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ABSTRACT

The p e r c o l a t i o n  r a t e s  o f  n in e  t y p i c a l  s o u th e r n  

A r iz o n a  s o i l s  v a r i e d  from  1 ,7 5  t o  2 1 ,5  c m /h r .  By u s e  

o f  l i n e a r  r e g r e s s i o n ,  i t  was d e te rm in e d  t h a t  a  s i g n i f i c a n t  

l i n e a r  r e l a t i o n s h i p  e x i s t s  b e tw ee n  t e s t  h o le  d ia m e te r  an d  

p e r c o l a t i o n  r a t e  on  Pim a c l ,  G i la  v f s l , a n d  V a le n c ia  

s i  s o i l s .  C o m p ariso n  o f  r a t e s  i n  10 a n d  30 cm d ia m e te r  

t e s t  h o le s  i n d i c a t e d  t h a t  r a t e s  i n  10 cm h o le s  w ere  2 ,3  

t im e s  g r e a t e r  t h a n  t h o s e  i n  30 cm h o l e s .  V e ry  s i g n i f i c a n t  

c o r r e l a t i o n s  w ere  fo u n d  b e tw e e n  p e r c e n t  s a n d  an d  c l a y  i n  

s u b s o i l  a n d  p e r c o l a t i o n  r a t e s ,  a n d  a  s i g n i f i c a n t  c o r r e l a t i o n  

was d i s c o v e r e d  b e tw e e n  p e r c e n t  s i l t  i n  s u b s o i l  a n d  m e a su re d  

r a t e s .  By u s e  o f  e x i s t i n g  m a th e m a tic a l  t h e o r i e s  u t i l i z i n g  

m a t r ic  f l u x  p o t e n t i a l ,  i n f i l t r a t i o n  from  p o in t  o r  l i n e  

s o u rc e s  w ere  u s e d  t o  s im u la t e  f lo w  from  c y l i n d r i c a l  h o le s  

o r  a b s o r p t io n  t r e n c h e s ,  r e s p e c t i v e l y ,  A t e c h n iq u e  t o  r e l a t e  

p e r c o l a t i o n  r a t e  t o  a c t u a l  f lo w  r a t e s  i n  a b s o r p t io n  t r e n c h e s  

was e s t a b l i s h e d  b u t  b e l i e v e d  t o  n e e d  im p ro v e m e n t. An 

a t te m p t  t o  a s s i g n  a  v a lu e  o f  a  t o  t h r e e  s o i l s  p ro v e d  

t o  b e  v e ry  d i f f i c u l t  u s in g  t h e  p ro p o s e d  t e c h n iq u e .  M athe­

m a t i c a l  m o d e lin g  d o e s ,  h o w e v e r , p r o v id e  p o t e n t i a l  f o r  

co m p arin g  p e r c o l a t i o n  r a t e s  t o  e x p e c te d  f lo w  r a t e s  i n  

o p e r a t in g  d i s p o s a l  t r e n c h e s ,

• v i i i



INTRODUCTION

R a p id  g ro w th  i n  u rb a n  a r e a s  an d  t h e  c o n s t r u c t i o n  

o f  re m o te  a r e a  s u b d i v i s i o n s  h as  p ro m p ted  i n c r e a s e d  u t i ­

l i z a t i o n  o f  s e p t i c  t a n k  sy s te m s  f o r  sew age d i s p o s a l  i n  

s o u th e r n  A r iz o n a ,  S in c e  a  m a jo r  segm en t o f  t h e s e  d i s p o s a l  

sy s te m s  c o n s i s t s  o f  t i l e  l i n e s  t h a t  d r a i n  t h e  sew age 

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

t e s t s  a r e  r e q u i r e d  t o  d e te rm in e  th e  s u i t a b i l i t y  o f  a  s i t e  

f o r  s u b - s u r f a c e  d i s p o s a l .  C o n s e q u e n tly , t h e  o b j e c t i v e s  

o f  t h i s  r e s e a r c h  w ere  t o :

1 , M easure  t h e  p e r c o l a t i o n  r a t e s  o f  t y p i c a l  s o u th e r n  

A r iz o n a  s o i l s

2 , E v a lu a te  t h e  r e l a t i o n s h i p  b e tw een  t e s t  h o le  d ia m e te r  

an d  p e r c o l a t i o n  r a t e

3 , D e te rm in e  c o r r e l a t i o n  c o e f f i c i e n t s  o f  p e r c o l a t i o n  

r a t e  t o  s o i l  p a ra m e te r s

4 ,  M odel t h e  i n f i l t r a t i o n  o f  w a te r  from  a  c y l i n d r i c a l  

t e s t  h o le

5 , M odel i n f i l t r a t i o n  from  a b s o r p t io n  t r e n c h e s ,

T h e  p e r c o l a t i o n  r a t e s  o f  n in e  t y p i c a l  s o i l s  fo u n d  

i n  e a s t e r n  Pim a c o u n ty  w ere  m e a su re d  from  May t o  S e p te m b e r , 

1 9 7 4 . T h is  t h e s i s  p r e s e n t s  t h e  p ro c e d u re s  a n d  d a ta

1



o b ta in e d .  T he t h e o r e t i c a l  a n a l y s i s  f o r  w a te r  movement 

from  c y l i n d r i c a l  c a v i t i e s  and  t r e n c h e s  i s  a l s o  p r e v e n te d .



LITERATURE REVIEW

A f i e l d  t e s t  t o  d e te rm in e  t h e  s u i t a b i l i t y  o f  a  

s i t e  f o r  a  s e p t i c  t a n k  sy s te m  i s  r e q u i r e d  i n  m ost s t a t e s .  

The t e s t  m ost commonly u t i l i z e d  was d e v e lo p e d  "by H enry  

Ryon i n  1928 ( S a lv a to ,  1 9 7 2 ) , Ryon i n v e s t i g a t e d  s u b s u r f a c e  

d i s p o s a l  sy s te m s  t h a t  h a d  f u n c t io n e d  p r o p e r ly  f o r  a p p r o x i ­

m a te ly  20 y e a r s  an d  com pared  t h e s e  r e s u l t s  w i th  p e r c o l a t i o n  

t e s t s  c o n d u c te d  on d i f f e r e n t  s o i l s  th ro u g h o u t  New Y ork 

s t a t e .  T h is  p ro c e d u re  s t i l l  s e r v e s  a s  t h e  c r i t e r i o n  f o r  

p r e d i c t i n g  e f f e c t i v e n e s s  o f  a  s e p t i c  t a n k  sy s te m  i n  a  

p a r t i c u l a r  s o i l  t y p e .

The P e r c o l a t i o n  T e s t

As d i s c u s s e d  i n  t h e  M anual o f  S e p t i c  T ank P r a c ­

t i c e s  (U, S , P u b l ic  H e a l th  S e r v i c e ,1 9 5 7 ) , p e r c o l a t i o n  

t e s t s  a r e  r e q u i r e d  t o  d e te rm in e  t h e  a c c e p t a b i l i t y  o f  a  

s i t e  f o r  a  s e p t i c  t a n k  s y s te m . H ost o f  t h e  recom m ended 

p r a c t i c e s  fo u n d  i n  t h i s  p u b l i c a t i o n  a r e  b a s e d  on t h e  

r e s u l t s  o f  B e n d ix e n  e t  a l ,  (1 9 5 0 ) .  T h e se  p ro c e d u re s  

a l lo w  a  r a n g e  o f  t e s t  h o le  d ia m e te r s  from  10 t o  30 cm 

an d  a  v a r i a b l e  4  t o  24 h o u r  p e r io d  o f  p r e - s o a k in g  t h e  

t e s t  s i t e .  D i f f e r e n t  i n d i v i d u a l s  h ave  i n v e s t i g a t e d  t h e  

e f f e c t i v e n e s s  o f  t h e  p e r c o l a t i o n  t e s t ,  t h e  f a c t o r s

3



4

a f f e c t i n g  th e  t e s t , a n d  a l t e r a t i o n s ,  o r  r e f i n e m e n t s . o f  t h e  

recom m ended p r o c e d u r e s .

B e ca u se  r e g u l a t i o n s  f o r  p e r c o l a t i o n  t e s t s  c a n  

v a ry  from  s t a t e  t o  s t a t e ,  a  num ber o f  p ro c e d u re s  h av e  

b e e n  em ployed  t o  p r e - s o a k  t e s t  h o l e s , The m ost common 

p r a c t i c e  i n  c o a r s e  t e x t u r e d  s o i l s  i s  t o  pond c l e a r  t a p  

w a te r  i n  t h e  t e s t  h o le  f o r  a p p ro x im a te ly  f o u r  h o u rs  b e f o r e  

t h e  p e r c o l a t i o n  r a t e s  a r e  r e c o r d e d  ( S a lv a to ,  1972; L u ce , 

1973$ W in n e b e rg e r , 1 9 7 2 ) ,  F o r f i n e r  t e x t u r e d  s o i l s ,  a  

r a n g e  o f  4  t o  24 h o u rs  o f  p r e - s o a k in g  h a s  b e e n  recom m ended 

(W in n e b e rg e r  an d  K lo c k , 1972 ; O lso n , 1964 ; H i l l ,  1966 ; 

Bouma e t  a l . , 1972 ; L u c e , 1 9 7 3 ) .  H ik e r  (1 9 4 8 ) s u g g e s te d  

s o a k in g  t h e  t e s t  h o le  u n t i l  s t e a d y  f lo w  r a t e s  a r e  o b ­

t a i n e d ,  H i l l  (1 9 6 6 ) ,  D e r r , M a te l s k i ,  a n d  P e t e r s e n  ( 1 9 6 9 ) ,  

an d  Bouma e t  a l ,  (1 9 7 2 ) u s e d  a  c o n s t a n t  h e a d  d e v ic e  f o r  

p r e - s o a k in g  t h e  t e s t  s i t e  f o r  6 t o  8 h o u r s , w h i le  o t h e r s  

j u s t  a d d  w a te r  t o  t h e  t e s t  h o le  w i th o u t  p r o v i s i o n  f o r  

m a in ta in in g  t h e  w a te r  l e v e l  (h e a d )  i n  t h e  t e s t  h o le  

(W in n e b e rg e r , 1 9 7 ? ; B e n d ix e n  e t  a l , , 1950 ; L u c e , 1973 ; 

S a l v a t o , 1 9 7 2 ) , In d ig e n o u s  s o i l  f a c t o r s  a l s o  a f f e c t  

t h e  p e r c o l a t i o n  r a t e s  m e a su re d .

S o i l  F a c to r s  A f f e c t in g  P e r c o l a t i o n  R a te s  

A num ber o f  s o i l  p r o p e r t i e s  i n f lu e n c e  p e r c o l a t i o n  

r a t e s , A g e n e r a l  i n d i c a t o r  o f  t h i s  r e l a t i o n s h i p  i s  

a c c o m p lis h e d  by c a l c u l a t i n g  c o r r e l a t i o n  c o e f f i c i e n t s  

( S t e e l  an d  T o r r i e ,  i 9 6 0 ) b e tw e e n  t h e  p e r c o l a t i o n  r a t e s



5 ‘

an d  v a r io u s  q u a n t i t a t i v e l y  an d  q u a l i t a t i v e l y  d e te rm in e d  

f a c t o r s , D e rr e t  a l ,  ( 1 9 6 9 ) fo u n d  s i g n i f i c a n t  n e g a t iv e  

c o r r e l a t i o n  c o e f f i c i e n t s  ( a t  t h e  cy=0,05 l e v e l )  f o r  d r a in a g e  

c l a s s  an d  p e r c e n t  c l a y  i n  t h e  s u b s o i l  a n d  a  s i g n i f i c a n t  

p o s i t i v e  c o r r e l a t i o n  o f  p e r c e n t  c o a r s e  f ra g m e n ts  an d  

p e r c e n t  s i l t  i n  t h e  s u b s o i l  w i th  p e r c o l a t i o n  r a t e s .

H ow ever, o f  t h e  v a r i a b l e s  c o r r e l a t e d  w i th  p e r c o l a t i o n  

r a t e ,  m u l t i p l e  r e g r e s s i o n  e x p la in e d  o n ly  16 p e r c e n t  o f  

t h e  v a r i a t i o n s  o b t a in e d  i n  t h e s e  m e a su re m e n ts ,

L uce  (1 9 7 3 ) fo u n d  a  v e ry  s i g n i f i c a n t  ( a t  t h e  

* = 0 ,0 1  l e v e l )  n e g a t iv e  l i n e a r  c o r r e l a t i o n  b e tw ee n  c l a y  

c o n te n t  an d  p e r c o l a t i o n  r a t e ,  an d  t h e  same r e l a t i o n s h i p  

was fo u n d  a f t e r  l o g  t r a n s f o r m a t i o n  ( s e m i- lo g )  o f  t h e  c l a y  

c o n te n t ,  A s i g n i f i c a n t  n e g a t iv e  l i n e a r  a n d  s e m i- lo g  

c o r r e l a t i o n  b e tw ee n  b u lk  d e n s i t y  a n d  p e r c o l a t i o n  r a t e  

was fo u n d , a n d  a  s i g n i f i c a n t  p o s i t i v e  s e m i- lo g . c o r r e l a t i o n  

was d i s c o v e r e d  b e tw ee n  c o a r s e  s i l t  an d  p e r c o l a t i o n  r a t e .

He a l s o  fo u n d  s i g n i f i c a n t  c o r r e l a t i o n s  o f  t h e  q u a l i t a t i v e  

v a r i a b l e s  f o r  s u b s o i l  c o n s i s t e n c e ,  s u b s o i l  ch rom a, n a t u r a l  

d r a in a g e  c l a s s ,  a n d  ty p e  o f  v e g e t a t i o n  w i th  t h e  p e r c o l a t i o n  

r a t e .  By u s e  o f  m u l t i p l e  r e g r e s s i o n  on v a r io u s  c o m b in a t io n s  

o f  t h e s e  p a r a m e te r s ,  L uce (1 9 7 3 ) c o u ld  e x p la in  from  52 

t o  77 p e r c e n t  o f  t h e  v a r i a b i l i t y  i n  t h e  p e r c o l a t i o n  r a t e s .  

F a c to r s  i n h e r e n t  i n  t h e  p e r c o l a t i o n  t e s t  p ro c e d u re  

a l s o  i n f l u e n c e  m e a su re d  r a t e s .  T h ese  f a c t o r s  in c lu d e  

c o n s t r u c t i o n ,  d ia m e te r ,  an d  d e p th  o f  t h e  t e s t  h o le  a s  w e l l



a s  m ethod  o f  m e a su r in g  t h e  p e r c o l a t i o n  r a t e  (B e n d ix e n  

e t  a l , f 1950} V fin n e b e rg e r , .1972 ) ,

F o r some p a r t s  o f  t h e  U n ite d  S t a t e s ,  t h e  s e a s o n  

o f  th e  y e a r . o r  t h e  a n te c e d e n t  s o i l  m o is tu r e  c o n te n t  c a n  

i n f lu e n c e  p e r c o l a t i o n  r a t e s  ( M o r r is ,  N ewbury, an d  B a r t e l l i ,  

1962 ; H e a ly  an d  L aa k , 1973 ; Kokma a n d  W h ite s id e ,  1 9 7 3 ) .

I n  r e l a t i o n  t o  t h i s  l a t t e r  f a c t o r ,  t h e  d e g re e  o f  p r e ­

s o a k in g  o f  a  t e s t  h o le  c a n  p ro d u c e  s i g n i f i c a n t  d i f f e r e n c e s  

i n  t h e  m e a su re d  p e r c o l a t i o n  r a t e s  (B e n d ix e n  e t  a l . ,  1950 ; 

S a lv a to ,  1 9 7 2 ) ,  A l l i s o n  (1 9 ^ 7 ) fo u n d  t h a t  c lo g g in g  o f  

s o i l  p o re s  o c c u rs  u n d e r  p ro lo n g e d  su b m erg en ce  due t o  t h e  

p ro d u c ts  o f  a n a e ro b ic  m ic r o b ia l  g ro w th . T h is  f a c t o r  can  

i n f lu e n c e  p e r c o l a t i o n  r a t e s  a s  w e l l  a s  p e rfo rm a n c e  o f  

a c t u a l  l e a c h i n g  f i e l d s .

A l t e r a t i o n s  o f  S ta n d a r d  T e s t s  

Some i n v e s t i g a t o r s  h av e  recom m ended m o d if ie d  

t e s t s  t o  d e te rm in e  s i t e  s u i t a b i l i t y ,  Bouma e t  a l ,  (1 9 7 2 ) 

u t i l i z e d  t h e  Bouwer d o u b le  tu b e  m ethod  (B oersm a, 19&5) 

t o  m easu re  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  i n  s i t u .

A p ro c e d u re  u s in g  i n f i l t r a t i o n  th ro u g h  a n  a r t i f i c i a l  

gypsum  c r u s t  f o r  f i e l d  d e te r m in a t io n s  o f  u n s a t u r a t e d  

h y d r a u l i c  c o n d u c t i v i t y  was a l s o  u t i l i z e d .  T h ese  r e s u l t s  

w ere  th e n  com pared  t o  t h e  r e s u l t s  o f  t h e  s t a n d a r d  p e r c o ­

l a t i o n  t e s t s ,

A f t e r  i n v e s t i g a t i n g  t h e  e f f e c t i v e n e s s  o f  t h e  

s t a n d a r d  p e r c o l a t i o n  t e s t s  r e q u i r e d  i n  W is c o n s in , Bouma

6
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e t  a l ,  (1 9 7 2 ) s t a t e s  t h a t  t h e  p e r c o l a t i o n  r a t e s  fo u n d  

by  s t a n d a r d  p r o c e d u re s  c a n n o t  a c c u r a t e l y  p r e d i c t  i n f i l ­

t r a t i o n  r a t e s  from  s e e p a g e  t r e n c h e s . H ow ever, no w o rk a b le  

a l t e r n a t i v e  h a s  b e e n  p ro p o s e d  t o  r a n k  d i f f e r e n t  s o i l s  a s  

t o  t h e i r  c a p a c i t i e s  t o  t r a n s m i t  l i q u i d s , an d  t h e  p e r c o l a t i o n  

t e s t  i s  s t i l l  commonly u s e d .

