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CONCLUSIONS 

1. Yie lds  adequate f o r  domestic and stock use appear t o  be obta inab le  i n  most 

l o c a t i o n s  i n  t h e  John Day Basin, though w i t h  d i f f i c u l t y  i n  some areas o f  

Clarno and John Day Formations and pre-Ter t ia ry  rocks. 

2. The most p roduct ive  aqu i fe r  u n i t s  i n  t h e  John Day Bas in  a re  t h e  Columbia 

R i v e r  Basa l t  Group and the  Quaternary al luvium. The Masca l l  and 

Rat t lesnake Formations can produce moderate q u a n t i t i e s  l o c a l l y .  

3. Est imates of recharge t o  t h e  bas in  as a whole range from 0.20 t o  0.42 

inches pe r  year. Recharge estimates t o  t h e  major Columbia R i v e r  Basa l t  

areas range from 0.4 t o  0.6 inches per  year. Recharge est imates are 

considerably h igher  i n  some smal l  areas o f  h igh  e l e v a t i o n  and high 

p r e c i p i t a t i o n .  

4. Est imates o f  annual recharge t o  var ious p a r t s  o f  t he  bas in  a re  as fo l lows:  

Area Range o f  est imates (acre-f t ) 

John Day Drainage above P i c t u r e  Gorge 14,336 - 51,072 
Nor th  Fork Drainage above Monument 63,168 - 95,424 
Sherman County area 11,776 - 17,664 
G i l l i a m  County area 25,898 - 38,848 
E n t i r e  bas in  above McDonald Fe r ry  80,853 - 169,792 

The annual recharge does n o t  represent t h e  volume o f  water which can be 

pumped each year. If t h e  t o t a l  recharge were removed from t h e  system by 

pumping, t h e  n a t u r a l  discharge (streamflow) would be reduced, and water 

s torage would be reduced. There i s  a balance between recharge, storage, 

n a t u r a l  discharge and use which must be maintained. 

5. Wel l  y i e l d s  adequate f o r  i r r i g a t i o n  purposes are  obta inab le  from the 

Columbia R ive r  Basa l t  i n  many loca t ions ,  however t h e  l i m i t e d  recharge 

precludes any l a r g e  scale development. 



6 .  Well y i e l d s  adequate  f o r  i r r i g a t i o n  purposes  a r e  o b t a i n a b l e  from a l l u v i a l  

d e p o s i t s  a t  some l o c a t i o n s  i n  t h e  r i v e r  v a l l e y s ,  however removal of water  
from t h e  a l l u v i a l  a q u i f e r  can cause  a  decrease  i n  streamflow. Because of 

t h e  hydrau l ic  connect ion between t h e s e  two sou rces  of water  they should be 
managed toge the r .  

7. This  s tudy revea led  no a r e a s  i n  t h e  John Day Basin where s u f f i c i e n t  

groundwater is a v a i l a b l e  f o r  l a r g e  s c a l e  i r r i g a t i o n  development. 



INTRODUCTION 

P u r ~ o s e  and S c o ~ e  

An assessment of t h e  ground water resource i s  a  c r u c i a l  p a r t  of any 

comprehensive water  resource  i n v e s t i g a t i o n .  This  ground water r e sou rce  

eva lua t ion ,  undertaken a s  p a r t  of t h e  Water Resources Department 's  

r e s p o n s i b i l i t i e s  under Sena te  B i l l  523, examines t h e  geology, i d e n t i f i e s  and 

c h a r a c t e r i z e s  t h e  hydrology of t h e  major a q u i f e r  u n i t s ,  and e s t i m a t e s  ground 
water s t o r a g e  and annual recharge wi th in  t h e  John Day Basin.  The na tu re  of 
t h e  a c t i v i t y  and time c o n s t r a i n t s  imposed by Sena te  B i l l  523 a r e  such t h a t  

t h i s  assessment be generated from a v a i l a b l e  da t a .  

The time and d a t a  r e s t r i c t i o n s  l i m i t  t h e  conc lus iveness  of r e s u l t s  i n  t h i s  
s tudy.  The major source of  ground water  d a t a  a v a i l a b l e  f o r  t h e  John Day Basin 

i s  t h e  water  well r e p o r t s  on f i l e  a t  t h e  Oregon Water Resources Department. 
Previous s t u d i e s  i n  t h e  bas in  a r e  only cursory ,  o r  d e a l  with very r e s t r i c t e d  

a r e a s  (ie. Robison, 1968; Thayer , 1972). No s i g n i f i c a n t  d e t a i l e d  ground water 

s t u d i e s  have been conducted anywhere i n  t h e  bas in ,  and no d e t a i l e d  a q u i f e r  

test d a t a  a r e  ava i l ab l e .  Deta i led  ground water s t u d i e s  have been conducted i n  

t h e  Umati l la  Basin ad j acen t  t o  t h e  John Day Basin,  and t h e  r e s u l t s  of t h e s e  

s t u d i e s  have re levance  t o  t h e  nor thern  p a r t  of t h e  John Day Basin.  

A r e l a t i v e l y  l a r g e  amount of c l ima to log ica l  and s t ream flow d a t a  i s  a v a i l a b l e  

from t h e  Nat ional  Oceanic and Atmospheric Adminis t ra t ion and t h e  U. S. 

Geological  Survey. While t h i s  d a t a  does  not  r e l a t e  t o  ground water d i r e c t l y ,  

i t  i s  extremely va luable  i n  es t imat ing  recharge. 

There a r e  s e v e r a l  t a s k s  o r i g i n a l l y  scheduled f o r  i n c l u s i o n  a s  p a r t  of t h e  
ground water  assessment which have proven u n a t t a i n a b l e  due t o  i n s u f f i c i e n t  

da t a .  These i nc lude  t h e  mapping of water t a b l e s  and po ten t iome t r i c  s u r f a c e s ,  

de f in ing  d i r e c t i o n  and r a t e s  of ground water movement, and e s t ima t ion  of 
annual  recharge  based on mass d i scharge  c a l c u l a t i o n s .  Mapping t h e  water t a b l e  



o r  po t en t i ame t r i c  s u r f a c e  was prevented by t h e  l a c k  of s u f f i c i e n t  r e s o l u t i o n  

of t h e  water l e v e l  da t a .  This  i n  t u r n ,  prevented completing t h e  o t h e r  t a sks .  

I n  a d d i t i o n ,  due t o  t h e  l a c k  of  adequate  pump test d a t a ,  t h e  hydrologic  
p r o p e r t i e s  of t h e  major u n i t s  a r e  no t  known a c c u r a t e l y  enough t o  provide 

meaningful r e s u l t s  from flow r a t e  and mass d i s cha rge  c a l c u l a t i o n s .  

Methodoloav 

Avai lab le  publ ished and unpublished geologic  in format ion  was compiled and 
reviewed, and t h e  major geohydrologic  u n i t s  i n  t h e  bas in  were i d e n t i f i e d .  
Water well r e p o r t s  were reviewed and t h o s e  with s u i t a b l e  pump test  d a t a  were 

grouped according t o  geohydrologic u n i t .  The g e n e r a l  hydrologic  p r o p e r t i e s  of 
t h e  major u n i t s  were determined. The a r e a ,  volume, and s a t u r a t e d  t h i c k n e s s  of 

each of t h e  major a q u i f e r  u n i t s  were determined from geologic  maps and water 

well r e p o r t s  where s u f f i c i e n t  d a t a  were a v a i l a b l e .  Combining t h i s  in format ion  

with t h e  app rop r i a t e  l i t h o l o g i c  in format ion ,  t h e  amount of  ground water i n  
s to rage  i n  each of t h e  major a q u i f e r  u n i t s  was es t imated .  Annual ground water 
recharge t o  var ious  p a r t s  of t h e  bas in  was e s t ima ted  by t h r e e  d i f f e r e n t  
methods inc luding  a n a l y s i s  of s t ream hydrographs,  a n a l y s i s  of low flow 

s t a t i s t i c s ,  and a n a l y s i s  of obse rva t ion  wel l  hydrographs. A l l  t h e s e  methods 
provide rough e s t i m a t i o n s  which a r e  cons idered  conserva t ive .  These methods 

were determined t o  be t h e  most a p p r o p r i a t e  given t h e  time and d a t a  l i m i t a t i o n s .  



GEOGRAPHY 

The John Day Basin comprises 8094 square mi les  o f  nor th-cent ra l  Oregon, o r  

about 8 percent of t he  s ta te .  The bas in  i s  bounded on t h e  south and east by 

the  Ochoco and Blue Mountains, on t h e  n o r t h  by t h e  Blue Mountain A n t i c l i n e  and 

t h e  low d i v i d e  separat ing i t  from t h e  Umat i l la  Basin, and on t h e  west by the  

r e l a t i v e l y  low d i v i d e  separat ing i t  from the Deschutes Basin. 

The basin inc ludes p a r t s  o f  two major physiographic provinces. These are t h e  

Deschutes-Umatilla Plateau Province, a broad upland composed p r i m a r i l y  o f  

vo lcanic rock,  c h i e f l y  basa l t ;  and the  Blue Mountains Province, a mountainous 

t e r r a i n  composed o f  a d iverse  assemblage of o l d e r  sedimentary, vo lcanic,  and 

metamorphic rock. Major physiographic fea tures  i n  the  bas in  a r e  presented i n  

F igure  1. 

Elevat ions  i n  t h e  bas in  range from 147 f e e t  above sea l e v e l  a t  t h e  mouth o f  

t he  John Day River ,  t o  9038 f e e t  a t  t h e  top  of Strawberry Mountain i n  t h e  

southern p a r t  o f  t h e  basin. Most o f  t h e  bas in  i s  between 2000 and 5000 f e e t  

above sea l e v e l .  

P r e c i p i t a t i o n  i n  t h e  bas in  ranges from l e s s  than 10 t o  over  40 inches pe r  

year, with most s t a t i o n s  recording between 10 and 20 inches pe r  year. Mean 

annual temperature over most o f  t h e  bas in  ranges from about 45 t o  50 degrees 

Fahrenheit. 

The John Day River  i s  284 mi les  l ong  from the  headwaters t o  t h e  mouth. The 
w 

North Fork and t h e  South Fork are  t h e  major t r i b u t a r i e s .  Other important  

t r i b u t a r i e s  t o  the  main stem inc lude  Canyon Creek, Br idge Creek, Pine Creek, 

B u t t e  Creek, T h i r t y m i l e  Creek, and Rock Creek. Major t r i b u t a r i e s  t o  the  Nor th  

Fork i n c l u d e  the  Middle Fork, Deso la t ion  Creek, Camas Creek, and Cottonwood 

Creek. The on ly  major t r i b u t a r y  t o  t h e  South Fork i s  Murderers Creek. The 

stream system i n  the  bas in  t o t a l s  about 9500 miles. 
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TRA W B E R R Y  

Figure 1.  MAJOR PHYSIOGRAPHIC FEATURES OF THE JOHN DAY BASIN 



According t o  t h e  1978 census  d a t a ,  t h e  popula t ion  of  t h e  bas in  i s  about 

13,800. The h i g h e s t  concen t r a t i on  of populat ion i n  t h e  bas in  i s  i n  t h e  upper 
John Day River  Valley upstream of P i c t u r e  Gorge. Th i s  a r e a  i n c l u d e s  t h e  

c i t ies  of John Day, P r a i r i e  C i ty ,  Canyon C i ty ,  and Mount Vernon. 

The economy of t h e  bas in  is  based on a g r i c u l t u r e  and t imber .  Mining was 

h i s t o r i c a l l y  a major source  of income, but presen t ly  is of r e l a t i v e l y  l i t t l e  

importance. Major a g r i c u l t u r a l  a c t i v i t i e s  i n c l u d e  dry land  wheat, l i v e s t o c k  
(mostly bee f ) ,  and hay product ion.  Timber a c t i v i t y  has  been dec reas ing  i n  
recent  years .  

Most of t h e  water wells i n  t h e  bas in  a r e  f o r  domestic o r  s t o c k  use.  

I r r i g a t i o n  use  of ground water  is  l i m i t e d  i n  t h e  bas in  except  i n  t h e  very 
nor thern  p a r t  i n  G i l l i a m  County where s e v e r a l  high y i e l d  i r r i g a t i o n  wells 

produce water f o r  c e n t e r  p i v o t  systems. The most widely used method of 

i r r i g a t i o n  i n  t h e  bas in  i s  f lood  i r r i g a t i o n  u t i l i z i n g  water  d i v e r t e d  from 

su r f ace  s t reams.  Most i r r i g a t i o n  occurs  on t h e  f lood  p l a i n  along t h e  upper 
2ohn Day River .  



GEOLOGIC HISTORY 

The John Day Basin has  a long and complicated geologic  h i s t o r y  which has  

r e s u l t e d  i n  a s t r u c t u r a l l y  complex d i v e r s e  assemblage of  rocks exposed a t  t h e  
sur face .  The rocks exposed i n  t h e  bas in  inc lude  masses of oceanic  c r u s t ,  
shallow and deep marine sediment, i n t r u s i v e  bodies ,  a wide v a r i e t y  of  vo lcan ic  
m a t e r i a l s ,  anc i en t  r i v e r  and l a k e  d e p o s i t s ,  and r ecen t  r i v e r  and l a n d s l i d e  

depos i t s .  The d i s t r i b u t i o n  of t h e  major geologic  u n i t s  has  been c o n t r o l l e d  

l a r g e l y  by t h e  s t r u c t u r a l  evolu t ion  of t h e  bas in .  The s t r a t i g r a p h i c  sequence 

of t h e  major u n i t s  i s  presented i n  F igure  2. The geologic  evo lu t ion  of t h e  

John Day Basin i nc ludes  t h e  acc re t i on  t o  t h e  c o n t i n e n t a l  margin of marine 

sediments ,  a s soc i a t ed  vo lcanic  rocks,  and oceanic  c r u s t .  This  m a t e r i a l  was 

con to r t ed ,  u p l i f t e d  and eroded p r i o r  t o  t h e  T e r t i a r y  Period.  The T e r t i a r y  
Period was a time of vo lcan ic  a c t i v i t y  s t a r t i n g  i n  t h e  Eocene wi th  t h e  wide 

spread a n d e s i t i c  e r u p t i o n s  r e s u l t i n g  i n  t h e  Clarno Formation. Th i s  a c t i v i t y  
even tua l ly  waned g iv ing  way i n  t h e  Oligocene and t h e  e a r l y  Miocene t o  

depos i t i on  of  t h e  l a r g e l y  p y r o c l a s t i c  John Day Formation, which r e s u l t e d  from 

e rup t ions  i n  t h e  a r ea  of t h e  presen t  day Cascade Range. During t h e  Middle 

Miocene, t h e  whole a r e a  (along with much of  no r the rn  Oregon, sou thern  

Washington and western Idaho) was inundated by a series of f lood  b a s a l t s  known 

c o l l e c t i v e l y  a s  t h e  Columbia River  Basa l t  Group. I n  t h e  l a t e  Miocene, 

f ine-grained volcanic  sediments of t h e  Mascall  Formation were depos i ted  

l o c a l l y  on t o p  of t h e  Columbia River  Basa l t .  The youngest of t h e  major 
geologic  format ions  i n  t h e  John Day Basin i s  a t h i c k  sequence of P l iocene  sand 
and g r a v e l ,  known a s  t h e  Rat t lesnake  Formation, depos i ted  i n  t h e  a n c e s t r a l  

John Day Valley. 

The d i s t r i b u t i o n  of  t h e  T e r t i a r y  Formations was c o n t r o l l e d  l a r g e l y  by t h e  

presence of major topographic  and s t r u c t u r a l  f e a t u r e s  i n  t h e  pre-Ter t ia ry  

sequence. Some of t h e s e  f e a t u r e s  p e r s i s t e d  throughout t h e  T e r t i a r y  t o  t h e  

p re sen t .  

Major f e a t u r e s  which have p e r s i s t e d  throughout t h e  T e r t i a r y  i n t o  t h e  p re sen t  

i nc lude  t h e  Blue Mountains ( inc lud ing  t h e  Aldrich and Strawberry Ranges), t h e  

-8- 



Quaternary Alluvium 
PREDOMINANTLY UNCONSOLIDATED' 
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THlCK 

Columbia River Basalt 
(MID-MIOCENE) 
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FINE GRAINED CRYSTALLINE BASALT. 
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DIVERSE ASSEMBLAGE OF MARINE 
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VARIABLY METAMORPHOSED I 
EQUIVALENTS.  AND INTRUSIVES. 
f45.000 FT. THlCK 

I 

Figure 2. GENERALIZED STRATIGRAPHIC SEQUENCE OF 
MAJOR UNITS IN THE JOHN D A Y  BASIN 



Mitche l l  An t i c l i ne  and t h e  Blue Mountain An t i c l i ne .  It i s  important  here  t o  

d i f f e r e n t i a t e  between t h e  Blue Mountain A n t i c l i n e  and t h e  Blue Mountains 

(F igure  1). 

The a n c e s t r a l  Blue Mountains, a highland of pre -Ter t ia ry  rock,  have ac ted  a s  a 

topographic  b a r r i e r  and marked t h e  southeas t  boundary of most of t h e  T e r t i a r y  

formations i n  t h e  John Day Basin. The Clarno formation a b u t s  a g a i n s t  t h e  Blue 
Mountains i n  t h e  southern  p a r t  of t h e  bas in ,  and occurs  only l o c a l l y  i n  t h e  
Blue Mountains i n  t h e  e a s t e r n  p a r t .  Other highlands of p re -Ter t ia ry  rock over  

which t h e  Clarno formation was t h i n  o r  nonexis ten t  inc lude  t h e  Mi tche l l  

A n t i c l i n e  and t h e  Blue Mountain Ant ic l ine .  A schematic  geologic  c r o s s  s e c t i o n  

NW-SE through t h e  John Day Basin is presented i n  F igure  3. 

The d i s t r i b u t i o n  of t h e  John Day formation was a l s o  p a r t l y  c o n t r o l l e d  by t h e  

Blue Mountain An t i c l i ne .  It has been demonstrated t h a t  while many of t h e  
a i r f a l l  u n i t s  i n  t h e  John Day formation can be  c o r r e l a t e d  ac ros s  t h e  Blue 

Mountain An t i c l i ne ,  most of t h e  ash  f lows cannot ,  i n d i c a t i n g  t h a t  t h e  Blue 
Mountain An t i c l i ne  was a major topographic f e a t u r e  dur ing  John Day time. On 

t h e  f l a n k s  of t h e  Blue Mountain An t i c l i ne ,  t h e  d i p s  of beds i n  t h e  lower p a r t  

of t h e  John Day formation a r e  s t eepe r  than  i n  t h e  upper p a r t s ,  i n d i c a t i n g  t h a t  

a c t i v e  uparching of  t h e  s t r u c t u r e  was occur r ing  dur ing  depos i t i on  of t h e  John 

Day formation. The eroded s u r f a c e  of t h e  John Day formation was even tua l ly  

covered by Columbia River Basa l t .  

The same major s t r u c t u r e s  which a f f e c t e d  t h e  d i s t r i b u t i o n  of e a r l i e r  

formations c o n t r o l l e d  d i s t r i b u t i o n  of  t h e  b a s a l t .  The Blue Mountains marked 
t h e  southern  and e a s t e r n  boundary of t h e  Columbia River  Basa l t  i n  t h e  John Day 

Basin.  The Blue Mountain An t i c l i ne  separa ted  va r ious  sub-uni ts  wi th in  t h e  
Columbia River  Basa l t  group. The s t r a t i g r a p h y  of t h e  b a s a l t  i s  d iscussed  i n  

more d e t a i l  i n  l a t e r  s e c t i o n s .  The b a s a l t  is  t h i n  o r  nonexis ten t  along t h e  

a x i s  of t h e  Blue Mountain Ant ic l ine .  Post-Columbia River  Basa l t  s t r u c t u r a l  

a c t i v i t y  i s  well preserved i n  t h e  o r i g i n a l l y  f l a t  s u r f a c e  of t h e  b a s a l t .  The 

b a s a l t  now d i p s  away from t h e  a x i s  of t h e  Blue Mountain An t i c l i ne  i n d i c a t i n g  

uparching has  occurred s i n c e  t h e  Co lmbia  River  Basa l t  flowed i n t o  t h e  a r ea .  

The post-Columbia River  Basa l t  s t r u c t u r a l  f a b r i c  of t h e  John Day Basin 

i nc ludes  a dominant E-W t o  ESE-WNW d i r e c t i o n  of f a u l t i n g  and a series of l a r g e  





ESE-WNW t rend ing a n t i c l i n e s  and syncl ines. This s t r u c t u r a l l y  induced 

topography tended t o  l o c a l i z e  subsequent accumulations o f  v o l c a n i c l a s t i c  

ma te r ia l  such as t h e  Mascal l  Formation. 

An E-W f a u l t  zone occurs a long the  base o f  the  A l d r i c h  and Strawberry Ranges. 

This f a u l t  zone, which inc ludes the  John Day f a u l t ,  probably c o n t r o l s  the 

l o c a t i o n  of t h e  John Day R ive r  upstream o f  P i c t u r e  Gorge. Th is  area has 

probably been the  l o c a t i o n  o f  a major va l l ey  a t  l e a s t  s ince the  Pl iocene, as 

evidenced by t h e  t h i c k  accumulation o f  c l a s t i c  debr is  represented by the  

Pliocene Ratt lesnake Formation. The Rattlesnake Formation i s  l a r g e l y  confined 

t o  the  l o n g  E-W t rend ing s t r u c t u r a l  low now occupied by t h e  upper John Day 

River and Mountain Creek. 



LITHOLOGY AND HYDROLOGIC CHARACTERISTICS OF MAJOR GEOLOGIC UNITS 

In t roduc t ion  

I n  o r d e r  t o  a s s e s s  t h e  ground water p o t e n t i a l  of any of  t h e  major geologic  

u n i t s ,  i t  is important  t o  understand t h e i r  l i t ho logy .  Li thology is t h e  

p h y s i c a l  c h a r a c t e r  o r  mechanics of a rock. It i s  t h e  l i t h o l o g y  which 

determines t h e  b a s i c  hydrologic  c h a r a c t e r i s t i c s  of a rock o r  sediment ,  and how 

t h e s e  c h a r a c t e r i s t i c s  w i l l  respond t o  s t r u c t u r a l  a c t i v i t y  and weathering 

processes .  I n  t h e  fo l lowing  s e c t i o n s  t h e  gene ra l  l i t h o l o g y  and l i t h o l o g i c  
v a r i a t i o n s  of each of t h e  major s t r a t i g r a p h i c  u n i t s  i n  t h e  John Day Basin a r e  

d i s cus sed ,  a s  well a s  t h e i r  gene ra l  hydrologic  c h a r a c t e r i s t i c s  a s  determined 
from water  well r e p o r t  pump test da ta .  

One must u se  c a u t i o n  when i n t e r p r e t i n g  water well pump test d a t a  f o r  

hydro logic  in format ion ,  and r e a l i z e  f i r s t  what t h e  d a t a  r ep re sen t .  For 

example, wells a r e  u s u a l l y  d r i l l e d  t o  t h e  depth a t  which s u f f i c i e n t  water is  

encountered t o  meet t h e  in tended  use ,  a t  which po in t  d r i l l i n g  i s  c u r t a i l e d .  
I n  t h e  John Day Basin,  most of t h e  wells a r e  of  a sma l l  d iameter  d r i l l e d  f o r  

domestic use  o r  s t ock  water ing.  Therefore ,  most wells i n  t h e  bas in  y i e l d  
about 20 g a l l o n s  p e r  minute. This  r e f l e c t s  t h e  c o s t  of d r i l l i n g  more t han  i t  

does a q u i f e r  p o t e n t i a l .  It i s  a l s o  important t o  remember t h a t  well l og  pump 

test d a t a  does  no t  accu ra t e ly  r e f l e c t  t h e  number of "dry" we l l s  d r i l l e d  and 

abandoned. However, i t  is p o s s i b l e  t o  a s s e s s  t h e  gene ra l  hydrologic  

c h a r a c t e r i s t i c s  of an a q u i f e r  by analyzing t h e  wel l  dep th ,  d iameter ,  and 

drawdown r equ i r ed  t o  produce a given y i e ld .  S p e c i f i c  c a p a c i t y  and 

t r a n s m i s s i v i t y  de te rmina t ions  based on these  d a t a  w i l l  no t  r ep re sen t  t h e  f u l l  

hydrologic  p o t e n t i a l  of a g iven  geologic  u n i t ,  but they  w i l l  r ep re sen t  t h e  

p o t e n t i a l  r e l a t i v e  t o  o t h e r  u n i t s  analyzed s i m i l a r l y .  Augmenting t h e  

in format ion  determined from t h e  water well pump tests wi th  o the r  a v a i l a b l e  

hydro logic  in format ion  can  l e a d  t o  a reasonable  understanding of t h e  gene ra l  

ground water  p o t e n t i a l  of a p a r t i c u l a r  geologic  u n i t .  



I n  reviewing water  well r e p o r t s  f o r  t h i s  s tudy ,  on ly  pump o r  b a i l e r  tests wi th  

y i e l d ,  drawdown, and time d a t a  were used; no a i r l i f t  tests were used because 

they l a c k  c r i t i c a l  drawdown information.  When d r i l l e r s  i n d i c a t e d  z e r o  

drawdown, it  was assumed t h a t  no d e t e c t a b l e  drawdown was observed and a 

drawdown of one f o o t  was a r b i t r a r i l y  used f o r  s p e c i f i c  capac i ty  and 

t r a n s m i s s i v i t y  r a l c u l a t i o n s .  I n  a d d i t i o n ,  well r e p o r t s  with ambiguous o r  

unassignable  geo log ic  d e s c r i p t i o n s  were not  used. The t r a n s m i s s i v i t y  va lues  
presen ted  i n  t h e  fol lowing s e c t i o n s  a r e  der ived  from s i n g l e  well pump tests 

using a Theis  nonequilibrium equat ion program w r i t t e n  by Vorhis (1979).  
Transmiss iv i ty  va lues  c a l c u l a t e d  i n  t h i s  manner cannot  be cons idered  abso lu t e ,  

but should be used f o r  comparing t h e  r e l a t i v e  hydro logic  p r o p e r t i e s  of t h e  
var ious  geologic  u n i t s .  Hydrologic d a t a  determined from water  well r e p o r t s  

f o r  each u n i t  i s  summarized i n  Table - 1. A summary of water  well r e p o r t s ,  and 

cumulative cu rves  of t h e  d i s t r i b u t i o n  of a l l  pump test d a t a  used i n  t h i s  

r epo r t  a r e  presen ted  i n  Appendix 1. 

