  area 
suggests t h a t  an open drainage system operated i n  t h e  basin, 
a l lowing f o r  t h e  eros ion  o f  tremendous q u a n t i t i e s  o f  d iatomite.  
Such an open drainage probably would have occurred through an 
opening on t h e  northwest border o f  t h e  cu r ren t  basin. Th is  gap 
cou ld  have been subsequently c losed by f l o w s  o f  Pau l ina  Basal t .  



GROUND WATER USE 

The dominant use of ground water  i n  t h e  F o r t  Rock Bas in  is 
i r r i g a t i o n ,  account ing f o r  more t h a n  95% of pumpage. Other u se s  
i nc lude  stock-watering, domestic,  f i s h  c u l t u r e ,  quasi-municipal,  
i n d u s t r i a l ,  commercial, and l a k e  maintenance. Water well r e p o r t s  
d i s p l a y  t h e  presence  of about 500 we l l s  f o r  i r r i g a t i o n  and 700 wells 
f o r  o the r  uses  ( l a r g e l y  domest ic  and s t o c k )  i n  t h e  basin.  It i s  
be l ieved  t h a t  about  60% of t h e  wells were i n  use i n  1986. 

WATER RIGHTS 

Oregon has  a ground water  r i g h t s  system which fo l l ows  t h e  
a p p r o p r i a t i v e  doc t r i ne .  It p rov ides  f o r  t h e  d i s t r i b u t i o n  of water  
from a source i n  t ime of sho r t age  based on t h e  p r i n c i p l e  " f i r s t  i n  
time i s  f i r s t  i n  r i gh t " .  It i s  a formal  f i l i n g  p roces s  through a 
system of permi ts ,  c e r t i f i c a t e s  and r e g i s t r a t i o n s  except  f o r  c e r t a i n  
nominal exempted uses  such a s  domest ic  and stock-watering. I n  
gene ra l ,  p e r f e c t i n g  a ground water r i g h t  r e q u i r e s  developing a 
ground water p r o j e c t  under t h e  t ime and use c o n s t r a i n t s  of a 
permit.  Sub jec t  t o  a v e r i f y i n g  survey and t h e  u s e r ' s  proof of t h a t  
survey,  a c e r t i f i c a t e  of water r i g h t  i s  i s sued .  Th i s  r i g h t  goes 
w i t h  t h e  land i n  t h e  c a s e  of i r r i g a t i o n  and does  no t  end wi th  
ownership changes. For  f l e x i b i l i t y ,  a formal  f i l i n g  system of 
t r a n s f e r s  can accommodate changes i n  well l o c a t i o n s  and p l a c e s  of 
use whi le  preserv ing  a p r i o r i t y  of use. A water  r i g h t  i s  maintained 
by use and is  sub jec t  t o  f o r f e i t u r e  fo l lowing  f i v e  succes s ive  y e a r s  
of non-use. 

A water r i g h t  permit  o r  c e r t i f i c a t e  c a r r i e s  c e r t a i n  maximum 
l i m i t a t i o n .  I n  t h e  F o r t  Rock Bas in  t h e  maximum a l lowable  "duty" of 
water  f o r  i r r i g a t i o n  i s  3 acre- fee t  (AF) p e r  a c r e  p e r  yea r  and 
one-e igh t ie th  c u b i c  f o o t  p e r  second ( c f s )  p e r  acre .  Th i s  means t h a t  
f o r  t h e  i r r i g a t i o n  of a q u a r t e r  s e c t i o n  (1613 a c r e s )  t h e r e  i s  a 
maximum a p p l i c a t i o n  of 480 AF/year a t  a maximum r a t e  of  2 c f s .  For 
i r r i g a t i o n ,  the water can  only be app l i ed  when t h e  c r o p s  can  make 
d i r e c t  use of t h e  water. Th i s  p l a c e s  t h e  i r r i g a t i o n  season  i n  t h e  
bas in  from about A p r i l  1 t o  October 1. 

Although s e v e r a l  b e n e f i c i a l  u se s  of  ground water  a r e  under  permi t  i n  
t h e  F o r t  Rock Basin (Appendix VII ) ,  permi t ted  acreage  f o r  i r r i g a t i o n  
s e r v e s  a s  a gage t o  r e f l e c t  t h e  development of water  r i g h t s  
gene ra l l y  ( f i g u r e  5). Permit ted acreage c o n s i s t s  of demands f o r  
ground water through permi ts ,  c e r t i f i c a t e s ,  and r e g i s t r a t i o n s .  
Permi t ted  acreage  inc reased  r a p i d l y  dur ing  t h e  pe r iod  1972-1984 from 
about 7500 t o  65,000 ac re s .  Th i s  dramat ic  i n c r e a s e  involved s e v e r a l  
f a c t o r s :  f avo rab l e  c rop  p r i c e s  and y i e l d s ;  a v a i l a b i l i t y  of 
i r r i g a b l e  land  and water  supply;  advances i n  i r r i g a t i o n  technology; 
and a t t r a c t i v e  f i nanc ing .  t h e  slowdown i n  pe rmi t t i ng  s i n c e  1982 
r e f l e c t s  poor f i n a n c i n g  cond i t i ons ,  r educ t ions  i n  farm l and  va lues ,  
h igher  pcwer c o s t s  and, f i n a l l y ,  c e s s a t i o n  of permi t  i s suance  i n  
1984 through a d m i n i s t r a t i v e  ac t ion .  As of November 1986, t h e r e  a r e  



a p p l i c a t i o n s  on f i l e  f o r  pe rmi t s  t o  i r r i g a t e  6000 a d d i t i o n a l  a c r e s .  
Eventual ly ,  t h e  Oregon Water Resources Commission w i l l  d ec ide  i f  
t h e s e  and f u t u r e  a p p l i c a t i o n s  a r e  t o  r e c e i v e  permi ts .  
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Figure  5:  F o r t  Rock Bas in  Ground Water Rights .  

PUMPAGE 

F i e l d  s t u d i e s  by t h e  Oregon Water Resources Department (OWRD) i n  
1981 and 1982 provide t h e  b a s i s  f o r  ground water purnpage e s t i m a t e s  
i n  t h e  F o r t  Rock Basin. Weighted e f f i c i e n c i e s  of pumping systems 
revea led  t h a t  approximatedly 360 k i l o w a t t  hours  (KWH) of e l e c t r i c i t y  
were needed t o  pump one a c r e  f o o t  (AF) of water. U t i l i z a t i o n  of 
i r r i g a t i o n  power r eco rds  l e d  t o  e s t i m a t e s  of ground water pumpa e 
s i n c e  1956 when electric power f i r s t  came t o  t h e  bas in  ( f i g u r e  6 . 
Table 1 lists many of t h e  values .  
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TABLE 1 

Estimated Annual Ground Water Pumpage i n  t h e  F o r t  Rock Bas in  
(Year and Pumpage in Acre-f e e t  

1940 1950 1960 1970 1980 1990 

F igure  6: F o r t  Rock Basin Estimated Ground Water Purnpage 



Pumpage estimates conta in  c e r t a i n  assumptions. Basic among these 
are t h a t  the basin-wide r a t i o  o f  KWH/AF has been constant through 
time. I n  the Fo r t  Rock Basin, sp r i nk l e r  i r r i g a t i o n  and e l e c t r i c  
power have been s t rong ly  l i n k e d  s ince 1956. An evo lu t ion  i n  
sp r ink le  i r r i g a t i o n  technology has probably served t o  lower the 
r a t i o  w i t h  time. E l e c t r i c  power use by i r r i g a t i o n  accounts was a lso  
basic t o  the estimates. Yet, some pumpage through general household 
e l e c t r i c  accounts o r  d i e s e l  power are  no t  represented i n  the 
estimates. Considering the various uncer ta in t ies  involved, i t  i s  
bel ieved t ha t  estimates are  accurate t o  w i t h i n  15%. 

A comparison o f  water r i g h t s  and pumpage shows a s t r i k i n g  
s im i l a r i t y .  This i s  not  su rp r i s ing  since most i r r i g a t o r s  f o l l o w  the 
permi t t i ng  requirement and pe rm i t t i ng  r e f l e c t s  intended pumpage. 
However, pumpage volume cons is ten t l y  f a l l s  below the  maximum which 
the duty and permit ted acreage allow. This bas i ca l l y  r e f l e c t s  both 
the t o t a l  i r r i g a t e d  acreage any g iven year and crop demands. As an 
example i n  the dry year of  1981, the average app l i ca t ion  r a t e  was 
about 2 AF per  acre on 45,000 acres. The maximum could have been 
3 AF per acre on 50,000 acres. Given cur ren t  cropping pat terns i n  
the basin, i t  i s  un l i ke l y  t h a t  average app l i ca t ions  w i l l  exceed 2 AF 
per acre per year. 

Future pumpage of  ground water i s  d i f f i c u l t  t o  p red ic t .  Changes i n  
the cu r ren t l y  depressed farm economy w i l l  be very important and 
r e s u l t  from several  factors.  These f ac to r s  are both complex and 
numerous. They inc lude crop pr ices,  power costs, f i nanc ing  costs, 
weather condit ions, crop d i v e r s i f i c a t i o n  and government actions. 
Data suggest t h a t  about 25,000 acres i n  t h e  bas in  are  permi t ted but  
not  i r r i g a t e d  current ly.  This represents a l a rge  p o t e n t i a l  increase 
i n  pumpage. I n  most instances wel ls  and power l i n e s  t o  serv ice 
these areas are i n  place. Even w i t h  cu r ren t  uncer ta in t ies  which 
could increase o r  decrease pumpage, withdrawals w i l l  probably range 
from 70,000 t o  90,000 AF annually f o r  many years as noted by pumpage 
estimates over the l a s t  f i v e  years. 



GROUND WATER 

Ground water i n  t h e  F o r t  Rock Bas in  occu r s  i n  t h e  i n t e r connec t ed  
po re  spaces  of rock m a t e r i a l s  under conf ined ,  unconfined, and 
perched condi t ions .  Pore spaces  of m a t e r i a l  i n  t h e  b a s i n  a r e  
l a r g e l y  f r a c t u r e s  and j o i n t s  i n  vo l can i c  rocks  and i n t e r g r a n u l a r  
openings i n  sedimentary m a t e r i a l s .  The p o r e s  i n  bo th  media s t o r e  a 
cons ide rab l e  volume of ground water  t h a t  i s  r e a d i l y  tapped  by wells. 

HYDROLOGIC CYCLE 

Ground water  i s  p a r t  of t h e  l a r g e r  hydro logic  c y c l e ,  t h e  e a r t h ' s  
water cyc l e ,  c o n s i s t i n g  of t h e  cont inuous  c i r c u l a t i o n  of mois ture  
and water on our  p l ane t .  The c y c l e  has  no beginning o r  end, bu t  i t  
i s  commonly presen ted  a s  o r i g i n a t i n g  i n  t h e  oceans where t h e  
g r e a t e s t  expanse of water  occurs .  Nature c i r c u l a t e s  water  from t h e  
oceans t o  t h e  atmosphere by evapora t ion ,  t o  t h e  l and  by 
condensat ion,  t o  r i v e r s  by runoff  and subsu r f ace  f low,  and back t o  
t h e  oceans by s u r f a c e  flow. P r i n c i p a l  d r i v i n g  f o r c e s  a r e  s o l a r  
r a d i a t i o n  and g rav i ty .  A l t e r n a t e  p a t h s  from t h e  broader  scheme a r e  
many and i n c l u d e  evapora t ion  and t r a n s p i r a t i o n  of t e r r e s t i a l  waters ,  
evapora t ion  from r i v e r s  and l a k e s ,  and p r e c i p i t a t i o n  on oceans and 
g l a c i e r s .  The time requ i r ed  f o r  a water molecule t o  move through 
one o r  more phases  of t h e  hydrologic  c y c l e  ranges  from minutes  t o  
mi l l en i a .  Evaporat ion from a s u r f a c e  water  body could  r e t u r n  t o  i t  
a s  p r e c i p i t a t i o n  w i th in  a s h o r t  time. I n  c o n t r a s t ,  c e r t a i n  ground 
waters  can r e q u i r e  many c e n t u r i e s  t o  complete t h e i r  journeys back t o  
t h e  sur face .  Th i s  slow-motion f e a t u r e  of ground water  r e s u l t s  i n  
ex t ens ive  s t o r a g e  of f r e s h  water  underground. Except f o r  g l a c i a l  
i c e ,  ground water is  t h e  g r e a t e s t  source  of f r e s h  water on e a r t h ,  
equa l ing  about 25 times t h e  volume of f r e s h  water l a k e s ,  r e s e r v o i r s ,  
and r i v e r s .  

QUANTITY 

RECHARGE 

Ground water recharge  i n  t h e  F o r t  Rock Basin o r i g i n a t e s  from 
p r e c i p i t a t i o n  t h a t  f a l l s  i n  t h e  bas in .  P r e c i p i t a t i o n  i n f i l t r a t e s  
d i r e c t l y  i n t o  t h e  subsur face  whenever unsa tura ted  permeable 
m a t e r i a l s  a r e  a t  t h e  l a n a  sur face .  Th i s  water  p e r c o l a t e s  downward 
under t h e  f o r c e  of g r a v i t y  u n t i l  i t  r eaches  t h e  zone of s a t u r a t i o n  
where it  becomes ground water. Some p r e c i p i t a t i o n  i n f i l t r a t e s  
i n d i r e c t l y  i n t o  t h e  subsu r f ace  when swollen s t reams l o s e  water  t o  
ad j acen t  unsa tura ted  ma te r i a l s .  

Recharge v a r i e s  from y e a r  t o  year ,  depending on t h e  amount and 
seasona l  d i s t r i b u t i o n  of p r e c i p i t a t i o n ,  s o i l / r o c k  pe rmeab i l i t y ,  and 
o t h e r  f a c t o r s .  Most of t h e  p r e c i p i t a t i o n  i n  an a r e a  does  no t  become 
ground water bu t  i s  e i t h e r  t r a n s p i r e d  o r  evaporated i n  t h e  a r e a  



where i t  f a l l s .  It i s  conse rva t ive ly  e s t ima ted  i n  t h i s  r e p o r t  and 
by Newcomb (1953) t h a t  t h e  average annual  recharge  i n  t h e  F o r t  Rock 
Basin i s  less t h a n  0.1 f o o t  over  t h e  b a s i n  a rea .  

Water l e v e l s  i n  we l l s  r e f l e c t  t h a t  ground water  r echa rge  comes from 
p r e c i p i t a t i o n .  Observat ions i n d i c a t e  t h a t  a one y e a r  l a g  time i s  
needed fo l lowing  p r e c i p i t a t i o n  t o  a l low f u l l  a s s i m i l a t i o n  of 
recharge  e f f e c t s  i n  lowland wells ( f i g u r e  7). Th i s  s u g g e s t s  t h a t  
recharge occurs ,  a t  l e a s t  i n  p a r t ,  i n  upland a r e a s ,  n e c e s s i t a t i n g  
time f o r  ground water  movement t o  t h e  lowland. There i s  no s t r o n g  
evidence t o  sugges t  t h a t  any recharge  occu r s  through subsu r f ace  flow 
from o t h e r  a r e a s  i n t o  t h e  F o r t  Rock Basin ( P l a t e  3).  
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Figure  7: Recharge Lag Time 

DISCHARGE 

Natura l  d i s cha rge  of ground water  from t h e  F o r t  Rock Bas in  occu r s  
p r i n c i p a l l y  a s  subsu r f ace  outf low and e v a p o t r a n s p i r a t i o n  i n  a r e a s  of 
shal low ground water. To a lesser e x t e n t ,  i t  occu r s  a s  spr ingf low 
and seepage t o  s u r f a c e  water bodies ,  no tab ly  t h e  p e r e n n i a l  streams. 
A r t i f i c i a l  d i s cha rge  c o n s i s t s  of pumpage from wells ( f i g u r e  6). 



Subsurface o u t f l o w  i s  probably t h e  l a r g e s t  n a t u r a l  ground water 
discharge f rom t h e  basin. Ground water mapping based on 
potent iomet r ic  heads i n d i c a t e s  f l o w  g rad ien ts  t o  t h e  Deschutes Bas in  
on t h e  northwest and t h e  Summer Lake Bas in  on t h e  south  (P la te  3 ) .  
Flow t o  t h e  Deschutes Bas in  i s  d i f f i c u l t  t o  q u a n t i f y  b u t  probably 
exceeds 10,000 AF/year. Flow t o  t h e  Summer Lake Bas in  may c o n s i s t  
o f  a l l  t h e  spr ing  and f l o w i n g  w e l l  discharge i n  t h e  no r the rn  p a r t  o f  
t h a t  basin. Th is  i s  est imated a t  more than 90,000 AF/year. The 
source area f o r  t h i s  water appears t o  be t h e  southwest uplands i n  
t h e  S i l v e r  Lake Va l ley  r a t h e r  than  t h e  e n t i r e  basin. 

Due t o  t h e  magnitude o f  subsurf ace out f low,  f u r t h e r  exp lanat ion  i s  
i n  order  (Appendix VIII). Several  l i n e s  o f  da ta  support subsurface 
ou t f l ow  t o  t h e  Summer Lake Bas in  and inc lude:  

1. Hydrau l ic  g rad ient :  P o t e n t i m e t r i c  heads are  up t o  60 f e e t  
lower a t  w e l l s  and spr ings  i n  t h e  no r the rn  
Summer Lake Basin than i n  t h e  F o r t  Rock 
Basin. 

2. Water Chemistry: 

3. Fau l t i ng :  

4. Geography: 

5. Spr ing  Flow: 

Exce l l en t  water q u a l i t y  w i t h  n e g l i g i b l e  
c h l o r i d e  content  f rom w e l l s  and spr ings  i n  
t h e  nor thern  Summer Lake Bas in  i s  s i m i l a r  
t o  t h a t  found i n  adjacent w e l l s  i n  t h e  
F o r t  Rock Basin. 

Ground water f l o w  may be in f l uenced  by 
f a u l t  p a t t e r n s  t h a t  show in tense  
north/northwest t rend ing  f a u l t s  extending 
from S i l v e r  Lake and Christmas Va l leys  
through t h e  i n te rven ing  mountains t o  
nor thern  Summer Lake Basin. 

The no r the rn  Summer Lake Bas in  i s  adjacent 
t o  t h e  F o r t  Rock Bas in  and conta ins  ground 
water discharges which cannot be expla ined 
by i t s  sma l l  drainage area. The r e s t  o f  
t h e  bas in  does n o t  d i s p l a y  such ground 
water discharge even though l a n d  sur face 
e leva t ions  are  s i m i l a r .  

Near constant  f l o w  and 66OF water 
temperature a t  Ana Spr ings suggest a deep, 
l a r g e  and h i g h l y  modulated f l o w  system. 
The main ground water r e s e r v o i r  o f  t h e  
F o r t  Rock Bas in  conta ins  these elements 
and a genera l  water temperature o f  about 
5Z°F. A deep f l o w  p a t h  cou ld  e a s i l y  
increase temperatures by 14OF. 



6. Spr ing Hydraul ics: The most widely known a r t e s i a n  f l o w  i n  t h e  
no r the rn  Summer Lake Bas in  i s  Ana Springs, 
which has a s p e c i f i c  capac i t y  of about 1.4 
c f s  pe r  f o o t  (Brown, 1956). The t o t a l  
average sp r ing  f l o w  o f  about 86 c f s  
represents a steady s t a t e  drawdown of 
about 63 f e e t  i n  t h e  aqu i fe r .  Th is  
drawdown i s  t h e  approximate po ten t iomet r i c  
d i f f e r e n c e  from t h e  main ground water 
r e s e r v o i r  i n  t h e  F o r t  Rock Bas in  t o  Ana 
Springs. 

7. Water Leve l  Changes: The water l e v e l  i n  t h e  observat ion  w e l l  a t  
30S/R16-lcb near Ana Reservoi r  shows a 
dec l ine  o f  2 f e e t  f rom 1976 t o  1986 and no 
dec l i ne  i n  t h e  prev ious  record  f rom 1963 
t o  1976. Such changes a r e  s i m i l a r  t o  
those found i n  t h e  F o r t  Rock Basin. 

8. Ground Water Ages: L im i ted  Carbon 14 data  f rom deep w e l l  
waters suggest t h a t  ground water near Ana 
Spr ings i s  o l d e r  than t h a t  near S i l v e r  
Lake. 

Evapotranspirat ion i s  an important  source o f  ground water discharge 
i n  t h e  F o r t  Rock Basin, b u t  i s  f a r  l e s s  than  subsurface ou t f l ow  and 
pumpage. I n  t h e  Pau l ina  Marsh area, shal low ground water i s  
t ranp i red  by p l a n t s  and evaporated f rom satura ted ground (Reed e t  
a l ,  1984). I n  t h e  l o w l y i n g  greasewood f l a t s  o f  eas tern  Christmas 
Val ley, phreatophyte t r a n s p i r a t i o n  appears t o  be s i g n i f i c a n t  and i s  
evidenced by a po ten t iomet r i c  head depression i n  t h e  area 
(P la te  3). A maximum value o f  evapot ransp i ra t ion  i n  t h e  bas in  i s  
40,000 AF/year based on area o f  300 square m i l e s  o f  "shallow" ground 
water (10 t o  35 fee t )  and an assumed t r a n s p i r a t i o n  r a t e  o f  0.2 f o o t  
pe r  year. Although c e r t a i n  l i t e r a t u r e  s tud ies  suggest these values, 
t he  margin f o r  e r r o r  i s  great .  Ac tua l  values a re  probably much less .  

WATER LEVELS 

Water l e v e l  depths w i t h  t ime are d isplayed on 'char ts  c a l l e d  w e l l  
hydrographs. These graphs are  among t h e  most d iagnos t i c  sources o f  
hydrogeologic in format ion.  Over t h e  course o f  many years, these 
records a s s i s t  i n  p r o v i d i n g  good i n f o r m a t i o n  on t h e  y i e l d  capaci ty  
of a ground water r e s e r v o i r  and a i d  i n  the  determinat ion  o f  recharge 
rates. Over a few hours, they can g i v e  in format ion  on t h e  hyd rau l i c  
p roper t i es  o f  t h e  aqu i fe r ( s )  through c o n t r o l l e d  tes t i ng .  

Causes o f  water l e v e l  f l u c t u a t i o n s  i n  w e l l s  can be c l a s s i f i e d  i n t o  
four basic types: 

1. Changes i n  ground water storage, 

2. Changes i n  atmospheric pressure, 



3. deformation o f  aqu i fe rs ,  

4. Disturbance w i t h i n  wel ls .  

I n  t h e  F o r t  Rock Basin, t h e  dominant source o f  water l e v e l  
f l u c t u a t i o n s  i s  changes i n  ground water storage. T h i s  means t h a t  
water l e v e l  f l u c t u a t i o n s  show t h e  r e s u l t  o f  change i n  recharge t o ,  
o r  discharge from, t h e  r e s e r v o i r  a t  t h e  wel ls .  

The Oregon Water Resources Department (OWRD) c u r r e n t l y  c o l l e c t s  and 
mainta ins water l e v e l  records on more than 30 w e l l s  i n  t h e  F o r t  Rock 
Basin. New data  are c o l l e c t e d  severa l  t imes p e r  year (Appendix 
11). I n  a l l ,  more than 90 w e l l s  i n  t h e  bas in  have been monitored a t  
var ious  times. H i s t o r i c a l l y ,  spot measurements began i n  1932 when 
the  U.S. Geological  Survey (USGS) began observat ions on 7 wel ls .  
Subsequent expansion o f  i r r i g a t i o n  r e s u l t e d  i n  t h e  a d d i t i o n  o f  new 
wel ls .  The c u r r e n t  observat ion w e l l  program began i n  1962 as a 
cooperat ive e f f o r t  between t h e  USGS and OWRD. 

Water l e v e l  da ta  are  sub jec t  t o  c e r t a i n  e r ro rs .  Human e r r o r s  can 
appear i n  the  form o f  mistakes i n  measurements, readings, da ta  
ent ry ,  and ca lcu la t i ons .  Mechanical e r r o r s  may occur f rom 
c a l i b r a t i o n  e r r o r s  on measuring tapes, measuring p o i n t  changes, and 
o i l  l a y e r  development on t h e  water surface. The l a s t  i t e m  i s  o f  
p a r t i c u l a r  no te  s ince t h e  presence of o i l  l a y e r s  i n  F o r t  Rock Bas in  
i r r i g a t i o n  w e l l s  i s  common. I n  general, t h e  accuracy o f  
measurements w i l l  decrease with increased depth t o  water s ince the  
p o s s i b i l i t y  o f  tape s t r e t c h  and non-plumb cond i t i ons  increases. 
F i e l d  notes were reviewed t o  l i m i t  e r r o r s  as poss ib le  and are 
presented i n  Appendix 11. Abrupt water l e v e l  changes under 
unexplained cond i t i ons  d i f f e r  f rom t h e  s lugg ish  t r e n d  o f  water 
l e v e l s  i n  t h e  bas in  and were e a s i l y  noted as quest ionable readings. 

Hampton (1964) noted t h a t  long-term f l u c t u a t i o n s  o f  ground water 
l e v e l s  i n  a l a r g e  p a r t  o f  t h e  F o r t  Rock Bas in  are, i n  general, 
represented by t h e  l e v e l s  measured i n  w e l l  27S/15E-4ac(l). That 
observat ion i s  conf irmed by subsequent da ta  presented i n  Appendix I1 
and P l a t e  4. Th is  w e l l  i s  l oca ted  on the  Poplars Ranch which i s  
owned by t h e  Parks Family and i s  sometimes known as t h e  Parks we l l .  
The type-response f e a t u r e  o f  t h i s  w e l l  i n  t h e  i r r i g a t e d  lowlands 
o f f e r s  much t o  t h e  understanding cf t h e  dominant ground water 
r e s e r v o i r  i n  t h e  basin. 

A good i n d i c a t i o n  o f  recharge l a g  t ime  i s  made through comparisons 
o f  water l e v e l s  and montl i ly p r e c i p i t a t i o n  values when annual pumpage 
was low ( f i g u r e  7). P r e c i p i t a t i o n  i n  December 1964 was t h e  h ighest  
monthly value a t  t h e  Fremont p r e c i p i t a t i o n  s t a t i o n  and was almost 
equal  t o  an e n t i r e  yea r ' s  occurrence. Th is  p r e c i p i t a t i o n  occurred 
as r a i n ,  r e s u l t i n g  i n  f l o o d i n g  i n  lowland areas o f  t h e  F o r t  Rock 
Basin. Regional ly,  p r e c i p i t a t i o n  was very h i g h  throughout t h e  
northwest f o r  t h e  month and produced widespread f l ood ing ,  p roper ty  
damage, and l o s s  o f  l i f e .  



The unusual p r e c i p i t a t i o n  cond i t i ons  were so unique t h a t  they o f f e r  
a l abo ra to ry - l i ke  environment f o r  recharge ana lys i s  i n  what was 
l a r g e l y  a n a t u r a l  system. Water l e v e l s  i n  w e l l s  rose i n  response t o  
the  p r e c i p i t a t i o n .  The r i s e  was asymptotic, being more r a p i d  
i n i t i a l l y .  The t o t a l  r i s e  was about one f o o t  and requ i red  about one 
year t o  be accomplished. There i s  some evidence t h a t  f u l l  response 
may a c t u a l l y  r e q u i r e  two years with t h e  second showing a nominal 
r i s e .  Since recharge cond i t i ons  a re  t h e  g rea tes t  i n  t h e  months o f  
October through March and recharge l a g s  about one year, water l e v e l  
changes over a calendar year w i l l  b a s i c a l l y  r e f l e c t  recharge 
cond i t ions  o f  t h e  water year. The t ime necessary f o r  a s s i m i l a t i o n  
suggests t h a t  recharge occurs l a r g e l y  on t h e  upland areas of t he  
basin. The smal l  r i s e  i n d i c a t e s  t h a t  water l e v e l s  are h i g h l y  
modulated and change l i t t l e  even under unusual n a t u r a l  cond i t ions .  

The water l e v e l  drop du r ing  1968 occured under weak recharge and low 
pumpage condi t ions.  The drop of about 0.4 f o o t  progressed across 
the  e n t i r e  year and was t h e  l a r g e s t  annual drop on reco rd  p r i o r  t o  
pumpage expansion i n  t h e  1970's. The steady na tu re  o f  t h e  drop 
suggests t h a t  subsurface out f low was t h e  dominant discharge 
mechanism r a t h e r  than seasonal evapot ransp i ra t ion  i n  t h e  summer. 
Although p r e c i p i t a t i o n  was about 8 inches f o r  t h e  water year i n  
comparison t o  an average o f  11, streamflow may b e t t e r  r e f l e c t  
r e l a t i v e  amounts o f  water a v a i l a b l e  f o r  recharge. Streamflow was 
about 8,000 AF r a t h e r  than t h e  26,000 AF average. The drop of 0.4 
f e e t  o f f e r s  an approximation of annual discharge under very low 
recharge condi t ions.  

The w e l l  hydrograph o f  the  Parks w e l l  (27S/15E-4ac(l)) shows the  
long-term t r e n d  o f  water l e v e l s  i n  most lowland w e l l s  (Appendix 
11). Exc lus ive  o f  pumping leve ls ,  t h e  water l e v e l s  d i sp lay  a range 
o f  6 f e e t  over t h e  p e r i o d  o f  reco rd  1922-86 with t h e  h ighest  l e v e l  
i n  1922 and t h e  lowest  i n  1949. I n  general, water l e v e l  t rends show 
mul t i -year  r i s e  o r  dec l i ne  episodes. Even t h e  very d r y  year o f  1955 
had a s l i g h t  water l e v e l  r i s e  apparent ly  because i t  fo l l owed  t h r e e  
s t rong recharge years. 

