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DEFINITIONS OF SELECTED TERMS 

Acre-Foot: The volume r e q u i r e d  t o  cove r  1 a c r e  t o  a dep th  of  1 f o o t .  This  is  
equa l  t o  43,560 c u b i c  f e e t  o r  325,851 g a l l o n s .  

Aphric: A rock t e x t u r e  i n  which a l l  c r y s t a l s  a r e  f i n e  g ra ined  (less than  l m m ) .  

Aquifer: A water  bea r ing  l a y e r  of rock  t h a t  w i l l  y i e l d  water  i n  a useable  
q u a n t i t y  t o  a well o r  s p r i n g .  

Alluvium: Clay,  s i l t ,  sand ,  g r a v e l  o r  s i m i l a r  m a t e r i a l  depos i t ed  by running 
water.  

Andesi te :  A f i n e  g ra ined ,  g ray  t o  g r a y i s h  b lack  vo lcan i c  rock ,  t y p i c a l l y  
con ta in ing  t h e  mine ra l s  p l a g i o c l a s e ,  a u g i t e ,  b i o t i t e ,  o r  hornblende. 

A n t i c l i n e :  A geo log ic  s t r u c t u r e  where rock s t r a t a  ( l a y e r s )  a r e  a rched  upward. 

Basa l t :  A very f i n e  g r a i n e d ,  dark g r a y  t o  b l ack  v o l c a n i c  rock.  The minera l s  
i t t a i n s  (pyroxene, p l a g i o c l a s e ,  o l i v i n e )  a r e  r e l a t i v e l y  h igh  i n  i r o n  and 
magnesium. 

Per 1 : 
?rmeabi - - .  . 

Confined Aquifer  ( A r t e s i a n  Aquii An a q u i f e r  bounded above and below by 
m a t e r i a l  of d i s t i n c t l y  lower p~ l i t y  t h a n  t h e  a q u i f e r  i t s e l f .  Ground 
water i n  t h e  a q u i f e r  is under s u f t l c l e n t  p r e s s u r e  t o  r ise  above t h e  l e v e l  a t  
which it i s  encountered by a wel l .  The water  may o r  may n o t  r ise above land  
s u r f a c e  i n  a well. 

F a u l t :  A f r a c t u r e  o r  zone of f r a c t u r e s  i n  t h e  e a r t h ' s  c r u s t  a long  which t h e r e  
has  been displacement  of one s i d e  r e l a t i v e  t o  t h e  o t h e r .  

Geologic S t r u c t u r e :  A g e n e r a l  term f o r  f e a t u r e s  c r e a t e d  by movement, bending, 
t i l t i n g ,  o r  b reak ing  of rock  l a y e r s  o r  u n i t s .  

Ground Water Reservoi r :  A de s igna t ed  body o f  s t a n d i n g  o r  moving ground water 
having e x t e r i o r  boundar ies  which may c e r t a i n e d  o r  reasonably  i n f e r r e d  
[ORS 537.515(4)1. 

H y a l o c l a s t i t e :  A d e p o s i t  formed by l a v a  s h a t t e r i n g  i n t o  sma l l  g l a s s y  angular  
f ragments  a s  i t  f lows  i n t o  water  o r  wa te r  s a t u r a t e d  sediments .  

Hydraul ic  Conduct ivi ty:  A measure of t h e  c a p a c i t y  o f  a rock t o  t r ansmi t  
water .  It i s  expressed  a s  t h e  r a t e  (volume/time) a t  which water  moves through 
a u n i t  a r e a  of an a q u i f e r  under a u n i t  h y d r a u l i c  g r a d i e n t .  Its va lue  depends 
upon t h e  p h y s i c a l  p r o p e r t i e s  of  t h e  water  and ttie a q u i f e r .  Larger  va lues  
means water  can move more e a s i l y .  

Hydraul ic  Gradient :  A measure of t h e  s l o p e  of t h e  p o t e n t i o m e t r i c  su r f ace .  I t  
i s  t h e  change i n  t o t a l  head p e r  u n i t  d i s t a n c e  measured i n  t h e  d i r e c t i o n  of 
s t e e p e s t  change. Th i s  g r a d i e n t  d r i v e s  ground water  f low.  

Hydraul ic  Gradien t  = ( T o t a l  Head . a t  Po in t  A )  - ( T o t a l  Head a t  Po in t  B )  
D i s t ance  Between A & B 



Lithology:  The d e s c r i p t i o n  of r o c k s  on t h e  b a s i s  of  c o l o r ,  minera l  
composi t ion,  and g r a i n  s i z e .  

Paleomagnetism: The i n t e n s i t y  and d i r e c t i o n  of  r e s i d u a l  magnet iza t ion  i n  
anc i en t  rocks .  'The magnetic p a r t i c l e s  i n  t h e  rock were o r i e n t e d  by t h e  
e a r t h ' s  magnetic f i e l d  a s  i t  e x i s t e d  when t h e  rock  was formed. 

Phenocryst :  A c r y s t a l  conspicuous ly  l a r g e r  t h a n  most c r y s t a l s  i n  t h e  rock .  

Phyr ic  ( p o r p h y r i t i c ) :  A b a s a l t  rock t e x t u r e  i n  which l a r g e r  c r y s t a l s  
(phenocrys t s )  a r e  set i n  a  mat r ix  of  f i n e r  g r a i n e d  c r y s t a l s  and g l a s s .  

P i l low - Pa lagon i t e  ( P i l l o w  Brecc i a ) :  P i l l ow  l a v a  surrounded by yellow o r  
oranqe mine ra l s  formed a s  t h e  p i l l ow  l a v a  weathers .  P i l l ow  l a v a s  a r e  l o b e s  of 
l a v a - m a t e r i a l  s t a c k e d  one upoh ano the r  resembling a  p i l e  of bed p i l l ows .  They 
a r e  formed by l a v a  f l owing  i n t o  water .  

Po t en t iome t r i c  Su r f ace :  A s u r f a c e  t h a t  r e p r e s e n t s  t h e  t o t a l  head i n  an 
a q u i f e r .  It i s  d e f i n e d  by t h e  e l e v a t i o n  a t  which water  s t a n d s  i n  ca sed  wells 
t h a t  p e n e t r a t e  t h e  a q u i f e r .  

S t o r a t i v i t y :  The volume of water  r e l e a s e d  from o r  added t o  s t o r a g e  i n  a  u n i t  
prism of a  conf ined  a q u i f e r  p e r  u n i t  change i n  t o t a l  head. Water r e l e a s e d  is  
due t o  compaction of t h e  a q u i f e r  and expansion of  water  when p r e s s u r e  is 
r e l i e v e d .  Water added i s  due t o  expansion of t h e  a q u i f e r  and compaction of 
water a s s o c i a t e d  w i t h  an i n c r e a s e  of  p r e s s u r e .  

S t o r a t i v i t y  = (volume of  water  r e l e a s e d )  ( a q u i f e r  t h i c k n e s s )  
(volume o f  a q u i f e r  wi th  a  u n i t  a r e a  b a s e ) ( u n i t  d e c l i n e  of t o t a l  head) 

S t r a t i g r aphy :  Branch of  Geology which t r e a t s  t h e  fo rma t ion ,  composi t ion,  
sequence and c o r r e l a t i o n  of  rock l a y e r s .  

Syncl ine:  A g e o l o g i c  s t r u c t u r e  where rock l a y e r s  a r e  bent  downward i n t o  a  
trough. 

Thrus t  F a u l t :  A f a u l t  w i th  a  d i p  less than  o r  equa l  t o  4 5 O  over  most of  its 
e x t e n t .  Rock on one  s i d e  appears  t o  have moved upward and ove r  t h e  rocks  on 
t h e  o t h e r  s i d e .  Hor i zon ta l  compression i s  u s u a l l y  r e s p o n s i b l e  f o r  t h r u s t  
f a u l t s .  

T o t a l  Head: T o t a l  Head = Eleva t ion  Head + P r e s s u r e  Head 

E leva t ion  Head: The e l e v a t i o n  a t  a  p o i n t  of 
i n t e r e s t  i n  an  a q u i f e r  r e l a t i v e  t o  a  measuring 
p o i n t  ( i . e .  s e a  l e v e l )  

P re s su re  Head: The he igh t  of a  column of water  
t h a t  can  be  suppor ted  by t h e  p r e s s u r e  a t  a  p o i n t  
of i n t e r e s t  i n  an  a q u i f e r .  

Transmiss iv i ty :  A measure i n d i c a t i n g  how e a s i l y  water  can move through a n  
aqul f  e r  . 

Transmis s iv i t y  = (hyd rau l i c  c o n d u c t i v i t y ) ( a q u i f e r  t h i c k n e s s )  



Tuffaceous: A rock containing up to 50 percent volcanic ash. 

Vesicular: A rock texture characterized by abundant small openings formed by 
gas bubbles trapped during the solidification of lava. 

Volcanic Breccia (agglomerate!: A rock composed of angular volcanic fragments 
(larger than 64mm) set in finer volcanic material. 

Volcaniclastic: A rock composed of volcanic fragments. 



The well and s p r i n g  numbering system used i n  Oregon i s  based on t h e  

r ec t angu la r  system used f o r  subd iv i s ion  of p u b l i c  l and .  Each well number 
i n d i c a t e s  t h e  geographic  l o c a t i o n  of  t h e  well and d e s c r i b e s  t h e  township, 

range,  and s e c t i o n .  For example, t h e  well number 2N/l2E-2Oaab o r  
T2N/HlZE-ZUaab i n d i c a t e s  a w e l l  l o c a t e d  w i t h i n  Township 2 North,  Range 1 2  

E a s t ,  and Sec t ion  20. The letters fo l lowing  t h e  s e c t i o n  number i n d i c a t e  t h e  
well l o c a t i o n  wi th in  t h e  s e c t i o n  a s  shown i n  F igu re  1. The f i r s t  l e t te r  ( a )  

r e p r e s e n t s  t h e  q u a r t e r  s e c t i o n  (16U a c r e s ) ,  t h e  second l e t t e r  ( a )  t h e  
qua r t e r -qua r t e r  s e c t i o n  (40 a c r e s ) ,  and t h e  t h i r d  l e t te r  ( b )  t h e  

quar te r -quar te r -quar te r  s e c t i o n  (10 a c r e s ) .  If more t h a n  one w e l l  i s  l o c a t e d  
w i th in  a 10-acre t r a c t ,  a series number i s  added fo l l owing  t h e  t h i r d  l e t t e r  t o  

d i s t i n g u i s h  each well. 

2N/12E-20aab 

Figure 1. WELL NUMBERING SYSTEM 



Table 1. Measurement Conversions 

I 1 Multiply I BY I To Obtain I 
I 1 I I I 
1 1 I I I 
l Length 1 f e e t  
I I mile 

1 3.048 x 10-1 I Meter I 
1 1.609 1 Kilometer I 

I 1 I I I 
I 1 1 
1 Area I f ee t2  1 9.290 x 10-2 I ~ e t e r 2  1 
I I ac re  1 4.047 x 103 I ~ e t e r 2  I 
I I acre  1 4.356 x 104 I ~ e e t ~  1 
I I mile2 I 2.590 I Kilometer2 1 
I I mile2 1 640 I Acre I 

I I I 1 I 

l I f ee t3  I 2.300 x 10-5 1 acre-feet  I 
I f ee t3  1 2.832 x 10-2 1 ~ e t e r 3  
I f e e t3  

I 
I 1 7.482 I U.S. Gallon 1 
I I f e e t 3  1 28.3213 I Liter I 
I I meter3 1 2.642 x 102 I Gallon 1 
I I I 1 I 
I I I 1 I 
l Discharge I U.S. gal/min 1 1.440 x 103 I U.S. gal/day I 
1 1 U.S. gal/min 1 1.930 x 102 I f t3/day I 
1 I U.S. gal/min 1 2.230 x 10-3 I f t3/secorid 1 
I 1 U.S. gal/min 1 4.420 x 1 acre-feet/day I 
I I U.S. gal/min I 6.309 x 10-5 1 m3/day I 
I I I 1 I 
I 1 I 
1 Hydraulic I f t/second 1 3.U48 x 10-1 1 m/second 1 
1 Conductivity 1 f t l second 1 6.458 x lo5 1 U.S. gal /day/f t l  
I I I I I 
I I 
1 Transmissivity I f t2/second 1 9.290 x I m2/second I 
1 1 ft2/second 1 6.460 x 105 I U .S. ga l /day / f t  l 
I I I I I 

x i i  





HYDROGEULOGY OF THE BASALT AQUIFERS NEAR MUSIEH, OHEGON: 

A GROUND WATEH RESOURCE ASSESSMENT 

Kenneth E .  Li te  Jr .  
Gerald H. Grondin 

ABSTRACT 

The Mosier s tudy  a r e a  i s  l o c a t e d  a d j a c e n t  t o  t h e  Columbia River  i n  t h e  

northwest  co rne r  of Wasco County, i n  n o r t h - c e n t r a l  Oregon. The a r e a  

encompasses approximately 35 square  m i l e s  i n  t h e  t r a n s i t i o n a l  zone between t h e  

High Cascades t o  t h e  west and t h e  Columbia P l a t e a u  t o  t h e  e a s t .  The Mosier 

a r e a  r e c e i v e s  an average  y e a r l y  r a i n f a l l  of 23 i nches .  

Northwest-facing s l o p e s  predominate i n  t h e  a r e a .  The r e g i o n a l  geology 

c o n t r o l s  most s l o p e  d i r e c t i o n s  and ang le s .  The Columbia R ive r  and t h r e e  s m a l l  

t r i b u t a r i e s  d r a i n  t h e  a r ea .  

Unincorporated a r e a s  o f  t h e  Mosier s t udy  a r e a  a r e  des igna t ed  f o r  f ' ive  and t e n  

a c r e  r u r a l  r e s i d e n t i a l ,  a g r i c u l t u r a l ,  and f o r e s t  l a n d  u s e s .  F r u i t  grown on 

near ly  1 ,240 a c r e s  i s  t h e  primary a g r i c u l t u r a l  a c t i v i t y  i n  t h e  Mosier a r e a .  

Cherry trees a r e  p l a n t e d  on most of  t h e  o rcha rd  acreage .  

Aquifers  i n  f i v e  d i s t i n c t  s t r a t i g r a p h i c  u n i t s  a r e  i d e n t i f i e d  i n  t h e  Mosier 

s tudy  a r e a .  Ground water  occu r s  i n  g l a c i o f l u v i a l  d e p o s i t s ,  w i t h i n  permeable 

l a y e r s  of t h e  Chenoweth Formation, and w i t h i n  t h r e e  a q u i f e r s  i n  t h e  Columbia 

Hiver B a s a l t  Group. The b a s a l t  a q u i f e r s  a r e  i n fo rma l ly  c a l l e d  t h e  Pornona, 

P r i e s t  Rapids and Frenchman Spr ings  a q u i f e r s .  The Pomona and P r i e s t  Hapids 

a q u i f e r s  a r e  t h e  major sou rce  of ground water  i n  t h e  Mosier a r e a .  



The Columbia H i l l s  a n t i c l i n e  and Mosier s y n c l i n e  c o n t r o l  t h e  r e g i o n a l  ground 

water f low d i r e c t i o n .  Loca l  ground water  movement i s  a l s o  i n f luenced  by an  

ea s t -no r theas t  t r e n d i n g  t h r u s t  f a u l t  and a northwest  t r end ing  s t r i k e - s l i p  

f a u l t .  

Two a q u i f e r  tests were conducted,  and t h e  d a t a  c o l l e c t e d  were analyzed.  

Transmiss iv i ty  v a l u e s  c a l c u l a t e d  f o r  t h e  Pomona a q u i f e r  range  from 11,500 t o  

24,000 f t2/day and s t o r a t i v i t y  v a l u e s  c a l c u l a t e d  range  from 0.00004 to  

0.00009. T ransmis s iv i t y  v a l u e s  c a l c u l a t e d  f o r  t h e  P r i e s t  Rapids a q u i f e r  range  

from 9,100 t o  29,900 f t 2 / d a y .  

Water l e v e l  d e c l i n e s  a r e  documented i n  some wells i s o l a t i n g  t h e  Pomona and 

P r i e s t  Rapids  a q u i f e r s .  The c u r r e n t  r a t e  o f  d e c l i n e  f o r  t h e  Pomona a q u i f e r  i s  

6.9 f e e t  p e r  year .  The c u r r e n t  r a t e  of  d e c l i n e  f o r  t h e  P r i e s t  Rapids  a q u i f e r  

i s  3 .3  f e e t  p e r  yea r .  Recharge r e p l a c e s  approximately 90 pe rcen t  of  t h e  

d i s cha rge  from t h e  P r i e s t  Rapids  a q u i f e r ,  and recharge  r e p l a c e s  approximately 

82 pe rcen t  of t h e  d i s cha rge  from t h e  Pomona a q u i f e r .  Over 27 pe rcen t  of t h e  

recharge  t o  t h e  Pomona a q u i f e r  may come from t h e  P r i e s t  Rapids a q u i f e r  through 

wells i n t e r c o n n e c t i n g  t h e  two a q u i f e r s .  

Ground water  samples were c o l l e c t e d  from each  a q u i f e r  and t h e  n a t u r a l  water  

q u a l i t y  was chemical ly  ana lyzed .  No primary ( h e a l t h  r e l a t e d )  d r i n k i n g  water  

s t anda rds  were exceeded. Two secondary ( a e s t h e t i c )  d r ink ing  water  s t a n d a r d s  

( i r o n  and z i n c )  were exceeded i n  two wells. 



INTHODUCTION 

PURPOSE AND SCOPE 

This i s  the f i r s t  o f  a ser ies  o f  studies t o  be conducted through the Oregon 

Water Resources Department's Ground Water Resource Assessment Program. The 

studies are conducted i n  an e f f o r t  t o  i d e n t i f y  and describe a l l  o f  Oregon's 

ground water resources. The Ground Water Resource Assessment Program was 

authorized i n  1985, i n  response t o  ORS 537.665 and the recogn i t i on  t h a t  

responsible management of ground water quant i ty  and q u a l i t y  requ i res  a 

fundamental knowledge o f  the resource. 

The Mosier area was chosen f o r  the i n i t i a l  study because o f  an immediate need 

t o  def ine an apparent water supply problem i n  t h a t  area. Water l e v e l  decl ines 

are  documented from measurements taken i n  observation we l l s  near Mosier f o r  

the past  24 years. The i nves t i ga t i on  o f  the Mosier area was designed t o  

address the dec l i n i ng  water l e v e l  issue whi le  a lso  descr ib ing the  o v e r a l l  

ground water resources o f  the  area. The major emphases o f  t he  Mosier study 

were to :  

1. i d e n t i f y  t h e  aqu i fe rs  i n  which the decl ines are occurr ing; 

2. describe t h e  l o c a l  ground water flow system; 

3. describe t he  geologic and hydrologic cha rac te r i s t i c s  o f  the aqui fers;  

4. describe t he  ground water chemistry. 

Ea r l y  i n  the study, i t  was recognized that :  



1. water l e v e l  d e c l i n e s  a r e  o c c u r r i n g  w i t h i n  two b a s a l t  a q u i f e r s  

under ly ing  t h e  Mosier a r e a ;  

2. t h e  two b a s a l t  a q u i f e r s  a r e  t h e  primary sou rce  o f  ground water  i n  t h e  

Mosier a r ea .  

As a r e s u l t ,  t h i s  s tudy  focused upon c h a r a c t e r i z i n g  geo log ic  and hydro logic  

parameters  of  two b a s a l t  a q u i f e r s  under ly ing  t h e  Mosier a r e a .  

LOCATION AND GEOGHUPHY 

The Mosier s tudy  a r e a  i s  l o c a t e d  i n  t h e  nor thwes t  c o r n e r  of Wasco County, i n  

no r tn -cen t r a l  Oregon (F igu re  2 ) .  The a r e a  encompasses approximately 35 s q u a r e  

miles i n  t h e  t r a n s i t i o n a l  zone between t h e  High Cascades t o  t h e  west and t h e  

Columbia P l a t e a u  t o  t h e  e a s t .  As i n d i c a t e d  on P l a t e  1, t h e  s t u d y  a r e a  i s  

l o c a t e d  w i t h i n  Township 2 North, Range 1 2  E a s t ,  and t h e  e a s t e r n  h a l f  of 

Range 11 Eas t .  

The a r e a  is d ra ined  by t h e  Columbia R i v e r  and three s m a l l  t r i b u t a r i e s .  Only 

one t r i b u t a r y ,  Mosier Creek, f lows y e a r  around. Two i n t e r m i t t e n t  s t r eams  

d r a i n  the a r e a ;  Rock Creek near  t h e  wes te rn  boundary and Rowena Creek, which 

forms p a r t  of t h e  e a s t e r n  boundary of t h e  s tudy  a r e a .  

The topography of t h e  a r e a  i s  c h a r a c t e r i z e d  by predominately nor thwes t  f a c i n g  

s lopes .  The d i r e c t i o n s  of t h e  s l o p e s  a r e  mainly c o n t r o l l e d  by t h e  r e g i o n a l  

geology. E l eva t ions  w i th in  t h e  study a r e a  range  from about  100 f e e t  n e a r  t h e  

~olumbi 'a  River  t o  over  2300 f e e t  a t  Wasco B u t t e .  Most s l o p e s  d i p  between 3 
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and 11 degrees,  r e f l e c t i n g  t h e  a t t i t u d e  of t h e  underlying rock surfaces .  Much 

g rea te r  s lope  angles  (up t o  90 degrees)  occur l o c a l l y  a s  a  r e s u l t  of erosion.  

CLIMATE 

The study area  l ies i n  a  t r a n s i t i o n a l  zone between t h e  a r i d  con t inen ta l  

cl imate of Eastern Oregon and t h e  humid maritime c l imate  of Western Oregon 

(Grady, 1983). Yearly temperature extremes range from below O°F t o  over 100°F 

a t  weather s t a t i o n s  i n  Hood River and The Dalles.  Their year ly  mean 

temperatures range between 50 t o  55OF (Nat ional  Weather Service  Data).  

In te rpo la t ion  of r a i n f a l l  da ta  from nearby weather s t a t i o n s  and p r e c i p i t a t i o n  

data  c o l l e c t e d  by an o rchard i s t  i n  t h e  study a rea  suggests  the  study area  

receives an average year ly  r a i n f a l l  of 23 inches  (Figures  3 and 4 ) .  

LAND USE 

Land use within t h e  unincorporated a r e a s  of t h e  Mosier Study Area is  q u i t e  

variable.  The var ious  land use des igna t ions  f o r  t h e  a rea  include:  

ag r i cu l tu re ,  f o r e s t  land,  and 5 and 10 a c r e  r u r a l  r e s i d e n t i a l .  F r u i t  grown on 

nearly 1,240 a c r e s  i s  t h e  primary a g r i c u l t u r a l  a c t i v i t y  i n  t h e  Mosier area .  

Cherry t r e e s  a r e  p lanted  on most of t h e  orchard acreage. The Columbia d i v e r  

Gorge National Scenic Area des ignat ion  w i l l  p lace  a d d i t i o n a l  land use 

r e s t r i c t i o n s  i n  p a r t s  of t h e  study a rea .  Development over the  next 5 years i s  

mainly a n t i c i p a t e d  i n  2N/12E s e c t i o n s  16 ,  17 ,  21 and 22 (James W .  Johnson, 

personal communication, 1987). The new development w i l l  be mostly on 10 ac re  

r u r a l  r e s i d e n t i a l  p l o t s .  
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GROUND WATER OEVELOPMENT 

INTRODUCTION 

The h i s t o r i c a l  development of ground water i n  t h e  Mosier a r e a  can  be t r a c e d  

from t h e  mid-1920's t o  t h e  p r e s e n t  (F igu re  5 ) .  The development t r e n d  shown on 

F igure  5 is based upon well l o g  and water  r i g h t  r eco rds  a t  t h e  Water Resources 

Department. According t o  t h e  r e c o r a ,  approximately 290 water  wells a r e  

l o c a t e d  w i th in  t h e  Mosier s tudy  a r e a .  P l a t e  1 shows t h e  l o c a t i o n  o f  139 of 

t h o s e  wells. Over n i n e t y  p e r c e n t  of  t h e  wells i n  t h e  s tudy  a r e a  were d r i l l e d  

a f t e r  1970 and f i f t y  p e r c e n t  were cons t ruc t ed  a f t e r  1978. 

A l a r g e  percentage  o f  t h e  wells l o c a t e d  i n  t h e  Mosier a r e a  a r e  domes t ic  supply  

wells. Only 25 of t h e  w e l l s  i nven to r i ed  a r e  used f o r  i r r i g a t i o n ,  group 

domest ic ,  o r  munic ipa l  supply.  

TREND OF DEVELOPMENT 

Ground water  development n e a r  Mosier began i n  o r  near  t h e  o rcha rd  t r a c t .  

Approximately s even ty  p e r c e n t  of t h e  w e l l s  d r i l l e d  p r i o r  t o  1970,  were 

cons t ruc t ed  i n  2N/12E s e c t i o n s  5 ,  6 ,  7, 8 and 18. Those wells were d r i l l e d  

f o r  bo th  i r r i g a t i o n  and domest ic  use.  During t h e  mid t o  l a t e  1Y7O1s, ground 

water development i n c r e a s e d  throughout  t h e  s tudy  a r e a ,  p a r t i c u l a r l y  i n  t h e  

v i c i n i t y  of Seven Mile H i l l  (2N/12E-22). Sec t ion  22 h a s  more t h a n  twice t n e  

number of wells (52  wells) a s  t h e  nex t  most densely developed s e c t i o n  
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Figure 5. CUMULATIVE NUMBER OF WELLS COMPLETED WITHIN 
THE MOSIER STUDY AREA BETWEEN 1926 AND 1986 



(2N/12E-16). With t h e  exception of two wells i n  s e c t i o n  22, a l l  of  t h e  wells 

a r e  used f o r  domestic supply. Severa l  unused we l l s  a r e  a l s o  loca ted  i n  

s e c t i o n  22. 