The s t o r a g e  c o e f f i c i e n t s  and s p e c i f i c  y i e l d  va lues  used throughout  t h i s  r e p o r t  

have been es t imated  from publ ished and unpublished sources .  For most u n i t s ,  

water t a b l e  cond i t i ons  a r e  assumed, and t h e  s t o r a g e  c o e f f i c i e n t  i s  cons idered  

e s s e n t i a l l y  equa l  t o  t h e  s p e c i f i c  y i e l d  (Lohman and o t h e r s ,  1972).  S p e c i f i c  

y i e l d  va lues  were es t imated  comparing publ ished informat ion  on t h e  l i t h o l o g y  

of the var ious  u n i t s  a s  well a s  f i e l d  observa t ions  wi th  va lues  presen ted  f o r  

s i m i l a r  l i t h o l o g i e s  by Johnson (1967), Todd (1959, 19641, and F e t t e r  (1980). 

The Columbia River  Basa l t  Group u n i t s  a r e  t r e a t e d  a s  confined aqu i f e r s .  

Storage c o e f f i c i e n t  and s p e c i f i c  y i e l d s  va lues  f o r  b a s a l t  a q u i f e r s  a r e  de r ived  

f rom t h o s e  presen ted  by Robison (1968),  Oberland and Miller (1981) and from 
personal  communications with Donn Miller. 



TABLE 1 
Hydrologic properties of major u n i t s  i n  the John Day Basin as determined from pump t e s t s  on water well reports. 

Number Yield ( a ~ m )  
Format ion of Wells Low High Median 

Pre-Tertiary 19 5 200 15 

Clarno 24 1 230 6 

John Day 2 2 0.5 100 15 

CRB Sherman Co. 57 4 300 19 

CRB Gilliam Co. 38 0.75 1,500 16 
Wells 12" diam. 

CRB Gilliam Co. 13 50 2,000 660 
Wells 12" diam. 

CRB South of the 41 1.3 1,000 10 
31ue M t .  Anticline 

Yascall 21 10 230 3 0 
(Fox Basin) 

3a ttlesnake 21 2 1,200 12.5 

Quaternary 69 3 193 15 
9 l l u v i u m  

Specific Capacity ( q ~ m / f t )  Transmissivitv (ft2/dav) 
Low - High Median Low High Median - 

Storage 
Coefficient 

0.02 

0.02 

0.05 

10-4 

10-4 



Pre-Tertiary Units 

The pre-Tertiary un i t s  i n  the John Day Drainage Basin comprise a diverse 

assemblage o f  variably deformed and metamorphosed l a t e  Paleozoic and 

Mesozoic marine sediments, metasediments, metavolcanics, and p lutonic  

rocks. These rocks crop out over large areas i n  the southern and eastern 

Parts of the basin, and are described by Lupher (1941), Wallace (1956), 

Brown and Thayer (1966a, 1966b), Thayer (1977), Brooks (1979), Mullen and 

Sarewitz (19831, and Mullen (1983). The pre-Tert iary un i t s  are treated 

as a single en t i t y  f o r  the purposes o f  t h i s  report  because of t h e i r  

l i m i t e d  occurrence i n  the John Day Basin, t h e i r  high degree o f  

s t rat igraphic  and s t ruc tura l  complexity, the scarc i ty  of  hydrologic data 

and t h e i r  low probable ground water potent ial .  There are three major 

areas o f  pre-Tertiary rock i n  the basin, and each i s  discussed separately 

(Figure 4). 

Figure 4 Location o f  major areas o f  pre-Tertiary rock i n  the John Day Basin 
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The f i r s t  a r e a  comprises t h e  Cretaceous sequence i n  and around Mi t che l l  

i nc lud ing  t h e  Hudspeth and Gable Creek Formations (Wilkinson and Oles, 19681, 

and inco rpo ra t e s  p a r t s  of a t  l e a s t  e i g h t  townships. Swanson (1969) d e s c r i b e s  
t h e  pre-Tert iary rocks i n  t h i s  a r e a  a s  c o n s i s t i n g  l a r g e l y  of graywacke, 
subgraywacke, conglomerate,  and sha l e .  The graywacke occurs  i n  bedded u n i t s  

up t o  s e v e r a l  f e e t  t h i c k  with p l ana r  su r f aces .  The conglomerate a l s o  occurs  

i n  p l ana r  beds t y p i c a l l y  "many f e e t  th ick" ,  and ranges from poorly t o  

moderately well so r t ed .  Sha les  occur  i n  t h i n  beds up t o  a few inches  t h i c k ,  

and a r e  l o c a l l y  f o s s i l i f e r o u s .  The e n t i r e  sequence is  g r e a t e r  t han  9000 f e e t  

th ick .  

Brief reconnaissance i n d i c a t e s  t h a t  t h i s  m a t e r i a l  i s  gene ra l l y  q u i t e  i ndu ra t ed  

and has  extremely low permeabi l i ty  and po ros i t y .  No well da t a  i s  a v a i l a b l e  

f o r  t h i s  u n i t .  

The second major a r e a  of p re -Ter t ia ry  rock occurs  t o  t h e  south  of t h e  towns of 

John Day and Mount Vernon and i n c l u d e s  most of t h e  Aldrich Mountains and t h e  
a r ea  t o  t h e  southwest,  i nc lud ing  much of t h e  upper reaches  of t h e  South Fork 

of  t h e  John Day River  i n  t h e  I z e e  a r ea .  This  i s  t h e  l a r g e s t  a r e a  of 

p re -Ter t ia ry  rocks  i n  t h e  bas in  and inc ludes  p a r t s  of a t  l e a s t  30 townships.  

This  a r e a  has  been descr ibed  by tuphe r  (19411, Wallace (19561, Dickinson and 

Vigrass  (1965), Brown and Thayer (1966a, 1966b), and Thayer (1977). The rocks  

i n  t h i s  a r e a  a r e  on ly  s l i g h t l y  deformed and metamorphosed, and have a 
composite t h i cknes s  of g r e a t e r  than  45,000 f e e t  (Brooks, 1979).  

This pre -Ter t ia ry  sequence c o n s i s t s  predominantly of J u r a s s i c  and T r i a s s i c  

f i n e  gra ined  marine sediments ,  wi th  l e s s e r  Pa leozoic  sedimentary,  vo l can i c ,  . 
and metamorphic rocks ,  and minor Cretaceous marine sediments.  Also inc luded  

i s  t h e  T r i a s s i c  Canyon Mountain Oph io l i t e  Complex. The marine sediments  

i nc lude  t h e  Vester Formation, t h e  Aldr ich  Mountains Grou? (Brown and Thayer, 

1966),  t h e  Mowich Group (Dickinson and Vigrass ,  19651, a s  well a s  t h e  

Snowshoe, Trowbridge, and Lonesome Formations. These u n i t s  c o n s i s t  of 

graywacke, s i l t s t o n e ,  s h a l e ,  and mudstone, with minor l ava  f lows  and 

occas iona l  l imestone and conglomerate.  The Canyon Mountain Oph io l i t e  Complex 
c o n s i s t s  p r imar i l y  of p e r i d o t i t e ,  s e r p e n t i n e ,  and gabbro, a long  w i t h  a 

b a s a l t i c  d ike  complex and a s s o c i a t e d  s i l i c i c  rocks.  This  complex i s  

i n t e r p r e t e d  t o  be a s l i c e  of oceanic  c r u s t  and upper mantle t e c t o n i c a l l y  
-17- 



emplaced along wi th  t h e  sediments. 

None of t h e  sedimentary rocks i n  t h i s  second a r e a  a r e  considered t o  have much 

p o t e n t i a l  f o r  permeabi l i ty  o r  s t o r a g e  due t o  t h e i r  predominantly f i n e  gra ined  
f a b r i c .  One except ion might be t h e  t h i c k  conglomerates of t h e  Vester 

Formation repor ted  i n  t h e  upper reaches of t h e  South Fork of t h e  John Day 

River. These conglomerates may be permeable depending on t h e i r  degree of  

s o r t i n g  and cementation, though no well d a t a  is  a v a i l a b l e  t o  s u b s t a n t i a t e  

t h i s .  The Canyon Mountain Complex i s  composed of c r y s t a l l i n e  rocks  with 

probably extremely low permeabi l i ty .  

The t h i r d  major a r e a  of p re -Ter t ia ry  rocks  occurs  i n  t h e  Blue Mountains i n  t h e  

f a r  e a s t e r n  p a r t s  of t h e  John Day River  Basin along t h e  upper r eaches  of t h e  

North Fork, and t h e  Dixie  Bu t t e  a r e a ,  and inc ludes  p a r t s  of a t  l e a s t  25 

townships. This  a r e a  is descr ibed  a s  "dismembered oceanic  c r u s t v  by Brooks 

(19791, and c o n s i s t s  l a r g e l y  of complexly fo lded  and va r i ab ly  metamorphosed 
f i n e  gra ined  marine sediments and volcanics ,  inc lud ing  c h e r t s ,  a r g i l l i t e s ,  

g reens tones ,  and s c h i s t s ,  a s  well a s  o p h i o l i t i c  u l t ra -maf ic  rocks s i m i l a r  t o  

t h e  Canyon Mountain Complex. These rocks range i n  age from Paleozoic  t o  

T r i a s s i c ,  and were in t ruded  dur ing  t h e  Cretaceous by numerous d i o r i t i c  masses 

ranging from d ikes  t o  b a t h o l i t h s .  

It i s  no t  l i k e l y  t h a t  any of t h e  pre-Tertiary rocks  i n  t h i s  t h i r d  a r e a  have 
any s i g n i f i c a n t  permeabi l i ty  due t o  t h e i r  f i n e  gra ined  o r  c r y s t a l l i n e  
l i t h o l o g y .  Very l i t t l e  well d a t a  i s  a v a i l a b l e  from t h i s  a r e a .  

Only 19  water  wel l  r e p o r t s  with usab le  pump test  da t a  a r e  a v a i l a b l e  i n  Oregon 

Water Resources Department f i l e s  f o r  a r e a s  mapped a s  pre-Ter t ia ry  rock  i n  t h e  

John Day Basin.  Thi r teen  of t h e s e  we l l s  a r e  i n  a s i n g l e  s e c t i o n  (Township 13 

South, Range 31 E a s t ,  Sec t ion  33) west of Canyon Ci ty .  Therefore ,  t h e s e  19 

w e l l s  cannot be considered a r e p r e s e n t a t i v e  sample. Pumpage r a t e s  range from 

5 t o  200 gpm with a median of 15 gpm. S p e c i f i c  c a p a c i t i e s  range from 0.06 t o  
5.83 gpm/ft with t h e  median 0.72 gpm/ft. T ransmis s iv i t i e s  c a l c u l a t e d  assuming 
a s t o r a g e  c o e f f i c i e n t  of 0.02 range from 6 t o  1320 f t 2 / d a y ,  with t h e  median 

93 f t 2 /day .  Most of t h e s e  wells appear  t o  be developing water from b a s a l t s  
i n  t h e  pre-Ter t ia ry  sequence. 





Figure 5 Location o f  major areas o f  Clarno Formation i n  the  John Day Basin 

Water w e l l  reports wi th  complete pump t e s t  data are avai lable f o r  29 wel ls 

producing from the Clarno Formation i n  the  John Day Basin. Eighteen o f  these 

are from an area o f  a few square mi les i n  the v i c i n i t y  o f  Fossi l ,  so the 

sample may not be representative. Reported pumpage ra tes  from wel ls producing 

from the Clarno Formation range from 1 t o  230 gpm. The 230 gpm we l l  i s  

anomalous, and the  median y i e l d  i s  6 gpm. Specif ic capaci t ies range from 

0.001 t o  88 gpm/ft w i th  the median about 0.2 gpm/ft. Transmissivit ies 

calculated assuming a storage coef f i c ien t  o f  0.02, range from 0.7 t o  20,000 

f t2/day w i th  the median transmissiv i ty 20 f t2/day. 

Even though the we l l  data from the Clarno Formation ind ica te  a low ground 



water p o t e n t i a l ,  t h e  Clarno i s  considered somewhat important  h y d r o l o g i c a l l y  

due t o  t h e  l a r g e  area i n  t h e  bas in  which i t  covers. The Clarno Formation 

occurs over approximately 1164 square m i les  i n  t h e  John Day Basin, o r  about 1 4  

percent of t h e  t o t a l  basin. Regardless o f  i t s  low ground water p o t e n t i a l ,  

many people i n  t h e  bas in  r e l y  on t h e  Clarno Formation as t h e i r  so le  source of 

water. Obta in ing  adequate w e l l  y i e l d s  f o r  domestic o r  s tock  use i s  extremely 

d i f f i c u l t  i n  many cases. The best  prospects f o r  ground water product ion are 

f rac tured c r y s t a l l i n e  rock, such as l ava  f l ows  o r  domes within t h e  u n i t .  

Care fu l  a n a l y s i s  o f  t h e  d e t a i l e d  geology and c a r e f u l  s e l e c t i o n  o f  d r i l l  s i t e s  

can maximize t h e  chances o f  ob ta in ing  usable amounts o f  ground water from the  

Clarno Formation. 

John Day Formation 

The John Day Formation i s  a l a r g e l y  tuf faceous u n i t  which occurs beneath the  

Columbia R ive r  Basa l t  throughout l a r g e  areas i n  the  no r the rn  John Day Basin 

(P la te  1). This  fo rmat ion  has been described by Tay lor  (19601, Hay (19621, 

Peck (1964) , F ishe r  (19671, Swanson and Robinson ( 1968), Robinson ( 1975) , and 

Robinson and o thers  (1984). I t  inc ludes p r i m a r i l y  d e v i t r i f i e d  tuffaceous 

c laystone,  a i r  f a l l  t u f f s ,  and ash-flow t u f f s  o f  a n d e s i t i c  t o  d a c i t i c  

composition. R h y o l i t i c ,  andes i t i c ,  and b a s a l t i c  f l ows  and b a s a l t i c  c inde r  

depos i ts  occur and are  l o c a l l y  abundant, espec ia l l y  i n  t h e  lower p a r t  of the  

u n i t .  

Numerous v a r i a b l y  welded ash f l o w  t u f f s  occur within t h e  John Day Formation, 

some o f  which a r e  f a i r l y  widespread. These inc lude  one near t h e  middle of t he  

u n i t ,  i n f o r m a l l y  r e f e r r e d  t o  as t h e  P i c t u r e  Gorge Ign imbr i te ,  and one which 

crops o u t  i n t e r m i t t e n t l y  along the  bottom o f  t h e  fo rmat ion  n o r t h  of t h e  

Painted H i l l s .  

The John Day Formation represents t h e  accumulation o f  m a t e r i a l  erupted 

predominantly from the  general  area o f  the present day Cascade Range, w i t h  

some l o c a l l y  erupted m a t e r i a l  (Robinson and others,  19841, and i s  considered 

t o  be Oligocene t o  e a r l y  Miocene i n  age. The John Day Formation r e s t s  

unconformably on the  Clarno Formation and i s  repor ted  by Hay (1962) t o  be 2300 



f e e t  t h i c k  i n  a measured sec t i on  near M i t c h e l l .  

Since t h e  bu lk  o f  the  John Day Formation i s  composed o f  f i n e  gra ined 

d e v i t r i f i e d  tuffaceous mate r ia l ,  t he  pe rmeab i l i t y  i s  genera l ly  extremely low. 

I s o l a t e d  u n i t s  within the  formation, such as sequences of f l ows  o r  domes, may 

have r e l a t i v e l y  good permeabi l i t y  and storage p o t e n t i a l  l o c a l l y ,  however these 

are very scarce, and t h e i r  probable confinement by low pe rmeab i l i t y  m a t e r i a l  

g r e a t l y  r e s t r i c t s  t h e i r  recharge p o t e n t i a l .  

Water w e l l  repo r t s  with complete pump t e s t  data are  a v a i l a b l e  f o r  22 w e l l s  

producing from t h e  John Day Formation i n  t h e  John Day Basin. Most o f  these 

we l l s  a re  i n  the va l l ey  a long the  main stem o f  t h e  John Day R i v e r  between 

P i c t u r e  Gorge and Kimberly, and a long t h e  Nor th  Fork between Monument and 

Kimberly. Most o f  these w e l l s  a re  l oca ted  near t h e  r i v e r  and many may be 

recharging from t h e  r i v e r .  Y ie lds  from these w e l l s  range from 0.5 t o  100 gpm, 

most a re  from 5 t o  30 gpm, and t h e  median y i e l d  i s  15 gpm. Spec i f i c  

capac i t i es  range from .O1 t o  100 gpm per  f o o t  w i t h  t h e  median 0.5 gpm p e r  

foo t .  Transrnissivi t ies, ca l cu la ted  assuming a storage c o e f f i c i e n t  o f  .05, 
2 range from 0.4 t o  20,392 f t2/day with a median 60 f t  /day. N inety  percent  

2 of t h e  w e l l s  have a t r a n s m i s s i v i t y  of l e s s  than 3000 ft /day. Because o f  

t h e  very low p o t e n t i a l  and somewhat l i m i t e d  exposure, t h e  John Day Formation 

i s  no t  considered an important  u n i t  i n  terms o f  ground water i n  t h e  John Day 

Basin. 

Columbia R iver  Basa l t  Group 

The Columbia R ive r  Basa l t  Group i s  t h e  most extensive and h y d r o l o g i c a l l y  

important  u n i t  i n  t h e  John Day Drainage Basin. Columbia R ive r  Basa l t  i n  t h e  

bas in  i s  discussed by Hodge (19421, Newcomb (1959, 1967, 1969, 1970), Peck 

(1964), Thayer (1966), Swanson (1969), Walker (1973), and Bela (1982). Major 

Columbia R iver  Basa l t  areas a re  presented i n  F igu re  6. 

The Columbia R ive r  Basa l t  Group comprises a t h i c k  sequence o f  t h o l e i i t i c  f l o o d  

basa l t  cover ing l a r g e  areas of nor thern  Oregon, southeastern Washington, and 

western Idaho. The sequence i s  g reater  than 3000 feet  t h i c k  i n  t h e  area of 



t h e  Columbia River (Newcomb, 1971) and is composed of a series of l a t e r a l l y  
extensive flows ranging from 10 t o  200 f e e t  t h i c k ,  averaging about 80 f e e t  

th ick .  This series is d i s t i n c t i v e l y  layered,  with t h e  flows t y p i c a l l y  
exh ib i t ing  columnar jo in t ing .  The sequence t h i n s  near  its margins i n  t h e  John 
Day Basin, where it l a p s  aga ins t  Miocene s t r u c t u r a l  highlands. 

Figure 6 Dis t r ibu t ion  of Columbia River Basal t  i n  t h e  John Day Basin 
* 

The cores  of b a s a l t  flows a r e  t y p i c a l l y  composed of uniformly textured ,  f i n e  
grained,  non-vesicular t o  s l i g h t l y  ves icu la r  b a s a l t ,  with columnar o r  hackly 
jo in t ing .  The tops  of flows a r e  t y p i c a l l y  highly ves icu la r  and o f t e n  
breccia ted  and rubbly, while t h e  bottoms a r e  t y p i c a l l y  glassy.  Brecciated 
zones and flows a r e  reported up t o  100 f e e t  th ick  (Newcomb, 1969). The 

Columbia River Basa l t s  a r e  genera l ly  f l a t  ly ing  o r  gent ly  warped wi th  very low 

d ips ,  except near  f a u l t s ,  where very high d i p s  can occur. 



While i n te rbeds  a r e  n o t  common, they do occur i n  the  John Day Basin. T h i r t y  

t o  350 feet  of p o o r l y  indura ted t u f f  and f i n e  sediments ( t h e  E l lensburg  

Formation) occur near t h e  top  o f  t h e  basa l t  sequence i n  the  v i c i n i t y  of 

~ r l i n ~ t o n  (Bela, 1982; Newcomb, 1971). Brown and Thayer (1966) r e p o r t  t h a t  

t h i n  ashy in te rbeds  occur with the  lower f lows i n  the  Canyon Mountain lo x Z 0  

quandrangle, and t h a t  t h e  upper f lows are interbedded w i t h  t h e  Mascal l  

Formation i n  Fox Basin. 

The hydro log ic  c h a r a c t e r i s t i c s  of t he  Columbia R iver  Basa l t '  a re  discussed by 

Piper  (1932) and by Newcomb (1959, 1969). L a t e r a l  permeabi l i t y  i s  moderate t o  

high, because water can move e a s i l y  through the  rubbley o r  b recc ia ted zones 

between f l ows  and through t o t a l l y  'brecciated f lows. V e r t i c a l  permeabi l i t y  i s  

usua l l y  q u i t e  low because o f  t h e  massive, dense nature o f  t h e  c e n t r a l  p o r t i o n s  

o f  most f lows. Water does not  move e a s i l y  through the  ub iqu i tous  f rac tu res  

and j o i n t s  i n  t h e  c e n t r a l  p a r t s  of basa l t  f lows, because they a re  t y p i c a l l y  

t i g h t l y  c losed a t  depth (Newcomb, 1969). The basa l t  i n t e r f l o w s  have e x c e l l e n t  

hyd rau l i c  c o n d u c t i v i t y  and storage capacity.  Recharge i s  l i m i t e d  by t h e  very 

low v e r t i c a l  pe rmeab i l i t y  o f  t h e  f lows, bu t  w i l l  occur where t h e  ends of t h e  

flows a r e  exposed a t  such an angle as t o  a l low p e r c o l a t i o n  o f  p r e c i p i t a t i o n  o r  

surface water i n t o  t h e  i n t e r f l o w  zones. The l a t e r a l  c o n t i n u i t y  of t he  b a s a l t  

i n t e r f l o w  zones can be d i s rup ted  by such th ings  as f a u l t s  o r  f l ows  p inch ing 

out. The broad a n t i c l i n e s  which occur i n  the  Columbia R ive r  Basa l ts  may a l so  

ac t  as hydro log ic  b a r r i e r s .  Ground water commonly f lows toward t h e  sync l ines  

which o f t e n  a c t  as ground water reservo i rs .  According t o  Newcomb (1969) 

i n d i v i d u a l  i n t e r f l o w  a q u i f e r s  are "general ly  i d e n t i f i a b l e  f o r  o n l y  a  few 

miles".  

A t o t a l  o f  149 water w e l l  r e p o r t s  with usable pump t e s t  da ta  a re  a v a i l a b l e  f o r  

w e l l s  producing f rom t h e  Columbia R ive r  Basal t .  The b a s a l t  i s  separated i n t o  

two major areas i n  t h e  John Day Basin by the  ENE-WSW t rend ing  Blue Mountain 

A n t i c l i n e .  I n  assessing pump t e s t  data f o r  t h i s  repor t ,  these two major areas 

are  discussed separately. 

The basa l t  t e r r a i n  northwest of t h e  Blue Mountain A n t i c l i n e  comprises much of 
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Sherman and Gill iarn Counties.  Water well r e p o r t s  with u sab l e  pump test d a t a  

a r e  a v a i l a b l e  f o r  108 wel l s  producing from t h i s  a r ea .  The ma jo r i t y  of t h e s e  

wells a r e  domest ic  o r  s t ock  wells wi th  d iameters  of  t e n  i nches  o r  less. I n  

t h e  extreme no r theas t e rn  p a r t  of t h e  a r e a  (along and t o  t h e  no r theas t  of Rock 
Creek) t h e r e  a r e  a number of deeper higher  y i e l d  wells wi th  d iameters  of 12 

inches  o r  more d r i l l e d  f o r  i r r i g a t i o n .  Because t h e s e  we l l s  a r e  a l l  i n  a 

f a i r i y  r e s t r i c t e d  a r e a ,  and t h e i r  depth and cons t ruc t ion  a r e  a t y p i c a l  f o r  t h e  

rest of t h e  a r e a ,  they  a r e  considered sepa ra t e ly  from t h e  rest of t h e  wells t o  
avoid skewing t h e  da t a .  The Sherman and Gi l l i am County a r e a s ,  which a r e  

separa ted  by t h e  John Day River ,  a r e  considered s e p a r a t e l y  from each o t h e r  

because of  s t r u c t u r a l  d i f f e r e n c e s  between them. The Gi l l i am County a r e a  e a s t  

of t h e  John Day River  i s  more i n t e n s e l y  folded and f a u l t e d  according t o  a map 
presented by Bela (1982). 

Usable pump test  d a t a  a r e  a v a i l a b l e  f o r  57 w e l l s  producing from b a s a l t  i n  t h e  

John Day Basin i n  Sherman County. These wells, nea r ly  a l l  of  which a r e  less 
than  1 2  inches  i n  diameter ,  produce from 4 t o  300 gpm, wi th  t h e  median y i e l d  

1 9  gpm. S p e c i f i c  c a p a c i t i e s  range from 0.028 t o  65 gpm/ft ,  with t h e  median 2 

gpmlf t . Transmis s iv i t i e s  c a l c u l a t e d  using a s t o r a g e  c o e f f i c i e n t  of 

range from 5 t o  21,764 f t 2 / d a y ,  with t h e  median of 600 f t2 /day .  

