
A N N U A  R E P O R T  

9 a 

U , S , WATER GOIqSERVATZOM LABOMTORY 
Western Region 

A g r i c u l t u r a l  Research Se rv i ce  
United S t a t e s  Department of Agr i cu l tu re  

Phoenix, Arizona $5040 

This  r e p o r t  conta-bs I and c o n f i d e n t i a l  i n f o r n a t i o n  
concerning work i n  p rog res s ,  The contents  of t h i s  r e p o r t  may 
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employed January-PIar ch) 

R, J, Regtnato, S o i l  S c i e n t i s t  
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3, A. Replogle, Research Hydraul ic  Engineer 
R, C. Rice, Agr icu l tu ra l  Engineer 
S, A, Rish,  Clerk-Stenographer 
A, 33, Roeloffzen (student  t r a i n e e  f rom The Agricultur  

Wageningen, The Netherlands, May- 
PI, A, S e i l e r ,  Clerk-S tenograph 
M, L, Turner, Engineering Aid 
S , F . Zimerman , Physical  Science Ri 
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i l t r a t i o n ,  However, 

resent by acid a measurements 

Lhe w e l l  water 

s o f  the f i e  

e w a t e r  treaa 

~rat.3.m plus conei 

treatment, The t o t a l  avai lab 

enhance nicrobia 
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e concentrations of ?raixoirs csnsci-o: 
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as in the  "closedP7 syst 
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p o s s i b i l i t y  t h a t  ae% Lri?.al:i~kcal: alone xmy be able 

probleris w a s  nesenced and sla.o.i;~ to e~:Lsr fn the 19 75 

w a s  i nd ica ted  t h a t  t h e  w e 1 . l  water ba 

for ca lc i~ ; t~~ i .  carbonate prc~ipitation~ With the  
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he extent to w 

egosits was o 

d the "opentr water sgst 

ion,  the "close 

y w a t e r  in a pipeline with  

nts, we contro the Q 

a s i t  ion have 
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er xnl. i n  t h e  sand f i l t e  

microbial. po u la t2on of  t 

p e r  nil, Tne nu~uber of b 

a s  a l s o  c l o s e  t o  

and C, the popula t  

b u t  even 2x1 t h e  c o o l e r  D 

c o u n t h g  was h igh .  

EEcrob ia l  popula t ion  of 

t, Lack of bgpocZ1lorite 

c r o b i a l  popula t ion  on 

days 3-50 and 340, I4icrobia.l 

b a c t e r i c i d e  was 

t h r e e  types of  

a b s o l u t e  microbia l  c o n t r o l  

cond i t ion ,  microbial  popuLa 

could be  t o l e r a t e d ,  

on f i l t r a t i o n  t 

t i o n  to control  

microbia l  a .c t iv i ty ,  was successful i n  ~ m i n k a i  

t h r e e  types  of t r i c k l e  e m i t t e r s  aver a 

intensify the clogging problexn, it ap 
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of clogging , namely, the  carbo 

process i n  t r i c k l e  l i n e s ,  have shawa ess acid is needed to  

prevent p r ec ip i t a t i on  o r  t o  ate s ca l i ng  f o r  t h e  water 

i n  closed supply  l i n e s  tha rese rvo i r s  

open t o  the atmas with e i t h e r  

s u l f u r i c  o r  phosphoric acid  be adequate 

carbonate p r ec ip i  t a r i on  pro 

PUBLICATIONS: 

P, S ,  , Bucks, D, claiming 
c ,  A g r ,  Engr- 
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Table 1. Comparison of  

Code Start 
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Table 2. Flow r a t e  of Emi.tter 1 as a f u n c t i o n  of wa te r  Treatments  
A and B, 

- 
Treatment A rea tment  B 

P o s i t i o n  West l i n e  Eas t  line ine Eas t  l i n e  

2 - 1 9  1 .90 

Ove ra l l  avg = 1,57 gph 

Plugged = 5 

- -00 * 00 

Overa l l  avg = 0 - 5 0  gph 

ugged = 32 

a /  ~ u b &  crimped o r  c logeed by sand granule .  - 

Annual Report of the U.S. Water Conservation Laboratory



Table 3. Flow r a t e  of Emitter  2 as a  funct ion  of water  Treatments 
A and B.  

Treatment A 
Pos i t ion  TJest l i n e  East  

Overa l l  avg = 0.86 gph 

Plugged = 3 

- 4 8  

.52 

,00 

- 78 ,43 

.31 ,153 

-40 

a 81 -00  

-00 

-00 

24 

- 00 -14 

v e z a l l  avg = 0,14 gph 

Plugged = 3 l  

a /  Sand granule i n  spiral-groove,  - 

1-13 

Annual Report of the U.S. Water Conservation Laboratory



Table 4 .  E f f e c t  of water  Treatment R on f l o w  

behavior  of Emi t t e r  3 ,  

Dare -- apsed 
Code S t a r t  1 / 2  flow r a t e  a Y s  

B 3 0 1  Q c t  74 7 May 75 

33' II Apr 75 9 Sin1 75 

B 3 18 Jun 75 48 

B 3 . 3  5 A u g  75 2 4 N o v 7 5  

433-4 6 Jan 76 29 

B3-5 4 Jun 76 5 Sep 76 

Table 5,  E f f e c t  of water  Treatment C on 

behavior  of Emitter 3, 

- _.-- 
Code S t a r t  1 / 2  flow ra te  

G 3  01 Oct 74 22 May 75 243 

C 3 N  I f  Apr 75 24 Jun 75 7 6 

63 18 Jun 75  25 Aug 75  9 

C3 ,3  0 5  Aug 75 28 Oct 75 84 

6 3 - 4  29 Dee 75 26 May 76 14 7 

6 3 . 5  1 8  J u n  76 1 7  Aug 76 61 

~ / C L  1 8  Jun 76 6 
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Figure  1, Flow rates of Emitters 1 and 2 as a funct ion  of water Treatments 
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Figure 2 ,  Condensed schematic on t h e  e f f e c t  of water  Treatments A and B on t h e  
flow behavior  of Emi t te r  3,  
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as. 

Figure 3, Condensed schematic on the effect of water Treatment C on the flow 
behavior of Emitter 3,  
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F i g u r e  5. Amount o f  r e s i d u a l  m a t e r i a l s  i n  E m i t t e r  3 l i n e ,  ( P o s i t i o n  1 = 0 t o  5 f t  
from beg inn ing  of l i n e ;  p o s i t i o n  2 = 25 + 2.5  f t  from b e g i n n i n g  o f  l i n e ;  
p o s i t i o n  3 = 50 -I- 2.5 f t  from beg inn ing  of l i n e ;  p o s i t i o n  4 = 70 to 75 f t  
from beg inn ing  o f  l i n e . )  . 

I 
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Figure  6, Theore t i ca l  a c i d  t i t r a t i o n  curve f o r  c i t y  and w e l l  wa te r s ,  

Annual Report of the U.S. Water Conservation Laboratory



F i g u r e  7 . '  Calcium c a r b o n a t e  d i s s o l u t i o n  p o t e n t i a l  of a c i d  a d d i t i o n  
i n  t h e  c i t y  and w e l l  w a t e r s .  
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I 150 75 
JAN "9 , 

Figure  8. Microbial  popula t ion  i n  water  from Treatments A, B ,  and C b e f o r e  e n t e r i n g  t r i c k l e  tub ing  
l a t e r a l s .  
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1 I '  I I 1 I ' I ' I '  ' I '  i l l  I I .  
l i t  

D A Y  E L A P S E D  
Figu re  9 ,  Microb ia l  popula t ion  of wate r  sampled frbm Emi t t e r  1 w i t h  Treatments A and B ,  
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W 
k- 
c-) 

15 

JAN 75 

F i g u r e  10. M i c r o b i a l  p o p u l a t i o n  o f  w a t e r  sampled from E m i t t e r  2 w i t h  Treatments  A and B e  
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JAN 

D A  E L A P S E D  
Figure 11. Microbial population of eater sampled from Emitter 3 with Treatments A, B, and C .  
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construction. 

e was a lso  used to accurately relate the readout  

e flume. Direct rea ing discharge-rate gages thaE 
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restamped were mounted, u s ing  a mod i f i ca t ion  of  t h e  t empla t e  

ue, t o  r e s e r v e  t h e  h i g h e s t  accuracy f a r  any 

rate on t h e  gage, Disc a r g e  e r r o r s ,  i f  any, could 

ow range,  e s c r i b e d  i n  more 

e manuscript  

V e r i f i c a t i o n :  Pas is cussed t h e  l a b o r a t o r y  

f o r  flumes, Pie3.d v e r i f i c a t i o n  

cont inues  whenever an oppor t  ecomes ava i l ah  le  , Three more 

ave been r epor t ed ,  These inc lude :  

e z o i d a l  f lumes , e S o i l  Conservat ion 

Se rv i ce ,  have been stalled on a wide s c a l e  i n  t h e  Wellton-Mohawlc 

I r r i g a t i o n  D i s t r i c t .  F i f t y  o r  more have been i n s t a l l e d  by c o n t r a c t o r s  

w i t h  many more a n t i e i  ed,  They a r e  designed t o  

f i t  i n t o  a s t a n d a r d  2- f t  bottom, s l i  -form cana l  w i t h  :l s i d e  s l o p e s ,  

The flow range  i s  from t o  30 cEs. One of t h e  flumes was downstream 

from a constant-head o r i f i c e .  r i f i c e  was c a r e f u  l y  ad j t r s ted  t o  

i s c h a r g e  a s  r e a d  from a 

 a all-mounted gage, 

approach. It was thus  road-crested w e i r  w i t h  t h e  

equ iva l en t  of a rsunde A s t a f f  gage was f a s t e n e d  t o  

h e  c a n a l  l a t e r a l ,  r epo r red  "a 

outdoor f a c i l i t y  n e a r  Fo r t  C o l l i n s ,  Colorado, by A, X, Robinson, The 

d i scha rge  as ublished deviate y a s  much a s  f 7% f o r  a flume flow 

d e p ~ h  o f  0.5 f r ,  Fo r tuna te ly  t h i s  is  i n  t h e  seldom-used Lower range  
4- 

f o r  t h i s  s i z e  of flume, The IZ, e r  range of -Elo.i.rs were w i t h i n  - 5%- 
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Recent recal ibrat ion aga 

Research Laborator 

occasional need 

upstream form was removed and a concrete ramp was formed. This was 
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ication of laboratory ratings for 

i n t e r e s t 5  

challenge the desirabLl.ity of ever considering submerged flaw operation 
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erent inconveniences of wo points of measurement and 

inaccuracy of resules, 

NCLUSIQNS: 

ensions of 

used flow range, rel 

ranges, 

sults publis 

y others sub 

odel, In the other case, 

ration has not yet occurred, 

gn of exjt sections (>section 

sirability of even cons 

Annual Report of the U.S. Water Conservation Laboratory



Table 1. Recalibration of trapezoidal flume 

Bl = 2 ft, B3 = 1 ft, Z Z  = -25, L2 = 3 ft, L3 = 2.5 ft, 

XI = 0 , s  ft, K - . against a 4-ft suppressed 

rectangular weir, 

Flow 

c f s  

1-57 

1- 749 

0,627 2,587 

0,664 2,875 

-763 

,887 5,093 * 
.954 5.78 

;k 

1-045 S,85 

f< 
Weir not aerate 
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F i g u r e  I, Original an reeal j-bration shown with computer mode 

arge coetf icie i scharge  t i d e a l  
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o s t114 provide 

mes , ' '  bu t  not 

use with computer-operated auto- 

t h e  following: 

onfc  o r  u l t r a  s o n i c  s u r f a c e  nd problems e x i s t  

and r e s o l u t i o n  may o r  expensive, 

ures a r e  probably too  lengthy, 

e f i b e r g l a s s ,  o r  p l a s t i c  f l ~ m e s ,  

ires expens rive equip- 

ng considered, 

zero c a l i b r a t i o n  

b e t t e r  format than same o ther  systems, 
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5 ,  Pressu re  rrans ucers : Resob u t i o n ,  

This is probably t h e  

ntenance i s  a problem 

i f  a s t i l l i n g  w e l l  

f  a f l o a t  is used, 

i t h  e l e c t r o n i c  

r a t i o n a l  r e l i a b i l i t y  

c i s i o n ,  and accuracy; 

ow maintenance, 

i s i o n  f o r  e l e c t r o n i c  

e s l o p i n g  cana l  gages 

-marked i n  c f s  

s from about 

g t h a t  produces 

Annual  Report ,  1976: "Pre- 

lumes of Simple 

The model was used  co study the precisian of each flume type  and 

methods developed t o  a s s u r e  c o r r e c t  zero r e g i s t r a t i o n  f o r  t h e  flume, 

The flumes an gages w e i e  aria yaed t o  see i f  t h e  p r e c i s i o n  and 

accuracy requirements  could  be  met, A ractical goa l  was t o  have t h e  

readout  device  p ro  w e  no more than half thc. to ta l .  u n c e r t a i n t y  i n  flow 
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measurement. T u s ,  i f  4- 5% were t h e  d e s i r e  accuracy,  t h e  readout  - 
e v i c e  should  c o n t r i b u t e  no more than  + 2-1/2% of  t h i s ,  - 

Two gene ra l  s t y l e s  of  f umes were equippe wi th  t h e  gages,  One 

road-crested w e i r ,  t h e  o t h e r  was a t r a  e z o i d a l  flume, For t 

e r e l a t i o n  between 

- - 

etween 2 and 1% e r r o r  i n  Y l  w i l l  cause 

e w e i r  gage must e capable of 

m e r r o r  of  d e t e c t i o n ,  A t  15 c f s  

ve r t r i ca l ly  o r  4 0.02 f t  on - 
i n g  w a l l  gage, In t h e  f i d  even ~ 5 t h  g u s t i n g  winds of 20 

to 30 mi l e s  a l  wa te r  s u r f a c e  was s t a b l e  enough t o  be 

e a s i l y  read  t o  w i t h i n  half of  0 ,  h e  gage, Thus, s e n s i t i v i t y  

i n  t h e  most used flow range  of  15 c f s  roblem, The gages a r e  

rugged; a r e  f a s t e n e d  r i g h t l y  t o  the canal  w a l l  and do no t  t r a p  deb r i s ;  

a r e  pas s ive ,  i n  t h a t  t h e r e  a r e  no moving p a r t s ;  an  can be  r ead  from 

a d i s t a n c e  of about  10 o r  12 f e e t .  For 2 c f s ,  however, s i m i l a r  reasan- 

i n g  r e q u i r e s  d e t e c t i n g  + .006 ft. on t h e  s l o p i n g  gage, a more d i f f i c u l t  - 
t a s k ,  b u t  probably' a ccep tab le  I n  most i r r i g a t i o n  s i t u a t i o n s  where 

t h i s  flow range  i s  seldom used,  

a 1  flume i s  r ep resen ted  by t h e  equat ion  

q = 5.34 (Yi) 
2-13. 

f o r  t h e  r e g i o n  of  10 t o  20 c f s ,  T % e r r o r  i n  Y 1  causes  2.11% 

e r r o r  i n  d i s c  s was compute f o r  t h e  broad-crested wei r ,  t h i s  

r e q u i r e s  t h a t  t h e  readout  e v i c e  b e  readable  t o  no more than  4- L l 7 %  - 
random e r r o r  of e t e c t i o n .  A t  c f s  this means d e t e c t i n g  + 0,019 f t  - 
v e r t i c a l l y  o r  28 f t  on t h e  s l o p i  us ,  s e n s i t i v i t y  should 

be no problem, A t  2 c f s  t h e  equat ion  changes t o  
1-86 

and the  gage must b e  r eadab le  t o  4- 0, - 
A t  1 c f s ,  t h i s  flume wou e c t i n g  0.008 f t  which i s  

approaching t h e  l i m i t  of accu ra t e ly  reading  a w a l l  gage un le s s  5% 

random e r r o r  i n  the reading  i s  accept  

3- 3 
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urge-Bubble System: A purge-bubb e  system was devised  us ing  

t h e  p r i n c i p l e  of bubbling a i r  s lowly  through a nozz le  p laced  a t  a  

f i x e d  e l e v a t i o n  i n  t h e  flume approach s e c t i o n ,  The bubble back pres- 
,' 

u i r e d  Lndica tes  t h e  flow depth a  d  hence t h e  d i scha rge  vote .  . 
The system w a s  i n s t a l l e d  on t h e  Woodhouse farm i n  combination 

w i t h  t h e  broad-crested we i r ,  ousand f e e t  of 3/16-in. I , D .  

l a s t i c  t ub ing  (5114-in. O , D ,  between t h e  flume and t h e  

f o r  automation equipment. About f i v e  bubbles  pe r  second 

o f  a 2 r  w a s  i n t roduced  i n t o  t h e  tub  a t  t h e  c o n t r o l  shed us ing  a 

need le  va lve  and a w a t e r - f i l l e d  bu f o r  monitor ing t h e  bubble  r a t e ,  

The nozz le  at t h e  flume w a s  clampe t t h e  ze ro  e l e v a t i o n  on t h e  s i d e  

w a l l  gage, r e s  s u r e  was i n  t h e  c o n t r o l  shed w i t h  a  U-tube 

manometer f i  ed wi th  wa te r .  One e  manometee was a  l a r g e  

pot  a l lowing  t h e  readout  i n d i c a t i o  b se rvab le  on t h e  o t h e r  l e g  

made of p l e x i g l a s s  t s t a f f  gage rnarke d i r e c t l y  i n  c f s  was 

mounted beh in  t h i s  t r a n s p a r e n t  t i ng ,  This  t r a n s f e r r e d  t h e  reading  

from t h e  flume t o  t h e  c o n t r o l  s h e  PO00 f t  away. 

ep th  sens ing  i n  flumes placed i n  sediment-loaded 

d i r e c t e d  t o  t e t e c t i o n  of  flow 

flumes placed i n  i r r i g a t i o n  c a n a l s ,  The need i s  f o r  e l e c t r o n i c  

s ens ing  compatible i t h  microprocessors  t a t  rnighi-: b e  inccir 

i n t o  au tomat ic  i r r i g a t i o n .  Nost e x k t i n g  methods a r e  expensive t o  

i n t e r f a c e ,  have d i s t i n c t  problems of r e l i abb i l i t y ,  o r  a r e  d i f f i c u l t  

t o  o p e r a t e ,  perhaps r e q u i r i n g  re-zeroing wi th  each use. 

Some simple devices  ave been i n s t a l l e d  on some flumes wi th  no 

i n t e n t i o n  of computer i n t e r f a c i n g ,  These a r e  s t a f f  gages mounted 

d i r e c t l y  on t h e  c a n a l  w a l l  and remarked i n  d i scha rge  u n i t s  i n s t e a d  

o f  flow-depth uni t s . ,  A bubbler  purge-meter system w a s  i n s t a l l e d  a t  

one l o c a t i o n  t o  t r a n s f e r  t h e  flume reading  1000 f t  t o  a c o n t r o l  shed 

tihere i t  i s  nianuaLly read .  