Cer ta in  short-term f l u c t u a t i o n s  a re  a l s o  noteworthy. Winter water 
l e v e l s  s ince 1976 show cons is tent  and progress ive  r i s e s  o f  about 1 
foot  dur ing  t h e  October t o  A p r i l  per iod.  Recharge i s  only p a r t l y  
the  reason. A major p a r t  o f  t h a t  r i s e  r e f l e c t s  t ime  necessary f o r  
water l e v e l s  depressed by pumping t o  recover. Th is  means t h a t  
w in ter  water l e v e l  corr~parisons over a year o f  accelerated purrlpage 
from the prev ious  year should be s l i g h t l y  depressed i n  comparison t o  
years o f  cornparable purnpage. Conversely, such comparisons over a 
year o f  decelerated pumpage should r i s e  i n  comparison t o  comparable 
pumpage years. 



CONTINUITY EQUATION 

The con t inu i t y  equation i s  a basic mathematical formula which 
expresses the conservation o f  mass f o r  a system. I n  ground water 
studies, the system i s  a reservoir ,  aquifer o r  geographic area. The 
ground water components o f  the hydrologic cyc le  are summarized i n  
the equation: 

Where : 

R = recharge t o  t he  system 
D = discharge from the  system, and 
AS = change i n  storage i n  the system. 

Over a s u f f i c i e n t l y  long per iod o f  t ime under so le ly  na tu ra l  
condit ions, ground water reservo i rs  are i n  a s ta te  o f  dynamic 
equil ibr ium. That means the average recharge equals the  average 
discharge and storage change i s  zero. This cond i t ion  i s  termed 
steady state. These condi t ions occur when c l i m a t i c  and geologic 
conditons, which in f luence the  reservoir ,  are stable. 

This basic assumption i s  expressed i n  the equation: 

Where : 

Ro = mean recharge t o  the system under na tu ra l  condit ions, and 
Do = mean discharge from the system under na tu ra l  condit ions. 

Ground water recharge can be h igh l y  var iab le  on an annual basis. 
This i s  p a r t i c u l a r l y  t r u e  i n  d r i e r  areas where la rge  var ia t ions  i n  
p r e c i p i t a t i o n  occur. The range o f  annual recharge can vary from n i l  
during drought years t o  several  t imes the average under abnormally 
wet conditions. 

The l i n k  between ground water recharge and discharge i s  storage. 
Ground water storage accumulates over eons i n  response t o  c l i m a t i c  
and geologic changes and can be many hundreds o f  t imes t he  average 
annual recharge. I n  l a rge  ground water reservoirs,  discharge i s  
strongly inf luenced by t o t a l  storage. Such storage r e s u l t s  l a r g e l y  
from long-term recharge conditions. This means t h a t  under na tu ra l  
conditions, ground water discharge rou t i ne l y  occurs near the 
long-term average recharge rate. 



As development occurs, pumpage by w e l l s  becomes a discharge 
superimposed upon a s t a b l e  system. A new balance may 
come about by an increase i n  recharge, o r  a decrease i n  n a t u r a l  
discharge, o r  l o s s  o f  storage, o r  some combinat ion o f  these. Th is  
expansion o f  t h e  basic c o n t i n u i t y  equat ion g ives :  

Where: 

ARO = a change i n  t h e  mean recharge ( induced recharge) 
= a change i n  the  mean n a t u r a l  discharge, and 
= pumplng discharge. 

E a r l y  i n  the development o f  a l a r g e  ground water r e s e r v o i r  i n  a 
semi-arid region,  most o f  t h e  pumping d ischarge i s  de r i ved  f rom l o s s  
of storage. The dec l i ne  o f  water l e v e l s  i n  t h e  bas in  w i l l  r e f l e c t  
t h i s  reduct ion  i n  storage and can cont inue f o r  many years. The 
prec ise  response o f  t h e  r e s e r v o i r  depends on many f a c t o r s  bu t  
s i g n i f i c a n t  e a r l y  development w i l l  be dominated by t h e  f o l l o w i n g  
equation s ince n a t u r a l  recharge and discharge w i l l  be l i t t l e  chan~ed:  

p = - AS. ( 4 )  

As r e s e r v o i r  development cont inues a t  a s i g n i f i c a n t  l e v e l ,  discharge 
cond i t i ons  w i l l  evolve. Pumpage w i l l  become more c l o s e l y  l i n k e d  t o  
discharge reduct ions  and, as possib le,  recharge add i t ions .  
Reductions i n  storage w i l l  be supplanted by these new sources o f  
water f o r  pumpage. Combining equations 2 and 3 shows t h i s  as: 

A new e q u i l i b r i u m  occurs i n  a ground water r e s e r v o i r  when AS 
becomes zero. On t h e  average, a l l  discharge i s  aga in  equal  t o  a l l  
recharge. The general t rend  o f  water l e v e l s  i s  f l a t  bu t  a t  deeper 
l e v e l s  than p r i o r  t o  development, t h e  deeper l e v e l s  being necessary 
t o  increase recharge and reduce n a t u r a l  discharge. The decrease i n  
discharge p l u s  the  increase i n  recharge i s  termed capture. The 
fo l lowing equat ion describes a system where s u f f i c i e n t  capture has 
occurred t o  r e s u l t  i n  new steady s t a t e  cond i t ions :  

I n  most cases t h e  change i n  recharge i s  sma l l  o r  zero. Therefore, 
t he  new balance must be achieved by a change i n  discharge. Since 
t h e  p o t e n t i a l  change i n  discharge i s  l e s s  than o r  equa l  t o  n a t u r a l  
discharge and n a t u r a l  discharge cannot be expected t o  exceed n a t u r a l  
recharge, sustained pumpage cannot r e a l i s t i c a l l y  exceed n a t u r a l  
recharge. 



The t ime necessary f o r  t h e  re-establ ishment of steady s t a t e  
cond i t i ons  can be great .  The s i z e  o f  t h e  r e s e r v o i r  and t h e  l o c a t i o n  
o f  development w i t h i n  i t  a re  impor tant  fac to rs .  I t  i s  conceivable 
t h a t  a  new e q u i l i b r i m  i n  l a r g e  r e s e r v o i r s  cou ld  e a s i l y  r e q u i r e  
decades o r  cen tu r ies  t o  es tab l ish .  

RESERVOIRS 

I n  t h e  F o r t  Rock Basin, there  i s  one dominant ground water 
rese rvo i r .  I t  has been termed t h e  main ground water r e s e r v o i r  by 
M i l l e r  (1984). Th is  r e s e r v o i r  i s  t h e  source of a l l  w e l l  water f o r  
i r r i g a t i o n  and most o ther  uses. The s i g n i f i c a n t  d iagnos t i c  fea tu res  
o f  t he  main ground water r e s e r v o i r  are: 

1. Water l e v e l s  i n  w e l l s  a re  h i g h l y  modulated, showing s lugg ish  
n a t u r a l  f l u c t u a t i o n s  o f  l e s s  than 1.1 feet  annual ly  (Appendix 
11). The wet tes t  years on reco rd  show n a t u r a l  r i s e s  o f  about 
one f o o t  annual ly wh i l e  t h e  d r i e s t  years d i s p l a y  n a t u r a l  
dec l i nes  o f  about one-half f oo t .  

2. The p o t e n t i m e t r i c  sur face i n  t h e  bas in  lowlands has a  head 
range from 4285 t o  4300 f e e t  ( P l a t e  3). Changes i n  e l e v a t i o n  o f  
t he  sur face are very uni form from p lace t o  p lace  over t ime 
(P la te  4). The h ighest  heads occur i n  t h e  S i l v e r  Lake Valley. 
L im i ted  data suggest t h a t  upland heads can exceed 5000 f e e t .  

3. I n  the  bas in  lowlands, t h e  r e s e r v o i r  i s  found i n  numerous, 
h i g h l y  t ransmissive a q u i f e r s  i n  severa l  formations. Wel l  y i e l d s  
vary w i t h  const ruc t ion ,  bu t  with adequate depth can produce more 
than 1000 gpm. 

4. Water occurs under conf ined o r  unconfined cond i t i ons  b u t  never 
perched. 

I n  c e r t a i n  areas o f  t h e  F o r t  Rock Basin, o ther  ground water 
rese rvo i r s  occur. They have been termed upper ground water 
r e s e r v o i r s  by M i l l e r  (1984). Such r e s e r v o i r s  appear scat te red and 
much smal ler  than t h e  main ground water rese rvo i r .  Water f rom these 
r e s e r v o i r s  prov ides  basef low t o  the  p e r e n n i a l  streams f rom t h e  
southwest uplands t o  S i l v e r  Lake. Such waters a re  perched above t h e  
main r e s e r v o i r  i n  streambed al luvium. I n  some areas, upper 
r e s e r v o i r s  prov ide  water f o r  s tock and domestic purposes. Some 
upper r e s e r v o i r s  a re  probably t r i b u t a r y  t o  t h e  main reserv0i.r .  The 
p r i n c i p a l  f ea tu res  o f  t h e  upper ground water r e s e r v o i r s  are: 

1. Water l e v e l s  commonly d i sp lay  n a t u r a l  f l u c t u a t i o n s  o f  more than 
1.1 f e e t  annual ly  (Appendix I1 1. 

2. The potent iomet r ic  heads range from 4295 t o  more than 4400 
f e e t .  When juxtaposed w i t h  heads i n  t h e  main rese rvo i r ,  they 
are always a t  l e a s t  seve ra l  f e e t  higher. 



3. The r e s e r v o i r s  are  genera l l y  found i n  p o o r l y  t ransmissive 
aqu i fe rs  away f rom stream courses and i n  moderately t ransmissive 
aqui fers near stream courses. Wel l  y i e l d s  are smal l  t o  
moderate, n o t  exceeding about 200 gpm. 

4. Water occurs under conf ined, unconfined and perched cond i t ions .  

POTENTIOMETRIC SURFACE 

Ground water moves from areas o f  h igher  energy t o  areas o f  lower 
energy. The energy o f  ground water i s  t y p i c a l l y  measured as the  
e leva t ion  o f  t h e  water l e v e l  i n  a we l l .  Therefore, t he  
potent iomet r ic  head i s  an e l e v a t i o n  determined f rom a knowledge of 
land sur face e l e v a t i o n  a t  a w e l l  and t h e  depth t o  water i n  the  
wel l .  The narrow range o f  po ten t iomet r i c  heads i n  t h e  F o r t  Rock 
Basin has necessi tated i n  wellhead l e v e l i n g  a t  more than  30 we l ls .  

A po ten t iomet r i c  s u r f  ace i s  a representa t ion  o f  potent iomet r i c  head 
through a r e s e r v o i r  o r  aqu i fe r .  Contours on t h a t  sur face connect 
p o i n t s  o f  equal  head. Ground water movement i s  b a s i c a l l y  l a t e r a l  
wi-th f l o w  d i r e c t i o n s  c ross ing contours a t  r i g h t  angles ( P l a t e  3). 

The potent iomet r ic  sur face o f  t h e  main ground water r e s e r v o i r  i n  the  
F o r t  Rock Bas in  d i sp lays  l i t t l e  r e l i e f .  Wi th  t h e  poss ib le  except ion 
o f  t h e  deep w e l l  a t  31S/15E-32ab, e leva t ions  range f rom 4285 t o  4300 
fee t  w i t h i n  t h e  basin. The reasons f o r  t h i s  f l a t n e s s  are  probably 
numerous. They seem t o  i nc lude  very h i g h  a q u i f e r  t r a n s m i s s i v i t i e s  
w i t h i n  the  bas in  and a l a c k  o f  s i g n i f i c a n t  f l o w  b a r r i e r s .  

Changes o f  t h e  po ten t iomet r i c  sur face are  f a i r l y  un i fo rm w i t h  time. 
Th is  i s  noted on i n d i v i d u a l  hydrographs (Appendix 11) and t h e  
10-year change map (P la te  4). Such u n i f o r m i t y  suggests t h a t  t he  
aqui fers of t h e  main ground water r e s e r v o i r  a re  h i g h l y  t ransmissive 
over hundreds o f  square m i l e s  and r e a c t  as a s i n g l e  e n t i t y  with 
regard t o  long-term e f f e c t s .  

Flow d i r e c t i o n s  on the  po ten t iomet r i c  sur face i n d i c a t e  th ree  areas 
o f  ground water discharge from t h e  basin. Subsurface o u t f l o w  occurs 
t o  t h e  Deschutes Basin on t h e  northwest across a w i d t h  o f  more than 
30 miles. A d d i t i o n a l  subsurface out f low moves south t o  t h e  Summer 
Lake Basin where i t  discharges i n  dramatic fash ion  from la rge  
spr ings  and f l o w i n g  wel ls .  Some o f  t h i s  f l o w  may move f rom the  
uplands o f  t h e  eastern S i l v e r  Lake Va l l ey  w i thout  passing through 
the  lowlands of t h e  basin. F i n a l l y ,  ground water discharges i n  
eastern Christmas Val ley, apparent ly  through evapotranspirat ion.  I n  
t h a t  area, conf ined cond i t i ons  with inc reas ing  head with depth are  
noted by w e l l s  a t  27S/20E-9cc and a f l o w i n g  w e l l  a t  26S/20E-6bc. 

Pumping discharge i s  n o t  ev ident  from t h e  po ten t iomet r i c  sur face 
(P la te  3). This i s  because t h e  e f f e c t s  o f  pwnpage on t h e  n a t u r a l  
system have been smal l  and widespread. An e f fec t  o f  pumpage can be 
seen on the  10-year po ten t iomet r i c  change map on which a drop o f  2 
f e e t  i s  noted i n  areas o f  pumpage (P la te  4). 



The h igher  heads i n  t h e  S i l v e r  Lake Val ley suggest t h a t  i t  i s  an 
important  recharge area. There i s  a p o s s i b i l i t y  t h a t  subsurface 
i n f l o w  occurs f rom south o f  t h e  bas in  t o  t h e  S i l v e r  Lake Valley. I t  
i s  supported by the  presence o f  a g rad ien t  o f  more than  200 f e e t  
from the  Klamath Marsh area t c j  S i l v e r  Lake. However, a l a c k  of 
i n te rven ing  w e l l  data and opposi te long-term t rends ( P l a t e  4) 
suggest t h a t  i n f l o w  i s  no t  s i g n i f i c a n t .  F u r t h e r i n g  t h i s  view, i s  
the  f a c t  t h a t  water l e v e l s  i n  t h e  F o r t  Rock Bas in  respond w i t h i n  a 
year t o  recharge cond i t i ons  and do no t  l a g  t h e  many years one might 
expect i f  water were moving i n  f rom t h a t  distance. The S i l v e r  Lake 
Val ley i s  an important  recharge area due t o  p r e c i p i t a t i o n  which 
f a l l s  there  and any subsurface recharge t o  i t  i s  small ,  based on 
cu r ren t  data and understanding. 

A comparison o f  the  po ten t iomet r i c  sur face with l a n d  sur face 
contours shows t h a t  t h e  pe renn ia l  streams and S i l v e r  Lake are  
perched above t h e  main ground water rese rvo i r .  The a b i l i t y  o f  water 
l e v e l  dec l ines  i n  t h e  main r e s e r v o i r  t o  induce recharge f rom t h e  
sur face sources i s  probably minimal. Some n a t u r a l  leakage from 
S i l v e r  Lake ( e l e v a t i o n  about 4310) was i n f e r r e d  based on water 
chemistry cons idera t ions  ( P h i l l i p s  and Van Danburgh, 1971). I n  
general, t h e  main ground water r e s e r v o i r  and sur face water i n  the  
bas in  are d i s t i n c t .  

WELL HYDRAULICS 

Most i r r i g a t i o n  w e l l s  i n  t h e  main ground water r e s e r v o i r  a re  e a s i l y  
capable o f  pumping 1000 gpm. Such w e l l s  a r e  t y p i c a l l y  about 12  
inches i n  diameter, more than 200 f e e t  deep and have water l e v e l s  o f  
about 30 f e e t  below l a n d  surface. Although l o c a l  c o n d i t i o n s  can 
vary widely, most completed w e l l s  a re  capable of producing seve ra l  
t imes t h e  r a t e  a t  which they  a re  pumped. 

Although w e l l  logs, pumpage est imates and w e l l  i n v e n t o r i e s  r e v e a l  
much about l o c a l  wel ls ,  t h ree  d e t a i l e d  a q u i f e r  t e s t s  were conducted 
t o  examine more p r e c i s e l y  the  way t h a t  ground water i s  t ransmi t ted  
and stored. Each t e s t  l a s t e d  severa l  days, i nvo lved  seve ra l  w e l l s  
and was associatea w i t h  a long-term observat ion we l l .  A l i s t  o f  
t e s t  w e l l s  i s  g i ven  i n  Table 2. 



TABLE 2 

L i s t  of Wells Monitored During t h e  Aquifer  T e s t s  
i n  t h e  F o r t  Rock Basin 

Well Locat ion Owner 

Parks  
Parks  
Gray 
Parks  

C a r r i c o  
Ca r r i co  
C a r r i c o  

Emery 
C l i f f  
ZX Ranch 
Iverson  
Emery 
Emery 
Emery 
Emery 
Emery 

Remarks 

Pumped well F o r t  Rock 
Observat ion well Val ley 
Observat ion well 
Observat ion well 

Pumped well Chris tmas 
Observa t in  well Valley 
Observat ion well 

Pumped well S i l v e r  Lake 
Observat ion well Valley 
Observat ion well 
Observat ion well 
Observat ion w e l l  
Observat ion we l l  
Observat ion well 
Observat ion we l l  
Observat ion well 

Transrniss ivi ty  va lues  va r i ed  widely from a low of 70,000 g p d / f t  t o  a 
high of 2,750,000 gpd / f t .  Drawdown and recovery d a t a  suggested t h e  
presence of recharge and d i scha rge  boundaries.  These were 
i n t e r p r e t e d  a s  d i sp l ay ing  a r e a l  changes i n  t r a n s m i s s i v i t y  i n  t h e  
aqui fe r .  Tes t ing  showed t h e  presence of h igh ly  t r ansmis s ive  
condi t ions .  

S torage  c o e f f i c i e n t  was very d i f f i c u l t  t o  determine based on t h e  
t y p i c a l  l a r g e  d i s t a n c e s  between pumping and obse rva t ion  wells. 
However, t h e  F o r t  Rock tes t  rendered va lues  of 0.10 and 0.12. These 
va lues  reflect s t o r a g e  i n  unconfined c o n d i t i o n s  and are be l i eved  t o  
r e f l e c t  a q u i f e r  c o n d i t i o n s  gene ra l l y .  

Hydraulic t e s t i n g  and long-term hydrograph d a t a  show t h a t  
i n t e r f e r e n c e  effects between i r r i g a t i o n  wells a r e  s l i g h t .  Well 
spacing,  pumping r a t e s  and r e s e r v o i r  s i z e  a r e  a l l  impor tan t  items 
f o r  i n t e r f e r e n c e  genera t ion .  Under c o n d i t i o n s  found i n  t h e  bas in ,  
t o t a l  i n t e r f e r e n c e  e f f e c t s  would r a r e l y  be more t h a n  a few feet. 



Q U A L I T Y  

Water q u a l i t y  a n a l y s e s  of F o r t  Rock Basin ground waters  a r e  
a v a i l a b l e  from f o u r  p r i n c i p a l  sources .  Trauger (1950) r epo r t ed  
c h l o r i d e ,  hardness  and temperature  f o r  dozens of wells. Hampton 
(1964) developed p r i n c i p a l  c o n s t i t u e n t  a n a l y s e s  on 9 wells. Miller 
(1984) l i s t e d  about 30 ana lyses  of varying breadth  which were 
a v a i l a b l e  from farm lending  i n s t i t u t i o n s .  Water well r e p o r t s  
t y p i c a l l y  no t e  water temperature  and t h i s  i n v e s t i g a t i o n  t e s t e d  14  
well waters  f o r  p r i n c i p a l  c o n s t i t u e n t s  (Appendix I). 

WATER CHEMISTRY 

The chemical q u a l i t y  of ground water i n  t h e  F o r t  Rock Bas in  is 
gene ra l l y  good o r  e x c e l l e n t  f o r  i r r i g a t i o n ,  domestic,  s t ock  and 
o t h e r  purposes.  Local ized c o n d i t i o n s  can  produce s a l t y  water  o r  
water with a r o t t e n  egg smell (hydrogen s u l f i d e ) .  These c o n d i t i o n s  
occur  more f r equen t ly  i n  shal low we l l s  which p e n e t r a t e  l a c u s t r i n e  
sediments. 

Dissolved s o l i d s  a r e  a measure of d i s so lved  minera l s  i n  water. For  
i r r i g a t i o n ,  d i s so lved  s o l i d s  l e s s  t han  500 mi l l ig rams  p e r  l i t e r  
(mg/l)  a r e  gene ra l l y  good f o r  a l l  u se s  while  more t h a n  3000 mg/l i s  
poor. Among sampled waters ,  a range  from 89 t o  922 was found wi th  
most water showing l e s s  t h a n  250 mg/l. 

A s imple and quick approximation of d i s so lved  s o l i d s  comes from t h e  
s p e c i f i c  conductance of a water  sample. Th i s  measure of t h e  a b i l i t y  
of water  t o  conduct an electric c u r r e n t  i s  r epo r t ed  i n  micromhos p e r  
cen t imeter  a t  25OC.  For most n a t u r a l  waters ,  t h e  s p e c i f i c  
conductance m u l t i p l i e d  by a f a c t o r  between 0.55 and 0.75 g i v e s  a 
good e s t ima te  of t h e  d i s so lved  s o l i d s .  Th i s  empi r i ca l  r e l a t i o n s h i p  
is a f u n c t i o n  of t h e  s p e c i f i c  d i s so lved  s o l i d s  which a r e  involved.  
Sampled waters  d i s p l a y  a range from 111 t o  1230 wi th  most l e s s  t han  
300. 

Water hardness  causes  t h e  formation of an i n s o l u b l e  curd  with soap. 
It is  c h i e f l y  due t o  t h e  presence  of calcium and magnesium i n  
so lu t ion .  It i s  analyzed a s  t h e  amount of d i s so lved  calcium 
carbonate  which would be needed t o  produce such a hardness.  
Analyses of 14 ground waters  i n  t h e  F o r t  Rock Basin showed 7 were 
s o f t  (0  t o  60 mg/l of CaC03), 3 were moderately hard (61 t o  1201, 
and 4 were hard (121 t o  180).  

Ground water i n  t h e  F o r t  Rock Bas in  i s  usua l ly  a sodium b ica rbona te  
type. High concen t r a t i ons  of sodium s a l t s  can  develop a l k a l i  s o i l s  
i n  which l i t t l e  o r  no vege t a t i on  w i l l  occur.  However, s o i l  c l a y s  
which c a r r y  a good exces s  of calcium o r  magnesium i o n s  t i l l  e a s i l y  
and have good permeabi l i ty .  I r r i g a t i o n  waters  need a f avo rab l e  
r a t i o  of sodium t o  calcium and magnesium i n  o rde r  t o  main ta in  good 
s o i l  c h a r a c t e r i s t i c s .  A complex r a t i o  which c a t e g o r i z e s  the 



s u i t a b i l i t y  o f  i r r i g a t i o n  water i s  t h e  sodium-adsorption r a t i o  
(SARI. A l l  sampled waters but  one show low sodium ( a l k a l i )  hazard 
by the  SAR. The one except ion shows medium hazard. 

Boron i s  a chemical c o n s t i t u e n t  o f  p a r t i c u l a r  concern t o  
i r r i g a t o r s .  Boron i s  necessary i n  sma l l  q u a n t i t i e s  f o r  normal 
growth o f  a l l  p lan ts ,  bu t  i n  l a r g e r  concent ra t ions  i t  becomes 
tox i c .  I n  concentrat ions g rea te r  than 1 mg/l, i t  may be t o x i c  t o  
s e n s i t i v e  p lan ts .  Some authors r e p o r t  t h a t  i n  concentrat ions over 2 
mg/l, i t  may be t o x i c  even t o  t o l e r a n t  p l a n t s  l i k e  a l f a l f a  under 
c e r t a i n  condi t ions.  A l l  water samples except two i n  t h i s  study 
contained l e s s  than  1 mg/l. Concentrat ions o f  2.5 and 4.0 mg/l were 
discovered i n  waters f rom two w e l l s  which have i r r i g a t e d  a l f a l f a  
successfu l ly  f o r  many years. 

Two carbon 14 analyses were conducted on water samples f o r  t h i s  
study. Such analyses a r e  o f t e n  used t o  es t imate  t h e  age o f  ground 
water, t h e  t ime s ince recharge o f  t h a t  water occurred. Wel l  
29S/16E-16aa i n  the  F o r t  Rock Bas in  conta ined carbon which was 73 
percent modern and Wel l  3OS/17E-7bd i n  no r the rn  Summer Lake Basin 
was 33 percent modern. Using a carbon 1 4  h a l f - l i f e  o f  8033 years, 
these t r a n s l a t e  t o  apparent ground water ages o f  2500 and 8800 
years, respect ive ly .  I t  i s  be l ieved t h a t  f u r t h e r  i s o t o p i c  
i n v e s t i g a t i o n  would lower these ages through c o r r e c t i o n s  f o r  carbon 
exchange. Corrected ages i n  any case should be many hundreds of 
years old. 

WATER TEMPERATURES 

I n  t h e  course o f  t h i s  study, water temperatures from about 40 w e l l s  
i n  the  F o r t  Rock Basin were measured. Most were made wh i le  pumping 
occurred but  some unused w e l l s  were d i p  sampled f o r  t h i s  purpose. 
Water temperatures ranged f rom 50°F t o  97OF. Most o f  t h e  
temperatures were between 50°-60°F. I n  general, shal low ground 
water temperatures are c l o s e l y  l i n k e d  t o  t h e  mean annual a i r  
temperature i n  t h e  recharge area. 

Ground water temperatures increase with depth in t h e  e a r t h  a t  an 
average r a t e  o f  about 1°F per  100 f e e t .  Va r ia t i ons  f rom t h i s  
average are common. Var iab le  w e l l  depths notwithstanding, the re  
appears t o  be a d i s t i n c t  thermal  anomaly severa l  square m i l e s  i n  
a r e a l  ex tent  on the  n o r t h  f l a n k  o f  Hayes But te .  A s tock w e l l  o f  
unknown depth a t  26S/15E-32dc pumps water o f  97OF, which i s  t h e  
warmest i n  t h e  basin. Th is  area apparent ly  represents on ly  an 
i n f u s i o n  o f  heat and n o t  water t o  t h e  ground water rese rvo i r ,  s ince 
i t  i s  no t  co inc ident  with a d i s c e r n i b l e  p o t e n t i m e t r i c  r i s e .  No 
surface mani fes ta t ions  o f  t h i s  anomaly are apparent. 



GROUND NATER MODELS 

Two r eg re s s ion  models were genera ted  i n  o r d e r  t o  q u a n t i f y  water  
l e v e l  f l u c t u a t i o n s  under e s s e n t i a l l y  n a t u r a l  cond i t i ons .  The models 
a r e  compared and c o n t r a s t e d  both conceptua l ly  and s t a t i s t i c a l l y .  
Regression informat ion  l a t e r  s e r v e s  a s  i n p u t  f o r  r e s e r v o i r  a n a l y s i s  
and assessment of app rop r i a t i on  l i m i t a t i o n s .  

CONCEPTUAL MODEL 

A conceptual  model d e t a i l s  t h e  important  f e a t u r e s  ana assumptions 
upon which a system i s  analyzed. I n  t h i s  c a s e ,  t h e  main grouna 
water r e s e r v o i r  of t h e  F o r t  Rock Basin i s  the system. The va r ious  
f e a t u r e s  a r e  u sua l ly  addressed i n d i v i d u a l l y  i n  t h e  t e x t  but  a r e  
summarized here .  Subsequent re f inements  i n  t h e  conceptua l  model 
w i l l  appear i n  t h e  conclusions.  

The main grouna water r e s e r v o i r  i n  t h e  F o r t  Rock Bas in  i s  a dynamic 
hydrologic  system which r e c e i v e s  recharge,  y i e l d s  d i s cha rge  and 
main ta ins  s to rage .  Water l e v e l  changes r e f l e c t  n e t  changes i n  
s t o r a g e  r e s u l t i n g  from changing recharge  and d i scha rge  c o n d i t i o n s  
(Equation 1 ) .  Annual water  l e v e l  changes throughout  t h e  r e s e r v o i r  
a r e  uniform and can be approximated by t h o s e  a t  t h e  Parks  well a t  
27S/15E-4ac ( 1) . 
P r i o r  t o  1972, t h e  main ground water r e s e r v o i r  was only nominally 
stressed by pumping (<20,000 AF/yr) .  T h i s  means t h a t  a n e a r l y  
n a t u r a l  ground water system was ope ra t i ve .  Th i s  system on a 
long-term b a s i s  was i n  dynamic equ i l i b r ium such t h a t  t h e  average 
recharge  and average d i s cha rge  were t h e  same. The pe r iod  1972-1975 
showed p rog re s s ive ly  more pumping stress (20,000-40,000 AF/yr) and 
water l e v e l s  were lower i n  response t o  t h i s  a r t i f i c i a l  d i scharge .  
The pe r iod  s i n c e  1976 has  shown s i g n i f i c a n t  annual  pumpage 
(40,000-92,000 AF/yr) . Estimated f u t u r e  pumping r a t e s  a r e  
70,000-90,000 AF/yr . 
Water l e v e l  changes a r e  s e n s i t i v e  t o  recharge  c o n d i t i o n s  i n  t h e  
basin.  P r e c i p i t a t i o n  and streamflow a c t  a s  i n d i c a t o r s  of recharge  
c o n d i t i o n s  and a r e  not a f u n c t i o n  of water l e v e l s  i n  t h e  main ground 
water r e s e r v o i r .  A comparison of p r e c i p i t a t i o n  o r  s t reamflow va lues  
dur ing  t h e  water year  t o  water  l e v e l  changes over  t h e  ca l enda r  y e a r  
provides  s u f f i c i e n t  l a g  t ime t o  r e l a t e  n a t u r a l  water l e v e l  responses  
t o  c l i m a t i c  c o n d i t i o n s  t h a t  produced t h e  response. It i s  assumed 
t h a t  l i n e a r i t y  r e f l e c t s  water l e v e l  changes t o  p r e c i p i t a t i o n  o r  
streamflow. 