Well l o g s  wi th  u sab l e  d a t a  a r e  a v a i l a b l e  f o r  38 wells producing from b a s a l t s  

wi th in  t h e  bas in  i n  Gil l iam County with diameters  of 1 2  i nches  o r  less. These 

wells y i e l d  from less than 1 t o  1500 gprn, wi th  t h e  median y i e l d  16 gpm. 
S p e c i f i c  c a p a c i t i e s  range from 0.01 t o  130 gpm/ft ,  wi th  t h e  median 2.5 

gpm/ft. T ransmis s iv i t i e s  ca l cu l a t ed  assuming a s t o r a g e  c o e f f i c i e n t  of low4,  
range from 0.2 t o  44,769 f tZ /day ,  with a median 700 f t2 /day .  

Pump tes t  d a t a  i s  a v a i l a b l e  f o r  13 we l l s  with d iameters  of 12  i nches  o r  more 

producing from b a s a l t s  wi th in  t h e  bas in  i n  t h e  n o r t h e a s t e r n  p a r t  o f  G i l l i am 

County. These we l l s  y i e l d  from 50 t o  2000 gprn with t h e  median y i e l d  of 660 

gpm. S p e c i f i c  c a p a c i t i e s  range from 2.15 t o  655 gprn p e r  f o o t ,  wi th  t h e  median 
15.5 gprn p e r  f o o t .  T ransmis s iv i t i e s  c a l c u l a t e d  assuming a s t o r a g e  c o e f f i c i e n t  

2 of range from 549 t o  61,421 f t  /day, with t h e  median t r a n s m i s s i v i t y  
2000 f tz /day  . These deeper l a r g e r  d iameter  wells may, 
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i n  f a c t ,  more accu ra t e ly  r ep re sen t  t h e  hydrologic  p o t e n t i a l  of t h e  b a s a l t .  

This  is not  t o  imply, however, t h a t  recharge i s  adequate  t o  s u s t a i n  a g r e a t  
number of t h e s e  high y i e l d  wel l s .  

Usable d a t a  i s  a v a i l a b l e  f o r  41 we l l s  producing from t h e  Columbia River  Basa l t  

sou th  o f  t h e  Blue Mountain Ant ic l ine .  These wells a r e  s c a t t e r e d  throughout 
t h e  bds in  and r ep re sen t  a v a r i e t y  of geologic  s e t t i n g s .  Each of t h e s e  

s e t t i n g s  is d iscussed  s e p a r a t e l y  i n  t h e  l a t e r  s e c t i o n  dea l ing  with s t o r a g e  
e s t ima te s .  A few r e l a t i v e l y  deep, l a r g e r  diameter ,  high y i e l d  municipal wel l s  

producing from t h e  Columbia River  B a s a l t  a r e  included i n  t h i s  group, inc lud ing  
t h e  1000 g a l l o n  p e r  minute Canyon C i ty  well and t h e  876 g a l l o n  per  minute Ci ty  

of John Day well. Well y i e l d s  i n  t h i s  group range from 1.3 t o  1000 gpm, wi th  
t h e  median being about 10 gpm. S p e c i f i c  c a p a c i t i e s  range from 0.01 up t o  40 

gpm p e r  f o o t  wi th  t h e  median being about 0.2 gpm p e r  f o o t .  T ransmis s iv i t i e s  

c a l c u l a t e d  assuming a s to rage  c o e f f i c i e n t  of lom4 range  from 1 t o  13,888 
2 f t 2 /day  wi th  t h e  median approximately 45 f t  /day. 

The Columbia River  Basa l t  i s  t h e  most important and a r e a l l y  ex t ens ive  a q u i f e r  
u n i t  i n  t h e  bas in  covering over  one-half t h e  bas in  a r e a .  The Columbia River  

Basa l t  w i l l  supply adequate water f o r  domestic and s t o c k  water ing uses  a t  

reasonable  depths  i n  most p l aces  throughout t h e  bas in ,  and can l o c a l l y  supply 
l a r g e  q u a n t i t i e s  of  water s u i t a b l e  f o r  municipal o r  i r r i g a t i o n  use. The 
confined n a t u r e  of many b a s a l t  a q u i f e r s  produces a r t e s i a n ,  and o f t e n  flowing 

a r t e s i a n ,  c o n d i t i o n s  given t h e  proper  geologic  s e t t i n g .  Development of t h e  
b a s a l t  a q u i f e r s  f o r  l a r g e  s c a l e  i r r i g a t i o n  use i s  l i m i t e d ,  however, by t h e  

very low recharge  due t o  poor v e r t i c a l  permeabi l i ty .  Hydrologic 
c h a r a c t e r i s t i c s  of t h e  Columbia River  Basa l t  a s  determined from water well 

r e p o r t s  are summarized i n  Table 1. 

Strawberry Volcanics  

The Strawberry Volcanics a r e  an important  u n i t  i n  t h e  v i c i n i t y  of t h e  
headwaters of t h e  John Day River.  Descr ip t ions  of t h e  Strawberry Volcanics 

a r e  provided by Brown and Thayer (1966, 1973), Robyn (1977) ,  and Wheeler 

(1982).  The l o c a t i o n  of t h e  Strawberry Volcanics i s  presen ted  i n  F igure  7. 



Figure 7 D i s t r i b u t i o n  o f  the Strawberry Volcanics i n  the John Day Basin 

The Strawberry Volcanics consist  p r ima r i l y  o f  basal t  and basa l t i c  andesite 

f lows w i t h  lesser  dac i te  and rhyo l i te .  Flows are comnonly columnar, and 

e x h i b i t  p l a t e l y  j o i n t i n g  p a r a l l e l  t o  the f low surfaces. I n  the  northern p a r t  

o f  t h e i r  extent  i n  the  John Day Basin near Bates, d i a t m i t e s  occur interbedded 

w i th  the flows (Wheeler, 1982). Dips are general ly low i n  t h i s  un i t ,  though 

Wheeler (1982) repor ts  one d ip  o f  13 degrees. The thickness o f  the u n i t  i s  

reported t o  be 560 f e e t  near Bates, though i t  probably thickens toward the  

south. The Strawberry Volcanics erupted from numerous vents i n  the Strawberry 

Mountain-Lookout Mountain area. They are considered Miocene (10 t o  20 m i l l i o n  

years o ld )  and r e s t  unconformably on older rocks, usual ly  the Clarno Formation. 

Layered basal t  f lows such as the Strawberry Volcanics t y p i c a l l y  exh ib i t  poor 



v e r t i c a l  permeabi l i ty  and r e l a t i v e l y  good l a t e r a l  pe rmeab i l i t y  owing t o  t h e  

t h i n  flow b r e c c i a s  and rubble  between t h e  i n d i v i d u a l  flows. Th i s  l a t e r a l  
permeabi l i ty  can be d i s rup t ed  by f a u l t s  o r  o t h e r  l a t e r a l  d i s c o n t i n u i t i e s  i n  

t h e  sequence. L a t e r a l  permeabi l i ty  i n  t h e  Strawberry Volcanics may a l s o  be 
l i m i t e d  i f  t h e  sequence c o n s i s t s  of numerous f a i r l y  smal l  d i scount inuous  f lows 

from s c a t t e r e d  vents  a s  opposed t o  t h e  a r e a l l y  ex t ens ive  f lows of t h e  Columbia 
River  Basa l t  Group. Permeabi l i ty  and s to rage  p o t e n t i a l  i n  t h e  Strawberry 

Volcanics a r e  considered t o  be  low t o  moderate. Well d a t a  is i n s u f f i c i e n t  t o  

accu ra t e ly  a s s e s s  t h e  hydrologic  c h a r a c t e r i s t i c s .  

Water wel l  r e p o r t s  w i t h  usab le  d a t a  a r e  a v a i l a b l e  f o r  only 3 wells i n  t h e  
Strawberry Volcanics.  They range from 109 t o  193 feet deep, and y i e l d  from 15 

t o  45 gpm. Because of t h e i r  somewhat l i m i t e d  e x t e n t  i n  a spa r se ly  populated 

a r e a ,  the Strawberry Volcanics a r e  no t  considered an  important  hydrologic  u n i t .  

Mascall  Formation 

The Mascall  Formation i n  t h e  John Day Basin i s  a u n i t  of r a t h e r  l i m i t e d  e x t e n t  

occuring along t h e  John Day River  i n  t h e  v i c i n i t y  of P i c t u r e  Gorge and 

Dayvi l le ,  and i n  Fox Basin,  about 20 miles no r theas t  of Dayvi l le  (F igu re  8 ) .  

It is  d iscussed  by Hodge (1942),  Baldwin (1964),  and Brown and Thayer (1966). 

The Miocene Mascall Formation c o n s i s t s  predominantly of bedded water layed t u f f  

and tu f f aceous  sandstone,  with lesser conglomerate and d i a tomi t e  depos i ted  
conformably i n  g e n t l e  s t r u c t u r a l  lows on t h e  Columbia River  B a s a l t  Group. 

Hodge (1942) r e p o r t s  a t o t a l  t h i cknes s  o f  400 t o  1000 feet f o r  t h e  formation.  

The l i t h o l o g y  of t h e  Mascall  Formation i s  v a r i a b l e ,  e s p e c i a l l y  from one 

geographic  a r e a  t o  another .  I n  t h e  Lpper John Day River  va l l ey  around 

Dayvi l le ,  t h e  u n i t  i s  very t u f f aceous  and c l a y  r i c h ,  and probably has  very low 

hydrau l i c  conduct iv i ty .  Hodge (1942) r e p o r t s  a 400 t o  500 f o o t  t h i c k  
conglomerate i n  t h e  Mascall  Formation e a s t  of Dayvi l le .  Only one water  well 

r e p o r t  wi th  usab le  d a t a  i s  a v a i l a b l e  f o r  t h e  Mascall  Formation i n  t h e  John Day 



Valley, and it is i n  a l ands l ide  block. 

Figure 8 Dis t r ibu t ion  of t h e  Mascall Formation i n  t h e  John Day Basin 

I n  t h e  Fox Valley a rea ,  t h e  Mascall Formation appears t o  be much more sandy, 
with g rave l  and b a s a l t  in terbeds .  The Mascall has been developed a s  a source 

of ground water i n  t h i s  area.  

Usable da ta  is a v a i l a b l e  f o r  21  wells i n  t h e  Fox Basin area.  Some of which 
a r e  a c t u a l l y  located  i n  a reas  mapped a s  a l luviun by Brown an8 Thayer (1966) .. 
A t  l e a s t  some of - these  probably pene t ra te  through t h i s  a l l u v i a l  cover i n t o  t h e  

underlying Mascall sediments. There is  no c l e a r  d i s t i n c t i o n  between 
l i t h o l o g i c  desc r ip t ions  on l o g s  f o r  wells d r i l l e d  i n  alluvium and those  

d r i l l e d  i n  t h e  Mascall Formation i n  Fox Basin, hence they a r e  lunped toge the r  
i n  t h i s  repor t .  Yields from t h e s e  wells range from 10 t o  230 gpm, with t h e  

median y ie ld  of 30 gpm. Spec i f i c  c a p a c i t i e s  range from 0.14 t o  30 gpm/ft w i t h  

the  median being about 1 gpm/ft. Transmiss iv i t ies  ca lcu la ted  assuming a 



storage c o e f f i c i e n t  of 0.05 range from 12 t o  5226 ftZ/day w i t h  the median at  

The ground water p o t e n t i a l  o f  the Mascall Formation i s  va r iab le  from place t o  

place. Along the John Day River  near Dayv i l l e  l i t t l e  w e l l  data are ava i lab le  

and the u n i t  appears t o  be tuffaceous and c l ay  r i ch ,  therefore,  i t  i s  not  

considered an important aqu i fe r  un i t .  I n  the Fox Basin area the u n i t  appears 

t o  contain more sand and gravel, and w e l l  data ind icated i t  has a good 

po ten t i a l  f o r  domestic and stock watering purposes. L imi ted recharge due t o  

low p r e c i p i t a t i o n  i n  the area precludes pumping from the Mascal l  f o r  extensive 

la rge  scale i r r i g a t i o n .  

Rattlesnake Formation 

A p o t e n t i a l l y  important aqu i fe r  along the John Day River and Mountain Creek i n  

the southern p a r t  o f  the bas in  i s  the Rattlesnake Formation, a thickness of 
Pliocene sands and gravels (Figure 9). This formation i s  discussed by Hodge 

(1942) , Baldwin (1964) , Davenport (19701, and an exce l lent  desc r ip t ion  i s  

provided by Enlows (1976). 

The Rattlesnake Formation cons is ts  o f  gravels, sands, and mudstones deposited 

i n  the ancest ra l  John Day River  Val ley, along w i t h  one widespread welded ash 

flow t u f f .  The gravels are  derived from the highlands adjacent t o  the 

val ley.  Enlows (1976) d iv ides  the  Rattlesnake Formation i n t o  three mmbers: 
the lower fanglomerate, the Rattlesnake Ignimbr i te,  and the upper 

fanglomerate. The lower fanglomerate cons is ts  o f  poor ly consolidated, porous 

conglomerate, t y p i c a l l y  w i t h  pebble t o  cobble s i ze  c l a s t s  i n  a sandy matr ix ,  

along w i t h  a h igh propor t ion o f  poor ly consolidated volcanic wacke and minor 

mudstone. The Ratt lesnake Ign imbr i te  consists o f  a s ingle,  va r iab ly  welded 

ash f low t u f f  which entered the  basin through the area o f  the headwaters of 

the South Fork o f  the John Day River. The ign imbr i te  i s  widespread, and 

extends beyond the  l i m i t s  of the  lower fanglomerate. The maximum thickness i s  

reported t o  be 120 fee t ,  though i t  i s  thinned by erosion i n  many areas, and 

l o c a l l y  removed t o t a l l y  by erosion. The upper fanglomerate member i s  more 

uniform than the lower member, and i s  described as a coarse, poor ly  



consolidated conglomerate with t h i n  lenses o f  volcanic wacke. The Rattlesnake 

Formation i s  considered Pliocene, and res t s  unconformably on rocks ranging i n  

age from Paleozoic t o  Miocene. 

F igure 9 D i s t r i b u t i o n  o f  the  Rattlesnake Formation i n  the  John Day Basin 

While the  coarse, poor ly  consolidated, c l a s t i c  nature o f  the Rattlesnake 

Formation suggests i t  may have good permeabil i ty and storage po ten t ia l ,  f i e l d  

reconnaissance and w e l l  data ind ica te  otherwise. Examination o f  outcrops i n  

the John Day River  Val ley showed most o f  the f ine-grained f r a c t i o n  o f  the 

mat r i x  o f  t he  sandstone and conglomerate t o  be weathered t o  clay. This c lay  

acts  t o  cement the  sediments, fill void spaces, and impede water flow. The 

ubiqui tous welded ash f low t u f f  i n  t he  middle o f  the format ion probably has 

very low permeabi l i ty ,  and may ac t  as a hydrologic b a r r i e r  between the  upper 

and lower fanglomerates. 



Twenty-one water w e l l  repo r t s  w i t h  complete pump t e s t  data are  a v a i l a b l e  f o r  

w e l l s  producing from t h e  Ratt lesnake Formation. The m a j o r i t y  o f  these w e l l s  
occur i n  t h e  John Day River  Val ley from the area around Mount Vernon east  t o  

t h e  P r a i r i e  C i t y  area. The y i e l d s  from these w e l l s  range from 2 t o  1200 gpm, 

w i t h  the  median y i e l d  12.5 gpm. Most o f  t h e  w e l l s  y i e l d  from 5 t o  20 gpm, and 

the  1200 gpm w e l l  mentioned i s  a 1210 f o o t  w e l l  and i s  somewhat anomalous. 

Spec i f i c  capac i t i es  range from 0.03 t o  10 gpm/ft, with t h e  median 0.33 

gpm/ft . Transmiss iv i t ies  ca lcu la ted assuming a storage c o e f f i c i e n t  of 0.04 

range from 2 f tZ /day  t o  1695 f t2/day w i t h  the  median t r a n s m i s s i v i t y  being 

37 f t2/day.  

The Ratt lesnake Formation i s  a smal l  u n i t  i n  terms o f  t h e  t o t a l  John Day 

Basin, however, i t  occurs along the  r i v e r  i n  t h e  most densely populated p a r t  

o f  t h e  basin. Therefore, i t  i s  considered an important  a q u i f e r  u n i t .  Wel ls 

d r i l l e d  i n t o  the  Ratt lesnake Formation w i l l  usua l l y  y i e l d  water i n  amounts 

adequate f o r  domestic o r  stock uses. Because o f  i t s  low hyd rau l i c  

conduc t i v i t y ,  t h e  Ratt lesnake Formation genera l ly  w i l l  n o t  y i e l d  water i n  

s u f f i c i e n t  amounts f o r  a l a rge  scale i r r i g a t i o n .  

A l k a l i  Canyon Formation 

The A l k a l i  Canyon Formation occurs i n  t h e  very n o r t h  p a r t  o f  t he  John Day 

Drainage Basin i n  t h e  area t o  the  south and west o f  A r l i ng ton  (Figure 10). I t  

was defined by Farooqui and others (1981) and has prev ious ly  been r e f e r r e d  t o  

as the  Shut le r  Formation (Hodge, 1942) and as The Da l les  Formation (~ewcomb, 

1969, 1971). The A l k a l i  Canyon Formation i s  one o f  f i v e  descrete, 

predominantly e p i c l a s t i c  vo lcan ic  deposi ts  r e s t i n g  unconformably on t h e  top  of 

t he  Columbia R ive r  Basal t  Group i n  nor th-Centra l  Oregon. 

The A l k a l i  Canyon Formation cons is ts  p r i m a r i l y  of b a s a l t i c  cobble g r a v e l  w i t h  

l esse r  bu t  v a r i a b l e  amounts o f  f i n e  tuf faceous sediment. The u n i t  i s  h i g h l y  

va r iab le  l a t e r a l l y .  The base o f  the  format ion i s  l o c a l l y  marked by a v i t r i c  

t u f f  u n i t  about 16 f e e t  t h i c k .  The A l k a l i  Canyon Formation ranges i n  

th ickness from 32 t o  130 fee t ,  and i s  t h e  uppermost u n i t  where i t  occurs. 



Figure 10 D i s t r i bu t i on  o f  the A l k a l i  Canyon Formation i n  the John Day Basin 

The predominance o f  c l a s t  supported grave l  i n  the A l k a l i  Canyon Formation 

suggests i t  has moderate t o  h igh  permeabi l i ty  and storage potent ia l .  The 

basal t u f f  may tend t o  perch water. Recharge i s  l i m i t e d  t o  perco la t ion  o f  

p rec ip i t a t i on  i n  the immediate area, as most surface water i n  the area flows 

i n  canyons cu t  through the gravels i n t o  the  underlying formations. 

Negligable pump t e s t  data i s  ava i lab le  f o r  wel ls producing from the  A l k a l i  

Canyon Formation. Nearly a l l  t he  we l l s  d r i l l e d  i n  areas mapped as A l k a l i  

Canyon Formation penetrate through i t  and are producing from Colunbia River 

Basalt. The reasons fo r  t h i s  are unclear. I t  may be t ha t  the gravels do not 

have a s u f f i c i e n t  saturated thickness, o r  t ha t  the higher y i e l ds  obtained by 

d r i l l i n g  i n t o  the basal ts outweigh the  add i t iona l  d r i l l i n g  costs. The A l k a l i  

Canyon Formation i s  not considered an important aquifer un i t .  



Quaternary Alluvium 

Quaternary alluvium, s p e c i f i c a l l y  as deposited i n  r i v e r  and stream channels, 

i s  one o f  the most important aqui fer  u n i t s  i n  the John Day Basin i n  terms of 

usage, second only t o  a Columbia River Basalt. S ign i f i can t  masses o f  a l luvium 

include the e n t i r e  s t re t ch  o f  the main stem of  the  John Day River from P ic tu re  

Gorge upstream t o  Deardorff Creek, the s t re tch  of the North Fork o f  the  John 

Day River from M o m e n t  t o  Kimberly, and the areas around Spray, Twickenham 

and Clarno (Figure 11). The al luvium i n  Fox Basin i s  included w i t h  the 

Mascall Formation f o r  the purposes o f  t h i s  report.  

I 1 

Figure 11 Location o f  major occurrences o f  Quaternary Alluvium i n  r i v e r  

va l leys i n  the John Day Basin 

The nature of the  al luvium var ies from place t o  place and the  exact l i t h o l o g y  

r e f l e c t s  the  stream dynamics, topography, and geology o f  the adjacent area. A 



t y p i c a l  s e c t i o n  of alluvium c o n s i s t s  of an  unconsol idated s e r i e s  of 

in te rbedded  g r a v e l ,  sand,  and silt, i n  beds a  few i n c h e s  t o  s e v e r a l  f e e t  

t h i ck .  The degree of s o r t i n g  i s  v a r i a b l e ,  w i t h  most m a t e r i a l  moderately t o  

well s o r t e d .  A l l u v i a l  d e p o s i t s  i n  s t ream channels  vary  i n  t h i c k n e s s  and 

width. I n  t h e  John Day Basin,  a l luvium f i l l e d  v a l l e y s  over  one mile wide a r e  

no t  uncommon, e s p e c i a l l y  upstream of P i c t u r e  Gorge. Thicknesses  vary from a 
few t e n s  of f e e t  t o  a  few hundred f e e t .  Where t h e  r i v e r  is deeply i n c i s e d  i n  

t h e  Columbia River  P l a t eau ,  very minor alluvium i s  p r e s e n t .  The geometry of 
a l l u v i a l  d e p o s i t s  is  considered i n  more d e t a i l  i n  t h e  l a t e r  s e c t i o n  d e a l i n g  

with s t o r a g e  e s t ima te s .  

Water well r e p o r t s  w i t h  usab le  pump test d a t a  a r e  a v a i l a b l e  f o r  69 wel l s  

producing from al luvium i n  t h e  John Day Basin.  Yie lds  from t h e s e  wells range 

from 3 t o  193  gpm with a  median y i e l d  of 15 gpm. S p e c i f i c  c a p a c i t i e s  range 

from 0.027 t o  44 gpm/ft ,  with a  median s p e c i f i c  c a p a c i t y  0.8 gpm/ft. 

Transmiss iv i ty  va lues  c a l c u l a t e d  us ing  a  s t o r a g e  c o e f f i c i e n t  of 0 .2 ,  range 

from 0.4 t o  7371 f t2 /day ,  w i t h  a  median of  8 f t2 /day .  These numbers 

probably underes t imate  t h e  hydrologic  p o t e n t i a l  of t h e  al luvium, a s  most of 
t h e  we l l s  represen ted  a r e  smal le r  diameter  wells d r i l l e d  f o r  domest ic  and 

s tock  water ing  purposes.  Deeper, h igher  y i e l d  wells designed f o r  e f f i c i e n t  
product ion would undoubtedly i n d i c a t e  h ighe r  t r a n s m i s s i v i t i e s .  

A l l u v i a l  d e p o s i t s  i n  s t ream and r i v e r  channels  t y p i c a l l y  have high p o r o s i t y  

and pe rmeab i l i t y ,  wi th  s p e c i f i c  y i e l d s  a s  h igh  a s  20 t o  25 pe rcen t .  Stream 

channel  d e p o s i t s  a r e  gene ra l l y  considered good a q u i f e r s  due t o  t h e i r  a b i l i t y  

t o  s t o r e  and t r ansmi t  r e l a t i v e l y  l a r g e  amounts of water ,  combined wi th  t h e  

high p o t e n t i a l  f o r  recharge  from s u r f a c e  sources .  



GROUND WATER STORAGE ESTIMATES 

The volume of water  contained i n  t h e  ground water  system a t  a g iven  time 

i s  termed t h e  ground water s to rage .  The ground water  s t o r a g e  can be 

thought of a s  a r e s e r v o i r .  The l e v e l  i s  t h i s  r e s e r v o i r  is a f u n c t i o n  of 

t h e  balance between recharge and d ischarge  (bo th  n a t u r a l  and 
app rop r i a t ed ) .  

It i s  important  t o  remember t h a t  t o  suggest  a c e r t a i n  volume of ground 

water is  p re sen t  as s t o r a g e  does no t  imply t h a t  t h e  t o t a l  amount i s  
a v a i l a b l e  f o r  appropr ia t ion .  The amount of water  i n  s t o r a g e  i s  one p a r t  
of a dynamic system which a l s o  i nc ludes  recharge and d ischarge .  If water 

were removed from t h e  ground water system a t  a r a t e  which exceeded 

recharge t o  t h e  po in t  where s t o r a g e  was dep le t ed ,  t h e  n a t u r a l  d i scharge  

would be d i s rup t ed .  This  would r e s u l t  i n  decreased s t ream flow. 

The a q u i f e r  u n i t s  used i n  ground water s t o r age  e s t i m a t e s  a r e  f u r t h e r  a 
subd iv i s ion  of t h e  geologic  u n i t s  a s  def ined  on t h e  b a s i s  of t h e  geologic  

and hydrologic  c h a r a c t e r i s t i c s  i n  t h e  previous s e c t i o n .  General ly ,  t h e  

subd iv i s ions  d e f i n e  a r e a s  of a p a r t i c u l a r  rock o r  sediment t ype  w i th in  

which t h e r e  a r e  no major s t r u c t u r a l  o r  s t r a t i g r a p h i c  hydrologic  b a r r i e r s .  

For  example, t h e  ad j acen t  subd iv i s ions  ( a q u i f e r  u n i t s )  i n  t h e  Columbia 

River  B a s a l t  (geo logic  u n i t )  may be separa ted  by major a n t i c l i n e s  and/or  

f a u l t s  o r  by outcroppings of underlying ma te r i a l .  I s o l a t e d  masses of a 

p a r t i c u l a r  geo logic  u n i t  a r e  considered s e p a r a t e  a q u i f e r  u n i t s .  

The geologic  u n i t s  f o r  which s to rage  was es t imated  i n c l u d e  t h e  Columbia 

River  B a s a l t ,  t h e  Mascall  Formation i n  Fox Basin,  t h e  Rat t lesnake  
Formation, and Quaternary Alluvium. Ground water  s t o r a g e  was no t  

es t imated  f o r  t h e  pre-Ter t ia ry  u n i t s ,  t h e  Clarno Formation, o r  t h e  John 
Day Formation, because of t h e i r  low product ion p o t e n t i a l  and l a c k  of 

a v a i l a b l e  d a t a  t o  c o n s t r a i n  volume, s p e c i f i c  y i e l d  and hydrology. 