H e a ly  a n d  L aak  (1 9 7 3 ) u t i l i z e d  l a b o r a t o r y  d e t e r ­

m in a t io n s  o f  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  f o r  c o m p a riso n  

t o  s t a n d a r d  p e r c o l a t i o n  r a t e s .  T hey  u s e d  t h e o r e t i c a l  

c o n s i d e r a t i o n s  o f  t h e  p e r c o l a t i o n  r a t e  due t o  c a p i l l a r y  

an d  g r a v i t a t i o n a l  i n f l u e n c e s  f o r  c o m p a riso n  w i th  a c t u a l  

p e r c o l a t i o n  r a t e s ,

Ludw ig a n d  Ludw ig (1 9 ^ 9 ) d e te rm in e d  t h e  e q u i l i b -  

r iu m  p e r c o l a t i o n  r a t e  from  g r a p h i c a l  a n d  m a th e m a tic a l  

a n a l y s i s  o f  a c t u a l  d a t a .  A f a c t o r  F was assum ed  f o r  

s e p t i c  t a n k  d e s ig n  so  t h a t  t h e  r a t e  o f  sew age e f f l u e n t  

i n f i l t r a t i o n  i n  t h e  s o i l  was a p p ro x im a te ly  o n e - t w e n t i e t h  

o f  t h e  p e r c o l a t i o n  r a t e  o b ta in e d  f o r  c l e a n  w a te r ,  Ludw ig 

e t  a l ,  (1 9 5 0 ) t h e n  a p p l i e d  t h i s  t e c h n iq u e  t o  d e s ig n  e f ­

f l u e n t  l e a c h i n g  f i e l d s .  T h e se  a u th o r s  c o n te n d  t h a t  t h e i r  

e q u i l i b r iu m  m ethod  p ro d u c e s  r e s u l t s  w h ich  g iv e s  d e s ig n  

c r i t e r i a  o f  t h e  sam e o r d e r  o f  m a g n itu d e  a s  th o s e  o b ­

t a i n e d  by s t a n d a r d  p e r c o l a t i o n  t e s t s .  H i l l  (1 9 6 6 ) co n ­

f i rm e d  t h a t  p e r c o l a t i o n  r a t e s  m ea su re d  by  s t a n d a r d
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p ro c e d u re s  a r e  a p p ro x im a te ly  e q u a l  t o  t h e  e q u i l i b r iu m  r a t e  

a s  d e s c r ib e d  by  Ludw ig an d  Ludw ig (194-9), H ow ever, 

s o i l s  c o n ta in i n g  d i s c o n t i n u i t i e s  i n  t e x t u r e  an d  s t r u c t u r e  

w i l l  c a u s e  v a r i a t i o n s  b e tw ee n  t h e  two m e th o d s ,

Use o f  S o i l  S u rv e y s

I n i t i a l  c o n s i d e r a t i o n s  o f  p e r c o l a t i o n  r a t e s  a n d  

s u b s e q u e n t  p e rfo rm a n c e  o f  s e p t i c  t a n k  sy s te m s  c a n  be 

o b ta in e d  from  s o i l  s u r v e y s , Many s o i l  s c i e n t i s t s  a n d  

e n g in e e r s  h av e  recom m ended t h a t  s o i l  s u rv e y  in f o r m a t io n  

be  u t i l i z e d  t o  h e lp  p r e d i c t  p e rfo rm a n c e  o f  s u b s u r f a c e  

l e a c h in g  f i e l d s  by i n t e r p r e t i n g  r e c o r d e d  p r o p e r t i e s  o f  

s o i l  map u n i t s ,

H u d d le s to n  a n d  O lso n  ( 1 9 6 6 ) r e l a t e d  p e r c o l a t i o n  

r a t e  d a ta  t o  s o i l  m app ing  u n i t s  o f  a  d e t a i l e d  s o i l  s u rv e y  

i n  o r d e r  t o  d e v e lo p  s p e c i f i c  rec o m m e n d a tio n s  f o r  s e p t i c ,  

t a n k  u s a g e .  B en d er (1 9 7 1 ) r e p o r t s  s o i l  s u rv e y s  c a n  

r e a s o n a b ly  p r e d i c t  t h e  b e h a v io r  o f  a  s u b s u r f a c e  a b s o r p t io n  

f i e l d ,  O lso n  (1 9 7 4 ) d i s c u s s e d  how s o i l  s u rv e y  in f o r m a t io n ,  

when com bined  w i th  o t h e r  s t u d i e s  o f  t h e  e n v iro n m e n t, c a n  

be u s e f u l  i n  l o c a t i n g  a  l e a c h i n g  f i e l d  w hen a  num ber o f  

a l t e r n a t i v e s  e x i s t ,  Bouraa (1 9 7 4 ) u t i l i z e d  a n  a p p ro a c h  

t h a t  e m p h a s iz e d  s o i l  p o t e n t i a l  r a t h e r  th a n  s o i l  l i m i t a t i o n s  

i n  c o n ju n c t io n  w i th  s o i l  m ap s. F e d e r lc k  (1 9 5 2 ) e x p la in e d  

how s o i l  s u rv e y  in f o r m a t io n  c an  be  u t i l i z e d  by s a n i t a r y  

e n g in e e r s  once  th e  t e r m in o lo g y  u s e d  i s  u n d e r s to o d .  M o rr is



e t  a l , ( 1 9 6 2 ) a t t e m p te d  t o  show t h a t  s o i l s  maps c a n  r e p l a c e  

p e r c o l a t i o n  t e s t s  b e c a u s e  o f  t h e  u n r e l i a b i l i t y  o f  p e r c o l a t i o n  

t e s t s  an d  th e  d i f f e r e n c e s  i n  c o s t .  U n q u e s t io n a b ly ,  s o i l  

s u rv e y s  a r e  a  h e l p f u l  t o o l  f o r  d e te r m in in g  s i t e s  f o r  

sew age d i s p o s a l  th r o u g h  s e p t i c  t a n k  s y s te m s . E ven th o u g h  

s o i l  s u rv e y s  c a n  be v a lu a b le  i n  s e l e c t i n g  a r e a s  t h a t  w ou ld  

be b e s t  s u i t e d  f o r  d e v e lo p m e n ts  u s in g  s e p t i c  t a n k s ,  on 

s i t e  i n v e s t i g a t i o n s  a r e  s t i l l  n e e d e d  b e c a u s e  o f  m apping  

i n c l u s i o n s ,

9 ‘

I n f i l t r a t i o n  from  P o in t  an d  L in e  S o u rc e s  

' M a th e m a tic a l  m o d e lin g  o f  i n f i l t r a t i o n  i s  re v ie w e d

by  P h i l i p  ( 1 9 6 9 ) .  S te a d y  s t a t e  i n f i l t r a t i o n  c a n  be l i n e a r i z e d  

f o r  a n  i s o t r o p i c  s o i l  when t h e  u n s a t u r a t e d  h y d r a u l i c  

c o n d u c t i v i t y  i s  o f  t h e  fo rm :

K=K0 exp(cYh) (1 )

w here  K i s  t h e  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  ( u n i t s  

L /T ) ,  or a n  e m p i r ic a l  c o n s t a n t  ( u n i t s  L-J ')  a n d  h  t h e  

p r e s s u r e  h e a d  ( u n i t s  L ) ,  U se o f  E q, 1 a n d  d e f i n i n g  a  

m a t r ic  f l u x  p o t e n t i a l  cp g iv e n  by :

cp =JhK(h)dh=KA ( 2 )
-00

le a d s  t o  a  l i n e a r  d i f f e r e n t i a l  e q u a t io n :

V2cp = or ^  bz (3)
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w here  z i s  t a k e n  p o s i t i v e  i n  th e  downwards d i r e c t i o n  an d  

"y2.i t h e  L a p la c ia n  o p e r a t o r ,  P h i l i p  ( 1 9 6 8 ). s o lv e d  e q u a t io n  

3 f o r  p o in t  an d  l i n e  s o u r c e s  i n  a n  " i n f i n i t e  m edium ",

R a a ts  (1 9 7 2 ) g e n e r a l i z e d  th e  r e l a t i o n s h i p  d e v e lo p e d  by- 

P h i l i p  t o  d e p ic t  i n f i l t r a t i o n  from  b u r i e d  p o in t  an d  l i n e  

s o u rc e s  a t  a  s p e c i f i e d  d e p th ,  W a rr ic k  (1 9 7 ^ ) i n v e s t i g a t e d  

t im e -d e p e n d e n t  l i n e a r i z e d  i n f i l t r a t i o n  from  p o in t  s o u r c e s , 

I n c lu d e d  i n  t h e  a n a l y s i s  was t h e  ad v an cem en t o f  a  w e t t i n g  

f r o n t , v a r i a t i o n  i n  s o i l  m o is tu r e  c o n te n t  r e s u l t i n g  from  

i r r i g a t i o n ,  an d  th e  m a t r ic  f l u x  p o t e n t i a l  (cp) f i e l d  f o r  

two p o in t  s o u r c e s ,  Lomen an d  W a rr ic k  (1 9 7 4 ) i n v e s t i g a t e d  

t im e -d e p e n d e n t  l i n e a r i z e d  i n f i l t r a t i o n  from  s i n g l e  and  

p a r a l l e l  s u r f a c e  l i n e  s o u r c e s .  L in e s  o f  e q u a l  m o is tu r e  

c o n te n t  a s  a  f u n c t i o n  o f  t im e  an d  t h e  r e s p o n s e  t o  c y c l i c  

i n p u t s , w h ich  a r e  a n a lo g o u s  t o  i r r i g a t i o n  p e r i o d s ,  w ere  

c a l c u l a t e d .



MATHEMATICAL-ANALYSIS OF PERCOLATION 
FROM TEST HOLES AND TRENCHES

The g e n e r a l i z e d  fo rm  o f  P h i l i p ' s  ( 1 9 6 8 , 1 9 6 9 ) 

r e l a t i o n s h i p s  a s  p r e s e n t e d  by R a a ts  (1 9 7 2 ) w i l l  be u s e d  

t o  a p p ro x im a te  f lo w  from  t e s t  h o le s  an d  t r e n c h e s , Com­

b i n a t i o n s  o f  p o in t  s o u r c e s  ( f o r  t h e  c y l i n d r i c a l  c a v i t i e s ) 

o r  l i n e  s o u r c e s  ( f o r  t h e  t r e n c h e s )  w i l l  be  u s e d  t o  s im u la t e  

t h e  f r e e  w a t e r - s o i l  i n t e r f a c e  i n  a  m anner s i m i l a r  t o  t h e  

m ethod  o f  a p p ro x im a t in g  t i l e  s u r f a c e s  b y  p o in t  s i n k s  i n  

d r a in a g e  t h e o r y .  S e r io u s  l i m i t a t i o n s  a r e  e n c o u n te re d  

due t o  n e c e s s a r y  s i m p l i f i c a t i o n s .  An a l t e r n a t i v e  a p p ro a c h  

c o n s id e r e d  was f i n i t e  d i f f e r e n c i n g ,  b u t  t h i s  was d i s c a r d e d  

a t  l e a s t  t e m p o r a r i l y .b e c a u s e  i t  i s  m ore t e d i o u s .  O th e r  

p o s s i b i l i t i e s  f o r  a n a ly z in g  f lo w  from  a  t r e n c h  a r e  c o n fo rm a l 

t r a n s f o r m a t i o n s  ( e , g „  H a r r ,  1 9 6 2 , C h a p te r  9 ) a s  w e l l  a s  

t h e  s e m i - a n a l y t i c a l  t e c h n iq u e  o f  Sawhney a n d  P a r la n g e  

(1 9 7 4 ) ,  .

R a a ts  (1 9 7 2 , Eq. 1 1 ) g iv e s  t h e  s o l u t i o n  t o  E q , 3 

f o r  a  c o m b in a t io n  o f  n p o i n t s  o r  l i n e s  1

tp[R ,Z] = cpJ^R, Z -D ]+ exp(-2D )(p j[ R , Z +D]
(Vo ( 4 )  •

-2 e x p (2 Z ) Jz+Dexp( - 2 t  Jq jJ  H, t  ] d t . 

w here  cp̂  i s  t h e  c o r r e s p o n d in g  s o l u t i o n  f o r  e i t h e r  a  p o in t

11
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o r  l i n e  s o u rc e  i n  a n  " i n f i n i t e "  m edium . The d im e n s io n le s s  

c o o r d in a te s  a r e  X, Y, Z g iv e n  by:

X=tyx/2 Y=o'y/2 Z = cz /2  (5 )

2 2 2w here or i s  t h e  same a s  i n  E q, 1 a n d  R =X + Y , The 

d im e n s io n le s s  d e p th  o f  t h e  i t h  p o in t  o r  l i n e  s o u rc e  i s  

Di = # d ^ /2  w h ere  d^ i s  t h e  t r u e  d e p th .  A p p r o p r ia te  fo rm s 

o f  tpoo f o r  a  p o in t  (cp^) an d  l i n e  (cp^) a r e :

w p Cz.-C r2^ 1]

8n (R2 +Z2 )^
( 6 )

an d
,2  , r,2  "

( 7 )

The o r d i n a t e  Z i s  d e f in e d  from  t h e  p o in t  (o r l i n e )  s o u r c e .  

I n  Eq, 6 , q p i s  t h e  p o i n t  s o u rc e  s t r e n g t h  ( u n i t s  o f  

L ^ /T ) ,  I n  E q, 7 , q^ i s  t h e  l i n e  s o u rc e  s t r e n g t h  o r  f lo w  

p e r  u n i t  l e n g t h  o f  t r e n c h  p e r  u n i t  t i m e ; q i s  t h e  m odi­

f i e d  B e s s e l  f u n c t i o n  o f  t h e  se c o n d  k in d  o f  o r d e r  z e ro  

(A braraow itz  a n d  S te g u n , 1 9 6 4 ) ,

I f  t h e  r e l a t i v e  s t r e n g t h  o f  n  p o in t  s o u rc e s  a r e  

g iv e n  by m1 , nip, , , .  ,m , E q, 6 b e co m es :

$ (R ,  z )= i_8mp_ 2 _ /  exp (Z -D -{R 2+ (Z -D )2} ^ )= E mf^MZ ----------- __
i= 1  iL {r2 + (z - d ) 2}

+ ex p (-2 D ) exp(Z+D - {R2 +(Z-fD)2)  ^ )
{R2 +(Z +D )^

-2 e x p (  2 Z ) r  exp( _ 2 t ) d t}
Z+D (R2 + t2 )2 J

(8 )
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an d  Eq, 7 "becomes t

5|>(X,Z)= =

n
2

1=1
Mi -^exp(Z-D^ )^ 0 [-^(X-X^)

+(Z-D 1 ) 2p ]  + exp(Z -D 1 ) 0 [{(X -X j, ) 2 

-HZ+Di )2} 'h  -2 e x p (2 Z  ) J % + ^ G x p (_ t)

X o C {x -X 1 )2 + t2} .2 ]d t} (9 )

w here  q i s  com b ined  f lo w  an d  <j> i s  t h e  d im e n s io n le s s  m a t r ic  

f l u x  p o t e n t i a l  a s  g iv e n  by  P h i l i p  (1 9 6 8 ) , As cp ( 5 ^ ,0 )  i s  

K / a  when h=0 by  e q u a t io n s  1 an d  2 we may u s e  E q, 8

T h u s , i f  t h e  m a t r ic  f l u x  p o t e n t i a l  a t  R=R0 an d  Z=0 i s  s e t  

e q u a l  t o  z e ro  i n  o r d e r  t o  s im u la te  t h e  t o p  o f  t h e  w a te r ­

l i n e  a d j a c e n t  t o  t h e  s o i l  i n t e r f a c e  a n d  i f  t h e  datum  f o r  

g r a v i t a t i o n a l  h e a d  i s  s e t  a t  t h e  w a t e r l i n e  u s in g  t h e  

h y d r a u l i c  h e a d  H = h -z , t h e n  by  E q s , 6 an d  8;

E q , 11 was u s e d  t o  a p p ro x im a te  t h e  edge o f  a  p e r c o l a t i o n  

t e s t  h o l e .

o
t o  f i n d :

1> (R0 ,Z )=  8irK0/(Qf2q) ( 1 0 )

(1 1 )



The f o l lo w in g  a s s u m p tio n s  w ere  assum ed  i n  a p p ly in g

Eq. H i

1 , No f lo w  o c c u r s  a c r o s s  t h e  f r e e  w a te r  s u r f a c e  o f

t h e  s im u la te d  t e s t  h o le ,

2 , K = K@exp(afh) a s  g iv e n  i n  E q , 1 a p p l i e s .

3 , I n f i l t r a t i o n  h a s  r e a c h e d  a  s t e a d y  s t a t e .

To i l l u s t r a t e  how E q, 11 may he  a p p l i e d ,  c o n s id e r  

F ig u re  1 w h ich  s im u la t e s  a  t e s t  h o le  o f  5 cm r a d i u s .

T he sh a d e d  a r e a  on F ig u re  1 d e p ic t s  t h e  t e s t  h o le  a r e a  

w here  f r e e  w a te r  i s  p o n d ed . F ig u re  2 s im u la te s  a  t e s t  

h o le  o f  15  cm r a d i u s .  The d im e n s io n s  o f  t h e s e  t e s t  h o le s  

r e p r e s e n t  t h e  e x tre m e s  o f  t h e  recom m ended t e s t  h o le  

d im e n s io n s  (U, S , P u b l ic  H e a l th  S e r v i c e ,  1 9 5 7 ) .

The c u rv e  BG i n  e a c h  c a s e  i s  t h e  a p p ro x im a t io n  

f o r  t h e  w a l l  o f  t h e  t e s t  h o le  (oH = 0), L in e  BD i s  t h e  

f r e e  s u r f a c e  l i n e  ( a h = 0 ) an d  t h e  r e g io n  CBD i s  a  r e g i o n  

w here  h i s  a c t u a l l y  p o s i t i v e  o r  i s  s a t u r a t e d  w i th  w a te r .

The maximum e r r o r  by u s e  o f  Eq, 2 i n  t h e  p o s i t i v e  p r e s s u r e  

ra n g e  w ould  o c c u r  a t  C a n d  t h e  r e s u l t i n g  r a t i o  o f  K t o  

Kq w ou ld  be  e x p ( o h ) 'w i th  h  a s  t h e  d e p th  o f  w a te r  i n  t h e  

h o l e .

T he l o c a t i o n  an d  s t r e n g t h s  o f  t h e  tw o p o in t  s o u rc e s  

t h a t  b e s t  a p p ro x im a te d  t h e  e x a c t  sh a p e  o f  t h e  t e s t  h o le  

w ere  n e e d e d . The s e n s i t i v i t y  u s in g  p o in t  s o u rc e s  a t  d i f ­

f e r e n t  l o c a t i o n s  an d  s t r e n g t h s  was ex am in ed . T a b le  1
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F ig u re  1 ,  A p p ro x im a tio n  o f  5 cm r a d i u s  t e s t  h o le  by  
orH=0 c u r v e , —  Z ones o f  s a t u r a t e d  an d  u n ­
s a t u r a t e d  s o i l  i s  i n d i c a t e d  by  ah= 0  c u rv e
('Qf=0,01),
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 cm

16

F ig u re  2 , A p p ro x im a tio n  o f  15  cm r a d i u s  t e s t  h o le  "by 
<yH=0 c u rv e  an d  zo n es  o f  s a t u r a t e d  an d  u n ­
s a t u r a t e d  s o i l s  (<y=0.01).
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T a b le  1 ,  V a lu e s  o f  <E(R0 ,0 )  f o r  two p o in t  s o u rc e s  o f  v a r y in g  
d e p th  a n d  s t r e n g t h  I n  a  15  era r a d i u s  p e r c o l a t i o n  
t e s t  h o le  an d  a ssu m in g  a  v a lu e  o f  a = 0 .1 0 .