Under n a t u r a l  cond i t i ons ,  the main ground water r e s e r v o i r  i s  of 
s u f f i c i e n t  s i z e  t h a t  annual  d i s cha rge  is unaf fec ted  by v a r i a b i l i t y  
i n  recharge.  Water l e v e l s  change very l i t t l e .  Therefore ,  t h e  
hyd rau l i c  g r a d i e n t  producing subsur face  outf low and dep th  t o  water  
a l lowing evapo t r ansp i r a t i on  a r e  nea r ly  cons t an t .  



PRECIPITATION MODEL 

I n  the  Fort  Rock Basin s e v e r a l  s t a t i o n s  have recorded d a i l y  
p r e c i p i t a t i o n  ( P l a t e  1). The Fremont s t a t i o n  a t  26S/13E-l0b 
provides the  bes t  long-term da ta  p r i o r  t o  1972. More than 60 years 
of da ta  a r e  ava i l ab le  (Appendix IV). For c e r t a i n  months, t h e  
p r e c i p i t a t i o n  da ta  may be lacking o r  p a r t i a l  a t  Frernont. I n  those 
ins tances ,  s u b s t i t u t i o n s  from nearby lowland s t a t i o n s  a r e  made. On 
a water year bas i s ,  p r e c i p i t a t i o n  a t  Fremont has ranged from 3.53 t o  
21.94 inches,  averaging 10.69 inches.  ( f i g u r e  8). Although t h e  
average i s  near ly  t h e  same a s  t h a t  on a  calendar year  b a s i s ,  t h e  
range i s  expanded from 6.45 t o  19.57 inches  ( f i g u r e  3) .  

AVERAGE IS 10.69 INCHES 
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Figure 8: Water Year P r e c i p i t a t i o n  and Cumulative Departure from 
Average P r e c i p i t a t i o n  i n  Inches: 1919-1985 (Fremont , ~ r e g o n ) .  

A regress ion  model of water year  p r e c i p i t a t i o n  and annual water 
l e v e l  change a t  t h e  Parks well  c o n s i s t s  of 31 da ta  s e t s  ( f i g u r e  9 ) .  
These da ta  sets a r e  f o r  years  p r i o r  t o  1972 f o r  which measurements 
a r e  judged t o  be adequate t o  record both var iables .  Some of the  



data were precisely measured while others were estimated (Appendix 
VI). The mean precipitation of the 31 years i s  11.13 inches while 
mean water leve l  change i s  +0.13 foot. 
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Figure 9: Regression of Calendar Year Water Level Change a t  
Well 27S/15E-4ac(l) and Water Year Precipitation a t  

Fremont, Oregon: 1936, 1939-45, 1949-71. 

The precipitation model u t i l i zes  water year precipitation as  the 
independent variable and annual water level change a s  the dependent 
variable (Beard, 1962). Values f o r  precipitation range from 3.53 t o  
21.94 inches while water level  changes range from -0.4 t o  +1.1 foot. 

The leas t  square regression equation is: 

Where : 

Y = annual water level  change i n  f ee t ,  and 
X = water year precipitation i n  inches. 

The regression slope i s  0.062 and the Y-intercept i s  -0.60. The 
correlation coefficient of the regression t o  the data i s  0.62 (a  
Perfect direct  correlation is 1.0, no correlation i s  0.0 and a  
perfect inverse correlation i s  -1.0) - T h i s  level  of correlation 
suggests that  there i s  a  direct  relationship between the variables 
yet there i s  unexplained variation as  noted by the point sca t te r  
around the regression l ine.  



There a r e  probably s e v e r a l  r ea sons  f o r  t h e  p o i n t  s c a t t e r .  
Measurement e r r o r s  f o r  both v a r i a b l e s  a r e  l i k e l y  sou rces  of e r r o r .  
Water l e v e l  e r r o r s  i n  p a r t i c u l a r  a r e  compounding s i n c e  a poor 
January read ing  i n f l u e n c e s  t h e  change f o r  both t h e  preceeding and 
up-coming years .  The p r e c i p i t a t i o n  a t  one s t a t i o n  cannot  p e r f e c t l y  
reflect r e g i o n a l  p r e c i p i t a t i o n  a v a i l a b i l i t y  f o r  r echa rge  s i n c e  t h e r e  
i s  a r e a l  p r e c i p i t a t i o n  v a r i a t i o n .  L ikewise ,  a s i n g l e  well w i l l  not  
p e r f e c t l y  r e f l e c t  the response of an e n t i r e  watershed t o  basinwide 
recharge. Other  pe r tu rb ing  f a c t o r s  a r e  l a g  time v a r i a t i o n s ,  
s e a s o n a l i t y  of p r e c i p i t a t i o n ,  an tecedent  s o i l  mois ture  c o n d i t i o n s  
and pumping in f luences .  Even wi th  t h e s e  e r r o r  f a c t o r s ,  t h e  purpose 
of t h i s  r e g r e s s i o n  i s  t o  r e p r e s e n t  t h e  average  long-term 
r e l a t i o n s h i p  between p r e c i p i t a t i o n  and water  l e v e l  changes. 

There a r e  s e v e r a l  important  f e a t u r e s  of t h e  r eg re s s ion .  F i r s t ,  t h e  
Y - i n t e r c e p t  of -0.60 f o o t  r e p r e s e n t s  t h e  e s t ima ted  water  l e v e l  
change during a ze ro  p r e c i p i t a t i o n  year .  Th i s  d e c l i n e  i s  t h e  effect 
of n a t u r a l  d i s cha rges  a lone  and would occur  under s eve re  drought 
condi t ions .  T h i s  sugges t s  t h a t  on t h e  average,  recharge  c r e a t e s  a 
water l e v e l  rise of 0.60 f o o t  annual ly  and d i scha rge  c r e a t e s  a water  
l e v e l  d e c l i n e  of 0.60 f o o t  annual ly .  Second, t h e  X-intercept of 
9.68 inches  r e p r e s e n t s  t h e  e s t ima ted  p r e c i p i t a t i o n  du r ing  a y e a r  of 
no water  l e v e l  change. Th i s  means t h a t  9.68 i n c h e s  is t h e  long-term 
average p r e c i p i t a t i o n  and t h a t  bo th  t h e  average  of r eco rd  ( f i g u r e  8) 
and t h e  average of 31 y e a r s  a r e  s l i g h t l y  wetter than  normal. Thi rd ,  
p r e c i p i t a t i o n  has  d i sp l ayed  va lues  which a r e  more t h a n  200 pe rcen t  
of t h e  t h e o r e t i c a l  average. Conversely,  p r e c i p i t a t i o n  has  never 
been less than  65 pe rcen t  of t h i s  average. Th i s  s u g g e s t s  t h a t  t h e r e  
should be more below average y e a r s  t h a n  above average  y e a r s  due t o  
t h e  g r e a t e r  weighting of t h e  above average yea r s .  I n  f a c t ,  only 11 
of t h e  31 reg re s s ion  y e a r s  d i s p l a y  p r e c i p i t a t i o n  which i s  below t h e  
t h e o r e t i c a l  average. 

Data f o r  t h e  p e r i o d s  1972-75 and 1976-85 usua l ly  f a l l  below t h e  
r eg re s s ion  l i n e .  The e a r l i e r  pe r iod  d a t a  a r e  very s i m i l a r  t o  t h e  
r eg re s s ion  while  t hose  of t h e  l a t e r  pe r iod  a r e  u s u a l l y  more t h e  0.5 
f o o t  below t h e  r eg re s s ion .  These d a t a  a r e  more s c a t t e r e d  t h a n  one 
might expect  i n  l i g h t  of pumping i n c r e a s e s .  

STREAMFLOW MODEL 

I n  t h e  F o r t  Rock Basin,  streamflow on S i l v e r  Creek i s  t h e  only 
ongoing s t ream gaging record.  It c o n t a i n s  more t han  70 y e a r s  of 
d a t a  (Appendix V ) .  This  f low c o n s i s t s  of gaging both l i v e  and 
d i v e r t e d  flows. The S i l v e r  Creek gages a r e  l o c a t e d  sou th  of t h e  
town of S i l v e r  Lake ( P l a t e  1). S i l v e r  Creek d r a i n s  a l a r g e l y  
f o r e s t e d  a r e a  of 180 squa re  miles. 

Regulat ion of S i l v e r  Creek f low above t h e  gages  has  e x i s t e d  s i n c e  
1922 a t  Thompson Valley Reservoi r  a t  30S/14E-29 ( c a p a c i t y  17,400 AF) 
and Diversion Reservoi r  a t  29S/14E-5 ( c a p a c i t y  800 AF) . Carryover 
s t o r a g e  a t  Thompson Valley Reservoi r  i s  g e n e r a l l y  sma l l  compared t o  
t o t a l  annual  f low (Appendix V ) .  However, du r ing  d r y  yea r s ,  s t o r e d  



water r e l e a s e s  have accounted f o r  up t o  79 percent  of t h e  creek flow 
(1977) and during wet yea r s  s to rage  inc reases  have reduced f lows by 
up t o  20 percent  (1978). Bas ica l ly ,  s to rage  is accrued during wet 
years  and depleted during dry years. Carryover s to rage  a t  t h e  
Diversion Reservoir  i s  not  recorded but appears negl ig ib le .  

Since s to rage  da ta  a t  Thompson Valley Reservoir  a r e  only 
cons i s t en t ly  ava i l ab le  s ince  1966, t h i s  r epor t  uses uncorrected flow 
values. Those da ta  on a water year  b a s i s  show a range from about 
1,700 t o  63,000 AF, averaging 22,500 AF ( f i g u r e  10). I n  genera l ,  
t h e  use of t h e s e  da ta  w i l l  dampen t h e  s c a t t e r  of f lows from t h e  mean 
average s ince  t h a t  i s  t h e  purpose of t h e  r e se rvo i r .  

AVERAGE IS 22,500 AF 

Figure 10: Discharge and Departure from Average Discharge f o r  Water 
Years i n  Acre-Feet: 1910-1985 ( S i l v e r  Creek, Lake County, Oregon). 

A regress ion  model of water year  streamflow on S i l v e r  Creek and 
annual water l e v e l  change a t  t h e  Parks well  c o n s i s t s  of 31 da ta  s e t s  
( f i g u r e  11). The years a r e  t h e  same a s  those  i n  t h e  p r e c i p i t a t i o n  
regression ( f i g u r e  9).  Again, they a r e  f o r  years  p r i o r  t o  1972 f o r  
which measurements a r e  judged t o  be adequate t o  record both 
var iables .  The mean streamflow of t h e  31 years  i s  24,044 AF while 
mean water l e v e l  change i s  +0.13 foo t .  Values f o r  streamflow range 
from 8,580 t o  62,750 AF while water l e v e l  changes range from -0.4 t o  
+1.1 foot .  



Y = 2.14 X 1 0-5X-0.39 

- 
. .. 

- 

- . . 

I 

DATA 1972-1975 

- 
I 

I 1 I 

0 20 40 60 

WATER YEAR STREAMFLOW IN ACRE FEET X 1000 

Figure 11: Regression of Calendar Year Water Level Change a t  Well 
27S/15E-4ac(l) and Si lver  Creek Flow: 1936, 1939-45, 1949-71. 

The precipitation model uses water year streamflow as the 
independent variable and annual water leve l  change a s  the dependent 
variable (Beard, 1962). The l eas t  square equation is: 

Where: 
Y = annual water level  change i n  f e e t ,  and 
X = water year streamflow i n  AF. 

The regression slope i s  2.14 X 10-5 and the Y-intercept is -0.39. 
The correlation coefficient of the regression t o  the data i s  0.79 i n  
contrast t o  0.62 fo r  the precipitation model. The correlation 
suggests a good d i rec t  relationship between the variables but there 
is some unexplained variation. 

Point sca t te r  from the regression probably occurs fo r  several 
reasons. Measurement e r rors  fo r  both variables a re  l ike ly  sources 
of error.  Areal variations i n  recharge i n  a basin may be 
approximated by natural streamflow from a subbasin but w i l l  not be 
perfect. Other factors  include lag time variation, surface 
reservoir storage, changes i n  watershed charac ter i s t ics  and pumping 
influences. 

There are  several important features  of  the regression. F i r s t ,  the 
Y - intercept of -0.39 foot represents the  estimated water level  
change during a year of severe drought. T h i s  suggests tha t ,  



t y p i c a l l y ,  recharge genera tes  a water l e v e l  rise of 0.39 f o o t  
annually and discharge genera tes  a water l e v e l  dec l ine  of 0.39 f o o t  
annually i n  t h e  main ground water r e se rvo i r .  Second, t h e  X - 
i n t e r c e p t  of 18,224 AF i s  t h e  est imated streamflow during a year  of 
no water l e v e l  change. This  flow i s  a t h e o r e t i c a l  long-term average 
suggest ing t h a t  both t h e  average of record ( f i g u r e  10)  and t h e  
average of 31 regress ion  years  a r e  s l i g h t l y  wetter than t h i s  
average. Third, streamflow values range from 47 percent  t o  344 
percent  of t h e  t h e o r e t i c a l  average. The l a r g e  above average f i e l d  
suggests  t h a t ,  t h e o r e t i c a l l y ,  more years  experience below average 
flows due t o  t h e  weighting of c e r t a i n  above average years .  S ix teen 
of t h e  31 regress ion  yea r s  d i sp lay  streamflows below t h e  t h e o r e t i c a l  
average. 

Data from 1972-75 cons i s t en t ly  f a l l  below t h e  regression.  Data from 
1976-1985 cons i s t en t ly  f a l l  f u r t h e r  below t h e  regression.  This 
arrangement agrees  well with t h e  expected t rend of da ta  due t o  
increased pumping. As small  as  t h e s e  dev ia t ions  from t h e  regress ion  
l i n e  a re ,  they show t h e  p e r s i s t a n t  e f f e c t  of pumping on water l e v e l s .  

MODEL ANALYSIS 

The r e s u l t s  o f  t he  streamflow regress ion  model a r e  more c r e d i b l e  
than those of t h e  p r e c i p i t a t i o n  regress ion  model. The c o r r e l a t i o n  
c o e f f i c i e n t  shows t h a t  i t  is s t a t i s t i c a l l y  superior .  Conceptually, 
streamf low i n t e g r a t e s  t h e  e f f e c t  of p r e c i p i t a t i o n  over an a rea ,  
giving a b e t t e r  ind ica t ion  of ava i l ab le  moisture than point  
p rec ip i t a t ion .  Although recharge is derived from p r e c i p i t a t i o n ,  
both streamflow and recharge a r e  t h e  r e s idua l  products of 
evapotranspi ra t ion  and s o i l  moisture processes on t h e  p r e c i p i t a t i o n .  

By judging t h e  streamflow model t o  be b e t t e r  than the  p r e c i p i t a t i o n  
model, t h e  Y - i n t e r c e p t  of -0.39 f o o t  i s  judged more accura te  a s  an 
ind ica t ion  of na tu ra l  discharge than i s  -0.60 foo t .  The maximum 
observed pre-1972 drop is -0.4 foo t  i n  1968. This approximates t h e  
t h e o r e t i c a l  maximum. Conceptually, p r e c i p i t a t i o n  during summer 
months and a t  low i n t e n s i t y  during winter  months would have l i t t l e  
recharge p o t e n t i a l  due t o  t h e  s t rong inf luence  of 
evapotranspirat ion,  loca l i zed  occurrence, and sublimation. 
P r a c t i c a l l y ,  water year  p r e c i p i t a t i o n  less than 3.5 inches may have 
no recharge value. 

The mean streamflow of record and of t h e  31 regress ion  years  a r e  
g r e a t e r  than t h e  X - i n t e r c e p t  t h e o r e t i c a l  average f o r  equil ibrium 
conditions. The average annual water l e v e l  change i s  +0.16 f o o t  
which i s  a l s o  g r e a t e r  than t h e  t h e o r e t i c a l  average for  equil ibrium 
condit ions.  The p reva i l ing  a s s m p t i o n  of long-term equil ibrium 
suggests  t h a t  these  d a t a  a r e  a p o s i t i v e l y  skewed subset  from 
longer-term n a t u r a l  condit ions.  That conclusion i s  maintained i n  
t h i s  repor t .  However, t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  streamflow d a t a  
of record r e f l e c t  evolving c l i m a t i c  changes which produce g r e a t e r  
streamflow than previously. Under t h a t  scenario,  a new c l i m a t i c  
s t a b i l i t y  would eventual ly r e s u l t  i n  a new water l e v e l  change 



relationship w i t h  streamflow as  storage increases and the 
recharge/discharge levels  increase. I n  the evolving process, water 
level  changes would be a lagging indicator of climatic (streamflow) 
conditions. 

Natural recharge resul t s  i n  an average annual water leve l  r i s e  of 
0.39 foot while natural discharge, through simultaneous processes, 
resul t s  i n  an average drop of 0.39 foot. Based on a storage 
coefficient of 11 percent, 0.39 foot of water level  i n  the porous 
media of the reservoir equals a water layer of about one-half inch. 

Net water level  changes annually under natural conditions are 
approximated by equation 8. Using t h i s  equation and streamflow 
data, one can simulate theoret ical  water levels  (f igure 12). 

Data since 1976 show a clear  departure from the theoret ical  levels. 
T h i s  i s  the resul t  of high pumping ra tes  over the period. From 
January 1976 t o  January 1986, the difference between simulated and 
observed levels  i s  a drop of about 4.7 fee t .  While some of t h i s  
drop is due t o  increased residual drawdown i n  January fo r  recent 
years, it  would not be reasonable t o  project l e s s  than a 4 f ee t  
theoretical drop fo r  the decade. Such a drop coincides closely w i t h  
the calculated natural discharge over 10 years. Therefore, a close 
match exis t s  between current pumpage levels  and average recharge. 

SIMULATED DATA - - - - - - - 
DATA NOT AVAILABLE - - - - 

OBSERVED DATA 

TIME IN YEARS 

Figure 12: Simulated and Observed Water Levels 
a t  Well 27S/15E-4ac( 1). 



RESERVOIR ANALYSIS 

Reservoi r  a n a l y s i s  i s  c l o s e l y  l i n k e d  t o  r e g r e s s i o n  in fo rma t ion  and 
the conceptua l  model. These l ook  a t  s t o r a g e  changes i n  t h e  
r e s e r v o i r  i n  terms of water  l e v e l  changes. The l i n k  between water  
l e v e l  and water  volume r e q u i r e s  s t r o n g  pumpage stress over  s e v e r a l  
years .  S torage  c o e f f i c i e n t  de t e rmina t ions  o f f e r  lesser va lue  i n  
t h i s  move s i n c e  they  can  be v a r i a b l e  and s i te  s p e c i f i c .  

DEVELOPMENT STAGES 

As ground water  development occurs ,  new stress (d i scha rge )  i s  p laced  
on a n a t u r a l  system i n  quasi-equi l ibr ium. The b a s i c  g o a l  f o r  
development of a ground water r e s e r v o i r  w i th in  i t s  c a p a c i t y  i s  t o  
modify t h e  system such t h a t  o therwise  "wasted" water  i s  sa lvaged  f o r  
a b e n e f i c i a l  use.  I n  i ts most complete s ense ,  t h i s  means t h a t  
pumpage never exceeds average recharge  t o  t h e  system. Commonly, 
t h i s  r e q u i r e s  a permanent d e p l e t i o n  of sme water  from s t o r a g e  i n  
o r d e r  t o  reduce n a t u r a l  outf low from t h e  system. Th i s  d e p l e t i o n  i s  
p a r t  of a t r a n s i t i o n  p roces s  which r e s u l t s  i n  p rog re s s ive ly  less 
n a t u r a l  d i scharge .  I n  some a r e a s ,  t h i s  d e p l e t i o n  a l l ows  f o r  
i nc reased  recharge  of formerly r e j e c t e d  recharge  water .  However, 
i n  t h e  F o r t  Rock Basin,  t he  g e n e r a l  l a c k  of s u r f a c e  water  would seem 
t o  prec lude  a s i g n i f i c a n t  recharge  augmentation by t h i s  mechanism. 
This  i s  commonly t h e  c a s e  i n  semi-arid a r ea s .  Subsequent equa t ions  
f o r  va r ious  development s t a g e s  r e l y  on t h e  c o n t i n u i t y  equa t ion  
d iscuss ion .  

PRE-DEVELOPMENT 

The pre-development s t a g e  i s  t h e  n a t u r a l  c o n d i t i o n  of t h e  
r e s e r v o i r .  Th i s  s t a g e  i s  one of long-term equ i l i b r ium and i s  
expressed on volume and water  l e v e l  change bases  a s :  

and Y = 2 . 1 4 ~  - 0.39 (8) 

As noted e a r l i e r ,  t h i s  cond i t i on  formed ove r  geo log ic  time and 
b a s i c a l l y  d i s p l a y s  a ba lance  between geologic  and c l i m a t i c  
cond i t i ons .  Both n a t u r a l  d i s cha rge  and s t o r a g e  a r e  a t  maximum 
l e v e l s  and w i l l  appear h igh ly  buffered.  Natura l  recharge  w i l l  
change g r e a t l y  each yea r  depending on annual  weather c o n d i t i o n s  a s  
gaged by streamflow i n  S i l v e r  Creek ( f i g u r e  13). Th i s  s t a g e  was 
apparent  i n  the F o r t  Rock Basin p r i o r  t o  1972 when pumpage was low. 
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Figure  13: Ground Water Equi l ib r ium/Trans i t ion  Regress ions  
f o r  t h e  F o r t  Rock Basin.  

T r a n s i t i o n a l  is a s t a g e  i n  which pumping occu r s  from t h e  
quasi-equi l ibr ium r e s e r v o i r  a t  a  r a t e  which c l o s e l y  approximates  both 
n a t u r a l  recharge  and d ischarge .  Th i s  can be viewed a s  a  f u l l  
appropr ia t ion /use  pe r iod  du r ing  which t h e  o therwise  n a t u r a l  system 
evolves.  It may be expressed on a  volume b a s i s  by t h e  end members: 

R0 - Do - P = Ro - 2Do = AS ( 5 )  ( I n i t i a l  Condi t ion)  

and ARo - AD, - p = AS = 0 (6)  ( F i n a l  Condi t ion)  

On a  water l e v e l  change b a s i s  t h e  end members use: 

Y = 2.14 x 10-5X - 0.78 = -0.39 (9) ( I n i t i a l  Condi t ion)  

and Y = 2 . 1 4 ~  10-5X - 0.39= 0 (8) ( F i n a l  Condi t ion)  

This  s t a g e  i s  one of g e n e r a l  s t o r a g e  dep le t i on .  Losses  from s t o r a g e  
w i l l ,  on t h e  average,  be l a r g e r  e a r l y  i n  t h e  pe r iod  and decrease  
l a t e r  i n  t h e  per iod  as n e t  n a t u r a l  d i s cha rge  decreases .  S ince  
purrlpage i s  equa l  t o  n a t u r a l  d i s cha rge  e a r l y  i n  t h e  pe r iod ,  a t o t a l  
d i s cha rge  equa l  t o  double  n a t u r a l  d i s cha rge  e x i s t s  ( f i g u r e  13). The 



ground water  r e s e r v o i r  w i l l  be a t  maximum t r a n s i t i o n  o r  f l u x  from 
equi l ib r ium cond i t i ons .  The change i n  s t o r a g e  (AS) on t h e  average  
i s  equa l  but  oppos i t e  i n  s i g n  t o  n a t u r a l  d i s cha rge  (Do). Thi s  
g i v e s  an average Y va lue  of -0.39. This  s t a g e  h a s  been apparen t  i n  
t h e  main ground water  r e s e r v o i r  s i n c e  1976 when pumpage inc reased  t o  
c u r r e n t  l e v e l s  ( f i g u r e  1 4 ) .  

La t e r  i n  t h i s  s t a g e ,  t o t a l  d i s cha rge  w i l l  d rop  a s  r educ t ions  i n  
s t o r a g e  permit pumpage t o  supplan t  n a t u r a l  d i scharge .  Th i s  e v o l u t i o n  
i s  from 2 t o  1 times o r i g i n a l  n a t u r a l  d i s cha rge  and from d e c l i n e s  of 
0.39 t o  0.00 f o o t  p e r  year .  The l e n g t h  of t h i s  s t a g e  i s  unc l ea r  but  
i s  probably decades based on head d i f f e r e n c e s  between t h e  main ground 
water r e s e r v o i r  and d ischarge  po in t s .  
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Figure  14: Ear ly  Ground Water Development kode l  a t  F u l l  
Appropriat ion f o r  t h e  F o r t  Rock Basin. 



HESTClHED EQUILIBRIUM 

This  s t a g e  is  a complete mod i f i ca t i on  of t h e  ground water  flow system 
such t h a t  equi l ib r ium c o n d i t i o n s  a r e  r e s t o r e d .  Th i s  cond i t i on  i s  
l i k e  t h e  pre-development s t a g e  except  t h a t  s t o r a g e  i s  s u f f i c i e n t l y  
deple ted  t o  a l low pumpage t o  r e p l a c e  n a t u r a l  d i scharge .  Th i s  s t a g e  
is  expressed a s :  

and Y = 2 . 1 4 ~ 1 0 - 5 x  - 0.39 (8) 

The quan t i t y  of s t o r a g e  d e p l e t i o n  necessary t o  a r r i v e  a t  t h i s  s t a g e  
could e a s i l y  be s e v e r a l  t e n s  of times t h e  average annual  recharge.  
I f  such a cond i t i on  i s  obtained,  water  l e v e l s  w i l l  l i e  c o n s i s t e n t l y  
below t h e  r o o t  zone of p h r e a t o p h y t e ~ ,  below the c a p i l l a r y  f r i n g e  of 
bare  s o i l  and j u s t  below t h e  o r i f i c e  l e v e l  of  s p r i n g s  and seeps.  The 
l a t t e r  a r e  of p a r t i c u l a r  concern s i n c e  they may i n t e r f e r e  wi th  t h e  
water r i g h t s  of o thers .  

DEVELOPMENT OVERVIEW 

The o u t l i n e  f o r  development sugges t s  t h a t  c u r r e n t  c o n d i t i o n s  a r e  
indeed i n  t h e  t r a n s i t i o n a l  s t age .  I f  pumpage c o n t i n u e s  a t  c u r r e n t  
r a t e s  of about  80,000 AF/yr, water  l e v e l s  w i l l  d e c l i n e  about 0.4 
f o o t / y r  i n  r e l a t i o n  t o  t hose  p r e d i c t e d  by t h e  s t reamflow model. It 
i s  d i f f i c u l t  t o  p r e d i c t  t h e  exac t  d e c l i n e s  which w i l l  occur  a s  
modi f ica t ion  of t h e  n a t u r a l  system progresses .  Specu la t i on  on 
c e r t a i n  f a c t o r s  is worthy of note .  

Ground water i s  c u r r e n t l y  being withdrawn a t  a r a t e  of about 80,000 
AF/yr. This  r a t e  could change quick ly  s i n c e  pumpage is t h e  c r e a t i o n  
of economic f a c t o r s .  It i s  p o s s i b l e  t h a t  pumpage could  expand based 
on c u r r e n t  water r i g h t  permi ts .  However, i t  i s  a l s o  p o s s i b l e  t h a t  
pumpage w i l l  drop i f  t h e  gene ra l  farm economy d e t e r i o r a t e s  f u r t h e r .  
I n  l i e u  of f u t u r e  knowledge, it appears  wise t o  assume t h a t  purnpage 
w i l l  remain near  c u r r e n t  l e v e l s .  

The assumption t h a t  a l l  n a t u r a l  d i s cha rges  can be supplanted by 
pumpage is  improbable. The n a t u r a l  d i s cha rge  through subsur face  
outflow t o  t h e  nor thern  p a r t  of t h e  Summer Lake Basin i s  t h e  s u b j e c t  
of app rop r i a t i on  t h e r e  through s p r i n g s  and we l l s  (Appendix VIII) . 
Determining t h e  f u l l  e x t e n t  of t h o s e  r i g h t s  of app rop r i a t i on  r e q u i r e s  
a water r i g h t s  ad jud ica t ion .  An unacceptable  change i n  water 
a v a i l a b i l i t y  with regard  t o  t h o s e  water  r i g h t s  could s e r v e  t o  
r e s t r i c t  pumpage i n  t h e  F o r t  Rock Basin.  

It was noted prev ious ly  t h a t  augmented recharge  is n o t  a n t i c i p a t e d  a s  
s to r age  d e p l e t i o n  occurs .  However, i t  seems p o s s i b l e  t h a t  t h i s  
dep l e t i on  could expand t h e  s i z e  of t h e  r e s e r v o i r  by breaking down 
ground water f low boundary d iv ides .  The l i k e l y  p l a c e s  f o r  t h i s  a r e  
on t h e  nor th ,  no r theas t ,  e a s t  and sou theas t  ( P l a t e  3 ) .  The d i v i d e s  
i n  t hose  a r e a s  a r e  very low, sugges t ing  t h a t  d e c l i n e s  i n  t h e  For t  



Rock Bas in  might induce water  which would o the rwi se  f low t o  o t h e r  
bas in s  t o  f low t o  t h e  F o r t  Rock Bas in  by g r a d i e n t  r e v e r s a l .  Although 
t h i s  a c t i o n  would slow d e c l i n e  r a t e s  i n  t h e  F o r t  Rock Bas in  t h e  
recharge  a v a i l a b l e  from t h o s e  a r e a s  i s  probably l i m i t e d .  F u r t h e r ,  
t h a t  water may a l r eady  be  s u b j e c t  t o  apprclpr ia t ion i n  o t h e r  a r ea s .  