Aquifer u n i t s  f o r  which s to rage  i s  es t imated  were s e l e c t e d  on t h e  b a s i s  
of s i z e  and a v a i l a b l e  d a t a  on t h e  geometry, l i t h o l o g y ,  and hydrology. I n  



t h e  fo l lowing  s e c t i o n s  t h e  amount of a v a i l a b l e  ground water  i s  es t imated  

f o r  each of t h e  major a q u i f e r  u n i t s  s e l e c t e d .  

The fo l lowing  method was used t o  c a l c u l a t e  s to r age .  The a r e a  of t h e  u n i t  
i n  ques t i on  was determined p l a n i m e t r i c a l l y  from maps with t h e  s m a l l e s t  

land a r e a  pe r  u n i t  map a r e a  a v a i l a b l e .  Thickness of t h e  u n i t  was 
est imated from publ ished geologic  and topographic  maps, and f rom 
s t r a t i g r a p h i c  in format ion  from water well r e p o r t s .  Sa tu ra t ed  t h i cknes s  
was determined us ing  s t a t i c  water l e v e l  in format ion  from water  well 

r epo r t s .  S p e c i f i c  y i e l d s  were e s t ima ted  us ing  publ ished sources ,  

inc lud ing  Todd (1954, 1964) ,  F e t t e r  (1980) and Johnson (1967). To 

s impl i fy  c a l c u l a t i o n s ,  t h e  u n i t s  were cons idered  t o  be f l a t  and have 

v e r t i c a l  edges. I n  t h e  c a s e  of very t h i c k  u n i t s ,  t h e  amounts of water i n  

s to rage  i n  t h e  upper 500 f e e t ,  and from 500 t o  1000 f e e t  were c a l c u l a t e d  
s epa ra t e ly .  The volume of water i n  s t o r a g e  was c a l c u l a t e d  by mul t ip ly ing  

t h e  a r e a ,  t h e  s a t u r a t e d  t h i cknes s ,  and t h e  s p e c i f i c  y i e l d .  For each 
u n i t ,  t h e  ques t i onab le  parameters  were bracketed with a range of va lues ,  

with t h e  b e s t  e s t i m a t e  i n  t h e  c e n t e r .  

There a r e  obvious sources  of e r r o r  i n  t h e  method desc r ibed ,  p a r t i c u l a r l y  

i n  assumptions about  t h e  geometry. However, over  e s t ima t ions  of 

t h i cknes s  near  t h e  edges of a u n i t  a r e  compensated f o r  by t h e  

conserva t ive  e s t ima t ions  of t h e  o v e r a l l  t o t a l  t h i cknes s .  Extremely 

i r r e g u l a r  o r  d i s s e c t e d  topography w i l l  t end  t o  reduce t h e  amount of 

ground water  i n  s to rage .  S p e c i f i c  y i e l d  va lues  were es t imated  from 
publ ished sources  on ly  a f t e r  c a r e f u l  c o n s i d e r a t i o n  of t h e  l i t h o l o g y ,  and 
a r e  considered t o  be good. Where t h e r e  was ques t i on  i n  a s s ign ing  a va lue  

t o  some parameter,  t h e  approach was always conserva t ive .  

Co lmbia  River  B a s a l t  Group 

The Columbia River  Basa l t  Group has  been subdivided i n t o  9 major a q u i f e r  

u n i t s  based on s t r u c t u r e ,  s t r a t i g r a p h y  and geographic  occurrence 

( P l a t e  2). The amount of ground water  i n  s t o r a g e  has  been es t imated  f o r  

s i x  of t h e s e  a q u i f e r  u n i t s .  The remaining 3 u n i t s  l a c k  s u f f i c i e n t  d a t a  



f o r  s t o r a g e  es t imates .  The var ious  b a s a l t  u n i t s  a r e  d iv ided  on t h e  b a s i s  
of t h e i r  r e l a t i v e  hydrologic  i s o l a t i o n .  This  i s o l a t i o n  may be 

s t r a t i g r a p h i c  and/or s t r u c t u r a l .  Many a r e  surrounded almost  e n t i r e l y  by 

o l d e r  rock of very low permeabi l i ty ;  a s t r a t i g r a p h i c  i s o l a t i o n .  Other  of 

t h e  b a s a l t  a q u i f e r  u n i t s  a r e  p a r t  of a l a r g e r  cont inuous b a s a l t  mass and 

a r e  i s o l a t e d  by zones of i n t e n s e  f a u l t i n g ,  o f t e n  a s soc i a t ed  w i th  

a n t i c l i n a l  f o l d s ;  t h e s e  a r e  s t r u c t u r a l l y  i s o l a t e d .  Often i t  i s  a 

combination of f a c t o r s  which i s o l a t e  t h e  a q u i f e r  u n i t s  i n  t h e  b a s a l t s .  

The boundaries of t h e  a q u i f e r  u n i t s  o f t e n  correspond approximately t o  

su r f ace  drainage d iv ides .  

S p e c i f i c  y i e l d  and e f f e c t i v e  po ros i t y  va lues  f o r  Columbia River B a s a l t  

a r e  d i scussed  by Oberlander and Miller (1981) and by Robison (1968). 

Robison uses  value of one pe rcen t ,  whi le  Oberlander and Miller used 3.2 

percent .  According t o  Miller ( o r a l  communication, 19841, one percent  
seems t o  be t h e  c l o s e r  va lue  

Sherman Countv Basa l t  Area 

Aquifer Unit Descr ip t ion  

The l a r g e  a r ea  of cont inuous b a s a l t  n o r t h  of t h e  Blue Mountain a n t i c l i n e  

has  been subdivided i n t o  two a r e a s  separa ted  by t h e  John Day River .  Th i s  

i s  because t h e  r i v e r  i s  i n c i s e d  over  1000 f e e t  i n t o  t h e  b a s a l t  p l a t e a u ,  

and t h e r e  a r e  s l i g h t  d i f f e r e n c e s  i n  t h e  s t r u c t u r a l  s e t t i n g s  on e i t h e r  

s i d e .  Nearly a l l  of t h e  b a s a l t  a r e a  west of t h e  r i v e r  i s  i n  Sherman 

County, and most of t h e  b a s a l t  e a s t  of t h e  r i v e r  is i n  Gil l iam County, 

hence, t h e s e  a r e a s  a r e  r e f e r r e d  t o  a s  t h e  Sherman and Gi l l i am County 

Basa l t  Areas. 

The Sherman County Basa l t  Area i s  bounded on t h e  e a s t  by t h e  John Day 

River ,  and on t h e  west by t h e  s u r f a c e  dra inage  d i v i d e  between t h e  John 
Day and Deschutes River  dra inages .  This  i s  a r a t h e r  weak d iv ide  and 

probably does not  a c t u a l l y  correspond t o  a ground water d iv ide .  The 
b a s a l t  i s  bounded on t h e  south  by underlying John Day Formation exposed 





353,280 acres. The th ickness o f  t he  basa l t  i s  probably g r e a t e r  than 2000 

fee t .  Canyon wa l l s  along t h e  John Day River  commonly expose 1,500 t o  

1,800 feet  of basa l t  sec t i on  and a w e l l  d r i l l e d  i n  t h e  p l a t e a u  i n  G i l l i a m  

County near Condon penetrated 2440 f e e t  o f  basa l t .  S t a t i c  water l e v e l s  

measured i n  58 we l l s  range from 0 t o  400 f e e t  below ground l e v e l ,  w i t h  

the  median 150 fee t .  Using t h i s  median s t a t i c  water l e v e l  as 

representa t ive  o f  t h e  whole area i n d i c a t e s  a saturated th ickness o f  385 

fee t  i n  t h e  upper 500 f e e t  o f  basa l t .  Storage est imates f o r  t h e  Sherman 

County Basa l t  Area a re  presented i n  Table 2 f o r  s p e c i f i c  y i e l d s  o f  0.5, 

1, and 2 percent.  

TABLE 2 
Estimated acre-feet o f  ground water storage i n  t h e  Sherman County Basa l t  

Area. Area = 552 square mi les,  353,280 acres. 

Spec i f i c  
Y ie ld  

Storage i n  Acre-feet 
0-500 f t .  500-1000 ft. 

saturated saturated 
th ickness = 385 ft. th ickness = 500 f t ,  

* Most reasonable est imate. 

G i l l i a m  Countv Basa l t  Area 

Aqui fer  U n i t  Desc r ip t i on  

The G i l l i a m  County Basa l t  Area (Figure 13) i s  bounded on t h e  yes t  by t h e  

John Day River ,  on t h e  n o r t h  by t h e  Columbia R ive r ,  on t h e  east  by t h e  

surface drainage d i v i d e  between the  John Day and U m a t i l l a  drainage 

basins, and on the  south by o l d e r  rocks exposed along t h e  B lue Mountain 

a n t i c l i n e .  L i k e  t h e  Sherman County area, t h e  G i l l i a m  County area i s  a 

p la teau g e n t l y  d ipp ing northward, however i t  has been more i n t e n s e l y  

folded, fau l ted ,  and d issected by sur face drainage. The area shows N-S 

and NW-SE t rend ing  normal f a u l t s ,  and NW-SE and NE-SW t r e n d i n g  a n t i c l i n e s  



and synclines.  Major s t r u c t u r a l  f e a t u r e s  inc lude  a s e r i e s  of sync l ines  
and a n t i c l i n e s  i n  t h e  Condon a rea ,  t h e  Turner But te  a n t i c l i n e  and t h e  

Dalles-Umatilla syncl ine  i n  t h e  northern p a r t  of t h e  area.  Major 
drainages i n  t h e  area  inc lude  Rock Creek, Hay Creek, and Thir tymile 

Creek. The b a s a l t  i s  covered by a veneer of volcanica l ly  derived 
sediments of t h e  Alkal i  Canyon Formation i n  t h e  northern p a r t  of t h e  

area ,  however wel ls  d r i l l e d  i n  t h i s  mater ia l  nearly always pene t ra te  
through it and produce water from t h e  basa l t s .  

Figure 13 Location of t h e  Gilliam County Basal t  Aquifer Unit 

Storage es t imates  

The Gilliam County Basal t  a rea  inc ludes  1214 square miles o r  76,960 

acres.  The th ickness  of t h e  b a s a l t  is probably g rea te r  than 2000 f e e t  



based on the  same agruments presented fo r  t h e  Sherman County area, 

i n c l u d i n g  t h e  2440 f e e t  o f  basa l t  d r i l l e d  near Condon. S t a t i c  water 

l e v e l s  measured i n  50 we l l s  i n  Gi l l ia rn  County range from 0 t o  684 f e e t  

below t h e  surface, w i t h  the  median being i s  125 feet .  Ex t rapo la t i ng  t h i s  

over t h e  whole area g ives a saturated thickness of 375 fee t  i n  t h e  upper 

500 f e e t  of basa l t .  Storage est imates f o r  t he  G i l l i a rn  County Basa l t  Area 

a re  presented i n  Table 3. 

TABLE 3 

Estimated acre-feet of ground water storage i n  t h e  G i l l i a m  County Basa l t  

Area. 

Area = 1214 square miles, 776,960 acres. 

Spec i f i c  
Y i e l d  

Storage i n  Acre-feet 
0-500 f t. 500-1000 ft. 

saturated sa tura ted 
th ickness = 375 ft. th ickness = 500 ft. 

* Most reasonable estimate. 

Nor th  Fork-Middle Fork Basal t  Area 

Aqu i fe r  U n i t  Desc r ip t i on  

The Nor th  Fork-Middle Fork Basa l t  area comprises an enormous expanse of 

b a s a l t  extending from the  Blue Mountain a n t i c l i n e  south t o  t h e  Long Creek 

Mountain a n t i c l i n e ,  and east pas t  Dale t o  t h e  h ighlands o f  pre-basal t  

rock  exposed i n  t h e  Blue Mountains (F igure 14). Th is  t e r r a i n  inc ludes 

approximately 1450 square m i les  of basa l t  o r  approximately 18 percent of 

t h e  e n t i r e  John Day Basin. The North Fork-Middle Fork b a s a l t  area i s  

h y d r o l o g i c a l l y  bounded on t h e  northwest by o l d e r  rocks exposed along t h e  

B lue Mountain a n t i c l i n e  and on t h e  east  by t h e  d i v i d e  between the  John 





Storage  Est imates  

S t a t i c  water l e v e l s  measured i n  43 we l l s  throughout t h e  a r e a  range from 0 

t o  625 f e e t  below ground l e v e l ,  with t h e  median 39 f e e t .  S t a t i c  water 

l e v e l s  a r e  gene ra l l y  sha l lower  i n  t h e  nor thern  po r t i on  of t h e  a r e a ,  and 

deeper i n  t h e  southern  p a r t .  Using t h e  39 f o o t  s t a t i c  water l e v e l  t o  

represen t  t h e  whole a r e a ,  a  461 f o o t  s a t u r a t e d  column i n  t h e  upper 500 

f e e t  of b a s a l t  i s  ind i ca t ed .  Es t imates  of t h e  amount of ground water  i n  

s to rage  f o r  t h i s  a r ea  a r e  presen ted  i n  Table 4. 

TABLE 4 

Estimated acre- fee t  of ground water s t o r age  f o r  t h e  North Fork-Middle 

Fork Basa l t  Area. 

Area = 1450 square  miles, 928,000 ac re s .  

S p e c i f i c  
Yield 

S to rage  i n  Acre-feet 
0-500 f  t . 500-1000 f t .  

s a t u r a t e d  s a t u r a t e d  
t h i c k n e s s  = 461 f t .  t h i cknes s  = 500 f t .  

* Most reasonable  e s t ima te .  

Fox Basin Basa l t  Area 

Aquifer Unit Descr ip t ion  

The Fox Basin Basa l t  Area comprises  153 square  mi les  i nc lud ing  Fox Valley 

and much of t h e  surrounding h ighlands  (Figure 15). A 36 square  mile a r e a  

i n  t h e  c e n t r a l  p a r t  of t h i s  b a s a l t  mass i s  occupied by a th i cknes s  of 

Quaternary and T e r t i a r y  al luvium and volcanic  sediments inc lud ing  t u f f s ,  

sandstone and f i n e  g rave l .  Brown and Thayer (1966) suggest  t h e  vo lcan ic  



sediments are interbedded w i th  the Colunbia River Basalt;  and d r i l l e r s  

logs substant iate t h i s .  

Fox Basin i s  a sync l ina l  graben-like s t ructure bounded on the northeast 

by the Long Creek a n t i c l i n e  and associated f au l t s ,  on the south by the 

Black But te  a n t i c l i n e  and associated f au l t s ,  and on the west by exposures 

o f  the  underlying John Day Formation. The area i s  drained p r ima r i l y  by 

Fox Creek which runs westerly through the cen t ra l  pa r t  of the  basin and 

i n t o  Cottonwood Creek. A small  po r t i on  o f  the basal t  area t o  the  

northwest i s  drained t o  the  nor th  by Deer Creek. 

Figure 15 Location o f  the Fox Basin Basalt Aquifer Un i t  

Storage Estimates 

Topographic r e l i e f  on the  basal t  i n  the Fox Basin area i s  general ly  l ess  



than 1000 f e e t .  The geologic map by Brown and Thayer (1966) i n d i c a t e s  a 

thickness o f  approximately 1000 feet  of basa l t  a t  Hami l ton Mountain, and 

cross sect ions i n d i c a t e  greater  than 2000 f e e t  of b a s a l t  toward t h e  

center  o f  Fox Val ley. Brown and Thayer show t h e  th ickness of t he  

sediments i n  the  c e n t r a l  p a r t  o f  t h e  v a l l e y  t o  vary from a few hundred t o  

over 1000 fee t .  Wel l  logs  i n d i c a t e  t h a t  sediments occur t o  depths of a t  

l e a s t  475 feet.  For the  purposes o f  t h i s  r e p o r t  t h e  sediments a r e  

conservat ive ly  considered on ly  t o  be 500 f e e t  t h i c k .  S p e c i f i c  y i e l d s  of 

0.5, 1, and 2 percent  are used f o r  storage est imates f o r  t h e  basa l t s .  

Storage est imates f o r  t he  sediments a re  presented i n  a l a t e r  sec t ion .  

S t a t i c  water l e v e l s  i n  35 we l l s  i n  t h e  western p a r t  o f  Fox Val ley range 

from 0 t o  52 fee t ,  with the  median about 10 fee t .  Storage est imates a re  

presented i n  Table 5. 

TABLE 5 

Estimated acre-feet o f  ground water storage i n  t h e  Fox Bas in  Basa l t  Area. 

Area = 153 square mi les  

S p e c i f i c  
Y i e l d  

Storage i n  Acre-Feet 
0-500 ft. 500-1000 f t . 

saturated sa tura ted 
thickness = 490 f t .  th ickness = 500 ft. 

* Most reasonable est imate. 

. 
Western John Day Va l ley  Basa l t  Area 

Aqui fer  U n i t  Desc r ip t i on  

The Western John Day Val ley Basal t  Area comprises t h e  mass o f  Columbia 

R ive r  Basa l t  along t h e  John Day R ive r  n o r t h  t o  t h e  Black B u t t e  A n t i c l i n e ,  

from t h e  area o f  Mount Vernon west t o  P i c t u r e  Gorge (F igure  16). The 

u n i t  i s  h y d r o l o g i c a l l y  bounded on the  n o r t h  by t h e  Black B u t t e  A n t i c l i n e  





fourteen w e l l s  range from 0 t o  61  f e e t  with t h e  median 20 fee t .  Using 

t h i s  f i g u r e  t o  represent  t h e  s t a t i c  water l e v e l  throughout t h e  area 

i n d i c a t e s  a saturated th ickness o f  480 fee t  i n  the  upper 500 f e e t  o f  

basa l t .  Estimates o f  the  amount o f  ground water and storage are 

presented i n  Table 6. 

TABLE 6 

Estimated acre- feet  o f  ground water storage i n  the  Western John Day 

Val ley basa l t  area. 

Area = 170 square mi les,  108,800 acres 

Spec i f i c  
Y i e l d  

Storage i n  Acre-feet 
0-500 f t .  500-1000 f t .  

saturated sa tura ted 
th ickness = 480 f t .  th ickness = 500 f t .  

* Most reasonable estimate. 

Eastern John Dav Va l lev  Basa l t  Area 

Aqui fer  U n i t  Desc r ip t i on  

The Eastern John Day Val ley Basa l t  Area inc ludes the  105 square m i l e s  of 

Columbia R iver  Basa l t  along the  John Day River  between P r a i r i e  C i t y  and 

John Day, n o r t h  t o  t h e  D i x i e  A n t i c l i n e  (Figure 16). The basa l t  a l s o  

probably extends south o f  t h e  r i v e r  beneath the  P r a i r i e  C i t y  bench. The 

aqu i fe r  u n i t  i s  h y d r o l o g i c a l l y  bounded on the  south by t h e  John Day 

f a u l t ,  on the  n o r t h  and east by the  D i x i e  a n t i c l i n e  and by exposures of 

pre-basalt  Clarno Formation, and on the  west by f a u l t i n g  and exposures of 

pre-basal t  rock. The sur face drainage i s  by smal l  t r i b u t a r i e s  t o  t h e  

John Day, many o f  which have t h e i r  head waters a few m i l e s  above t h e  

basa l t  i n  t h e  Clarno Formation. 



Storage Es t imates  

Geologic maps show 800 t o  1200 f e e t  of b a s a l t  exposed i n  canyon wa l l s ,  i n  

t h i s  a r ea .  Brown and Thayer (1966) r e p o r t  a t h i cknes s  of over  3000 f e e t  
f o r  s t r u c t u r a l l y  and s t r a t i g r a p h i c a l l y  s i m i l a r  b a s a l t s  west of Mount 

Vernon. For s to rage  e s t i m a t e s  i n  t h i s  r e p o r t ,  t h e  b a s a l t s  a r e  cons idered  

t o  be g r e a t e r  than 1000 f e e t  t h i c k .  I n s u f f i c i e n t  well d a t a  i s  a v a i l a b l e  

t o  a s s e s s  t h e  s a t u r a t e d  t h i cknes s ,  s o  a va lue  of 400 f e e t  is  a r b i t r a r i l y  

ass igned t o  t h e  upper 500 feet of b a s a l t .  Es t imates  of ground water and 

s to rage  a r e  presented i n  Table 7. 

T A K E  7 

Estimated acre- fee t  of ground water  i n  t h e  Eas t e rn  John Day Valley b a s a l t  
a r ea .  

Area = 105 square miles, 67,200 a c r e s  

S p e c i f i c  
Yield 

S to rage  i n  Acre-feet 
0-500 f t .  500-1000 f t .  

s a t u r a t e d  s a t u r a t e d  
t h i c k n e s s  = 400 f t .  t h i cknes s  = 500 f t .  

* Most reasonable  e s t ima te .  

Addi t iona l  Basa l t  Areas 

I n  add i t i on  t o  t h e  s i x  b a s a l t  a r e a s  a l r eady  d iscussed ,  t h e r e  a r e  t h r e e  

more l a r g e  a r e a s  of Columbia River  Basa l t  i n  t h e  John Day Bas in  
(F igure  1 7 ) .  Est imates  of ground water and s to rage  a r e  no t  p resen ted  f o r  
t h e s e  a r e a s ,  however, due e i t h e r  t o  i n s u f f i c i e n t  wel l  d a t a  t o  determine 
s a t u r a t e d  t h i cknes s ,  o r  evidence t h a t  t h e  ground water p r e sen t  is  no t  

r e a d i l y  usab le  due t o  depth o r  t e r r a i n .  



Rudio Mountain Basal t  Area 

The Rudio Mountain basal t  area i s  a 94 square m i l e  mass o f  basal t  

southeast o f  Kimberly and no r th  o f  Dayv i l le .  I t  i s  an i so la ted  mass 

surrounded almost e n t i r e l y  by the o lder  John Day Formation. The basal t  

forms a la rge  p la teau which d ips  gent ly  northward. Over 2000 feet  of 

basa l t  are shown on the western edge o f  the mass by Brown and Thayer 

(1966). The area includes no through going sur f  ace streams. 

Figure 17 Locations o f  the ( A )  Rudio Mountain, (6) Pic tu re  Gorge-Sutton 

Mountain, and (C)  South Fork Basal t  Aquifer Un i ts  

Reports are ava i lab le  f o r  three water wel ls  d r i l l e d  i n  the Rudio Mountain 

basal t  mass. Two o f  the wel ls  (325 and 350 f e e t  deep) are reportedly 

dry. The t h i r d  wel l ,  which i s  466 f e e t  deep, a i r  tested a t  6 gpm with 



450 f e e t  of  drawdown, and a s t a t i c  water  l e v e l  o f  110 f e e t .  Ground water  

e s t i m a t e s  a r e  n o t  p resen ted  f o r  t h e  Rudio Mountain b a s a l t  a r e a  because of 

t h e  depth  r equ i r ed  t o  o b t a i n  u sab l e  water ,  t h e  very low recharge  
po t en t i a ldue  t o  hydro logic  i s o l a t i o n ,  and t h e  low p r o b a b i l i t y  of 

development due t o  remoteness of t h e  a r ea .  

P i c t u r e  Gorge-Sutton Mountain B a s a l t  Area 

The P i c t u r e  Gorge-Sutton Mountain b a s a l t  mass comprises a 331 square  mile 

a r c u a t e  shaped a r e a  which i n c l u d e s  a l l  of t h e  b a s a l t  west of t h e  John Day 

River  from P i c t u r e  Gorge t o  Spray,  and on both s i d e s  of t h e  r i v e r  from 
Spray t o  S e r v i c e  Creek, and from Se rv i ce  Creek west t o  S u t t o n  Mountain. 

This mass is  l a r g e l y  i s o l a t e d ,  and i n  most p l a c e s  t h e  base and under ly ing  

John Day Formation a r e  exposed. The a r e a  i nc ludes  numerous sma l l  

d r a inages  which f low d i r e c t l y  i n t o  t h e  John Day River .  I n  most of t h e s e  

dra inages  t h e  upper r eaches  a r e  r e s t r i c t e d  t o  t h e  b a s a l t s ,  and t h e  

s t reams have d i s s e c t e d  t h e  b a s a l t s  t o  c r e a t e  a rugged topography. 

Water wel l  r e p o r t s  a r e  a v a i l a b l e  f o r  10  we l l s  producing from t h e  b a s a l t  

i n  t h i s  a r e a .  A l l  of  t h e s e  wells a r e  l oca t ed  lower i n  t h e  v a l l e y s  a long  

t h e  r i v e r ,  however, and do not  p rovide  any information on t h e  hydrology 
of most o f  t h e  b a s a l t  a r e a ,  s i n c e  most of  t h e  b a s a l t  occu r s  a s  h igh lands  

above t h e  r i v e r .  No ground water  s t o r a g e  e s t i m a t e s  a r e  presen ted  f o r  

t h i s  a r e a  due t o  t h i s  g e n e r a l  l a c k  of  ground water  d a t a  and t h e  very low 
recharge p o t e n t i a l  due t o  t h e  hydro logic  i s o l a t i o n  of t h e  a r e a .  

South Fork B a s a l t  Area 

The South Fork b a s a l t  a r e a  i n c l u d e s  327 square  miles d ra ined  by t h e  South 

Fork of t h e  John Day River ,  Cottonwood Creek and Rock Creek. The b a s a l t  

i n  t h i s  a r e a  i s  probably q u i t e  t h i c k .  Grea te r  than  1500 f e e t  of r e l i e f  

occur  w i th in  t h e  b a s a l t  and Brown and Thayer (1966) i n d i c a t e  g r e a t e r  than  
3000 feet of b a s a l t  i n  c r o s s  s e c t i o n s .  No well d a t a  is a v a i l a b l e  f o r  t h e  

a r e a ,  hence e s t i m a t e s  of ground water s t o r a g e  a r e  not p resen ted .  This  i s  

not  t o  imply, however, t h a t  t h e  a r e a  i s  without ground water  p o t e n t i a l ,  

a s  s i g n i f i c a n t  amounts of ground water a r e  probably s t o r e d  i n  t h e  b a s a l t .  



