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ABSTRACT 

DETAILED GROUND WATER INVESTIGATION OF MOSCOW BASIN 

Moscow b a s i n ,  a 58 square -mi le ,  U-shaped b a s i n  w i t h  a 12 square-mile  c e n t r a l  lowland 

u n d e r l a i n  by b a s a l t  f lows and sed imenta ry  i n t e r b e d s  of t h e  Columbia River  Group, i s  a t y p e  

a r e a  f o r  t h e  s t u d y  of t h e  s m a l l  ground w a t e r  b a s i n s  u n d e r l a i n  by b a s a l t  t h a t  a r e  common i n  

t h e  P a c i f i c  Northwest.  Because f i e l d  pumping t e s t s  were n o t  p r a c t i c a l ,  ma themat ica l  models 

of t h e  a r t e s i a n  a q u i f e r s  were des igned.  Comparison of t h e  performance of t h e  model aqui-  

f e r s  w i t h  t h a t  of t h e  r e a l  a q u i f e r s  i n d i c a t e s  t h a t ,  i f  n o  r e c h a r g e  i s  t a k i n g  p l a c e ,  ground 

w a t e r  i n  s t o r a g e  w i l l  meet t h e  needs  of t h e  b a s i n  u n t i l  2050 o r  2100, However, v a l u e s  of 

c o e f f i c i e n t  o f  t r a n s m i s s i b i l i t y  ("T") and c o e f f i c i e n t  of s t o r a g e  ("S") are v e r y  h i g h  i n  

t h e  no-recharge models.  I f  t h e  r e a l  v a l u e s  a r e  s i g n i f i c a n t l y  lower,  t h e n  c o n s i d e r a b l e  re- 

charge  i s  t a k i n g  p l a c e .  No s t u d i e s  have been made of models t h a t  r e c e i v e  r e c h a r g e .  Model 

s t u d i e s  were used t o  demons t ra te  t h e  f e a s i b i l i t y  of a r t i f i c i a l  r e c h a r g e  u t i l i z i n g  s e a s o n a l  

runof f  o f  i n t e r m i t t e n t  s t r e a m s .  High c o n t e n t s  of i r o n  i n  w a t e r s  i n  p a r t s  of t h e  a r t e s i a n  

a q u i f e r s  a r e  t h e  r e s u l t  o f  n a t u r a l l y  r e c h a r g i n g  w a t e r s  c a r r y i n g  i n  i r o n  from weathered 

bedrock on t h e  margins o f  t h e  b a s i n .  

Jones ,  Roberr W -  and Ross, S y l v i a  H ,  

DETAILED GROUND WATER INVESTIGATION OF MOSCOW BASIN 

Research T e c h n i c a l  Completion Report  t o  O f f i c e  of Water Resources Research,  Department 

of I n t e r i o r ,  June,  1969, Moscow, Idaho,  12 pages .  

KEYWORDS--*ground w a t e r  / * b a s a l t  /%edirnen t a r y  i n t e r b e d s  /*Columbia R i v e r  Group/* type area/ 

* s m a l l  ground w a t e r  b a s  i n s  / f i e l d  pumping t e s t s  /*mathemati c a l  models / a r t e s i a n  a q u i f e r s  / 
*recharge/*storage/coefficient of transmissibility/coefficient of  s t o r a g e / * a r t i f i c i a l  

r e c h a r g e / i n t e r m i  t t e n t  s t r e a m s  /* i ron  i n  w a t e r .  
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Figure  1. Loca t ion  and i n d e x  map of Moscow b a s i n ,  Latah County, Idaho. 



Figure  2 .  Hydros t r a t i g r a p h i c  u n i t s ,  Moscow b a s i n ,  Latah County, Idaho. 
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Correlation Nomenclature 
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STATEMENT OF THE PROBLEM 

I n  t h e  seventy-year  p e r i o d  i n  which wa t e r  w a s  de r i ved  from t h e  upper  a r t e s i a n  zone, 

w a t e r  l e v e l s  d e c l i n e d  d r a s t i c a l l y ( F i g .  3 ) .  The f i r s t  w e l l s  d r i l l e d  i n  t h e  lower p a r t s  of  

t h e  b a s i n  flowed; by t he  mid- 19201s,  wa t e r  l e v e l s  s t o o d  about  e l e v a t i o n  2510, some 50 

f e e t  below land  s u r f a c e ,  Water l e v e l s  con t inued  t o  d e c l i n e ;  i n c r e a s e d  pumpage i n  t h e  

1950ts  caused a  marked i n c r e a s e  i n  t h e  d e c l i n e ,  and water l e v e l s  were a t  about  e l e v a t i o n  