PERSOENEL: 3. A.  Replogle ,  A. 
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q u a n t i t i e s  used f o r  t h e  t r i c k l e  i r r i g a t i o n ,  appl ied  i n  th ree  

furrows per  v ine ,  w i t h  the irrigation frequency based on the  

consurnpLi.ve-use curve, Thc on y change made on thc furrow 

e e l imina t ion  of the two-furrow-pcr-vine p l o t s ,  
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be used next year, 
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William L,  Ehrler, 
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Table 2.  Leaf water potent a1 for trickle an 

June -- 
Irrfgation Treatment 4" 12 I Mean 

Trickle: (negative bars) 

Daily/ 2 emit 

Daily/ 2 emitter 
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Year 
a- 
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T I N G  TRICKLE I TALOIIPE PRODUCTION 

western corner o s visual symptoms of 

and r o o t s  were c 

P l a n t  Pathologis  i v e r s i t y  of Arizona, He 

was unable to i s  f the  d isease ;  however, he 

-knot nematodes , f vsarivm 
A reconmendation w a s  i-nade by Dr, Trout- 

a l l e y  Experiment 

S t a t i o n ,  Univers sbania  a s  a green-manure 

v'Teylon C", (dibromo- 

c%loropropene), of cantaloupes, 

e s o i l  fumjgant 

in jec ted  t o  t i l l e r  fo22owed 

drag to help i n  the mount  of 75 l b s  of 

E e n t i r e  fie1 

p lan t ing ,  Cantaloupe seed,  p lanted  on February 24 an 

i r r i g a  Lion plots, t o  a 22-in spacing on March 14, 

the  t h i r d  sp r ing  consis tad  of 

sub-surface trick ly, weekly and bi-weekly 

frequency, and su r face  t r i c k l e  i r r i g a  ion at a weekly frequency, 

Annual Report of the U.S. Water Conservation Laboratory



ote that the trrickle p la t s  remained greener for a2 Least a sgeek 

cantaloupe study is planned for the Mcsa Experi.rnent Farm, Nesa, Az- 
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Objectives of "rhe new experiment are: (1) To develop water management 

practices for surface and subsurf ce trickle irrigation on spring- 

and fall-planted cantaloupes for a larger fruit set, greater plant 

vigor, improved fruit quality, a tended-harvest season to 

increase yield, (2) To eval of multiple-cropping, 

using the same trickle system, 

REFEBNCE : 

PERSQPSIJEL: Dale 8, Bucks, Leo rie, and Orrin F, French, 
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TITLE : EROSION PREVENTIVE STRUCTUIGS TO DISTRIBUTE WATER 

I N T O  IRRIGATED FIELDS 

NRP :: 20740 CRIS WORK UNIT: 5510-20740-003 

CODE NO, : SWGL 73-5 

INTRODUCTIOH: 

Zncreasing costs  and shortage of labor ,  f o r  improving 

i r r i g a t i o n  e f f jc iency ,  and increased use of marginal lands (sandy 

s o i l s ) ,  have made it necessary o r  farm owners t o  design "cheir 

i r r i ga t ed  farms i n  such a $lay t h a t  large  streams of water a r e  

i l i z e d ,  This use of large  streams has necess i ta ted ou t  

ures t o  reduce s o i l  erosion,  Original ly ,  we designed s t ruc tu r e s  

i n  various s i ze s  and configurations,  made of various mate r ia l s ,  and 

b u i l t  on many d i f f e r en t  types of s o i l  i n  Arizona, A es ign f o r  such 

a non-erosive s t ruc tu r e  was developed, 

Recently, o u t l e t s  i n  the f o m  of jack-gates have become popular, 

Prom these,  LO t o  30 c f s  of water may be discharged, 8lhus necess i -  

t a t i n g  addi t ional  erosion-preventive s t ruc tu r e s s  Some have been 

modilEied i n  he f i e l d ,  o thers  reconstr  cted,  and a l l  a r e  

observed, The F t ,  Coil ins o f f i c e  has designed and b u i l t  a s t ruc tu r e  

i n  Blythe, CA, t o  handle flows up t o  SO c f s ,  using some of our  

o r ig ina l  design c r i t e r i a ,  It has operated successful ly ,  thus 

d i d  our o r ig ina l  ideas ,  a s  f i r s t  used i n  the  s m a l l  s t ruc-  

ures 

he use of automation has changed the erosion pa t te rns ,  and 

s t ruc tures  have been designed and b u i l t  to  accommodate ilhese changes, 

St ructures  a r e  being used i n  Blythe, CA, and near Tacna, AZ, These 

s t ruc tures  a re  f o r  streams a s  large  as 7 c f s ,  although most of the  

streams a r e  i n  the  4 c f s  range, 

PROCEDURE : 

Ln 1'377, our o r ig ina l  s t ruc tures  w i l l  be observed, and a t  leastr. 

one Earmer-buil.21 j ack-gate ou t2e t s t ruc ture  will. be amended, Two 

s t ruc tures  on an automated PVC 16-inch t i l e  o u t l e t  w i l l  be b u i l t ,  
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LTLE : 

20740 

ce 1973 annual  report- 

need t o  make them 

a t e  checks were 

i l e  outler, and s o l v e s  t em i nhe ren t  in t 

t u r e s  o f  sliding off  itl e o u t s i d e  of the 26-inch t i l e  

entally over - lugging seems occur, such as 

I the same frame design when it was insta 

a more con~pact. c r o s i o  r even t ive  s t r u c t u r e  near Tacna, Az, 

It i s  planned t o  amend the structures on the Hall Grove system 

will accept the  pecan ossoms wi thout  plugging, A t  the 

s a m e  time, new pillows and a i r  Pines w i l l  be i n s t a l l e d ,  The a i r  

lines w i l l  be b u r i e d ,  as o r i g i n a l l y  planned, on the  remise t h a t  the  

system i s  now a permanent i n s i a l l a t i o n ,  
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S RY : 

The pneumatic automation system at the Hall Grove is 

approaching its 7th year of continuous operation, 

are withstanding the weather, and the presently-incorporated 

automation ideas seem to be sound, The plugging by debris still 

persists during e springtime, artly caused by falling 

blossoms, 

he owner of the T a m  at BLgthe, indicated that one 

advantage of the tile outlet is the ease of distributing water 

or TOW crops s compared with the istan equipped jack-gate 

system, 

EL: Leonard 5, Erie, Allen edrick, Dale 8, Bucks, 

ne and Orrin 
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systems* 
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rnent to assure 
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off position which closes a ion water is t 

e farm canal y irrigation 

neurnatic signa is case, is used 

o actuate a mic 

anal or corning 

er a year's ex 

unction if a s were selected while 

Time recorders, In hers were a 

e system to give them a r 

irrigation time for each hey are resettable betw 

irrigations and read in 1/1 Q-hour increments. 

A control box was constructe that contained a11 of the f i xed  

valving illustra ure 2, The cover to the 

on which both electrical and pne atic on/off switc 
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hers were mou ose features t 

er, a 

was mue 

ressure to 

ed overflow cv ice  ac t iva t ion  

i r r i g a e i o n  o f  

ir compressor failed to star 

ates are close 
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sensor signal ing of irrigations from Eie'd 

e structure 
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t he  automatic systems were presente ummer Meerring of t he  

f o r  publication i n  e Transactions of 

e f i r s t  automate e cast-shared a s  p a r t  of the  

onfarm i r r i g a t i o n  system improveme t program administered by the  Sf2 

is  scheduled f o r  i ave cor~pleted t he  
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Table 2 ,  Characteristic ation summary for helical springs 
used in comer ased air cylinders an Woodhouse 

inder Stroke, 33 in, 

Cylinder Freelength 
Spring No, fter Test 

s i n ,  in. 

Mean . J .l 
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stalled in commercially 

farm in August 1976, 

verages for nine Springs, see Table 2 ,  
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Safety overflow and rundo isolated electrically, 
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of safety overflow an olation usin  
than electrical actuation, Control requiremen 
Woodhouse farm, 
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surveying rod, and is of no consequence $ r i m  'chc f i e l d  i s  'being 

irrigated, 

Several length-o -run studies were conduc 

areas, with water entering 

in at 25 cfs 

5 m i n u t e s l  

art of the field was u 

a d  t ha t  only in a vcr 

or the weakest 

"- 
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TITLE: CLOGGING POTENTIAL OF COLORADO RIVER WATER I N  TRICKLE IRRIGATION 

SYSTEMS AND DEVELOPmNT OF l%KlXODS FOR PREVENTING PLUGGING 

RP : 20 740 CRIS WORK UNIT: 5510-20740-003 

CODE NO, : USWCL 75-2 

INTRODUCTION: 

1976 r e p o r t  of our  s tudy  convering t e  above t i t l e d  

r e sea rch  has  been submit ted t o  t o i l  Conservation Se rv i ce ,  t h e  

agency through which funding and a t e d  a d m i n i s t r a t i v e  m a t t e r s  a r e  

andled f o r  t h i s  p r o j e c t ,  This  r e p o r t  i s  a v a i l a b l e  from t h i s  labora-  

on r eques t ,  The b a s i c  o j e c t i v e s  and d e s c r i p t i v e  m a t e r i a l s  on 

r imen ta l  s i t e ,  e  t ,  types  of en r i t t e r s ,  and water  t r ea tmen t s  

i nc lud ing  f i l t r a t i o n  i t i v e s  and e m i t t e r  flow measure- 

ments were p r e s e n t e  he  o r i g i n a l  2-year 

e r i o d  was ex ten  us pe rmi t t i ng  more l a t i t u d e  

i n g  t h e  experiment and improving on t h e  r e l i a b i l i t y  of t h e  

r e s u l t s  ob ta ined -  

and tri-vwelcly i c a l  , and b i o l o g i c a l  

t t e r  flow measurements a r e  be ing  made i n  e v a l u a t i n g  

water  t rea tment  needs f o r  a  v a r i e t y  of d r i p  e m r t t e r s  us ing  t h e  Colorado 

i v e r  water  i southwestern Arizona, Ca lcu la t ions  based on t h e  ckemi- 

c a l  composition of t h e  water  i n d i c a t e  a  tendency f o r  calcium carbonate  

t o  p r e c i p i t a t e  from t h i s  water  and t h a t  t h e  amount of a c i d  needed t o  

r even t  carbonate  s c a l i n g  can be  es t imated  from t h e o r e t i c a l  models 

eveloped. 

Resu l t s  of t h e  2-year s tudy  show t a t  e m i t t e r  o p e r a t i o n  can be  

y  water  t rea tment  t h a t  i nc ludes  f i l t r a t i o n  and chemical 

ereatment ,  It i s  too  e a r l y  a t  t s time t o  determine whether f i l t r a -  

t i o n  a lone  woul his locat. ion and f o r  t h e  v a r i o u s  

types of e m i t t e r s  used. Besides he problem of t h e  decrease  i n  e m i t t e r  

flow r a t e  due t o  clogging,  t h e r e  i s  a  c o n t r a s t i n g  one r e l a t i n g  t o  an 

i n c r e a s e  i n  flow r a t e  caused by e m i t t e r  malfunct ion which can a l s o  

l ead  to nonuniform wacer ap 
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From the long-term standpoint, buildup of sediment can become 

significant in the lower water velocity lateral lines even with sand 

and screen filtration, so that preventive maintenance to rid the 

articulate materials by flushing and chemical treatment is 

desirable for this system, 

Koth, R ,  L., and Nakayama, F, S, al guidelines for 
trickle irrigation systems for citr e Yuma, Arizona, area. 
Univ, Ariz, Agr, Eng, 61 Soil Sci, Rep, 76-1.0, 2976, 

2. Bucks, D, A,, Nakayama, F, S , ,  and Gilbert, R. 6 ,  Clogging 
research in rip irrigation* Proc, Intern. Drip Irrig. Assoc, 
977, In press, 

EL: - F, S, Nakayama, R. 6,  Gilbert, D.  A, Rucks, R ,  A, Rasnick, 

F, French 
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TITLE: SIDE-WEIR PLOWS 

RP 20740 

INTItODUCTION : 

L Conservation 

tun equation was 

ful and design curves 

e second part 

i c t  the effects 

r experimental 

o m  are necessary, Pre- 

jump in t rapezo-idal  

h changes, Bowever, the 

zoidal  channels, 

Firman of the 

Ralkamus , SCS , Cal i fo rn i  a -  

-SGS group to whom the 

l".t nay be a ~zsefui 

is also being preparcd 
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s t u d y ,  s tdcfbow was added to an open c 

ercriticai velocities, mall amounts o 

ve to formr height  and l o c a t i o n  o f  t h i s  

e forcet of t 

e e f f e c t s  o f  cha 
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with in  the junction over ?hat  by mornenturn relatioosllips , 

e ratio of 'c so appears to be a easure of the 

extent of influence do 

lemens and J, Rep - 
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mameters an she conseants i 

de, Howevcr, infiltration i n t o  sot 

by t h i s  equation. 

i r r i g a t i o n  f 4el studies, r i n g  or cg Linder 
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order i t s e l f  can also c i n f i l t r a t i o n  &arac- 

attempt was  

t ion  Eunc~ian , 
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Here runo f f  i s  assume 

arameters are rou 

ours are use 

for a given soil t 

e effect of ra 

imes, it w a s  foun 

ot appear Lhat advance t i  

e effects  of are similar in t 

of '* ea ica te  rhat se hese t w o  vari 

a t i o n  func t ion  and 
\ 

ce dis tance i s  not feas 

renee between a low rou mess coef f ieie 

high i n f i l t r a t i o n  c o e f f i c i e n t  a e reverse i s  t 

surface storage, T 

and a Lower surface volume and e latter, Separation of 
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n and K can Lished w i t h .  s u r f  ace 

easure accurately, an 

measurement ness or applica- 

o f  i r r i g a t i o n  m 

e use of a 
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con ten t  could  b e  determine a  l a r g e  s c a l e ,  

s o i l  mo i s tu re  r ead ings  cco 

p r i o r  knowledge of  some s o  

F igu re  1 shows t h  

R and A,  In  

power f u n c t i o  

ranged from I 

o  e s t i m a t e  i n f i l t r a t  

ods of Bouwer 

wi th  depth*  The gene s i s  p l a t t e d  by word 

d e s c r i p t i o n  of t h e  s o  

and h y d r a u l i c  conduct o  r e s u l t  i n  powers, 

A, of 0 , 3 ,  Fur the r  r 

t h e  Green-Ampt e q u a t i  

d a t a ,  

s 
I n  t h e  p a s t ,  many methods have een suggested f o r  op t imiz ing  

e f f i c i e n c i e s  . Ln most ca ses ,  s r ep resen t  empi r i ca l  

r e s u l t s  based on y e a r s  of f i e 1  ata at  l i m i t e d  l o c a t i o n s  and a r e  

n e i t h e r  u n i v e r s a l  no r  expor t ab le  t o  a r e a s  w i th  d i f f e r e n t  s o i l  

t ypes ,  Seve ra l  o t h e r  met ve  a t h e o r e t i c a l l y  sound base,  b u t  

i n  a p p l i c a t i o n  a r e  s u b j  e c t  e  same l i m i t a t i o n s  a s  empir ica l  

methods, To d a t e ,  no u n i v e r s a l  m e  e x i s t s  f a r  op t imiz ing  s u r f a c e  

i r r i g a t i o n  e f f i c i e n c i e s  , 
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Initial evaluation of the sl el indicates t 

may be impractical to determine o time and flow 

rate from the measurement vance versus t one, Tt appears 

that more knowledge of act meters w i l l  be necessary, 

However, limited field 

applying the computer models to 

assessment of these field 

is necessary. 
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ematical model of wa 

Bishop, A, A. Re 
surface irrigatio 
Civil Engin, Prae  

w e  1 Rapi 
etivity sf soils a 

l i c s  of surface irri 

Callis-George, N, .aboratory stu 
205.1 Sci, 217(f 

Erie, L. 5. Evaluation of infiltration measurements, 
Agric, Engi n. Trans, 5(1):13.--13. 1 
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Performance 

Payne, Martin J, Low g r a d i e n t  bor 
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cs of surface 

6 ,  surface w a t e r  

o t e  on t he  u se  o f  t h e  P h i  

1976. 
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40. Smiles, D. E , ,  a of water into 

Stewart, J*  I*, 
optimal isrigati 

Serelkof f , T 

pending, 

USDA, Soil Cons or 
tion systems, 

WSDA, Sosf Conservation Service, 
National Engineeri 

bkisler, F, D,, 
drainage of columns of porou 
6 (3) : 277-296. 1 

Whisler, F, D , ,  a r i son  of met 
culating vertica tration for s 
EZydrolbe X(1) : 1-1 

51. W~isler, F a  D,, Watson, K, R,, and 
analysis of infiltration into 
Sci. Soc, Amer, 3 6 ( 6  

52. IJilke, Otto, A solution of t 
advance probl iL Engirr. Proc- 
Sept, 1965, 
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53. Wilke, 0 ,  C, A 
furrows. Doctor 
1968, 

5 4 ,  WiZlardson, Zyma 
a in  , 
7 ,  

55. Millardson, L ,  
Irrig, and Drai 

72 
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F igu re  1, Field infiltration d a t a ,  
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erature mtnns air te 

e s o i l  d r i e s  out, Pleas 

ifference readings, 

t ,  the wheat canopy temperature 

gradually rose, aetainiag 4 , 8  C dren  ~h-. soil reached the 

po inL A t  this -hour plant water 

nt water stress 

heavy irrigation at water pocentlal ac 14 

was as much as 3. elow air tcmperaturc a --- 
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emonstrating the canopy temperature 

ifferenee and sults substantiate the 

ifference me t response to drought, 

eratures as a guide to 

asurement on an ex- 

day, a ""stress 

Marbematically 

where f DD is the midaf ternoon 

canopy tempera 

also be express 

edn data was and ending times Ear 

the summation. 

was closely co 

at heading can f potential f k a l -  

y i e l d s ,  

., Reginato, R, J,, and Jacks 
mcasure~~en.t for remote sensing of crop 

Albedo, the ratio of reflected to incoming solar radiation, was 

well correlated to final yields. lectancc is made 

Annual Report of the U.S. Water Conservation Laboratory



ot- R stress 
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For severa l  

measurements were surfaces of wet, 

drying,  and co 

pyranometers, 

onring solsr radia-  

by band r a t i o ing ,  

aeion based o 

es, Therefore, 
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TER SINLATION 

3 
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keeps t r a ck  of t e interconnections an 

convergence, 
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DECODER FOR BATIONAT, SJE 

I n  order t o  compute 

of greenhouses which s t o  

t a g  tower water, e t c  

must run wi th  2npu 

ingly ,  a magnetic 

loca t fans  were Plagstaf  

l o c a l  computer company 

compatible with our ml 

val-ues were h t e r p o l a  

S I  u n i t s  and output 

from which solar rad 

sky rad ia t ion  was co 

t i o n  on the tape, 
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S 

n order to evaluate the annual oper 

of greenhouses which store solar e 

was needed, Therefore, a 

some energy-relat 

prior greenhouse 

in a particular run and how they are connected (wires and pipes) 

together, The main pro rack of the inte 

iterates and tests rogram virtua 

size limit as implement 

ating system because t 

and several subroutines are 

subroutine is currently 5ei 

The NEB program re 

National. Weat er Service for 1 for the Flagstaff, Monrgomery, 

Spokane loca 

Except for s 

polation of howl values from 
\ 

version to SI units. 

computed from clear slzy equations an then adjuste 

using cloud amount and c e information recor 

National Weather Service, Use of t 

rograrn to compute reliable estimates of the arm 

and conditions of greenhouses with many otential eaergy- 

saving devices, 

1 1. -- 1. 
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%mbaZI, X, A, 
reenhouse, Agr 

solar processes an 
1975, 

M, lnterpolatio 
ing polynomials, 

alker, J, N, P 

PERSONNEL: B, A, KimbaL1 
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NRP : 20760 CRLS \ . J O E  UlUT: 5510-20760-001 

0,: Ariz,-MCL 71-1 

o a d d i t i o n a l  experimen s have been run  i s  y e a r ,  The d a t a  

from t h e  s i x  s p e c i e s  mentioned i n  t 5 r e p o r t  have been inc luded  

i n  a manuscript  t o  b e  submi t ted  t o  ronomy J o u r n a l ,  

The c o n t r o l l e r s  f o r  t h e  Enviro Room have been up 

purchase  of s o l i d - s t a t e  eq roL air temperature and 

vapor  p re s su re .  F u r t h e r  r e s e a r c h  will focus on d i f f e r e n c e s  i n  water- 

u s e  e f f i c i e n c y  sf (I) high- v e r s u s  Low-yielding wheat c u l t i v a r s ,  (2) 

i s o g e n i c  l i n e s  of b a r l e y  w i t  TorophyLl muta t ions ,  and 

Pima ve r sus  DeltapLne s p e c i e s  of co t ton ,  

PERSONNEL: W, L, E h r l e r ,  A, KimbaZL, and S, T, 
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TITLE: SWELLING AND SHRINKING OF SOIL I N  SITU AS DETERMINED -- 
BY A DUAL-ENERGY G A W  RkS! TWSMISSION TECI-INIQUE 

NRP : 20760 CRIS MOP& UNIT: 5510-20760- 

CODE RO. : Ark,-WCL 72-4 

Work on t h i s  r e s e a r c h  o u t l i n e  cons i s t ed  of t h e  p u b l i c a t i o n  of 

two manuscripts .  