Topographic maps i n d i c a t e  springs are  f a i r l y  common i n  the  area o f t e n  

1000 fee t  o r  more above t h e  r i v e r  l e v e l .  

Volcanic Sediments i n  Fox Basin 

I n  t h e  c e n t r a l  p o r t i o n  o f  Fox Basin the re  i s  a 36 q u a r e  m i l e  exposure o f  

Quaternary and T e r t i a r y  a l luv ium and upper-Miocure vo lcan ic  sediments. 

Publ ished r e p o r t s  and l i t h o l o g i c  in format ion  on water w e l l  r e p o r t s  

i n d i c a t e  t h e  sediments are  p r i m a r i l y  t u f f ,  sandstone, and f i n e  g r a v e l  

w i t h  l o c a l  interbedded then basa l t  f lows. 

The geometry o f  t h i s  mass o f  sediment and s t a t i c  water l e v e l  i n fo rma t ion  

i s  discussed i n  d e t a i l  i n  t h e  previous sec t i on  dea l ing  with t h e  b a s a l t  i n  

Fox Basin. The th ickness o f  t he  sediment i s  conservat ive ly  considered t o  

be 500 fee t ,  and t h e  saturated th ickness i s  est imated t o  be 490 fee t .  

In format ion  presented by Johnson (19671, ind ica tes .  a probable s p e c i f i c  

y i e l d  of between two and t e n  percent. Storage est imates a r e  presented i n  

Table 8. 

TABLE 8 

Estimated acre- feet  o f  ground water storage i n  volcanic sediments and 

associated a l l uv ium i n  Fox Basin. 

Area = 36 square mi les ;  23,040 acres. 

S p e c i f i c  
Y i e l d  

saturated thickness = 490 f e e t  

Acre-f ee t  
Storage . 

282,240 
564,480 

1,128,960 

Ratt lesnake Formation 

The Ratt lesnake Formation i n  the  John Day Basin comprises a th ickness of 



pr imar i l y  sand and g r a v e l  with one major welded t u f f  u n i t .  It occu r s  i n  

an  E-W t r e n d i n g  s t r u c t u r a l  low along t h e  upper John Day R ive r  v a l l e y  from 

P r a i r i e  C i ty  t o  P i c t u r e  Gorge, and west p a s t  P i c t u r e  Gorge i n  t h e  a r e a  of 
Mount and Rock Creeks (F igure  9) .  I n  a d d i t i o n ,  a sma l l  a r e a  of 

Ra t t l e snake  Formation a l s o  occurs  i n  t h e  Murderers Creek a rea .  The 
Ra t t l e snake  Formation c o n s i s t s  of anc i en t  a l l u v i a l  sand d e p o s i t s  and 

occu r s  i n  t h e  John Day va l l ey  ad j acen t  t o  h i g h l a ~ ~ d s .  Ground water  flow 

i s  from t h e  h igh lands  t o  t h e  r i v e r s .  The Rat t lesnake  Formation i n  t h e  

John Day Basin comprises a few major i s o l a t e d  masses which a r e  considered 

d i s t i n c t  a q u i f e r  u n i t s  and each i s  d iscussed  s e p a r a t e l y .  The hydrologic  

boundary c o n d i t i o n s  between t h e  Rat t lesnake  Formation and underlying 

u n i t s  i s  v a r i a b l e  and complex. The Rat t lesnake  Formation unconformably 

o v e r l i e s  t h e  Mascall  Formation, t h e  Columbia River  B a s a l t ,  t h e  Clarno 

Formation, and pre-Ter t ia ry  u n i t s .  For  t h e  purposes of t h i s  r e p o r t  i t  i s  

cons idered  t o  be hydro logica l ly  i s o l a t e d  from t h e  underlying u n i t s .  

Along t h e  r i v e r ,  t h e  Rat t lesnake  Formation is  l o c a l l y  o v e r l a i n  by 

Quaternary  Alluvium. The Quaternary Alluvium occurs  a long  t h e  lowest  

p a r t  of t h e  Rat t lesnake  s u r f a c e ,  and ground water  is  probably d i scharg ing  

from t h e  Ra t t l e snake  Formation t o  t h e  Quaternary Alluvium. 

The Rat t lesnake  Formation seems t o  behave a s  a series of t h i n  

semi-confined a q u i f e r s  which probably correspond t o  l a y e r s  of c o a r s e r ,  
more s o r t e d  m a t e r i a l  w i t h  less c l a y  which is  probably c l a s t  supported. 

Water well r e p o r t s  i n d i c a t e  t h a t  t h e  f i n a l  s t a t i c  water l e v e l  i n  wells i s  

u s u a l l y  h igher  t han  t h e  l e v e l  of water f i r s t  encountered.  A t  l e a s t  one 
f lowing a r t e s i a n  well is  known (T13S, R32E, Sec t ion  22). Spr ings  a r e  not  

uncommon i n  t h e  Rat t lesnake  Formation. 

Thickness information on t h e  Rat t lesnake  Formation i s  a v a i l a b l e  from 

topographic  and geologic  maps, and from l i t h o l o g i c  d e s c r i p t i o n s  on water 

well r e p o r t s .  Topogr~ph ic  maps commonly show 300 t o  750 f e e t  of r e l i e f  

on t h e  Ra t t l e snake  Formation, and l o c a l l y  a s  much a s  1000 feet.  Brown 

and Thayer (1966) i n d i c a t e  a t h i cknes s  ranging from 300 t o  600 f e e t  i n  

geo log ic  c r o s s  s e c t i o n s .  L i tho log ic  d e s c r i p t i o n s  by d r i l l e r s  on many 
water  well r e p o r t s  do not  c l e a r l y  d i f f e r e n t i a t e  t h e  Ra t t l e snake  Formation 



from t h e  l a r g e l y  sedimentary Clarno Formation o r  p re-Ter t ia ry  u n i t s  which 

o f ten  u n d e r l i e  it, however, numerous water w e l l  r e p o r t s  c l e a r l y  i n d i c a t e  

200 t o  300 f e e t  o f  Ratt lesnake Formation sands and gravels.  S p e c i f i c  

y i e l d  values used i n  storage est imates are  those determined by the  

C a l i f o r n i a  Water Resources Board (1956) and presented by Johnson (1967) 

f o r  m a t e r i a l  of s i m i l a r  l i t h o l o g y  t o  the  Ratt lesnake Formation. Storage 

est imates are presented assuming s p e c i f i c  y i e l d s  o f  2, 5, and 7 percent.  

Descr ipt ions,  saturated th ickness determinat ions, and storage est imates 

are  presented i n  the  f o l l o w i n g  sect ions f o r  each o f  t h e  major masses of 

Ratt lesnake Formation i n  the  John Day Basin. 

Ratt lesnake Formation East o f  Canyon Creek 

The Ratt lesnake Formation east  o f  Canyon Creek comprises about 82 s.quare 

miles, 61  square m i les  o f  which are exposed, and 2 1  square m i l e s  which 

are  covered by a veneer o f  Quaternary Alluvium. This area inc ludes t h e  

P r a i r i e  C i t y  Bench. 

The Ratt lesnake Formation i s  probably a t  l e a s t  300 t o  400 f e e t  t h i c k  

throughout much o f  t h i s  area. The deposi t  t h i n s  near the  margins. 

S t a t i c  water l e v e l s  i n  45 w e l l s  range from 3 1/2 t o  200 f e e t ,  with t h e  

median about 46 fee t .  S t a t i c  water l e v e l s  tend t o  be deeper a t  t he  

h igher e levat ions  and shal lower near the  r i v e r .  Storage est imates are  

presented i n  Table 9 f o r  t h i s  area, assuming saturated thicknesses of 

250, 300, and 350 f e e t .  

Rat t lesnake Formation between Canyon Creek and F i e l d s  Creek 

The Ratt lesnake Formation between Canyon Creek and F i e l d s  Creek comprises 

a 55 square m i l e  area, i n c l u d i n g  11 square m i les  under a veneer of 

Quaternary Alluvium. I n  t h i s  area, t h e  Ratt lesnake Formation extends 2 

t o  3 m i l e s  n o r t h  and south o f  e i t h e r  s ide  of t h e  John Day R ive r  

(F igure 9 ) .  



TABLE 9 

Estimated acre-feet o f  ground water storage i n  the Rattlesnake Formation 

east o f  Canyon Creek inc lud ing the P r a i r i e  C i t y  Bench. 

Area = 82 square miles, 52,480 acres. 

Spec i f ic  Saturated thickness 
Y ie ld  250 ft. 300 ft. 350 ft. 

* Most reasonable estimate. 

Brown and Thayer (1966) ind ica te  thickness o f  Rattlesnake Formation o f  

300 t o  600 f ee t  i n  cross sections. The average thickness i s  probably 

between 300 and 400 feet .  Numerous wel ls  i n  the area penetrate 200 t o  

300 f ee t  o f  Rattlesnake Formation. S t a t i c  water l eve l s  i n  39 wel ls  range 

from 0 t o  365 feet ,  with the median 26 feet .  The probable saturated 

thickness i s  somewhere between 250 and 350 feet .  Storage estimates f o r  

the Rattlesnake Formation i n  t h i s  area are presented i n  Table 10. 

TABLE 10 

Estimated acre-feet o f  ground water storage i n  the Rattlesnake Formation 

between Canyon Creek and F i e l d  Creek. 

Area = 55 square miles, 35,200 acres. 

Spec i f i c  
Y ie ld  

3% 
5% 
7% 

Saturated thickness 
250 ft. 300 ft. 350 f t .  

264,000 316,800 369,600 
440,000 *528,000 616,000 
616,000 739,200 862,400 

* Most reasonable estimate. 

Addi t iona l  Areas o f  Rattlesnake Formation 

There are some add i t i ona l  f a i r l y  l a rge  areas of Rattlesnake Formation fo r  



which no w e l l  da ta  are  ava i lab le ,  y e t  which bear mentioning (F igure  9) .  

Any storage estimates presented f o r  these areas a r e  h i g h l y  speculat ive.  

Along Murderers Creek, south o f  t h e  A l d r i c h  Mountains, t he re  i s  an 8 

square m i l e  occurrence o f  Ratt lesnake Formation. Brown and Thayer (1966) 

i n d i c a t e  a probable th ickness o f  l e s s  than 200 fee t .  There are  a few 

springs i n  the  area i s s u i n g  from the Ratt lesnake gravels,  t h e  l o c a t i o n  o f  

which may be c o n t r o l l e d  by the  presence o f  t he  welded t u f f  u n i t .  Storage 

estimates f o r  t h i s  mass o f  Ratt lesnake Formation, assuming a saturated 

thickness o f  100 fee t ,  a re  presented i n  Table 11. 

TABLE 11 

Estimated acre- feet  o f  ground water storage i n  t h e  Ratt lesnake Formation 

along Murderers Creek. 

Area = 8.2 square mi les ,  5,248 acres. 

Spec i f i c  Saturated th ickness = 
Y ie ld  100 ft. 

* Most reasonable est imate. 

West o f  Dayv i l l e ,  i n  t h e  area o f  Rock Creek, Pine Hol low Creek, and 

Mountain Creek, the re  occurs a 36 square m i l e  area o f  Ratt lesnake 

Formation. This area i s  c lose  t o  where Enlows (1976) measured a 628-foot 

sec t ion  o f  Ratt lesnake Formation. There i s  no data a v a i l a b l e  t o  cons t ra in  

the  saturated thickness, hence storage est imates are  n o t  presented. 

Ouaternarv Al luvium 

The Quaternary Al luv ium i s  one o f  t h e  most i n t e n s e l y  used and product ive  

aqu i fe r  u n i t s  i n  t h e  John Day Basin. This i s  due t o  i t s  r e l a t i v e l y  good 

hydrologic c h a r a c t e r i s t i c s  combined w i t h  t h e  concent ra t ion  o f  popu la t ion  



and a g r i c u l t u r e  along t h e  r i v e r  va l leys .  Estimates of ground water 

s torage  a r e  presented f o r  t h e  major a l l u v i a l  depos i t s  along t h e  John Day 

River and its major t r i b u t a r i e s .  The a r e a s  considered include t h e  e n t i r e  

John Day val ley  upstream from P i c t u r e  Gorge, and a r e a s  of g r e a t e r  than 

one-half of a square mile downstream from P ic tu re  Gorge (Figure 18). 

Figure 18 Location of t h e  Quaternary Alluvium deposi t s  used i n  s to rage  

est imate5 

The es t imates  presented account only f o r  t h e  major a l l u v i a l  depos i t s  where 

t h e  r i v e r  va l ley  is wide, and does not  consider  water s to red  i n  alluvium 

along narrow p a r t s  of t h e  channel o r  i n  f lood p la in  depos i t s  of minor 

t r i b u t a r i e s .  These l a t t e r  a r e a s  may i n  f a c t  present  l o c a l l y  important 



aquifers, however, t h e  l a c k  o f  data and t h e  t ime l i m i t a t i o n s  present make 

assessing these areas beyond the  scope of t h i s  repor t .  Because o f  t h e  

l a rge  amount o f  data ava i lab le ,  and d i f ferences i n  the  geometry o f  t he  

a l luv ium, t h e  area upstream of P i c t u r e  Gorge i s  considered separately from 

t h e  area downstream. 

An important  cons idera t ion  when managing the  a l l u v i a l  aqui fers i s  t h e  h i g h  

degree o f  hydro log ic  communication between the ground water and sur face 

water. A l l u v i a l  aqu i fe rs  adjacent t o  r i v e r  channels i n  many cases rece ive  

almost instantaneous recharge from channel leakage when water tab les  f a l l  

below stream l e v e l .  Therefore, t h e  water removed from t h e  subsurface 

e s s e n t i a l l y  i s  removed from the  sur face stream o r  r i v e r .  S i m i l a r l y ,  when 

there  i s  a ground water gradient  toward the  stream, removal o f  ground 

water v i a  w e l l s  removes water t h a t  would otherwise have discharged t o  

become sur face water. Th is  i n d i r e c t  i n te r fe rence  a l so  reduces sur face 

flows. The management o f  t h e  ground water and the  sur face water i n  these 

cases cannot be considered separately. 

Quaternary Al luv ium Upstream o f  P i c t u r e  Gorge 

There i s  approximately 45 square m i les  o f  a l luv ium and f l ood  p l a i n  

deposits i n  the  &hn Day v a l l e y  upstream o f  Pict ime Gorge. Th is  a l s o  

inc ludes s i g n i f i c a n t  deposi ts  i n  t h e  va l l eys  of Strawberry Creek, I n d i a n  

Creek, and Pine Creek near P r a i r i e  C i t y .  The thickness of t he  a l luv ium i s  

q u i t e  va r iab le  and i s  general ly  t h i c k e r  i n  the  c e n t r a l  p o r t i o n s  o f  t h e  

v a l l e y  and t h i n n e r  on t h e  edges. The thickness of the  a l l u v i m  upstream 

of P i c t u r e  Gorge was determined from 86 water w e l l  repor ts .  F i f t y - t w o  o f  

these w e l l s  were completed i n  the  al luvium, and 34 penetrateG through t h e  

a l luv ium i n t o  the  under ly ing  bedrock. The thickness i n d i c a t e d  f o r  w e l l s  

completed i n  t h e  a l l uv ium ranges from 40 t o  400 feet,  and t h e  median i s  

about 99 fee t .  The thickness i n d i c a t e d  f o r  we l l s  which penetrated through 

the  a l l uv ium i n t o  bedrock ranges from 22 t o  330 feet  with a median o f  70 

feet .  One would expect a t h i c k e r  sec t i on  o f  Quaternary Al luv ium f o r  t h e  

we l l s  which penetrated through i t  i n t o  the  bedrock, ye t  t h e  reverse i s  

ind ica ted.  This i s  because most o f  t he  we l l s  which penetrated through the  



alluvium were d r i l l e d  nea r  t h e  edges of  t h e  va l l ey .  Wells d r i l l e d  i n  t h e  

more c e n t r a l  p o r t i o n s  of t h e  v a l l e y  where t h e  a l luv ium i s  t h i c k e r  

apparen t ly  encountered adequate  water before  p e n e t r a t i n g  i n t o  underlying 
s t r a t a .  

The median th i cknes s  of 99 f e e t  f o r  t h e  alluvium must be  cons idered  an 

abso lu t e  minimum, because t h i s  i s  only  t h e  t h i cknes s  encountered and no t  
t h e  t o t a l  t h i cknes s .  Well r e p o r t s  i n d i c a t e  t h i cknes se s  of a l luvium i n  

excess  of  200 f e e t  a r e  no t  uncommon along t h e  main stem of t h e  John Day 
River. S t a t i c  water  l e v e l s  repor ted  f o r  68 wells producing from t h e  

alluvium range from 0 t o  180 f e e t ,  with t h e  median 16  f e e t .  

Storage Es t imates  

S torage  e s t i m a t e s  a r e  presen ted  f o r  t h e  al luvium along t h e  main stem of 

t h e  John Day River  upstream of P i c t u r e  Gorge assuming s a t u r a t e d  

t h i cknes se s  of 83 f e e t  ( t h e  99-foot a l l u v i a l  t h i cknes s  minus t h e  16-foot 

s t a t i c  water l e v e l ) ,  125 f e e t ,  and 165 f e e t .  The s p e c i f i c  y i e l d  va lues  

suggested f o r  unconsol idated sand and g rave l  d e p o s i t s  range from 15 t o  25 

percent  ( a h n s o n ,  1967; Cohen, 1963).  Es t imates  of s t o r a g e  a r e  p re sen t ed  

using s p e c i f i c  y i e l d  va lues  of 15, 20, and 25 percent  i n  Table  12.  

Quaternary Alluvium Downstream from P i c t u r e  Gorge 

Approximately 21  square  miles of f l ood  p l a i n  a l l u v i a l  d e p o s i t s  occu r  a long  

t h e  John Day River  between P i c t u r e  Gorge and Clarno, and a long  t h e  North 

Fork from Monument t o  Kimberly. These d e p o s i t s  occur  i n t e r m i t t e n t l y  and 

a r e  s epa ra t ed  by a r e a s  where t h e  channel i s  i n c i s e d  i n t o  t h e  Columbia 
River  b a s a l t s  o r  i s  o therwise  narrow. 

A l l  f l ood  p l a i n  a l l u v i a l  d e p o s i t s  with over  approximately a one-half 

square  mile a r e a  a r e  inc luded  i n  t h e  s t o r a g e  e s t i m a t e s  presen ted .  Areas 
used i n c l u d e  t h e  Kimberly a r e a ,  t h e  s t r e t c h  along t h e  North Fork from 

Kimberly t o  and inc lud ing  t h e  Monument a r e a ,  t h e  a r e a s  around Spray,  

Twickenham, and i n t e r m i t t e n t  a r e a s  from Twickenham t o  Clarno,  and t h e  



Clarno a r e a .  Downstream from Clarno, t h e  r i v e r  i s  deeply i n c i s e d  i n t o  t h e  

Columbia River  P l a t e a u ,  and no s i g n i f i c a n t  f l ood  p l a i n  a l l u v i a l  d e p o s i t s  

a r e  p re sen t .  

TABLE 1 2  

Est imatsd ac re - f ee t  o f  ground water s t o r age  i n  Quaternary Alluvium i n  t h e  
John Day River  Val ley upstream of P i c t u r e  Gorge. 

Area = 45  square miles, 28,800 ac re s .  

S p e c i f i c  
Yield 

15% 
20% 
2 5% 

Sa tu ra t ed  th ickness  
83 f t .  125  f t .  165 f t .  

358,560 540,000 712,800 
478,080 "72 0,000 950,400 
597,600 900,000 1,188,000 

* Most r ea sonab le  es t imate .  

The t h i c k n e s s  of t h e  unconsol idated alluvium of t he se  a r e a s  i s  not  e a s i l y  

determined from d r i l l e r s  d e s c r i p t i o n s  on water wel l  r e p o r t s  because of 
t h e  o f t e n  c l a s t i c  o r  sedimentary na tu re  of t h e  underlying Clarno and John 

Day Formations.  The base of t h e  alluvium on t o p  of John Day Formation 
was determined t o  be were d e s c r i p t i o n s  of sand,  g r a v e l  and brown c l a y  

gave way t o  b lue  c l a y ,  green c l a y  o r  gray c l a y ,  and sand and g r a v e l  

became subord ina t e .  Clarno Formation occur r ing  beneath t h e  Quaternary  

al luvium is t y p i c a l l y  descr ibed  a s  brown conglomerate or l ava .  Water 
well r e p o r t s  t o  which t h e  base of t h e  Quaternary Alluvium could n o t  be 

determined with a reasonable  degree of c e r t a i n t y ,  o r  i n  which t h e  

d e s c r i p t i o n  on t h e  l o g  was no t  c l e a r  enough t o  determine i f  t h e  m a t e r i a l  

was Quaternary alluvium a t  a l l ,  were no t  used f o r  t h i c k n e s s  

de te rmina t ions  i n  t h i s  r e p o r t .  

Water well r e p o r t s  f o r  52 wells producing from a l luv ium were s e l e c t e d  

a long  t h e  r i v e r .  The th i cknes s  of alluvium ind i ca t ed  ranges  from 1 2  t o  
180 feet wi th  t h e  median about 40 f e e t .  There was no s i g n i f i c a n t  

d i f f e r e n c e  between t h e  t h i cknes s  of alluvium i n  wells which were 



completed i n  t h e  a l l uv ium and w e l l s  which penetrated through i t  t o  t h e  

bedrock. Wells completed i n  t h e  a l l uv ium had s t a t i c  water l e v e l s  ranging 

from 6 t o  65 f e e t  with t h e  median approximately 15 fee t ,  and we l l s  which 

were completed i n  bedrock below t h e  a l luv ium had s t a t i c  water l e v e l s  

ranging from 5 t o  245 f e e t ,  w i t h  t h e  median 26 fee t .  I t  cou ld  be t h a t  

these deeper r l s l l s  encountered lower head aqu i fe rs  i n  t h e  bedrock. 

Storage Est imates 

Storage est imates are  presented f o r  t he  a l l u v i a l  channel depos i ts  

downstream from P i c t u r e  Gorge based on sa tura ted thicknesses o f  25 feet  

( the  40-foot median th ickness of a l l uv ium minus the  15- foot  median s t a t i c  

water l e v e l ) ,  30 f e e t ,  and 40 fee t .  The 25-foot th ickness i s  considered 

conservat ive. Spec i f i c  y i e l d  values suggested f o r  unconsol idated sand 

and g r a v e l  depos i ts  range from 15 t o  25 percent  (Johnson, 1967; Cohen, 

1963). Est imates o f  ground water storage a re  presented i n  Table 13. 

TABLE 13 

Est imated acre- feet  o f  ground water storage i n  Quaternary A l luv ium i n  t h e  

John Day R ive r  Val ley downstream from P ic tu re  Gorge. 

Area = 21 square mi les,  13,440 acres. 

Spec i f i c  
Y i e l d  

Saturated th ickness 
25 ft. 30 ft. 40 ft. 

* Most reasonable est imate. 



GROUND WATER RECHARGE 

Every yea r  a c e r t a i n  amount of water e n t e r s  and l eaves  t h e  ground water  

system. I n  an undis turbed system a t  equi l ib r ium t h e  average amounts of 

water  e n t e r i n g  and leav ing  t h e  system anual ly  a r e  t h e  same. The volume 
of water en t e r ing  t h e  system annual ly  i s  t h e  recharge.  Areas where water 

e n t e r s  t h e  ground water system a r e  c a l l e d  recharge a r e a s ,  and a r e a s  where 
water  r e t u r n s  t o  t h e  s u r f a c e  a r e  c a l l e d  d i scharge  a r ea s .  Recharge a r e a s  

a r e  t y p i c a l l y  a r e a s  of h igher  e l e v a t i o n  with high p r e c i p i t a t i o n .  A 

p r e c i p i t a t i o n  map of t h e  John Day Basin i s  presen ted  i n  F igure  19. 

Discharge a r e a s  a r e  t y p i c a l l y  t h e  lower e l e v a t i o n s ,  o f t e n  stream o r  r i v e r  

va l leys .  

The t o t a l  volume of water contained i n  t h e  ground water system a t  a g iven  

time is t h e  s to rage .  When t h e  amount of recharge is  not  equa l  t o  t h e  

d i scharge ,  t h e  d i f f e r e n c e  i s  r e f l e c t e d  a s  a change i n  s to rage .  Changes 

i n  s t o r a g e  manifest  a s  changes i n  t h e  e l e v a t i o n  of t h e  water t a b l e ,  o r  

f o r  confined a q u i f e r s ,  changes i n  t h e  e l e v a t i o n  of t h e  po t en t iome t r i c  

su r f ace .  When water i s  pumped from an a q u i f e r ,  t h a t  removal e i t h e r  

reduces t h e  amount of d i scharge ,  removes water from s t o r a g e ,  o r  both.  I f  

a l a r g e  enough amount of water is pumped from an  a q u i f e r  on a c o n t i n u a l  

b a s i s ,  i t  w i l l  be r e f l e c t e d  i n  a lowering of t h e  water  t a b l e  o r  p r e s s u r e  

head, and a decrease  i n  n a t u r a l  d i scharge .  Lowering t h e  water t a b l e  can 

i n  some c a s e s  i n c r e a s e  recharge by a l i m i t e d  amount by al lowing normally 
r e j e c t e d  recharge water i n t o  t h e  system. A decrease  i n  n a t u r a l  d i s cha rge  
may manifest  a s  no t iceably  lower streamflows and lowering of water  l e v e l s  

i n  l a k e s  and marshes. I f  t h e  amount of water pumped exceeds t h e  recharge 
r a t e ,  water  i s  being con t inua l ly  removed from s t o r a g e  and t h e  s t a t i c  

water l e v e l  w i l l  drop. Unless t h e  withdrawals a r e  modif ied,  t h e  a q u i f e r  

w i l l  eventua l ly  be deple ted .  There i s  a s u s t a i n a b l e  r a t e  a t  which ground 

water  can  be removed by pumping which an a q u i f e r  can s u s t a i n  without 

caus ing  s i g n i f i c a n t  adverse e f f e c t  on t h e  s t a t i c  water  l e v e l  and t h e  

n a t u r a l  d i scharge .  However, ground water systems a r e  dynamic, and even 

a f t e r  moderate i n i t i a l  development t h e r e  w i l l  be d e c l i n e s  which l e v e l  o f f  
a s  t hey  move toward an e q u i l i b r i u n  between supply and demand. Es t imates  





of t h e  annual  recharge  an a r e a  r e c e i v e s  can provide in format ion  about  t h e  

upper l i m i t  of s u s t a i n a b l e  y i e l d .  However, recharge is  one of t h e  most 

d i f f i c u l t  q u a n t i t i e s  t o  determine i n  hydrology. The problem is f u r t h e r  

complicated i n  t h e  John Day Basin by t h e  l a r g e  a r e a ,  t h e  complex i t i e s  of 

t h e  geology, and t h e  d i v e r s e  e l e v a t i o n ,  vege ta t ion ,  and microcl imates .  