2458, (110 f e e t  below l and  s u r f a c e )  i n  t h e  e a r l y  1960's when pumpage was s h i f t e d  t o  t h e  

deeper  w e l l s ,  Water l e v e l s  i n  t h e  upper  a r t e s i a n  zone have been r i s i n g  e v e r  s i n c e  pumpage 

ceased;  l e v e l s  i n  an o b s e r v a t i o n  w e l l  (7ddl)  were about e l e v a t i o n  2488 i n  December, 1965, 

and have con t inued  t o  r i s e ,  r e ach ing  e l e v a t i o n  2497 i n  t h e  f i r s t  week of A p r i l ,  1969, 

The cont inuous d e c l i n e  i n  w a t e r  l e v e l s  i n  t h e  upper  a r t e s i a n  zone caused concern t h a t  

t he  pumpage i n  t h e  b a s i n  might b e  i n  excess  of recharge .  I n  s e v e r a l  s t u d i e s  ( see  Ross, 

1965, p .  29-35) e s t i m a t e s  were made of t h e  recharge  based on s t u d i e s  of p r e c f p i  t a t i o n ,  

evapo ra t i on ,  and r u n o f f ,  A l l  of t h e  e s t i m a t e s  i n d i c a t e d  t h a t  recharge  i s  g r e a t l y  i n  exce s s  

s f  pumpage, y e t  t h e  wa t e r  l e v e l s  con t inued  t o  d e c l i n e .  I n  1965, Crosby and Cha t t e r s  

a t t a c k e d  t h e  problem from a d i f f e r e n t  approach--they determined t h e  age of t h e  wa t e r s  of 

t h e  v a r i o u s  a r t e s i a n  zones by r ad iome t r i c  methods, T h e i r  r e s u l t s  i n d i c a t e  t h a t  t h e  wa t e r s  

of t he  a r t e s i a n  zones i n  Moscow b a s i n  a r e  15,000 t o  30,000 y e a r s  o ld .  They i n t e r p r e t  t h e i r  

d a ~ a  t o  i n d i c a t e  t h a t  recharge  i s  on ly  about one t e n t h  of t h e  pumpage, Pumpage i n  Moscow 

b a s i n  averaged about 660 m i l l i o n  g a l l o n s  a  y e a r  du r ing  1961-1965, Pumpage is  expec ted  t o  
~ n r r e a s e ,  and w i l l  probably average  1130 m i l l i o n  g a l l o n s  a  y e a r  f o r  t h e  pe r i od  1965-2000, 
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Generalized water level trends, upper 
artesian aquifer; Moscow basin, Idaho 

Figure  3 .  Water l e v e l  t r e n d s  (gene ra l i z ed )  and wa t e r  pumped, 1896-1965, 

Moscow bas in ,  Latah County, Idaho. 



PURPOSES OF THE PROJECT 

Because t h e  University of Idaho  is  i n  Moscow b a s i n ,  t h e  a r e a  i s  a convenient  outdoor  

laboxator-- f o r  t h e  s t udy  of c e r t a i n  types  of ground wa t e r  problems, The b a s i n  i s  r a t h e r  

- s m a l l ,  a l l  recharge  o r i g i n a t e s  w i t h i n  t h e  b a s i n ,  and t h e  b a s i n  i s  unde r l a in  by a  sequence 

of a r t e s i a n  a q u l f e r s  I n  b a e a l t s . .  The h y d r a u l i c  p r o p e r t i e s  of t h e  a r t e s i a n  a q u i f e r s  were 

unknown a t  t h e  beg lnn lng  of t h e  s t udy ,  b u t  cons ide r ab l e  d a t a  on pumpage and wa t e r  l e v e l  

f l u c t u a t i o n s  were i n  t h e  f a l e s  of t h e  U n i v e r s i t y  of Idaho and t h e  Ci ty  of Moscow. These 

d a t a  had neve r  been ana lyzed-  The a q u i f e r s  a r e  f a i r l y  h e a v i l y  pumped, and t h e  pumpage i s  

expec ted  t o  I n c r e a s e *  There fore ,  Moscow b a s i n  is a  type  a r e a  f o r  t h e  s t udy  of small 

ground water  b a s l n s  w i th  Limited recharge  t h a t  a r e  u n d e r l a i n  by b a s a l t .  Basins  of t h i s  

s o r t  a r e  common i n  t h e  P a c l f l c  Northwest,  

Because of t he  convenient l o c a t i o n ,  Moscow b a s i n  is u s e f u l  f o r  t h e  t r a i n i n g  of 

s c i e n t i s t s  i n  wa t e r  resources  s t u d i e s ,  SOH. Ross w a s  employed i n  t h e  p r o j e c t  and used h e r  

work f o r  h e r  Master of  Sc ience  i n  Geology t h e s i s  a t  t h e  U n i v e r s i t y  of Idaho,  Her t h e s i s  

h a s  been pub l i shed  as an  Open-Ffle Report  of t h e  Idaho Bureau of Mines and Geology (Ross, 