CURRENT GROUND WATER USE 

Approximately 250 households i n  t h e  area  r e l y  on ground water from domestic 

wells f o r  t h e i r  water supply. The C i t y  of Mosier s u p p l i e s  water from a well 

t o  approximately 130 add i t iona l  households i n  t h e  a rea .  The average household 

consumption of water i n  t h e  study a r e a  i s  approximately 790 g a l l o n s  per  day 

(290 ga l lons  per  day per  person).  

Nearly 500 acres  of orchard t r a c t  i n  2N/12E s e c t i o n s  7 and 18 rece ive  

i r r i g a t i o n  water from ground water sources.  Approximately 90 a c r e s  of orchard 

t r a c t  r ece ive  supplemental i r r i g a t i o n  from ground water sources.  A 75 a c r e  

orchard t r a c t  w i l l  soon switch from dry land farming t o  i r r i g a t i o n  farming 

using ground water. The remaining 275 a c r e s  of dry l and  orchards  could a l s o  

switch t o  i r r i g a t i o n  farming i n  t h e  fu tu re .  

Most i r r i g a t o r s  water t h e i r  t r e e s  t h r e e  times per  year .  They water once i n  

t h e  sp r ing  and twice a f t e r  harves t .  I r r i g a t o r s  e s t ima te  they apply 5 t o  7 

inches of water per  a c r e  each watering. Agr icu l tu ra l  extens ion agen t s  

recommend applying 36 inches of water p e r  a c r e  each year .  



AQUIFER RESPONSE TO GROUND WATER DEVELOPMENT 

Utilization of water stored i n  some aquifers has caused water leve l  declines 

i n  wells penetrating the aquifers. Figure 6 i l l u s t r a t e s  the water level 

decline tha t  has occurred i n  a well since 1963. The water leve l  i n  Well 

2N/12E-7ada declined approximately 2.0 f e e t  per year from 1963 t o  1971. 

Increased demand accelerated the  decline t o  approximately 6.5 f e e t  per year 

from 1976 t o  1986. The accelerated water l eve l  decline i n  Well 2N/12E-7ada 

corresponds to the increased number of wells d r i l l e d  a f t e r  1970 (Figure 5 )  and 

the increased acreage permitted for  i r r iga t ion  a f t e r  1970 (Figure 7 ) .  I f  the 

present trend continues, pumping levels  i n  7ada could intercept the  aquifer 

w i t h i n  f ive  years. That means ar tesian conditions a t  7ada would be l o s t ,  and 

the aquifer there could be drained. 
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(NOT ALL ACREAGE PERMITTED AFTER 1982 HAS BEEN IRRIGATED) 

Figure 7. CUMULATIVE ACREAGE PERMITTED FOR 
IRRIGATION WITH GROUND WATER 



GEOLOGY 

INTRODUCTION 

The occur rence  and movement of ground water i n  an a r e a  i s  c o n t r o l l e d  by t h e  

geology. A thorough understanding of t h e  geologic  s t r u c t u r e  and s t r a t i g r a p h y  

i s  necessary  t o  e v a l u a t e  t h e  ground water resource .  

The s t r a t i g r a p h y  of t h e  Mosier a r e a  c o n s i s t s  of  m u l t i p l e  l a y e r s  of b a s a l t ,  

mostly o v e r l a i n  by conso l ida t ed  and unconsol idated l a y e r s  of vo l can i c  

sediment .  Both t h e  b a s a l t  and vo lcan i c  sediment a r e  l o c a l l y  o v e r l a i n  w i t h  

unconsol ida ted  s i l t ,  sand ,  and g r a v e l .  The geo log ic  a g e s  and formal  geo log ic  

nomenclature f o r  t h e  s t r a t i g r a p h i c  u n i t s  descr ibed  i n  t h i s  r e p o r t  a r e  shown On 

F igu re  8. 

Ground water  f low wi th in  t h e  va r ious  s t r a t i g r a p h i c  u n i t s  nea r  Mosier i s  

in f luenced  by bo th  r e g i o n a l  and l o c a l  t e c t o n i c s .  Fo lds  and f a u l t s  w i t h i n  t n e  

Mosier a r e a  have r e g i o n a l l y  t i l t e d  and l o c a l l y  d i s r u p t e d  t h e  o l d e r ,  once 

predominately h o r i z o n t a l ,  l a v a  f lows  and sedimentary d e p o s i t s .  

S e v e r a l  p r ev ious  g e o l o g i c a l  and hydrogeological  p u b l i c a t i o n s  of t h e  r eg ion  

i n c l u d e  d i s c u s s i o n s  of  t h e  geology of t h e  Mosier a r e a  ( P i p e r ,  1932; Newcomb, 

1963, 1969, Swanson and o t h e r s ,  1981; Bela ,  1982; Grady, 1983). Geologic  maps 

by Newcomb (1969), and Swanson and o t h e r s  (1981) were e s p e c i a l l y  u s e f u l  du r ing  

t h i s  i n v e s t i g a t i o n .  



+ HOLOCENE 

Figure 8. GEOLOGIC AGES AND NOMENCLATURE OF 
STRATIGRAHIC UNITS WITHIN THE MOSIER STUDY AREA 



The geologic map i n  t h i s  r e p o r t  ( P l a t e  2) was prepared with t h e  a i d  o f  a e r i a l  

photographs, analyses o f  fiumerous water w e l l  repo r t s ,  and reconnaissance f i e l d  

mapping. The map inc ludes some r e i n t e r p r e t a t i o n  o f  t he  geo log ic  work 

pub l ished by H.C. Newcomb, (1969) and J.L. Underson ( i n  Swanson and o thers ,  

1981) . 

STRATIGRAPHY 

Columbia R ive r  B a s a l t  ~ r o u p  

B a s a l t s  o f  the  Columbia R i v e r  Group are  the  most abundant r o c k  type i n  t h e  

Mosier area and importank i n  terms o f  t he  occurrence o f  ground water.  Near 

Mosier, t h e  Columbia H ike r  Basa l t  Group inc ludes  t h r e e  format ions:  Grande 

Ronde Basa l t ,  Wanapum Basa l t ,  and Saddle Mountains Basa l t .  Unly t h e  Wanapum 

8 a s a l t  and Saddle ~ o u n t a i n s  Basa l t  a re  p e r t i n e n t  t o  t h i s  study, and a re  

descr ibed herein.  

Wanapum Basa l t  The Wanapum Basa l t  near Mosier c o n s i s t s  o f  t h ree  members 

(F igu re  8):  Frenchman Springs, Hoza, and P r i e s t  Rapids (Swanson and o thers ,  

1981). The Frenchman Spr ings and P r i e s t  Rapids Members a r e  t h e  on ly  members 

impor tant  as a q u i f e r s  i n  t h e  Mosier area. 

The Frenchmaq Springs Member exposed near Mosier i s  represented by a  

r e l a t i v e l y  t h i n  a p n y r i ~  f l o w  u n i t  o v e r l y i n g  a  very  v e s i c u l a r  p h y r i c  f low 

u n i t .  A s i m i l a r  appeartng sequence near The D a l l e s  has been i d e n t i f i e d  as t h e  
I 

b a s a l t  o f  Sen t ina l  ~ a ~ i  o v e r l y i n g  b a s a l t  o f  Sand Hol low ( ~ a r v i n  H .  Beeson, 
I 

persona l  communication, 1 1987). Ground water found within tne  upper Frenchman 

Spr ings  Mernoer probably loccurs w i t b i n  t h e  very  v e s i c u l a r  Plow u n i t .  
! 



Both u n i t s  have normal paleomagnet ic  p o l a r i t y ,  a s  do  a l l  f low u n i t s  of  t h e  

Frenchman Spr ings  Member. The a r e a l  d i s t r i b u t i o n  of t h e  Frenchman Spr ings  

Member n e a r  Mosier i s  shown on P l a t e  2. 

The Roza Member i s  an impor tan t  marker u n i t ,  b u t  a p p a r e n t l y  i s  n o t  important  

a s  an a q u i f e r  near  Mosier. The Roza Member i s  r e p r e s e n t e d  by one  f low i n  t h e  

a r ea .  The abundance of r e l a t i v e l y  l a r g e  (less t h a n  1 cm) and uniformly 

d i s t r i b u t e d  p l a g i o c l a s e  phenoc rys t s  makes i d e n t i f i c a t i o n  o f  t h e  flow 

r e l a t i v e l y  easy.  The Roza Member can  a l s o  be i d e n t i f i e d  by i t s  r a t h e r  unique 

t r a n s i t i o n a l  paleomagnetic p o l a r i t y .  I n  a d d i t i o n ,  d i s t i n c t  s h o r t ,  stubby 

colonnade and s l e n d e r ,  f a n n i n g  e n t a b l a t u r e - l i k e  j o i n t i n g  p a t t e r n s  a r e  l o c a l l y  

d i agnos t i c  of t h e  Roza Member. The Roza Member i s  p r e s e n t  o n l y  n e a r  Rowena 

Creek; s o  appa ren t ly ,  i t  i s  n o t  impor tan t  a s  an  a q u i f e r  i n  t h e  s tudy  a r e a .  

The a r e a l  d i s t r i b u t i o n  of  t h e  Roza Member nea r  Mosier i s  shown on P l a t e  2. 

The P r i e s t  Rapids Member is  a very impor tan t  water  b e a r i n g  u n i t  n e a r  Mosier. 

Regional ly ,  t h e  P r i e s t  Rapids  Member c o n s i s t s  of  two rock  chemica l  t ypes ,  

c a l l e d  t h e  Lolo and Rosa l i a  chemical  t y p e s  (Swanson and o t h e r s ,  1979). Both 

chemical types  have been t e n t a t i v e l y  i d e n t i f i e d  i n  t h e  Mosier a r e a  based on 

hand specimen l i t h o l o g y .  The upper ,  Lolo chemical  t ype  i s  c h a r a c t e r i s t i c a l l y  

dark gray t o  b l ack ,  medium t o  c o a r s e  g r a i n e d ,  and o c c a s i o n a l l y  c o n t a i n s  

phenocrysts .  I n  t h e  Mosier a r e a ,  rock i d e n t i f i e d  a s  Lolo chemica l  t y p e  o f t e n  

e x h i b i t s  a  p l a t y  j o i n t i n g  p a t t e r n .  The lower ,  R o s a l i a  chemica l  t ype  i s  dark 

gray t o  b lack ,  f i n e  t o  medium g r a i n e d ,  and a p h y r i c  t o  microphyric .  The. 

Rosa l ia  commonly e x h i b i t s  a  blocky j o i n t i n g  p a t t e r n  where i t  h a s  been 

t e n t a t i v e l y  i d e n t i f i e d  n e a r  Mosier.  



H y a l o c l a s t i t e s  and a p i l l ow-pa lagon i te  complex u n d e r l i e  t h e  Rosa l i a  Flow near 

Mosier and i n  The ~ a l l e s  (Tolan and o thers ,  1984). H y a l o c l a s t i t e  and 

p i l l ow- lava  form as a r e s u l t  o f  h o t  l a v a  f l o w i n g  i n t o  water. Across the  
I 

Columbia R ive r  f rom ~ o s i e i ,  t h e  Rosa l ia  Flow i s  u n d e r l a i n  by a h y a l o c l a s t i t e  

deposi t  o f  t he  same chemical type (Tolan and o thers ,  1984). A t  two l o c a l i t i e s  

a long Mosier Creek, a sdmi la r  appearing p i l l ow-pa lagon i te  complex has been 

i d e n t i f i e d .  The p i l l ow-pq lagon i te  complex i s  thought  t o  represent  t h e  base o f  

t h e  P r i e s t  Hapids Member i n  t h e  Mosier area. 

The P r i e s t  Rapids Member i s  d i s t i ngu ished  f rom t h e  o the r  Wanapum b a s a l t  

members by i t s  reversed phleomagnetic p o l a r i t y .  The a r e a l  d i s t r i b u t i o n  of t h e  

P r i e s t  Rapids Member n e a r ~ M o s i e r  i s  shown on P l a t e  2. 

Saddle Mountains B a s a l t  The Saddle Mountains B a s a l t  i s  represented by t h e  

Pomona member i n  t h e  Mosier area. The Pomona i s  t h e  o n l y  member o f  t h e  Saddle 
I 

Mountains Basa l t  found n&ar t h e  western edge o f  t h e  Columbia P la teau Region 
I 
I 

(Swanson and others,  1981). The Pomona Member i s  an impor tan t  a q u i f e r  i n  t h e  
I 

Mosier area. 

The Pomona Member i s  l idht t o  dark gray, f i n e  gra ined,  and p o r p h y r i t i c .  The 
1 

phenocrysts a r e  smal l  ( l e k s  than 0.5 cm) and occur i n  b o t h  equant and a c i c u l a r  

form. This bimodal c r y s t a l  h a b i t  i s  somewhat d iagnos t i c  o f  t h e  Pomona Member 

near Mosier. Pomona Member rocks  descr ibed f a r t h e r  t o  t h e  west d i s p l a y  a 

s i m i l a r  c r y s t a l  h a b i t  1 (Anderson, 1980). The Pomona Member i s  e a s i l y  

recognized i n  outc rop by' i t s  slender, wavy e n t a b l a t u r e - l i k e  j o i n t i n g  pa t te rn .  

Although the  wavy en tab la tu re - l i ke  j o i n t i n g  p a t t e r n  i s  most common i n  the  

Mosier area, more massive upper and lower  colonnades a r e  a l s o  l o c a l l y  exposed. 



The upper and lower c o n t a c t s  of t h e  Pomona Member a r e  oDserved i n  t h e  Mosier 

a r e a .  The upper c o n t a c t  of  t h e  Pomona Member w i t h  t h e  ove r ly ing  Chenoweth 

Formation i s  i d e n t i f i e d  a t  two l o c a t i o n s  n e a r  Mosier. Red and b lack  v e s i c u l a r  

flow t o p s  l o c a l l y  e x h i b i t i n g  ropy t e x t u r e s  c h a r a c t e r i z e  t h e  t o p  of t h e  Pomona 

a t  bo th  s i t e s .  

The base of t h e  Pomona Member e x h i b i t s  vary ing  degrees  of v e s i c u l a r i t y  

throughout t h e  Mosier a r e a .  A v e s i c u l a r  zone up t o  20 f e e t  t h i c k  was 

i d e n t i f i e d  a t  t h e  base of t h e  Pomona Member a t  two l o c a l i t i e s  n e a r  Mosier. 

Based on water  well r e p o r t  i n fo rma t ion ,  t h e  t h i c k  v e s i c u l a r  zone i s  l i m i t e d  i n  

a r e a l  e x t e n t .  Wells w i t h i n  2N/ l lE ,  s e c t i o n s  12  and 13 ,  and 2N/12E, s e c t i o n s  

7 ,  8, and 18 presumably p e n e t r a t e  t h e  same v e s i c u l a r  zone. Loca l ly ,  t h e  

v e s i c u l a r  zone i s  s u f f i c i e n t l y  weathered o r  f r a c t u r e d  t o  s e r v e  a s  an a q u i f e r .  

A weathered zone o r  i n t e r b e d  i s  t y p i c a l l y  p r e s e n t  between the Pomona and 

P r i e s t  Rapids Members. The weathered zone i s  e x h i b i t e d  by a p a r t i a l l y  

decomposed rock c o n t a c t  a long  Mosier Creek Hoad n e a r  t h e  West Fork of Mosier 

Creek. The i n t e r b e d  i s  p r i m a r i l y  a weathered vo lcan i c  a sh  d e p o s i t  where i t  i s  

exposed along Mosier Creek i n  2N/12E, s e c t i o n  19.  According t o  water  well 

r e p o r t  in format ion ,  t h e  i n t e r b e d  v a r i e s  from 0 t o  170 f e e t  i n  t h i cknes s .  More 

commonly, t h e  i n t e r b e d  i s  30 t o  50 f e e t  t h i c k .  The i n t e r b e d  appears  t o  occur  

l o c a l l y  w i th in  t h e  same 4 t o  6 squa re  mile a r e a  a s  t h e  t h i c k  v e s i c u l a r  zone. 

'The a r e a l  d i s t r i b u t i o n  o f  t h e  Pomona Member i n  t h e  Mosier a r e a  i s  shown on 

P l a t e  2. 

Chenoweth Formation 

The Chehoweth Formation ( a l s o  known a s  D a l l e s  Formation) d i r e c t l y  o v e r l i e s  t h e  

Columbia Hiver B a s a l t  Group i n  t h e  Mosier a r e a  (Farooqui  and o t h e r s ,  1981) .  



The Chenoweth Formation is one of f i v e  format ions  r e c e n t l y  i nc luded  i n  t h e  

Da l l e s  Group (Farooqui  and o t h e r s ,  1981) .  The Chenoweth Formation c o n s i s t s  of 

v o l c a n i c l a s t i c  m a t e r i a l  drobably de r ived  from t h e  v i c i n i t y  of t h e  p re sen t  

Cascade Mountains. 

The Chenoweth Formation i n  t h e  Mosier a r e a  c o n s i s t s  p r i m a r i l y  of vo l can i c  

b r e c c i a ,  t u f f a c e o u s  sands tone ,  and tu f f aceous  s i l t s t o n e s .  The vo lcan i c  

b recc i a  c o n s i s t s  o f  l a r g 6  (1-5 f e e t )  angu la r ,  a n d e s i t i c  b locks  w i t h i n  a f i n e  

t o  c o a r s e  t u f f a c e o u s  mat?ix. The t o t a l  t h i c k n e s s  of t h e  Chenoweth Formation 

ranges  from z e r o  t o  over  500 f e e t  i n  t h e  Mosier a r e a .  The a r e a l  d i s t r i b u t i o n  

of  t h e  Chenoweth ~ o r m a t i o d  n e a r  Mosier i s  shown on P l a t e  2. 

G l a c i o f l u v i a l  D e p o s i t s  i 

G l a c i o f l u v i a l  d e p o s i t s  cjf sand ,  g r a v e l ,  and bou lde r s  l o c a l l y  o v e r l i e  t h e  

Chenoweth Formation and Cplumbia River  B a s a l t  Group i n  t h e  Mosier a r e a .  These 

d e p o s i t s  a r e  t h e  r e s u i t  of  the s o  c a l l e d  Missoula F loods ,  da t ed  a t  

approximately 13,000 y e a r s  ago (Baker ,  1978) .  During t h e  l a s t  pe r iod  of 

g l a c i a t i o n  a major d ra indge  i n  western Montana was impounded behind a l o b e  of 

one of t h e  l a r g e  c o n t i n e n t a l  g l a c i e r s  (Baker ,  1978) .  T h i s  i c e  impoundment 

p e r i o d i c a l l y  f a i l e d  sending  enormous volumes of water  down t h e  Columbia 

d ra inage ,  known as t h e  # i s s o u l a  Floods. Unsorted, massive t o  poo r ly  bedded 

sand and g r a v e l  w i t h  Occasional  cobb le s  and boulders  c h a r a c t e r i z e  t h e s e  

d e p o s i t s  n e a r  Mosier. ~ & o s e d  d e p o s i t s  n e a r  Mosier a r e  commonly cross-bedded. 

The  open-work t e x t u r e  olf t h e  d e p o s i t s  make i t  a good a q u i f e r  where i t  i s  

s a t u r a t e d .  The th i ckneds  of  t h e  g l a c i o f l u v i a l  d e p o s i t s  range  from z e r o  t o  

approximately 300 fee (  near  Mosier. The a r e a l  d i s t r i b u t i o n  of t h e  



g l a c i o f l u v i a l  d e p o s i t s  i n  t h e  Mosier a r e a  i s  shown on P l a t e  2. 

Alluvium 

A l l u v i a l  d e p o s i t s  a r e  found along p o r t i o n s  of a l l  s t r eams ,  and l o c a l l y  o v e r l y  

a l l  bedrock u n i t s .  The a l l u v i a l  d e p o s i t s  probably g r a d e  i n t o  t h e  

g l a c i o f l u v i a l  d e p o s i t s  where both a r e  p r e s e n t .  I n  t h e  Mosier a r e a ,  a l luv ium 

c o n s i s t s  of unconsol idated s i l t ,  s a n d ,  and g r a v e l .  These d e p o s i t s  occur  

l o c a l l y  a s  s t ream channel  d e p o s i t s ,  f l o o d  p l a i n  d e p o s i t s ,  and t e r r a c e  d e p o s i t s .  

Along Mosier Creek, t h e  al luvium o c c u r s  mainly a s  s t ream channe l  d e p o s i t s  

upstream from t h e  West Fork Mosier Creek conf luence .  Downstream from t h e  

conf luence ,  t h e  a l l u v i a l  d e p o s i t s  occu r  mainly a s  f l o o d  p l a i n  and  t e r r a c e  

d e p o s i t s .  

The a r e a l  d i s t r i b u t i o n  of t h e  a l l u v i a l  d e p o s i t s  n e a r  Mosier a r e  shown on 

P l a t e  2. The a l luv ium is shown on ly  where t h e  d e p o s i t s  a r e  a r e a l l y  and 

v e r t i c a l l y  ex t ens ive  enough t o  cover  t h e  bedrock u n i t s .  

GEOLOGIC STRUCTURE 

The northwest s l o p e s  of t h e  Mosier c o u n t r y s i d e  a r e  l a r g e l y  i n f l u e n c e d  by t h e  

n o r t h e a s t  t r end ing  geo log ic  s t r u c t u r e s  i n  t h e  a r e a .  The combinat ion o f  t h e  

Columbia H i l l s  a n t i c l i n e  and t h e  Mosier s y n c l i n e  c o n t r o l  t h e  o v e r a l l  geometry 

and o r i e n t a t i o n  of t h e  l a n d  s u r f a c e  and  unde r ly ing  s t r a t i g r a p h i c  u n i t s .  The 

Columbia H i l l s  a n t i c l i n e  ( a l s o  l o c a l l y  c a l l e d  t h e  O r t l e y  a n t i c l i n e )  t r e n d s  

approximatey N 45OE and forms t h e  t opograph ic  h i g h s  from Wasco B u t t e  t o  t h e  



crest of Seven Mile H i l l  n e a r  O r t l e y  ( P l a t e  2 ) .  Us a  r e s u l t  of  t h e  columbia 

Hills a n t i c l i n e ,  t h e  s t r a t i g r a p h i c  u n i t s  s t r i k e  approximately N 40° - 4 5 O  E 

and d i p  about 4 degrees  t o  t h e  northwest ;  s t eepen ing  t o  approximately 10 

degrees  near  t h e  a x i s  o f '  t h e  a n t i c l i n e .  The r e g i o n a l  d i p  i n  t h e  Mosier a r e a  

i s  i l l u s t r a t e d  on t h e  s t r d c t u r e  contour  map, P l a t e  3. 

The a x i s  of t h e  Mosier s y n c l i n e  forms t h e  lower r e a c h  o f  Rock Creek and a  

segment of t h e  Columbia River  Gorge n e a r  Mosier. A no r th -no r theas t  t r e n d i n g  

t h r u s t  f a u l t  apparen t ly  p reven t s  ground water  f low from moving f r e e l y  from t h e  

Columbia Hills a n t i c l i n h  i n t o  t h e  Mosier s y n c l i n e .  The t h r u s t  f a u l t  i s  

informal ly  r e f e r r e d  t o  i d  t h i s  r e p o r t  a s  t h e  Rocky P r a i r i e  t h r u s t  f a u l t .  

The Rocky P r a i r i e  t h r u s t  f a u l t  was o r i g i n a l l y  desc r ibed  a s  a t i g h t l y  f o l d e d  

a n t i c l i n e  with a s soc i a t ed  f l e x u r e  s l i p p a g e  (Newcomb, 1963, 1969) .  The 

s t r u c t u r e  was l a t e r  i n t e r p r e t e d  a s  a  t h r u s t  f a u l t  (Swanson and o t h e r s ,  1981). 

F i e l d  obse rva t ions  and s t r a t i g r a p h i c  i n t e r p r e t a t i o n s  of wa te r  well r e p o r t  d a t a  

suppor t  t h e  l a t t e r  i t t e r p r e t a t i o n .  Geologic s e c t i o n  C-C' on P l a t e  2 
I 

i l l u s t r a t e s  what t h e  docky P r a i r i e  t h r u s t  f a u l t  may look  l i k e  i n  c r o s s  

s e c t i o n a l  view a t  t h a t  ' l o c a t i o n .  The t r a c e  of t h e  Rocky P r a i r i e  t h r u s t  i s  

a l s o  shown on P l a t e  2. 

The t r a c e  of t h e  Rocky1 P r a i r i e  t h r u s t  f a u l t  h a s  been superimposed o n t o  t h e  
I 

I 

s t r u c t u r e  contour  map ( p l a t e  3 )  t o  f u r t h e r  i l l u s t r a t e  t h e  l o c a l  d i s r u p t i o n  of 

s t r a t i g r a p h i c  u n i t s .  The d a t a  sugges t  a  major d i s c o n t i n u i t y  i s  p r e s e n t  i n  t h e  

v i c i n i t y  of t h e  f a u l t  t r a c e ,  a l though t h e  d a t a  a r e  n o t  s u f f i c i e n t  t o  d e f i n e  
I 

t h e  p r e c i s e  l o c a t i o n  of t h e  f a u l t .  