It i s  important  t o  p o i n t  o u t  t h a t  t h e  amount of recharge an a r e a  r e c e i v e s  
cannot be t o t a l l y  appropr ia ted  by ground water users .  I f  t h e  t o t a l  
amount of annual recharge were removed from t h e  ground water  system every  
yea r ,  t h e  n a t u r a l  d i scharge  from t h e  system would cease .  It is  t h i s  

n a t u r a l  ground water d i s cha rge  which i s  t h e  main c o n t r i b u t o r  t o  

streamflow during t h e  dry  sumner and f a l l  months. Without t h i s  ground 

water d i scharge ,  s t reams would l i k e l y  dry  up during t h e  t ime when t h e  

demand on s u r f a c e  water is  t h e  g r e a t e s t .  C lea r ly ,  t h e r e  is a dynamic 

balance between recharge ,  ground water use ,  and s u r f a c e  water  

requirements which must be maintained. 

There a r e  numerous methods which have been used t o  e s t i m a t e  recharge .  

Not a l l  of them a r e  s u i t a b l e  f o r  every a r e a ,  and they a l l  have had 
v a r i a b l e  success  r a t e s .  Commonly used methods i nc lude  a s s e s s i n g  t h e  

water balance o r  t o t a l  hydro logic  budget,  a s se s s ing  t h e  mass d i s cha rge  of 

an a q u i f e r  from f low r a t e s  c a l c u l a t e d  using a q u i f e r  c h a r a c t e r i s t i c s  and 

g rad i en t  d a t a ,  c a l c u l a t i n g  t h e  change i n  s t o r a g e  on an annual  b a s i s  from 

minimum and maximum s a t u r a t e d  t h i cknes s  d a t a ,  and c a l c u l a t i n g  t h e  annual  

ground water d i scharge  t o  s u r f a c e  s t reams by hydrograph a n a l y s i s  and 

baseflow sepa ra t i on .  

The f i r s t  two methods mentioned a r e  no t  p r a c t i c a l  f o r  use  i n  t h i s  s t udy  

f o r  numerous reasons.  The water  balance method r e q u i r e s  p r e c i s e  

knowledge of p r e c i p i t a t i o n ,  r u n o f f ,  and evapo t r ansp i r a t i on .  I n s u f f i c i e n t  

da t a  i s  a v a i l a b l e  t o  a c c u r a t e l y  c a l c u l a t e  evapo t r ansp i r a t i on  over  such a 

l a r g e  a r e a ,  and t h e  v a r i a t i o n s  of e l e v a t i o n ,  microcl imate ,  and vege t a t i on  

l i m i t  t h e  u se fu lnes s  i n  empi r i ca l  methods. Mass d i scharge  c a l c u l a t i o n s  

r equ i r e  accu ra t e  knowledge o f  a q u i f e r  c h a r a c t e r i s t i c s  a s  well a s  a c c u r a t e  

knowledge of t h e  e l e v a t i o n  of t h e  contours  of t h e  water  t a b l e  o r  t h e  



po ten t iome t r i c  su r f ace .  Unfortunately,  well l o c a t i o n  d a t a  is n o t  

accu ra t e  enough t o  r e l i a b l y  contour  t h e  water t a b l e ,  and knowledge of  
a q u i f e r  c h a r a c t e r i s t i c s  is  probably no t  s u f f i c i e n t l y  p r e c i s e  t o  provide  

r e l i a b l e  r e s u l t s .  

Some observa t ion  we l l  d a t a  a r e  a v a i l a b l e  f o r  t h e  John Day Basin. These 

d a t a  i s  some c a s e s  i n d i c a t e  t h e  annual  f l u c t u a t i o n  i n  t h e  s t a t i c  water  

l e v e l  which i s  cons idered  t o  approximate t h e  annual  v a r i a t i o n  i n  

s a t u r a t e d  t h i cknes s  from which a change i n  s to rage  can be c a l c u l a t e d .  

This  change i n  s to rage  is  taken  t o  be an e s t ima te  of minimum recharge.  

Stream hydrograph d a t a  and o t h e r  streamflow s t a t i s t i c s  a r e  a v a i l a b l e  f o r  
many gaging s t a t i o n s  throughout t h e  John Day Basin from U.S.G.S. 

records.  Th i s  information can be used t o  e s t i m a t e  baseflow, which 
i n d i c a t e s  t h e  ground water  d i scharge .  Es t imat ions  of ground water  

recharge f o r  var ious  p a r t s  of t h e  John Day Basin a r e  presented i n  t h e  
fol lowing s e c t i o n s  based on t h e s e  methods. 

Recharqe Est imates  from Stream Hydrographs 

A st ream hydrograph i s  a p l o t  of t h e  d i scharge  of a s t ream a s  a f u n c t i o n  

of time. Various components of  streamflow can be recognized on a 

hydrograph, inc lud ing  t h e  c o n t r i b u t i o n  from i n d i v i d u a l  storm e v e n t s ,  

runoff due t o  snowmelt, and t h e  d i scharge  of ground water.  Hydrograph 
a n a l y s i s  i s  d iscussed  by F e t t e r  (19801, Chow (19641, Maxie (19641, and 

Freeze and Cherry (1979). 

The ground water c o n t r i b u t i o n  t o  streamflow is c a l l e d  baseflow. It i s  

t h e  baseflow which s u s t a i n s  streamflow during t h e  dry  summer and f a l l  

months where t h e r e  is  no c o n t r i b u t i o n  from p r e c i p i t a t i o n  o r  snowmelt. 

During t h e  d ry  season streamflow gradua l ly  d e c l i n e s  a s  t h e  s t o r e d  ground 

water d i scharg ing  t o  t h e  s t ream i s  slowly deple ted .  Th i s  slow d e c l i n e  i n  

s t ream d i scha rge  i s  known a s  t h e  baseflow recess ion .  The r e l a t i o n s h i p  
between baseflow and ground water i s  discussed by Hal l  (19681, Riggs 



(1963) , Meyboom ( 1961), and F e t t e r  (1980). I d e a l l y ,  basef low recessions 

fo l low an exponent ia l  decay curve which p l o t t e d  on semi- logari thmic paper 

def ines a s t r a i g h t  l i n e .  Analyzing the  baseflow recess ion curve can 

prov ide in format ion  on t h e  nature o f  t h e  a q u i f e r  and t h e  amount o f  ground 

water storage, i n c l u d i n g  the  t o t a l  p o t e n t i a l  discharge t o  a stream. 

Baseflow recession ana lys i s  however i s  no t  w i thout  i t s  caveats. There 

are var ious f a c t o r s  which can i n f l u e n c e  streamflow which a re  n o t  e a s i l y  

accounted f o r  when separat ing out  t h e  var ious hydrograph components 

i n c l u d i n g  t h e  e f fec ts  o f  evapotranspirat ion,  i n t e r f l o w ,  bank storage, and 

streambed storage. I n  add i t i on ,  stream hydrographs do n o t  r e f l e c t  

subflow, o r  ground water f l o w  discharging outs ide  the  basin. Another 

problem, espec ia l l y  i n  l a r g e  basins w i t h  geo log ica l l y  complex ground 

water systems, i s  non - l i nea r i t y  o f  bas in  response. Most base f l o w  

recession ana lys i s  techniques assume a l i n e a r  bas in  response. There a re  

m u l t i p l e  f a c t o r s  which may cause a bas in  response t o  be non- l inear ,  

i n c l u d i n g  the  presence o f  m u l t i p l e  aqu i fe rs  c o n t r i b u t i n g  t o  baseflow. 

The e f f e c t s  o f  evapot ransp i ra t ion  by r i p a r i a n  vegeta t ion  on streamflow 

(and consequently on baseflow est imates and streamf low s t a t i s t i c s )  i s  

unclear.  I t  seems l o g i c a l  t o  assume t h a t  streamflow would be reduced by 

the  evapotranspirat ion,  however some research i n d i c a t e s  t h a t  du r ing  d r y e r  

months streamf low i s  augmented by l u s h  r i p a r i a n  vegeta t ion  (Winegar 1977, 

1982). 

When analyz ing hydrographs t o  determine baseflow i t  i s  necessary t o  be 

aware o f  these shor t  comings t o  t h e  method. As l o n g  as one considers t h e  

l i m i t a t i o n s  and p roper l y  q u a l i f i e s  the  r e s u l t s ,  ana lys i s  o f  basef low 

recessions can p rov ide  valuable i n fo rma t ion  on ground water d ischarge 

from a basin. 

Method Used f o r  t h i s  Report 

The method used t o  est imate ground water recharge from baseflow recess ion 

ana lys is  f o r  t h i s  study i s  t h a t  presented by Meyboom (1961) and F e t t e r  

(1980). The general  theory and a lgo r i t h ims  used i n  t h i s  method a re  



presented i n  Appendix 11. The baseflow recession curves were determined 

from hydrographs f o r  a number o f  consecutive years f o r  severa l  s t a t i o n s  

throughout t h e  basin. The t o t a l  p o t e n t i a l  ground water discharge a t  t h e  

beginning of each recession was calculated.  This i s  t h e  amount o f  water 

which would be released t o  the  stream i f  the  baseflow recession were 

allowed t o  cont inue t o  t h e  po in t  where a streamflow ceased. Baseflow 

recessions seldom reach zero f l ow  i n  major streams i n  t h e  John Day Basin 

before t h e  wet season a r r i v e s  and recharge resumes. The remaining 

p o t e n t i a l  discharge a t  t he  end o f  t he  baseflow recession was then 

calculated.  The d i f f e rence  between the  remaining p o t e n t i a l  discharge a t  

t h e  end o f  one baseflow recession, and the t o t a l  p o t e n t i a l  discharge a t  

t he  beginning of t h e  fo l l ow ing  baseflow recession represents t h e  increase 

i n  ground water s torage which has occured between recessions. Th is  

assumes t h a t  ground water recharge i s  occur ing before and a f t e r  t h e  

recessions. The increase i n  ground water storage does n o t  represent  the  

t o t a l  volume of water moving through the  system each year, s ince  a 

c e r t a i n  amount o f  water i s  moving through and d ischarging from t h e  system 

even wh i le  storage i s  increasing.  The change i n  storage does however 

represent a minimum amount o f  water which must have been recharged t o  t h e  

system. Throughout t h i s  sec t ion  on recharge es t ima t ion  from hydrograph 

ana lys i s  t h e  reader must be aware t h a t  these numbers are est imates o f  t he  

annual change i n  storage, which i s  a minimum est imate o f  recharge. 

For  t h i s  repo r t ,  hydrographs were selected from gaging s t a t i o n s  which 

represent major p o r t i o n s  o f  the  basin o r  a re  representa t ive  o f  a 

p a r t i c u l a r  geologic terrane.  I n  se lec t i ng  hydrographs, a span of years 

was se lec ted where t h e  p r e c i p i t a t i o n  was c lose t o  t h e  mean. The years 

1949 t o  1953 were chosen f o r  t h i s  study, as t h i s  pe r iod  o f  record  was 

a v a i l a b l e  f o r  most s ta t ions .  The fo l l ow ing  n ine  s t a t i o n s  were se lec ted 

f o r  ana lys is :  

1. John Day R ive r  a t  McDonald Fer ry  
2. Rock Creek above Whyte Park near Condon 
3.  John Day R ive r  a t  Service Creek 
4 .  Nor th  Fork o f  t h e  John Day R ive r  a t  Monument 
5 .  Nor th  Fork o f  t he  John Day River  near Dale 
6. Camas Creek near Ukiah 



7. John Day River  a t  P i c t u r e  Gorge 
8. Fox Creek a t  t h e  Gorge near  Fox 
9 .  John Day River  a t  John Day 

An index map of t h e s e  gaging s t a t i o n s  is  presented i n  F igure  20. 

Of t h e  n i n e  s t a t i o n s  which were s e l e c t e d ,  f o u r  were unusable  due t o  t h e  

effects of d i v e r s i o n s  f o r  i r r i g a t i o n .  These f o u r  a r e  a l l  a long  t h e  main 

stem of t h e  John Day River .  This i s  r a t h e r  unfor tuna te  because t h e s e  

r ep re sen t  a r e a s  of r e l a t i v e l y  high populat ion and ground water  use.  

F igure  20 Gaging s t a t i o n s  i n  t h e  John Day Basin used i n  t h i s  r e p o r t  

Hydrograph a n a l y s i s  and recharge e s t ima te s  based on change i n  s t o r a g e  a r e  
d i scussed  f o r  t h e  remaining f i v e  s t a t i o n s  i n  t h e  fo l lowing  s e c t i o n s .  The 

t a b l e s  f o r  each s t a t i o n  i n  t h e  fol lowing s e c t i o n s  p re sen t  upper and lower 
va lues  f o r  each e n t r y  (marked U and L) .  These va lues  correspond t o  t h e  

upper and lower limits of t h e  probable  baseflow r e c e s s i o n  l i n e s .  The 

range of probable  l i n e s  was s e l e c t e d  f o r  each hydrograph i n  o rde r  t o  

bracket  t h e  unce r t a in ty  due t o  t h e  e f f e c t s  of evapo t r ansp i r a t i on ,  and 
p o s s i b l e  minor d ive r s ions .  
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Camas Creek near  Ukiah 

The gaging s t a t i o n  on Camas Creek near  Ukiah i s  a t  an e l e v a t i o n  of 3589 

f e e t  and r ep re sen t s  a d ra inage  a r ea  of 121 square  miles. The a r e a  i s  

unde r l a in  almost e n t i r e l y  by Columbia River  B a s a l t ,  wi th  minor Quaternary  

alluvium and volcanic  sediment. This  a r ea  may be r e p r e s e n t a t i v e  of much 

of t h e  a r e a  of Columbia River  Basa l t  i n  t h e  dra inage  of t h e  North Fork of 

t h e  John Day River south  of  t h e  Blue Mountain An t i c l i ne .  P r e c i p i t a t i o n  

averages  about 15 t o  25 inches  annual ly .  R e s u l t s  of t h e  hydrograph 

ana lyses  a r e  presented i n  Table 14. Recharge e s t i m a t e s  vary from 1169 t o  
2274 ac re - f ee t ,  which corresponds t o  0.18 t o  0.35 i n c h e s  over  t h e  121  

square mile a rea .  

TABLE 14  

Hydrograph Analysis ,  Camas Creek near  Ukiah 
Drainage Area = 121 square  miles. 

Length of Tota l  Remaining Discharge 
Baseflow P o t e n t i a l  P o t e n t i a l  During Change i n  

Water Recession Discharge Discharge Recession S t o r a  e 
Year (days)  (acre-Pt)  ( ac re - f t )  ( a c r e m n .  ( a c r d i n .  1 

Average Change i n  S to rage  U 2274 0.35 
(Approximation of Minimum Recharge) L 1169 0.18 



North Fork John Day River near Dale 

The gaging s t a t i o n  on t h e  North Fork of t h e  John Day River near  Dale i s  

a t  an e levat ion  of 2776 f e e t  and represents  a drainage a r e a  of 525 square 
miles. The area  i s  almost e n t i r e l y  pre-Tertiary marine rock and 

in t rus ives ,  with very minor John Day and Clarno Formation mater ia l .  This 

area  i s  probably rep resen ta t ive  of much of t h e  pre-Tert iary sequence i n  
t h e  Blue Mountains i n  t h e  e a s t e r n  p a r t  of t h e  basin. Annual 

p rec ip i t a t ion  ranges from 20 t o  40 inches i n  t h e  area .  Resul ts  of t h e  
hydrograph analyses a r e  presented i n  Table 15. Recharge es t imates  range 

from 7262 t o  14,011 acre- fee t ,  corresponding t o  0.26 t o  0.50 inches  over 

the  525 square mile area .  

TABLE 15 

Hydrograph Analysis, North Fork John Day River near  Dale 
Drainage Area = 525 square miles. 

Length of Total  Remaining Discharge 
Basef low P o t e n t i a l  P o t e n t i a l  During Change i n  

Water Recession Discharge Discharge ~ e c e s s i o n  Storage 
Year (days) ( ac re - f t )  (acre- f t  (acre- f t  1 ( i n .  ( ac re - f t  ) ( i n .  

Average Change i n  Storage  U 14,011 0.50 
(Approximation of Minimum Recharge) L 7262 0.26 



North Fork John Day R ive r  a t  Monument 

The gaging s t a t i o n  on the  North Fork o f  t h e  John Day R i v e r  a t  Monument i s  

a t  an e l e v a t i o n  of 1960 feet  and represents a drainage area o f  2520 

square mi les.  This geo log ica l l y  d iverse  area represents about 31  percent  

of t he  t o t a l  basin, and inc ludes l a r g e  areas o f  Columbia R ive r  Basa l t  as 

w e l l  as pre-Ter t ia ry  rock in t h e  Blue Mountains. P r e c i p i t a t i o n  ranges 

from 15 t o  25 inches over much of t h e  area, and up t o  40 inches i n  t h e  

mountains. Resu l ts  o f  t h e  hydrograph analyses are presented i n  Table 

16. Estimates of recharge range from 16,445 t o  29,883 acre- feet  

annual ly,  which corresponds t o  0.12 t o  0.22 inches over t h e  2520 square 

m i l e  area. 

TABLE 16 

Hydrograph Analysis, North Fork o f  t h e  &hn Day R ive r  a t  Monument 
Drainage Area = 2520 square mi les .  

Length of To ta l  Remaining Discharge 
Basef low P o t e n t i a l  P o t e n t i a l  During Change i n  

Water Recession Diszharge Discharge Recession Storage 
Year - d a y s  (acre-f t )  (acre-f  t) ( a c r e - P t > n .  (acre-ft ) ( i n .  ) 

Average Change i n  Storage U 29,833 0.22 
(Approximation o f  Minimum Recharge L 16,445 0.12 



Fox Creek a t  t h e  Gorge near  Fox 

The gaging s t a t i o n  on Fox Creek a t  t h e  Gorge i s  a t  an e l eva t ion  of 4240 

f e e t ,  and represen t s  a drainage a rea  of 90.2 square miles. The Fox Basin 

area is primari ly Columbia River Basal t  w i t h  a 36 square mile a rea  of 

Quaternary Alluvium and volcanic sediments i n  the  c e n t r a l  por t ion .  

P rec ip i t a t ion  averages about 1 0  inches per  year. It i s  probably 

representa t ive  o f  much of t h e  Columbia River Basal t  t e r r a i n  along John 

Day River from Dayville t o  P r a i r i e  City,  north t o  t h e  Long Creek a rea .  

Resul ts  of the  hydrograph analyses  a r e  presented i n  Table 17. Recharge 

es t imates  range from 479 t o  1132 acre- fee t ,  which corresponds t o  0.10 t o  
0.24 inches over t h e  90.2 square mile area .  This seems l i k e  a r e l a t i v e l y  

high amount of recharge f o r  t h e  amount of p r e c i p i t a t i o n  t h i s  a rea  

TABLE 17 

Hydrograph Analysis,  Fox Creek a t  Gorge near Fox 
Drainage Area = 90.2 square miles. 

Length of Total  Remaining Discharge 
Baseflow P o t e n t i a l  P o t e n t i a l  Durina Chanae i n  

Water Recession Discharge Discharge ~ e c e s s i o n  
Year - (days) (acre-f t (acre-f t ( a c r e m n .  (acre-f t 

Average Change i n  Storage 
(Approximation of Minimum Recharge 



rece ives .  Th i s  may be due t o  favorab le  recharge  c h a r a c t e r i s t i c s  of t h e  

volcanic  sediments and alluvium i n  t h e  c e n t r a l  p a r t  of t h e  bas in .  

Rock Creek above Whyte Park near  Condon 

The l a s t  hydrograph a n a l y s i s  presented i s  f o r  t h e  gaging s t a t i o n  on Rock 

Creek above Whyte Park nea r  Condon, which i s  a t  an e l e v a t i o n  of 1714 f e e t  

and r e p r e s e n t s  a d ra inage  of 297 square mi l e s .  Records were unava i l ab l e  

f o r  t h e  1949 t o  1953 per iod  used f o r  t h e  rest of t h e  s t a t i o n s ,  s o  a 

per iod  from 1980 t o  1982 was used. There is  a c e r t a i n  amount of water 

which is pumped from Rock Creek and d ive r t ed  i n t o  t h e  Umati l la  Basin,  s o  

r e s u l t s  of t h i s  a n a l y s i s  a r e  probably low. This  d ra inage  is  almost  

e n t i r e l y  b a s a l t  t e r r a i n ,  with a very minor amount of t h e  John Day and 

Clarno Formations i n  t h e  extreme upper p a r t s .  This  a r e a  is cons idered  t o  

be approximately r e p r e s e n t a t i v e  of t h e  b a s a l t  a r e a s  n o r t h  of t h e  Blue 

Mountain An t i c l i ne .  P r e c i p i t a t i o n  averages about 15 inches  p e r  year .  

The r e s u l t s  of t h e  hydrograph ana lyses  a r e  presen ted  i n  Table  18. Data 

f o r  only two y e a r s  were usab le ,  s o  confidence i n  t h e  r e s u l t s  i s  l e s s  t han  

f o r  t h e  o t h e r  s t a t i o n s  analyzed. The recharge e s t i m a t e  ranges  from 1160 

t o  2092 a c r e - f e e t ,  which corresponds t o  0.07 t o  0.13 i n c h e s  ove r  t h e  297 

square mile a rea .  

TABLE 1 8  

Hydrograph Analysis ,  Rock Creek above Whyte Park 
Drainage Area = 297 square  miles. 

Length of To ta l  Remaining Discharge 
Basef low P o t e n t i a l  P o t e n t i a l  During Change i n  

Water Recession Discharge Discharge Recession S to ra  e 
Year - (days)  (acre-f t )  (acre-f  t ( a c r e - f t )  ( i n .  ( a c r d i n .  1 



Discussion o f  Hydrograph Analyses 

These est imates o f  recharge a re  based on t h e  annual change i n  storage, so 

must be considered est imates o f  minimum recharge. Cer ta in  aspects of t he  

hydrograph analyses suggest t h a t  t h e  r e s u l t s  a re  reasonable. The 

est imates are  within the  expected range. There i s  a c e r t a i n  consistency 

t o  t h e  r e s u l t s  bo th  from year t o  year within a drainage, and from one 

drainage t o  another regardless o f  s ize.  Hydrographs from t h e  h igher  

e levat ion ,  f o res t  and drainages i n d i c a t e d  h igher recharge than the  lower 

e l e v a t i o n  sparsely vegetated areas, as would be expected. The 

i m p l i c a t i o n s  o f  t h e  recharge est imates r e l a t i v e  t o  ground water usage are  

discussed i n  a l a t e r  sect ion. 

Basef low Approximations from Low Flow S t a t i s t i c s  

Among t h e  data a v a i l a b l e  from the  U.S. Geological Survey, a re  summaries 

of streamflow s t a t i s t i c s  f o r  numerous s ta t i ons  throughout t h e  John Day 

Basin. Inc luded i n  the  s t a t i s t i c a l  summaries are t h e  magnitude and 

p r o b a b i l i t y  of annual 1, 3, 7, 14, 30, 60, 120, and 183 day low f lows f o r  

var ious gaging s t a t i o n s  i n  t h e  basin. The low f l o w  represents the amount 

of f l ow  which w i l l  probably not  be exceeded f o r  t h e  s p e c i f i e d  pe r iod  o f  

t ime. For  example, t h e  seven day low f l ow  represents t h e  minimum f low 

r a t e  which would probably no t  be exceeded dur ing t h e  seven days of lowest  

f l ow  du r ing  a g iven year; t he  120 day low f l ow  i s  t h e  minimum f l ow  r a t e  

which would probably not  be exceeded du r ing  the  120 days o f  lowest f low. 

Lowest f l o w  usua l l y  occurs dur ing  t h e  d r y  summer and f a l l  months when 

streamflow i s  l a r g e l y  due t o  base f l o w  (ground water discharge). An 

es t ima t ion  o f  mean basef low (discharge) would approximate t h e  recharge, 

s ince on t h e  average recharge must equal discharge. The mean baseflow 

discharge r a t e  w i l l  f a l l  somewhere between t h e  lowest  f l ow  discharge 

r a t e s  and t h e  mean annual discharge. The longer  d u r a t i o n  low f l ows  

(60-120 day per iods)  a re  considered reasonable approximations o f  t h e  mean 

baseflow, and if integra ted  over t h e  e n t i r e  year approximate annual 

recharge t o  t h a t  p a r t i c u l a r  drainage area. A very s i m i l a r  method of 



est imat ing  recharge was used by Robison (1968). Robison est imated annual 

recharge by t o t a l i n g  the  discharge of t h e  t h r e e  lowest  months and 

m u l t i p l i e d  t h a t  volume by four.  The low f l o w  discharge can be 

extrapolated over t h e  e n t i r e  year t o  approximate an annual ground water 

discharge. Since t h e  low f l o w  data represents a mean o f  seve ra l  years t o  

several  tens of years, t he  ground water discharge c a l c u l a t e d  i n  t h i s  

manner can be considered t o  equal t h e  average recharge. 

