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CHAPTER I 

INTRODUCTION 

T h i s  p r o j e c t  has concent ra ted  on f o u r  o f  t h e  myr iad  o f  f a c t o r s  r e l a t i v e  t o  

recharge o f  ground wate r  i n  Idaho. The f o u r  f a c t o r s  are:  

(1)  An e v a l u a t i o n  and a p p l i c a t i o n  o f  methods f o r  d e l i n e a t i n g  l a r g e  areas which 

can be s a f e l y  u t i l i z e d  f o r  t he  t e r r e s t r i a l  d isposa l  o f  wastewater. I n h e r e n t  

i n  a lmost  any t e r r e s t r i a l  d i sposa l  o p e r a t i o n  i s  t he  p r o b a b i l i t y  o f  ground- 

water  recharge (Chapter 11) .  

( 2 )  I n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  a t e r r e s t r i a l  d i sposa l  ope ra t i on  on s o i l  wa te r  

and ground wate r  i n  t he  v i c i n i t y  o f  a sweet co rn  canning ope ra t i on  a t  Buhl,  

Idaho. The na tu re  o f  t he  water  reach ing  t h e  zone o f  s a t u r a t i o n  beneath t he  

d i  gpbsal o p e r a t i o n  i s o f  paramount i r r~por tance because o f  t he  poss i  b i  1 i ty o f  

c ~ r i t a m i n a t i o n  o f  t h e  ground-water body by recharge r e s u l t i n g  f rom the  d i sposa l  

o f  t he  sweet c o r n  process wastewater (Chapter 111). 

(3 )  An examinat ion o f  changes i n  s o i l  p r o p e r t i e s  r e s u l t i n g  f rom the  a p p l i c a t i o n  

o f  wastewater, p a r t i c u l a r l y  sweet co rn  canning process e f f l u e n t .  These chemi- 

c a l  changes can be expected t o  i n f l u e n c e  t he  l i f e  o f  a d isposa l  s i t e  and t o  

i n f l u e n c e  t h e  q u a l i t y  o f  wa te r  which reaches t h e  water  t a b l e  (Chapter I V ) .  

( 4 )  An i n v e s t i g a t i o n  o f  a ground-water f l o w  system i n  a mountain v a l l e y  i n c l u d i n g  

t h e  a p p l i c a t i o n  o f  a mathematical  model t o  t h e  ground-water f l o w  system i n  

o rde r  t o  eva lua te  i t s  r o l e  i n  t he  h y d r o l o g i c  budget o f  t h e  v a l l e y .  The con- 

t r i b u t i o n  o f  t he  ground-water f l o w  systeni i s  - inf luenced by i t s  recharge and 

d ischarge  areas i n  a d d i t i o n  t o  o t h e r  f a c t o r s  (Chapter V ) .  



CHAPTER I 1  

DELIIVEATIOIV OF AREAS FOR THE TERRESTRIAL ---- 
DISPOSAL - OF WASTEWATER 

Problem 

The p o p u l a t i o n  cen te r s  o f  southern Idaho near t h e  Snake R i v e r  a r e  among t h e  

most r a p i d l y  g rod ing  communit ies o f  t h e  S ta te .  Expansion i s  apparent  where l a r g e  

i r r i g a t i o n  p r o ~ e c t s  a r e  f e a s i b l e  and where resources  f o r  i n d u s t r i a l  and rec rea -  

t i o n a l  development a r e  a v a i l a b l e ,  Expansion i s  c o n t r i b u t i n g  a  growing supp ly  o f  

wastewater t o  t h e  a l r eady  degraded streams o f  t h e  Snake R i v e r  Basin.  A t  t h e  same 

t ime,  a g r i c u l  t u r a l  and i n d u s t r i  a1 expansion i s becomi ng i nc reas i  n g l y  dependent on 

a  ground-water supp ly  whose qua1 i t y  c o u l d  be degraded by i n a d v e r t e n t  recharge o f  

po l  1  u ted  su r f ace  water .  

The Idaho F a l l s - B l a c k f o o t  area near  t h e  upper reaches o f  t h e  Snake R i v e r  i n  

Idaho ( F i g u r e  11-11 i s  cons idered t y p i c a l  o f  severa l  on t he  Snake R i v e r  p l a i n  and 

s o l u t i o n s  t o  waste-water  and ground-water problems here should be a p p l i c a b l e  and 

b e n e f i c i a l  t o  o t h e r  communi t i e s  th roughou t  t h e  Snake R i v e r  Basin.  I n  essence, 

t h e  need i n  a l l  of these communit ies i s  t o  f i n d  an economical method o f  d i spos ing  

of i n d u s t r i a l  and domest ic wastewater which does n o t  r e s u l t  i n  t h e  degrada t ion  o f  

su r f ace  wate r  o r  ground wate r .  

S o l u t i o n  

C u r r e n t l y ,  reuse o f  r i v e r  water  occurs  be fo re  n a t u r a l  r e n o v a t i o n  can t ake  

p lace ;  y e t  mu1 t i p l e  use o f  r i v e r  water  must be i nsu red  because i t  i s  t h e  b a s i c  

economic resource  o f  t h e  area. Any s a t i s f a c t o r y  s o l u t i o n  t o  l o c a l  waste-water 

d i sposa l  problems must n o t  mere ly  pass t h e  problem on t o  t h e  p u b l i c  downstream 

and impose c o n d i t i o n s  wh ich  a re  de t r imen ta l  t o  t h e  mun i c i pa l  , a g r i c u l t u r a l  , 

f i  shery,  r e c r e a t i o n  o r  i n d u s t r i a l  needs o f  o t he rs .  The s o l u t i o n ,  1  i kewise, must 

n o t  degrade t h e  ground-water resources on which o t h e r s  depend. As an answer t o  
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the  e x i s t i n g  problem, t e r r e s t r i a l  d i  sposal o f  wastewater f o r  i r r i g a t i o n  and f e r t i -  

l i z a t i o n  w i t h  i t s  concomi tant  r enova t i on  and ground-water recharge i s  recommended 

he re i  n, Under proper  hydrogeolog ic  c o n d i t i o n s  , i r r i g a t i o n  o r  su r f ace  appl  i c a t i o n  

o f  many wastewaters t o  farm, pas tu re  o r  t imbe r  lands  can p rov ide  an economical 

means o f  advanced t r ea tmen t  and renova t i on  and a t  t he  same t ime c o n t r i b u t e  n u t r i -  

en t s  f o r  inc reased  crop p roduc t ion .  The methods we have developed by which po- 

t e n t i a l  waste-water d i sposa l  s i t e s  can be r a p i d l y  and economica l ly  se lec ted  so 

t h a t  t e r t i a r y  t r ea tmen t  can be avoided a re  o u t l i n e d  i n  t h i s  Chapter. 

Background 

The impoundment o f  waters  i n  r e s e r v o i r s  has l e d  t o  t h e  accumulat ion and con- 

c e n t r a t i o n  o f  p a r t i a l l y  decomposed o rgan ic  m a t t e r  f rom inadequate ly  t r e a t e d  

mun ic ipa l  sewage d ischarges,  f rom l i v e s t o c k  wastes and f rom po ta to ,  sugar beet ,  

wood p u l p  and o t h e r  p rocess ing  p l a n t  e f f l u e n t s .  Algae and aqua t i c  b i o t a  f l o u r i s h  

on t he  added n u t r i e n t s  w i t h  t he  n e t  r e s u l t  t h a t  t he  s o l a r  heated, s t i l l e d  waters  

become oxygen d e f i c i e n t ,  F i s h  k i l l s  f rom oxygen d e f i c i e n c i e s  occurred i n  1960, 

1961, 1962, and 1966 i n  t he  Por tneu f  R iver  near t h e  southern marg in  o f  t he  Idaho 

F a l l s - B l a c k f o o t  area, i n  American F a l l s  Reservo i r  t o  t h e  west and i n  M i l n e r  and 

o t h e r  r e s e r v o i r s  downstream on t he  Snake R iver .  Decay o f  o rgan ic  m a t t e r  and i t s  

accompanying t a s t e s  and odors have made wate r -con tac t  r e c r e a t i o n  undes i rab le  i n  

severa l  s t r e t c h e s  o f  t he  Snake R iver  and have f o r c e d  some c i t i e s ,  such as Twin 

F a l l s ,  t o  abandon t h i s  stream as a  domest ic wa te r  supply  (U.S.D.I., 1968). 

More s p e c i f i c a l l y ,  t h e  Federal Water P o l l u t i o n  Con t ro l  A d m i n i s t r a t i o n  (now 

the  Federal Water Qua1 i ty  Admi n i  s t r a t i o n )  as e a r l y  as 1968 p inpo in ted  t he  reaches 

o f  t he  Snake R i ve r  below Idaho Fa1 1s and B l a c k f o o t  as p o l l u t i o n  problem areas be- 

cause o f  b o t h  domest ic and i n d u s t r i a l  wastes (U.S.D, I., 1968). For 1967, Idaho 
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F a l l s  and B l a c k f o o t  waste p roduc t i ons  a r e  l i s t e d  as 1,300,000 and 192,000 popula- 

t i o n  e q u i v a l e n t s  r e s p e c t i v e l y .  For  t h e  same yea r  Idaho F a l l s  and B l a c k f o o t  waste 

d ischarges  amounted t o  442,400 and 82,000 p o p u l a t i o n  equ i va l en t s .  I n  t h e  v i c i n i t y  

of Idaho F a l l s  t h e  Rogers B ro the rs  Company, t h e  Utah-Idaho Sugar Company, and t h e  

R. T. French Company d ischarged  11 0,000, 120,000, and 85,000 p o p u l a t i o n  equr 'va lents  

o f  waste r e s p e c t i v e l y .  A t  B l a c k f o o t  t h e  American Po ta to  Co rpo ra t i on  d ischarged 

72,000 p o p u l a t i o n  e q u i v a l e n t s  o f  waste i n  1967 (U.S.D.I., 1968).  Some r e d u c t i o n s  

have occur red  subsequent t o  1967, b u t  t h e  s i t u a t i o n  i s  f a r  f r om  s a t i s f a c t o r y .  I n  

t h i s  same t ime  i n t e r v a l  annual mun i c i pa l  demands f o r  ground water  i n  Idaho F a l l s  

and B l a c k f o o t  a l one  have reached 19,570 and 495 ac re  f e e t  r e s p e c t i v e l y  (Young 

and Harenberg , 1971 ) . 
T h i s  Chapter p resen ts  a  methodology s tudy  t o  e s t a b l i s h  a  sys temat i c  eva lua-  

t i o n  procedure th rough  which mun i c i pa l  and i n d u s t r i a l  groups can d e l i n e a t e  areas 

hav ing s a t i s f a c t o r y  c h a r a c t e r i s t i c s  f o r  t h e  d i sposa l  o f  wastewater f o r  i r r i g a t i o n  

and f e r t i l i z a t i o n  and c o i n c i d e n t  ground-water recharge.  

Eva1 u a t i  on Procedure 

A  r e a l i s t i c  program f o r  t h e  t e r r e s t r i a l  d i sposa l  o f  wastewater must: ( a )  

p r o v i d e  r e l i a b l e  p r o t e c t i o n  f o r  su r f ace  water ,  ( b )  guard a g a i n s t  con tamina t ion  

o f  ground water ,  ( c )  p e r m i t  r e n o v a t i o n  o f  degraded wate r  by b a c t e r i a  i n  an 

ae rob i c  environment,  ( d )  m in im ize  decreases i n  i n f i  1  t r a t i o n  c a p a c i t y  caused by 

d i s p e r s i o n  o f  c l a y s ,  and ( e )  r e q u i r e  min imal  des ign  and supe rv i s i on  expend i tu res .  

The methodology f o r  de te rm in i ng  whether an area i s  s u i t a b l e  f o r  waste-water reuse 

must t ake  i n t o  account  t h e  requ i rements  l i s t e d  above and do so e a s i l y  and q u i c k l y  

so t h a t  l a r g e  areas can be eva lua ted  on a  r o u t i n e  bas i s .  I f  t h i s  l a t t e r  cond i -  

t i o n  i s  n o t  met, t h e  process cannot  be expected t o  be success fu l  on a  l a r g e  sca le .  
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The l i t e r a t u r e  and our  own i n v e s t i g a t i o n s ,  much o f  which a re  summarized by 

W i l l  iams, E i e r  and Wall ace (1969),  i n d i c a t e  t h a t  t h e  phys i ca l  c o n d i t i o n s  neces- 

sary  t o  s a t i s f y  t h e  above requi rements can b e s t  be supp l i ed  by: ( 1 )  g e n t l y  s l o p i n g  

topography, ( 2 )  t h i c k  subsur face s e c t i o n  o f  unconsol i d a t e d  m a t e r i a l  , (3 )  adequate 

zone o f  a e r a t i o n  i n  t h e  unconso l ida ted  m a t e r i a l ,  ( 4 )  s o i l  o r  su r face  mant le  w i t h  

g r a i n - s i z e  d i  s t r i  b u t i o n  i n  t h e  s i l  t -sand range and ( 5 )  subsurface h y d r o s t r a t i  - 
graphi  c  u n i t s  w i t h  p r e d i c t a b l e  ground-water c h a r a c t e r i  s t i  cs and f l o w  systems. 

The g e n t l y  s l o p i n g  topography c r i t e r i o n  promotes easy c o n t r o l  o f  r u n o f f  t o  

p r o t e c t  nearby sur face  water ;  i t  a l s o  a l l e v i a t e s  many des ign  and supe rv i s i on  prob- 

lems. I n  combinat ion t h e  t h i c k ,  unconsol idated s e c t i o n  and t he  t h i c k  unsa tu ra ted  

s e c t i o n  c r i t e r i a  p r o v i d e  maximum o p p o r t u n i t y  f o r  f i  1  t r a t i  on and i o n  exchange and 

f o r  aerob ic  s o i l  b a c t e r i a  t o  renovate t he  wastewater; i t  a1 so minini izes t h e  chances 

o f  unrenovated wastewater moving d i r e c t l y  downward t o  ground water  through f r a c t u r e s  

o r  o t h e r  h i g h l y  permeable zones. The s i l t - s a n d  s i z e  p a r t i c l e s  a t  ground-sur face 

l e v e l  can be expected t o  p rov ide  op t ima l  f i l t r a t i o n  and i n f i l t r a t i o n  w i t h o u t  l o s s  

o f  c a p a c i t y  caused by d i s p e r s i o n  o f  c l a y  m ine ra l s .  The d e l i n e a t i o n  o f  subsurface 

h y d r o s t r a t i g r a p h i c  u n i t s  c r i t e r i o n  c o n t r i b u t e s  i n s i g h t  i n t o  where c o i n c i d e n t  ground- 

water  recharge w i l l  occur  and where renovated wastewater w i l l  m ig ra te  and be r e -  

used again.  

Area Eva1 uated 

The Idaho F a l l  s -B lack foo t  area (F igu re  11-1) was one o f  t he  areas which 

W i  11 iams, E i e r  and Wallace (1969) showed t o  have p o t e n t i a l  f o r  waste-water reno- 

v a t i o n  through i r r i g a t i o n .  I n  t h e  s tudy  repo r ted  h e r e i n  t h e  area was eva lua ted  

i n  d e t a i l  u t i l i z i n g  t he  c r i t e r i a  1  i s t e d  p r e v i o u s l y .  



S e l e c t i o n  - o f  T e r r e s t r i  a l  Wastewater D i  sposal S i t e s  

Method01 ogy 

The procedure f o r  s e l e c t i n g  hydrogeol og i  c a l l  y s u i  tab1 e  waste-water d isposa l  

s i t e s  necess i t a ted  t h e  c o n s t r u c t i o n  o f  a  number o f  ve ry  d e t a i l e d  maps t o  pe rm i t  

a n a l y s i s  o f  t he  data;  u n f o r t u n a t e l y ,  however, sca le  problems p e r m i t  t he  i n c l u s i o n  

o f  gene ra l i zed  ve rs i ons  o n l y  i n  t h i s  r e p o r t  (F i gu res  11-2 th rough 11-9).  

F i r s t ,  topograph ic  maps o f  t h e  area were inspec ted  and areas o f  1  ow re1  i e f  

were chosen f o r  f i e l d  examinat ion. The se lec ted  areas i nc l uded  t he  n e a r l y  h o r i -  

zon ta l  f l o o d  p l a i n  and t e r r a c e  sur faces a long  t he  Snake R i v e r  and t he  g e n t l y  

d i p p i n g  b a s a l t  p l a i n  t o  t he  west o f  t he  r i v e r  (F i gu re  11-2).  Next, i n  o rde r  t o  

d e l i n e a t e  t he  th ickness  o f  unconso l ida ted  sediments i n  these areas o f  low r e l i e f  

and then  t o  determine the  th ickness  above t he  water  t a b l e  i n  which ae rob i c  con- 

d i t i o n s  p e r s i s t ,  con tour  maps were prepared o f  bo th  t h e  depth t o  t he  water  t a b l e  

(F igu re  11-3) and o f  t he  bottom o f  t he  unconso l ida ted  sediments (F igu re  11-4). 

These maps were then combined w i t h  topographic  maps and cross contoured t o  con- 

s t r u c t  a  map d e p i c t i n g  t he  th ickness  o f  t he  unsaturated,  unconsol i d a t e d  i n t e r v a l  

(F i gu re  11-5).  Contour i n t e r v a l s  which were used on t h i s  th ickness  map separated 

unsa tu ra ted  and unconso l ida ted  m a t e r i a l  i n t o  th icknesses  t h a t  have s i g n i f i c a n t l y  

d i f f e r e n t  waste-water r enova t i on  c a p a c i t i e s .  The se lec ted  i n t e r v a l s  were l e s s  

than 10 f e e t  ( l ow  d isposa l  p o t e n t i a l ,  a l t hough  as l i t t l e  as f i v e  f e e t  can be 

to1  e r a t e d  i f  c a r e f u l  management procedures a re  f o l l  owed) , 10-to-50 f e e t  (moderate 

d i sposa l  p o t e n t i a l ) ,  50-to-100 f e e t  (good d i sposa l  p o t e n t i a l ) ,  and g r e a t e r  than 

100 f e e t  ( h i g h  d isposa l  p o t e n t i a l  ) .  

Most o f  t he  unconsol idated-sediment  data used i n  p repar ing  t h e  maps were 

ob ta ined  f rom d r i l  l e r s v o g s  and o t h e r  types o f  we1 1  l ogs .  'The d r i l l e r s '  l o g s  



proved t o  be v e r y  u s e f u l  because o n l y  t h e  depth o f  t h e  f i r s t  change f rom uncon- 

s o l i d a t e d  sediments t o  bedrock was c r i t i c a l .  Water- leve l  da ta  used t o  c o n s t r u c t  

t he  wa te r - t ab le  map were ob ta ined  f rom w e l l  soundings. Only sha l low w e l l s  were 

measured i n  o r d e r  t o  min imize e r r o r s  caused by changes i n  f l u i d  p o t e n t i a l  w i t h  

dep th  o r  by t h e  f l u i d  p o t e n t i a l  d i s t r i b u t i o n  i n  con f ined  a q u i f e r s .  

Data on s o i l  c h a r a c t e r i s t i c s  which were r e q u i r e d  t o  d e l i n e a t e  areas w i t h  de- 

s i r a b l e  f i l  t r a t i o n  p r o p e r t i e s  were then gathered and p l o t t e d .  Most were ob ta ined  

f rom s tud ies  by Chugg and o the rs  (1968a and 1968b), by  Poulson and o t h e r s  (1943),  

and by Morgan and Poul son (1950).  S o i l s  c l a s s i f i e d  as s i l t y  loams, sandy loams, 

and s i l t y  c l a y  loarns were se lec ted  as   no st promis i r lg  f o r  waste-water d i sposa l  be- 

cause o f  t h e i r  a p p r o p r i a t e  g r a i  n - s i ze  d i s t r i b u t i o n  w i t h  r espec t  t o  i n f i  1  t r a t i o n ,  

d i s p e r s i o n  and renova t i on  c h a r a c t e r i s t i c s  (F igu re  I 1  - 6 ) .  

To p r e d i c t  t he  e f f e c t  o f  a r t i f i c i a l  recharge on t h e  e x i s t i u g  sha l low ground- 

water  f l o w  system and t o  understand which subsurface u n i t s  would l i k e l y  r e c e i v e  

and conduct wastewater,  two maps, a  wa te r - t ab le  con tour  w i t h  gene ra l i zed  f l o w  n e t  

( F i g u r e  11-7) and a  geology map (F igu re  11-8) were cons t ruc ted  f rom f i e l d  and 

a e r i a l  photograph o b s e r v a t i o n s ~  Comparisons o f  these two maps helped i d e n t i f y  

t he  subsur face rocks  through which ground water  c u r r e n t l y  i s  f l o w i n g  and determine 

what m i g h t  be t he  subsurface f l o w  c h a r a c t e r i s t i c s  and renova t i ng  c a p a c i t i e s  o f  

t h e  h y d r o s t r a t i g r a p h i c  u n i t s  which these form. More d e t a i l e d  d iscuss ions  o f  t he  

i n d i v i d u a l  s i t e  s e l e c t i o n  c r i t e r i a  and how they  were eva lua ted  f o r  t h e  Idaho 

F a l l s - B l a c k f o o t  area f o l l o w .  

Topographic C r i t e r i o n  

V a r i a t i o n s  i n  t h e  topography o f  t h e  Idaho F a l l s - B l a c k f o o t  area a re  s t r o n g l y  

i n f l u e n c e d  by t he  rock  types o f  t he  area (F igu res  11-2 and 11-7). T e r t i a r y  and 

o l d e r  P le i s t ocene  s i l i c i c  v o l c a n i c  rocks  and assoc ia ted  sediments form the  steep- 
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t o - r o l l i n g  f o o t h i l l s  o f  t h e  B l a c k f o o t  Mountains sou th  and e a s t  o f  t h e  Snake R i v e r .  

These f o o t h i l l s  a r e  g e n e r a l l y  t o o  s teep f o r  waste-water  d i s p o s a l  on a  l a r g e  sca le .  

Younger Q u a t e r n a r y  Snake R i v e r  b a s a l t  f l o w s  which accu~i iu la ted n o r t h  and west o f  

t h e  Snake R i v e r  f o r m  a  l o w  i r r e g u l a r  su r face ;  t h i s  l o w - r e l i e f  s u r f a c e  does s a t i s -  

f y  t h e  topograph ic  c r i t e r i o n .  Between t h e  B l a c k f o o t  Mountains and t h e  ou tc rops  o f  

t h e  Snake R i v e r  b a s a l t  a r e  t h e  Q u a t e r n a r y  f l u v i a l  sediments which make up t h e  

n e a r l y  h o r i z o n t a l  f l o o d  p l a i n  and t e r r a c e s  o f  t h e  Snake R i v e r .  These l o w - r e l i e f  

s u r f a c e s  a l s o  conform t o  t h e  topograph ic  c r i t e r i o n .  

L o c a l l y  t h e  i r r e g u l a r i t i e s  o f  t h e  s lopes and s u r f a c e s  o f  b o t h  t h e  f o o t h i l l s  

and t h e  b a s a l t  p l a i n  have been so f tened  by a  l o e s s  mant le .  L o n g i t u d i n a l  sand 

dunes a l s o  have g i v e n  an i r r e g u l a r  s u r f a c e  t o  some o f  t h e  t e r r a c e  su r faces .  N e i t h e r  

o f  these  s u r f i c i a l  d e p o s i t s ,  however, had m o d i f i e d  t h e  c h a r a c t e r i s t i c  e x p r e s s i o n  

produced b y  t h e  u n d e r l y i n g  r o c k  t ypes  enough t o  a l t e r  t h e  genera l  e v a l u a t i o n  o f  

p o t e n t i a l  waste-water d i s p o s a l  areas based on t h e  topograph ic  c r i t e r i o n .  

T o p o g r a p h i c a l l y ,  then ,  b o t h  t h e  l o w  b a s a l t  and t h e  n e a r l y  h o r i z o n t a l  f l o o d  

p l a i n  and t e r r a c e  s u r f a c e s  a l o n g  t h e  Snake R i v e r  meet t h e  topograph ic  c r i t e r i o n  

f o r  waste-water d i s p o s a l .  Many o f  t h e  o t h e r  m a j o r  c i t i e s  o f  s o u t h  Idaho a r e  a l s o  

s i t u a t e d  on t h i s  s u r f a c e  o f  l o w  r e l i e f ,  c a l l e d  t h e  Snake R i v e r  P l a i n ,  and, t h e r e f o r e ,  

t h e y  appear c u r s o r i l y  t o  be f a v o r a b l y  l o c a t e d  w i t h  r e s p e c t  t o  s a t i s f y i n g  t h e  topo- 

g r a p h i c  c r i t e r i o n  f o r  waste-water  d i s p o s a l  . 
Unconso l ida ted  S e c t i o n  C r i t e r i o n  

Those a reas  o f  l ow r e l i e f  on t h e  Snake R i v e r  P l a i n  i n  t h e  Idaho F a l l s - B l a c k f o o t  

v i c i n i t y  which have an adequate subsur face t h i c k n e s s  o f  unconso l ida ted  m a t e r i a l  

f o r  c o n s i d e r a t i o n  as waste-water d i s p o s a l  s i t e s  a r e  t y p i c a l l y  r e s t r i c t e d  t o  t h e  

t e r r a c e s  and f l o o d  p l a i n  o f  t h e  Snake R i v e r  ( F i g u r e  11-4). The p a r t i a l l y  exposed 

b a s a l t  f l o w s  west  o f  t h e  r i v e r  may have a  t h i n  l o e s s  mant le ,  b u t  t h i s  u n c o n s o l i d a t e d  



m a t e r i a l  seldom was found t o  be s u f f i c i e n t l y  w idespread o r  t h i c k  t o  m e r i t  any 

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

The p r i n c i p a l  m a t e r i a l s  making up t h e  u n c o n s o l i d a t e d  s e c t i o n  beneath t h e  

n e a r l y  h o s ~ z o n t a l  f l o o d  p l a i n  and t e r r a c e  s u r f a c e s  a r e  f l u v i a l  s i l t s ,  sands and 

g r a v e l s  capped b y  s o i  1  . The f l  u v i a l  m a t e r i a l  fo rms a  s i n g l e  h y d r o s t r a t i g r a p h i c  

u n i  t w h i c h  has d e s i r a b l e  r e n o v a t i n g  and s t o r a g e  c h a r a c t e r i s t i c s  f o r  waste-water  

hand1 i ng . 

To g e n e r a l i z e ,  t h e  u n c o n s o l i d a t e d  f l u v i a l  m a t e r i a l  t h i c k e n s  southeastward 

between t h e  s o i l  c o v e r  and t h e  u n d e r l y i n g  b a s a l t  f l o w s .  Nor thwes t  o f  t h e  Snake 

R i v e r  t h i c k n e s s e s  i n  excess o f  50 f e e t  a r e  seldom encountered;  s o u t h e a s t  o f  t h e  

r i v e r  as  much as 600 f e e t  o f  u n c o n s o l i d a t e d  m a t e r i a l  was mapped. T h i s  wedge 

shaped d i s t r i b u t i o n  o f  a1 1  u v i a l  m a t e r i a l  makes t h e  P i n e d a l e  T e r r a c e  s o u t h  o f  

Idaho  F a l l s  (one m a j o r  waste-water  source )  and t h e  Gibson T e r r a c e  s o u t h  o f  

B l  a c k f o o t  ( a  second m a j o r  waste-water  source )  p o t e n t i  a1 waste-water  d i s p o s a l  

s i t e s  based on  t h e  u n c o n s o l i d a t e d  s e c t i o n  c r i t e r i o n .  The t h i c k  u n c o n s o l i d a t e d  

s e c t i o n  i s  c o n t i n u o u s  between t h e  two c i t i e s  and i s  l o c a t e d  i n  p r o x i m i t y  o f  

a d d i t i o n a l  waste-water  p r o d u c i n g  p r o c e s s i n g  p l a n t s  and s m a l l e r  communit ies.  

The o v e r a l l  t h i n n e s s  and p i n c h - o u t  o f  t h i s  m a t e r i a l  wes t  o f  t h e  Snake R i v e r  

i s  t h e  m a j o r  r e s t r i c t i n g  f a c t o r  l i m i t i n g  t h e  number o f  p o t e n t i a l  waste-water  d i s -  

posa l  s i t e s  on t h i s  s i d e  o f  t h e  r i v e r .  The t h i n n e r  u n c o n s o l i d a t e d  s e c t i o n s  form- 

i n g  t h e  l o w  t e r r a c e s  wes t  o f  B l a c k f o o t  and t h e  Snake R i v e r  a r e  capab le  o f  moderate 

r e n o v a t i o n  because some l o c a l i t i e s  do have m in ima l  t h i c k n e s s e s  o f  f l u v i a l  m a t e r i a l  

above b a s a l t  bedrock,  I f  d i s p o s a l  were a t tempted  here,  c a r e  would have t o  be t a k e n  

t o  i n s u r e  t h a t  wastewater  d i d  n o t  have a lmos t  d i r e c t  access t h r o u g h  t h e  t h i n  un- 

, -" c o n s o l i d a t e d  s e c t i o n  t o  permeable b a s a l t  be low and subsequen t l y  t o  t h e  ground- 

w a t e r  t a b l e  and s p r i n g s  l o c a t e d  t o  t h e  south .  
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Unsaturated Sec t i on  C r i t e r i o n  

The degree t o  which t he  p r e v i o u s l y  o u t l i n e d  t h i c k e r  sec t i ons  o f  unconso l i -  

dated f l u v i a l  sediments o f  t he  Snake R i ve r  f l o o d  p l a i n  and t e r r a c e s  can be used 

f o r  t e r r e s t r i a l  waste-water d isposa l  and renova t i on  i s  f u r t h e r  dependent on how 

w e l l  t he  unconso l ida ted  m a t e r i a l  meets t h e  unsa tu ra ted  s e c t i o n  c r i t e r i o n .  Where 

a  t h i c k e r  s e c t i o n  i s  present ,  as e a s t  o f  t he  r i v e r ,  t h e  depth t o  t he  wate r  t a b l e  

w i l l  determine t he  u t i l i t y  o f  t h a t  s e c t i o n  f o r  r enova t i ng  wastewater i n  an aerob ic  

environment,  

I n  genera l ,  w e l l  soundings and wa te r - t ab le  measurements show t h a t  t he  unsatu- 

r a t e d  zone i n  t he  unconso l ida ted  sediments i s  t h i n n e r  on the  f l o o d  p l a i n  near 

t h e  r i v e r  o r  s tand ing  bodies o f  water ,  such as American F a l l s  and B l a c k f o o t  Reser- 

v o i r s  ( F i g u r e  11-51; t h e  zone o f  a e r a t i o n  i s  t h i c k e r  beneath t he  r i v e r  t e r races ,  

t h e  sur faces  o f  which a r e  now we1 1  above r i v e r  l e v e l  . 
S p e c i f i c a l  l y ,  t h e  most p romis ing  areas f o r  waste-water d isposa l  w i t h i n  those 

areas which a1 so s a t i s f y  t he  c r i t e r i a  o f  g e n t l e  topography and t h i c k  unconso l ida ted  

s e c t i o n  a r e  t he  t e r r a c e  sur faces  e a s t  and south o f  Idaho F a l l s  and near t h e  f o o t -  

h i l l s  south o f  B lack foo t .  The unsa tu ra ted  s e c t i o n  above t he  l o c a l  water  t a b l e  i n  

these areas commonly exceeds 50 f e e t ,  a  t h i ckness  cons idered adequate f o r  normal 

waste-water d isposa l  through i r r i g a t i o n .  A t  some l o c a l i t i e s  t h i s  zone o f  a e r a t i o n  

approaches 100 f e e t ,  a  t h i ckness  which can handle i n t e n s e  d isposa l  i f  necessary. 

The wate r  t a b l e  west o f  t he  r i v e r  a1 so i s  more than  100 f e e t  below sur face  

l e v e l  i n  some l o c a t i o n s  (F igu re  11-31. Al though t h i s  would i n d i c a t e  t h a t  t he  un- 

conso l i da ted  f l  u v i a l  t e r r a c e  depos i t s  west o f  t he  r i v e r  commonly have t h e i r  e n t i r e  

t h i ckness  above t h e  wate r  t a b l e ,  i t  should be remembered t h a t  t h e  t e r r a c e  depos i ts  

a re  t h i n  and t he  aera ted  zone would p e r s i s t  50 o r  more f e e t  down i n t o  t he  under- 

l y i n g  b a s a l t .  Th i s  b a s a l t  has poor r enova t i ng  c h a r a c t e r i s t i c s  and as observed i n  

the  preceeding sec t i on ,  once wastewater ga ins access t o  t h i s  m a t e r i a l  , even i n  t he  
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unsaturated zone, t h e  chances o f  ground-water and sur face-water  con tamina t ion  i n -  

crease g r e a t l y .  

Gra in  S ize  C r i t e r i o n  -- 
The s o i l  types which o f f e r  t h e  most d e s i r a b l e  c h a r a c t e r i s t i c s  w i t h  r espec t  

t o  i n f i l t r a t i o n  r a t e  and decreases i n  i n f i l t r a t i o n  r a t e  due t o  d i s p e r s i o n  a re  

g e n e r a l l y  those which have h i g h  s i l t  and sand con ten t ,  These a r e  t y p i c a l l y  c l a s s i -  

f i e d  as s i l t y ,  sandy o r  g r a v e l l y  loams i n  t he  area o f  t h i s  s tudy.  These p r e f e r a b l e  

s o i l  types a re  commonly d i s t r i b u t e d  on t he  tops  o f  t he  t h i c k  unsaturated,  uncon- 

s o l i d a t e d  t e r r a c e  sec t i ons  o f  the  Snake R i ve r  p l a i n ,  t h e r e f o r e ,  t he  areas which 

have met t he  p r e v i o u s l y  discussed topographic  and unconsol i d a t e d  and unsaturated 

s e c t i o n  c r i t e r i a  a1 so g e n e r a l l y  s a t i s f y  the  s o i  1  c r i t e r i o n  (F igu re  11-6).  

The Idaho Fa1 1  s  area i s  almost surrounded by d e s i r a b l e  s o i l  types;  t he  Black-  

f o o t  area has more d e s i r a b l e  s o i l  types south o f  t h e  c i t y  and west o f  t he  Snake 

R iver ,  The sand dunes south o f  Idaho Fa1 1s a l s o  have t he  p roper  i n f i l t r a t i o n  

c h a r a c t e r i s t i c s ,  u n f o r t u n a t e l y ,  growing c o n d i t i o n s  a r e  f a r  f rom i d e a l  on t he  

dunes, and much o f  t he  i r r i g a t i o n  and f e r t i l i z a t i o n  aspect  o f  waste-water d i s -  

posal would be l o s t  i f  t e r r e s t r i a l  d i sposa l  was p r a c t i c e d  here. 