To s t a t e  t h a t  a l l  n a t u r a l  d i s cha rges  from t h e  main ground water 
r e s e r v o i r  a r e  c l o s e l y  matched by c u r r e n t  pumpage (about  80,000 AF/yr) 
may be an over  s i m p l i f i c a t i o n .  It is  es t imated  t h a t  subsu r f ace  
d i s cha rge  t o  t h e  Summer Lake Bas in  a lone  exceeds 90,000 AF/yr. I n  
a d d i t i o n ,  subsurf  ace  d i s cha rge  t o  t h e  Deschutes Bas in  exceeds 10,000 
AF/yr and phrea tophytes  w i th in  t h e  F o r t  Rock Basin could 
evapot ransp i re  up t o  40,000 AF/yr. I n  a l l ,  it appea r s  t h a t  recharge  
t o  t h e  main ground water  r e s e r v o i r  is  something l i k e  140,000 AF/yr. 

Water l e v e l  changes i n  t h e  lowland may not  t o t a l l y  r e f l e c t  r e s e r v o i r  
recharge  and d ischarge ,  bu t  only t h a t  p o r t i o n  of t o t a l  recharge  which 
reaches  t h e  lowlands. It is l i k e l y  t h a t  some d i scha rge  t o  t h e  Summer 
Lake Basin is der ived  from t h e  uplands of t h e  S i l v e r  Lake Valley 
where very few water  l e v e l  d a t a  a r e  a v a i l a b l e .  Apparently,  recharge  
from t h e s e  uplands f l ows  both t o  t h e  F o r t  Rock Bas in  lowlands and t o  
t h e  Summer Lake Basin. That p o r t i o n  f lowing t o  t h e  b a s i n  lowlands 
p l u s  t h e  q u a n t i t i e s  recharged elsewhere i n  t h e  b a s i n  comprise t h e  
t o t a l  recharge  t o  t h e  lowland a r ea .  It i s  t h i s  q u a n t i t y  t h a t  i s  
approximated by c u r r e n t  pumpage. Addi t iona l  unmonitored recharge  
which f lows  t o  t h e  Summer Lake Basin would s t a b i l i z e  ground water  
l e v e l s  i n  t h e  F o r t  Rock Basin a t  c u r r e n t  pumping r a t e s  without  
e l imina t ing  a l l  d i s cha rge  t o  t h e  Summer Lake Basin.  



CONCLUSIONS 

There i s  a main ground water  r e s e r v o i r  i n  t h e  F o r t  Rock Basin which 
con ta in s  an  abundance of  g e n e r a l l y  good-quality water.  Th i s  
r e s e r v o i r  is  t h e  source  of a l l  ground water  f o r  i r r i g a t i o n  and most 
o t h e r  purposes i n  t h e  basin.  Pumpage from t h e  r e s e r v o i r  s i n c e  1976 
has averaged about 75,000 AF annual ly .  P r i o r  t o  1972, annual 
pumpage was less than  20,000 AF. Pumpage through t h i s  cen tu ry  i s  
unc l ea r  but  w i l l  probably exceed 50,000 AF annual ly .  

In the bas in  lowlands, water  l e v e l s  i n  t h e  main ground water  
r e s e r v o i r  d i s p l a y  changes of less than  1.1 f e e t  annual ly  and 
a l t i t u d e s  of 4285 t o  4300 feet. These water l e v e l  changes a r e  very 
s i m i l a r  throughout t h e  bas in  and r e f l e c t  t h e  recharge /d ischarge  
balance t o  t h e  vo lcan ic  and sedimentary a q u i f e r s  of t h e  r e s e r v o i r s .  
P r i o r  t o  1972, water l e v e l  f l u c t u a t i o n s  r e s u l t e d  l a r g e l y  from t h e  
ope ra t i on  of n a t u r a l  c o n d i t i o n s  and were i n  a s t a t e  of long-term 
quasi-equi l ibr ium. Subsequent f l u c t u a t i o n s  r e f l e c t  t h e  e f f e c t  of 
s i g n i f i c a n t  pumpage on t h o s e  cond i t i ons .  

Pumpage from t h e  main ground water  r e s e r v o i r  i s  approximately equa l  
t o  t h e  average recharge  t o  t h e  r e s e r v o i r  a s  monitored i n  t h e  
lowlands. Continued pumpage a t  t h i s  annual  r a t e  of about  80,000 Af 
w i l l  con t inue  t h e  c u r r e n t  s t a t e  of  long-term d i sequ i l i b r ium.  
Res to ra t i on  o f  long-term equ i l i b r ium c o n d i t i o n s  w i l l  probably 
r equ i r e  more than  100 years .  Average d e c l i n e  r a t e s  w i l l  s lowly 
evolve  from 0.4 t o  0.0 f o o t  p e r  y e a r  du r ing  t h e  t r a n s i t i o n  back t o  
equi l ibr ium. During t h i s  r e s t o r a t i o n  pe r iod ,  water  l e v e l s  i n  t h e  
r e s e r v o i r  should d e c l i n e  less than  70 feet  from c u r r e n t  l e v e l s .  
This drop is  expected t o  r e s u l t  i n  reduced subsu r f ace  d i s cha rge  t o  
t h e  Deschutes and Summer Lake Bas ins  and reduced evapo t r ansp i r a t i on  
by phreatophytes  i n  t h e  F o r t  Rock Basin. 

Water l e v e l  and water  supply changes i n  t h e  main ground water  
r e s e r v o i r  occur  slowly. Dec l ines  could  con t inue  f o r  decades a t  
c u r r e n t  r a t e s  without n o t i c e  by well owners. Each f o o t  of water  
l e v e l  i n  t h e  r e s e r v o i r  r e p r e s e n t s  about 200,000 AF i n  s to r age .  The 
slow d e p l e t i o n  of ground water  s t o r a g e  a l l ows  understanding of 
r e s e r v o i r  cond i t i ons  be fo re  c o n f l i c t s  a r i s e  among use r s .  

L imi t a t i ons  on new a p p r o p r i a t i o n s  would h e l p  prevent  o v e r d r a f t  of 
t h e  main ground water r e s e r v o i r .  Th i s  could be most qu ick ly  
approached by l i m i t i n g  new water  r i g h t  pe rmi t s  from t h e  r e se rvo i r .  
Th i s  a c t i o n  would p l a c e  a t h e o r e t i c a l  l i m i t  on pumpage. Ongoing 
monitoring of pumpage and ,water  l e v e l s  i n  wells i s  needed t o  show 
cond i t i ons  of f u t u r e  use.  
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APPENDIX I1 

RECORDS OF WELLS 



Record of h e l l s  Locat ion:  23S/16E-35cd 

Dates and Water Levels i n  Feet  Below Land Surface Datum 

( W )  - Water Wel l  Report 
(W?) - Author quest ions Water Wel l  Report measurement 
(P I  - Pumping 
(P?) - Pumping suspected by author  bu t  no t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author bu t  n o t  s ta ted  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record o f  Wells Locat ion: T23S/R16E-35cd 

0wner:U.S. Bureau o f  Land Management Wel l  Completion Date: 1976 

Wel l  Depth: 505 ft. Casing Size: 8 i n .  CasingDepth 498 ft. 

Land Surface E leva t ion  a t  Well: 4729 ft. Determinat ion: Est imate from topo 

Water Use: Stock Water Temperature: 58OF on w e l l  r e p o r t  

Yie ld:  25 gpm Drawdown: (0 )  ft. Test dura t ion :  4 hrs.  Test Date: 1976 

Other Wel l  Data: Cater  Wel l  Report 

Remarks: Th is  w e l l  i s  known as t h e  "Sauaw Mountain Well.'I The casina i s  Der- 

f o ra ted  from 418 t o  498 f e e t .  The y i e l d  t e s t  drawdown o f  0 f e e t  i s  no t  pos- 

s i b l e  bu t  probably r e f l e c t s  nominal drawdown. Due t o  f a c t o r s  surrounding t h e  

great  depth t o  water i n  t h i s  we l l ,  measurements a r e  probably on ly  accurate t o  

w i t h i n  1/2 foo t .  The p r e c i s i o n  o f  t h e  waer w e l l  r e p o r t  measurement i n  1976 i s  

uncerta in.  

Generalized Log: 

Top S o i l  
Black Gran i te  (?) 
Red Cinders 
Black Gran i te  (?) 
Red Cinders 
S o f t  Lava 
Hard Gray Rock 
Red Cinders 
S o f t  Lava 
Red Cinders 

O t o  7 f e e t  
7 t o  32 f e e t  

32 t o  35 f e e t  
35 t o  46 f e e t  
46 t o  57 f e e t  
57 t o  98 f e e t  
98 t o  137 f e e t  

137 t o  166 f e e t  
166 t o  180 f e e t  
180 t o  185 f e e t  

Gray Claystone 
Brown Conglomerate 
Red Cinders 
Gray Claystone 
Red Cinders 
Gray Sandstone 
Red Cinders 
( Water-bearing) 
Sand and Gravel 
( Water-bearing ) 
Sandstone 

185 t o  205 f e e t  
205 t o  215 f e e t  
215 t o  290 f e e t  
290 t o  382 f e e t  
382 t o  389 f e e t  
389 t o  435 f e e t  
435 t o  470 f e e t  

470 t o  498 f e e t  

498 t o  505 f e e t  

o k r a  "07 IVLIIA~IE ---- TIME. IN YEARS 



Record o f  Wells Locat ion: 24~/14E-l7da(2) 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(W?) - Author quest ions Water Wel l  Report measurement 
(P) - Pumping 
(P?) - Pumping suspected by author bu t  n o t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, well known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author  b u t  n o t  s t a t e d  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Locat ion:  124S/R14~-17da(2) 

Owner: U.S. Fores t  Serv ice  We l l  Completion Date: 1940 

Well  Depth: 330 ft. Casing Size: 8 i n .  Casing Depth --- ft. 

Land Surface E leva t ion  a t  Well: 4516.7 ft. Determinat ion: Leveled 

Water Use: Group Domestic Water Temperature: 50°F (lO°C) 

Yie ld:  -- gpm Drawdown: -- ft. Test dura t ion :  -- hrs. Test Date: --- 
Other Wel l  Data: Water Wel l  Report, P a r t i a l  Water Chemistry Ana lys is  

Remarks: Th is  w e l l  i s  located a t  t h e  Cabin Lake Ranger S ta t i on .  Land sur face 

e leva t ion  changes a t  t he  w e l l  s ince t h e  1940's are  probably minor. Due t o  the  

great  depth t o  water and wi res  i n  we l l ,  water l e v e l  accuracy is probably w i t h i n  

a few ten ths  o f  a foo t .  Wel l  has repor ted ly  y i e l d e d  15,000 gpd w i t h  l i t t l e  

drawdown. 

Generalized Log: 

S o i l  
S o f t  Lava 
Pumice 
Hard Lava 
Cinders 
Hard Lava 
Cinders 
Hard Lava 

O t o  4 f e e t  
4 t o  73 f e e t  

73 t o  82 f e e t  
82 t o  92 f e e t  
92 t o  93 f e e t  
93 t o  102 f e e t  

102 t o  109 f e e t  
109 t o  152 f e e t  

Red Lava 
Hard Lava 
Red Lava 
Lava 
Crevice 
( Water-bearing ) 
Hard Lava 
Red Cinders 
(Water-bearing) 

152 t o  160 f e e t  
160 t o  184 f e e t  
184 t o  192 f e e t  
192 t o  235 f e e t  
235 f e e t  

235 t o  328 f e e t  
328 t o  330 f e e t  

I Dl , .  N O 1  L V A I I A I I E  ---- TIUE. IN YEARS 

a 
W 0 



Record o f  Wells Locat ion:  25S/14E-15bc 

Dates and Water Levels-  i n  Feet Below Land Surface Datum 

(PI  - Pumping 
(P?) - Pumping suspected by author bu t  not  s ta ted  i n  f i e l a  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s ta ted  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record of Wells Location: T25S/R14E-l5bc 

Owner: Frank Goodwin Well  Completion Date: 1923 

Well Depth: 256+/- ft. Casing Size: 18 i n .  Casing Depth 45+/- ft. 

Land Surface E levat ion a t  Well:4337.7 ft. Determination: Leveled 

Water Use: I r r i g a t i o n ,  Domestic, Stock Water Temperature: 52OF ( l l ° C )  

Yield:1000+/- gpm Drawdown:5+/- ft. Test durat ion:  -- hrs. Test Date:07/30/85 - 
Other Well  Data: Water Chemistrv Analvsis 

Remarks: This w e l l  i s  known as the "Crampton Well." I t  i s  one o f  f o u r  t e s t  

wel ls  a r i l l e d  by the State o f  Oregon i n  the ear l y  1920's. Although no i n i t i a l  

water l e v e l  measurement was recorded, comparisons w i t h  the  o ther  th ree  we l l s  

suggest a l e v e l  o f  43 f e e t  i n  1923. An o i l  l a ye r  was o f t en  reported on the 

water surface when measured. On November 20, 1985, the l aye r  was determined t o  

be 0.19 f ee t  t h i ck .  She w e l l  contains both  tu rb ine  and submersible pumps. The 

submersible pump i s  used occasional ly  f o r  domestic and stock use. 

Generalized Log: Coarse Basa l t i c  Agglomerate i s  main water product ion 
zone. No other mater ia ls  l o g  in format ion avai lable.  

TIME. IN YEARS 

TIME. IN YEARS 

63  



Record of Wells Locat ion: 25S/14E-Z9da( 1) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspected by author  bu t  no t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use on ly  
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s t a t e d  i n  f i e l d  notes 
('??I - Author quest ions measurement 



Record o f  Wells Locat ion: T25S/R14E-29da( 1)  

Owner: B a n f i e l d  Vet. H o s p i t a l  Inc .  Wel l  Completion Date: 1956 

Wel l  Depth: 310 ft. Casing Size: 14 i n .  Casing Depth 86 ft. 

Land Surf  ace E leva t ion  a t  Wel l  : 4336.8 f t . Determinat ion: Leveled 

Water Use: I r r i g a t i o n  fo rmer ly  Water Temperature: 50°F 

Yie ld:  800 gpm Drawdown: 4 1  ft. Test dura t ion :  -- hrs. Test Date: 10/57 

Other Wel l  Data: Water R i g h t  F i l e ,  Water Wel l  Reports 

Remarks: Th is  w e l l  was abandoned about 12/84 and r e ~ l a c e d  bv a w e l l  30 f e e t  

south which i s  designated as T25S/R14€-29da(2). Please see t h a t  Record o f  

k e l l s  f o r  con t inua t ion  o f  water l e v e l  da ta  i n  t h i s  loca le .  An o i l  l a y e r  was 

cons is ten t l y  repor ted  on t h e  water sur face i n  t h e  o l d  w e l l  du r ing  t h e  l a t e  70 's  

and 80's. The th ickness o f  t h a t  l a y e r  was never measured. The abrupt water 

l e v e l  drop i n  1970 may be the  r e s u l t  o f  a measuring p o i n t  change which was not  

c i t e d  i n  t h e  f i e l d  notes. A 10-inch l i n e r  was i n s t a l l e d  i n  t h e  w e l l  t o  a depth 

of 342 fee t  i n  1970. That deepening r e p o r t  suggests an unreported deepening o f  

t h e  w e l l  prev iously.  

Generalized Log: 

Sur f  ace ( s o i l )  
Hard Pan 
Yellow Clay 
Black Sand 
Blue Clay 
Black Sand 

0 t o  3 f e e t  
3 t o  5 f e e t  
5 t o  48 f e e t  

48 t o  80 f e e t  
80 t o  90 f e e t  
90 t o  94 f e e t  

Brown Clay 
B lack  Sand 
Brown Clay 
Sand and Gravel  
Brown Clay 

94 t o  120 f e e t  
120 t o  145 f e e t  
145 t o  285 f e e t  
285 t o  308 f e e t  
308 t o  310 f e e t  

+ 
I 011. NOT IYAILA ICT  - - -- TIME. IN YEARS 

a 
W 0 



Record o f  Wells Locat ion:  T25S/R14E-29da( 2) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
( W ? )  - Author quest ions Water Wel l  Report measurement 
(P) - Pumping 
(P?) - Pumping suspected by author  b u t  n o t  s t a t e d  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use on ly  
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(H?) - Recovering suspected by author b u t  n o t  s t a t e d  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wel ls  Locat ion:  ~ 2 5 S / ~ 1 4 ~ - 2 9 d a (  2) 

Owner: B a n f i e l d  Vet. Hosp i ta l  Inc.  Wel l  Completion Date: 12/84 

Wel l  Depth: 438 ft. Casing Size: 14 in. Casing Depth 230 ft. 

Land Surface E leva t ion  a t  Well: 4336.1 ft. Determinat ion: Leveled 

Water Use: I r r i g a t i o n  Water Temperature: ---- 
Yield:  1400 gpm Drawdown: -- ft. Test dura t ion :  1 hr. Test Date: 1984 

Other Wel l  Data: Water We l l  R e ~ o r t  

Remarks: Th is  w e l l  rep laces T25S/~15E-29da(l) which i s  about 30 f e e t  nor th.  An 

o i l  l a y e r  developed on t h e  water sur face du r ing  1985 which was measured t o  be 

1.27 f e e t  t h i c k  on 10/16/85. 

Generalized Log: 

L i g h t  Sof t  Sand 
L i g h t  Cemented Sand 
Yellow Clay 
Green Clay 
Hard Blue Shale 
Gray Shale 
S o f t  L i g h t  Green 

Pumice with Clay 
Black Sand 

0 t o  1 f o o t  
1 t o  24 f e e t  

24 t o  26 f e e t  
26 t o  30 f e e t  
30 t o  77 f e e t  
77 t o  90 f e e t  

90 t o  97 f e e t  
97 t o  230 f e e t  

Hard Shale 
S o f t  Shale 
Very Hard B a s a l t  
Porous Lava 
Hard Rock 
Red Lava 
(Water-bearing ) 
Hard Brown Basa l t  
Hard Brown Broken 
Basa l t  

230 t o  305 f e e t  
305 t o  345 f e e t  
345 t o  391 f e e t  
391 t o  400 f e e t  
400 t o  402 f e e t  
402 t o  425 f e e t  

425 t o  436 f e e t  
436 t o  438 f e e t  

1 D ~ T A  N O T  AVAIIIIIIIE--- - TIME IN Y E A R S  
a W 



Record of Wells Location: T25S/R16E-26bc 

Dates and Water Levels i n  Feet  Below Land Surface  Datum 

( W )  - Water Well Report 
( W ? )  - Author quest ions Water Well Report measurement 
( P I  - Pumping 
(P?) - Pumping suspected by author  but not s t a t e d  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, well known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not s t a t e d  i n  f i e l d  notes  
(??) - Author quest ions measurement 



Record o f  Wells Locat ion: T259R16E-26bc 

Owner: Maurice Ward We l l  Completion Date : pre-1949 

Well  Depth: 278 ft. Casing Size: 6 in. Casing Depth 6 ft. 

Land Surf  ace E leva t ion  a t  Well :  4506 f t .  Determinat ion: Topo L i s t i n g  

Water Use: Stock Water Temperature: 59OF ( 1 5 0 ~ )  

Y ie ld :  1 gpm Drawdown: 7 ft. Test dura t ion :  -- - - hrs. Test Date: 1984 

Other Wel l  Data: P a r t i a l  Water Chemistrv Ana lvs is  

Remarks: Th is  w e l l  i s  known as t h e  "Ward Well." Th is  w e l l  repo r ted ly  produces 

water f rom auicksand. M a t e r i a l s  ~ e n e t r a t e d  bv t h e  w e l l  should be dominated bv 

volcanics. ~ r i n c i ~ a l l v  l a v a  flows. The reasons f o r  t h e  water l e v e l  bounces are  

unclear bu t  probably inc lude:  measurement e r r o r ,  recharge e f f e c t s ,  and bore- 

ho le  e f f e c t s  w i t h  cascading recharge. 

Generalized Log: None ava i lab le .  

I D h 1 A  HOT I Y h I I A B L E  ---- TIME. IN YEARS 

a 
W 0 



Record o f  Wells Location: 25S/18E-9cc 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well Report 
(W?) - Author questions Water Wel l  Report measurement 
(P I  - Pumping 
(P?) - Pumping suspected by author but  not  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(H) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not  s ta ted i n  f i e l d  notes 
(??) - Author questions measurement 



Record o f  Wells Location: T25S/R18E-9cc 

Owner: E r i c  and I rene  C l igne t t  Wel l  Completion Date: 1963 

Well Depth: 260 ft. Casing Size: 12 i n .  Casing Depth 18 ft. 

Land Surface E levat ion a t  Well:4326.7 ft. Determination: Leveled 

Water Use: None Water Temperature: 53OF (lZ°C) 

Yield: 1500 gpm Drawdown: 56 ft. Test durat ion:  30 hrs. Test Date: 1963 

Other Wel l  Data: Water Wel l  R e ~ o r t  

Remarks: This was an observation w e l l  between 1968 and 1974. Due t o  l ack  of 

development, i t  was dropped. I n  1979 i t  was restored as an observation w e l l  i n  

order t o  monitor the  e f f e c t s  o f  development i n  "The Sinks" area. Water l e v e l  

decl ine and seasonal in ter ference r e f l e c t  t h i s  development. This w e l l  responds 

t o  the nearby s ink ing o f  Peters Creek which f lows  c e r t a i n  years due t o  spr ing 

snowmelt. 

Generalized Log : 

S o i l  
Blue Clay 
Hard Lava 
So f t  Lava 
Hard Lava 
Porous Lava 
Hard Hock 
Red Cinders 
Black Lava 

O t o  5 f e e t  
5 t o  15 f e e t  

15 t o  49 f e e t  
49 t o  51  f e e t  
51 t o  56 f e e t  
56 t o  57 f e e t  
57 t o  65 f e e t  
65 t o  66 f e e t  
66 t o  82 f e e t  

Red Cinders 82 t o  85 f e e t  
Black Lava 85 t o  90 f e e t  
White Gravel 90 t o  93 f e e t  
( Water-bearing ) 
Hard Lava 93 t o  120 f e e t  
Lava w i t h  Cinders 120 t o  197 f e e t  
Porous Lava 197 t o  227 f e e t  
Black Sandstone 227 t o  256 f e e t  
Black Sand 256 t o  260 f e e t  

25SJ18E - Qcc --- - 

C - - I ----- 
Y .- - 

-- 

1956 57 5 8  59 60 6 1  62  6 3  64 65 66 6 7  6 8  69 70 71 72 73 74  75 76 77 78 79 8 0  8 1  82  8 3  84 85  86  87 8 8  1989 - 
C 

1 D A T A  H O T  A V A I L A B L E  - - - - TIME IN Y E A R S  
a 
X 



Record o f  Wells Locat ion: 25S/19E-31dc 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
( P I  - Pumping 
(P?) - Pumping suspected by author b u t  n o t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s t a t e d  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record o f  Wells Locat ion: T25S/R19E-31dc 

Owner: O.E. White Wel l  Completion Date: 1963 

Well  Depth: 225 ft. Casing Size: 12 i n .  Casing Depth 20 f t .  

Land Surface E leva t ion  a t  Well:4306.2 f t .  Determinat ion: Leveled 

Water Use: I r r i g a t i o n  Water Temperature: 54OF (12OC) 

Yie ld:  2375 gpm Drawdown: 6 ft. Test dura t ion :  6 hrs. Test Date: 1963 - 
Other Wel l  Data: Water Wel l  Report, Water R i g h t  F i l e ,  Water Chemistry Ana lys is  

Remarks: Water l e v e l s  can r i s e  more q u i c k l y  i n  t h i s  w e l l  due t o  heavy w in te r  

p r e c i p i t a t i o n  than do l e v e l s  i n  most F o r t  Rock Bas in  observat ions we l ls .  I n  

t h i s  regard please note  e a r l y  1965, e a r l y  1982, and e a r l y  1986. Although an 

o i l  l a y e r  has been noted on t h e  water i n  t h i s  w e l l  s ince 1972, t h e  e f f e c t  on 

water l e v e l s  i s  probably s l i g h t .  An o i l  th ickness determinat ion  i n  November, 

1985, suggested a l a y e r  l e s s  than  one foot .  

Generalized Log: 

S o i l ,  Sand and Clay 0 t o  18 f e e t  Porous Lava 
Hard Blue Clay 18  t o  20 f e e t  Lava 
Blue and Brown Clay 20 t o  72 f e e t  Porous Lava 
Lava 72 t o  120 f e e t  Hard Gravel  

(Water-bearing) 

120 t o  140 f e e t  
190 t o  210 f e e t  
210 t o  222 f e e t  
222 t o  225 f e e t  

1 O A T A  " 0 ,  *"AI I I \aLE - - - - TIME. IN YEARS ,- 
L 

X 



Record of Wells Locat ion:  26S/13E-4ab 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(W?) - Author quest ions Water Wel l  Report measurement 
( P I  - Pumping 
(P?) - Pumping suspected by author  bu t  n o t  s ta ted  i n  f i e l d  notes  
(PD) - Pumping f o r  domestic use only 
(H) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s t a t e d  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Locat ion:  T26S/R13E-4ab 

Owner: Cornel ius Dalebout Wel l  Completion Date: 1910 

Well Depth: 220 ft. Casing Size: 6 i n .  Casing Depth --- f t. 

Land Surf ace E leva t ion  a t  Well:4488.6 ft. Determinat ion: Leveled 

Water Use: Domestic, s tock Water Temperature: --- 
Yield:  --- gpm Drawdown: -- ft. Test dura t ion :  -- - hrs. Test Date: --- 
Other Wel l  Data: Water Wel l  Report 

Remarks: Th is  i s  known as t h e  "McCallum Well." I t  was o r i a i n a l l v  d r i l l e d  t o  

about 198 f e e t  and deepened i n  1932 t o  220 f e e t . - - - ~  

Generalized Log : 

Gravel 
Clay and Tu f f  
Rock 
Basal t  

0 t o  10  f e e t  
10 t o  60 f e e t  
60 t o  75 f e e t  
75 t o  105 f e e t  

Sand and Gravel 
Rock 
Basa l t  
( Water-bearing ) 

105 t o  120 f e e t  
120 t o  160 f e e t  
160 t o  220 f e e t  

I Dill N O T  IV . I I .BLE - - -- TIME. IN Y E A R S  - 
YI 0 



Record o f  Wells Location: 26S/14€-3bb 

Dates and Water Levels i n  Feet Below Land Surface Datum 

37.42 04-10-69 
38.50( R?) 07-11-69 
33.70(R? ) 10-10-69 
32.60 01-07-70 
32.56 04-10-70 
32.17 07-02-70 
32.10 10-15-70 
31.94 01-21-71 
32.52(R?) 07-14-71 
31.81 10-18-71 
31.29 04-10-72 
31.48 07-10-72 
31.60 10-11-72 
31.56 04-25-73 
31.74 07-09-73 
31.79 10-01-73 
32.00 07-01-74 
32.01 10-07-74 
32.04 04-07-75 
32.04 07-08-75 
31.98 09-29-75 
32.00 01-12-76 
32.03 04-13-76 
32.10 07-06-76 
32.14 10-04-76 
32.23 01-11-77 
32.19 04-13-77 
31.73 07-05-77 
31.58 10-04-77 
31.38 01-18-78 
31.32 04-20-78 
31.27 10-02-78 
31.29 04-03-79 
31.32 06-30-80 
31.33 11-24-80 
31.32 03-05-81 
31.42 11-23-81 
31.48 03-18-82 
31.48 07-21-82 
31.56 11-18-82 
31.72 08-10-83 
31.82 11-22-83 
31.94 03-20-84 

(W) - Water Well Report 
(P) - Pumping 
(P?) - Pumping suspected by author bu t  no t  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author bu t  no t  s ta ted  i n  f i e l d  notes 
(?7) - Author questions measurement 



Record o f  Wells Locat ion: T26S/R14E-3bb 

Owner: Shorty Gustafson Wel l  Completion Date: pre-1949 

Well Depth: 60 ft. Casing Size: 6 i n .  Casing Depth --- f t. 

Land Surface E leva t ion  a t  Well:4326.3 ft. Determination:* Leveled 

Water Use: None Water Temperature: 5Z°F ( l l ° C )  

Yie ld:  --- gpm Drawdown: -- ft. Test durat ion:  -- hrs. Test Date: --- - - 
Other Wel l  Data: P a r t i a l  Water Chemistry Analys is  

Remarks: A gasol ine l a y e r  has occurred on the  water sur face s ince 1980. The 

l a y e r  th ickness was 1.8 f e e t  on 08-11-83 and 0.8 f o o t  on 11-20-85. A l l  water 

l e v e l  measurements a r e  depth t o  t h e  l i q u i d  sur face (water o r  gasol ine)  and no 

c o r r e c t i o n  i s  appl ied. The l i q u i d  l e v e l  drop, which would t a k e  p lace  by 

removing t h e  gasol ine,  i s  probably very small. 

Generalized Log : None ava i lab le .  A w e l l  l e s s  than 100 fee t  away l i s t s  
t h e  f o l l o w i n g  m a t e r i a l s  which probably approximate those 
penetrated by t h i s  wel l .  