19651 

The Ci ty  of Moscow and t h e  Un ive r s i t y  of Idaho have p r a c t i c a l  i n t e r e s t  i n  wa t e r  

r e so u rce s  s t u d i e s  i n  Moscow b a s i n  because of  t h e  need of long-range p lann ing  t o  meet t h e i r  

f u t u r e  requ i rements?  P a r t  of t h e  s t udy  was d i r e c t e d  t o  de te rmin ing  a v a i l a b i l i t y  of wa t e r  

t o  meet t he  needs  of t he  Cf t y  and U n i v e r s i t y ,  Th is  p a r t  of t h e  s t u d y  might s e r v e  a s  a  

guide f o r  wa t e r  resources  e  t u d i e s  i n  similar b a s i n s ,  

PROJECT OBJECTIVES 

L i s t  of Ob jec t i ve s  

1, Data  Co l l e c t i on :  t o  assemble and t a b u l a t e  a l l  e x i s t i n g  r eco rds  t h a t  were s c a t t e r e d  

I n  v a r i o u s  o f f l e e s  of s t a t e ,  munic ipa l ,  f e d e r a l ,  and p r i v a t e  o r g a n i z a t i o n s ,  

2 -  Well Inven tory :  t o  i nven to ry  a l l  w e l l s  i n  Moscow b a s i n ,  

3 ,  Hydrogeology : t o  de lnnea t e  t h e  s e v e r a l  a q u i f e r s  and determine t h e  h y d r a u l i c  i n t e r -  

c c n n e r t z m s  between them, 

4 ,  Hydrau l ic  P r o p e r t i e s  of t h e  Aqui fe r s  : t o  determine d i r e c t i o n s  of movement of ground 

w h t e r  and h y d r a u l i c  p r o p e r t i e s  of t h e  a q u i f e r s .  



5 =  Est imated Recharge and Storage:  t o  o b t a i n  b e t t e r  e s t ima te s  of recharge and s to rage .  

6 ,  Adequacy of Avai lab le  Ground Water: t o  p red i c t ,  adequacy of wa te r  a v a i l a b l e  f o r  

p ro j ec t ed  u se ,  

7; Geochemistry of Ground Water: t o  i n v e s t i g a t e  t h e  o r i g i n  and d i s t r i b u t i o n  of t he  

d i s so lved  chemical c o n s t i t u e n t s  i n  t h e  water ,  e s p e c i a l l y  the  ve ry  l a r g e  amount of 

i r o n ,  

8 ,  Continuing I n v e s t i g a t i o n :  t o  develop a program of cont inu ing  s tudy  t o  check t h e  
4- 

r e s u l t s  of t h e  i n v e s t i g a t i o n .  

Discussion of Achievements 

1, Data Co l l ec t i on  

Pumping records ,  water - leve l  measurements, and w e l l  logs  were obta ined  from the  f i les  

of t h e  Ci ty  of MOSCOW, t h e  Un ive r s i t y  of Idaho, and t h e  U3S. Geologica l  Survey- The d a t a  

a r e  i n  p r i n t  (Ross, 1965) o r  i n  p re s s  (Jones and Ross, 1969b). 

2 ,  Well Inventory - 
We were n o t  ab l e  t o  ob t a in  d a t a  on a l l  w e l l s  i n  Moscow b a s i n .  Records a r e  i n  p r i n t  

(Ross, 1965) o r  i n  p r e s s  (Jones and Ross, 1969b) f o r  about 230 w e l l s ,  which w e  b e l i e v e  a r e  

about 80 percent  of the  w e l l s  i n  t h e  b a s i n  a s  of the  end of d a t a  c o l l e c t i o n  i n  December, 

1966, 

3 ,  Hydrogeology 

I n  a d d i t i o n  t o  our  own e f f o r t s  (Jones and Ross, 1969c),  cons iderab le  knowledge of t h e  

hydrogenlogy of Moscow b a s i n  was ob ta ined  through s t u d i e s  by s e v e r a l  workers a t  Washington 

S t a t e  Un ive r s i t y  (Crosby and Cavin, 1966; Chang-Lu, 1967).  The s i z e s  and shapes of t he  

a q u i f e r s  a r e  now known i n  a gene ra l  fash ion ,  a l though many d e t a i l s  a r e  unce r t a in .  D i r ec t  

connect ion between t h e  a q u i f e r s  seems t o  be poor;  we were unable t o  determine i f  t h e  

a q u i f e r s  a r e  leaky o r  non-leaky, 

4" Hydraul ic  P r o p e r t i e s  of the Aquifers  

Hydraul ic  p r o p e r t i e s  of a q u i f e r s  u s u a l l y  a r e  determined by f i e l d  pumping t e s t s  . We 

could not  use f i e l d  methods i n  Moscow b a s i n  because: 

Too few w e l l s  pump from the  deeper  a q u i f e r s .  

2, Aquifer boundaries  a r e  t o o  c lo se  and have t o o  g rea t  an e f f e c t  on wa te r  l e v e l s  t o  

permit  a n a l y s i s  of pump-test d a t a  by ord inary  methods. 

3 p saw downs a r e  s m a l l  f o r  h igh  pumping r a t e s  and recovery s o  r a p i d  t h a t  tests based 

on recovery of pumped w e l l s  were no t  s a t i s f a c t o r y .  