The h ighe r  sand c o n t e n t  o f  t h e  s o i l s  and t he  presence o f  dunes on t he  t e r r a c e  

sur face  e a s t  o f  t h e  r i v e r  r ep resen t  t he  n e t  e f f e c t  o f  a  dominant e a s t e r l y  wind 

d i r e c t i o n  and t he  a v a i l a b i l i t y  of f l u v i a l  sand. T h i s  a l s o  exp la i ns  t he  r a t h e r  

n o t i c e a b l e  l a c k  o f  s o i l s  w i t h  a  d e s i r a b l e  cor r~pos i t ion  f o r  i n f - i l t r a t i o n  on t he  

low t e r r a c e s  and b a s a l t  f l ows  west of t he  Snake R iver .  The l i g h t e r ,  l o e s s i a l  

m a t e r i a l s  which mant le  p a r t s  o f  these sur faces  appa ren t l y  were de r i ved  a t  some 

d i s tance  f rom the  s tudy  area on t he  Snake R i ve r  p l a i n ;  i t  i s  i n f l u e n c e s  such as 

t h i s  which may g i v e  an e n t i r e  area poor c a p a b i l i t y  f o r  t h e  i n f i l t r a t i o n  o f  waste- 

water , 



- 12 - 
A  f u r t h e r  s u b d i v i s i o n  o f  p o t e n t i a l  wastewater d i sposa l  s i t e s  has been made 

based on s p e c i f i c  s o i l  t ypes  ( F i g u r e  11-91; t h i s  s e l e c t i o n  re f inement  i s  one o f  t h e  

f i n a l  procedures p r i o r  t o  a  f i e l d  tes t l ' ng  program. 

Those p o t e n t i a l  d i sposa l  s i t e s  g i v e n  a f i r s t - c l a s s  r a t i n g  a r e  on s o i l s  which 

have l ow  c l a y  c o n t e n t  p l u s  t he  r e q u i s i t e  s i l t  and sand composi t ion.  Second-class 

s i t e s  a re  on s o i l s  which have a  g r e a t e r  c l a y  c o n t e n t  b u t  s t i l l  c o n t a i n  adequate 

s i l t  and sand f o r  good p e r m e a b i l i t y .  Both c lasses  o f  s i t e s ,  never the less ,  a r e  

cons idered  t o  have s a t i s f a c t o r y  i n f i l t r a t i o n  c h a r a c t e r i s t i c s  f o r  waste-water 

d i sposa l  and would n ier i  t c o n s i d e r a t i o n  f o r  t h i s  purpose. F i r s t - c l a s s  s i t e s  can 

be expected t o  handle a  h i g h e r  sus ta ined  d i sposa l  r a t e  and shou ld  be eva lua ted  

o r  s e l e c t e d  p r e f e r e n t i a l l y  i f  near a  source o f  e f f l u e n t .  

Ground-Water Flow System C r i t e r i o n  -- 
The sha l low ground-water f low system i n  t h e  s tudy  area i s  recharged by p re -  

c i p i t a t i o n  i n  t h e  f o o t h i l l s ,  by i n f l u e n t  streams f l o w i n g  across t h e  a rea  and by 

i r r i g a t i o n  on t h e  c u l t i v a t e d  land.  The n e t  e f f e c t  o f  these sources i s  a  sha l low 

ground-water system which moves w e s t e r l y  f rom upland source areas,  t u r n s  south-  

w e s t e r l y  beneath t h e  Snake R i v e r  p l a i n  and d ischarges ,  i n  p a r t ,  near t h e  southern 

l i m i t  o f  t h e  s t udy  area e i t h e r  as seepage i n t o  American F a l l s  Reservo i r ,  as seeps 

forming t h e  swamps on t h e  Snake R i ve r  f l o o d  p l a i n  o r  as s p r i n g s  a long t h e  t r u n -  

ca ted  edges o f  t h e  f l u v i a l  t e r r a c e s  ( F i g u r e  11-81. 

Fro111 a  waste-water d i sposa l  p o i n t  o f  v iew, t h e  p o t e n t i a l  d i s p o s a l  s i t e s  i n  

t h e  Idaho Fa1 1  s-Bl ackfoot  area which s a t i s f y  t h e  bas i c  topograph ic ,  subsur face 

and i n f i l t r a t i o n  c r i t e r i a  a r e  i n  areas where t h e  sha l low ground-water system 

cou ld  u t i  1  i z e  a d d i t i o n a l  recharge f rom waste-water d isposa l  through i r r i g a t i o n  

w i t h o u t  adverse e f f e c t ,  Caut ion,  however, m i g h t  need t o  be exe rc i sed  sou th  o f  

B lack foo t  where sp r i ngs  appear near r i v e r  l e v e l .  
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C u r r e n t l y ,  t h e  more no r t heas te rn  p a r t  of t h e  Idaho F a l l s - B l a c k f o o t  area i s  

s t r o n g l y  assoc ia ted  w i t h  t h e  recharge p o r t i o n  o f  t h e  recharge-d ischarge c y c l e  o f  

ground-water movement, W i t h i n  t h e  area o f  s tudy,  t h e r e f o r e ,  t h e  f a r t h e r  a  po- 

t e n t i a l  waste-water d i sposa l  s i t e  l i e s  upstream r e l a t i v e  t o  t h e  Snake R i ve r ,  t h e  

b e t t e r  t h e  p o t e n t i a l  s i t e  % s  l o c a t e d  f o r  sa fe  and b e n e f i c i a l  recharge t o  t h e  ground- 

water  f l  ow system, I n  a d d i t i o n ,  ground-water qua1 i ty s t u d i e s  (Dyer and Young, 1971 ) 

suggest t h a t  upstream d i sposa l  would be p r e f e r r e d  because o f  a  h i ghe r  concent ra-  

t i o n  o f  i o n s  a l r e a d y  p resen t  i n  t h e  ground-water near  t h e  downstream d ischarge  

areas. 

D i s p o s i t i o n  o f  wastewater th rough  i r r i g a t i o n  appears v e r y  f e a s i b l e  on t h e  

P ineda le  Ter race  near Idaho F a l l s .  The Snake R iver ,  a t  l e a s t  as f a r  southwest 

as B l a c k f o o t  i s  l o s i n g  wate r  t o  t h e  ground-water f l o w  system and any wastewater 

d isposed on t h e  P ineda le  su r f ace  which r e s u l t s  i n  ground-water recharge n o r t h  o f  

t h e  B l a c k f o o t  area w i l l  r e c e i v e  a  f i n a l  r e n o v a t i o n  d u r i n g  t h e  l o n g  southwestward 

subsur face m i g r a t i o n  toward a  d ischarge  area. L o c a l l y ,  on t he  Pinedale  Terrace,  

d isposa l  should  n o t  be p r a c t i c e d  near  t he  marg in  o f  B l a c k f o o t  Reservo i r  because 

t h e r e  t he  wate r  t a b l e  i s  near ground l e v e l  (see Unconsol idated C r i t e r i o n  s e c t i o n ) .  

D isposal  areas sou th  and e a s t  o f  B l a c k f o o t  can s t i l l  be found which w i l l  n o t  

damage o r  s i g n i f i c a n t l y  a1 t e r  t h e  sha l l ow  ground-water f l o w  system; i t  i s  o f  pa r -  

t i c u l a r  importance t o  avo id  t h e  d i sposa l  o f  wastewater -in t h e  v i c i n i t y  o f  t h e  

a b r u p t  edge o f  Gibson Ter race  near t h e  Snake R i v e r  f l o o d  p l a i n .  Seeps and sp r i ngs  

do occur  here and wastewater,  i f  i t  were used i n  i r r i g a t i o n  a l ong  t h e  edge o f  the  

t e r r a c e ,  c o u l d  m i g r a t e  downward through t he  zone o f  a e r a t i o n  and reappear w i t h i n  

a  s h o r t  d i s t ance ,  T h i s  wastewater no rma l l y  p robab l y  would be renovated i n  t he  

aera ted  zone, however, f o r  maximum s a f e t y ,  d i sposa l  th rough  i r r i g a t i o n  should  be 

l i m i t e d  t o  t h e  western p o r t i o n  o f  t h e  Gibson Terrace.  Wastewater d isposed i n  



t h i s  v i c i n i t y  would have t o  m ig ra te  a  cons iderab le  d i  stance be fo re  reappear ing 

a t  t he  surface, 

The same type  of ground-water c o n s i d e r a t i o n  should be a p p l i e d  i n  s e l e c t i n g  

d i sposa l  s i t e s  on low t e r r a c e s  on t he  west s i d e  o f  t he  Snake R i v e r  i n  t he  l i m i t e d  

number o f  areas which meet t h e  o t h e r  s e l e c t i o n  c r i t e r i a .  As a  general  r u l e ,  t he  

f a r t h e r  t h a t  one s e l e c t s  an i r r i g a t i o n  d l  sposal s i t e  away f rom the  American Fa1 1s 

Reservo i r  d ischarge  area, t h e  more d e s i r a b l e  t he  s i t e  w i l l  be r e l a t i v e  t o  ground- 

wate r  qua1 i ty  cons ide ra t i ons .  

Recommendations f o r  F i n a l  S e l e c t i o n  -- 
o f  T e r r e s t r i  a1 Waste-Water Disposal  S i t e s  - -- 

Before an i r r i g a t i o n  p r o ~ e c t  w i t h  wastewater i s  undertaken, some a d d i t i o n a l  

examinat ion and o n - s i t e  t e s t i n g  should be conducted. The major  v a r i a b l e s  which 

should be examined and cha rac te r i zed  be fo re  any 1  arge expend i tu res  a re  made i n -  

c l  ude : 

1. - The r e a c t i o n  -- o f  t h e  s p e c i f i c  e f f l u e n t  --- w i t h  t h e  s o i l ,  E f f l u e n t s  have 

d i f f e r e n t  c o n s t i t u e n t s ,  and t he  chemical r e a c t i o n s  and i o n  exchanges 

which w i l l  occur  between t h e  c o n s t i t u e n t s  and t h e  s i t e  s o i l  cover  must 

be determined. React ions and exchanges which a r e  adverse t o  the  crops, 

t he  so-i 1  , and t o  i n f i  1  t r a t l ' o n  capabi 1  i t i e s  must be recognized e a r l y  so 

t h a t  a  new s i t e  can be cons idered o r  c o r r e c t i v e  t rea tment  can be i n -  

co rpora ted  i n  t he  d isposa l  procedure be fo re  damage occurs t o  t he  hydro- 

s t r a t i g r a p h i c  un i  t . 
2. The method - o f  i r r i g a t i o n .  Each method of  i r r i g a t i o n  has i t s  advantages 

and disadvantages r e l a t i v e  t o  t he  d i sposa l  of wastewater, I t  i s  o f  pr ime 

importance t o  ensure ( a )  t h a t  t he  e f f l u e n t  i s  w e l l  d i s t r i b u t e d  over  t he  

sur face  o f  t he  i n f i l t r a t i o n  f i e l d ,  ( b )  t h a t  t he  e f f l u e n t  does n o t  accum- 

u l a t e  i n t o  long-s tand ing  puddles o r  ponds, and ( c )  t h a t  a  mon i t o r i ng  



system i s  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  so t h a t  un fo reseen  c o n d i t i o n s  do 

n o t  p e r m i t  t h e  e f f l u e n t  t o  m i g r a t e  d i r e c t l y  t o  n a t u r a l l y  f l o w i n g  streams 

o r  mai n  i r r i g a t i o n  d i  t ches ,  

3 .  --- The r a t e  o f  i n f i l t r a t i o n ,  The r a t e  a t  wh ich t h e  s i l t y ,  sandy s o i l s  can 

absorb wastewater  shou ld  be determined t h r o u g h  t e s t i n g .  T h i s  parameter  

w i l l  p a r t i a l l y  de te rm ine  s i z e  o f  d i s p o s a l  a r e a  necessary  t o  hand le  a  

s p e c i f i c  amount o f  e f f l u e n t  o r  t h e  l o a d i n g  wh ich  a  s i n g l e  s i t e  can 

hand le .  

4. -- The l o c a l  v a r i a t i o n s  -- o f  t h e  ground-water  f l o w  system. The w a t e r  t a b l e  -- 

beneath t h e  t e r r a c e  s u r f a c e s  commonly f l u c t u a t e s  w i t h  t h e  l o c a l  i r r i g a -  

t i o n  season; i t  i s  l o w e s t  i n  t h e  s p r i n g  and h i g h e s t  i n  t h e  f a l l .  Any 

p o t e n t i a l  waste-water  d l  sposa l  s i t e  shou ld  be m o n i t o r e d  th rough  an irri- 

g a t i o n  season t o  a f f i r m  t h a t  nearby i r r i g a t i o n  p r o j e c t s  do n o t  m o d i f y  

t h e  ground-water  f l o w  system. M o n i t o r i n g  would a l s o  r e c o r d  what e x c e s s i v e  

v a r i a t i o n s  o c c u r  and i f  t h e  zone o f  a e r a t i o n  i s  t e m p o r a r i l y  reduced below 

t h a t  needed f o r  adequate r e n o v a t i o n ,  

5 ,  -- The l o c a l  v a r i a t i o n s  - i n  ground-water  -- c o m p o s i t i o n .  J u s t  as t h e  l o c a l  

w a t e r  t a b l e  may r e f l e c t  t h e  i n f l u e n c e  o f  i r r i g a t i o n  p r o j e c t s ,  so may 

t h e  c o n c e n t r a t i o n  o f  contaminants  i n  t h e  ground wa te r ,  The source o f  

i r r i g a t i o n  wa te r ,  whether  r i v e r  o r  w e l l ,  i n f l u e n c e s  t h e  c o n c e n t r a t i o n  

o f  i o n s  i n  ground wa te r ,  and t h e  c o n c e n t r a t i o n  o f  these  i o n s  shou ld  be 

m o n i t o r e d  t h r o u g h  an i r r i g a t i o n  season t o  i d e n t i f y  t h e  v a r i a t i o n s  and 

ensure t h a t  waste-water  d i s p o s a l  w i l l  n o t  o v e r l o a d  t h e  r e n o v a t i o n  system. 

6. - The p o s s i b i l i t y  - o f  perched  w a t e r  t a b l e s ,  Care less  management and an i n -  

c rease  i n  i n f a l t r a t i o n  r a t e  may c r e a t e  a  perched w a t e r  t a b l e  i f  s t r a t i -  

f i e d ,  m o d e r a t e l y  impermeable c l a y  l a y e r s  o r  cemented zones e x i s t  i n  t h e  
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Unconsol i d a t e d  ma te r ia ; .  I- lei1 7 ass ,  ?,?onh,vr,fr2; su rveys  o r  h o r e h o l e  

d a t a  w i  i 1 p r o v i d e  i n f o r r n a t l o ~  on p o s s i b l e  i o c a l  b a r r i e r s  t c  downward 

waste-water  movement., The subsurf -ace s e c t i o n  s h o u l d  be ana lyzed  Geo- 

l o q ' i c a l l y  w i t h  t h i s  p o s s i b ~ l i  tji I n  mind t o  ensu re  t h a t  a waste-water  

s f  t e  w i l l  n o t  s a t u r a t e  t h e  a e r a t e d  zone, GeoioySc c c n d i t i o n s  a l s o  s h o u l d  

n o t  be such t h a t  t h e  wou ld  p e v m i t  spv'-in'gs and seeps t o  d e v e j o p  f r o m  

perched w a t e r  t a b l e s  and 2m:t un renova ted  ~ ! a t e r  ' to s u r f a c e  dra inageways.  

7 .  -- The n u t r i e n t  v a l u e  o f  t h e  eff:uent The components o f  t h e  e f f ' u e n t  - - ,- ----.- 

w h i c h  w i l l  a f f e c t  o r  be u t , i l i z e d  by  ~ e g e t a t j o n  need t o  be i d e n t i f i e d .  

S p e c i f i c  c r o p s  o f t e n  respond b e t t e r  t o  spec4 , f i c  n c r t r j e n t s ,  arid a  com- 

p a t i b l e  c r o p - n u t l r i e n t  r e l a t i o n s h i p  s h o u j d  be e s t a b l i s h e d  f o r  economic 

1 1 5 ~  o f  t h e  f e r t i l  j z a t i o n  potex;.t ial  o f  d o i ~ e s t ~ c  and 1 i v e s t o c k  e f f l u e n t .  

A few t r s c e  e lemen ts  can be c o n c e n t r a t e d  by  some p ' l a n t s  t o  l e v e l s  

h a r m f u l  t o  a n i m a l s ;  and i:'i this p n s s i b i l s t y  e x i s t s  because o f  t h e  n a t u r e  

o f  an .i n d u s t r i a i  e F t j  !.ient, o t h e r  d l  sposa i  p rocedures  s h o u l d  be c o n s j d e r e d .  

Spray  i r r i g a t i o n  o f  f o r e s t e d  l a n d  i s  one p o s s i b i l i t y .  

Summa2 

The d i s p o s a l  o f  m u n i c i p a l  , i n d u s t r i a ?  and l i v e s t o c k  wastewaters  i n t o  t h e  

Snake R i v e r  and i t s  t r i b u t a r i e s  i s  t h e  source o f  a  s e r i o u s  s u r f a c e - w a t e r  p o l l u t i o n  

p rob lem i n  t h e  s o u t h e r n  p a r t  o f  I daho ,  I n  some cases was tewa te r  i s  a l s o  a  t h r e a t  

t o  t h e  ground-water  r e s o u r c e .  Renova t ion  t h r o u g h  i r r i q a t i o n  w i  t.h c o i n c i d e n t a l  

c r o p  f e r t i l i z a t i o n  and ground-water  r e c h a r g e  i s  p roposed here- in  f o r  hydrogeo- 

l o g i c a l l y  s u i t a b l e  p o r t ~ o n s  o f  t h e  Snake R i ~ e r  P l a i n ,  i n  1 i e u  o f  e x p e n s i v e  

t e r t i a r y ,  and i n  some cases secondary,  t r e a t m e n t .  T1.le r e g i o n  near  I d a h o  F a i l s -  

B l a c k f o o t  has been used as a  case s t u d y  a rea  t o  e s t a b l i s h  t h e  methodo logy f o r  se- 

l e c t i  ng s u i t a b l e  t e r r e s t r i a l  d i s p o s a l  s i . t e s ,  The p r c c e d u r e s  u t i l i z e d  a r e  s u f -  

f i c i e n t l y  s i m p l e  t h a t  t h e y  a r e  r e a d i l y  a d a p t a b l e  t o  o t h e r  ' l a r g e r  a reas ,  
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Safeguard ing sur face-wate r  and ground-water resources,  p r o v i d i n g  f o r  maximum 

p r o b a b ~ h t y  o f  p roper  r e n o v a t j o n  o f  wastewater and min imizsng des ign  and super-  

v l saon  requ i rements  a r e  conditions which must be s d t i s f l e d  by any t e r r e s t r i a l  

waste-water  d i sposa l  p r o j e c t ,  The c m t e r l a  t o r  selecting s i t e s  which meet these 

condr t i o n s  f o r  pr dper dasposal and renoea t l on  Tnclude g e n t l e  topography, a  t h i c k  

subsur face sect7 on o f  dnconsol i d a t e d  , unsa tu ra ted  porous medlum, a  s u r f  i c i  a l  

mant le  p i  hagh sand-sa l t con ten t  and a w e l l  unders tood sha l low ground-water f l o w  

system- E v a l u a t ~ o n  and mapping w i t h  r e s p e c t  t o  these c r i t e r i a  i n  t h e  a rea  between 

lddho F a l l s  and B lack foo t ,  Idaho, has f a c i l ~ t a t e d  the  d e l i n e a t i o n  o f  s e c t i o n s  o f  

l and  whesevn success fu l  t e r r e s t r i a l  d i sposa l  o f  wastewater can be expected, The 

de l  i neat r  on o f  such areas pe rm i t s  munr cr"pal7" t i e s  t o  i d e n t i f y  s7" t e s  f o r  t e r r e s t r i  a1 

d i sposa l  o f  d o m e s t ~ c  wastewater,  and i t  p rov i des  ~ n d u s t s y  w i t h  t h e  o p p o r t u n i t y  t o  

s e l e c t  l o c a t i o n s  f o r  f u t u r e  operations f rom w h ~ c h  t e f r e s t r i a l  d i sposa l  o f  waste- 

wa te t  i s  an t i capa ted ;  such p l ann ing  i s  e s s e n t i a l  t o  t h e  e l i m i n a t i o n  o f  n u t r i e n t  

enr ichment  o f  sur face-water  bodies i n  t h e  f u t u r e -  



IRRiGATTON k: "Id ~ J A S T E ~ ~ A T E R  FROM ------ --,- -----. --- - 

The e + + e i t  ivene;. u p  a w a ~ t e w d t e v  d ,poa61 p T o g T x  employed b j  t he  Green 

G ; a n t  Co~.~ , ry  o4 B ~ ~ h "  , id390, h;= w e n  4nvest7ys+ed The a ~ r n s  o f  t he  s tudy  which 

was conducted w : t h  t k  caopeva t ;o r  qi t he  con pan^ were: 

2. Cbe;~ c;' at13 35': 5:  t h e  ~ ~ , t e ~ ~ , t e r  

4 t ~ a  b i t  sn eC $ ? c b 3 - g e  o +  g f o ~ ~ n d  n a t e r  by p e , p ' a t 7 n g  wastewater.  

<q ,,' Y ot-e,,-t , ps -. .--- .-*-: ----. 

- -, Far  o b j e c t i v e  zumber one, a pot - tab ie  sc; ; a q e i  wd? used t o  d c i l l  numerous 

te.;t hcier: ; ~ t  i : a . r . i ~ ~ l ;  po . , n t s  - n  f ! e l 0 3  lis2d as c! spo:.c.l s i te,"  The;e ho les were 

d = i !  :'ed t s  the bedrack ~ ~ i ? " a c e ,  and so : s a w j e s  rue,-€ e x t ( 6 c t e d  a t  t h r e e  f o o t  

'n tervaTs,  startrng zt: t he  surface. N u ~ e ! w s  analyses he re  conducted on these 

sanples and they  GY'e presented i n  Tabye 111-'i.. F i e l d  no tes  (summarized ?'n Tab le  

! i i - 2 ~  were u t l l - i z e d  f0.t- t he  cc;nstr! ict.on of a  t o p c 3 r a p h r i  ,nap ( n o t  shown) of t h e  

so l1  sur face  and o f  t h e  bed<o:k s ~ r f o c e  Add:t .onal  , n fo r xa t - ! on  f o e  dep th  of 

s o i l  c o ~ t e r  above bedrock h a 3  ob ta lned  bJl sbbsequeflt t e s t  b(j,;ng by augers, The 

t h i ckness  of  t he  uncon ;~ '  d.- t e d  zJi?e ~va; c o ~ s ; s t . e n t l y  n.;tIe f e e t  op 'iess, and i n  

o n l y  ope ho'le was 2 siit.i:..atod zone + ~ i ) ~ . d e d  

F?g;rre I i P - 1  : i  a n3.p 3 f  t he  ! . . - -gated ? i e l d s  showlrlg d ; - , i l '  s i t e s ,  sample 

pa;;ots  2nd !n3tY'c;ment Ic:3t:on;. 



TABLE 111-1 

Size, Class and Diameter of P a r t i c l e s  (E.) (percent),  e, CEC - -- 

St t e  11  #2 t 3  t 4  #5 66 #7 
Depth -0' 0' 3 '  6 '  9 '  

Sands X 
VCS 
CS 
MS 
FS 
VFS 

Tota l *  

S i l t s  X 
FS 
MS 
cs 

Tota l  

Clay X 

Gravel - 
Stone X T T 10.79 18.50 T 11.74 T T 28.08 0 6.86 T 0 T 2.63 34.18 8.79 T T 12.57 8.48 

Texture 
Class SL SL L GFSL SL , S L  SL SL GFSL SL SL SL SL S L .  SL GL L SL SL L L 

CEC 23.78 18.47 15.75 15.55 21.84 21.01 23.78 18.27 13.79 17.55 20.71 19.49 17.24 23.98 17.75 12.56 33.16 21.12 15.92 17.84 21.94 

*Tota ls  may n o t  be exac t  sum o f  cons t i tuen ts  because o f  small  a n a l y t i c a l  e r r o r .  



TABLE 111-2 

D r i  11 Data -- 
L a t e  C o r n f i e l d  ( n o t  --- shown i n  F i gu re  111-1, 32 ac res )  -- -- 

1. Clay t o  4"  appprox-fmately 1 -1 /2 '  g rave l  ( l a r g e r  t han  usual  pea-s ize )  , 
then  a  l i g h t - c o l o r e d  f i n e  sand l a y e r ,  t o  bot tom a t  9 ' 1 " .  Dry, 

2, Four f e e t  of c l a y ;  then  g rave l  1-1/2"hick, Bedrock 8 ' 6 "  down, 

3. H i t  g rave l  a t  3 ' ,  40-112" deep. Dry. 

4. H i t  g rave l  a t  3 ' ,  ho l e  57" deep, 

5. H i t  ve ry  wet c l a y  a t  3 ' ,  and d r i l l i n g  was very  easy a f t e r  t h i s  l a y e r  
was h i t ,  No g rave l  encountered, ho le  51" deep and d r y .  

6. A t  3 '  i s  c l a y ,  a t  5 '  i s  hardpan, d r y .  A t  8-112'  i s  wet, easy d r i l l i n g .  
A t  11-12'  g e t s  ve r y  hard t o  d r i l l  t h rough  hard-packed c l a y  which s t a l l s  
t h e  d r i l l  v e r y  e a s i l y .  The c l a y  i s  m o i s t  b u t  r e l a t i v e l y  d r y  f o r  t h i s  
depth,  Two ho les ,  deep ho le  i s  1 6 ' 7 " ,  w i t h  7 ' 9 "  o f  wa te r  ( 8 ' 1 0 "  t o  wa te r  
t a b l e ) ,  Shal low h o l e  i s  14 '11"  deep w i t h  6 '3 -112"  o f  wa te r  (8 '7 -112"  t o  
water  t a b l e ) .  

7. Gravel  a t  2" down t o  3 -112-4 ' ,  Hold  4 '  deep. Dry. 

8.  Hole  s t i l l  o n l y  4 ' ,  b u t  t h e  c l a y  was q u i t e  m o i s t  a t  t ime  o f  d r i l l i n g .  
Hole  i s  d r y  now, 

9. E v i d e n t l y  no obv ious g rave l  l a y e r ,  c l a y  t o  bot tom o f  ho le?  F i r s t  h o l e  
85",  w i t h  29" o f  wa te r  (56" t o  wa te r  t a b l e ) .  NOTE: Examinat ion o f  s i t e  
t h r e e  days 1  a . ter  showed no s tand ing  wate r ;  so o n l y  a  temporary perched 
zone. 

La te  C o r n f i e l d  (9A -- i n  F i g u r e  111-1) 

1  . 62" deep, c l a y e y  so i  1  o v e r l y i n g  bedrock,  no wate r ,  no g rave l  , and h o l e  
i s  5 '  f rom l a r g e  i r r i g a t i o n  d i t c h  c a r r y i n g  wate r  a1 1  o f  t h e  t ime.  

2. C layey s o i l  down t o  4 -1 /2 ' ,  g rave l  f rom 4-112-6' w i t h  hard d r i l l i n g  
i n  t h i s  s t r e t c h  o f  p r o f i l e .  Beneath 6 '  t h e  d r i l l i n g  was e a s i e r ,  h o l e  
depths a r e  107" and go",  b o t h  d r y .  

3. A t  4-112' h i t  pea-grave l  , a t  6 '  d r i l l i n g  was much eas ie r ,  t he  c l a y  q u i t e  
wet, mixed w i t h  g r a v e l ,  Holes a r e  113-112" and 89".  Dry* 

4. Shal low, o n l y  one ho le ,  49-1/2" deep, no g r a v e l ,  

B a r l e y  F i e l d  ( 8  ac res )  - - -- 

1. H i t  v e r y  wet c l a y  a t  bot tom o f  ho le ,  a t  t ime  o f  d r i  11 i n g  I was sure  t h a t  
wa te r  t a b l e  had been reached, b u t  a  check s i x  days 1  a t e r  shows d r y  ho le .  
D r i l l e d  t o  91", b u t  no p iezometers  e s t a b l i s h e d  y e t .  The ho les  were hard 
d r i l l i ~ g  a t  4-5-112' , w i t h  hard c l a y  o r  c l a y  and g rave l  m ix ,  A f t e r  
t h i s  d i f f i c u l t y  t he  ho les  went f a s t  as t h e  v e r y  wet c l a y  was encountered, 
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TABLE I 1  1-2, Cont inued -- 

Barley  F i e l d  ( 8  ac res) ,  Cont inued - -- 

2. Shallow, down t o  around 3 ' .  

3. H i t  g rave l  4-1/2 ' ,  ho le  approx imate ly  6 '  deep. 

4. Hole 5 '  , no g rave l  . 
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Grai  n  S ize  

Mechanical a n a l y s i s  o f  t he  s o i  1  p a r t i c l e - s i z e  d i s t r i b u t i o n ,  a n a l y s i s  o f  c a t i o n  

exchange c a p a c i t y  and s o i l  pH, and X-ray d i f f r a c t i o n  a n a l y s i s  o f  c l a y  m ine ra l s  

p resen t  i n  t h e  samples were conducted a t  l a b o r a t o r i e s  on t he  U n i v e r s i t y  o f  Idaho 

campus. Mechanical analyses (see Table 111-1) show t h a t  a t  t he  s o i l  sur face,  

g r a i  n -s ize  d i s t r i  b u t i o n  averages 14.45% sands (2-0.05 mm) , 66.13% s i l t s  (0.05- 

0 -002  mm), and 19,41% c l a y - s i z e d  p a r t i c l e s  (e0.002 mm), Th i s  s o i l  i s  c l a s s i f i e d  

as a s f l t  loam, 

A t  a  depth o f  3  f e e t ,  t he  s o i  1  column averages 16.64% sands, 66.91 % s i  1  t s ,  

and 16.98% c lays .  A t  6  f e e t ,  t h e  average i s  45.82% sands, 40.85% s i l t s ,  and 

13.58% c l a y s .  A t  t he  few s i t e s  where t he  s o i l  column was 9  f e e t  deep t he  averages 

were 44,36% sands, 41.13% s i  1  t s ,  and 14.52% c lays ,  Thus t he  s o i  1  column v a r i e s  

from a  s i l t  loam a t  t he  sur face,  s i l t  loam a t  t h r e e  f e e t ,  t o  a  g r a v e l l y  f i n e  

sandy loam a t  s i x  f e e t ,  and t o  a  loam a t  n i ne  f e e t ,  

S o i l  pH 

pH a n a l y s i s  o f  t h e  s o i l  samples (Table 111-1) i l l u s t r a t e d  t h a t  t he  s o i l  was 

s l i g h t l y  bas i c .  A t  t he  sur face,  pH averaged 7.71, a t  t he  t h r e e - f o o t  depth i t  

averaged 8.05, a t  s i x  f e e t  i t  was 8,24, and pH a t  n i n e  f e e t  was 8.12. Assoc ia ted 

c a t i o n  exchange c a p a c i t y  (Table 111-1) v a r i e d  f rom an average o f  22.33 meq./100 

gm a t  t he  sur face,  t o  18,03 meq./100 gm a t  t h r e e  f e e t ,  12.49 meq./100 gm a t  s i x  

f e e t ,  and 23.55 meq./100 gm a t  n i ne  f e e t .  

C l  ay M inera l  s  

For  X-ray d i f f r a c t i o n  ana l ys i s ,  sarr~ple m a t e r i a l  was a i r - d r i e d  and then s i f t e d  

th rough a  #ZOO s ieve  (,074 mm). I nc l uded  i n  t h e  sample f o r  a n a l y s i s  was bo th  s i l t  

and c l a y - s i z e d  m a t e r i a l ,  Most su r f ace  samples i n d i c a t e d  t he  presence o f  an 

amorphous t o  p o o r l y  c r y s t a l  1  i ne ma te r i a l - poss i  b l y  a1 1  ophane o r  g l ass  shards i n  



ash, I n  genera l  t h e  samples a r e  poor  i n  c l a y  m i n e r a l s  and c o n s i s t  m a i n l y  o f  qua r t z ,  

carbonates,  and f e l dspa r .  Table  111-3 i s  a  breakdown o f  t h e  m ine ra l  types as de- 

t e c t e d  by  X-ray d i f f r a c t i o n  a n a l y s i s .  

TABLE 111-3 

M ine ra l s  Detected b y  X-ray D i f f r a c t i o n  Ana l ys i s  

Vermi - 
Montmor- 111 1 i t e ,  Kaol-  c u l  i t e  

Sample i l l i n o i d s  Mica i n i  t e  C h l o r i t e  Q u a r t z  C a l c i t e  Fe ldspar  

1 -0 '  Trace Trace 
3 "  Trace 
6 ' 
8 '  

Trace 

Trace 

4-3 '  Trace 
4% ' Trace Trace 

5-0'  Trace Trace 
3 ' Trace Trace 

6-0 '  Trace Trace 
3 ' Trace Trace 
6 ' 
9 ' Trace 

7-0'  Trace Trace Trace 
3 ' Trace Trace 
6 '  
9 ' 

X i n d i c a t e s  presence. 

Renovat ion P o t e n t i a l  

Wi th  t h e  excep t i on  o f  s o i l  th i ckness ,  t h e  o v e r a l l  c h a r a c t e r i s t i c s  a re  w e l l  

s u i t e d  f o r  t h e  purposes o f  r enova t i ng  h i g h  BOD wastewater.  The g e n e r a l l y  low 



concen t ra t i on  o f  c l a y  minera ls ,  which o r d i n a r i l y  would r e s u l t  i n  r e l a t i v e l y  low 

c a t i o n  exchange c a p a c i t y  f o r  t he  s o i l  , i s  compensated by  re1  a t i  v e l y  h i gh  concen- 

t r a t i o n s  o f  o rgan i c  m a t e r i a l  i nco rpo ra ted  w i t h i n  the  s o i l .  The presence o f  o rgan i c  

m a t t e r  has thus g i ven  t he  s o i l  a  f avo rab le  exchange capac i t y ,  and a t  t he  same t ime 

has added t o  t h e  t i 1  t h  o f  t h e  s o i l ,  The one m a ~ o r  l i m i t a t i o n  f o r  t he  two repre -  

s e n t a t i  ve f i e l d s  whose p r o f i l e s  a r e  dep i c ted  i n  F igu re  111-1, i s  t he  general  

l a c k  o f  adequate depth o f  unconsol idated m a t e r i a l  ( s o i l  cover )  ove r  t he  b a s a l t  

bedrockc As w i l l  be shown l a t e r ,  t h i s  l i m i t a t i o n  a long  w i t h  t h e  topography o f  

t he  f i e l d ,  necess i t a tes  a p p l i c a t i o n  r a t e s  l e s s  than  op t ima l  f o r  p l a n t  growth. 

