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TITLE: CmICAL TREATMENT OF IRRIGATION WATER FOR THE 

PREVENTION OF CLOGGING AND THE REMOVAL OF FLOW 

OBSTRUCTIONS I N  TRICKLE IRRIGATION SYSTEMS 

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

CODE NO.: Ariz.-'CJCL 71-11 

INTRODUCTION : 

The two-year study on emi t t e r  clogging repor ted  i n  last year ' s  

Annual Report showed t h a t  c o n t r o l  of microbial  a c t i v i t y  and chemical 

p r e c i p i t a t i o n  increased t h e  r e l i a b i l i t y  of emitter performance by 

reducing o r  preventing clogging. The treatment consis ted  of  sand 

f i l t r a t i o n  and continuous acid-hypochlorite add i t ions  t o  a w e l l  water  

t o  obta in  1 ppm a v a i l a b l e  f r e e  chlor ine  and pH of 7.0. To reduce 

treatment cos t s  and t o  follow t h e  mechanism of t h e  clogging process, 

lower chemical. concentrat ions and dj .fferent  combination a£ chemicals 

were used in a succeeding experiment. 

One undesirable f e a t u r e  of exposing t r i c k l e  systems t o  d i r e c t  

sun l igh t  i s  the  r e s u l t a n t  temperature inc rease  02 emitters and l a t e r a l  

l i n e s .  Besides poss ib le  photochemical degradation of t h e  components, 

chemical r eac t ions  i n  t h e  water  such a s  p r e c i p i t a t i o n  of salts may 

occur, which consequently can obs t ruc t  t h e  emi t t e r s  and l i n e s  wi th  

t i m e .  A series of experiments w e r e  s e t  up t o  measure t h e  l i n e  t em-  

pera tures ;  i n  addi t ion ,  e h e o r e t i c a l  models on CaC03 s o l u b i l i t y  were 

developed t o  p r e d i c t  t h e  s o l u b i l i t y  behavior of CaC03 under such tem- 

pe ra tu re  regimes. 

Clogging of emi t t e r s ,  bes ides  reducing flow rate, can a f f e c t  t h e  

uniformity of water  app l i ca t ion  of the  emit ters ,  A reduct ion i n  flow 

r a t e  can b e  compensated by increas ing t h e  length of w a t e r  a p p l i c a t i o n  

t o  obta in  t h e  equivalent  volume of water,  b u t  water  a p p l i c a t i o n  uni- 

formity cannot b e  corrected by t h i s  technique. The a l t e r n a t i v e  

so lu t ion  is  t o  increase  t h e  number of 

f o r  est imating t h e  number oE e m i t t e r s  

of uniformity was not  ava i l ab le ,  so a 

such a procedure. 

emi t t e r s  p e r  p lan t .  A procedure 

per p l a n t  t o  ge t  a given degree 

method was derived t o  develop 
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PART I. CHEMICAL TREATMENT OF TRICKLE IRRIGATION WATER 

PROCEDURE: 

The types of t r i c k l e  system and chemical treatments used a r e  

l i s t e d  i n  Table 1. Three kinds of point source emi t te r s  (Spot, 

Bowsmith, Drip-Eze), and two kinds of of l i n e  sources (Monotube and 

Bi-wall) were u t i l i z ed .  The point-source Flapper emi t te r  was re- 

placed f o r  the  Monotube l i n e s  when t h e  l a t t e r  s t a r t e d  t o  develop 

extensive cracking. The Drip-Eze (old) emitters were ca r r ied  over 

from a previous experiment. These emit ters  with the  continuous acid- 

hypochlorite treatment were working adequately f o r  two years.  Space 

r l im i t a t i ons  prevented the  use of t he  various chemical treatment com- 

binations t o  a11 the  emit ters .  Ea r l i e r  r e s u l t s  showed t h a t  t h e  B i -  

v a l l  tube was the  e a s i e s t  t o  follow i n  respect  t o  clogging s o  t h a t  

the  most extensive chemical treatments were made on t h i s  system. 

Well water was run da i ly  through a l l  emit ter  systems; once i n  

the morning and once i n  the  afternoon. The operation was control led 

by t2me clocks. The well-water was i n i t i a l l y  s to red  i n  a 700-gal 

galvanized s t e e l  tank and t rea ted  with ammonium n i t r a t e  t o  10 ppm-N 

t o  increase  microbial a c t i v i t y  i n  t h e  storage water before  being 

pumped i n t o  t h e  l i ne s .  Th-is water was sand-fi l tered before  being pu t  

i n to  t h e  l i ne s .  

Water volumes were estimated da i ly  with the  water meters in- 

;tailed i n  each of t he  l i ne s .  Individual  emit ter  flow r a t e s  were 

taken t o  assess  emit ter  flow uniformity. Microbial population, pH, 

2nd ava i lab le  chlorine were monitored on a 10- t o  14-day schedule. 

For t he  once-a-week treatment G ,  l i n e  16, microbial population was - 

neasured the  day before and a f t e r  treatment had s ta r ted .  

RESULTS AND DISCUSSION: 

The experiment was s t a r t e d  i n  November 1976, and is  no t  completed 

a t  t h i s  time. Experience has shown tha t  one year is too sho r t  a 

)eriod to get  adequate answers on the treatments. However, one s e t  of 

dmitters,  the  monotube, began t o  decrease i n  flow r a t e  with no chemical 

treatment within 60 days so  i t  was replaced with another s e t  of 
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similar type tubing. A condensed log of t he  experiment is given i n  

Table 2.  Furthermore, i n  July ,  extensive l i n e  cracking of the  surface- 

placed system resu l ted  i n  abandoning of t h i s  tubing. Breakage i n  the  

Ri-wall tubing a l s o  occurred s t a r t i n g  i n  ea r ly  spr ing and had t o  be 

replaced by a new type of plastic-formulated Bi-wall tubing i n  August 

1977. The flow r a t e  f o r  t he  l a t t e r  s e t  of tubing over a 120-day 

period was e s sen t i a l l y  unchanged f o r  the  various water treatments 

(Table 3A). 

S imi la r ly ,  t h e  point-source emi t te r s  with only two types of water 

treatment had changed l i t t l e  i n  flow r a t e  over a 380-day period 

(Table 3B). The Spot emit ter  had the  g r ea t e s t  decrease i n  flow r a t e  

i n  Treatment B. The experiment w i l l  be continued f o r  a t  least another 

rear t o  get  meaningful r e su l t s .  

Microbial analyses a r e  presented i n  Table 4 which shows t h a t  con- 

tinuous hypochlorination a t  1 ppm (Treatments A and C) is cont ro l l ing  

nicrobia l  population. Population a t  0.1 ppm continuous (Treatment E) 

was higher than the  1 ppm chlorine level .  The i n t e rmi t t en t  type hypo- 

- ,hlorination treatments F and G had b u i l t  up microbes on days on which 

hypochlorination was absent. Microbial populations i n  t h e  no chemical 

treatment B, and acid-alone treatment D were comparable t o  t h e  control .  

PART I f :  TEIQERATURE EFFECT ON CALCIUM CARBONATE SOLUBILITY 

The s o l u b i l i t y  of s a l t s  i s  temperature dependent - some s a l t s  a r e  

aore  so lub le  a t  higher than lower temperatures, whereas o thers  have 

t he  opposite property. I n  the  case of calcium carbonate, s o l u b i l i t y  

is decreased with increasing temperature, and i n  such ins tances ,  pre- 

c i p i t a t i o n  may occur i n  the  t r i c k l e  l i n e s  and emit ters  wi th  w a t e r  con- 

kaining both calcium and carbonate i n  solution.  

The est imation of dissolved calcium a t  d i f f e r en t  temperatures 

involves the  so lu t ion  f o r  the  following mass and charge balance 

equations: 
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f i e  temperature-dependent funct ion f o r  t h e  d i s s o c i a t i o n  constants  of 
4- 

Y2C03, HCO;, CaHC03, and H20 the  s o l u b i l i t y  of GO2, and t h e  s o h -  

x i l i t y  constant  of CaCO w e r e  used i n  solving f o r  t h e  amount of cal- 3 
cium dissolved i n  t h e  s a t u r a t e d  calcium carbonate so lu t ions .  

?ROCEDURE : 

A i r ,  water and polyethylene tube temperatures w e r e  measured with 

rhermocouple sensors ,  S o i l  temperatures were taken a t  1 cm depth i n  

dry and moist s o i l ,  t h e  l a t t e r  located  where t r i c k l e  i r r i g a t i o n  was 

xcur r ing .  Thermocouple was epoxied i n t o  c a p i l l a r y  tubing and then 

rnse r ted  through t h e  polyethylene emi t t e r  tubing. Severa l  d i f f e r e n t  

wvironmental  condit ions w e r e  imposed on t h e  tubing, which was bur ied  

~t 10-cm depth i n  dry and moist s o i l ,  o r  on t h e  s o i l  su r face ,  wi th  

water  e i t h e r  running o r  s t a t i c .  

SSULTS AND DISCUSSION: 

Typical temperature values  f o r  a May 1977 d a t e  a r e  given i n  

' ' igure 1. The water temperature represents  water  i n  t h e  s t o r a g e  tank, 

and t h e  tube temperature is t h e  polyethylene tube on t h e  dry s o i l  sur- 

'ace under s t a t i c  condit ions when no water is running. Tube and s o i l  

temperatures of 50 C a r e  s i m i l a r  and reached a maximum a t  approxi- 

-lately 1300 hours. Temperatures up t o  60 C w e r e  obtained i n  t h e  

!o t t e r  summer months. A s  expected, the  wet s o i l  and tubing on w e t  

s o i l  had temperatures lower than t h e  dry s o i l  and tubing on d r y  s o i l "  

:Figure 2) ,  and t h e  bur ied  tube lower than t h e  surface  tubing 

(Figure 3) .  When water was run i n  the  su r face  and bur ied  tube, both 

,ystem temperatures approached t h a t  of t h e  water ( ~ i g u r e  4). 

Actually,  i n  the  dark period of the  day, the tube temperature 

a s  lower than t h e  supply water temperature, and higher than  t h e  water 

m t h e  l i g h t  periods,  except when t h e  t r i c k l e  system was i n  opera t ion 

hen t h e  tube temperature was equivalent  t o  the  water  temperature. 
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Calculated s o l u b i l i t y  of CaC03 a t  t h e  temperatures exh ib i t ed  by 

t h e  surface-placed tubing is  p lo t t ed  i n  Figure 5. S o l u b i l i t y  w a s  . 

lowest a t  t h e  1300-hour period when the temperature of t h e  tubing i s  

t h e  h ighes t .  The minimum s o l u b i l i t y  was approximately one-half t h a t  

f o r  t h e  maximum value,  and conceivably, calcium carbonate could pre- 

c i p i t a t e  out  i n  t h e  i r r i g a t i o n  water containing l a r g e  amounts of cal-  

cium and carbonate i n  solut ion.  I n  t h e  p rec ip i t a t ion-d i s so lu t ion  

phenomenon, t h e  p r e c i p i t a t i o n  r a t e  i s  higher  than t h e  d i s s o l u t i o n  

' r a t e  s o  t h a t  t h e  p r e c i p i t a t e ,  once formed, may not r e d i s s o l v e  com- 

p l e t e l y  when t h e  s o l u b i l i t y  increases  a t  t h e  lower temperatures. 

PART 111. ASSESSING UNIFORMITY COEFFICIENT OF TRICKLE EMITTERS 

Emitters  of t h e  same kind vary i n  t h e i r  r a t e  of water  a p p l i c a t i o n  

so t h a t  i n  f i e l d  use p l a n t s  can be g e t t i n g  d i f f e r e n t  amounts of water. 

This v a r i a t i o n  can be r e l a t e d  s t a t i s t i c a l l y  t o  t h e  c o e f f i c i e n t  of  

v a r i a t i o n  and recommendations have been made t o  t h e  manufacturers t o  

provide such s t a t i s t i c s  f o r  t h e i r  emit ters .  Even when provided wi th  

t h i s  number, d i f f i c u l t y  a r i s e s  i n  mentally r e l a t i n g  t h i s  "uniformity" 

of water  appl ica t ion.  Another quest ion is  one of s e l e c t i n g  t h e  number 

of emi t t e r s  per  p lant  t o  a t t a i n  a given uniformity. 

Theory. By dividing t h e  t o t a l  emi t t e r  populat ion (N) i n t o  sub- 

groups (Y.) with equal number of individuals  i n  t h e  subpopulation s o  
1 b 

t h a t  Y1 = Y p  = Y3 = Y and f Yi = N ,  flow r a t e s  f o r  each subgroup 
k i= 1 

can be  ca lcula ted  ranging from t h e  lowest-flowing t o  t h e  highest-flow- 

ing  emit ter .  The average flow r a t e  (X) f o r  t h e  t o t a l  popula t ion is  

defined by 

iihere f i s  the frequency f o r  the  
j 

t o t a l  nurnber of observations.  By 

r a t e  f o r  the i - t h  subgroup can be 

k 
C- 

X. observation and cT- f = N ,  t h e  
3 J-1 j 

analogy t o  t h i s ,  t h e  average flow 

estimated by 
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where s is  t h e  s t anda rd  dev ia t ion ,  and from s t a t i s t i c a l  cons ide ra t ion ,  

i t  can b e  shown t h a t  

where Y(tl) - Y(t ) is  t h e  f r a c t i o n  of t h e  popu la t ion  inc luded  i n  t h e  
2 

t t o  t2 range. 1 

For a g iven  incrementa l  subgroup, t h e  2 .-values w i l l  b e  t h e  same, 
1 

r e g a r d l e s s  of  t h e  u n i t s  of t h e  observa t ions  as long  as t h e y  a r e  

normally d i s t r i b u t e d .  

When more than  one e m i t t e r  p e r  p l a n t  is  used, t h e  r e s u l t a n t  

pooled d e v i a t i o n  becomes s&, where n is t h e  number of e m i t t e r s  pe r  

p l a n t .  The new average f o r  t h e  i - t h  group becomes 

The uni formi ty  c o e f f i c i e n t  of e m i t t e r s ,  UCE, s i m i l a r  t o  C h r i s t i a n s e n ' s ,  

de f ined  as t h e  a b s o l u t e  dev ia t ion  from t h e  mean can be  de r ived  from 

t h e  preceding equat ion.  Thus UC becomes 
E 

where k is t h e  number of subgroups used t o  c a l c u l a t e  t h e  t -values.  
i 

PROCEDURE : 

Values f o r  t .  were c a l c u l a t e d  f o r  a 5% popula t ion  increment .  - 
1 

Numerical equiva len t  of equat ion  5 was a l s o  e s t ima ted  from t h e  r - 
i 

values .  

RESULTS AlW DISCUSSION: 

The computed f -values f o r  t h e  5% grouping a r e  l i s t e d  i n  Table 5, 
i 

t o g e t h e r  wi th  t h e  equ iva l en t  average e m i t t e r  f low r a t e  f o r  t h e  g iven  

subgroup. A t y p i c a l  emitter flow r a t e  of 3.8 l / h r  and c o e f f i c i e n t  of  

v a r i a t i o n  (C ) of 0.05 was used. From t h e  comparison, it i s  demon- 
v 

s t r a t e d  t h a t  t h e r e  is  a range i n  flow r a t e s .  Furthermore, t h e  l a r g e r  
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the  value of Cv, t h e  l e s s  uniformity i n  water app l ica t ion  w i l l  r e s u l t  

(Figure 6 ) .  By increasing the  number of emit ters  per  p l an t  (Figure 7) 

the  uniformity of appl icat ion can be improved. 

Computed U C E ' s  f o r  combinations of coe f f i c i en t s  of v a r i a t i o n  and 

emi t te r  number per p lant  a r e  compared i n  Figure 8- For the  condit ions 

spec i f ied  i n  the  example, UC of 90% cannot be a t t a ined  wi th  C 's of 
E v 

0.4 and l a rge r ,  even with 10 emi t te r s  per p lant ;  a UCE of 90% can be 

achieved with 6 emit ters  per p lan t  a t  C of 0.30, whereas wi th  a Cv of 
C 

0.2 and l e s s ,  t he  90% l e v e l  can be reached with 4 emi t te r s  pe r  plant .  