F i r s t  approximations of c o e f f i c i e n t s  of t r a n s m i s s i b i l i t y  f o r  t he  a r t e s i a n  a q u i f e r s  w e r e  

ob ta ined  from s p e c i f i c  capacf t y  of w e l l s .  Other va lues  of c o e f f i c i e n t  of t r a n s m i s s i b i l i t y  

and va lues  f o r  coeff  i c i  e n t  of s t o r a g e  were obta ined  through s t u d i e s  of mathematical models 

of Moscow b a s i n  t h a t  assumed no recharge t akes  p l ace .  A paper on t h e s e  s t u d i e s  is i n  p r e s s  

A.  
(Jones and Ross, 1969a) , 

5 ,  Est imated Recharge and S torage  

The mathematical model a q u i f e r s ,  which assume t h a t  no recharge is t ak ing  p l ace  i n  
6. 

Moscow bas in ,  i n d i c a t e  t h a t  t h e  ground water  i n  s t o r a g e  should  meet t h e  needs of  t h e  bas in  

f o r  t h e  nex t  50 t o  100 yea r s .  We were no t  a b l e  t o  make any d i r e c t  c o n t r i b u t i o n  t o  t h e  

problem of ground-water recharge i n  Moscow bas in .  However, i n  o rde r  t o  develop mathematical 

models t h a t  would match the a c t u a l  performances of Moscow b a s i n  a q u i f e r s  under t h e  assump- 

t i o n  t h a t  t h e r e  is no recharge a t  a l l ,  we had t o  use  va lues  of c o e f f i c i e n t  of transmissi- 

b i l i t y  and coef f i  c i e n t  of s t o r a g e  t h a t  a r e  very  large--perhaps u n r e a l i s  t i c a l l y  l a r g e .  I f  

i t  can be demonstrated t h a t  t h e  a c t u a l  va lues  of a q u i f e r  cons t an t s  i n  Moscow b a s i n  a r e  s i g n i -  

f i c a n t l y  lower t han  those  used i n  our  no-recharge model s t u d i e s ,  then  t h e  major source  of 

t h e  wa te r  pumped must be recharge.  

I n  t h e  event  t h a t  wa te r  n a t u r a l l y  i n  s t o r a g e  p lus  n a t u r a l  recharge should not  be  

adequate  t o  meet t h e  needs of the  bas in ,  w e  i n v e s t i g a t e d  t h e  f e a s i b i l i t y  of a r t i f i c a l  

recharge u t i l i z i n g  nearby i n t e r m i t t e n t  s t reams.  A paper has  been publ ished on t h e  a r t i f i -  

c i a l  recharge s tudy  (Jones,  Ross, and Williams, 1968.) 

6 ,  Adequacy of Avai lab le  Ground Water 

I f  no recharge t o  t h e  a r t e s i a n  aqu i f e r s  is assumed, our  model s t u d i e s  i n d i c a t e  t h a t  t he  

ground wa te r  i n  s t o r a g e  i n  Moscow b a s i n  w i l l  meet t h e  needs of t h e  b a s i n  f o r  the  nex t  50 

t o  100 y e a r s .  W e  have no t  s t u d i e d  t h e  adequacy of supply i f  s i g n i f i c a n t  recharge i s  t a k i n g  

p l ace  a 

7 ,  Geochemistry of Ground Water 

Chemical ana lyses  were ob ta ined  f o r  wa te r s  from about 42 w e l l s .  S p e c i f i c  conductance 

was measured f o r  waters  from about 200 w e l l s  and i r o n  content  was determined f o r  waters  

from about 160 w e l l s ,  The d a t a  have been analyzed and suggest  t h a t  n a t u r a l  base exchange 

i s  t ak ing  p l ace  (Jones and Ross, 1969c) and t h a t  t h e  i r o n  i s  in t roduced  i n t o  t h e  a r t e s i a n  

a q u i f e r s  by wa te r s  p e r c o l a t i n g  o u t  of i ron-bear ing  high-alumina c l ays  a t  the  margins of t he  

a q u i f e r s  (Ross, 1965, p a  83-88], 

8, Corlrfnuing I n v e s t i g a t i o n  

A program of  cont inu ing  i n v e s t i g a t i o n s  was submit ted t o  l o c a l  a u t h o r i t i e s .  No a c t i o n  
has  been taken on our  program, b u t  o t h e r  l o c a l  s t u d i e s  a r e  cont inu ing  on va r ious  a spec t s  

s f  Moscow b a s i n  wa te r  supply ,  



RESEARCH PROCEDURES 

Much of t h e  r e s e a r c h  was conducted by s t a n d a r d  methods f o r  f i e l d  i n v e s t i g a t i o n s  of 

ground w a t e r  problems: w e l l  owners and w e l l  d r i l l e r s  were i n t e r v i e w e d ,  w a t e r - l e v e l  

4- 
measurements were t a k e n  p e r i o d i c a l l y ,  r e c o r d s  were assembled and t a b u l a t e d ,  w a t e r  samples 

were  ana lyzed ,  e t c ,  The one a s p e c t  s f  t h e  I n v e s t i g a t i o n  t h a t  i s  unusual  i s  t h e  u s e  of 

mathemati  c a l  model a q u i f e r s  t o  s tudy a v a i l a b i l i t y  of w a t e r  and f e a s i b i l i t y  of a r t i f i c i a l  

r e c h a r g e  ( Jones ,  Ross and Williams, 1968; Jones  and Ross, 1969a,  1 9 6 9 ~ ) .  