Wastewater Cha rac te r i  s t i  cs  

The second o b j e c t i v e  o f  t he  study, t h e  chemical a n a l y s i s  o f  t he  wastewaters 

which Green G ian t  p r e s e n t l y  a p p l i e s  t o  i t s  f i e l d s ,  encompasses da ta  f rom two 

d i f f e r e n t  years.  Table I 1  1-4 i s  a  summary o f  chemical a n a l y s i s  f o r  co rn  s t a r c h  

wastewater d e r i v e d  f rom f a c t o r y  opera t ions ,  ens i l age  dra inage f rom s o l i d  co rn  

wastes screened f rom the  wastewater, and a  summary o f  chemical q u a l i t y  charac te r -  

i s t i c  o f  water  f rom t h e  Snake R i ve r  i r r i g a t i o n  d i v e r s i o n  d i t c h .  There i s  con- 

s i d e r a b l e  v a r i a b i l i t y  i n  t he  data f o r  t he  wastewater i n  1969 and 1971. There i s  

no ques t i on  b u t  t h a t  t h e  wastewater i s  poor  i n  q u a l i t y .  The h i g h  E.C., low pH, 

and h i g h  concen t ra t i on  o f  s a l t s  a re  a l l  p o t e n t i a l l y  de t r imen ta l  if c a r e f u l  

management techniques a re  n o t  p r a c t i c e d .  

An e v a l u a t i o n  o f  t h e  more impo r tan t  c h a r a c t e r i s t i c s  o f  t he  wastewater 

f rom t h e  Green G ian t  o p e r a t i o n  can be accomplished by computing t he  sodium- 

adso rp t i on  r a t i o .  (SAR) o f  t he  e f f l u e n t .  The SAR and E.C. can then  be used t o  

determine t he  S a l i n i t y  hazard and assoc ia ted  c l a s s i f i c a t i o n  f o r  t h i s  wa te r  as 

determined f rom the  Department of A g r i c u l t u r e  Handbook No. 60, page 80, f o r  

Table 111-5. 



TABLE 111-4 

Water Qua1 i ty  Data 

Summary - o f  Chemical Data f o r  Wastewater, 1969 -- 

1969 & -- DO - BOD* C o l i * *  "4 N - 3 ca C1- - Na - K 

Summary - o f  Chem,ical Data f o r >  Wastewater, 1971 -- 
1971 NO 
- pH EC Col i ** - 3 ca - C1- - Na - K 

Summary o f  Chemical Data f o r  D i t c h  Water f r o m  Snake R i v e r  D i v e r s i o n  ------- 

* I n  a l l  cdses, t h e r e  was i n s u f f i c i e n t  d i l u t i o n  o f  sample t o  p e r m i t  a  r e a d i n g  o f  oxy-  
gen a t  t h e  end o f  f i v e - d a y  i n c u b a t i o n .  The BOD o f  wastewater  exceeds 17,000 ppm, 
and t h e  upper  l i m i t s  o f  p r o b a b l e  BOD can o n l y  be guessed a t  around 50,000 ppm. 

* *Near l y  a l l  samples o f  wastewater  showed t h e  presence o f  feca' l  c o l  i f o r m .  MPN c o l i -  
f o r m  coun ts  a t  a1 1  t i m e s  exceeded 240 X 1  06,  

Summary - o f  Ens i  1  age D r a i  nage 

EC DO BOD* Col i** "4 1969 pH - - - N - Fla - K - - Ca - C1- 

*BOD e x c e e d i n g l y  h i g h ,  b u t  neve r  measured because o f  i n s u f f i c i e n t  d i  1  u t i o n .  The max i -  
mum d i l u t i o n  used y i e l d e d  a  BOD i n  excess o f  116,000 ppm. 

* *Co l i f o rm coun ts  v a r i e d  f r o m  MPN o f  38,000 t o  120,0000 Counts were l o w e r  t h a n  t h e  
coun ts  exper ienced  w i t h  wastewater .  T e s t s  f o r  p resence o f  f eca l  c o l i f o r m  were n o t  
made because o f  i nadequa te  l a b o r a t o r y  f a c i  l i t ~ e s  i n  1969, b u t  t h e i r  p resence i s  
h i g h l y  u n l i k e l y ,  



TABLE 111-5 

Computat ion --- o f  SAR f o r  Wastewater, - EC 

Date - Na - !9 - Ca SAR EC - 

Sep. 5, 1969 83 23 13 4.3 808 
2 2 79 2 2 11 4,2 732 

C l a s s i f i c a t i o n  

O f f  t h e  t a b l e  
C3-S1 
C3-S1 

I n  genera l  , t h e  wastewater  r e p r e s e n t s  a sodium (a1 k a l  i )  hazard o n l y  f o r  t h e  

e a r l y  p e r i o d  o f  cann ing  o p e r a t i o n s .  Bu t  t h e  s a l i n i t y  hazard remains h i g h  th rough-  

o u t  t h e  cann ing  season. There i s  a p l u s - f a c t o r ,  though, t h a t  must be cons ide red .  

T h i s  i s  t h e  e q u i v a l e n t  amount o f  commercial f e r t i  1 i z e r  p r e s e n t  i n  t h e  wastewater .  

One wou ld  e x p e c t  t h a t  an e f f l u e n t  so h i g h l y  l oaded  w i t h  o r g a n i c  c o n s t i t u e n t s  

would  p rove  o f  s p e c i a l  v a l u e  t o  c rops  as a f e r t i l i z i n g  agent .  A c c o r d i n g l y ,  equ iva -  

l e n t  v a l u e s  f o r  n i t r o g e n ,  potash,  and phosphate i n  pounds p e r  a c r e  were con'lputed 

f o r  t h o s e  d a t e s  when d a t a  p e r m i t t e d  t h i s  computat ion.  

T a b l e  111-6 i s  a summary o f  t h e  f e r t i l i z e r  e q u i v a l e n t  i n  t h e  wastewater .  

TABLE 111-6 

F e r t i  1 i z e r  Components P resen t  - and Re1 a t i  ve Amounts 

Date  Lbs. P205 /Ac re - f t .  Lbs. K20 /Ac re - f t .  - Lbs, N / A c r e - f t .  

Aug. 28, 1969 11 -26  7,72 473.77 

Sept .  5, 1969 20.18 

Sept.  22, 1969 28.53 

These f i g u r e s  r e p r e s e n t  h i g h l y  s i g n i f i c a n t  amounts o f  f e r t i  1 i z e r  a v a i  1 a b l e  

f o r  p l a n t  growth.  The s i g n i f j c a n c e  o f  b o t h  t h e  s a l  i n i  t y  and a1 k a l  i hazard,  and 

t h e  v a l u e  of f e r t i l i z e r  components, w i l l  be e v a l u a t e d  subsequent ly .  
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S o i l  Water Sampling -- 

O b j e c t i v e  number t h r e e  was t h e  de te rm ina t i on  of t h e  degree of r e n o v a t i o n  

ach ieved v i a  t e r r e s t r i a l  a p p l i c a t i o n  o f  wastewater. A  number o f  s o i l  wa te r  

samples were ob ta i ned  f o r  a n a l y s i s  by  means o f  tens iomete r  tubes. The tubes, 

c o n s i s t i n g  of 2 - i nch  d iamete r  p l a s t i c  p i pes  48 inches  i n  l e n g t h  w i t h  a  porous 

ceramic cup f i x e d  over  t h e  bot tom opening o f  t h e  tube, were i n s t a l l e d  i n  v e r t i c a l  

ho les  augered i n t o  t h e  s o i l .  The bot tom o f  each ho le  i s  shaped i n t o  t h e  d i -  

mensions o f  t h e  ceramic cup t o  ensure a  c l o s e  f i t  and seal  between t h e  cup and 

t h e  s o i l .  A f t e r  t h e  tube i s  i n s e r t e d  i n t o  t h e  h o l e  and t h e  cup i s  t u rned  i n t o  

t h e  shaped bot tom o f  t h e  ho le ,  t h e  s o i l  i s  tamped t i g h t l y  around t he  tube t o  

p reven t  t he  access o f  sur face water  t o  t h e  tube. I t  i s  i m p o r t a n t  t h a t  t h e  

wastewater n o t  be a l lowed t o  f l o w  around t h e  tubes because t h i s  m igh t  ve r y  

we1 1  contaminate t h e  s o i  1  moi s t u r e  sample. 

The s o i l  mo i s tu re  sample was ob ta ined  by e s t a b l i s h i n g  a  vacuum i n  t h e  tube. 

A  rubber  s topper  w i t h  a  s i n g l e  h o l e  d r i l l e d  th rough  i t s  c e n t e r  and a  s h o r t  

l e n g t h  o f  g l a s s  t u b i n g  f i x e d  i n  t he  ho le  was p laced  ove r  t h e  t o p  end o f  t h e  

tube. A i r  was pumped f rom t h e  tube th rough  t h e  c e n t e r  opening i n  t h e  s topper .  

A  vacuum o f  about  1 /3  atmosphere cou ld  be e s t a b l i s h e d  w i t h  t h e  s imp le  hand 

pump used i n  t h e  f i e l d .  The vacuum served t o  draw s o i l  m o i s t u r e  f rom ad jacen t  

s o i l  i n t o  t h e  tube th rough  t h e  porous ceramic cup. 

I n  1969 tubes were i n s t a l l e d  i n  p a i r s  i n  t h e  9-acre f i e l d  l a b e l e d  as 

f i e l d  9-A i n  F i gu re  111-1. One tube was i n s t a l l e d  a t  24 inches.  The second 

was i n s t a l l e d  a t  48 inches.  I n  a d d i t i o n ,  one sha l low and one deep t e n s i o -  

meter  were i n s t a l l e d  on t h e  pe r ime te r  o f  t h e  e n s i l a g e  d i sposa l  s i t e  ( F i g u r e  

111-1).  

For 1970 t h e  researchers  s h i f t e d  t h e i r  a t t e n t i o n  t o  t h e  l a r g e r  18-acre 

f i e l d  l a b e l e d  17-A i n  F i gu re  111-1. For  t h i s  sampling, tubes were i n s t a l l e d  
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a t  o n l y  one depth,  t h a t  o f  48 inches.  The researchers were i n t e r e s t e d  p r i m a r i l y  

i n  t he  de te rm ina t i on  o f  the  q u a l i t y  o f  wa te r  p e r c o l a t i n g  toward t he  water  t a b l e .  

A  separate research  a c t i v i t y  was subsequent ly devoted t o  t he  determi  n a t i o n  o f  

i n t e r a c t i o n  between s o i l  and p e r c o l a t i n g  wastewater a t  depths l e s s  than  48 inches 

w i t h i n  t h e  so i  1  column. That  i n f o r m a t i o n  i s  presented i n  Chapter I V  o f  t h i s  

r e p o r t .  

Dur ing 1971 t h e  researchers  i n s t a l l e d  ins t ruments  i n  f i e l d s  9-A and 17-A, 

and i n  a  research  p l o t ,  a t  t h e  depth o f  48 inches.  For a l l  t h r e e  years  t h e  

f i e l d  p o s i t i o n  o f  i ns t rumen t  s i t e s  i s  i n d i c a t e d  i n  F igure  111-1. Data on t h e  

chemical na tu re  o f  water  samples a re  presented i n  Table 111-7. 

Renovat ion - o f  Wastewater 

I n  o rde r  t o  d iscuss  t he  degree o f  renova t ion ,  we have compared t he  va lues 

f o r  each parameter f o r  wastewater versus s o i l  wa te r  sample; pH w i l l  be con- 

s i de red  f i r s t ,  

pH 

As shown i n  Table 111-4, t h e  pH da ta  f o r  wastewater were q u i t e  v a r i a b l e  

d u r i n g  t h e  two years  o f  record .  I n  1969 pH remained r e l a t i v e l y  low through-  

o u t  t he  canning season f rom beg inn ing  t o  end. I n  1971 t he  pH s t a r t e d  a t  

near -neu t ra l  7.4 and p r o g r e s s i v e l y  d e t e r i o r a t e d  t o  a  low read ing  o f  4,1. Th i s  

low read ing  i s  ve ry  comparable t o  t he  1969 average read ing .  Comparison o f  

t he  f i e l d  da ta  f o r  s o i l  wa te r  samples f rom 1969 w i t h  1969 da ta  on wastewater 

r e v e a l s  t h a t  pH f o r  s o i l  water  samples increased t o  near -neu t ra l  d u r i n g  t he  

canning season, For 1970 s o i l  water  pH appears t o  be s l i g h t l y  bas i c ,  I n  

1971 pH o f  t he  s o i l  wa te r  was s l i g h t l y  bas ic ,  w h i l e  t h e  pH o f  t he  wastewater 

was growing more and more a c i d i c .  The behav io r  o f  the  s o i l  medium i n  



TABLE I11 - 7 

Chemical Data f o r  Water Samples from Col lec t ion  Tubes 
(ppm except  pH, E.C. and E. C o l i f o m )  

Late  Cornfield S i t e s  (9A on Figure I11 - 1)  

C~;:f~:x 
S i t e  Date > P N  POI, - - PH - EC - Do - BOD - - - NO3 N - Na - 

NE Shallow 8-1369 6.4 2290 6.7 52.0 24000 0.00 172.5 
24" 8-19-69 7.6 2406 3.8 76.0 20000 0.12 12.0 175.0 

SE Shallow 
24" 9-5-69 7.5 7.2 360.0 2000 Sample too smal l  t o  analyze 

Middle 6-19-69 8.0 2050 6.5 37.0 4400 
S h a l l w  8-28-69 7.3 1962 7.2 5000 0.00 

24" 9-5-69 7.4 1962 7.4 257.5 5 0 m  0.10 
9-10-69 7.2 1780 6.6 330.0 0.01 

- - - - - - 
Mean 7.3 2075 6.5 185.4 1006 7 0.05 

NEDeep 6-13-69 6.4 2810 6.3 22.0 24000 1.26 44.5 170.0 
48" 8-19-69 7.6 2655 6.7 34.0 12000 0.96 19.2 167.5 

SE Deep 8-13-69 6.3 1280 6.8 21.0 2 400 0.71 
48" 8-19-69 7.6 1325 6.6 52.0 12000 0.00 

Middle 
Deep 48" 8-13-69 6.6 2490 6.4 37.0 500 0.98 

8-19-69 7.7 2225 6.6 68.0 2200 0.23 
8-28-69 7.2 1825 7.3 2 4000 0.15 
9-5-69 7.2 1862 7.2 87.5 2200 0.01 
9-10-69 7.0 1790 6.8 165.0 - - - - - - 
He an 7.1 ,2029 6.7 60.8 9913 0.54 



-t Samples ( see  Figure 1x1 - 1)  

S i t e  - Date pH - - EC - DO - BOD - 
S h a l l w  8-19-69 3.6 2275 5.0 100.0 

24" . 8-28/69 6.4 2080 7.3 
9-5-69 6.3 2350 7.1 1420.0 
9-10-69 6.3 1960 6.9 23050.0 - - -- 
Mean 5.7 2166 6.6 8190.0 

Deep 48" 8-13-69 5.8 23000 7.0 3500.0 
8-19-72 5.9 2550 5.4 108.0 
8-28-69 6.5 2270 7.3 
9-5-69 6.0 2220 7.2 3600.0 
9-10-69 6.3 1980 6.8 34000.0 - - -- 
Ele an 6.1 6404 6.7 10302.0 

1970 Late  Cornf ie ld  S i t e s  (17A on Figure I11 - 1)  



Colifom 
M) - BOD - MPN PO, - Site  

. 
Date - 
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Site - Date PH - - EC - Do - 

1971 Late Cornfield S i t e s  (9A on Figure I11 - 11 

BOD - 

3 . 1  
2.5 
2.4 
3.0 
5.0 

1 . 9  
3.4 

ColifonB 
MPN Po4 - 
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1971 Barley F i e l d  Sites 
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Coliform 

NPN P O 4  - NO 3 - Site - D a t e  - 
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n e u t r a l i z i n g  t he  a c i d i c  wastewater i s  s a t i s f a c t o r y ,  and t he  c ropp ing  p a t t e r n  shows 

1 - i t t l e  i n f l u e n c e  upon t h e  s o i l ' s  a b i l i t y  t o  n e u t r a l i z e  t he  a c i d i c  wastewater. I n  

1971 t h e  f i e l d s  p l an ted  t o  l a t e  corn,  and f i e l d s  p l a n t e d  t o  e a r l y  b a r l e y  and u t i -  

l l r e d  as d isposa l  s i t e s  as f a l l o w  p l o t s  c a r r y i n g  no vege t i ve  cover,  n e u t r a l i z e d  

the  wastewater equal l y  e f f e c t i v e l y .  

Ell e c t s i  c a l  C o n d u c t i v i t y  

The second parameter analyzed was e l e c t r i c a l  conduc t i  v i  ty (EC) . There i s  

cons iderab le  v a r i a b i l i t y  i n  t he  da ta  f o r  1969 versus 1971. I n  1969 t he  EC was 

ex t reme ly  h i g h  i n i t i a l l y  (August 8  was approx imate ly  t h e  f i r s t  f u l l  day o f  

canning a c t i v i t y  i n  t h e  p l a n t ) .  But  subsequent ly t h e  EC readings showed a  n e a r l y  

cons tan t  l e v e l  i n  t h e  v i c i n i t y  o f  800 micromhos/cm (25°C). The 1971 da ta  show 

t h a t  t he  h i ghes t  r ead ing  occurred a t  the  e a r l i e s t  da te  a t  which a  sample was 

obta ined.  Bu t  i n  t h i s  yea r  EC p r o g r e s s i v e l y  d im in ished  t o  t he  lowes t  r ead ing  

taken on t h e  l a s t  day o f  sampling, which was a l s o  800 micromhos. 

EC readings f o r  s o i l  water  samples i n  1969 showed a  gradual d i m i n i s h i n g  

i n  t h e  read ing  as t h e  canning season progressed, b u t  s o i l  wa te r  EC exceeded 

wastewater EC i n  a1 1  readings except  t he  f i r s t  read ing  f o r  wastewater. I n  

1969 t h e  average EC f o r  s o i l  water  f rom the  48" tube was 2029 micromhos/cm. 

I n  1970 EC v a r i e d  n o t i c e a b l y  w i t h  t h e  sample s i t e .  No conc lus i ve  exp lana t ions  

f o r  t h i s  v a r i a t i o n  i n  da ta  a re  a v a i l a b l e .  Poss ib l y  t he  most meaningful  ob- 

s e r v a t i o n  i s  t he  average EC f o r  t h e  s i t e s  i n s t a l l e d  w i t h i n  t he  f i e l d  (A1-A6 

and B1-65) versus t h e  s i t e s  i n s t a l l e d  a t  t h e  bottom o f  t h e  f i e l d  (W1-W4). Here 

i t  i s  apparent t h a t  EC f o r  b o t t o m - f i e l d  s i t e s  was s i g n i f i c a n t l y  h i ghe r  than  

EC f o r  s i t e s  con ta ined  w i t h i n  t h e  f i e l d .  Wastewater i s  c o l l e c t e d  i n  d i t c h e s  

a t  t he  f i e l d  bottom, and a  consequent inc rease  i n  p e r c o l a t i o n  o f  wastewater 

through t h e  s o i l  column occurs.  The average EC f o r  w i t h i n - f i e l d  s i t e s  i s  1816 

misromhos; f o r  b o t t o m - f i e l d  s i t e s  i t  was 2353 micromhos. 
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In 1971 the average EC of wastewater was 1961 micromhos. For soil  water 

samples, the data are variable. For some s i t e s ,  the minimum readings were ob- 

tained early in the canning season (Dl , D2, D4, D7), while a t  other s i t e s  just  

the opposite was true (D5, C 1  , C2, C4, C6). Possibly the fac t  that one f ie ld  

(Dl-D7) was planted t o  barley and wastewater was applied to  a soil  bare of 

vegetative cover and the other f ie ld  ( C 1  -C6) employed a cover of l a t e  corn 

during the cycle of i r r igat ion with wastewater explains the confl ic t  in data,  

Nevertheless, average values for EC of soil  water for  both f ie lds  are lower 

than average values of E C  for  the wastewater (1596 and 1695 versus 1961). 

Apart from these observations for  different  years in comparison of E C  for  

wastewater versus soil  water, i t  i s  not possible to s t a t e  conclusively 

whether or not the soil  column i s  acting as a renovation medium in reducing 

EC of the wastewater. 

BQ D 

The next parameter was biological oxygen demand ( B O D ) .  For th i s  parameter 

there i s  no equivocation that  the soil  column functioned admirably in renovat- 

ing the wastewater, The wastewater BOD was so high that  i t s  precise value was 

never sa t i s fac tor i ly  determined, b u t  i t  was in excess of 17,000 ppm. For soil  

water samples, BOD ranged from an average of 60.8 ppm for  the 48" tensiometer 

i n  1969 to a low of 2.7 ppm for  the s i t e s  Dl-D7 of 1971. 

Col i form 

Neither i s  there any uncertainty in the col iform data. Most probable 

number (mpn) values fo r  col iform were obta-ined for  wastewater sarr~ples and 

for  soil  water samples. In a l l  cases the rnpn for  wastewater was high (greater 
6 than 240 X 10 ) while mpn fo r  soil  water samples varied from a high of 24,000 

to many samples showing no coliform present. In addition, in nearly a l l  waste 



water  samples t h e  presence o f  f e c a l  c o l i f o r m  was v e r i f i e d .  For s o i l  wa te r  

samples, i n  no case were f e c a l  c o l i f o r m  de tec ted  i n  t h e  sample. 

Phosphate 

Considerable d i f f i c u l t y  was exper ienced i n  ach iev ing  s i m i l a r  r e s u l t s  f o r  

t he  same sample i n  severa l  runs o f  PO4 ana l ys i s .  Consequently, t he  range o f  

e r r o r  must be cons idered l a r g e  i n  these data.  For  t h i s  reason, o n l y  l i m i t e d  

va lue l"s p laced  on t he  r e s u l t s .  I l l u s t r a t i v e l y ,  f o r  1969 phosphate l e v e l s  

were g e n e r a l l y  h i g h e r  f o r  samples taken f rom t h e  48" depth than f o r  samples 

taken f rom t h e  24" depth.  T h i s  i s  coun te r  t o  a l l  evidence r e l a t i v e  t o  phos- 

phate renova t i on  o c c u r r i n g  w i t h  t he  s o i l  column as repo r ted  i n  t he  l i t e r a t u r e  

on t h i s  sub jec t .  An examinat ion o f  average concen t ra t i ons  shows 4.93 ppm 

PO4 i n  wastewater and a  range o f  - 54  t o  4.00 ppm PO4 i n  s o i l  wa te r  samples. 

The o n l y  conc lus ion  we draw i s  t h a t  i n  genera l  t he re  i s  some 

r e d u c t i o n  i n  t he  concen t ra t i on  o f  PO4 as t h e  wastewater pe rco la tes  through 

t h e  s o i l  column. 

N i t r a t e  

N i t r a t e  i n  t he  wastewater v a r i e d  f rom 350 ppm on August 8  and 9  o f  1971 

t o  o n l y  1.2 ppm f o r  August 17 and 24. I n  genera l ,  t he  wastewater had o n l y  a  

modest amount o f  NO3. For  s o i l  wa te r  samples i n  1970, n i t r a t e  l e v e l s  va r i ed  

w i d e l y  w i t h  t h e  s i t e ,  and w i t h  t he  da te  o f  sampling. I n  general  , n i t r a t e  

l e v e l s  i n  s o i l  wa te r  f o r  s i t e s  A1-A6 showed t h e  l owes t  concen t ra t ions ,  w i t h  

an average o f  16.95 ppm. S i t e s  B1-B5 showed an average o f  33.62 ppm NO3, 

w h i l e  t he  s i t e s  a t  t h e  bot tom o f  t h e  f i e l d  (W1-W4) gave t he  h i ghes t  read ings  

w i t h  an average o f  60.9 ppm. Th i s  h i ghe r  average f o r  b o t t o m - f i e l d  s i t e s  i s  

t o  be expected s ince  i t  i s  here t h a t  p e r c o l a t i o n  o f  wastewater through t he  

s o i l  column i s  maxlmized because o f  t h e  concen t ra t i on  o f  wastewater i n  
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c o l l e c t i o n  d i t ches  a t  t he  end o f  t he  f i e l d .  These va lues f o r  n i t r a t e s  i n  s o i l  

water  a re  h igh,  Such h igh  concent ra t ions  o f  n i t r a t e s  cou ld  p resen t  p o t e n t i a l  

problems i n  d e t e r i o r a t i o n  o f  ground-water q u a l i t y  i f  the  n i t r a t e s  were t r anspo r ted  

downward by p e r c o l a t i n g  s o i l  water .  

Ch lo r i de  

I n  t h e  wastewater t h e  c h l o r i d e  concen t ra t i on  averaged 112 pprn d u r i n g  1969. 

I n  1931 t he  average was 419 pprn when t he  ex t reme ly  h i g h  va lue  f o r  August 9  i s  

inc luded .  Exc lud ing  August 9  data,  t h e  c h l o r i d e  concen t ra t i on  averaged 243 ppm. 

For  s o i l  wa te r  samples i n  1969, the  concen t ra t i on  o f  t h e  c h l o r i d e  i o n  was 150 

pprn a t  t h e  48" depth. I n  1930 t he  average f o r  s o i l  wa te r  samples dropped t o  

94 pprn c h l o r i d e  f o r  s i t e s  A1 -A6, 120 pprn f o r  B1-B5, and 21 1  pprn f o r  W1 -W4. 

Here again,  t h e  e f f e c t  o f  concen t ra t i ng  t he  wastewater i n  c o l l e c t i o n  d i t c h e s  

a t  t he  end o f  t h e  f i e l d  (Wl-W4) i s  apparent.  

Metal Ions 

For t he  metal  i o n s  o f  sodium, magnesium, potassium, and calc ium, sodium 

i s  o f  spec ia l  i n t e r e s t  i n  t h a t  t h e  concen t ra t i on  o f  sodium i s  an i n d i c a t o r  

o f  t h e  r e l a t i v e  p o t e n t i a l  s o i l  q u a l i t y  d e t e r i o r a t i o n  r e s u l t i n g  f rom t h e  d i s -  

posal  o f  wastewater a t  t he  s i t e .  The concen t ra t i on  o f  sodium i n  t he  waste- 

water  i n  1969, exc lud ing  t h e  one read ing  f o r  t h e  August 8  sample, was 91 pprn 

sodium. I n  1931 t h e  sodium concen t ra t i on  averaged 339 pprn i n  wastewater. 

Comparing 1969 s o i l  wa te r  samples t o  1969 wastewater, t h e  concen t ra t i on  o f  

sodium i s  h i ghe r  i n  s o i l  water  samples, averaging 131 ppm i n  the  48" t e n s i o -  

meters.  For 1970, s o i l  water  sodium concent ra t ions  v a r i e d  f rom 102 pprn f o r  

A1 -A6, t o  100 ppm f o r  B1 -B5, t o  107 ppm f o r  W1 -W4. I n  1971 , when sodi  um con- 

c e n t r a t i o n s  averaged 339 ppm i n  t h e  wastewater, t h e  sodium concen t ra t i dn  

averaged 105 pprn f o r  a1 1  s i t e s .  There i s  1  i t t l e  change i n  t he  r e l a t i v e  can- 
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c e n t r a t i o n s  o f  sodium i n  t he  s o i l  water  samples f rom year  t o  year ,  even though 

t he  r e l a t i v e  concen t ra t i on  of sodium i n  t he  wastewater appears t o  be q u i t e  

v a r i  ab l  e. 

Soi 1  Water Sarr~pl es f rom IVon-Di sposal Fie1 ds -- -- 

F i n a l l y ,  an examinat ion o f  s o i l  water  f rom t h e  research  p l o t  shown i n  

F igu re  111-1 was u t i l i z e d  t o  determine whether o r  n o t  t h e r e  was any d i f f e r e n c e  

i n  qua1 i ty between s o i l  water  f rom f i e l d s  i r r i g a t e d  w i t h  wastewater versus 

f i e l d s  i r r i g a t e d  w i t h  o r d i n a r y  d i t c h  water .  Chemical data f o r  s o i l  wa te r  

samples f rom t h e  research  p l o t  a re  presented i n  Table 111-7. The research 

p l  o t  has never  been i r r i g a t e d  wi t h  wastewater, and o n l y  commercial f e r t i  1  i zers 

have been u t i l i z e d  i n  promot ing c rop  growth. The p l o t  i s  u t i l i z e d  i n  t he  

Green G ian t  Company program o f  c rop  research  i n  corn  v a r i e t i e s  f o r  growing on 

company-contracted farms. A comparison o f  pH shows no s i g n i f i c a n t  d i f f e rence  

between d i sposa l  f i e l d  and research  p l o t  i n  s o i l  wa te r  samples. For  EC, t h e r e  

i s  a  s i g n i f i c a n t  d i f f e r e n c e ,  w i t h  t h e  EC o f  t he  research p l o t s  averaging o n l y  

1117 and f o r  d isposa l  f i e l d s  averaging 1744 and 1695 f o r  t h e  same yea r  (1971).  

Unusual ly  enough, t h e  average BOD o f  t he  research p l o t  exceeded t h e  average 

f o r  t he  two d i sposa l  f i e l d s  i n  1971, b u t  because o f  l i m i t e d  sample s i z e  f rom 

t h e  tubes, o n l y  a  few samples were a v a i l a b l e  f o r  ana l ys i s ,  so no s t r ong  con- 

c l u s i o n s  can be drawn. N i t r a t e s  averaged 15.23 ppm f o r  t h e  b a r l e y  f i e l d ,  

and 23,45 ppm f o r  t h e  l a t e  c o r n f i e l d  i n  1971. For t h e  research p l o t ,  n i t r a t e s  

averaged 20.6, showing 1  i t t l e  d i f f e r e n c e  between d i  sposal f i e 1  ds and research  

p l o t .  Sodi um concen t ra t i ons  and t he  concen t ra t i on  o f  c h l o r i d e s  f o r  d isposa l  

f i e l d s  were s i g n i f i c a n t l y  h i g h e r  than  i n  t he  research p l o t ,  showing t h a t  t h e r e  

was g r e a t e r  s a l i n i t y  hazard assoc ia ted  w i t h  t he  wastewater than  w i t h  t h e  normal 

d i t c h  wate r  (see Table 111-7 f o r  means). 



Ground-Water Q u a l i t y  

Fac to rs  i n  I n f i l t r a t i o n  

Several  f ac to r s  a f f e c t i n g  t he  e f f i c i e n c y  w i t h  which t h e  wastewater i s  ab- 

sorbed i n t o  t he  s o i l  su r face  have f o r ced  Green G ian t  t o  adopt a  s t r i c t  regime 

f o r  t h e i r  i r r i g a t i o n  schedu l ing  i n  wastewater- i  r r i g a t e d  f i e 1  ds. F i r s t l y ,  t he  

r a t e  o f  i n f i l t r a t i o n  o f  i r r i g a t i o n  wate r  i n t o  t h e  s o i l  i s  q u i t e  low. A  one- 

i n c h  s iphon tube d e l i v e r i n g  water  f rom the  d i t c h  a t  t he  head of t he  f i e l d  de- 

l i v e r s  enough water  t o  p rov ide  a  d e l i v e r y  o f  water  t o  t h e  f i e l d  bottom 1200 

f e e t  away i n  l e s s  than  twe lve  hours o f  i r r i g a t i o n  t ime.  I n  a  l i g h t e r  s o i l  

i t  can e a s i l y  r e q u i r e  f o u r  such siphons t o  d e l i v e r  wa te r  t o  t h e  bottom o f  

a  1200 f o o t  f i e l d .  

As a  consequence o f  t h i s  s low r a t e  o f  i n f i l  t r a t i o n ,  Green G ian t  employs 

an i r r i g a t o r  f u l l - t i m e  t o  tend  t o  f i e l d s  u t i l i z e d  i n  t he  d isposa l  program. 

As soon as t he  wastewater reaches t h e  end o f  t he  f i e l d  i t  i s  necessary t o  

c u t  t h e  f l o w  o f  water  i n t o  t h e  corrugate.  Even so, some wate r  c o l l e c t s  a t  

the  f i e l d  bottom as r u n o f f ,  and t h i s  wate r  i s  channeled i n t o  a  s e r i e s  o f  

c o l l e c t i o n  d i t c h e s  plowed d i a g o n a l l y  across t h e  cor ruga tes  a t  t he  bottom o f  

t h e  f i e l d .  One c o l l e c t i o n  d i t c h  w i l l  i n t e r c e p t  t h r e e  t o  s i x  co r ruga tes .  The 

c o l l e c t i o n  d i t c h e s  a re  approx imate ly  18 inches deep and 36 inches wide. Sample 

c o l l e c t i o n  s i t e s  W1-W4 r e f l e c t  t he  r e l a t i v e  q u a l i t y  o f  s o i l  wa te r  ob ta ined  froni  

t he  f i e l d  bottom ad jacen t  t o  these c o l l e c t i o n  d i t ches .  I t  i s  apparent t h a t  the  

p o t e n t i a l  f o r  recharge o f  wastewater t o  t he  water  t a b l e  i s  maximized a t  t he  

f i e l d  bottom. I t  i s  a l s o  apparent  t h a t  t h e  q u a l i t y  o f  t he  s o i l  wa te r  i s  lower  

here than a t  s i t e s  w i t h i n  t he  f i e l d .  

A  second f a c t o r  which exp la i ns  t h e  l i m i t e d  i n f i  1  t r a t i o n  i s  t he  steep s lope  

fDund i n  t he  l a r g e r  o f  t h e  two f i e l d s  dep ic ted  i n  F igure  111-1. Th i s  s lope  

(approx in ia te ly  2-112') r e s u l t s  i n  a  r e l a t i v e l y  f a s t  r a t e  o f  f l o w  o f  wastewater 
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f rom t o p  o f  f i e l d  t o  f i e l d  bottom. A  t h i r d  i t e m  i s  t he  r e l a t i v e l y  sha l low depth 

o f  unconso l ida ted  m a t e r i a l  o v e r l y i n g  t he  b a s a l t  bedrock. Because o f  t he  general  

l a c k  o f  adequate depth o f  s o i l  i t  i s  necessary t h a t  t he  volume o f  r u n o f f  water  

a l lowed t o  c o l l e c t  i n  t he  d iagonal  d i t c h e s  a t  f i e l d  bot tom be kep t  t o  a  minimum. 

These d i t ches ,  be ing  plowed a  depth o f  18 inches o r  more, reduce even more t h e  

h e i g h t  o f  s o i l  column a v a i l a b l e  f o r  a  r enova t i ve  medium. 

Runof f  Re ten t i on  f o r  I n f i  1  t r a t i o n  

I n  o r d e r  t o  m in im ize  problems w i t h  su rp lus  r u n o f f ,  Green G ian t  r e s t r i c t s  

t he  a c t u a l  amount o f  wastewater a p p l i e d  t o  any one f i e l d .  I n  1970 a  Pa rsha l l  

f lume was i n s t a l l e d  i n  t he  d i t c h  l e a d i n g  t o  t h e  l a r g e r  f i e l d  (F igu re  111-1, 

17-A). Only  11.26 a c r e - f e e t  o f  water were a p p l i e d  t o  t he  f i e l d  i n  t he  i n t e r v a l  

J u l y  12-Septeniber 20, as measured by a  reco rde r  f i x e d  t o  t h e  f lume. Green G ian t  

can achieve t h i s  minimum r a t e  o f  a p p l i c a t i o n  ( l e s s  than an a c r e - f o o t  o f  waste- 

water pe r  ac re  o f  d i sposa l  s i t e )  because i t  en joys  an abundance o f  land.  The 

company farm and ad jacen t  p r i v a t e  l a n d  leased by Green G ian t  t o t a l s  145 acres. 