Tr ickle  i r r i g a t i o n  systems a r e  operated on t he  b a s i s  of supplying 

a spec i f ied  t o t a l  volume of water , or  on ba s i s  of a given set time. 

I n  e i t h e r  case, t he  amount of water applied per  p lan t  would b e  

d i f f e r en t  and depends upon t he  v a r i a b i l i t y  of emit ter  flow r a t e .  This 

re la t ionsh ip  is shown graphically i n  Figure 9 f o r  four  emi t te r s  per 

p lant  with a Cv of 0.2. The water requirement is  set a t  an  a r b i t r a r y  

depth i n  the  f igure ,  but  it i l l u s t r a t e s  tha t  a f r ac t i on  of t h e  p l an t s  

with t he  lowest flowing emit ter  group would not receive  i t s  water needs. 

The f r ac t i on  of the  plant  adequately i r r i g a t e d  i n  terms of emi t te r  

flow r a t e  v a r i a b i l i t y  can be computed by modifying the  method of Hart 

and Reynolds (1) used i n  spr ink le r  i r r i ga t i on .  The computed r e s u l t s  

of f r ac t i on  of p lan t s  adequately i r r i g a t e d  t o  the  emi t te r  uniformity 

coef f ic ien t  f o r  th ree  values of t he  f r ac t i on  of emi t te r  flow r a t e  . 

equal t o  o r  exceeding the  average flow r a t e  a r e  presented i n  Figure 8. 

The value of 0.95 spec i f ies  g rea te r  depth of water requiremenk, then 

0.80 t o  achieve water suff ic iency,  so  t h a t  f o r  the  same UC t h e  
E * 

f r ac t i on  of p lan t s  adequately i r r i g a t e d  w i l l  be less f o r  t h e  higher  

than f o r  the  lower water requirement value. The r e l a t i o n  between 

UC and the  f r ac t i on  of i r r i g a t i o n  adequacy can be b e t t e r  i l l u s t r a t e d  E 
by comparing t h e  change i n  UC t h a t  could occur with a change i n  C E v a  
For example, with Ha = - 9 0 ,  a change i n  UC from 90 t o  80% represents  

E 
a decrease i n  i r r i g a t i o n  adequacy from 79 t o  65%. 

Time-set fac to rs  f o r  d i f f e r en t  l eve l s  of i r r i g a t i o n  adequacy with 

d i f f e r en t  emit ter  numbers per p lant  and C v  values can be estimated 
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also .  These a r e  l i s t e d  i n  Table 6. The a c t u a l  length of i r r i g a t i o n  

is then determined from the  product of the  time-set f a c t o r ,  and t h e  

app l i ca t ion  time computed from the  volume of water r equ i red  and 

average e m i t t e r  flow r a t e  per  p l a n t .  For example, i f  t h e  computed 

length of i r r i g a t i o n  i s  t o  be 10 hours f o r  95% i r r i g a t i o n  adequacy 

using four  emi t t e r s  pe r  p lan t ,  t h e  acltual i r r i g a t i o n  time w i l l  b e  

10.4 hours f o r  a Cv of 0.05 and 13.3 hours f o r  a Cv of 0.30. 

Coeff ic ients  of v a r i a t i o n  based on individual  emitter flow 

measurements a t  the  end of t h e  1975 t o  1976 experiment were ca lcu la ted  

f o r  a set of emit ters .  The r e s u l t s  a r e  l i s t e d  i n  Table 7. A s  t h e  

computation r e a d i l y  i l l u s t r a t e s ,  t h e  acid-hypochlorite t r e a t e d  

emi t t e r s  had t h e  h igher  average flow r a t e  and lower c o e f f i c i e n t  of 

v a r i a t i o n  than t h e  chemically unt rea ted  emitters. The Cv i n  t h e  order 

of 1 .5  was much too high t o  a t t a i n  good uniformity of w a t e r  appl i -  

ca t ion.  

SUMMARY : 

Experiments have been set up t o  es t imate  minimum chemical t r e a t -  

ment needed f o r  con t ro l l ing  b io log ica l  a c t i v i t y  and salt  p r e c i p i t a t i o n  

i n  severa l  types of emi t t e r s  used i n  t r i c k l e  i r r i g a t i o n .  Flow rate 

measurements f o r  the  f irst  year run show t h a t  the  emitters a r e  s t i l l  

operat ing properly. Calculat ions of calcium carbonate s o l u b i l i t y  

based on d iu rna l  temperatures of exposed polyethylene t r i c k l e  tubing 

and emi t t e r s  i n d i c a t e  t h a t  p r e c i p i t a t i o n  could occur i n  t h e  w a r m e r  

af ternoon temperatures. A s t a t i s t i c a l  method was derived f o r  esti- 

mating t h e  uniformity coef f i c ien t  of emi t t e r s  and a way of us ing t h i s  

concept has  been developed. With a knowledge of t h e  c o e f f i c i e n t  of 

v a r i a t i o n  of the  emitter, t h e  s e l e c t i o n  of t h e  number of e m i t t e r s  p e r  

p lan t  can be ob jec t ive ly  made. Time-set f a c t o r s  f o r  t h e  i r r i g a t i o n  

system f o r  d i f f e r e n t  l e v e l s  of i r r i g a t i o n  adequacy, wi th  d i f f e r e n t  

numbers of emi t t e r s  and c o e f f i c i e n t s  of v a r i a t i o n  can be  determined. 
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Table 1. Description of emitter type and chemical treatments. 

Line 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Emitter 

type Chemical Treatment 

Mono tube 

Drip-Eze (old) 

Bowsmith 

Drip-Eze (new) 

Spot 

Bi-wall 

Mono tube 

Bowsmi th 

Drip-Eze 

Spot 

Bi-wall 

Acid-hypochlorite; 

Acid-hypochlorite; 

Acid-hypochlorite; 

Acid-hypochlorite; 

Acid-hypochlorite ; 

Acid-hypochlorite; 

None 

None 

None 

None 

1 ppm; pH=7; continuous 

1 ppm; pH=7; continuous 

1 ppm; pH=7; continuous 

1 ppm; pH=7; continuous 

1 ppm; pH=7; continuous 

1 ppm; pH=7; continuous 

B. None 

C .  Hypochlorite alone; 1 ppm; ; continuous 

D. Acid alone pN=7; continuous 

E. Acid-hypochlorite; 0.1 ppm; pH-7; continuous 

F. Acid-hypochlorite; 1 pprn; pH=7; alternate days 

G. Acid-hypochlorite; 10 ppm; pH=7; once a week 
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Table 2. Condensed log of t r i c k l e  i r r i g a t i o n  clogging experiment. 

Eik-f-E t-Jjp,\?IF'y+, I ON kj',i;ii S;Ctb.lLiEr\i:3ED LOG 
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Table 2. Continued. 

:ZCl JIJL 77 
2.1. JUL 77 
C. LO ,".llJ1- 77 
;- y LJL1L- 7 7 - - :;c> ,-ll-iL- f / 
(:>2 AI-Ii2 77 
'I, 0 pii-.li2 7';i' 
j.Ct hi-& 77 
li:, A l jG  47 

IN LINES 
13. l j  14. l j  
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Table 3a. Flow rate (gph) f o r  l ine-source  b i -wal l  e m i t t e r  a t  

120 e l apsed  days. 

Treatment o r  Line  No. 
6 11 12 1 3  14  1 5  16  

S t a r t  0.44 0.48 0.45 0.50 0 ,51  0.45 0.44 

End 0.38 0.40 0.40 0.45 0.48 0 - 4 3  0.41 

Table 3b. Flow r a t e  (gph) f o r  point-source e m i t t e r  a t  380 e l apsed  

days. 

Treatment A Treatment B 

Emi t t e r  S t a r t  End S t a r t  End 

Drip-Eze (o ld)  0.80 0.77 --- --- 
Bowsmith 0.92 0.85 0.82 0.86 

Drip-Eze (new) 1.07 0.90 0.94 0.87 

Spot 1 .08 1.01 1.09 0.72 
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Table 4. Microbial  populat ion f o r  d i f f e r e n t  chemical t reatments.  

- a' See Table 1 f o r  treatment designation.  Control i s  sample taken 
a t  s torage  tank. 
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Table 5. Computed ti-values f o r  5 percent  grouping of t h e  

t o t a l  popula t ion .  

Emi t te r  Group Flow r a t e  

grouping, increment,  l / h r .  

a/ Group 1 r e p r e s e n t s  t h e  5% of t h e  lowest  f low and group 20 t h e  h i g h e s t  - 
f low r a t e  with in t e rmed ia t e  groupings i n c r e a s i n g  p r o g r e s s i v e l y  from 

1 t o  20. 
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Table 6. Time-set f a c t o r s  f o r  combinations of Cv, e m i t t e r s  p e r  

p l a n t  and f r a c t i o n  of p l a n t s  adequate ly  i r r i g a t e d .  

Time-set f a c t o r  and e m i t t e r s / p l a n t  
11 !t a cv n = l  n= 2 n=4 n=6 n=8 
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Table 7. Comparison of coefficients of variation for two emitters 

under two types of water treatment. 

Treatment 

Sand filtration Sand'filtration + 
Emitter type alone acid-hypochlorite 

Ave. (gph) Cv Ave. (gph) Cv 

Microtube 0.49 1.46 1.57 0.42 

Drip-Eze 0.17 1.54 0.86 0.19 
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TITLE: PRl3DLCTING HYDRAULIC CIURACTERISTICS OF CRITICAL-DEPTH FLUMES 

OF SIEPLE AND COMPLEX CROSS-SECTIONAL SHAPES 

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

CODE NO : Ariz.-WCL 72-1 

INTRODUCTION : 

The Annual Reports  f o r  1966-1977 con ta in  summaries of many 

c r i t i c a l - f  low flumes c a l i b r a t e d  by l abo ra to ry  techniques.  These c a l i -  

b r a t i o n s  were used t o  v e r i f y  a  computer model t h a t  has  subsequent ly  

been employed t o  des ign  s e v e r a l  f i e l d - i n s t a l l e d  c r i t i c a l - f l o w  flumes, 

The r e c e n t  emphasis h a s  been toward us ing  t h e  model t o  s tudy  e r r o r s  

caused by c o n s t r u c t i o n  d e v i a t i o n s  and o t h e r  dimensional changes i n  

flumes. This  was done t o  h e l p  i d e n t i f y  Lmportant dimensional  r e l a t i o n -  

s h i p s  and conversely t o  i d e n t i f y  unimportant parameters.  

PROGRESS : 

E r r o r  a n a l y s i s  u s ing  t h e  flume model showed t h a t  broad-cres ted  

w e i r s ,  w i th  s l o p i n g  upstream ramps, were an  a t t r a c t i v e  compromise 

Setiaeer, cons t ruc t ion  c o s t s  and accuracy f o r  l i n e d  i r r i g a t i o n  d e l i v e r i e s .  

Another a t t r a c t i v e  advantage of t h i s  s t y l e  i s  t h e  sma l l  a b s o l u t e  head 

l o s s e s  r equ i r ed  t o  make i t  operate . .  These head l o s s e s  can  b e  a s  s m a l l  

a s  0 .1  f t -  i n  slip-formed cana l s  d e l i v e r i n g  1 5  t o  20 c f s .  T h i s  means 

t h a t  c a r e f u l l y  s e l e c t e d ,  a broad-crested w e i r  can u s u a l l y  b e  f i t t e d  

t o  e x i s t i n g  cana l s  wi thout  s i g n i f i c a n t l y  v i o l a t i n g  t h e  designed f r ee -  

board on t h e  o r i g i n a l  cana l .  

The s e n s i t i v i t y  of t h e  wei r  s t y l e  i s  l e s s  than  t h a t  of t h e  t rape-  

z o i d a l  flume a t  low f lows,  b u t  can n e a r P j  match it a t  t h e  u s u a l  des ign  

c a n a l  capac i ty .  I r r i g a t i o n  d e l i v e r i e s  do nor  normally r e q u i r e  more 

than  a 221 o r  3:1 range i n  f low rates, s o  low flow problems are ave r t ed .  

The a n a l y s i s  and comparisons are d iscussed  i n  more d e t a i l  i n  t h e  

papers  "combensating f o r  cons t ruc t ion  e r r o r s  i n  c r i t i c a l  £lox? flumes 

and broad-crested we i r s , "  and "Selec t ing  and r a t i n g  m e t e r s  f o r  open- 
%.- 

channel flows. 'I E f f o r t s  t o  encourage t h e  new flow-metering des igns  

i n  both the  t r a p e z o i d a l  flume s t y l e  and t h e  broad-crested w e i r  s t y l e  

cont inued.  
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P o r t a b l e  Flume: A p o r t a b l e  design was developed f o r  use  i n  small 

concrete- l ined c a n a l s  w i t h  I - f t .  bottom width and 1:l s i d e s l o p e s .  Th i s  

flume came about  because of a r eques t  from t h e  Phoenix SCS f i e l d  o f f i c e  

through A. J. Clemmens, They s p e c i f i e d  t h e  need f o r  a p o r t a b l e  dev ice  

capable of measuring from about  1 t o  8 c f s  t o  an  accuracy  of rt. 5% t h a t  

weighed l e s s  t han  100 pounds. 

From mathematical  modeling, it  appeared most p r a c t i c a l  t o  dev i se  

a p o r t a b l e  broad-crested weir .  The a n a l y s i s  showed t h a t  most dimensions 
+ i n  t h e  wei r  need t o  b e  a c c u r a t e  t o  no more than  - l o % ,  except  t hose  i n  

t h e  t h r o a t  c ros s - sec t ion ,  which need t o  b e  a c c u r a t e  ta t h e  approximate 

percentage  d e s i r e d  f o r  t h e  Einal d i scharge  measurement. This  meant 

t h a t  s t anda rd  slip-formed conc re t e  d i t c h e s  w i th  t r a p e z o i d a l  cross-  

s e c t i o n s  were more t h a n  a c c u r a t e  enough t o  provide  most of t h e  boun- 

d a r i e s  f o r  a t r a p e z o i d a l  broad-crested w e i r -  Fu r the r  a n a l y s i s  showed 

t h a t  t h e  flow a r e a  over  t h e  s i l l  was t h e  most important  parameter.  

This  cons i s t ed  of a weir-width measurement, a s i d e s l o p e  de termina t ion ,  

and a depth c a l c u l a t i o n ,  as i n f e r r e d  from a n  upstream depth measurement. 

The w e i r s  are u s u a l l y  wide compared t o  t h i s  depth,  s o  t h a t  it is r e l a -  

t i v e l y  easy t o  m i n t a i n  s u f f i c i e n t  accuracy i n  both  s i d e s l o p e  and width  

a t  t h e  1% l e v e l  ( f o r  example, a we i r  1 meter  wide can b e  f 1 cm). 

Therefore,  t h e  most s e n s i t i v e  dimension i n  t h e  we i r  s t r u c t u r e  i s  t h e  

e l e v a t i o n  of t h e  ups t r ean  water  s u r f a c e  above t h e  e l e v a t i o n  p l ane  of 

t h e  we i r  c r e s t  . 
I n  permanent conc re t e  flume o r  wei r  i n s t a l l a t i o n s ,  a s t i l l i n g  

w e l l ,  b u i l t  a t  t h e  s i d e  of t h e  cana l ,  i s  connected by p i p e l i n e  t o  t h e  

cana l .  The c a n a l  s u r f a c e  is  thus  r e f l e c t e d  i n  t h e  s t i l l i n g  w e l l  where 

it can b e  recorded ,  o r  o therwise  sensed, w i th  a v a r i e t y  of  i n s t rumen t s  

t h a t  a r e  r e a d i l y  zero-reEerenced t o  t h e  s i l l  c r e s t  by surveying  

techniques.  