For  reasons  l i s t e d  above, we were n o t  a b l e  t o  run  t h e  u s u a l  f i e l d  pumping tests i n  

Moseow b a s i n  There fore ,  we developed mathemat ical  models of t h e  a q u i f e r s  u s i n g  t h e  Theis  

(1935) nonequl l lh r lum equaa ;cn ( s e e  Fer t  1s and o t h e r s ,  1962, p n  92) and t h e  method of 

image w e l l s  (Walton, 1962, p ,  15-21; P e r r l s  and o t h e r s ,  1962, p ,  164-166), 

Records of t h e  C l t y  of Moscow and t h e  U n i v e r s i t y  of Idaho  p rov ided  d a t a  on t h e  a c t u a l  

pumping r a t e s  and t h e  a c t u a l  drawdowns of t h e  r e a l  a q u i f e r s ,  We des igned  mathemat ical  

models s f  t h e  Moscm b a s i  n  a r t e s f  an a q u i f e r s  u s i n g  v a l u e s  of coef  f f  c i e n t  of t r a n s m i s s i b i l i t y  

o b t a i n e d  from s p e c i f i c  capacities of t h e  r e a l  w e l l s .  We a l s o  used v a l u e s  of c o e f f i c i e n t  

of t r a n s m i s s i b i l i t y  and coefficient of s t o r a g e  t h a t  have been r e p o r t e d  e l sewhere  f o r  t h e  

Columbia River  b a s a l t s  t h a t  make up t h e  p r i n c i p a l  rock types  i n  t h e  Moscow b a s i n  a q u i f e r s  

a s  w e l l  as v a l u e s  r e p o r t e d  f o r  t h e  Snake River  b a s a l t .  We "pumped" t h e  v a r i o u s  model 

a q u i f e r s  f o r  t h e  same amounts of time and at t h e  same r a t e s  a s  t h e  r e a l  w e l l s  pumped t h e  

a c t u a l  a q u i f e r s ,  t h e n  compared t h e  "drawdowns" of t h e  model a q u i f e r s  w i t h  those  of t h e  

r e a l  a q u f f e r s  We presumed t h a t ,  i f  a  model a q u i f e r  had t h e  same "drawdown" a s  t h e  r e a l  

a q u i f e r  f o r  t h e  same r a t e  and d u r a t i o n  of pumping, t h e  c o e f f i c i e n t  of t r a n s m i s s i b i l i t y  

and c o e f f i c i e n t  of s t o r a g e  of t h e  model a q u i f e r  a r e  t h e  same a s  t h o s e  of t h e  r e a l  aqu i fe r - -  

p r o v l d e d  t h a t  no recharge  took p l a c e ,  Our s t u d y  was l i m i t e d  t o  t h e  c a s e  t h a t  l i t t l e  o r  

no r e c h a r g e  is t a k i n g  p l a c e  i n  Moscow b a s i n ,  a  view t h a t  was advanced by Crosby and C h a t t e r s  

(1965) on t h e  b a s i s  of t h e i r  s t u d y  of I s o t o p e  ages  o f  w a t e r s  i n  t h e  Pullman-Moscow b a s i n .  

The same k i n d  o f  mathemat ical  model a q u i f e r s  were  used t o  s t u d y  t h e  b u i l d u p  of w a t e r  

l e v e l s  by a r t i  f i c l a l  r echarge  through w e l l s -  We "rechargedt '  through w e l l s  a t  a  r a t e  and 

d u r a t f o n  deterrnlned by t h e  a v a i l a b i l i t y  of w a t e r  from i n t e r m i t t e n t  s t r e a m s ,  Water l e v e l s  

a t  t h e  end cf  t h e  recharge  season were p r e d i c t e d  i n  o r d e r  t o  b e  s u r e  t h a t  t h e  a q u i f e r s  

would acl:ep t the  amount of w a t e r  needed and a v a i l a b l e  d u r l n g  t h e  recharge  o p e r a t i o n .  



SIGNIFICANT RESULTS AND CONCLUSIONS 

R e s u l t s  and c o n c l u s i o n s  t h a t  have a p p l i c a b i l i t y  beyond t h e  immediate problem of 

a v a i l a b i l i t y  o f  w a t e r  i n  Moscow b a s i n  i n c l u d e :  

a. 1. Mathemat ical  models o f  a q u i f e r s  can b e  used  t o  s t u d y  ground w a t e r  problems i n  

a r e a s  where f i e l d  s t u d i e s  a r e  n o t  p r a c t i c a l .  