S o i l  O t o  5 f e e t  Green Claystone 59 t o  67 f e e t  
Sand and Gravel  5 t o  20 f e e t  Gray and Brown 67 t o  72 f e e t  
Brown Clay 20 t o  28 f e e t  Gravel 
Green and Brown Clay 28 t o  59 f e e t  ( Water-bearing) 

W 
m TIME. IN YEARS 
* 
(U 
W L. 

L 30 

u W 

+ 32 
; 
2 34 
x 
+ a 
g 36 

3 8  

40 
1956 57 58 59 6 0  61  82  63 64 65 66  67 68 '69 70 71 72 73 74  75 76 77 76 79 80 81  6 2  83 84 85  86 87 88 1989 

o,r l  MOT I Y I I I I S L T  ---- TIME. IN YEARS 



Hecora of kiells Location: 26S/14E-Z0cc 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well  Report 
( P I  - Pumping 
(P?) - Pumping suspected by author but not s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author bu t  not  s ta ted i n  f i e l d  notes 
(??I - Author questions measurement 



Record o f  Wells Location: T26S/R14E-20cc 

Owner: Mrs. G.R. Boatwright Wel l  Completion Date: 1922 

h e l l  Depth: 192 ft. Casing Size: 12 in. Casing Depth loo+/- ft. 

Land Surface E levat ion a t  Well:4355.8 ft. Determination: Leveled 

Water Use: Domestic Water Temperature: 5Z°F ( l l ° C )  

Yield: 1100 gpm Drawdown: 22 ft. Test durat ion: -- hrs. Test Date: 1957 

Other Wel l  Data: Water R ight  F i l e ,  Water Chemistry Analysis 

Remarks: This w e l l  i s  known as the "Sprague Well." I t  i s  one o f  f o u r  t e s t  

wel ls  d r i l l e d  by the  State  about 1922 i n  the_For t  Rock Valley. The water l e v e l  

measurements from the  1940's have been modi f ied s l i g h t l y  from publ ished records 

i n  oraer t o  standardize measuring po in t  correct ions.  

Generalized Log: None avai lable. Nearby we l l s  i n  Sect ion 19 conta in  
logged mater ia ls  which should approximate those found 
a t  t h i s  wel l .  Basa l t  lavas are the  dominant mater ia l .  

TIME. IN YEARS 

TIME. IN YEARS 

79 



Record of Wells Location: 26S/14E-23bb 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well Report 
(P) - Pumping 
(P?) - Pumping suspected by author but  not s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not  s ta ted i n  f i e l d  notes 
(??I  - Author questions measurement 



Hecord o f  Wells Locat ion:  T26S/R14E-23bb 

Owner: U.S.B.L.M. Wel l  Completion Date: 1959+/- 

Wel l  Depth: 121 ft. Casing Size: 8 in. Casing Depth --- ft. 

Land Surface E leva t ion  a t  Well:4327.3 f t .  Determinat ion: Leveled 

Water Use: Stock Water Temperature: 54OF ( lZ°C) 

Y ie ld :  20 gpm Drawdown: 5 ft. Test dura t ion :  1/4 hrs. Test Date: 1984 

Other Wel l  Data: 

Remarks: This w e l l  i s  known as t h e  "Thomas Well." Due t o  a l a c k  o f  

in format ion,  t he  p rec i se  m a t e r i a l s  penetrated by t h i s  w e l l  a re  unclear. l n  any 

case, the  water l e v e l  response d i sp lays  t h e  c h a r a c t e r i s t i c s  o f  t h e  main ground 

water reservo i r .  

Generalized Log: No l o g  ava i lab le .  

28&14E - 23bb 

I 
I1 

I I 

TIME IN YEARS 

i956'  57 58 59 6 0  6 1  6 2  63 64  65  66  6 7  6 8  6 9  70 71 72 73 74 75 76 77 78 79 0 0  

0.1. N O 1  I V L I L A S L I  ---- 



Record of Wells Location: 26S/15E-6ab 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well Report 
(P) - Pumping 
(?) - Questionable per  f i e l d  notes 
(P?) - Pumping suspected by author but  not  s ta ted i n  f i e l d  notes 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not  s ta ted i n  f i e l d  notes 
(??) - Author questions measurement 



Record o f  Wells Locat ion: 726S/R15E-6ab 

Owner : Jack K i t t r i d g e  Wel l  Completion Date: 1955 

Wel l  Depth: 317 ft. Casing Size: 16 in. Cas ingDepth  119 ft. 

Land Surface E l e v a t i o n  a t  Well:4329.0 ft. Determinat ion: Leveled 

Water Use: I r r i g a t i o n  Water Temperature : 59OF ( 1 5 0 ~ )  

Yie ld:  800 gpm Drawdown: 4 1  ft. Test dura t ion :  6 hrs. Test Date: 1955 

Other Wel l  Data: Water Chemistry Analysis, Water R i g h t  F i l e ,  Water Wel l  Report 

Remarks: O i l  has been f requen t l y  noted on t h e  water surface. On October 11, 

1985, t h e  o i l  l a v e r  was measured as 34.46 fee t .  The s ~ e c i f i c  a r a v i t v  of t h i s  

o i l  was determined as 0.87 i n  March 1986. For  these values t h e  depth t o  water 

would be 4.48 f e e t  deeper than measured l i q u i d .  The r a t e  o f  o i l  accumulation 
- - 

w i t h  t ime i s  unclear b u t  i s  be l ieved t o  have increased s t e a d i l y  s ince 1966. 

The odd r i s e  i n  1967 i s  probably t h e  r e s u l t  o f  a r a p i d  accumulation between 

J u l y  and October. Due t o  t h e  o i l  problem, t h e  hydrograph d i s p l a y s  very rough 

s i m i l a r i t i e s  with o ther  bas in  hydrographs. A l l  depth t o  water measurements 

l i s t e d  a re  more accura te ly  depth t o  l i q u i d  ( o i l  o r  water). 

Generalized Log: 

S o i l  0 t o  4 f e e t  
Gravel, f i n e  4 t o  8 f e e t  
Sandy Loam 8 t o  32 fee t  
Clay 32 t o  40 f e e t  
Black Sand 40 t o  53 f e e t  
Clay 53 t o  67 f e e t  
Black Sand 67 t o  76 f e e t  
Clay 76 t o  80 f e e t  
Black Sand and Clay 80 t o  97 fee t  
Hard Sand 97 t o  1 0 1  fee t  

W 

2 

T u f f  101 t o  170 f e e t  
T u f f  w i t h  Sand 170 t o  196 fee t  
l a y e r s  
T u f f  196 t o  220 f e e t  
Lava Rock and Sand 220 t o  234 f e e t  
T u f f  234 t o  245 fee t  
Lava Rock and Gravel  245 t o  265 f e e t  
T u f f  265 t o  270 fee t  
Gravel  with s t reaks  270 t o  317 f e e t  
o f  loose sand 

I D A l *  NOT I V I I L 1 . L T  - - - - 
a 
LU 0 

TIME. IN Y E A R S  
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Record o f  Wells Locat ion: 26S/15E-17dd 

Dates ana Water Levels i n  Feet  Below Land Surface Datum 

( W )  - Water Wel l  Report 
(P I  - Pumping 
(P?) - Pumping suspected by author  b u t  n o t  s t a t e d  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s ta ted  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record of Wells Location: T26S/R15E-l7dd 

Owner: Robert T u t t l e  Wel l  Completion Date: 1921 

Well Depth: 250 ft. Casing Size: 18 i n .  Casing Depth 220 ft. 

Land Surface E levat ion a t  Well:4321.1 f t .  Determination: Leveled 

Water Use: None ( i r r i g a t i o n  former ly)  Water Temperature: 68OF (20°C) 

Yield: 800 gpm Drawdown: 2 ft. Test durat ion: 8 hrs. Test Date: 1921 - 
Other Well Data: P a r t i a l  Water Chemistry Analysis, Water R ight  F i l e  

Remarks: This i s  known as the "Ernst Well.1' I t  i s  one o f  f o u r  t e s t  we l l s  

d r i l l e d  by the State about 1922. Cer ta in  data suggest t ha t  the  w e l l  i s  cased 

t o  only 24 feet .  An o i l  l a ye r  o f  indeterminate thickness has been found on the 

water surface. I t  appears t h a t  the  l a y e r  i s  t h i n  enough t o  on ly  s l i g h t l y  a l t e r  

the depth t o  water measurement. 

Generalized Log: 

S o i l  and Sand O t o  4 f e e t  Brown Clay 100 t o  105 f e e t  
Fine Sand 4 t o  24 f e e t  Fine Sand 105 t o  112 f ee t  
S i l t  24 t o  32 f e e t  Coarse Sand 112 t o  115 f e e t  
Sand 32 t o  58 f e e t  F ine Sand 115 t o  120 f ee t  
Coarse and Fine Sand 58 t o  100 f e e t  
No record - mater ia ls  repor tea ly  s im i l a r  t o  t h a t  encountered 120 t o  250 f e e t  
from 32 t o  120 feet  but  w i t h  a 30 t o  40-foot l a y e r  o f  coarse fragmented basa l t  
t u f f .  

TIME, IN YEARS 

TIME. IN YEARS 
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Record o f  Wells Locat ion: 26S/15E-20bb 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
( P I  - Pumping 
(P?) - Pumping suspected by author bu t  no t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s t a t e d  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record o f  Wells Location: T26S/R15E-ZCIbb 

Owner: U.S. Bureau o f  Land Management Wel l  Cmlplet ion Date: 1958 

Well Depth: 37 ft. Casing Size: 6 i n .  Casing Depth --- f t. 

Land Surface E levat ion a t  Well:4310.6 ft. Determination: Leveled 

Water Use: None Water Temperature: --- 
Yield: -- gpm Drawdown: -- ft. Test durat ion: -- hrs. Test Date: -- 
Other Wel l  Data: -- 
Remarks: This w e l l  was used f o r  stock water ~ r i o r  t o  1961. The w e l l  was 

sounded t o  37 f e e t  t o t a l  depth. The o r i g i n a l  w e l l  depth i s  unknown. 

Generalized Log: None avai lable.  A w e l l  about one-half m i le  east a t  a 
s i m i l a r  e leva t ion  logs  the  f o l l ow ing  mater ia ls:  

Blow Sand O t o  2 f e e t  
Packed Sand 2 t o  19 f e e t  
Cinder Rock 19 t o  53 f e e t  
Red Cinders 53 t o  54 f e e t  
Cinder Rock 54 t o  108 f e e t  

I DL,. NOT .Y,IL..LE - - - - TIME. IN YEARS 
a 



Record of Wells Location: 26S/1%-22ab( 1) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well Report 
(P) - Pumping 
(P?) - Pumping suspected by author but not stated i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, we l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but not stated i n  f i e l d  notes 
(??I - Author questions measurement 



~ e c o r d  o f  Wells Locat ion: 1-26S/R15E-22ab( 1 )  

Owner: Ted T i a h r t  W e l l  Completion Date : Unknown 

Well Depth: 265 ft. Casing Size: 12 i n .  CasingDepth --- ft. 

Land Surface E leva t ion  a t  Well:4318.1 ft. Determinat ion: Leveled 

Water Use: None Water Temperature: --- 
Yie ld :  450 gpm Drawdown: 20 ft. Test dura t ion :  -- hrs. Test Date: -- - 
Other h e l l  Data: Wel l  Report 

Remarks: There i s  b r i e f  i n f o r m a t i o n  on t h e  m a t e r i a l s  encountered when d r i l l i n g  

t h i s  wel l .  I t  i s  r e ~ o r t e d  t h a t  d r i l l i n a  occurred on ly  i n  sand and c l a y  t o  an 

o r i g i n a l  depth o f  262 f e e t .  The w e l l  was repor ted ly  cleaned and deepened t o  

265 f e e t  i n  1968. A s l i g h t  water l e v e l  r i s e  across 1968 c o n t r a s t s  w i t h  general  

dec l ines  o f  about 0.4 f o o t  t h a t  year and may be t h e  r e s u l t  o f  a measuring p o i n t  

change due t o  w e l l  workover i n  October 1968. .Some 1940 water l e v e l  da ta  was 

cor rec ted f rom pub l ished USGS reports.  

Generalized Log: Ma te r ia l s  a t  t h i s  w e l l  should be comparable t o  those repor ted  
a t  a w e l l  which was 30 f e e t  east. The l o g  f o r  t h a t  w e l l  i s :  

S o i l  and Sand 0 t o 2 0 f e e t  
Clay and S i l t  20 t o  60 f e e t  
Packed Sand 60 t o  60.5 f e e t  
S o f t  Mucky Clay 60.5 t o  98 f e e t  

TIME. IN Y E A R S  

TIME. IN Y E A R S  
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Record o f  Wells Locat i o n  : 26S/15E-32bc ( 1) 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
( P I  - Pumping 
(P?) - Pumping suspected by author bu t  n o t  s t a t e d  i n  f i e l d  notes 
(NP) - Nearby Pumping 
(PD) - Pumping f o r  domestic use on ly  
( R )  - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s ta ted  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Locat ion  : ~26S/R15E-32b~ ( 1) 

Owner: Robert T u t t l e  Wel l  Completion Date: 19  

Wel l  Depth: 235 ft. Casing Size: 1 5  in. Casing Depth --- f t. 

Land Surface E leva t ion  a t  Well: 4329 ft. Determination: Topo l i s t i n g  

Water Use: I r r i g a t i o n  Water Temperature: 69OF (21°C) 

Yield:1000+/- gpm Drawdown: 15 ft. Test dura t ion :  -- - hrs.  Test Date: 1983 

Other Wel l  Data: Water Wel l  Report, Water R igh t  F i l e  

Remarks: The water l e v e l  reco rd  which is  resented f o r  t h i s  w e l l  i s  cor rec ted 

f o r  pas t  e r r o r s  o f  measuring p o i n t  and w e l l  measured. A w e l l  about 100 yards 

t o  the  west has a l s o  been measured f reauen t l v  and d i s ~ l a v s  a water l e v e l  t r a c e  

which i s  c o n s i s t e n t l y  one f o o t  deeper than  t h i s  wel l .  Some records about 1962 

had been confused between these wel ls.  

Generalized Log: 

Sandy Loam 
Hardpan 
Talc 
Clay 

0 t o  8 f e e t  
8 t o  10  f e e t  

10 t o  20 f e e t  
20 t o  47 f e e t  

Gravel  
Clay 
Rock 
Lava 

47 t o  50 f e e t  
50 t o  196 f e e t  

196 t o  200 f e e t  
200 t o  235 f e e t  

W 

0 4 
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4 
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Record o f  Wells Location: 26S/16E-8bb 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
( W ? )  - Author questions Water Wel l  Report measurement 
(P) - Pumping 
(P7) - Pumping suspected by author but  no t  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  n o t  s ta ted  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Reco~d o f  Wells Location: T26S/Rl6€-8bb 

Owner: John OfLeary Wel l  Completion Date: 07-07-84 

Well Depth: 1480 ft. Casing Size: 14 i n .  Casing Depth 97 f t .  

Land Surface E levat ion a t  Well: 4321 ft. Determination: Estimate from Topo 

hater Use: I r r i g a t i o n  Water Temperature: 65OF ( 1 8 0 ~ )  

Yield: 800 gprn Drawdown: -- ft. Test durat ion: 1 hrs. Test Date: 1984 - 
Other Well  Data: Water We l l  Report, Water Right  F i l e  -- 

Remarks: This i s  the  deepest water w e l l  i n  the F o r t  Rock Basin. The reported 

water tem~era tu re  i s  i n d i c a t i v e  o f  the d e ~ t h  as most we l l s  have water about 

55OF. The water w e l l  repor t  g ives an extensive breakdown o f  mater ia ls  en- 

countered when the w e l l  was d r i l l e d .  A n  o i l  l a ye r  of 0.26 f o o t  was found i n  

the w e l l  on November 20. 1985. 

Generalized Log: 

Sandy S o i l  
Sandstone 
Basalt 

O t o  3 5 f e e t  
3 5 t o  5 2 f e e t  
52 t o  1243 f e e t  

Clayst one 
B a s a l t  

1243 t o  1432 f e e t  
1432 t o  1480 f e e t  

- 
: O A T .  "01 IYI I IL~LS - - - - TIME. IN Y ' A R S  
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Record o f  k e l l s  Locat ion: 26S/16E-19bb 

Dates and Water Leve ls  i n  Feet  Below Land Surface Datum 

(W) - Water Wel l  Report 
(W?) - Author quest ions Water Wel l  Report measurement 
(P) - Pumping 
(P?) - Pumping suspected by author  bu t  n o t  s t a t e d  i n  f i e l d  notes 
(F'D) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  n o t  s ta ted  i n  f i e l d  notes 
(71) - Author quest ions measurement 



Record o f  Wells Location: T26S/R16E-l9bb 

Owner: Roy Forman Wel l  Completion Date: 1978 

Well Depth: 500 ft. Casing Size: 14 i n .  Casing Depth 107 ft. 

Land Surface E levat ion a t  Well:4316.7 ft. Determination: Leveled 

Water Use: None Water Temperature: 5Z°F ( l l ° C )  

Yield: 1000 gpm Drawdown: -- ft. Test durat ion: 1 hrs. Test Date: 1978 - - 
Other Wel l  Data: Water Wel l  R e ~ o r t s  

Remarks: This w e l l  was d r i l l e d  t o  320 f e e t  i n  1978 and immediately deepened t o  

500 feet. Sunmer water l e v e l  measurements suaaest t h a t  t h i s  w e l l  ex~e r i ences  

in ter ference e f f e c t s  o f  up t o  17 f e e t  due t o  pumping from surrounding wells. 

Cascading water is audible from the  w e l l  a t  water l e v e l s  as shallow as 24 feet .  

This r e f l e c t s  the  f a c t  t h a t  water occurs i n  the sediments a t  a shallow d e ~ t h  

and t ha t  casing depth o r  i n t e g r i t y  i s  l e s s  than the  water w e l l  repor t  i n -  

dicates. -- 

Generalized Log: 

S o i l  
Clay 
Clay and Sand 
Rock 
Clay and Sandstone 
Basalt 
Clay 
Sandstone and Clay 

O t o  6 f e e t  
6 t o  30 f ee t  

30 t o  37 f e e t  
37 t o  75 f e e t  
75 t o  125 f e e t  

125 t o  160 f e e t  
160 t o  180 f e e t  
180 t o  235 f e e t  

Clay and Pumice 235 t o  310 f e e t  
Sand 310 t o  320 f e e t  
Claystone 320 t o  324 f e e t  
Pumice and Clay 324 t o  370 f e e t  
Claystone 370 t o  372 f e e t  
Pumice and 372 t o  426 f e e t  

Clay stone 
P w i c e  426 t o  500 f e e t  

,- 
L D l 1 4  N O ~  ~ V A ~ L A ~ L E  - - - - TIME. IM Y E A R S  



Record of Wells Locat ion:  26S/18E-8ad 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
(PI  - Pumping 
(P?) - Pumping suspected by author bu t  no t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  n o t  s t a t e d  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Location: T26S/R18E-8ad 

Owner: Wayne Maki Wel l  Completion Date: 1964 

Well Depth: 220 ft. Casing Size: 8 i n .  Casing Depth 21 ft. 

Land Surface E levat ion a t  Well:4353.4 ft. Determination: Leveled 

Water Use: Domestic Water Temperature: 58OF ( 1 4 0 ~ )  

Yield: 20 gprn Drawdown: 2 ft. Test durat ion: 1 hrs. Test Date: 1964 - - 
Other Well  Data: Water Wel l  Report, Water Right  F i l e  

Remarks: The water l e v e l  measurement o f  72 f e e t  on the  water w e l l  repor t  i s  so 

deep i n  comparison w i t h  others t ha t  i t s  accuracy i s  questioned. 

Generalized Log: 

Black Lava 
Brown Clay 
Black Lava 
Brown Clay 

0 t o  17 f ee t  
17 t o  22 f e e t  
22 t o  42 f e e t  
42 t o  60 f e e t  

Green Clay w i t h  70 t o  218 f e e t  
some F ine Sand 

Gravel w i t h  218 t o  220 f e e t  
Coarse Sand 

I D A ~ A  nor .YAIIABIL- -- - TIME. IN YEARS 
* a 
W 0 



Record o f  Wells Location: 26S/18E-26ab 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Well Report 
(P) - Pumping 
(P?) - Pumping suspected by author but  no t  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author bu t  not  s ta ted i n  f i e l d  notes 
(??I - Author questions measurement 



Hecord o f  Wells Location: T26S/R18E-26ab 

bwner: Bob Bothern Wel l  Completion Date: 1960 

Well Depth: 81+/- ft. Casing Size:_ 18 i n .  Casing Depth 8+ f t .  

Land Surface E levat ion a t  Well: 4311 ft. Determination: Topo l i s t i n g  - 

Water Use: None Water Temperature: 54OF ( lZ°C) 

Yield: 1600 gprn Drawdown: 56 ft. Test durat ion:  22 hrs. Test Date: 1960 - 
Other Wel l  Data: Water Well Report, Water Right  F i l e  

Remarks: The depth o f  the w e l l  was o r i g i n a l l y  275, however, caving has lowered 

i t  t o  about 80 feet .  The o r i g i n a l  water l e v e l  of 25 f ee t  i s  questionable and 

probably a few f e e t  too  deep. The water w e l l  repor t  s ta tes  t h a t  the casing 

length  i s  e igh t  feet ,  ye t  f i e l d  inspect ion shows a depth a t  l e a s t  t o  the  water 

leve l .  Summer in ter ference e f f e c t s  have increased i n  recent years. 

Generalized Log: 

Sand and Clay 
Loose Rock 
Sand and Clay 

0 t o  220 f e e t  
220 t o  225 f e e t  
225 t o  275 f e e t  

z D A Y *  YO, A Y A I L A ~ L ~ -  - - - TIME IN YEARS 
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Record o f  Wells Locat ion:  27S/13E-23bd 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
(W?) - Author quest ions Water Wel l  Report measurement 
(P I  - Pumping 
(P?) - Pumping suspected by author  bu t  n o t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s t a t e d  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Location: T27S/R13E-Z3bd 

Owner: J i m  Crofoot Wel l  Completion Date: Ju ly  26, 1980 

Well Depth: 350 ft. Casing Size: - 14 in .  Casing Depth 25 ft. 

Land Surface E levat ion a t  Well:4477.4 ft. Determination: Leveled 

Water Use: I r r i g a t i o n  Water Temperature: 50°F (lO°C) 

Yield: 1000 gpm Drawdown: -- ft. Test durat ion: 2 hrs. Test Date: 1980 - 
Other Wel l  Data: Water Wel l  R e ~ o r t .  Water R iaht  F i l e  

Remarks: The water l e v e l  o f  Ju ly  29, 1983 was made whi le  i r r i g a t i o n  pumping 

occurred a t  several  hundred ga l lons per  minute. These-data--indicate t h a t  draw- 

down was very small  since a l l  other measurements are about the same. 

Generalized Log: 

Brown Clay 
Basalt 
Broken Rock 
Red Cinders 
Hard Rock 
Hard Basal t  

0 t o  21 f e e t  
21 t o  65 f e e t  
65 t o  80 f e e t  
80 t o  90 f e e t  
90 t o  185 f e e t  

185 t o  210 f e e t  

Broken Rock 
Hard Basal t  
"Crevice" 
Broken Lava 
Gravel 
Hard Basal t  

210 t o  265 f e e t  
265 t o  285 f e e t  
285 t o  290 f e e t  
290 t o  315 f e e t  
315 t o  325 f e e t  
325 t o  350 f e e t  

- 
I D ~ I A  ,801 .VIIL.~LE - - - - TIME. IN Y E A R S  
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Record of Wells Locat ion:  27S/15E-2ad 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspected by author bu t  n o t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author b u t  no t  s ta ted  i n  f i e l d  notes 
(?)  - Questionable measurement p e r  f i e l d  notes 
(??) - Author quest ions measurement 



Record o f  Wells Location: T27S/R15E-2ad 

Owner: Ernest Porter  Wel l  Completion Date: 1950 

WellDepth: 255 ft. Casing Size: 18 i n .  Casing Depth -- ft. 

Land Surface E levat ion a t  Well:4315.8 f t .  Determination: Leveled 

Water Use: I r r i g a t i o n  Water Temperature: --- 
Yield: --- gpm Drawdown: -- ft. Test durat ion:  -- hrs. Test Date: --- 
Other Wel l  Data: Water Well  Report, Water Right  F i l e  

Remarks: An o i l  l a ve r  o f  5.29 f e e t  was measured i n  the  w e l l  on November 20, 

1985. Assuming a spec i f i c  g r a v i t y  o f  0.87, an ac tua l  depth t o  water measure- 

ment wi thout  the o i l  l a ye r  would be 0.69 f e e t  deeper. Although o i l  has been 

noted on almost each measurement v i s i t  s ince 1961, i t  i s  bel ieved t h a t  most has 

accmulated since 1976. This i s  based on the otherwise strona hvdroaraph simi- 

l a r i t y  w i t h  other nearby observation w e l l  levels.  

Generalized Log: 

S o i l  0 t o  1 6 f e e t  Sand and Gravel 165 t o  167 
Sandst one 16  t o  40 f ee t  Sand 167 t o  170 
Soapst one 40 t o  5 5 f e e t  Gravel and Cinders 170 t o  173 
Sandstone 55 t o  148 f e e t  Rock 173 t o  174 
Sand and Pumice 148 t o  149 f e e t  Gravel and Cinders 174 t o  187 
Sand 149 t o  155 f e e t  Unknown 187 t o  255 
Sandstone 155 t o  165 f e e t  

TIME, IN Y E A R S  

D A T A  YO, AV*I I . I I IE  - - - - TIME. IN YEARS 

103 



Record o f  Wells Location: 27S/15E-4ac (1) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(P) - Pumping 
(P?) - Pumping suspected by author but  not  stated i n  f i e l d  notes 
(R)  - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not  s ta ted i n  f i e l d  notes 
(7) - Questionable measurement per  f i e l d  notes 
(??) - Author questions measurement 



Record o f  Wells Location: 27S/15E-4ac(l) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well  Report 
(P) - Pumping 
(P?) - Pumping suspected by author but  not  stated i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not s ta ted i n  f i e l d  notes 
(?) - Questionable measurement per  f i e l d  notes 
(??I - Author questions measurement 



Record o f  Wells Location: 27S/15E-4ac, L 1 ) --- - 
Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well  Report 
(P) - Pumping 
(P?) - Pumping suspected by author but  not  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not  s ta ted i n  f i e l d  notes 
(?) - Questionable measurement per  f i e l d  notes 
(??) - Author questions measurement 



Record of Wells Location: 27S/15E-4ac( 1) 

Owner: M.Y. Parks (The Poplars ~ a n c h )  Well Completion Date: 5/15/22 (?) 

Well Depth: 257+ f t .  Casing Size: 12 in.  Casing Depth 1 4  f t .  

Land Surf ace Elevation a t  Well :4333.2 f t .  Determination: Leveled 

Water Use: I r r igat ion Water Temperature: 63OF ( 1 7 0 ~ )  

Yield: 800 gpm Drawdown:0.83 f t .  Test duration: 4 h r s .  Test Date: 1922 - 
Other Well Data: Aquifer Test, Water- Chemistry Analyses, Water Righ t  F i l e  

Hemarks: An unpublished report by a former head of the Oregon Department of 

level data ~ r i o r  t o  1946 have been chanaed from ~ u b l i s h e d  USGS records t o  

correct measuring point correction errors.  

Generalized Log: Not Available 0-160 f e e t  

Coarse Basaltic Agglomerate 160-180 f e e t  
(lava and cinders, main water 
production zone) 

Not available 180-257 f e e t  

TIME. IN YEARS 

O A I A  HOI I V I I L I B I E  - --- TIME. IN YEARS 



Record o f  Wells Location: 27S/15E-4ac (2) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

39.62 09-06-52 
41.05 12-27-52 
41.14 04-01-53 
41.55 07-18-53 
41.64 01-20-54 
41.30 ( ?? ) 04-14-54 
41.94 07-13-54 
41.89 09-03-54 
41.95 12-23-54 
42.52 ( N? ) 02-19-55 
42.00 05-02-55 
42.10 07-19-55 
42 .,13 09-15-55 
39.27(??) 09-23-55 
42.97( N?) 10-27-55 
42.29 04-06-56 
42.49 05-24-56 
42.55 05-24-56 
42.73 08-22-56 
42.27(N) 08-28-56 
43.26( N) 12-03-56 
43.07 04-16-57 
43.09 05-24-57 
42.92 08-10-57 
43.00 10-02-57 
43.44 (N? ) 01-14-58 
43.02 04-25-58 
43.03 08-08-58 
43.27(N) 09-04-58 
43.13 09-27-58 
42.89 12-09-58 
42.92 04-23-59 
43.23( N) 07-02-59 
42.69 08-30-59 
42.49 01-16-60 
41.94 06-13-60 
41.85 10-14-60 
41.75 01-12-61 
42.15(N?) 04-28-61 

41.59 07-04-61 
41.16 09-15-61 
41.04 03-21-62 
41.24 (N? ) 07-11-62 
40.28 09-26-62 
40.60(??) 10-10-62 
40.40(N) 01-09-63 
42.25(?? 04-10-63 
39.60( P) 07-09-63 
39.73 10-09-63 
39.63 01-09-64 
38.90(??) 04-07-64 
41.27(??) 10-08-64 
39.52 01-13-65 
39.53 04-06-65 
39.40 07-14-65 
38.50(??) 10-13-65 
38.90 (?? ) 01-19-66 
40.78( N?) 04-06-66 
39.15 07-07-66 
38.59 10-06-66 
38.53 01-12-67 
39.06 ( N? ) 04-05-67 
38.93( N?) 07-13-67 
36.61 ( ??) 10-04-67 
38.15 01-10-68 
37.96 04-09-68 
38.06(N?) 07-11-68 
38.36(N) 03-21-84 
37.63 07-24-84 
37.60 09-16-84 
37. go(??) 10-19-84 
38.40 11-29-84 
37.82 ( N? ) 03-27-85 
37.64 09-15-85 
39.15 ( N? ) 11-20-85 
37.85 03-11-86 
37.82 
38.00 

(W) - Water Well  Report 
(N) - Nearby pumping a t  -4ac( l )  
(NZ) - Nearby pumping a t  -4ac( l )  suspected by author but  not  s ta ted i n  f i e l d  

notes 
(PI - Pumping 
(P?) - Pumping suspected by author but  not  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
( R )  - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering suspected by author but  not  s ta ted  i n  f i e l d  notes 
(?) - Questionable measurement per  f i e l d  notes 
(??I - Author questions measurement 



Record of Wells Location: 27S/15E-4ac ( 2 )  

Owner: M. Y .  Parks (The Poplars  Ranch) Well Completion Date: 1929+/- 

Well Depth: 100 f t .  C a s i n g s i z e :  8 - i n .  Casing Depth 50+/- f t .  