Understanding t h e  swe l l i ng  behavior  of s o i l s  i n  t h e  f i e l d  has  

important  i m p l i c a t i o n s  i n  a g r i c u l t u r e  and engineer ing .  T r a d i t i o n a l  

f i e l d  measurements have c o n s i s t e d  of measuring t h e  c racks  formed a s  

s o i l s  d r i e d  o r  changes i n  e l e v a t i o n  of t h e  s o i l  s u r f a c e  a s  s o i l s  w e t  

and d r i e d ,  More r e c e n t l y ,  l a b o r a t o r y  techniques  have been developed 

t o  desc r ibe ,  i n  more d e t a i l ,  t h e  e f f e c t s  of s o i l  s w e l l i n g  i n  terms of 

changes i n  bu lk  d e n s i t y  and so i l -water  con ten t .  T h e o r e t i c a l  develop- 

ments i n  s w e l l i n g  so i l -wa te r - a i r  systems a l low t h e  c a l c u l a t i o n  of 

p o s i t i o n  changes of an  element of s o i l  r e l a t i v e  t o  a space-f ixed 

coord ina t e  frame, Information r equ i r ed  t o  make t h i s  c a l c u l a t i o n  a r e  

bulk  d e n s i t y  and wa te r  conten t  changes wi th  t ime t o g e t h e r  w i t h  eleva- 

t i o n  changes of t h e  s o i l  s u r f a c e ,  Measurements of t h e s e  parameters  

can be  made r a t h e r  e a s i l y  i n  t h e  l a b o r a t o r y ,  bu t  w i th  much more 

d i f E i c u l t y  i n  t h e  f i e l d  because of i n s t rumen ta t ion  problems. Recent 

r e sea rch  w a s  s u c c e s s f u l  i n  making i n  s i t u  measurements of t h e s e  -- 
parameters .  
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2-  Spos i to ,  Garr i son ,  G i ra ldez ,  Juan IT,, and Reginato,  Robert J. 
The t h e o r e t i c a l  i n t e r p r e t a t i o n  of f i e l d  obse rva t ions  of s o i l  
swe l l i ng  through a  m a t e r i a l  coo rd ina t e  t ransformat ion .  S o i l  Sci .  
Soc. Amer. Jour .  40 (2) : 208-211. 19 76. 
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TITLE: mTEOROLOGICAL FACTORS 

CROP SURFACES 

KRP : 20760 

Qork conducted under t 

categories: rocesses of e3.hatic c 

to their enviro 

of these topics, and e 

is absorbed by 

stricting the L 

ary point made 

being caused by 

ing with reaLity. 

The two papers  dealing with the res 

environment were results of new research ecLficaLly, they de- 

techniques to estimate s o i l  wate 

In the first studyg we fo 

.he year before for calculating 

surfaces worked equally well fo 

water surface, as we11 as 

P1 is given by 
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Where E is  t he  24-hour ev 

a conversion f ac to r  f o r  changing from energy evaporation u n i t s  o 
-2 

c a l  cm t o  m of water eva 

absorbed by the  surface  dur 

coe f f i c i en t s  previously der 

our t o t a l s  of inco 

outgoing thersxal r a d i  

i s  calculated by means of 

31, based so le ly  on screen-level a i r  temperature, A 

tabula t ion of t h i s  equation i s  g 

value is  obtained by using the  

minimum a i r  temperatures. R 5. 
G 

Boltzmann equation, which i s  a 1  

he da i l y  maximum 

input f o r  t h i s  e 

The second study t o  co 

with an extension of the  c 

henological evelopmerit t 

eproductive gro 

i r r i g a t i o n  t r e  

ever,  we showed that 

(Jackson, e t  a l . ,  2977) 

reproductive growth per 
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S W Y  AHD CONCLUSIONS: 

The jojoba p l a n t ' s  cold to lerance  seems t o  be one of t h e  main 

l i m i t i n g  f a c t o r s  t o  f u l l  u t i l i z a t i o n  of t h e  p o t e n t i a l  of water 

harves t ing,  The type of catchment u t i l i z e d  i n  t h i s  study 

no f l e x i b i l i t y  i n  t h e  timing of i r r i g a t i o n ,  s ince  t h e  plan 

i r r i g a t e d  whenever i t  r a i n s ,  Therefore, when frequent  showers occur 

in t h e  f a l l  o r  e a r l y  winter ,  he p lan t s  on treatments T 

s o i l )  and T ( s o i l  sprayed wi th  dust-su ressan t )  may b 
2 

"can they would have been under drought and hence more 

o f r o s t  in ju ry .  Continuation of he  present  experimen 

one on a p robab i l i ty  b a s i s ,  2n. which the odds f o r  encountering a 

e a r  with optimum r a i n f a l l  d i s t r zbu t ion  a r e  increase  

t o  t h e  number of years '  dura t ion of t h e  t e s t ,  

e o t h e r  a l t e r n a t i v e ,  o f fe r ing  f l e x i b i l i t y  i n  i r r i g a t i o  

scheduling, would be t o  u t i  a rves t ing t o  est 

rese rvo i r  from which timely i r r i g a t i o n s  coul 

This l a t t e r  type of i r r i g a t i o n  w o d d  requ i re  a major a l t e r a t i o n  i n  

the  present  system, b u t  may be  worth consi  

PERSONNEL: W -  L* Ehr le r ,  S, T, Mitchel l ,  D ,  Pink 
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Table I, Monthly r a i n f a l l  on t h e  jo joba  p l o t s .  

Month 

Feb 1976 

klar 

Rainfall, 
PP 

5Bm8 

- 9  

40-6 

23,2 

19, 

9.4 

30.9 

1976 t o t a l  221-2 

1974 total 2 5 6 - 4  
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Table 2, Characeerization of the tage runoff 

the jojoba microcat ments for treatments 

USERV PASS PRECIPITATION- PP 

/ using bes  z avai 

weighted avera 
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n e u t r o n  Iueter access t u h e s  l o c a t e  
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TITLE: TEWEUTURE CONTROL OF C02-FERTILIZED, SEA'LED GREENHOUSES 

TJRP : 20760 RIS WOKK UNIT: 5510-20760-001 

CODE NO,: USWCL 75-1 

INTRODUCTION: 

One of the major objectives of this project i.s to demonstrate 

the positive yield responses attainable with C02 fer 

a sealed greenhouse, Last year we reported on the construction of 

a test greenhouse and the associated GO2 concentration controls, 

This year funds were obtained for three more houses, bringing the 

total to Eour ( 4 ) -  For all of 197 construction of t e houses has 

been the major activity. The houses are complete and presently 

are being instrumented for callecting data such as GO2 concentratio 

radiation, water temperature, air temperature, vapor pressure, etc, 

"Tropicn> a greenhouse variety tomato, was sown in 

on 7 January 1977, and will be transplanted in approxrfnately two 

weeks into rows 3 ft apart, The plants wil 

apart each row, Each house wcil 

Figure I shows the physical layout of the gree 

utility Lines, Greenhouses 3 an 4. have evaporative coo 

outside the greenhouse for cooling he water, wl~ich is 

to heat exchanger pads inside the seale greenhouses, Gree 

No. 2 is not sealed, and is the experimenta at ambient 9: 2 
concentration, It has evaporative pads at one end, 

fan at the other, However, its cooling pads are a so a cooling 

tower furnishing cool water for greenhouse o, I, while furnishing 

cool air for greenhouse No, 2, A11 ads are horizontal, 2-inch 

thick aspen as described in our 1975 Annual Report. 

PERSONNEL: S, T, Xfitchelil, B, A, Mimba13, N, Turner, B, Dorn~an 
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each 
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5.n its original condition, 

ration rate still is essenti.ally 
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high i n f i l t r a t i o n  r The reason for  

5x1. water from w e l l  
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5, 

Average organic-car 
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ost half of 

e concentration 

a% coneeatrations o 
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rs o f  operation, .  

shorter f 100di 
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coeff ic ient  o f  

Annual Report of the U.S. Water Conservation Laboratory



the b asin 

The plots were the 

obtained : 
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the entire 
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pressures  declined 

Annual Report of the U.S. Water Conservation Laboratory



Expressing th 
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cer well were e x s e n t i  e 

same and ave 

effluent. enteri 

restricted L r r i g a t i o n ,  
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ematical mode 

The restr icted air 
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able  I, Total organfc carbon corilre~k 

water from va r ious  

Mar 

15 Nov 

18 Nov 

2 Dee 

3 Dee 

D e  c 

7 Dec 

8 Dec 

9 Uec 

10 Dec 

13 Dec 

14 Dec 

15 Dec 

6 Dec 

17 Dec 

20 Pec 

28 Dee 

29 Dec 

30 Dec 
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T a b l e  2. F l u o r i d e  c o n t e n t  (mg11) o f  secondary e f f  

and r e n o v a t e d  w a t e r  from v a r i o u s  wellsl 

14 J a n  

20 J a n  2 - 4  

6 A p r  

1 8  May 

7 3un 

22 J u l  

13 Aug 

31 Aug 

27 Sep 

27 Oct 

1 9  Nov 

1 0  Dec 

Average 2 - 2 7  P , l 2  l., 75 
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Table 3.  Boron content  (mg/l) of secondary e f f l u e n t  

and renovated water  from va r ious  w e l l s .  

~e-3: 1 well Well 
Date E f f l u e n t  3.- 2 --- ECW 5- 6 

14 Jan  e 5 54 e 54 

15  Jan  -51 

10 P E ~  ,67 * 57 , a 1  

3 Mar - 4 7  -51 -52  - 4 7  

6 Apr 

18 May 

7 Jun 

22 J u l  

13 Aug 

31 hug 

27 Sep 

27 Oct 

19  Nov 

10 Dec 

Average .52 -52 51 - 53 

Annual Report of the U.S. Water Conservation Laboratory



T a b l e  4 ,  T o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  (mg/l) of s e c o n d a r y  e f f l u e n t  

and r e n o v a t e d  w a t e r  from v a r i o u s  w e l l s ,  

- 
~ 2 . 1  We19 W e l l  

Da te  E f f l u e n t  - 1-2 ECW 5- 6 

14 J a n  832 883 86 4 

15 J a n  15 

10  Feb 

3 Har 

6 Apr 

18  May 

7 J u n  

22 J u l  

1 3  Aug 

31 Aug 

27 Sep 

27 Oct 

1 9  Nov 

1 0  Dec 

Average 9 34 4 8 1049 
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Table 5 - Water depth, i n i t i a l  i n f i l t r a t i o n  rate, suspend& s o l i d s  

concentration,and a value  f o r  d i f f e r e n t  f looding per iods .  

1 C a 
Water depth o s 

Basin m mg/ l  

4 5 

Average 

42 

4 

43 

9 

9 

4 6 

3 

Average 

1 9  

2 9 

L 

46 

6 4 

Average 
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F i g u r e  1 ,  I n f i l t r a t i o n  r a t e s  i n  F lush ing  Meadows r e c h a r g e  b a s i n s  and r a i n f a l l ,  
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JAN F EB MAR APR MAY JUN JUL AUG SEP Q CT NOV DEC 

Figure 7 .  Phosphate-P in effluent and renovated water from we11 1-2, Annual Report of the U.S. Water Conservation Laboratory



J P i N  FEB MAR APR MAY JUN J U L  BUG S EP CT NOV DEC 

F i g u r e  8, Phos hate-I? i n  e f f l u e n t  and renovated w a t e r  from ECN, Annual Report of the U.S. Water Conservation Laboratory
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Figure  9. Phosphate-P in e f f l u e n t  and renovated'water Annual Report of the U.S. Water Conservation Laboratory



Figure 10, Infiltration rates In Basin J of 23rd Avenue Project, 
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BASIN 

Figure 11, Infiltration rates in Basin 2 of 23rd Avenue Project. 
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a ENTERING 88 ACRE POND 

0 LEAVING 80 ACRE POND 
Q 

F i g u r e  1 4 ,  Suspended s o l i d s  i n  secondary e luent and 80-acre pond ou t f low f o r  1975 and 1976.  
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PE AY SE T DEC 

F i g u r e  15. Water l e v e l s  i n  no r th ,  south and cen te r  w e l l s ,  
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i t .  

F i g u r e  1 6 .  Schemat ic  of a i r  p r e s s u r e  p iezomete rs  i n  vadose 

zone.  Annual Report of the U.S. Water Conservation Laboratory



La 

F i g u r e  1 7 ,  A i r  p r e s s u r e  a t  40  f t  dep th  i n  Basin 2, 
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Nit rogen  i n  e f f l u e n t  and i n  renova ted  w a t e r  from center  w e l l ,  
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Figu re  21, F e e a i  e o l i f o r m  counts  i n  e f f l u e n t  and renova ted  w a t e r  f rom c e n t e r  w e l l ,  
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TITLE: COLUMN STUDIES OF THE CHEMICAL, PISUSICAL, AND BIOLOGICAL 

PROCESSES OF WASTEWATER RENOVATION BY PERCOLATION THROUGH 

TtlE SOIL 

NRP 2 20790 CRIS WORK UNIT: 5510-20790-001 

0 , :  Ariz,-IJCL 68-3 

INTRODUCTION: 

Experiments on ehe movement of v i r u s e s  i n  s o i l s  f  ooded w i t h  waste- 

wa te r  and renovat ion  of  primary sewage e f f l u e n t  were cont inue  d u r i n g  3.976. 

PART I. VIRUS 'MOVEMENT 

PROCEDURE : 

A 250 cm long  s o i l  column was f looded wi th  primary sewage e f f l u e n t  
4 

enr iched  w i t h  1 t o  2 x LO P P U / ~ ~  p o l i o v i r u s  t ype  I (LSc), e n  t h e  

primary e f f l u e n t  was removed and 10 cm of deionized wa te r  was added 

immediately. The column was d ra ined  f o r  5 days and then  f100ded wi th  

de ionized  water  f o r  1 day. Water sa~mples f o r  v i r u s  a s say  were e x t r a c t e d  

a t  va r ious  depths dur ing  each day of t h e  9-day f lood ing  p e r i o d  and sam- 

p l e s  f o r  o rgan ic  carbon ana lyses  were e x t r a c t e d  on days 1, 7, 8, and 9. 

Another experiment was conducted wi th  t h i s  s o i l  co4umn t o  s t u d y  

t h e  movement of p o l i o v i r u s  app l i ed  a t  va r ious  concen t r a t ions ,  The 

column was f looded dur ing  succes s ive  3-day f lood ing  pe r iods  w i t h  

secondary sewage efEluent  con ta in ing  p o l i o v i r u s  concen t r a t ions  of  
4 

about  1 x l o 2 $  3.9 x l o3>  and 2.6 x 10 PFU/ml. Samples were e x t r a c t e d  

a t  va r ious  depths a t  t h e  end of each day, 

A column was packed wi th  S a l t  River  bed loamy sand wl~icln. had nor 

been floocled wi th  sewage water  prev ious ly .  It was f looded w i t h  a 
4 

5 mM CaCl s o l u t i o n  con ta in ing  about 5  x 10 PFU/ '~L  p o l i o v i r u s  f o r  2 
2 

days, d ra ined  f o r  4 days,  and f looded wi th  secondary sewage eff-huent 
4 con ta in ing  about 5  x 10 P l?~ /ml  p o l i o v i r u s  f o r  2  days, Samples f o r  

v i r a l  assays  were e x t r a c t e d  dur ing  each day of f looding ,  

Another column was packcd wi th  a  coarse sand from t h e  S a l t  River  

bed, This  s o i l  was 93% sand, 6% s i l t ,  and 1% clay ,  The column was 
4 f looded wi th  secondary e f f l u e n t  conta in ing  about 3 x 10 PFU/rnl. 

po l iovi rus . .  The h e i g h t  of t h e  overflow device  used f o r  an a r r t l e t  was 

ad jus t ed  t o  va r ious  l e v e l s  t o  g ive  i n f i l t r a t i o n  r a t e s  r ang ing  f r o m  

.63 m/day t o  11.52 m/day. One s e t  of samples was e x t r a c t e d  f o r  each 
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of t h e  5 i n f i l t r a t i o n  r a t e s  a f t e r  1, 2, 3 ,  3*25,  and 

f lood ing  

RESULTS DISCUSSION: 

Virus adsorp t ion  from primary e f f l u e n t  . dso rp t ion  of 

from primary sewage e f f l u e n t  was s i m i l a r  t o  adso rp t ion  from secondary 

sewage e f f l u e n t  f o r  t h e  upper 40 cm of s o i l  i n  t h e  s o i l  co2 

(Figure 1 ) .  No v i r u s  was de t ec t ed  i n  1 m l  sampl-es e x t r a c t s  

o r  below dur ing  l week of f l ood ing  t h e  250 cm long  s o i l  columns wi th  

primary e f f l u e n t  seeded wi th  about 1.2 x. l o4  PFU/ml of 

(Table 11, This  compares t o  d e t e c t i o n  of an occas iona l  v i r u s  a t  t h e  

160 cm l e v e l  and none below t h a t  l e v e l  i n  prev ious  experiments  where 

t h e  same s o i l  column was f looded wi th  secondary e f f l u e n  

about t h e  same concen t r a t ion  of p o l i o v i r u s ,  Thus, t h e  

C content  of t h e  primary e f f l u e n t ,  .r@hich ranged from ab 

i n  samples,  e x t r a c t e d  above t h e  80 cm depth 

v i r u s  adso rp t ion  a s  compared t o  adsorp t ion  from secondary e f f l u e n t  

w i t h  an o rgan ic  C conten t  of 20-20 mgll a t  t h e  same 

Flooding t h e  s o i l  w i th  deionized water  immediat 

w i t h  primary e f f l u e n t  con ta in ing  v i r u s  caused some movement of  v i r u s e s ,  

b u t  they  were n o t  d e t e c t e d  below t h e  80 cm depth [Table 1)- Flooding 

aga in  wi th  deionized wa te r  a f t e r  a l lowing t h e  s o i l  column t o  d r a i n  

f o r  5 days d i d  no t  r e s u l t  i n  d e t e c t i o n  of v i r u s e s  a any depth ,  Thus, 

v i r u s e s  were desorbed by a p p l i c a t i o n  of de ionized  wate  

a t e d  s o i l  b u t  n o t  by a p p l i c a t i o n  of de ionize  

water  dra ined  from t h e  s o i l ,  This  v i r u s  c.ovenent was s i m i l a r  t o  cha t  

observed wi th  s o i l  columns f looded wi th  secondary e 

wi th  v i r u s  and then  leached wi th  deionized w a t e r  a f t e r  d i f f e r e n t  

dry ing  t imes,  

Virus adso rp t ion  from secondary e fEluent  az d i f f e r e n t  coneentra-  

t i o n s  of added v i r u s .  More v i r u s e s  were de t ec t ed  a t  ea t h  

a s  t h e  concent ra t ion  of added v i r u s  i n  sewage wa te r  i nc reased  from 
2 4- 

about 0 .9  x 10 t o  2-6  x 10 PFU/ml (Table 3). Bowever, the 

age of added v i r u s e s  remaining a t  each depth was about t 

each concent ra t ion  (Table 4 ) .  Also,  t h e  depth t o  which v i r u s e s  
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moved was n o t  i nc reased  by i n c r e a s i n g  t h e  concen t r a t ion  of a p p l i e d  

v i r u s .  This  sugges t s  t h a t  t h e  adsorp t ion  r e a c t i o n  between v i r u s e s  

and s o i l  p a r t i c l e s  i s  no t  concen t r a t ion  dependent. 