2 .  I r o n  i n  ground water need n o t  o r i g i n a t e  i n  t h e  a q u i f e r  from which t h e  w a t e r  

i s  o b t a i n e d .  

3.  A r t i f i c i a l  r e c h a r g e  from s e a s o n a l  r u n o f f  i n  i n t e r m i t t e n t  s t r e a m s  i n  t e c h n i c a l l y  

f e a s i b l e  and ,  under  c e r t a i n  c o n d i t i o n s ,  i s  c h e a p e r  t h a n  i m p o r t a t i o n  o f  s u r f a c e  

w a t e r .  

Mathemat ical  Model S t u d i e s  

The long-cont inued d e c l i n e  o f  w a t e r  l e v e l s  i n  Moscow b a s i n  l e d  t o  s p e c u l a t i o n  t h a t  

r e c h a r g e  i s  i n a d e q u a t e  t o  b a l a n c e  t h e  d i s c h a r g e  through w e l l s .  The c o n c l u s i o n  o f  Crosby 

and C h a t t e r s  (1965, p .  16)  t h a t  r e c h a r g e  i s  on ly  10 p e r c e n t  of a n n u a l  pumpage suppor ted  

t h e  concep t .  T h e r e f o r e ,  we s t u d i e d  mathemat ical  models o f  t h e  Moscow b a s i n  t h a t  assumed 

t h a t  no r e c h a r g e  i s  t a k i n g  p l a c e  i n  o r d e r  t o  p r e d i c t  t h e  a v a i l a b i l i t y  o f  ground w a t e r  

under  t h e  most unfavorab le  o f  c o n d i t i o n s .  The s t u d i e s  i n d i c a t e d  t h a t ,  as o f  1965, between 

126.2 and 349.5 b i l l i o n  g a l l o n s  were  i n  s t o r a g e  i n  t h e  middle  and lower  a r t e s i a n  a q u i f e r s  

t h a t  a r e  t h e  p r i n c i p a l  s u p p l i e r s  t o  Moscow b a s i n .  Es t imated  consumption d u r i n g  t h e  p e r i o d  

1965-2000 i s  5 0 . 1  b i l l i o n  g a l l o n s ,  l e a v i n g  a b a l a n c e  o f  76.2 t o  299.4 b i l l i o n  g a l l o n s  i n  

u s a b l e  s t o r a g e  by t h e  y e a r  2000--this shou ld  b e  enough t o  l a s t  u n t i l  a t  l e a s t  2030 and 

perhaps  u n t i l  2100. ( Jones  and Ross,  1969a,  1 9 6 9 ~ ) .  

However, i n  o r d e r  f o r  t h e  mathemat ica l  models t o  d u p l i c a t e  t h e  performance o f  t h e  real 

a q u i f e r s ,  we had t o  u s e  v a l u e s  o f  a q u i f e r  c o n s t a n t s  t h a t  a r e  v e r y  high--and perhaps  are 

u n r e a l i s t i c a l l y  h i g h .  The range  of v a l u e s  f o r  t h e  model a q u i f e r s  t h a t  produced most n e a r l y  

s i m i l a r  r e s u l t s  t o  t h o s e  of t h e  r e a l  a q u i f e r s  a r e :  c o e f f i c i e n t  o f  t r a n s m i s s i b i l i t y  ("T") : 
6  7  

1 . 0  x 1 0  t o  4.0 x 1 0  g a l l o n s  p e r  day p e r  f o o t ;  c o e f f i c i e n t  o f  s t o r a g e  ("S") : 1 . 0  x 

t o  1 .0  x ( d i m e n s i o n l e s s ) .  These v a l u e s  a r e  g r e a t e r  t h a n  t h o s e  t h a t  we have s e e n  

r e p o r t e d  from e l sewhere  i n  t h e  Columbia R i v e r  b a s a l t .  Foxworthy and Bryant  (1967) r e p o r t e d  
5  6  

T  o r  3 .2  x 1 0  g a l l o n  p e r  day p e r  f o o t  by recovery  method and 1 . 0  x 1 0  by s p e c i f i c  

c a p a c i t y  method a t  The D a l l e s ,  Oregon. P r i c e  (1961) r e p o r t e d  T  o f  3.7 x l o 5  and 



5 - 4  
4 - 0  x 10 g a l l o n s  per  day p e r  f o o t  and S  of 2.0 x  10 a t  Walla  Walla, washington, ~ d d y  