From t h e  s e n s i t i v i t y  a n a l y s i s  i t  became apparent  t h a t  a p o r t a b l e  

broad-crested we i r  f o r  u se  i n  slip-formed cana l s  r e q u i r e d  only  a s i l l  

c r e s t  and a converging s e c t i o n  ramp. The cana l  could  provide  a l l  

o t h e r  necessary  s u r f a c e s  t o  s u f f i c i e n t  accuracy. The a n a l y s i s  a l s o  

showed t h a t  t he  upstream s t i l l i n g - w e l l  concept would b e  inconvenient  
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s i n c e  p r e c i s i o n  l e v e l i n g  i n  the  cana l  would be  neces sa ry  t o  main ta in  

proper  ze ro  r e f e r e n c e  wi th  t h e  s i l l  c r e s t -  Thus, a p o r t a b l e  we i r ,  i n  

a d d i t i o n  t o  be ing  l i g h t  weight ,  needed t o  provide  a p r a c t i c a l  method 

f o r  main ta in ing  proper  ze ro - r eg i s t r a t i on .  

A method f o r  accomplishing t h e  two goa l s  of p o r t a b i l i t y  and con- 

ven ien t  flow-depth de termina t ion  i s  shown i n  F igures  l and 2. The 

we i r  s i l l  causes a f low o b s t r u c t i o n  i n  t h e  cana l  which w i l l  cause  a 

rise i n  t h e  upstream water  su r f ace .  This  w a t e r  s u r f a c e  e l e v a t i o n  

above the s i l l  i s  a c c u r a t e l y  sensed through a r i n g  of h o l e s  i n  a p i e c e  

of p j p e  l a i d  i n  t h e  cana l  a t  a p o i n t  upstream a s e l e c t e d  d i s t a n c e  from 

t h e  flume. I n  t h i s  example, the sens ing  h o l e s  were l o c a t e d  1 f t  (0.305 m) 

upstream from t h e  remainder of t h e  s t r u c t u r e .  The sens ing  p i p e  i s  con- 

s t r u c t e d  wi th  a rounded upstream end and t h e  p r e s s u r e  s ens ing  h o l e s  

p laced  10- t o  20-pipe diameters  from t h e  p o i n t  t o  i n s u r e  a c c u r a t e  

p r e s s u r e  d e t e c t i o n ,  uninfluenced by t h e  p o i n t  of t h e  p i p e  i t s e l f .  Th i s  

p re s su re  i s  t r a n s f e r r e d  by s iphon t o  a sma l l  v e r s i o n  of  a s t i l l i n g  w e l l  

placed,  n o t  i n  t h e  d i t c h  bank a s  u sua l ,  b u t  above t h e  flume t h r o a t ,  o r  

we i r  c r e s t ,  n e a r  t h e  c r e s t  c e n t e r l i n e  and about  E/4 t o  1 / 3  t h e  t h r o a t ,  

o r  c r e s t ,  l e n g t h  from t h e  flow out fall^ Above 'chis same l o c a t i o n ,  a 

p o i n t  gage i s  mounted r i g i d l y  t o  t h e  flume frame i n  such  a way e h a t  it 

can be  quick ly  lowered and permanently a d j u s t e d  t o  r e a d  zero when t h e  

p o i n t  touches t h e  c r e s t .  The gage i s  then  r a i s e d  and t h e  s m a l l  s t i l l i n g -  

w e l l  cup moved under t h e  p o i n t ,  t hus  a c c u r a t e l y  measuring t h e  upstream 

water  s u r f a c e  above t h e  f lume-throat  r e f e r e n c e  p o i n t ,  Dimensions are 

shown i n  F igu re  2. These dimensions and t h e  handbook roughness h e i g h t  

f o r  a l ~ m i n u m  were used i n  t h e  matlzematical model t o  produce t h e  c a l i -  

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

Leakage p a s t  t h e  Elumes i s  control3.ed by rubber  s t r i p s  about  4 

inches  (10 cm) wide a t t a c h e d  t o  t h e  f r o n t  of t h e  converging s e c t i o n  

(ramp) and another  s t r i p  a t t a c h e d  a c r o s s  t h e  bottom, It is h e l p f u l ,  

i f  dur ing  cons t ruc t ion ,  t h a t  t h i s  shee t ing  b e  warped s l i g h t l y  s o  t h a t  

i t  s p r i n g s  s t r o n g l y  upstream, e s p e c i a l l y  a c r o s s  t h e  bottom of t h e  

flume. Water p re s su re  w i l l  then cause a good s e a l  a g a i n s t  t h e  c a n a l  

w a l l  and f l o o r .  Too l i t t l e  s p r i n g  w i l l  a l low t h e  rubber  t o  t u r n  under 

t h e  flume during placement, nega t ing  i t s  e f i e c t s .  
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The flume can b e  quick ly  placed i n t o  s t anda rd  slip-formed cana l s  

w i t h  1:1 s i d e s l o p e s  and 1-foot (0.305 m) bottom widths .  Other s i z e s  

can b e  r e a d i l y  adapted.  The i n s t a l l a t i o n  t i m e  i s  u s u a l l y  less than  

10 seconds a f t e r  t h e  bottom of t h e  cana l  has  been p rope r ly  c l e a r e d  of 

d e b r i s .  The f low must then  s t a b i l i z e  t o  s a t i s f y  t h e  ponding t h a t  w i l l  

occur  upstream a f t e r  i n s e r t i n g  t h e  flume. S t a b i l i z a t i o n  t i m e  v a r i e s  

wide ly  depending on t h e  flow r a t e  and t h e  s t eepness  of t he  e x i s t i n g  

cana l .  Typica l ly ,  3 o r  4 minutes a r e  r equ i r ed -  No p r e c i s e  l e v e l i n g  

is  needed, j u s t  g r o s s  adjustments  r e a d i l y  observed by eye.  This  d i f f e r s  

frcm o l d  flume emplacements, such a s  P a r s h a l l  f lumes ,  which had t o  b e  

c a r e f u l l y  l eve l ed  and c f t e n  r e q u i r e d  hours  t o  i n s t a l l  and r e g i s t e r .  

T rans loca t ing  t h e  p o i n t  gage and s t i l l i n g - w e l l  cup t o  a p o s i t i o n  

above t h e  p o i n t  of ze ro  r e g i s t r a t i o n ,  i t s e l f ,  makes t h e  flume insen- 

s i t i v e  t o  nzinor problems of l e v e l i n g  i n  a l l  d i r e c t i o n s  and e l imina te s  

l a t e r a l  t r a n s f e r s  of e l e v a t i o n s  by surveying  techniques.  Thus, csre-  

f u 1  placement and l e v e l i n g  a r e  n o t  necessary*  The l o c a t i o n  of t h e  

sens ing  h o l e s  i s  l i k e w i s e  n o t  c r i t i c a l ,  s i n c e  t h e  p i p e  can l a y  on t h e  

c a n a l  bottom o r  b e  a t  any l o c a t i o n  below t h e  w a t e r  s u r f a c e ,  p a r a l l e l  

t o  t h e  main f low and extended s o  t h a t  t h e  sens ing  h o l e s  are n e a r  t h e  

s e l e c t e d  d i s t a n c e  of I f t  (0.305 m) upstream from t h e  main s t r u c t u r e .  

A 3:1 s lop ing  ramp has  been normally s p e c i f i e d  f o r  t h e s e  types  of flumes, 

b u t  h e r e ,  a  rounded shape was used t o  sho r t en  t h e  t o t a l  ramp l eng th  by 

about  50%. Th i s  s h o r t e r  ramp is  a c c u r a t e l y  accounted f o r  by t h e  mathe- 

m a t i c a l  model. A t runca ted  downstream ramp a t  a 6 : l  s l o p e  was added 

a s  a n  op t ion  t o  i n c r e a s e  t h e  t o l e r a n c e  t o  submerged f low opera t ion .  

S ince  a n a l y s i s  showed t h a t  r e f i n e d  approach, converging, diver-  

ging,  and e x i t  s e c t i o n s  were unnecessary,  t h e  chosen des ign  is reduced 

t o  only two main p a r t s ,  a  Einished,  accu ra t e  wei r -c res t  s u r f a c e ,  and 

a  rough-shaped ramp, i n  t h i s  c a s e  ben t  roughly t o  a c i r c u l a r  a r c  w i t h  

a  r a d i u s  of 1 .5 E t  (0.457 m), The e x i s t i n g  cana l  is used f o r  all. o t h e r  

su r f aces .  The device  i s  3-f t  (0.915-m) long p lus  a  r e t r a c t a b l e  s enso r ,  

3 f e e t  wide, and weighs about  30 pounds (14 mg) when cons t ruc t ed  from 

aluminum. 

F igu re  2 shows some of t h e  cons t ruc t ion  f e a t u r e s  f o r  t h e  p o r t a b l e  

we i r  designed f o r  a s t anda rd  slip-formed cana l  w i th  1:1 s i d e s l o p e s  and 
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a bottom width of 1 f t (0.305 m) . The s i l l  i s  1 - E t  (0.305 m) long, 

3- f t  (0.914 m) wide, and i s  1 - E t  (0.305-m) high.  Rubber s e a l i n g  

s t r i p s  made of 118-inch (3-2-mm) t h i c k  shee t ing  c u t  about  4 inches  

wide (10 cm) were pop-riveted t o  the  edges of t he  c i r c u l a r  a r c  ramp 

t o  e f f e c t  a s u i t a b l e  water s e a l .  The sens ing  p ipe  can b e  any p r a c t i c a l  

s i z e .  Standard 1/2-inch (13-mm) and 314-inch (19-mm) p i p e  have been 

used. The end can be  plugged w i t h  a rubber  s t o p p e r  and then  t h e  com- 

b ined  p i p e  and s toppe r  rough-ground t o  a rounded p o i n t ,  o r  t h e  p o i n t  

csn  b e  welded s h u t ,  t h e n  t h e  welded p o r t i o n  ground t o  a rounded po in t .  

The sens ing  cup c a n , b e  fashioned from a s e c t i o n  of p i p e  o r  an end cap 

f o r  l a r g e  p l a s t i c  p ipe .  The p o i n t  gage i s  commercial1.y a v a i l a b l e  

through l a b o r a t o r y  supply houses,  

F i e l d  Use: I n  f i e l d  p r a c t i c e ,  t h e  ope ra t ion  is  as fo l lows:  

1. Extend t h e  sensirng p i p e  and lock  i n t o  p o s i t i o n .  

2. Check t h e  ze ro  of t h e  p o i n t  gage a g a i n s t  t h e  c r e s t  su r f aze .  

3. Place  i n t o  f lowing s t ream wi th  t h e  sens ing  p i p e  poin ted  
upstream, by s l i d i n g  down c a n a l  w a l l  o r  Lowering from 
top-center  of cana l .  

4 .  Purge a i r  from t h e  sens ing  ho le s  and p l a s t i c  t ub ing  con- 
n e c t i n g  t o  t h e  s t i l2 ing-we11 cup s o  t h a t  p r e s s u r e  and flow 
t o  t h e  cup is communicated f r e e l y  from t h e  depth-sensing 
holes .  

5. Wait f o r  t h e  flow t o  s t a b i l i z e ,  u sua l ly  3 o r  4 minutes .  

6. Read depth i n  s t i l l i n g  w e l l  wi th  t h e  "zeroed" p o i n t  gage. 

7. Refer  reading  t o  t a b l e s  f o r  d i scha rge  rate. 

8. Remove from f lowing c a n a l  by l i f t i n g  upstream end. 

A model of t h e  flume w a s  provided t o  a s e l e c t e d  un-it of t h e  S o i l  

Conservation Se rv i ce  f o r  f i e l d  u s e  and eva lua t ion .  Three models were 

i n i t i a l l y  b u i l t ,  a l l  h y d r a u l i c a l l y  s i m i l a r  b u t  w i th  a v a r i e t y  of  ex- 

t e r n a l  support  s t r u c t u r e s  t h a t  do no t  a f f e c t  t h e  flume r a t i n g s .  

The l a c k  of s e n s i t i v i t y  t o  handl ing and ease  of o p e r a t i o n  w a s  

t e s t e d  by t h r e e  t echn ic i ans ,  no t  prev ious ly  f a m i l i a r  w i t h  t h e  flume, 

o r  n e c e s s a r i l y  w i th  flow meter ing*  Af t e r  a 10-minute o r i e n t a t i o n  and 

demonstrat ion,  they each placed t h e  flume i n  t h e  same c a n a l  Eloa b u t  

a t  d i f f e r e n t  l o c a t i o n s .  A11 r e tu rned  s i m i l a r  flow readings .  This  

demonstrated t h a t  t h e  flume was n o t  s e n s i t i v e  t o  o p e r a t o r  handl ing  

and placement. 
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Another t e s t  f o r  c o n s t r u c t i o n  s e n s i t i v i t y  was conducted by 

p l ac ing  two models cons t ruc t ed  by d i f f e r e n t  crews, one welded toge the r ,  

t h e  o t h e r  b o l t e d ,  i n t o  t h e  same cana l  flow i n  series w i t 3  each o the r .  

Both r e a d  i d e n t i c a l  d i scha rge  readings  t o  t h r e e  s i g n i f i c a n t  f i g u r e s .  

This  demonstrated t h a t  t h e  cons t ruc t ion  t o l e r a n c e s  are n o t  c r i t i c a l  

and are mostly compensated f o r  by t h e  zero ing  technique provided by 

t h e  s t i l l i n g - w e l l  and point-gage t r a n s l o c a t i o n s .  

A manuscript d e t a i l i n g  t h e s e  f e a t u r e s  i s  under p r e p a r a t i o n *  

New I n s t a l l a t i o n s :  The t r a p e z o i d a l  shape is cont inuing  t o  b e  

i n s t a l l e d  i n  t h e  Wellton-Nohawk I r r i g a t i o n  District and has been  w e l l  

r ece ived .  Only one i n s t a n c e  of poor agreement between t h e  flume and 

t h e  p r o p e l l e r  meters  used by t h e  D i s t r i c t  w a s  brought  t o  my a t t e n t i o n .  

I n  t h i s  ca se ,  t h e  flume appeared t o  r ead  h i g h e r  t han  t h e  p r o p e l l e r .  

Examination of t h e  p r o p e l l e r  meter  l o c a t i o n  d i sc losed  a p o s s i b l e  cause. 

To make a measurement, t h e  p r o p e l l e r  is  p laced  i n  t h e  o u t l e t  end of a 

30-inch diameter  p i p e  t h a t  conveys water  from t h e  D i s t r i c t  c a n a l  t o  

.Lhe farm canal .  A t  t h i s  l o c a t i o n ,  t h e r e  was about  0 - 5  f t  drop i n  

wa te r  s u r f a c e  e l e v a t i o n  between t h e  i n l e t  and out le t :  of t h e  30-inch 

p i p e  t h a t  was about  60- f t  long. P lac ing  t h e  p r o p e l l e r  i n  t h e  p i p e  

could thus  i n c r e a s e  t h e  t o t a l  head l o s s  by a l a r g e  enough percentage  

t o  b e  no t i ced  a t  t h e  flume, For example, assuming t h a t  t h e  p r o p e l l e r  

caused 0-05-f t  of head l o s s  added t o  0.5 f e e r  o r i g i n a l l y ,  means a 10% 

h c r e a s e  i n  head l o s s .  Th i s  t r a n s l a t e s ,  assuming o r i f i c e - t y p e  flow, 

i n t o  a 5% decrease  i n  d i scha rge  r a t e .  Had t h e  p r o p e l l e r  m e t e r  been 

l e f t  i n  p l a c e  f o r  30 minutes o r  longer ,  t h e  flume would b e  expected 

t o  more n e a r l y  match i t s  reading .  In most i n s t a l l a t i o n s  t h e  l o s s e s  

through t h e  p ipes  are about  20 t o  30 inches ,  so  zhe a d d i t i o n  of the- 

p r o p e l l e r  l o s s  is  n e g l i g i b l e .  