Vi rus  adso rp t ion  by a  f r e s h l y  packed s o i l  column, A column was 

packed w i t h  s o i l ,  which had n o t  been f looded p rev ious ly  w i t h  sewage 

wa te r ,  t o  determine i f  t h e  h igh  removal of v i r u s e s  n e a r  t h e  s o i l  sur-  

f a c e  of o l d  s o i l  columns was due t o  some e f f e c t  of cond i t i on ing ,  such 

as, an accumulation of o rgan ic  m a t t e r  n e a r  t h e  s 

n o t  d e t e c t e d  below 5 cm when t h e  column w a s  f l o o  

s o l u t i o n  seeded w i t h  p o l i o v i r u s ,  No v i r u s e s  wer e t e c t e d  below 40 

cm when t h e  column was f looded w i t h  secondary sewage e f f l u e n t  seeded 

wi th  p o l i o v i r u s  (Table 5 ) ,  The concen t r a t ion  of v i r u s e s  n e a r  t h e  

s u r f a c e  of  a  f r e s h l y  packed s o i l  column showed t h a t  

p a t t e r n  w a s  n o t  due t o  an accumulation of o rgan ic  m a t t e r  o r  sal ts  

n e a r  t h e  s o i l  s u r f a c e  dur ing  prolonged f lood ing  w i t  sewage w a t e r ,  

Vi rus  removal from t h e  s a l t  solu"con was more 

from sewage wa te r .  Adsorption was probably s t i m u l  

content  of t h e  s a l t  s o l u t i o n ,  Also, t h e  organic  m 

might have i n h i b i t e d  v i r u s  adso rp t ion ,  

E f f e c t  of flow r a t e  on v i r u s  adsorp t ion .  A column 

wi th  coa r se  sand s o  t h a t  t h e  e f f e c t  of d i f f e r e n t  flow r a t e s  could  be  

t e s t e d  by changing t h e  he igh t  of t h e  column o u t l e t ,  c r e a s i n g  t h e  

flow r a t e  from 0.6 t o  1.2 mlday r e s u l t e d  i n  more movement o f  v i r u s e s  

through t h e  s o i l  (Table 6 ) -  Viruses  d id  no t  move below 16 

m/day b u t  moved t o  240 em a t  r a t e s  of 1.2 m/day and above, 

t h e  flow r a t e  from 1 , 2  m/day t o  12.0 m/day seemed t o  have 

on v i r u s  movement. Previous experiments wi th  loamy sand eolurnris showed 

t h a t  changing t h e  flow r a t e  from 0 -15  t o  0,55 m/day d i d  noE a f f e c t  

v i r u s  movement. Thus, i t  appears  t h a t  v i r u s  adso rp t ion  by s o i l  i s  

reduced when t h e  flow r a t e  i s  inc reased  above some 

Plow r a t e  changes above and below t h e  break  po in t  d  

a f f e c t  v i r u s  adsorp t ion .  The b reak  p o i n t  seems t o  occur  a t  about Q = G  

m f o r  t h e  S a l r  River  bed sand columns, bu t  i t  might b e  d i f f e r e n t  f o r  

o the r  m a t e r i a l s ,  Flov~ r a t e s  above t h i s  l e v e l  coulA n o t  b e  achieved  

f o r  many s o i l s .  It is  remarkable t h a t  v i r u s  concen t r a t ions  were 
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reduced by 2 logs  when coa r se  sand columns were a t  i n f i l t r a -  

t i o n  r a t e s  of 12 m/day (Table 6 ) .  

A hypo thes i s  t o  exp la in  v i r u s  adsorptx&patterns i n  s o i l  

columns. One exp lana t ion  which may account f o r  h e  v i r u s  adso rp t ion  -- 
p a t t e r n  i n  s o i l  columns f looded wi th  sewage water  s eede  

is  t h a t  v i r u s  adso rp t ion  is  a f f e c t e d  by t h e  s t r e n g t h  of t h e  n e g a t i v e  

charge on t h e  v i r u s  p a r t i c l e ,  t i s  p o s s i b l e  t h a t  v i r u s e s  w i t h  a  

charge below a  c e r t a i n  l e v e l  a r e  immediate 

v i r u s e s  move f a r t h e r  down t h e  column, Ads 

lower charged popula t ion  of v i r u s e s  appear  

dependent, This  would e x p l a i n  why a  2-log reduceion i n  

c e n t r a t i o n  occurred  du r ing  r h e  f i r s t  5 cm oE t r a v e l  

b u t  t h e  v i r u s  concen t r a t ion  was reduced a t  a  lower r 

moved f a r t h e r  clown t h e  column. The same p a t t e r n  was 

f r e s h l y  packed s o i l  c o l u m s ,  i n d i c a t i n g  

n e a r  t h e  s u r f a c e  was n o t  due t o  an accumulation of material n e a r  t h e  

s u r f a c e  o r  mod i f i ca t ion  of t h e  s u r f a c e  l a y e r  by f l o o  g  w i t h  sewage 

water .  This  hypo thes i s  is a l s o  c o n s i s t e n t  w i t  

t h e  pe rcen t  removal of v i r u s  a t  va r ious  depths is s i m i l a r  f o r  appl ica-  

t i o n s  of sewage water  con ta in ing  d i f f e r e n t  v i r u s  concen t r a t ions ,  

Burge (pe r sona l  communication) has  produced d a t a  which i n d i c a t e  

t h a t  ba t ches  of +X-174 bacter iophage  are compose of a t  l e a s t  two 

popula t ions  of v i r u s e s  d i s t i n g u i s h a b l e  by t 

adsorbed by s o i l ,  This  is  c o n s i s t e n t  with o u r  d a t a  showing one 

apparent  r e a c t i o n  r a t e  n e a r  t h e  s o i l  s r f a c e  and ano the r  f o r  t h e  next  

segment of t h e  s o i l  column, One popula t ion  m 

s u r f a c e  and another  may move much f a r t h e r  bec  

adso rp t ion  r a t e .  L t  is p o s s i b l e  t h a t  a  very  sma l l  

v i r u s  popula t ion  h a s  a  s t r o n g  enough nega t ive  charge t o  make s o i l  

adsorp t ion  very d i f f i c u l t ,  There i s  some evidence t a t  a d s o r p t i o n  

of v i r u s e s  by s o i l s  de l ays  i n a c t i v a t i o n ,  Since i n a c t i v a t i o n  of t h e s e  

unadsorbed v i r u s e s  would not  be  elayed by a d s o r p t i o  

p a r t i c l e s ,  complete v i r u s  removal from t h e  water  might be  a t t a i n e d  

wi th  a  long de t en t ion  time i n  t h e  s o i l .  
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S'LJ?MRY AND CONCLUSIONS: 

Adsorption of p o l i o v i r u s  from primary e f f l u e n t  w a s  s i m i l a r  t o  

t h a t  from secondary e f f l u e n t  i n d i c a t i n g  t h a t  t h e  h i g h e r  o r g a n i c  con- 

t e n t  of primary e f f l u e n t  d i d  n o t  a f f e c t  v i r u s  adso rp t ion ,  

When a s o i l  column was f looded wi th  secondary e f f l u e n t  con ta in ing  

d i f f e r e n t  concen t r a t ions  of added p o l i o v i r u s  dur ing  d i f f e r e n t  fl.ooding 

pe r iods ,  t h e  number of v i r u s e s  d e t e c t e d  a t  every s o i l  
2 as t h e  c a l c u l a t i o n s  of added v i r u s  i nc reased  from about 0 - 9  x 10  t o  

4 2.6 x LO PFU/ml. However, t h e  percentage  of added v i r u s  remain ing  a t  

each depth was about  t h e  same f o r  each conceatrat%on.  Also, 

mum depth t o  which v i r u s  moved was n o t  i nc reased  by i n c r e a s i  

concen t r a t ion  of added v i r u s ,  

l a e n  a  f r e s h l y  packed s o i l  column was f looded w i t h  secon  

e f f l u e n t s s e . d e d  w i t h  p o l i o v i r u s ,  most of t h e  v i r u s e s  were r e m  

t h e  s o i l  s u r f a c e .  This  showed t h a t  t h e  high v i r u s  remova 

s o i l  s u r f a c e  of "old s o i l  columnsP' was not- due t o  some e f f e c t  of  con- 

d i t i o n i n g  such as an accumulation of o rgan ic  ma t t e r  n e a r  t h e  s o i l  s u r f a c e ,  

I n c r e a s i n g  the  flow r a t e  from 0,6 t o  1 . 2  mlday t 

column by changing t h e  he lgh t  of  t h e  column o u t l e t  r 

ment of v i r u s e s  through the  s o i l .  However, i n c r e a s i n g  t h e  f low r a t e  

from 1 .2  t o  12.0 mjday had l i t t l e  e f f e c t  on v i r u s  movement, P rev ious  

experiments showed no e f f e c t  on v i r u s  movement by changing the flow rate 

from 0.15 t o  0.55 mlday. Thus, i t  appears  t h a t  v i r u s  a d s o r p t i o n  by s o i l  

Is reduced when t h e  flow r a t e  i s  inc reased  above some break  p o i n t  w h i l e  

flow r a t e  changes above and below t h e  break  po in t  do n o t  a f f e c t  v i r u s  

adso rp t ion .  The break  p o i n t  seems t o  b e  about 0.6 mjday f o r  the sal t  

r i v e r  bed sand columns b u t  i t  may b e  d i f f e r e n t  f o r  o t h e r  s o i l s .  - 

One explana t ion  which nay account f o r  t he  v i r u s  a d s o r p t i o n  p a t t e r n  

i n  s o i l  columns f looded wi th  sewage water  seeded w i t h  v i r u s  i s  t h a t  

v i r u s  adsorp t ion  i s  a f f e c t e d  by t h e  s t r e n g t h  of t h e  n e g a t i v e  charge on 

t h e  v i r u s  p a r t i c l e .  It i s  p o s s i b l e  t h a t  v i r u s e s  w i th  a  n e g a t i v e  cl-rarge 

below a  c e r t a i n  l e v e l  a r e  immediately adsorbed wh i l e  v i r u s e s  w i t h  a  

s t r o n g e r  nega t ive  charge move f a r t l i e r  down the  column. 
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PART X I .  PRIMRY SEWAGE RENQVATION 

PROCEDUIIE : 

Primary sewage e f f l u e n t  was 

r o u t i n e  schedule  of 

The s o i l  columns w e r  

b a r e  and t h r e e  were 

e n t  and e f f l u e n t  samples were an 

and phosphate.  

I n f i l t r a t i o n  r a t e s  w e r e  c a l c u l a t e d  from time an 

RESULTS AMD DTSCUSSIQN:: 

(Table 8).  

Colum 3 had g e n e r a l l y  lower i f i l t r a t i o n  rat 

Column 3 very  Erequent ly complete anmonia ox 

whereas column 2 c o n s i s t e n t l y  had t o t a l  o x i  

n i t r a t e .  Column 5 had r a p i d  i n f i l t r a t i o  

r e t e n t i o n ,  Therefore,  extremely ra 

s o l e  c o n t r i b u t i n g  f a c t o r  i n  non- to ta l  o x i  

Nitrogen removal. Percent  n i t rogen  removal fr  

e f f l u e n t  was n e i t h e r  d i r e c t l y  p ropor t iona l  nor i n  

t o  i n f i l t r a t i o n  r a t e s  dur ing  1 9 7 6 ,  However, 

t i o n  r a t e s  measured was f a i r l y  narrow For 
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1976. The colutm~s with ermudagrass ve 

g r e a t e r  pe rcen t  average  n i t r o g e n  r 

columns * 

arbon, Water sam 

columns and ana 

s t e a d i l y  at 

volving a sin 

were made, Fo 

ern  of conce 

hate i n  a u t f l  

bermudagrass remov 

Average PO4- 

a t  t h e  beginning of t e year as con1 

i n d i c a l i n g  an  eq 

of primary sewage e f f l u e  t by soil rec 

phosphate,  ammonia, an rates were some- 

what lower i n  197  s taatiaZ soil 
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c logging  occurred  du r ing  t h e  second yea r  of a  2-year f l o o d i n g  pe r iod  

when e f f l u e n t  h igh  i n  suspended s o l i d s  was a p l i e d  and no o rgan ic  

m a t e r i a l  was removed from t h e  s o i l  su r f ace .  This  i n d i c a t e s  t 

s o i l  s u r f a c e  should be  scraped a t  l e a s t  once a yea r ,  The percentage  

of n i t r o g e n  removed w a s  somewhat l e s s  i n  197 

may be  due t o  t h e  f a c t  t h a t  i n f i l t r a t i o n  rates f l u c t u a  

of  1976. 

Phosphate concen t r a t ions  on t h e  c o l  

h ighe r  f o r  1976 than  f o r  t h e  previous  year .  

f looded  i n  1976 wi th  primary s w a g e  f o l l  

per iod ,  a  wave oS phosphate was 

concen t r a t ions  were low a f t e r  t h e  wave I 

b u t  began t o  i n c r e a s e  L a t e r  i n  t h e  year* 

dur ing  1976 and then  appeared 

end of t h e  year .  Thus, phosphate xemoval i n  any g iven  y e a r  i s  

dependent upon t rea tment  of t h e  s o i l  dur ing  previous  

L n f i l t r a r i o n  rates on t h e  two l abo ra to ry  co 

t h e  6 months they  were i n  u se  w i t h  a lower averag  

year  (Table 1 6 ) -  

Percent  n i t r o g e n  removal was no t  g e n e r a l l y  i nc reased  by 

lower i n f i l t r a t i o n  r a t e s ,  

Phosphate ( a s  P) i n  column. ou"c1ow was lower fhan  i n  t h e  

previous  yea r ,  va ry ing  d i r e c t l y  as i n f i l t r a t i o n  rates 

PERSONNEL: J. C, Lance, R ,  6 ,  Rice, G. 6. Emery 
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Table  1. V i r u s  c o n c e n t r a t i o n s  a t  v a r i o u s  dep ths  i n  a  s o i l  column f looded  w i t h  pr imary sewage 
e f f l u e n t  seeded w i t h  p o l i o v i r u s ,  

Column 
depth  

PFU/ml on day sample t a k e n  
1 3 6 7 8 9 avg 9 2a:; 1 0  1 4  1 5  

rL 

100-mL samples 
a. 11. 
8 .  ', 

Primary e f f l u e n t  removed and column f looded  w i t h  d e i o n i z e d  H 0 a f t e r  9 days ,  
2 

X = f r e s h  r e s e r v o i r  samples and R2 = 1-day-old r e s e r v o i r  samples.  1 
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Table 2, Organic carbon content of samples extracted for  

v i r u s  assay from s o i l  columns fP  

r2mary sewage e f f l u e n t  see ed with poliovrirus, 

Depth 
em 

: 1 day old primary e f f l uen t ,  

A* cumulative, 24 hours.  
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Table  3, Vi rus  c o n c e n t r a t i o n s  a t  v a r i o u s  d e p t h s  i n  a s o i l  column f l o o d e d  w i t h  secondary  

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

Column Depth 
Vi rus  Concen t ra t ion  PFUlml 

Range A m  Range Avg Range Avg 

Dara are averages  f o r  samples taken on t h r e e  f l o o d i n g  d a t e s ,  
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T&le  4 ,  Pe rcen t  a£ added v i r u s e s  remaining 

v a r i o u s  depths a f t e r  f l o o  

columns with sewage water c o n t a i n i n g  

d i f f e r e n t  concen t r a t ions  of po 

Column Depth 
cm 

g % Virus  Remaining* 

35 

4 

0 

D 

y&itxi  a r e  averages  f o r  samples taken on 

f lood ing  days . 
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Table 5 ,  V i rus  concen t r a t ions  a t  va r ious  depths  i n  a 

f r e s h l y  paclced s o i l  column f looded  w i t h  a 5 mM 

aG12 s o l u t i o n  o r  secondary sewage e f f l u e n t  

seeded with. p o l i o v i r u s .  

Gael? S o l u t i o n  Secondary E f f l u e n t  

Column Depth 

40 

8 0 

160 0 

2 40 0 0 

250 0 

9~0-samples taken  1 day a f t e r  p r e p a r a t i o n  of v i r u s  

ndx tu re s .  F re sh  mixtures  ranged from 57000-100000 P ~ ~ l m l ,  
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Table 6, Virus concentrations at various 

column flooded at iff ereat infi tration rates 

ith sewage effluent seede 

2k0 samples were taken 1. day after a 

Zor the Eirsr three flow rates and 6-9 

tion for the two highest rated, 
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Table 7, Infiltration rates (cmlday) OB soil columns, 1976. 

Start cycle End cycle 1 2 3 4 5 6 7 3 9 Avg , 
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Average -5 
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Table 9. Percent nitrogen removal, soil colurm~s, 1976, 

Start cycle End cycle 1 2 3 4 5 6 7 8 9 Avg . 
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rganic  arbo on (ppm primary ef f luen t ,  
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Table 11. Organic carbon (ppm) i n  primary e f f l u e n t ,  

Depth March 23 March 24 &rch 30 March 31 

cm day 0 day 1 day 7 day Avg 
- 

** 
2 

5 

I 

20 

40 

80 

160 

240 

250 

Out flow 

i n  j ug  

New e f f l u e n t  
.& & -- I-day-old e f f l u e n t  

"k* 2-day-old ef Eluent  
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Table. 12, PO; average er cycle, soi1 columns 1-9, 1976. 

Dee, 30 
Jan, 13 
Jan, 23 
Peb,  10 
Feb. 24 
Nar, 9 
Mar. 23 
A p r ,  6 
A p r *  20 
?lay 4 
May 18 

N Jun, 1 
P 

I Jun, 15 
N 
o Jun, 30 

. Jul, 13 
Jui, 27 
iiug, 10 
Aug, 24 
Sep* 7 
S e p ,  21 
O c t ,  5 
O c t ,  19 
Nov , 

Avg , 
Avg, 1-4- 
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Table  13.. P O + ,  soil columns, 1976 ,  4 
-- 

Effluent: 1-4-7 2-5-8-- 
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Table 1 4 .  Organic carbon (ppm) in primary effluent, 

Depth Column 

cm Day I 2 3 4 5 6 7 8 9 Avg, 
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Table  1.5. Organic  ca rbon  (ppm) i n  pr imary effluent, 

Day I 2 3 4 5 6 7 8 Avg . 
Outflow May 13 4.0 6 .0  2,O 3.5 4,O 3,O 2-5  4.0 5 , 5  3.8  

in jug 
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F i g u r e  1, V i r u s  removal from pr imary and secondary sewage e f f l u e n t  by s o i l  

columns, 
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Table 16, I n f T l t r a t i o n  r a t e s  and n i t rogen  removal - i n s i d e  

columns, 1976. 

I n f i l t r a t i o n  Rates9< - 
Start Cycle End Col,  2 Col, 3 

Dee, 30, 

J an ,  13,  

an, 27 

Feb, 10 

Feb, 24 

Plar, 9  

Mar, 23 

Apr. 6 

Apr, 20 

May 4 

May 1 8  

Jun.  1 

Jun.  15 

Jua, 30 

J u l .  23 

Average 

1975 Jan, 13,  1976 

1976 J a n ,  27 

Peb, 10 

Feb, 24 

Mar, 9  

Mar. 23 

Apr ,  6 

Apr. 20 

May 4 

May 1 8  

Jun.  I 

Jun ,  15 

Jun ,  30 

J u l ,  1 3  

Jrr1, 27 
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Table 17.  Phosphate averages f o r  each cyc le  rins5.de columns, 1976, 

S t a r t  Cycle E f f ,  Col. 2 Gal, 3 

Dec, 30, 1975 

Jan,  1 3 ,  1976 

Jan. 27 

Feb, PO 

Feb. 24 

Mar. 9 

Mar, 23 

Apr, 4 

Apr. 20 

Tfhy 4 

Nay 18 

Jun. 1. 