F i r s t  S o u rc e S econd  S o u rc e

D epth  (cm) S t r e n g th D epth  (cm ) S t r e n g th 3>(Ho ,0 )

8 0 .1 0 18 0 .9 0 0 .1 5

10 0 .1 0 15 0 .9 0 0 .1 9

10 0 .2 5 15 0 .7 5 0 .2 1

5 0 .1 0 15 0 .9 0 0 .2 1

10 0 .5 0 15 0 .5 0 0 .2 5

5 0 .3 3 15 0 .6 7 0 ,2 8

10 0 .7 5 15 0 .2 5 0 .2 8

5 0 .1 0 10 • 0 .9 0 0 .3 3
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i n d i c a t e s  t h a t  f o r  RQ e q u a l  t o  15  cm, c h a n g e s  i n  d e p th  

an d  r e l a t i v e  s t r e n g t h  o f  t h e  two p o in t  s o u r c e s  c o u ld  p r o ­

duce  s i g n i f i c a n t  c h a n g e s  i n  t h e  r e s u l t i n g  c u rv e s  s i n c e  

t h e  v a lu e s  o f  0 ) ,  w h ich  i s  i n v e r s e l y  r e l a t e d  t o  q ,

v a ry  c o n s id e r a b ly .  The v a lu e  o f  $ (R o ,0 )  f o r  p o in t  s o u r c e s  

p la c e d  a t  5 an d  15  cm d e p th  w i th  1 t o  9 r e l a t i v e  s t r e n g t h s  

r e p r e s e n te d  th e  m ed ian  v a lu e  and  was c h o se n  f o r  t h e  l a t e r  

a n a l y s i s .

The same b a s i c  r e l a t i o n s h i p s  a n d  a s s u m p tio n s  c a n  

be  em ployed  t o  s im u la t e  i n f i l t r a t i o n  from  a b s o r p t io n  

t r e n c h e s .  By u s e  o f  Bq, 9 a n d  1 1 , l i n e  s o u r c e s  w e re  t a k e n  

a t  5 and  15  cm w i th  r e l a t i v e  s t r e n g t h s  o f  1 t o  9 ,  F ig u re  

3 i l l u s t r a t e s  t h e  orH an d  oh e q u a ls  z e ro  c u rv e  f o r  a  30 

cm w id th  a b s o r p t io n  t r e n c h .
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F ig u re  3 , A p p ro x im a tio n  o f  30 cm w ide  a b s o r p t io n  t r e n c h  by 
o'H=0 c u rv e  an d  z o n es  o f  . s a t u r a t e d  an d  u n s a t u r a t e d  
s o i l s  f o r  (*=0,01,

M



SOILS AND METHODS

S o i l s

N ine l o c a t i o n s  i n  e a s t e r n  Pim a c o u n ty  w ere  s e l e c t e d  

f o r  s tu d y .  T h ese  s o i l s  w ere  t y p i c a l  o f  t h e  s o i l  ty p e s  

on w h ich  o n -g o in g  o r  p la n n e d  d e v e lo p m e n t i s  o c c u r r i n g .

M ost o f  t h e s e  s o i l s  a r e  fo u n d  n e a r  T u c so n , The c l a s ­

s i f i c a t i o n  o f  t h e  s o i l s  fo u n d  a t  e a c h  s i t e  a n d  a  b r i e f  

d e s c r i p t i o n  o f  t h e i r  c h a r a c t e r i s t i c s  a r e  p r e s e n te d  i n  T a b le  

2 , D e ta i l e d  pedon  d e s c r i p t i o n s  a n d  t h e  l o c a t i o n s  f o r  

t h e s e  s o i l s  a r e  i n c lu d e d  i n  A pp en d ix  A,

S i t e  P r e p a r a t i o n

A l l  t e s t  h o le s  w ere  dug u s in g  hand  t o o l s  t o  m in im iz e  

c o m p a c tio n  a n d  s m e a r in g  o f  t h e  s i d e s  o f  t h e  h o l e .  F o u r 

t o  s i x  h o le s  10 t o  30  cm i n  d ia m e te r  and  60 cm d e ep  w ere  

p r e p a r e d .  T he 30 cm d ia m e te r  h o le s  w ere  u s e d  f o r  t h e  

s t a n d a r d  p e r c o l a t i o n  t e s t s  w h e re a s  t h e  o t h e r  v a r i a b l e  

d ia m e te r  t e s t  h o le s  w ere  u s e d  t o  d e te rm in e  t h e  r e l a t i o n ­

s h ip  b e tw ee n  t e s t  h o le  d ia m e te r  an d  p e r c o l a t i o n  r a t e .

The p a t t e r n  o f  t e s t  h o le  p la c e m e n t v a r i e d  a c c o r d in g  t o  

t h e  num ber o f  t e s t  h o le s  c o n s t r u c t e d .  I n  g e n e r a l  t e s t

h o le s  w ere  s p a c e d  3 m a p a r t .  The e n t i r e  s tu d y  a r e a  f o r
oe ac h  s i t e  encom passed  a p p ro x im a te ly  75 m . The s lo u g h in g

20
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T a b le  2 , C l a s s i f i c a t i o n  and  d e s c r i p t i o n  o f  t h e  n in e  
' r e p r e s e n t a t i v e  s o i l s  i n v e s t i g a t e d  i n  t h i s  
r e s e a r c h ,*

C l a s s i f i c a t i o n D e s c r ip t i o n  o f  C h a r a c t e r i s t i c s

Pima f i n e - s i l t y ,  m ix ed , 
t h e r m ic , A n th ro p ic  
T o r r i f l u e n t

Brown, m o d e r a te ly - f in e  t e x t u r e d  
a l l u v i a l  s o i l  w h ic h  i s  u n d e r  
c u l t i v a t i o n .

G u e s t f i n e ,  m ix ed , 
c a l c a r e o u s ,  th e r m ic ,  
A n th ro p ic  T o r r i f l u e n t

Same a s  Pima e x c e p t  t h i s  s o i l  
i s  f i n e  i n  t e x t u r e .  I n  some 
p e d o n s , m o n tm o r i l lo n i te  d o m in a te s ,

T ubac f in e - lo a m y ,  m ix e d , 
th e r m ic ,  T y p ic  
H a p la rg id

Brown, f i n e - t e x t u r e d  s o i l  w h ic h  
c o n ta in s  a  m o d e ra te  am ount o f  
c a r b o n a t e s ,

P a lo s  V e rd es  ( I )  f i n e -  
loam y , m ix e d , th e r m ic ,  
H a p l ic  D u ra rg id

Brown s o i l  w h ich  c o n ta in s  a  d u r i -  
pan  a t  a p p ro x im a te ly  50 cm w h ich  
i s  h a r d  when d ry  b u t  f r i a b l e  
when m o is t .

Mohave f in e - lo a m y ,  m ix e d , Same a s  T ubac e x c e p t  t h i s  s o i l  
th e r m ic ,  T y p ic  H a p la r g id  i s  m o d e ra te ly  f i n e  i n  t e x t u r e

an d  c o n ta in s  b u r i e d  B h o r iz o n s  
a t  38 cm,

G i la  c o a r s e - lo a m y , m ix e d , P a le  b row n , medium t e x t u r e d  
c a l c a r e o u s , th e r m ic ,  T y p ic  a l l u v i a l  s o i l  w h ich  i s  u n d e r  
T o r r i f l u e n t  c u l t i v a t i o n .

P a lo s  V e rd e s  ( I I )  f i n e -  
loam y , m ix ed , th e r m ic ,  
H a p lic  D u ra rg id

Same a s  P a lo s  V e rd es  ( I )  e x c e p t  
l a r g e r  d ia m e te r  c o a r s e  f r a g ­
m en ts  c a n  be fo u n d  th ro u g h o u t  
t h e  p r o f i l e .

G rabe c o a r s e - lo a m y , m ix e d , G ra y is h  brow n s o i l  t h a t  i s  
c a l c a r e o u s ,  t h e r m ic ,  m o d e ra te  i n  t e x t u r e  an d  c o n -
A n th ro p ic  T o r r i f l u e n t  t a i n s  a  m o d e ra te  am ount o f

c a r b o n a t e s ,

V a le n c ia  c o a r s e - lo a m y , Brown s o i l  w h ich  c o n s i s t s  o f
m ixed , c a l c a r e o u s ,  t h e r m i c , c o a r s e  a l l u v i a l  m a t e r i a l  o v e r -  
T y p ic  H a p la r g id  l y i n g  P a lo s  V e rd es  t y p e  s o i l

t o  a  d e p th  o f  55 cm. _______ _
■“T ak e n  from  S o i l  S u rv e y  S t a f f ,  1 9 6 7 ,
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o f  s o i l  from  t h e  s i d e  w a l l s  was g e n e r a l l y  n o t  a s  l a r g e  

a  p ro b lem  a s  r e p o r t e d  by  o t h e r  i n v e s t i g a t o r s  ( H i l l ,  1 9 6 6 ; 

L u ce , 1973 ; W in n e b e rg e r , 1972 ; V Jinneberger an d  K lo c k ,

1972 ) p o s s ib l y  b e c a u s e  m ost o f  t h e  s o i l s  c o n ta in e d  a  

r e l a t i v e l y  h ig h  c l a y  c o n te n t  th ro u g h  th e  p o r t i o n  o f  t h e  

p r o f i l e  a f f e c t e d  by  t h e  p e r c o l a t i o n  t e s t .  To p r o t e c t  

t h e  b o tto m  o f  t h e  t e s t  h o le  from  s c o u r in g  a n d  se d im e n ­

t a t i o n ,  5 cm o f  pea  g r a v e l  (5  t o  7 .5  cm i n  d ia m e te r )  was 

a d d ed  t o  e a c h  t e s t  h o l e  a s  recom m ended by  t h e  U, S , P u b l ic  

H e a l th  S e r v ic e  (1 9 5 7 ) .

C o n s ta n t  Head D ev ice

S in c e  t h e  t e s t s  w e re  c o n d u c te d  i n  l a t e  s p r i n g  a n d  

summer when t h e  a n te c e d e n t  s o i l  m o is tu r e  c o n te n t  was lo w , 

t e s t  h o le s  w e re  p r e - w e t t e d  i n  o r d e r  t o  o b t a i n  e q u i l i b r iu m  

p e r c o l a t i o n  r a t e s , A f t e r  p r e p a r a t i o n  o f  t h e  t e s t  h o l e s , 

c o n s t a n t  h e a d  d e v ic e s  w e re  u t i l i z e d  t o  m a in ta in  t h e  w a te r  

l e v e l  a t  a p p ro x im a te ly  25  cm from  t h e  b o tto m  o f  t h e  t e s t  

h o le  d u r in g  t h e  p r e - s o a k in g  p e r i o d .  T h is  d e v ic e  i s  i l l u s ­

t r a t e d  i n  F ig u re  4 .

T h is  a p p a r a tu s  c o n ta in s  a  0 ,2 0 8  m^ r e s e r v o i r  t h a t  

s e r v e s  a s  a  s o u rc e  f o r  t h e  w a te r  i n  t h e  t e s t  h o l e .  The 

c o n s t a n t  h e a d  r e g u l a t o r  m a in ta in s  t h e  h e a d  i n  t h e  t e s t  

h o le  so  t h a t  a t  e q u i l i b r i u m  h ^ sh g  ( s e e  F ig u re  2 ) ,  As 

t h e  l e v e l  o f  h^ d e c r e a s e s , a  p r e s s u r e  g r a d i e n t  i s  e s t a b ­

l i s h e d ,  c a u s in g  w a te r  t o  move from  th e  r e s e r v o i r  th r o u g h
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F ig u re  4 ,  C o n s ta n t  h e ad  d e v ic e
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t h e  s ip h o n  tu b e  i n t o  t h e  t e s t  h o l e .  C o n c u r r e n t ly ,  a i r  

e n t e r s  t h e  c o n s ta n t  h e a d  r e g u l a t o r  and  d i s p l a c e s  t h e  w a te r  

l e a v in g  t h e  r e s e r v o i r .  Once e q u i l i b r iu m  i s  a t t a i n e d  

(h^=h2 ) ,  t h e  s ip h o n in g  d e v ic e  s to p s  an d  b u b b l in g  c e a s e s  

i n  t h e  c o n s t a n t  h e ad  r e g u l a t o r .  The f l a s k  was f i l l e d  

w i th  w a te r  so  t h a t  a i r  b u b b le s  fo rm ed  i n  t h e  s ip h o n in g  

l i n e  c o u ld  d i s p l a c e  t h i s  w a te r ,  t h e r e f o r e  m a in ta in in g  t h e  

s ip h o n  from  t h e  r e s e r v o i r  t o  t h e  t e s t  h o l e .  C o a rse  t e x ­

t u r e d  s o i l s  r e q u i r e d  24  h o u rs  w h i le  f i n e  t e x t u r e d  s o i l s  

n e e d e d  48 h o u rs  t o  r e a c h  a  c o n s t a n t  i n f i l t r a t i o n  r a t e .

The q u a n t i t y  o f  w a te r  u s e d  a t  e a c h  h o le  r a n g e d  from  0 ,4 2  

t o  0 .8 3  m3 .

M easurem ent o f  P e r c o l a t i o n  R a te  

A f t e r  p r e - s o a k ln g  t h e  t e s t  h o l e s ,  t h e  p e r c o l a t i o n  

r a t e s  w ere  m e a su re d , A f l o a t  g ag e  ( F ig u r e  5<i) was u s e d  

to 'm e a s u r e  t h e  s t a n d a r d  p e r c o l a t i o n  r a t e  a s  recom m ended 

by V fln n eb e rg er ( 1 9 7 2 ) ,  T he w a te r  l e v e l  i n  t h e  h o le  was 

s t a b i l i z e d  a t  20 cm f o r  t h e  i n i t i a l  r e a d in g  on  t h e  f l o a t  

g a g e . N e x t, t h e  t im e  r e q u i r e d  f o r  t h e  w a te r  l e v e l  t o  

f a l l  from  20 t o  1 7 ,5  cm ab o v e  t h e  b o tto m  o f  t h e  t e s t  h o le  

was d e te rm in e d .  T he r a t e  o f  t h i s  2 ,5  cm f a l l  i n  h e a d  

was u t i l i z e d  a s  t h e  s t a n d a r d  p e r c o l a t i o n  r a t e , T h e se  

v a lu e s  w ere  em ployed  i n  t h e  s t a t i s t i c a l  a n a l y s i s  p r e s e n t e d  

i n  t h e  n e x t  s e c t i o n ,

A p i c t o r i a l  s e q u e n c e  d e p i c t i n g  t h e  f i e l d  p ro c e d u re s  

u t i l i z e d  i s  g iv e n  i n  F ig u re  5 ,



F ig u re  5 , S equence  o f  f i e l d  p r o c e d u r e s , — A, Equipm ent 
t o  c o n s t r u c t  t e s t  h o l e ,  B. The s ip h o n  i s  
f o r c e d  i n t o  th e  r e s e r v o i r ,  C, The t e s t  h o le  
i s  a llo w e d  t o  s o a k , D, A f a l l i n g  h ead  gauge 
m easu re s  th e  r a t e s ,
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As r e p o r t e d  by  D e rr  e t  a l ,  (1 9 6 9 ) an d  L uce (1 9 7 3 ) ,  

a  num ber o f  s o i l  p a ra m e te r s  a f f e c t  p e r c o l a t i o n  r a t e s  i n  

d i f f e r e n t  s o i l s .  C o n s e q u e n tly ,  s o i l  sa m p le s  from  40  t o  

60 cm i n  d e p th  w ere  c o l l e c t e d  a t  e a c h  t e s t  h o l e ,  The 

p e r c e n t  s a n d , s i l t ,  a n d  c l a y  w ere  d e te rm in e d  by u s e  o f  

th e  p i p e t t e  m ethod  a s  d e s c r i b e d  by  Day (1 9 6 5 ) , The 

p e r c e n t  g r a v e l  was m e a su re d  u s in g  a  2 mm s i e v e .  The pH 

(P e e c h , 1 9 6 5 ) ;  e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  s a t u r a t e d  

e x t r a c t  (E tie ) • (Bow er a n d  W ilc o x , 1 9 6 5 ) ,  a n d  th e  ml o f  EDTA 

( e t h y l e n e d i a m i n e - t e t r a a c e t i c  a c i d )  r e q u i r e d  t o  c h e l a t e  

th e  c a lc iu m  an d  m agnesium  i n  1 ml o f  t h e  s a t u r a t e d  e x t r a c t  

(H e a ld , 1 9 6 5 ) w e re  d e te rm in e d .  A ls o , t h e  p e r c e n t  c a r ­

b o n a te s  i n  t h e  s u b s o i l  was d e te rm in e d  by t h e  a c i d  n e u ­

t r a l i z a t i o n  p ro c e d u re  d e s c r i b e d  by  A l l i s o n  an d  H ood ie  • 

(1 9 6 5 ) .



RESULTS AND DISCUSSIONS

T e s t  R e s u l t s  a n d  V a r i a b i l i t y  

T he p e r c o l a t i o n  r a t e s  f o r  e a c h  s i t e  i n d i c a t e  t h e  

s u i t a b i l i t y  o f  t h a t  l o c a t i o n  f o r  s e p t i c  t a n k  u s a g e .

B ased  on  t h e  s t a n d a r d s  recom m ended b y  t h e  M anual o f  S e p t i c

T ank P r a c t i c e s  (U, S , P u b l ic  H e a l th  S e r v i c e ,  19 5 7 ) a n d

th e  r e g u l a t i o n s  em p loyed  by  t h e  s t a t e  o f  A r iz o n a  (A r iz o n a

S t a t e  D e p artm en t o f  H e a l th ,  1 9 6 2 ) ,  a  s t a n d a r d  p e r c o l a t i o n

r a t e  t h a t  i s  s lo w e r  t h a n  60 m in u te s  p e r  i n c h  ( 2 , 5  cm

p e r  h o u r  a n d /o r  1 in c h  p e r  h o u r )  i s  u n s u i t a b l e  f o r  a  l e a c h in g

s y s te m .

T a b le  3 p r e s e n t s  t h e  a v e ra g e  r e s u l t s  o f  t h e  p e rc o ­

l a t i o n  d e te r m in a t io n s  f o r  t h e  3 0  cm d ia m e te r  t e s t  h o l e ? ,

The c o e f f i c i e n t  o f  v a r i a b i l i t y  (C , V .)  was c a l c u l a t e d  

a s  d e s c r ib e d  by  S t e e l  an d  T o r r i e  ( i 960)1

C .V . = lO O s/x  (1 2 )

w here  " s "  i s  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  p e r c o l a t i o n  

r a t e  a n d  i s  t h e  mean v a lu e  o f  t h e  p e r c o l a t i o n  r a t e  

f o r  e a c h  s i t e .  The v a lu e s  f o r  C , V, r a n g e d  from  7 , k  

t o  4-7.6 p e r c e n t  w i th  a n  a v e ra g e  v a lu e  o f  23  p e r c e n t ,

T h ese  v a lu e s  a r e  lo w e r  t h a n  th o s e  o b t a in e d  by  D e rr  e t  

a l ,  ( 1 9 6 9 ) ,  By u s e  o f  D u n c a n 's  M u l t ip l e  Range t e s t  a t

27
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T a b le  3 , Mean s t a n d a r d  p e r c o l a t i o n  r a t e s , s i g n i f i c a n t  
d i f f e r e n c e s  i n  mean r a t e s ,  c o e f f i c i e n t  o f  
v a r i a b i l i t y  a n d  s u i t a b i l i t y  o f  t h e  n in e  s i t e s  
f o r  s u b s u r f a c e  sew age d i s p o s a l .