A northwest t r e n d i n g  f a u l t  a l s o  i n f l u e n c e s  t h e  f low of ground water  i n  t h e  

Mosier a r e a .  The f a u l t  i s  in fo rma l ly  c a l l e d  t h e  Rowena Creek f a u l t  i n  t h i s  

r epo r t  ( P l a t e  2) .  J . L .  Anderson (Swanson and o t h e r s ,  1981)  o r i g i n a l l y  mapped 

t h e  Rowena Creek f a u l t .  The l o c a t i o n  of  t h e  Rowena Creek f a u l t  on t h e  

Reconnaissance Geologic Map i s  based upon t h e  d a t a  p re sen t ed  on t h e  s t r u c t u r e  

contour  map ( P l a t e  3 ) .  The s t r u c t u r e  con tou r  map shows a n  appa ren t  100-feet 

v e r t i c a l  o f f s e t  a c r o s s  t h e  f a u l t .  A component of h o r i z o n t a l  ( s t r i k e - s l i p )  

movement has  a l s o  been i n d i c a t e d  f o r  t h i s  f a u l t  (Swanson and o t h e r s ,  1981) .  

The Reconnaissance Geologic map a l s o  shows t h e  Rowena Creek f a u l t  a s  poss ib ly  

branching i n  t h e  v i c i n i t y  of t h e  Rocky P r a i r i e  t h r u s t  f a u l t .  Evidence f o r  t h e  

branching comes from a s t r o n g  a i r p h o t o  l ineament  observed i n  t h a t  v i c i n i t y  and 

from s e v e r a l  d a t a  p o i n t s  p r e sen t ed  on t h e  s t r u c t u r e  c o r ~ t o u r  map. 

The e f f e c t  of t h e  geo log ic  s t r u c t u r e s  upon ground water  f low can be i n f e r r e d  

from t h e  Po ten t iome t r i c  Su r f ace  Map ( P l a t e  4 ) .  The n e x t  s e c t i o n  d i s c u s s e s  

those  e f f e c t s .  



HYOROGEOLUGY 

INTRODUCTION 

Geologic cond i t i ons  c o n t r o l  ground water  occur rence  and t h e  hyd rau l i c  

c h a r a c t e r i s t i c s  of a q u i f k r s  (F igu re  9 ) .  The arrangement of t h e  l i t h o l o g i c  

u n i t s  can c o n t r o l  how e a s i l y  water  e n t e r s  and mig ra t e s  through t h e  ground, t h e  

confinement of a q u i f e r s ,  and t h e  occur rence  of s p r i n g s .  Fo lds  can  form b a s i n s  

i n  which ground water can accumulate,  and f a u l t s  can  be b a r r i e r s  t h a t  i n h i b i t  

o r  r e d i r e c t  ground w a t e r  movement. A l l  of t h e s e  g e o l o g i c  f a c t o r s  t h a t  e x e r t  

c o n t r o l s  upon ground water  occur rences  a r e  p r e s e n t  i n  t h e  Mosier s t udy  a r ea .  

STRATIGRAPHIC CONTROL 

General  Discussion 

The geology i n  t h e  Mosier s tudy a r e a  c o n t r o l s  t h e  d i s t r i b u t i o n  of a q u i f e r s  and 

t h e  occurrence of s p r i n g s  w i t h i n  f i v e  s t r a t i g r a p h i c  u n i t s  ( P l a t e  2,  c r o s s  

s e c t i o n s  0-0' and C-C'). Aqui fe rs  occur  i n  g l a c i o f l u v i a l  sand and g r a v e l  

d e p o s i t s ,  wi th in  permeable l a y e r s  of t h e  Chenoweth Formation, n e a r  t h e  base  of 

t h e  Pomona Member of t h e  Saddle  Mountains B a s a l t ,  n e a r  t h e  t op  of t h e  P r i e s t  

Rapids Member of t h e  Wanapum B a s a l t  and nea r  t h e  t o p  of t h e  Frenchman Spr ings  

Member of t he  Wanapum $lasalt .  Sp r ings  occur  i n  t h e  rvlosier s t udy  a r e a  where 
I 

water  bear ing  s e c t i o n s  d r e  exposed. 
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GROUND WATER HYDROLOGY AND GEOLOGY 

IN THE MOSIER STUDY AREA 



Thi s  r e p o r t  w i l l  r e f e r  t b  t h e  a q u i f e r s  in t roduced  i n  t h i s  s e c t i o n  by t h e  name 

o f  t h e  rock u n i t s  thougpt  t o  be a s s o c i a t e d  wi th  them. Thus, t h e  a q u i f e r s  

found i n  t h e  g l a c i o f l u v i a l  d e p o s i t s  and t h e  Chenoweth Formation w i l l  be c a l l e d  

t h e  g l a c i o f l u v i a l  and Chenoweth a q u i f e r s .  Likewise,  t h e  b a s a l t  a q u i f e r s  w i l l  

be c a l l e d  t h e  Pomona a q u i f e r ,  t h e  P r i e s t  Rapids a q u i f e r  and t h e  Frenchman 

Spr ings  a q u i f e r  r e s p e c t i v e l y .  

G L A C I O F L U V I A L  D E P O S I T S  

The g l a c i o f l u v i a l  d e p o s i t s  i n  t h e  Mosier s t udy  a r e a  a r e  d i scont inuous .  Th i s  

c r e a t e s  s e v e r a l  s m a l l  d i s con t inuous  g l a c i o f l u v i a l  a q u i f e r s .  These unconfined 

a q u i f e r s  r e l y  s o l e l y  upon l o c a l  p r e c i p i t a t i o n  f o r  recharge  (Grady, 1983). 

Water should  e a s i l y  e n t d r  i n t o  and mig ra t e  through t h e  c o a r s e  g l a c i o f l u v i a l  

d e p o s i t s .  Approximately1 95 a c r e s  of o rchard  land  o b t a i n  water pumped from 

g l a c i o f l u v i a l  a q u i f e r s .  

CHENOWETH FDRMATION 

The pe rmeab i l i t y  of  t h e  Chenoweth Formation is gene ra l l y  very  low. 

Permeabi l i ty  i s  t h e  propbr ty  of a rock ,  sediment  o r  s o i l  f o r  t r a n s m i t t i n g  a 

f l u i d .  'The occur rence  bf s p r i n g s  a t  t h e  c o n t a c t  between t h e  bottom of t h e  

g l a c i o f l u v i a l  d e p o s i t s  And t h e  t o p  o f  t h e  Chenoweth Formation shows t h e  

g e n e r a l  low pe rmeab i l i t y  o f  t h e  Chenoweth Formation. P i p e r  (1932) and Newcomb 

(1963) assumed t h e  Chenoweth Formation would y i e l d  l i t t l e  o r  no water .  

However, t h e  Chenoweth Formation does  y i e l d  water  from permeable l a y e r s .  Some 

Mosier a r e a  r e s i d e n t s  draw water  from a q u i f e r s  w i th in  t h e  Chenoweth Formation 



f o r  domestic use.  General ly,  Chenoweth a q u i f e r s  y i e l d  water t o  wel ls  i n  t h e  

region a t  r a t e s  of 0.5 t o  55 gal lons  per  minute. However, i n  a few a reas ,  

y i e l d s  of 150 t o  250 gal lons  per  minute occur i n  a few l a r g e  production wells 

(Grady, 1983). Near Mosier, one pear orchard i n  t h e  southeas t  corner  of 

2N/12E-7 o b t a i n s  water from a Chenoweth a q u i f e r ,  and s e v e r a l  sp r ings  discharge 

water from aqu i fe r s  within t h e  Chenoweth Formation. One s p r i n g  i s  found on a 

nor theas t  f ac ing  s lope  i n  t h e  nor theas t  corner of 2N/12E-19. 

COLUMBIA RIVER BASALT GROUP 

Ground water flow within Columbia River b a s a l t  i s  mainly r e s t r i c t e d  t o  

permeable zones a t  ves icu la r  (formerly f i l l e d  with gas  bubbles)  flow tops  and 

bottoms (Figure 1 0 ) .  Basal t  flow c e n t e r s  a r e  genera l ly  s o l i d ,  b u t  ves icu la r  

flow t o p s  and bottoms can become permeable when coo l ing  f r a c t u r e s ,  flow 

brecc ia t ion  (breaking of the  lava  c r u s t  while t h e  flow continues t o  move) 

and/or weathering form interconnected spaces (Newcomb, 1982). I n  the  Columbia 

River Basal t  Group rocks ,  i t  i s  more common t o  f i n d  permeable ves icu la r  zones 

associa ted  w i t h  the  flow tops.  However, a wel l  developed permeable ves icu la r  

zone a t  t h e  base of a flow can be found i n  p laces  where a flow has been 

deposi ted i n  water o r  over very moist mater ia l .  Newcomb (1982) noted t h a t  

permeable zone thicknesses i n  Columbia River b a s a l t  flow t o p s  range from 1 t o  

33 f e e t  and t h a t  cool ing  f r a c t u r e s  formed most of t h e s e  zones. 

Sediments occasionally found between b a s a l t  flows can l o c a l l y  a i d  o r  i n h i b i t  

ground water flow. Water can migrate more e a s i l y  through coarse  sediments 

then f i n e  sediments. Fine sediments, such a s  silt and c l a y ,  can i n h i b i t  water 

migrat ion,  and i s o l a t e  water i n  a permeable flow t o p  from water i n  an 

overlying permeable flow bottom. T h i s  i s o l a t i o n  occurs i n  t h e  Mosier study 

area .  
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Flow top: water can enter if weathered or 
fractured 

Massive, dense flow center: very difficult for 
water to enter or move through 

Flow base: water can enter if weathered or 
fractured 

Silt and clay: Very difficult for water to enter 
move through 

Flow top: water can enter if weathered or 
fractured 

Massive dense center: very difficult for water to 
enter or move through 

Flow base 

Flow top: water can enter if weathered or 
fractured 

( M o d ~ f ~ e d f r o m  Swanson (1967) and Long and Davidson (1981)) 

Figure 10. I~EALIZED RELATIONSHIP BETWEEN BASALT 
STRATIGRAPHY AND THE OCCURRENCE OF GROUND WATER 

IN THE MOSIER STUDY AREA 



Most wells i n  t h e  Mosier s t udy  a r e a  r e l y  upon ground wa te r  from a q u i f e r s  

wi th in  t h e  b a s a l t  fo rmat ions .  Newcomb (1963) r e p o r t e d  r e g i o n a l  well y i e l d s  

from 300 gpm t o  800 gpm from wells c o n s t r u c t e d  i n  v a r i o u s  format ions  of t h e  

Columbia River  B a s a l t  Group. He recognized  t h a t  w e l l s  i n  t h e  r eg ion  producing 

from t h e  Columbia R ive r  b a s a l t  f r e q u e n t l y  i n t e r c e p t  m u l t i p l e  a q u i f e r s .  

Information on water  well r e p o r t s  f o r  wells d r i l l e d  i n  t h e  Mosier a r ea  

i n d i c a t e s  t h e  presence  of t h r e e  b a s a l t  a q u i f e r s .  The Pomona a q u i f e r  i s  t h e  

uppermost b a s a l t  a q u i f e r .  A permeable zone o c c u r s  w i t h i n  a weathered 

v e s i c u l a r  zone a t  t h e  base of  t h e  Pomona Member of t h e  Saddle  Mountains 

Basa l t .  L i t h o l o g i c  d a t a  from water  well r e p o r t s  and s u r f a c e  exposures 

i n d i c a t e  t h a t  t h e  v e s i c u l a r  zone may be l i m i t e d  t o  a f o u r  t o  six square  mi le  

a r ea  a s  p rev ious ly  desc r ibed .  

The middle b a s a l t  a q u i f e r  i s  t h e  P r i e s t  Rapids  a q u i f e r .  A permeable zone 

apparen t ly  occu r s  w i t h i n  t h e  weathered f low t o p  o f  t h e  P r i e s t  Rapids  Member of 

the Wanapurn B a s a l t .  A permeable zone may a l s o  occu r  l o c a l l y  w i t h i n  t h e  

pil low-lava. A s  a r e s u l t ,  t h e  P r i e s t  Rapids  a q u i f e r  may l o c a l l y  occur  wi th in  

a s i g n i f i c a n t  t h i c k n e s s  o f  t h e  P r i e s t  Rapids  Member. A c o n f i n i n g  s i l t  o r  c l a y  

l a y e r  o v e r l i e s  t h e  P r i e s t  Rapids  a q u i f e r  wherever t h e  Pomona a q u i f e r  i s  

p re sen t .  

The t h i r d  and lowermost b a s a l t  a q u i f e r  i s  t h e  Frenchman Spr ings  a q u i f e r .  A 

permeable zone appa ren t ly  e x i s t s  w i th in  t h e  weatnered v e s i c u l a r  f low t o p  of 

t h e  Frenchman Spr ings  Member of  t h e  Wanapum B a s a l t .  

Va r i a t i ons  i n  h y d r a u l i c  c h a r a c t e r i s t i c s  w i t h i n  t h e  Pomona and P r i e s t  Hapids 

a q u i f e r s  appear  t o  c o i n c i d e  w i t h  t h e  a r e a l  d i s t r i b u t i o n  of t h e  Pomona a q u i f e r  



and r e l a t e d  i n t e r b e d  sediments .  F i r s t ,  t h e  o a s a l t  a q u i f e r s  a r e  more 

t r ansmis s ive  w i t h i n  t h e  f o u r  squa re  mile orchard  t r a c t  a r e a  (2NIllE-12; 

2N/12E-7, 8, 18) than  i n  t h e  upg rad i en t  a r e a .  Evidence f o r  t h i s  comes 

p r imar i l y  from h i g h e r  s p e c i f i c  c a p a c i t y  v a l u e s  found on water  well r e p o r t s .  

( s p e c i f i c  c a p a c i t y  can  i h d i c a t e  how e a s i l y  an  a q u i f e r  can t r a n s m i t  water  i f  

t h e  well f u l l y  p e n e t r a t e s ;  t h e  a q u i f e r . )  Fo r  example, t h e  s p e c i f i c  c a p a c i t y  of 

wells i n  t h e  orchard  t g a c t  a r e a  and i n  t h e  upgrad ien t  a r e a s  i s  gene ra l l y  

g r e a t e r  t han  360 gpm/ft  ( b a l l o n s  p e r  minute  p e r  f o o t  drawdown) and l e s s  than 6 

gpm/ft ,  r e s p e c t i v e l y .  

Second, t h e  a q u i f e r s  a r e  more t r a n s m i s s i v e  i n  t h e  orchard  t r a c t  a r e a .  T h i s  

r e s u l t s  i n  a lmost  f l a t  h y d r a u l i c  g r a d i e n t s  i n  t h e  Pomona and P r i e s t  Rapids 

a q u i f e r s  i n  t h a t  a r e a .  For  example, t h e  p o t e n t i o m e t r i c  s u r f a c e  g r a d i e n t  f o r  

t h e  P r i e s t  Rapids a q u i f e r  i n  t h e  o rcha rd  t r a c t  a r e a  i s  approximately 75 

f e e t / m i l e  ( P l a t e  4 ) .  The r e l a t i v e l y  h igh  t r a n s r n i s s i v i t y  i n  t h e  orchard  t r a c t  

a r e a  a l s o  r e s u l t s  i n  neak uniform water  l e v e l  f l u c t u a t i o n s  i n  w e l l s  completed 

i n  t h e  same a q u i f e r .  

L a s t l y ,  t h e  s ea sona l  watkr l e v e l  f l u c t u a t i o n s  i n  wells wi th in  t h e  f o u r  square  

mile orchard  t r a c t  a r e a  d i f f e r  from wells o u t s i d e  t h e  a r e a .  The Pomona 

a q u i f e r  i s  l i m i t e d  p r i m a r i l y  t o  t h i s  a r e a .  Within t h e  orchard  t r a c t  a r e a ,  

water l e v e l s  rise and d e c l i n e  uniformly i n  s i m i l a r l y  c o n s t r u c t e d  wells. Water 

l e v e l s  i n  wells p e n e t r a t i n g  t h e  Pomona a q u i f e r  c u r r e n t l y  f l u c t u a t e  about  38 

f e e t  annual ly .  Water l e v e l s  i n  wells i s o l a t i n g  t h e  P r i e s t  Rapids a q u i f e r  

c u r r e n t l y  f l u c t u a t e  about  1 2  f e e t  annua l ly .  Water l e v e l s  f l u c t u a t e  annual ly  

i n  response  t o  g r o u n d  water  u se  and recharge .  Water l e v e l s  i n  wells 

upgradient  of t h e  o rcha td  t r a c t  a r e a ,  f l u c t u a t e  less than  two feet  annual ly .  

Comparison of water  l e v k l  d a t a  f o r  well 21\1/12E-17bcb wi th in  t h e  upgradient  



area and barometr ic  pressure data c o l l e c t e d  i n  Mosier suggest t h a t  barometr ic  

pressure i s  t h e  pr imary  i n f l uence  upon shor t  term water l e v e l  changes i n  t h e  

upgradient w e l l s  (F igu re  11). The water l e v e l  i n  w e l l  2N/12-17bcb rose and 

f e l l  i n  nea r l y  a one-to-one r e l a t i o n s h i p  t o  t h e  f a l l  and r i s e ,  respec t i ve l y ,  

o f  barometr ic  pressure i n  Mosier d u r i n g  J u l y  and October 1986. Th is  suggests* 

t h a t  the  a q u i f e r  i s  r i g i d  and any pressure change i s  absorbed p r i m a r i l y  by t h e  

ground water. 

GEOLOGIC STHUCTLIRE CONTROL 

Folds and f a u l t s  a l s o  c o n t r o l  t h e  occurrence and movement o f  ground water i n  

the  Mosier study area. Recharge t o  t h e  Chenoweth Formation and t o  t h e  b a s a l t  

probably occurs where permeable l a y e r s  i n  these formations are  exposed along 

the  f l a n k s  o f  t h e  Columbia H i l l s  a n t i c l i n e  and other  upland areas (Newcomb, 

1963 and 1969). Then t h e  water moves f rom these upland areas down d i p  toward 

the  Mosier sync l i ne  under t h e  i n f l u e n c e  o f  g r a v i t y .  

Ground water would move f r e e l y  from t h e  Columbia H i l l s  a n t i c l i n e  t o  t h e  Mosier 

sync l ine  i f  not  f o r  t h e  i n t e r v e n i n g  Rocky P r a i r i e  t h r u s t  f a u l t .  The t h r u s t  

f a u l t  apparent ly  impedes ground water movement i n  t h e  Pomona, P r i e s t  Rapids 

and poss ib l y  t h e  Frenchman Spr ings aqu i fe rs .  Consequently, a r t e s i a n  

pressures a re  cons iderab ly  h ighe r  on t h e  up grad ient  s i d e  o f  t h e  f a u l t .  

Newcomb (1963) repor ted  s t a t i c  water l e v e l s  500 f e e t  above sea l e v e l  i n  b a s a l t  

we l l s  south o f  t h e  t h r u s t  f a u l t  and 72 f e e t  above sea l e v e l  i n  b a s a l t  w e l l s  

n o r t h  o f  t h e  t h r u s t  f a u l t ,  a d i f f e r e n c e  o f  over 400 fee t .  



JULY 1986 OCTOBER 1986 

Hydrograph: Well 2N/12E-17bcb 

---------- Barometric Pressure (feet of water) 

Figure 11. HYDROGRAPH RECORDED AT WELL 2N/12E-l7bcb IN THE PRIEST RAPIDS 
AQUIFER AND BAROMETRIC PRESSURE RECORDED NEARBY 



The Rowena Creek f a u l t  may a l s o  be a b a r r i e r  t o  ground wate r  movement. The 

po ten t i o rne t r i c  s u r f a c e  changes a b r u p t l y  across t h e  Rowena Creek f a u l t  

( P l a t e 4 ) .  The s l o p e  o f  t h e  p o t e n t i o m e t r i c  su r f ace  southwest o f  t h e  f a u l t  

t r ends  t o  t h e  nor thwes t ,  b u t  t h e  s l ope  o f  t h e  p o t e n t i o m e t r i c  s u r f a c e  no r theas t  

o f  t h e  f a u l t  t r e n d s  t o  t h e  n o r t h e a s t  ( P l a t e  4 ) .  



POMONA AND PRIEST RAPIDS AQUIFERS 

INTRODUCTION 

The ground water i n v e s t i g a t i o n  near Mosier focused upon t h e  Pomona and P r i e s t  

Rapids a q u i f e r s  i n  t h e  orchard t r a c t  area. These two a q u i f e r s  rece ived 

a t t e n t i o n  because: 

1. Both a q u i f e r s  a r e  the  pr imary source o f  ground water i n  t h e  Mosier 

area. 

2. Water l e v e l  dec l ines  a r e  recorded f o r  t h e  Pomona and P r i e s t  Rapids 

a q u i f e r s  i n  t h e  orchard  t r a c t  area over  a 1 0  and 20 year p e r i o d  

respec t i ve l y .  

DISTINGUISHING THE POMONA AND PRIEST HAPIDS AQUIFERS 

Newcomb (1959) i d e n t i f i e d  t h e  presence o f  d i f f e r e n t  water-bearing zones i n  

Columbia R i v e r  b a s a l t  by n o t i n g  zones where d r i l l i n g  progressed more e a s i l y  

and where s t a t i c  water l e v e l s  changed. A p a t t e r n  o f  more e a s i l y  penet ra ted 

zones and corresponding water l e v e l  changes cou ld  h e l p  i d e n t i f y  t h e  b a s a l t  

a q u i f e r s  w i t h i n  an area. Ne i the r  Newcomb nor  o the rs  es tab l i shed  a p a t t e r n  of 

such zones as a method f o r  a q u i f e r  i d e n t i f i c a t i o n  i n  t h e  Mosier area. 

Geologic mapping and good water w e l l  records were used t o  h e l p  i d e n t i f y  the  

Pomona, P r i e s t  Rapids and o the r  aqu i fe rs .  "Goodu water w e l l  records  i n c l u d e  

d e s c r i p t i o n s  of t h e  co lo r ,  hardness, t e x t u r e  and s t r u c t u r e  of t h e  rock  

penetrated,  desc r ip t i ons  of where water was encountered and where t h e  s t a t i c  

water l e v e l  changes occurred. 
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The Pomona and P r i e s t  Rapids a q u i f e r s  a r e  d i s t i n c t i v e  i n  t h e  Mosier orchard 

t r a c t  a r e a .  First ,  they a r e  bo th  b a s a l t  a q u i f e r s .  T h i s  e a s i l y  d i s t i n g u i s h e d  

them from t h e  g l a c i o f l u v i a l  and t h e  Chenoweth a q u i f e r s .  Second, t h e  P0m0na 

and P r i e s t  Rapids a q u i f e r s  s t r a t i g r a p h i c a l l y  o v e r l i e  t h e  Frenchman Spr ings  

a q u i f e r  which a l s o  is i n  b a s a l t .  Nearly t h e  e n t i r e  t h i c k n e s s  of  t h e  P r i e s t  

Rapids Member s e p a r a t e s  t h e  Pomona and P r i e s t  Rapids  a q u i f e r s  from t h e  

Frenchman Spr ings  a q u i f e r .  Th i rd ,  t h e  Pomona and P r i e s t  Hapids a q u i f e r s  can 

be d i s t i ngu i shed  from each o t h e r ,  because t hey  have d i f f e r e n t  s t a t i c  water  

l e v e l s  i n  we l l s  and d i f f e r e n t  hydrographic  r eco rds .  

S t a t i c  water l e v e l  d i f f e r e n c e s  b e s t  d i s t i n g u i s h  t h e  Pomona a q u i f e r  from t h e  

P r i e s t  Rapids a q u i f e r  i n  t h e  f o u r  squa re  mile orchard  t r a c t  a r e a .  Water l e v e l  

d i f f e r e n c e s  r epo r t ed  a t  f o u r  wells n e a r  Mosier p rov ide  good examples. Two 

wells d r i l l e d  less than  50 f e e t  a p a r t  a t  2N/llE-12dabl and -12dab2 p e n e t r a t e  

t h e  two d i f f e r e n t  b a s a l t  a q u i f e r s .  Well 2N/llE-12dab2 p e n e t r a t e d  t h e  Pomona 

a q u i f e r  on ly ,  and a s t a t i c  water  l e v e l  approximately 345 f e e t  above s e a  l e v e l  

(30  f e e t  below land  s u r f a c e )  was recorded .  Well 2N/llE-12dabl f i r s t  

pene t r a t ed  i n t o  t h e  Pomona a q u i f e r ,  and a s t a t i c  water  l e v e l  s i m i l a r  t o  well 

-12dab2 was recorded. However, d r i l l i n g  i n  well -12dabl cont inued  downward 

through a green s i l t s t o n e  i n t o  t h e  P r i e s t  Rapids a q u i f e r ,  and t h e  s t a t i c  water 

l e v e l  r o s e  t o  412 f e e t  above s e a  l e v e l  (37 f e e t  above l a n d  s u r f a c e )  a f t e r  t h e  

Pomona a q u i f e r  was s e a l e d  o f f .  The s t a t i c  water  l e v e l  i n  w e l l  2N/llE-12aad 

a l s o  r o s e  above land  s u r f a c e  when t h e  well was d r i l l e d  beyond t h e  Pomona 

a q u i f e r  i n t o  t h e  Priest Rapids a q u i f e r .  S i m i l a r l y ,  t h e  s t a t i c  water  l e v e l  i n '  

well 2N/12E-7dbc r o s e  more t h a n  34 f e e t  when t h e  well was deepened beyond t h e  

Pomona a q u i f e r  i n t o  t h e  P r i e s t  Rapids a q u i f e r  i n  August 1986. The Pomona 

a q u i f e r . w a s  no t  s e a l e d  o f f  i n  t h i s  l a s t  well. 