The broad-crested w e i r s  i n s t a l l e d  on t h e  Woodhouse and Naquin 

Farms cont inue  t o  f u n c t i o n  a s  intended.  Debris  was shoveled o u t  of 

bo th  i n s t a l l a t i o n s .  About a cubic  f o o t  of m a t e r i a l  had ga thered  on 

t h e  ramps. It took only  2 o r  3 minutes t o  shovel  i t  ou t .  This  should 

be  done a t  l e a s t  once a yea r .  The m a t e r i a l  t h a t  ga thered  reached 

somewhat of a s t a b l e  volume and t h e r e a f t e r  a d d i t i o n a l  m a t e r i a l  passed 
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over t he  weir. There appears t o  be a pos s ib i l i t y  t ha t  s l i g h t  length- 

ening of the  ramp on about 4.5:1 slope ins tead of 3:1 might pass a l l  

but  heavy stones.  

Another flume was i n s t a l l ed  fo r  p i l o t  operation by the  S a l t  River 

Project  (SRP). It was placed i n  a 1-25: l  s ideslope canal  with a 2-foot 

bottom, It was designed t o  pass 75 c f s  over a 1.5-ft high sil l .  Like 

the  smaller versions, i twas f i t t e d  with a direct-reading gage. Stan- 

dard current  metering techniques were used by SRP t o  check the  com- 

puted ca l ib ra t ion  on f i v e  dates  i n  September 1977.  The data  a s  re- 

ported a r e  i n  Table I. The flow r a t e s  a r e  i n  Miners inches which, i n  

Arizona, a r e  1/40th of a cubic-foot-per-second, 

The broad-crested weir type was i n s t a l l e d  on the  Cotton Research 

S ta t ion  i n  back of the  Water Conservation Laboratory, Eight locat ions  

f o r  flumes were se lec ted  i n  order t o  adequately gage a l l  de l i ve r i e s  t o  

the Stat ion.  The e igh t  flumes were i n s t a l l e d  i n  October 1977, a t  a 

cost  of l e s s  than $100 each, including readout gages. The s i l l  heights 

were e i t h e r  9 inches high o r  12 inches high* A manuscript covering 

these  i n s t a l l a t i o n s  is i n  "ihe review process of National Technical 

Edit ing S ta f f .  

A rectangular-throated flume was a l so  designed and i n s t a l l e d  on 

the  University of Arizona Citrus Experiment Farm i n  Tempe- The throat  

was 1 foo t  wide and was designed t o  pass 2.5 c f s ,  The approach sec t ion  

a l so  had t o  be constructed because the  flume was placed i n  a rough 

plas tered canal with sidewalls  t h a t  were near ly  v e r t i c a l .  The flume 

was designed using 0,25:1 sideslopes i n  t he  approach sec t ion  t o  approxi- 

mate the  nearly v e r t i c a l  walls. 

Another rectangular-throated flume 2 f e e t  wide, with an 18-inch 

s i l l  was designed fo r  the  Yuma Mesa Experiment Farm, Yuma, Arizona. 

It measures a flow of 6 c f s .  

Two more broad-crested weir types with s i l ls  1-25 f e e t  high were 

i n s t a l l ed  i n  cooperation with the  Bureau of Indian Affai rs  near 

Parker, Arizona. 

Others of the  smaller type were i n s t a l l e d  west of Phoenix by the 

Phoenix Field Office,  SCS, i n  conjunction with the  por table  flume. I n  

several  cases, a f t e r  the por table  f l m e  was used, permanent concrete 

s i l l s  were i n s t a l l ed .  
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Standard drawings a r e  be ing  prepared by t h e  SCS f o r  t h e  broad- 

c r e s t e d  we i r  ( s i l l  t ype  f o r  conc re t e  c o n s t r u c t i o n ) ,  and f o r  con- 

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

The major problem encountered i s  a r e luc t ance  t o  p l a c e  t h e  sills 

i n  t h e  cana l s  because they  appear  t o  plug t h e  cana l .  The t r a p e z o i d a l  

type  a r e  more e a s i l y  accepted  wi thout  ques t ion ,  a l though,  pa radox ica l ly ,  

they r e q u i r e  more drop i n  water  s u r f a c e  than  t h e  s i l l - t y p e  i n  o r d e r  

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

Depart ing from t h e  i r r i g a t i o n  a p p l i c a t i o n s ,  t h r e e  flumes w i t h  

t r i a n g u l a r  t h r o a t s  were designed and i n s t a l l e d  i n  coopera t ion  w i t h  t h e  
.a 

F o r e s t  Se rv i ce  a t  G a i n e s v i l l e ,  F l o r i d a ,  They measure runoff  from 

f o r e s t r y  watersheds.  It provides  an  oppor tuni ty  t o  a l s o  e v a l u a t e  t h e  

flumes under non-desert  a p p l i c a t i o n s .  A manuscript is  under p r e p a r a t i o n  

i n  coopera t ion  w i t h  t h e  F o r e s t  Se rv i ce  and t h e  Un ive r s i t y  of F l o r i d a  

d e s c r i b i n g  t h e  p r o j e c t  and t h e  r o l e  of f low measurement i n  it .  

SUMMARY : 

Severa l  demonstrat ion c r i t i c a l - f l o w  flumes were designed f o r  f e d e r a l ,  

s t a t e ,  and l o c a l  governmental agencies .  The ma jo r i t y  of t h e  new i n s t a l -  

l a t i o n s  were of  a broad-crested wei r  s ty l e . .  The mathematical  model pro- 

vided t h e  f low r a t i n g s .  I n s t a l l a t i o n s  inc lude  2 models f o r  t h e  Bureau 

of Ind ian  A f f a i r s ,  Pa rke r ,  Arizona, 1 f o r  t h e  S a l t  River  P r o j e c t  L r r i -  

g a t i o n  D i s t r i c t ,  8 f o r  t h e  Un ive r s i t y  of Arizona Cotton Research Center ,  

1 f o r  t h e  Un ive r s i t y  of Arizona C i t r u s  Farm ( r ec t angu la r  f lume),  1 f o r  

Che Universi . ty of Arizona Yuma Mesa Experiment Farm ( r ec t angu la r  flume) , 
and 3 f o r  t h e  S o i l  Conservat ion Se rv i ce ,  Phoenix F i e l d  Of f i ce .  The 

SCS S t a t e  Engineer i s  prepar ing  s t anda rd  drawings and has  reques ted  

computer r a t i n g s  f o r  a s e r i e s  of broad-crested w e i r  s i z e s .  Th i s  is  

i n  a d d i t i o n  t o  t h e  t r a p e z o i d a l  s t y l e  p r e s e n t l y  i n  use  by them. 

The S o i l  Conservat ion Se rv i ce  i s  cost-sharing t h e  computer-cali- 

b r a t e d ,  t r a p e z o i d a l - s t y l e  flumes f o r  f l o w  measurement i n  t he  Idellton- 

Mohawk I r r i g a t i o n  D i s t r i c t  near  Yuma, Arizona. The flumes a r e  be ing  

b u i l t  by c o n t r a c t o r s  f o r  $250 pe r  s t r u c t u r e ,  i n s t a l l e d .  S fx ty  have 

been i n s t a l l e d  t o  d a t e ,  F i b e r g l a s s  P a r s h a l l  flumes by c o n t r a s t  a r e  

s e v e r a l  t imes t h i s  c o s t .  The flumes were computer-designed us ing  t h e  

model developed f o r  complex c r i t i c a l - f l o w  flumes. 
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A p o r t a b l e  flume w a s  developed t o  measure f low r a t e s  i n  s t anda rd  

concre te ,  sl ip-formed cana l s  w i th  1-foot bottom widths  and 1:l s ide-  

s lopes .  The flume weighs l e s s  than  30 pounds and would f i t  i n  a 

3-foot cube. The £lume resembles a broad-crested we i r  w i t h  a s l o p i n g  

approach ramp. The device  embodies t h e  e s s e n t i a l  p o r t i o n s  of a flow- 

measuring flume as dstermined by mathematical modeling and uses  t h e  

e x i s t i n g  conc re t e  cana l  f o r  t h e  remainder oE t h e  s t r u c t u r e .  The 

t y p i c a l  point-gage-and-sti l l ing-well-system is e x t e n s i v e l y  modif ied 

and t r a n s l o c a t e d  so  t h a t  it is  mounted above t h e  flume t h r o a t  s e c t i o n ,  

The reduced s t r u c t u r e  r e s u l t s  i n  a p o r t a b l e  device  t h a t  is  r e l a t i v e l y  

i n s e n s i t i v e  t o  t h e  usua l  problems of placement experienced f o r  p o r t a b l e  

flumes, and is  capable  of f i e l d  accuracy t o  w i t h i n  k 2%. 

PERSONNEL: 3 .  A .  Replogle- 
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Table 1. Current meter gagings. 

Flume 

sca le  , 
Date Miners In,  

Current 

meter, Difference, 

Miners In. % 
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Figu re  1 
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TITLE: DEPTH DETECTION IN CRITICAL DEPTH mums 
NRP : 20740 CKXS WORK UNIT: 5510-20740-003 

CODE NO. : Rriz  .-WCL 72-3 

INTRODUCTION : 

Annual Report 1976 d e t a i l e d  some of t h e  d e s i r a b l e  f e a t u r e s  of 

a good depth-sensing device f o r  flumes. These inc luded  r e l i a b i l i t y ,  

p r e c i s i o n ,  accuracy,  low maintenance, ready i n t e r f  ace wi th  e l e c t r o n i c  

equipment, and convenient ope ra t ion  and i n s t a l l a t i o n .  

PROGRESS : 

Seve ra l  commercial developments in senso r s  are be ing  watched 

f o r  a p p l i c a t i o n ,  One, by a C a l i f o r n i a  consu l t an t ,  wou1.d d e t e c t  

wa te r  l e v e l  s tepwise on a s e r i e s  of p ins  of  d i f f e r e n t  l e n g t h  sub- 

merged i n  t h e  flow, Other  methods us ing  o p t i c a l  encoders  have been 

c a s u a l l y  s t u d i e d .  None have been b u i l t  o r  eva lua ted .  

The purge-bubble system a t  the 1Joodhowe farm was p l aced  back 

i n t o  s e r v i c e .  The a i r  supply tube  was encased i n  ha rd  PVC p l a s t i c  

p i p e  t o  eva lua t e  r e s i s t a n c e  t o  f u r t h e r  rodent  damage. 

The s i d e w a l l  gages have worked s a t i s f a c t o r i l y *  The enameled 

gages purchased on s p e c i a l  o r d e r  by the  Wellton P r o j e c t  O f f i c e ,  S o i l  

Conservation Se rv i ce ,  a r e  p r e f e r a b l e  t o  t h e  i n d i v i d u a l l y  s t a w e d  

types  because they a r e  very r eadab le ,  However, t h e  stamped types  

have proven t o  be s e r v i c e a b l e ,  bur  must be brushed seasona l ly  t o  

remove depos i t s  t h a t  obscure the markings, 

PLANS : 

h newly initiated s tudy t o  develop an automatic  flow c o n t r o l l e r  

r e q u i r e s  flow depth s e a s j n g  ins t ruments .  This w i l l  r e q u i r e  more 

emphasis on s o l v i n g  t h e  o b j e c t i v e s  of t h i s  p r o j e c t  i n  o r d e r  t o  - 

accommodate t h e  new p r o j e c t  . Evalua t ion  of s e v e r a l  depth s e n s o r s  

i n  conjunct ion wi th  the  new p r o j e c t  i s  a n t i c i p a t e d .  

S W R Y  : 
'-.- 

The sea rch  f o r  r e l i a b l e  and inexpensive depth-sensing equjpnlent, 

f o r  use wi th  flumes, continued. No new systems were eva lua t ed  dur- 

i n g  t h e  p r o j e c t  yea r .  Observat ions on ord inary  d i r ec t - r ead ing ,  

wall-mounted s t a f f  gages and a purge-bubble system were cont inued.  

Annual Report of the U.S. Water Conservation Laboratory



The w a l l  gages need t o  be wire-brushed p e r i o d i c a l l y  t o  maintain 

r e a d a b i l i t y .  The purge-bubble system worked s a t i s f a c t o r i l y  a f t e r  

t he  i n i t i a l  i n s t a l l a t i o n  was p ro t ec t ed  frorn rodent  damage. 

PERSONNEL : J . A. Rep l o g l e  
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TITLE: EVALUATING TRICKLE IRRIGATION FOR G W E  PRODUCTION 

NRP : 20 740 CRIS l?ORK UNIT: 5510-20740-00.3 

CODE NO.: USWCL 73-1 

INTRODUCTION: 

The o b j e c t i v e s  and need f o r  t h i s  r e sea rch  p r o j e c t  appeared i n  

t h e  U. S. Water Conservation Laboratory 1973 annual r e p o r t .  The 

1976 th inn ing  technique on t h e  grapes used by t h e  coopera tor  was 

n o t  s u c c e s s f u l  and i n v a l i d a t e d  a r e a l i s t i c  y i e l d  comparison between 

i r r i g a t i o n  t r ea tmen t s .  Therefore,  f i e l d - s c a l e  product ion  s t u d i e s  

were cont inued on a coope ra to r ' s  farm f o r  t h i s  y e a r  t o  complete t h e  

4-year s tudy  and t o  r e f i n e  t h e  e f f e c t s  of t r i c k l e  i r r i g a t i o n  amounts 

and extremes i n  i r r i g a t i o n  f requencies .  

PROCEDURES : 

A f t e r  h a r v e s t i n g  t h e  1976 P e r l e t t e  t a b l e  grapes  on June 10  and 

14  by t h e  grower, a t o t a l  amount of 15  inches  of wa te r  was a p p l i e d  

on a l l  t r i c k l e  and furrow i r r i g a t i o n  p l o t s  between growing seasons .  

The t r i c k l e  p l o t s  were given i r r i g a t i o n s  of 1 inch  p e r  week between 

June 16 t o  October I, The furrow p l o t s  were i r r i g a t e d  a t  4.0 inches  

on June 16,  J u l y  3.4, and August 18 ,  and 3.0 inches  on September 22. 

T r i c k l e  i r r i g a t i o n  t rea tments  f o r  1977 included: t h r e e  i r r i g a -  

t i o n  q u a n t i t i e s  -- 1.50,  1 .25,  and 1.00 t imes t h e  average consumptive 

use  f o r  1973-75; and two i r r i g a t i o n  f requencies  -- d a i l y  and a t  6-day 

i n t e r v a l s ,  app l i ed  w i t h  two e m i t t e r s  pe r  vine.  The fo l lowing  are t h e  

changes made on t h e  f i e l d  experiment from 1973-75 years :  a l l  p l o t s  

given 0.75 t imes t h e  es t imated  consumptive-use rate became t h e  1.50 

q u a n t i t y ;  d a i l y  t r i c k l e  p l o t s  wi th  one e m i t t e r  pe r  v i n e  became d a i l y  

t r i c k l e  p l o t s  w i t h  two e m i t t e r s  pe r  v ine ;  and 3-day t r i c k l e  p l o t s  

became 6-day t r i c k l e  p l o t s .  The furrow i r r i g a t i o n  t r e a t m e n t s  in -  

cluded t h e  same t h r e e  seasona l  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 ,  app l i ed  i n  t h r k e  furrows per  v ine ,  The changes made were 

t h e  e l imina t ion  of t h e  two-furrow-per-vine p l o t s  and t h e  convers ion  

of t he  0.75 times t h e  es t imated  consumptive-use q u a n t i t y  t o  a 1.50 

furrow t rea tment .  Therefore,  t reatment  combinations w e r e  reduced 

from 1 8  t o  9 i n  a s p l i t - p l o t  design,  and r e p l i c a t i o n s  were i n c r e a s e d  
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from 4 t o  8. Each p l o t  remained 3 rows wide, w i t h  1 8  v i n e s  p e r  

p l o t .  