S o i l . c m /h r i n / h r m in / in  S t a t ,  Sn s ; *  c . v . S u i t a b i l i t y

Pima 1 . 7 5 0 . 7 0 8 5 .7 2 9 . 3 U n s u i ta b le

G u est 1 . 8 5 0 . 7 4 8 1 .1 2 5 . 9 U n s u i ta b le

T ubac 2 . 0 2 0 .8 1 7 4 , 1 7 . 4 U n s u i ta b le

P a lo s
V e rd es
( I )

5 . 1 8 2 . 0 ? 2 9 . 0 1 0 , 2 S u i t a b l e

Mohave 7 . 2 2 2 . 8 9 2 0 , 8 1 4 , 6 S u i t a b l e

G i la 7 . 3 0 2 . 9 2 2 0 . 5 1 8 . 6 S u i t a b l e

P a lo s
V erd es
( I I )

8 . 3 5 3 . 3 4 1 8 , 0 4 7 . 6 S u i t a b l e

G rabe 8 . 9 8 3 . 5 9 1 6 . 7 2 1 , 2 S u i t a b l e

V a le n ­
c i a

2 1 . 4 8 8 . 5 9 7 . 0 1 2 . 9 S u i t a b l e

* D u n c an 's  M u l t ip l e  R ange T e s t  a t  t h e  5/» l e v e l .
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t h e  a-= 0 ,0 5  s i g n i f i c a n c e  l e v e l ,  T a b le  3 a l s o  i l l u s t r a t e s  

b e tw ee n  w h ich  s o i l s  a  s i g n i f i c a n t  d i f f e r e n c e  i n  m ean 

p e r c o l a t i o n  r a t e  e x i s t s ,

R e g re s s io n  A n a ly s is  1

R andom ized  c o m p le te  4  by  4  b lo c k s  (4  d i f f e r e n t  

t e s t  h o le  d ia m e te r s  a n d  4  r e p l i c a t i o n s  f o r  e a c h  o f  t h e  

4  d ia m e te r s )  w ere  u t i l i z e d  t o  d e te rm in e  t h e  r e l a t i o n s h i p  

o f  t e s t  h o le  d ia m e te r  f o r  Pim a c l ,  G i l a  v f s l ,  a n d  V a le n c ia  

s i  t o  m e a su re d  p e r c o l a t i o n  r a t e s .  T e s t  h o le  d ia m e te r s  

o f  1 0 , 2 0 , 2 5 , an d  30 cm w ere  c o n s t r u c t e d  f o r  e a c h  o f  t h e  

t h r e e  s i t e s  s t u d i e d ,  P r e - s o a k in g  an d  m easu rem en t o f  t h e  

s t a n d a r d  p e r c o l a t i o n  r a t e  w ere  c o n d u c te d  a s  p r e v i o u s ly  

m e n tio n e d . R e g r e s s io n  a n a l y s i s  was c o m p le te d  on t h e  

r e s u l t i n g  d a t a ,  an d  t h e  r e s u l t s  o f  t h e s e  t e s t s  a r e  shown 

i n  F ig u r e s  6 t o  8 , The r e s u l t s  i n d i c a t e  a  s i g n i f i c a n t  

l i n e a r  r e l a t i o n s h i p  e x i s t s  b e tw e e n  t e s t  h o le  d ia m e te r  an d  

p e r c o l a t i o n  r a t e .  T h e se  f i n d in g s  a r e  c o n t r a r y  t o  t h o s e  

fo u n d  by  B e n d ix e n  e t  a l ,  (1 9 5 0 ) who d i s c o v e r e d  t h a t  no 

s i g n i f i c a n t  r e l a t i o n s h i p  e x i s t e d  b e tw e e n  t e s t  h o le  d ia m e te r  

an d  p e r c o l a t i o n  r a t e s .  H ow ever, t h e y  f a i l e d  t o  e s t a b l i s h  

t h e  i n i t i a l  l e v e l  o f  w a te r  i n  t h e  t e s t  h o le  a t  20 cm 

b e fo r e  m e a s u r in g  t h e  r a t e  o f  f a l l  o f  2 .5  cm o f  w a te r  

w h ich  c o u ld  s i g n i f i c a n t l y  a l t e r  t h e  r e s u l t s ,

A s im p le  m a th e m a tic a l  i n v e s t i g a t i o n  c a n  i l l u s t r a t e  

th e  d i f f e r e n c e s  i n  p e r c o l a t i o n  r a t e  f o r  t e s t  h o le s  o f
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d i f f e r e n t  d i a m e t e r s , The a v e ra g e  i n f i l t r a t i o n  r a t e  i  

o v e r  t h e  w a t e r - s o i l  i n t e r f a c e  ( s e e  F ig u re  1 ) d u r in g  a n  

in c re m e n t  o f  t im e  i s i
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1 = 41 AV
n r^A h rA h

A 2TE \n r ^ + 2 n rh ) A t  ( r+ 3 h )A t
(1 3 )

w h ere j i= a v e ra g e  f l u x  p e r  u n i t  a r e a  o f  s o i l - w a t e r  i n t e r f a c e  

A = area  o f  t h e  s i d e  w a l l s  a n d  b o tto m  o f  t h e  h o le  

A V =change i n  vo lum e o f  w a te r  i n  t h e  t e s t  h o le  

A t= a n  in c re m e n t  o f  t im e  

r = r a d iu s  o f  t h e  t e s t  h o le  

A h = i n i t i a l  d e p th  o f  w a te r  (h e a d )  i n  t h e  t e s t  h o le  

h = ch an g e  i n  h e a d  i n  t h e  t e s t  h o l e .

I f  i  i s  a ssu m ed  t o  be  In d e p e n d e n t  o f  t e s t  h o le  d ia m e te r ,  

th e n  t h e  r e l a t i o n s h i p  b e tw e e n  t h e  a v e ra g e  i n f i l t r a t i o n  

r a t e s  o f  tw o d i f f e r e n t  d ia m e te r  t e s t  h o le s  i n  t h e  sam e s o i l  

can  be e x p r e s s e d  by  t h e  f o l lo w in g  e q u a t io n s i

h  = a 2
t h e r e f o r e :

r i Ahl V h 2

r̂ i +2tV A t l  U ,2 +2h1 M t 2

(1 4 )

(1 5 )

I f  t h e  p e r c o l a t i o n  r a t e s  i n  t h e  tw o t e s t  h o le s  a r e  e x p re s s e d  

a s :

PR1=> a n d (16)
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th e n  Eq, 15  r e d u c e s  t o :

pR  ( 1 ? )
1 ( l+ 2 h 2/ r 2 )

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

h o le s  o f  10 cm d ia m e te r  w ere  c a l c u l a t e d  on th e  b a s i s  o f  t h e  

r a t e s  o b ta in e d  i n  t h e  30 era d ia m e te r  t e s t  h o l e .  T h ese  

v a lu e s  w ere  t h e n  com pared  t o  t h e  a c t u a l  v a lu e s  f o r  t h e  

p e r c o l a t i o n  r a t e s  f o r  t h e  10  cm d ia m e te r  t e s t  h o le s  o f  

t h e  Pima c l ,  G i l a  v f s l ,  an d  V a le n c ia  s i  t e s t  s i t e s ,

T a b le  4 ,  M easu red  p e r c o l a t i o n  r a t e s  f o r  10  an d  30 cm
d ia m e te r  t e s t  h o l e s , — V a lu e s  i n  p a r e n th e s e s  
a r e  p r e d i c t e d  v a lu e s  u s in g  10  cm r e s u l t s  an d  
a ssu m in g  " i "  o f  Eq, 13 i s  in d e p e n d e n t  o f  d ia m e te r .

P e r c o l a t i o n  R a te s  i n  c m /h r

S o i l 30 cm d i a . 10 cm d i a .

Pim a c l 1 .7 5 4 ,2 8  ( 4 ,0 2 )

G i la  s i 7 .3 0 1 4 ,9 2  ( 1 6 .7 9 )

V a le n c ia  s i 2 1 .4 8 3 9 .0 8  (4 9 .0 4 )

By E q , 1 7 , t h e  p e r c o l a t i o n  r a t e  i n  a  10 cm d ia m e te r  t e s t  

h o le  w o u ld  be 2 ,3  t im e s  f a s t e r  th a n  t h e  r a t e s  i n  a  30 

cm d ia m e te r  t e s t  s i t e .

C o r r e l a t i o n  o f  V a r io u s  S o i l  P a ra m e te r s  
t o  P e r c o l a t i o n  R a te s

A f t e r  a n a ly z in g  e a c h  s o i l  s a m p le , t h e  mean v a lu e s  

f o r  e a c h  o f  t h e  s o i l  p a ra m e te r s  a t  e a c h  l o c a t i o n  w ere
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c a l c u l a t e d .  T h ese  d a ta  a r e  p r e s e n te d  i n  T a b le  5 , The 

i n d iv i d u a l  p e r c o l a t i o n  r a t e s  f o r  e v e ry  t e s t  h o le  on t h e  

n in e  s tu d y  s i t e s  a r e  p r e s e n te d  i n  A ppend ix  B,

T a b le  *5 i n d i c a t e s  t h a t  no sod ium  (fro m  t h e  ml EDTA 

d a ta )  o r  s a l i n i t y  (f ro m  t h e  ECe d a ta )  p ro b lem  e x i s t s  i n  

t h e  s u b s o i l  o f  t h e  n in e  s i t e s .  I n  some s i t u a t i o n s , h o w e v e r , 

t h e s e  p a ra m e te r s  c o u ld  e x e r t  a  g r e a t  im p a c t on  t h e  s t a n d a r d  

p e r c o l a t i o n  r a t e s  a n d  t h e  a b s o r p t io n  o f  sew age e f f l u e n t .

The pH f o r  e a c h  s u b s o i l  sa m p le  i s  s l i g h t l y  a l k a l i n e  a n d  

a  s l i g h t  t o  m o d e ra te  q u a n t i t y  o f  c a r b o n a te s  c a n  be fo u n d  

i n  t h e  s u b s o i l  o f  e a c h  s i t e .  The p re s e n c e  o f  c a r b o n a te s  

i n  i n d u r a t e d  o r  u n c o n s o l id a te d  fo rm  a l s o  a f f e c t  t h e  s t a n d a r d  

p e r c o l a t i o n  r a t e s  a n d  t h e  a b s o r p t io n  o f  sew age e f f l u e n t .

E ven th o u g h  t h e  tw o P a lo s  V e rd e s  s i t e s  i n d i c a t e  

s m a ll  d i f f e r e n c e s  i n  t h e  m e a su re d  s u b s o i l  p a r a m e te r s , 

t h e  s t a n d a r d  p e r c o l a t i o n  r a t e  f o r  P a lo s  V e rd e s  ( I )  i s  

s lo w e r  t h a n  t h a t  f o r  P a lo s  V e rd e s  ( I I ) ,  T he P a lo s  V e rd es  

( l )  c o n ta in s  c o n s i d e r a b ly  s m a l l e r  d ia m e te r  g r a v e l  p a r t i c l e s  

th a n  P a lo s  V e rd e s  ( I I )  a n d  i s  t h e  p o s s i b l e  c a u s e  o f  t h e  

o b s e rv e d  d i f f e r e n c e s  i n  s t a n d a r d  p e r c o l a t i o n  r a t e s .

S c a t t e r  d ia g ra m s  c a n  be  u s e d  t o  d e p i c t  g e n e r a l  

r e l a t i o n s h i p s , A s c a t t e r  d ia g ra m  o f  t h e  p e r c o l a t i o n  

r a t e  v s ,  p e r c e n t  s a n d  i n  t h e  s u b s o i l  i s  p r e s e n t e d  i n  F ig u re  

9 f o r  t h e  r e s u l t s  fro m  t h e  30 cm d ia m e te r  t e s t  h o l e .  T h is  

d iag ra m  i n d i c a t e s  a  f a i r l y  l i n e a r  r e l a t i o n s h i p  w i th  a



T a b le  5 . A v erag e  v a lu e s  f o r  p e r c o l a t i o n  r a t e s  a n d  s e l e c t e d  
s u b s o i l  p a r a m e te r s ,
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P e r c , mmhos/ %
R a te % % % cm ml c a r b o ­
(c m /h r ) c l a y s i l t s a n d g r a v e l PH BG.e EDTA n a te s

Pim a S o i l

1 .7 5 2 6 . 8 5 0 . 0 2 3 .2 3 .8 7 .7 6 o . 3 i 0 .3 4 4 .9

G u e s t S o i l

1 .8 5 3 8 .4 2 7 .2 3 4 .4 2 1 .4 7 .7 5 0 .1 1 0 .2 2 3 .2

T ubac  S o i l

2 .0 2 4 7 .5 1 7 .8 3 4 .5 1 0 .3 8 .0 6 0 .1 9 0 .2 2 5 .2

P a lo s  V e rd e s  ( I ) S o i l

5 .1 8 2 1 .4 1 5 .9 6 2 .7 5 1 .8 7 .7 5 0 . 2 3 0 .4 4 7 .4

Mohave S o i l

7 .2 2 3 0 .3 2 2 .8 4 6 .7 1 9 .6 7 .6 6 0 .2 3 0 .4 2 4 .0

G i l a  S o i l

7 .3 0 6 .5 2 0 .6 7 2 .9 5 .0 8 .1 4 0 .2 0 0 .4 4 4 .5

P a lo s  V e rd e s  ( I I )  S o i l

8 .3 5  2 0 .9  1 7 .1  6 2 , 0  5 3 .2  7 .7 7  0 .1 9  0 .6 6  1 .6

G rabe  S o i l

8 .9 8  1 7 .3  3 9 .7  4 3 .0  2 .8  8 .0 7  0 .4 4  0 .2 6  7 .4

V a le n c ia  S o i l

1 6 .3  1 4 .1  6 9 . 6  3 2 .7  7 . 9 2  0 , 1 3  0 . 2 8  3 . 02 1 .4 8
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p o s i t i v e  s lo p e  e x i s t s , F ig u r e  10  p ro v id e s  t h e  s c a t t e r  

d iag ra m  f o r  t h e  p e r c o l a t i o n  r a t e  v s ,  p e r c e n t  c l a y  i n  t h e  

s u b s o i l ,  A l i n e a r  r e l a t i o n s h i p  w i th  a  n e g a t iv e  s lo p e  

e x i s t s ,

The d a ta  f o r  t h e  s u b s o i l  p a ra m e te r s  f o r  t h e  sa m p le s  

from  e a c h  t e s t  h o le  w ere  u t i l i z e d  f o r  c o r r e l a t i o n  w i th  

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

c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  a r e  p r e s e n te d  i n  T a b le  6 , 

T h ese  v a lu e s  w ere  c a l c u l a t e d  a s  d e s c r ib e d  b y  S t e e l  an d  

T o r r i e  ( i 9 6 0 ) .

T a b le  6 , C o r r e l a t i o n  o f  s t a n d a r d  p e r c o l a t i o n  r a t e s  w i th  
s e l e c t e d  s o i l  p a r a m e te r s .

C o r r e l a t i o n  C o e f f i c i e n t  ( r )

- 0 . 549**

________ S o i l  P a ra m e te r_____

P e rc e n t  c l a y  i n  s u b s o i l  

P e r c e n t  s i l t  i n  s u b s o i l  

P e r c e n t  sa n d  i n  s u b s o i l  

p e r c e n t  g r a v e l  i n  s u b s o i l  

pH a t  t h e  s u b s o i l  

ECe o f  t h e  s u b s o i l  

ml EDFA f o r  t h e  s u b s o i l  

P e r c e n t  c a r b o n a te s  i n  s u b s o i l

* ,**  Denotes s ig n if ic a n c e  a t

- 0 .3 3 7 *

0 .6 4 ? * *

0 .2 5 5  

0.086  

- 0 ,0 1 6  

0 .1 3 6  

-0 .l6 l

$% and le v e l s  r e s p e c t iv e ly .
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The f o l lo w in g  c o r r e l a t i o n s  t o  s t a n d a r d  p e r c o l a t i o n  r a t e s  

w ere  o b s e rv e d :

1 . V ery  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i th  p e r c e n t  

s a n d  i n  t h e  s u b s o i l

2 . V e ry  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w i th  p e r c e n t  

c l a y  i n  t h e  s u b s o i l

3 . S i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w i th  p e r c e n t  s i l t  

i n  t h e  s u b s o i l  .

The p e r c o l a t i o n  r a t e  m ea su re d  i n  t h i s  s tu d y  was 

c o r r e l a t e d  o n ly  w i th  s o i l  t e x t u r e ,  D e rr  e t  a l ,  ( 1 9 6 9 ) fo u n d  

t h a t  d r a in a g e  c l a s s , p e r c e n t  c o a r s e  f r a g m e n ts , p e r c e n t  

s i l t ,  a n d  p e r c e n t  c l a y  i n  t h e  s u b s o i l  w ere  s i g n i f i c a n t l y  

c o r r e l a t e d  w i th  s t a n d a r d  p e r c o l a t i o n  r a t e s  fo u n d  on 

P e n n s y lv a n ia  s o i l s .  L uce  (1 9 7 3 ) d i s c o v e r e d  s i g n i f i c a n t  

c o r r e l a t i o n  o f  p e r c e n t  c l a y  a n d  b u lk  d e n s i t y  o f  t h e  s u b s o i l  

on a  num ber o f  s o i l s  fo u n d  i n  Io w a ,

M u l t ip l e  r e g r e s s i o n ,  u s in g  t h e  s u b s o i l  p a ra m e te r s  

l i s t e d  i n  T a b le  6 , p ro d u c e d  a  c o e f f i c i e n t  o f  d e te r m in a t io n  

( r ^ )  o f  0 ,6 2 ,  C o n s e q u e n tly , t h e  m e a su re d  p a ra m e te r s  

e x p la in e d  62 p e r c e n t  o f  t h e  v a r i a t i o n  a s s o c i a t e d  w i th  

s t a n d a r d  p e r c o l a t i o n  r a t e s  ( S t e e l  and  T o r r i e ,  i 9 6 0 ) ,

D err e t  a l ,  ( 1 9 6 9 ) fo u n d  a  c o e f f i c i e n t  o f  d e te r m in a t io n  

o f  o n ly  0 , l 6  f o r  t h e i r  s e l e c t e d  s o i l  f a c t o r s ,  w h i le  L uce 

(19 7 3 ) fo u n d  a  ra n g e  from  0 ,5 2  t o  0 ,7 7  f o r  h i s  m ea su re d  

p a r a m e te r s ,



An a n a l y s i s  o f  v a r i a n c e ,  a s  d e s c r ib e d  by  S t e e l  

and  T o r r i e  ( i 9 6 0 ) ,  o f  t h e  s u b s o i l  p a ra m e te r s  i n d i c a t e d  

t h a t  a l l  o f  t h e  s u b s o i l  v a r i a b l e s  w ere  s i g n i f i c a n t l y  

( a t  t h e  a = 0 ,0 5  l e v e l ) d i f f e r e n t  b e tw ee n  s i t e s .  The 

r e s u l t s  i n  T a b le  7 a r e  i n  a g re e m e n t w i th  t h e  i n f o r m a t io n  

r e p o r t e d  by  D err e t  a l ,  ( 1 9 6 9 ) ,

T a b le  7 .  A n a ly s is  o f  v a r i a n c e  f o r  s o i l  p a ra m e te r s  
r e l a t e d  t o  p e r c o l a t i o n  r a t e s ,

S o i l  C h a r a c t e r i s t i c F R a t io  an d  S i g n i f i c a n c e

% c l a y  i n  s u b s o i l 9 6 .8 3 7 * *

% s i l t  i n  s u b s o i l 5 6 .3 3 6 * *

% s a n d  i n  s u b s o i l 1 1 2 > 1 0 * *

% g r a v e l  i n  s u b s o i l 3 2 .2 4 1 * *

pH o f  s u b s o i l 4 ,1 2 4 *

ECe o f  s u b s o i l 1 1 .2 3 7 * *

ml BETA f o r  s u b s o i l 1 2 .2 0 5 * *

% c a r b o n a te s  i n  s u b s o i l 5 5 .1 4 3 * *

* ,* *  D en o tes  s i g n i f i c a n c e  a t  5% an d  1% l e v e l s  r e s p e c t i v e l y .