Long-term and seasona l  hydrographs of w e l l s  completed i n  t h e  Pomona a q u i f e r  

and i n  t h e  P r i e s t  Rapids a q u i f e r  w i t h i n  t h e  o rcha rd  t r a c t  a r e a  a r e  

c h a r a c t e r i s t i c  and d i f f e r  cons ide rab ly  from each  o t h e r .  Hydrographs of wells 

completed i n  t h e  Pomona a q u i f e r  ( F i g u r e  1 2 )  show g r e a t e r  long-term water  l e v e l  

d e c l i n e s  than  hydrographs of wells completed i n  t h e  P r i e s t  Rapids a q u i f e r  

(F igu re  13). The water  l e v e l  i n  w e l l  2N/12E-7ada, (F igu re  12 )  dec l ined  76 

feet  between March 1976 and March 1987,  whereas t h e  water  l e v e l  i n  wel l  

2N/llE-12aad ( F i g u r e  13) dec l ined  37 feet  d u r i n g  t h e  same per iod .  I n  

a d d i t i o n ,  s ea sona l  water  l e v e l s  f l u c t u a t e  more i n  wells completed i n  t h e  

Pomona a q u i f e r  (F igu re  1 4 )  t h a n  i n  wells completed i n  t h e  P r i e s t  Hapids 

a q u i f e r  (F igu re  15). For example, t h e  s e a s o n a l  water  l e v e l  f l u c t u a t i o n s  i n  

we l l  2N/12E-7ada ( F i g u r e  1 4 )  were more t h a n  twice t h e  f l u c t u a t i o n s  observed i n  

w e l l  2N/llE-12aad (F igu re  15) between 1983 and 1987. 

Chemical a n a l y s i s  of water  from t h e  Pomona a q u i f e r  and t h e  P r i e s t  Rapids  

a q u i f e r  show s l i g h t  d i f f e r e n c e s .  However, no th ing  was i d e n t i f i e d  t o  

chemical ly  d i s t i n g u i s h  Pomona a q u i f e r  water  from P r i e s t  Rapids  a q u i f e r  water .  

Ground water chemis t ry  of the d i f f e r e n t  a q u i f e r s  i s  d i scus sed  i n  more d e t a i l  

i n  t h e  water  chemis t ry  s e c t i o n .  
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TEST AND ANALYSES OF THE POMONA AND PRIEST RAPIDS AQUIFERS 

INTRODUCTION 

Aquifer tests a r e  used t o  d e f i n e  t h e  h y d r a u l i c  p r o p e r t i e s  of an a q u i f e r .  

Normally, a t e s t  c o n s i s t s  of pumping water  from an a q u i f e r  and r eco rd ing  water 

l e v e l  changes a t  t h e  pumping well and ne ighbor ing  w e l l s .  Analys i s  of the d a t a  

i n c l u d e s  c a l c u l a t i n g  t r a n s m i s s i v i t y  and s t o r a t i v i t y  va lues  f o r  t h e  a q u i f e r  and 

determining t h e  presence and l o c a t i o n  of f low boundaries .  T ransmis s iv i t y  

va lues  i n d i c a t e  how e a s i l y  water moves through an  a q u i f e r  a t  a g iven  

l o c a t i o n .  Large t r a n s m i s s i v i t y  va lues  i n d i c a t e  a g r e a t e r  c a p a c i t y  t o  t r a n s m i t  

water.  

' 1  S t o r a t i v i t y  i s  a measure of t h e  c a p a c i t y  of an a q u i f e r  t o  r e l e a s e  o r  t a k e  i n  

water a s  p r e s s u r e  changes.  I t  i s  de f ined  a s  t h e  volume of  water  a conf ined  

a q u i f e r  r e l e a s e s  o r  t a k e s  i n t o  s t o r a g e  p e r  u n i t  h o r i z o n t a l  s u r f a c e  a r e a  o f  an 

a q u i f e r  p e r  u n i t  change i n  po t en t iome t r i c  s u r f a c e  (F reeze  and Cher ry ,  1979) .  

Water r e l e a s e d  from o r  taken  i n  by a conf ined  a q u i f e r  i s  due t o  t h e  expansion 

o r  t h e  compaction of water  w i th in  t h e  a q u i f e r  and t h e  compaction o r  expansion 

of t h e  a q u i f e r  when p re s su re  is  r e l i e v e d  or i n c r e a s e d  r e s p e c t i v e l y .  

S t o r a t i v i t y  va lues  g e n e r a l l y  range from 0.005 t o  0.00005. Newcomb (1982) 

noted t h a t  low s t o r a t i v i t y  va lues  a r e  recorded  f o r  Columbia R ive r  B a s a l t  

a q u i f e r s ,  and t h a t  t hose  va lues  i n d i c a t e  t h e  a q u i f e r s  a r e  g e n e r a l l y  r i g i d .  

Any compaction o r  expansion i n  t h e s e  a q u i f e r s  i s  p r i m a r i l y  restricted t o  t h e  

ground water.  



The presence  of flow boundaries  can a f f e c t  t h e  r a t e  of water  l e v e l  change 

observed du r ing  an a q u i f e r  test  (F igu re s  16 ,  17 and 18). There a r e  two common 

f low boundary t y p e s  : impermeable (no  f low)  boundar ies  and r echa rge  ( c o n s t a n t  

head) boundaries .  Impermeable boundaries  r e s t r i c t  ground water  f low,  and i t s  

p re sence  can  a c c e l e r a t e  drawdowns (water  Level d e c l i n e s )  observed du r ing  

pumping ( F i g u r e  17). F a u l t s  commonly a c t  a s  impermeable boundar ies .  Streams 

may a c t  a s  a  no flow boundary i f  t h e  a q u i f e r  l o s e s  water  t o  t h e  s t ream.  

R i v e r s ,  s t r eams  and l a k e s  l o s i n g  water  t o  an a q u i f e r  commonly a c t  a s  recharge  

boundaries .  A recharge  boundary may reduce t h e  drawdown observed du r ing  

pumping (F igu re  1 8 ) .  Good a q u i f e r  test d a t a  and c a r e f u l  a n a l y s i s  can  y i e l d  

a q u i f e r  boundary l o c a t i o n s .  

I n v e s t i g a t o r s  conducted a q u i f e r  tests of t h e  Pomona and P r i e s t  Rapids a q u i f e r s  

du r ing  t h i s  s tudy .  One test d ischarged  water  from t h e  Pomona a q u i f e r .  A 

second test  d ischarged  water  from t h e  P r i e s t  Rapids a q u i f e r .  Water l e v e l s  a t  

t h e  d i s c h a r g i n g  well and neighboring wells were measured du r ing  each t e s t .  

Analyses of t h e  d a t a  y i e l d e d  t r a n s m i s s i v i t y  and s t o r a t i v i t y  v a l u e s  f o r  each  

a q u i f e r ,  and t h e  a n a l y s e s  i n d i c a t e d  t h e  presence  of no f low boundar ies  f o r  t h e  

Pornona a q u i f e r .  

PREVIOUS AQUIFER TEST ANALYSES 

Newcomb (1961 and 1963) r epo r t ed  a high t r a n s m i s s i v i t y  va lue  f o r  t h e  Mosier 

a r e a ,  and he  assumed a  low s t o r a t i v i t y  va lue  o f  0.0001 f o r  a l l  Columbia River  

B a s a l t  a q u i f e r s .  Newcomb (1963) r epo r t ed  an average t r a n s m i s s i v i t y  va lue  of 

2 13,400 ft /day f o r  t h e  Mosier a r e a .  
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Figure 18. IDEALIZED RESPONSE OF AN OBSERVATION WELL 
WHEN A RECHARGE BOUNDARY IS PRESENT 



TEST AND ANALYSES OF THE POMONA AQUIFER 

The Pomona a q u i f e r  was t e s t e d  from June 30 t o  J u l y  1, 1986. Water was 

d i scharged  from t h e  Pomona a q u i f e r  a t  198 g a l l o n s  p e r  minute  f o r  25  hours  a t  

wel l  2N/12E-7ada. Water l e v e l s  i n  t h e  d i s cha rg ing  well and two obse rva t ion  

wells, 2N/12E-7aac and -7bda, were recorded d u r i n g  t h e  pumping per iod .  

Addi t iona l  water l e v e l s  i n  t h e  pumped well were recorded  d u r i n g  t h e  f i r s t  hour 

of recovery a f t e r  pumping ended. Water l e v e l  d a t a  c o l l e c t e d  from t h e  pumping 

well and t h e  two obse rva t ion  wells (Appendix A1) were ana lyzed .  

Transmiss iv i ty  and s t o r a t i v i t y  v a l u e s  were c a l c u l a t e d  f o r  t h e  Pomona a q u i f e r  

us ing  t h e  Theis curve  method, t h e  Cooper-Jacob time v e r s u s  drawdown method, 

t h e  Cooper-Jacob drawdown v e r s u s  d i s t a n c e  method and t h e  recovery  method. 

F e r r i s  and o t h e r s  (1962),  Davis and Dewiest (1966) ,  F reeze  and Cherry 1979) 

and Lohman (1972) d e s c r i b e  t h e s e  methods. Tables  2 and 3 list t h e  

t r a n s m i s s i v i t y  and s t o r a t i v i t y  v a l u e s  c a l c u l a t e d  and t h e  a n a l y t i c a l  methods 

used. The d a t a  i n d i c a t e  t h a t  t r a n s m i s s i v i t y  f o r  t h e  Pomona a q u i f e r  probably 

2 f a l l s  wi th in  a  range of 11,500 t o  24,000 f e e t  /day,  and s t o r a t i v i t y  f o r  t h e  

a q u i f e r  i s  probably w i th in  a  range  of  0.00004 and 0.00009. 

The t r a n s m i s s i v i t y  va lues  c a l c u l a t e d  a r e  l a r g e ,  and t h e  s t o r a t i v i t y  va lues  a r e  

smal l .  The t r a n s m i s s i v i t y  va lues  i n d i c a t e  a  l a r g e  h y d r a u l i c  c o n d u c t i v i t y  f o r  

t h e  Pomona a q u i f e r  which r anges  i n  t h i c k n e s s  from s e v e r a l  feet t o  t e n s  of f e e t  

(Newcomb, 1965 and a n a l y s i s  o f  water  well r e p o r t s ) .  Hydraul ic  conduc t iv i t y  

can be c a l c u l a t e d  by d i v i d i n g  t h e  t r a n s m i s s i v i t y  of an  a q u i f e r  by a q u i f e r  

t h i cknes s .  A l a r g e  h y d r a u l i c  c o n d u c t i v i t y  means water  c a n  move e a s i l y  through 

a  u n i t  c r o s s  s e c t i o n  of an a q u i f e r .  The s t o r a t i v i t y  v a l u e s  i n d i c a t e  t h a t  



Table 2. ANALYSIS OF THE POMONA AQUIFER TEST: RESULTS OF 
TRANSMISSIVITY CALCLILATICINS ( f eet2/day) 

I I METHOD OF ANALYSIS I 

I WELL l Theis Cooper-Jacob Recovery I 
I I I 
I I I 

I I 
IElapsed t ime I Distance vs. Draw Down 

I I 
1 27 min I 14,900 
I260 min I 14,400 
I I 

*the u < 0.02 c r i t e r i a  was n o t  met i n  these analyses 
 h here fore, t h e  values a r e  l e s s  r e l i a b l e  o r  un re l i ab le .  ) 

Table 3. ANALYSIS OF THE POMONA AQUIFER TEST: RESULTS OF 
STORATIVITY CALCULATIONS 

I I I 
I I METHOD OF ANALYSIS 1 

I WELL 1 Theis Cooper- Jacob i 
I I I 
I I I 

*the u < 0.02 c r i t e r i a  was n o t  met i n  these analyses 
 herefo fork, t h e  va lues  a r e  l e s s  r e l i a b l e  o r  un re l i ab le . )  



water i n  the  Pomona aqu i fe r  i s  conf ined and t h a t  l i t t l e  water w i l l  be re leased 

f rom t h e  Pomona aqu i fe r :  when pressure i s  re l i eved .  Th is  should be expected. 

Water compresses very: l i t t l e  under pressure, and b a s a l t  a q u i f e r s  are 

r e l a t i v e l y  r i g i d .  

Fu r the r  a n a l y s i s  o f  t h e  da ta  c o l l e c t e d  f rom the  Pomona a q u i f e r  t e s t  i n d i c a t e  

t h e  presence o f  a t  l e a s t  one impermeable boundary t o  the  Pornona aqu i fe r .  

However, t he  data  were inadequate t o  i d e n t i f y  boundary l o c a t i o n s  and 

o r i e n t a t i o n  by t h e  image w e l l  method described by F e r r i s  ana others.  (1962), 

Davis and Dewiest (1966), Freeze and Cherry (1979), and Lohman (1972). 

TEST AND ANALYSES OF THE' PRIEST RAPIDS AQUIFER 

The P r i e s t  Rapids a q u i f d r  was tes ted  from May 14 t o  May 15, 1986. A va lve  was 

opened a t  f l o w i n g  w e l l  2N/llE-12dab1, which rece ives  water f rom t h e  P r i e s t  

Rapids a q u i f e r  only. Water discharged from t h e  w e l l  a t  an average r a t e  o f  357 

ga l l ons  per  minute. The water l e v e l  a t  w e l l  2N/llE-12aab2 and t h e  w e l l  head 

pressure a t  ZN/llE-12dabl were monitored (Appendix A 2 )  P l a t e  1 shows t h e  

l o c a t i o n  o f  these wel lg.  Wel l  2N/llE-12dab2 penetrates t h e  Pomona a q u i f e r  

only.  A neighbor ing we l l ,  2N/llE-12acd, in terconnects  t h e  Pomona and P r i e s t  

Rapids aqu i fe rs ,  and d u r i n g  the  a q u i f e r  t e s t ,  it cont inuous ly  discharged 

approximately 75 g a l l o n s  p e r  minute t o  t h e  Mosier C i t y  Reservoi r .  Th is  

a d d i t i o n a l  d ischarge compl icated t h e  analys is .  

Transmiss iv i ty  values were c a l c u l a t e d  f o r  t h e  P r i e s t  Rapids a q u i f e r  us ing  the  

Cooper-Jacob Method, t h e  recovery method and t h e  Jacob-Lohman method (Lohman, 

1972). Table 4 d i sp lays  t h e  values ca lcu la ted.  Although each method y i e l d e d  



d i f f e r e n t  values, t h e  t r a n s m i s s i v i t y  values a re  l a r g e  and r e l a t i v e l y  

cons is ten t .  However, t h e  values may have been b iased downward by t h e  ana lys is  

procedures used. The discharge values used i n  t h e  analyses do n o t  i nc lude  

d ischarge from t h e  P r i e s t  Hapids a q u i f e r  through w e l l  2N/llE-12acd. The 

p r o p o r t i o n  o f  water supp l ied  by the  Pomona and P r i e s t  Rapids a q u i f e r s  t o  the  

75 g a l l o n  per  minute discharge from w e l l  2N/llE-12acd i s  unknown. I n  

add i t i on ,  t h e  average discharge r a t e  o f  357 gpm f rom t h e  f l o w i n g  P r i e s t  Rapids 

w e l l ,  2N/llE-12dab1, was assumed constant f o r  t h e  recovery method and the  

Cooper - Jacob method o f  a q u i f e r  ana lys is .  I n  r e a l i t y ,  d ischarge from a 

f l o w i n g  w e l l  decreases with time. The t o t a l  decrease i n  d ischarge d u r i n g  t h i s  

a q u i f e r  t e s t  was l e s s  than 15 ga l l ons  per  minute. The Jacob-Lohman method o f  

ana lys i s  incorpora tes  t h e  d e c l i n i n g  discharge i n t o  t h e  ana lys is .  

Table 4. ANALYSIS OF PRIEST RAPIDS AQUIFER TEST: RESULTS OF 
TRANSMISSIVITY CALCULATIONS ( f e e t  2/day) 

METHOD OF ANALYSIS 
I I 

I 
WELL 1 Cooper-Jacob Recovery Jacob-Lohman 1 

The water l e v e l  i n  w e l l  2N/llE-12dab2 responded very  r a p i d l y  t o  water 

d ischarg ing from t h e  P r i e s t  Rapids f l o w i n g  w e l l  2N/l lE-12dabl (Appendix 

A2). Th is  response r e f l e c t s  a h i g h  h y d r a u l i c  c o n d u c t i v i t y  w i t h i n  t h e  P r i e s t  

Rapids and Pomona aqu i fe rs .  'The on ly  connect ion known between t h e  f l ow ing  

P r i e s t  Hapids we l l ,  2N/llE-12dab1, and the  Pomona w e l l ,  2N/llE-12dab2, i s  w e l l  

2N/llE-12acd which in terconnects  the  two aqu i fe rs .  Wel l  2N/llE-12acd i s  

l oca ted  690 f e e t  f rom w e l l s  2N/l lE-12dabl and -12dab2. The water l e v e l  i n  t h e  

Pomona w e l l ,  2N/llE-12dab2, decl ined 3.75 f e e t  d u r i n g  t h e  a q u i f e r  t e s t .  



Review o f  e a r l i e r  hydrographs f o r  t h e  Pomona w e l l  and hydrograpnic records  o f  

when water f lowed frdm w e l l  2N/llE-12acd i n a i c a t e  t n a t  d ischarge from 

2N/llE-12acd may be responsib le f o r  up t o  1 .5  f e e t  o f  t h e  drawdown observed i n  

t he  Pomona w e l l .  Barometric pressure f l u c t u a t e d  l e s s  than 0.10 pounds pe r  

square i n c h  ( l e s s  than 0.23 fee t  o f  water) d u r i n g  t h e  two day a q u i f e r  t e s t .  
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DISCHARGE AND RECHARGE ESTIMATES FOH THE POMONA AND PRIEST RAPIDS APUIFEHS 

Each year ,  water e n t e r s  and l e a v e s  most ground wa te r  systems. T h i s  i s  t r u e  

f o r  t h e  Pornona and P r i e s t  Rapids  a q u i f e r s  i n  t n e  approximately 22 squa re  mile  

a r e a  bounded t o  t h e  n o r t h  by t h e  Rocky P r a i r i e  t h r u s t  f a u l t  and t o  t h e  e a s t  by 

t h e  Rowena Creek f a u l t .  Most r echa rge  t o  t h e  Pomona and P r i e s t  Hapids 

a q u i f e r s  occu r s  where t h e  a q u i f e r s  a r e  exposed i n  t h e  h igh l ands  t o  c a p t u r e  

r a i n f a l l  and runo f f .  Mosier Creek may provide  a d d i t i o n a l  r echa rge  t o  t h e  

P r i e s t  Rapids a q u i f e r  i n  s e c t i o n  19 of 2N/12E. The Pomona a q u i f e r  r e c e i v e s  

a d d i t i o n a l  recharge  from t h e  P r i e s t  Rapids a q u i f e r  through in t e r connec t ing  

wells. 

Both t h e  Pomona and P r i e s t  Rapids a q u i f e r s  l o s e  water  through n a t u r a l  and 

man-induced d ischarge .  The Pomona a q u i f e r  d i s c h a r g e s  water  t o  Mosier Creek, 

and some water may l e a k  from both  a q u i f e r s  th rough f a u l t  zones.  Both a q u i f e r s  

l o s e  water through wells f o r  domest ic  and i r r i g a t i o n  purposes ,  and t h e  P r i e s t  

Rapids a q u i f e r  l o s e s  water  t o  t h e  Pomona a q u i f e r  th rough i n t e r c o n n e c t i n g  wells. 

Discharge and r echa rge  e s t i m a t e s  f o r  t h e  Pomona and P r i e s t  Rapids  a q u i f e r s  i n  

1986 a r e  presen ted  i n  t h e  fo l l owing  t e x t .  Appendix B shows t h e  c a l c u l a t i o n s  

used. The d i scha rge  e s t i m a t e s  i nc lude :  household u se ;  i r r i g a t i o n  use;  

d i scharge  t o  Mosier Creek from t h e  Pomona a q u i f e r ;  and d i scha rge  from t h e  

P r i e s t  Rapids a q u i f e r  t o  t h e  Pomona a q u i f e r  through i n t e r c o n n e c t i n g  wells. 

The es t imated  household u se  of water  i n  t h e  s tudy  a r e a  was based upon 

es t imated  household water  consumption f o r  t h e  C i t y  of Mosier.  The es t imated  



use o f  water f o r  i r r i g a t i o n  was based upon p e r i o d i c  f i e l d  measurements. The 

est imated discharge from t h e  Pomona a q u i f e r  t o  Mosier Creek was based upon 

stream f l ow  measurements. The est imated discharge from t h e  P r i e s t  Kapids 

aqu i fe r  t o  the  Pomona a q u i f e r  was based upon an a n a l y s i s  o f  a 23 year 

hydrograph f o r  t h e  Pomona aqu i fe r .  I n  add i t i on ,  an a n a l y s i s  o f  a r t e s i a n  f low 

from a P r i e s t  Rapids w e l l  and a neighbor ing w e l l  i n t e r c o n n e c t i n g  the Pornona 

and P r i e s t  Rapids aqu i fe rs  was conducted t o  est imate d ischarge f rom the P r i e s t  

Rapids a q u i f e r  t o  t h e  Pomona a q u i f e r  through a s i n g l e  i n t e r c o n n e c t i n g  w e l l  

(Uppendix 8).  

Recharge est imates were based upon discharge est imates and hydrographs f o r  

w e l l s  completed i n  t h e  Pomona and P r i e s t  Rapids a q u i f e r s  (Uppendix C ) .  More 

i n v e s t i g a t i o n  over a longer p e r i o d  would h e l p  r e f i n e  o r  c o r r e c t  t h e  est imates 

presented i n  t h e  f o l l o w i n g  t e x t .  

DISCHARGE 

The Pomona and P r i e s t  Rapids a q u i f e r s  i n  the  area south  o f  t n e  Rocky P r a i r i e  

t h r u s t  f a u l t  and west o f  t h e  Rowena CreeK f a u l t  d ischarge water each year. 

Table 5 presents the  est imated discharge i n  1986 f o r  each aqu i fe r .  The ground 

water discharge est imates i n c l u d e  r u r a l  household consumption, water Use by 

t h e  C i t y  o f  Mosier, water a p p l i e d  t o  orchards, water d ischarged from t n e  

Pomona a q u i f e r  t o  Mosier Creek and water discnarged from t h e  P r i e s t  Rapids 

a q u i f e r  t o  the  Pomona a q u i f e r  through in te rconnec t ing  w e l l s .  N a t u r a l  

subsurface leakage was n o t  determined. 



Table 5. ESTIMATED DISCHAHGES FHOM THE POMONA AND PRIEST HAPIDS AQUIFERS 
DURING 1986 

l C i t y  of Mosier I 
I I 

I I I 
I I Supply ing Aqu i fe r  I 
I I I 

115 acre- feet  I 
I 

I 

IRural  Households 1 19 acre- fee t  78 acre- feet  1 
I I I 
1 Orchards I 300 acre- f  ee t 27U acre- feet  I 

I 

I I 
1 Pomona Aqu i fe r  I 
I I 

I Rec ip ien t  I Pomona P r i e s t  Hapids I 
I I 1 
I I 

I 
153 acre- feet  I 

I 
l Mosier Creek I 369 acre- fee t  1 
I I I 
IFrenchman Spr ings I undetermined I 
1 Aqui fer  I I 
I I I 
1 Subsurf ace Out f low I undetermined unde termined 1 
I I I 
1 T o t a l  I 688 acre- fee t  616 acre-f  ee t  I 

The est imated ground water use by t h e  C i t y  o f  Mosier i n  1986 was based upon 

discharge meter readings a t  t he  c i t y  r e s e r v o i r  (Appendix 5). The 115 

acre-feet es t imate  f o r  t he  C i t y  o f  Mosier suggests t h a t  each person i n  the 

Mosier area uses an average o f  293 g a l l o n s  p e r  day. Some water may be l o s t  

through leaky  p ipes.  The average d a i l y  household use o f  water f o r  t h e  C i t y  

of Mosier (approximately 790 ga l l ons )  was used t o  es t imate  t h e  wi thdrawal  o f  

ground water f rom t h e  Pomona and P r i e s t  Rapids a q u i f e r s  by 109 r u r a l  

households i n  t h e  22 square m i l e  area. 