The t r i c k l e  i r r i g a t i o n  system used was 1-gph, f l u s h a b l e  Drip- 

Eze e m i t t e r s ,  spaced 3.5 f t  a p a r t  a long t h e  l a t e r a l  l i n e ,  A l l  

e m i t t e r s ,  except  f o r  t h e  new e m i t t e r s  i n s t a l l e d  t o  double t h e  number 

of e m i t t e r s  p e r  v ine ,  were from t h e  o r i g i n a l  1973 system. I r r i g a t i o n  

water  from a t a i lwa te r - r euse  pond was f i l t e r e d  through a p a i r  o f  100- 

micron equiva1en.f: sand f i l t e r s  and a 25-micron nylon  bag  f i l t e r .  

Sodium hypoch lo r i t e  was i n j e c t e d  cont inuously a t  1 ppm b e f o r e  t h e  

f i l t e r s ,  a long  w i t h  s u l f u r i c  a c i d  t o  reduce t h e  wa te r  pH t o  7, Two 

y e a r s  be fo re ,  t h e  system had been s u c c e s s f u l l y  reclaimed by t r e a t i n g  

w i t h  h igh  concen t r a t ions  of  hypoch lo r i t e  and a c i d  [Nakayarna et  a l ,  

( 2 ) ] .  Each of  12  i r r i g a t i o n  u n i t s  was equipped w i t h  a turbine-vane,  

household-type water  meter f o r  measuring w a t e r  a p p l i c a t i o n s ,  Flow 

rates p e r  i r r i g a t i o n  u n i t  were, p e r i o d i c a l l y ,  checked u s i n g  t h e  vol- 

ume reading  of  t h e  meter over  a s p e c i f i c  t ime pe r iod  a t  a n  o p e r a t i n g  

p r e s s u r e  of l a t m  (15 p s i ) .  

New growth began about  February 1 2 ,  and canes were a t  least 8 

inches  long by March 8, 1 9 7 7 ,  Furrow and t r i c k l e  i r r i g a t i o n s  were 

s t a r t e d  on February 20 and 16 ,  r e s p e c t i v e l y ,  Water a p p l i c a t i o n s  on 

t h e  1.00 furrow t rea tment  p l o t s  included 5.0 inches  on February 20, 

5.0 i nches  on A p r i l  25, and 4.0 inches  on May 25- Water a p p l i c a t i o n s  

on t h e  1.00 t r i c k l e  t rea tment  p l o t s  inc luded  an i n i t i a l  i r r i g a t i o n  

of  2.5 inches  on February 1 6 ,  followed by 8.2 inches  between A p r i l  4 

and June 13, i n  accordance w$th t h e  two i r r i g a t i o n  f r e q u e n c i e s ,  The 

1.50 and 1.25 t r i c k l e  and furrow t rea tments  were g iven  r a t i o s  of  

t h e s e  amounts descr ibed  f o r  t h e  1.00 t rea tments ,  

Leaf water  p o t e n t i a l  was measured on t h e  same t r e a t m e n t s  f o r  

t h e  t h i r d  consecut ive  y e a r ,  us ing  t h e  Scholander p r e s s u r e  bomb o r  

chamber. Procedures f o r  l e a f  sampling were t h e  same as in prev ious  

y e a r s ,  wi th  samplings made only on s i x  da t e s .  S o i l  mois ture ,  pan 

evapora t ion ,  and o t h e r  weather  d a t a  were aga in  c o l l e c t e d  d u r i n g  t h e  

growing season.  
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Grape c l u s t e r s  were thinned and t i pped  on A p r i l  15 ,  under  t h e  

gene ra l  supe rv i s ion  of t h e  farm manager, Thinning w a s  accomplished 

a t  t h e  proper  t ime by a crew of l e s s  than  10 workers and r e s u l t e d  

i n  a uniform number of c l u s t e r s  remaining on t h e  v ines .  About t h i s  

t ime,  t h e  furrow p l o t s  began t o  show t h e  l a c k  of growth and yellow- 

i n g  of l eaves .  It was l ea rned  t h a t  t h e  grower had mis takenly  a p p l i e d  

a h e r b i c i d e  w i t h  t h e  common name of Krovar, which can b e  used on 

c i t r u s  b u t  i s  n o t  recommended f o r  grapes,  i n  October 1976, Very 

l i t t l e  o r  no damage was observed on t h e  t r i c k l e - i r r i g a t e d  g rapes ;  

t h e r e f o r e ,  y i e l d  measurements were made only  Tor t h e  trickle i r r i g a -  

t i o n  t r ea tmen t s .  Grapes were harves ted  on June 1 3  by s i x  p i c k e r s ,  

t h r e e  s u p e r v i s o r s ,  one weighman, and one b e r r y  sampler,  Seven v i n e s  

were ha rves t ed  from each p l o t ,  and 100 t o  200 b e r r i e s  were randomly 

s e l e c t e d  from each p l o t ,  from which be r ry  s i z e  and s u g a r  con ten t  were 

determined. 

RESULTS AND DISCUSSION: 

Figure  1 shows t h a t  t h e  1977  measured consumptive u s e  on t h e  1,00 

furrow t rea tment  was 11.2 i nches ,  This s easona l  u s e  was somewhat 

lower than  t h e  1973-75 consumptive-use curve used t o  s chedu le  t h e  1977 

i r r i g a t i o n  t r ea tmen t s ,  The reduced consumptive-use rate occurred  

primariSy dur ing  t h e  l a s t  week and was caused by poor c o n d i t i o n  of  

t h e  fur row- i r r iga ted  v ines .  Actual  amounts of water  made a v a i l a b l e  

f o r  consumptive use f o r  t h e  t r i c k l e  t rea tments  is  g iven  i n  Tab le  1. 

The ad jus t ed  i r r i g a t i o n  q u a n t i t i e s  e s s e n t i a l l y  agreed w i t h  t h e  plan- 

ned amounts of 1 .00,  1.25, and 1.50 t imes t h e  consumptive u s e  f o r  t h e  
e 

d a i l y  and weekly t r i c k l e  method and will no t  b e  a l t e r e d .  

Performance of t h e  t r i c k l e  i r r i g a t i o n  system i n  t e r m s  of average  

d ischarge  r a t e  was s a t i s f a c t o r y  (Table 3) .  A f t e r  t h e  1974-75 s l u g  

t rea tment  w i t h  high chemical concent ra t ions  of sodium hypochlor ide  

and s u l f u r i c  a c i d  f o r  t h e  reclamation of t h e  12  t r i c k l e  i r r i g a t i o n  

u n i t s ,  low concent ra t ions  of hypochloride and a c i d  a long  w i t h  adequate  

f i l t r a t i o n  of water  helped t o  maintain e m i t t e r  flow r a t e s  a t  about  

90% t o  95% of design u n t i l  the end of t h e  experiment.  
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Table 3 p r e s e n t s  mean d a i l y  va lues  of  l e a f  water p o t e n t i a l  f o r  

6 days from A p r i l  21  t o  June 8 f o r  s e l e c t e d  i r r i g a t i o n  t r ea tmen t s .  

The seasona l  mean was -14.3 b a r s  f o r  t h e  t r i c k l e  method, w i t h  no 

s i g n i f i c a n t  d i f f e r e n c e  i n  l e a f  water  p o t e n t i a l  between i r r i g a t i o n  

q u a n t i t i e s .  These r e s u l t s  a r e  s i m i l a r  t o  p r i o r  y e a r s ,  

Full-season grape product ion  f o r  t h e  1977 t r i c k l e  i r r i g a t i o n  

t rea tments  is  shown i n  Table 3. Yie lds  were inc reased  by 13% f o r  

weekly over  d a i l y  t r i c k l e  and decreased by 18% f o r  t h e  1 - 5 0  compared 

t o  t h e  1.25 and 1.00 t imes consumptive-use rate w i t h  t r i c k l e  i r r i g a -  

t i o n .  This y i e l d  r educ t ion  f o r  t h e  1.50 q u a n t i t y  was undoubtedly 

caused by t h e s e  p l o t s  be ing  i r r i g a t e d  a t  0 -75  t imes  consumptive use  

f o r  3 previous y e a r s .  L i t t l e  d i f f e r e n c e  i n  be r ry  s i z e  w a s  no ted  f o r  

t h e  t h r e e  d i f f e r e n t  1977 i r r i g a t i o n  q u a n t i t i e s -  The b e r r y  s i z e  

averaged 0.95 l b s  p e r  100 b e r r i e s ,  which was cons iderably  l a r g e r  t h a n  

t h e  1973-75 average s i z e  of 0 .74 l b s  p e r  100 b e r r i e s .  The mean 1977 

suga r  content  was 16.8% compared t o  16.6% i n  1975, 17.5% i n  1974, 

and 15.8% i n  1973. Also, a  s i g n i f i c a n t  i n c r e a s e  i n  1977 s u g a r  con- 

t e n t  r e s u l t e d  from t h e  1 ,50  over  t h e  1.00 and 1 ,25  t r i c k l e  i r r i g a t i o n  

q u a n t i t i e s .  

SUMMARY: 

Year 1977 was t h e  f i n a l  one of  t h i s  4-year i n v e s t i g a t i o n  on 

t r i c k l e  i r r i g a t i o n  wa te r  management f o r  t a b l e  grapes.  The t r e a t m e n t s  

were changed t o  i n c r e a s e  t h e  number of r e p l i c a t i o n s  from 4 t o  8 and 

t o  r e f i n e  f u r t h e r  t h e  e f f e c t s  of t r i c k l e  i r r i g a t i o n  amounts (1.50. 

1.25, and 1.00 t imes t h e  avf-rage consumptive-use r a t e )  and extremes 

i n  t r i c k l e  i r r i g a t i o n  frequency ( d a i l y  and 6-day i n t e r v a l s ) .  A non- 

adaptable  h e r b i c i d e  was mistakenly appl ied  by t h e  grower, caus ing  

p l a n t  damage on t h e  fur row- i r r iga ted  p l o t s .  V e r y  l i t t l e  damage w a s  

noted on t h e  t r i c k l e - i r r i g a t e d  p l o t s .  Weekly t r i c k l e  a p p l i c a t i o n s  

produced h ighe r  y i e l d s  than  d a i l y  a p p l i c a t i o n s ,  Y ie lds  were depres- 

sed  when wacer was app l i ed  a t  1.50 times consumptive use; however, 

t h i s  was f o r  only 1 y e a r  and came from p l o t s  t h a t  had p rev ious ly  

experi.enced a p p l i c a t i o n s  of 0 .75  t imes consumptive use. I n j e c t i o n  

of low l e v e l s  of hypoch lo r i t e  and a c i d  i n t o  t h e  wa te r  he lped  
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prevent  r ecu r r ence  of t r i c k l e  e m i t t e r  plugging t h a t  was exper ienced  

2 y e a r s  be fo re .  
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Table 1. Avai lab le  moisture and ad jus t ed  q u a n t i t i e s  
f o r  t r i c k l e  i r r i g a t i o n  of grapes,  1977. 

To ta l  a v a i l a b l e  Adjusted 
I r r i g a t i o n  Water moisture f o r  i r r i g a t i o n  

q u a n t i t y  app l i ed  R a i n f a l l  consumptive use  q u a ~ t i t y  
t 

consumptive-use r a t i o  inches  inches  inches  consumptive-use r a t i o  

Daily 

Weekly 

i? 
Based on t h e  measured seasonal  consumptive use of 11 ,2  inches f o r  1977, 
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Table  2. E m i t t e r  f low rates a f t e r  r e c l a m a t i o n ,  1976-77. 

.*. J. 

I r r i g a t i o n  Reclamat ion System f low r a t e  ( g a l l o n s  p e r  hour).'" 
u n i t  -1. 

d a t e "  2 1 J u l  1 5 S e p  2 2 O c t  1 5 F e b  1 8 F e b  5Efay 1 2 M a y  
1976 1976 1976 19 7 7 1977 1977 1 9  7 7 

T- 1 Sep 1974 144 141  144 144 129 1 2  7 124 

T- 2 Feb 1975 11 9 1 2  2 124 12 3 11 7 127  1 2 1  

T- 3 Feb 1975 1 4 3  139 145 1 4 1  1 3 1  142 135 

T- 4 Feb 1975 129 138 1 4 3  1 4 1  134 142 139 

T-5 - NOV 1974 139 145 139 137  129 128  124 

T-6 Feb 1975 11 3 11 9 1 2  7 1 2  9 125 1 2 1  120 

T- 7 Feb 1975 115 124 125 1 2 3  119 11 8 11 6 

T- 8 Feb 1975 134 136 138  1 3 8  137 1 2  3 122 

T- 9 Nov 1974 1 4 3  155  1 4  7 154 128  134 138  

T- 1 0  Peb 1975 1 4  7 130 1 3 1  126 124 124 1 2 8  

T-11 Feb 1975 132 1 3 3  134 1 2 1  11 7 129 127 

T-12 Feb 1975 134 134 135 135 124 124 116 

?: 
Chemical t r e a t m e n t  was s l u g  100 ppm c h l o r i n e  a t  pH 2 f o r  r e c l a m a t i o n ,  fo l lowed  by 
con t inuous  1 ppm c h l o r i n e  a t  pH 7 f o r  maintenance,  

Jr Jc 
Design f low rate f o r  each  144 e m i t t e r  sys tem,  i n s t a l l e d  i n  January  1973, was 144 gph. 
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Table 4 .  Grape produceion and q u a l i t y  f o r  t r i c k l e  i r r i g a t i o n  

of grapes,  1977. 

I r r i g a t i o n  q u a n t i t y  
I r r i g a t i o n  consumptive-use r a t i o  
frequency 1.00 1.25 1.50 Mean 

Grape product ion (pounds p e r  p l o t )  

Dai ly 94.47* 101.13 78.31 91.30 a** 

Weekly 

Mean 

Berry s i z e  (pounds per  LOO b e r r i e s )  

Dai ly 1.00 0.94 0.91 0.94 N-S. 

Weekly 

Mean 

Sugar content  (percent  sugar )  

Dai ly 16.9 15*8  17.6 

Weekly 16.5 16.2 17.9 

Mean 16.7 a 1 6 . 0 a  1 7 . 7 b  

k 
Mean, 8 r e p l i c a t i o n s ,  7 v ines  harves ted  p e r  p l o t -  

Jx * 
Numbers followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  0 .05- leve l  by Duncan's N u l t i p l e  Range Tes t .  

N.S. No s i g n i f i c a n t  d i f f e r ence .  
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TITLE : EVALUATING TRICKLE IRRIGATION FOR GANTaOWE PRODUCTION 

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

CODE NO.: USWCT, 73-3 

INTRODUCTION : 

The cantaloupe s tudy  was moved t o  illhe Mesa Experiment Fam, 

Mesa, Arizona,  i n  1977 because of  an uncon t ro l l ab l e  i s e a s e  problem 

encountered w i t h  t h e  1976 can ta lo  conducted n e a r  Yuma, Arizona, 

The o b j e c t i v e s  of  iis new exper inent  a r e :  (1) t o  develop wa te r  

management p r a c t i c e s  o r  s u r f a c e  an ace t r i c k l e  i r r i g a t i o n  o f  

s p r i n g  and f a l l  can ta loupes ,  f o r  a l a r g e r  f ruk t  set, g r e a t e r  p l a n t  

v i g o r ,  improved f lnr i t  q u d l i t y ,  and an exteen ed h a r v e s t  season  t o  

i n c r e a s e  y i e l d ;  (2)  t o  eva lua t e  tilie p o t e n t i a l  of m u l t i p l e  cropping, 

r eus ing  the  same t r i c k h e  i r r i g a t i o n  system f o r  two o r  more vegetab le  

j rops . 
Conventional furrow i r r i g a t i o n  i s  nor ly d i scon t inue  

bef  o r e  h a r v e s t  beg ins ,  t o  allow eq pnxent and workers t o  e n t e r  the  

f i e l d  and t o  reduce f r u i t  roc -  With such a c o m e r c i a l  p r a c t i c e ,  

h a r v e s t i n g  normally Xasts a b o u t 2  to weeks and approx;Xmately one 

cantaloupe i s  picked from each vi i n c e  each vine  b e a r s  s e v e r a l  

can ta loupes ,  a d d i t i o n a l  markerable fruits could e produced i f  p l a n t  

growth were ex t en  ed over  a longe r  ha rves t  seaso  y c o n t i n u h g  t o  

t r i c k l e  i r r i g a t e  throughout h a r v e s t  , ha rves t  Le d , consequent ly 

y i e l d  may be inc reased ,  Another o s s i b l e  advmtage  of t r i c k l e  irri- 

g a t i n g  a narrow s u r f a c e  s e r i p  i s  t h a t  more than one crop may be  

produced on t h e  S a m 2  vege tab le  bed. Mul t ip le  cropping would extend 

the u s e f u l  economic l i f e  of  a t r i c k l e  system over a l a r g e r  product ion  

base .  