3un. 15  

Jun,  30 

J u l .  1 3  
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Table 18. Average suspended s o l i d s ,  Primary e f f l u e n t ,  1976, 

Dates Average 

PPm 
- ---- 

J u l  , 22 - Aug , 5 5 8 

Sep. 2 - Sep, 21 

:ep, 21 - Oct, 5 

Oct, 5 - Qct. 29 
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T a b l e  1 9 -  Grass  c l i p p i n g  y i e l d ,  1976,  

Da te  Column L Column 4 Column 

grams d r y  w e i g h t  

2/10/76 16 .73  11-88 13.55 

Tot  a1 1 2 3 , 7 l  75.19 103-  6 8  

Annual Report of the U.S. Water Conservation Laboratory



F i g u r e  2 ,  Average i n f i l t r a t i o n  r a t e s  (cm/day) f o r  s o i l  columns f looded  w i t h  pr imary sewage e f f l u e n t  o n  a 14-day 

c y c l e  of 9 days f l o o d i n g  and 5 days d r y i n g ,  
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F f g x r e  3 .  Average infiltration rates (cm/day) and average percent nitrogen removal by soil columns flopded with 

primary sewage effluent, Annual Report of the U.S. Water Conservation Laboratory



Figure 4 .  Average PO -P (ppm) concentrations in primary sewage effluent and water from soil column outflow. 
4 Annual Report of the U.S. Water Conservation Laboratory
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Figure 7. Flooding c y c l e  average  PO -P (ppm) c o n c e n t r a t i o n s  i n  pr imary sewage e f f l u e n t  and column ou t f low of 4 
l a b o r a t o r y  s o i l  columns, Each 14-day c y c l e  c o n s i s t e d  o f  9 days f l o o d i  g and 5 days d r y i n g ,  
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JAN N JUL AUG 6CT NQV DEC 

i g u r e  8, Flooding cycle average infiltration rates (cmlday) for prima sewage effluent and flooding 

cycle average PO -P (ppm) concentrations in column out,flow from Column 2, laboratory soil column. 4 Annual Report of the U.S. Water Conservation Laboratory
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infiltration rates a 

However, sfzic 

es were decrease cose, it was necessary 

5th 255 g of 

ws Soil from 10% mois~ure 

nsity of abou rain tubes were added to 

the plastic cylinder that 

ed, These tubes were ly for removal of trapped air 

when the columns w e r e  first flooded, n average infiltration rate of 

about 45 cm/day for each flood cycle was maintained with these soil 

columns, even after treatment wit glucose, These old and new types 

of soil eolumns will be referre to as '%ow E-leadP' and " 
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ues,  a s  previous ual Report, 

The r e s u l t s  are preliminary an ere as a p rogres s  

r e p o r t .  The lenrEl.uence of infiltrazion r a t e s ,  gluecsse concentration, 
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i n c r e a s e  i n  

i n f i l t r a t i o n  

e s p e c i a l l y  at 

i n c r e a s e  i n  activity of d e n i c r i f i e r s ,  

e effects of kncreased I r J  ik-ration rates 

e a c t i v i t y  s f  

b a c t e r i a  i n  s o i l  columns h secondary s 

determined, Data f o r  gE cose t r ea tmen t s  dur ing  t h e  f i r s t  2 days  of 

a %day f lood  pe r io  have been completed, a n  experiments w i t h  

cont inuous glucose-treatment  f o r  

The average r a t e s  of i n f i l t r a t i o n  f o r  the  s o i l  co 

t o  those  obta ined  i n  the f i e l d  r o j e c t  of about  45 cml 
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higher infiltratlo rcater amounts o f  

applied to the soil, the numbers of enil tr i fying bacteria were 

PUBLICATIONS: 

o f  a carbon. 
pulse to stirnula 
sewage water. 1 
the Southwest 6-?h.3-~l&, Universiry of Arizona Press * 

PERSONNEL: R, 6 .  G i l b e r t ,  J, Tker and S ,  6, 
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he cane was a g a i n  o f f e r i n g  some r o t e c t i o n ,  Waters'iled boundaries 

n September m d  appear  170 conform t o  t h e  Pas t  survey ,  

e y e a r ,  t h e  r a toon  crop was 2 

t e r s h e d  had a co l e te  sugarcane  cover  u n t i l  

Af t e r  h a r v e s t ,  i t  was 

ough the flume 

d been removed, 

caus ing  a  change 

ediment and a berm 

were r a t h e r  sm1.l.. 

Tnis  watershed had an 8- t o  1 0 - f t  p a r t i a l  cover 

r a d u a l l y  changed t o  a 10-Et complete cover  by June, 

t o  weed growth be ween t h e  s p a r s e  cane,  This p l o t  i s  

v e s t e d  e a r l y  i n  L977* 

Waialua P ineapp le ,  The young sugarcane on th i s  watershed w a s  -- 
ha rves t ed  2 S m e  1976, u s ing  equipm~int similar t o  t h a t  used t o  h a r v e s t  

c o r n ,  22x2 cane s t a l k s  were c u t  about  2 t o  3 inches  above t h e  s o i l  

surface and cho - t o  2 - f t  l eng ths  f o r  s eed  cane, A cousider-  

brLs was l e f t  on the ground p rov id ing  almost  complete 

coverage,  Tbis  ris w a s  burned on 23 June 1976, m d  t h e  r a toon  crop 

3 t o  4 ft by September, p rov id ing  a l i m i t e d  cover .  A t  t h e  

end of t h e  y e a r  t h e  6 - f t  cane provided a p a r t i a l  cover .  

T n i s  fLelil remained b a r e  from January u n t i l  t h e  middle 

w a s  worked over  w i t h  a harrow o r  d i sk  s e v e r a l  

this p e r i o d ,  20 May t h e  f i e l d  was p l a n t e d  t o  p ineapp le  w i t h  

pl.ns.cic strips een  p l a n t i n g s ,  Tne f i e l d  was i r r i g a t e d  t h r e e  times 

veaiuer, and by t h e  end o"Ethe y e a r  t h e  pixaeapple 

h i g h  and provided e s s e n t i a l l y  a complete cover.  

1Clull.i.a. " i ' r r i s  s i t e  has a mature p ineapple  crop which p rov ides  a  -- 
complete cover- The p ineapp le  was picked i n  January and was a g a i n  
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y f o r  h a r v e s t  e a r ,  A l a r g e  s torm, which l a s t e d  

f o r  s e v e r a l  days dur ing  e a r l y  February, i n  t h e  mountains above t h e  

t h e  watershed c a  ing auout  L i nch  of  flow 

uc ted  i n  coopera t ion  wi th  

ee ive  the m a  

a t a  was delayed by  con^ 

ough December 1976 by March 

a t e r  r o l e  now t h a t  almost 

er programs developed 

72-1975 d a t a  i n  t a b u l a r  

form, and t h e s e  t a b l e s  a r e  be ing  s t u d i e d .  Gullre Numbezs f o r  a l l  d a t a  

up t o  Deceniber 3. 75 and f o r  all. watersheds were provided Hawaii SCS 

personnel .  R coopera t ive  r e p o r t  i tended t o  p r e s e n t  pre l iminary  

r a i n f a l l ,  r u n o f f ,  and e r o s i o n  c l a a r a c t e r i s t i c s  is  be ing  compiled and 

I be publ i shed  as an 

A coopera t ive  a g r e e  l a s t  y e a r  with t h e  S t a t e  of 

ar tment  o f  L Resources, was slow i n  g e t t i n g  

underway because a new s i t e  and c o l l a b o r a t o r  had t o  be  l o c a t e d ,  Xle 

new s i t e  nas  been chosen and a l i n e d  r e s e r v o i r  i s  under cons t ruc t ion ,  

s ~ a l l a z i o n  o t h e  catchment an uipment i s  scheduled 

o r  e a r l y  1977* 

The four  w a t e r  ~ i a r v e s ~ i n g  p l o t s  on dau i  were x i s i t e d  du r ing  1976 

appear be c r f  arming s a t i s f  a c t a r i l y  , al though t h e  t h r e e  t r e a t e d  

need ndno-r maintenance to extend  t h e i r  u s e f u l  l i f e ,  

Coo1ey > Gary W. F r a s i e r ,  and Soh11 li, Griggs 
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CE EVlr90MT20N FROM WATER 

CRIS  WORK. UNIT: 5510-20810-002 

tLve data were  obtained. 

an reports received 

e seldom visited by 

t yeer except the wax 

" pard 5i.n wax a 
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early averages ea 

separated Zrom cover, 
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continue to operate satisfactorily, " 
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TITLE: LOVER COST WATER HARVESTING SYSTEHS 

NRP : 20810 GRIS WORK UNIT:  5510-2081 

ODE NO.: Ariz,-MGL-71-12 

INTROE~UCTTON : 

Studies were continued a t  the Granite Reef t e s t  s i t e  o 

evaluation of methods and mate r ia l s  f o r  i 

runoff ,  The Norrment Tank t e s t  s j  e i s  i n  a secondary or s 

base consis t ing of maintai  ing the  raingage netwurk 

recorders  fin two of the  watersheds, A I i n s t r m e n t a t  

Seneca t e s t  s i t e  has been remav The cooperative s 

the  Bureau of La d Management (' U. S. Department 

is  i n  i t s  second year of evaluating water hames t ing  

methods. Assistance wa t o  various u n i t s  of  

Service i n  Arizona and Mexico and t o  t 

Department i n  i n s t a l l a t i o n  of water harvest ing catchments, A new 

study of growing forage with water harvest ing techni 

izona, was i n i t i a t e  

Watershed Rangeland Research Gente 

ITE REEF TEST S 

Total  r a i n f a l l  a t  the  Granite Reef t e s t  s i t e  wa 

1976, Only two storms during t he  year were g rea te r  

p r ec ip i t a t i on -  

Paved o r  Covered P lo t s :  The runoff e f f i c iency  from the two-phase 

asphal t  treatments on p lo t s  2-5 L-6 averaged 36,8% and 71*9%, 

respect ively ,  Runoff from p lo t  cantinves to  decline,  

of no maintenance f o r  over 5 years -  Large shrinkage cracks have 

developed i n  the pavement w1-,ich have provided a place f o r  p l an t s  t o  

5ecome es tab l i shed-  There i s  a cur l ing of the a spha l t i c  pavement a t  

these  cracks,  P lo t  L-6 received a new sealcoat  of f iber- loa  

emulsion i n  November 1975. This prove the  runoff e f f i c i ency  com- 

pared to  1975, This sealcoar  i s  a r t i n g  t o  crack* 

The membrane-covered p m i l  chlorinated po 

and L-7 ( I  m i l  al.zrminun f o i  9.0 and 7 9 - 6 2  runoff ,  r espec t ive ly ,  
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only  s l i g h t l y  less than  w a s  measured i n  1975. The a uminm f o i l  on 

L-7 cont inues  t o  show s i g n s  of ox ida t ion  which may forming sma l l  

p inho le s  where warer i s  l o s t ,  P l o t  L-4 was r e - t r ea  

w i t h  a polypropylene ma t t ing  coa ted  wi th  as h a l t  emtrlsion s i m i l a r  t o  

t h e  a s p h a l t  f i b e r g l a s s ,  A s e a l c o a t  of c l a y  a sp  

a p p l i e d  on 29 Sept ,  1976. Rrnnoff s i n c e  t reatmen 

from a t o t a l  of 74.0 rn of r a i n f a l l ,  The abse  

t h e  f i r s t  two s t o m s  a f t e r  i 5 t a l l a t i o n  r e  

e f f i c i e n c y  f a r  t h e  y e a r ,  

The aluminum coated  a s p h a l t  f i  e r g l a s s  t rea tme 

y i e l d e d  98,4% runoff  wh i l e  t h e  gravel-covered t a r  p 

averaged 68,5% runoff  , No maintenance h a s  been pe r  

p l o t  i n  over  4 y e a r s ,  The c c c c r e t e  apron,  

runoff  f o r  t he  year ,  Cracks a c r o s s  t h e  apron s u r f a c e  which had been 

s e a l e d  w i t h  s t r i p s  of a s p h a l t  f iber : ; lass  i n  Y ne  1972, have 

reopened. Th i s  h a s  reduced t h e  runoff  e f f i c i e n c y .  

Bare S o i l  P l o t s :  The t rea tme ts f o r  t h e  b a r e  s a i l  

l i s t e d  i n  Table 3 and t h e  runoff  r e s u l t s  a r e  presented  i 

R a i n f a l l  runoff  from t h e  un t r ea t ed  a 

e s s e n t i a l l y  unchanged from t h e  previous  y e a r ,  Smoothed u n t r e a t e d  

p l o t s  L-2 and A-3 averaged 13 ,9% and 24.8%, r e s p e c t i v e l y .  The un- 

t r e a t e d  r i d g e  and furrow p l o t s  R - l  a n  R-3 averaged 1.4% and l 6 , 4 % ,  

r e s p e c t i v e l y ,  a d  t h e  kwo undistu-sbed watersheds W - l  a d  1;1-3 averaged 

14*2% and l 8 * 4 %  r u n o f f ,  r e spec t ive1y ,  fox t h e  year .  

Runoff from watershed W-2 t r e a t e d  3 June 1975 w i t h  s i l i c o n e  

water  r e p e l l e n t  averaged lS.6%, There is  c ~ ~ s i d e r a b l e  r e t e n t i o n  on 

t h i s  p l o t  w i t h  t r a s h  and dead brush  i n  "Le dra inage  channel  which has  

reduced t h e  runoff  e f f i c i e n c y  t o  e s s e n t i a l l y  t h e  u n t r e a t e d  watersl-.ed 

va lues .  P l o t  A-4 t r e a t e d  wi th  s i l i c o n e  i n  1971 y i e l d e d  57,0% runoff  

wh i l e  p l o t s  L-3 and R-4 re -crea ted  w i t h  s i i i . cone  i n  975 averaged 

52,2 and 78,5% runof f ,  respectively, P l o t  1,-3 h a s  developed a r e -  

l a t i v e l y  ex t ens ive  d e s e r t  pavement wi th  t i m e ,  whicl- may 

t h e  r u n o f f ,  The wax-treated p l o t ,  R-2, continued t o  g i v e  good runoff  

averaging 86.1% f o r  t h e  yea r ,  
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The e f f e c t  of t h e  gradual  d e t e r i o r a t i o n  of t h e  s i l i c o n e  t r ea tmen t  

i s  shown i n  F igu re  I. The runoff  e f f i c i e n c i e s  (average annual )  f o r  

p l o t s  R-2, A-4, R-4, E-3, A-3, and 2-2 a r e  p l o t t e d  vs, t h e  y e a r s  

s i n c e  t rea tment  o r  p l o t  i n s t a l l a t i o n .  are smoothed 

un t r ea t ed  and do n o t  show any major cha e  i n  runoff  e f f i c i e  

P l o t  R-2 (wax) h a s  a  s l i g h t  i n c r e a s e  i n  runoff  e f f i c i e n c y ,  

s i l i c o n e - t r e a t e d  p l o t s  L-3, R-4, a n  4 a l l  show a 

e f f i c i e n c y  w i t h  t ime a f t e r  t rea tment  o r  re- t reatment ,  

Tank Water Storage:: a l t e r n a t e  wa er s t o r a g e  ta 

ments i s  undergoing eva lua t ion  a t  t h e  Gran i t e  

system is  designed f o r  i n s t a  l a t l o n  i n  remote 

ment and s u p p l i e s  would b e  d i f f i c u l t  t o  provide.  o rage  system 

c o n s i s t s  of a  steel r i m  of sma 

such as a g r a i n  b i n  w i t h  no roo  

curved cor rugated  steel p i e c e s  

j o i n t s  and s e l f - s e a l i n g  washers 

j o i n t s  and b o l t s  a r e  covered w i t h  a roo f ing  tar. 

tank  i s  s e a l e d  w i t h  a connposite 

b l anke t s ,  A s k e t c h  of t h e  bottom i s  presented  

s t u d i e s  were i n i t i a t e d  i n  October 1976. To da 

s i g n s  of l eak ing ,  

Outdoor Weathering P l o t s :  In D e e e ~ b e r  3 s e p a r a t e  m a t e r i a l s  

and/or  coa t ing  were i n s t a l l e d  on snlall, exposure p l o t s  a t  

Reef t e s t  s i t e .  I n  A p r i l  and J u l y  2974, t h r e e  a d d i t i o n a l  m a t e r i a l s  

were i n s t a l l e d ,  A d e s c r i p t i o r  of t h e  m a t e r i a l s  and c o a t i n g s  is  pre- 

s en ted  i n  Table 5 of t h e  1974 Annual Report,  "Lower Cost  Water Harvest- 

i n g  Systems," WCL 71-12. M a t e r i a l s  under eva lua t ion  have t h i c k n e s s e s  

from 1 m i l  t o  55 m i l *  Some of them have an  a d d i t i o n a l  p r o t e c t i v e  

coa t ing  f o r  a d d ~ d  weathering res i . s tance ,  A v i s u a l  s p e c t i a n  of the 

m a t e r i a l s  and coa t ings  is  performed e r i . od ica l ly  t o  eva lua  

weathering performance, Sheet ing m a t e r j a i s  a r e  a l s o  check 

t i o n  o r  shr inkage  by measuring t w o  r e f e rence  marks xWxh w e r e  p laced  

on t h e  m a t e r i a l s  a t  t h e  "Cmc o f  i n s t a l l a t i o n -  For 

coa t ing  eva lua t ion ,  t h e  s u b s t r a t e  ma e r i a l  is  n o t  co 
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t h e r e  i s  evidence t h a t  a s u b s t r a t e  f a i l u r e  has  occurred because  of 

inadequate  p r o t e c t i o n .  I f  a m a t e r i a l  is  graded as poor i t  is u s u a l l y  - 

removed and cons idered  t o  have f a i l e d .  

A b r i e f  d e s c r i p t i o n  of t h e  e v a l u a t i o n  f o r  t h e  as t  y e a r  i s  pre-  

s en ted  i n  Table  5. Mechanical damage from wind o r  varmints  has been 

minimal. 

PART 11 MONLXENT TANK 

P r e c i p i t a t i o n  a t  t h e  Nonument Tank test s i te  was ccns ide rab iy  

below normal w i t h  only  230 mm measured a t  t h e  s i t e  i n  

compares t o  a t o t a l  o f  297 mm recorded  i n  1975, and a 

of 400 mm per  y e a r ,  At p re sen t ,  runoff  i s  only  measured from a r e a s  

Nos, 1 and 2, These d a t a  a r e  i n  t h e  p roces s  of be ing  s u m a r i z e d ,  

PART III. OPERATIONAL CATCWMENTS 

With t h e  removal of t h e  ins txumenta t ioa  from t h e  Seneca T e s t  S i t e  

i n  1'375, no f i e l d  wa te r  ha rves t ing  systems a r e  being ope ra t ed  o r  main- 

t a i n e d  by l a b o r a t o r y  personnel .  Ass i s t ance  i n  design,  t r ea tmen t  s e l e c t -  

ion ,  and i n s t a l l a t i o n  was provided t o  o p e r a t i o n a l  agencies  as t i m e  

permi t ted ,  Actua l  i n s t a l l a t i o n  a s s i s t a n c e  was provide  i f  l o c a l  exper- 

t i s e  i n  water  h a r v e s t i n g  techniques  w a s  unava i l ab l e  and t h e  i n s t a l l a t i o z ; .  

could b e  used as a t r a i n i n g  e x e r c i s e ,  Under t h i s  p o l i c y  a t o t a l  of 

f i v e  catchments were i n s t a l l e d  i n  a s s i s t a n c e  w i t h  t h e  U. S, F o r e s t  

Se rv i ce  i n  Arizona and New Ivlexico, These i n s t s j l l a t i c n s  were a l l  a s p h a l t -  
2 

f i b e r g l a s s  t r ea tmen t s  on ca t chzen t  a r e a s  of 300 t o  ove r  1000 m , Four 

u n i t s  i n s t a l l e d  i n  New Mexico were replacement aprons f o r  b u t y l  shee t -  

i n g  cover ings  which had f a i l e d .  