The est imated ground water wi thdrawal  f o r  i r r i g a t i o n  i n  1986 was based upon 

pe r iod i c  f i e l d  measurements (Appendix B2). Those measurements included: 

t h e  amount of water app l i ed  p e r  day a t  d i f f e r e n t  orchards, t h e  t ime requ i red  



t o  i r r i g a t e  each  orchard  p e r  i r r i g a t i o n  c y c l e ,  and t h e  number o f  i r r i g a t i o n  

c y c l e s  each  orchard  r e c e i v e s  each  yea r .  Most o r c h a r d i s t s  i r r i g a t e  a p o r t i o n  

of t h e i r  o rchard  p e r  day i n  a c y c l e .  The amount of  water  a p p l i e d  p e r  day and 

t h e  a r e a  i r r i g a t e d  v a r i e s .  It depends upon s p r i n k l e r  spac ing ,  t h e  number of  

s p r i n k l e r s  o p e r a t i n g ,  and t h e  e l e v a t i o n  of  t h e  a r e a  i r r i g a t e d  r e l a t i v e  t o  t h e  

Well head. Less water  i s  d e l i v e r e d  p e r  minute  when a pump must l i f t  i t  

h ighe r .  C u r r e n t l y ,  459 a c r e s  of o r cha rd  i n  t h e  22 squa re  mile a r e a  a r e  

i r r i g a t e d  s o l e l y  by ground water  from t h e  Pomona and P r i e s t  Rapids  a q u i f e r s .  

The e s t ima ted  d i scna rge  from t h e  Pomona a q u i f e r  t o  Mosier Creek i n  1986 was 

based upon s t ream f low measurements (Appendix 6 .  Stream flow 

measurements i n  1986 sugges t  t h a t  t h e  Pornona a q u i f e r  d i s c h a r g e s  a t  l e a s t  23U 

g a l l o n s  p e r  minute ( 3 6 9 a c r e - f e e t  p e r  y e a r )  t o  Mosier Creek between s e c t i o n  

l 3 a a d  o f  2N/llE and s e c t i o n  18cbb of  2N/12E. 

Flow between a q u i f e r s  th rough wells can  be  measured by down ho le  f low 

meters. Such measurements were n o t  a v a i l a b l e  du r ing  t h i s  s t udy .  I n s t e a d ,  

t h e  e s t i m a t e d  d i scha rge  of  water  from t h e  P r i e s t  Rapids  a q u i f e r  t o  t h e  Pomona 

a q u i f e r  was based upon an a n a l y s i s  of a 23 yea r  hydrograph f o r  t h e  Pomona 

a q u i f e r  (Appendix B4).  The a n a l y s i s  i nc luded  a comparison of t h e  d i s cha rge  

from and t h e  recharge  t o  t h e  Pomona a q u i f e r  b e f o r e  and a f t e r  1970. Two wells 

may have in t e r connec t ed  t h e  a q u i f e r s  b e f o r e  1970. Therefore ,  t h e  a n a l y s i s  

does n o t  i n c l u d e  water  l o s t  t o  t h e  Pomona a q u i f e r  from ttie P r i e s t  Kapids 

a q u i f e r  through t h e s e  wells. Th i s  a n a l y s i s  s u g g e s t s  t h e  P r i e s t  Rapids 

a q u i f e r  l o s e s  153  a c r e - f e e t  p e r  yea r  t o  t h e  Pomona a q u i f e r  through 

i n t e r c o n n e c t i n g  wells. 



A second a n a l y s i s  was conducted t o  e s t i m a t e  d ischarge  f r o m  t h e  P r i e s t  Hapids 

a q u i f e r  t o  t h e  Pomona a q u i f e r  th rough  a s i n g l e  w e l l .  A r t e s i a n  f l o w  r a t e s  and 

w e l l  head p ressures  a t  two ne ighbo r i ng  w e l l s ,  a  P r i e s t  Rap ids  w e l l  and a w e l l  

i n t e r c o n r ~ e c t i n g  t h e  P r i e s t  Rapids and t h e  Pomona a q u i f e r s ,  were compared 

(Appendix R 4 ) .  The d ischarge  va lues  ob ta i ned  suggest t h a t  225 t o  775 

ac re - f ee t  p e r  yea r  may be l o s t  f rom t h e  P r i e s t  Hapids a q u i f e r  th rough  one 

w e l l  i n t e r c o n n e c t i n g  t h e  two a q u i f e r s .  T h i s  i m p l i e s  t h a t  more wate r  may be 

l o s t  f rom t h e  P r i e s t  Rapids a q u i f e r  t h rough  i n t e r c o n n e c t i n g  w e l l s  t h a n  can  be 

f u l l y  accounted w i t h i n  t h e  Pomona a q u i f e r .  L o c a l l y ,  l eakage t o  f r a c t u r e s  o r  

permeable zones may be p o s s i b l e  i n  w e l l s  w i t h  s i g n i f i c a n t  s e c t i o n s  open t o  

t h e  fo rmat ion .  The va lues  f r o m  t h e  second a n a l y s i s  were n o t  used t o  e s t i m a t e  

t h e  t o t a l  l o s s  o f  wa te r  f r om t h e  P r i e s t  Rapids a q u i f e r  t o  t h e  Pomona a q u i f e r  

through i n t e r c o n n e c t i n g  w e l l s ,  because t h e  va lues  rep resen ted  wate r  l o s t  

th rough  one o f  many i n t e r c o n n e c t i n g  w e l l s ,  and because t h e  amount o f  water  

l o s t  c o u l d  n o t  be f u l l y  accounted w i t h i n  t h e  Pomoria a q u i f e r .  

D ischarge f rom t h e  P r i e s t  Rapids a q u i f e r  t o  t h e  Frenchman Sp r i ngs  a q u i f e r  

cou ld  n o t  be es t ima ted  a t  t h i s  t ime.  However, t h e  P r i e s t  Rapids a q u i f e r  

apparen t l y  does l o s e  water  t o  t h e  Frenchman S p r i n g s  a q u i f e r  th rough  

i n t e r c o n n e c t i n g  w e l l s .  Ev idence f o r  t n i s  d ra inage  i s  based upor) water  l e v e l  

drops no ted  when w e l l s  pene t ra ted  beyond t h e  P r i e s t  Rap ids  a q u i f e r  i n t o  t h e  

Frenchman Sp r i ngs  a q u i f e r .  F o r  example, t h e  owner o f  w e l l  2N/12E-7bcc no ted  

a water  l e v e l  d r o p  f r o m  491  t o  463 f e e t  above sea l e v e l  (46 t o  18  f e e t  above 

l a n d  su r f ace )  when h i s  w e l l  was deepened i n t o  t h e  Frenchman Sp r i ngs  a q u i f e r  

i n  1959. 

Data i n  Table 5 i n d i c a t e  t h a t  Mosier  Creek, t h e  Pomona a q u i f e r  and t h e  P r i e s t  

Rapids a q u i f e r  a r e  in te rconnec ted .  F i g u r e  19  schema t i ca l l y  r ep resen ts  how 
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t h e  a q u i f e r s  and Mosier Creek i n t e r c o n n e c t .  According t o  Table  5 ,  25 pe rcen t  

(153 ac re - f ee t )  of t h e  d i s cha rge  from t n e  P r i e s t  Rapids  a q u i f e r  f lows  i n t o  

t h e  Pomona a q u i f e r  through i n t e r c o n n e c t i n g  wells. I n  t u r n ,  more t h a n  twice 

t h a t  amount of water (369  a c r e - f e e t )  f lows  from t h e  Pomona a q u i f e r  i n t o  

Mosier Creek where t h e  Pomona a q u i f e r  i n t e r s e c t s  t h e  creek. 

Wells in t e r connec t ing  t h e  P r i e s t  Hapids a q u i f e r  t o  t h e  Pomona and/or  

Frenchman Spr ings  a q u i f e r s  f a i l  t o  taKe f u l l  advantage o f  t h e  P r i e s t  Rapids 

a q u i f e r .  First, t h e  153 a c r e - f e e t  of water  l o s t  a n n u a l l y  from t h e  P r i e s t  

Rapids a q u i f e r  t o  t h e  Pomona a q u i f e r  becomes u n a v a i l a b l e  t o  wells completed 

i n  t h e  P r i e s t  Rapids a q u i f e r .  The volume of water  l o s t  u l t i m a t e l y  goes  t o  

Mosier Creek. Second, wells i n t e r c o n n e c t i n g  t h e  P r i e s t  Rapids  a q u i f e r  wi th  

t h e  Pomona and/or  Frenchman S p r i n g s  a q u i f e r s  have lower s t a t i c  water  l e v e l s  

due t o  p re s su re  l o s s  t h a n  wells which i s o l a t e  t h e  P r i e s t  Rapids a q u i f e r .  

P l a t e  5 i l l u s t r a t e s  t h i s  p o i n t .  Note t h a t  water  w i l l  rise h ighe r  above t h e  

t o p  of t h e  P r i e s t  Hapids a q u i f e r  i n  wells t h a t  i s o l a t e  t h e  P r i e s t  Hapids 

a q u i f e r .  The lower p r e s s u r e  head r e l a t i v e  t o  t h e  P r i e s t  Rapids  a q u i f e r  

wi th in  t h e  i n t e r connec t ing  wells i s  a p p a r e n t l y  due t o  wa te r  f lowing  o u t  of 

t h e  we l l s  t o  t h e  Pomona and/or  Frenchman S p r i n g s  a q u i f e r .  The 

in t e r connec t ing  w e l l s  shown on P l a t e  5 i n t e r c o n n e c t  t h e  Pomona and P r i e s t  

Rapids a q u i f e r s  only.  

RECHARGE 

Newcomb (1963) suggested r echa rge  of a l l  t h e  b a s a l t  a q u i f e r s  i n  t h e  g r e a t e r  

Mosier a r e a  occurs  p r i m a r i l y  a long  t h e  Columbia Hills a n t i c l i n e  and va l l ey  

outcrops.  He es t imated  t h e  o v e r a l l  r echa rge  t o  the b a s a l t  a q u i f e r s  i n  t h e  



Mosier a r e a  a s  2,100 a c r e - f e e t  p e r  year .  Newcomb based h i s  e s t i m a t e  upon 

water flowing through a f o u r  mile a r c ,  down a f i v e  feet  p e r  m i l e  g r a d i e n t  

2 w i th in  a q u i f e r s  w i th  an  average  t r a n s m i s s i v i t y  of 13 ,40O/f t  /day. Newcomb, 

a l s o ,  noted t h a t  t h e  Chenoweth Formation i n h i b i t s  r echa rge  o f  t h e  b a s a l t  

a q u i f e r s .  He es t ima ted  2.92 i n c h e s  from t h e  t o t a l  r a i n f a l l  o v e r  t h e  a r e a  of 

exposed b a s a l t  would y i e l d  t h e  2,100 ac re - f ee t  o f  water .  

Table  6 p r e s e n t s  t h e  1986 recha rge  e s t i m a t e s  f o r  t h e  Pomona and P r i e s t  Rapids 

a q u i f e r s  i n  t h e  a r e a  s o u t h  of  t h e  Rocky P r a i r i e  t h r u s t  f a u l t  and west of t h e  

Rowena Creek f a u l t .  The e s t i m a t e s  a r e  based upon d i s c n a r g e  e s t i m a t e s  found 

on Table 5 and a n a l y s e s  of hydrographs f o r  t h e  Pomona and P r i e s t  Rapids 

a q u i f e r s  (Appendix C )  . Other  methods of e s t i m a t i n g  r echa rge  were cons idered ,  

bu t  they  were n o t  a p p l i c a b l e  f o r  t h i s  s t udy .  Ana lys i s  of  hydrographs from 

1983 t o  1987 f o r  t h e  P r i e s t  Rapids  a q u i f e r  (Appendix C2) i n d i c a t e s  t h a t  

recharge  r e p l a c e s  an e s t ima ted  90 pe rcen t  (554 acre-feet) of t h e  water  

d i scharged  (616 a c r e - f e e t )  from t h e  a q u i f e r  annual ly .  The amount of  recharge  

t o  t h e  P r i e s t  Rapids  a q u i f e r  may be  g r e a t e r  t h a n  e s t i m a t e d ,  however, because 

t h e  d i s cha rge  e s t i m a t e  f b r  t h e  P r i e s t  Hapids  a q u i f e r  d o e s  n o t  i n c l u d e  a l l  

water l o s t  through i n t e r c o n n e c t i n g  wells. Ana lys i s  of  hydrographs from 1983 

t o  1987 f o r  t h e  Pomona a q u i f e r  (Appendix C1) i n d i c a t e s  t h a t  recharge  

r e p l a c e s  an  e s t ima ted  8 2  p e r c e n t  (564 a c r e - f e e t )  o f  t h e  wa te r  d i s cha rged  (688 

ac re - f ee t )  annua l ly  from t h e  a q u i f e r .  





Rapids a q u i f e r  l i e s  below t h e  s u r f a c e  e l e v a t i o n  of Mosier Creek i n  t h e  

northwest  q u a r t e r  of s e c t i o n  19.  Therefore ,  Mosier Creek cou ld  l o s e  water  t o  

t h e  P r i e s t  Rapids  a q u i f e r  i n  t h e  nor thwes t  q u a r t e r  of  s e c t i o n  19 i f  t h e  two 

a r e  h y d r a u l i c a l l y  connected.  Perhaps,  t h e  po t en t io rne t r i c  s u r f a c e  d e c l i n e  of 

t h e  P r i e s t  Rapids  a q u i f e r  i n  2N/12E s e c t i o n  7 ,  18 and 1 9  s i n c e  1969 changed 

t h e  r e l a t i o n s h i p  between Mosier Creek and t h e  P r i e s t  Rapids  a q u i f e r .  F u r t h e r  

i n v e s t i g a t i o n  is necessary t o  c l a r i f y  t h i s  ground wa te r / su r f ace  water 

r e l a t i o n s h i p .  The remaining 381 a c r e - f e e t  of  r echa rge  t o  t h e  P r i e s t  Rapids 

a q u i f e r  appa ren t ly  comes from cap tu red  r a i n f a l l  and r u n o f f .  

Geologic d a t a  and a n a l y s i s  of p o t e n t i o m e t r i c  s u r f a c e  d a t a  ( P l a t e  4 )  suppor t  

Newcomb's hypo thes i s  t h a t  recharge  t o  t h e  b a s a l t  a q u i f e r s  occu r s  p r imar i l y  

along t h e  Columbia Hills a n t i c l i n e  and v a l l e y  ou t c rops .  The geo log ic  map 

( P l a t e  2 )  shows t h e  Pomona and P r i e s t  Rapids  Members exposed a long  t h e  f l a n k s  

of t h e  a n t i c l i n e  and wi th in  s t ream v a l l e y s .  R a i n f a l l  and runof f  may e n t e r  

exposed permeable zones of t h e  Pomona and P r i e s t  Rapids  Members except  a long 

very s t e e p  v a l l e y  s l o p e s .  I n spec t ion  of t h e  c o n t o u r s  on t h e  po t en t iome t r i c  

su r f ace  map ( P l a t e  4 )  a l s o  s u p p o r t s  r echa rge  of  t h e  P r i e s t  Rapids a q u i f e r  

along t h e  f l a n k s  of t h e  Columbia Hills a n t i c l i n e .  An a r e a  of  r echa rge  f o r  

t h e  Pomona a q u i f e r  could  n o t  be determined from t h e  po t en t io rne t r i c  s u r f a c e  

map due t o  t h e  few d a t a  p o i n t s  a v a i l a b l e .  Approximately one- th i rd  (7  i nches )  

of t h e  t o t a l  r a i n f a l l  ove r  t h e  exposed Pomona and P r i e s t  Rapids  Members would 

y i e l d  t h e  e s t ima ted  recharge  by p r e c i p i t a t i o n  t o  each  a q u i f e r .  

Hydrograph d a t a  sugges t  water  i n  t h e  Pomona and P r i e s t  Hapids a q u i f e r s  

bounded t o  t h e  n o r t h  by t h e  Rocky t h r u s t  f a u l t  and t o  t h e  e a s t  by t h e  Rowena 

Creek f a u l t  t r a v e l s  qu i ck ly  from t h e  a r e a  of  r echa rge  t o  t h e  a r e a  of 

d i scharge .  A comparison of hydrograph and l o c a l  r a i n f a l l  d a t a  sugges t  t h a t  



the l a g  t ime between h i g h  and low annual r a i n f a l l  and h igh  and low annual 

recharge f o r  the  Pomona and P r i e s t  Rapids aqui fers  i s  short ;  l e s s  than a 

year. This imp l i es  t h a t  the  ground water moves rap id l y  t o  an area o f  

discharge a f t e r  i t  enters  t he  aqui fer .  



GROUND WATER CHEMISTRY 

INTRODUCTION 

A water q u a l i t y  assessment o f  ground water samples c o l l e c t e d  from selected 

we l l s  i n  the Mosier area was provided by the Oregon Department of 

Environmental Qua l i t y  GDEQ). Water qua l i t y  surveys were conducted between 

J u l y  and September 1986. Twelve wel ls  were se lec ted f o r  water q u a l i t y  

moni tor ing from a network o f  observation we l l s  establ ished by t h e  Oregon Water 

Resources Department (OWRD). The sampled wel ls  a re  shown on P la te  1. The 

se lec t ion  o f  we l l s  f o r  water q u a l i t y  sampling was based on such f ac to r s  as: 

the producing aqui fer ,  p o t e n t i a l  f o r  ground water contamination, w e l l  use, and 

w e l l  accessabi l i ty .  Water samples were co l lec ted  monthly from aqu i fe rs  w i t h i n  

the g l a c i o f l u v i a l  deposits; Chenoweth Formation; and Pomona, P r i e s t  Rapids, 

and Frenchman Springs Members o f  the Columbia River Basal t  Group. 

Each sample was tes ted  f o r  35 parameters. Parameters selected inc lude  those 

used as d r i nk i ng  water standards and as water q u a l i t y  i nd i ca to r s .  The r e s u l t s  

o f  the water chemistry analyses are included i n  appendix D. 

CHARACTERIZATION OF THE AQUIFERS BY WATER CHEMISTRY 

Water samples co l l ec ted  from f i v e  o f  the twelve sampling we l l s  were i d e n t i f i e d  

as representing the f i v e  aqu i fers  i n  the Mosier area. Those aqu i fe rs  inc lude 

the g l a c i o f l u v i a l ,  Chenoweth, Pomona, P r i es t  Rapids, and Frenchman Springs 



a q u i f e r s .  The samples were s e l e c t e d  because t n o s e  f i v e  wells most l i k e l y  

o b t a i n  water from i n d i v i d u a l  a q u i f e r s .  Where p o s s i b l e ,  t h e  wells were 

s e l e c t e d  i n  t h e  same gene ra l  geographic  a r e a .  

I n  gene ra l ,  t h e  a q u i f e r s  a r e  q u i t e  s i m i l a r  i n  water  chemis t ry .  F igu re  20 

shows p l o t s  based on average i o n i c  (sodium, potassium, ca lc ium,  magnesium, 

c h l o r i d e ,  s u l f a t e ,  and ca rbona te /b i ca rbona te )  composi t ion of  t h e  samples.  A s  

shown, t h e  a q u i f e r s  a r e  ca rbona te  systems.  The Chenoweth a q u i f e r  s t a n d s  ou t  

somewhat from t h e  o t h e r  a q u i f e r  u n i t s ,  because i t  i s  lowes t  i n  calcium, 

magnesium, and b icarbonate  c o n c e n t r a t i o n s ,  and h i g h e s t  i n  c h l o r i d e  

concent ra t ions .  

The fo l lowing  c o n t r a s t s  t h e  f i v e  a q u i f e r s  sampled i n  t h e  Mosier a r e a .  It i s  

based on l i m i t e d  d a t a  ( a  maximum of  t h r e e  samples  c o l l e c t e d  i n  summer 1986). 

Therefore  t h e  f i n d i n g s  should be viewed a s  p re l imina ry .  

G l a c i o f l u v i a l :  Water samples from t h e  g l a c i o f l u v i a l  a q u i f e r  were i n t e r m e d i a t e  

i n  concen t r a t i on  f o r  most parameters .  

Chenoweth: Water samples from t h e  Chenoweth a q u i f e r  were t h e  lowes t  i n  

calcium, magnesium, sodium, s u l f a t e ,  and b i ca rbona te  c o n c e n t r a t i o n s ,  and 

h ighes t  i n  c h l o r i d e .  

Pomona: Only one water  sample was c o l l e c t e d  from a well t h a t  was open only  t o  

t h i s  a q u i f e r .  This  sample i n d i c a t e s  lower potassium and h ighe r  c h l o r i d e  

concen t r a t i ons  a s  compared t o  o t h e r  b a s a l t  a q u i f e r s  t h a t  were sampled i n  t h e  

a r e a .  The sample from t h e  Pomona a q u i f e r  was a l s o  s i g n i f i c a n t l y  h ighe r  i n  

i r o n  (Table  D 1.1 i n  Appendix D) . 
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P r i e s t  Rapids: Water samples from t h e  P r i e s t  Rapids a q u i f e r  were h i g h e s t  i n  

sodium and lowest  i n  magnesium c o n c e n t r a t i o n s  among t h e  b a s a l t  a q u i f e r s  t h a t  

were sampled. The samples from t h i s  a q u i f e r  a r e  very s i m i l a r  t o  the samples 

from t h e  Frenchman Spr ings  a q u i f e r  i n  potassium and c h l o r i d e  concen t r a t i ons .  

Frenchman Springs:  Water samples  from t h e  Frenchman Spr ings  a q u i f e r  a r e  

d i s t i n g u i s h e d  from water  samples of  t h e  o t h e r  two b a s a l t  a q u i f e r s  by 

e x h i b i t i n g  t h e  lowes t  c h l o r i d e ,  s u l f a t e ,  and b i ca rbona te  concen t r a t i ons  and 

h ighes t  o v e r a l l  potassium c o n t e n t .  The samples from t h i s  a q u i f e r  a r e  very 

s i m i l a r  t o  t h e  samples from t h e  P r i e s t  Rapids  a q u i f e r  i n  potassium and 

c h l o r i d e  concen t r a t i ons .  

While i t  i s  i n t e r e s t i n g  t o  no t e  t h e  s l i g h t  d i f f e r e n c e  i n  i o n i c  concen t r a t i on  

o f  water samples from the d i f f e r e n t  a q u i f e r s ,  i t  i s  d i f f i c u l t  t o  determine t h e  

- reasons  f o r  t h e s e  d i f f e r e n c e s  and ,  g iven  t h e  l i m i t e d  d a t a ,  t h e  s i g n i f i c a n c e  of 

t h e  d i f f e r e n c e s .  The water  q u a l i t y  measured was g e n e r a l l y  q u i t e  good and 

s u i t a b l e  f o r  a l l  b e n e f i c i a l  uses .  

COMPARISON TO D R I N K I N G  WATER STANDARDS 

Values measured i n  t h e  Mosier a r e a  were t y p i c a l l y  well w i th in  d r ink ing  water  

s tandards .  Table  7 lists t e n  primary ( h e a l t h  r e l a t e d )  and e i g h t  secondary 

( a e s t h e t i c )  d r ink ing  water  s t a n d a r d s .  



TABLE 7 .  Selec ted  Drinking Water Standards 

I Selected  Primary Drinking Water Standards 1 
1 (Health Related) I 
I I 
i Arsenic 
I Barium 
I Cadmium 
I Chromium 
I Fluoride 
I Lead 
I Mercury 
I N i t r a t e  ( a s  N )  
I Selenium 
I S i l v e r  
I I - 

w o n d a r y  Drinking Water Standards I 
I (Aes thet ic  Q u a l i t y )  I 

I Chloride 250.0 mg/l 1 
I Copper 1 .O mg/l 

Corros iv i ty  non-corrosive 
I 

I I 
I I ron  0 . 3  mg/l 1 
I Manganese 0.05 mg/l 

6.5 - 8.5 SU 
I 

I PH I 
I S u l f a t e  250.0 mg/ 1 1 
I Tota l  Dissolved I 
I So l ids  500.0 mg/l 1 
1 Zinc 5 .O mg/l I 
I I 

mg/l means mil l igrams per l i t e r  of water 

With t h e  exception of n i t r a te -n i t rogen ,  n ine  primary ( h e a l t h )  dr inking water 

parameters were measured only once during t h i s  study. These n ine  parameters 

a r e  heavy metals.  No values  were found t o  exceed t h e  primary drinking water 

s tandards.  Rather, they were found below o r  near de tec t ion  l e v e l s .  Arsenic 

was t h e  only primary dr inking water s tandard metal t h a t  was measured a t  

concentra t ions  above de tec t ion  limits. It was detec ted  i n  two wells. One 

well (2N/12E-7ada) pene t ra tes  t h e  Pomona aqu i fe r  only,  and t h e  o the r  well  

(2N/llE-12acd) in terconnects  t h e  Pomona and P r i e s t  Rapids aquifers .  



Many ground water samples conta ined  measureable l e v e l s  o f  n i t r a t e  (between 

0.1-1.0 mg/l)  o r  ammonia n i t rogen  (above minimum d e t e c t i o n  l e v e l s  bu t  wel l  

w i th in  d r i n k i n g  water  s t a n d a r d s ) .  No v e r t i c a l  o r  h o r i z o n t a l  p a t t e r n  was 

apparen t  i n  t h e s e  d a t a .  An i n t e r e s t i n g  t r end  i n  n i t r a t e  concen t r a t i on  was 

noted f o r  samples c o l l e c t e d  from well 2N/12E-6cca where v a l u e s  decreased  two 

o r d e r s  of magnitude (from 1.2 t o  <.02 mg/l)  i n  two months. The reason  f o r  

t h i s  t r e n d  i s  unknown. 

Only two va lues  exceeded secondary ( a e s t h e t i c  q u a l i t y )  d r i n k i n g  water 

s t anda rds ;  z i n c  i n  well 2N/12E-6cca and i r o n  i n  well 2N/12E-7ada. The f i r s t  

well i s  used f o r  i r r i g a t i o n  and domestic purposes  and t h e  second well i s  only  

used f o r  i r r i g a t i o n .  