Recharge est imates are presented i n  Table 19, based on t h e  30, 60, 90, 

and 120 day low f lows. The recharge i n  inches was c a l c u l a t e d  by d i v i d i n g  

the  volume o f  recharge by t h e  drainage area. Th is  method does n o t  

account f o r  discharge l o s t  t o  evapotranspirat ion,  and the re fo re  t h e  

estimates a r e  considered conservative. However, o f  a l l  t h e  methods used 

t o  est imate recharge f o r  t h i s  repo r t ,  r e s u l t s  from t h i s  method a r e  

considered t o  be t h e  most r e l i a b l e .  

Recharge Estimates Based on Observation Wel l  Data 

Observation w e l l s  o f ten  e x h i b i t  a c y c l i c a l  annual f l u c t u a t i o n  i n  t h e  

s t a t i c  water l e v e l .  This annual f l u c t u a t i o n  represents t h e  annual change 

i n  t h e  s ta tu ra ted  thickness, which i s  p r o p o r t i o n a l  t o  t h e  volume o f  water 

recharged t o  t h e  system dur ing  a g iven year. The f l u c t u a t i o n  r e s u l t s  

from water l e v e l s  d e c l i n i n g  as water i s  discharged f rom t h e  system i n  t h e  

d ry  season, and r i s i n g  as ground water i s  l a t e r  recharged t o  t h e  system. 

The volume o f  water represented by t h e  increase i n  sa tura ted th ickness i s  

the  minimum amount o f  water which must have been recharged t o  t h e  system. 

There are a number o f  obvious problems with t h i s  method f o r  es t ima t ing  

recharge. The volume def ined by t h e  d i f f e r e n c e  i n  minimum and maximum 

saturated th ickness i n  an aqu i fe r  i s  a complex three-dimensional 

geometric shape. To descr ibe t h a t  volume from t h e  s i n g l e  data p o i n t  of 

one observat ion w e l l  i s  h i g h l y  sub jec t i ve  a t  best.  S t a t i c  water l e v e l s  

can be a f f e c t e d  by f a c t o r s  o the r  than changes i n  t h e  sa tura ted th ickness,  

i n c l u d i n g  seasonal pumping e f f e c t s ,  evapotranspirat ion,  v a r i a t i o n s  i n  t h e  

stage o f  nearby streams o r  lakes, and changes i n  atmospheric pressure. 



TABLE 19 

Estimated Recharge i n  Inches Based on Low Flow S t a t i s t i c s  

S t a t i o n  
Drainage 

Area (rniz) 

Strawberry Creek 7 

John Day River  231 
a t  P r a i r i e  C i t y  

John Day River  near 386 
John Day 

John Day R ive r  a t  1680 
P i c t u r e  Gorge 

Camas Creek near Lehman 60.7 

Camas Creek near Ukiah 121 

Mid. Fk. John Day R ive r  515 
a t  R i t t e r  

North Fk. John Day River  525 
near Dale 

North Fk. John Day River  2520 
a t  Monument 

John Day R ive r  a t  5090 
Service Creek 

John Day R ive r  a t  7580 
McDonald Fer ry  

30 day 60 day 90 day 

4.46 4.85 5.24 

1.53 1.88 2.29 

120 day 

5.62 

2.82 

I t  i s  important  t o  remember t h a t  water i s  moving through an@ discharging 

from t h e  system c o n t i n u a l l y  dur ing  both the  increase and decrease i n  

storage. Therefore the  annual change i n  storage does no t  r e f l e c t  t he  

t o t a l  volume o f  water which enters  and leaves the  system each year. 

However t h e  annual increase i n  storage does represent t h e  m i n i m u m  amount 

o f  water which must have been recharged t o  t h e  system f o r  a g iven year. 

Useful in fo rmat ion  can be gained from regression ana lys i s  o f  year-to-year 

v a r i a t i o n s  i n  water l e v e l s  and p r e c i p i t a t i o n  data. Th is  method requ i res  



ca re fu l  s e l e c t i o n  and manipulat ion o f  t h e  data and i s  beyond the  scope of 

t h i s  i nves t i ga t i on .  

Data from three observat ion w e l l s  i n  t h e  John Day Basin i n d i c a t e d  r e g u l a r  

annual cyc les  i n  the  s t a t i c  water l e v e l .  The recharge i n  inches 

represented by t h e  f l u c t u a t i o n s  i s  ca l cu la ted  by m u l t i p l y i n g  t h e  amount 

o f  t he  f l u c t u a t i o n  ( i n  inches) by the  s p e c i f i c  y i e l d  of t h e  probable rock  

(dimensionless). To c a l c u l a t e  the  volume o f  water represented, one would 

need t o  determine t h e  area over  which t h e  cond i t i ons  represented by t h e  

observat ion w e l l  p r e v a i l .  The r e s u l t s  a re  presented i n  Table 20. 

Estimates o f  recharge from observat ion w e l l  da ta  are  presented i n  t h i s  

repo r t  on ly  f o r  comparison w i t h  o ther  methods. The reader i s  urged t o  

use caut ion  when i n t e r p r e t i n g  these values. 

TABLE 20 

Volume of water i n  inches represented by annual f l u c t u a t i o n  
of t h e  s t a t i c  water l e v e l  i n  observat ion wel ls .  

Wel l  l o c a t i o n  TlN, R17E, Sec 4ca T12S, R26E, Sec 34da T13S, R31E, Sec 26ba 

Owner 0 ' Meara D a y v i l l e  Cemetary C i t y  o f  John Day 

No. o f  Cycles 7 12 8 
Average f l u c t u a t i o n s  2.40 fee t  5.05 f e e t  0.36 f e e t  
Standard dev ia t i on  0.46 f e e t  2.00 f e e t  0.17 fee t  
Rock type Basa l t  Most ly  c l a y  Basal t  (?) 
Spec i f i c  y i e l d  0.01 0.02 0.01 
Inches of water 0.29 inches "1.21 inches 0.04 inches 

* Possib ly  a f f e c t e d  by r i v e r  stage. 

Confidence in Recharge Est imates 

Confidence i n  recharge est imates based on stream hydrograph data and low 

f l o w  s t a t i s t i c s  i s  genera l ly  good, though t h e  est imates a re  considered 

conservat ive. There are  a number o f  f a c t o r s  which a r e  unquan t i f i ab le  

which a f f e c t  t h e  resu l t s .  These i n c l u d e  t h e  a f f e c t s  of 

evapotranspirat ion and t h e  n o n - l i n i a r i t y  o f  t h e  bas in  response due t o  t h e  



s i z e  and complexity o f  t h e  ground water system. However, confidence i s  

increased by t h e  consistency o f  t h e  r e s u l t s  from year-to-year w i t h i n  a 

p a r t i c u l a r  drainage, and from one drainage t o  another regardless of s i z e  

and t o t a l  volume of flow. I n  add i t i on ,  confidence i n  t h e  r e s u l t s  i s  

increased by t h e  favorable comparison o f  recharge est imates with those 

presented by o ther  workers i n  and adjacent t o  the  John Day Basin. 

Robison (1968) estimated recharge us ing  the  low f l ow  discharges o f  major 

streams i n  the  basin, h i s  r e s u l t s  a re  presented i n  Table 21. He 

considers h i s  est imates t o  be low due t o  "excessive evapotranspirat ion" .  

Numerical computer modeling o f  ground water i n  t h e  Umat i l l a  P la teau by 

the  U.S. Geological Survey i n d i c a t e d  0.34 inches o f  average recharge over 

t h a t  e n t i r e  area (Anne Smith, Personnal Communication). The U m a t i l l a  

Plateau i s  a basa l t  te r rane which l i e s  j u s t  n o r t h  o f  t h e  Blue Mountain 

An t i c l i ne ,  and can be considered s i m i l a r  t o  t h e  area i n  t h e  John Day 

Basin j u s t  south o f  t h e  Blue Mountain a n t i c l i n e  drained by Camas Creek 

and t r i b u t a r i e s  t o  the  Nor th  Fork. The recharge est imates based on 

observat ion w e l l  data are  much more d ivergent  than est imates by o the r  

methods, however, they a re  within t h e  same order  o f  magnitude. 

Confidence i n  t h e  observat ion w e l l  est imates i s  low mainly because of t h e  

l a c k  of r e s t r a i n t s  on aqu i fe r  geometry and pumping e f fec ts .  

TABLE 21 

Estimated Recharge i n  t h e  John Day Basin 
Based on Streamflow Data (from Robison, 1968) 

M i l l i o n s  M i l l i o n  acre-feet Inches 
Area Square m i les  o f  acres Recharge Recharge 

N. Fork John Day 2630 1.7 0.08 0.57 
Upper .khn Day 2120 1.4 0.05 0.44 
Lower &hn Day 3260 1.7 0.01 0.06 
E n t i r e  Basin 8010 5.1 0.14 0.33 

Discussion o f  Recharge Estimates 

I n  the  preceeding sect ions annual recharge estimates a re  presented i n  

acre- feet  and inches f o r  var ious drainages i n  t h e  h h n  Day Basin. These 



numbers r e p r e s e n t  averages ,  and t h e  d i s t r i b u t i o n  and a v a i l a b i l i t y  of  
recharge w i l l  no t  be uniform throughout t h e  whole dra inage .  One reason 

f o r  t h i s  i s  t h e  v a r i a t i o n  of  p r e c i p i t a t i o n  with e l eva t ion .  

This  v a r i a t i o n  i s  exempl i f ied  i n  t h e  dra inage  of t h e  North Fork of t h e  

John Day River .  Analys i s  of d a t a  from t h e  Monument gaging s t a t i o n  
i n d i c a t e s  an  e s t ima ted  recharge  of 0.47 t o  0.71 inches  p e r  yea r ,  however 

a n a l y s i s  of d a t a  from t h e  s t a t i o n  nea r  Dale i n  t h e  upper reaches  of t h e  
North Fork i n d i c a t e s  an  es t imated  recharge  of 1.22 t o  1.65 inches  p e r  

year.  The d a t a  from t h e  s t a t i o n  near  Dale reflects t h e  high 
P r e c i p i t a t i o n  i n  t h e  Blue Mountains, and t h e  d a t a  from Monument i n c l u d e s  
t h a t  a r e a  a s  well a s  a l a r g e  expanse of Columbia River  Basa l t .  The va lue  
obtained from t h e  Monument d a t a  must be considered an average.  

Therefore ,  i n  a s s e s s i n g  t h e  recharge  t o  p a r t i c u l a r  a r e a  w i th in  an  a q u i f e r  
u n i t ,  it first necessary  t o  determine where t h e  a r e a  is  s i t u a t e d  r e l a t i v e  

t o  t h e  ground water  system it is  p a r t  o f .  

Another problem i s  t h a t  t h e s e  l a r g e  a r e a s  con ta in  mu l t i p l e  a q u i f e r s  wi th  

var ious  degrees  of i n t e r connec t ion .  I n  some t e r r a n e s ,  f o r  i n s t a n c e  t h e  
Columbia River  B a s a l t  a r e a s ,  t h e  m u l t i p l e  a q u i f e r s  can be  e f f e c t i v e l y  

considered a s i n g l e  u n i t .  I n  o t h e r  a r e a s  conta in ing  m u l t i p l e  geo log ic  

u n i t s ,  t h e  hydro logic  p r o p e r t i e s  of t h e  major a q u i f e r  u n i t s  a s  w e l l  a s  

t h e i r  l o c a t i o n  r e l a t i v e  t o  t h e  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  must be  
considered.  

Es t imates  i n d i c a t e  r echa rge  i n  most of t h e  John Day Basin i s  q u i t e  low, 

gene ra l l y  less than  one i n c h  p e r  year .  Recharge is  h ighe r  i n  t h e  Blue 
Mountains and Ochoco Mountains, and lower i n  t h e  nor thern  p a r t s  of t h e  

Basin i n  Sherman and Gi l l i am Counties.  Table 22 p r e s e n t s  recharge  
e s t i m a t e s  i n  ac re - f ee t  from low flow s t a t i s t i c s  f o r  some of t h e  major 
dra inages  i n  t h e  bas in .  I n t e r p r e t i n g  t h e  recharge e s t i m a t e s  t o  determine 
t h e  amount of  water  moving each yea r  through a p a r t i c u l a r  a q u i f e r  u n i t  is 

not  a s imple t a s k .  Not a l l  u n i t s  a r e  represented by t h e  recharge  

e s t ima te s .  Data i s  no t  a v a i l a b l e  t o  e s t i m a t e  recharge t o  t h e  Ra t t l e snake  
Formation o r  o t h e r  i n d i v i d u a l  u n i t s  a long t h e  main stem of t h e  John Day. 



T h i s  i s  because they a r e  from drainages which include multiple u n i t s ,  and 

contributions by individual  u n i t s  cannot be determined. There i s  no data 

avai lable  t o  estimate recharge t o  the  Clarno o r  John Day Formations. 

TABLE 22 

Estimates of annual recharge i n  x r e - f e e t  f o r  selected 
drainages i n  the  John Day Basin based on low flow s t a t i s t i c s  

Sta t ion Drainage Range of Estimates Range of Estimates 
Area (mi2) i n  inches i n  acre-feet 

Strawberry Creek 7 4.46 - 5.62 1665 - 2098 

John Day River 231 1.53 - 2.82 18,850 - 34,742 
a t  P r a i r i e  C i t y  

John Day River near 386 0.77 - 2.18 15,852 - 44,879 
John Day 

John Day River a t  1680 0.16 - 0.57 14,336 - 51,072 
Picture Gorge 

Camas Creek near Lehman 60.7 0.25 - 0.42 809 - 1,360 

Camas Creek near Ukiah 121 0.40 - 0.65 2,581 - 4,195 

Mid. Fk. .khn Day River 515 0.53 - 0.90 14,557 - 24,720 
a t  R i t t e r  

North Fk. John Day River 525 1.22 - 1.65 34,160 - 46,200 
near Dale 

North Fk. John  Day River 2520 
a t  Monument 

John Day River a t  5090 0.27 - 0.59 73,296 - 160,165 
Service Creek 

John Day River a t  7580 0.20 - 0.42 80,853 - 169,792 
McDonald Ferry 

The u n i t  best represented by the  recharge estimates presented i n  t h i s  report  

i s  the  Columbia River Basalt.  The basalt  is  well represented by recharge 

estimates from data from gaging s ta t ions  along Camas Creek and on the  North 

Fork of the  John Day a t  Monument. Recharge estimates i n  acre-feet a r e  

presented f o r  the  major basalt  areas i n  the  basin i n  Table 23. 



TABLE 23 

Acre-feet o f  est imated annual recharge t o  t h e  major b a s a l t  areas 
i n  t h e  &hn Day Basin based on stream f l o w  data us ing  0.4 t o  

0.6 inchesof recharge annual ly.  See s e c t i o n  on storage 
est imates f o r  d e t a i l e d  desc r ip t i ons  o f  t h e  areas. 

Area Est imated Recharge 
(acres) (acre- feet  ) 

Sherman County Basa l t  Area 
G i l l i a m  County Basa l t  Area 
North Fork - Middle Fork Area 
Fox Basin Basa l t  Area 
W. John Day Val ley Basa l t  Area 
E. &hn Day Va l ley  Basal t  Area 
Rudio M t .  Basa l t  Area 
P i c t u r e  Gorge-Sutton Mtn. Area 
South Fork Basa l t  Area 



DISCUSSION OF GROUND WATER POTENTIAL I N  SELECTED AREAS 

Upper John Dav River  Vallev 

Th i s  a r ea  i nc ludes  t h e  r i v e r  va l l ey  from P i c t u r e  Gorge e a s t  t o  P r a i r i e  Ci ty .  

This  i s  t h e  most populated a r e a  i n  t h e  John r)ay Basin,  and t h e  most well 
endowed i n  terms of ground water resources .  Ground water usage i n  t h i s  a r e a  
i s  p r imar i l y  f o r  domestic and s tock  use,  wi th  only minor i r r i g a t i o n  and 
i n d u s t r i a l  use. Most i r r i g a t i o n  conducted i n  t h e  a r e a  u t i l i z e s  s u r f a c e  water 

d ive r t ed  from t h e  John Day River  and major t r i b u t a r i e s  by way of a system of 

d i t ches .  

Ground water i s  obtained from near ly  a l l  t h e  bedrock u n i t s  i n  t h e  a r e a  a s  wel l  

a s  modern and a n c i e n t  a l l u v i a l  depos i t s .  The most commonly used a q u i f e r  u n i t s  
a r e  t h e  Quaternary  Alluvium i n  t h e  r i v e r  channel ,  t h e  Rat t lesnake  Formation 

g r a v e l s ,  and t h e  Columbia River  Basa l t .  The Columbia River  B a s a l t  and 
Quaternary Alluvium a r e  i n  many p l aces  capable  of producing y i e l d s  of s e v e r a l  

hundred g a l l o n s  p e r  minute wi th  proper ly  l o c a t e d  and cons t ruc t ed  wells. The 
Ci ty  of M t .  Vernon has  a municipal wel l  which produces from Quaternary 

Alluvium (T13S, R30E, Sec t ion  21cd). Canyon C i ty  and John Day municipal wells 

produce from Columbia River Basa l t  (T13S, R31E, S e c t i o n s  23bd, 23db, and 

26db). P r a i r i e  C i ty  has  a municipal wel l  which apparen t ly  produces from 
pre-Ter t ia ry  vo lcan ics  (TlZS, R33E, Sec t ion  26cd). A number of t h e  wells 

d r i l l e d  i n t o  t h e  Columbia River  Basa l t  a r e  a r t e s i a n  and f lowing.  

A major s t r u c t u r a l  f e a t u r e  which a f f e c t s  t h e  ground water a long t h e  upper John 

Day River  i s  t h e  John Day f a u l t .  Th i s  f a u l t  runs  from t h e  base of t h e  
Strawberry Range above t h e  P r a i r i e  Ci ty  Bench t o  t h e  town 6 f  John Day, and 

then  west a long  t h e  r i v e r  va l l ey  almost t o  Dayvi l le  where i t  l o s e s  i ts  

i d e n t i t y  j o in ing  w i t h  a number of o t h e r  f a u l t s .  The e f f e c t s  of t h e  f a u l t  on 

ground water  a r e  most no t i ceab le  i n  t h e  bedrock u n i t s  i n  t h e  John Day-Canyon 

C i ty  a r e a .  According t o  l o c a l  sources  t h e  wells sou th  of  t h e  f a u l t  have lower 

y i e l d s  and h igher  t o t a l  d i sso lved  s o l i d s .  

The a l l u v i a l  a q u i f e r  r ece ives  e s s e n t i a l l y  immediate recharge  from t h e  r i v e r .  



Any ex t ens ive  pumping from t h e  a l l u v i a l  a q u i f e r ,  f o r  i n s t a n c e  f o r  l a r g e  s c a l e  
i r r i g a t i o n  use ,  w i l l  a f f e c t  t h e  s t ream flow. The b a s a l t  a q u i f e r  r e c e i v e s  

recharge from p r e c i p i t a t i o n  i n  t h e  h i l l s  t o  t h e  no r th  of t h e  John Day Valley. 
Recharge e s t i m a t e s  range from 0.40 t o  0.60 i nches  pe r  year  t o  t h e  b a s a l t  i n  

t h a t  a r e a ,  which corresponds t o  about  5867 t o  8800 ac re - f ee t  p e r  year .  

Bearing i n  mind t h a t  t h e s e  a r e  conse rva t ive  e s t i m a t e s  it  i s  apparent  t h a t  t h e  

b a s a l t  a q u i f e r  could no t  s u s t a i n  any s i g n i f i c a n t  development f o r  i r r i g a t i o n .  

Fox Basin Area 

Fox Basin i s  a broad s t r u c t u r a l  ba s in  of Columbia River  Basa l t  with an 

accumulation o f  volcanic  sediments  and alluvium i n  t h e  c e n t r a l  po r t i on .  The 
bas in  i s  p r imar i l y  used f o r  g r az ing  and hay product ion.  Ground water i s  

produced p r imar i l y  from t h e  sediment and al luvium, and less commonly from t h e  
basa l t .  Numerous sma l l  s c a l e  i r r i g a t i o n  wells have been d r i l l e d  which produce 

two t o  t h r e e  hundred g a l l o n s  p e r  minute  from t h e  vo lcanic  sediments.  Most of 
t h e  wells producing from t h e  b a s a l t  a r e  on t h e  per iphery  of t h e  bas in .  Fox 

Basin appears  t o  be hyd ro log ica l ly  i s o l a t e d  by f o l d s  and f a u l t s  i n  t h e  
Columbia River  B a s a l t ,  and recharges  p r imar i l y  from p r e c i p i t a t i o n  w i th in  t h e  

basin.  Recharge e s t i m a t e s  f o r  Fox Basin range from 0.40 t o  0.60 i nches  pe r  

year ,  which corresponds t o  3264 t o  4896 ac re - f ee t  annual ly .  Even t ak ing  i n t o  

cons ide ra t i on  t h a t  t h e s e  recharge  e s t i m a t e s  may be low, i t  appears  un l ike ly  

t h a t  t h e  Fox Basin a r e a  could s u s t a i n  any l a r g e  s c a l e  i r r i g a t i o n  development. 

Lower John Dav River  Area 

The Lower John Day River  Area, no r th  of  t h e  Blue Mountain An t i c l i ne ,  comprises 

a broad b a s a l t  p la t form g e n t l y  d ipp ing  toward t h e  no r th ,  and d i s s e c t e d  by t h e  

.John Day River  and i t s  t r i b u t a r i e s .  The a r e a  i s  l o c a l l y  f a u l t e d  and gen t ly  

folded.  Th i s  p a r t  of t h e  bas in  i n c l u d e s  s e v e r a l  broad, r e l a t i v e l y  undissec ted  

a r e a s  which a r e  used predominately f o r  d ry  land  farming. Much of t h e  

noncul t iva ted  p a r t s  of t h e  a r e a  i s  used f o r  g raz ing .  

Ground water  i n  t h i s  r eg ion  i s  produced almost exc lus ive ly  from t h e  Columbia 

River  Basa l t .  Ground water i s  used p r imar i l y  f o r  domest ic ,  s t ock ,  and sma l l  



s c a l e  i r r i g a t i o n  purposes.  I n  a d d i t i o n ,  i n  t h e  no r theas t e rn  p a r t  of  Gi l l i am 

County t h e r e  a r e  s e v e r a l  l a r g e  diameter  high y i e l d  i r r i g a t i o n  wells (wells 

with y i e l d s  i n  exces s  of  1,000 gpm) . 

Ground water movement i s  gene ra l l y  northward toward t h e  Columbia River ,  

however i t  i s  l o c a l l y  s t r u c t u r a l l y  c o n t r o l l e d .  The numerous f a u l t s  i n  t h e  
e a s t e r n  p a r t  of t h e  a r e a  may a c t  a s  subsur face  b a r r i e r s  by t r u n c a t i n g  

permeable i n t e r f l o w s  of zones. A n t i c l i n e s  can  a l s o  a c t  a s  ground water 

b a r r i e r s  i f  uparching i s  s u f f i c i e n t .  Sync l ines  can a c t  a s  ground water 

r e s e r v o i r s ,  o r  subsur face  channels .  An awareness of l o c a l  geo log ica l  

s t r u c t u r e  is  advised when l o c a t i n g  new wells. 

The high t r a n s m i s s i v i t y  of  t h e  b a s a l t  i n  t h i s  p a r t  of t h e  bas in  and r e l a t i v e l y  

shallow s t a t i c  water  l e v e l s  make y i e l d s  adequate f o r  domestic and s tock  use 

r e a d i l y  ob ta inable .  I n  a d d i t i o n ,  y i e l d s  of two t o  t h r e e  hundred g a l l o n s  pe r  
minute, adequate  f o r  smal l  s c a l e  i r r i g a t i o n ,  appear  t o  be  o b t a i n a b l e  i n  many 

places .  To d a t e ,  t h e  l a r g e  diameter  h igh  y i e l d  weils a r e  r e s t r i c t e d  t o  t h e  
a r ea  along and t o  t h e  no r theas t  of Rock Creek. S imi l a r  high y i e l d s  may be 

ob t a inab le  elsewhere i n  t h e  Sherman-Gillam County a r e a s ,  but  h igher  l i f t s  may 
make development uneconomic. 

Recharge t o  t h i s  a r e a  i s  q u i t e  low. Es t imates  based on s t ream low flow d a t a  

range from 0.40 t o  0.60 inches  pe r  yea r ,  which correspond t o  approximately 

37,674 t o  56,512 ac re - f ee t  annual ly .  It appears  un l ike ly  t h a t  t h e  a r e a  can 

s u s t a i n  any l a r g e  s c a l e  i r r i g a t i o n  development, even bear ing  i n  mind t h a t  

t he se  a r e  conse rva t ive  e s t ima te s .  I n  f a c t ,  long term d e c l i n e s  i n  s t a t i c  water  

l e v e l  have been observed i n  wells i n  no r theas t e rn  Gillam County n e a r  t h e  a r e a  

of t h e  high y i e l d  we l l s  (F igures  21 and 22). Increased  water l e v e l  monitor ing 

throughout t h i s  a r e a  would be app rop r i a t e .  







SUMMARY AND RECOMMENDATIONS 

A review of  a v a i l a b l e  published and unpublished geo log ic  and hydrologic  

in format ion  inc lud ing  water well r e p o r t s  has i nd i ca t ed  t h a t  t h e  Columbia River 
Basa l t  Group and t h e  Quaternary alluvium a r e  t h e  most p roduct ive  a q u i f e r  u n i t s  

i n  t h e  John Day Basin.  The Rat t lesnake  and Mascall Formations a r e  l o c a l l y  

important aqu i f e r  u n i t s .  