I n f i l t r a t i o n  from  P o in t  a n d  L in e  S o u rc e s  

A r e l a t i o n s h i p  b e tw e e n  t h e  r a t i o  o f  m ea su re d  

p e r c o l a t i o n  r a t e s  i n  d i f f e r e n t  s i z e d  t e s t  h o le s  a n d  t h e  

r a t i o  f o r  c a l c u l a t e d  v a lu e s  o f  ^ ( R g ,0) f o r  t h e  same 

d im e n s io n s  was e s t a b l i s h e d .  As p r e v i o u s ly  m e n tio n e d , tw o
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p o in t  s o u r c e s  a t  5 an d  15 cm d e p th  a n d  1 t o  9 r e l a t i v e  

s t r e n g t h s  w ere  u t i l i z e d  i n  t h e  c a l c u l a t i o n s .  T he s t a n d a r d  

v a lu e s  f o r  t h e  v o lu m e t r i c  f lo w  r a t e  (q g ) fo u n d  from  th e  

m easu red  p e r c o l a t i o n  r a t e s  an d  $ (H s ,0 )  w e re  t a k e n  f o r

th e  l a r g e s t  t e s t  h o le  w h ich  was 15 cm i n  r a d i u s , T he 

r a t i o s  o f  q f o r  1 0 , 2 0 , a n d  25 cm d ia m e te r  t e s t  h o le s  t o  

t h e  r a t e s  i n  t h e  50 cm d ia m e te r  s i t e s  w ere  com pared  f o r  

th e  Pim a c l ,  G i la  v f s l ,  an d  V a le n c ia  s i  s o i l s .  T h e se  

v a lu e s  w e re  p l o t t e d  a g a i n s t  t h e  r a d i u s  o f  e a c h  t e s t  h o l e .

On t h e  same f i g u r e ,  t h e  r a t i o s  o f  <^(Rg, 0) f o r  a  r a d i u s  o f  

15 cm w ere  com pared  t o  t h e  v a lu e  o f  1>(R0 , 0 ) a t  5 an d  10 

cm f o r  or v a lu e s  o f  0 ,0 1 ,  0 ,0 5 ,  a n d  0 ,1 0 ,  T h ese  c u rv e s  

a r e  shown i n  F ig u re  1 1 ,

I d e a l l y ,  t h e  s lo p e s  o f  t h e  c u rv e s  f o r  q / q g and  

<k(Rg ,0)/'<£(Ro ,0 )  c o u ld  h e  com pared  so  t h a t  a  v a lu e  o f  or 

c o u ld  he a s s i g n e d  t o  e a c h  s o i l .  U n f o r tu n a t e ly ,  t h e s e  

c u rv e s  d id  n o t  m atch  v e r y  w e l l  so  t h a t  a s s ig n m e n t o f  a  

v a lu e  o f  or t o  t h e  t h r e e  s o i l s  was u n f e a s i b l e ,

A r e l a t i o n s h i p  b e tw ee n  p e r c o l a t i o n  r a t e s  i n  a  

c y l i n d r i c a l  t e s t  h o le  a n d  a  d i s p o s a l  t r e n c h  c a n  be d e r iv e d ,  

E q. 10 an d  t h e  f o l lo w in g  e q u a t io n  w ere  u s e d  t o  make t h i s  

a n a lo g y i

i ( X o ,0 )  = 2TTCp/q* (1 8 )

w here  q* i s  t h e  co m b in ed  f lo w  from  t h e  tw o l i n e  s o u r c e s , 

C o n s e q u e n tly ,  by c o m b in in g  E q s . 10 an d  1 8 , t h e  d e s i r e d  

e q u a t io n  i s  t
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0 .5 -

O Pima cl

A Gila vfsl

□ Valencia si

F ig u re  1 1 , R e l a t i o n s h i p  b e tw ee n  or a n d  v o lu m e t r ic  flow , r a t e s  
(q )  i n  d i f f e r e n t  d ia m e te r  t e s t  h o le s  f o r  t h e  
Pim a c l ,  G i l a  v f s l ,  a n d  V a le n c ia  s i  s o i l s .
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(1 9 )q ' / q  = o rK R o , 0 ) /4 ^ (X o ,0 )

F o r v a lu e s  o f  t h e  t e s t  h o le  r a d i u s  ( r  ) o f  5 an d  15  cm 

and  t h e  l i n e  s o u rc e  l o c a t i o n  ( xq ) o f  1 5 , 2 0 , an d  45  cm 

from  th e  c e n t e r  p la n e  o f  t h e  a b s o r p t io n  t r e n c h  an d  d i f f e r e n t  

v a lu e s  o f  a , E q , 19 was u s e d  t o  p ro d u c e  t h e  p l o t s  shown 

in  F ig u re  1 2 , V a lu e s  f o r  or o f  0 .0 1 ,  0 .0 5 ,  an d  0 ,1 0  w ere  

u se d  f o r  lo w , m edium , a n d  h ig h  f lo w  r a t e s ,  r e s p e c t i v e l y .

T h ese  v a lu e s  a r e  c o n s i s t e n t  w i th  th o s e  r e p o r t e d  by  B r a e s te r

( 1 9 7 3 ) .

The c u rv e s  may be u s e d  t o  c o n v e r t  t h e  v o lu m e t r ic  

f lo w  r a t e  from  a  p e r c o l a t i o n  t e s t  h o le  t o  t h e  f lo w  r a t e  

( iP /T /L )  from  a n  a b s o r p t i o n  t r e n c h .  The a n a l y s i s  i s  

a c c o m p lis h e d  by  m u l t i p l y i n g  t h e  v o lu m e t r ic  f lo w  r a t e  o b ­

t a i n e d  from  t h e  s t a n d a r d  p e r c o l a t i o n  t e s t  t im e s  t h e  r i g h t  hand  

p o r t i o n  o f  E q, 1 9 . T h e r e f o r e ,  o nce  t h e  s t a n d a r d  p e r c o ­

l a t i o n  r a t e s  a r e  m e a su re d  a n d  a  v a lu e  o f  a  i s  e s t im a te d  

f o r  a  p a r t i c u l a r  s o i l  ( F ig u r e  1 1 ) ,  t h e  v o lu m e t r ic  f lo w  

r a t e  p e r  l e n g t h  o f  t r e n c h  c a n  be p r e d i c t e d .  T h is  i s  

shown by t h e  f o l lo w in g  e x am p le . On s u b s t i t u t i n g  a  v a lu e  

o f  q ,  Eq. 19 becom es:

q '  = a q ^ (R o ,0 ) /4 $ ( X o ,0 )  (2 0 )

As a n  exam ple  o f  how F ig u re  12 may be  u s e d ,  c o n ­

s i d e r  a  p e r c o l a t i o n  r a t e  i n  a  30 cm d ia m e te r  t e s t  h o le  o f  

1 ,0 0  cm /h r (a  s lo w  r a t e )  a n d  a  t r e n c h  o f  90 cm i n  w id th .  

T h e r e f o r e ,  t h e  f o l lo w in g  v a lu e s  a r e  g iv e n :



A B
F ig u re  1 2 .  R e l a t i o n s h i p  b e tw ee n  v o lu m e t r ic  f lo w  

r a t e s  i n  t e s t  h o le s  t o  f lo w  r a t e s  i n  
s im u la te d  a b s o r p t i o n  t r e n c h e s  w here  
r s e q u a ls  5 cm (A) an d  15  cm ( B ) . -P-

V x
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q = 700  o m ^ /h r 

$ (R o ,0 )  = 14 

i  (X0 ,0)  = 1 . 8

S u b s t i t u t i o n  o f  t h e s e  v a lu e s  i n t o  Eq, 20 y i e l d s  a  f lo w

r a t e  o f  56 c m ^ /h r/c m  f o r  a n  a b s o r p t io n  t r e n c h  p la c e d  i n

t h i s  ty p e  o f  s o i l .  C o n s e q u e n tly , t h i s  m a th e m a tic a l

a n a l y s i s  e f f e c t i v e l y  r e l a t e s  t h e  s t a n d a r d  p e r c o l a t i o n

r a t e s  i n  a  t e s t  h o le  t o  t h e  f lo w  r a t e  a n t i c i p a t e d  i n  a n

a b s o r p t io n  t r e n c h ,  t i l t h  f u r t h e r  r e f in e m e n t  t h i s  t e c h n iq u e

c o u ld  be u s e d  t o  e s t a b l i s h  s t a n d a r d s  f o r  sew age lo a d in g

r a t e s  th r o u g h  t h e  s e p t i c  t a n k  s y s te m .

The u s e  o f  f i n i t e  d i f f e r e n c i n g  c o u ld  im p ro v e  th e

r e l a t i o n s h i p  b e tw ee n  q /q  an d  <£(R ,0 ) /$ .(R  ,0 )  so  t h a t  as s o
v a lu e  o f  a  c o u ld  b e  e s t im a t e d .  The a d v a n ta g e  o f  t h i s  

t e c h n iq u e  i s  t h a t  t h e  b o u n d a r ie s  o f  t h e  t e s t  h o le  o r  

a b s o r p t io n  t r e n c h  c o u ld  be  m ore r e a l i s t i c a l l y  r e p r e s e n t e d .



CONCLUSIONS AND RECOMMENDATIONS

B ased  on  a  s tu d y  o f  t h e  s t a n d a r d  p e r c o l a t i o n  r a t e s  

on 80 t e s t  h o le s  on n in e  t y p i c a l  s o i l s  fo u n d  i n  e a s t e r n  

Pima c o u n ty  an d  m easu rem en t o f  v a r i o u s  s u b s o i l  p a r a m e te r s , 

t h e  f o l lo w in g  c o n c lu s io n s  w ere  fo rm u la te d *

1 . To o b t a i n  c o n s i s t e n t  r e s u l t s  f o r  p e r c o l a t i o n  

t e s t s  i n  A r iz o n a ,  t h e  t e s t  h o le  s h o u ld  be a  

s t a n d a r d  d ia m e te r  a n d  p r e - w e t t e d  b e f o r e  m e a s u r in g  

t h e  p e r c o l a t i o n  r a t e ,

2 . A s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  e x i s t s  b e tw ee n  

t e s t  h o le  d ia m e te r  an d  p e r c o l a t i o n  r a t e ,

3 . The f o l lo w in g  c o r r e l a t i o n s  t o  p e r c o l a t i o n  r a t e  

w ere  o b se rv ed *

a .  V e ry  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i th  

p e r c e n t  s a n d  i n  t h e  s u b s o i l

b .  V ery  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w i th  

p e r c e n t  c l a y  i n  t h e  s u b s o i l

c .  S i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w i th  p e r c e n t  

s i l t  i n  t h e  s u b s o i l ,

k .  By a ssu m in g  i n f i l t r a t i o n  from  tw o p o i n t  s o u r c e s

a n d  c o m p a rin g  c a l c u l a t e d  v a lu e s  o f  t h e  d im e n s io n le s s  

m a t r ic  f l u x  p o t e n t i a l  ($ )  t o  m ea su re d  p e r c o l a t i o n  

r a t e s , a s s ig n m e n t  o f  v a lu e s  o f  or t o  t h e  Pim a c l ,

G i la  v f s l ,  a n d  V a le n c ia  s i  s o i l s  was v e r y  d i f f i c u l t ,

4?
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5 , M o d e lin g  o f  i n f i l t r a t i o n  f r o n  l i n e  s o u r c e s  c a n  

"be u s e d  t o  a p p ro x im a te  t h e  d im e n s io n s  o f  a n  a b ­

s o r p t i o n  t r e n c h .  T h is  t e c h n iq u e  c a n  be u s e d  f o r  

p r e d i c t i o n  o f  i n f i l t r a t i o n  r a t e s  from  t h e  d i s p o s a l  

t r e n c h e s , F i n i t e  d i f f e r e n c i n g  w ou ld  be a  b e t t e r  

a p p ro a c h  t o  u s e  i n  o r d e r  t o  r e l a t e  p e r c o l a t i o n  

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

r a t e s  i n  a n  a b s o r p t i o n  t r e n c h .



APPENDIX A

DETAILED SOIL PEDON DESCRIPTIONS

S o i l  ty p e :  Pim a c la y  lo am
D e s c r ib e d  by : 0 .  J .  P e r e i r a  (1 9 7 1 )
L o c a tio n :  250 f e e t  n o r t h  an d  150 f e e t  e a s t  o f  t h e  s o u th w e s t

c o r n e r  o f  F i e l d  3 -3  ( P e r e i r a ,  1971 ) on t h e  U 
o f  A H aran a  E x p e r im e n ta l  Farm ,

V e g e ta t io n :  C u l t i v a t  e d - f a l l o w
P a re n t  m a t e r i a l :  M ixed r e c e n t  a l lu v iu m
P h y s io g ra p h y : N e a r ly  l e v e l  f l o o d p l a i n
S lo p e : < 1 $
P e r m e a b i l i ty :  M o d e ra te ly  s lo w

A 0 -1 1 "  (0 -2 8  cm )— Brown (7 .5 X 5  5 /2 )  c l a y  lo am ,
* d a rk  brow n ( 7 , 5YR 3 /2 )  m o is t ;  m a s s iv e  b r e a k in g

t o  w eak medium an d  c o a r s e  s u b a n g u la r  b lo c k y  
s t r u c t u r e ;  s l i g h t l y  h a rd  t o  h a r d ,  f r i a b l e , 
s t i c k y ,  p l a s t i c ;  common v e ry  f i n e  an d  f i n e  r o o t s ; 
common v e r y  f i n e  an d  m ic ro  t u b u l a r  an d  i n t e r ­
s t i t i a l  p o r e s ;  l e s s  th a n  1 p e r c e n t  g r a v e l ; 
common v e r y  f i n e  m ica  f l a k e s ; s t r o n g l y  e f f e r ­
v e s c e n t ;  a b r u p t  sm ooth  b o u n d a ry .

A l l  1 1 -2 0 "  (2 8 -5 0  cm) Brown (10YR 5 / 3 )  l i g h t  c l a y
lo am , d a rk  brow n (10YR 3 / 3 )  m o is t ;  weak c o a r s e  
s u b a n g u la r  b lo c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e , 
s t i c k y ,  p l a s t i c ;  few  v e ry  f i n e  a n d  f i n e  r o o t s ; 
common m ic ro  a n d  v e ry  f i n e  t u b u l a r  p o r e s ; common 
v e ry  f i n e  m ic a  f l a k e s ;  s t r o n g  e f f e r v e s c e n t ;  
few  v e ry  f i n e  w h i te  (10YR 8 /2 )  a n d  l i g h t  g ra y  
(10YR 7 /2 )  l im e  f i l a m e n t s ;  a b r u p t  sm ooth  b o u n d a ry ,

A12 2 0 -2 6 "  (5 0 -6 5  cm ). L ig h t  b ro w n ish  g ra y  (10YR 6 /2 )
s i l t y  c l a y ,  d a rk  brow n (10YR 3 /3 )  m o is t ,  w i th  
few  medium f a i n t  d a rk  brow n (1 0 1 3  4 /3 )  m o t t l e s ; 
weak f i n e  s u b a n g u la r  a n d  w eak medium p l a t y  s t r u c - . 
t u r e ;  h a r d ,  f r i a b l e ,  s t i c k y ,  p l a s t i c ; common v e r y  
f i n e  r o o t s ;  common m ic ro  an d  v e r y  f i n e  t u b u l a r  
p o r e s ; l e s s  t h a n  1 p e r c e n t  g r a v e l ; common v e ry  
f i n e  m ica  f l a k e s ; s t r o n g l y  e f f e r v e s c e n t ;  many 
v e ry  f i n e  w h i te  (10YR 8 /2 )  l im e  f i l a m e n t s ,  
l i g h t  g r a y  (10YR 7 /2 )  m o is t ,  a b r u p t  wavy b o u n d a ry .
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c i

C2

C3

c4

C5

2 6 -3 6 "  (6 5 -9 0  c m ), Brovm (10YR 5 /3 )  h e a v y  s i l t  
lo am , d a rk  brovm  (1 0 YR 4 / 3 )  m o is t ;  m a s s iv e  
b r e a k in g  t o  w eak c o a r s e  s u b a n g u la r  b lo c k y  
s t r u c t u r e ; s l i g h t l y  h a r d ,  f r i a b l e ,  s l i g h t l y  
s t i c k y ,  p l a s t i c ;  common v e ry  f i n e  r o o t s ; common 
m ic ro  an d  v e r y  f i n e  t u b u l a r  p o r e s ; l e s s  th a n
1 p e r c e n t  g r a v e l ; common v e ry  f i n e  m ica  f l a k e s ; 
s t r o n g l y  e f f e r v e s c e n t ;  common v e ry  f i n e  w h ite  
(10YR 8 /2 )  l im e  f i l a m e n t s ,  l i g h t  g ra y  (10YR 7 /2 )  
m o is t ;  c l e a r  sm oo th  b o u n d a ry ,

3 6 -5 4 "  (9 0 -1 3 5  cm ). Brown (10YR 5/ 3 ) l i g h t  
sa n d y  c l a y  lo am , d a rk  y e l lo w is h  brovm  (10YB 4 /4 )  
m o is t ;  m a s s iv e ;  s l i g h t l y  h a rd  t o  h a r d ,  f r i a b l e ,  
s t i c k y ,  p l a s t i c ;  few  v e ry  f i n e  r o o t s 5 common 
m ic ro  an d  v e r y  f i n e  t u b u l a r  p o r e s ; 2 p e r c e n t  
g r a v e l ;  common v e ry  f i n e  m ica  f l a k e s ;  common 
v e ry  f i n e  w h i te  (10YH 8 /2 )  l im e  f i l a m e n t s ,  l i g h t  
g r a y  (10YB 7 /2 )  m o is t ;  c l e a r  sm oo th  b o u n d a ry .