Zinc was found t o  be s l i g h t l y  above t h e  s t a n d a r d  (5 .3  v s  5.0 mg/l)  i n  t h e  

sample c o l l e c t e d  from w e l l  2N/12E-6cca. Zinc,  a t  low c o n c e n t r a t i o n s ,  i s  a n  

e s s e n t i a l  and b e n e f i c i a l  e lement  i n  human metabolism. A t  h igh  c o n c e n t r a t i o n s ,  

z i n c  may produce adve r se  t a s t e  and appearance. No h e a l t h  problems would be 

expected a t  t h e  l e v e l  found, but  a t a s t e  e f f e c t  may be observed.  Zinc is 

commonly used i n  ga lvanized  p ipe .  T h i s  may be a f a c t o r  because t h e  well was 

d r i l l e d  du r ing  e a r l y  summer 1986 and presumably a ga lvanized  p i p e  was 

i n s t a l l e d  i n  t h e  well. 

Well 2N/12E-7ada was sampled once, and i ts  water  exceeded t h e  secondary 

d r i n k i n g  water  s t anda rd  f o r  I r o n  (0.95 v s  0 . 3  mg/ l ) .  The s t anda rd  was 

e s t a b l i s h e d  t o  minimize t a s t e  and s t a i n i n g  e f f e c t s  of  i r o n .  



Four me ta l s  i nc luded  i n  t h e  secondary s t anda rds  were measurecl above minimum 

d e t e c t i o n  l e v e l s  b u t  w i th in  s t anda rds  a t  a  few wells. Concen t r a t i ons  of 

copper ,  manganese, i r o n ,  and z i n c  a r e  shown i n  some wells (Appendix U).  

A c o r r o s i v i t y  c a l c u l a t i o n  was made us ing  t h e  L a n g e l i e r ' s  Index Method. T h i s  

index u s e s  pH, t o t a l  d i s so lved  s o l i d s ,  calcium and a l k a l i n i t y  t o  i n d i c a t e  t h e  

p o t e n t i a l  f o r  c o r r o s i v i t y .  I n  g e n e r a l ,  t h e  index va lue  o b t a i n e d  f o r  well 

2N/12E-6cca i n d i c a t e s  t h a t  t h e  well water  i s  only s l i g h t l y  c o r r o s i v e .  T h i s  

may account  f o r  t h e  z inc  l e v e l s  d e t e c t e d  i n  t h a t  well. Commonly, ground water  

i n  Oregon i s  s l i g h t l y  c o r r o s i v e .  

O R G A N I C  INDICATORS 

L i t t l e  o rgan ic  contamina t ion  was d e t e c t e d  i n  we l l  water sampled i n  t h e  Mosier 

a r e a  du r ing  t h e  summer months of 1986. T o t a l  halogenated o r g a n i c s  ( T U X ) ,  

t o t a l  o r g a n i c  carbon  (TOC) and chemical oxygen demand (COD) were measured a s  

i n d i c a t o r s  of p o s s i b l e  o r g a n i c  contaminat ion.  Only f o u r  samples  were found 

above d e t e c t i o n  limits. A J u l y  TOX va lue  (0.052 mg/l)  a t  well 2N/12E-21cca 

was t h e  o n l y  v a l u e  cons ide rab ly  above t h e  d e t e c t i o n  l e v e l .  A follow-up sample 

i n  August was measured below d e t e c t i o n .  



Aquifers  i n  f i v e  d i s t i n c t  s t r a t i g r a p h i c  u n i t s  were i d e n t i f i e d  i n  t h e  Mosier 

s tudy  a r e a .  S e v e r a l  d i scont inuous  unconfined a q u i f e r s  e x i s t  i n  g l a c i o f l u v i a l  

sand and g r a v e l  d e p o s i t s .  Ground water  i s  a l s o  found w i t h i n  t h e  more 

permeable l a y e r s  of  t h e  Chenoweth Formation. Many s p r i n g s  i n  t h e  Mosier Creek 

v a l l e y  occur  a t  l o c a t i o n s  where t h e  c o n t a c t  between t h e  g l a c i o f l u v i a l  d e p o s i t s  

and t h e  Chenoweth Formation is exposed and where s a t u r a t e d  permeable l a y e r s  of 

t h e  Chenoweth a q u i f e r  a r e  exposed. Three a q u i f e r s  a r e  found w i t h i n  t h e  

Columbia R ive r  B a s a l t  Group. They a r e  i d e n t i f i e d  i n f o r m a l l y  a s  t h e  Pomona, 

P r i e s t  Rapids and Frenchman Spr ings  a q u i f e r s .  Th i s  s tudy  focused  upon t h e  

Pomona and P r i e s t  Rapids a q u i f e r s  because t h e y  a r e  t h e  major sou rce  of ground 

water  i n  t h e  Mosier a r e a .  

Aquifer  tests were conducted on t h e  Pomona and P r i e s t  Rapids  a q u i f e r s .  The 

t r a n s m i s s i v i t y  va lues  ob t a ined  i n d i c a t e  t h a t  water  can move e a s i l y  through 

both  a q u i f e r s .  The s t o r a t i v i t y  va lues  o b t a i n e d  i n d i c a t e  t h e  a q u i f e r s  a r e  

confined.  

Ground water samples were c o l l e c t e d  and chemica l ly  analyzed i n  o r d e r  t o  

c h a r a c t e r i z e  t h e  n a t u r a l  water  q u a l i t y  of  t h e  a q u i f e r s .  The ground water  

samples t aken  i n  t h e  Mosier a r e a  were g e n e r a l l y  found t o  be of e x c e l l e n t  

q u a l i t y  and s u i t a b l e  f o r  a l l  b e n e f i c i a l  u se s .  No primary ( h e a l t h  r e l a t e d )  

d r ink ing  water  s t anda rds  were exceeded. Secondary ( a e s t h e t i c )  d r i n k i n g  water  

s t a n d a r d s  were exceeded f o r  z i n c  and i r o n  i n  two wells. Ground water  samples 

from t h e  va r ious  a q u i f e r s  were q u i t e  s i m i l a r  i n  chemical  composi t ion.  The 

Chenoweth a q u i f e r  s t ood  o u t  somewhat from t h e  rest by having lower d i s s o l v e d  

s o l i d s .  
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The n o r t h e a s t  t r e n d i n g  Columbia Hills a n t i c l i n e  and Mosier s y n c l i n e  i n f l u e n c e  

t h e  occurrence and migra t ion  of ground water  i n  t h e  Pomona and P r i e s t  Rapids 

a q u i f e r s .  R a i n f a l l  and runoff  e n t e r s  t h e  two a q u i f e r s  p r i m a r i l y  through 

exposures  on t h e  f l a n k s  of t h e  Columbia Hills a n t i c l i n e .  Some a d d i t i o n a l  

water  may e n t e r  t h e  P r i e s t  Rapids a q u i f e r  from Mosier Creek. Water i n  t h e  

a q u i f e r s  mig ra t e s  down s l o p e  through permeable l a y e r s  towards t h e  Mosier 

sync l ine .  

The down s l o p e  migra t ion  of ground water  i s  impeded by t h e  Rocky P r a i r i e  

t h r u s t  f a u l t .  The f a u l t  c auses  water  t o  accumulate  under  h igh  p r e s s u r e  s o u t h  

of t h e  Rocky P r a i r i e  s t r u c t u r e  i n  t h e  Pomona and P r i e s t  Rapids  a q u i f e r s .  The 

h igh  p r e s s u r e s  cause  water t o  rise i n  wells p e n e t r a t i n g  t h e  Pomona and P r i e s t  

Rapids a q u i f e r s  i n  t h i s  a r e a .  Water rises up t o  70 f e e t  h i g h e r  i n  e l e v a t i o n  

i n  wells completed i n  t h e  deeper  P r i e s t  Rapids a q u i f e r  t h a n  i n  wells completed 

i n  t h e  Pomona a q u i f e r .  The d i scha rge  of  water from t h e  Pomona a q u i f e r  t o  

Mosier Creek may be t h e  primary reason  why t h e  p o t e n t i o m e t r i c  s u r f a c e  (water  

l e v e l  i n  we l l s )  i n  t h e  Pomona a q u i f e r  i s  less than  t h e  p o t e n t i o m e t r i c  s u r f a c e  

i n  t h e  P r i e s t  Rapids a q u i f e r .  Apparent ly ,  i n  t h e  p a s t ,  t h e  P r i e s t  Rapids 

a q u i f e r  a l s o  r e l e a s e d  water  t o  Mosier Creek u n t i l  i t s  p o t e n t i o m e t r i c  s u r f a c e  

dropped below t h e  e l e v a t i o n  of t h e  c r eek .  

The water  l e v e l s  i n  wells i s o l a t i n g  t h e  Pomona and P r i e s t  Rapids  a q u i f e r s  i n  

and n e a r  t h e  o rcha rd  a r e a  a r e  d e c l i n i n g .  The r a t e  of  d e c l i n e  f o r  t h e  Pomona 

a q u i f e r  ( 6 . 9  f e e t / y e a r )  i s  more t han  twice the r a t e  of d e c l i n e  f o r  t h e  P r i e s t  

Rapids a q u i f e r  (3 .3  f e e t / y e a r ) .  These d e c l i n e s  i n d i c a t e  t h a t  t h e  average  

annual  d i s cha rge  from each a q u i f e r  i s  g r e a t e r  t h a n  t h e  ave rage  annua l  r echa rge  

f o r  each  a q u i f e r .  Recharge r e p l a c e s  approximately 90 p e r c e n t  of  t h e  d i s c h a r g e  

from t h e  P r i e s t  Rapids a q u i f e r ,  and recharge  r e p l a c e s  approximately 82 p e r c e n t  



of t h e  d i scharge  from t h e  Pomona a q u i f e r .  However, over  27 pe rcen t  of t h e  

recharge t o  t h e  Pomona a q u i f e r  may come from t h e  P r i e s t  Rapids  a q u i f e r  through 

we l l s  i n t e r connec t ing  t h e  two a q u i f e r s .  

Wells i n t e r connec t ing  t h e  P r i e s t  Rapids a q u i f e r  t o  t h e  Pomona a q u i f e r  and/or 

Frenchman Spr ings  a q u i f e r  cause  reduced a r t e s i a n  p r e s s u r e  i n  t h e  P r i e s t  Rapids 

aqu i f e r .  The P r i e s t  Rapids a q u i f e r  l o s e s  water  unneces sa r i l y  through t h e s e  

wel ls .  Th i s  l o s s  i n c r e a s e s  t h e  o v e r a l l  p o t e n t i o m e t r i c  s u r f a c e  d e c l i n e  f o r  t h e  

P r i e s t  Rapids a q u i f e r .  I n  a d d i t i o n ,  t h e  amount of water t h e  Pomona a q u i f e r  

ga in s  from t h e  P r i e s t  Rapids a q u i f e r  is, i n  t u r n ,  l o s t  t o  Mosier Creek. 

Wells i n t e r connec t ing  t h e  P r i e s t  Rapids  a q u i f e r  t o  t h e  Pomona a q u i f e r  and/or 

Frenchman Spr ings  a q u i f e r  l o s e  a b e n e f i t  of t h e  P r i e s t  Rapids  a q u i f e r .  That 

bene f i t  r e l a t e s  t o  t h e  water  l e v e l  found i n  a well. Wells t h a t  i s o l a t e  t h e  

P r i e s t  Rapids a q u i f e r  appa ren t ly  have h i g h e r  water l e v e l s  t han  w e l l s  

in te rconnec t ing  t h e  P r i e s t  Rapids a q u i f e r  t o  t h e  Pomona a q u i f e r  and/or 

Frenchman Spr ings  a q u i f e r .  Water d r a i n i n g  from t h e  P r i e s t  Rapids a q u i f e r  i n t o  

t h e  o t h e r  a q u i f e r s  through an i n t e r c o n n e c t i n g  well causes  a lower composite 

water l e v e l  i n  t h a t  well. 

Water l e v e l  d e c l i n e s  w i l l  con t inue  i f  c u r r e n t  ground water development 

p r a c t i c e s  cont inue.  Most remaining f lowing  wells may c e a s e  f lowing  wi th in  t h e  

next 10 years .  Summer pumping l e v e l s  i n  Pomona a q u i f e r  wells may soon 

i n t e r c e p t  and d r a i n  t h e  Pomona a q u i f e r .  R e s i d e n t s  us ing  t h e s e  wells w i l l  

probably deepen t h e i r  w e l l s  i n t o  t h e  P r i e s t  Rapids  a q u i f e r .  I f  t h e  deepened 

wel ls  do not  i s o l a t e  t h e  P r i e s t  Rapids a q u i f e r ,  t h e  p o t e n t i o m e t r i c  s u r f a c e  

dec l ine  f o r  t h e  P r i e s t  Rapids a q u i f e r  w i l l  p robably  a c c e l e r a t e  a s  more water  

d r a i n s  i n t o  t h e  Pomona a q u i f e r .  
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APPENDIX A 

AQUIFER TEST DATA 



Appendix A 1  : Pomona Aquifer Test D a t a  

Well  2N/12E-7ada was pumped from 10:10 am on June 30, 1986 t o  12:lO pm on June 31, 1986 
Wel l  2N/12E-7aac is located 703 fee t  from Well  2N/12E-7ada 
Well  2N/12E-7bda is l oca ted  2,275 fee t  from Wel l  2N/12E-7ada 

I Elapsed Water Leve l  Drawdown by Well  I Discharge I Comments 
I Time 1 ( f e e t )  1 Rate 1 1 
I (minutes) I 2N/12E--?ada 2N/12E-7aac 2N/12E-7bda 1 (gpm) 1 1 
I I I 1 I 
I I I 

0 I o 0 o I I pump on I 
0.2 1 0.65 ---- ---- I 1 ---- 1 ---- 0.7 1 0.65 1 I I 
1.0 I 0.92 0 0.03 1 I pressure guage usedl 

I I I f o r  2N/12E-7aac I 
1.6 1 1.03 ---- I 1 I ---- 
2.0 1 1.09 0.23 0.04 I I I 
2.3 1 1.09 ---- ---- 

---- ---- I I I 
2.6 1 1.16 I 1 1 
3.0 1 1.19 0.23 0.04 I I I ---- 3.7 1 1.24 ---- 1 1 1 
4.0 1 1.27 0.23 0.06 I 1 1 
4.3 1 1.24 ---- 1 1 I ---- 
4.8 1 1.24 ---- I 1 I ---- 

---- 5.0 1 0.23 0.06 1 1 1 
5.2 I 1.25 ---- 1 I 1 ---- 
6.0 1 1.29 0.23 0.07 I I 1 
7.0 1 1.29 0.23 0.08 1 I 1 
8.0 1 1.31 0.23 0.09 I 1 I 
9.0 1 1.32 0.23 0.10 I I I 

10.0 1 1.32 0.23 U.10 1 206 1 I 
11.0 1 1.44 0.23 0.11 1 1 I 
12.0 1 1.37 0.23 0.11 I 1 1 
13.0 1 1.36 0.23 0.12 I I I 
14.0 1 1.36 ' 0.46 0.12 1 1 I 
15.0 1 1.40 0.46 0.12 1 203 I 1 
16.0 1 1.41 0.46 0.13 I I I 
17.0 I 1.36 0.23 0.12 I 1 1 
18.0 1 1.41 0.46 0.13 1 1 1 
19.0 1 1.40 0.46 0.13 1 I 1 
20.0 1 1.44 0.46 0.14 I I I 
21.0 1 1.43 U. 46 0.14 I I 1 
22.0 1 1.44 0.46 0.14 1 1 1 
23.0 1 1.44 0.46 0.15 I I 1 
24.0 1 1.46 0.46 0.15 1 I I 
25.0 1 1.47 0.46 U.16 1 1 1 
26.0 1 1.46 0.46 0.15 1 204 1 1 
27.0 1 1.47 0.46 0.16 I I I 
28.0 1 1.46 0.46 0.16 I 1 1 
29.0 1 1.49 0.46 0.17 I I 1 
30.0 1 1.48 0.46 0.17 1 204 I I 
35.0 1 1.54 0.46 0.18 1 1 I 



Appendix A1 (continued) 

I Elapsed I Water Level Drawdown by Well I Discharge 1 Comments I 
1 Time 1 ( f ee t )  I Hate 1 I 
1 (minutes) I 2N/12E-7ada 2N/12E-7aac 2N/12E-7bda I (gpm) 1 I 
I I I I I 
1 I I 1 
I 40.0 1 1.53 0.69 0.18 1 204 1 1 
I 45.0 1 1.55 0.69 0.20 1 204 1 1 
I 50.0 I 1.59 0.69 0.20 1 204 I I 
I 55.0 1 1.56 0.69 0.21 1 204 I 1 
I 60.0 1 1.60 0.69 0.21 1 204 I I ---- 1 70.0 1 1.62 0.22 ---- ---- 1 204 I I 
1 75.0 1 0.69 I 1 1 
I 80.0 1 1.62 ---- 0.23 I I I 
I 90.0 1 1.63 0.69 0.25 1 I I ---- I 100.0 I 1.65 0.26 1 I I ---- I 105.0 1 ---- 0.46 1 1 I 
I 110.0 I 1.67 ---- 0.27 1 204 I 1 
1 120.0 1 1.68 0.46 0.27 I I I 
1 130.0 1 ---- ---- 0.38 1 1 Well 2N/12E-7aac I 
1 I I I pump on from 165 1 
1 I I I t o  175 minutes I 
1 186.0 I 1.81 ---- ---- ---- ---- 1 204 I I 
1 205.0 1 0.69 I I I 
1 260.0 1 ---- ---- 0.38 I 1 I 
1 265.0 1 ---- 0.69 I I I 
1 272.0 1 1.82 ---- ---- ---- ---- 1 1 I 
1 316.0 1 0.69 I I I 
1 323.0 1 --- ---- 0.46 I I d i f f i c u l t  t o  get I 
I 1 I I a reading a t  1 
1 1 1 I 2N/ 12E-7bda I 
1 333.0 1 1.82 ---- I I 1 ---- 
I 379.0 I ---- 0.69 ---- ---- ---- I I I 
1 383.0 1 0.46 1 I 1 
1 390.0 1 1.86 ---- ---- 1 196 ---- ---- I I 
1 441.0 I 0.69 --- ---- I I I 
1 445.0 1 0.46 I I 1 
1 450.0 1 1.93 ---- ---- I I Well oetween I 
I I 1 I 2N/12E-7aac and 1 
I I I I 2N/12E-7bda on I 
1 1 I I from 465 t o  490 I 
I I - -- ---- I I I 
1 519.0 1 0.69 I I 
1 533.0 1 ---- ---- ---- I I I 
1 540.0 1 1.95 ---- I 1 I ---- 

---- I 587.0 1 ---- 0.69 1 I I 
1 596.0 1 ---- ---- 0.61 I I I 



Appendix A 1  (cont inued)  

- - -. - -- 
I Elapsed I Water Leve l  Drawdown by Well  I Discharge I Comments 1 
I Time I ( f e e t )  I Rate I I 
I (minutes) I 2N/12E-7ada 2N/12E-7aac 2N/12E-7bda I (gpm) I I 

I 
shut 'LO minl valve 

I min. wh i le  coupling1 
I downhi l l  was I 

I 1 I I replaced, valve I 
I I I I opened a t  1237 min 1 
1 1,260.0 1 2.27 ---- ---- I 196 I I 
1 1,295.0 1 ---- ---- 1.00 1 I I 
1 1,300.0 1 ---- 1.39 ---- ---- ---- I 

1 194 
I 

I 1,3U4.0 I 2.30 I 
I 1,354.0 1 ---- ---- 1.06 I I 

I 
I 

1 1,358.0 1 ---- 1.39 I I 1 ---- 



Appendix A 1  (continued) 

I Elapsed I Water Leve l  Drawdown ~y Wel l  I Discharge I Comments 
I Time . I ( f e e t )  I Rate I 1 
I (minutes) I 2N/12E-7ada 2N/12E-7aac 2N/12E-7bda I (gpm) I I 
I I I I I 
1 I I ---- ---- I 
1 1,363.0 1 2.39 1 194 

---- ---- I I 
1 1,416.0 1 1.06 I I I 

---- 1 1,420.0 1 1.62 ---- ---- ---- 1 
1 1,425.0 1 2.42 1 
1 1,448.0 1 ---- 1.39 ---- 1 

I 
I 

I 
---- ---- I 

1 1,453.0 1 1.08 ---- ---- I I I 
1 1,481.0 1 2.44 1 192 I 

---- I 
1 1,494.0 I 2.47 ---- 1 I pump o f f  a t  1,495 1 
I I I I minutes 
1 1,495.1 1 2.12 ---- ---- 1 0 1 I 

I 

1 1,495.3 1 1.87 ---- ---- I 0 ---- ---- I I 
1 1,495.6 1 1.78 I 0 ---- ---- I I 
1 1,495.9 1 1.65 1 0 ---- ---- I I 
1 1,496.2 1 1.56 1 0 ---- ---- I I 
1 1,496.6 1 1.49 I 0 I 1 va lve  shu t  20 min l  
1 1,496.9 1 1.42 ---- ---- I 0 ---- ---- I I 
1 1,497.2 1 1.39 I 0 

---- ---- I I 
1 1 , 4 9 7 . 6  1 1.33 1 0 I I 
1 1,497.9 1 1.30 ---- ---- I 0 ---- ---- I I 
1 1,498.2 1 1.27 I 0 I 1 ---- 1 1,498.5 1 1.25 ---- I 0 ---- ---- I I 
1 1,498.8 1 1.24 I 0 I I 
1 1,499.1 1 1.24 ---- ---- 1 0 ---- ---- I I 
1 1,499.4 1 1.22 I 0 ---- ---- I I 
1 1,511.0 1 1.16 I 0 

---- ---- I I 
1 1 , 5 1 7 . 2  I 0.91 I 0 1 1 
1 1,535.0 I 0.84 ---- ---- I 0 I I 





Appendix A2 (continued) 

I Elapsed I Water Level  Drawdown by Well  I Discharge I Cornmen t s  
I Time 1 ( f e e t )  I Rate I I 
I (minutes) I 2N/llE-12dabl 2N/llE-12dab2 I (gpm) 1 I 

1 160.0 1 16.86 ---- 1 I I 
1 175.0 1 16.86 ---- I 1 I ----- 1 180.0 1 1.03 I I I 
1 200.0 1 17.09 ---- 1 I 1 ----- 1 210.0 I 1.11 I I I ---- 1 240.0 1 17.09 I I ---- I 
1 265.0 1 16.86 I I I 
1 270.0 1 ----- 1.21 

---- I I I 
1 295.0 1 16.86 1 I 1 
1 330.0 1 ----- 1.31 

---- I I I 
1 355.0 1 16.86 1 1 1 ----- 1 390.0 1 1.38 1 I 1 
1 415.0 1 16.86 ---- I 1 1 
1 450.0 1 ----- 1.44 

---- I I I 
1 475.0 1 16.86 1 I I 
1 510.0 1 ----- 1.50 I I I 
1 535.0 1 16.86 ---- 1 I I ----- 1 570.0 1 1.55 I 1 I ---- I 595.0 1 16.86 1 I I 

----- 1 630.0 1 1.58 I 1 1 ---- I 655.0 I 16.86 I I 1 
1 690.0 I ----- 1.61 1 1 1 
1 715.0 1 16.86 ---- I 1 I ----- I 750.0 1 1.63 I I 1 ---- 1 775.0 1 16.63 1 352 I kink i n  discharge I 
I I 1 I hose found and 1 
1 I 1 I co r rec ted  I 
1 810.0 I ----- 1.66 I 1 

---- I 
1 835.0 1 16.86 1 1 I 
1 870.0 1 ----- 1.69 I I I 
1 895.0 1 16.86 ---- I I I 
1 930.0 I ----- 1.71 I I 1 ---- I 955.0 I 16.86 I I 1 
1 990.0 1 ----- 1.72 1 I I ---- 1,015.0 1 17.09 I 355 I I ----- 1 1,050.0 1 1.74 I 1 I 
1 1,075.0 1 17.09 ---- I I 1 
1 1,110.0 1 ----- 1.75 I I 1 ---- 1 1,135.0 1 17.09 I I 1 
1 1,170.0 1 ----- 1.76 1 1 1 
1 1,195.0 1 17.09 ---- I I 1 
1 1,230.0 1 ----- 1.77 I I I 



Appendix A 2  (continued) 

I Water Leve l  Drawdown by Well I Discharge I Comments 
I ( f e e t )  I Rate I 1 

1 (minutes) I 2N/llE-12dabl 2N/llE-12dab2 I (gpm) I I 
I I I I I 
I I I 
1 1,255.0 1 17.09 ---- I 1 1 
I 1,290.0 1 ----- 1.78 I I 1 

---- 1 1,315.0 1 17.09 1 1 I 
I I I I I ----- 1 1,350.0 1 1.79 I I 1 ---- I 1,375.0 1 17.09 1 I 1 ----- 1 1,410.0 1 1.81 I I I 
1 1,435.0 1 17.09 ---- I 1 1 
1 1,470.0 1 ----- 1.83 I I I ---- 1 1,495.0 1 17.09 I 1 I 
1 1,530.0 1 ----- 1.84 I I I 
1 1,555.0 1 17.09 ---- I I I 
1 1,590.0 1 ----- 1.86 1 1 1 
1 1,638.0 1 16.86 ---- 1 1 1 
1 1,650.0 1 ----- 1.88 I 1 I ----- 1 1,695.0 1 1.89 I 1 I 
1 1,715.0 1 17.09 ---- I I va lve a t  w e l l  head I 
1 I I I c losed I 
1 1,715.3 1 4.62 ---- I 0.00 I I 
1 1,715.5 1 3.93 ---- 1 0.00 I 1 
1 1,716.0 1 3.47 ---- 1 0.00 I 1 ---- 1 1,716.5 1 3.23 1 0.00 I 1 
1 1,717.0 1 3.00 ---- 1 0.00 I I ---- 1 1,718.0 1 2.77 1 0.00 I I ---- 1 1,719.5 1 2.54 I 0.OU I I 
1 1,722.5 1 2.31 ---- 1 0.00 I I 
1 1,725.0 1 2.08 ---- 1 0.00 I I ---- 1 1,729.0 1 1.85 1 0.00 I 1 
1 1,731.0 1 1.61 ---- 1 0.00 I 1 ---- 1 1,750.0 1 1.27 I 0.00 I I ---- 1 1,770.0 1 1.16 1 0.00 I I 
1 1,790.0 1 0.92 ---- 1 0.00 I 1 



APPENDIX 6 

DISCHAHGE CALCULATIONS 



Appendix B 1  : ESTIMATING CITY OF MUSIEH GHOUNU WATER USE 

TABLE €31.1 - Values Used t o  Ca lcu la te  C i t y  o f  Mosier Ground Water Use 

Number o f  households: 130 
Popu la t ion :  35U 

Persons p e r  household: 2.6Y 

I I 
I I I meter shu t  o f f  
I I I 

I 
I 

1 Date I Time I E laspedT ime I To ta lD i scha rge  I Averageb ischarge  
1 I 1 1 ( ac re  f e e t )  I Hate (ac  f t / d a y )  I 

(days) I I I I I I 
I 1 I 



Appendix B1 (cont inued) 

The amount o f  water used i n  1986 by Mosier r e s i d e n t s  had t o  be est imated, 

because the  Reservoi r  f l ow  meter was shut  o f f  from January through 

March, 1986. The est imate was based upon average d a i l y  consumption i n  the  

Winter (October 1 t o  A p r i l  30), Spr ing (May), and Summer/Fall (June 1 t o  

September 30). For each season, t h e  average d a i l y  consumption was c a l c u l a t e d  

from t h e  data i n  t h e  previous t a b l e  by: 

c (Discharge Rate)(Elapsed Time) Average D a i l y  Consumption Per Season = c (Elapsed Time) 

The amounts o b ~ a i n e d  were: 

Winter 

Spr ing 

Sumrner/F a l l  

34.00 acre- f  ee t 

10.14 

+ 70.74 

T o t a l  114.88 acre- fee t  



Appendix B2 : EST IMAT ING I R R I G A T I O N  USE OF GROUND WATEH 

S e v e r a l  methods were used t o  e s t i m a t e  i r r i g a t i o n  u s e  of  ground water  i n  t h e  

Mosier s tudy  a r e a .  