PART I V .  WATER HARVESTING FOR FORAGE PRODUCTION 

A s tudy was conducted i n  coopera t ion  w i t h  t h e  Southwest Watershed 

Rangeland Research Center  i n  Tucson, Arizona, t o  assess t h e  change i n  

fo rage  product ion  of b l u e  pan icg ras s  (Tanicum Ant ido ta l e  Retz) when 

a d d i t i o n a l  water  is  provided lin s t r i p s  of v e g e t a t i o n  from cozpanion 

water  c o l l e c t i n g  a r e a s .  By coupling more water  wi th  a hligher f e r t i l i t y  

l e v e l ,  t h e  p r o d u c t i v i t y  of s p e c i a l i z e d  a r e a s  of our  rangelands  eouZd 

be  s i g n i f i c a n t l y  i nc reased ,  
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Procedure: A s e r i e s  of smal l  t e s t  p l o t s  were l a i d  ou 

r e c e n t  sandy loam a l l u v i a l  r e r r a c e ,  c r ea t ed  i n  p a r t  from o 

s p o i l s  about  6 .5 km west of Tombstone, Arizona on t h  

t h e  Ualnut Gulch Watershed, The p l o t z ,  Paid o u t  on 

enclosed by a me ta l  bo rde r  6 cxn h igh  and bu r i ed  2 c 

A t o t a l  of 36 p l o t s  were i n s t a l l e d  i n  a th ree- re  

b lock  des ign  u t i l i z i n g  t h r e e  types  of t rea tments  on 

and f o u r  runoff:crop-growing-,area r a t i o s ,  O : l ,  1: 

e l v e  O r 1  p l o t s  w i t h  no runoff -cont r ibu t ing  a r e  

c o n t r o l s ,  The runoff  a r e a s  an2 m wide and 3,  e 

runoff  t r ea tmen t s  were: c l e a r e d  smoothed, c l e a r e  

c l ea red ,  seeded w i t h  b l u e  pan icg ras s ,  On t h e  c l e a r e d  smoo 

a r e a s ,  a l l  v e g e t a t i o n  was removed and t h e  soi l .  s u r f a c e  smoot 

compacted w i t h  a smooth steel-drum l awnro l l e r ,  The wax t r ea tmen t  

cons i s t ed  of c l e a r i n g  and smooth5ng t h e  s o i l ,  t hen  apply ing  r e f i n e d  

p a r a f f i n  wax ,  128-135 AMP, hea t ed  t o  100 C by spraying  on t o  t h e  so21 
2 

s u r f a c e  a t  a r a t e  of 1 .9 kglm (2  

A 1 1  w a t e r  c o l l e c t e d  from t h e  runoff  a r e a  i s  conta ined  w i t h i n  t h e  

3 x 3-13 crop growing a r e a  which was seeded w i t h  b l u e  panfcgrass  on 

24 June 1974, a t  a r a t e  of 4.5 kglha ,  A f t e r  seeding,  t h e  p l o t s  were 

s p r i n k l e d  w i t h  water  a t  a d a i l y  r a t e  of 8 mm f o r  a pe r iod  of 2 weeks 

t o  i n s u r e  a s t a n d  of g r a s s ,  All l o t s  were f e r t i l i z e d  p r i o r  t o  seeding  

w i t h  t r i p l e  superphosphate ,  ammonium n i t r a t e ,  a ~ d  a g r i c u l t u r a l  l i m e z t o ~ e  
'-I 

a t  a r a t e  of 33, 23, and 450 g per  mL' (300, 200 and 4,000 

r e s p e c t i v e l y ,  On 9 J u l y  1975, ammonium n i t r a t e ,  t r i p l e  superphosphate ,  

potassium c h l o r i d e ,  and magnesium su lpha te  were a p p l i e d  a t  r a t e s  of 

30, 33, 11, and 1 3  grams pe r  m2 (270,  300, 100, and 120 l b s / a c r e ) ,  

r e s p e c t i v e l y ,  

Resu l t s :  RzLnfa l l  f o r  t h e  1974  growing season w a s  c o n s i  -- 
11 normal" u n t i l  e a r l y  August and provide 

adequate  growth on a11  p l o t s ,  An ensuing drought i n  August 11974 

prompted a d e c i s i o n  t o  h a r v e s t  a l l  l o t s  on 26 August 974,  even though 

f lower emergence x.7as n o t  uniform among t rea tments ,  Rainfa  
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thc  c u t t i n g  d a t e  was m i n i m a l  an 

at t h i s  t i m e -  

5-6 
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k sma l l  p o r t a b l e  p l o t  s p r i n k l e r  f o r  g t h e  r e l a t i v e  

e f f e c t i v e n e s s  of v a r i o u s  water  h a r v e s t i n g  catchment t r ea tmen t s  on 

e x i s t i n g  f i e l d  u n i t s  was esigned and cons t ru  

t e s t s  on e i g h t  s e p a r a t e  f i e l d  s i t e s  a r e  p r e s e n t e  

r e l a t i v e l y  low runoff  e f f i c i e n c y  

e a r ,  These tests were c 

e r  when t h e  s o i l  t 

p o i n t  of t h e  wax, Lt was observ  

a semi -c rys t a l l i ne  form, a r e s u l t  of t h e  coo 

e r i o d ,  Runoff r e s u l t s  from t e August evaluation a t  Hurr icane  

Val ley  were s i g n i f i c a n t l y  h i  

There a r e  i n d i c a t i o n s  e s i g n  wax a p p l f c a t i o n  r a t e  of  
2 

1 ,25  lb s /yd  ) ma 

area, The double- t rea te?  area a t  

more e f f e c t i v e  i n  producing r u n o f f ,  S 

on t h e  Westwind catchment w a s  

Tow runoff  e f f i c i e n c y  of he Eas t  Hurr 

a r e s u l t  of i n s u f f i c i e n t  q u a n t i t i e s  of wax. A 

t h i s  u n i t  w a s  s e v e r e l y  damaged by e r o s i o n  dur ing  a 

catchment s l o p e  w a s  considered excess5ve f o r  t h  

catchment do g i v e  e x c e l l e n t  runoff  

e n t i r e  catchment may be c s s  tlnan s h o ~ m  

low s p o t s  a r e  p r e s e n t  on t h e  c a t c l ~ m e ~ t  s u r f a c e ,  w h i c h  may r e t a i n  a 

p o r t i o n  of each runoff  ev 

yerformance o e x i s t i n g  water  a r v e s t i n g  systems, we con tac t ed  v a r i -  

ous u n i t s  of the Bureau of Land M a  ernent, F o r e s t  Serv ice ,  

Tndian A f f a i r s  and o t h e r s  i n  Arizona and Mew Mexico r eques t2  

h i s t o r y  and performance e v a l u a t i o  of any water  h a r v e s t i n g  systems 
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which were under t h e i r  c o n t r a l .  Response  fro^ these  agencies i s  not 

y e t  complete. Typical  information and comments a r e  a s  follows: Sheet 
2 

metal catchments ranging i n  s i z e  from 300 f t 2  t o  over 5000 f 

s t i l l  usua l ly  i n  exce l l en t  cond i t io  

planking w e r e  some of the  most expe 

mzture f a i l u r e  poss ib ly  aggravated 

few properly i n s t a l l e d  b u t y l  c a t  

adequate maintenance, a r e  s t i l l  

wi th  water s to rages  are frazllty f 

out  protec t ion;  vandalism; v a m i  

s t r u e t i o n  techniques, A f i n a l  

wi l .1  be  corrpletec? upon. r e c e i p t  

Water Harvesting System Ev 

eveloped t o  evaluate  e x i s t i n g  

components of t h e  system t h a t  

improper design, s i t e  s e l e c t i o  

unsa t i s fac to ry  o r  f a u l t y .  Th 

including:  the  s u i t a b i l i t y  of 

mate, catchment shape and l o c  

s torage ,  and d ra ins ,  screens,  

Each item i s  graded or: an a r b  

would be a des i red  l e v e l  of p 

"0" while a ''5" r a t i n g  represen t s  an exce l l en t  o r  s a t i s f a c t o r y  per- 

formance. Good inspect ions  a t  pe r iod ic  i n t e r v a l s  may i.r, 

p o t e n t i a l  f a i l u r e s  e a r l y  enough t o  permit larming of mc.intenance o r  

re-treatment. The procedure i s  divided i n t o  f i v e  s e p a r a t e  p a r t s ,  

P a r t  T is t h e  background i n f  ormation on t h e  system and includes  

items such a s  loca t ion ,  expected usage r a t e ,  and type of  

It provides a means of recording changes i n  management p r a c t i c e s  which 

may influence the  performance of t h e  system. 

P a r t  XI i s  t h e  evaluat ion of t h e  catchment area ,  he E i r s t  ha l f  

considers const ruct ion o r  i n s e a l l a t i o n  d e t a i l s  which may become i m -  

por tant  i n  the  performance of t h i  treatment. a t  some l a t e r  d a t e -  The 

second hal f  of t h i s  p a r t  is  concerned with tho perfomanee of t h e  

Annual Report of the U.S. Water Conservation Laboratory



existing catchment treatment, 

section provides a means of rec 

uired and to the degree to whi 

he storage system evaluat 

ponents, Part I are completed 

Parc V is for noting condition 

the other sections, and has a 

he evaluation procedure 

arvesting units located in A r  

tercd by the Forest Service an 

ese units are 2 to 6 years o 

annual rainfalls of 12 to 25 i 

furnish water for Livestock- 

source of water in the %mediate area, 

Each system was evaluate during the spring an 

A condensed summary of the rating tabulations of ei 

or completely satisfactory in all fe 

ne item rat 

ar-ions such as asphalt fiberglass, a fence 

in the protected area- 

Wildlife. Water Harvesting Catchments: 

led in cooperation with the Arizona Gam 

and the Bureeu of Land Managemen 

vide drinking water Eor wildlife 

had originally been covered wit 

by wind, The storage eo 
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bins) wit% plastic liners with a cover of galvanized sheet metal on a 

wooden framework, A new asphalt fiberglass apron was installed in 

July 1976, 

The other unit, installed in December 1976, was also 
2 

catchment of asphalt fiberglass with a 23,000-g 

storage, The bottom of the tank was seale 

of bentonite clay and soil, Evaporation contro 

provided with a loating cover of foame 

unfenced. 

1 NarvesrinP fir= rsf.enerat5on 

esign the relative sizes af catchme 

given area is in operation. 

uantity of water use by interva 

cipitation patterns, T 

and storage required to supply the aecessary water, 

being used to assist in determining 

and storage, 

Studies were continued at t e Granite Ree it e 

evaluation of methods and ma 

treatment of asphalt- 

plot as a possi or as 

treatment is provi i ng  satisfac 

silicone water-re ellent treat 

e has been no majo 
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There were no significant changes in the runoff efficiency of the 

remaining treatments. 

alternate method to concrete bottom steel rim tanks for water 

storage is being evaluated at Granite Ree he storage sy 

sists of a grain bin ring and a anket of bentonite clay s 

between two soil ayers for the 

encouraging, 

Studies are being conducted near Tombstone, 

the effectof additional water on forage 

grass (Pantcum Antidotale R e t z z ) ,  The addi"cona2 

using water harvesting techniques from adjacent water-collecting 

areas treated with paraffin wax* ults show yields 

2000 kglha per year were derived o 

8 precipitation events, Yields fro 

mented rainfall averaged only 186 k 

in forage yields compared 

runoff areas twice the si 

with paraf fin wax. t is made far the la 

tncrease f o r  the sys 

five "rmes greater than would have been obtained from a sol2 

he cooperative study with t e Bureau of Land 

ce of existing water 

methods and ma 

oil samples from severa 

are be-ing analyzed, and concurrently treat 

evelop criteria or estimating performa 

ment, Studies are in progress with no 

A small portable sprinkler was esigned and con 

field determination of the r 

treatments, Initial tests on four oper 

w i t h  wax indicate the suggested application rate of 

sufficient for medium- o f he-textured soils, 

h method of numerically rating eac 

composing a wabr harvesting systen was 
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evaluated with the method, the most consistent problem found was a 

deEicicncy in routine maintenance. Information on the performance of 

existing water harvesting systems is being obtained by a survey of 

various governmental agencies and others requesting a brief history 

of any systems tmder their control, A final anal-ysis will be made 

when all replies have been received. Other studies include computer 

modeling of catchment and storage sizes and quality ana sis of water 

collected from various water harvesting systems, 

Two small water harvesting units were instaZEed I" 

with the Arizona Game and Fish Department, These unit 

provide water for wildlife, are unfenced and represen 

optimum methods and techniques eveloped ta 

PERSOMMEL: Gary Frasier, Keith Cooley, yne Pink, and J 
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Table  1. Treatments on paved o r  covered p l o t s  a t  G r a n i t e  Reef ,  

--- 

P l o t  Treatment Date Trea tment 

8 Aug 1967 

22 Aug 1967 

20 May 1968 

1 3  Sep 1976 

29 Sep 1976 

1 8  Sep 1962 

16  Mar 1966 

22 Apr 1970 

19  Apr 1963 

1 3  Nov 1975 

3 Aug 1967 

22 Aug 1967 

3 Aug 1967 

22 hug 1967 

Jan  1968 

3 Aug 1967 

1.2 Sep 1967 

Scp 1968 

- 2 
Basecoat,  MC-250 a t  1-5 kg a s p h a l  

Topcoat, RSR a s p h a l t  emulsion a t  
-2 

a s p h a l t  m 

Top Sheet ing.  30-mil c h l o r i n a t e d  

polye thylene  

Po1ypropyl.ene mat t ing  wi th  SS a s p h a l t  a t  

1 .4  kg a s p h a l t  m2 
Sea lcoa t ,  Clay emulsion a t  

Basecoat.  RSK a s p h a l t  a t  I, 

Topcoat. RSK a s p h a l t  emulsion a t  
- 2 

a s p h a l t  m 

Sea lcoa t .  Modified SSKH a s p h a l t  emulsion a t  

0.6 kg a s p h a l t  m-2 

Basecoat ,  RC-special a t  I, 
- 2 

Sea lcoa t .  SS2h a s p h a l t  a t  

modified wi th  A-1 f i b e r s  
- 2 

Basecoat.  MC-250 a t  1 - 5  kg a s p h a l t  

Top Sheet ing.  1 - m i l  alurni 

RSK asplaal t e n d s  ion  

Basecoat,  MC-250 a t  1 , 5  

Top Sheet ing.  314-oz cho 

ma t t ing  bonded wi th  RSIZ a s p h a l t  emulsion 

a t  1 .4  kg a s p h a l t  m-' 
- 2 

Top Spray. Vinyl aluminum c o a t i n  

Basecoat,  MC-250 a t  1, 

Top Shee t ing  Standard 

t rea tment  

Concrete S l a b ,  
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Table  2. R a i n f a l l  r uno f f  from paved o r  covered p l o t s  a t  

D a t e  

14 Apr 

A P  

3-4 Nay 

4-5 Play 

May 

3-24 JuS 

28 J u l  

20-22 Jul 

28 Aug 

-I1 Sep 

23-24 Sep 

24 Sep 

22-23 Qct 

13 Nov 

R a i n f a l l  

mm 

L-1 
Runo E f 

3;-4 L-5 
Runoff Runo f E -- 

31 D e c  31-7  30.9 97-5 28.7 90-5  5.7 3.8.0 

Total. 225 - 1 53,9- 72.3 82 .8  3 6 , 8  2 / 2 1 7  99.0 3  / 

I/ Water meter  mal func t ion ,  - 

2/ T o t a l  p r e c i p i t a t i o n  was 216,8 mm. - 

3 /  T o t a l  p r e c i p i t a t i o n  was 74,O mm. -- 
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R a i n f a l l  r u n o f f  from paved o r  covered  p l o t s  at 
( c o n t i n u e d ) ,  

L- 6  
Date R a i n f a l l  Runoff 

976 m m % 

5-5 Feb 1, . 5  38,s  

Feb 2 - 9  6.7 5 2 - 0  

3-14 Feb 13.0 13 .6  104.6 

2- 7 
Runoff 

m x 

3 Mar 6 , 3  4.5 71,4  4 - 0  63.5 5 e 4 

1 1 - 4  8.2 71-9  7.4 6 4 - 9  

8 - 3  5 1  6 1 - 4  6 - 7  80, 

7.4 5 , 7  77.0 5.5 7 4 - 3  

1 2 - 2  9 . 1  74,6 1 0 . 1  82.6 

4,6  3 ,5  76.6 ., 1 7 - 4  

22,3 l 6 , 7  74-9 1 8 . 3  82-4  

1. Dec 31, 7 1 6 , 4  51.7 24,O 75.7 

To ta l  225-1 1 6 1 , 8  71,9 179.2 79.6 21 
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Table  2 ,  R a i n f a l l  runoff  from paved o r  covere  
(cont inued) ,  

A- 2 A-5 
Date Rainfal l .  Runo f F" Runoff 

19 76 mm mn X mm 

3 Feb 

3 M a r  

23-24 3 u l  

28 Jul. 

20-22 J u l  

28 Aug 

0-11 Sep 

23-24 Sep 

24 Sep 

13,s 8.9 65-9 9.8 72-6 

1 3  Nov 3 - 8  , S 21-1 0 

3 L  Dec 31-7 21-6 68,1 25-1 79.2 

Total 2 2 5 - 1  154.2 68.5 147.9?-1 72. 

l/ t l a t e r  meter malfunct ion,  - 

2/ Total, p r e c i p i t a t i o n  was 202-8 min, - 
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Table 3 .  Treatments of  ba re  s o i l  p l o t s  a t  Grani te  Reef.  

- 

Pl02 Treatment Date Treatment 

30 Nov 1961. 

4 Rug 1965 

3 3un 1975 

L Mar 1965 

29 Sep 1972 

1 Mar 1965 

13 May 1966 

3 dun 1975 

1 Dec 1963 

3 dun 1975 

L Dec 1963 

Smoothed s o i l ,  14.14 m x 14,14 rn 

Smooehed s o i l ,  14.14 rn x 14-14  m 

t r e a t e d  w i t h  s i l i c o n e  water  r e p e l l e n t  

- 2 
Ret rea t ed  a t  0.03 kg m 

Ridge and furrow, 20% s ides lope  

Ridge and furrow, 10% s i d e s l o p e  

t r e a t e d  w i t h  wax water  r e p e l l e n t  

a t  1.3 I b s / ~ d  
2 

Ridge and furrow, 20% s i d e s l o p e  

Ridge and furrow, 10% s ides lope ,  
- 2 

t r e a t e d  w i t h  44.9 g m sodium 

carbonate  

Re t r ea t ed  w i t h .  3% s i l i c o n e  water  r e p e l l e n t  - 
- 2 

1.2 l i t e r s  of s o l u t i o n  

Smoothed s o i l ,  6 m x 30 m p l o t  

Smoothed s o i l  t r e a t e d  w i  

e l l e n t  and 2% s o i l  s e a  
- 2 

1 . 2  l i t e r s  of  s o l u t i o n  m 

Uncleared watershed 

Uncleared watershed - t r e a t e  wi th  3% s i l i c o n e  
- 2 

water  r e p e l l e n t  - 1 - 2  l i t e r s  s o l u t j o n  m - 
0.03 kg m-2 

Cleared wateeshed 
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Table 4 .  Rainfall runoff from b a r e  soil plots at: Granire Reef, 

Date Rainfall 

1976 wm 

3 Feb 1 7 - 3  

4-5 Feb 2,5 

5-6 Feb 1.3 

9 Feb 22,9 

3-14 Feb 13-0 

2-2 
Runoff 

m % 

2.8 16.2 

9 0 

0 0 

.1 C),1 

7-5 62-5 

L- 3 
Runoff 

Ern Z 

15,3 88.4 

8 32-0 

-2 3.5-4 

5.3 45,O 

10.5 30,:: 

Mar 6,3 0 0 3 - 8  60,3 

14 PIpr 11-4 0 0 2,8 24,5 . 9 p 9 

16 Apr 8,3 1-7 20,5 7.3 38,O 2-8 33 - 7 
3-4 May 7.4 ' 0 0 4-7 65-5 

4-5 May 

. 8 May 

23-24 Jul 

28 Jul 

20-22 Jul 

28 Aug 

10-11 Sep 

23-24 Sep 

24 Sep 

22-23 Oct 

13 Nov 3- 8 0 i) .1 2.6 0 0 

31 Dec 31.7 -5 1.8 6.0 18-9 , S. 2 - 5  

I/ S t o r m  combined. - 
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Table  4. R a i n f a l l  runoff  from b a r e  s o i l  p l o t s  a t  Gran i t e  Reef (coni:Pd), 

R- 2  
Runoff 

m 2 

Date R a i n f a l l  

1976 nm 

3 Feb 

-5 Feb 

5-6 Feb 

Peb 

13-14 Feb 

3 Mar 

1 4  A p r  

6 A p r  

3-4 May 

4-5 May 

8 May 

23-24. J u l  

28 Jul. 

20-22 Sul. 