The p l a n t  u t i l i z e s  approx imate ly  1,000,000 g a l l o n s  o f  water  p e r  day, and t he  

b u l k  o f  t h i s  i s  d ischarged f rom the  p l a n t  as wastewater. For a  45-day canning 

season, t h i s  amounts t o  l e s s  than  138 a c r e - f e e t  o f  wastewater t o  app l y  t o  t he  

farmed land.  

Eva lua t i on  o f  Recharge o f  Ground Water by P e r c o l a t i n g  Wastewater 

The q u a l i t y  o f  s o i l  wa te r  ob ta ined  f rom the  i ns t rumen t  s i t e s  showed t h a t  

some c o n s t i t u e n t s ,  p a r t i c u l a r l y  n i t r a t e s ,  o f f e r e d  some t h r e a t  t o  ground-water 

q u a l i t y  i f  a l lowed t o  p e r c o l a t e  i n t o  t he  ground-water supply.  As a  consequence, 

an e v a l u a t i o n  o f  t he  recharge o f  ground water  by  p e r c o l a t i n g  wastewater was 

attempted. T h i s  phase o f  t h e  i n v e s t i g a t i o n  i n v o l v e d  two separate a c t i v i t i e s .  



The f i r s t  was a  m o n i t o r i n g  program f o r  d e t e c t i n g  changes i n  s o i l  m o i s t u r e .  T r o x l e r  

n e u t r o n  probe aluminum access tubes  were i n s t a l l e d  a d j a c e n t  t o  each s o i l  w a t e r  

sample s i t e  r e a c h i n g  as c l o s e  t o  bedrock d e p t h  as d r i l l i n g  p e r m i t t e d ,  T h i r t y -  

second r e a d i n g s  were t a k e n  a t  s i x - i n c h  i n t e r v a l s ,  b e g i n n i n g  a t  t h e  s i x - i n c h  dep th  

and p r o c e e d i n g  by  s teps  t o  h o l e  bot tom. These d a t a  a r e  c h a r t e d  and p resen ted  i n  

graphs;  and i n  a d d i t i o n ,  a  program was u t i l i z e d  a t  t h e  ARS Snake R i v e r  Conserva t ion  

Research Cen te r  computer f a c i l i t y ,  K imber l y ,  Idaho, t o  c a l c u l a t e  t h e  change i n  

a v a i l a b l e  m o i s t u r e .  The d a t a  a r e  volunis"nous and, t h e r e f o r e ,  a r e  n o t  p resen ted  

i n  t h i s  r e p o r t .  The d a t a  show t h a t  as  g row ing  season p rog resses  t h e r e  i s  a  

g radua l  d e w a t e r i n g  o f  t h e  s o i l  p r o f i l e  i n  f i e l d s  p l a n t e d  t o  l a t e  c o r n .  I n  o t h e r  

words, t h e r e  i s  an i n s u f f i c i e n t  aniount o f  w a t e r  a p p l i e d  i n  t h e  wastewater  i r r i g a -  

t i o n  program t o  m a i n t a i n  s t e a d y  s t a t e  c o n d i t i o n s  f o r  s o i l  m o i s t u r e  w i t h i n  t h e  

s o i l  p r o f i l e .  T h e r e f o r e ,  no recharge  occurs  i n  these  f i e l d s .  I n  t h e  e a r l y  b a r l e y  

f i e l d s  t h e  d a t a  show a n o t h e r  p i c t u r e ,  

Once t h e  Green G i a n t  f i e l d  crews have h a r v e s t e d  t h e  b a r l e y  c rop ,  t h e  f i e l d  

i s  t r e n c h e d  w i t h  d e e p l y  p lowed c o r r u g a t e s  o f  t h e  same d imens ions as t h e  c o l l e c t i o n  

d i t c h e s  r e f e r r e d  t o  e a r l i e r  (18"  deep by  36" w i d e ) .  Wastewater i s  a p p l i e d  t o  

these  c o r r u g a t e s  f r o m  t h e  d i s t r i b u t i o n  d i t c h  a t  t h e  head o f  t h e  f i e l d ,  and t h e  

program i s  m o n i t o r e d  by  t h e  i r r i g a t o r  t o  guarantee t h a t  t h e  f l o w  o f  wastewater  

t o  any one c o r r u g a t e  i s  s h u t  o f f  b e f o r e  t h e  f l o w  reaches t h e  end o f  t h e  f i e l d .  

The f i e l d  bo t tom i s  a l s o  t r e n c h e d  d i a g o n a l l y  t o  i n t e r c e p t  any r u n o f f  f l o w .  D u r i n g  

i r r i g a t i o n  i n  t h e  l a r g e r  17-acre  f i e l d  i n  1971, n o t  once d i d  t h e  wastewater  reach  

t h e  end o f  t h e  f i e l d ,  I n  o n l y  one i n s t a n c e  d i d  t h e  w a t e r  r e a c h  t h e  m i d d l e  o f  

t h e  f i e l d .  A d m i t t e d l y ,  o n l y  a  l i m i t e d  amount o f  wastewater  was a p p l i e d  t o  t h e  

f i e l d  ( l e s s  t h a n  seven a c r e  f e e t ) ,  b u t  t h e  r a t e  o f  i n f i l t r a t i o n  was much g r e a t e r  

w i t h  t h e  d e e p l y  t r e n c h e d  c o r r u g a t e s  t h a n  w i t h  t h e  s h a l l o w  c o r r u g a t e s  u t i l i z e d  

w i t h  cropped f i e l d s .  The access tubes  c o n t a i n e d  s t a n d i n g  w a t e r  ( i n d i c a t i n g  
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s a t u r a t i o n )  wherever wastewater reached t he  l o c a t i o n  o f  t he  tube i n  t he  f i e l d .  Con- 

sequent ly ,  recharge by p e r c o l a t i n g  wastewater must have occurred i n  these f i e l d s  

p l an ted  t o  e a r l y  b a r l e y  and subsequent ly harvested and t renched f o r  use i n  t he  

wastewater d isposa l  program. Whether water  f rom t h i s  zone o f  s a t u r a t i o n  reached 

t he  r e g i o n a l  water t a b l e  o r  f l owed l a t e a a l l j  a long t h e  bedrock sur face  t o  an irri- 

g a t i o n  d i t c h  i s  ~ m p o s s i b l e  t o  a s c e r t a i n .  

A  t h i r d  phase o f  t he  Green G ian t  program was a l s o  i n v e s t i g a t e d .  T h i s  phase 

i n v o l v e d  t he  m o n i t o r i n g  o f  t h e  ens i l age  d i sposa l  opera t ion .  The area o f  t he  

ens i l age  d i sposa l  s i t e  i s  i l l u s t r a t e d  i n  F igu re  111-1. The Green G ian t  Company 

c o l l e c t s  a l l  s o l i d  wastes ( c o r n  husks, cobs, ke rne l s ,  e t c , )  a t  a p p r o p r i a t e  p o i n t s  

w i t h i n  t he  p l a n t ,  and these s o l i d s  a r e  t r anspo r ted  by overhead conveyor t o  a  f i e l d  

area. Here t h e  s o l i d s  a r e  d i s t r i b u t e d  by machinery ( t r ac to r -d rawn  manure spreaders)  

over  t he  sur face  o f  t he  f i e l d .  The f i e l d  i s  u n d e r l a i n  w i t h  d r a i n  t i l e s ,  and t he  

p e r c o l a t e  f rom the  p i l e  o f  ens i l age  i s  Tntercepted by t h e  d r a i n  t i l e  and f e d  i n t o  

a  sump. An i r r i g a t i o n  pump l i f t s  t he  p e r c o l a t e  and d e l i v e r s  t h e  p e r c o l a t e  t o  t he  

e n s i l a g e  d isposa l  s i t e  shown i n  F igu re  111-1, Here t h e  p e r c o l a t e  i s  d e l i v e r e d  t o  

t h e  t e r r e s t r i a l  d i sposa l  s i t e  ( a p p r o x ~ m a t e l y  two acres)  i n t o  deeply  t renched 

cor ruga tes  o f  t he  same dimensions descr ibed  e a r l i e r  (18" by 3 6 " ) ,  There i s  no 

t r a n s p i r a t i o n  f rom t h e  f i e l d .  The e n s i l a g e  p e r c o l a t e  i s  o f  ve ry  poor q u a l i t y  

(see Tab le  111-4), and t h e  s o i l  water  samples f rom the  p a i r e d  24" and 48" deep 

c o l l e c t i o n  tubes show l i t t l e  renova t ion .  We were unable t o  measure t he  d i sposa l  

r a t e ,  b u t  i t  i s  overwhelmingly g r e a t e r  ( p e r  u n i t  area bas i s )  than  any o t h e r  

d isposa l  o p e r a t i o n  p r a c t i c e d .  Disposal  of t he  e n s i l a g e  d ra inage  c o n s t i t u t e s  t h e  

most s i g n i f i c a n t  p o t e n t i a l  ground-water p o l l u t i o n  hazard i n  t he  opera t ion .  

The l a s t  phase of the  i n v e s t i g a t i o n  o f  recharge by wastewater i n v o l v e d  

m o n i t o r i n g  l o c a l  domestic we1 1  s  t o  determine whether t h e r e  were problems w i t h  

ground-water q u a l i t y  down g r a d i e n t  f rom the  Green G ian t  d i sposa l  s i t e s .  Table 



- 46 - 

111-8 p resen ts  a  sunniary o f  da ta  f o r  domest ic wa te r  w e l l  samples f rom s i t e s  shown 

i n  F igure  111-1. The w e l l s  a r e  l o c a t e d  between t he  wastewater reuse area and 

t h e  main ground-water d ischarge  area f o r  t h e  reg ion .  Only  one w e l l  (No. 5)  r e -  

f l e c t e d  any problem w i t h  water  qual  i t y ,  I n  w e l l  5  n i t r a t e  concen t ra t i ons  were 

s l i g h t l y  h i ghe r  than g e n e r a l l y  i s  d e s i r a b l e  accord ing  t o  U, S o  P u b l i c  Hea l t h  

standards. Overal 1, water  qual  i t y  o f  these we1 1  s  i s  n o t  g r e a t l y  d i f f e r e n t  f rom 

ground water  f rom the  e n t i  r e  Snake R i ve r  P l  a i  n. 

Crop Y i e l d s  - i n  F i e l d s  I r r i g a t e d  w i t h  Wastewater 

Corn y i e l d s  f rom l a n d  i r r i g a t e d  w i t h  wastewater average 7,7 tons  pe r  acre.  

Th i s  compares f a v o r a b l y  w i t h  a  n a t i o n a l  average o f  6.7 tons pe r  acre,  b u t  i t  i s  

notewor thy t h a t  Green G ian t  averages up t o  10,5 tons per  ac re  on p r i v a t e  p l o t s  

i n  t he  Buhl area a p a r t  f rom the  waste d isposa l  s i t e s .  So t h e r e  i s  a  l e s s e r  

y i e l d  f rom l and  used f o r  t he  d isposa l  o f  wastewater, Th i s  l e s s e r  y i e l d  i s  ex- 

p l a i n e d  p a r t l y  by the  necess i t y  o f  d i s t u r b i n g  t h e  cropped area a t  f i e l d  bot tom 

when t he  d iagonal  c o l l e c t i o n  d i t c h e s  a re  cons t ruc ted ,  p a r t l y  by t he  f a c t  t h a t  

an inadequate amount o f  i r r i g a t i o n  water  i s  a p p l i e d  t o  t h e  f i e l d s  and p a r t l y  

by the  f a c t  t h a t  t h e  normal $92 t o  $22 o f  commercial f e r t i l i z e r  cus tomar i l y  

a p p l i e d  t o  f i e l d s  i s  n o t  a p p l i e d  t o  t he  d isposa l  f i e l d s .  The company r e a l i z e s  

a  sav ings i n  f e r t i l S z e r  o f  between $12 t o  $22 p e r  acre,  and i t  s t i l l  r e a l i z e s  a  

crop y i e l d  g r e a t e r  than t h e  average f o r  Green G ian t  co rn  ope ra t i ons  across t he  

coun t ry ;  i t  a l s o  achieves economical d i sposa l  and a  degree o f  r enova t i on  o f  i t s  

wastewater. B a r l e y  y i e l d s  average 120-150 bushels  p e r  ac re  on these same f i e l d s .  

No commercial f e r t i l i z e r  7"s app l i ed ,  so the  c rop  i s  b e n e f i t i n g  f rom r e s i d u a l  

n u t r i e n t s  made a v a i l a b l e  f rom t h e  p rev ious  y e a r ' s  a p p l i c a t i o n  o f  wastewater. 

Recommendati ons 

Since domestic w e l l  da ta  show no problems w i t h  ground-water q u a l i t y ,  o v e r a l l ,  

t h e  Green g i a n t  wastewater d isposa l  program must be cons idered as an e f f e c t i v e  



TABLE 111 - 8 

Domestic Well Samples (see Figure 111 - 1)  

Coliform 
BOD - PMP % - N - Na - K !!a - Ca - C l  Well - Date - 

Wagner - 1 8-19-71 
0-25-71 
9-4-71 
9-11-71 
9-18-71 

P. Duffy - 2 8-28-69 
9-10-69 
9-22-69 
9-5-70 
8-19-71 
0-25-71 
9-4-71 
9-11-71 
9-18-71 

Wetsteen - 3 8-28-69 
9-10-69 
9-22-69 
9-5-70 
8-19-71 
8-25-71 
9-4-71 
9-11-71 
9-18-71 

Caughey - 4 8-20-69 
9-10-69 
9-22-69 
9-5-70 

* Not counted i n  mean 



Well - Date - 
Caughey - 4 8-19-71 

8-25-71 
9-4-71 
9-11-71 
9-18-71 

Likeness - 5 8-28-69 
9-10-69 
9-22-69 
9-5-70 
8-19-71 
9-4-71 
9-11-71 
9-18-71 

B a t f i e l d  - 6 9-5-70 
8-19-71 
8-25-71 
9-4-71 
9-11-71 
9-18-71 

Watson - 7 8-25-71 
9-4-71 
9-11-71 
9-18-71 

8 .  Duffy - 8 9-5-70 
8-19-71 
8-25-71 
9-4-71 
9-11-71 
9-18-71 

BOD - 
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means o f  d i spos ing  of i n d u s t v i a l  wastewater. However, severa l  s teps cou ld  be taken 

which would p rec lude  p o t e n t i a l  f u t u r e  d e t e r i o r a t i o n  o f  ground-water qua1 i ty  i n  t he  

v i c i n i t y  o f  t he  d isposa l  s i t e ,  F i r s t l y ,  a1 t e r n a t i v e  methods should be dev ised t o  

r e p l a c e  t he  a p p l i c a t i o n  o f  ens i l age  dra inage t o  t h e  deep ly  t renched ens i l age  d i s -  

posal s f t e .  An a l t e r n a t i v e  means f o r  t r ea tmen t  o f  t h i s  wastewater m igh t  be t o  

c o n t r a c t  w i t h  the  City of Buhl f o r  d isposa l  i n  t he  c i t y  sewage t rea tment  system. 

Secondly, t he  d iscon t inuance  o f  t he  i r r i g a t i o n  o f  f a l l o w  f i e l d s  plowed i n  

deep co r ruga te  should be considered. I f  no s u i t a b l e  c rop  (such as a  grass)  can 

be grown du r i ng  t he  p e r i o d  o f  i r r i g a t i o n ,  then a t  l e a s t  o r l l y  a  normal i r r i g a t i o n  

cor ruga te  should be used t o  d i s t r i b u t e  t he  wastewater ove r  a  l a r g e r  area o f  t he  

f ~ e l d  i n  o r d e r  t o  u t i l i z e  more e f f e c t i v e l y  t he  s o i l  column f o r  r enova t i on  and t o  

i n h i b i t  t h e  recharge o f  wastewater t o  t he  wate r  t a b l e .  

T h i r d l y ,  r u n o f f  wastewater should n o t  be a l lowed t o  s tand  i n  c o l l e c t i o n  d i t c h e s  

a t  f i e l d  bottom, An a l t e r n a t i v e  would be t o  employ a  r e c i r c u l a t i n g  i r r i g a t i o n  

system s i m i l a r  t o  those designed a t  t h e  Snake R iver  Conservat ion Research Center 

i n  K imber ly ,  Idaho, Reuse o f  r u n o f f  wa te r  would improve water-appl  i c a t i o n  

e f f i c i ency ,  Such a  system would err~ploy purr~ps t o  r e t u r n  t he  r u n o f f  back t o  t he  

head o f  t he  f i e l d  f o r  rechanne l ing  i n t o  t he  d i t c h .  Th i s  would promote g r e a t e r  

c rop  p roduc t i on  f rom the  f i e l d  as w e l l  as a l l e v i a t e  t he  problem o f  recharge o f  

wastewater toward t h e  wate r  t a b l e  a t  the  lower  end o f  t h e  f i e l d .  

Green G ian t  employs an e a r l y  season p r a c t i c e  o f  massive e a r l y  i r r i g a t i o n  

i n  o r d e r  t o  p rov ide  adequate water  f o r  t he  growth o f  co rn  on f i e l d s  t o  be used 

i n  t he  wastewater d fsposa l  program. Th i  s  massive p r e - i r r i g a t i o n  corrlmences 

cus ton ia r i l y  i n  t h e  second week o f  June, and wate r  i s  con t i nuous l y  a p p l i e d  t o  t h e  

f i e l d s  f o r  e i g h t  t o  t e n  dayso There i s  massive r u n o f f ,  and i t  i s  es t imated  t h a t  

o n l y  25% o f  t h e  water  a p p l i e d  i s  r e t a i n e d  w i t h i n  t he  s o i l  column. T h i s  p r a c t i c e  

of preseason i r r i g a t i o n  does serve t o  a l l e v i a t e  t h e  long- te rm s a l i n i t y  hazard 
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a s s o c i a t e d  w i  t h  t h e  i r r i g a t i o n  o f  s t r o n g l y  s a l  i n e  wastewater .  S a l t s  t h a t  a r e  

r e s i d u a l  f rom t h e  wastewater  reuse  season a r e  undoub ted ly  leached f rom t h e  f i e l d  

by t h i s  process,  

I f  t h e  t h r e e  recommendations suggested by t h e  i n v e s t i g a t o r s  a r e  implemented, 

t h e  t e r r e s t r i a l  d i s p o s a l  program shou ld  se rve  as a model t o  i n d u s t r y  f o r  t h e  

r e s p o n s i b l e  hand1 i ng o f  i n d u s t r i a l  wastes, 



CHAPTER I V  

CHEMICAL INTERACTIONS - OF WASTEWATER 

I N  A  SOIL ENVIRONMENT --- 

I n t r o d u c t i o n  

Chapter I V  dea l s  w i t h  t he  a b i l i t y  o f  t he  s o i l  column d iscussed i n  Chapter I 1 1  

t o  handle sweet co rn  process wastewater under c o n d i t i o n s  o f  extreme load ing .  

Corn p rocess ing  wastes c o n t a i n  a  l a r g e  amount o f  o rgan ic  m a t t e r  bo th  i n  

suspension and i n  s o l u t i o n .  I f  t h i s  m a t e r i a l  i s  dumped i n t o  sur face  supply  o f  

water,  i t  w i l l  soon use up t h e  a v a i l a b l e  oxygen supply  o f  t h e  stream, caus ing 

s e p t i c  c o n d i t i o n s ,  The chemical oxygen demand o f  t h e  co rn  wastewater which 

has been used i n  thns  s tudy ranges f rom 1300 t o  4600 ppm. 

I nc reas ing  amounts o f  wastewater a re  be ing used i n  i r r i g a t i o n  o r  i n  l and  

d isposa l  ope ra t i ons .  Spray i r r f  g a t i o n  ( S I )  , r a p i d  i n f i  1  t r a t i o n  ( R I )  , and over-  

l and  r u n o f f  (OR) a r e  t h e  t h r e e  types o f  methods be ing  used i n  i r r i g a t i o n  w i t h  

t he  spray system be ing  t he  most common. I r r i g a t i o n  w i t h  wastewater has i t s  

l i m i t a t i o n s ,  bo th  phys i ca l  and economical; o f  p r ima ry  importance i s  t h e  a v a i l -  

a b i l i t y  o f  s u i t a b l e  l and  w i t h i n  a  s h o r t  d i s t ance  o f  t he  wastewater source. As 

s t a t e d  p r e v i o u s l y ,  o t h e r  f a c t o r s  e n t e r  t h e  p i c t u r e  such as t h e  p o r o s i t y  o f  t h e  

s o i l  , t h e  purpose f o r  which t h e  1  and i s  t o  be u t i  1  i z e d  ( c a t t l e  g raz ing ,  crop 

p roduc t ion ,  o r  s imp ly  waste d isposa l  ) , and topography. C l  i m a t i c  c o n d i t i o n s  

and h y d r o l o g i c a l  f a c t o r s  a f f e c t  the  cho ice  o f  i r r i g a t i o n  a l though t o  a  l e s s e r  

degree than  t he  above mentioned f a c t o r s "  

I n  a g r i c u l t u r a l  i r r i g a t i o n  t h e  o b ~ e c t i v e  i s  t o  supply  t he  minimum water  
a*., 

' r equ i red  t o  produce maximum crop p roduc t ion ;  i n  waste d isposa l  t he  o b j e c t i v e  i s  

t o  app l y  t h e  maximum amount of wastewater which can be absorbed w i t h o u t  su r face  

r u n o f f  o r  damage t o  t h e  cover  c rop  o r  t he  ground water .  

LI * I n  t h i s  s tudy t h e  second o b ~ e c t i v e  was i n v e s t i g a t e d  a long  w i t h  those m a t e r i a l s  

. . i n  wastewater which have t he  g r e a t e s t  e f f e c t s  on a g r i c u l t u r a l  i r r i g a t i o n ;  these a r e  

dr. 

pH, COD, P, N2, Na, K, Ca, and Mg. 
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Chemical I n t e r a c t i o n s  - o f  Wastewater -- i n  S o i l  

I n  o r d e r  t o  p r e d i c t  t he  e f f e c t i v e n e s s  o f  s o i l  systems i n  removing che~ i i i ca l s  

f rom a p p l i e d  wastewater and t o  determine t h e  chemical changes i n  s o i l  p r o p e r t i e s  

r e s u l t i n g  f rom p e r c o l a t i o n  o f  wastewater, i t  i s  necessary t o  know the  corr~ponents 

i n  t he  s o i l  w h ~ c h  p a r t i c i p a t e  i n  chemical processes and t he  na tu re  o f  these processes, 

S o i l  Components A c t i v e  - i n  Chemical Processes 

Regardless of  t he  d i f f e r e n t  k i nds  o f  s o i l s ,  a  sample o f  any s o i l  can be con- 

s idered  as c o n t a i n i n g  i norganic  so l  i d s ,  o rgan i  c  so l  i d s  , s o l  u t i o n ,  and vapor. A 

t y p i c a l  m ine ra l  s o i l  ( t h e  most common s o i l  ) may c o n t a i n  about  45% i n o r g a n i c  s o l i d s  

and f rom 2% t o  8% organ ic  ma t te r ,  The s o l u t i o n  con ta ins  a  v a s t  v a r i e t y  o f  d i s s o l v e d  

i n o r g a n i c  substances, s o l u b l e  o rgan ic  compounds, and d i sso l ved  gases. The most 

impo r tan t  gas i s  C02 which may conve r t  t o  HC03- which determines s o i l  a c i d i t y .  

The vapor phase con ta ins  N2, 02, C02, H20, and many o t h e r  gases. The i m -  

por tance o f  t he  vapor phase i n  wastewater t rea tment  l i e s  p r i m a r i l y  i n  u t i l i z a t i o n  

o f  management p r a c t i c e s  which p rov ide  good s o i l  a e r a t i o n  so t h a t  t he  composi t ion 

o f  t h e  so- i l  a i r  resiiai ns s u i t a b l e  f o r  p r o v i d i n g  b i o l o g i c a l  i n t e r a c t i o n s  w i t h  waste- 

water  chemica ls  and i n  p r o v i d i n g  a  pathway f o r  r e l ease  o f  v o l a t i l e  chemicals and 

metabo l i c  by-products i n t o  t h e  atmosphere, 

The s o i l  p a r t i c - i p a t e s  i n  chemical processes such as p r e c i p i t a t i o n  o f  i n s o l u b l e  

compounds, f o rma t i on  o f  s o l u b l e  i norgani c -o rgan ic  che la tes ,  i o n  exchange, and i o n  

adsorp t ion ,  M i c r o b i o l o g i c a l  processes i n  t he  s o i  1  r e q u i r e  d i s s o l v e d  chemical s  

and uptake o f  wastewater chemica ls  by p l a n t s  f rom t h e  s o l u t i o n  phase. 

The i n o r g a n i c  s o l i d  f r a c t i o n  o f  t he  s o i l  i s  m i n e r a l o g i c a l l y  and chem ica l l y  

complex. I t  niay be cha rac te r i zed  accord ing  t o  p a r t i c l e  d iameter  i n t o  sand (2.00 - 
0002  rnm), s i l t  (0.02 - 0,002 mm), and c l a y  (c0.002 mm) f r a c t i o n s .  The sand 

and s i  1  t f r a c t i o n s  a r e  composed m o s t l y  o f  p r imary  111-ineral s  l i k e  q u a r t z  (SiOp),  



f e l d s p a r s  ; KA1Si308, NaAlSi308, CaAi2Si208),  pyroxenes [(Ca, Mg, FelA1 ) (SiA1 )206] ,  

amphiboles (Ca2(Mg, FeI5,  s '8022(0H)2)y  and 01 i v i n e s  [(Mg, Fe I2  Si04], as s i l i c a t e ,  

c a l c i  um, magneiium, and 1 r o n  carbonate (CaC03, MgC03, FeC03), gypsum (CaS04), and 

p y r i t e  (FeS] a5 noos.llcate, A c t ~ a l l y  most s f  t h e  elements p resen t  i n  wastewater,  

a f  n o t  a l l  o f  them, ape found r n  t he  s o l ~ d  f r a c t i o n  o f  t h e  s o i l ,  However, t h e  e l e -  

ments a r e  found sn s o l u b l e  fo rm I n  w a s t e w t e r  o r  become s o l u b l e  by b i odeg rada t i on  

processes, By c o n t r a s t ,  t hey  a r e  norma l l y  bound i n  i n s o l u b l e  form i n  t h e  s o i l .  

The c i a y  f r a c t ~ o n  s f  t h e  s o i i  has h i g h e r  supface area than  a l l  t h e  o t h e r  

f r a c t i o n s  and ~t has t h e  g r e a t e s t  ndmber o f  a d s o r p t ~ o n  s i t e s ,  For l a b o r a t o r y  r e -  

search on s h o r t  te rm renova t i on ,  c l d y s  have cons ide rab le  impor tance because most o f  

t h e  m a t e r i a l s  sn t h e  c l a y  f r a c t ~ o n  have e ~ t h e r  a  permanent nega t i ve  charge countered 

by exchangeable c a t i o n s ,  o r  possess a  charge dependent on t h e  pH o f  t h e  s o i l  so l u -  

t ~ o n  w h ~ c h  i n f l u e n c e s  t h e  r e t e n t i o n  o f  b o t h  c a t i o n s  and an ions as a  f u n c t i o n  o f  

* 
pH. Micas, i l l i t e s ,  and v e c m ~ c u l l t e s  a f f e c t  t h e  a b i l i t y  o f  s o i l  t o  r e t a i n  NH4 

I n  wastewater Montmor~ 1  1 o n i  t e - t y p e  mr nera 1 s  whf ch  expand upon wet t - i  ng Imay cause 

r e d u c t i o n  i n  t h e  water  permeabi l i t j  o f  s o l 1  when ~ a '  i n  wastewater becomes t h e  

dominant t ype  o f  exchangeable c a t i o n ,  These m i n e r a l s  can be expected t o  adsorb 

heavy metal  cataons from wastewater a p p l i e d  t o  t h e  s o i  1. Kaol i n i  t e  and ha1 l o y s i  t e  

a r e  n o t  so ~ m p o l t a n t  because o f  t h e i r  l e s s  s p e c i f i c  area and exchange c a p a c i t i e s .  

Aluminum h y d r o x ~ d e  (A1(OH)3) and i r o n  hydrox ide  (Fe(OH)3) a r e  v e r y  impo r tan t  i n  

d e t e r m ~ n r n g  t h e  a b l l  i t y  o f  s o ~ l s  t o  assimilate wastewater chemica ls  p resen t  i n  

a n i o n i c  form such as  phosphates, Un fo r t una te l y ,  t he  m i n e r a l s  w ? t h  h i g h  i o n  ex- 

change capacaty  a r e  a l s o  t h e  manerals which d i spe rse  when exposed t o  h i g h  con- 

c e n t r a t i o n s  o f  sodium. 

The o r g a n i c  f r a c t i o n  o f  t h e  s o i l  may range from comple te ly  undecomposed 

p l a n t  l i t t e r  t o  i n d i v i d u a l  o rgan i c  molecu les.  L i g n i n s ,  f a t s ,  o i l s ,  r e s i n s ,  

c e l l u l o s e ,  s ta rches ,  and p r o t e i n s  a re  among t h e  earl-~ponents of t h e  o rgan i c  
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f r a c t i o n  Some o f  these components a r e  r e s i s t a n t  t o  r a p i d  m i c r o b ~ a l  degradat ion;  

o t h e r s  a r e  degraded t o  s lmpaer  compounds l lke avano acads, amides, a l coho l s ,  a l de -  

hydes, ketones, 8nd low mslecwlar  we1ght ac .ds r  Decompos~t ion  may go f u r t h e r  t o  

C02, HZ) ,   NO^-% a n d  S04-'s O r g a n c  m a t t e r  h b i  a  h rgher  c a t ~ o n  exchange c a p a c i t y  than  

mlneaals  and heavy meta l  c a t i o n s  no rma l l y  a r e  absorbed by organsc m a t t e r  which r e -  

duces mob l i t y  o f  these chenqc31s r n  s o ~ l s  

The Natu re  o f  Chemlsd I Proceases ; n  Sor l - -- --- ---- - --- 
The dvdilabrllty o f  a so 1 to  renovate wdstewater 1s governed by  many chemf- 

c a i  and b~ocherneca' processes The most ~ m p o p t a n t  ehemical processes a re :  

I o n  Exchange 

I n  I o n  exchdnge s p e i , f ~ c  Ions . n  water  a r e  exchanged f o r  complementary i o n s  

t h a t  ,?re p a r t  o f  Lhe complex s f  a  s o l ~ d  exchange medium, I o n  exchange i s  t h e  

most common chemical process whTch  O G C U ~ S  In 90715 Th i s  process depends on t h e  

c l a y  p a r t  a f  t h e  inorgansc f r a c t r o n  dnd t he  o rgan i c  f r - ac t i on  o f  t h e  s o i l ,  Layer  

aluminum s a l ~ c a t e  vsne rd l s  i n  t he  c l a y  f r a c t ~ o n  a re  l a r g e l y  t -esponsjble f o r  t h e  

c a t i o n  exchange capac r t y  o f  t h e  rnorganlc  f r a c t ~ o n  o f  t h e  soa l ,  The c a t i o n  ex- 

change pcope r t y  1s  due t o  t h e  permanent nega t i ve  charge w l t h l n  t h e  m ine ra l  

c r y s t a l s  l a t t i c e  possessed b j  these m ine ra l s .  The nega t i ve  l a t t i c e  charge must 

be n e u t r a l  ) zed  by p o s ~  t i v e  ions  and so t he  o p e r a t i o n  takes  p i ace  The c a t i o n  

exchange c a p a c i t y  (CEC j i n  the sol l 4s equl  v a l e n t  t o  t he  amount o f  t he  exchange- 

a b l e  ca t t ons  a s s o c ~ a t e d  w i t h  t h e  vari1ous types o f  mrnera l  su r faces  which have a  

n e g a t ~ e e  charge C o n v e n t ~ o n a ? l y ,  the  CEC rs expressed as m l l l i e q u i v a l e n t s  o f  ex- 

changeable e a t  ons p e r  '08 grams o f  t he  ;or8 and f o r  so11 m ~ n e r a l s  i t  ranges 

from SOB meq, j 100 gv f o r  m o n t r n o ~ ~  l l o n l  t e  t o  5 meq ('800 g r  f o r  kao l  i n l ' t e  t ype  

ms nerd1 s 
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Another  t ype  o f  i o n  exchange r e f l e c t e d  i n  t he  r e t e n t i o n  o f  bo th  c a t i o n  and 

an ions i s  possessed by t h e  m ine ra l  f r a c t i o n  o f  s o i l  and i t  depends upon t h e  

a c i d i t y  o r  t he  pH o f  t h e  s o i l .  It i s  thought  t h a t  t h i s  t ype  o f  i o n  exchange i s  

r e s u l t i n g  as a  consequence o f  t h e  d i s s o c i a t i o n  o r  a s s o c i a t i o n  of hydrogen i o n s  

(H') w i t h  s t r u c t u r a l  elements a t  t h e  c r y s t a l  edges o f  t h e  more amorphose aluminum 

s i l i c a t e  m ine ra l s  and w i t h  aluminum and i r o n  hydrox ides.  Th i s  t ype  of i o n  ex- 

change i s  impo r tan t  i n  pH va lues more than  7 and l e s s  than  5 ,  and i t  may be 10 

t o  20% o f  t h e  t o t a l  i o n  exchange capac i t y .  I t  does account f o r  t h e  tendency 

o f  s o i l s  t o  r e t a i n  an ions w i t h  decreas ing pH and, i n  p a r t ,  f o r  t h e  i nc rease  i n  

c a t i o n  exchange c a p a c i t y  w i t h  i n c r e a s i n g  pH. 

Other  t han  t he  types and amounts o f  m ine ra l s  i n  t he  c l a y  f r a c t i o n  and s o i l  

pH, t h e  c a t i o n  exchange c h a r a c t e r i s t i c s  o f  s o i l s  depend upon t he  na tu re  and 

amount o f  o rgan i c  m a t t e r  i n  s o i l .  

A1 though c a t i o n  exchange c a p a c i t y  i s  an impo r tan t  f a c t o r  a f f ec t i ng  t he  

a b i l i t y  o f  t h e  s o i l  t o  remove c a t i o n s  f rom a  s o l u t i o n  by  t h e  i no rgan i c  and 

o rgan ic  components adsorp t ion ,  t h i s  does n o t  mean t h a t  t h e  chemical removing 

capaci  t y  o f  t he  s o i l  i s  equal t o  t h e  CEC o f  t h i s  s o i l .  The removal o f  waste- 

wa te r  chemical s  by t h e  s o i l  i s  accompanied by t he  re l ease  o f  cat+ and ~ a +  be- 

cause t h e  exchange c a p a c i t y  o f  t he  s o i l  i s  no rma l l y  a l r e a d y  sa tu ra ted  w i t h  such 
+ + + 

ca t i ons .  Wastewater i t s e l f  no rma l l y  con ta ins  l a r g e  amounts o f  Na and Ca 

r e l a t i v e  t o  t he  amounts o f  o t h e r  heavy meta ls .  So, t h e  removal o f  heavy metal  

c a t i o n s  f rom wastewater by CEC may be l i m i t e d  by t he  competing e f f e c t s  o f  t h e  

common c a t i o n s  present .  