The f i rs t  method of  e s t i m a t i o n  r e l i e d  upon water  u se  e s t i m a t e s  from s e v e r a l  

o r c h a r d i s t s .  Most i r r i g a t i n g  o r c h a r d i s t s  consu l t ed  e s t i m a t e  t hey  apply 21 

i n c h e s  of  water  pe r  year  t o  t h e i r  o rchards .  They b e l i e v e  t h e y  apply seven 

i n c h e s  of  water  each time they  i r r i g a t e  t h e i r  o rchard  (once b e f o r e  h a r v e s t  and 

tw ice  a f t e r  h a r v e s t ) .  However, one o r c h a r d i s t  b e l i e v e s ,  he a p p l i e s  f i v e  

i n c h e s  p e r  water ing ,  and ano the r  o r c h a r d i s t  s a i d ,  h e  i r r i g a t e d  h i s  orchard  

only twice i n  1986. The va lues  i n  column 7 o f  Table 82 .1  r e f l e c t  t h e s e  

e s t i m a t e s .  The va lues  were c a l c u l a t e d  by u s i n g  t h e  fo l l owing  equa t ion :  

V = n id  

V = volume o f  water  used i n  1986 

n = number of wa te r ings  p e r  year  

i = acreage  i r r i g a t e d  i n  1986 

d = es t imated  water  d e p t h  i n  f e e t  a p p l i e d  p e r  wa te r ing  

The second method of  e s t i m a t i o n  r e l i e d  upon water  u s e  recommended by OSU 

Extension.  OSU Extension recommends t h a t  e a c h  orchard  r e c e i v e s  t h r e e  f e e t  

dep th  of water each year .  The v a l u e s  i n  column 8 i n  Table  82 .1  r e f l e c t  t h e  

volume of  water r equ i r ed  i f  each  a c r e  i r r i g a t e d  d i d  r e c e i v e  t h r e e  f e e t  d e p t n  

of water .  The va lues  were c a l c u l a t e d  by t h e  fo l l owing  equa t ion :  

Volume of Water used i n  1986 = ( ac reage  i r r i g a t e d  i n  1986) ( 3  f e e t )  
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TABLE 82.1 - Use o f  Ground Water f o r  I r r i g a t i o n  i n  1986 Estimated by D i f f e r e n t  Metnods 

I 1 I 2 I 3 I 4 1 5 1 1  6 1 1  7 1 I 8 1 1  9 I 10 I 11 I 12 I 
1 I I I I I I 

1 --- I 
1 --- l Pomona I 2N/12E-7dbc 1 18.8 1 1.00 1 3 l l  7 l l  32.90 l l  56.40 1 1  --- I 32.90C 1 

l Pomona I 2N/12E-7ada 1 44.8 I 1.00 1 2 l l  7 l l  52.27 l l  134.40 l l  22 1 178 1 32 1 34.67 I 
l Pomona I 2N/12E-7aac 1 60.0 1 1.00 1 3 l l  7 1 1  104.99 1 1  180.00 l l  42a 1 206 1 42 1 114.57 I 
1 Pomona I 2 N / 1 2 E - 7 b d a  1 6 9 . 4  1 1 . 0 0  1 3  l l  5 1 1  86.75 1 1 2 0 8 . 2 0  1 1  16' 1 4 0 3  ( 1 0 3  1 88.83 I 
I I I I I I I I I  - I I I I I I I I 
1 To ta l  I 1 1 I I 1 l I 276.91 I l 579.00 l l 1 I 1 270.97 1 
I I I I I I I I I I I I I I I I I 
IP r i es t  Rapids I 2N/llE-12aad 1 18.7 1 0.25 1 3 1 1  7 1 1  8.18 1 I 14.03 1 1  --- I -__ I ___ I 8.1Sc I 

0.00 1 1  0.00 1 1  0 I 0 I --- IP r ies tRap ids  I 2N/llE-12dab I 0.0 I 0.00 1 O l l  0 l l  I - 0.00 I 
I I I I I I I I I I I I I I I I I 
I To ta l  I I I I I 1 I l 8.18 l 1 14.03 l 1 I 1 I 8.18 1 
I I I I I I I I I I I I I I I I I 
I Interconnected I 2N/12E-7dda 1 41.4 1 1.00 1 3 l l 7 1 1  72.45 1 1  124.20 1 1  ~8~ 1 129 1 36 1 48.07 I 
1 I 1 3 6 . 8  ( 0 . 5 0  1 3  l l  7 l l  32.20 1 1  53.20 1 1  2bb 1 1 2 9  1 36 1 21.36 I 
I Interconnected I 2N/12E-7bcc I 24.5 I 1.00 I 3 1 1  7 l l  42.88 I1 73.50 1 1  27b 1 70 1 22 1 25.39 I 
1 I 1 34.7 I 0.50 1 3 l l  7 l l  30.37 1 1  52.05 1 1  l y b  I 7~ 1 22 1 17-98 I 
I Interconnected I 214/12E-7baa 1 184.4 1 1.00 1 3 1 1 7 ] 1 322.70 1 1 533.20 1 1  30 1 3710 1 122 1 150.08 

1 --- I --- I 
cx, I Interconnected I 2N/12E-7bac I 16.0 1 1.00 1 3 l l  7 l l  28.00 l l  48.00 l l  --- I 2&3.0UC 1 

[ Interconnected I 2N/12E-7cbc 1 37.8 1 0.00 1 3 1 1  7 1 1  0.00 1 1  0.00 1 1  O I O I --- I 0.00 I 
I I I I I I I I 1  - I I  - I I I I I - I 
I To ta l  I I I I I 1 l l  528.60 1 1  906.15 l l  I I 1 2YU.88 I 

Corresponding r i t l e  t o  number 

Aquifer 
Well 
Acres I r r i g a t e d  
Ground Water f r a c t i o n  of Tota l  Water Applied 
Number o f  Waterings Per Year 
Estimated water depth appl ied per watering ( inches) 
1986 Ground Water Applied i f  5 t o  7 inches app l ied  per  water ing (acre- feet)  
1986 Ground Water Applied i f  36 inches appl ied per year. 
Time t o  i r r i g a t e  orchard per watering (days) 
Average Discharge Rate (gprn) 
Average number o f  nozzles operat ing per day 
1986 Ground Water appl ied based on t ime t o  i r r i g a t e  and pumping r a t e  (acre- feet)  

a. 26 days t o  i r r i g a t e  38 acre orchard p lus  16 days t o  i r r i g a t e  22 add i t i ona l  acres 
t i m  es imated b formula presented i n  the discussion 
uses value I n  coyumn 6 

d. discharge from two wel ls  added together 
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The t h i r d  method o f  es t ima t ion  r e l i e d  upon d i r e c t  water use measurements and 

t h e  t ime t o  completely water each orchard once. D i r e c t  measurement prov ides  

t h e  best  est imate o f  water use. Discharge was measured a t  w e l l  heads and 

s p r i n k l e r  heads. Wel l  head d ischarge r a t e s  were measured d i r e c t l y  a t  two 

l o c a t i o n s  by an i n t r u s i v e  f l o w  r a t e  meter and i n d i r e c t l y  a t  o t h e r  l o c a t i o n s  by 

t h e  f o l l o w i n g  equation: 

U = discharge ( f @/second) 

p = horse power o f  t h e  pump 

e = w e l l  head e l e v a t i o n  ( f e e t )  

w = pumping water l e v e l  ( f e e t  below w e l l  head) 

L = l i n e  pressure ( p s i )  

The discharge r a t e  ca l cu la ted  a t  t h e  s p r i n ~ l e r  heads used two techniques. One 

technique i n v o l v e d  measuring t h e  pressure a t  t h e  s p r i n k l e r  head and conver t ing  

t h a t  pressure t o  a discharge r a t e  with a 1972 Rain B i r d  Conversion Table. The 

second technique invo lved  c o l l e c t i n g  a volume o f  water i n  a bucket and t i m i n g  

t h e  p e r i o d  o f  t ime  needed t o  o b t a i n  t h a t  volume. The s p r i n k l e r  f l o w  r a t e  

values obta ined by each technique were then t o t a l e d  f o r  each orchard. The 

sums obta ined by each technique d i f f e r e d  by l e s s  than  15 percent  ( l e s s  than 10 

percent  i n  most cases). 

The discharge r a t e s  measured a t  t h e  w e l l  head by t h e  i n t r u s i v e  f l ow  meter 

d i f f e r e d  from t h e  t o t a l  d ischarge r a t e s  measured a t  t h e  s p r i n k l e r  heads by 

l e s s  than 10  percent.  The w e l l  head discharge r a t e s ,  D, c a l c u l a t e d  by t h e  
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equa t ion  above were g r e a t e r  t h a n  t h e  d i s cha rge  r a t e s  measured a t  t h e  s p r i n k l e r  

heads by 28 t o  52 pe rcen t .  The average  d i s cha rge  r a t e  i n  column 10 of Table 

82 .1  a r e  averages  o f  d i r e c t  measurements a t  t h e  well heads  and t h e  s p r i n k l e r  

heads. The i n d i r e c t  d i s cha rge  measurements a t  t h e  well heads  were n o t  used. 

A l l  i r r i g a t i n g  o r c h a r d i s t s  i r r i g a t e  a s e c t i o n  of t h e i r  o r cha rd  p e r  day. The 

time t o  i r r i g a t e  t h r e e  o rcha rds  i s  known (see column 9 i n  Table  02.1) .  The 

time i n  days t o  i r r i g a t e  t h e  o t h e r  o rcha rds  was e s t ima ted  by t h e  fo l lowing  

equa t ion :  

T = e s t i m a t e d  time i n  days t o  completely i r r i g a t e  once a n  orchard  
cons idered  

ax = known number o f  days  t o  i r r i g a t e  once each  of t h e  t h r e e  o rcha rds  
mentioned above 

x = t o t a l  a c r eage  i r r i g a t e d  a t  each  of  t h e  t h r e e  o r c h a r d s  mentioned above 

Cx = number of s p r i n k l e r s  used each  day a t  e ach  of t h e  three 
o rcha rds .  Th i s  i s  a f u n c t i o n  of  t h e  well head d i s c h a r g e  r a t e .  

Y 
= t o t a l  a c r eage  of o rchard  f o r  which time i s  be ing  e s t ima ted .  

Y = number of s p r i n k l e r s  used each day i n  orchard  Tor which time i s  
be ing  e s t ima ted .  

Once t h e  r a t e  of water  use  (column 101 ,  t h e  t ime t o  completely i r r i g a t e  each 

orchard  once (column 9 ) ,  and t h e  number of water ings  each  orchard  r e c e i v e s  

(column 5 )  was known o r  e s t ima ted ,  t h e  volume of water  used f o r  each  orchard  

i n  1986 (column 1 2 )  was c a l c u l a t e d  by us ing  t h e  fo l lowing  equa t ion :  
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v = Tdn 

v = es t ima ted  volume o f  water  used i n  1986 a t  t h e  o rcha rd  cons idered  

T = es t ima ted  time t o  i r r i g a t e  once t h e  orchard  cons idered  

d = t o t a l  d i s cha rge  r a t e  measured a t  t h e  orchard cons idered  

n = number of wa te r ings  t h e  orchard  r e c e i v e s  each y e a r  

Use of  t h i s  equa t ion  was n o t  p o s s i b l e  f o r  t h r e e  o rcha rds  i r r i g a t e d  by wells, 

because d i s cha rge  and nozz l e  d a t a  were no t  c o l l e c t e d .  I n  these c a s e s ,  t h e  

v a l u e s  i n  column 7 were used ,  because t h e  va lues  i n  column 7 appear  t o  a g r e e  

b e s t  wi th  t h e  va lues  i n  column 12.  

The water  use va lues  ob t a ined  by t h e  t h i r d  e s t i m a t i o n  method desc r ibed  above 

were used i n  t h i s  r e p o r t .  The v a l u e s  ob t a ined  f o r  o r cha rds  i r r i g a t e d  by wells 

in t e r connce t ing  t h e  b a s a l t  a q u i f e r s  p resen ted  a dilemma, however. What 

p e r c e n t  comes from t h e  Po a q u i f e r  and t h e  P r i e s t  Rapids a q u i f e r  

r e s p e c t i v e l y ?  The d e c i s i o n  ( ign ing  10 percent  from t h e  Pomona a q u i f e r  

and 90 pe rcen t  from t h e  P r i ~ b ~  n d p i d ~  a q u i f e r  was based upon water  l e v e l s  

observed i n  i n t e r c o n n e c t i n g  wells. The water  l e v e l s  i n  i n t e r c o n n e c t i n g  wells 

a r e  c l o s e r  t o  water  l e v e l s  found i n  w e l l s  i s o l a t i n g  t h e  P r i e s t  Rapids  a q u i f e r  

t han  i n  wells i s o l a t i n g  t h e  Pomona a q u i f e r .  The c o n t r i b u t i o n  from each  

a q u i f e r  w i l l  remain u n c e r t a i n  u n t i l  direct measurements can be made. 



Appendix B j  : GROUND WATER DXSCHARGE TO MOSIEH CREEK 

The volume o f  water est imated t o  discharge from t h e  Pomona a q u i f e r  t o  Mosier 

Creek i n  1986 was c a l c u l a t e d  by analyz ing stream f l o w  measurements. 

TABLE 83.1 - MOSIEH CREEK STHEAM FLOW MEASUHEMENTS 

I S i t e  
I 

I Location I Measurements ( f t 3 / s )  I Corrments I 
I I June August I I 
I I I I 
1 2N/12E-bbac I ---- ---- I Frenchman Springs - P r i e s t  Rapids I 
I I 

1.30 1 'Ontact 
I 

I 2N/12E-1Yccab 1 2.79 I 
I 2N/12E-lYbbb 1 3.22 1.01 1 Below confluence w i t h  West Fork o f  I 
I I I Mosier Creek p rov id ing  1.27 f t 3 / s  I 
I I I i n  June and 0.05 f t 3 / s  i n  August - 1 
I I I a l so  i n t e r m i t t e n t  stream contr ibutes 1 
I I I upstream between gauging s i t e s  ---- I 
I 2N/12E-18ccb I ---- I P r i e s t  Rapids - Pomona contact I 
I 2N/12E-l8cbbb 1 2.85 0.98 1 I 

I 2N/11E-l3aad 1 2.20 1.49 1 Pump may be i n  the  area 
2N/11E-12dddd I 2.70 

I 
1.05 1 I n t e r m i t t e n t  stream cont r ibu tes  1 

1 I I upstream between guaging s i t e s  1 
I 2N/11E-12daba 1 3.15 0.56 I 
I 2N/11E-12adcb 1 0.35 

I 
0.001 1 Chenoweth springs and pumps i n  the 1 

I 1 I area I 
1 2N/11E-12acad 1 0.03 0.01 1 Chenoweth springs and pumps i n  the 1 
I I I area I 
I 2N/11E-12aacc I 3.27 0.73 1 Chenoweth sprinqs and pumps i n  the  1 - . . 

I area ---- I Pomona - Chemoweth contact  
1 13 1 2N/11E-ldcdb I 4.02 0.91 1 Confluence w i t h  Dry Creek between I 
1 I 1 I gauging s i t e s  and Chenoweth and I 
I I I I g l a c i o f l u v i a l  springs i n  the area I 

Stream f l o w  was measured i n  Mosier Creek i n  June and August 1986. Those 

measurements are presented i n  t h e  Table C3.1. The i n f l u e n c e  o f  stream and 

sp r ing  i n f l o w s  and discharge through pumps a r e  r e f l e c t e d  i n  t h e  measurements. 

The August data was used f o r  c a l c u l a t i n g  t h e  discharge o f  water from t h e  Pomona 

a q u i f e r  t o  Mosier Creek, because sur face water dra inage i n t o  Mosier Creek was 
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minimal.  The August data shows a general  stream f l o w  l o s s  except between 

s i t e s  5 and 6 and below s i t e  10. Below s i t e  10, Mosier Creek ga ins  water f rom 

sp r ings  w i t h i n  t h e  Chenoweth Formation and t h e  base o f  t h e  g l a c i o f l u v i a l  

depos i ts .  No i r r i g a t i o n  water was observed runn ing o f f  from t h e  orchards. 

The 0.51 f t 3 / s  (229 gpm or  369 a c r e - f t / y r )  stream f l o w  g a i n  between s i t e s  5 

and 6 appears t o  come from t h e  Pomona a q u i f e r  on ly .  



Appendix B4 : ESTIMATING GROUND WATER DISCHARGE FROM THE PRIEST RAPIDS 

AQUIFER T O  THE POMONA AQUIFER 

The discharge o f  ground water from t h e  P r i e s t  Rapids aqu i fe r  t o  the  Pomona 

aqu i fe r  through in te rconnec t ing  w e l l s  was est imated by  two methods. The f i r s t  

method was based upon an ana lys i s  o f  a 23 year hydrograph f o r  t h e  Pomona 

aqu i fe r .  The second method o f  ana lys i s  was based upon comparing a r t e s i a n  f low 

r a t e s  and pressures a t  two ne ighbor ing  we l l s .  

The f i r s t  method o f  es t ima t ing  ground water l o s t  from t h e  P r i e s t  Rapids 

aqu i fe r  t o  the  Pomona a q u i f e r  through in te rconnec t ing  w e l l s  was based upon an 

ana lys i s  o f  a 23 year hydrograph f o r  t h e  Pomona a q u i f e r .  The hydrograph f o r  

w e l l  2N/12E-7ada was used ( f i g u r e  12) .  The method i n v o l v e d  es t ima t ing  and 

comparing recharge t o  t h e  Pomona a q u i f e r  be fo re  and a f t e r  1970. Wells 

in terconnect ing  the  Pomona and P r i e s t  r a p i d s  a q u i f e r s  were const ruc ted a f t e r  

1970. Two we l l s  p o s s i b l y  i n te rconnec t ing  t h e  two a q u i f e r s  were constructed 

before 1970. Therefore, c a l c u l a t e d  recharge t o  t h e  Pomona a q u i f e r  through 

in terconnect ing  w e l l s  may be under est imated. 

Annual ground water recharge t o  t h e  Pomona a q u f i e r  f rom 1963 t o  1969 was 

est imated t o  be 400 acre-feet p e r  year. Th is  va lue was c a l c u l a t e d  by t h e  

f o l l o w i n g  equation: 

R = est imated average annual recharge t o  t h e  Pomona a q u i f e r  (1963 - 1969) 

I3 = estimated average annual d ischarge f rom t h e  Pomona a q u i f e r  (1963 t o  
1969) 

P = average annual r a t i o  o f  water l e v e l  recovery  versus drawdown as 
determined f rom t h e  hydrograph 
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Average recovery from 1963 t o  1969 was approximately 86  percent  of drawdown. 

The annual  average  d i s cha rge  from t h e  Pomona a q u i f e r  from 1963 t o  1969 was 

c a l c u l a t e d  by: 

annual  d i s cha rge  t o  Mosier Creek 369.20 a c r e - f e e t  

annual  d i s cha rge  t o  domestic use  5.30 

annual  d i s cha rge  f o r  i r r i g a t i o n  use  +103_.73 

478.23 a c r e - f e e t  

Discharge t o  Mosier Creek (369 a c r e - f e e t  p e r  y e a r )  was assumed c o n s t a n t  from 

1963 t o  p r e s e n t .  The method of e s t i m a t i n g  d ischage  t o  Mosier Creek i s  

presen ted  i n  Appendix B3. Water u se  p e r  household was a l s o  assumed cons t an t  

from 1963 t o  t o  p r e s e n t  a s  0.88 a c r e - f e e t  p e r  yea r .  S i x  households used water 

from t h e  Pornona a q u i f e r  f rom 1963 t o  1969. Discharge f o r  i r r i g a t i o n  use  from 

1964 t o  1969 was c a l c u l a t e d  by: 

D i  = c adnf 

D i  = es t ima ted  annual  d i s c h a r g e  from t h e  Pomona a q u i f e r  f o r  i r r i g a t i o n  
(1963 t o  1969) 

a = t o t a l  ac reage  i r r i g a t e d  f o r  o r cha rd  cons ide red  

d = es t ima ted  depth of water  a p p l i e d  t o  t h e  orchard  cons idered  pe r  
water ing 

n = es t ima ted  number of wa te r ings  t h e  orchard  cons idered  r e c e i v e s  pe r  
y e a r  

f = ground water f r a c t i o n  of t o t a l  i r r i g a t i o n  water a p p l i e d  t o  t h e  
orchard  cons idered  

It was assumed c u r r e n t  i r r i g a t i o n  p r a c t i c e s  were used du r ing  t h e  1963 t o  1969 

per iod .  Table  64.1 shows t h e  va lues  used. 
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TAiiLE 34.1 - 3LSCHAi3Gt Fi301.1 Tt-E PQ~OIIA AQUIFEri Fad 
VALUES CISZ3 TC) CALCULATE ANNdAL I ~ ~ I G A T I O I \ I  USE 1963-1969 

1 Nell 1 Acreage I Pomona Gromd I Water depth I Waterirys I Annual r 
I 1 I Water Frac t ion  I wpl ied /water ing  I per year 1 Use I 
1 I ( ac r e s )  I 1 ( i n c h e s )  I I (acre-feet)  1 

I 

The estimated recharge f o r  the Pomona aqu i fe r  from 1963 t o  1969 i s  411 

acre-feet per  year. Th is  i s  l e s s  than  t h e  564 acre-feet per  year recharge 

est imate f o r  t h e  Pomona a q u i f e r  from 1983 through 1986. The a d d i t i o n a l  153 

acre-feet per  year recharge t o  the  Pomona aqui fer  was assumed t o  come from the  

P r i e s t  Rapids a q u i f e r  through in terconnect ing  wel ls.  This value was used f o r  

t he  repor t .  

A second method f o r  es t imat ing  recharge t o  the  Pomona a q u i f e r  from t h e  P r i e s t  

dapids aqu i fe r  was based upon canparing a r t e s i a n  f low r a t e s  and t o t a l  heads a t  

two n e i g h ~ o r i n g  wel ls .  The w e l l s  are 690 fee t  from each other .  Wel l  

2N/ lE-12dabl  i s o l a t e s  t h e  P r i e s t  i iapids aqui fer .  N e l l  214/ lE- l2acd 

in terconnects  t h e  Pomona and P r i e s t  Rapids aqui fers.  The method inc luded using 

the  d e r n o u l l i  equat ion f o r  f l u i d  f low.  