Pump test  d a t a  from water well r e p o r t s  have been used t o  determine t h e  

hydrologic  c h a r a c t e r i s t i c s  of t h e  major a q u i f e r  u n i t s .  The a q u i f e r  

c h a r a c t e r i s t i c s  determined from t h e s e  da t a  a r e  u se fu l  f o r  comparing t h e  

var ious  u n i t s  i n  t h e  bas in ,  however t h e s e  numbers probably do not  accu ra t e ly  

r e f l e c t  t h e  t o t a l  p o t e n t i a l  of t h e  var ious  un i t s .  

The volume of  ground water i n  s t o r a g e  has  been est imated f o r  major a q u i f e r  
u n i t s  us ing  publ ished l i t h o l o g i c  information and geologic  and topographic  

maps. The numbers presented a r e  e s t ima te s  of t h e  t o t a l  amount of water 
contained i n  t h e  va r ious  major a q u i f e r  u n i t s ,  and do n o t  r e p r e s e n t  an  amount 

of water which can be appropriated.  

Annual ground water  recharge was est imated using stream hydrograph, low flow, 

and obse rva t ion  well hydrograph da t a .  The e s t ima te s  based on low flow stream 

d a t a  a r e  cons idered  t h e  most r e l i a b l e .  Annual recharge  e s t i m a t e s  range from 

about 0.2 t o  0.4 i nches  f o r  t h e  e n t i r e  bas in ,  though they  a r e  h igher  i n  a r e a s  

of h igher  e l e v a t i o n  and p r e c i p i t a t i o n .  Recharge is well below one i n c h  pe r  

year  over  most of t h e  bas in .  The low recharge appears  t o  prec lude  any 

i n t e n s i v e  l a r g e  s c a l e  i r r i g a t i o n  development us ing  ground water  i n  t h e  bas in .  

I n  o r d e r  t o  main ta in  t h e  equi l ib r ium between recharge ,  s t o r a g e ,  use and 

n a t u r a l  d i s cha rge ,  cau t ious  development must be accompanied by scrupulous  

monitoring. 

Knowledge of t h e  ground water p o t e n t i a l  of t h e  John Day Basin would be r e f ined  

wi th  i nc reased  d a t a  c o l l e c t i o n .  Increased d a t a  c o l l e c t i o n  needs t o  proceed 

along two l i n e s .  The f i r s t  i s  a bas in  wide program of long  term monitoring of 



c a r e f u l l y  l oca t ed  obse rva t ion  wells, and t h e  second i s  a p r o j e c t  o r i e n t e d  
program o f  a q u i f e r  t e s t i n g  and geo log ica l  assessment  t o  add re s s  s p e c i f i c  

ques t ions  about a q u i f e r  c h a r a c t e r i s t i c s  and t h e  p o t e n t i a l  of  c e r t a i n  a r ea s .  

The monitoring of c a r e f u l l y  l oca t ed  observa t ion  wells w i l l  provide information 
a s  t o  t h e  long term changes i n  t h e  qround water  system, both n a t u r a l  and 

induced. This monitor ing i s  of paramount importance i n  a r e a s  where 

development has  occurred o r  w i l l  l i k e l y  occur.  

Ce r t a in  problems r e q u i r e  t h e  ga the r ing  of  more d e t a i l e d  hydrologic  

information.  These problems inc lude  determining t h e  ground water  p o t e n t i a l  of 
s p e c i f i c  a r e a s  and t h e  e f f e c t s  of  development, a s s e s s i n g  a r e a s  of ground water 
d e c l i n e  or s i g n i f i c a n t  well i n t e r f e r e n c e ,  o r  determining p r e c i s e l y  t h e  

hydrologic  c h a r a c t e r i s t i c s  of  an  a q u i f e r .  

The ga the r ing  of more d e t a i l e d  in format ion  would i n c l u d e  i n c r e a s i n g  t h e  

dens i ty  of observa t ion  wells, mapping t h e  water  t a b l e  o r  p o t e n t i m e t r i c  

su r f ace ,  long term ,aqui fe r  t e s t i n g ,  and g e o l o g i c a l  eva lua t ion  t o  d e f i n e  

d e t a i l e d  s t r u c t u r e ,  s t r a t i g r a p h y  and l i t h o l o g y .  This  t y p e  of d a t a  ga the r ing  

w i l l  provide p r e c i s e  in format ion  on t r a n s m i s s i v i t y ,  s t o r a g e  c o e f f i c i e n t s  and 

s p e c i f i c  y i e l d .  As t h i s  s o r t  of d a t a  i s  acqu i r ed ,  e s t i m a t e s  of recharge  and 

s t o r a g e  could be r e f ined .  
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APPENDIX I 

Presen ta t i on  of Well Data 

Appendix I c o n s i s t s  of two p a r t s .  I n  t h e  f i r s t  p a r t ,  d a t a  from s e l e c t e d  water 
well r e p o r t s  a r e  presen ted  i n  t a b u l a r  form, grouped by a q u i f e r  u n i t .  I n  t h e  
second p a r t ,  t h e  hydrologic  c h a r a c t e r i s t i c s  of t h e  major a q u i f e r  u n i t s ,  a s  
determined from well d a t a ,  a r c  presented g raph ica l ly .  

Well r e p o r t s  used f o r  t h i s  r epo r t  were s e l e c t e d  according t o  t h e  fo l lowing  
c r i t e r i a :  

1. Only well r e p o r t s  wi th  complete pump o r  b a i l e r  tests were s e l e c t e d .  No 
a i r  tests were used. For tests where z e r o  drawdown was i n d i c a t e d ,  a 
drawdown of one f o o t  was a r b i t r a r i l y  used f o r  s p e c i f i c  capac i ty  and 
t r a n s m i s s i v i t y  c a l c u l a t i o n s .  

2. Only well r e p o r t s  i n  which t h e  producing a q u i f e r  could be detemined with 
reasonable  c e r t a i n t y  were used. 

The ca s ing  d a t a  presen ted  r e p r e s e n t s  on ly  t h e  sma l l e s t  d iameter  ca s ing  s t r i n g  
i n s t a l l e d ,  o r  t h e  l i n e r .  Transmissivi ty  va lues  were c a l c u l a t e d  us ing  t h e  
program publ ished by Vorhis (1979, and a r e  des igna ted  a s  T ( . nn) where . nn is 
t h e  s to rage  c o e f f i c i e n t  used i n  t h e  c a l c u i a t i o n .  Tes t  t ype  i s  e i t h e r  pump (P) 
o r  b a i l e r  ( B ) .  



.L PRODUCING FROM WATERNAAY ALLUVIUM ( I N  WIN RIVER VALLEYS) 

Location Owner - 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Ostrander 
Hadley 
Freeman 
Taylor 
Freeman 
Texaco 
meney 
Decker 
Dayville 
Dayville 
Fisher 
Rothwell 
Moore 
tblthouse 
Ryan 
Mid-Cwnty 
Pierce 
Page 
Holly 
Cawrse 
Nagel 
Weaver 
Soarul 
Williams 
kit. Vernon 
deepened 
Whale 
Dodds 
Oster 
Randall 
Coarse 
Hines Lunber 
Carroll 
Aasness 
Fergerson 
M t .  View 
Scott 
Ideal Gas 
Mlland 
HOoe 

Depth 
( f ee t )  

Yield 
w 

20 
40 
30 
40 
25 
21 
40 
44 
44 
10 
10 
20 
6 

10 
45 
44 
44 

Oraw- 
down 
( f ee t )  

26 
40 
49 
10 
30 
27 
16 
4 
2 

42 
68 
6 

23 
12 
20 
0 

12 
0 

35 
95 
11 
10 
38 
10 
25 

2 
14 
2 

26 
100 
25 
9 

10 
8 

107 
360 
12 
17 
50 
20 
25 
16 
80 
6 

a0 
1.5 

20 
100 
70 

155 

Time 
(hrs.) 

1 
1 
1 
1 
1 
2 
1.5 
1.5 
1.5 
1 
1 
0.5 
1 
1 
1 
1 
1 
2 
2 
5 
1 
1 
1 
2 
1 
1 
1 
4 
1 
4 
1 
1 
2 
2 

10 
96 
0.5 

10 
1 
1 
2 
2 
3 
2.5 
1 
6 
2 
2 
3 
1.5 

Diameter 
(inches) 

7 
7 
8 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
6 
8 
6 
6 5/8 
6 
6 5/8 
6 

15 3/4 
8 
6 
6 
6 

10 
8 
6 
6 
6 
6 
6 
8 
8 
6 
6 

36 
6 
6 
8 
6 

Test 
LYE 
B 
B 
B 
B 
P 
B 
0 
B 
B 
B 
0 
B 
0 
B 
B 
0 
B 
0 
0 
P 
B 
B 
B 
B 
B 
8 
B 
P 
I3 
P 
8 
B 
0 
n 
P 
P 
a 
8 
B 
t3 
P 
n 
B 
H 
n 
P 
B 
n 
a 
I3 

Stat ic  
water 
level ( f t )  

Casing 
size 
(inches) 

8 
8 
8 
6 
6 
6 
6 
6 
6 
6 
8 
6 
6 5/8  
6 
6 
6 
6 
6 
6 
6 
6 
8 
6 
8 
6 
6 5/8 
6 
6 518 
6 - 
8 
6 
6 
6 

10 
8 
6 
6 
6 
6 
6 
B 
8 
6 
6 

36 
6 
0 

8 
6 

Cased Perforated 
depth interval 
( fee t )  (feet) 

Specific 
capacity 
(ypm/ft) 

0.769 
1.000 
0.612 
4.mu 
0.833 
0.77d 
2.500 

11.000' 
22.000 
0.238 
0.147 
3.333 
0.261 
0.833 
2.250 

44.0 
3.667 

10.0 
0.143 
0. LO> 
1.81 
L.O 
0.24 
3.0 
0.40 

15.0 
0.50 
7. > 
U. 77 
1.0 
1.20 
6.67 
2.0 
2.0 
1.80 
0.167 
0.833 
1.176 
0.20 
u.5u 
1.28 
2 . X )  
0.50 
5.0 
0.375 

666. 
U.& 
0.070 
0.U43 
U.Ub> 



WATERNARY ALLUVIUM ( I N  MAIN  RIVER VALLEYS) 

Locat ion 

13S/31€-22b 
13S/31E-22cc 
13S/31€-22cc 
13S/31€-22dC 
135/31E-22dc 
13S/3lE-23 
135/31€-35ab 
135/3i€-22db 
13S/32E-2x8 
13S/32E-26aa 
13S/32f-2Qa 
13S/32E-26dd 
13S/32E-31 
13S133E-11 
l I S I 3 X - 1 1  
13S/33E-18bb 
13S/3hE-35ab 
13S/34€-35.3 
13S/34E-3% 
14S/34E-Qb 

Owner 

Hines Lunber 
k r l b u r t  
Ne ld in  
Wilcox 
n i l c o x  
Smith 
Hosley 
Kauhn 
Milne 
Sterrman 
Stergnan 
Vanschoiack 
Robertson 
Wright 
Wishard 
M i t c h e l l  
Morgan 
Kimberl lng 
Kimberl ing 
Sokol 

Locat ion 

13S/27€-lda He l le r  
13S/29E-13cd Overton 
13S/25€-22ab Cawrse 
13S129E-22ba Cawrse 
135/29E-22ca Cawrse 
135/3C€-32~~ DoddS 
13S/3C€-33cb Oeming 
13S/3G€-35ab Volny 
13S/3E-36W Volny 
13S/31€-28bd Tolman 
135/31E-36ca Canyon C i ty  
13S132E-30ac Caynor 
13S/32€-31 King 
13S/32E->lad B u r t l s  
135/32€-3lbad B u r t i s  
13S132E-3lcab Craig 
135/32€-3lcb Mor r i s  
l&S/3E-LW Clark 
lhS/31E-laa Sheedy 
145/31E-laa Bothwell  

Depth Y i e l d  
( f e e t )  (gpm) 

Depth Y ie ld  
( f ee t )  (gpm) 

120 15 
155 15 

1210 1200 
230 540 

Draw- 
down 
( f e e t )  

150 
M 
30 

135 
110 

2 
3 

20 
10 
8 1  
kO 
40 
25 

6 
41 
22 
25 

208 
22 
18 

Time 
(hrs.) 

1 
1 
2 
1 
1 
3 
2 
2 
1 
1 
1 
1 
1 
1 
0.33 
1 
1 
3 
2 
1 

Diameter 
( inches) 

12 
6 
6 
8 
6 
6 
6 

12 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
6 
6 

Test 

L Y E  

P 
B 
B 
B 
B 
P 
0 
B 
P 
t) 
B 
B 
P 
B 
B 
B 
0 
0 
B 
B 

S t a t i c  
water 
l e v e l  ( f t )  

WELLS FROWCING FROM THE RATTLESNAJE FORMATION 

Draw- 
down 
( f e e t )  

60 
81 

130 
130 
95 
19 

139 
200 
150 

1 
60 
25 

200 
63 
20 

5 
158 
50 
40 
36 

T irne 
(hE. ) 

1 
1 
7 
4 
8 
1 
1 
1 
1 
1 
5 
1 
1 
0.75 
2 
1 
1 
1.5 
2 
1 

Diameter 
( inches) 

6 
6 
9 7/8 

15 
15 Y/4 

6 
8 
6 
6 
6 

11 7/8 
6 
6 
6 
8 
6 
6 
6 
8 
6 

Test 

LYE 
P 
B 
P 
P 
P 
0 
B 
P 
P 
0 
P 
B 
B 
B 
B 
d 
I3 
B 
0 
0 

S t a t i c  
water 
l e v e l  ( f  t) 

12 
39 

270 
22 
55 
23 
35 
0 

350 
25, 

205 
90 
37 
62 
35 
4 5 

185 
73 
80 
74 

Casing 
s ize  
( inches) 

12 
6 
6 

10 
6 
6 
6 

12 
5 
6 
6 
6 
6 
6 
6 
6 
6 
8 
6 
6 

Casing 
s ize 
( inches) 

6 
6 
6 

16 
16 
6 
6 
6 
6 
6 

12 
5 
6 
6 
8 
6 
5 
6 
8 

6 

Cased 
depth 
( fee t )  

115 
21 
60 
19 
39 

149 
42 
39 

203 
105 
68 
49 
27 

138 
12 3 
20 
57 
70 
40 
46.5 

Cased 
depth 
(feet) 

100 
56 

1210 
50 

107 
40 

139 
410 
20 
s> 

3 58 
125 
119 
125 
20 
20 

323 
149 
20 
20 

Perforated 
i n t e r v a l  
( fee t )  

Perforated 
i n t e r v a l  
( f e e t )  

Speci f ic  
capacity T (0.2) 
L p m / f t )  f t2/day 

capacity Speci f ic  T (0.a) 

( q l ~ l f t )  ft'/aay 

0.25 26 
0.19 I d  
9.23 1695 
1 bUY 
>.47 863 
0.63 77 
0.014 - 
U.5L5 3> 
U.33 3 

lU.U 1691 
1.08 lU7 
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WELLS PROOUCING FROM THE STHAWBERRY VOLCANICS 

Oepth 
Location ( f e e t )  

llS/35E-21bc Oow 125 
llS/35E-2&a Oregon Lumber 109 
llS/35E-33 Lawrence 193 

Locatim Owner 

Olsen 
McKinney 
Diambers 
Wilson 
Leathers 
Dana s 
Thomas 
Budke 
Budke 
Wirf 
Plank 
Balcun 
Carl 
King 
Ke ms 
King 
Florian 
Florian 
Mlfman 
Florian 
Florian 

Depth 
( f e e t )  

80 
300 
88 

495 
394 
27 

294 
582 
126 
62 

304 
134 
176 
120 
400 
253 
300 
70 
127 
180 
96 
96 

Oraw- S t a t i c  Casing Cased 
Yield down Time Diameter Test water s i z e  deptn 
!gpn) ( f e e t )  (hrs .)  (inches) type l eve l  ( f t )  ( inches)  ( f e e t )  

15 77 1 6 B 33 6 24 
40-45 gpm a r t e s i a n  flow - - 0 6 50 
30 15 1 6 B 14 6 53 

Yield 
0 

12 
50 
30 

1m 
30 
10 
40 
25 
1 

!ELLS R O W C I N C  FROM THE JJtW DAY FORMATION 

Draw- 
down 
(feet) 

0 
30 
0 
0 

150 
15 
90 

2 
60 

Time 
(hrs. )  

2 
2 
1.5 
1 
2 
1 
2 
1 
1 

Diameter 
( inches)  

6 
6 
6 
6 

10 
10 
8 
6 
8 

Test 
L Y E  

B 
B 
a 
B 
0 
8 
8 
P 
B 

S t a t i c  
water 
l eve l  ( f t )  

Casing 
s i z e  
( inches)  

6 
6 
6 
6 
6 

10 
6 
6 
6 

Cased 
depth 
( f e e t )  

68 
39 
88 

350 
387 
27 

227 
41 
19 

Perforated 
in te rva l  
( f e e t )  

Perforated 
in te rva l  
( f e e t )  

Specif lc 
capacity T ( 1 ~ ~ ~ )  
(ypn/f t )  f t L  /day 

%eci f ic  - 
capaclt  T (1W4) 
(gpm/f tj f t2/daY 



WELLS WMXICING FROM THE CLMNO FOAMATION 

Oraw- Sta t ic  Casing Cased 
Yield down Time Diameter Test water s ize  dmth 

Perforated 
interval 
( f e e t )  

Specific 
capacity 
(gpmlft 

0.001 
0.025 
1.500 
0.4w 
0.135 
0.053 
U.060 
U . l Z >  
0.076 
s.u 
0.2'ZL 
0. XJ 
0.875 
5.U 

20.0 
0.012 

Depth 
( f ee t )  

800 
236 
115 
275 
110 
138 
83 
55 
3 5 

100 
37 

120 
80 
35 
28 

Locat ion ( f ee t )  (hrs.)  (inches) -- level ( f t )  (inches) ( fee t  -- 
Fossil 
0s trander 
Stout 
Wilson 
Welsh 
Zachery 
Wilson 
VanSwoll 
Brooks 
Rector 
Munjar 
Cum 

5 
6; 
13 
6 
m1 
2> 
-4 
lP1 
YO2 
3803 
1 
19,077 
7 
l b l  

Wheeler Co. 
Hiller 
Asher 
Oaley 
Wright 
Kinzua 
h n t  
UYS 
Ra jneesh 
Ra jneesh 
Ra jneesh 
Ra jneesh 
Rajneesh 
Sh run 
Bear Cr. 
Ricco 
Pra i r ie  City 

WELLS H7aXlClNG FROM WE-TERTIPJ7Y MARlK KOIMNTS A N D  WLCANICS 

Oraw- 
Yield down 
Igpn) (Teet) 

Stat ic  
Time Diameter Test water 
(hrs.)  (inches) level ( f t )  -- 

Casiny 
size 
(inches) 

Cased 
depth 
( f ee t )  

Perforated 
iritarval 
( f ee t )  

Spccif LC 
capacity 
(gpm/f t l  

0.250 
0. 2% 
0.690 
0.667 
5.88 
4.0 
0.375 
0.7>0 
0.503 
0.714 
1.20 
1.25 
1.11 
0.575 
0.750 
4:UO 
0.75 
1.67 
0.580 

Depth 
( f ee t )  

44 
67 

710 
210 
48 

110 
160 
67 

107 
162 
101 
107 

7 1 
140 
60 

I M) 
80 

188 
390 

Location Owner - 
Brackengury 
Taylor 
Prairie City 
Erickson 
la te  
Robertson 
Jensen 
Robertson 
Wnter 
Erickson 
Lyons 
Ledf ord 
Ledford 
Ledford 
Lyons 
Lyons 
Lyons 
Steagall 
Rodgers 

140 
60 
loo 
80 
12 

225 



Graphical  P re sen t a t i on  of  Well Data 

I n  t h e  fo l lowing  s e c t i o n ,  t h e  d i s t r i b u t i o n  of y i e l d ,  s p e c i f i c  c a p a c i t y ,  and 
t r a n s m i s s i v i t y  va lues  a r e  presen ted  f o r  each of t h e  major a q u i f e r  u n i t s  i n  t h e  
John Day Basin.  The cu rves  presen ted  show t h e  cumulat ive percentage  of wells 
a t  o r  below a given y i e l d ,  s p e c i f i c  c a p a c i t y ,  o r  t r a n s m i s s i v i t y .  

The cu rves  enab le  t h e  r eade r  t o  qu ick ly  a s s e s s  t h e  d a t a  from many water  well 
r e p o r t s  w i t h  on? f i g u r e .  One can,  f o r  example, qu ick ly  de te rmine  t h e  range of 
values  and t h e  median va lue  ( t h e  50 th  p e r c e n t i l e ) .  I n  a d d i t i o n ,  t h e  r eade r  
can see t h a t  10 pe rcen t  of t h e  wells f a l l  below a c e r t a i n  va lue ,  10 percent  
f a l l  above a c e r t a i n  va lue ,  and 80 percent  of t h e  w e l l s  f a l l  between t h e s e  two 
values.  

The number of wells r ep re sen t ed  on t h e  graphs f o r  each u n i t  is i n d i c a t e d  next  
t o  t h e  graphs.  



CUMULATIVE DISTRIBUTION, TRANSMISSIVITY 1 
QUATERNARY ALLUVIUM 

CUMULATIVE DISTRIBUTION, SPECIFIC CAPACITY 
QUATERNARY ALLUVIUM 

SPECIFIC CAPACITY, gpm/f t 

CUMULATIVE DISTRIBUTION, YIELD I 

QUATERNARY ALLUVIUM 

10 100 
YIELD, gpm 

b9 WELLS REPRESENTED 



CUMULATIVE DISTRIBUTION, YIELD 
RATTLESNAKE FM. 

CUMULATIVE DISTRIBUTION, SPECIFIC CAPACITY 
RATTLESNAKE FM. 

i 
S ~ C I F I C  CAPACITY, gprn/ft 

CLIMULATIVE DISTRIBUTION, TRANSMISSIVITY 
RATTLESNAKE FM. 

I 10 100 1000 10000 
TRANSMISSIVITY, ft2/day 

20 UELLS REPRESENTED 



CUMULATIVE DISTRIBUTION, YIELD 
COLUMBIA RIVER BASALT, SHERMAN CO. 

CLlMULATlVE DISTRIBUTION, SPECIFIC CAPACITY 
COLUMBIA RIVER BASALT, SHERMAN CO. 

.- 
SPECIFIC CAPACITY gpm/ft. 

CUMULATIVE DISTRIBUTION, TRANSMlSSlVlTY 
COLUMBIA RIVER BASALT, SHERMAN CO. 

57 WELLS REPRESENTED 



CUMULA~VE DISTRIBUTION, nw 
WELLS LESS M A N  12 INCHES DIAMETER 
COWMBIA RlMR BASALT, GlUlAM CO. 

CUMULATIVE DISTRIBUTION, SPECIFIC CAPACITY 
WELLS LESS THAN 12 INCHES DIAMETER 
COWMBIA RIVER BASALT, GILUAM CO. 

CUMULATIVE DIStR18UllON, TRANSMlSSlVlM 
WELlS LESS THAN 12 INCHES DIAMETER 
COUJMBIA RlMR BASALT, GlUlAM CO. 

38 WELLS REPRESENTED 
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CUMULATIVE DISTRIBUTION, YIELD 
JOHN DAY FM. 

CLlMULATlVE DISTRIBUTION, SPECIFIC CAPACITY 
JOHN DAY FM. 

CUMULATIVE DISTRIBUTION, TRANSMlSSlVlTY 
JOHN DAY FM. 

22 WELLS REPRESENTED 



CUMULATIVE DISTRIBUTION, YIELD 
CLARNO FM. 

CUMULATIVE DISTRIBUTION, SPECIFIC CAPACITY 
CLARNO FM. 

0.01 0. I 1 10 100 
SPECIFIC CAPACITY gpm/ft 

CUMULATIVE DISTRIBUTION, TRANSMISSIVITY 
CLARNO FM. 

0.1 1 10 100 1000 10000 100000 
TRANSMISSIVITY, ft2/day 

29 WELLS REPRESENTED 



APPENDIX I1 

Recharge Estimates From Baseflow Analys is  

The fo l l ow ing  method of es t imat ing  the  annual change i n  storage i s  
adapted f rom F e t t e r  (1980) and Meyboom (1961). 

STREAM HYDROGRAPH 

Start of 
Baseflow 
Recession P-4. 

- I 
I 1 I I 1 1 I I I I 1 I I I I 

0 N D  J F M A M J J A S O N D J  

The t o t a l  p o t e n t i a l  discharge (Qtp) i s  t h e  volume o f  water t h a t  
would be discharged i f  a baseflow recession were al lowed t o  proceed 
un t i l  discharge ceased. Qtp i s  represented i n  t h e  f i g u r e  above by 
t h e  area A p l u s  6. 

Where Qo = t h e  discharge a t  t h e  beginning o f  the  recession, 
and t l  = t h e  t ime requ i red  f o r  a decrease i n  discharge 

o f  one order  o f  magnitude. 

The p o t e n t i a l  discharge a t  t he  end o f  a baseflow recession (Qt) i s  
represented by area B i n  t h e  above f igure.  



Where t = t h e  du ra t i on  o f  t h e  baseflow recession. 
I 

Assuming t h e  bas in  response is l i n e a r ,  and t h a t  t h e  ground water 
system i s  recharging before and a f t e r  t he  baseflow recession, the  
annual change i n  storage can be calculated.  

The d i f f e r e n c e  between t h e  p o t e n t i a l  discharge a t  t he  end of one 
baseflow recession ( Q t )  and t h e  t o t a l  p o t e n t i a l  discharge a t  t h e  
beginning of t h e  next  baseflow recession (Qtp) equals t h e  change i n  
storage i n  t h e  ground water system between the  two recessions. 
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