Land Surface Elevation a t  WelT:4334.7 f t .  Determination: Leveled 

Water Use: Domestic and Stock Water Temperature: 58OF 

Yield: lo+/- gpm Drawdown:1.5+/-ft. Tes t  dura t ion:<l  hrs .  Test Date: 9/17/84 - 
Other Well Data: P a r t i a l  Water Chemistry Analysis,  Aquifer Test 

Remarks: T h i s  well  i s  equipped w i t h  a 1 / 2  hp submersible pump. Observtions of 

water l e v e l  durina t h e  a a u i f e r  test a t  t h e  i r r i a a t i o n  well a t  T27S/R15E-4ac(l) 

which i s  about 140 f e e t  away shows a s t rong hydraulic  connection. These ob- 

se rva t ions  suggest t h a t  r e s i d u a l  drawdown due t o  domestic/stock pumping i s  

negl ig ib le .  

Generalized Log: No log  available.  

TIME. IN YEARS 

D A T A  N O T  IVIILABLI ---- TIME. IN Y E A R S  



Record of Wells Location: 27S/15E-13bb 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspected by author but  not  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author but  not  s ta ted i n  f i e l d  notes 
(??) - Author questions measurement 



Record o f  Wells Location: - 27S/15E-13bb 

Owner: Loma Vis ta  Farms Wel l  Completion Date: 1949 

Well Depth: 245 ft. Casing Size: 14 in. Casing Depth 30 ft. 

Land Surface E levat ion a t  Well:4318.6 ft. Determination: Leveled 

Water Use: I r r i g a t i o n  Water Temperature: 54OF ( 120C) 

Yield: 2800 gpm Drawdown: 24 ft. Test durat ion: 3 hrs. Test Date: 1975 - 
Other Well  Data: Water Wel l  Reports, Water 

Remarks: The w e l l  was deepened from 181 t o  245 f e e t  on 1-4-75. A change of 

measuring po in t  a f t e r  1972 seems t o  have resu l ted  i n  water l e v e l s  which are a 

few tenths o f  a f o o t  deeper than expected based on hydrograph t rends a t  nearby 

wells. 

Generalized Log: 

S o i l  
Hardpan 
Sand 
Pumice and Sand 
Clay 

0 t o  2 f e e t  
2 t o  3 f e e t  
3 t o  35 f e e t  

35 t o  45 f e e t  
45 t o  52 f ee t  

Pumice and Clay 52 t o  73 f e e t  
Sandstone 73 t o  86 f e e t  
Black Sand 86 t o  183 f e e t  
Sandstone 183 t o  243 f e e t  
Cinders 243 t o  245 f ee t  

r n h ~ .  N O ,  nva,L.8Ls - - - - TIME. IFI Y E A R S  
0 

0 



Record of Wells Locat ion: 27S/16E-l3ab 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspected by author  but n o t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?' - Recovering, suspected by author  bu t  no t  s t a t e d  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record o f  Wells Location: 27S/16E-13ab 

Owner: Dick Morehouse Wel l  Completion Date: 1955 

Well Depth: 560 ft. Casing Size: 12 i n .  Casing Depth 6 ft. 

Land Surface Elevat ion a t  Well:4312.4 ft. Determination: Leveled 

Water Use: I r r i g a t i o n  Water Temperature : 64OF ( 18OC) 

Yield: 1000 gpm Drawdown: - 3 0  ft. Test duration: 6 hrs. Test Date: 1955 - 
Other Well Data: Water Well Report, Water Right  F i l e  

Remarks: The water l e v e l  i n  t h i s  w e l l  appears t o  respond l e s s  qu ick ly  t o  re- 

charge than do l e v e l s  i n  most other F o r t  Rock Basin wells. The r i s e  i n  1965 

out of water l e v e l s  occurred i n  ea r l y  1966 which corresponds c lose ly  w i t h  t h a t  

observed i n  other wells. Some barometric e f fec ts  are suggested on water l e v e l s  

i n  the spr ing o f  1984 and 1986. 

Generalized Log: 

S o i l  
Clay 
Tuff 
Lava 
Tuff  

0 t o  5 f ee t  Rock 
5 t o  23 f ee t  Tuff  

23 t o  230 f ee t  Pumice 
230 t o  235 f ee t  Tuff  
235 t o  290 f e e t  

290 t o  295 f ee t  
295 t o  430 f e e t  
430 t o  440 f ee t  
440 t o  560 f ee t  

1 D I I I  "07 IVIII~BLE- - - - TIME IN YEARS 
P 

O 



Record o f  Wells Locat ion: 27S/16E-26cd 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
(P) - Pumping 
(?) - Questionable measurement p e r  f i e l d  notes 
(P?) - Pumping suspected by author  b u t  n o t  s t a t e d  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use on ly  
(H) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Hecovering, suspected by author b u t  n o t  s ta ted  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record of Wells Location: 27S/16E-26cd 

Owner: Mark Bedinger Well Completion Date: 1963+/- 

Well Depth: 755 f t .  Casing Size: 14 i n .  Casing Depth 60 f t .  

Lana Surface Elevation a t  Well:4313.4 f t .  Determination: Leveled 

Water Use: I r r igat ion Water Temperature : 57OF (140C) 

Yield: 2000 gpm Drawdown: 100 f t .  Test duration: --- hr s .  Test Date: 1963 

Other Well D a t a : N W e l l  Right F i l e  

Remarks: The water well report  is unclear a s  t o  the date the well was 

completed. Construction began i n  1958. Water leve l  response since 1962 may be 

influenced by diatomite clogging of the bottom of the well. Much was removed 

from the well i n  1984. The unusual drops of water leve l  ear ly i n  1984 and 1986 

is the opposite of tha t  found i n  other observation wells and may re f l ec t  t h i s  

clogging. 

Generalized Log: 

Soi l  
Hardpan 
Diatomite 
Pumice 
Diatomite 
Pumice 

O t o  2 f e e t  Blue S i l t  242 t o  540 fee t  
2 t o  3 f e e t  Clays t one 540 t o  580 f e e t  
3 t o  90 f e e t  Pumice 580 t o  585 f e e t  

90 t o  91 f e e t  Clay st one 585 t o  616 f e e t  
91 t o  240 f e e t  Basalt 616 t o  750 fee t  

240 t o  242 fee t  Cinders 750 t o  755 fee t  

I: D A T A  NOT IIYLILIBLE - - - - TIME. IN YEARS 

L 

X 



Record o f  Wells Locat ion:  27S/16E-32bd 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(P I  - Pumping 
(P?) - Pumping suspected by author b u t  no t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author bu t  no t  s ta ted  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record of Wells Location: 27S/16E-32bd 

Owner: Pa t ty  Blevins Well Completion Date: 1956 

Well Depth: 1020 f t .  Casing Size :  12  in .  Casing Depth 32 f t .  

Land Surface Elevation a t  Well: 4335 f t .  Determination: Estimate from Topo 

Water Use: None Water Temperature: ---- 
Yield: 60 gpm Drawdown: --- f t .  Test durat ion:  4 hrs .  Test Date: 1956 

Other Well Data: Water Well Report, Water Right F i l e  

Remarks: This well was o r i g i n a l l y  d r i l l e d  t o  848 f e e t  i n  1956 and apparently 

deepened t o  1020 f e e t  t h a t  year. The y i e l d  of t h e  well was viewed a s  t o o  low 

f o r  i r r i g a t i o n  by t h e  o r i g i n a l  owner. The water l e v e l  i n  t h e  well d i sp lays  

more f l u c t u a t i o n  than o t h e r  observation wells ana rests a t  a l e v e l  about 20 

f e e t  higher. The water l e v e l  a t  t h i s  well seems t o  r i s e  due t o  i r r i g a t i o n  of 

surrounding lands. Although t h i s  well  i s  very deep, i t s  water l e v e l  s igna tu re  

i s  not t h a t  of t h e  main ground water r e s e r v o i r  but i s  assigned t o  an upper 

ground water reservoi r .  

Generalized Log: 

S o i l  
Sand 
Rock 
Clay 
Lava 
Clay 

0 t o  22 f e e t  
22 t o  30 f e e t  
30 t o  33 f e e t  
33 t o  180 f e e t  

180 t o  182 f e e t  
182 t o  215 f e e t  

Rock 215 t o  230 f e e t  
Clay 230 t o  710 f e e t  
Lava 710 t o  718 f e e t  
Clay 718 t o  795 f e e t  
Rock 795 t o  848 f e e t  
No Log below 848 f e e t  

1 D*,* " 0 7  .V*II.e.LI - - - - TIME. IN YEARS 

a 
W 0 



Record o f  Wells Location: 27S/16E-32ca( 3 )  

Dates and Water Levels i n  Feet Below Land Surface Datum 

(w)  - Water Well Report 
(P I  - Pumping 
(P?) - Pumping suspected by author but  not  stated i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, we l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author but not stated i n  f i e l d  notes 
(??) - Author questions measurement 



Record of Wells Location: 27S/16E-32ca(3) 

Owner: J i m  Lancaster Wel l  Completion Date: 1958 

Well Depth: 545 ft. Casing Size: 12 i n .  CasingDepth --- ft. 

Land Surface E levat ion a t  Well: 4415 ft. Determination: Estimate from ~ o p o  

Water Use: None Water Temperature: ---- 
Yield: -- gpm Drawdown: --- ft. Test durat ion: --- hrs. Test Date: 1956 

Other Well Data: Water Right  F i l e  

Remarks: There i s  no water w e l l  repor t  f o r  t h i s  wel l .  However. there i s  a 

repor t  f o r  a 530-foot w e l l  which i s  located less  than 50 f e e t  east. That we l l  

was tes ted a t  180 gpm w i t h  60 f e e t  o f  drawdown. Apparently, due t o  poor pro- 

duction, these wel ls  have not  been used f o r  i r r i g a t i o n  since the  ea r l y  1960's. 

Water l e v e l s  a t  these we l l s  cons is tent ly  d i f f e r  by about 3 fee t .  Water from 

t h i s  w e l l  r e f l e c t s  an upper ground water reservo i r  and considerable r es i dua l  

drawdown ef fec ts .  

Generalized Log : The above noted nearby w e l l  d isp lays the fo l low ing  
materials. 

Sand and Boulders 0 t o  35 f e e t  Broken Lava 210 t o  450 f e e t  
Lava 35 t o  110 f e e t  Clay 450 t o  455 f e e t  
Tuf f  110 t o  142 f e e t  Rock 455 t o  500 f e e t  
Sand and Gravel 142 t o  190 f e e t  Sand 500 t o  530 f e e t  
Tuf f  190 t o  210 f e e t  

7 

r O A ~ A  "0, A V N L ~ B L E  - - - - TIME. IN YEARS 
a 
X 



Record of  Wells Location: 27S/17E-14cc 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Well Report 
( W ? )  - Author questions Water Well  Report measurement 
(P I  - Pumping 
(P?) - Pumping suspected by author but  not  s ta ted i n  f i e l d  notes 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author but  not  s ta ted i n  f i e l d  notes 
(??I - Author questions measurement 



Record of Wells Location: 27S/17E-l4cc 

Owner: B i l l  Remy Well Completion Date: 1961 

Well Depth: 261 f t .  Casingsize: 12 in.  Casing Depth 35 f t .  

Land Surf ace Elevation a t  Well: 4316 f t .  Determination: Estimate from Topo 

Water Use: I r r igat ion Water Temperature: ---- 
Yield: 1600 gpm Drawdown: 47 f t .  Test duration: 5 hr s .  Test Date: 1961 - 
Other Well Data: Water Righ t  F i le ,  Water Well Report 

Remarks: An o i l  layer of 0.01 foot was determined on t h e  water surface i n  t h i s  

well on 11-21-85. For more information on water leve l  trends i n  the area of 

t h i s  well i lease consult the Record of Wells f o r  T27S/R17E-22dd and 

Generalized Log : 

Top Soi l  
Brown Clay 
Blue Clay 
Gray Sandstone 
Blue Clay 

0 t o  5 f e e t  
5 t o  35 fee t  

35 t o  180 f e e t  
180 t o  184 fee t  
184 t o  200 f e e t  

Gray, Hard Basalt 200 t o  206 f e e t  
Hard, Black Sand 206 t o  210 f e e t  
Hard, Gray Basalt 210 t o  245 fee t  
Black, Fractured 245 t o  261 fee t  

Basalt 

r- O A T *  "01 A Y I I L L B L L -  - - - TIME. IN YEARS 
+ 
a 
W 0 



Record o f  Wells Locat ion:  27S/17E-22dd 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(N) - Nearby pumping 
( W )  - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspectea by author b u t  no t  s t a t e d  i n  f i e l d  notes 
(PO) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author  b u t  n o t  s t a t e d  in f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Locat ion:  27S/17E-22dd 

Owner: Golden Rule Farms Wel l  Completion Date: Unknown 

Wel l  Depth: 54 ft. Casing Size: 8 in. Casing Depth ---- ft. 

Land Surface E leva t ion  a t  Well:4320+/-ft. Determinat ion: Est imate f rom Topo 

Water Use: None Water Temperature: ---- 
Yield: --- gpm Drawdown: --- ft. Test durat ion:  --- - hrs. Test Date: ---- 
Other Wel l  Data: P a r t i a l  Water Chemistry Analys is  

Hemarks: Th is  w e l l  was destroyed about 1976. . An o b s t r u c t i o n  was noted a t  26 

fee t  on 10-14-70. Please see t h e  Wel l  Records f o r  T27S/R17E-27db and 

T27S/R17E-l4cc f o r  extensions o f  water l e v e l  t rends '  i n  t h i s  area o f  Christmas 

Generalized Log: Sand i s  t h e  m a t e r i a l  o f  t h e  water-bearing zone. There 
i s  a l o g  f o r  a nearby w e l l  which i s  be l ieved t o  be 
l e s s  than 200 f e e t  from t h i s  we l l .  That l o g  shows 
sandy s o i l  f rom 0 t o  7 fee t ,  wh i te  and green 
diatomaceous e a r t h  from 7 t o  26 fee t  and f ine,  dark 
sand from 26 t o  74 fee t .  

TIME, IN Y E A R S  

O A T *  NOT * Y A I L I ~ L E  - - - - TIME. IN YEARS 



Record of  Wells Location: 27S/17E-27ca 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Well Report 
(PI  - Pumping 
(P?) - Pumping suspected by author but not  stated i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(H) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author bu t  not  s ta ted i n  f i e l d  notes 
(??I - Author questions measurement 



Record of Wel ls  Locat ion: 27S/17E-27ca 

Owner: Dave Se ibe l  Wel l  Completion Date: 1952 

Well  Depth: 220 ft. Casing Size: 16 i n .  Casing Depth 77 ft. 

Land Surface E leva t ion  a t  Well:4332.0 ft. Determinat ion: Leveled 

hater  Use: I r r i g a t i o n  Water Temperature: ---- 
Yie ld:  4800 gpm Drawdown: 40 ft. Test dura t ion :  --- - hrs. Test Date: 1952 

Other Wel l  Data: Water Chemistry Analysis, Water R i g h t  F i l e ,  Water We l l  Report 

Remarks: Water l e v e l  a c c e s s i b i l i t y  t o  t h i s  w e l l  was l o s t  i n  l a t e  1984. Please 

see the  Wel l  Records f o r  T27S/R17E-l4cc and T27S/R17E-22dd f o r  comparable water 

l e v e l  t rends i n  t h i s  area o f  Christmas Valley. 

Generalized Log: 

S o i l  ana Clay 
Hard Yellow Clay 
Blue Clay 
Hard, F i n e  Sand 
( water-bearing ) 

Medium Hard Lava 
S o f t  Lava 

( water-bearing) 

14 f e e t  Sand (water- 139 t o  141 f e e t  
28 f e e t  bearing) 
48 f e e t  Hard Lava 141 t o  161 f e e t  

48 t o  60 f e e t  S o f t  Lava 161  t o  171 fee t  
Hard Lava 171  t o  176 f e e t  

60 t o  130 f e e t  S o f t  Lava 176 t o  182 f e e t  
130 t o  139 f e e t  (water-bearing) 

Hard Lava 182 t o  195 f e e t  
No Data 195 t o  220 f e e t  

TIME. IN YEARS 

TIME. IN Y E A R S  

125 



Recoro o f  Wells Locat ion: 27S/18E-6bc( 2) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(P I  - Pumping 
(P?) - Pumping suspected by author  b u t  n o t  s t a t e d  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use on ly  
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author b u t  no t  s ta ted  i n  f i e l d  notes 
(?) - Questionable measurement p e r  f i e l d  notes 
( ??) - Author quest ions measurement 



Record of Wells Locat ion : 27S/18E-6bc ( 2) 

Owner: 7 erry Nof z i g e r  Well Completion Date: 

Well Depth: 83/38 f t .  Casing S i z e :  8 i n .  Casing Depth 10 f t .  

Land Su r f ace  E leva t ion  a t  Well:4315.7 f t .  Determination: Levelea 

Water Use: None Water Temperature: ---- 
Yield: --- gpm Drawdown: -- f t .  Test du ra t i on :  --- hr s .  Test Date: ---- 
Other Well Data: P a r t i a l  Water Chemistry Analysis  

Remarks: The well was sounded t o  a depth  of 38 feet on 3-10-83. Hydrograph 

t r e n d s  sugges t  t h a t  t h i s  well does no t  d e r i v e  water  from t h e  main ground water 

r e s e r v o i r .  Nearby pumping i s  i n t e n s e  y e t  i n t e r f e r e n c e  effects a r e  no t  ob- 

served. This  well reflects water  l e v e l s  of an  upper ground water  r e s e r v o i r  

which mav be verv l o c a l  i n  e x t e n t .  

Generalized Log: Sand i s  r epo r t ed  a s  t h e  water-bearing zone. No o t h e r  
d a t a  a v a i l a b l e .  A wel l  be l i eved  t o  be w i t h i n  200 f e e t  
of t h i s  observa t ion  well r epo r t ed  diatomaceous e a r t h  
between 6 and 18 f e e t  and sand a t  a l l  o t h e r  i n t e r v a l s  
t o  215 f e e t .  That well i s  l o c a t e d  a t  T 2 7 ~ / ~ 1 8 ~ - 6 b c ( l ) .  

TIME. IN YEARS 
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27S118E  - Bbc(2) 
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Record o f  Wells Location: 27S/18E-6db 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Well Report 
( P I  - Pumping 
(P?) - Pumping suspected by author but not stated i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, we l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author but not stated i n  f i e l d  notes 
(??I - Author questions measurement 



Record of Wells Location: 27S/18E-6db 

Owner: C l i n t  Carrico Well Completion Date: 1955 

Well Depth: 244 f t .  Casing Size: 14 i n .  Casing Depth 70 f t .  

Land Surface Elevation a t  Well:4316.3 f t .  Uetermination: Leveled 

kater Use: Irr igat ion Water Temperature: 61°F (16OC) 

Yield: 910 gpm Drawdown: 15 f t .  Test duration: 27 hrs. Test Date: 1984 

Other Well Data: Water Well Report. Water H i a h t  Fi le .  Aauifer Test. Water 

Chemistry Analysis 

Remarks: On 11-19-85 an o i l  layer  of 9.17 f ee t  was measured i n  the well. This 

layer a t  an assumed specific gravity of 0.87 would give a correction of -1.19 

feet  t o  the measured o i l  level.  Field notes indicate o i l  from 1959 t o  1967, 

1972 t o  1976, and 1978 t o  1986. It i s  believed tha t  the current o i l  layer i s  

the greatest  during the l i f e  of the well. 

Generalized Log: 

Soil  O t o  2 f e e t  Clay 172 t o  180 fee t  
Hardpan 2 t o  8 f ee t  Gravel 180 t o  188 fee t  
Clay 8 t o  134 fee t  Clay w i t h  Gravel 188 t o  235 fee t  
Pumice Gravel 134 t o  149 f e e t  Sand 235 t o  237 fee t  
Clay 149 t o  165 fee t  Clay 237 t o  244 f e e t  
Pumice Gravel 165 t o  172 fee t  

TIME. IN YEARS 

a 
W a 



Record o f  Wells Locat ion:  27S/18E-21aa 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspected by author  b u t  n o t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use on ly  
(H) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author b u t  n o t  s ta ted  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record o f  Wells Location: 27S/18E-21aa 

Owner: Spirow and Teresa Nicholaw Wel l  Completion Date: 1953 

Well Depth: 635 ft. Casing Size: 6 i n .  Casing Depth --- ft .  

Land Surface E levat ion a t  Well:4321.1 ft. Determination: Leveled 

Water Use: None Water Temperature : ---- 
Yie ld  : --- gpm Drawdown: -- ft. Test durat ion: --- hrs. Test Date: ---- 
Other Wel l  Data: Continuous Water Leve l  Records 

Remarks: The U.S. Geological Survey sounded t h i s  w e l l  a t  366 f e e t  i n  1955. 

It was d r i l l e d  as an o i l  t e s t  w e l l  and no w e l l  r epo r t  i s  avai lable.  The w e l l  

has always been unused s ince measurement s ta r ted  i n  1955. A continuous water 

l e v e l  recorder was set  a t  the w e l l  i n  November, 1985 and amears t o  d i s ~ l a v  

very minor water l e v e l  s e n s i t i v i t y  t o  barometric changes. 

Generalized Log: An i r r i g a t i o n  w e l l  about 3/4 m i l e  south contains a l o g  
o f  the fo l low ing  materials. 

Clay 
Greenstone 
Brownstone 
Sand 
Brownst one 

0 t o  55 f e e t  Lava 220 t o  384 f ee t  
55 t o  85 f e e t  Brownstone 384 t o  463 f e e t  
85 t o  90 f e e t  Pumice 463 t o  479 f e e t  
90 t o  112 f ee t  Greenstone 479 t o  500 f ee t  

112 t o  220 f ee t  

27SllBE - 21aa - ----- ...r r + 

/* 
d- . 

1 I .--. -. d 

.-. 

.-. - - . -. .- . - . - . . . .- . - -- 
I 

O A T .  N O T  LYIIIA~LE - - - - TIME IN Y E A R S  



Record o f  Wells Location: 27S/19E-l&c 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Well Report 
(PI  - Pumping 
(P?) - Pumping suspected by author but  not  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author bu t  not  s ta ted i n  f i e l d  notes 
(??I - Author questions measurement 



Record of k e l l s  Location: 27S/19E-18cc 

Owner: ZX Ranch Wel l  Completion Date: 1954 

Well Depth: 255 ft. Casing Size: 16 i n .  Casing Depth 20 ft. 

Land Surface E levat ion a t  Well:4340.8 f t .  Determination: Leveled 

Water Use: I r r i g a t i o n  Water Temperature: , 68OF (20°C) 

Yield: 900 gpm Drawdown: 2+/- ft. Test durat ion: --- hrs. Test Date: 1985 

Other Well  Data: Water R ight  F i l es ,  Water Well  Report, Water Chemistry Analysis 

Remarks: An o i l  l a ye r  o f  4.90 feet  was found on the water on 11/19/85. A t  an 

assumed spec i f ic  g rav i t y  o f  0.87, a water l e v e l  co r rec t ion  of -0.64 f o o t  would 

need t o  be appl ied t o  r e f l e c t  an o i l  f r e e  water leve l .  Measuring p o i n t  changes 

p r i o r  t o  1961 ana chanaes i n  o i l  l a ve r  thickness s ince 1961 have ~ r o b a b l v  l e d  

t o  s l i g h t  water l e v e l  inconsistencies dur ing - the per iod  o f  record. These 

e r ro rs  have ~ r o b a b l v  been on lv  a few tenths of a foot .  

Generalized Log: 

S o i l  
Clay 
Lava 

O t o  8 f e e t  
8 t o  35 feet  

35 t o  255 f e e t  

* 
: 0 1 1 ~  "01 A Y A I I A 8 L F  - - - - TIME. IN YEARS 
a 
W 0 



Record of  Wells Location: 27S/20E-9cc( 1) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(k)  - Water Wel l  Report 
(P I  - Pumping 
(P?) - Pumping suspected by author but  no t  s ta ted  i n  f i e l d  notes 
(PD) - Purr~ping f o r  domestic use only 
(H) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author bu t  no t  s ta ted  i n  f i e l d  notes 
(??I - Author questions measurement 



Record o f  Wells Lccat ion:  27S/20E-9cc ( 1) 

Owner: ZX Ranch Wel l  Completion Date: 

Well Depth: 95 ft. Casing Size: 6 in. CasingDepth 50 ft. 

Land Surface E leva t ion  a t  Well:4320.4 ft. Determinat ion: Leveled 

Water Use: None (Stock Formerly) Water Temperature: ----- 
Yield:  --- gpm Drawdown: --- ft. Test dura t ion :  --- hrs. Test Date: ---- 
Other Wel l  Data: P a r t i a l  Wel l  Report. P a r t i a l  Water Chemistry Ana lvs is  

Remarks: Th is  w e l l  i s  known as t h e  "South Bu f fa lo "  we l l .  Water l e v e l  informa- 

t i o n  a t  t h e  "North Bu f fa lo "  w e l l  which i s  about 150 f e e t  n o r t h  and i s  about 210 

f e e t  deep i n d i c a t e s  an upward v e r t i c a l  g rad ient  i n  t h i s  area. Hardness and 

ch lo r ide  increase along t h i s  gradient .  Th is  w e l l  was sounded a t  55 f e e t  on 

Generalized Log: This w e l l  i s  repo r ted ly  d r i l l e d  i n  i n t e r - s t r a t i f i e d  
f i n e  sand, gravel ,  and c l a y  l a y e r s  about 6 t o  8 inches 
t h i c k .  Gastropod s h e l l s  a re  present.  

r D A T A  MOT IVIILII~LE -- - - TIME IN Y E A R S  

L W 



Record of  Wells Location: 27S/20E-9cc(2) 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Well Report 
(PI - Pumping 
(P?) - Pumping suspected by author but  no t  s ta ted i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R)  - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author bu t  no t  s ta ted i n  f i e l d  notes 
(??) - Author questions measurement 



Record o f  Wells Locat ion: 27~/20E-9cc( 2) 

Owner: ZX Ranch Wel l  Completion Date: 

Well Depth: 245 ft. Casing Size: 6 i n .  Casing Depth 200 f t .  

Land Surface E leva t ion  a t  Well:4320.6 ft. Determinat ion: Leveled 

Water Use: Stock Water Temperature: 55OF (130C) - 
Yie ld :  lo+/-  gpm Drawdown: 6-_ f t. Test dura t ion :  --- hrs. Test Date: 1484 

Other Wel l  Data: Water Wel l  Report, P a r t i a l  Water Chemistry Analys is  

Remarks: Th is  w e l l  i s  known as t h e  "North B u f f a l o N  wel l .  Al though repor ted  

d r i l l e d  t o  a t o t a l  depth o f  245 fee t ,  t h i s  w e l l  was sounded a t  210 f e e t  i n  

1983. Water from t h e  w e l l  has a s l i g h t  r o t t e n  egg smell. The water l e v e l  a t  

the  95-foot deep "South B u f f a l o "  w e l l  which i s  about 150 fee t  t o  t h e  scuth  in- 

d i ca tes  an upward v e r t i c a l  g rad ient  i n  t h i s  area. 

Generalized Log: There i s  no m a t e r i a l s  l o g  f o r  t h i s  wel l .  However, t h e  
data f o r  t h e  "South Bu f fa lo "  w e l l  i n d i c a t e s  the  
presence o f  i n t e r s t r a t i f i e d  sand and c l a y  t o  95 feet.  

E 0111 NOT IYIILA~LC - - - - TIME. IN YEARS 
a 
!3 



Hecord o f  Wells Locat ion:  27S/22E-Slcc 

bates and ha te r  Levels i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
( P I  - Pumping 
(P?) - Pumping suspected by author bu t  no t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Hecovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R7' - Recovering, suspected by author b u t  n o t  s ta ted  i n  f i e l d  notes 
(S?) - Author quest ions measurement 



Record of Wells Location: 27S/22E-21cc 

Owner: ZX  Ranch Well Completion Date : pre-1948 

Well Depth: 168 f t. Casing Size:  6 in .  Casing Depth loo+/- f t .  

Land Surface Elevation a t  Well:4418.4 f t .  Determination: Leveled 

Water Use: Stock Water Temperature: ---- 
Yiela: --- gpm Drawdown: -- f t .  Test durat ion:  --- hrs .  Test Date: ---- 
Other Well Data: Water Well Report, P a r t i a l  Water Chemistry Analysis 

Remarks: This well  i s  known a s  t h e  "East Goodrich" well. The nominal water 

l e v e l  change s ince  1948 suggests  t h a t  water l e v e l s  a t  t h i s  well  have varied 

l i t t l e  during t h e  period. 