Where: H = t o t a l  head ( L )  

v = v e l o c i t y  of f l o w  (L/T) 

2 
3 = a c c e l e r a t i o n  due t o  g r a v i t y  (L/T ) 

2 
v / Z g  = v e l o c i t y  head (L )  

2 p = pressure (F/L ) 
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3 a/ = s p e c i f i c  weight (F/L ) 

P/Y  = p r e s s u r e  nead (L) 

z = e l e v a t i o n  (L) 

This  is a conse rva t ion  of energy equation. It s t a t e s  t h a t  any change i n  

v e l o c i t y ,  p r e s s u r e  o r  e l e v a t i o n  along t h e  pa th  of incoinpressible  f l u i d  flow 

w i l l  l ead  t o  a change i n  t h e  o t h e r  parameters  i n  such a way t o  maintain a 

c o n s t a n t  t o t a l  head. The equa t ion  assumes no l o s s e s  due t o  f r i c t i o n  or  

g r a v i t y .  If t h e  p o i n t  of i n t e r e s t  i s  m e r e  water e x i t s  t h e  well head o r  

d i scharge  p i p e ,  t h e  p re s su re  i s  ze ro  which e l imina t e s  t h e  p r e s s u r e  head term. 

Then, the 3 e r n o u l l i  equa t ion  can oe  r e w r i t t e n  as:  

If only one e l e v a t i o n  and v e l o c i t y  i s  cons idered ,  t h e  equa t ion  can be w r i t t e n  

a s :  

T ie  v e l o c i t y  can be c a l c u l a t e d  ~y r e w r i t t i n g  t h e  equa t ion  a s :  

= [2g (ti - z )  1 1/2 

J i s cha rge ,  4, can a e  c a l c u l a t e d  oy mul t ip ly ing  both s i d e s  of t h e  equa t ion  by 

t h e  c r o s s - s e c t i o n a l  a r ea ,  A,  of t h e  well head o r  d i scharge  p ipe :  



Appendix 8,, (cont inued)  

The equa t ion  does n o t  assume l o s s e s  due t o  f r i c t i o n  o r  g r a v i t y  a s  s t a t e d  

e a r l i e r .  A l o s s  c o e f f i c i e n t ,  C ,  can be i n t roduced  t o  account  f o r  l o s s e s  a s  

fol lows:  

The l o s s  c o e f f i c i e n t  assumes a  l i n e a r  r e l a t i o n s h i p  f o r  any l o s s .  The 

c o e f f i c i e n t  can  be c a l c u l a t e d  by comparing a c t u a l  d i s c h a r g e  t o  i d e a l i z e d  

d i s cha rge  a s  fol lows:  

A l o s s  c o e f f i c i e n t  was c a l c u l a t e d  f o r  wells 2N/llE-12dabl and 12acd by 

comparing t h e  a r t e s i a n  flow r a t e s ,  Q*, found on t h e  water  well r e p o r t s  f o r  
T each well t o  t h e  i d e a l i z e d  f low r a t e s ,  Q .  The i d e a l i z e d  f low r a t e s  were 

c a l c u l a t e d  by using t h e  t o t a l  head found on t h e  water  w e l l  r e p o r t s  i n  t h e  

Be rnou l l i  equa t ion .  The l o s s  c o e f f i c i e n t  c a l c u l a t e d  was t e s t e d  f o r  wel l  

2N/llE-12dabl. Water was d i scharged  a t  t h e  well head and p r e s s u r e s  and flow 

r a t e s  were measured. The flow r a t e s  c a l c u l a t e d  by t h e  B e r n o u l l i  equa t ion  

us ing  t h e  l o s s  c o e f f i c i e n t  d i f f e r e d  from t h e  f low r a t e s  measured by less than  

t e n  percent .  A s i m i l a r  test  f o r  well 2N/llE-12acd was n o t  p o s s i b l e  d u r i n g  t h e  

s tudy .  Table 84.2 p r e s e n t s  t h e  r e s u l t s .  

Note t h e  l a r g e r  t o t a l  head, t h e  lower d i s c h a r g e  r a t e  and t h e  s m a l l e r  l o s s  

c o e f f i c i e n t  f o r  wel l  2N/llE-12acd i n  Table  134.2. Water l o s s  from t h e  P r i e s t  

Rapids a q u i f e r  t o  t h e  Pomona a q u i f e r  th rough t h e  well i s  appa ren t ly  

r e spons ib l e .  Well c o n s t r u c t i o n  and l o c a l  t r a n s m i s s i v i t y  d i f f e r e n c e s  may a l s o  

c o n t r i b u t e  t o  t h e  lower d i scharge  r a t e  a t  a  h ighe r  head f o r  we l l  2N/llE-12acd. 



Appendix B4 (cont inued) 

TABLE B4.2 - LOSS COEFFICIENTS FOK WELL 'L~\ / l lE-daDl  and 12acd 

I I I 1 I--- I I I I 
I Well lelevationl cross I recorded I idealized I loss I year I t o t a l  I 
I I 1 sectional 1 discharge Q* 1 discharge 4 l coefficient  l dr i l l ed  I head I 
I I I area o f  I I I c = Q +  - I I I 
I I I well I 1 I Q I I I 

feet  1 I ( 1 I ( f e e t )  I ( f t 3 / s )  I _( f t 3 / s  ) - 1  I I ( 1 L -- f e e t  
r - - - - r - - - - r - - - - T I I  1-v 

Discharge was ca lcu la ted  f o r  w e l l s  2N/llE-12acd and 1Zdabl us ing  a d ischarge 

e l e v a t i o n  a t  324 f e e t  and t h e  l o s s  c o e f f i c i e n t s  assigned t o  each w e l l  (Table 

84.3).  Wel l  2r4/llE-l2acd does discharge water a t  t h a t  e leva t ion .  Water l o s s  

t o  t h e  Pomona a q u i f e r  from the  P r i e s t  Rapids a q u i f e r  was assumed t o  De 

respons ib le  f o r  any d i f f e rence .  A 777 acre- fee t  per  year d i f f e r e n c e  was 

ca lcu la ted .  

TABLE B4.3 - CALCULATEO DISCHARGE FOH WELLS 2N/llE-1Zdabl and 12acd 
USING LOSS COEFFICIENTS ASSIGNED TO EACH WELL 

I I I I I 
I We l l  1 Sept. 1986 I Uiscnarge I Discharge 1 
I I T o t a l  Head I E leva t ion  I 1 
I I a t  w e l l  I I I 
I I ( f e e t )  1 ( f e e t )  I (gpm) ( a c - f t / y r )  I 

I I I I 

A second approach a l s o  app l i ed  t h e  B e r n o u l l i  equat ion.  I d e a l i z e d  d ischarges a t  

324 f e e t  e l e v a t i o n  were ca l cu la ted  f o r  each w e l l  u s i n g  September 1986 t o t a l  

head values (Table 84.4) .  Then, each discharge was m u l t i p l i e d  by t n e  l o s s  

c o e f f i c i e n t  f o r  w e l l  2N/l lE-12dabl. A discharge d i f f e r e n c e  o f  225 acre-feet 

per  year was ca lcu la ted.  Water l o s s  t o  the Pomona aqu i fe r  was assumed 

respons ib le  f o r  t h e  d i f f e rence .  



Appendix 64 (cont inued) 

TABLE U4.4 - CALCULATED DISCHAHGE FUR WELLS 2NllE-12dabl and 12acd 
USING LOSS COEFFICIENTS FUH WELL 12dabl  ONLY 

1 Wel l  1 T o t a l  Head I Q = vA = U [2  ( t i  - z)]l/z I Q+ = QC I Q* I 
I I ( f e e t )  I ( f t  9 / s )  I ( f t 3 / s )  I ( a c - f t  / 
I I I I I y r . )  
1 I I I I I 

The analyses based upon t h e  B e r n o u l l i  equat ion  were n o t  used, because they 

focused upon one w e l l  on ly .  The method u s i n g  t h e  23 year hydrograph, however, 

inc ludes a l l  w e l l s  i n te rconnec t ing  t h e  two aqu i fe rs .  Other s h o r t  comings o f  

us ing  the  B e r n o u l l i  equat ion i nc lude :  c a l c u l a t e d  r e s u l t s  d i f f e r e d  g r e a t l y  

when d i f f e r e n t  app l i ca t i ons  o f  t h e  equat ion  were used, and an i n a b i l i t y  t o  

- account f o r  a l l  water l o s t  from t h e  P r i e s t  Rapids a q u i f e r  t o  t h e  Pornona 

aqu i fe r  ca l cu la ted  by t h i s  method. Conversely, a b e n e f i t  o f  us ing  the  

B e r n o u l l i  equation i s  t h e  awareness t h a t  t h e  volume o f  water l o s t  from the 

P r i e s t  Rapids a q u i f e r  t o  the  Pomona a q u i f e r  may be much g rea te r  than t h e  

est imate used. 
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RECHARGE CALCLILATIONS 



Appendix C1 : EST:IMA'rED RECHARGE OF THE POMONA AQUIFER 

T o t a l  annual recharge t o  t h e  Pomona a q u i f e r  was est imated by t h e  f o l l o w i n g  

equat ion : 

R~ = est imated recharge t o  the  Pomona a q u i f e r  

P = est imated discharge from t h e  Pomona a q u i f e r  i n  1986 

P = average r a t i o  o f  recovery versus drawdown f o r  w e l l  
2N/12E-7ada (1983 t o  1987) 

The est imated d ischarge f rom t h e  Pomona a q u i f e r  i n  1986 was 688 acre- fee t  

(Table 7 ) .  The average r a t i o  o f  recovery versus drawdown f o r  t h e  Pomona 

a q u i f e r  was 0.82 f rom 1983 t o  1987 ( f i g u r e  14). The t o t a l  annual  recharge t o  

t h e  Pomona a q u i f e r  was c a l c u l a t e d  as 564 acre-feet.  The P r i e s t  Rapids a q u i f e r  

apparent ly  supp l i es  153 acre- feet  p e r  year through i n t e r c o n n e c t i n g  w e l l s  

(Appendix B4). P r e c i p i t a t i o n  i s  the  on ly  o ther  recharge source f o r  t he  

Pomona a q u i f e r  known t o  date. Therefore, p r e c i p i t a t i o n  probably prov ides  t h e  

remaining 411 acre- fee t  of water pe r  year en te r ing  t h e  Pomona a q u i f e r .  



Appendix C2 : ESTIMATED RECHARGE UF THE PHIEST HAPIDS AQUIFER 

T o t a l  annual recharge t o  t h e  P r i e s t  Rapids a q u i f e r  was est imated by t h e  

f o l l o w i n g  equation: 

H ~ r  = est imated recharge t o  t h e  P r i e s t  Rapids a q u i f e r  

D ~ r  = est imated discharge f rom t h e  P r i e s t  Rapids a q u i f e r  i n  1986 

p r  = average r a t i o  o f  recovery versus drawdown f o r  w e l l  
2N/l lE-12dabl and 12-aad (1983 t o  1987) 

The est imated discharge from the P r i e s t  Rapids a q u i f e r  i n  1986 was 616 

acre-feet (Table 7) .  Th is  volume does n o t  i n c l u d e  d ischarge t o  t h e  Frenchman 

Springs a q u i f e r  through in te rconnec t ing  w e l l s  o r  o the r  subsurface ou t f l ow  

which cou ld  no t  be determined. The average r a t i o  o f  recovery versus drawdown 

f o r  the  P r i e s t  Rapids a q u i f e r  was 0.90 f rom 1983 t o  1987. rab le  C2.1 shows 

t h e  values used t o  c a l c u l a t e  t h a t  r a t i o .  The t o t a l  annual recharge t o  the  

P r i e s t  Rapids a q u i f e r  was ca l cu la ted  as 554 acre- feet .  

TABLE C2.1 - VALUES USED TO CALCULA-TE THE HECOVEHY VEHSUS DRAWDOWN 
RATIO FOR THE PRIEST RAPIDS AQUIFEH 

I Wel l  I Average Hecovery/Drawdown 1 
I I 1983 t o  1987 I 

P r e c i p i t a t i o n  and i n f l o w s  from Mosier Creek appear t o  be the  so le  recharge 

sources f o r  t he  P r i e s t  Rapids aqu i fe r .  Stream f l ow  da ta  presented i n  

Appendix B3 shows a decrease between s i t e s  2 and 3 a f t e r  t h e  i n f l o w  f rom t h e  



Appendix C2 (cont inued) 

West Fo rk  o f  Mosier Creek i s  subtracted.  Th is  l o s s  occurs where the P r i e s t  

Rapids member i s  exposed within Mosier Creek. The 0.24 f t 3 / s  l o s s  

corresponds t o  173 acre- feet  p e r  year. I t  i s  assumed t h i s  amount en te rs  the  

P r i e s t  Rapids aqu i fe r .  The 381 acre- fee t  pe r  year recharge balance t o  the  

P r i e s t  Rapids a q u i f e r  probably comes f rom p r e c i p i t a t i o n  and runof f .  
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GROUND WATER CHEMISTRY DATA 
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Appendix D3 : DEQ QUALITY ASSURANCE REPORT AND DATA - MOSIER STUDY 

I n t r o d u c t i o n :  

The at tached data  sheets (Tables D.l-D.4) document the q u a l i t y  assurance and 

q u a l i t y  c o n t r o l  (QA/QC) f o r  t h e  analyses performed by DEQ Labora to r ies  f o r  t h e  

Mosier Study. The r e p o r t  summaries i nc lude :  

1. F i e l d  QA d u p l i c a t e  r e s u l t s  on t h e  th ree  Mosier sampling r u n s  conducted 

i n  June, J u l y  and August 1986. (Tables D3.1, D3.2, and D3.3) 

2. A summary o f  t h e  o v e r a l l  f i e l d  QA d u p l i c a t e  p r e c i s i o n  a long  with DEQ 

Labs' p r e c i s i o n  and accuracy statements f o r  t h e  data generated i n  

1986. (Table U3.4) 

Discussion: 

D e f i n i t i o n s  o f  d a t a  repor ted  i n  summaries. 

1. F i e l d  (QA) P rec i s ion  The assessment o f  da ta  v a r i a b i l i t y  f rom t h e  

p o i n t  of sample c o l l e c t i o n  through the  ana lys is .  Dup l i ca te  samples 

a r e  c o l l e c t e d  i n  the  f i e l d  and analyzed as unique samples. The 

percent  d i f f e r e n c e  (% d i f  f . ) i s  ca l cu la ted  by d i v i d i n g  t h e  d i f f e r e n c e  

i n  a n a l y t i c  r e s u l t s  by t h e  mean and expressing as a  percent  by 

m u l t i p l y i n g  by 100. 



Appendix D3 (cont inued) 

2. Lab Prec i s ion  The assessment o f  a n a l y t i c a l  v a r i a b i l i t y .  Dup l ica te  

analyses a re  performed on t h e  same sample and t h e  percent  d i f f e r e n c e  

i s  ca l cu la ted  as above. 

3. Lab Accuracy The degree o f  agreement o f  a measurement, X, with an 

accepted reference o r  t r u e  value, T. The r e s u l t  r e p o r t e d  i s  the  

standard dev ia t i on  o f  t h e  percent  recovery (100X/'r) f rom spiked 

(standard add i t i on )  samples o f  s i m i l a r  ma t r i ces  ( r i v e r ,  lake ,  

groundwater, e t c  . ) 

Resul ts  : 

The agreement obta ined on the QA sample i n d i c a t e s  t h a t  t h e  data  r e p o r t e d  by 

t h e  DEQ l a b  i s  of exce l l en t  q u a l i t y .  The p r e c i s i o n  obta ined on t h e  QA samples 

i s  b e t t e r  than the  o v e r a l l  l a b  p r e c i s i o n  obta ined i n  1986. Th is  r e s u l t  

i n d i c a t e s  good sampling, p rese rva t ion  and a n a l y t i c  technique w i t h  t h e  

fo l l ow ing  except ion noted. Resul ts  f o r  Mosier 1 i n d i c a t e d  e leva ted  c h l o r i d e  

i n  t h e  f i e l d  blank. The h i g h  c h l o r i d e  r e s u l t s  i n d i c a t e  samples may have been 

contaminated i n  the  f i e l d .  Since c h l o r i d e s  a r e  determined f rom f i e l d  f i l t e r e d  

samples and the  u n f i l t e r e d  b lank  showed no contaminat ion suggests t h a t  

contaminat ion r e s u l t e d  from t h e  f i l t e r i n g  apparatus. I t  i s  u n c e r t a i n  whether 

t h e  contaminat ion i n  the  b lank was a c a r r y  over  f rom a p rev ious  sample. 

Resul ts  may be e levated by an average o f  1.5 mg/ l  f o r  t h i s  sampling run.  Data 

were repor ted  as N/A (no t  app l icab le)  f o r  those ana ly tes  which were below 

de tec t i on  l i m i t s  f o r  a l l  th ree sampling per iods .  T h i s  was t h e  case f o r  NH3-N, 

TKN, Fe, Mn, COD, TOC and TOX. 



Appendix D3 (cont inued)  

Summary : 

The d a t a  r epo r t ed  f o r  t h e  Mosier Study have met DEQ L a b ' s  q u a l i t y  a s su rance  

and q u a l i t y  c o n t r o l  c r i t e r i a  wi th  t h e  excep t ion  of Mosier 1 blank  c h l o r i d e  

r e s u l t s .  The d a t a  have t h e  approva l  of DEQ L a b o r a t o r i e s  and Applied Research 

D i v i s i o n ' s  Q u a l i t y  Assurance Sec t ion .  



Appendix D3 (continued) 

TABLE D3.1 - QUALITY ASSURANCE DATA FOR JULY 1986 SAMPLES 

Lab# : 
Run : 

86-0600 Code I#: 3260 
Mosier t l  Period: Ju ly  1986 

PARAMETER SITE QA MEAN DIFF %DIF F 

P1053 P305 P161 
Station F i e l d  R360 ROlO 2N/12E-16dbc R626 
Storet t  Blank H163 H656 H627 
Date 7/16/86 DP571 DP570 7/16/86 DP262 ............................................................................... 
............................................................................... 
F i e l d  PH 6.5 6.3 6.3 6.3 0 .O 0.00 
Temp 17.0 12.5 12.0 12.3 0.5 4.08 
F l d  Cond 1 182 179 180.5 3 1.66 
F ie ld  Alk 2.0 68 6 6 67.0 2.0 2.99 

Lab pH 5.6 6.7 6.6 6.65 0.1 1.50 
Lab Alk 1 187 188 187.5 -1 -0.53 
Lab Cond 2 70 6 6 68 4 5.88 
Hardness 1 54 54 54 0 0.00 
Turb < 1 3 3 3 0 0.00 
NH3-N <O .02 <0.02 <0.02 N/A N/A N/A 
N03+N02-N (0.02 0.80 0.81 0.80 -0.01 -1.24 
TKN <0.2 C0.2 <0.2 N/A N/A N/A 
T-PO4 <O .005 0.058 0.058 0.058 0 0.00 
C1- **1.6 16.0 17.0 16.5 -1.0 -6.06 
S04= (0.5 2.1 1.9 2.0 0.2 10.00 
d iss Ca 0.2 12 12 12 0 0.00 
d iss Mg a.1 5.9 5.8 5.85 0.1 1.71 
diss Na (0.1 14.6 14.6 14.60 0.00 0.00 
diss K t0 .1 1.8 1.7 1.8 0.1 5.71 
Fe <O .05 <0.05 ~ 0 . 0 5  N/A N/ A N/A 
Mn (0.05 (0.05 <O. 05 N/A N/ A N/ A 
TDS 9 181 18 3 182 -2 -1.10 
COD (5 < 5 <5 N/A N/A N/ A 
T I C  (1 <1 3 N/ A N/A N/A 
TOX 0.008 <O .005 <O. 005 N/A N/ A N/ A ............................................................................... 

- - 

Comments: Elevated C1- blanks. Data may be elevated by an average o f  1.5mg/l. 



Appendix D3 (continued) 

TABLE D3.2 - QUALITY ASSURANCE DATA FOR AUGUST 1986 SAMPLES 

Lab#: 86-0170 Code {I: 3258 
Run : Mosier /I2 Period: August 1986 

PARAMETER SITE QA MEAN DIFF %DIFF 
--------------------------------------*---------------------------------------- 

2N/12E-22acd 
Stat ion F i e l d  P2083 P2082 
Storetft Blank R147 R69 2 
Date 8/19/86 DP905 8/19/86 OP900 

- - 

............................................................................... 
F i e l d  pH 6.5 7.2 7.2 7.2 0.0 0.00 
Temp 28.0 16.0 16.0 16.0 0.0 0.00 
F l d  Cond 1 20 7 212 209.5 -5 -2.39 
F i e l d  Alk 1.0 111 110 110.5 1.0 0.510 

Lab pH 
Lab Alk 
Lab Cond 
Turb 
NH3-N 
N03+N02-N 
TKN 
T-PO4 
C1- 
S04= < 0.5 
d iss  Ca < 0.2 
d iss Mg < 0.1 
d i ssNa  ( 0 . 1  6.9 7.0 6.95 -0.10 -1.44 
diss K < 0.1 2.9 3.0 3.0 -0.1 -3.39 
Fe < 0.05 <0.05 <O .05 N/A N/A N/A 
Mn < 0.05 <O .05 (0.05 N/A N/ A W /  A 
TDS 7 175 175 17 5 0 0.00 
COD < 5 N/ A <5 N/ A N/A N/A 
T OC < 1 (1 < 1 N/A N/A N/ A 
TOX < 0.005 <0.005 ~0.005 N/ A N/A N/A ............................................................................... 



D3 (continued) 

TABLE 03.3 - QUALITY ASSUHANCE DATA FOR SEPTEMBER 1986 SAMPLES 

Lab#: 86-0802 Code li: 3258 
Run: Mosier 113 Period: September 1986 

PARAMETER SITE QA MEAN DIFF %DIFF ............................................................................... 
2N/12E-6abd 

Stat ion F i e l d  P150 P2130 
Storet#  Blank R087 W19 
Date N/A DP52 9/16/86 W528 

------------------------------------------------------------------------------- 
F i e l d  pH 7.8 7.8 7.8 0.0 0.00 
Temp 16.0 16.0 16.0 0.0 0.00 
F l d  Cond 198 198 198 0 0.00 
F i e l d  Alk 99.0 99.0 99.0 0 .O 0.00 ------------------------------------------------------------------------------- 
Lab pH 7.9 7.9 7.9 0 0.00 
Lab Alk 103 103 103 0 0.00 
Lab Cond 202 201 201.5 1 0.50 
Turb 1 1 N/A N/A N/ A 
Hardness 93 89 9 1  4 4.40 
NH3-N 0.02 0.02 N/A N/ A N/ A 
N03+N02 -N 0.44 0.44 0.44 0.00 0.00 
TKN 0.2 0.2 N/ A N/ A N/ A 
T-PO4 0.060 0.060 0.06 0 0 .OO 
C1-1  3.2 3.3 3.3 -0.1 -3.08 
F- 0.3 0.3 0.3 0.0 0.00 
B 0.1 0.1 N/A N/ A N/ A 
S04= 7.3 7.8 7.6 -0.5 -6.62 
d iss  Ca 19 19 19 0 0.00 
d i ss  Mg  11 10 10.5 1 9.52 
d iss  Na 7.6 8.0 7.80 -0.40 -5.13 
d i ss  K 1.8 1.9 1.9 -0.1 -5.41 
TDS 154 150 152 4 2.63 
TOX 0.005 0.005 N/ A N/ A N/A 
COD 5 5 N/ A N/A N/ A 
TOC 1 1 N/ A N/A N/A 

A g  
As 
Ba 
Cd 
C r  
Cu 
Fe 
Mn 
Pb 
Se 
Zn 
Diss Fe 
Diss Mn 

N/ A 
Error  
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

6.25 
W/A 
N/A 



Appendix D3 (continued) 

TABLE 03.4 - SUMMARY OF QUALITY ASSURANCE DATA 

F i e l d  (QA) Lab Lab 
Precis ion Precision Accuracy (QA/WC ) 

Parameter (%Di f f )  (%Dif f ) (RSD loo%+-) Met Comments ............................................................................... 
pH 0.00 2.00 0.50 Yes 
A l k a l i n i t y  1.30 2.00 5.00 Yes 
Conductivity 1.35 3.00 2.00 Yes 
Hardness 2.20 7.00 6.00 Yes 
Turb id i ty  0 .OO 1.00 5.00 Yes 
NH 3-N lJ/  A 6.00 6.00 Yes 

. N03+N02-N 1.33 2.00 5.00 Yes 
TKN N/A 10.00 14.00 Yes 
TP04-2 1.42 4.60 5.00 Yes 
Chloride 3.00 2.00 7.50 Yes MoslC1: 

High C1- 
blank 

Su l fa te  7.60 3.00 6.00 Yes 
Calcium 0.00 3.00 2.00 Yes 
Magnesium 3.70 6.00 5.00 Yes 
Sodium 2.19 1.30 4.00 Yes 
Potassium 4.84 1.00 5.00 Yes 
I r o n  N/ A 6.00 4 .OO Yes 
Manganese ld/A 6.00 11 .OO Yes 
TDS 1.24 5.00 4 .OO Yes 
COD N/ A 10.00 7.50 Yes Accuracy 

a t  50 ppm 
T OC N/A 10.00 6.50 Yes Accuracy 

a t  2U ppm 
TOX N/A 5.00 6.20 Yes Accuracy 

a t  0.1 ppm ............................................................................... 
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