28 Aug 

10-11 Sep 

23-24 Sep 

24 Sep 

22-23 Oct 

1 3  Nov 

31 Dec 

Tot a1 225,1 193.3 S 6 , 1  37.0 16.4 1 7 6 - 6  73-5  
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Table  4 .  R a i n f a l l  r u n o f f  from b a r e  s o i l  p l o t s  a t  G r a n i t e  Reef 

Date 

1976 

3 Feb 

13-14 Feb 

3 Plar 

4 Apr 

1 6  Apr 

3-4 May 

4-5 May 

May 

23-24 3u3. 

28 Jlsl 

20-22 Jul 

28 Aug 

0-11 Sep 

23-24 Sep 

24 Sep 

2-23 Qct  

13 Hov 

31 Dec 

Total 

Rainfal l .  

mrn 

17.3 

2-  5 

1* 3 

12,9  

13. Q 

S * 3  

11.4 

8 - 3  

7 - 4 

1 2 - 2  

4,s 

22.3 

8,2 

1 4 - 2  

3 * 4 

5 - 8  

1.2 

13-8 

1 3 - 5  

3 - 8  

31.7 

225 1 

W-2 
Runoff -- 
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able  4 ,  Ra infa l l  runof f  from bare s o i l  p lo t s  at Granite Reef 

a t e  

1976 

3 Feb 

4-5 Feb 

3 Mar 

23-24 Sul. 

28 JuL 

0-22 Jul 

28 Aug 

3L Dec 

Total  

A- 3 
Runoff 

A-4 
uno f f 
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Table 5. Condition of potential water barrier materials exposed at 
the Granite Reef test site- 

l/ Panel - 
Number 21 Condition and comments ffrm inspection on 1 February 1977 - 

Failed 

Good 

Excellent 

Excell.ent 

Excellent 

Excellent 

Poor 

Good 

Excellent 

Excellent 

Excellent 

Failed 

Excellent 

Failed 

Failed 

Failed 

Excellent 

Failed 

Excell-ent 

Excellent 

Excellent 

Excellent 

Fair 

Excellent 

Removed in 1974 

Some pinholes 

Dusty, some chalking 

Coating poor 

Coating excellent 

Coating gone 

Coating peeling, 30% gone, substrate okay 

Small pinholes occurring 

Coating excellent 

Coating excellent 

Coating chalking; substrate excellent 

Removed in 1974 

Grifflon TM. PE, black, installed 
19 75, Joint excellent, 

Removed January 1976 

Removed in 1974 

Removed in 1974 

Grifflon TM, PE with No. I05 csatjng 
installed lQ Bpr 1975 

Removed January 1976 

Deteriorating; fabric separating from 
membrane 

1/ Description of materials and/or treatments presented in 1974 Annual - 
Report, or as noted. 

2/ Ratings excellent, good, fair, poor -- visual observation only, .- 
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Table 5,  Condition of potential water barrier materials exposed at 
the Granite Reef test site (continued). 

1 / Panel - 
Numb e r 2 / Condition and comments from inspection on L February 1977 - 

Excellent 

Excellent 

Failed 

Excellent 

Excellent 

Excellent 

Good 

Excellent 

Good 

xcellent 

Excellent 

Excellent 

Excellent 

Good 

Slight chalking 

Removed January 1976 

Coating fair, some chalking 

Coating poor, some chalking 

Coaeing poor, extreme cha 

Coating nearly gone, extreme chalking 

oating gone 

Slight chalking 

Slight challcing 

Slight challcing 

Slight chalking 

Excellent 

Excellent 

Excellent 

Failed Removed January 1976 

Excellent 

Excellent Animal scratches, no tears 

Poor Chalking, large hole with vegetation 
growing 

'ailed Removed in 1974 

Excellent 

I/ Description of materials and/or treatments presented in - 
Report, or as noted. 

2 /  Ratings excellent, good, fair, poor -- visual observation only- - 
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Table 6, Average plot yield (kilo rams per hectare) from Eontijo Flat forage plots, 

No Runoff Runoff Area Treatment 
Runof f-Runon - 

Year Area Ratio Area Wax Bare Soil Grass 

I/ Includes runoff area in average yield computations, - 
21 Excludes runoff area in average yield computations. - 
3 /  Ducan multiple range test (P = -05)  for yields excluding runoff area, - 

by the same letter are not significantly different, 
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Table 7. Catchment treatment evaluation - field sprinkler tests, 

Catchment name Treatment Test Test Threshold Runoff 
and location Rate location rainfall efficient 

( X I  

Snap Point, wax 10 May 76 Northwest corner - 0  5 7 
Ariz Strip Southwest corner .8 6 

Southeast corner - 5  9 

Hurricane Valley, wax 10 May 76 South~~est corner 6 3. 
Ariz Strip 

Cowhide, 
Ariz StrLp 

Van Gusic, 
Saf ford 

Boggs Ridge, 
Saff ord 

Westwind, 
Ariz Strip 

fiberglass 10 May 76 
resin 

asphalt- 29 Apr 76 
fiberglass 

gravelled- 29 Apr 76 
polyethylene 

wax 23 Aug 76 

Southeast corner -9 
Northeast corner - 0  

(double treated area) 

Southwest corner 1-65 
Southeast corner .2 
Northeast corner - 4  

(double treated) 

Southwest corner ,5 

Northeast corner 
West side middle 
Southwest corner 

South side 
Middle upper side 

Southwest corner 
Southeast corner 
Middle east side 

(light treatment) 

East Hurricane wax 23 Aug 76 Southwest corner 1.8 5 8 
Southeast corner - 8 5 

(light treatment) 

Seegnuller butyl 23 Aug 76 1 
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Table 8, Evalua t ion  r a t i n g s  of e i g h t  s e p a r a t e  water  h a r v e s t i n g  u n i t s ,  

Unit: Number 

Evalua t ion  Xirein 1 2  3 4 

S i z e  
Slope 
Surface  Re ten t ion  
em S i z e  

Berm Shape 

Catchnent Performance: 
Weathering 
Maintenance - Required 

- Performed 

Storage  I n s t a l l a t i o n :  
Type of S torage  

i z e  

S to rage  Performance : 
Weathering 
Sa fe ty  
Maintenance - Required 

- Performed 

P e r i p h e r a l  Components : 

TY pe 
Perf  orznance 

Perrcing : 
Area Enclosed 
Type 

Screens : 
Type 
S i z e  
hape 

3.1 Catchment discharged d i r e c t l y  i n t o  p i t  type  s t o r a g e ,  - 

2/ Or ig ina l  b u t y l  t rea tment  f a i l e d  and was i n  process  of b e i n g  - 
rep laced  a t  time of eva lua t ion .  
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Figure I, Rainfall-runoff results from are-soil treatments at the Granite Reef 
Testing Site, 
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Figure  2 .  Sketch of tank bottom of bentonite clay bottom, 
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TITLE: CHEMICAL MODIFICATION OF S O 1  

NRP . 20810 

The o b j e c t i v e s  of 

s o i l  t r ea tmen t s  f o r  

s o i l  a d d i t i v e s ,  s o i l s ,  

water h a r v e s t i n g ;  and ( 

n iques  under a r i n g  cond i t i ons ,  and 

t r y  t o  r e l a t e  f i e l d  res y test r e s u l t s ,  

tudy remains t o  develop 

p o s s i b l e ,  a l l  t h e  

p o t e n t i a l  nnajor causes  occur  i n  t h e  f j e l d ;  

(2) are qu ick ly  and e a  y a c c e l e r a t e  the 

t e s t  r e s u l t s ,  

ed s o i l s  are cons idered  

s t r u c t u r a l  s t a b i l i t y ,  

e r e  t hen  weathered 

T test  e i t h e r  w a s  

e r l y  e v a l u a t i n g  

c y c l i n g  under f i e l d  con- 

rfaces were 
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t e s t  was developed whereby one s e t  of s a  les was a l t e r n a t e l y  subjected  

t o  FT cycl ing f o r  24 h r s  and then t h e  standard 5-min d r i p o l a t o r  test; 

a second set of samples was a l t e r n a t e l y  subjected t o  continuous surface  

f looding and then he  5-min d r i p o l a t o r  i s  was continued u n t i l  

a sample was destroyed (severe r i p o l a t o r  t e s t ,  

Table 2) show 

uickly  rej ecte t i a l  water-karves g s o i l  by t h e  

FT-dripolator agproac 

i v e  years  of 

a r a f f l n  works w e l l  on Granit  

Table 2 a l s o  shows t on t h e  rv9cnument Tank 

s o i l ,  This is  t e f i r s t  water-re t treatments 

any promise on thLs a r t i c u l a r  s o i l ,  Ca ion i s  required however: 
L 

2 kg/m is  a very high a t h e  Monument Tank s i te  i s  

subject  t o  cons2 cycling,  

Future p lans  c a l l  f o r  t e s t i n g  the  e f e c t s  of prolonged hea t  and 

wett ing on t h e  weathering of t reatments,  l u s  examining i n t e r a c t i o n  

NT 

Water r e p e l l e n t s ,  Laboratory t e s  g of water r e p e l l e n t  s o i l  

t reatments continued i n  19 6 ,  Procedures a s  escr ibed i n  t h e  1975 

were f ollowe cent  r e s u l t s  a r e  now pub- 

er r e s u l t s  appear 

s 3 t o  5, and 

a ry  r e s u l t s  t a i n i n g  5% ethy- 

l ene  v iny l  a e e t  t e  copolymer h a t  s o i l  t r e a t e d  wi th  

t h i s  ma te r i a l  was q u i t e  r e s i s t a n t  t o  by freeze-thaw cycl ing 

compared t o  unmodified paraff in- t rea ted  s o i l .  expanded test was 

i n i t i a t e d  i n  1976, to study we e r ing  e f f e c t s  of freeze-thaw, ozone 

and W r a d i a t i o n  t o  compare r e s u l t s  t o  

those o f  normal p a r a f f i n  and Hawaiian crude slack wax- Resul ts  were 

disappointing,  The new wax ard1y b e t t e r  than p a r a f f i n  

alone a t  r e s i s t i n g  FT damage, In  o e r  weathering aspec t s  it  was 

equal  t o  p a r a f f i n ,  The s was from separa te  
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ba tches ,  i n d i c a t i n g  product  v a r i a b i l i t y ,  smal l  f i e l d  p l o t  of  t h i s  

m a t e r i a l  h a s  been e s t a b l i s h e d  a t  Gran i t e  Reef (Table 6 ) -  

Apparent ly t h e  Seneca s u b s o i l  (Table 3) can be  r a t h e r  e f f e c t i v e l y  - 

t r e a t e d  w i t h  p a r a f f i n s  i f  t h e  s o i l  is  f i r s t  covered w i t h  a  t h i n  l a y e r  

of  sand,  I f  n o t  covered, t h e  wax-treat h e  p re l imina ry  

4-hr-hydration t e s t  by f i r s t  swe l l i ng ,  e n  c racking  upon dry ing .  

An a n t i s t r i p  s t e d  t o  see i f  such a d d i t i v e s  

would improve a pa s r e s i s t a n c e  t o  breakdown by 

freeze-thaw cyc l ing ,  Table 4 s h ~ w s  t h a t  860 d id  markedly improve 

s t a b i l i t y  f o r  t h e  two s o i l s  t e s t e d ,  e  t e s a n g  w i l l  b e  conducted 

t o  t r y  t o  relate optimum a n t i s t r i  o  s o i l  s p e c i f i c  s u r f a c e  

a r e a s ,  and t o  t r y  h e  a n t i s t r i p s  w i t h  cheaper s l a c k  waxes. 

An a t t empt  was made t o  re a t e  freeze-thaw damage s u s c e p t i b i l i t y  

t o  s o i l  t e x t u r a l  a n a l y s i s ,  Table r s o i l s  from 

t h e  Arizona s t r i p  a r e a  t r e a t e d  w i  e  t e x t u r a l  

range of  c l a y  p l u s  f i n e  s i l t  f r a c  t h e  s o i l s  ranged from 5 t o  

36%. Res i s t ance  t o  f r eeze - t  damage f o r  t h e  two p a r a f f i n s  was 

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

h e r  proof of t h e  t e x t u r a l  e f f e c t  appears  i n  u r e  1, where 

freeze-thaw d a t a  f o r  11 p a r a f f i n - t r e a t e d  s o i l s  a r e  p l o t t e d  vs .  t h e  

<20p s o i l  f r a c t i o n ,  Those s o i l s  w i t h  g r e a t e r  than  roughly 20% c l a y  

p l u s  f i n e  s i l t  were cons iderably  more s u s c e p t i b l e  t o  FT damage than  

c o a r s e r  t e x t u r e d  s o i l s ,  Clay t y  e  p ropor t ions  un t e d l y  are a l s o  

a f a c t o r ;  u n f o r t u n a t e l y  q u a n t i t a t i v e  c l a y  type  ana lyses  t end  t o  b e  

both  d i f f i c u l t  and inaccu ra t e .  e v e r t h e l e s s ,  e f f o r t s  are be ing  made 

o r a t e  c l a y  type  i n f o m a t i a n  i t o  eva lua t ion  of r e p e l l e n t -  

t r e a t e d  s o i l s ,  

Laboratory r e s u l t s  r e l a t i n g  FT damage t o  s o i l  t e x t u r e  must b e  

used w i t h  extreme cau t ion :  (3.3 p a r a f f i n - t r e a t e d  Gran i t e  Reef f i e l d  

p l o t s  have been s t e a d i l y  y i e l d i n g  y 90% r a i n f a l l  runoff  f o r  

4- l /2  yea r s ,  ye  t h e  d a t a  of F igure  s f a i l u r e  f o r  t h i s  s o i l ;  

(2) p a r a f f i n - t r e a t e d  s a n  s perform w e l l  i.n t h e  freeze-thaw chamber 

b u t  may be  s u s c e p t i b l e  t o  e r o s i o n  wjthout: addi t iona l .  s t a b i l i z a t i o n .  

While tests have een developed which e f f e c t i v e l y  measure r e p e l l e n c y  
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and s t a b i l i t y  of r e p e l l e n t - t r e a t e d  s o i l s ,  t h e r e  remains a need f o r  a 

b e t t e r  c o r r e l a t i o n  between l a b o r a t o r y  and f i e l d  r e s u l t s ,  Such is t h e  

o b j e c t i v e  f o r  2977, 

Clay d i s p e r s a n t s ,  Adding smal l  amounts of NaCl sal t  t o  osmnotically- 

swe l l i ng  b e n t o n i t e  c l a y ,  i n  combination wi th  v igorous  mechanical s t i r r i n g ,  

e E f e c t i v e l y  d e s t r o y s  t h e  c l a y  card-house s t r u c t u r e  t o  permit  nea r -pe r f ec t  

p l a t e l e t  a l ignment .  Such alignment dec reases  t h e  p o r t i o n  o f  ex t e rna l -  

o e s s e n t i a l l y  ze ro ,  pe  g a l l  water-of-swelling t o  

imbibe i n  i n t e r s " c t i a 1  p o s i t i o n .  roved a l ig i~men t  of  c l a y  p l a t e -  

le ts  permi ts  i n t e r n a l  s u r f a c e  a r e a  e t e m i n e d  from s w e l l i n g  d a t a ,  

It a l s o  has  p r a c t i c a l  c o n s i d e r a t i o n s  regard ing  es tab l i shment  of imperme- 

a b l e  l a y e r s  f o r  ond s e a l i n g  an  e r -harves t ing  catchments 

D, H, I n t e r n a l  s u r f a c e  a r e a  of Wyoming b e n t o n i t e  from s w e l l i n g  

r e l a t i o n s h i p s ,  2976 

PART I I f ,  PIEL TESTING OF WTERIUS T 

Runoff d a t a  - 1976, Runoff s t u d i e s  cont inued on t h e  two p a r a f f i n -  

wax t r e a t e d  p l o t s  e s t a b l i s h e d  i n  1972, a t  t h e  ranrite Reef 

catchments were e s t a b l i s h e d  rin 2976, 

t hose  t r ea tmen t s  which showed most promise i n  t h e  l a b o r a t o r y ,  Treatment 

p a r t i c u l a r s  appear  i n  Table 6 ,  and runoff  d a t a  i n  Table  7. The two wax 

p l o t s  cont inue  t o  y i e l d  85 t o  90% runof f ;  thus  showed no s i g n  of  d e t e r i -  

o r a t i o n  a f t e r  4-1/2 y e a r s 9  exposure,  It i s  too  e a r l y  t o  meaningful ly 

judge t h e  f o u r  new t r ea tmen t s ,  b u t  t h e  h r e e  con ta in ing  p a r a f f i n  a r e  

5% r u n o f f ,  whi le  h e  Hawaiian s l a c k  i s  y i e l d i n g  only  

t h e  Hawaiian s l a c k  w i l l  mel t  more roughly n e x t  

f i c a n t l y  i n c r e a s e  runof e f f i c i e n c y ,  Outs ide  agencies  

cont inue  t o  u se  t h e  p a r a f f i n - t r e a t e d  c chments f o r  a v a r i e t y  o£ water- 

X-ray d a t a  on t h e  c l a y  mineral. s u i t e  of a nnmber of s o i l s  was 

obta ined  from t h e  Un ive r s i t y  of r i zona  (Table 8).  Seve ra l  of  t h e s e  

sites have a s s o c i a t e d  wa te r - r epe l l en t  catchment t r ea tmen t s ,  Small 

test p l . ok  w i l l  be  e s t a b l i s h e d  on most of t h e  o t h e r s  u r i n g  t h e  summer 

of 2977. Runoff e f f i c i e n c i e s  and t rea tment  l o n g e v i t i e s  w i l l  b e  

monitored and r e l a t e d  t o  t h e s e  clay-mineral an o t h e r  phy sica1-chemical 

p r o p e r t i e s  of  t h e  s o i l ,  

Annual Report of the U.S. Water Conservation Laboratory



Runoff data - long-term evaluations of water-repellent water- 
harvesting catchments. It was hypothesized that linear regression 

analyses of rainfall-runoff data could be used to evaluate weathering 

characteristics of water-repellent treated plots (theory appears in 

the 1975 Annual Report), Statistical testing confirmed this (Pink 

and Frasier, 1976)- This year the regression analyses were completed 

on all Granite Reef test plots and will soon be submitted for 

publication, 

S AND CONCLUSIONS: 

Laboratory studies showed that hose paraffin-treated soils which 

contained ~ 2 0 %  slay plus fine silt fraction ( ~ 2 0 ~ )  were most resistant 

o damage by dration and freeze-thaw cycling, Soi textural distri- 

bution thus should be strongly considered when selecting field water- 

harvesting sites. 

Antistripping agents were shown to markedly increase the resis- 

tance of wax-treated soils against freeze-thaw damage, A monolayer 

of the antistripping agent sandwiched between the soil surface and 

the paraffin increased the number of freeze-thaw cycles required to 

effect complete structural failure from five to tenfold* 

The paraffin-treated plats at the Granite Reef test site continue 

to yield 85 to 90% precipitation-runoff after 4-1/2 years of weathering* 

Interest in wax as a water-harvesting treatment continues to grow as 

more agencies install more of these successful catchments, 

Dilute quantities of NaCl salt solution in Wa-saturated bentonite, 

along with agitation, effectively des royed the card-house clay struc- 

ture, and aligned the clay platelets, This permitted the internal 

surface area to be determined from s2mple swelling relationships. 