Adsorp t ion  o f  D i sso l ved  Cons t i t uen t s  from Soi 1  S o l u t i o n  

I n  genera l  , the  adso rp t i on  process can be represen ted  by t he  f o l l o w i n g  

equi  1  i b r i  um: 

-+ 
I n s o l u b l e - x  + Adsorbed-x + Sol ub l  e-x 
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where x represen ts  t h e  component adsorbed f rom s o l u t i o n .  Adsorp t ion  i s  normal l y  

q u i t e  r a p i d  i n t h e  s o i l  , and t h e  component adsorbed tends t o  e q ~ ~ i l  i b r a t e  w i t h  t he  

s o l u t i o n  phase, 

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

I n  precipitation, d i sso l ved  substances a r e  thi-own o u t  o f  s o l u t i o n .  I f  t h e  

c a t i o n s  and anions concen t ra t i ons  i n  t he  s o i  1  s o l u t i o n  become h igh ,  a s s o c i a t i o n  

between s p e c i f i c  types o f  them may occur  t o  fo rm s o l i d  chemical compounds w i t h  a  

l i m i t e d  s o l u b i l i t y ,  

Most o x i d a t i o n / r e d u c t i o n  r e a c t i o n s  which occur  i n  s o i  1  a r e  b i o c h i c a l  r e -  

ac t i ons ,  They a r e  d i r e c t l y  o r  i n d i r e c t l y  r e l a t e d  t o  t h e  processes by which 

microorganisms degrade o rgan ic  m a t t e r  i n  the  s o i l  o r  i n  t h e  wastewater a p p l i e d  t o  

i t . A1 though oxygen i s  i n v o l v e d  i n  many o x i d a t i  on / reduc t ion  reac t i ons ,  under 

unaerobic  c o n d i t i o n s  microorganisms which o b t a i n  t h e i r  energy f rom o x i d i z i n g  

o rgan i c  m a t t e r  u t i l i z i n g  oxygen must f i n d  a  s u b s t i t u t e  f o r  O2 i n  metabo l i c  process. 

Among these s u b s t i t u t e s  f o r  O2 a re :  n i t r o g e n ,  s u l f u r ,  i r o n ,  and manganese. The 

chemis t ry  o f  t h e s e  elements v a r i e s  accord ing  t o  whether t hey  a r e  p resen t  i n  o x i -  

d i zed  o r  reduced form. For example, (NOg-) N p  i n  s o i l s  i s  f r e e l y  mob i le  b u t  i t  

can be immobi l ized by c a t i o n  exchange and adso rp t i on  processes. Fe3+ i s  immobi le 

i n  s o i l  w h i l e  Fez' i s  r e l a t i v e l y  so lub le .  So, t h e  o x i d a t i o n / r e d u c t i o n  process i s  

impo r tan t  i n  de te rm in ing  t h e  chemical p r o p e r t i e s  o f  c e r t a i n  types o f  chemical s. 

Sol ub le  Organic Chel a tes  

Th i s  process i s  t h e  combining o f  o rgan ic  chemicals w i t h  metal  i o n s  which r e -  

su l  t s  i n  s o l u b l e  b u t  non- ion ic  forms. Here the  o rgan i c  chemicals do n o t  inc rease  

t he  a b j l  i t y  o f  t he  s o i l  t o  r e t a i n  i ons .  
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Fate o f  Wastewater Chemicals App l ied  t o  Land -- -- 
I n f o r m a t i o n  re1  evan t  t o  understandi  ng t he  general  behav io r  o f  wastewater chemi - 

c a l s  i n  s o i l  i s  cons iderab ly  l ~ m i  ted ,  

As was p r e v i o u s l y  ment~oned,  t he  a b i l i t y  o f  s o i l  t o  r e t a i n  wastewater chemicals 

i s  r e l a t e d  t o  t he  t e x t u r a l  c h a r a c t e r i s t i c s  o f  t h e  s o i l ,  Bu t  because o f  inadequate 

d i r e c t l y  app lscab le  data,  p r e d i c t i o n  as t o  t h e  e f f i c i e n c y  o f  removal o f  chemicals 

f rom wastewater by so11 must be p r i m a r i l y  a  judgment syn thes ized  from the  l i m i t e d  

amount o f  t h e  var ious  types  o f  i n f o r m a t i o n  a v a i l a b l e .  

Methods - and Procedures 

I n  o rde r  t o  s tudy  t he  m o b i l i t y  and r e t e n t i o n  o f  wastewater chemicals i n  s o i l ,  

many i n v e s t i g a t o r s  have used t he  l a b o r a t o r y  r a t h e r  than  t h e  f i e l d  because l abo ra -  

t o r y  techniques have a h i ghe r  degree o f  c o n t r o l  and p r e c i s i o n ,  However, i t  may be 

d i f f i c u l t  t o  t r a n s l a t e  t h e  l a b o r a t o r y  r e s u l t s  i n t o  q u a n t i t a t i v e  terms t o  t he  

p r a c t i c a l  fs" e l  d  s i t u a t i o n s  because o f  t he  profound i n f l  uence o f  s h o r t  tern1 phenomena. 

Labora to ry  techniques were used i n  t h i s  study, and t h i s  r e p o r t  should be viewed 

w i t h  t h i s  c o n s i d e r a t i o n  i n  m ~ n d ,  

Procedures 

The sampl ing s i t e s  f rom where t h e  samples used i n  t h i s  s tudy  were taken a re  

l o c a t e d  i n  t h e  f i e l d s  discussed i n  Chapter 111. Standard Shelby tube sampling 

p r a c t i c e s  were used t o  o b t a i n  the  s i x  s o i l  columns d iscussed i n  t h i s  chapter .  

Three o f  the s i x  s o i l  samples (columns) were mounted i n  such a way t o  make 

i t  p o s s i b l e  t o  feed t he  s o i l  w i t h  wastewater f rom t h e  t op  and c o l l e c t  t h e  e f f l  uen t  

samples from the  bottom, Before mounting, i t  was thought  t h a t  samples f rom 

d i f f e r e n t  depths o f  t h e  s o i l  column would be a v a i l a b l e ,  b u t  samples were very  

d i f f i c u l t  t o  o b t a i n  except  f rom t h e  bottom O f  t he  columns. As a r e s u l t ,  and be- 

cause of t h e  importance o f  t he  f i r s t  f o o t  o f  t he  s o i l  ( i t  con ta ins  most o f  t he  
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s o i l  microorganisms) ,  t he  o t h e r  t h r e e  s o i l  columns were c u t  t o  one f o o t  l eng ths  and 

t r e a t e d  i n  t he  same manner as t he  o the rs  were t r e a t e d ,  

For  s a f e t y  before t h e  beg inn ing  o f  t h e  f eed ing  opera t ion ,  t he  s o i l  columns were 

seeded w i t h  100 m l  each f rom a b a c t e r i a  c u l t u r e ,  

Wastewater Anal y s i  s 

Wastewater samples f rom the  sweet co rn  p rocess ing  p l a n t  near  Buhl,  Idaho, were 

f i l t e r e d  th rough g lass  wool. The f i l t r a t e  was a p p l i e d  t o  t h e  s o i l  colurr~ns a f t e r  

+ - + + ++ ++ 
i t  was analyzed f o r  COD, pH, NOg-, NH4, Organic N, P o i ,  K , Na , Ca , and Mg . 
Standard methods were used i n  t he  analyses o f  a l l  t he  parameters (Standard Methods 

f o r  t h e  Examinat ion o f  Water and Wastewater, 1971, 18 th  e d i t i o n ,  American P u b l i c  

Hea l t h  Assoc ia t i on ,  Washington, D.C.),  

E f f l u e n t  Sample Analyses 

One sample was c o l l e c t e d  f rom the  bottom o f  each column every  day. I n  each 

sample t he  va lues of t he  parameter which were determined i n  t he  o r i g i n a l  waste- 

water  were determi  ned u s i  ng s tandard methods ( c i  t e d  above). 

Soi  1 Sample Analyses 

Two s o i l  samples were c o l l e c t e d  f rom each s o i l  column (one from the  t o p  and 

t he  o t h e r  f rom the  bottom) be fo re  and a f t e r  t rea tment  w i t h  wastewater. The f o l l o w -  

i n g  parameters were determined i n  each sample: 

The pH of each sample was determined by m ix i ng  1 gm of s o i l  w i t h  10 m l  o f  

d i s t i l l e d  wate r  and read ing  t h e  pH o f  t h e  suspension d i r e c t l y  f rom the  pH meter.  

Ca t i on  Exchange c a p a c i t y  (CEC) 

To determine t h i s  parameter ca l c i um a t  a n e u t r a l  pH was used, Re fe r  t o  Appendix 

A. 
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E x t r a c t a b l e  Metal 1  i c  Cat ions 

Neut ra l  NH40Ac was used i n  determi  ng EMC. Refer  t o  Appendix B. 

Organic M a t t e r  

The method f o r  de te rm ina t i on  o f  t he  OM i s  descr ibed  i n  Appendix C. 

Soi 1  N i t r a t e  N i t r ogen  ( N O ~ N )  

The method shown i n  Appendix D was used i n  de te rmin ing  N O i N .  

0.5 M NaHC03 E x t r a c t a b l e  Phosphorus 

See Appendix E. 

A i r - d r i e d  s o i l  was used i n  a1 1  de te rmina t ions .  

Resul t s  - and Discuss ion  

Wastewater and E f f l u e n t  Analyses 

I n  Table IV-1, t he  analyses o f  t h e  f o u r  wastewater samples app l i ed  t o  t he  

so i  1  a r e  tabu1 ated. Samples wl , w2, and w3 were used t o  feed  Columns 82, B5, and 

86. The f i r s t  sample (wl ) was a p p l i e d  t o  t he  t h r e e  columns f rom the  beg inn ing  t o  

August 5, 1971 , and t h e  second sample (w2) was f rom August 5, 1971 t o  August 15, 

1971, and t h e  t h i r d  sample f rom August 15, 1971 t o  t he  end o f  t he  feed ing  opera- 

t i o n .  The f o u r t h  sample (w4) was used i n  f eed ing  Columns B1, 83, and 84. P h y s i c a l l y ,  

the  e f f l u e n t  had no odor,  no c o l o r ,  and i t  was t a s t e l e s s .  

The f l o w  r a t e  i s  w r i t t e n  on each t a b l e .  

Soi 1  Analyses 

A  combined sample was taken f rom t h e  s i x  columns and analyzed f o r  mo is tu re  

con ten t ,  wa te r -ho ld ing  capac i t y ,  pH, b a c t e r i a  counts,  f u n g i  counts,  and a c t i -  

monysi t e s  counts  i n the  s o i  1  m i c r o b i o l  ogy 1  abora to ry .  The f o l l  owing r e s u l  t s  were 

observed: 5.31, 50.45, 8.1, 1.32 x  l o 7 ,  1.09 x  l o 5 ,  and 5.4 x  l o 6  f o r  each of t h e  

above parameters, r e s p e c t i v e l y .  The s o i  1  i n  general  was c l a s s i f i e d  t o  be -- s i  1 t- loam. 
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Tables IV-8 and IV-9 show t h e  s o i l  analyses r e s u l t s  f o r  each sample be fo re  and 

a f t e r  t r ea tmen t  w i t h  wastewater. 

Phys ica l  P r o p e r t i e s  -- o f  t h e  E f f l u e n t  

I n  a l l  o f  t he  p e r c o l a t e  ( e f f l u e n t )  samples t he  water  was c l e a r ,  odor less,  and 

w i t h o u t  any unpleasant  t a s t e .  The r e s u l t s  o f  a l l  analyses a r e  shown i n  Tables 

IV-2 through IV-7, 

H ' - 
The pH o f  t he  wastewater i n  t he  f o u r  wastewater samples used i n  t h i s  s tudy  

was between 3.45 and 5.80. A l l  t h e  p e r c o l a t e  samples had n e u t r a l  pH (7.20-8.70). 

The s o i l  r eac ted  w i t h  t h e  wastewater t o  decrease t h e  hydrogen i n  concen t ra t ion .  

Organic M a t t e r  

The o rgan ic  m a t t e r  was es t imated  by t h e  chemical oxygen demand (COD) which 

p rov ides  a  measure o f  t h e  oxygen e q u i v a l e n t  o f  t h a t  p o r t i o n  of t h e  o rgan ic  m a t t e r  

i n  a  sample t h a t  i s  s u s c e p t i b l e  t o  o x i d a t i o n  by a  s t r ong  chemical ox i dan t .  The 

reason t he  COD was used i n  p lace  o f  biochemical  oxygen demand i s  because t he  COD 

t e s t  i s  s imple,  r a p i d ,  g i ves  rep roduc ib l e  r e s u l t s ,  and i t  measures t he  concentra-  

t i o n  o f  a l l  o rgan ic  m a t e r i a l  as opposed t o  t h a t  which i s  biodegradable.  

As shown i n  Tables IV-2 t o  IV-7, t h e  COD va lue  was decreased by 97% i n  t he  

beg inn ing  o f  t h e  feed ing  o p e r a t i o n  and by 100% a f t e r  25 days o f  feed ing  o r  a f t e r  

app l y i ng  3.5 l i t e r s  o f  waste t o  t h e  s o i l  columns o f  2.5 t o  3.75 f e e t  depth. 

These r e s u l t s  a r e  ve ry  c l ose  t o  Heywood,et a l .  (1969) r e s u l t s  which a re  96-98% 

lower i ng  o f  t h e  COD. 

I n  t he  p e r c o l a t e  f rom the  t h ree  one- foo t  depth s o i  1  columns, t he  COD va lue 

reached zero a f t e r  6, 7, and 24 days and a f t e r  0.72, 0.87, and 1.1 l i t e r s  o f  waste 

were app l i ed .  



N i t r o g e n  

Ammonia n i t r o g e n  was a lmost  comp le te ly  removed f rom t h e  wastewater a p p l i e d  

t o  t h e  s o i l ,  Ammonia n i t r o g e n  va lues were l e s s  than  1  ppm i n  a l l  p e r c o l a t e  

samples. The ammonia i s undoubted ly  conver ted by  t h e  so-i 1 ~ i i i c r o o r g a n i  sms t o  

n i t r i t e s  and f i n a l l y  t o  n i t r a t e ,  hence t h e  reason t h a t  t h e  n i t r a t e  va lues de- 

creased i n  t he  beg inn ing  o f  t h e  f eed ing  ( p e r c o l a t i o n )  ope ra t i on .  The o rgan i c  

n i t r o g e n  was removed f r om t h e  wastewater by 30% t o  70%. T h i s  i s  a l s o  due t o  t he  

n i  t r i f i c a t i o n  processes. 

N i t r a t e  va lues  showed an inc rease  up t o  240 ppm f rom l e s s  than 1  ppm i n  

t he  beg inn ing ;  t h e y  then  decreased t o  zero,  The i nc rease  may have been due 

t o  n i t r i f i c a t i o n  processes and m a i n l y  t o  t h e  s o l u b l e  n i t r a t e s  i n  t h e  s o i l .  

Phosphates 

The phosphates were comp le te ly  removed f rom t h e  wastewater.  T h i s  may have 

been due t o  isomorphous rep lacement  o f  hydroxy l  i o n s  i n  t h e  c l a y  l a t t i c e s  o r  t o  

b i o l o g i c a l  removal o f  d i s s o l v e d  phosphates i n  t h e  area o f  concen t ra ted  b i o l o g i c a l  

a c t i v i t y ,  The b i o l o g i c a l  a c t i v i t y  i s  p robab l y  t h e  most impo r tan t  f a c t o r  i n  

phosphates r e t e n t i o n  b u t  a d s o r p t i o n  may have p layed a  r o l e  a l so .  

Po tass i  um 

The changes i n  K* va lues  w i t h  t h e  waste volume appl  i e d  a re  t a b u l a t e d  i n  
* 

Tables IV-2 th rough  IV-7,  There was a  cons ide rab le  decrease i n  K  va lues f rom 

t h e  f i r s t  p e r c o l a t e  sample. About 95% o f  t h e  K* i n  t h e  waste was removed. Ad- 
* 

s o r p t i o n  and o t h e r  c a t i o n  exchange r e a c t i o n s  a re  r e s p o n s i b l e  f o r  t h e  K  r e t e n t i o n .  

~ a * ,  ~ a * * ,  and Pig** - 
* 

The Na va lues  remained abou t  cons tan t  excep t  f o r  some i nc rease  i n  one o r  

two columns and some decrease i n  one column, I t was observed t h a t  t h e  i nc rease  
w 



happened i n  columns o f  o n e - f o o t  l e n g t h  which may be due t o  l e a c h i n g  f r o m  t h e  s o i l .  

On t h e  o t h e r  hand, t h e  decrease was observed i n  t h e  f i r s t  seven p e r c o l a t e  samples 

c o l l e c t e d  f r o m  Column B5 (3.75 f t . ) ,  wh ich makes t h e  e f f e c t  o f  l e n g t h  o f  column 

q u e s t i o n a b l e ,  

I t i s  d i f f i c u l t  t o  draw c o n c l u s i o n s  f o r  ~ a + +  and Mg++ because b o t h  o f  them 

a r e  v a r i a b l e  i n  c o n c e n t r a t i o n .  An i n c r e a s e  i n  some samples and a  decrease i n  

o t h e r s  were observed,  b u t  i t  can be s t a t e d  t h a t  t h e r e  was a  smal l  i n c r e a s e  i n  

++ 
t h e  MgC+ and an i n c r e a s e  and a  decrease i n  Ca . These r e s u l t s  may be due t o  

c a t i o n  exchange processes wh ich  were a f f e c t e d  by  inhomogeneous m a t e r i a l s .  

C a l c u l a t i o n  - o f  Organ ic  Removal 

The t a b u l a t i o n  below shows t h e  c a l c u l a t e d  r e s u l t s  o f  o r g a n i c  removals  o f  COD. 

Amount o f  COD 

Col umn Volume of Volume o f  Waste Amount o f  COD Amount o f  COD Removed 
3  Number S o i l  (cm3) A p p l i e d  (m l )  A p p l i e d  (mg) Removed (mg) (Mg/cm S o i l  ) 

3  The c a l c u l a t i o n s  show t h a t  abou t  4.82 mg COD may be removed by  1  cm of t h e  

s o i l  i n  t h e  waste d i s p o s a l  f i e l d  near  Buh l .  The l o n g e v i t y ,  however, i s  q u e s t i o n -  

a b l e .  

N u t r i e n t  Removal s  

Phosphate was removed c o m p l e t e l y  b y  t h e  so-11. The amounts o f  t o t a l  phosphate 

amounts removed f r o m  t h e  wastewater  by  t h e  s o i l  i n  each colurr~n a r e  as f o l l o w s .  



Col urrln 
Number Phosphate Removed (mg) 3 Phosphate Removed (mg/cm 9 o i  1 ) 

About .026 mg phosphate was removed by 1 cm.' o f  s o i  1 , and 95.6% o f  t h e  po- 

tass ium was r e t a i n e d  i n  t h e  s o i l .  The amounts o f  K+ removed f rom t h e  waste a re  

as f o l l o w s .  

Col umn 
Number Po tass i  um Removed (mg) 3 Potassium Removed (mg/cm S o i l )  

N i t r o g e n '  s t h r e e  forms, n i t r a t e ,  ammonia, and o rgan i c ,  were determined i n  

each sample. The n i t r o g e n  balance i s  h e l p f u l  i n  unders tanding t h i s  e lement ' s  

movement th rough  t h e  s o i l .  The ba lance was cons t ruc ted  accord iug  t o  t h e  f o l l o w -  

i n g  equa t ion .  

NO3 - Nin + NH3 - Nin + Org. Nin = NO3 - Nout + NH3 - Nout 

+ Org. Nout + N conver ted t o  b a c t e r i a  c e l l  s + N accumulated 

i n  s o i l  + N escaped t o  t h e  atmosphere. 

Because o n l y  t h e  NO;, NH3, and o rgan i c  N were determined, t h e  r i g h t  s i d e  

o f  t h e  equa t i on  shou ld  exceed t he  l e f t  s ide .  Accord ing t o  t h e  r e s u l t s  ob ta i ned  

f rom t h i s  s tudy,  t h e  balance f o r  each column was: 
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I n  t h i s  case, t h e  r i g h t  s i d e  i s  much more than  t h e  l e f t  s i d e  o f  t h e  e q u a t i o n  

because o f  t h e  g r e a t  amount o f  NO; leached f r o m  t h e  s o i l .  T h i s  r e s u l t  i s  c o n s i s t e n t  

w i t h  t h e  f a c t  t h a t  t h e  f i e l d  f rom which t h e  s o i l  columns were ob ta ined  has been 

used f o r  d i s p o s a l  p r e v i o u s l y .  

C logg ing  - o f  Columns 

C logg ing  and conconii t a n t  f l o o d i n g  o f  t h e  s u r f a c e  occur red  i n  a1 1  excep t  one 

o f  t h e  columns d u r i n g  t h e  f e e d i n g  o p e r a t i o n .  I n  t h e  one e x c e p t i o n ,  c l o g g i n g  

occur red  a t  t h e  end o f  t h e  exper iment .  I n  o t h e r  words, i n  t h e  o n e - f o o t  s o i l  

depths,  t h e  c l o g g i n g  reduced i n f i l t r a t i o n  a f t e r  2,976 mg COD l o a d i n g ,  i n  2.5 f e e t  

a f t e r  25,638 mg COD 1  oad i  ng, i n  3.5 f e e t  a f t e r  34,028 mg COD 1  oad i  ng , and i n  

3.75 f e e t  a f t e r  24,608 mg COD l o a d i n g .  The o r g a n i c  m a t t e r  i s  t h e  most i m p o r t a n t  

f a c t o r  w i t h  r e s p e c t  t o  c l o g g i n g .  Many i n v e s t i g a t o r s  have recommended t h a t  

p e r i o d i c  l o a d i n g  be used t o  g i v e  t h e  o r g a n i c  m a t t e r  t h e  chance t o  be degraded 

i n  an a e r o b i c  env i ronment  by  t h e  s o i l  microorganisms.  I t  s u f f i c e s  here t o  say 

t h a t  i f  con t inued  a p p l i c a t i o n  i s  p r a c t i c e d ,  even a t  a  r a t e  as l o w  as .1 ml/min., 

c l o g g i n g  and decreased i n f i  1  t r a t i o n  r a t e s  w i l l  r e s u l t .  

Q u a l i t y  Change i n  S o i l  -- 

As was expected, t h e r e  was an i n c r e a s e  i n  t h e  c a t i o n  exchange c a p a c i t y  and 

i n  phosphate i n  t h e  t r e a t e d  s o i l .  A c o n s i d e r a b l e  decrease i n  n i t r a t e s  was ob- 

served wh ich  i s  concomi tant  w i t h  t h e  l e a c h i n g  by t h e  wastewater.  The presence 

o f  removable n i t r a t e  i n  t h e  s o i l  columns e x p l a i n s  t h e  f a c t  t h a t  n i t r a t e s  a r e  

n o t  b u i l d i n g  up i n  t h e  ground w a t e r  su r round ing  t h e  f i e l d ,  as d i scussed  i n  

Chapter 111. The company a p p l i e s  i t s  wastewater a t  a  r a t e  which i s  l o w  enough 

t o  p r e v e n t  s a t u r a t i o n  so t h a t  odor  problems do n o t  deve lop.  The e v a p o t r a n s p i r a t i o n  

o f  t h e  w a t e r  undoubted ly  leaves  n i t r a t e  i n  t h e  s o i l .  There was n o t  a  c o n s i d e r a b l e  

i n c r e a s e  i n  t h e  OM and t h e  K+ because b o t h  a r e  s u b j e c t  t o  d e g r a d a t i o n  and change 

t o  ano ther  f o r m  l'n t h e  sol ' l  . 
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Summary and Concl u s i  ons - 

The wastewater ( e f f l u e n t  f rom a  corn  p rocess ing  p l a n t  near  Buhl, Idaho)  was 

a p p l i e d  t o  She1 by tube type  s o i l  columns c o l l e c t e d  f rom a  f i e l d  near Buhl which 

had been s r r i g a t e d  w i t h  t he  same wastewater du r i ng  p rev ious  years .  Perco la te  

samples were c o l l e c t e d  f rom the  bottom o f  each column, and the  f o l l o w i n g  changes 

were observed a f t e r  t he  analyses o f  these p e r c o l a t e  samples: The pe rco la te  

water  has no c o l o r ,  no odor,  nor  unpleasant  t a s t e .  The pH was r a i s e d  f rom a c i d i c  

(3.5) t o  n e u t r a l  . The COD was removed by  98%, t he  PO: by  100%, t he  K+ by 95%, 

and t h e  o rgan i c  n i t r o g e n  by 50%. There was a  cons iderab le  inc rease  i n  t he  NO; 

i n  s o l u t i o n .  Concomitant changes were observed i n  t he  s o i l  p r o p e r t i e s .  Chapter 

I 1 1  d iscussed t he  removal o f  BOD and f e c a l  c o l i f o r m .  

The necess i t y  o f  re-use o f  wastewater r e s u l t s  f rom the  s t e a d i l y  i n c r e a s i n g  

demand o f  wa te r  f o r  p u b l i c  supply  and f o r  i n d u s t r i a l  purposes and, on the  o t h e r  

hand, f rom t h e  l i m i t e d  supply  o f  water  f rom n a t u r a l  resources e s p e c i a l l y  i n  

semi - a r i d  c o u n t r i e s .  

On t h e  bas i s  o f  t h i s  and o t h e r  s tud ies ,  t he  advantages of us i ng  t he  s o i l  

system i n  re-use and rec lama t i on  o f  wastewater can be s t a t e d  as: 

1. The t rea tment  by p e r c o l a t i o n  through t h e  s o i  1  i s  g e n e r a l l y  e f f i c i e n t  

and re1  a t i  v e l y  inexpensive.  

2. I n  areas o f  wa te r  d e f i c i e n c y ,  r e c l a i m i n g  o f  wastewaters by s o i l  can 

be much more economical than i m p o r t i n g  water  f rom an a l t e r n a t i v e  source, 

o r  than  r e c l a i m i n g  wate r  d i r e c t l y  f rom wastewater by us ing  advanced 

waste t rea tment  methods. 

3, The t rea tment  by s o i l  systems prov ides  an a d d i t i o n a l  o p p o r t u n i t y  

f o r  removal o f  b a c t e r i a  and v i r uses  and d e s t r u c t i v e  chemicals (such 

as modern p e s t i c i d e s )  which o therw ise  may be r e s i s t a n t  t o  many a r t i -  

f i c i a l  o r  h i  gh- ra te  n a t u r a l  t rea tment  methods. 
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4, T e r r e s t r i a l  d i sposa l  may recharge ground water .  

5. T e r r e s t r i a l  d i sposa l  o f  wastewater may n o t  meet w i t h  p u b l i c  o p p o s i t i o n  

as has d i r e c t  re-use, even a f t e r  advanced t r ea tmen t  t o  a  h i g h  q u a l i t y .  

On t h e  whole, t h e  use o f  s o i l  systems f o r  r ec l ama t i on  o f  wastewater i s  

p robab ly  t h e  most i d e a l  w i t h  r espec t  t o  economy and o t h e r  f ac to r s .  As Chapters 

111 and I V  o f  t h i s  r e p o r t  has shown, r e n o v a t i o n  can be accompl i shed  i f  p roper  

and c a r e f u l  management i s  p r a c t i c e d .  



TABLE IV-1 

Wastewater Ana lyses (ppm) 





Table IV-3. E f f l u e n t  analyses,  Column 82 

Mas tewa te r  Sampl COD 
NO;N Organic  

volume No. Date PI-1 N ~ a +  K+ cat+ M ~ + +  
( P P ~ )  (ml)  ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  



Table IV-3. Continued 

Wastewater 
Sample D a t e  volume No. P H COD NO;N Organic  ~ a +  K+ cat+ M~~~ 

(in1 1 ( P P ~ )  ( P P ~ )  
N (?Pm> ( P P ~  ( F P ~ )  ( P P ~ )  

( ? P d  

IIOTE: NH3 and PO: values were l e s s  than 1 ppm i n  a l l  samples. Feeding s t a r t e d  on 7-1-71 a t  12:OO a.m. 
Flow r a t e  was 0.05 ml/rnin f o r  t h e  f i r s t  24 hours,  then  inc reased t o  0.1 ml/min and t h e n t o  0.2 ml/min on 
8-7-71. 



Table IV-4. Effluent analyses,  Column 83 

Wastewater Sample NO;N Organic Na+ 
COD N K+ . ~ a + +  M ~ + +  volume No. Date 

( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~  ( P P ~ )  ( P P ~ )  ( P P ~ )  (ml) 

NOTE: #H3 and PO; were l e s s  than 1 ppm i n  a l l  samples. S t a r t  feeding on 9-16-71 a t  11 :30 a.m. 

Flow r a t e  ,a1 ml/min. 



Tab72 I V - 5 .  Ei f l : :et?t  ana lyses ,  Coluriin 64 
-- -- - - - - . -- - - - - -- - ------ - --=____-____ --- -- - _ -- - 1 _  -- _=------=I 

iclas tewater COD N O ~ N  Organic vo 1 ume Sample Date No. ( P P ~ )  N N a+ K+ ~ a + +  M ~ + +  
(ml) (ppm' (ppm) ( P P ~  ( P P ~ )  ( P P ~ )  ( P P ~  

1931 11 10- 4-71 8.15 469 0.0 0.7 112 <O. 5 6.9 40 

21 18 12 10- 6-71 7.80 1162 0.0 1 .O 127 <O. 5 33 67 

2262 13 10- 7-71 7.60 1407 0.0 1 .4  152 <O. 5 54 125 

- 
NOTE: NH3 and  PO^ were l e s s  than 1 ppm i n  a1 1 samples. S t a r t  feeding on 9-1 6-71 a t  11 :30 a.m. 

Flow r a t e ,  1 ml/min.  



Table IV-6. E f f l u e n t  analyses,  C01LImn B5 

Wastewater COD NO;N Organ ic  
volume No. Date N ~ a '  K' cat' M~'' pH ( P P ~ )  (m1) (ppm) (ppm) ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  
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Table  I V - 7 .  E f f l u e n t  a n a l y s e s ,  Column B6 
.- - - - ---- - - - - -- - - . - . - - - - -- 
Wastewater  Sampl COD NO j N  O r g a n i c  

v o l  unie No. Date  N N a+ K+ ~ a + +  M ~ + +  
( m l )  (ppm) (ppm), ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  
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CHAPTER V 

MATHEMATICAL MODEL OF THE CAMAS B A S I N  ----- 
GROUND-WATER FLOW SYSTEM -- 

I n t r o d u c t i o n  

I n  many cases i t  IS necessary t o  understand t he  n a t u r a l  ground-water f l o w  

system p r i o r  t o  t h e  ~ m p l e m n t a t i o n  o r  an a r t i f i c i a l  recharge program, Mathe- 

m a t i c a l  model ing i s  one o f  t he  techniques which can be u t i l i z e d  t o  i n t e r p r e t  

t he  n a t u r a l  hyd ro log i c  environment. Th i s  chap te r  dea l s  w i t h  the  a p p l i c a t i o n  o f  

such a  model t o  t he  Camas bas in  i n  Idaho, 

F i  n i  t e -E l  ement Background 

The f i n i t e - e l e m e n t  technique i s  a  numerical  method o f  a n a l y s i s  i n  which 

t he  r e g i o n  o f  i n t e r e s t  i s  d i u l d e d  i n t o  d i s c r e t e  elements. The method was 

o r i g i n a l l y  used i n  s t r e s s  ana l ys i s ,  p a r t i c u l a r l y  i n  t he  f i e l d  o f  s t r u c t u r a l  

engi  nee r i  ng . A d i s c r e t e  s o l u t i o n  p rov ides  va lues  o n l y  a t  d i s c r e t e  p o i n t s  w i t h -  

i n  t he  problem r e g i o n  r a t h e r  than t he  cont inuous va lues ob ta ined  by a n a l y t i c a l  

so l  u t i o n s .  D i  s c re te  s o l  u t i o n s  a r e  adequate i n  many cases and pe rm i t  t rea tment  

o f  coniplex boundary cond i t i ons ;  t h e  d i s c r e t e  method a l s o  p rov ides  approximate 

s o l u t i o n s  t o  problems which cannot be handled by a n a l y t i c a l  means. D e t a i l s  o f  

t h e  t heo ry  o f  t he  method a re  presented by Z ienk iew icz  (1965, 1966, 9967). 

The f i r s t  a p p l i c a t i o n  o f  f i n i t e - e l e m e n t  technique t o  seepage problems was 

made by Z ienk iew i  cz (19661, H is  work p rov ided  t he  t heo ry  on which subsequent 

seepage s t u d i e s  and con~puter  programs were based. The accuracy o f  t he  f i n i t e -  

element technique has compared f a v o r a b l y  w i t h  a n a y t i c a l   neth hods i n  a  number o f  

wa te r  f 1  ow problems (Tom1 i n  , 1966 ; Z i  enk i  ewi cz  , 1966, 1967),  

I n  1967, F inn  (1967) a t  t h e  U n i v e r s i t y  o f  Vancouver and Tay lo r  and Brown 

(1967) o f  t he  U n i v e r s i t y  o f  C a l i f o r n i a  a t  Berke ley  used a  m a t r i x  and f i n i t e -  

element methods t o  l o c a t e  t he  p h r e a t i c  su r face  i n  a  dam. T a y l o r  l a t e r  developed 
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a  technique f o r  f i n d i n g  t h e  phsea t i c  su r f ace  w i t h o u t  t h e  t r i a l - a n d - e r r o r  l o c a t i o n  

o f  t h e  e x i t  p o i n t ,  which was r e q u i r e d  w i t h  F i n n ' s  method. Kealy  (1970) and Kealy  

and W i l l i a m s  (1971) desc r i be  a p p l i c a t i o n  o f  t h e  f i n i t e - e l e m e n t  technique t o  a  s tudy  

o f  seepage p a t t e r n s  i n  m i l l - t a i l i n g s  dams. 

The p resen t  s tudy  adapts  t h e  program developed by T a y l o r  and used by  Kealy  

t o  model ing an e n t i r e  ground-water bas in  i n  sou thern  Idaho. As f a r  as we know, 

i t  i s  t h e  f i r s t  use o f  t h e  f i n i t e - e l e m e n t  method t o  a  basin-wide problem. The 

s tudy i s  d iscussed i n  g r e a t e r  d e t a i l  by  Wal lace (1973).  