FIELD PROCEDURES : 

S i n  Spr ing  cantaloupe treatv.enrrs inc luded  two methods of 

s u r f a c e  and subs urf ace ( G  inches  deep) t r i c k l e ,  txo  i r r i g a t i o n  Ere- 

quencies  (da i ly  and weekly),  and th rce  i r r i g a t i o n  q u a n k i t i e s  (1.. 25, 

1 .00 ,  and 0.75 times the consumptive-use r a t e ) ,  These 12 t rea tments  

were r e p l i c a t e d  f i v e  t imes i n  a sp1 i . t -p lo t  design,  with each p l o t  

be ing  two beds wide and 70 f e e t  long ,  The t r i c k l e  i r r i g a t i o n  system 
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used was Spot Systems "onotube, a  s i n g l e  chamber polybuty lene  tub ing  

having a  12-inch o r i f i c e  spac ing ,  Adjacent t o  t h e  t r i c k l e  i r r i g a -  

t i o n  s tudy  was a  fur row- i r r iga ted  bo rde r ,  6 beds wide and 280 f t  

long .  The furrow i r r i g a t i o n  was use as a standard. t a  cl-ieck y i e l d ,  

f r u i t  q u a l i t y ,  and consumptive use, 

Cantaloupe seed ,  Top Nark, was p l a n t e d  on A p r i l  22 on t h e  e a s t  

s lope  of north-south o r i e n t e d  be  s f o r  both tlriclcle and furrow 

methods. F i r s t ,  a rounded (5-f t  wide) bed was made wit11 a  cantaloupe 

s l e d ,  a f t e r  t h e  f i e l d  was smoothed and furrowed o u t ,  Second, t h e  

subsur face  t r i c k l e  t ub ing  was bur ied  6 inches  deep a d  I t o  2 inches  

away from the  proposed seed row, using a  c h i s e l  b l ade  and tub ing  r e e l  

mounted on a t r a c t o r  t o o l  b a r ,  T h i r  a  p l a n t e r  j m i o r  w a s  a t t a c h e d  

t o  the cantaloupe s l e  t o  p l a n t  t r i c  Le and furrow p l o t s  w i t h  t h e  

seed  row l o c a t e d  1 0  inches  from khe bottom of t h e  furrow diagonal ly  

up 1:he s l o p e  o f  the bed, Fourth,  the s u r f a c e  t r i c k l e  t ub ing  was 

p laced  1 t o  2 inches  from the  seed  row, L a s t l y ,  2 and 6 - 8  i nches  

of wa te r  were app l i ed ,  r e s p e c t i v e l y ,  to t r i c k l e  and furrow p l o t s  f o r  

g e d n a t  ion .  

P l a n t s  emerged on Apr i l  1 hiuned t o  a 12-inch spacring 

on May 11. A t  t h i s  t ime, I and 2.5 i nches  of wa te r  were app l i ed ,  

r e s p e c t i v e l y ,  t o  t r i c k l e  and furroir t rea tments .  The d i f f e r e n t  

t r i c k l e  i r r i g a t i o n  q u a n t i t i e s  and. f requencies  commenced on May 12  

and cont inued t o  t he  end of h a r v e s t ,  T r i c k l e  a p p l i c a ~ i o n s  were 

c a l c u l a t e d  by mul t ip ly ing  1 .25 ,  1.00, and 0.75 times a n  e s t ima ted  

consumptive-use r a t e  f c r  a  d a i i y  o r  weekly frequency, based  on t h e  

e n t i r e  s u r f a c e  a rea  between p l a n t s  This r a t e  was taken  from a 

4-year mean consumptive-use curve measured f o r  cantdloupes a t  t h e  

Mesa Experiment Farm [Er ie  e t  a l +  (1) 1. Furrow q ~ p l i i c a t i o n s  were 

a l s o  based on t h i s  curve,  and a f t e r  t h i n z i n g  were 3,6 inches on May 

31, 4 .1  inches  on June 13,, and 4,Q inches on June 25, Soil-moisture 

samples were taken on t h i s  fu r rou  border  r o  develop a 2977 consmpt ive-  

use curve,  

Water a p p l i c a t i o n s  f o r  che t r i c k l e  ereatments were measured wi th  

a  turbine-vane, household-type isater metcr, after the wate r  Was 

Annual Report of the U.S. Water Conservation Laboratory



f i l t e r e d  through a sand (#20 s i l i c a )  f i l t e r  and 200-mesh (75 micron) 

s c reen  f i l t e r ,  Furrow water  a p p l i c a t i o n s  were measured wi th  an. 

impel ler- type w a t e r  meter. 

F e r t i l i z e r  a p p l i c a t i o n s  inc luded  150 l b s / a c r e  of animonium phos- 

pha te  (16-20-O) , s ided res sed  over  t h e  f i e l d  be fo re  p l a n t i n g ;  85 

l b s / a c r e  of urea (46-0-0) a t  t h inn ing  on May 12 ,  and 85 l b s l a c r e  o f  

urea  (46-0-0) at e a r l y  runners  f o r  both methods, A f t e r  t he  p r e p l a n t  

a p p l i c a t i o n ,  f e r t i l i z e r  a p p l i c a t i o n s  f o r  the  t r i c k l e  were through 

t h e  s y s  tern i t s e l f ,  whereas f e . r t i l i z e r  a p p l i c a t i o n s  f o r  t h e  furrow 

were banded about 2 inches away from the  Lant row, The t o t d  f e r -  

t i l i z e r  app l i ed  was 102 l b s  oE a c t u a l  N p e r  ac re  an 

ac re  of  P 0 P e t i o l e  samples were take o r  n i t r a t e  n i t r o g e n  a n a l y s i s  
2 5 "  

on Play 27 ,  June 3, June 1 7 ,  J u l y  I, and J u l y  8 f o r  t h e  d u r a t i o n  from 

e a r l y  runners t o  preharves t , 

Cantaloupe h a r v e s t  from 60 f t  of t h e  wese row f o r  rhe  60 t r i c k l e  

p l o t s  and 6 furrow p l o r s  began on Ju u n t i l  J u l y  29 

(21 days) .  Melons were ha rves t ed  th ree  t imes p e r  week, s i z e d ,  

counted, and graded a s  marketable o r  culJ.s, Four s i z e s  were packed: 

23,  2 7 ,  36, o r  b5 jumbo mclons p e r  c r a t e  and were r e f e r r e d  to by 

t h e i r  same numbers. The s m a l l e r  he number, t h e  l a r g e r  t he  melons, 

wi th  the  36 's  gene ra l ly  t h e  most d e s i r a b l e ,  All melons s m a l l e r  than  

45, r o t t e n ,  s o f r ,  ground s p o t ,  o r  s p l i t  were cons ldered  the  c u l l e d  

o r  d i scarded  melons. F r u i t  q u a l i t y  i n  t e r m s  o f  suga r  percentage,  

genera l  appearance, n e t t i n g ,  o u t s i d e  c o l o r ,  f i e sh  c o l o r ,  f l e s l i  Eim- 

n e s s ,  cav i ty  dryness ,  c a v i t y  l eng th ,  and cav i ty  width were a l s o  

determined, 

F a l l .  F a l l  cantaloupe t rea tments  included two sr ibsurface t r i c k l e  - 
methods (5 and 10 inches  deep) ,  two i r r i g a t i o n  f requencies  ( d a i l y  and 

weekly),  and t h r e e  i r r i g a t i o n  q u a n t i t i e s  (L,25, 1.00, and 0.75 t i m e s  

t h e  consumptive-use r a t e )  ., The t r i c k l e  i r r i g a t i o n  system, c m t a l o u p e  

v a r i e t y ,  water  f i l t r a t i o n ,  water  measurement, chinning,  and harves t -  

i n g  procedures were t h e  same f o r  rhc f a l l  as the  s p r i n g  cantaloupes, 

A fur row- i r r iga ted  border  was again used as a s t anda rd  t o  check 

y i e l d ,  f r u i t  q u a l i t y ,  and consun~ptive u s e ,  
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A f t e r  t h e  h a r v e s t i n g  of s p r i n g  canta loupes ,  o l d  s u r f  ace  t r i c l c l e  

l i n e s  were removed, whereas s tbs urf ace t r i c k l e  l i n e s  remained i n  

p l ace ;  o l d  v ines  were removed, us ing  an onion k n i f e  t h a t  was m o u ~ t e d  

t o  a t r a c t o r  t o o l  b a r  t o  c u t  oEf v ine  tops  from roo t s  and hand r ak ing  

tops  i n t o  t h e  furrows; and a 1- t o  2-inch seed bed w a s  then prepared ,  

us ing  a r o t a r y  L i l i s t e n  mulcher* The new3.y prepared canta loupe  beds 

were about 1-inch sha l lower  than  i n  t h e  s p r i n g ,  l e a v i n g  t h e  sub- 

s u r f  ace t r i c k l e  t ub ing  5 inches  deep, A new subsurf  ace t r i c k l e  

tub ing  was a l s o  bu r i ed  at a depth of 1 ches , t o  r e p l a c e  t h e  s u r f  ace 

triclc3.e system previous ly  used, 

The f a l l  cantaloupes were p l an ted  on August 3, less than  a week 

from f i n a l  h a r v e s t i n g  of  s r i n g  canraloupes . For g e m i n a t i o n ,  3.75 

inches  of  water  was ap l i e d  t o  a l l  subsur face  t r i c k l e  p l o t s  i n  o r d e r  

t o  achieve a t  l e a s t  a 4-inch-wide we t t ed  s u r f a c e  s t r i p ,  ,and 6.75 

inches  was app l i ed  t o  the furrow p l o t s  P l a n t s  had emerged i n  5 

days. On August 22 ,  they were th inne  and 1 inch  of w a t e r  was 

appl ied  on subsu r face  t r i c k l e  p l o t s ,  wi th  3.3 inches  a p p l i e d  on sub- 

s u r f  ace furrow p l o t s  . Subsurf ace furrow i r r i g a t i o n s  were a y p l i e d  at 

4 i nches  on September 6, September 23 ,  and October 23 ,  The d i f f e r e n t  

t r i c k l e  q u a n t i t i e s  (1.25, 1. 0 ,  and 0.75 t imes t h e  e s t ima ted  

consumptive-use r a t e )  and f requencies  d a i l y  and weely) began on 

August 31 and cont inued t o  Lhe end of  h a r v e s t .  F e r t i l i z e r  appl ica-  

t i o n s  inc luded  150 Lbs lacre  of anmoniurn p h o s p h a ~ e  (16-20-0) banded 

2 inches  deep n e a r  t h e  seed row beEore p l a n t i n g ,  85 l b s / a c r e  of u r e a  

(46-0-0) on August 22 ( t h i n n i n g ) ,  and 85 l b s l a c r e  of u rea  on September 

6 f o r  both t r i c k l e  and furrow p l o t s .  Gmtaloupe h a r v e s t i n g  began on 

October 25 and ended on Novenioec 3.4, l a s t i n g  21 days, 

RESULTS AND DISCUSSION: 

Spring:  The 1977 measured consumptive use was 21,4 inches  f o r  

s p r i n g  , furrow-Trrigaired cantaloupes.  This  was s i m i l a r  t o  t h e  4-year 

s easona l  average aE 21.2 i nches  (Figure 1) a A high w a t e r  a p p l i c a t i o n  

e f f i c i e n c y  was obta ined  on the  s i n g l e  furrow t r ea tmen t ,  s i n c e  t h e  

t o t a l  wa te r  app l i ed  f o r  the  season was 21.0 inches ,  For t h e  t r i c l c l e  
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t r ea tmen t s ,  the  a c t u a l  amounts of water  made a v a i l a b l e  f o r  consump- 

t i v e  use,  a s  c a l c u l a t e d  from t h e  water  app l i ed  p l u s  r a i n f a l l ,  a r e  

shown i n  Table 1. The a d j u s t e d  t r i c k l e  i r r i g a t i o n  q u a n t i t i e s  were 

1.22,  1.07, and 0.84 times the  1977  measured consumptive use f o r  

t h e  d a i l y  frequency and l - 2 0 ,  1,O0, and 0,?6 ra.t ios f o r  t h e  weekly 

frequency,  

Y ie lds  f o r  s p r i n g  cantaloupes a r e  summarized i n  Table 2.  Weekly 

s u r f a c e  and subsu r face  t r i c k l e  compared t o  d a i l y  s u r f a c e  and sub- 

s u r f a c e  t r i c k l e  r e s u l t e d  i n  a 7% i n c r e a s e  i n  the  marketable  c r a t e s  

p e r  acre, a 9% i n c r e a s e  i n  t h e  number of ne lons  l a r g e r  than  a s i z e  

36, and a 11% i n c r e a s e  i n  the  t o t a l  number of marketable  f r u i t  

ha rves t ed  (a11  s i g n i f i c a n t  a t  t h e  1% l e v e l  A s l i g h t  i n c r e a s e  

i n  product ion was noted  wi th  t h e  subsur face  over  the s u r f  ace t r i c k l e ;  

however, y i e l d  d iEferences  between t h e  two t r i c k l e  methods were not  

s ta t  is t i c a l l y  s i g n i f i c a n t ,  S i m i l a r l y ,  no s t a t i s t i c a l  y i e l d  d i f f e r -  

ences were found between t h e  d i f f e r e n t  t r i c k l e  i r r i g a t i o n  q u a n t i t i e s  

w i t h i n  each i r r i g a t i o n  frequency,  A l a c k  of  plant-water  stress dur- 

5ng e a r l y  growth may have been the reason ,  a l though v i s u a l  p l a n t  

growth w a s  l e s s  l o r  t h e  d r i e r  compare t o  w e t t e r  t r e a t ~ n e n t s  by pre- 

h a r v e s t .  The percentages  of c u l l e d  o r  d i searded  melons were n o t  

changed by t h e  d i f f e r e n t  t r i c k l e  t rea tments .  

A s  a strict:Ly o b s e r v a t i o n a l  check. on t r i c k l e  i r r i g a t i o n  produc- 

t i o n s ,  marketable  y i e l d s  were s l - i gh t ly  improved w i t h  t h e  weekly 

t r i c k l e  over  t h e  furrow t rea tment ,  whi le  y i e l d s  f o r  t h e  da i ly  t r i c k l e  

were comparable t o  t h e  furrow p r a c r i c e ,  Overa l l ,  more than  500 

c r a t e s  p e r  a c r e  was produced f o r  both t r j c k l e  and furrow methods. 

Current  commercial y i e l d  ranges from 150 t o  250 c r a t e s  p e r  a c r e  i n  

Arizona, wi th  about 180 c r a t e s  p e r  a c r e  requi red  f o r  a s u c c e s s f u l  

crop [Pew e t  a l .  (2)'j. 