5 4 -6 1 "  (1 3 5 -1 5 2  cm ). Y a le  brow n (10YE 6 / 3 ) 
s a n d y  lo am , d a rk  y e l lo w is h  brow n (10YR 4 /4 )  
m o i s t 5 m a s s iv e ;  s l i g h t l y  h a r d ,  v e r y  f r i a b l e ,  
s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ; few  v e ry  
f i n e  r o o t s ;  few  v e r y  f i n e  t u b u l a r  p o r e s ; 5 
p e r c e n t  g r a v e l ; common v e ry  f i n e  m ica  f l a k e s ;  
s t r o n g l y  e f f e r v e s c e n t ;  a b r u p t  sm oo th  b o u n d a ry .

6 1 -8 0 "  (1 5 2 -2 0 0  cm ). P a le  brow n (10YR 6 / 3 ) ' 
s a n d , d a rk  y e l lo w is h  brovm  (10YR 4 / 4 )  m o i s t ; 
s i n g l e  g r a i n ;  v e r y  f r i a b l e ;  n o n s t ic k y ;  n o n p l a s t i c ;
2 t o  5 p e r c e n t  g r a v e l ; common v e r y  f i n e  m ica  
f l a k e s ; s l i g h t l y  e f f e r v e s c e n t ,

8 0 -8 4 "  (2 0 0 -2 1 0  cm ). P a le  brow n (10YR 6 /3 )  
g r a v e l l y  s a n d ,  d a rk  y e l lo w is h  brow n (10YR 4 / 4 )  
m o is t ;  s i n g l e  g r a i n ;  l o o s e ,  n o n s t i c k y ,  n o n -  
p l a s t i c ;  common v e r y  f i n e  m ica  f l a k e s ; v e r y  
s l i g h t l y  e f f e r v e s c e n t .
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S o i l  ty p e :  G u e s t c l a y
D e s c r ib e d  By: H, L , R ic h a rd s o n , K. B a rb a r ! c k  (1 -1 3 -7 5 )
L o c a t io n :  1 2 0 0 ' s o u th  an d  660*  e a s t  o f  t h e  c o r n e r  o f

S ec  1 4 ,  T l 6 s ,  R l 6 s ,
V e g e ta t io n :  T o b o sa , s i d e o a t s  g ram a, w h i t e th o r n ,  v in e  m e s q u ite
P a r e n t  m a t e r i a l :  R e c e n t m ixed a l lu v iu m  o v e r  o ld  a l lu v iu m
P h y s io g ra p h y : B road  sw a le  on v a l l e y  p l a i n
S lo p e : < 1%
D ra in a g e : W ell
# c l a y  i n  c o n t r o l  s e c t i o n :  > 35%
P e r m e a b i l i ty :  S low

A1 0 -1 "  ( 0 - 3cm )— Brown (7.5Y R 5 /2 )  l i g h t  s i l t y
c l a y ,  d a rk  brow n ( 7 . 5YR 3 /2 )  m o is t ;  weak f i n e  
an d  medium p l a t y  s t r u c t u r e  b r e a k in g  t o  m o d e ra te  
f i n e  g r a n u l a r ; s l i g h t l y  h a r d ,  f r i a b l e , s t i c k y  
and  p l a s t i c ;  few  v e r y  f i n e  an d  f i n e  r o o t s ; many 
f i n e  i n t e r s t i t i a l  p o r e s ; s l i g h t l y  e f f e r v e s c e n t  
w i th  d i s s e m in a te d  l im e ;  m o d e ra te ly  a l k a l i n e  
(pH 8 ,0 ) ;  a b r u p t  sm oo th  b o u n d a ry .

Cl 1 -1 0 "  (3 -4 8  cm ). D ark brow n (7.5Y R 4 / 2 )  l i g h t
c l a y ,  d a rk  brow n ( 7 . 5%R 3 /2 )  m o is t  weak medium 
s u b a n g u la r  b lo c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  
s t i c k y  an d  p l a s t i c ;  many v e ry  f i n e ,  common f i n e  
an d  a  few  medium r o o t s ; common v e r y  f i n e  t u b u l a r  
p o r e s ; common medium s l i c k e n s i d e s  1 4 -1 9 " ;  s t r o n g l y  
e f f e r v e s c e n t  w i th  d is s e m in a te d  l im e ;  m o d e ra te ly  
a l k a l i n e  (pH 8 .0 ) ;  c l e a r  wavy b o u n d a ry ,

C2 1 9 -2 5 "  (4 8 -6 3  cm ). Brown (7/5Y R 5 /2 )  h e av y  c l a y
lo am , d a rk  brow n ( 5YR 3 /2 )  m o is t ;  weak f i n e  an d  
medium s u b a n g u la r  b lo c k y  s t r u c t u r e ; h a rd ,  f i r m ,  
s t i c k y  a n d  p l a s t i c ; common v e ry  f i n e  an d  a  few  
f i n e  r o o t s ; common v e r y  f i n e  an d  a  few f i n e  
t u b u l a r  p o r e s ; common s h o r t  s l i c k e n s i d e s ; s t r o n g l y  
e f f e r v e s c e n t  w i th  d i s s e m in a te d  l i m e ; m o d e ra te ly  
a l k a l i n e  (pH 8 .2 ) ;  c l e a r  wavy b o u n d a ry .

C3 2 5 -3 9 "  (6 3 -1 0 0  cm ). R e d d is h  brow n (5YR 4 /3 )
h e av y  c l a y  lo a m , d a rk  r e d d i s h  brow n ( 5YR 3 /3 )  
m o is t ;  m a s s iv e ;  v e r y  h a r d ,  f i r m ,  s t i c k y  an d  p l a s t i c ;  
common v e r y  f i n e  an d  a  few  f i n e  r o o t s ; few  v e ry  
f i n e  an d  f i n e  t u b u l a r  p o r e s ; common f i n e  f a i n t  
p i n k i s h  w h i te  ( 5YR 8 /2 )  l im e  v e i n s ;  s t r o n g l y  
e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e  (pH 8 .2 )  
g r a d u a l  wavy b o u n d a ry .



I IB 2 tc a b

I I B 3 tc a b

3 9 -^ 9 "  (1 0 0 -1 2 5  cm ), R e d d ish  brow n an d  y e l lo w is h  
r e d  (5YR 5 /4  & 5 /6 )  l i g h t  sa n d y  c l a y ,  d a rk  
r e d d i s h  brow n ( 5YR 3 /4 )  m o is t ;  weak medium a n g u la r  
b lo c k y  s t r u c t u r e ;  h a rd ,  f r i a b l e ,  s t i c k y  a n d  p l a s t i c ;  
common f i n e  a n d  v e r y  f i n e  r o o t s ; common v e r y  f i n e  
an d  a  few  f i n e  t u b u l a r  and  common f i n e  i n t e r ­
s t i t i a l  p o r e s ;  1 0 ^  f i n e  g r a v e l ;  common t h i n  c l a y  
f i lm s  on ped  f a c e s ,  b r id g in g  s a n d  g r a i n s ,  and  
l i n i n g  p o re s ;  many f i n e  d i s t i n c t  p in k i s h  w h ite  
(5YR 8 /2 )  l i n e  v e in s  a n d  p ed  c o a t in g s ;  v i o l e n t l y  
e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e  (pH 8 ,2 ) ;  
g r a d u a l  wavy b o u n d a ry ,

4-9-60" (1 2 5 -1 5 2  cm ). L ig h t  r e d d i s h  brow n 
(5YR 6 /4 )  g r a v e l l y  sa n d y  c l a y  lo am , r e d d i s h  
brow n ( 5YR 5 /4 )  m o is t ;  m a s s iv e ;  h a rd ,  f r i a b l e ,  
s l i g h t l y  s t i c k y  an d  s l i g h t l y  p l a s t i c ;  few  v e r y  
f i n e  r o o t s ;  many f i n e  an d  v e r y  f i n e  t u b u l a r  p o r e s ;  
25^  f i n e  g r a v e l ;  many f i n e  d i s t i n c t  p in k i s h  
w h i te  ( 5YR 8 /2 )  l im e  v e in s  a n d  g r a v e l  c o a t in g s ;  
v i o l e n t l y  e f f e r v e s c e n t ,  m o d e ra te ly  a l k a l i n e  
(pH 8 . 2 ) .
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S o i l  T ypet 
L o c a tio n !

T ubac g r a v e l l y  loam
Pima C o u n ty , A r iz o n a ,  4 0 0 ' S , 2400* E NV.T 
c o r n e r  Sec 5» T l r S , H I52 , 75* w e s t o f  r o a d  i n t o  
USC & GS M ag n e tic  O b s e rv a to ry ,

D e sc r ib e d  by : J , J a y ,  M, L , R ic h a rd s o n , D, N e t t l e t o n ,
R. B arm ore (1 2 -1 7 -7 4 )

V e g e ta t io n :  C r e o s o te b u s h ,  c h o l l a  ( ju m p in g ) c a c t u s , m e s q u ite
b u rro w e e d , b u sh  m uhly , a n n u a l  g r a s s e s ,  p a p e r  
d a i s y ,  a l f i l a r i a .

P a re n t  m a t e r i a l :  O ld  a l lu v iu m  from  ig n e o u s  (m a in ly
g r a n i t i c )  a n d  s e d im e n ta ry  r o c k s , 

T op o g rap h y : N e a r ly  l e v e l  to p s  o f  o ld  t e r r a c e .
S lo p e : < l)o
D ra in a g e : W ell d r a in e d ,
P e r m e a b i l i t y : . S low , m edium .

B 21t

B22t

0 -  1" (0 -3  cm ). Brown ( 7 . 5%R 5 /4 )  f i n e  g r a v e l l y  
lo am , d a rk  r e d d i s h  brow n (5YR 3 /4 )  m o i s t ; weak 
c o a r s e  p l a t y  s t r u c t u r e ;  s l i g h t l y  h a rd ,  v e ry  
f r i a b l e ,  s l i g h t l y  s t i c k y  an d  p l a s t i c ;  common 
v e r y  f i n e  r o o t s ; common f i n e  i n t e r s t i t i a l  p o r e s ;  
2$% f i n e  g r a v e l ;  m o d e ra te ly  a l k a l i n e  (pH 8 ,0 ) ;  
a b ru p t  sm oo th  b o u n d a ry .

1 -  4" (3 -9  cm ). D ark Brown ( 7 .5  YR 4 / 4 )  f i n e  
g r a v e l l y  lo am , d a rk  r e d d i s h  brow n ( 5YR 3 /3 )  m o is t ;  
w eak f i n e  a n d  medium s u b a n g u la r  b lo c k y  s t r u c t u r e ; 
many v e r y  f i n e  t u b u l a r  an d  a  few  f i n e  t u b u l a r  
p o r e s ; 20)c f i n e  g r a v e l ;  few  c l a y  b r id g e s  b e tw een  
s a n d  g r a i n s ;  n o n e f f e r v e s c e n t ; m i ld ly  a l k a l i n e
(pH 7 , 5 ) ;  a b r u p t  sm ooth  b o u n d a ry ,

4 -9 "  (9 -2 2  cm ). R e d d ish  brow n (5YR 4 / 3 )  f i n e  
g r a v e l l y  c l a y ,  d a rk  r e d d i s h  brow n (5YH 3 /3 )  
m o i s t ; m o d e ra te  f i n e  medium s u b a n g u la r  b lo c k y  
s t r u c t u r e ;  h a r d ,  f r i a b l e ,  v e ry  s t i c k y  an d  v e ry  
p l a s t i c ;  many v e r y  f i n e  r o o t s ; many v e r y  f i n e  
t u b u l a r  p o r e s ; 20$ f i n e  g r a v e l ;  many t h i n  c l a y  
f i lm s  b r i d g in g  s a n d  g r a i n s  an d  l i n i n g  p o r e s ; 
n o n e f f e r v e s c e n t ; m i ld ly  a l k a l i n e  (pH 7 , 5 ) ;  
c l e a r  wavy b o u n d a ry ,

9 -1 8 "  (2 2 -4 5  cm ). R e d d is h  brow n (5YR 4 / 4 )  c l a y ,  
d a rk  r e d d i s h  brow n ( 2 , 5YR 3 /4 )  m o i s t ; m o d e ra te  
medium p r i s m a t i c  s t r u c t u r e  p a r t i n g  t o  s t r o n g  
medium a n g u la r  b lo c k y ;  h a r d ,  f r i a b l e ,  s t i c k y  
an d  v e r y  p l a s t i c ;  many v e ry  f i n e  r o o t s ; a  few  
f i n e  an d  medium t u b u l a r  an d  common f i n e  i n t e r ­
s t i t i a l  p o r e s ; 10$  f i n e  g r a v e l ;  many p r e s s u r e  
f a c e s ;  s t r o n g l y  e f f e r v e s c e n t  w j t h \d i s s e m i n a t e d  
l i m e ; . m o d e r a te ‘a l k a l i n e  (pH 8 .0 ) ;  c l e a r  wavy 
b o u n d a ry ,
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B 23 tca  1 8 -2 5 "  (4 5 -6 3  cm ). R e d d is h  brow n (5YH 4 / 4 )  
f i n e  g r a v e l l y  c l a y ,  r e d d i s h  brow n (5YH 4 / 4 )  
m o is t ;  weak medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  
h a rd ;  f r i a b l e ,  s t i c k y  a n d  v e ry  p l a s t i c ;  common 
v e r y  f i n e  r o o t s ;  common f i n e  a n d  v e ry  f i n e  t u b u l a r  
an d  common f i n e  an d  v e r y  f i n e  i n t e r s t i t i a l  p o r e s ;  
1 5 #  f i n e  g r a v e l ;  many m o d e ra te ly  t h i c k  c l a y  
f i lm s  c o a t in g  g r a v e l  an d  l i n i n g  p o r e s ;  common 
p r e s s u r e  f a c e s ; common f i n e  an d  medium p in k  
(5YR 7 / 3 )  s o f t  l im e  m a sse s ; s t r o n g l y  an d  v i o ­
l e n t l y  e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e  (pH 
8 .0 )  g r a d u a l  wavy b o u n d a ry „

B31ca 2 5 -3 9 "  (6 3 -1 0 0  cm ). R e d d ish  brow n (5YH 5 /3 )
f i n e  g r a v e l l y  c l a y  lo am , r e d d i s h  brow n (5YR 4 /4 )  
m o is t ,  m a s s iv e ;  h a rd ,  f r i a b l e ,  s t i c k y  and  p l a s t i c ;  
common v e ry  f i n e  r o o t s ;  a  few  f i n e  and  m edium , 
t u b u l a r  p o r e s ;  20#  f i n e  g r a v e l ;  common t h i n  c l a y  
f i lm s  b r i d g in g  s a n d  g r a i n s  an d  l i n i n g  p o r e s ;  
few  f i n e  an d  medium p i n k i s h  w h i te  ( 5YR 8 /2 )  
s o f t  l im e  m a s se s ;  many f i n e  an d  medium p in g  
(5YR 8 /3 )  l im e  m a sse s ; v i o l e n t l y  e f f e r v e s c e n t ;  
m o d e ra te ly  a l k a l i n e  (pH 8 .0 ) ;  g r a d u a l  wavy 
b o u n d a ry .

B2ca 3 9 -5 2 "  (100  -  132 cm ). L ig h t  r e d d i s h  brow n
(5YR 6 / 4 )  f i n e  g r a v e l l y  c l a y  lo am , r e d d i s h  
brow n ( 5YR 4 / 4 )  m o is t ;  m a s s iv e ;  v e r y  h a r d ,  v e ry  
f r i a b l e ,  s t i c k y  a n d  p l a s t i c ; few  v e ry  f i n e  r o o t s ;  
many v e r y  f i n e  an d  common f i n e  t u b u l a r  p o r e s ;
20#  f i n e  g r a v e l ;  common t h i n  c l a y  f i lm s  b r id g in g  
s a n d  g r a i n s  a n d  l i n i n g  p o r e s ;  few  f i n e  a n d  
medium p i n k i s h  w h ite  ( 5YR 8 /2 )  s o f t  l im e  m a sse s ; 
v i o l e n t l y  e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e  
(pH 8 .0 ) ;  g r a d u a l  wavy b o u n d a ry .

Cl 5 2 -6 3 "  (1 3 2 -1 6 5  cm ). P in k i s h  g r a y  (5YR 7 /2 )
lo am , r e d d i s h  brow n ( 5YR 5 /3 )  m o is t ;  m a s s iv e ;  
h a r d ,  f i r m ,  s t i c k y  an d  s l i g h t l y  p l a s t i c ;  many 
v e r y  f i n e  a n d  common f i n e  t u b u l a r  p o r e s ;  s t r o n g l y  
e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e  (pH 8 . 0 ) .
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S o i l  T ype: P a lo s  V e rd e s  g r a v e l l y  san d y  loam
L o c a t io n :  Pim a C o u n ty , A r iz o n a , 500* w e s t an d  400* so u th

o f  t h e  NE c o r n e r  Sec 3 4 , T 13S, R13E, 3 5 0 ' 
w e s t o f  S t .  Marks C h u rc h ,

D e s c r ip t io n  by : J ,  J a y ,  H, R ic h a rd s o n , R. B arm ore (1 2 -1 6 -7 4 )
V e g e ta t io n :  P a lo  V e rd e , b u r s a g e , c r e o s o te b u s h ,  b u sh  m uh ly ,

b a r r e l  an d  p r i c k l y  p e a r  c a c t i ,  a n n u a l  n e e d le  
g ram a .

P a r e n t  m a t e r i a l : O ld  a l lu v iu m  from  g n e i s s  an d  o t h e r  m ixed
r o c k s .

T o p o g rap h y : N e a r ly  l e v e l  t o  u n d u la t i n g  s h a l lo w ly  d i s s e c t e d
o l d  f a n s

S lo p e :  2 p e r c e n t
D ra in a g e : w e l l  d r a in e d
P e r m e a b i l i ty :  m o d e ra te ly  s lo w  t o  pan  w h ic h  i s  v e r y  s lo w
R em arks: T h is  pedon  i s  f a i r l y  m o d a l. The pan  may be m ore

o r  l e s s  c e m e n te d  and  t h i c k e r  o r  t h i n n e r ,

A1 0 -1 "  (0 -3  cm ). Brown ( 7 . 5YR 5 /4 )  g r a v e l l y  sa n d y
lo am , d a rk  brow n ( 7 . 5%R 4 / 4 )  m o is t ;  w eak medium 
p l a t y  s t r u c t u r e ;  s l i g h t l y  h a r d ,  v e r y  f r i a b l e ,  
n o n s t ic k y  an d  n o n p l a s t i c ;  a  few  f i n e  r o o t s ; many 
f i n e  i n t e r s t i t i a l  p o r e s ; 30#  f i n e  g r a v e l ;  n o n - 
e f f e r v e s c e n t ; n e u t r a l  (pH 7 ,0 ) ;  a b r u p t  sm oo th  
b o u n d a ry ,

B1 1 -3 "  (3 -8  cm ). Brown ( 7 .5  YR 5 /4 )  g r a v e l l y
h e av y  sa n d y  lo am , d a rk  brow n (7.5Y R  4 / 4 )  m o is t ;  
weak c o a r s e  p l a t y  s t r u c t u r e  p a r t i n g  t o  w eak 
medium an d  f i n e  s u b a n g u la r  b lo c k y ;  s l i g h t l y  
h a r d ,  v e r y  f r i a b l e ,  s l i g h t l y  s t i c k y  a n d  s l i g h t l y  
p l a s t i c ;  common f i n e  an d  v e ry  f i n e  r o o t s ; common 
f i n e  i n t e r s t i t i a l  p o r e s ; 20# f i n e  g r a v e l ;  few  
t h i n  c l a y  f i lm s  a s  b r id g e s  an d  l i n i n g  p o r e s ; 
n o n e f f e r v e s c e n t ;  a b r u p t  wavy b o u n d a ry ; m i ld ly  
a l k a l i n e  (pH 7 . 5 ) .