I s o l a t i o n  o f  t he  Study Region -- 
The f i r s t  s t ep  i n  a p p l y i n g  any numerical  techn ique  i s  t o  d e f i n e  t h e  r e g i o n  

o f  s tudy  i n  terms o f  i t s  boundary c o n d i t i o n s .  The e f f e c t s  o f  these c o n d i t i o n s  

on f l o w  and t h e  r e l a t i o n s h i p  o f  t h e  va r i ous  elements can then  be determined. 

Boundaries a re  s p e c i f i e d  by t h e  geometry o f  t he  problem and may i n c l u d e  one o r  

more impermeable boundar ies,  a  h y d r o s t a t i c  upstream e q u i p o t e n t i a l  l i n e ,  a  f ree -  

wa te r  su r f ace  ( i f  t h i s  program o p t i o n  i s  used) and a  downstream e q u i p o t e n t i a l  

l i n e ,  

The f l o w  r e g i o n  i s  d i v i d e d  by t h e  program i n t o  elements c o n s i s t i n g  of p lane  

t r i a n g l e s  w i t h  nodes a t  each v e r t e x .  The f i n i t e - e l e m e n t  mesh may be cons t ruc ted  

of q u a d r i l a t e r a l  e lements f o r  convenience i n  fo rm ing  i t  i n i t i a l l y  s i nce  t h e  p ro -  

gram au tomat i ca l  l y d i v i d e s  t h e  quadr i  1  a t e r a l  s  i n t o  t r i a n g u l a r  elements (see 

F igu re  I ) ,  

The elements should be numbered s e q u e n t i a l l y  beg inn ing  a t  t h e  1  ower l e f t  

and numbering upward i n  each column o f  e lements.  The nodes must be numbered 

s e q u e n t i a l l y  upward i n  each column, beg inn ing  a t  t h e  l e f t  edge of t h e  mesh. No 

element can have more than  f o u r  nodes; a  change of mesh s i z e  r e q u i r e s  c o n s t r u c t i o n  

of t r i a n g u l a r  elements i n  t he  t r a n s i t i o n  column. 



P  = p r e s s u r e  (M/LT2), 

p = f l u i d  d e n s i t y  (M/L" , 

and g  = g r a v i t y  (L IT "  ), 

T h i s  e x p r e s s i o n  can  be d e r i v e d  i n  t h e  mariner shown i n  e q u a t i o n s  3 t h r o u g h  

16. The a d d i t i o n a l  n o t a t i o n  used c o n s i s t s  o f  t h e  f o l l o w i n g :  

e = f l u i d  p o t e n t i a l  (L2/T2) .  

Z = e l e v a t i o n  above a  s tandard  datum ( L ) .  

P = p r e s s u r e  a t  a  p o i n t  i n  t h e  porous medium where e i s  d e s i r e d  (MILT'). 

Po = p r e s s u r e  a t  t h e  s tandard  datum (M/ I -T~) .  
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D a r c y s  s Law i n  Terms o f  P ressure  and G r a v i t a t i o n a l  P o t e n t i a l  

The f o l l o w i n g  d e r i v a t i o n s  a r e  f r o m  Kea ly  and Busch (1971) .  

The t h e o r y  o f  w a t e r f l o w  t h r o u g h  porous media i s  based on t h e  c l a s s i c a l  e x p e r i -  

ment o r i g i n a l l y  per formed by  D a ~ c y  i n  1856. Mathemat ica l  models may be v a l i d l y  

used o n l y  i f  D a r c y ' s  assurnptl"ons h o l d  t r u e  (1  , p, 174) .  

D a r c y k  l a w  1s  expressed as f o l l o w s  (1 ,  p. 158, 162) :  

q  = - k i ,  

where q  = u n i t  f l o w  ( L I T ) ,  

k  = c o e f f i c i e n t  o f  permeabi 1  i ty  ( L I T ) ,  

i = dh /d l  = h /L  = h y d r a u l i c  g r a d i e n t  ( d i m e n s i o n l e s s ) ,  

L  = l e n g t h  ( L )  , 

T  = t i m e  ( T ) ,  

and h  = hyd rau l  i c  head ( L )  . 
I n  o r d e r  t o  use t h e  f i n i t e - e l e m e n t  techn ique ,  D a r c y ' s  l a w  must be expressed i n  

t h i s  form: 

q  = -K(aP/ax + p g ) ,  ( 2 )  

where K  = c o e f f i c i e n t  o f  p e r m e a b i l i t y i p g  (TL3/M) = eorr~puter c o e f f i c i e n t  o f  

permeabi 1  i ty  , 
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k  = sa tu ra ted  h y d r a u l i c  c o n d u c t i v i t y  ( c o e f f i c i e n t  o f  permeabi 1  i t y )  (L/T) . 
Y 

= r a t e  o f  f l o w  i n  y d i r e c t i o n  (L/T).  

Us i  ng Hubber t '  s  approach (4 ) ,  
PP 

h =  e/g = Z + l p g , )  dp, 

0 

p rov ided  p and g  a r e  cons idered cons tan t .  Now, cons ide r  f o r  example t he  p o t e n t i a l  

g rad ien t  i n  t h e  v e r t i c a l  d i r e c t i o n  ( y  d i r e c t i o n ) :  

t he re fo re ,  ah/ay = 1  + ( l / p g )  (ap/ay),  

o r  pg(ah/ay) = pg + ap/ay. 

Consequently, ah lay = (pg + ~ P / ~ Y ) / P S .  

Accord ing t o  Darcy 's  1  aw, 

4, = -k(ah/ay)  , 

where k  = sa tu ra ted  h y d r a u l i c  c o n d u c t i v i t y .  By s u b s t i t u t i o n ,  

Now l e t  -K  = -k/pg; then, 

q~ 
= -Ky ( ~ g  + splay). (11)  

By s i m i l a r  reasoning, qx = -K  (ap/ax + 0)  ( g  = 0  i n  x  d i r e c t i o n ) ,  where K i s  t h e  
X 

method o f  express ing  p e r m e a b i l i t y  i n  a  manner concenient  f o r  use i n  t h e  computer. 

I t i s  known t h a t  pressure 

t he re fo re ,  by s u b s t i t u t i o n ,  

o r  i n  terms o f  ac tua l  c o e f f i c i e n t  o f  p e r m e a b i l i t y ,  k, 
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Consequently, i f  a l l  nodal pressures a r e  expressed i n  terms o f  h y d r o s t a t i c  head 

and i f pg = 1  , then  K  (computer)  can be rep1 aced by k  (measured). Th i s  p r a c t i c e  

was f o l l o w e d  throughout  t he  i n v e s t i g a t i o n .  I f  program i n p u t  pressures a re  i n  f e e t  

o f  wa te r  and i f  nodal coord ina tes  a r e  i n  f e e t ,  then  q  w i l l  have t h e  same u n i t s  as 

t h e  i n p u t  k  u n i t s ,  Equat ion 2 can be expressed i n  n i a t r i x  forni  as 

Cql = -CklCaP/ x  + pg , (16)  

where { q l  i s  a  m a t r i x  o f  t h e  f l o w  v e l o c i t i e s ,  Ckl  i s  a  n i a t r i x  o f  t h e  c o e f f i c i e n t s  

o f  pe rmeab i l i t y ,  P  i s  t he  f l u i d  pressure a t  a  p o i n t  {XI, and pg i s  t he  g r a v i t a -  

t i o n a l  term. 

D i r e c t i o n a l  Re1 a t i o n s h i  ps: Theory and Appl i c a t i o n  

Because o f  t e s t i n g  l i m i t a t i o n s ,  k  i s  measured p a r a l l e l  w i t h  and pe rpend i cu la r  

t o  s o i l  l a y e r i n g .  Two s e t s  o f  coord ina tes  a re  requ i red ,  des ignated x  y and x ' y ' .  

D i r e c t i o n a l  permeabi 1  i t i e s  a r e  s p e c i f i e d  i n  t h e  x ' y '  coo rd ina te  system as Kxl 

and K  ' .  The s t r a t i f i c a t i o n  angle i s  s p e c i f i e d  i n  t h e  coo rd ina te  system x  y. 
Y  

Note t h a t  K  must be measured i n  t he  f i e l d  i n  x ' y '  system. 

Using s tandard t r a n s f o r m a t i o n  techniques (1  2 ) ,  i t  can be shown t h a t  

cose -s ine  C:l - - 
"x ' 

/ s i n e  cose 
q ~ '  

and 

Combine a l l  o f  t h e  above t r ans fo rma t i ons  t o  r e w r i t e  Darcy 's  law i n  terms o f  g l oba l  

coord ina tes  x, y: 

- - 
cose s ine  

-s ine cose 



Mote t h a t  t h e  p e r m e a b i l i t y  m a t r i x  i n  x,y i s  

- - - 

There fo re ,  t he  work ing  equa t i on  i n  m a t r i x  fo rm becomes 

Y  

cose -s ine  C O S ~  s ine  

-s ine  cose 

Kxx Kxy 

K K  

L i n e a r  Pressure V a r i a t i o n s :  Bas ic  Assurr~ptions 

Wi th  Da rcy ' s  law i n  t h e  form o f  equa t i on  22 and w i t h  t h e  assumptions neces- 

s a r y  f o r  i t s  use ( I ) ,  i t  can be employed i n  f l o w  a n a l y s i s .  However, an add i -  

t i o n a l  assumption i s  necessary:  I n  each f i n i t e  element ( t r i a n g l e )  i n  t he  model, 

t he  p ressure  v a r i e s  l i n e a r l y  w i t h  t he  d i s t a n c e  f rom nodes. Therefore,  from 

equa t i on  2, i t  can be seen t h a t  t he  f l u i d  (wa te r )  v e l o c i t i e s  w i l l  be cons tan t  i n  

t ime  s i nce  t h e  p e r m e a b i l i t y  and t he  g r a v i t y  term pg a re  cons tan t  f o r  any element. 

S ince t h e  boundary node pressures a r e  known i n  any problem under s o l u t i o n ,  

i t  becomes advantageous t o  work i n  terms o f  node va lues .  I n  any t r i a n g u l a r  

(20)  

cose s ine  

element, t h e  l i n e a r  p ressure  v a r i a t i o n  can be expressed i n  terms of t h e  pressures 

YX YY 
-sl^ne cose 

as t h e  v e r t i c e s  i, j, and k  o f  t he  t r i a n g l e ;  these a r e  c a l l e d  nodal pressures.  

D e r i v a t i o n  o f  L i n e a r  Pressure D i s t r i b u t i o n  
i n  Terms o f  Nodal Pressure 

The f o l l o w i n g  d e r i v a t i o n  i s  a f t e r  Tay lo r .  For  a  general  l i n e a r  s p a t i a l  

v a r i a t i o n  of p ressure  i n  a  plane, t h e  f o l l o w i n g  a p p l i e s :  



The cons tan ts  A1 , A2, and A j  can be expressed i n  terms o f  t he  nodal pressures 1 o- 

ca ted  a t  the  v e r t i c e s  i, j, and k, r e s p e c t i v e l y ,  o f  a  p lane t r i a n g l e  by e v a l u a t i n g  

equat ion  23 a t  each node. Accord ing ly ,  

Equat ion 24 may be so lved  f o r  t he  va lue o f  .A . Thus, 

where A = D j k + D i k + D i j  
9 

and D j k  = X j Y k  - X k Y j ,  

Dik = XkYi - XiYk, 

and Dij = X . Y  - X . Y  
i j J i. 

Us'ing equat ions 23 and 25, then 

D i f f e r e n t i a t i n g  w i t h  r espec t  t o  X and Y,  

Thus t h e  pressure g rad ien t s  a re  cons tan t  i n  space f o r  any element. From 

equat ion  2 i s  d e r i v e d  
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Consequently, f o r  cons tan t  p e r m e a b i l i t i e s  i K )  and g r a v i t a t i o n a l  term Ipg ) ,  t h e  f l o w  

r a t e s  (q)  w i l l  a l s o  be cons tan t ,  Therefore,  t he  f l o w  problem i s  steady s t a t e ,  and 

t he  r i gh t -hand  s i d e  o f  t he  c o n t i n u i t y  equa t ion  can subsequent ly be s e t  equal t o  

zero. 

Cont i  nu i  t y  Equat ion 

I f  no f l u i d  i s  p laced  i n  o r  de r i ved  f rom s to rage  i n  each element, then  t he  

c o n t i n u i t y  equa t ion  must be expressed f o r  s teady-s ta te  c o n d i t i o n s ;  s p e c i f i c a l l y ,  

t he  f l o w  i n t o  t he  r e g i o n  o f  s tudy  must equal t he  f l o w  o u t  of t he  reg ion .  I f  

t h i s  concept i s  used on a  s i n g l e  element o f  t h e  r e g i o n  be ing  s tud ied  and i f  

a  1  i n e a r  spa t i a l - p ressu re  d i s t r i b u t i o n  w i t h i n  t he  element i s  assumed, one can 

c o n s t r u c t  an approximate s o l u t i o n .  Fu r the r ,  t a k i  qg a  1  arge number of e l  ements 

i n  t he  r e g i o n  o f  i n t e r e s t  makes p o s s i b l e  very  accura te  approximat ions. 

A s i n g l e  element w i t h  nodal pressures,  nodal volume r a t e  o f  f l ow,  element 

v e l o c i t i e s ,  and element dimensions i s  po r t r ayed  i n  F igu re  V-2. The element 

v e l o c i t i e s  qx and q  computed f rom t h e  Darcy equa t ion  2, a re  expressed i n  
Y '  

terms o f  t h e  nodal pressures a t  t h e  v e r t i c e s  k, j, and k, which a re  denoted by 

Pi, P j ,  and Pk, r e s p e c t i v e l y .  Once qx and q a r e  known, e q u i v a l e n t  nodal 
Y  

f lows  Q can be computed; t h a t  i s ,  

R R 
(Q,), = ( Q X ) j  = 112 qx (Pi 9 P j ,  Pk )bk*  (29)  

(Supe rsc r i p t s  denote t h e  f o l l o w i n g :  R i s  r i g h t ,  L i s  l e f t ,  T  i s  top;  and B i s  

bottom. ) 

T r e a t i n g  t he  t o t a l  f l u i d  e x i t i n g  a t  nodes (QiQj, Ok) as p o s i t i v e  g i ves  

and 
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By cons ide r i ng  each element connected t o  any node M, c o n t i n u i t y  o f  f l o w  a t  

t he  node i s  i nsu red  by 

where m i s  t h e  number o f  elements connected t o  node M and i i s  t he  p a r t i c u l a r  

element f rom which Q: i s  computed. Computing equat ion  31 f o r  each node i n  t he  

f i n i  te-e lement  model r e q u i r e s  a  s e t  o f  s imultaneous a l g e b r a i c  equat ions i n  

terms o f  t h e  nodal pressures P M e  (Reca l l  t h a t  qx and q  a r e  expressed f o r  each 
Y  

i element i n  terms o f  t he  e lement ' s  nodal pressures;  consequent ly,  each QM i n  

equa t ion  31 w i l l  a l s o  be i n  terms o f  t he  nodal pressures. )  The a l g e b r a i c  equa- 

t i o n s  were developed by cons ide r i ng  each element i n  t u r n ;  t he  f a c t  t h a t  c e r t a i n  

nodal pressures a re  known and assigned can be d isregarded.  For example, the  

pressures may be known ( o r  assumed) f o r  a l l  nodes l o c a t e d  a long  t h e  s i d e  

boundaries.  Before the  a l g e b r a i c  equat ions a r e  so lved  s imul taneously ,  t he  

equa t ion  f o r  each node a t  which t he  pressure i s  known i s  modi f ied t o  produce 

t h i s  pressure as t h e  s o l u t i o n .  The va lue  o f  a l l  o t h e r  nodal pressures i s  ob- 

t a i n e d  f rom the  s o l u t i o n  t o  t he  simultaneous equat ions.  Once t he  pressure d i s -  

t r i b u t i o n  i s  ascer ta ined ,  t he  f l o w  v e l o c i t i e s  i n  each element can be computed 

f rom Darcy 's  equat ions.  Fur ther ,  i f  pressure d i s t r i b u t i o n  i s  known, then 

t he  p o t e n t i a l s ,  o r  h y d r a u l i c  head, can e a s i l y  be c a l c u l a t e d  and t h e  f l o w  n e t  

der i ved .  

De te rmina t ion  o f  Loca t i on  o f  Free Water Sur face 

The i n i t i a l  l o c a t i o n  o f  t he  f r e e  wate r  su r face  niay be est imated,  o r  assumed 

known, when the  r e g i o n  o f  s tudy ( t h e  f l o w  reg ion )  i s  de f ined .  I n  most r e a l  prob- 

lems, t h e  l o c a t i o n  i s  - n o t  known. Here in  l i e s  one o f  t he  main advantages o f  t h i s  

p a r t i c u l a r  numerical  s o l u t i o n :  Wi th  o n l y  minimal known boundary cond i t i ons ,  one 

can analyze an a n i s o t r o p i c  f l o w  system, as w e l l  as e s t a b l i s h  t he  l o c a t i o n s  o f  the  

p h r e a t i c  sur face.  
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I n  o r d e r  t o  l o c a t e  t h e  f r e e  wa te r  s u r f a c e ,  t h e  i n v e s t i g a t o r  must be a b l e  t o  

s e l e c t  t h e  p o s i t i o n  o f  t h e  s u r f a c e  t h a t  has b o t h  ze ro  f l o w  normal -- t o  i t  and zev'o 

atmospher ic p ressure  -- on i t. Using f i  n i  te-e lement  e s t i m a t i o n ,  one shou ld  s p e c i f y  

these two c o n d i t i o n s  a t  o n l y  t h e  nodal  p o i n t s  a l o q g  t h e  f r e e  su r faces .  The f i n a l  

node l o c a t i o n  o f  t h e  f r e e  w a t e r  s u r f a c e  i s  n o t  known beforehand.  

The two f o r e g o i n g  c o n d i t i o n s  a r e  s p e c i f i e d  f o r  any node on t h e  f r e e  s u r f a c e  

as 

P  -t 0  (where 0  i s  taken  as a tmospher ic  p ressure )  

and q  (normal t o  f r e e  s u r f a c e )  r 0. 

The f r e e  w a t e r  s u r f a c e  i s  f i n a l l y  l o c a t e d  a t  those nodes where q  = 0  and where P  

approaches 0. 

It i s  n o t  p o s s i b l e  i n i  t i a l  l y  t o  s p e c i f y  c o r r e c t l y  a1 1  t h r e e  o f  t h e  f o r e -  

g o i n g  c o n d i t i o n s  because t h e  node l o c a t i o n  a t  which t h e  f l o w  w i l l  be z e r o  (and 

where t h e  p ressure  w i l l  be a tmospher ic )  i s  n o t  known; t h e r e f o r e ,  t h e  node l o c a -  

t i o n  a l o n g  t h e  f r e e  s u r f a c e  must be assumed, F u r t h e r ,  because o f  t h e  number 

o f  unknowns and e q u a t i o n s  t o  be so lved,  one must s e t  e i t h e r  P  = 0  o r  q  = 0. 

I n  t h i s  a n a l y s i s  q  i s  a lways s e t  equal  t o  zero.  Once so p o s i t i o n e d ,  t h e  i n i t i a l l y  

l o c a t e d  f r e e  s u r f a c e  nodes can be a l l o w e d  t o  move u n t i l  t h e y  r e a c h  p o i n t s  where 

P  -t 0. T h i  s  procedure p r o v i d e s  t h e  f i n a l  l o c a t i o n  o f  t h e  f r e e  s u r f a c e  nodes 

s i n c e  a1 1  t h r e e  c o n d i t i o n s  a r e  s a t i s f i e d  (P -+ 0, q  = 0, and f r e e  s u r f a c e  nodes 

a r e  s p e c i f i e d ) .  

A p p l i c a t i o n  -- o f  t h e  F i n i  te -E lement  Technique 

The f o l l o w i n g  f a c t s  a r e  p e r t i n e n t  t o  t h e  use o f  t h e  f i n i t e - e l e m e n t  model 

we use. 

1.  A sound knowledge o f  f l u i d  mechanics and o f  s o i l  mechanics i s  r e q u i r e d  so 

t h a t  r e a l i s t i c  boundary c o n d i t i o n s  and i n p u t  parameters can be s e l e c t e d .  
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2. A g raph i c  d e s c r i p t i o n  o f  t h e  problem t o  be so lved  i s  necessary t o  enable  a  

user  t o  c o n s t r u c t  t h e  f i  n i  te-e lement  mesh. 

3. I n p u t  u n i t s  and dimensions f o r  t h e  s tudy  r e g i o n  and model must be c o n s i s t e n t .  

For example, i n  t h i s  s tudy  p ressure  i s  expressed as head ( l e n g t h ) ,  p e r m e a b i l i t y  

as v e l o c i t y  ( l e n g t h / t i m e )  and f l o w  as a  v e l o c i t y  ( l e n g t h / t i m e ) .  I f  "1"  i s  

used f o r  t h e  d e n s i t y  o f  t h e  f l u i d  and v e l o c i t i e s  a r e  i n  cen t imete rs / t ime ,  t h e  

computed pressures a re  i n  f e e t  o f  water .  O r i g i n a l l y  t h e  program wa use was de- 

s igned t o  use o n l y  "1"  as d e n s i t y  and us i ng  d e n s i t y  i n  any o t h e r  u n i t s  g i v e s  

f l o w s  i n  mixed u n i t s ,  We have mod i f i ed  t h e  program t o  use d e n s i t y  i n  any 

u n i t s  and, i f  v e l o c i t y  u n i t s  a r e  c o n s i s t e n t ,  f l o w  u n i t s  w i l l  be c o n s i s t e n t .  

4. Ou tpu t  l i s t e d  as "To ta l  Flow" i s  t h e  r e s u l t a n t  f l o w  v e l o c i t y  f rom the  c e n t e r  

o f  an element,  

5. The program we use a l l o w s  no f l o w  across any boundary node o f  t h e  area enc losed 

by t h e  mesh un less  p ressure  d i s t r i b u t i o n  i s  known and assigned, Any boundary 

node w i t h o u t  a  p ressure  i s  cons idered  impermeable. 

6. Zero p ressure  may be ass igned t o  any boundary node known t o  have no p ressure  

o t h e r  than  atmospher ic.  T h i s  should  be done w i t h  ca re  f o r  i t  i s  p o s s i b l e  t o  

open a  " d r a i n "  i n  t h e  mesh and l o s e  f l u i d .  The g r a d i e n t  may be changed by 

t h i s  o p e r a t i o n  and f l o w  may be c rea ted  toward t h e  " d r a i n "  f rom a l l  d i r e c t i o n s  

i n  t h e  mesh, 

7. A pressure  may be ass igned e i t h e r  t o  any i n t e r i o r  node o r  t h e  program w i l l  

compute i t . 

8. I f  pressures a r e  assigned, ca re  should be taken t o  see t h a t  t hey  a re  r e a l i s t i c  

s i nce  t h e  program f o r c e s  t h e  p ressure  d i s t r i b u t i o n  t o  conform t o  those supp l i ed  

as i n p u t ,  

9. The program we use cons iders  a l l  m a t e r i a l  i n c l uded  w i t h i n  t he  mesh t o  be 

sa tu ra ted ,  however, a  f r ee -wa te r  su r f ace  may be e s t a b l i s h e d  i n  t h e  mesh by 
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making use o f  t h e  f r ee -su r f ace  subrou t ine  o f  the  program. The use o f  t he  f r ee -  

su r face  f e a t u r e  i n v o l v e s  some 1  i m i t a t i o n s  and r e s t r i c t i o n s  on p l a c i n g  t he  f r e e -  

su r face  nodes. Th i s  f e a t u r e  was n o t  used i n  the  p resen t  s tudy  and i s  n o t  d i s -  

cussed, Kealy (1970) and Kealy and Busch (1  970, 1979) used t he  program t o  l o -  

ca te  t h e  f r e e  su r f ace  and they  descr ibe  t he  a p p l i c a t i o n  w i t h  severa l  examples. 

90. There a re  f e a t u r e s  b u i l t  i n t o  t he  program f o r  genera t ing  nodes, boundary con- 

d i t i o n s  and elements.  These f e a t u r e s  can be used a f t e r  some exper ience i n  

mesh o r  g r i d  c o n s t r u c t i o n  has been developed. They can save cons iderab le  t ime 

i n  c o n s t r u c t i n g  models. 

11. I n  a  problem w i t h  a  l a r g e  number o f  nodes and/or elements t h e r e  i s  a  s t r ong  

poss i  b i  1  i ty  o f  exceeding t h e  ava i  1  a b l e  computer s torage.  The fo9 1 owi ng formu- 

l a  f o r  c o n s t r u c t i o n  was ob ta ined  f rom Michael M. McDonald, research engineer  

a t  t he  Spokane Min ing  Research Labora to ry ,  U. S. Bureau of Mines, Spokane; 

i t  enables a  user  t o  determine t he  number o f  words of  s to rage  requ i red ,  which 

must be l e s s  than o r  equal t o  20,000: 

1  + 2(No. o f  m a t e r i a l s )  + 6(No. o f  nodes) + 6(No. of elements) 

+ (Maxband t imes No. o f  Nodes) - < 20,000 

Maxband i s  equal t o  ( h i g h e s t  node number - lowes t  node number) + 1  

12. A complete program l i s t i n g  may be ob ta ined  f rom t h e  U n i v e r s i t y  o f  Idaho 

Computer Center and program documentation i s  g i ven  by Kealy (1 970) , by Kealy 

and Busch (1  971), and Wallace (1973).  

Camas P r a i r i e  

Loca t i on  and Ex ten t  

Camas P r a i r i e  i s  l o c a t e d  i n  the  wes t -cen t ra l  p a r t  of southern Idaho. The 

cen te r  o f  t h e  p r a i r i e  i s  about 55 m i l e s  n o r t h  o f  Twin F a l l s  and about 75 m i l e s  

eas t -sou theas t  o f  Boise. The dra inage area f o r  Camas P r a i r i e  c o n s i s t s  o f  about 

650 square m i l e s ,  n e a r l y  a1 1  o f  which i s  l o c a t e d  i n  Camas County. Less than 100 



square m i l e s  i s  l o c a t e d  i n  eas te rn  Elmore County. The r e l a t i v e l y  f l a t  su r face  o f  

t h e  p r a i r i e  proper  covers about 215 square m i l e s .  The area i s  bounded by mer id ians  

194" 30'  - 115" 30'  west and p a r a l l e l s  43" 10 '  - 43" 35'  no r t h .  The l o c a t i o n  r e l a -  

t i v e  t o  t h e  s t a t e  i s  shown i n  F igu re  V-3, 

Prev ious I n v e s t i g a t i o n s  

Two r e p o r t s  a re  a v a i l a b l e  on t he  ground-water c o n d i t i o n s  and resources o f  Camas 

P r a i r i e ,  P ipe r  (1925) d i d  a  reconnaissance s tudy  on t he  area and a l s o  presented an 

i n t e r p r e t a t i o n  o f  t he  geo log ic  h i s t o r y  o f  t he  area. Wal t o n  (1962) made a  s tudy  f o r  

t he  U, S. Bureau o f  Reclamation and descr ibed  t h e  geology, ground-water resources, 

and q u a l i t y  and temperature o f  t he  water .  Data f rom bo th  P i p e r ' s  and Wal ton 's  r e -  

p o r t s  and da ta  gathered du r i ng  t he  summers o f  1970 and 1971 a re  used i n  t h i s  r e p o r t .  

Physiography and D ra i  nage 

Camas P r a i r i e  i s  l o c a t e d  i n  t he  Nor thern Rocky Mountain phys iographic  p rov ince  

and I s  an eas tward- t rend ing  in termontane t rough  about 40 m i l e s  i n  l e n g t h  and about  

8  m i l e s  wide. The t r ough  i s  p a r t i a l l y  f i l l e d  w i t h  d e t r i t a l  m a t e r i a l  c a r r i e d  i n  

f rom the a d ~ a c e n t  mountains. The sediments were depos i ted  d u r i n g  t h e  t ime when 

t he  eas te rn  o u t l e t  o f  t h e  v a l l e y  was dammed by  l a v a  f l ows ,  p o s s i b l y  beg inn ing  i n  

P l iocene t ime  and c o n t i n u i n g  i n t o  t he  P le is tocene and Recent. 

The p r a i r i e  i s  a  g e n t l y  u n d u l a t i n g  p l a i n  t h a t  s lopes southeastward a t  about 7  

f ee t  pe r  m i l e  f rom an a l t i t u d e  o f  5200 f e e t  above mean sea l e v e l  a t  t he  west end. 

Broad, low a l l u v i a l  fans  formed by i n t e r m i t t e n t  t r i b u t a r y  streams t h a t  d r a i n  t he  

no r the rn  mountains s lope  southward a t  about 40 f e e t  p e r  m i l e  f rom the  f o o t  o f  t he  

mountains. 

Camas P r a i r i e  1s bounded on t he  n o r t h  by t he  S o l d i e r  Mountains, which r i s e  

t o  an a l t i t u d e  of 10,095 f ee t  a t  Smoky Dome, 7  m i l e s  n o r t h  o f  t he  p r a i r i e .  The 

Mount Bennet t  H i l l s  on t h e  south reach an a1 t i t u d e  o f  about 6800 f e e t  and separate 
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the  p r a i r i e  f rom the  Snake R i v e r  P l a i n .  Low summits on t he  west, w i t h  a1 t i t u d e s  

o f  about  6200 fee t ,  separate t he  p r a i r i e  f rom the  bas in  o f  t he  South Fork o f  t he  

Boise R i ve r .  

The p r a i r i e  te rmina tes  8 m i l e s  e a s t  o f  F a i r f i e l d  a g a i n s t  an u n d u l a t i n g  p l a i n  

o f  b a s a l t  and i n  p a r t  aga jns t  Quate rnary  a l l u v i u m  t h a t  i s  somewhat o l d e r  than t he  

b u l k  o f  the  sur face  m a t e r i a l  i n  t he  p r a i r i e .  The o l d e r  a l l u v i u m  i s  s l i g h t l y  more 

conso l i da ted  and does n o t  c o n t a i n  pebbles o f  b a s a l t  (P ipe r ,  1925, p. 9 ) .  The 

a l l u v i u m  forms a  s e r i e s  o f  low, rounded h i l l s  a t  t he  e a s t  end o f  t he  bas in .  The 

b a s a l t  p l a i n  ~ o i n s  t he  main Snake R i v e r  P l a i n  24 m i l e s  e a s t  o f  F a i r f i e l d .  

Camas Creek i s  a  s l ugg i sh ,  meandering stream which f l ows  eastward a long  t he  

southern edge o f  t h e  p r a i r i e  w i t h  a  g r a d i e n t  o f  about 5  f e e t  pe r  m i l e  between 

H i l l  City and B la i ne .  East  o f  B la i ne ,  t he  creek f l ows  i n  a  deep canyon which i t  

has c u t  i n t o  t he  b a s a l t .  Camas Creek d r a i n s  an area o f  about  650 square m i l e s  

and d ischarges i n t o  t h e  B i g  Wood R i v e r  which i s  a  t r i b u t a r y  t o  t h e  Snake R iver .  

W i  t h i  n  t he  Camas P r a i r i e  bas in  E l  k ,  Deer, S o l d i e r ,  Threemi 1  e, Co r ra l  , 

Chimney and Sheep Creeks d r a i n  t he  area on t h e  n o r t h  and a re  t r i b u t a r i e s  t o  Camas 

Creek. None o f  these a r e  pe renn ia l  and d u r i n g  t h e  summer a l l  l o s e  t h e i r  e n t i r e  

f l o w  by i n f i l t r a t i o n  a long  t h e i r  channels across t he  a l l u v i a l  fans a t  t h e  f o o t  

o f  t he  n o r t h e r n  mountains.. I n  l a t e  autumn, t h e  creeks begin t o  d ischarge  water  

i n t o  Camas Creek aga in  as a  r e s u l t  o f  inc reased  p r e c i p i t a t i o n  on t he  mountains 

and decreased e v a p o t r a n s p i r a t i o n  on t he  p r a i r i e ,  

East  o f  B la i ne ,  Wi l low Creek i s  deeply  i n c i  sed i n t o  t he  o l d e r  a1 luv iun i  and 

has a  pe renn ia l  f l o w .  A few ephemeral streams d r a i n  t h e  p r a i r i e - f a c i n g  s lope  

o f  t he  Mount Bennet t  H i l l s  on t h e  south.  

C l  imate 

The c l i m a t e  of Camas P r a i r i e  i s  semi -a r id  w i t h  low p r e c i p i t a t i o n ,  h i g h  

e v a p o t r a n s p i r a t i o n  and 1  arge d a i  l y  temperature f l  uc tua t i ons  . 
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P r e c i p i t a t i o n  records  have been k e p t  by t he  U. So  Weather Bureau a t  s t a t i o n s  a t  

H i l l  City (1923 t o  p resen t ) ,  F a i r f ~ e l d  Ranger S t a t i o n  (1949 t o  p resen t ) ,  S o l d i e r  

(1895-1910), and S o l d i e r  Creek Ranger S t a t i o n  (1910-1948) The H i  11 City s t a t i o n  i s  

cons idered t o  be r e p r e s e n t a t i v e  of t he  c l i m a t i c  c o n d i t i o n s  o f  t he  p r a i r i e  because 

o f  i t s  l o c a t i o n  and i t s  l e n g t h  o f  r eco rd ,  The lowes t  annual p r e c i p i t a t i o n  recorded 

a t  H i l l  City was fj067 inches i n  1939 and t he  h i ghes t  was 24.70 inches i n  1970. 

The average over  a  49-year p e r i o d  i s  15 15 inches,  

Data compi led by  t he  U. S, Weather Bureau show t h a t  January, February, March, 

May, November, and December a re  t h e  months o f  g r e a t e s t  p r e c i p i t a t i o n  w i t h  each hav ing 

more than one i nch ,  J u l y ,  August, and September a r e  t he  months hav ing t he  l e a s t  

p r e c i  p i  t a t i o n ,  general  l y  hav i  ug 1 ess than  one i nch. 

Temperature records  show January t o  be t he  c o l d e s t  month and J u l y  t he  h o t t e s t .  