Table 3 shows t h a t  the ,  increased  product ion  f o r  weekly ove r  

d a i l y  t r i c k l e  i r r i g a t i o n s  was genera l ly  represented  by inc reased  

numbers of f r u i t ,  r ega rd l e s s  of whether the: s i z e  was a 23,  2 7 ,  36,  

o r  4 5 .  F r u i t  q u a l i t y  i n  tez~ns of sugar  content ,  gene ra l  appearance, 

n e t t i n g ,  ou t s ide  c o l o r ,  f l e s h  c o l o r ,  f l e s h  E i m e s s  , c a v i t y  dryness ,  
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c a v i t y  l e n g t h ,  and c a v i t y  wid th  Eor t h e  f i r s t  and second week o f  

h a r v e s t  i s  shown i n  Tables 4 and 5. T r i c k l e  i r r i g a t i o n  t r ea tmen t s  

had l i t t l e  e f f e c t  on f r u i t  q u a l i t y  w i t h i n  each week and between 

weeks. 

Ni t ra te"  n i t r o g e n  a n a l y s i s  of  cantaloupe p e t i o l e s  f o r  t h e  

va r ious  t r i c k l e  t rea tments  have no t  been completed, 

Seve ra l  p r a c t i c a l  f i e l d  advantages were observed f o r  t h e  sub- 

s u r f a c e  over  s u r f a c e  t r i c k l e  method. F i r s t ,  t h e  subsurEace system 

does n o t  r e q u i r e  s t a k i n g  of  t ub ing  dur ing  e a r l y  p l a n t  growth, 

which is necessary  on t h e  s u r f a c e  t r i c k l e  because of wind movement* 

Second, t h e  s u r f a c e  system i s  n o t  i n  t h e  way o machinery and hand 

ope ra t i ons  o f  t h inn ing ,  weeding, and ha rves t i ng -  Th i rd ,  t h e  s u r f a c e  

t r i c k l e  system r e q u i r e s  removal of  tub ing  between s p r i n g  and f a l l  

c rops ,  t o  f a c i l i t a t e  t i l l a g e  p r a c t i c e s .  P o s s i b l e  d i sadvantages  f o r  

t h e  subsu r f ace  compared t o  s u r f  ace t r i c k l e  a r e  t h a t  an a d d i t i o n a l  

q u a n t i t y  of  wa te r  may h e  r equ i r ed  f o r  germinat ion,  and t h a t  sys tem 

plugging w i t h  r o o t s  (no t  y e t  observed) could b e  a problem, 

F a l l .  The seasona l  consumptive use ,  measured on t h e  furrow 

t r ea tmen t ,  was 15-1 inches  f o r  f al:L ca.n.talou.pes (Figure 2)  . T'ne 

c a l c u l a t e d  consumptive use curve ,  used t o  determine w a t e r  appl ica-  

t i o n s ,  overes t imated  the  water-use r a t e  p a r t i c u l a r l y  f o r  l a t e  

season  growth. This r e s u l t e d  i n  a d j u s t e d  i r r i g a t i o n  q u a n t i t i e s  o f  

1.50, 1 . 1 7 ,  and 1.10 times t h e  1 9 7 7  measured consumptive use f o r  

t h e  d a i l y  Erequency , and 1.74,  1 - 3 8 ,  and 1 .13  r a t i o s  f o r  t h e  weekly 

frequency . The d r i e s t  t r ea tmen t ,  t h e r e f  o r e ,  was c l o s e s t  t o  t h e  

p r e d i c t e d  optimum water  a p p l i c a t i o n .  

P a l l  cantaloupe y i e l d s  a r e  l i s t e d  i n  Table  6 -  Weekly sub- 

s u r f a c e  (both 5 and 1 0  inches  deep) compared to d a i l y  s u r s u r f  ace 

t r i c k l e  i n c r e a s e d  marketable  c r a t e s  pe r  ac re  by 24%, i n c r e a s e d  f r u i t  

number l a r g e r  than s i z e  361 by 24%, and inc reased  t o t a l  marketable  

f r u i t  numbers by 15% (all s i g n i f i c a n t  a t  the 1% l e v e l ) ,  The reason 

f o r  t h e  g r e a t e r  percentage  i n c r e a s e  Eow marketable c r a t e s  and l a r g e r  

f r u i t  than t o t a l  marketable f r u i t  was due t o  a g r e a t e r  c u l l  percent -  

age f o r  t h e  d a i l y  over  weekly t r i c k l e ,  although t h e  t o t a l  number o f  
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c u l l s  between t r i c k l e  t rea tments  showed l i t t l e  d i f f e r e n c e  (Table 7 ) *  

No s i g n i E i c a n t  d i f f e r e n c e  i n  y i e l d s  was observed f o r  t h e  t h r e e  

t r i c k l e  q u a n t i t i e s  on t h e  5 and 10 inches  depths f o r  t h e  subsu r face  

t r i c k l e .  Imp l i ca t ions  a r e  t h a t  t h e  most e f f i c i e n t  q u a n t i t y  of 

wa te r  app l i ed  by the  t r i c k l e  method was nea r  t h e  seasona l  f a l l  con- 

sumptive use of  about l 5  i n c h e s ,  

Checking y i e l d s  w i th  t h e  s t anda rd  i r r i g a t i o n  method, t h e  d a i l y  

and weekly subsur f  ace  t r i c k l e  produced more marketable  f r u i t  than  

t h e  s i n g l e  furrow t rea tment  (Table 71, Some of t h i s  i n c r e a s e  can 

be  a t t r i b u t e d  t o  a  l a r g e r  n m b e r  of  green f r u i t  remaining at t h e  end 

of  h a r v e s t ;  however, maturing t h i s  f r u i t  would n o t  have made up t h e  

d i f f e r e n c e  between t h e  two methods, This was n o t  a s t a t i s t i c a l  

comparison, and an improved schedul ing  of furrow i r r i g a t i o n s  could 

have e l imina ted  t h e  d i f f e r e n c e s ,  Harves t ing  on t h e  furrow p l o t s  

was 2 t o  3 days l a t e r  than  on "Le t r i c k l e  pl-ots,  because of  s lower  

p l a n t  growth e a r l y  i n  the  f a l l .  T o t a l  product ion w a s  lower i n  t he  

f a l l  than t h e  s p r i n g ,  as expected;  however, marketable y i e l d s  were 

c e r t a i n l y  r e spec t ab le  f o r  both methods [Pew ei: aL. (2) 1 ,  
Table 7 i n d i c a t e s  t h a t  t h e  inc reased  y i e l d  f o r  weekly over  

d a i l y  t r i c k l e  was due t o  a g r e a t e r  n m b e r  of melons and independent 

of  t h e  f r u i t  s i z e ,  There was l i t t l e  d i f f e r e n c e  i n  t h e  n m b e r s  of  

d i scarded  o r  green f r u i t  between t r i c k l e  t rea tments  ; however, an 

i n c r e a s e  i n  number of cul3.s (mostly smal l )  and 45 ' s  was due t o  a  

powdery mildew d i s e a s e  problem a f f e c t i n g  the  last  week oE f a l l  

product ion.  

No d i f f i c u l t y  from r o o t s '  c logging the  subsur face  tub ing  w a s  

noted a f t e r  t h e  f a l l  h a r v e s t ;  however, o r i f i c e  enlargement and s p l i t -  

t i n g  of t h e  tub ing  p r o h i b i t e d  reuse  of t h e  sane s y s r e n  f o r  a t h i r d  

vegetab le  crop i n  a  row, Using a  new subsur face  t r i c k l e  system, a 

second y e a r  s tudy  is  be ingap lanned  i n  1978 f o r  s p r i n g  and f a l l  

can ta loupes ,  followed poss ib ly  by a  w i n t e r  crop of on ions ,  o r  o t h e r  

vege tab les  . 
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Surface  and subsurfa.ce t r i c k l e  i r r i g a t i o n  of s p r i n g  and f a l l  

cantaloupes was i n v e s t i g a t e d  t o  develop advanced water  management 

p r a c t i c e s  f o r  a l a r g e r  f r u i t  s e t ,  g r e a t e r  p l a n t  v igo r ,  improved 

f r u i t  q u a l i t y ,  and inc reased  y i e l d s ,  Resul t s  of t h e  1-year  f i e l d  

eva lua t ion  showed t h a t  weekly s u r f a c e  and subsur face  t r i c k l e  

a p p l i c a t i o n s  inc reased  y i e l d s  ove r  d a i l y  t r i c k l e  a p p l i c a t i o n s  . 
L i t t l e  d i f f e r e n c e  i n  y i e l d  r e s u l t e d  between s u r f a c e  and 6-inch 

subsur f  ace t r i c k l e  i n  the s p r i n g  and 5-inch and LO-inch subsu r face  

t r i c k l e  i n  t h e  f a l l ,  Neekly t r i c k l e  i n  the  s p r i n g  and d a i l y  and 

weekly t r i c k l e  i n  t he  f a l l  produced s l i g h t l y  more marketable  f r u i t  

than  t h e  s i n g l e ,  unrepl ica ted  furrow check, T r i c k l e  a p p l i c a t i o n s  

a t  n e a r  t h e  seasona l  consmpt ive  use of  2 1  inches  of water i n  t h e  

s p r i n g  and 1 5  tnches i n  t h e  f a l l  were s u f f i c i e n t  f o r  maximum 

proc'.uction. There was l i t t l e  d i f f e r e n c e  i n  suga r  con ten t ,  s i z e ,  

and f r u i t  appearance i n  any of the t rea tments .  Subsurface t r i c k l e  

w a s  found t o  o f f e r  s e v e r a l  p r a c t i c a l  advantages over  s u r f a c e  t r i c k l e  

systems by causing minimal i n t e r f e r e n c e  wi th  f i e l d  o p e r a t i o n s ,  No 

r o o t  c logging of  subsur face  t r i c k l e  was noted;  however, o r i f i c e  

enlargement and tube s p l i t t i n g  precluded reuse  of "che same system 

f o r  a t h i r d  crop. 
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Table  3. Grading of  s p r i n g  c a n t a l o u p e s  (mean of  5 r e p l i c a t i o n s ) ,  1977. 

I r r i g a t i o n  T r e a t m e n t  Average no ,  o f  melons p e r  p l o t  

Method Frequency Q u a n t i t y  23% 2 7 ' s  3 6 ' s  45% C u l l s  G r e e n F r u i t  

S u r f a c e  t r i c k l e  D a i l y  1. 22i'i 

Weekly I., 20 
1.00 
0 - 7 6  
mean 

Dai ly  1 , 2 2  
1 .07  
0-84 
mean 

S u b s u r f a c e  trickle 
m 
I 

(6 inches deep) 
t-' 
t-J 

lrreekly 1 .20  
1 , 0 0  
O,?6  
mean 

Furrow V a r i a b l e  1,OO 

J. 

R a t i o  o f  s e a s o n a l  consumptive use  o f  21.4 inches measured on furrow i r r i g a t i o n  p l o t s ,  
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Table 4. F i r s t  week q u a l i t y  o f  s p r i n g  c a n t a l o u p e s  (3  p i c k i n g  d a t e s ,  mean of  60 f r u i t ) ,  1977. 

I r r i g a t i o n  T r e a t m e n t  2 / Percen& General- ~uts idr t? . '  ~lesIrZ/ ~lesh-Z! c a v i t g l  c a v i t G 1  Cavity- 3 1 
Method Frequency Q u a n t i t y  s u g a r  appearance ~ e t t i n g '  c o l o r  c o l o r  f i m e s s  d ryness  l e n g t h  wid th  

* 
S u r f a c e  t r i c k l e  Da i ly  1.22 

1.07 
0.84 
mean 

Weekly 1.20 
1 .00  
0.76 
mean 

Subsur face  t r i c k l e  Dai ly  1 .22 
( 6  i n c h e s  deep) 1.07 

0.84 
mean 

Weekly 1.20 
1 .00  
0.76 
mean 

Furrow V a r i a b l e  1.00 10.6 6.6 6.7 6 , 8  6 - 8  7 . 3  6 .9  9.2 5.5 

* Rat io  of s e a s o n a l  consunlptive use  o f  21 ,4  i n c h e s  measured on furrow i r r i g a r i o n  p l o t s .  

I' Measured by a handheld s u g a r  re f rac to rne te r ,  

21 V i s u a l  e v a l u a t i o n ,  r a t e d  on a 1 through 9 s c a l e ,  w i t h  9 t h e  most d e s i r a b l e .  

31 Measured by a handheld r u l e r ,  
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T a b l e  7. Grading of f a l l  can ta loupes  (mean of  5 r e p l i c a t i o n s ) ,  1977. 

I r r i g a t i o n  T r e a t m e n t  Average no ,  o f  melons p e r  p l o t  

Method Frequency Q u a n t i t y  2 3 ' s  27 ' s  36 ' s  45 's  C u l l s  Green F r u i t  

Subsur face  t r i c k l e  D a i l y  1 .50 14.2 4 ,4  12.4 16.9  31.0 10.5  
(5  i n c h e s  deep) 1 .17  7.6 4.2 13 .8  1 6 , s  20,O 8.0 

1 - 1 0  1 3 . 1  1 .6  14 .7  1 5 . 7  2 9 - 1  9.2 
mean 1 1 - 6  3.4 1 3 , 6  16.4 26.6 9 , 2  

Weekly 1.74 9.7 4 .8  11 .7  2 1 - 7  2 7 - 2  7.4 
1 , 3 8  1 2 , 2  6.6 17.9 18 .8  26-9  6.5 
1 . 1 3  13.0  5 , 4  12 .4  20.5 28.4 6.6 
me an 11.6  5 .6  14.0  20.2 2 7 , 5  6 . 8  

Subsur f  a c e  t r i c k l e  
(10 i n c h e s  deep) D a i l y  

iil 
1.50 1 0 - 6  3 , 9  7.4 16.7  23 ,8  8 . 1  

I 
P 

1 - 1 7  9.6 3 , 4  1 2 , 6  1 6 , 6  3 0 , 8  7 ,2  
in 1 , l O  1 1 - 8  6 . 1  1 2 , 5  1 8 . 2  24,7  1 2 . 8  

mean 10.7 4 - 5  1 0 - 8  17.2  2 6 - 4  9 . 3  

Weekly 1 - 7 4  10.6  5.9 1 2 , 2  1 9 - 8  31.9 8 , 2  
1-38 14.0  7 .3  16.6 e r , o  23-9  8.5 
1 , 1 3  16 .4  7.4 1 8 . 5  21.7 2 7 - 3  4.6 
mean 13 .7  6 - 9  1 5 , 5  19 .5  27.6 7 .1  

Furrow V a r i a b l e  1 .00 2 .8  6,O 1 2 , 8  1 7 . 3  1 7 , 5  1 5 , 5  
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TITLE: PMCTICAL APPLICATION OF AUTOMATION TO UNDERGROUND AND 

SURFACE DISTRIBUTION SYSTEMS FOR GRAVITY IRRIGATION 

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

USWCL 73-6 

INTRODUCTION : 

Because of wa te r  and l a b o r  sho r t ages  and t h e  poor q u a l i t y  and 

i n c r e a s i n g  c o s t  of l a b o r ,  farm owners have reques ted  a s s i s t a n c e  i n  

developing automated i r r i g a t i o n  systems. 