(\l(a69) reporbed pe rmeab~  l ~ t y  d a t a  f o r  t h e  Columbia Basln  I r r i g a t i o n  P r o j e c t  t h a t  would 
4 

i n d i c a t e  T of 1 , O  x  10 g a l l o n s  p e r  day pe r  f o o t  under  conditions similar t o  Moscow 
- 2 -3 

b a s i n ;  he  r epo r t ed  v a l u e s  of S  rang ing  from 1 , O  x 10 t o  1 , O  x 10 B a s a l t s  can have 

v e r y  l a r g e  a q u i f e r  c o n s t a n t s ;  t h e  upper range of v a l u e s  r e p o r t e d  f o r  t h e  Snake River  
a 

b a s a l t s  of sou t h  Idaho  a r e  T of  1 - 0  x lo4 t o  1 .0  x 10 g a l l o n s  p e r  day pe r  f o o t  and S 

of 1 .0  x lo-' t o  1 - 0  x 1 0 ' ~  (Mundorff, Cros thwai te ,  and Ki lburn ,  1964; Walton and Steward,  

1959) Snake River  b a s a l t s  formed through a  d i f f e r e n t  mode o f  e r u p t i o n  t han  Columbia River  

b a s a l t s ;  t h e r e f o r e ,  o r l g i n  of t h e  primary permeability of t h e  two u n i t s  may be  d i f f e r e n t  

and t h u s  Columbia River b a s a l t s  might no t  have a s  h igh  va lue s  QS a q u i f e r  cons t an t s  a s  

Snake Rf ve r  b  a s a l t s  

I f  i t  can be shown t h a t  t h e  a c t u a l  v a l u e s  of a q u l f e r  cons t an t s  f o r  t h e  r e a l  a q u i f e r s  

of Moscow b a s l n  a r e  s i g n i f i c a n t l y  l e s s  than t h o s e  of t h e  model a q u i f e r s  t h a t  d u p l i c a t e  t h e  

performance of t h e  r e a l  a q u i f e r s  under no-recharge cond i t i ons ,  t hen  some--or much-- of t h e  

w a t e r  be ing  pumped from t h e  r e a l  a q u i f e r s  i s  no t  coming from s t o r a g e ,  b u t  r a t h e r  is coming 

from recharge .  E x t r a p o l a t i o n s  ba sed  on t h e  no-recharge model a q u i f e r s  w i l l  b e  v a l i d  only 

a s  long  a s  recharge  is  i n  excess  of d i s cha rge ,  When pumpage exceeds recharge  the  pro- 

p o r t i o n  of wa t e r  pumped t h a t  is der ived  from s t o r a g e  w i l l  go u p ,  

The Crosby and C h a t t e r s  (1965, p ,  16)  conc lus ion  t h a t  recharge  t o  Moscow b a s i n  i s  

s m a l l  is  based  on t h e l r  s t u d y  of i s o t o p e  ages  of wa t e r  - I n  c o n t r a s t ,  s t u d i e s  of recharge  

based  on t h e  wat e r -ba lance  equa t l on  i n d i c a t e  t h a t  recharge  i n  Moscow b a s i n  i s  l a r g e .  Ross 

41965, p "  30-35) summarized t h e  v a r i o u s  water-balance e s t i m a t e s  and po in t ed  ou t  t h a t  a l l  

came to a  slmilar conc lus ion :  pumpage at t h e  t i m e  of t h e  s t udy  was about one-half of t h e  

ground-wat e r  recharge . (ROSS a l s o  po fn t ed  o u t  t h a t  t h e  water-balance s t u d i e s  have wide 

marglns of e r r o r , )  A typnca l  f i g u r e  is  t h a t  of Stevens  (1960) who a r r i v e d  at an annua l  

recharge  of 1303 m i l l f  on g a l l o n s  Est imated consumption i n  Moscow bas in  i n  t h e  y e a r  2000 

is 1360 m i l l i o n  g a l l o n s   ones and Ross, 1968, p ,  264) ,  There fore ,  l f  annua l  recharge  i s  

a s  l a r g e  a s  e s t ima t ed  by S tevens ,  n a t u r a l  recharge  should  ba l ance  pumpage u n t i l  t h e  y e a r  

2000 r 

We have no t  a t t empted  t o  de s ign  mathemat ical  models of Moscow b a s i n  t h a t  i n c l u d e  

r echa rge ,  The procedure  would b e  t o  combine two models, one a "pumping" model ope ra t i ng  

a t  r e a l  o r  p r o j e c t e d  pumplng r a t e s  and t h e  o t h e r  a  "recharging" model o p e r a t i n g  a t  va r i ous  

value. cf recharge For such models t o  be  v a l i d ,  b e t t e r  d a t a  a r e  needed on t h e  a q u i f e r  

c e n s t a n t s  of  t h e  r e a l  a q u i f e r s  of Moscow b a s i n ,  This  is a  s t u d y  t h a t  m e r i t s  i n v e s t i g a t i o n .  