Extremes recorded a t  H i l l  City a re  102" F, and -44"F, w i t h  t he  annual average about  

41" F, 

Geology and Rocks 

Camas P r a ~ r i e  i s  cons idered t o  be a s t r u c t u r a l  depress ion t h a t  has been 

p a r t i a l l y  f i  l l e d  w i t h  a1 l u v i a l  m a t e r i a l ,  n ios t l y  o f  P le is tocene age (Wal ton ,  

1962, p. 10; and Ross, 1970, p. 17) .  The a l l u v i a l  m a t e r i a l  accumulated behind 

l avas  o f  P l iocene  and P le is tocene age t h a t  b locked t h e  eas te rn  o u t l e t  o f  t h e  

bas in ,  I t forms a s e r i e s  o f  broad a l l u v i a l  fans which p ro t rude  outward f rom 

the  mouths o f  t he  stream canyons t h a t  d r a i n  t he  no r the rn  mountains. D r i l l e r s '  

l o g s  o f  w e l l s  Sndicate t h a t  t he  v a l l e y  f i l l  i s  a t  l e a s t  500 f e e t  t h i c k  a t  

F a i r f i e l d  and one w e l l  r e p o r t s  about 750 f e e t  o f  a l l u v i a l  f i l l ,  

R e l a t i v e  t o  t h e i r  e f f e c t  on the  occurrence and movement of ground water ,  

t he  rocks  of Camas P r a i r i e  and t he  surrounding mountains a r e  o f  two general  types:  

igneous and some conso l i da ted  sedimentary rocks which form the  s ides  and v a l l e y  
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f l o o r  o f  t h e  s t r u c t u r a l  depress ion;  and v a l l e y  f i l l ,  c o n s i s t i n g  o f  a l l u v i a l  and 

1 ake deposi  t s ,  

Igneous and Conso l ida ted  Rocks and T h e i r  Water-Bear ing P r o p e r t i e s  

The rocks  o f  t h e  mountainous areas ad jacen t  t o  t h e  p r a i r i e  are,  f o r  t he  most 

p a r t ,  i n t r u s i v e  and e x t r u s i v e  igneous rocks  o f  Cretaceous t o  Quate rnary  age. 

They presumably extend u n i n t e r r u p t e d l y  beneath t h e  v a l  l e y  f i  11. The igneous rocks  

bo rde r i ng  t h e  p r a i r i e  on t h e  nor thwest ,  west  and southwest are,  i n  genera l ,  t h e  

rocks  o f  t h e  Idaho b a t h o l i t h  and r e l a t e d  rocks.  These a re  medium- and coarse- 

g r a i  ned c r y s t a l  1  i n e  rocks  and i n c l  ude g r a n i t e ,  q u a r t z  d i o r i  t e ,  g r a n o d i o r i  t e  and 

q u a r t z  monzoni t e .  The r i d g e s  o f  t h e  mountains on t h e  n o r t h  and nor thwes t  margins 

o f  t he  p r a i r i e  a r e  Chal l  i s  vo l can i cs  and assoc ia ted  rocks  such as andes i te ,  d a c i t e  

and r h y o l i t e ,  The Mount Bennet t  H i l l s  t o  t h e  sou th  a r e  p r i m a r i l y  s i l i c i c  v o l c a n i c  

r ocks  such as d a c i t e  and l a t i t e  and i n c l u d e  beds o f  welded t u f f  and i g n i m b r i t e s .  

The s i l  i c i c  vo l can i cs  a re  capped by  b a s a l t  i n  p laces.  

Carboni ferous ca lca reous  sandstone and l imes tone  occur  i n  a  smal l  area h i g h  

i n  t he  no r t heas te rn  p a r t  o f  t h e  d ra inage  b a s i n  i n  t h e  upper p a r t  o f  t h e  Wi l l ow 

Creek drainageway. 

The rocks  descr ibed  above y i e l d  smal l  t o  moderate amounts of ground wa te r  

t o  w e l l s  and s p r i n g s  f rom weathered zones and complex systems o f  f r ac tu res ,  j o i n t s  

and c r e v i c e s  i n  what i s  o the rw i se  r e 1  a t i v e l y  impermeable rock .  We1 1  y i e l d s  a r e  

g e n e r a l l y  s u f f i c i e n t  f o r  domest ic and s tock  use b u t  r a r e l y  exceed 50 g a l l o n s  p e r  

m i  nute ,  

The r i d g e s  and r o l l i n g  h i l l s  t h a t  bound t h e  p r a i r i e  on t he  eas t ,  west  and 

south a r e  composed o f  Snake R i v e r  b a s a l t  o f  P l iocene  t o  Recent age. The rocks  

a r e  f i n e - g r a i  ned t o  dense, basal  t i c  l avas .  The Snake R i ve r  b a s a l t  extends 

from one t o  t h r e e  m i l e s  beneath t h e  v a l l e y  f i l l  northwestward f rom i t s  exposed 

n a r g j n  a t  t h e  e a s t  end o f  t h e  p r a i r i e .  The upper~nost  Snake R i v e r  b a s a l t  i s  known 



f rom a  w e l l  a t  t h e  eas te rn  end o f  t he  p r a i r i e  t o  be 188 f e e t  t h i c k ,  I t  i s  over-  

l a i n  by  92 f e e t  o f  a l l u v i a l  m a t e r i a l  and r e s t s  on s i l t y  c l a y  a t  a  depth o f  280 

f e e t ,  

A u n i t  o f  unbroken b a s a l t  i s  r e l a t i v e l y  impermeable b u t  porous and permeable 

zones may e x i s t  a long  j o i n t s ,  c o o l i n g  c racks  and between f lows ,  and may y i e l d  

l a r g e  q u a n t i t i e s  o f  ground wate r  t o  w e l l s .  Two w e l l s  near t h e  eas te rn  marg in  

o f  t h e  p r a i r i e  i n  t h e  Snake R i v e r  b a s a l t  y i e l d  1280 g a l l o n s  pe r  m inu te  w i t h  35 

f e e t  o f  drawdown and 1350 ga l  l ons  p e r  m inu te  w i t h  12 f e e t  o f  drawdown r e s p e c t i v e l y .  

Val l e y  F i  11 and i t s  Water-Bear ing P r o p e r t i e s  

Large q u a n t i  t i e s  o f  sed imentary  m a t e r i a l  , d e r i v e d  niai n l y  f rom p l u t o n i c  rocks  

and r h y o l i t i c  and a n d e s i t i c  l a vas  on t h e  mountains t o  t h e  n o r t h  d u r i n g  P l iocene  

and P le i s t ocene  t imes,  accumulated i n  t h e  Camas P r a i r i e  bas in  w h i l e  Camas Creek 

was c u t t i n g  through t h e  l a v a  b a r r i e r s  on t he  eas t .  The sediments a re  p o o r l y  

s o r t e d  and range i n  s i z e  f rom c l a y  t o  bou lders .  The m a t e r i a l s  were t r anspo r t ed  

i n t o  t h e  b a s i n  by  streams and sheet  r u n o f f ,  w i t h  t he  coarse d e b r i s  be ing  depos i ted  

near  t h e  f o o t  o f  t h e  mountains and t h e  f i n e r  m a t e r i a l  be ing  depos i t ed  f a r t h e r  o u t  

i n  t h e  b a s i n  t o  t h e  south,  

The c o n d i t i o n s  o f  d e p o s i t i o n  were complex and t h e  c h a r a c t e r  o f  t h e  v a l l e y  

f i l l  changes f rom p l a c e  t o  p lace ,  bo th  h o r i z o n t a l l y  and v e r t i c a l l y .  I n  genera l ,  

t h e  g r a j n  s i z e  i s  coarse near  t h e  f o o t  o f  t h e  n o r t h e r n  mountains and becomes 

f i n e r  toward Camas Creek a t  t h e  sou thern  marg in  o f  t h e  P r a i r i e  (Walton, 1962, 

p. 13; P ipe r ,  1925, p o  10) .  The v a l l e y  f i 1  I con ta i ns  lenses  and i n t e r f i n g e r i n g  

depos i t s  o f  c l a y ,  s i l t  and g rave l .  

Most o f  t h e  d r i  1  l e r s '  l o g s  o f  we1 l s  i n  t he  p r a i r i e  r e p o r t  a  c l a y  l a y e r  averag- 

i n g  90 f e e t  i n  t h i c kness  between approximate depths o f  120 and 210 f e e t  below t he  

surface. The ex tens i ve  c l a y  d e p o s i t  suggests t h a t  a  l a k e  o f  cons ide rab le  e x t e n t  

must have e x i s t e d  i n  t h e  Camas Creek bas in ,  p robab l y  d u r i n g  P le i s t ocene  t ime.  



- 96 - 
R e l i e f  on t h e  upper and l owe r  su r f aces  o f  t h e  c l a y  i s  l e s s  than  50 f e e t  and t h e  

t h i ckness  decreases a t  t h e  sou thern  marg in  o f  t h e  p r a i r i e  beneath Camas Creek. 

The maxlmum th i ckness  o f  t h e  v a l l e y  P i 1  1  i s  unknown i n  most o f  t h e  p r a i r i e .  

Two w e l l s  near  F a i r f i e l d  i n  t h e  c e n t e r  o f  t h e  p r a i r i e  r e p o r t e d l y  pene t ra ted  t h e  

v a l l e y  f i l l  and found bedrock a t  depths o f  497 and 550 f e e t .  However, F a i r f i e l d  

c i t y  w e l l  No, 4, approx imate ly  one -ha l f  m i l e  f rom t h e  sha l l owe r  of these w e l l s ,  

was deepened i n  1965 f rom an o r i g i n a l  dep th  o f  352 f e e t  t o  a  depth o f  760 f e e t  

and was s t i l l  d r i l l i n g  i n  "brown, sandy c l a y "  accord ing  t o  t h e  w e l l  l o g .  For 

t h i s  s t udy  t he  t h i ckness  o f  t h e  v a l l e y  f i l l  i s  cons idered t o  be 350, 450 and 550 

f e e t  a t  H i l l  City, C o r r a l  and F a i r f i e l d  r e s p e c t i v e l y ,  These depths a re  con- 

s i de red  t o  be minimum depths and were chosen because b o t h  a r t e s i a n  a q u i f e r s  i n  

t h e  p r a i r i e  a r e  i n c l u d e d  and o f  t h e  t h r e e  w e l l s  deeper than 500 f e e t ,  two r e -  

p o r t e d l y  encountered " g r a n i t e " ,  

Sand and g rave l  i n  t h e  v a l l e y  f i l l  a r e  i m p o r t a n t  a q u i f e r s  i n  Camas P r a i r i e  

and y i e l d  s u f f i c i e n t  wa te r  f o r  i r r i g a t i o n  and l a r g e - s c a l e  uses. Permeable sand 

and g rave l  a r e  found i n  two zones below t h e  c l a y  u n i t .  A l t e r n a t i n g  beds o f  

moderate ly  permeable sandy s i l t ,  s i l t  and c l a y  l i e  above t h e  c l a y  u n i t .  Immedi- 

a t e l y  below t h e  c l a y  u n i t  i s  t h e  "upper a r t e s i a n  a q u i f e r " ,  c o n s i s t i n g  o f  f i n e -  

t o  medium-grained sand and some g rave l  i n te rbedded  w i t h  r e l a t i v e l y  t h i n  lenses  

of c l a y .  The t h i ckness  i s  v a r i a b l e  b u t  averages 50 fee t .  

Unde r l y i ng  t h e  upper a r t e s i a n  a q u i f e r  a r e  beds o f  sandy and s i  1  ty  c l a y  

t h a t  a r e  r e l a t i v e l y  impermeable. The t h i ckness  o f  t h i s  u n i t  va r i es ,  b u t  

averages about 90 f e e t .  Below t h i s  u n i t  i s  t h e  " l owe r  a r t e s i a n  a q u i f e r "  averag- 

i n g  about 50 f e e t  i n  t h i c kness .  I t  i s  composed o f  permeable sand and g rave l  

i n te rbedded  w i t h  lenses  and l a y e r s  o f  c l a y o  

The two a q u i f e r s  a r e  f i n e - g r a i n e d  and t h e i r  permeabi l  i ty  i s  g e n e r a l l y  low. 

The average compos i t i on  of t h e  upper 250 f e e t  o f  f i l l ,  from 26 w e l l s  i n  t h e  p r a i r i e  

i s  30% sand and 70% c l a y  (P ipe r ,  1925, p. 10 ) .  



I s o l a t i o n  - o f  Study Region - and Boundary Cond i t ions  f o r  Model -- 
Our f i n i t e - e l e m e n t  prograni i s  designed f o r  a p p l i c a t i o n  t o  e i t h e r  a  p l a n a r  

o r  a x i s y m e t r i c  t ype  o f  f l o w  problem. The p l a n a r  o p t i o n  was used t o  model an 

east -west  s e c t i o n  th rough  Camas P r a i r i e ,  The s e c t i o n  modeled i s  about 30 m i l e s  

long  and 375-550 f e e t  i n  depth,  and i s  o r i e n t e d  approx imate ly  p a r a l l e l  t o  Camas 

Creek which f l o w s  i n  a  w e s t e r l y  d i r e c t i o n  a long  a  t r ough  i n  t he  p i ezome t r i c  su r -  

face,  

To i s o l a t e  t h e  r e g i o n  o f  s tudy,  t h e  va r i ous  boundar ies and boundary condi -  

t i o n s  had t o  be descr ibed .  The topograph ic  su r f ace  was used as t h e  upper boundary 

because t h e  depth t o  wa te r  averages l e s s  than  10 f e e t  over  t h e  e n t i r e  area. T h i s  

approx imat ion  a u t o m a t i c a l l y  e l i m i n a t e s  any c o n s i d e r a t i o n  o f  wa te r  s to rage  i n  t h e  

unsa tu ra ted  zone. T h i s  f a c t  i s  s i g n i f i c a n t  because i t  r e q u i r e s  t h a t  evapo- 

t r a n s p i r a t i o n  be supp l i ed  o n l y  by  t h e  p h r e a t i c  zone. The l owe r  boundary, t h e  

impermeabl e  basement, was de te rmi  ned f rom we1 1  d r i  1 1  e r s  ' 1  ogs and es t imates  b y  

P%per  (1925) and Wal t o n  (1962).  The eas te rn ,  upstream, i n p u t  end o f  t h e  s e c t i o n  

was se lec ted  on t he  b a s i s  of t h e  su r f ace  geology. The v a l l e y  f i l l  sediments 

t e rm ina te  a g a i n s t  b a s a l t  a t  t h e  western end o f  t he  p r a i r i e .  There a r e  no w e l l s  

from t h i s  p o i n t  west t o  t h e  dra inage d i v i d e .  The western boundary o f  t h e  s t udy  

r e g i o n  and s e c t i o n  was p laced as v e r t i c a l  and impermeable. 

The eas te rn  boundary was determined f rom we1 1  l o g s  and what i s  known o f  

t he  sub-sur face geology, The v a l l e y  f i l l  t e rm ina tes  a g a i n s t  b a s a l t  l a v a  f l ows  

and r e 1  a t i v e l y  impermeable o l d e r  a1 1  uviuni. The eas te rn  s e c t i o n  boundary was, 

t he re fo re ,  p laced  i n  t h e  more permeable b a s a l t ,  through which most o f  t h e  under-  

f l ow f rom t h e  p r a i r i e  occurs .  

The d ischarge  area was i n i  t i a l  l y  represen ted  by  a s s i g n i  ng ze ro  p ressure  

t o  t he  10 su r f ace  boundary nodes a t  t he  e a s t  end o f  t h e  sec t i on .  Pressures 

were n o t  known f o r  t h i s  v e r t i c a l  end boundary o f  t h e  sec t i on ,  and i t  was, the re -  
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f o r e ,  t r e a t e d  a s  impermeable i n  t he  program. Th i s  caused a l l  t he  f l o w  t o  come 

t o  t he  su r f ace  a t  t he  discharge nodes; f l o w  a t  t he  v e r t i c a l  end boundary was 

n e c e s s a r i l y  ves t sca l ,  Th is  c o n f i g u r a t i o n  was abandoned because f l o w  through 

t he  end 0% the  sectson, r ep resen t i ng  under f low from the  p r a i r i e ,  was des i r ed  i n  

t he  program ou tpu t ,  The f i n a l l y  se lec ted  r e p r e s e n t a t i o n  o f  t h e  o u t f l o w  end o f  

the  s e c t i o n  was cons t ruc ted  by adding f i v e  columns o f  elements beyond t h e  p o i n t  

where t h e  f l ows  were t o  be computed, Ths s was done t o  avo id  the  impermeable- 

end e f f e c t ?  Zero pressure was assigned t o  the  sur face  boundary node a t  t he  p o i n t  

where t h e  s e c t i o n  f i r s t  I n t e r s e c t s  the  p e r e n n ~ a l  p a r t  o f  Camas Creek. The pressures 

on t he  su r f ace  boundary nodes downstream f rom thss  p o i n t  were assigned va lues 

corresonding t o  the  g r a d i e n t  o f  Camas Creek---about f i v e  f e e t  pe r  m i l e .  The 

pressures on these nodes were, t h e r e f o r e ,  negatsve, r ep resen t i ng  f e e t  o f  

water  be1 ow each node. 

The F in i te -E lement  Mesh f o r  t h e  Model - ---- 

A geo log ic  s e c t i o n  was cons t ruc ted  a long  t he  l i n e  chosen f o r  t he  model 

s e c t i o n  and t he  f i n i t e - e l e m e n t  mesh was developed f rom i t. The geo log ic  s e c t i o n  

was f i v e  hydro logac u n ~ t s  i n  he:ght. Each element o f  t he  mesh was made w i t h  

h e i g h t  equal t o  t he  t h i ckness  o f  the  u n i t  i t  represented,  thus  element upper 

and lower  boundaries corresponded t o  hyd ro log i c  u n i t  upper and lower  boundaries.  

Each u n i t  was made one element h igh ,  Because o f  the  l i m i t a t i o n s  on s to rage  

a l l o c a t e d  f o r  t h e  mesh, element l e n g t h  t o  h e i g h t  was made i n  t he  r a t i o  o f  50 t o  

1, us i ng  t h e  h e i g h t  o f  t h e  f i r s t  element i n  t he  t h i n n e s t  h y d r o l o g l c * u n i t .  Each 

element a t  t h e  beg inn i  ng o f  t h e  mesh was made 2000 f e e t  long, de & f rom 

the  40 - foo t  t h i c k  u n i t  a t  t he  west end o f  t he  sec t i on .  The 2CKS&at 1&Rjth was 

mainta ined f o r  about 20 m i l e s  a loug t he  t o t a l  l eng th .  I n  t he  p a r t  o f  t he  mesh 

corresponding t o  t he  l a s t  10 m i l e s ,  t he  d ischarge-ou t f low p o r t i o n  o f  t he  f l o w  

system, each element was d i v i d e d  sn to  f o u r  elements, Th i s  s tep  was taken  t o  g i v e  



more nodal  p o i n t s  f o r  computat ion i n  t h e  a rea  where t h e  u n d e r f l o w  f rom t h e  p r a i r i e  

occurs  and where t h e  geo logy o f  t h e  p r a i r i e  i s  more complex. 

I n p u t  t o  Model -- 

The a"nput t o  t h e  model program c o n s i s t s  o f  recharge  - in t h e  forn i  o f  annual 

p r e c i p i t a t i o n  permeabi l  i t i e s  o f  t h e  v a r i o u s  u n i t s ,  boundary c o n d i t i o n s  and t h e  

geometr-ie p o s i t i o n i n g  o f  t h e  f-ini te -e lement  niesh nodal  p o i n t s .  

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

U,  S. Weather Bureau r e c o r d s  f o r  t h e  H i l l  City s t a t i o n  were s e l e c t e d  as b e i n g  

t y p i c a l  o f  t h e  p r a i r i e  and t h e  49-year  average o f  15,15 i n c h e s  was used. An 

a d d i t i o n a l  2 i n c h e s  was added as be ing  due t o  t h e  e f f e c t s  o f  t h e  topography o f  

t h e  h i g h e r  s u r r o u n d i n g  area, r e s u l t i n g  i n  t h e  f i g u r e  17 inches  f o r  annual p re -  

c i p i  t a t i o n .  

Because recharge occurs  o v e r  o n l y  a  p o r t i o n  o f  t h e  p r a i r i e  i t  was necessary  

t o  separate  t h e  recharge and d i s c h a r g e  areas t o  determine t h e  volume o f  w a t e r  t o  

use as i n p u t .  The f i n a l  r e s u l t  was based on a  comb ina t ion  o f  t h r e e  d i f f e r e n t  

methods, F i r s t ,  d u r i n g  t h e  summer o f  1970, a  f i e l d  map was c o n s t r u c t e d  by n o t i n g  

such t h i n g s  as w a t e r  i n  t h e  g rader  d i t c h e s ,  c a t t a i l s ,  marshy areas i n  t h e  f i e l d s ,  

clumps o f  w i l l o w s  and aspens-- - in  s h o r t ,  a n y t h i n g  t h a t  m i g h t  i n d i c a t e  a  pa r -  

t i c u l a r  area was showing a  n e t  g a i n  o r  l o s s  o f  wa te r  f rom t h e  ground-water body. 

Second, maps were made o f  t h e  p i e z o m e t r i c  s u r f a c e  and t h e  w a t e r  t a b l e  f o r  

J u l y ,  1970, and these  were compared. Areas where t h e  w a t e r  t a b l e  was a t  a  

h i g h e r  a1 ti tude  t h a n  t h e  p i e z o m e t r i c  s u r f a c e  were c o n s i d e r e d  recharge areas,  

and, converse ly ,  areas w i t h  t h e  p i e z o m e t r i c  s u r f a c e  h i g h e r  were cons ide red  d i s -  

charge areas.  

T h i r d ,  i n f r a r e d  f i l m  was used t o  t a k e  l o w - o b l i q u e  s t e r e o  photos o f  t h e  

area,  The s t e r e o - p a i r  s l i d e s  were used t o  f u r t h e r  d e l i n e a t e  areas o f  d i s c h a r g e  

by t h e  f n f r a r e d  r e f l e c t a n c e  c h a r a c t e r i s t i c s  o f  a c t i v e l y  t r a n s p i r i n g  v e g e t a t i o n .  
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The recharge-d ischarge  boundary was e s t a b l i s h e d  f o r  l a t e  June-ear l y  J u l y ,  

1970, and t h e  a rea  o f  recharge determined t o  be a p p r o x i m a t e l y  80 square m i l e s ,  

o r  51,200 a c r e s -  The recharge occurs  m o s t l y  on t h e  n o r t h e r n  and western  marg in  

o f  t h e  p r a i r i e  between t h e  Boise base l i n e  and t h e  exposed igneous rocks  o f  

t h e  h i g h e r  areas.  P r e c i p i t a t i o n  on t h e  igneous r o c k  was t r e a t e d  as r u n o f f  s i n c e  

these r o c k s  a r e  p r a c t i c a l l y  impermeable. 

To use t h e  annual p r e c i p i t a t l o n  as i n p u t  t o  t h e  p l a n a r  f l o w  s e c t i o n  r e -  

q u i r e d  t h a t  i t  be a p p l i e d  t o  t h e  u p - g r a d i e n t  end o f  t h e  s e c t i o n .  T h i s  was 

accompl ished by u s i n g  t h e  westernmost p o r t i o n  o f  t h e  recharge area and a p p l y i n g  

t h e  e n t l r e  volume o f  recharge w a t e r  t o  t h i s  s m a l l e r  area th rough  which t h e  

model s e c t i o n  was taken ,  The area used i s  abou t  2.5 m i l e s  by 1.5 m i l e s  and 

i s  a p p r o x i m a t e l y  r e c t a n g u l a r .  The l'low w i t h - i n  t h i s  a rea  i s  n e a r l y  a l l  p a r a l l e l  

t o  t h e  model s e c t i o n ,  so app ly- ing t h e  e n t i r e  recharge volume t o  t h i s  area i s  

f e l t  t o  be j u s t i f i e d ,  

The annual amount o f  wa te r  available i s  17 inches  on t h e  i n t a k e  area o f  

51,200 ac res ,  o r  about  72,200 a c r e - f e e t .  The recharge a r e a  th rough  which t h e  

model s e c t i o n  i s  taken  i s  about  3.75 square m i l e s  o r  2,400 acres.  The 72,200 

ac re - fee t  a p p l i e d  t o  t h i s  a r e a  i s  e q u i v a l e n t  t o  a  d e p t h  o f  about  30 f e e t  o f  

wa te r .  T h i s  method o f  r e c h a r g i n g  t h e  model r e q u i r e s  t h a t  t h i s  dep th  o f  wa te r  

be used as t h e  i n p u t  f o r  t h e  model s e c t i o n .  

Permeabi 1  i ty  

A l though  t h e  program w i l l  accep t  a n i s o t r o p i c  m a t e r i a l  and i n c l i n e d  u n i t s ,  

t h e  u n i t s  were cons ide red  i n d i v i d u a l l y  homogeneous and i s o t r o p i c ,  as w e l l  as 

h o r i z o n t a l ,  f o r  t h i s  model. T h i s  was done p a r t l y  because of  l a c k  o f  d a t a ,  

e s p e c i a l l y  f o r  t h e  deeper u n i t s ,  and p a r t l y  i n  an a t t e m p t  t o  a v o i d  s t o r a g e  

problems w i t h i n  t h e  program. The permeabi l  i t i e s  a r e  expressed as v e l o c i t i e s ,  

i n  t h i s  case, c e n t i m e t e r s  p e r  y e a r  f o r  convenience i n  o u t p u t  c a l c u l a t i o n s .  



The o n l y  a v a i l a b l e  pump-test  d a t a  were f r o m  one pumping t e s t  r u n  b y  Walton i n  

1957. T r a n s m i s s i b i l i t y  o f  a  126- foot  i n t e r v a l  o f  t h e  l o w e r  a r t e s i a n  a q u i f e r  

was computed t o  be about  30,000 g a l l o n s  per  day p e r  f o o t .  T h i s  g i v e s  a  p e r m e a b i l i t y  

a t  t h i s  l o c a t i o n  o f  238 g a l l o n s  p e r  day p e r  square f o o t  o r  35,500 c e n t i m e t e r s  p e r  

y e a r  f o r  t h e  l o w e r  a r t e s i a n  a q u i f e r .  

Wal t o n  (1962, p. 39) assumed t h e  t r a n s m i s s i b i l i t y  o f  t h e  126- foot  i n t e r v a l  

t o  be t y p i c a l  o f  t h e  e n t i r e  t h i c k n e s s  below t h e  c l a y  u n i t ,  i n c l u d i n g  b o t h  a r t e s i a n  

a q u i f e r s  and t h e  s i l t y ,  sandy, c l a y  u n i t  t h a t  separates them ( a l l  u n i t s  as d i s -  

cussed p r e v i o u s l y ) .  He ass igned t h i s  e n t i r e  t h i c k n e s s  a  t r a n s m i s s i b i l i t y  o f  

70,000 g a l l o n s  p e r  day p e r  f o o t .  Walton a l s o  e s t i m a t e d  t h e  amount o f  leakage 

and u n d e r f l o w  f rom c o n s i d e r a t i o n  o f  t h e  f l o w  th rough  t h e  upper and l o w e r  

a r t e s i a n  a q u i f e r s  between two s e t s  o f  i s o p i e s t i c  con tours .  From t h i s  e s t i m a t e  

he o b t a i n e d  t h e  v e r t i c a l  f i e l d  p e r m e a b i l i t y  o f  t h e  c o n f i n i n g  c l a y  u n i t  t o  be 0.2 

g a l l o n s  p e r  day p e r  f o o t .  T h i s  f i g u r e ,  conver ted t o  298 c e n t i m e t e r s  p e r  y e a r  

was used as t h e  p e r m e a b i l i t y  f o r  t h e  c l a y  u n i t  and t h e  u n i t  between t h e  a r t e s i a n  

a q u i f e r s  was ass igned an i n i t i a l  p e r m e a b i l i t y  o f  a p p r o x i m a t e l y  t e n  t imes  t h a t  

of t h e  c l a y ,  i ,e,, 3000 c e n t i m e t e r s  p e r  y e a r ,  

Us ing Wal t o n ' s  e s t i m a t e  of t r a n s m i s s i  b i  1  i ty  f o r  t h e  t o t a l  t h i c k n e s s  below 

t h e  c l a y  and t h e  above e s t i m a t e  f o r  t h e  u n i t  between t h e  a r t e s i a n  a q u i f e r s ,  an 

i n i  t i a l  permeabi l  i ty  o f  726 g a l l o n s  p e r  day p e r  square f o o t  o r  1,080,000 c e n t i -  

meters  p e r  y e a r  was computed f o r  t h e  upper a r t e s i a n  a q u i f e r .  A p e r m e a b i l i t y  

f o r  t h e  s u r f a c e  u n i t  of t h e  p r a i r i e  was computed f rom 3-hour pumping t e s t  wh ich  

we r a n  on a  new, 1 2 0 - f o o t  w e l l .  The va lue  o b t a i n e d  was 19.1 g a l l o n s  p e r  day 

p e r  square f o o t  o r  28,400 c e n t i m e t e r s  p e r  y e a r .  

The b a s a l t  u n i t  f o r m i n g  t h e  e a s t e r n  boundary o f  Camas P r a i r i e  has been 

pene t ra ted  b y  one we1 1  , and i t  has s e v e r a l  o t h e r  we1 1  s  d r i  1  l e d  i n t o  i t . Data 

f rom these w e l l s  suggest  t h a t  t h e  upper 180-200 f e e t  o f  t h e  b a s a l t  have a  
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t ransmi  s s i  b i l  i ty  o f  r o u g h l y  thvee t imes  t h a t  o f  t he  combined a r t e s i a n  aqu i f e r s  

(Wal ton ,  1962, p. 25) Using a  t r a n s m i s s i b i l ~  t y  o f  210,000 g a l l o n s  pe r  day 

pe r  f o o t  and a  t h i c kness  o f  200 f e e t  r e s u l t s  i n  a  p e r m e a b i l i t y  o f  1,050 g a l l o n s  

per  day pe r  square f o o t  o r  3,560,000 cen t ime te r s  pe r  yea r .  The b a s a l t  below 

t h e  200- foo t  upper permeable p a r t  was a r b i  t p a r i  1 y a s s i  gned a  1  ow permeabi 1  i ty  

o f  30 cen t ime te r s  pe r  yea r  t o  make i t  r e l a t i v e l y  impermeable and t o  make i t  a  

p a r t  OF t h e  model, 

Loca t i on  o f  Mesh Nodes --- 

I n  o r d e r  t o  desc r i be  t h e  l o c a t i o n  o f  t h e  nodes a  coo rd i na te  system was con- 

s t r u c t e d .  A ze ro  datum p lane  was p laced  a t  an e l e v a t i o n  o f  4400 f e e t  above mean 

sea l e v e l ,  about  700 f e e t  below t h e  h i g h e s t  e l e v a t i o n  a long  t h e  sec t i on .  A l l  

node e l e v a t i o n s  were p icked  f rom t h e  geo log i c  s e c t i o n  and were r e f e r r e d  t o  t h i s  

datum. Ho r i zon ta l  d i s t ances  were measured eastward f rom t h e  west end o f  t he  

sec t i on ,  

I n p u t  t o  Model -- 

Because t h e  recharge t o  t h e  area occurs  downward th rough  t h e  su r f ace  o f  t h e  

p r a i r i e  i t  was cons idered  r e a l i s t i c  t o  app l y  t h e  i n p u t  t o  t h e  model s e c t i o n  a t  

t h e  upper su r face .  The t h i r t y  f e e t  o f  wa te r ,  e q u i v a l e n t  t o  t h e  volume o f  p r e c i p i -  

t a t i o n  on t h e  recharge area was a p p l i e d  t o  t h e  f i r s t  e i g h t  su r f ace  nodes a t  t h e  

west end o f  t h e  sec t i on ,  These nodes, numbered 6, 12, 18, 24 and 30, r ep resen t  

d is tances  eastward a l ong  t h e  model s e c t i o n  o f  0, 2000, 4000, 6000 and 8000 f e e t  

r e s p e c t i v e l y ,  E i g h t  thousand f e e t  i s  approx imate ly  t h a t  p a r t  o f  t h e  s e c t i o n  

t h a t  i s  recharge area, o r  t h e  d i s t a n c e  between t h e  impermeable b a s a l t  t o  t h e  

west and t h e  area o f  f l o w i n g  w e l l s  t o  t h e  eas t .  



Output  f rom t h e  Program --- 
The o u t p u t  o f  t h e  program c o n s i s t s  o f  a  l i s t i n g  o f  a l l  i n p u t  da ta ,  i n c l u d i n g  

each element and each node o f  t h e  f a n i t e - e l e m e n t  mesh w i t h  t h e  r e s p e c t i v e  co- 

ordinates, 'The o u t p u t  o f  t h e  zompcrtatrons I s  'in two p a r t s .  The f i r s t  i s  a  tabu-  

l a r  p r e s e n t a t i o n  3 f  each node i n  sequence w i t h  t h e  co r respond ing  p ressure  and 

p o t e n t i a l  + Ppessure has t h e  u n i t s  o f  t h e  i n p u t  p ressures ,  i n  t h i s  case, f e e t  

o f  wa te r ,  and p o t e n t i a l  i s  g i v e n  as a  decimal r e p r e s e n t i n g  t h e  percentage o f  t h e  

d i f f e r e n c e  between va lues  s u p p l i e d  as i n p u t  on t h e  c o n t r o l  card.  

The second p a r t  o f  t h e  o u t p u t  i s  a  t a b u l a r  p r e s e n t a t i o n  o f  each e lement  i n  

sequence, t h e  c o o r d i n a t e s  o f  the  program-placed c e n t e r  o f  t h e  element,  f l o w  as 

a  v e l o c i t y  i n  b o t h  t h e  X b o r  1 and t h e  Y '  o r  2  d i r e c t i o n ,  a n g l e  o f  i n c l i n a t i o n  

r f t h e  u n i t s  ape n o t  h o w  z o n t a l  , r e s u l t a n t  Plow v e l o c ~  t y  f rom t h e  c e n t e r  o f  each 

element and r e s u l t a n t  f l o w  d i r e c t i o n  a t  t h e  c e n t e r  o f  t h e  element w i t h  r e s p e c t  

t o  t h e  p o s i t i v e  X o r  R d ~ r e c t i o n .  

R e s u l t s  

The o u t p u t  o f  t h e  program was u t i l i z e d  I n  two d i f f e r e n t  ways. F i r s t ,  12 

nodes has been p u t  - i n t o  t h e  f i n i t e - e l e m e n t  mesh a t  v a r i o u s  d i s t a n c e s  a long  t h e  

model s e c t i o n .  These nodes were i n  a d d i t i o n  t o  t h e  r e g u l a r  un i fo rm ly -spaced  

nodes and r e p r e s e n t  checkpo in ts  i n  t h e  g e o l o g i c  s e c t i o n .  The checkpo in ts  a r e  

bot tom o f  c a s i n g  a t  some l o c a t i o n s  and bot tom o r  m i d - p o i n t  o f  an uncased i n t e r v a l  

I n  o t h e r s ,  o f  w e l l s  near  t h e  l i n e  o f  s e c t i o n ,  I n  these  c h e c k p o i n t  w e l l s  t h e  

a r t e s i a n  p ressure  o r  w a t e r  l e v e l  i s  known f rom f i e l d  measurements. The computed 

va lues of  p ressure  a t  t h e  checkpo in ts  were compared t o  t h e  measured va lues  as 

an i n d u c a t i o n  of  how w e l l  t h e  model s e c t i o n  f f t  t h e  a c t u a l  s i t u a t i o n .  These 

d a t a  a r e  p resen ted  I n  Tab le  V - 1 ,  

F ~ v e  o f  t h e  12 c h e c k p o i n t s  a r e  from we1 1s i n  t h e  upper  a r t e s i a n  a q u i f e r ,  

which i s  t h e  most developed a q u i f e r  i n  t h e  p r a i r i e .  The computed v a l u e  f o r  



TABLE V-1 

Comparison o f  Measured Heads w i t h  Computed Values 

D i  stance From 
Head, F t .  