Generalized Log: This well  repor tedly  pene t ra te s  and de r ives  water from 
basa l t .  

I O A ~ L  NO' IYAI IA~CE - --- TltAE IN Y E A R S  
a 
!h 3 



Record o f  Wells Location: 28S/14S-20ab 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Well  Report 
(P I  - Pumping 
(P?) - Pumping suspected by author bu t  not  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author but  not  s ta ted i n  f i e l d  notes 
(??I - Author questions measurement 



Record of Wells Location: 28S/14E-20ab 

Owner: Lawrence Iverson - Well Completion Date: 1960 

Well Depth: 155 f t .  Casing Size: 14 in. Casing Depth 20 f t .  

Land Surf ace Elevation a t  Well:4381.5 f t  . Determination: Leveled 

Water Use: Stock Water Temperature: 50°F ( l O ° C )  

Yield: --- gpm Drawdown: -- f t .  Test duration: --- h r s .  Test Date: ---- 
Other Well Data: Water Well Report 

Remarks: The water level  i n  t h i s  well r e s t s  a t  an elevation about 40 fee t  

higher than that found i n  the main ground water reservoir. The water level  

seems t o  ref lec t  the presence of water i n  nearby Bridge Creek and the percola- 

tion of i r r igat ion water on nearby f ie lds .  The water level  i n  t h i s  well i s  

considered t o  ref lec t  an upper ground water reservoir. 

Generalized Log: 

Soil  
Gravel 
Diatomite 
Clay 

0 t o  11 fee t  
11 t o  55 feet  
55 t o  75 fee t  
75 t o  155 fee t  

* 
O A T *  NOT l"IIII..LF - - - - TIME. IN YEARS 

0 



Record of h e l l s  Locat ion:  28S/14E-21db 

Dates  and Water Leve ls  i n  Fee t  Below Land Sur face  Datum 

( W )  - Water Well Report 
(PI - Pumping 
(P?) - Pumping suspected by au tho r  bu t  no t  s t a t e d  i n  f i e l d  no t e s  
(PD) - Pumping f o r  domestic use only 
( R )  - Recovering, well known t o  have been pumped i n  l a s t  24 hours  
(R?) - Recovering, suspected by au tho r  bu t  n o t  s t a t e d  i n  f i e l d  no t e s  
(??I - Author ques t i ons  measurement 



Record o f  Wells Locat ion: 28S/14E-21db 

Owner: U.S. Forest  Serv ice Wel l  Completion Date: 12-15-58 

Well Depth: 240 ft. Casing Size: 8 in. CasingDepth 240 ft. 

Land Surface E leva t ion  a t  Well:4376.3 ft. Determinat ion: Leveled 

Water Use: Group Domestic Water Temperature: 50°F (lo°C) 

Y ie ld :  154 gpm Drawdown: 10.4 ft. Test dura t ion :  3 hrs. Test Date: 1559 

Other h e l l  Data: Water Chemistry- Analys is  

Remarks: Cer ta in  water l e v e l  measurements were measured a f t e r  b r i e f  pumping and 

seem t o  r e f l e c t  a near l y  recovered l e v e l .  The water w e l l  r e p o r t ' s  water l e v e l  

i s  reasonable i n  comparison with water l e v e l  t rends seen a t  t h i s  w e l l  and i n  

other  bas in  wel ls.  Measuring p o i n t  co r rec t i ons  t o  l a n d  surface probably 

change0 s ince t h e  cu r ren t  measuring p o i n t  i s  4.8 f e e t  below l a n d  surface. The 

water w e l l  r e p o r t ' s  l e v e l  is be l ieved t o  be about 1 /2  f o o t  t o o  shal low with 

respect t o  other  measurements. 

Generalized Log: 

Cemented Gravel 
Brown Sandstone 
Blue Chalk 
Black Lava 
Blue Chalk 

0 t o  18 f e e t  
18 t o  40 f e e t  
40 t o  73 f e e t  
7 3 t o  9 4 f e e t  
94 t o  145 f e e t  

Gravel  145 t o  146 f e e t  
Sandstone 146 t o  174 f e e t  
Sandy Clay 174 t o  220 f e e t  
Cinders 220 t o  240 f e e t  

( water-bearing) 

Y 
a 
2 7 2  

28!3/14E - 21db 
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Record o f  Wells Location: 28S/14E-25bb 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Well Report 
( W ? )  - Author questions Water Well  Report measurement 
(P I  - Pumping 
(P?) - Pumping suspected by author but not  stated i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author but not  s ta ted  i n  f i e l d  notes 
(??I - Author questions measurement 

I D A T A  ,,or .Y*,I*.LE ---- TIME IN Y E A R S  

2, 



Record o f  Wells Locat ion: 28S/14E-25bb 

Owner: ZX Ranch Wel l  Completion Date: 10-01-66 

Wel l  Depth: 560 ft. Casing Size: 16 i n .  Casing Depth --- ft. 

Land Surface E leva t ion  a t  Well:4363.4 ft. Determinat ion: Leveled 

Water Use: None Water Temperature: 53OF ( ~ e p o r t e d )  

Y ie ld :  1500 gpm Drawdown: 43 ft. Test dura t ion :  8 hrs.  Test Date: 1964 

Other Wel l  Data: Aqu i fe r  Test ( t h i s  was an observat ion w e l l ) ,  Water Wel l  

Reports 

Remarks: There are th ree  water w e l l  r e ~ o r t s  on f i l e  f o r  t h i s  we l l .  Thev 

inc lude  a new w e l l  r e p o r t  (10-25-63) and two deepening r e p o r t s  (07-18-64 and 

10-01-66). An a d d i t i o n a l  deepening i s  suspected between t h e  new w e l l  and f i r s t  

deepening r e p o r t s  as a gap o f  ma te r ia l s  logg ing and cas ing i n f o r m a t i o n  ex i s t s .  

This w e l l  i s  located on a d i t c h  bank where t h e  l and  sur face datum has been 

reckoned t o  t h a t  o f  t h e  nearby f i e l d  l e v e l .  The d i f f e r e n c e  i s  about 4 f e e t  and 

may e x p l a i n  the  con t ras t  o f  repor ted  water l e v e l s  t o  others. 

Generalized Log: 

Top S o i l  
Sand and Gravel  
Claystone 
Clay and Cemented 

Gravel 
Black Cinders and Clay 
Clay s t  one 
Porous Red Lava 
Gray Lava 
Porous Red Lava 
Lava 
No Log Ava i lab le  
Black Lava 
Coarse B lack  Cinders 
Black Lava 
Red Lava 
Brown Lava 
Gray Claystone 

0 t o  2 f e e t  
2 t o  30 f e e t  

30 t o  40 f e e t  
40 t o  80 f e e t  

80 t o  122 f e e t  
122 t o  180 f e e t  
180 t o  230 f e e t  
230 t o  268 f e e t  
268 t o  270 f e e t  
270 t o  300 f e e t  
300 t o  352 f e e t  
352 t o  364 f e e t  
364 t o  368 f e e t  
368 t o  374 f e e t  
374 t o  386 fee t  
386 t o  390 f e e t  
390 t o  396 f e e t  

Gray Lava 
Gray Claystone 
Loose B lack  Lava 
Red Lava 
Black Lava 
Red Cinders 
Red Lava 
Red Lava and 

Coarse Sand 
Red Lava 
Hard, Red Sandy 

Clay 
Brown Lava 
B lack  Lava 
Loose Red Lava 
B lack  Lava 
Loose Red Lava 
Broken Black Lava 

396 t o  398 f e e t  
398 t o  403 f e e t  
403 t o  416 f e e t  
416 t o  420 f e e t  
420 t o  433 f e e t  
433 t o  435 f e e t  
435 t o  448 f e e t  
448 t o  451 f e e t  

451 t o  469 f e e t  
469 t o  473 f e e t  

473 t o  477 f e e t  
477 t o  501 f e e t  
501 t o  521 f e e t  
521 t o  533 f e e t  
533 t o  539 f e e t  
539 t o  560 fee t  



Record o f  Wells Locat ion:  28S/l5E-l4ad 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

( w )  - Water Well  Report 
(P) - Pumping 
(P?) - Pumping suspected by author bu t  no t  s t a t e d  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspectea by author b u t  n o t  s t a t e d  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Locat ion: 28S/15E-l4ad 

Owner: ZX Ranch We l l  Completion Date: 1955 

Well Depth: 520 ft. Casing Size: 16 i n .  Casing Depth 342 ft. 

Land Surface E l e v a t i o n  a t  Well:4344.9 ft. Determinat ion: Leveled 

Water Use : I r r i g a t i o n  Water Temperature: 53OF ( l l ° C )  

Yield:1200+/-gpm Drawdown: 30 ft. Test dura t ion :  -- hrs. Test Date: 1980 

Other Wel l  Data: Water Wel l  Report, Water R igh t  F i l e  

Hemarks: An o i l  l a y e r  o f  4.24 f e e t  was found on t h e  water sur face o f  t he  w e l l  

on 11/21/85. A t  an assumed s ~ e c i f i c  a r a v i t v  o f  0.87. a c o r r e c t i o n  o f  -0.55 

f e e t  on the  aepth t o  o i l  would g i v e  an o i l - f r e e  water l e v e l .  O i l  has been 

noted on most water l e v e l  measurement v i s i t s  t o  t h i s  well. This  w e l l  exper i -  

ences more r e s i d u a l  drawdown a f t e r  t h e  i r r i a a t i o n  season than most observat ion 

we l l s  i n  t h e  basin. Th is  may be due t o  l o c a l  hydro log ic  c o n d i t i o n s  and t h e  ex- 

c e p t i o n a l l y  long casing sec t i on  r e s t r i c t i n g  water l e v e l  recovery. 

Generalized Log: 

S o i l  and Gravel 
Lava 
Sand 
Diatomite 

0 t o  7 f e e t  
7 t o  28 f e e t  

28 t o  245 f e e t  
245 t o  452 f e e t  

Broken Lava 
Red Lava 
Cinders 
Lava 

452 t o  477 f e e t  
477 t o  508 f e e t  
508 t o  510 f e e t  
510 t o  520 f e e t  

- 
TIME IN Y E A R S  



Record o f  Wells Locat ion:  29S/16E-l6aa 

Dates and Water Leve ls  i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
(P) - Pumping 
(P?) - Punping suspected by author bu t  no t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use on ly  
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author  b u t  no t  s t a t e d  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Record o f  Wells Locat ion:  29S/16E-16aa 

Owner: George Carlon Wel l  Completion Date: 1949 

Wel l  Depth: 680 ft. Casing Size:  6 in. Casing Depth 10 f t .  

Land Surface E leva t ion  a t  Well:4365.3 f t. Determinat ion: Leveled 

Water Use: I r r i g a t i o n  Water Temperature: 57OF (14OC) 

Yie ld:  ---- gprn Drawdown: --- ft. Test dura t ion :  -- hrs.  Test Date: ---- 
Other k e l l  Data: Water Wel l  Report, Water R igh t  F i l e s ,  Water Chemistry Ana lys is  

Remarks : 

Generalized Log: 

S o i l  and Sand 
Boulders 
Lava 
Sand 
Lava 

O t o  5 f e e t  
5 t o  1 0  f e e t  

10 t o  110 f e e t  
110 t o  115 f e e t  
115 t o  680 f e e t  

#- 

: oar* "01 L V A I I A ~ L T  - - - - TIME, IN YEARS 
0 

n 



Record o f  Wells Locat ion:  29S/l6E-l7ac 

Dates and Water Levels i n  Feet Below Land Surface Datum 

( W )  - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspected by author b u t  n o t  s t a t e d  i n  f i e l d  notes  
(PD) - Pumping f o r  domestic use only 
(R) - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author b u t  n o t  s ta ted  i n  f i e l d  notes 
(??I - Author quest ions measurement 



Generalized Log: 

Record of Wells Location: 29S/17E-29dd 

Owner: George Carlon Well Conpletion Date : 1940+/- 

Well Depth: 106 f t .  Casing Size:  6 in .  Casing Depth ---- f t .  

Land Surf ace Elevation a t  Well:4293.2 f t. Determination: Leveled 

Water Use: Domestic Water Temperature:_ ---- 
Yield: 30 gpm Drawdown: --- ft. Test durat ion:  --- hrs .  Test  Date: ---- 
Other Well Data: 

Remarks: In  1985 t h i s  well  was sounded t o  a t o t a l  depth of 25 f e e t .  U.S. 

G e o l o ~ i c a l  Survey da ta  from 1940 and ,1949 i n d i c a t e  l i t t l e  lona-term water l e v e l  

f l u c t u a t i o n  a t  t h i s  well. 

~ ~ - -  ~~ 

There i s  no mate r i a l s  log  f o r  t h i s  well. 

TIME. IN YEARS 

D A T A  HOT A V A I L A B L E  -- -- TIME. IN YEARS 



Record o f  Wells Locat ion:  30S/16E-lbd 

Dates and Water Levels i n  Feet Below Land Surface Datum 

(W) - Water Wel l  Report 
(P) - Pumping 
(P?) - Pumping suspected by author  b u t  n o t  s ta ted  i n  f i e l d  notes 
(PD) - Pumping f o r  domestic use on ly  
( R )  - Recovering, w e l l  known t o  have been pumped i n  l a s t  24 hours 
(R?) - Recovering, suspected by author b u t  n o t  s t a t e d  i n  f i e l d  notes 
(??) - Author quest ions measurement 



Record o f  Wells Location : 30S/16E-lbd 

Owner: Oregon State Game Commission Well  Completion Date: 1949 

Well Depth: 339 ft. Casing S i te :  6 i n .  CasingDepth 302 f t .  

Land Surf ace E levat ion a t  Well:4299.9 f t . Determination: Leveled 

Water Use: None Water Temperature: 69OF (21°C) 

Yield:  --- gpm Drawdown: --- ft. Test durat ion:  --- hrs. Test Date: ---- 
Other Well  Data: Water Chemistrv Analvsis 

Remarks: Avai lable data suggests t ha t  t h i s  w e l l  was never i n  use. The water 

l e v e l  responds c l e a r l y  t o  changes o f  stage a t  nearby Ana Reservoir which draws 

water from submerged springs. Water l e v e l s  are highest  dur ing the i r r i g a t i o n  

season when r a i s i n g  o f  the reservo i r  l e v e l  serves t o  d i v e r t  water i n t o  the 

Summer Lake Canal. Dozens o f  f lowing wells- and spr ings e x i s t  i n  the Northern 

Summer Lake Basin near t h i s  wel l .  
Generalized Log : 
S o i l  O t o  5 f e e t  Red Sand 125 t o  200 f ee t  
Boulders 5 t o  13 f ee t  Cinders 200 t o  205 f e e t  
Sandstone 13 t o  23 f ee t  Red Sand 205 t o  302 f ee t  
Gravel 23 t o  26 f ee t  (water-bearing) 
Black Lava 26 t o  45 f e e t  Red Cinders 302 t o  305 f e e t  
Sand (water-bearing) 45 t o  90 f ee t  Rock 305 t o  335 f e e t  
Black Sand 90 t o  125 f ee t  Red Sand 335 t o  339 f ee t  

TIME. IN YEARS 

TIME, IN Y E A R S  

155 





APPENDIX 111 

RECORDS OF SUPPLEMENTAL WELLS AND SPRINGS 
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APPENDIX I V  

PRECIPITATION AT FREMONT 



PREClPlTAl lON UT FHEMUNT Sl A1 lON 
(43°20'N/1210101W, p r i o r  t o  3/25/58 a t  43°19'N/121b09'W) 

[inactive since 11/01/85] 

JAN FEE1 MARCH UWlL MAY JUNE &LY AUG SEPT 

1986 0.7ba 3.55b l . l bb  0.1ia 1.09a 1.0Ya 0.17a 0.01a 0.92a 
1485 U.01 0.47 0.66a U.34 0.56a U.60 0.56b 0.lbb 1.64b 
15&4 0.11 U.64 1.71 1.08 0.29 0.65 0.13 1.89 0.18 
1463 2.16 2.25 4.26 0.72 0.52 0.41 0.23 1.82a T 
1982 0.83 4 .18~  1.70 0.85 0.35 2.86 0.95 0.15 0.45 
1981 1.22 1.19 0.68 (1.62 1.31 U.btr 0.00 0.41 0.44 
1980 3.20 0.9U 0.59 0.59 0.60 2.33 0.42 0.00 1.07 
1979 2.16 1.27 1.64 0.63 0.90 T 0.W 2.00 0.07 
1978 2.2b 1.34 0.97 0.W 0.57 0.86 0.10 0.70 0.50 
1977 0.25 0.56 0.68 T 2.33 1.49 0.25 0.59 1.07 
1976 1.03 2.17 0.66 0.22 0.12 0.46 0.12 2.75 0.22 
1 7 5  2.36 1 .  2 .  0.96 T 0.86 1.66 0.68 0.W 
1974 3.02 0.79 1.94 0.37 0.70 1.25 0.84 0.65 0.06 
1973 1.11 0.61 0.42 U.33 0.41 0.W 0.11 0.10 0.50 
1972 1.99 1.01 2.25 0.77 0.65 0.21 0.19 0.15 0.19 
1971 3.27 0.38 1.89 0.34 0.68 1.11 0.47 0.10 0.32 
1970 3.78 0.54 1.27 0.23 0.37 0.58 T 0.00 0.20 
1469 2.55 0.19 0.32 0.29 0.75 3.03 0.06 0.0ti 0.36 
1966 1.21 0.93 0.32 0.10 0.94 0.54 0.00 1.7 0.10 
1467 2.06 0.18 U.65 1.15 0.35 1.45 0.00 T T 
1966 2.61 U.34 0.64 0.03 T 0.68 0.53 0.46 0.26 
1465 2.02 T T 0.93 0.74 0.76 1.18 2.32 1 
1964 2.00 0.04 1.08 0.13 0.10 1.35 0.86 0.25 0.09 
1 4 6  0.83 2.16 0.63 1 . 0  1.47 b.71 0.74 U.36 U.64 
1962 0.75 1.04 0.52 0.35 1.18 T 0.43 0.25 0.65 
1961 0.20 1.24 1.19 0.02 1 .  1.U4 0.02 0 .  0.28 
1960 0.94 1.27 1.33 0.84 0.63 0.05 0.36 0.04 0.98 
1459 1.21 1.22 0.40 0.41 U.44 0.04 T 1.61 0.35 
1958 2.bU 1.74 0.73 0.48 1.13 1.84 0.16 0.08 0.16 
1955 1.25 1.07 2.W 0.77 1.33 U.46b 0.12 0.12 1.62b 
19% 3.86 0.92 0.16 1.35 3.62 0.87 1.73 T 0.55 
1935 0.35 0.21 0.33 0.77 0.23 0.W 0 . U  0.00 0.53 

T = Trace 
Data s l lbst i tuted f ra another p rec ip i t a t i on  s ta t i on  when missing a t  Fremont. 
a = S i l ve r  Lake Hanger Sta t ion  (43b 0 i 1 N / l 2 l 0  WIW, Active) 
b = lhe  Poplars ( 4 j b  16'N/12U0 36'k, Active) 
c = Sumner Lake (4zu 57'N/12U0 47'W, Active) 
d = Lake (T275/Rl&-7, Inact ive)  
e = S i l ve r  Lake (TilSS/R14E-22, Inact ive)  
46b4B 

To ta l  
Calendar 

Year 

Tota l  
Water 
Year 
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APPENDIX V 

STREAMFLOW AND RESERVOIR RECORDS 



Year 
1985 
1984 
1983 
1982 
1981 
1980 
1979 
1978 
1977 
1976 
19 75 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1965 
1964 
1963 
1962 
1961 
1960 
1959 
1958 
1957 
1956 
1955 
1954 
1953 
1952 
1951 
1950 
1949 
1948 
1947 
1946 
1945 
1944 

Water Year Discharge a t  S i l ve r  Creek (28S/lX-281, 
Change of Storage a t  Thompson Valley Reservoir (30S/14E-171, 

and Discharge from Ana River (30S/17E-6). 

S i l ve r  Cr (AF) 
26,490 
50,300 
51,090 
46,910 
10,550 
18,600 
17,590 
27,330 
12,060 
17,330 
31,740 
52,630 
16,310 
41,400 
44,890 
24,000 
22,860 
14,830 
31,230 
18,130 
41,360 
11,340 
26,320 
13,040 
11,270 
10,730 

T.V.  Res (AF) 
-960 

Ana River (AF) 
63,660 
63,070 
63,960 
63,020 
62,050 
62,790 
64,670 
65,040 
62,160 
61,980 
63,390 
63,680 
62,320 
68,740 
69,730 
66,970 
67,070 
66,730 
67,600 
70,640 
72,920 
67,770 
68,090 
66,410 
64,880 
67,550 
68,030 
69,220 
64,350 
65,660 
63,060 
63,570 
62,990 - 



Year 
m 
1942 
1941 
1940 
1939 
1938 
1937 
1936 
1935 
1934 
1933 
1932 
1931 
1930 
1929 
1928 
1927 
1926 
1925 
1924 
1923 
1922 
1921 
1920 
1919 
1918 
1917 
1916 
1915 
1914 
1913 
1912 
1911 
1910 
1909 
1908 
1907 
1906 

S i l v e r  Cr (AF) 
37,160M 
23,400E 
11,120 
12,410 

9,270 
23,360 
9,400 

10,320 
10,170 
2,647 
8,960 

11,300 
1,700 
5,500 
9,300E 

19,900E 
22,770 
4,350 

15,100 
2,110 

12,990 
13,900 
34,200 
7,340 

17,800 
9,540 

22,400 
35,700 
11,600 
37,700 
31,800 
32,000 
44,800 
51,700 - 

- 
- 

40,100 

T.V. Res (AF) - 

E=Estimated from a s i ng l e  o r  a few gaging measurements 
M=Some Record Missing 
-=No Record 

Ana R i ve r  - - 
- 
- - 

73,000E 
70, O O E  
67,000E 
64,000E 
66, OOOE 
67, OOOE 
66,000E 
64, OOOE 
70,OOClE 
73, OOOE 
77, OOClE 
66, OOOE 
79,OOCIE 
91, OOOE 
90, OOOE 
79, O O E  - 
92, O O E  
83,000E 
87, O O E  
90,000E 
96, OOOE - 
96, OOClE 
97,000E - 

102,000E - 
102,000E 
103,000E 

- 
- 

102,000E 

Note: Thompson Val ley  Reservoir was created by completion o f  a dam i n  
1922. Flow o f  the Ana R ive r  was reduced temporar i ly  by submergence of 
Ana R ive r  Springs i n  1922-23 and continuously by submergence from a 
permanent dam since 1926. 





APPENDIX V I  

WATER LEVEL CHANGES AT SELECTED WELLS 



Calender Year Water Leve l  Changes ( F t )  a t  Selected Wells 

Year - 
1985 



25S/14E 25S/19E 
Year 15bc - -- 31bc 

E=Estimated 
&Some Record Missing 





APPENDIX VII 

GROUND WATER RIGHTS 







N ame - 
Morehome, Robert 
Schacb, Richard 
Heilmeyer-Owsley, lhelma C. 
G i l l e t t e ,  Jack L. & E. Kathrine 
Miles, Charles C. 
h e n ,  Darrel L. 
Guinee, lim P. 
Alder Creek Ranch 
Christmas Valley lrrprovement Dis t r i c t  
Christmas Valley Inprovernent Di s t r i c t  
LXIristmas Valley lrrprovement Dis t r i c t  
Alder Creek Ranch 
M. Penn h i l l i p s  m a n y  
ward, Maurice L. 
Golden Rule Farms 
Century Ranch 
Kittreage, Jack L.  
Christmas Valley Mutual Water Imp. O i s t .  

F Beck, John W. 
d 
0\ Christmas Valley Mutual Water Imp. O i s t .  

Damewood, Lyle k Helen 
Bank of Central OR 
Tvttle, Robert R. 
Tutt le,  Robert R. & Geraldine 
Tutt le,  Robert R. & Geraldine 
Hamett, Bob & Alice 
Boatwright, G.R. 
L .H. Ranch, Incorporated 
Miles, Lharles C. & Alice 
Pettus, Jdn A. 
Bettencourt, Andrew 
Wittick, George E. & k v e r l y  
Martin, .kss ie  
Frazee, Felix A. 
Miles, Harold A. & Lais L. 
Mattis, W.Y. 
Kittredge, Jack L.  or Doris 
Hollingsworth, Wayne h. 
Branch, Floyd A .  & Venita 
Wolfsturm, Ernil & Henate 

Pr ior i ty  Appl. 
Date N unber 
03 04 58 G-8bl 

Permit 
Nunber 
G-826 

Cert. 
Well Location 
2 7 1 8  6bd 

I r r iga ted  
Acres 

34.9 
Remarks 



N am - 
Blevins, Mearl 
Wagner, H.B. o r  E.M. 
Bowers, Roy A. & Sons, lnc. 
C l i f f ,  Cameron 
Alder Creek Ranch 
lversm,  Lawrence & Mar jor ie 
Iverson, Lawrence & Mar jor ie 
View Point  Ranches 
Alder Creek Ranch 
Alder Creek Ranch 
Eversmann, Cm. H. 
Tlcker, Ernest P. & Jessie U. 
Chausse, N. J. 
Powell, Kemeth E. 
Bowen, Dar re l  ti. 
Campbell, Jack E. 
Miles, Harold A .  & Lo is  

+ Alder Creek Ranch 
4 Damewood, Ly le  & Helen 
4 Iversm,  Lawrence 

Iverson, Lawrence 
Ulder Creek Ranch 
G i l l e t t e ,  Jack L. 
Lanier, Gerald & Elva 
Lanier, Gerald & Elva 
Dowers F a r m  
Dowers Farms 
Dowers Farms, Inc. 
Banf ie ld Veterinary Hospital,  lnc. 
Golden Hule Farms, Inc. 
Dinsdale, James 
Dowers Farms, Inc. 
Dowers Farms, hc. 
Dowers Farms, Inc. 
Dowers Farms, h c .  
Ward, Maurice L. 
Roth, David & Gayle 
Brown, Wade, e t  a1 
View Point  Ranches 
F i r s t  Nat ional  Bank of Uregm 

P r i o r i t y  Appl. 
Date Nunber 
01 1L 72 G-5703 
02 08 72 G-5721 
UP 29 72 G-5736 
03 28 72 G-5762 
09 27 72 ti-5911 
03 26 73 66047  
03 26 73 G-6047 
04 09 73 G6U63 
04 04 73 G-6062 
04 09 73 66064  
06 11 73 ti-6167 
u i  10 73 ~ 6 2 x 1  
7 1 73 G-6227 
08 02 73 G-6253 
OY 19 73 G-6303 
11 30 73 Li-6075 
02 14 74 G-6433 
03 05 74 6 6 4 5 1  
05 16 74 G-6535 
07 02 74 Li-6586 
07 02 74 G-6586 
09 23 74 66669  
11 19 74 G-6131 
11 25 74 66735  
11 25 74 G-6738 
11 25 74 G-6934 
11 25 74 6-6935 
12 09 74 G-6756 
01 09 75 G-6782 
02 20 75 66820  
03 28 75 G-6870 
05 05 75 66736  
05 05 75 G-6737 
05 05 75 66932  
05 05 75 G-6933 
07 01 75 G-7034 
07 W 75 G-7043 
07 31 75 G-7059 
U8 18 73 G-7Ub0 
08 20 75 G7085 

Permit 
Nunber 
ti-5512 

Nunber 
46681 

Well Locat ion 
27 16 34ca 
26 15 4ac 
26 14 
28 14 15aa 
27 19 
28 15 19aa 
28 15 19ac 
28 16 19ba 
27 19 29M 
27 19 20bc 
25 14 15cb 
28 16 266 
25 15 27 
27 16 2laa 
27 15 24cb 
25 14 16cb 
27 15 2cd 
27 19 
26 19 5bb 
28 15 19aa 
28 15 19ac 
27 19 
27 18 7ca 
27 16 5bb 
27 16 6ab 
26 15 1 M b  
26 15 14bd 
2 7 1 6  7bc 
25 14 2Md 
27 17 22cd 
26 15 29 
26 15 13bb 
26 15 13cc 
26 15 l l c c  
26 15 14ad 
26 15 28aa 
25 17 l c c  
25 17 1 
28 15 1 M b  
26 15 3366 

Divers ion 
s (c fs )  

1.07 
Acre; Remarks 

85.8 



Name - 
Matt is,  Michael W. 
Jensen, Henry 
Oster, Harlan F. & Elo ise 
Oster, Harlan F. & Elo ise 
T q k i n s ,  Charles & l l e n e  
Hal l ,  Melvin & Ramona 
H.U.I. Ranch, lnc. 
Damewood, Ly le  
Basey, Cl inton & Mary Anne 
Reed, Robert Car l  
Reed, Robert Car l  
Warnington, George 
Burke, G lem C. 
Reed, Robert Car l  
Reed, Robert Car l  
Carlon Cat t le  Capany 
Black, Haskel & Shir ley 
View Point  Ranches 
Campbell, Jack E. 
Tut t le,  Robert R. 
Morrison, F r i t z  L. & Mar i lyn R. 
Banf ie ld Veterinary Hospital,  Inc.  
Widenoja, Richard N, N i i l o  J & Mary Jane 
Golden Rule Farms, Inc. 
Johnson, K. Dale 
Brown, Wade 
Runsey , Thelma C. 
Runsey, Thelma C. 
Widenoja, Richard N. 
Widenoja, N i l l o  J. & Mary Jane 
Black, tlaskel & Shir ley 
Black, Haskel & Shir ley 
Black, k s k e l  & Shir ley 
Wagner, Ray €3. Wagner Farms 
Fine, Harold L. & Roy L. Forman 
Heavil in, 0.R . 
Edwards, B i l l y  J. 
Emery Livestock Campany 
Blevins, Mearl W. & Pat ty L. 
Church, Zane D. 
Wolfsturm, E m i l  & Renate 
G i l l e t t e ,  Jack L. 