B 21t 3 -8 "  (8 -2 0  cm ). R e d d ish  brow n (5YR 4 / 4 )  g r a v e l l y
h e a v y  sa n d y  c l a y  lo am , d a rk  r e d d i s h  brow n ( 5YR 3 /4 )  
m o is t ;  weak medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  
h a r d ,  f r i a b l e ,  s t i c k y  a n d  p l a s t i c ;  many v e r y  
f i n e  an d  f i n e  an d  a  few  medium r o o t s ; common 
f i n e  an d  medium t u b u l a r  a n d  many f i n e  i n t e r s t i t i a l  
p o r e s ;  30#  f i n e  g r a v e l ; common t h i n  c l a y  f i lm s  
on ped  f a c e s  an d  i n  p o r e s ; n o n e f f e r v e s c e n t ;  
m i ld ly  a l k a l i n e  (pH 7 . 5 ) i c l e a r  wavy b o u n d a ry ,
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B 22t

B 3 s ic a

C ls ic a m

C 2 s ic a

8 -1 5 "  (2 0 -3 8  cm ). R e d d ish  brow n ( 5YR 4 / 4 )  
g r a v e l l y  l i g h t  sa n d y  c l a y ,  d a rk  r e d d i s h  brow n 
( 5YR 3 /4 )  m o is t ;  m o d e ra te  medium s u b a n g u la r  
b lo c k y  s t r u c t u r e ;  h a rd ,  f r i a b l e ,  s t i c k y  a n d  
p l a s t i c ;  many v e ry  f i n e  an d  a  few  medium a n d  
f i n e  r o o t s ; few  f i n e  an d  medium t u b u l a r  a n d  
common f i n e  i n t e r s t i t i a l  p o re s  $ 30 ;t f in e  g r a v e l ;  
many t h i n  c l a y  f i lm s  on  ped  f a c e s  an d  few  m oder­
a t e l y  t h i c k  c l a y  f i lm s  i n  p o r e s ;  n o n e f f e r v e s c e n t ; 
m i ld ly  a l k a l i n e  (pH 7 . 5 ) ;  c l e a r  wavy b o u n d a ry ,

1 5 -1 9 "  (3 8 -4 8  cm ). Y e llo w is h  r e d  an d  r e d d i s h  
brow n (5YR 5 /6  7 4 /4 )  g r a v e l l y  sa n d y  lo am , 
y e l lo w is h  r e d  a n d  r e d d i s h  brow n ( 5YR 4 /6  & 4 /3 )  
m o is t ;  m o d e ra te  c o a r s e  p l a t y  s t r u c t u r e ;  v e r y  
h a r d ,  f i r m ,  s l i g h t l y  s t i c k y  a n d  s l i g h t l y  p l a s ­
t i c ;  many v e r y  f i n e  r o o t s  b e tw e e n  p l a t e s  an d  a  
few  v e r y  f i n e  an d  f i n e  r o o t s  i n  p e d s ; many v e r y  
f i n e  t u b u l a r  a n d  common v e r y  f i n e  i n t e r s t i t i a l  
p o r e s ; 30$  g r a v e l ;  common t h i n  c l a y  f i lm s  c o a t in g  
a n d  b r i d g in g  g r a v e l ;  many medium d i s t i n c t  l im e  
m o t t l e s  t h a t  a r e  p in k i s h  w h i te  (5YR 8 /2 )  d ry . 
a n d  l i g h t  r e d d i s h  brow n ( 5YR 6 /4 )  m o is t ;  v i o l e n t l y  
e f f e r v e s c e n t ; m i ld ly  a l k a l i n e  (pH 8 ,2 ) ;  a b r u p t  
wavy b o u n d a ry ,

1 9 -3 8 "  (4 8 -9 7  cm ). P in k i s h  w h i te  an d  p in k  
(7.5Y R  8 /2  & 8 /4 )  s t r o n g l y  c em en ted  d u r ip a n ,  
l i g h t  brow n (7.5Y R  6 /4 )  m o is t ;  weak c o a r s e  p l a t y  
s t r u c t u r e ;  v e r y  h a rd  an d  s t r o n g l y  c e m e n te d , 
v e r y  f i r m ,  n o n s t i c k y  an d  n o n p l a s t i c ;  many v e ry  
f i n e  r o o t s  b e tw ee n  p l a t e s  an d  a  few  f i n e  an d  
v e r y  f i n e  r o o t s  i n  m a t r ix ;  common v e ry  f i n e  a n d  
a  few  medium a n d  c o a r s e  t u b u l a r  p o re s  a n d  ex p ed  
( i n t e r p l a t e )  p o r e s ; v i o l e n t l y  e f f e r v e s c e n t ;  
m o d e ra te ly  a l k a l i n e  (pH 8 ,2 ) ;  c l e a r  wavy b o u n d a ry ,

3 8 -6 4 "  (9 7 -1 6 3  cm ). P in k i s h  w h i te  an d  p in k  
(7.5Y R  8 / 2  & 8 /4 )  g r a v e l l y  loam y c o a r s e  s a n d ,  
l i g h t  b row n (7.5Y R  6 /4 )  m o is t ;  m a s s iv e ;  v e r y  
h a rd  a n d  w e a k ly  t o  s t r o n g l y  c em en ted  by  s i l i c a ;  
v e r y  f i r m ,  n o n s t i c k y  an d  n o n p l a s t i c ;  few  v e ry  
f i n e  an d  f i n e  r o o t s ;  common f i n e  an d  v e r y  f i n e  
i n t e r s t i t i a l  a n d  t u b u l a r  p o re s  a n d  a  few  c o a r s e  
t u b u l a r  p o r e s ; v i o l e n t l y  e f f e r v e s c e n t , m o d e ra te ly  
a l k a l i n e  (pH 8 , 2 ) .
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S o i l  ty p e i  Mohave sa n d y  loam
D e sc r ib e d  by i M. L , R ic h a rd s o n , Ken B a r b a r ic k  (1 -1 3 -7 5 )  
L o c a t io n ;  5 0 0 ' e a s t  an d  1 0 0 0 ' s o u th  o f  t h e  NW c o r n e r  

s e c  1 4 . , T16S., R l6 S .
V e g e ta t io n ;  C h o l la ,  m e s q u i te ,  w h i t e th o r n ,  3 awn 
P a re n t  m a t e r i a l ;  O ld  m ixed  a l lu v iu m  
P h y s io g ra p h y ; V a l le y  p l a i n — u p la n d  
S lo p e ; 1/3
D ra in a g e ; w e l l
% C la y  i n  c o n t r o l  s e c t i o n ;  + 30^
P e r m e a b i l i ty ;  M o d e ra te ly  s lo w
R em arks; T h is  pedon  d i f f e r s  from  m odal Mohave i n  t h a t  t h e  

u p p e r  15  in c h e s  a p o e a rs  to  be a  s h a l lo w  s o i l  
t h a t  h a s  fo rm ed  o v e r  a n  o ld e r  m o h a v e - l ik e  p ed o n .

A ll

B2t

0 -  1" (0 -3  c m ). Brown ( 7 . 5%R 5 /2 )  sa n d y  lo am , 
d a rk  r e d d i s h  brow n ( 5YR 3 /3 )  m o is t ;  weak p l a t y  
s t r u c t u r e  p a r t i n g  t o  weak f i n e  g r a n u l a r ; s l i g h t l y  
h a r d ,  v e r y  f r i a b l e ,  s l i g h t l y  s t i c k y  a n d  s l i g h t l y  
p l a s t i c ; many v e ry  f i n e  an d  a  few  f i n e  r o o t s ;  
many f i n e  i n t e r s t i t i a l  p o r e s ; 10% f i n e  g r a v e l ; 
n o n e f f e r v e s c e n t , m i ld ly  a l k a l i n e  (pH 7 , 5 ) ;  
a b r u p t  sm oo th  b o u n d a ry ,

1 -  10" ( 3 .2 5  cm ). R e d d ish  brow n (5%R 4 / 3 )  c l a y  
lo am , d a rk  r e d d i s h  brow n ( 5%E 3 /3 )  m o i s t ; weak 
medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  h a r d ,  f r i a b l e ,  
s t i c k y  a n d  p l a s t i c ;  many v e ry  f i n e  a n d  a  few f i n e  
r o o t s ; common v e r y  f i n e  an d  f i n e  an d  a  few  
medium t u b u l a r  p o r e s ;  5/° g r a v e l ; few  t h i n  c l a y  
f i lm s  b r i d g in g  an d  l i n i n g  p o r e s ; n o n e f f e r v e s c e n t , 
m i ld ly  a l k a l i n e  (pH 7 . 5 ) ;  a b r u p t  sm oo th  b o u n d a ry ,

1 0 -1 5 "  (2 5 -3 8  cm ). R e d d ish  brow n (5YR 4 / 3 )  
g r a v e l l y  l i g h t  sa n d y  c l a y  lo am , d a rk  r e d d i s h  
brow n (5TR 3 /3 )  m o is t ;  m a s s iv e ;  s l i g h t l y  h a r d ,  
f r i a b l e ,  s t i c k y  an d  s l i g h t l y  p l a s t i c ;  many v e r y  
f i n e  an d  a  few  f i n e  r o o t s ; many f i n e  i n t e r s t i t i a l  
p o r e s ; 4 0 $  f i n e  an d  medium g r a v e l ;  few  t h i n  
c l a y  f i lm s  b r id g in g  s a n d  g r a i n s  a n d  l i n i n g  p o r e s ; 
s t r o n g l y  e f f e r v e s c e n t  w i th  d i s s e m in a te d  l im e ;  
m o d e ra te ly  a l k a l i n e  (pH 3 , 0 ) ;  c l e a r  wavy b o u n d a ry .
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I I B ' l t c a b  1 5 -2 6 "  (3 8 -6 6 c m ). R e d d is h  brow n (5YR 4 / 3 )
c l a y  lo am , d a rk  r e d d i s h  brovm  ( 5YR 3/ 3 ) m o is t ;  
weak medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  s l i g h t l y  
h a r d ,  f r i a b l e ,  s t i c k y  an d  p l a s t i c ;  common v e r y  
f i n e  an d  a  few  f i n e  r o o t s ;  many v e ry  f i n e  a n d  a  
few  f i n e  t u b u l a r  p o r e s ; 5/® f i n e  g r a v e l ;  few  
t h i n  c l a y  f i lm s  b r id g in g  sa n d  g r a i n s  and  l i n i n g  
p o r e s ; many f i n e  d i s t i n c t  p i n k i s h  w h i te  ( 5YH 8 /2 )  
l im e  m y c e lia ;  s t r o n g l y  e f f e r v e s c e n t , m o d e ra te ly  
a l k a l i n e  (pH 8 , 2 ) ,  g r a d u a l  wavy b o u n d a ry ,

I I B * 2 1 tc a b .2 6 r 3 4 " ( 3 8 -8 6  cm) .  R e d d ish  brow n (5YR 5 /4 )  c l a y  
lo am , d a rk  r e d d i s h  brow n ( 5%B 3 /4 )  m o is t ;  weak 
medium f i n e  an d  medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  
s l i g h t l y  h a r d ,  f r i a b l e , s t i c k y  an d  p l a s t i c ; 
few  f i n e  an d  v e ry  f i n e  r o o t s ; many v e r y  f i n e  an d  
a  few  f i n e  t u b u l a r  p o r e s ; 10%  f i n e  g r a v e l ; common 
t h i n  c l a y  f i lm s  b r id g in g  s a n d  g r a i n s  an d  l i n i n g  
p o r e s ; many f i n e  d i s t i n c t  p i n k i s h  w h i te  ( 5YR 8/ 2 ) 
l im e  v e in s ;  s t r o n g l y  e f f e r v e s c e n t ;  m o d e ra te ly  
a l k a l i n e  (pH 8 , 2 )  c l e a r  wavy b o u n d a ry ,

I I B '2 2 t c a b  3 4 -4 6 "  (8 6 -1 1 ?  cm) .  R e d d ish  brow n (5YR 5 /4 )  
h e av y  c l a y  lo am , r e d d i s h  brow n ( 5YR 4 / 4 )  m o is t ;  
weak medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  s l i g h t l y  
h a rd ,  f r i a b l e ,  s t i c k y  a n d  p l a s t i c ;  few  f i n e  an d  
v e r y  f i n e  r o o t s ; many v e ry  f i n e  a n d  a  few  f i n e  
t u b u l a r  p o r e s ; 10'% f i n e  g r a v e l ; common t h i n  
c l a y  f i lm s  b r id g in g  s a n d  g r a i n s  an d  l i n i n g  p o r e s ; 
many f i n e  d i s t i n c t  p i n k i s h  w h i te  ( 5YR 8 /2 )  l im e  
v e in s ;  s t r o n g l y  e f f e r v e s c e n t ,  m o d e ra te ly  a l k a l i n e  
(pH 8 , 2 ) ;  c l e a r  wavy b o u n d a ry ,

I IB « 3 tc a b  4 6 -6 0 "  (1 1 7 -1 5 2  cm) .  L ig h t  r e d d i s h  brow n (5YR 6 /4 )  
l i g h t  c l a y  lo am , r e d d i s h  brow n ( 5YB 4 / 4 )  m o is t ;  
m a s s iv e ;  s l i g h t l y  h a rd ,  f r i a b l e ,  s l i g h t l y  s t i c k y  
a n d  p l a s t i c  5 few  v e r y  f i n e  r o o t s ; jn an y  v e r y  f i n e  
an d  common f i n e  t u b u l a r  p o r e s ; 10% f i n e  g r a v e l ;  
many medium d i s t i n c t  s o f t  an d  a  few  h a rd  l im e  
m asses t h a t  a r e  p in k i s h  w h i te  ( 5YR 8 /2 )  d r y  a n d  
p in k  ( 5YR 7 /3 )  m o is t ;  v i o l e n t l y  e f f e r v e s c e n t ;  
m o d e ra te ly  a l k a l i n e  (pH 8 , 2 ) ;  c l e a r  wavy b o u n d a ry ,

I I G lc a b  6 0 -6 6 "  (1 5 2 -1 6 8  cm) .  L ig h t  r e d d i s h  brow n a n d  p in k  
( 5YR 6 /4  & 7 /4 )  g r a v e l l y  sa n d y  lo am , r e d d i s h  
brow n an d  l i g h t  r e d d i s h  brow n ( 5YR 5 /4  6  6 /4 )  
m o is t ;  m a s s iv e ;  s l i g h t l y  h a r d ,  v e ry  f r i a b l e ,  
s l i g h t l y  s t i c k y  and  s l i g h t l y  p l a s t i c ;  many f i n e  
i n t e r s t i t i a l  p o re s  5 25% f i n e  g r a v e l ;  s t r o n g l y  
e f f e r v e s c e n t  ^ i t ^  d i s s e m in a te d  l im e ;  m o d e ra te ly
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S o i l  ty p e ;  G i la  v e r y  f i n e  sa n d y  loam
D e s c r ib e d  By; M. L . R ic h a rd s o n  & Ken B a r b a r ic k  (1 -1 4 -7 5 )  
L o c a t io n ;  SE^ Sec 1 9 , T 13S, R l4E , 500 ' w e s t a n d  7 0 0 ' 

n o r t h  o f  SE c o r n e r ,  on t h e  U o f  A C am pbell 
A ve, E x p e r im e n ta l  Farm ,

V e g e ta t io n ;  C u l t i v a t e d — f a l lo w  
P a r e n t  m a t e r i a l ;  M ixed r e c e n t  a l lu v iu m  
P h y s io g ra p h y ; N e a r ly  l e v e l  f l o o d p l a i n  
S lo p e ;  < ifo  
D ra in a g e ; W ell
% C la y  i n  c o n t r o l  s e c t i o n ;  < 1 8 ^
P e r m e a b i l i ty ;  M o d e ra te
R em ark s; T he c o n t r o l  s e c t i o n  o f  t h i s  ped o n  c o n ta in s  m ore 

f i n e  s a n d  t h a n  i s  m odal f o r  t h e  G i l a  s e r i e s .
T he c o n t r o l  s e c t i o n  f o r  G i l a  i s  medium t e x t u r e d .  
T he c o n t r o l  s e c t i o n  o f  A n thony  i s  m o d e ra te ly  
c o a r s e  t e x t u r e d .

Ap 0 -1 0 "  (0 -2 5  c m ), P a le  brow n (10YR 6 /3 )  v e r y
f i n e  sa n d y  lo am , d a rk  brow n (10YR 3 /3 )  m o is t ;  
m a s s iv e ;  s l i g h t l y  h a rd ,  v e ry  f r i a b l e ,  s l i g h t l y  
s t i c k y  an d  s l i g h t l y  p l a s t i c ;  common v e ry  f i n e  
a n d  a  few  medium r o o t s ; many v e r y  f i n e  i n t e r ­
s t i t i a l  , common v e ry  f i n e  a n d  a  few  f i n e  t u b u l a r  
p o r e s ;  s t r o n g l y  e f f e r v e s c e n t  w i th  d i s s e m in a te d  
l im e ;  m o d e r a te ly  a l k a l i n e  (pH 8 ,0 ) ;  c l e a r  wavy 
b o u n d a ry .