D i  f f e r e n c e  . W i  t h  
East  End O f  Casing Respect *TO 

Checkpoint  Sec t ion ,  Ft,, Depth Depth Measured Computed Measured 

*Adjusted f rom 45 Sect. t o  compensate f o r  a l t i t u d e  d i f f e r e n c e  a t  w e l l  and a t  l i n e  

o f  sec t i on .  
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5  we1 1s a r e  w i t h i n  10% o f  t h e  measured va lues  and w i t h  5% f o r  3  o f  them. Computed 

va lues  f o r  3  we1 1  s  i n  t h e  l o w e r  a r t e s , i a n  a q u i f e r  and 2  we1 1  s  i n  t h e  b a s a l t  a q u i f e r  

a r e  a l l  w i t h i n  6% o f  t h e  measured va lues .  

I n  a d d i t i o n  t o  t h e  above, 2  we1 l s  i n  t h e  w a t e r - t a b l e  a q u i f e r  were i n c l u d e d  

because t h e  s h a l l o w  w a t e r  t a b l e  i s  m a i n t a i n e d  p a r t l y  by  leakage upward t h r o u g h  

t h e  c l a y  u n i t .  These 2  w e l l s  show t h e  g r e a t e s t  d i s c r e p a n c y  between computed and 

measured va lues  as would be expected,  s i n c e  t h e  model r e p r e s e n t s  e s s e n t i a l  l y  t h e  

deeper a r t e s i a n  system and t h e  h y d r a u l i c  c o n n e c t i o n  t o  t h e  w a t e r  t a b l e  i s  o n l y  

i n d i r e c t .  Values f o r  b o t h  w e l l s  were abou t  43% d i f f e r e n t  t h a n  t h e  measured va lues .  

These d i f f e r e n c e s  were cons ide red  a c c e p t a b l e ,  c o n s i d e r i n g  t h a t  a  o n e - f o o t  d i f f e r e n c e  

i n  a  sha l  l o w  we1 l r e p r e s e n t s  a  l a r g e r  percentage t h a n  i n  a  deeper we1 1. 

The second way i n  wh ich  t h e  program o u t p u t  was used was i n  computa t ion  o f  

q u a n t i t a t i v e  r e s u l t s  f o r  amount o f  f l o w  th rough  t h e  end o f  t h e  s e c t i o n .  The 

volume o f  w a t e r  ava, l " ' lable a n n u a l l y  f o r  recharge  was a p p l i e d  t o  an a rea  o f  

a p p r o x i m a t e l y  2400 a c r e s  a t  t h e  wes te rn  end o f  t h e  s e c t i o n  and t h e  model s e c t i o n  

was c a r r i e d  t h r o u g h  t h i s  a rea ,  The s e c t i o n  i s  o f  u n i t  w i d t h ;  i n  t h i s  case i t  

i s  one f o o t  w ide,  The s u r f a c e  a rea  o f  t h e  model s e c t i o n  th rough  wh ich  t h e  i n p u t  

i s  a p p l i e d  i s  about  8000 f e e t  by  1  f o o t ,  o r  0,184 ac res .  The 30 f e e t  o f  w a t e r  

on t h i s  a rea  i s  a  volume o f  5,52 a c r e - f e e t .  

Elements 526, 527 and 528 were p l a c e d  i n  t h e  mesh a t  t h e  end o f  t h e  a c t u a l  

model. These r e p r e s e n t  t h e  p o i n t  a l o n g  t h e  s e c t i o n  where Camas Creek has c u t  a  

canyon deep enough t o  be p e r e n n i a l .  Elements 528-549 were added t o  reduce t h e  

boundary e f f e c t s  of t h e  impermeable end o f  t h e  s e c t i o n .  Flows were computed on 

a  volume b a s i s ,  c o n v e r t e d  t o  e q u i v a l e n t  f e e t  o f  w a t e r  on t h e  recharge  a rea  a t  

t h e  i n p u t  end o f  t h e  s e c t i o n  and r e f e r r e d  t o  t h e  i n i t i a l  30  f e e t  o f  w a t e r  i n p u t  

f o r  compari son. 
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Element 526 i s  300 f e e t  in  height and has a r e su l t an t  flow velocity of 0.0647 

centimeters per year ,  This represents such a small annual flow t h a t  i t  was d i s re -  

garded, s ince most of the flow occurs through the elements representing the more 

permeable basal t. 

Element 527 i s  100 f e e t  in height ,  has a flow veloci ty  i n  the 1 o r  X direct ion 

of 3355,5 centfmeters per year (equivalent  t o  0.253 ac re - fee t )  , i s  1000 f e e t  in  

length and has a flow veloci ty  in  the 2 o r  Y direct ion of 42.3 centimeters per 

year (equivalent  t o  0,031 ac re - fee t )  . 
Element 528 has an average height of 74 f e e t ,  has a flow velocity i n  the 1 o r  

X direct ion of 3382.4 centimeters per year equivalent t o  0.189 ac re - fee t ,  i s  

1000 f e e t  in  length and has a flow veloci ty  in  the 2 o r  Y direct ion of 93.6 

centimeters per year equivalent t o  0.071 acre-feet .  

These f igures  give a t o t a l  outflow a t  t h i s  point in  the section of 0.544 

acre-feet  equivalent  t o  about 3 f e e t  of water on the input end of the model 

section.  Phis represents the pa r t  of the 30 f e e t  of water input t ha t  i s  under- 

flow from the p r a i r i e .  

Wal ton (1962, p .  20, 21) computed underflow and leakage a t  a  location s l i g h t l y  

west of where the model section ends and concluded t h a t  leakage and underflow 

were nearly equal ,  Assuming t h i s  t o  be t rue  and using the f igure  computed here 

f o r  underflow gives a f igure  of 6 f e e t  of water f o r  underflow and leakage com- 

bined. Phis f igure  a l so  represents the amount of the 30-foot input t h a t  i s  

annual recharge t o  the a r t es ian  aquifers  since the recharge must balance the under- 

flow and leakage t o  maintain the aquifers .  

Camas Creek i s  perennial in  the eas tern  end of the p r a i r i e  and the flow, ad- 

~ u s t e d  t o  the 1952-1967 base period, i s  given by the U. S. Geological Survey as 

165 cubic f e e t  per second, The only gaging s t a t i on  f o r  the p r a i r i e  i s  located 

downstream from the actual p r a i r i e  in  the basa l t  canyon and below the point  where 
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the  perenn ia l  f low from Wi l low Creek e n t e r s  Camas Creek. To es t ima te  t h e  c o n t r i b u -  

t i o n  t o  s t reamf low from t h e  recharge area, t h i s  f i g u r e  was a p p l i e d  t o  t he  recharge 

area and t he  volume represented was r e f e r r e d  t o  t he  s e c t i o n  i n p u t .  Th is  amounts 

t o  6.1 f e e t  on t he  sec t i on .  

Therefore,  o f  t h e  30 f e e t  o f  water  a p p l i e d  t o  t h e  model as recharge, repre -  

sen t i ng  t he  e q u i v a l e n t  o f  17' inches o f  wa te r  on 80 square m i l e s  o f  recharge area, 

under f low and leakage p l u s  r u n o f f  t o  streamflow account f o r  12.1 f e e t .  The r e -  

main ing 17.9 f e e t  i s  assumed t o  be l o s t  by evapo t ransp i ra t i on .  

These f i g u r e s  i n  terms o f  t he  17 inches a v a i l a b l e  annua l l y  on t he  Camas P r a i r i e  

recharge area a re :  under f low and leakage 3,4 inches,  r u n o f f  and s t reamf low 3.5 

inches and e v a p o t r a n s p i r a t i o n  10.1 inches.  Evapo t ransp i ra t i on ,  t he re fo re ,  amounts 

t o  about 60% o f  t he  water  ava i  1  ab le  t o  t he  recharge area. 

Two a d d i t i o n a l  i n p u t s  were used rep resen t i ng  approx imate ly  a  20% inc rease  

and a  20% decrease i n  t he  annual p r e c i p i t a t i o n ,  g i v i n g  i n p u t s  o f  35.2 and 24.4 

f e e t  o f  wa te r  r e s p e c t i v e l y .  The corr~puted under f low f rom the  model i n  bo th  cases 

represented a  change o f  l e s s  than 0.1 f oo t  o f  wa te r  f rom the  r e s u l t s  us i ng  t he  

30 - foo t  i n p u t  f o r  average annual p r e c i p i t a t i o n .  T h i s  i n d i c a t e s  t h a t  annual 

changes i n  p r e c i p i t a t i o n  do n o t  g r e a t l y  a f f e c t  t h e  a r t e s i a n  a q u i f e r s  i n  any 

one year ,  p robab ly  because o f  t he  l a r g e  volume and a r e a l  e x t e n t  o f  t he  aqu i fe rs .  

Concl us ions  

Based on t he  r e s u l t s  presented, t he  f o l l o w i n g  conc lus ions  a re  drawn: 

From comparison o f  t he  ac tua l  va lues o f  water  l e v e l s  measured i n  t h e  f i e l d  

w i t h  t he  computed va lues f rom the  model, t h e  model i s  cons idered an accept-  

a b l e  r e p r e s e n t a t i o n  o f  t he  ac tua l  c o n d i t i o n s .  I n  t h i s  f i r s t  a t tempt  t o  model 

t h e  complex ground-water system w i t h  a  p l a n a r  f l o w  model, a  nurnber o f  s i m p l i -  

f i c a t i o n s  were n e c e s s a r i l y  in t roduced.  Some o f  these cou ld  undoubtedly be 

made more r e a l i s t i c  w i t h  f u r t h e r  work. 
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2. Flow q u a n t i t i e s  a re  cons idered t o  be o f  t h e  r i g h t  magnitude. The i n p u t  f o r  

p r e c i p i t a t i o n  i s  cons idered accurate and va l  i d .  The pemeab i  1  i t i e s  a re  f o r  

t h e  most p a r t  es t imates  based on t he  1  i m i t e d  amount o f  da ta  a v a i l a b l e .  The 

assumption o f  i s o t r o p y  and homogeneity a r e  p robab ly  t h e  l e a s t  r e a l i s t i c  o f  

those made f o r  t h e  i n p u t s .  The c l a y  u n i t ,  f o r  example, i s  p robab ly  more 

permeable h o r i z o n t a l l y  than  v e r t i c a l l y ,  and i t  i s  known t h a t  t he  sediments 

become f i n e r - g r a i n e d  southward f rom t h e  f o o t  o f  t he  mountains. I f  more 

da ta  become a v a i l a b l e  w i t h  regard  t o  p e r m e a b i l i t y  values, t he  i n p u t  permea- 

b i l i t i e s  can be made more r e a l i s t i c  and r e f i n e  t h e  ou tpu t .  A t  present ,  t he  

c o s t  o f  o b t a i n i n g  p e r m e a b i l i t y  da ta  l i m i t s  t he  c a p a b i l i t i e s  o f  t he  model. 

3.  A model developed by t h e  f i n i t e - e l e m e n t  technique can have wide a p p l i c a t i o n s  

where pressure,  Plow d i r e c t i o n  and f l o w  v e l o c i t y  can be o f  use a t  va r ious  

p o i n t s ,  s i nce  these q u a n t i t i e s  a r e  computed f o r  a l l  elements i n  the  mesh. 

Th i s  can be o f  va lue  i n  ground-water s tud ies  o f  f l o w  systems and water  

budgets as w e l l .  The technique i s  a l s o  a p p l i c a b l e  t o  problems such as f l o w  

through t h e  s i des  o f  u n l i n e d  i r r i g a t i o n  canals .  I n  most o f  these cases, how- 

ever ,  c o s t  o f  o b t a i n i n g  r e l i a b l e  p e r m e a b i l i t y  da ta  would be a  l i m i t i n g  f a c t o r .  

4. Once a  f i n i t e - e l e m e n t  model o f  a  system i s  developed, any o f  t h e  i n p u t  

parameters may be r e a d i l y  mod i f i ed  o r  changed i f  new i n f o r m a t i o n  i s  made 

a v a i l a b l e  o r  c o n d i t i o n s  change. Past  and f u t u r e  c o n d i t i o n s  may be s imu la ted  

w i t h i n  a  system. I n  t h i s  s tudy,  f o r  example, t h e  changes i n  annual p r e c i p i -  

t a t i o n  were i n t r oduced  by punching 6 cards t o  r e p l a c e  those o r i g i n a l l y  used. 

5. In fe rences  can be developed o r  v e r i f i e d  by t h e  use o f  a  f i  n i  t e - e l  ement model . 
I n  t he  example used here o f  changing t h e  annual p r e c i p i t a t i o n  i n p u t ,  i t  appears 

t h a t  annual changes a r e  most l i k e l y  t o  be r e f l e c t e d  i n  sha l low,  wa te r - t ab le  

and sur face  phenomena such as w a t e r - l e v e l s  i n  sha l low w e l l s ,  su r face  r u n o f f  

and s t reamf low,  and poss ib l y ,  e v a p o t r a n s p i r a t i o n  i n  extreme cases. 
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6. A t  i t s  p resen t  s t a t e  o f  development, t he  program used t o  generate t he  model 

has s to rage  l i m i t a t i o n s  t h a t  a f f e c t  t he  s i z e  o f  t h e  problem t h a t  can be 

handled. Th i s  can be p a r t l y  compensated f o r  by  us ing  l a r g e r  elements b u t  t h e r e  

i s  a r i s k  o f  some smoothing o r  averaging e f f e c t s .  T h i s  i s  p a r t i c u l a r l y  t r u e  

near  boundaries o f  t h e  mesh and between u n i t s  hav ing d i f f e r e n t  c h a r a c t e r i s t i c s  

w i t h i n  t h e  mesh. T h i s  e f f e c t  should be examined b u t  s to rage  l i m i t a t i o n s  pre-  

vented i t  i n  t h i s  s tudy.  
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1. Place 3-5 grams o f  2.0 mm a i r - d r i e d  s o i l  (we igh t  must be a c c u r a t e l y  

determined t o  2  decimal p laces)  i n  a  100-m7 c e n t r i f u g e  tube and add 50 m l  o f  

1  - N NaOAc (pH 5.0).  S t i r  w i t h  a  po l iceman- t ipped rod .  

2. D iges t  i n  a  903C water  ba th  f o r  30 minutes w i t h  i n t e r m i t t e n t  s t i r r i n g .  

3. Remove s a l t s  by c e n t r i f u g a t i o n  (2000 rpm) and decan ta t ion ,  Repeat p ro -  

cedure tw ice ,  o m i t t i n g  t he  d i g e s t i o n  un less  the  s o i l  i s  known t o  be ca lcareous.  

4. Removal o f  o rgan ic  m a t t e r  t o  compare i o n  exchange o f  m inera l  m a t e r i a l  

versus t o t a l  s o i  1  : 

a, T rans fe r  sample t o  250 m l  beaker w i t h  10 ml of d i s t i l  l e d  water .  

b. Add 5  m l  of 30% H202, cover w i t h  a  watch g l ass  and heat  c a u t i o u s l y .  

I f  t h e  r e a c t i o n  ge t s  v i o l e n t ,  remove beaker f rom h o t  p l a t e  and 

q u i e t  w i t h  a  stream of wa te r  f rom a  wash b o t t l e .  

c. When the  r e a c t i o n  i s  q u i e t ,  a d d i t i o n a l  5  m l  increments o f  30% H202 

a r e  added, one a t  a  t ime,  and t he  d i g e s t i o n  con t inued  u n t i l  a1 1  o r -  

gamic m a t t e r  i s  destroyed. Never c a r r y  t he  evapora t ion  below 5  m7. 

5. The a c i d i f i e d  s o i l  sample ( a f t e r  t r a n s f e r  back t o  t he  c e n t r i f u g e  tube 

i f  t h e  H202 procedure has been used) i s  washed t w i c e  w i t h  n e u t r a l  1  - N NaOA,. 

6. Wash f i v e  t imes  w i t h  1  - N CaCI2 t o  s a t u r a t e  us ing  t h e  sequence; m ic ro -  

mixer ,  c e n t r i f u g e  (2000 rpm) , decant,  CaC1 2, micro-mixer ,  e t c .  

7. Remove excess s a l t  w i t h  f i v e  washings us ing  80% acetone (same sequence 

as i n  6 a b o ~ e ) ~  Check f o r  c h l o r i d e  w i t h  0.1 - M AgN03 i n  l a s t  wash. 

8. Replace ca l c i um us ing  f i v e  washings w i t h  n e u t r a l  o r  1  - N NH40Ac ( i f  

f lame photometry o r  a tomic abso rp t i on  i s  t o  be used).  Save and combine a l l  

washings. 

9. Determine ca l c i um c o n t e n t  by atomic abso rp t i on ,  
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A. E x t r a c t i  on 

1. Place weighed 5 gm sample o f  a i r - d r i e d  (35°C) s o i l  i n  a 50 m l  round-bottom 

narrow-neck c e n t r i f u g e  tube, 

2. Add 33 m l  o f  n e u t r a l  1  - N NH40Ac, stopper,  shake f o r  f i v e  minutes and then 

c e n t r i f u g e  u n t i l  supernatant i s  c l e a r  (about 5 minutes a t  2000 rpm). 

3, Decant supernatant i n t o  100 m l  vo lumet r ic  f l a s k .  

4. E x t r a c t  tw i ce  more w i t h  33 m l  p o r t i o n s  o f  NH40Ac decant ing supernatant 

i n t o  same vo lumet r ic .  B r i n g  volume t o  100 m l  w i t h  NH40Ac. 

B. Determi na t ions  

1 , Run Ca, Mg , Na, and K by atomic absorpt ion.  

2. Run a reagent  blank on the  NH40Ac. 



APPENDIX C 

Method f o r  Organic  M a t t e r  i n  S o i l s  -- 



A. General 

Th i s  method exc ludes elementary carbon and most b i o l o g i c a l  l y  non-ox id i  zab le 

forms o f  carbon. 

B. Reagents 

1. 85% H3P04 

2. S o l i d  NaF 

3. Conc. H2S04 (98%) 

4. Standard 1 1 K2Cr20, (49.04 g m l l i t e r )  

5. D-iphenylam-ine i n d i c a t o r  ( .5  gni d i sso l ved  i n  20 1111 wate r  + 100 t11 conc. 

H2S04 ) 

6. 0.5 - N Ferrous ammon. s u l f a t e  (196 gm d i sso l ved  i n  800 m l  water  + 20 m l  

H2S04 - d i l u t e  t o  1 l i t e r ) .  Must be s tandard ized a g a i n s t  dichromate d a i l y .  

C. Procedure 

1. A 0.50 gm sample i s  p laced i n  a 500 m l  f l a s k ;  add 10.0 m l  of 1 - N 

dichromate mix and add 20 m l  o f  conc. H2S04, mix. L e t  s tand f o r  30 minutes. 

2. D i l u t e  t o  200 m1; add 10 m l  H3P04, 0.2 gm o f  NaF and 1.5 m l  o f  

d i  phenylami ne i nd i  c a t o r .  

3. T i t r a t e  w i t h  f e r r o u s  ammon. s u l f a t e  t o  b r i l l i a n t  green end-point .  I f  

over  8 o f  t h e  10 m l  o f  chromic a c i d  has been consumed, r epea t  t e s t  us i ng  a sma l le r  

s o i l  sample. 

4. C a l c u l a t i o n :  

T % o rgan i c  = 10.3 (1  - 3) 

where S = s t a n d a r d i z a t i o n  b lank  t i t r a t i o n ,  m l  

T = sample t i t r a t i o n ,  m l  
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Soi 1 Ni  t r a t e  N i t r o g e n  NO3-N 



Monograph No. 9, "Methods o f  S o i l  Ana l ys i s " ,  American S o c i e t y  o f  Agronomy, 

P h e n o l d i s u l f o n i c  A c i d  Method 84-5.3, p, 1216, 1965. 

Procedure 

1. Weigh 25 gm o f  s o i l  i n t o  an e x t r a c t i o n  f l a s k  (250 o r  300 ml Erlenmeyer 

wide mouth). 

2. Add 100 m l  o f  CaS04 s o l u t i o n  t o  t h e  f l a s k .  

3. Shake f o r  15 minutes on the  mechanical  shaker a t  t h e  v a r i a b l e  speed i n d i -  

c a t o r  s e t t i n g  o f  1, 

4. F i l e r  th rough  S  & S  605-18.5 cm f i l t e r  paper i n t o  r e c e i v i n g  f l a s k .  

5. T r a n s f e r  a  10 m l  a l i q u o t  t o  a  3" cassero le  d i s h .  

5a. Add 1  m l  o f  s a t u r a t e d  CaC03 s o l u t i o n  be fo re  p l a c i n g  on steam bath.  

6. Evaporate t o  dryness o f  steam b a t h  and - be c a r e f u l  ----- t h a t  area i s  f r e e  o f  

HNO fumes. -3 - 
7. Cool d ishes,  

8, Prepare a  reagen t  b l ank  b e g i n n i ~ g  a t  s t ep  No. 7. Use t h i s  b l ank  t o  

a d j u s t  t h e  c o l o r i m e t e r  t o  100% t r ansm i t t ance .  

9. Add 2  m l  p h e n o l d i s u l f u r i c  a c i d  r a p i d l y  f rom a' b u r e t t e .  Ro ta te  d i s h  

g e n t l y  so t h e  p h e n o l d i s u l f u r i c  a c i d  i s  i n  c o n t a c t  w i t h  t h e  e n t i r e  r es i due .  

10. L e t  s e t  f o r  10 minutes.  

11. Add 50 m l  o f  d i s t i l l e d  H20 w i  t h  au tomat i c  p i  p e t t i n g  machine and s t i r  

w i t h  a  g l ass  s t i r r i n g  rod .  

12. Add 10  ml o f  concen t ra ted  NH40H s l o w l y  w i t h  s t i r r i n g  u n t i l  s o l u t i o n  

i s  a1 k a l  i n e  (as  i n d i e a t e d  by development o f  ye1 low c o l o r  o r  use o f  pH paper) .  

13. T r a n s f e r  t o  a  l a r g e  Bausch and Lomb c o l o r i m e t e r  tube. 

14. Measure t h e  amount o f  NO3 on t h e  Bausch and Lomb Spectromic 20 c o l o r i -  

meter  w i t h  a  480 mp f i l t e r .  

15. Repor t  as ppm NO3-N. 
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Table D-1. Table NO3-N: Standards to  be used to  establish a working curve and 

standards to  be run routinely to  continuously check reagents. 

Add 3 rnl phenoldisulfonic acid to  every standard as outlined in the procedure 

and NH40H as to  a l l  samples. S ta r t  a l l  standards a t  Step 5 in the procedure. 

NO3-N PCJ in solution NO3-N PCJ in solution 
ppm NO3-N = - - gm soil  in aliquot 2.5 gm soil  

ml of stock solution 

NOTE: Those standards marked ----- X are to  be run every - .  week or whenever a new reagent 

solution i s  prepared and used; those marked ----- X X  are to be run daily. 



Reagents 

1. C a l c i  um su l  f a te  (gypsum CaS04'2H20) : Reagent-grade powdered. D i  sso lve  

40 gm o f  CaS04 i n  d i s t i l  l e d  wa te r  and make t o  f i n a l  volume o f  18 1  i t e r s  w i t h  d i s -  

ti 1  l e d  water .  Th i s  i s  approx imate ly  a  sa tu ra ted  gypsum (CaS04-2H20) s o l u t i o n .  To 

make 20 1  i t e r s  add 45 gm o f  CaS04 t o  d i s t i l l e d  water  and make t o  20 1  i t e r s .  In 

s o i l s  t h a t  c o n t a i n  c h l o r i d e s  (C1) add s i l v e r  s u l f a t e  (AgS04) t o  t he  ca l c i um 

s u l f a t e  s o l u t i o n  a t  1  gm 1  l i t e r  o f  s o l u t i o n - - - I 8  l i t e r s  add 18 gm; 20 l i t e r s  

add 20 gm. 

2. Pheno ld i su l f on i c  ac id :  D i sso l ve  25 gm o f  pure w h i t e  phenol i n  150 

ml o f  concen t ra ted  H2S04 (sp. g r .  1.84) i n  a  500 ml Erlenmeyer. Add 75 ml o f  

fuming H2S04 (13% SO3), mix  t he  s o l u t i o n  and p lace  t he  f l a s k  ( l o o s e l y  stoppered) 

i n  b o i l i n g  water  o r  steam ba th  f o r  2-4 hours. S to re  t he  r e s u l t i n g  s o l u t i o n  o f  

pheno ld isu l  f o n i c  a c i d  i n  a  g l ass  s toppered amber b o t t l e .  

If no fuming s u l f u r i c  a c i d  d i s s o l v e  25 gm pure phenol i n  225 ml of con- 

cen t ra ted  H2S04 and hea t  on a  steam b a t h  o r  i n  b o i l i n g  water  f o r  6 hours. 

3. Concentrated ammoni um hydrox ide s o l  u t i  on: Use reagent  grade NH40H 

(sp. g r .  0.89 t o  0.90). Can use d i l u t e  s o l u t i o n  o f  1  l i t e r  NH40H w i t h  1  l i t e r  

d i s t i l l e d  H20 ( 1 : l ) .  

4. Standard n i t r a t e  n i t r o g e n  s o l u t i o n :  (10 l lg  NO3-N/ml ) . D i sso l ve  0.1443 

gm o f  oven-dr ied KN03 i n  d i s t i l  l e d  H20 and d i l u t e  t o  2  l i t e r s .  

5, Calcium carbonate: Make a  s a t u r a t e d  s o l u t i o n  o f  ca l c i um carbonate by  

adding 25 gm o f  ca l c i um carbonate pe r  l i t e r .  
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Olsen, S, R, e t  a l . ,  "Es t ima t i on  o f  A v a i l a b l e  Rhosphorus i n  S o i l s  by Ex- 

t r a c t i o n  w i t h  Sodium Bicarbonate" ,  U,S,D.A. , C i r c u l  a r  939, 1954. 

01 sen, So R, , and F. S. Watanche, "Test o f  an Ascorb ic  Ac id  Method f o r  De- 

t e rm i  n i  ng Phosphorus i n  Water and HaHC03 E x t r a c t s  f rom Soi 1  " , Soi 1  Science 29 :677, 

1965, 

Procedure 

1 -  Welgh 5,O gm o f  s o i l  i n t o  an e x t r a c t i o n  b o t t l e .  

2. Add 100 rnl o f  0.5 M NaHC03 e x t r a c t i o n  s o l u t i o n .  

3. Shake on mechanical shaker a t  speed s e t t i n g  o f  #3 f o r  30 minutes. 

4. F i l t e r  th rough  S & S 605-15 cm f i l t e r  paper i n t o  r e c e i v i n g  f l ask .  

5. T rans fe r  a  2.0 ml a l i q u o t  t o  a  l a r g e  Bausch and Lomb co lo r i rne te r  

tube c o n t a i n i n g  3.0 m l  o f  d i s t i l  l e d  H2Oo 

6. Add 4 drops o f  5  h H2S04 and mix  thoroughly .  See no te  below. 

7. Add 1.0 ml o f  Reagent B and mix  thorough ly .  

8, A f t e r  s tand ing  f o r  30 minutes determine t h e  t ransmi t tance  o f  t he  s o l u t i o n  

of t h e  Bausch and Lomb Spec t ron ic  20 co lo r i rne te r  us i ng  a 690 mp f i l t e r .  Th is  

c o l o r  i s  s t a b l e  f o r  24 hours. 

9. Repor t  as ppm P i n  s o i l  e x t r a c t a b l e  w i t h  0.5 M NaHC03. 

NOTE: The pH o f  t he  r e s u l t i n g  s o l u t i o n  should be about pH 5.0 o r  the  r e s u l t i n g  

phosphorus determinat7on w i l l  be i n  e r r o r  due t o  t he  pH i n f l u e n c e  on t he  c o l o r  

development o f  t h e  reduc ing  agent.  The amount o f  a c i d  needed can be determined 

by  ti t r a t i n g  a l a r g e  amount o f  b ica rbonate  s o l u t i o n  us ing  P-ni  t rophenol  as an 

I n d i c a t o r ,  changes from, ye1 low t o  c l e a r  a t  pH 4.95. 



Table E-1. Standards used f o r  e s t a b l i s h i n g  an NaHC03 phosphorus work ing curve  and 

standards t o  be used f o r  check ing reagents  

P i n  s o l u t i o n  - pg P i n  s o l u t i o n  = pg PPm P i n  '0" = gi in a l i q u o t  
- 

0.1 gm 

To a1 1 s o l u t i o n s  add 3 m l  o f  d i  s t i  1  l e d  water ,  4 drops o f  5N H2S04 and 0.1 m l  o f  

Reagent B as i n d i c a t e d  i n  procedure beg inn ing  w i t h  Step 5. Use n i l  of each of t he  

f o l  lowing s o l u t i o n s :  

Soi 1  ppm P 

0 X X  

NOTE: The standards marked ----- X a r e  t o  be r u n  weekly and when new reagents  o r  so lu -  

t i o n s  a r e  used, those markes X X  a re  t o  be run  d a i l y .  ----- 
Reagents 

1 .  0.5 M NaHC03---sodium b icarbonate :  D i sso l ve  757 gm o f  NaHC03 i n  d i s t i l l e d  

water  i n  an 18 l i t e r  con ta ine r .  D i l u t e  t o  approx imate ly  17 l i t e r s  w i t h  d i s t i l l e d  

water and check pH w i t h  pH meter. I f  needed, a d j u s t  t o  pH 8.5 w i t h  1  M NaOH 

(40 gm/l i t e r )  approx imate ly  450 m l  . Make volume t o  18 l i t e r s  w i t h  d i s t i l l e d  water .  

Th i s  s o l u t i o n  should be checked every  month f o r  pH and n o t  used i f  more than t h r e e  



months o l d .  To make 20 l i t e r s  use 841 gm sodium b ica rbona te ,  and i t  w i l l  r e q u i r e  

approximately 334 ml o f  (M NaOH t o  a d j u s t  pH). 

2. Reagent A: D i sso l ve  12 gm o f  ammonium molybdate (NH4)6 Mo7024'4H20 i n  

250 ml o f  distilled water .  

D i sso l ve  0.2908 gm o f  ant imony potass ium t a r t r a t e  K ( s ~ o )  c ~ H ~ o ~ * + ~ ~ o  i n  100 

m l  o f  d i s t i l  l e d  water .  

Add these two s o l u t i o n s  t o  1000 ml o f  5N H2S04 ( 1  48 m l  conc. H2S04 d i l u t e d  t o  

1000 m l  w i t h  d i s t i l l e d  wa te r )  and mix  tho rough ly ,  t hen  d i l u t e  t o  2  l i t e r s  w i t h  

d i s t i l l e d  water .  S t o r e  i n  a  dark  b o t t l e  i n  a  coo l - da rk  p lace .  

3. Reagent B :  Prepare f r e s h  d a i l y .  D i sso l ve  1.056 gm o f  asco rb i c  a c i d  

i n  200 m l  o f  Reagent A  and mix w e l l .  Not s t a b l e  f o r  more t han  24 hours. 

4. 5N H2S04: D i l u t e  148 m l  o f  concen t ra ted  H2S04 (sp .  g r .  1.84) t o  1000 

m l  w i t h  d i s t i l l e d  wa te r  and mix  tho rough ly .  

5. Standard phosphorus s tock  s o l u t i o n  (50.0 pg P/ml) :  D i sso l ve  0.2194 gm 

o f  oven-d r ied  KH2P04 i n  d i s t i l l e d  wa te r  and d i l u t e  t o  1  l i t e r  w i t h  e x t r a c t i o n  so l u -  

t i o n  0.5 M NaHC03. 

6. Standard phosphorus s o l u t i o n  (0 .5  pg P/rnl): D i l u t e  10  m l  o f  s tandard 

phosphorus s tock  s o l u t i o n  ( 50  pg P/ml) t o  1  l i t e r  w i t h  e x t r a c t i o n  s o l u t i o n  

0.5 M NaHC03. 

7. Standard phosphorus s o l u t i o n  (1.0 pg P/rnl) : D i l u t e  20 m l  o f  s tandard 

phosphorus s tock  s o l u t i o n  (50  pg P/ml ) t o  1  1  i t e r  w i t h  e x t r a c t i o n  s o l u t i o n  

0.5 M NaHC03. 

8. Standard phosphorus s o l u t i o n  (2.5 pg P/ml) : D i l u t e  50 ml o f  s tandard 

phosphorus s tock  s o l u t i o n  ( 50  pg P/ml) t o  1  l i t e r  w i t h  e x t r a c t i o n  s o l u t i o n  
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FIGURE 11-2. General set t ing o f  waste-water reuse study. 



FIGURE. 11-3. Depth t o  water t a b l e .  



FlGuAE 11-4. Thickness of unconsolidated material . 
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FIGURE 11-5. Thickness n f  unconsolidated, unsaturated material . 
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FIGURE 11-6. Disposition of soils  with desirable f i  1 tration characteristics. 



FIGURE 11-7. Geologic and hyd ros t ra t i g raph ic  u n i t s .  



FIGURE 11-8. Ground-water tab1 e and sha l l  ow f low system. 



FIGURE 11-9. Refined characterization of favorable waste-water disposal s i t es .  



9 A \  c 5 @  c6:E\ 9A - Late  c o r n f i e l d  (1969 and 1971) Ear ly  Barley (1970) 
17A - La te  c o r n f i e l d  1970, Ea r ly  Barley (1971) 

- Col l ec t ion  Tube S i t e s ,  1969 SE - 576' 

Figure I11 - 1 Topography and F i e l d  
Locat ions w i t h  mois ture  e x t r a c t i o n  tube  
s i t e s  a t  sweet corn process ing  p l a n t  nea r  
Buhl, Idaho 

Al.......A6 - Col l ec t ion  tube  s i t e s  and neut ron  probe s i t e s ,  
1970-1971 

Bl.......B6 - Col l ec t ion  tube  s i t e s  and neut ron  probe s i t e s ,  
1970-1971 

Cl.......C6 - Col l ec t ion  tube s i t e s  and neut ron  probe s i t e s ,  1971 
Dl.......D6 - Col l ec t ion  tube  s i t e s  and neut ron  probe s i t e s ,  1971 
Rl.......R4 - Col l ec t ion  tube  s i t e s ,  1971 
Hl.......H8 - Domestic w e l l  sample s i t e s ,  1969 and 1971 
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element 5 element 12  element 13 

INPUT MESH NOTATION 

Program d i v i s i o n  o f  Quadr i l a te ra l  & placement o f  Node M 

Figure V-1 - NOTATION FOR MESH AND INDIVIDUAL ELEMENTS 



1 i nat ion  

Figure V-2 - COORDINATE SYSTEM (XI ,Y1) FOR ANISOTR~PIC 
PERMEABILITY ORIENTATION OR INCLINATION OF UNITS AND 

REFERENCE COORDINATES ( X  ,Y) 



Figure V-3 - ELEMENT NODAL FLOWS 



50 0 50 MILES 

Figure V-4 - INDEX MAP SHOWING LOCATION OF CAMAS PRAIRIE 