P r i o r i t y  Appl. 
Date M b e r  
09 10 75 G-7107 
09 25 75 6-6469 
09 25 75 G-7121 
09 25 75 6 7 1 2 1  
10 06 75 G-7127 
10 08 75 G-7132 
12 04 75 6-7174 
12 22 75 G-7190 
01 06 76 G-7207 
01 08 76 G-7214 
02 27 76 G-7214 
02 09 76 67254  
02 26 76 G-7272 
01 08 76 G-7214 
02 27 76 G-7214 
04 12 76 6-7331 
04 12 76 G-7332 
04 13 76 G-7335 
05 06 76 6-7358 
05 17 76 G-7370 
05 17 76 G-7372 
06 04 76 G-7398 
06 04 76 6-7399 
06 14 76 G-7406 
06 24 76 G-7416 
08 09 76 G-7471 
08 09 76 G-7473 
08 09 76 G-7473 
09 01 76 G-7500 
09 02 76 G-7503 
10 11 76 6-7539 
10 11 76 G-7540 
10 11 76 6-7541 
11 01 76 G-7567 
11 09 76 G-7575 
12 14 76 G-7605 
01 28 77 67668  
02 04 77 G-7693 
02 09 77 67712 
02 11 77 G-7720 
02 14 77 G-7729 
02 15 77 G-7737 

Permit 
Number 
7smr 

Cert . 
Number mzr Well Location 

26 14 31bd 
2 7 1 7  2ad 
2 7 1 9  5dc 
27 19 5da 
25 14 34bc 
27 17 l a b  
25 17 2dd 
26 19 5ad 
28 14 23bb 
25 14 15cd 
25 14 15cd 
25 15 34bd 
25 15 27db 
25 14 15cc 
25 14 15cc 
28 15 24bc 
27 17 21aa 
28 15 13bb 
25 14 16cb 
26 15 32ad 
2 6 1 5  4 
25 14 29aa 
26 15 5ba 
27 17 22dd 
26 16 27aa 
25 18 
27 15 14bd 
27 15 14bd 
2 6 1 5  6aa 
26 17 27dc 
27 17 21bd 
27 17 21ca 
27 17 21ab 
25 13 27ca 
26 16 18 
27 15 3 
25 15 27 
28 15 30bb 
27 16 34cakd 
28 16 16 
28 16 lCda 
27 18 18 

Divers ion I r r i g a t e d  
Acres Remarks 

15.0 T-5363 



Name - 
Gil le t te ,  Jack L. 
Miles, Harold A. 
Bettencourt, Andrew 
Kittredge, Jack & Doris 
Gallcgly, Donald H. & Alice G. 
Kruse, Kenneth V .  & Kathrine G. 
Dinsdale, James 
Tiahrt, Theodore R. 
Tiahrt, Theodore R. 
Tmpkins, Charles 
Smith, William L. & Floy 0. 
Salisbury, Virginia, Ivan & Wade Brown 
Tuttle, Robert R. 
Crof oot, Percy 
Dowers Farms, lnc. 
Beal, Harlie E. 
Dowers Farms, Inc. 
Dowers Farms, Inc. 
Dowers Farms, Inc. 
Ward, Maurice L. & Hazel I. 
Bowen, Darrel G. 4 

V) McDowell, Charles M. & Fernette M. 
W a i n ,  James P .  
Wright, Jams L. 
Troldy, Lhester & Helen 
Piepgrass, Ralph H. 
Eskew, J. & P .  
Crowson, Gilbert T. 
Carlon, Evan 
Carlm Cattle Company 
Forman, Roy L. 
Bemet, John L;. 
Morehouse, Richard 
Warnington, George H. 
Crowson, 1;ilbert 
Alder Lreek Ranch 
Alder Creek Hanch 
Alder Creek Hanch 
Alder Creek Ranch 

Pr ior i ty  
Date m 

Appl. 
Nunber 
rn 

Permit 
N unbe r 
-G=7l9T 
67269  
G-738'2 
67646 
G-7470 
6 7 3 6 1  
G-7474 
G-7460 
G-7481 
G-7484 
G-7510 
67336 
G-7848 
67644 
G-7556 
67557  
G-7558 
67555  
G-7560 
6iwo 
G-7842 
67843  
G-7886 
G-7887 
ti-7767 
67768  
G-7921 
67994 
G-7846 
G7847 
G-8060 
G-7849 
G-7996 
G8097 
6-8061 
68120  
G-8121 
G8122 
68123  

Well Location 
21 18  18 

26 14 24ac 
26 16 
26 14 
25 16 4db 
26 15 22 
26 15 22 
25 14 34ac 
26 14 2 t r a  
25 17 laa  
26 15 31ac 
27 13  26bc 
25 17 lbd 
27 16 7cb 
26 15 14dd 
26 15 l ldb  
26 15 14cc 
26 1 5  28aa 
27 15 25ac 
29 16 17db 
26 16 &c 
26 17 24ca 
25 14 21aa 
25 14 21bb 
24 18 3 k a  
25 18  3W 
28 15 24ac 
28 1 5  24 
2 6 1 6  19 
27 18 20dddrcd 
26 1 5  15 
25 15 27 & 34 
25 18 3cc 
27 1 4  2Ybd 
4 34cb 
27 19 19dc 
28 15 1446 

Diversion 
Q ( c f s )  

2.67 
2.57 
5.10 
9.75 

10.12 
1.87 
4.80 
4.40 
2.00 
0.58 
6.00 
5.13 
1.50 
1.57 
0.76 

I r r igated 
Acres Remarks 

75.5 s, c 
268.3 
237.9 
408.7 
780.0 
805.1 
145.6 
520.0 
520. U 
160.0 
46.0 

480.0 
410.0 
160.0 
125.6 
83.4 

123.8 
123.8 
123.8 
40.0 

133.9 
140.2 
160.0 
100. u 
125.6 
122.0 
160.0 
127.8 
125.6 
439.34 
246.4 





Name 
Branch, Floyd & Venita 
Mattis, Michael W. 
Caldwell, B i l l  
Poplars Ranch 
Lanier, Brent 
Hall, Melvin 0. & Ramona 
Crofwt,  Percy 
Lanier, Brent 
Brown, Wade 
Brown, Wade 
Brown, Wade 
Stockhoff, Robert L. 
Surcarnp , LeHoy 
Lanier, Gerald L. 
Bell A Land and Cat t le  Company 
Neuschwander, I r a  
Damewood, Lyle and/or Helen e 

03 Boyles, Oonald R. & Marlene 
C-' Boyles, Donald H. & Marlene 

Boyles, Donald R. & Marlene 
Blevins, Hear1 W. & Patty L. 
Ward, Maurice L. & Hazel 1. 
Mulkey, Gylan 
Fine, Harold L. 
Ginter, Lloyd 
Grassman, Larry 
Morse, Marvin C. 
Alder Creek Ranch 
Peters, Daniel F. 
Floweree Farms, Inc. 
Floweree Farms, Inc. 
Floweree Farms, Inc. 
Banf i e l d  Veterinary Hospital, Inc . 
Crouch, Fred G. 
Hanson, Gerald 
Widenoja, Nii lo J. & Mary Jane 
Wanington, George & Barbara 
Hanna, Robert K.  
Golden Rule Farms, lnc. 
Golden Rule Farms, Inc. 

Pr ior i ty  
Date 
06 15 79 
06 20 79 
08 06 79 
08 21 79 
08 22 79 
08 27 79 
09 07 79 
09 14 79 
09 27 79 
09 27 79 
09 27 79 
10 31 79 
02 13  80 
02 15 80 
02 21 80 
02 27 80 
03 07 80 
04 04 80 
03 17 80 
03 1 7  80 
03 17 80 
03 25 80 
03 31 80 
04 17 80 
04 28 80 
06 03 80 
06 03 80 
06 03 80 
06 11 80 
06 11 80 
06 11 80 
06 11 80 
06 13 80 
06 16 80 
06 17 80 
06 18  80 
06 24 80 
07 01 80 
07 02 80 
07 02 80 

Appl . 
Number 
G-9279 
G-9288 
G-9345 
G-9373 
G-9375 
G-9580 
G-9395 
G-9403 
ti-9419 
G-9420 
G-9421 
G-9453 
G-9547 
G-9548 
G-9556 
G-9576 
G- 9596 
G-9622 
G-9622 
G-9627 
G-9618 
69632  
G-9641 
G-9687 
G-9707 
G-9756 
G-9758 
G-9763 
G-9777 
6 9 7 7 8  
G-9779 
G-9780 
G-9787 
G-9792 
G-9796 
G- 9800 
G-9806 
G-9816 
G-9818 
G-9819 

Permit 
Number 
G-8678 
G-8709 
G-8737 
G-8650 
6-8738 
G-8739 
G-8652 
G-8777 
G-8778 
G8779 
G-8780 
6-8874 
G-8841 
G-8981 
G-8915 
G-8849 
G-9325 
G-8820 
G-8820 
G-8821 
G-8982 
G-8983 
G-8984 
G-9017 
G-10046 
G-9015 
G-9018 
G-8988 
G-9019 
G-9022 
G-9023 
G-9024 
G-9062 
G-8876 
G-9021 
G-9544 
G-8916 
G-9027 
G-9063 
G-9064 

Cert. 
Nunber Well Location 
52622 26 14 3 

32dc 
12ad 
ldd 

36dd 
29aa 

&b 
30db 
27dc 
32da 
12ba 
33bd 
22 

Diversion I r r iga ted  
Acres Remarks 

134.7 
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Name 
m p s ,  Gregory Todd 
Nofziger, Charles 0. 
Nofziger, Charles 0. 
Nofziger, Verl E. 
Nofziger, Verl E. 
Nofziger, Verl E. 
Nofziger, Verl E. 
Turner, L.E. 
Robey, Jr., Jim 
Hanson, Gerald Roy 
Eskew, John M. 
Pick, Dave 
Nebner, Marion 0. 
O'Leary, Jeremiah 
Schmidt, William W. and/or Laurena 
Fox, Walter 0. 
Effingham, John H. 
Flowerree Farms, Inc. 
Crowson, Gilbert 
Hicks, Lawrence W. 
Jelden, Monty 
St. Clair ,  Frank E. & Kathleen 
Crofoot, James 
Kergil, William V. 
Schrock, Earl 
Crouch, Fred G. 
Crowson, Gilbert 
Birch Circle Farms 
Roth, David & Galyn 
Greene, Kenneth J. & Patr ic ia  C. 
Grassman, Larry 
Cornell, Frank, Kathleen and Patrick 
Oster, Harlan Frank 
Tucker, Ernest P. 
Alberts, Cecil R. 
960 Ranch, Inc. 
960 Ranch, Inc. 
960 Ranch, Inc. 

Pr ior i ty  
Date 
m-IZ-BI 
01 13 81 
01 13 81 
01 13 81 
01 13 81 
01 13 81 
01 13 81 
01 13 81 
01 13 81 
01 16 81 
01 19 81 
01 22 81 
01 23 81 
01 26 81 
01 26 81 
01 29 81 
01 30 81 
02 03 81 
02 06 81 
02 12 81 
02 13 81 
02 17 81 
02 18 81 
02 18 81 
02 18 81 
02 22 81 
02 24 81 
02 25 81 
03 03 81 
03 09 81 
03 12 81 
03 16 81 
03 19 81 
03 27 81 
04 01 81 
04 03 81 
04 03 81 
04 03 81 

A P P ~ .  
Nunber 
c I u w 4  
G-10096 
G-10096 
G-10097 
El0097 
G-10098 
G-10098 
G-10101 
G-10099 
G-10104 
G-10108 
G-10115 
G-10119 
G-10123 
El0125 
G-10129 
G-10132 
G-10137 
G-10148 
G-10155 
G-10158 
G-10162 
G-10166 
G-10168 
G-10167 
G-10173 
G-10178 
G-10042 
G-10068 
G-10200 
G-10211 
G-10214 
G-10219 
G-10231 
G-10247 
G-10250 
G-10252 
G-10253 

Permit 
Number 
G--9-I70 
G-9125 
69125 
G-9126 
G-9126 
G-9127 
G-9127 
G-9144 
G-9171 
G-9145 
G-9173 
G-9230 
G9564 
G-9201 
G-9202 
G-9174 
G-9203 
G-9175 
G-9262 
G-9232 
G9592 
G-9176 
G-9204 
G-9205 
G-9275 
G-9233 
G-9312 
G-9229 
G-9261 
G-9313 
69314 
G-9276 
G-9408 
G-9264 
G-9279 
G-9292 
G-9293 
G-9294 

Cert . 
Number Well Location 

zzT-nm- 
26 16 3cb 
26 16 4da 
26 16 23bc 
26 16 23cc 
26 16 26ab 
26 16 26dc 
27 19 9ac 
27 16 lOcd 
26 16 29ba 
24 18 33 
25 14 28ab 
27 17 17ca 
28 15 27cc 
27 18 
27 17 16cb 
27 17 29da 
27 18 1 
25 18 3ad 
26 16 llcc 
26 15 9dc 
26 16 l0caEcd 
27 13 23db 
25 18 l4cc 
26 17 36bc 
26 18 Bcb 
25 18 3ad 

Diversion Irrigated 
Acres Remarks 

231.0 
- C 

264 .O - C 
264 .O - C 
131.4 
135.0 
121.6 
146.5 
134.0 
298.62 
160.0 
320.0 
59.7 
15.4 

264.0 
125.6 
90.0 
79.0 

258.0 
79.5 
80.0 

153 .O 
194.4 
129.1 
160.0 

- C 
480.0 
126.0 
320.0 
125.8 
26.2 

125.6 



N arne 
Schmidt, W i l l i a m  W. and/or Laurena 2.  
Schnidt, W i l l i a m  W. and/or Laurena Z. 
Warmington, George 
Flaming, John and Norma 
Flaming, John and Norma 
Flaming, John and Norma 
Flaming, John and Norma 
Flaming, John and Norma 
Howard, James R. 
Lee Chisn Reforestation Co., Inc. 
Flores, J i m  
Huss, Charles A. & A d i t h  S. 
Stutzman, Mervin 
G i l l e t t e ,  Jack L. 
Fus, Lynn 
Kane, Marion F. & Margaret Jean 
Stockhoff, Robert L. 
Matt ingly, Lawrence H. & De l la  M. 
Lana Vista Farms, Inc. 
Iverson, Lawrence & Marjorie 
Iverson, Lawrence & Mar jor ie 
Loma Vista Farms, Inc. 
Lana Vista Farms, Inc. 
Fine, Harold L. (Buz) 
McDonald, James M. 
Iverson, Lawrence & Mar jor ie 
Iverson, Lawrence & Mar jor ie 
Olson, W i l l i e  A. & Linda S. 
Oster, Harlan F. 
Dunlap, Eulon 
Yuckniuk, John 
Flowerree Farms, Inc. 
Grassman, Lar ry  

P r i o r i t y  
Date 
04 15 81 
04 15 81  

APPl. 
Nunber 
G-10271 
G-10271 
G-10167 
6-10291 
G-10292 
6-10293 
G-10294 
G-10295 
G-10304 
G-10313 
G-10323 
G-10327 
G-10328 
G- 9385 
G-10339 
G-10342 
G-10366 
G-10373 
G-10377 
G-10384 
G-10384 
6-10395 
G-10397 
G-10404 
G-10407 
6-10411 
G-10411 
G-10425 
G-10442 
G-10471 
G-10504 
G-10528 
G-10222 

Permit 
Nunber 
G-9462 

Cert. 
Nunber Well Location 

27 18 20ca 
27 18 20ca 
26 17 36ba 
2 5 1 5  19 
25 14 23dd 
25 14 35cc 
25 14 35bc 
2 6 1 5  27 
27 16 18ba 
27 18 8cd 
27 17 14dc 
25 19 20bb 
26 16 1Wd 
27 17 
26 17 3Sdb 
27 17 20cb 
24 18 35bb 
25 19 20cb 
26 15 lOcc 
28 15 20bc 
28 15 20bc 
27 16 6cb 
26 15 13cc 
26 16 7ad 
25 18 17bd 
28 15 18da 
28 15 lSda 
26 18 12ba 
27 19 7bb 
26 18 Bdd 
27 18 2ad 
27 18 12ad 
27 17 12ad 

Divers ion 
Q (cfs)  

2.00 

I r r i g a t e d  
Acres Remarks 

120.0 
40.0 5,  c 

7.0 
267.6 
137.0 





Name 
Powell, Kenneth E. 
Halford, Oavid F. & Rosella F. 
Grassman, Lawrence John 
960 Ranch, Inc. 
Church, Zane 
Sams, Robert H. & Marion M. 
Wade, 0. Joe 
North Lake School Dis t r ic t  14 
North Lake School Dis t r ic t  14 
Murphy, Donald W .  & Doris R. 
Oinsdale, James 0 .  
Swain, Everett L. & Winona G. 
Golden Rule Farms 
Iverson, Lawrence & Marjorie 
Scott, George 
Seibel, Oavid A. 
Halford, Oavid F. & Rosella F. 

I- Marti, Frederick & William Pittock 
ID m Stockhoff, Robert L. 

Pr ior i ty  
Date 
09 15 83 

Appl . 
Nunber 
G-11084 

Permit 
Nunber 
G-10235 

Cert. 
Nunber Well Location 
53059 27 16 21aa 

19 
l lda  
27bd 
1Ma 
16bc 
35cb 

Diversion 
Q ( c f s )  

0.25 

Irrigated 
Acres Remarks 

19.7 
20.0 

120.0 
264.0 
80.0 
10.0 
80.0 
5.0 
4.0 

140.0 
138.6 

1.3 
676.0 

4.0 
3.1 

13.6 
80.0 

320.0 
78.0 



APPENDIX VIII 

NORTHERN SUMMER LAKE BASIN 





NORTHERN SUMMER LAKE BASIN 

The nor thern  p o r t i o n  o f  t h e  Summer Lake Bas in  (29S/16, 17 and 18E 
and 3OS/16, 17 and 18E) i s  o f  g rea t  i n t e r e s t  i n  t h e  d iscuss ion o f  
ground water i n  t h e  F o r t  Rock Basin. The area i s  noteworthy f o r  i t s  
l a r g e  spr ings  and s t r o n g l y  f l o w i n g  wel ls .  The f l o w  constancy and 
q u a l i t y  of these supp l ies  are h i g h  and represent an important  
resource f o r  i r r i g a t i o n ,  w i l d l i f e  h a b i t a t  and o the r  uses i n  t h e  area 
( f i g .  15). A l a c k  o f  watershed area and p r e c i p i t a t i o n  (about 150 
square m i les  with 10 inches of p r e c i p i t a t i o n  annual ly)  necess i ta te  
t h a t  t he  p r i n c i p a l  source o f  t h e  water i s  ou ts ide  t h e  watershed. 
The potent iomet r ic  sur face map i n d i c a t e s  t h a t  ground water should 
f l o w  from the  F o r t  Rock Bas in  ( P l a t e  3). 

Ground water i n  t h e  no r the rn  Summer Lake Bas in  occurs l a r g e l y  under 
conf ined condi t ions.  Th is  water i s  found i n  lava-rock a q u i f e r s  
which a re  o v e r l a i n  by up t o  severa l  hundrea f e e t  o f  t h i n l y  beaded 
l a c u s t i n e  deposi ts  (Brown, 1957). The maximum th ickness o f  these 
depos i ts  may be more than  1,000 f e e t  a t  some places. Wel l  l o g s  show 
a general  th icken ing t o  t h e  south and w i t h  d is tance f rom t h e  bedrock 
slopes o f  t h e  basin. 

P r i o r  t o  the  cons t ruc t i on  o f  l o c a l  wel ls ,  water from these a q u i f e r s  
discharged l a r g e l y  through seeps and spr ings  w i t h  access through the  
ove r l y ing  con f in ing  layers .  Probably some slow upward leakage a l s o  
permi t ted  discharge through evapotranspirat ion.  Now, dozens of 
w e l l s  tap  these a q u i f e r s  and discharge water a t  r a t e s  up t o  2000 
gpm. Many o f  these are f lowing.  T o t a l  discharges a re  est imated i n  
excess o f  90,000 AF/yr. 

Ana Springs ( o r  Ana R i v e r  Springs) a re  t h e  major discharge o f  water 
from t h i s  a q u i f e r  and feed the  Ana River .  These sp r ings  have been 
cont inuously submerged by Ana Reservoi r  (30S/17E-6) s ince 1926 
(Appendix V )  . I n i t i a l  submergence produced an average hyd rau l i c  
back pressure on t h e  spr ings  o f  about 30 f e e t  and reduced s p r i n g  
f l o w  by about 20,000 AF/yr. As now operated, the  p o o l  over the  
spr ings i s  maintained a t  an a l t i t u d e  o f  about 4221 f e e t  f rom hay t o  
September and a t  about 4214 f e e t  from October t o  A p r i l .  Nearby 
w e l l s  and spr ings  respond t o  these changes i n  r e s e r v o i r  l e v e l .  Wel l  
30S/16E-lbd i s  c l e a r l y  w i t h i n  t h e  cone o f  depression o f  Ana 
Springs. A r e s e r v o i r  f l u c t u a t i o n  o f  about 7 f e e t  r e s u l t s  i n  a water 
l e v e l  f l u c t u a t i o n  i n  t h e  w e l l  o f  about 1 f o o t ,  being deeper i n  t h e  
w in ter  and shal lower i n  t h e  summer ( f i g .  16). A h i g h  r e s e r v o i r  
l e v e l  serves t o  reduce Ana Springs discharge and t o  increase a q u i f e r  
pressure, f l o w i n g  w e l l  discharge and nearby s p r i n g  discharge 
( 30S/17E-5). 

The m o d i f i c a t i o n  o f  f l o w  from Ana Springs s ince 1926 has had an 
unclear a f f e c t  on the  po ten t iomet r i c  sur face ( P l a t e 3 ) .  The 
hydrau l ic  c h a r a c t e r i s t i c s  o f  t h e  aqu i fe r  as i nves t iga ted  by Brown 
( 1957) suggests very t ransmissive condi t ions.  That in format ion ,  t he  
measured response o f  Ana Reservoi r  on Wel l  30S/16E-lba and t h e  
presence o f  s i g n i f i c a n t  nearby spr ings  suggest t h a t  a q u i f e r  water 



l e v e l s  there  probably changed l i t t l e  i n  response t o  Ana Springs 
submergence. Discharge a t  o the r  sp r ings  probably increased q u i c k l y  
and t o t a l  antecedent discharges were re-establ ished. I n  any Case, 
some amount o f  water l e v e l  rise must have occurred i n  t h e  a q u i f e r  
near Ana Springs. 

Both t h e  discharge o f  Ana Spr ings and t h e  l e v e l  a t  We l l  30S/16E-lbd 
are c l e a r l y  r e l a t e d  t o  the  p o o l  e l e v a t i o n  o f  Ana Reservoir.  
Discharge from the  r e s e r v o i r  i s  t he  so le  source a t  t he  Ana R ive r  
gage except du r ing  r a r e  p r e c i p i t a t i o n  cond i t i ons  i n  which the  
r e s e r v o i r  rece ives  d i r e c t  r u n o f f .  On a sho r t  term basis, t he  
discharge o f  Ana Springs can now be manipulated w i t h  r e s u l t a n t  
e f f e c t  on discharge changes a t  o ther  p o i n t s  and water l e v e l  
(s torage) changes i n  t h e  under ly ing  aqu i fe r .  Long term, t h e  t o t a l  
discharges must r e f l e c t  average recharge. The slow but  steady 
reduct ion  o f  Ana R ive r  discharge i n  recent  years ( f i g .  17) coupled 
w i t h  recent  water l e v e l  dec l ines  i n  the  l o c a l  a q u i f e r  ( f i g .  16) 
suggest t h a t  discharges surpass recharge. Water r i g h t  p e r m i t t i n g  
( f i g  . 15), w e l l  m i l l i n g  a c t i v i t y  and some f i e l d  observat ions 
support t he  view t h a t  w e l l  discharges a re  i nc reas ing  i n  t h e  nor thern  
Summer Lake Basin. On t h e  supply side, i t  i s  poss ib le  t h a t  recharge 
i s  already modestly reduced by pumpage i n  the  F o r t  Rock Basin. 
U l t imate ly ,  t h e  e f f e c t  o f  t h a t  purrlpage would r e q u i r e  decades t o  be 
s i g n i f i c a n t  t o  e x i s t i n g  users. 



F igu re  15: Northern Summer Lake Bas in  Water R igh ts  on Ground Water. 

F igu re  16: Ju l y  Water Leve ls  a t  Wel l  T30S/R16E-lcb. 

AVERAGE 65,600 

F igu re  17: Discharge and Departure from Average Discharge f o r  
ha te r  Years i n  Acre-Feet: 1953-85 (Ana River ,  Oregon). 





APPENDIX I X  

PROCLAMATION FOR THE IN IT IAT ION OF PR0CEED:ING FOR 
1HE DETERMINAlION OF A CRITICAL GROUND WATER AREA 





BEFORE THE WATER RESOURCES DIRECTOR OF OREGON 

LAKE, KLAMATH AND DESCHUTES COUNTIES 

I N  THE MATTER OF INITIATION ) 
ff A CRITICAL GROUND WATER ) 
AREA DETERMINATION I N  THE 1 
FORT ROCK BASIN ) 

PROCLAMATION 

The i n t i a t i o n  o f  a c r i t i c a l  ground water area proceeding i s  hereby proclaimed 
pursuant t o  OAR 690-10-050 i n  the  F o r t  Rock Basin. The proposed e x t e r i o r  
boundaries o f  t h i s  area, which i n c l u d e  p a r t s  of Lake, Klarnath and Deschutes 
Counties, a re  described as fo l lows:  

Beginning a t  t h e  southwest corner o f  Sect ion  35, Township 22 South, 
Range 13 East,  WM; thence no r theas te r l y  t o  t h e  southeast corner  of' 
Sect ion 25, Township 22 South, Range 1 5  East, WM; thence 
southeaster ly  t o  t h e  southwest corner  o f  Sect ion 35, Township 23 
South, Range 19  East, WM; thence southeaster ly  t o  t h e  southeast 
corner  o f  Sect ion 9, Township 28 South, Range 21 East,  WM; thence 
southwesterly t o  t h e  southwest corner  of Sect ion  6, Township 29 
South, Range 20 East,  WM; thence nor thwester ly  t o  the  southwest 
corner o f  Sect ion 10, Township 28 South, Range 18 East,  WM; thence 
southwesterly t o  the  southwest corner  o f  Sect ion  14, Township 29 
South, Range 16 East, WM; thence southwesterly t o  t h e  southeast 
corner  o f  Sect ion 21, Township 31  South, Range 1 5  East,  WM; thence 
nor thwester ly  t o  t h e  southeast corner  o f  Sect ion  36, Township 30 
South, Range 12 East, WM; thence nor thwester ly  t o  t h e  southwest 
corner o f  Sect ion  34, Township 26 South, Range 10 East,  WM; thence 
nor theaster ly  t o  the  p o i n t  o f  beginning. 

This i n i t i a t i o n  o f  proceedings f o r  t he  determinat ion o f  a c r i t i c a l  ground 
water area i s  brought under ORS 537.730(a) and ORS 537.730(d). 
ORS 537.730(a) a l lows f o r  such a c t i o n  when 

"Ground water l e v e l s  i n  t h e  area i n  quest ion  a re  d e c l i n i n g  o r  have 
dec l ined excessively".  

ORS 537.730(d) a l lows f o r  such a c t i o n  when 

"The ava i l ab le  ground water supply i n  t h e  area i n  quest ion  i s  being 
o r  i s  about t o  be overdrawnf1. 

Pre l im inary  i n v e s t i g a t i o n  has d isc losed t h a t  water l e v e l  dec l ines  a re  . occur r ing  a t  r a t e s  which r e f l e c t  a c lose  match between recharge and pumping 
demand. Such cond i t ions  would prov ide  water l e v e l  e q u i l i b r i u m  i n  t h e  f u t u r e  

a a t  somewhat lower water l e v e l s .  F u r t h e r  approp r ia t i on  threatens t o  overdraw 
t h e  r e s e r v o i r  and may r e s u l t  i n  water l e v e l  dec l ines  which w i l l  n o t  
e q u i l i b r a t e  i n  t h e  fu ture .  



The ground water r e se rvo i r  covered by t h i s  proclamation i s  here in  termed the  
"Main Ground Water Reservoir". This r e s e r v o i r  inc ludes  a l l  water contained i n  
t h e  b a s a l t ,  a s  well a s  t h e  interbedded and overlying pyroc las t i c  and 
sedimentary aqui fers .  Fur ther ,  t h e  potent iometr ic  l e v e l  of water i n  these  
aqui fers  is  approximately 4300 f e e t  above mean sea  l e v e l  o r  lower. 

P r i o r  t o  completion of the  proceeding f o r  determination of a c r i t i c a l  ground 
water area ,  no app l i ca t ion  f o r  a permit t o  appropr ia te  water from the  Main 
Ground Water Reservoir w i l l  be approved o r  denied. 

Dated a t  Salem, Oregon t h i s  26th day of March, 1984. This  proclamation i s  
e f f e c t i v e  immediately. 

WILLIAM H. YOUNG 
Direc tor  
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