Or ig in  of I r o n  i n  Ground Water i n  Moscow Basin  

Although b a s a l t  is  a  r a t h e r  i r o n - r i c h  rock and a l though  some of  t h e  c u t t i n g s  from 

w e l l s  i n  Moscow b a s i n  show secondary p y r i t e  i n  t h e  b a s a l t ,  much of t h e  i r o n  i n  t h e  ground 

, w a t e r  appa ren t l y  i s  no t  de r i ved  from the  b a s a l t .  D i s t r i b u t i o n  of most of t h e  h igh  con- 

c e n t r a t i o n s  of i r o n  i n  w a t e r  i n  t h e  upper a r t e s i a n  zone i s  geog raph i ca l l y  r e l a t e d  t o  a  

, s p u r  of weathered basement rock on t h e  e a s t  edge of t h e  b a s i n  (Ross, 1965, p.  83-88; Jones  

and Ross, 1 9 6 9 ~ ) ~  High a lumina c l a y s  i n  t h e  weathered rock con t a in  about 5 pe r cen t  i r o n  

ox ide s .  Water p e r c o l a t i n g  through t he  c l a y  d e p o s i t s  p i c k s  up i r o n  which i s  c a r r i e d  a long  

a c r o s s  t h e  r e cha rge  a r e a  on t h e  e a s t  edge of t h e  b a s i n  i n t o  t h e  upper  a r t e s i a n  zone. I r o n  

con t en t  i s  s m a l l  i n  w a t e r s  from t h e  middle and lower a r t e s i a n  zone. 

A r t i f i c i a l  Recharge 

fi.e p o s s i b i l i t y  of d e p l e t i o n  of t h e  ground wa t e r  supply  of Moscow b a s i n  l e d  t o  

c o n s i d e r a t i o n  of p l ans  f o r  impor t a t i on  of s u r f a c e  w a t e r *  However, no  s a t i s f a c t o r y  r e s e r -  

v o i r  sites a r e  c l o s e  t o  t h e  a r e a  and t h e  n e a r e s t  s t reams  w i th  dependable f low du r ing  t h e  

high-demand pe r i ods  are ove r  20 m i l e s  away. Impor t ing  s u r f a c e  wate r  would be  ve ry  ex- 

pens ive  " 

I n t e r m i t t e n t  s t reams  w i t h i n  t h e  b a s i n  c a r r y  r e l a t i v e l y  l a r g e  f lows when t h e  w i n t e r  

snow pack me l t s  from February through May. W e  proposed a  p l a n  (Jones ,  Ross, and Wil l iams,  

1968) of a r t i f i c i a l  r e cha rge  of  t h e  upper a r t e s i a n  zone d u r i n g  t h e  s p r i n g  runoff  season  i n  

o r d e r  t o  h o l d  w a t e r  i n  temporary ground-water s t o r a g e  f o r  u t i l i z a t i o n  dur ing  t h e  summer 

peak-demand s ea son ,  No l a r g e  r e s e r v o i r s  a r e  nece s sa ry  and p i p e l i n e s  a r e  s h o r t .  P o t e n t i a l  

y i e l d  of t h e  sys tem is  from 400 t o  960 m i l l i o n  g a l l o n s  annua l l y ,  depending on t h e  s i z e  of 

t h e  a r t i f i c i a l  r echarge  p l a n t ,  P r o j e c t e d  demand f o r  water i n  Moscow b a s i n  f o r  t h e  y e a r  

1970 i s  840 m i l l i o n  g a l l o n s ;  t h e r e f o r e ,  t h e  system could  meet t h e  e n t i r e  1970 demand. 

However, by t he  y e a r  2000 demand w i l l  i n c r e a s e  t o  1360 m i l l i o n  g a l l o n s ,  I f  n a t u r a l  recharge  

is n o t  s u f f i c i e n t  t o  make up t h e  d i f f e r e n c e  between t h e  y e a r  2000 demand and t h e  wa t e r  

a v a i l a b l e  from a r t i f i c i a l  r echarge ,  we sugges t  t h a t  a r t i f i c i a l  r echarge  of t h e  t r e a t e d  

e f f l u e n t  of t h e  Moscow sewage t r e a tmen t  p l a n t  shou ld  p rov ide  t h e  r e s t  of t h e  wa t e r  needed. 

Our computations i n d i c a t e  t h a t  t h e  c o s t  of t h i s  p r o j e c t  would b e  less than  t h a t  of impor ta -  

tion of s u r f a c e  w a t e r ,  



The a r t i f i c i a l  recharge s tudy  u t i l i z e d  a c o e f f i c i e n t  of s t o r a g e  of 1 .0  x l om4 ,  a 
- 2 

va lue  t h a t  is much sma l l e r  than  t h e  va lue  of 1 - 0  x 10 i n d i c a t e d  by t h e  s t u d i e s  of t h e  

11 pumping" of t h e  mathematical models of t h e  upper a r t e s i a n  zone, The bui ldup from recharge 

probably would be sma l l e r  than  t h e  f i g u r e s  given i n  our  paper  (Jones,  Ross, and Williams, 

1968In  W e  have n o t  recomputed t h e  bui ldup us ing  t h e  l a r g e r  va lues  of c o e f f i c i e n t  of 

s sorage -. 
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