Improved particle alignment should reduce water permeability and 

improve bentonite performance as a sealant for ponds, tanks, and 

water-harvesting catchments, 
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Table 1, Adsorption of t o p i c a l l y  appl ied  water  on wax-treated s o i l s  during 4-hr-hydration t e s t ,  
compared t o  o the r  s tandard  l abo ra to ry  t e s t s .  

lJa t e r  
I/ Appl ica t ion  adso rp t ion  - L/L, 3 / 4-hr hyd . Brush t e s t  Freeze-thaw 

r a t e  GI& S S GR S S GR SS GR SS GR SS 
Emulsions kg /m X - 4- i i ii cyc le s  

2 

P 

N 
CR 1;-110 

L 
-4 

Slack waxes 

1/ Represents  % of 5 m l  adsorbed. - 
2 1  S o i l s  were: GR, Gran i t e  Reef; SS, S u p e r s t i t i o n  Sand. - 
3/ p l u s  (+) denotes  exceeding accep tab le  l e v e l s ;  nega t ive  (-) denotes  no t  meeting them. - 
3: S t i l l  cyc l ing ,  
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Table 2. Res i s t ance  of wa te r - r epe l l en t  t r e a t e d  s o i l s  t o  d r i p o l a t o r  test 
sub jec t ed  a l t e r n a t e l y  t o  e i t h e r  freeze-thaw cyc l ing  o r  continu- 
ous hydra t ion  (24 h r s  each) t hen  5 minutes  under d r i p o l a t o r .  

Freeze-thaw Cont inua l ly  wet 

GR SS MT GR 
2/ (24) 

SS 
Treatment (36)- (6) 36) (24) (6) 

P a r a f f i n  (128-132 AMP) min . 
2 

0.5 kg/m2 4 11 2 7 .= 1 24, 49, 
1 .0  kg/m2 9 3- 2 18, 90, 90, 
2 - 0  kg/m 2 2 26 4 2 9 0 90 9 0 

l/ S 9 i l s  a r e :  MT; Monument Tank; GR, G r a n i t e  Reef; SS, S u p e r s t i t i o r ,  Sand. - 
2/  Numbers under t h e  s o i l s  are c l a y  p l u s  f i n e  s i l t  (<20p) f r a c t i o n s .  - * S t i l l  under t e s t  a t  t ime of w r i t i n g .  
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Table 3. Water repellency and s t r u c t u r a l  s t a b i l i t y  of two s o i l s  t r e a f - 4  with three  types of waxes and 
exposed t o  t he  weathering elevents;: freeze-thaw, ozone, o r  u l t r a v i o l e t  r ad i a t ion .  

TWhT?lLNTS WEATHERING ELEbIENT 

 re-weatherin&' F r e e z e - t h a w  Ozonc Ul t r av lo l c t  . 
4-hr Drip- - h r s  - Drip- ------ h r s  - Drip- 

Soil! Wax Rare L/L, hyd, Cycles o l a t o r  250 500 o l a t o r  250 500 o l a t o r  

kg/niL 2 - + 

Grani te  Reef (GR) X528-3 0.50 + + 13 M A- 4 /  1 N A  A N 
11 I t  0.75 + 3- 13 N A  A  N A A N  
2, , I  1 , O O  + d- 13 N A A N  A A N  
I ,  128-131 hY1' 0.50 -I- + 4 N  A  1 ,2  1: A  A  N 
t P a r a f f i n  0.75 5 3- 4 N A  A  PI A A N 

I! ,, 1.00 + 9 4 N A  A  N A A N  
I t  HziaiZan 0-50 + + 13  N  A A s 9  4 A d 
i t  Crudc 0.75 + + 29 N A A N  A  A  N 
, I  I ,  1-00 -I- -I- 111 N A A N  A .  A N  

Super s t i t i on  
Sand (SS) X.528-3 0.25 + -I- 41 N A  A h '  A  A N  

t l  I ,  0.50 + + 89 N A  A  W A  A N  
& t  1 1  0.75 d. + 114 N A .  A N  A  A N  

I I t  1.00 + + 76 N A A  W A  A N 
11 128-131 hEP 0.25 + + 17 N A  A N  A  A  11 
, I  Para f f in  0,50 + -I- 4 1  N  A  A N  A  A  Pl ,, I ,  0.75 -I- + 5 2 N A A  N  A  A N ,, I 1  1.00 + + 79 N A  A N A A N 
I )  I lmai ian  0.25 + 4- 103 N A  A N A 1 0  
$1  Crude 0.50 + + 90 N A  A N  A A  N 
I t  Slack Wax 0.75 + -I- 110 N A  A  N A  A  N 
11 1 1  1.00 4- + 328 N  A  4 N 2 2 N  

Seneca (8-16cm) ,Y528-3 0.79 -ti - dj 0 0 0 0 0 0 0 
" + 50g Ss ' I  0.75 + -4- 247 N A h N h d N 
I' 4- 75s ss I' 0.75 + . +  75 N B n iil A A N 

Plus  (+) denotes exceeding acceptable l e v e l s ;  n$gativc (-) denotes not  meeting then, 
Dr ipola tor  t e s t :  N, none; M, pitt ing: 3 m; S, p i t t i n g  >3 mm; P ,  p i t t i n g  through t r ea t ed  zone, 
Zero (0) no ta t ion  means szmple f a i l e d  a previous c r i t i c a l  t e s t  i n  t e s t i n g  sequence, 
A  denotes pass ing a f  a l l  t e s t s :  (1) brush t e s t ;  (2) L/L,; (3) 4-hr hydra t ion ,  Numerals denote which t e s t ( s )  f a i l e d ,  
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Table 4 .  E f f e c t  of a n t i - s t r i p p i n g  agent  (6860) on r e s i s t a n c e  to  
d e s t r u c t i o n  by freeze-thaw cyc l ing  of p a r a f f i n - t r e a t e d  
s o i l s .  

Treatment S o i l  
Appl ica t ion  r a t e  Gran i t e  Supers t  i t i o n  

P a r a f f i n  Reef Sand 
(128-130) 

4- 
6860/Par,  6860 6860 

% kg /mL F t  cyc l e s  

- -- 

* 
: S t i l l  cyc l ing .  
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Table  5.  Res i s t ance  t o  freeze-thaw cyc l ing  by f o u r  Arizona S t r i p  
s o i l s  of d i f f e r e n t  t e x t u r e  t r e a t e d  w i t h  f o u r  wa te r  
r e p e l l e n t s .  

S o i l  
(<2  mm f r a c t i o n )  

Weathered 
Cow Snap sand  Blow 
h i d e  p o i n t  s t o n e  sand 

Treatment Rate  (36) (30) (203 (5) 

kg/m2 FT cycles - 
P a r a f f i n  (128-131 AMP) 0.5 2 9  1 9  7 6 20 6 

1 , O  19 3 7 154 25 3 

P a r a f f i n  (144 AMP) 0  - 5  19 29 6 4 
1 .0  2 9  4 7 137 

81, 
496 

Hawaiian 
Crude 

R /mL .I; Jx JX 
Dust Suppressant  0.5 115 349, 514, 431, 

-I- P a r a f f i n  (95/5) 1.0 196 4 85 457 39 1 

* 
: S t i l l  cyc l ing .  
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Table 6. Treatments of Gran i t e  Reef p l o t s  shown i n  Table 7,  

Treatment 
P l o t  d a t e  Treatment 

11 R- 5 19 65 Cleared and smoot ed only;  20% s ides lope .  
2  / T- 14- 1967 Cleared and smoothed only,  

T - l l  2 1  May 68 1 0  m i l  b u t y l  s h e e t i n g  

R-2 29 Sep 72 Cleared and snoothed; 10% s ides lope ;  chipped 
p a r a f f i n  (128-230 AMP) a p p l i e d  @ 0.68 kg/m2, 

T-13 29 Jun  72 Cleared and smoothed; chipped p a r a f f i n  (143- 
150 AFP) app l i ed  @ 0.73 kg/m2, 

T-3 1 4  Sep 76 u s t  suppressant  (conta in ing  
a n t i o x i d a n t )  and p a r a f f i n  (128-130 AMP), 
( r a t i o  of 95J.5 by wt) @ 1 2/m2, 

T-4 25 Aug 76 P a r a f f i n  wax - s t a b i l i z e r  b lend  (Suntech, 
me., x-528-3) a p p l i e d  as h o t  mel t  @ 0,82 
1cgIm3 . 

T-10 9 Sep 76 P l o t  covered wi th  river-bed sand t o  2.5 cm 
deep. Trea ted  w i t h  blend of  p a r a f f i n  
(128-3.30 W ) / t a c k i f y e r  (Hercules,  Piccovar  
L-60 r e s i n ) / a n t i s t r i p p i n g  agent  (Dow, s i l i c o n e  
Z-6076), ( r a t i o  of  89/10/1 by w t ) ,  a p p l i e d  as 
ho t  mel t  @ 0.75 Icg/m2, 

T-15 16  Sep 76 Hawaiian-crude slack-wax app l i ed  as h o t  mel t  @ 
1,Q kg/& 

2 
l/ R-plots a r e  200m , r i d g e  and furrow, of e i t h e r  1 0  o r  20% s i d e s l o p e  - 

and 3% l o n g i t u d i n a l  s lope ,  

2 /  T-plots  a r e  10  m2 and have 5% s lope .  - 
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Tablc 7, Prec ip i ta t ion-runoff  from Granite Rccf f i e l d  p l o t s  t r e a t e d  wi th  those r e p e l l a n t s  which 
showed rnost promise i n  previous labora tory  t e s t s ,  vs, smoothed, and butyl-covered check 
p lo t s .  

e Treatment*' .., 
zoom- p l o t s  10m" p l o t s  

R- 3 R- 2 T-14 T-11 T-13 T-3 T- 4 T-10 T-15 
butyl  DS & P wax P wax 

Date Precip ,  Sa~ooth P wax Smooth sheet  P wax P wax & add. & add. S wax 

1976 m! 
2 1 X run Sf - - 21 27 3 Feb 

11-5 Ycb 
5-6 Fcb 
9 Pcb 
13-14 Peb 
3 Nnr 

. 14 Nnr 
16 Apr 
3-4 Xny 
4-5 May 
8 Hay 
23-24 J u l  
28 J u l  
20-22 Aug 
28 Aug 
10-11 Srp  
23-24 Sop 
24 Srp 
22-23 Oct 
13  Nov 

- 
1/ Treatment d e t a i l s  appear i n  l 'nble 6, - 
2 1  Data added t o  next r a in .  - 
31 Not pumped, Data l o s t .  - 
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' I n b i e  8. X-ray d l f f r n c t i o n  and texture  analyses  of s o i l s  a t  e x i s t i n g  o r  proposed water harves t ing  s i t e s .  

-7 

Clay u i n r r a l  s u i t e  So i l  t ex tu re  Gypsum 

Gravel Sand S i l t  Clay Yes 
F!t p i 1  Vm Ch1 K I n t e r .  0 ther  211m -3" 5Og - 2 m  2 - 5 0 ~  <2!J No 

% of t o t a l  - % of c2mm f r a c t i o n  
Poverty Ca lc i t e  (2) 

?ftn. $1 3  2 0 J 3 3 Qunrtz (2) 50 31 50 19 no 
" 1.2 3 3  - I 0  3 0 Quar t z12 )  40 2 5 62 13  no 
v $ 3  L 2+ 0 0  2 0 Quartz (2) 8 12 4 2 4 6 no 
" 84 3 3  0 0  3 O Feldspar (13 29 22 55 2  3 no 
" 1;5 3 3 0 3. 3 0 Quartz (2) 4 2  4 2  48 10 no 
" i/G 2 2 0 0 2 3(?) Qu.~rtz (I) 

Ca lc i t e  (3)  o r  
C r i s t a b o l i t e  (2) ** 30 66 4 Yes 

" ii7 2 2 0 0 2 4 Quartz (2) 20.9 28 63 9 no 
Seneca 0-3" * 4 3 0  0 2 0 Quartz  ( 3 )  -- 56 34 LO no 

w 3-6" t i, 3 0  0  2 0 Quartz (2) -- 28 2 3  4 9  no 
:U'P.ItCSells*k 3 3 0 0 2  3 Quartz (2) 

r 3  
0 

V ' J C  3 2 0 0 2 3 t  Ca lc i t e  (2) 
I r \ r ~ c r b u r y  Qunrrz (2) 
U S..nrn Mi-1 * 4 3 0 0 2 O Quartz ( 3 )  -- 69 2 3  
2. - 8 

G X ~ I I ? ~ L C  ?ceF~* 4 3 1 0 3 4 Q r ~ n r t z ( 2 + )  -- 6 6 2 7 7 no 
S n a p  P o i n t  * 3 3 0  1 3 3 QuarLz (2+) 26 4 3 i~ 4 8 Yest 
S n a p  Point 
sandstow 2 2 0 0 2 4 Qurtrtz (2) -- 58 2 3  9 

Lindsey 
Trlck Tank* 2 4 0 0 2 O Q u a r t z ( 3 )  -- 6 3 28 8 

Konuncnt: 
T.?nk ( 2 - 3 )  5 2 C 0 I 5 Qu:~rez (1) -... 62 24 I4  no 

Tcnple Catch* 2 2 0 0 2 4 Quartz (2) 55 2 1  6 9 TO no 
lliest I:ind 

Catch * 2 2 0 0 2 4 Quartz ( 2 )  28 13 70 13. no 
i.!urricane 

O Quartz (2+) 49 25 65 12 no 

>it: - Elentror i i lonlce  5 - Dominant 
!If - Mica 4 - Largc Amount 
Vm - Vermiculi te 3 - Pfedium Amount 
Chl - Chlo r i t e  2 - Small Amount 
K - Konlin L - Trace 
I n t e r  - Unident i f ied  component 0 - Looked f o r ,  b u t  not  de tec ted  

* S i t e  of  e x i s t i n g  na t e r - r epe l l en t  water-harvesting catclmnents. 
A* Contained l a r g e  amount of coarse ,  granular  gypsum, 
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le i r r i g a t i o n  
m a  area, Agrie, 

5 60 

A u t o m a t  ion 

5 69 

Automation 
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MS No, 

Proc,, 25Eh Irrigation erators Gonf,, 
USDI  Bureau of 

976, (In press)- 

Soc, Agric, Engin, (In press), 565 
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MS No, 

NRP 20760 Management and Use of P r ec ip i t a t i on  and 
Solar  Energy f o r  Crop Production 

Published: tmospheric dust  and surface  
albedo: Effects  on de se r t i f i c a t i on ,  I n  - 
" Ik se r t i f i c a t i on :  Process, Problems, 
Perspechives," Edi tors ,  P, Paylore and 

A, Raney , Jr , , 
tud ies ,  Univ, of 

Sept ,  1976, 

Idso,  - S, B, Book review: ""Perspectives of 
Biophysical EcologyF', M, Gates and 
R o  B, Schmerl, Eds, Agric. Meteorol, 16 
448-449, 1976, 547 

surface  albedo 
e termrnatxons o m s ,  Azlmos, 

Environ, 10~5 -7 ,  1976, 508 

Fur zlher eommen s on "rPle in£  luence 
of surface  albedo on the change i n  the atmos- - 
pher ic  r ad i a t i on  balance due to  aerosols ,  
Aizmos, Environ, 1 509 

Vorld cl imate,  local .weather,  and 
fanner-ranchman, Ed i t o r i a l ,  

Arizona Farmer-Ranchman 55(12):49, 2976, 588 

Compensating f o r  environmental v a r i a b i l i t y  i n  
the thermal i n e r t i a  approach t o  remote sensing of 
s o i l  moisture , Jour , Appl, Meteorol 15(8) : 811- 
817, 1976, 546 

Determining ernit tames f o r  use i n  in f ra red  
thermometry: A simple technique f o r  expanding 
the u t i l i t y  of ex i s t i ng  methods- Jour, Apple 
Meteorol, 15(1):16-20, 1976, 
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MS No, 

Rimball, BO A, Smoo i ng  d a t a  wj_th cubic splines, 
~grons Jour. 68Cl) : 126-129, 1976, 

omparison o 
Eield-measured and calculated soil-heat fluxes, 
Soil Sci, Soc, her, our* 40(1):18-25- 1976, 

determination:: Temperature gradient method with 
computed thermal conductivi-kies , Soil Sci, Soc, 
e r . 3 0 ~ ~ ~  40(1):.25-28, 1976, 

Mitchell, S. TI  Jojoba and gibberellic acid, 
6 t'Jo joba ~ap$enin~s" (#l5), Pp, 1 and 3 ,  - 
June 1976, (~ffice of Arid Lands, Univ, of Az,) 

Book review: 9'Plants in Saline 
A, Poljakoff-Mayber and J, Gale, 

Editors, (~ol, 15, in "'Ecological Studies : 
Analysis and ~ ~ n t h e x s "  series) Springer-Verlag, 
ew York, NY 2975, Agro- cosystems 2: 161-162, 
1975, (published l976), 

larvae between cutout and pupation, Environ, 
ntamol, 5(5):853-858, 1976, 
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PIS No. 

from ground-based and remote measurements, 
our,  Geophys , 
169) : 1617-1620 5 40 

The t heo re t i c a l  i n t e rp r e t a t i on  of f i e l d  obser- 
s 02 s o i l  swell ing ugh a mater ia l  
na te  t ransf  o m a t i o  oi.1 Sci ,  Soc, Amer, 

Jour, 4062):208-2 542 

Prepared r Book review: 'FNathematical Models 

566 

hange: The r o l e  of 

556 

climate: Focusing on f i e  
r 594 

A note on some recen t ly  proposed 
mechanisms of desertif$.cation, Q r t r l y ,  Jour-  
Royal. Meeeorol, Soc, ( I n  p ress ) ,  562 

Extending the "Degree Day" concept of p lan t  
enological  development t o  include water s t r e s s  
f e c t s ,  Jour, Theoret, iol, (submitted f o r  

approval) ,  
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MS No, 

s o i l ,  water ,  an surfaces  adaptable t o  use by 
rnitted f o r  publi-  

he greenhouse 

dens i ty  and water 
gamma rad ia t ion ,  

o i l s ,  Bra t i s l ava ,  
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MS No, 

Published: 

Tourbier a 

a increasingly 
and Drain, Div, , 
~ ( T R  L):127-136, 

"riarch 1976, 

e r  t i a r y  t r e a t -  
l4(  6) : 386-395, 

A s l u g  t e s t  f o r  
c t i v i t y  of unconfined 
p a r t i a l l y  penetrat ing 

wells ,  Rater Resources K e s ,  12(3):423-428, 1976, 523 

i r u s  and bac te r ia  removal from wastewater by 
treatment, A nviron, Microbial, 

1~333-338, 29 553 

A simple tube - 
Resources Res, - 

511 

Wastewater reno a t i on  and reuse: Virus removal 
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MS No, 

upling of Land 

Addition of a 
ification in s o i l  

Stimuf ation of 
adding organic 

recessing wastewater 
554 

Lance, J- C ,  Fate of bacteria and viruses i n  
sewage applied t o  soil, 
(~ubrnitted for publieation), 590 
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MS No, 

Nitrogen and pathogen removal by rapid and 
slow infiltration systems for land treatment, 
Prog, in Water Tech, (submitted for publ-ication), 589 

The effect of vegetation on denitrification and 
phosphate movement g rapid infiltration 05 
soil columns floode secondary sewage 
effluent, Jour, Wa llut, Control Fed, 
(~pproved for p 
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NRP 20810 Conserve and Nanage AgricuZtulcaZ Water 
esourees 

Published: 

-- 
ces i n  Arizona 

559 

to wind, In 

49 2 

arvestjng -- modern 
n anetent method, C i v i  

518 

ing of water- 
ter harvesting , 
~562-566, 1976, 550 

ther-ing of water- 

558 
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Prepared: I n t e rna l  surface a r ea  of Wyomi.ng 
bentoni te  from swell ing re la t ionsh ips ,  
Clay and Clay Minerals (Submitted f o r  publi-  
ca t ion) ,  

Evaluating 
weathering cha rac t e r i s t i c s  of water-harvesting 
catchments from ra infa l l - runoff  analyses, 
S o i l  Sci ,  Soc, h e r ,  Jour. (Submitted f o r  
publicat%on),  

Increasing rangeland forage production by 
water harvest ing,  Jour-  Range Manage, 
(Submitted f o r  approval),  
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