C l 1 0 -3 3 "  (2 5 -8 4  cm ). P a le  brow n (10YR 6 /3 )  v e ry
f i n e  sa n d y  lo am , d a rk  brow n (10YR 4 / 3 )  m o is t ;  
m a s s iv e ,  s l i g h t l y  h a rd ,  v e r y  f r i a b l e ,  s l i g h t l y  
s t i c k y  an d  s l i g h t l y  p l a s t i c ;  many v e r y  f i n e ,  
common f i n e  a n d  a  few  medium r o o t s ; many v e r y  
f i n e ,  common f i n e  an d  a  few  medium t u b u l a r  
p o r e s ; s t r o n g l y  e f f e r v e s c e n t  w i th  d i s s e m in a te d  
l im e ;  g r a d u a l  wavy b o u n d a ry ,

C2 3 3 -5 1 "  (4 8 -1 3 0  cm ). L ig h t  y e l lo w is h  brow n (10YR
6 /4 )  f i n e  sa n d y  loam  w i th  t h i n  v e ry  f i n e  s a n d y  
loam  s t r a t a ,  d a rk  y e l lo w is h  brow n (10YR 4 /4 )  
m o is t ;  m a s s iv e ;  s l i g h t l y  h a r d ,  v e r y  f r i a b l e ,  
n o n s t i c k y  a n d  n o n p l a s t i c ;  common v e ry  f i n e  a n d  
f i n e  r o o t s ;  many v e r y  f i n e  a n d  common f i n e  
t u b u l a r  p o r e s ; s t r o n g l y  e f f e r v e s c e n t  w i th  d i s ­
s e m in a te d  l im e ;  c l e a r  wavy b o u n d a ry .
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C3 5 1 -6 0 "  (1 3 0 -1 5 0  cm ). L ig h t  y e l lo w is h  brow n
( 1 0 YR 6 /4 )  loam y sa n d ; d a rk  y e l lo w is h  brow n 
10Y3 4 / 4 )  m o is t ;  m a s s iv e ;  s l i g h t l y  h a rd ,  v e ry  
f r i a b l e ,  n o n s t i c k y  an d  n o n p l a s t i c ;  few  v e ry  
f i n e  a n d  f i n e  r o o t s ; many v e ry  f i n e  i n t e r s t i t i a l  
an d  common v e r y  f i n e  an d  f i n e  t u b u l a r  p o r e s ; 
s t r o n g l y  e f f e r v e s c e n t  w i th  d i s s e m in a te d  l im e .
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S o i l  ty p e ;  P a lo s  V e rd e s  g r a v e l l y  sa n d y  lo a n
D e sc r ib e d  by ; M, L , R ic h a rd s o n  a n d  Ken B a r b a r ic k  ( 8 - 5 - 7 ^ )
L o c a t io n ;  500* s o u th  o f  Anklam Rd, , j>0' w e s t o f  d i r t

r o a d  o r  a b o u t  1 8 0 0 1 E an d  1800* N o f  SW c o rn e r  
o f  S e c . 10 T 14S, R13E.

V e g e ta t io n ;  B u r s a g e , c r e o s o te b u s h ,  w h i t e th o r n ,  b u sh
m uhly , s p ik e  d ro p s e e d ,  p a lo  v e r d e ,  c a tc l a w ,  
s a g u a r o ,  c h o l l a  an d  p r i c k l y  p e a r ,  C h r is tm a s  c a c t i ,  

P a r e n t  m a t e r i a l ;  O ld  a l lu v iu m  from  i g n i m b r i t e ,  b a s a l t ,
g r a n o d i o r i t e ,  a n d  v o l c a n ic  a s h  a n d  t u f f .  

P h y s io g ra p h y ; U n d u la t in g  o ld  a l l u v i a l  f a n  
S lo p e ;  3X 
D ra in a g e ; W ell
S u r f a c e  c o a r s e  f r a g m e n ts ; 50$  g r a v e l ,  5$  c o b b le
P e r m e a b i l i ty ;  M o d e ra te
R em arks; D ep th  w i t h i n  t h e  p e r c ,  t e s t  a r e a  t o  t h e  C ic a s i

h o r iz o n  r a n g e s  from  18 t o  24 i n c h e s .  P a lo s  V erd es 
s o i l s  n o rm a l ly  have  t h i s  h o r iz o n  a t  20 i n c h e s .
G ra v e l  c o n te n t  i n  t h e  c o n t r o l  s e c t i o n  i s  on
t h e  h ig h  end  o f  t h e  r a n g e  f o r  t h e  s e r i e s  ( 1 5 - 35^ ) .

A1 0 -1 "  (0 -3  cm ). Brown ( 7 .5  YR 5 /4 )  g r a v e l l y
sa n d y  lo am , d a rk  brow n (7.5Y R 4 /4 )  m o is t ;  weak 
medium a n d  f i n e  p l a t y  s t r u c t u r e  b r e a k in g  t o  f i n e  
g r a n u l a r ; s l i g h t l y  h a r d ,  v e ry  f r i a b l e ,  n o n s t i c k y  
a n d  n o n p l a s t i c ;  common v e ry  f i n e  r o o t s ;  common 
f i n e  a n d  v e r y  f i n e  an d  a  few  medium t u b u l a r  
p o r e s ;  3 5 $  g r a v e l  by  vo lum e; m o d e ra te ly  a l k a l i n e ;  
a b r u p t  sm oo th  b o u n d a ry ,

B 21t 1 -1 7 "  (3 -4 3  cm ). R e d d ish  brow n (5YR 5 /4 )
g r a v e l l y  h e a v y  sa n d y  c l a y  lo am , r e d d i s h  brow n 
(5YR 4 / 4 )  m o is t ;  weak medium s u b a n g u la r  b lo c k y  
s t r u c t u r e ;  h a r d ,  f r i a b l e ,  s t i c k y  a n d  p l a s t i c ;  
many v e r y  f i n e  an d  common f i n e  r o o t s ;  common 
f i n e  ex p ed  p o r e s ; few  f i n e  a n d  v e r y  f i n e  t u b u l a r  
p o r e s ; common m o d e ra te ly  t h i c k  c l a y  f i lm  b r id g in g  
a n d  c o a t in g  g r a v e l ; 3 5 $  g r a v e l  b y  v o lu m e ; m o d e ra te ly  
a l k a l i n e ;  c l e a r  wavy b o u n d a ry ,

B 2 2 tca  1 7 -2 1 "  (4 3 -5 3  cm ). R e d d ish  brow n (5YR 5 /4 )
g r a v e l l y  sa n d y  c l a y  lo am , r e d d i s h  brow n ( 5YR 4 / 4 )  
m o is t ;  w eak medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  
h a r d ,  f r i a b l e ,  s t i c k y  a n d  p l a s t i c ;  many v e r y  
f i n e  an d  common f i n e  r o o t s ;  common f i n e  ex p ed  
a n d  a  few  f i n e  an d  v e r y  f i n e  t u b u l a r  p o r e s ; common 
m o d e ra te ly  t h i c k  c l a y  f i lm s  b r i d g in g  an d  c o a t in g  
g r a v e l ;  30$  g r a v e l  by  vo lum e; s l i g h t l y  t o  s t r o n g l y  
e f f e r v e s c e n t  i n  s p o t s * ;  a b r u p t  wavy b o u n d a ry ,

*0 n b o tto m  o f  g r a v e l
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C lc a s i  2 1 -3 3 "*  (5 3 -8 4  cm ). P in k  (? ,5Y R  8 /4 )  c em en ted  
pan  t h a t  "breaks w i th  d i f f i c u l t y  t o  g r a v e l l y  
loam  s a n d , p in k  ( 7 . 5YH 7 /4 )  m o is t ;  weak c o a r s e  
p l a t y  o r  m a s s iv e ;  s t r o n g l y  c e m e n te d , v e ry  f i r m ,  
n o n s t i c k y  a n d  n o n p l a s t i c ;  few  f i n e  a n d  v e r y  f i n e  
r o o t s ; many v e r y  f i n e  an d  f i n e  t u b u l a r  p o r e s ;
25$  g r a v e l  by vo lum e; v i o l e n t l y  e f f e r v e s c e n t ;  
few  f i n e  d i s t i n c t  c o a t in g s  o f  r e d d i s h  y e llo w  
(7.5Y R 6/ 6 ) t h a t  a r e  s t r o n g  brow n (7.5YH 5 /6 )  
m o is t  on p l a t e  f a c e s  an d  common w h i te  (N8/ )  
l im e  seam s a n d  c o a t i n g s ,  v i o l e n t l y  e f f e r v e s c e n t ,  

, m o d e ra te ly  a l k a l i n e .

*Pan c o n t in u e s  be low  t h i s  d e p th
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S o i l  ty p e i  G rabe  loam
D e s c r ib e d  b y : H, L , R ic h a rd s o n  (1 -2 1 -6 9 )
L o c a t io n :  P l a n t  M a te r i a l s  C e n te r ,  F i e l d  ^ 1 0 , p l o t  # 3 .

25  f e e t  e a s t  o f  w e s t end  an d  10  f e e t  from  
s o u th  edge o f  b o r d e r , T u c so n , Pim a C o u n ty , A z, 

V e g e ta t io n :  C u l t i v a t e d  g r a s s e s
P a r e n t  m a t e r i a l :  M ixed r e c e n t  a l lu v iu m
P h y s io g ra p h y : F lo o d  p ^ a in  o f  S a n ta  C ruz  R iv e r
S lo p e :  ,2  p e r c e n t  1
D ra in a g e : W ell
P e r m e a b i l i ty :  m o d e ra te

Apl 0 -2 "  (0 - 5  cm ). G ra y is h -b ro w n  (10YR 5 /2 )  lo am ,
v e r y  d a rk  g ra y is h -b ro w n  (10YR 3 /2 )  m o is t ;  
m a s s iv e ;  s l i g h t l y  h a rd ,  f r i a b l e ,  s l i g h t l y  s t i c k y  
a n d  s l i g h t l y  p l a s t i c ;  common f i n e  and  v e r y  f i n e  
r o o t s ; common f i n e  an d  medium d i s c o n t in u o u s  
v e s i c u l a r  p o re s  m a in ly  i n  s u r f a c e  in c h ,  common 
v e r y  f i n e  t u b u l a r  p o r e s ; s t r o n g l y  e f f e r v e s c e n t ; 
m o d e ra te ly  a l k a l i n e  (pH 8 ,0 ) ;  c l e a r  wavy b o u n d a ry ,

Ap2 2 -1 0 "  (5 -2 5  cm ). G ra y is h -b ro w n  (10YR 5 /2 )  lo am ,
d a rk  brow n (10YR 3 /3 )  m o is t ;  few  f i n e  d i s t i n c t  
w h i te  (10YR 8/  ) l im e  f i l a m e n t s , l i g h t  g r a y  
(10YR 7 /2 )  m o is t ;  m a s s iv e  b r e a k in g  t o  m o d e ra te  
f i n e  g r a n u l a r  s t r u c t u r e ;  s l i g h t l y  h a r d ,  f r i a b l e ,  
s l i g h t l y  s t i c k y  a n d  s l i g h t l y  p l a s t i c ;  many f i n e  
a n d  v e r y  f i n e  r o o t s ;  many f i n e  a n d  v e r y  f i n e  
t u b u l a r  p o r e s ; s t r o n g l y  e f f e r v e s c e n t ; m o d e ra te ly  
a l k a l i n e  (pH 8 ,0 ) ;  c l e a r  wavy b o u n d a ry ,

C l 1 0 -3 0 "  (2 5 -7 5  cm ). Brown (10YR 5 /3 )  lo a m , d a rk
brow n (10YR 3 /3 )  m o is t ;  few  f i n e  d i s t i n c t  w h i te  
(10YR 8/ )  l im e  f i l a m e n t s ,  l i g h t  g ra y  (10YR 7 /2 )  
m o is t ;  m a s s iv e ;  s l i g h t l y  h a rd ,  f r i a b l e ,  s l i g h t l y  
s t i c k y  a n d  s l i g h t l y  p l a s t i c ;  common f i n e  a n d  
v e r y  f i n e  r o o t s ; many f i n e  a n d  v e r y  f i n e  t u b u l a r  
p o r e s ;  s t r o n g l y  e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e  
(pH 8 ,0 ) ;  a b r u p t  wavy b o u n d a ry ,

02 3 0 -6 6 "  (7 5 -1 6 5  cm ). Brown (10YR 5 /3 )  s i l t  loam
w i th  t h i n  s t r a t a  o f  v e r y  f i n e  sa n d y  l o a n ,  d a rk  
brow n (10YR 4 / 3 )  m o is t ;  few  f i n e  f a i n t  w h i te  
(10YR 8/ 1 ) l im e  f i l a m e n t s ; m a s s iv e ;  s l i g h t l y  
h a r d ,  v e r y  f r i a b l e ,  s l i g h t l y  s t i c k y  a n d  s l i g h t l y  
p l a s t i c ; s t r o n g l y  e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e  
(pH 8 . 0 ) .



S o i l  ty p e i  V a le n c ia  loam
D escrib ed , by i H, L , R ic h a rd s o n  an d  Ken B a r b a r ic k  ( 8 - 5 - 7 ^ )
L o c a t io n :  150* SSU o f  c i t y  w e l l ,  1200* N an d  1 1 5 0 ' E

o f  SW c o r n e r  S e c , 1 0 , T l4 S , R13E a lo n g  w e s t 
edge  o f  d r a in a g e .

V e g e ta t io n :  C re o s o te b u s h ,  c h o l l a , b u sh  m uh ly , m e s q u ite
P a r e n t  m a t e r i a l :  R e c e n t a l lu v iu m  o v e r  o ld  a l lu v iu m  from

m ixed  r o c k s
P h y s io g ra p h y : S w ale
S lo p e :
D ra in a g e : W ell
P e r m e a b i l i ty :  M o d e ra te
R em arks: The V a le n c ia  s e r i e s  i s  i n  a  H y p e r th e rm ic  tem ­

p e r a t u r e  c l a s s , T h is  s o i l  i s  i n  a  T h erm ic  
t e m p e r a tu r e  c l a s s , V a le n c ia  s o i l s  n o rm a lly  
c o n ta in  20/2 g r a v e l  i n  t h e  p r o f i l e .  T h is  pedon  
c o n ta in s  25  t o  35/’» m o s t ly  f i n e , g r a v e l  by  volum e 
be lo w  19  i n c h e s ,

A1 0 -9 "  (0 -2 3  cm ). Brown (7,5Y R  5 A )  l i g h t  loam
d a rk  brow n ( 7 , 5YR 4 / 2 )  m o is t ;  weak f i n e  g r a n u l a r  
s t r u c t u r e ;  s l i g h t l y  h a r d ,  v e r y  f r i a b l e ,  s l i g h t l y  
s t i c k y  an d  s l i g h t l y  p l a s t i c ;  common f i n e  an d  
v e r y  f i n e  r o o t s ; common f i n e  a.nd v e r y  f i n e  p o r e s ; 
< 5$  g r a v e l  by v o lu m e ; s t r o n g l y  e f f e r v e s c e n t  w i th  
l im e  d i s s e m in a te d ;  m o d e ra te ly  a l k a l i n e ;  c l e a r  
wavy b o u n d a ry ,

A12 9 - 1 9 " (2 3 -4 8  cm ). Brown (7.5Y R 5 /4 )  h e a v y  f i n e
sa n d y  lo am , d a rk  brow n ( ? , $ Y R  4 / 2 )  m o is t ;  m a s s iv e ;  
s l i g h t l y  h a r d ,  v e r y  f r i a b l e ;  n o n s t i c k y  a n d  n on ­
p l a s t i c ;  many f i n e  an d  v e r y  f i n e  an d  few  medium 
r o o t s ; common f i n e  an d  v e ry  f i n e  p o r e s ; < 5,  ̂
g r a v e l  by  volum e $ s t r o n g l y  e f f e r v e s c e n t ;  m o d e ra te ly  
a l k a l i n e ;  c l e a r  w avy b o u n d a ry ,

A13 1 9 -2 2 "  (4 8 -5 6  cm ). L ig h t  brow n (7.5Y R  6 /4 )
g r a v e l l y  lo am , d a rk  brow n ( 7 . 5YR 4 /4 )  m o is t ;  
m a s s iv e ;  s l i g h t l y  h a r d ,  f r i a b l e , s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  many f i n e  a n d  v e r y  f i n e  an d  
few  medium r o o t s ; common f i n e  a n d  v e r y  f i n e  p o r e s ;  
30^  g r a v e l  by v o lu m e ; s t r o n g l y  e f f e r v e s c e n t ;  
m o d e ra te ly  a l k a l i n e ;  a b r u p t  wavy b o u n d a ry ,
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B 2tb 2 2 -4 0 "  (5 6 -1 0 2  cm ). R e d d ish  y e llo w  (5YR 5 /6 )  

g r a v e l l y  h e a v y  c l a y  lo am , y e l lo w is h  r e d  ( 5%R 4 / 6 )  
m o is t ;  weak medium s u b a n g u la r  b lo c k y  s t r u c t u r e ;  
h a rd ;  f r i a b l e ,  v e r y  s t i c k y  an d  v e r y  p l a s t i c ;  
many v e r y  f i n e  an d  a  few  f i n e  r o o t s ; common 
f i n e  an d  v e r y  f i n e  t u b u l a r  p o r e s ; common m oder­
a t e l y  t h i c k  c l a y  f i lm s  b r i d g in g  s a n d  g r a i n s  an d  
c o a t in g  g r a v e l ;  35 /  f i n e  g r a v e l  by  volum e 5 
s t r o n g l y  e f f e r v e s c e n t ;  m o d e ra te ly  a l k a l i n e .



APPENDIX B: PERCOLATION TEST DATA

T a b le  B - l i  P e r c o l a t i o n  r a t e s  on e v e ry  30 cm d ia m e te r  t e s t  
h o l e .

S o i l  R e p l i c a t i o n  #  P e r c o l a t i o n  R a te  (c m /h r)

Pima 1 1 .4 2
2 2 .5 1
3 1 .6 5
4 1 .4 4

G u e st 1 1 .6 9
2 2 .0 4
3 1 .2 2
4 2 .6 5
5 1 .8 2
6 1 .6 4

T ubac 1 1 .8 5
2 2 .0 1
3 2 .1 2
4 1 .9 5
5 2 .2 4

P a lo s  V e rd es 1 5 .7 8
( I ) 2 4 .8 8

3 4 .8 5

Mohave 1 6 .1 2
2 8 .3 2
3 6 .5 4
4 7 .9 1

G i la 1 8 .4 5
2 6 .7 5
3 8 .3 5
4 5 .6 2

P a lo s  V e rd es 1 6 .1 2
( I I ) 2 1 0 .7 8

3 9 .1 0
4 1 4 .6 4
5 5 .7 8
6 3 .7 0
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B - l t  C o n tin u e d

S o l i ________________R e p l i c a t i o n  # ______P e r c o l a t i o n  r a t e  (c m /h r )

G rabe 1
2

2
9 .1 0  

1 0 ,4 6  
1 1 .5 5

6 .1 2
8.11
8 .4 4

V a le n c ia  1 1 8 .7 5
2 19.88
3 2 5 .0 0
4  ' 2 2 .2 5
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T a b le  B2, P e r c o l a t i o n  r a t e s  on 1 0 , 2 0 , a n d  25 cm d ia m e te r  
t e s t  h o le s  .

S o i l R e p l i c a t i o n  #  P e r c o l a t i o n  r a t e
10 cm 20 cm

( c m /h r ) 
25  cm

Pima 1 4 ,9 8 3 .2 9 3 .3 1
2 4 ,0 0 3 .4 2 1 ,6 6
3 4 .4 8 4 .8 5 2 .3 6
4 3 .6 1 1 .5 6 3 .3 8

G i la 1 1 3 .3 4 1 6 .2 4 1 3 .6 2
2 2 5 .6 0 1 4 .9 0 3 .8 0
3 1 0 .1 9 4 .9 2 1 0 .5 0
4 1 0 .5 4 8 .6 9 4 ,6 8

V a le n c ia 1 2 3 .0 8 2 1 .5 4 4 0 .1 8
2 5 5 .0 0 2 1 .4 2 2 6 .1 4
3 6 o .o o 3 7 .5 0 2 4 .0 4
4 1 8 .2 0 3 3 .7 5 2 8 .6 2
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