For f u r t h e r  i n t r o d u c t i o n ,  see 1973 Annual Report,  

OBJECTIVES : 

To design,  i n s t a l l ,  observe and a s s i s t  i n  managing demonstrat ion 

automated g r a v i t y  i r r i g a t i o n  systems, 

PROCEDURE : 

Irk 1970, 10  a c r e s  of c i t r u s  nea r  Mesa, Arizona, was automated from 

a n  underground conveyance system. I n  1971, a n  underground conveyance 

system was automated a t  t h e  Bruce Church Ranch n e a r  Parker ,  Arizona, 

Xn 1973, a 40-acre dead-level f i e l d  was automated from a conc re t e  sur -  

f a c e  conveyance system, on t h e  Dana F i s h e r  Ranch n e a r  Blythe,  C a l i f o r n i a ,  

These systems involved mainly t h e  use  of rubber  p i l l ows  i n s t a l l e d  on 

e i t h e r  concre te  risers o r  t i l e  o u t l e t s ,  energized pneumat ica l ly  by a 

compressor and c o n t r o l l e d  by t i m e  c locks ,  

I n  1977, a new outside-col lar-frame t o  hold  t h e  p i l l o w  and ad- 

j u s t i n g  tee-screw was designed and 32 of them b u i l t  f o r  t h e  10-acre 

c i t r u s  farm. Two of them were i n s t a l l e d  f o r  obse rva t ion  and t r i a l  

prepara tory  t o  remodeling t h e  7-year-old system, These frames were 

designed t o  reduce t h e  plugging hazard common t o  t h i s  t ype  of under- 

ground system. These new frames seemed t o  have a l l e v i a t e d  t h e  problem 

on t h i s  c i t r u s  farm. I n  t h e  f a l l  of 1977, t h i s  farm, owned by t h e  

Un ive r s i t y  of Arizona (Ha l l  Grove) w a s  s o l d  and ou r  automation has  

been removed. During t h e  l a s t  7 yea r s  t h i s  system was always used t o  

i r r i g a t e  ehe c i t r u s ,  Rubber components inc luding  t h e  polye thylene  

5/lG-inch tubing,  which had never been bur ied  o r  p r o t e c t e d  from weather ,  

was i n  e x c e l l e n t  shape. Azy components on t h i s  system t h a t  were n o t  

rust-proof would have been d i f f i c u l t  t o  r e p a i r  o r  work wi th .  The c rude  

hancl-made-plashic c o n t r o l  va lves  worked without. f a i l u r e  o r  maintenance 

during t h e  7-year pe r iod ,  
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The o r i g i n a l  40-acre system near Blythe was converted from a 

simple compressor clock system t o  a por table  con t ro l  system, t o  make 

i t  compatible wi th  o the r  automated acreages on t h i s  £am.  The new 

con t ro l  system has  not  been completely successful  and t h e  farmer has 

taken over our o r i g i n a l  system on which maintenance and o the r  changes 

should be made. 

S W Y  : 

A study on automation of t h e  f i r s t  pneumatically-controlled under- 

ground d i s t r i b u t i o n  system, i n  cooperation with t h e  Univers i ty  of 

Arizona and t h e  USDA, SEA S o i l  and Water Off ice  i n  For t  Col l ins ,  Colorado, 

was completed. This system u t i l i z e d  rubber pi l lows i n  conjunction wi th  

a l f a l f a  valves and has operated successfu1ly i n  i r r i g a t i n g  an orange 

grove near  Mesa, Arizona, s ince  1970, The 5/16-inch polyethylene 

tubing, air  compressor, con t ro l  regula tor ,  and clock idea  s t i l l  repre- 

s e n t  the b a s i c  approach t o  present-day automation. Equipment longev- 

i t y  f o r  7 years  was demonstrated on a l l  i tems t h a t  were rust proof. 

PERSOXNEL: Leonard J. Er ie ,  Howard Raise, Dale A, Bucks, Bud Payne, 

and Orr in  F a  French 
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TITLE: RESEARCH, DEVELOPMENT, AND DE%ONST&lTION OF AUTObWrED SURFACE 

'i5ATER DISTRIBUTION SYSTEMS FOR GRAVITY IRRIGATION 

H W  : 20740 CRIS 1UOPX UNIT : 5510-20 740-003 

CODE NO.: USWCL 74-2 

INTRODUCTION: 

An automated i r r i g a t i o n  system reduces farm l a b o r  requirements  

a ~ d  2s a n  i r r i g a t i o n  t o o l ,  a s s u r e s  more p r e c i s e  c o n t r o l  of t h e  quan- 

t i t y  of water app l i ed .  B e t t e r  c o n t r o l  of wa te r  r e s u l t s  i n  water 

saving  and gene ra l ly  crop y i e l d  improvement. 'Improving t h e  i r r i g a -  

t i o n  e f f i c i e n c y  w i l l  r e d u c e . t h e  water  r e t u r n  flow a s s o c i a t e d  w i t h  t h e  

water  q u a l i t y  degrada t ion  t o  a r i v e r  system such as t h e  Colorado River ,  

OB JECTZVES : 

Thi s  s tudy  is  a p a r t  of an  e f f o r t  t o  improve t h e  i r r i g a t i o n  e f f i -  

c iency  i n  t h e  Wellton-Mohawk I r r i g a t i o n  and Drainage D i s t r i c t  and re- 

s u l t a n t  low water  q u a l i t y  r e t u r n  flow t o  t h e  Colorado R ive r  w i t h  

o b j e c t i v e s  

I. To demonstrate  (on-Earm) t h e  use  of p re sen t ly -ava i l ab l e  

schemes Eor automating s u r f a c e  water  d i s t r i b u t i o n  systems i n  t h e  

Weilton-%loha?k a r e a  of Arizona. 

2. To design,  develop, and demonstrate improved automated 

s y s  terns. 

ti'wo f i e l d s  were automated i n  1975, t o  demonstrate f i r s t  a l i f t -  

g a t e  opera ted  s u r f a c e  d i s t r i b u t i o n  system, and then  a conc re t e  p o r t  

o u t l e t  system i n  combination wi th  l i f t - g a t e s .  Each syst3m is pneu- 

m a t i c a l l y  ac tua t ed  by a c lock -con t ro l l e r  a t  a centra:l  l o c a t i o n  which 

s i g n a l s  i r r i g a t i o n  f i e l d  changes according t o  p r e s e t  t imes.  For  Eur- 

t h e r  i n t r o d u c t i o n ,  see 1975 Annual Report.  

A t  t h e  r eques t  of t h e  S o i l  Conservation Serv ice ,  we designed 

and i n s t a l l e d  t h e  f i r s t  cost-shared automated i r r i g a t i o n  system as 

p a r t  of t h e  on-Earm i r r i g a t i o n  improvement program adminis te red  by 

t h e  S o i l  Conservation Se rv i ce  and t h e  Wellton-Mohawk I r r i g a t i o n  and 

Drainage D i s t r i c t .  The system is  on t h e  Ron McDonnell-Bob McElhaney 

farm nea r  Wellton, Arizona. Twenty-five l i f t - g a t e s  were automated 
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which s e r v i c e  23 f i e l d s  averaging about 2 .6  ac res  each. The system 

was i n s t a l l e d  i n  May 1977, and has  been used t;o i r r i g a t e  some 25 t i m e s .  

P;ESULTS AND DISCUSSION: 

Woodhouse Automation--lift-gates 

The automated l i f t - g a t e s  have been used 33 t i m e s  r i n c e  May 1975-- 

15 i r r i g a t i o n s  during 1977. Two i r r i g a t i o n s  during 1977 were comple- 

t e d  manually while  r e p a i r s  were being made t o  the  system- The e i g h t  

l e v e l  b a s i n s  were seeded t o  a l f a l f a  during rhe  f a l l  of 1976. P r i o r  

t o  t h e  p lan t ing ,  t h e  b a s i n s  had been l a s e r  l eve led ,  The Woodhouses 

used t h e  automatic  s t a r t -up  f o r  a l l  au tomat ica l ly-cont ro l led  i r r i g a -  

t i o n s  dur ing  1977. A few system problems occurred during t h e  yea r  

t h a t  have been evalua ted  and corrected.  

Cylinder  rods became extremely dry a f t e r  one y e a r ' s  ope ra t ion  

(co~~iercially-purchased c y l i n d e r s  were i n s t a l l e d  i n  August 1976). The 

dry cy l inde r  rods caused t h r e e  U-cup rod s e a l s  t c  s e i z e  t h e  rod dur ing  

opera t ion  and t o  be  d isp laced  from t h e  cy l inde r  end cap. This  caused 

an a i r  l o s s  and i n  c e r t a h  ins t ances  l o s s e s  so  excess ive  t h a t  o t h e r  

g a t e s  could n o t  ope ra te .  Sea l s  were d isp laced  twice f o r  cy l inde r  3 

(cyl inder  c o n t r o l l i n g  t h e  g a t e  i n t o  basin 3 )  and once f o r  c y l i n d e r  2. 

A new s e a l  was placed i n  cy l inde r  3 without  cy l inde r  disasseriibly o r  

l u b r i c a t i o n  and became disp laced  during t h e  next  i r r i g a t i o n .  Upon 

i n s t a l l i n g  new s e a l s  a second time t h e  cy l inde r s  w e r e  l u b r i c a t e d  wi th  

a s p e c i a l  cy l inde r  l u b r i c a n t ,  An o i l  can was used t o  s q u i r t  o i l  i n t o  

both t h e  top  and bottom cy l inde r  p o r t s .  The l u b r i c a t i n g  was done i n  

September, We have n o t  had f u r t h e r  problems. In t roduc t ion  of t h e  

l u b r i c a n t  i n t o  t h e  cy l inde r  nay not  be  necessary i f  occas iona l  wiping 

of t h e  p i s t o n  rod  wi th  l u b r i c a n t  proves t o  be s a t i s f a c t o r y .  Th i s  - 

approach w i l l  be evaluated during 1978. 

Three e x t r a  1/4-inch polyethylene tubes were included a s  p a r t  of  

the  o r i g i n a l  i n s t a l l a t i o n  during 1975. TWO e x t r a s  went t o  g a t e s  1 

through 4 and t h e  check ga te ,  and one t o  ga te s  5 through 8. Four a i r  

l i n e s  have developed l eaks ,  t h e  f i r s t  i n  J u l y  1975, only two months 

a f t e r  t h e  i n i t i a l  s t a r t u p ,  and t h r e e  o the r s  during 1977. The g a t e s  

aEfected and changes made were: 
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Gate 

Signal l i n e ,  3 

Date - Change 

JUL 1975 Replaced with one of two 

ex t ra  tubes; worked s a t i s -  

facl;orily. 

Signal  l i n e ,  2 29 AUG 1977 Replaced with second of two 

ex t ra  tubes; s l i g h t  a i r  

leak but not enough t o  

prevent operation. 

Signal l i n e ,  5 5 OCT 1977 Replaced wich ex t ra  tube t o  

gates 5 Lhrough 8; oper- 

a t ion  sa t i s fac tory .  

Supply lline 21 OCT 1977 No ex t ra  tubing avai lable .  

A l l  tribes, including t he  supply tube, were checked f o r  air leaks  a f t e r  

each replacement and a l l ,  except the  replacement eo gate  2, were found 

t o  be a i r t i g h t .  iJe decided t o  replace a l l  tubing when t he  supply tube 

developed a leak and a l l  ex t r a  tubes had been used. The cause oE the 

leaks p7as probabiy gophers, but  t h i s  has not  been spec i f i c a l l y  deter- 

mined. We w i l l  cry t o  ve r i fy  t h i s  during 1978, but  the  urgency f o r  

replacement did not allow time f o r  evaluation. During September and 

October, t he  Woodhouses i r r i ga t ed  twice without the  automatic controls ,  

The o r ig ina l  polyethylene tubing was buried i n  a trench about 

3 f e e t  deep along the  edge of the  basins,  hoping t h a t  t b e  tubes would 

not be damaged by gophers. The replaced tu'bes, i n s t a l l e d  i n  November 

1977, were encased i n  2-112-inch PVC pipe. The tubing layout t o  t h e  

various gates follows: 

East ba t te ry  of gates  ( 1  through 4 and check gate) :  

Signal l i n e s  t o  gates  and l i f t - ga t e  check, 
1/4-inch. . . . . . . . . . . . . . . . . . . . . .  5 

Supply l i ne s ,  5/16-inch (Gates 1 and 3, 2 
and 4 ,  check and overflow). . . . . . . . . . . . .  3 

Overflow s igna l  l i n e ,  l/4-inch. . . . . . . . . . .  1 

Extra 1/4-inch. . . . . . . . . . . - . . . . . . .  2 

Purge bubble-meter, 3/8-inch OD to  flume . . . . .  1 
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West ba t t e ry  of gates  ( 5  through 8) : 

Signal l i n e s  t o  gates ,  1/4-inch . . . . . . . . . . .  4 

Supply l i n e s ,  5/16-inch (Gates 5 and 7, 
6 a n d 8 )  . . . . . . . . . , , . , . . . . . . . . m . 2  

Overflow s igna l  l i n e ,  114-inch . . . . . . . . . . .  1 

Extra 1/4-inch . . . . . . . . . . . . . . . . . . .  2 

TIe s n a l l  polyethylene tubing was l a i d  t o  a l l  gates and the  PVC pipe 

w a s  s l i d  over the  bundle of small tubes, We decided t o  use copper 

tubing wherever exposed t o  the  weather. Meter boxes, made of p l a s t i c ,  

were f n s t a l l e d  next t o  each s e t  of gates t o  make t h e  t r a n s i t i o n  from 

polyethylene tubing t o  copper. The meter boxes come with l i d s ,  t o  

complete the enclosure, t h a t  requ i re  a spec i a l  t o o l  t o  unlock, The 

PVC pipe  with the  polyethylene-encased tubing was placed i n  a trench, 

about 12-15 inches deep, next t o  the  concrete-lined d i t ch  r a t h e r  than 

a m h e  toe  of t he  f i l l .  The PVC pipe was brought d i r e c t l y  i n t o  t he  

meter boxes and t he  tubes necessary f o r  ex i t i ng  a t  t ha t  point  w e r e  

teed out  i n to  the  meter box enclosure. A l l  oE t he  e x t r a  tubes t h a t  

;arc? ta'xca fo e l t h e r  s e t  of gates  were looped up i n t o  intermediate 

ne te r  boxes so they could be tapped i n to ,  i f  necessary. 

Cylinders 5 through 8 would not operate when t he  system w a s  f i r s t  

s t a r t e d  a f t e r  t h e  tubing was replaced. Water had accumulated i n  the  

cylinders and would not allow a i r  entry. The source of the  water was 

unknown, but apparently was forced i n t o  the  cylinders through t he  

break i n  the  o r ig ina l  supply l i n e .  Once the  water w a s  bled from t h e  

cylinders,  the operation was sa t i s fac tory .  The system has  been used 

t o  i r r i g a t e  twice s ince  t h e  new tubing was i n s t a l l e d  and the  operation 

has been s a t i s i a c to ry  both times. Some intearmittant a i r  l o s s  through 

the  4-way valves a t  the  gates has occurred, but  the  occurrence is 

i r regu la r .  Recent t e s t s  show these  a i r  losses  t o  be decreasing. This 

improvement indicates  tha t  the valves were probably fouled by the  

water i n  the cyl inders  and t h e i r  operation w i l l  l i k e l y  improve over 

the  next year. 

1 \ 7 0  solenoid-operated three-way normally open valves associated 

with the  operation of the sa fe ty  overflow and excess water d isposal  

functions of the  system have developed leaks during the  ysar .  The 
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va lves  have b a a  rep laced  and a r e  ope ra t ing  proper ly  a t  t h e  p r e s e n t  

t i m e .  The problems have been r epor t ed  t o  t h e  manufacturer.  

The a i r  d i v e r t e r  va lve  i n  t h e  c o n t r o l l e r l t i m e r  developed a n  a i r  

l e a k  i n  August. 

through t h e  v e n t  

t o  t h e  g a t e s .  A 

however, cracked 

uncertain of  t h e  

The problem was one of cont inuously d i scha rg ing  a i r  

p o r t  normally used t o  ven t  t h e  p i l o t  t u b e s  l e a d i n g  

new va lve  w a s  i n s t a l l e d  2nd worked proper ly .  X t  was, 

and leaked  a i r  xihen checked two weeks later. W e  are 

cause -- e i t h e r  f a u l t y  c o n s t r u c t i o n  o r  improper 

i n s t a l l a t i o n .  Another va lve  w a s  i n s t a l l e d  and has  ope ra t ad  s a t i s f a c -  

r o r i l y .  The o r i g i n a l  va lve  was r e tu rned  t o  t h e  s u p p l i e r  fcr  repair 

and i s  a v a i l a b l e  as a s p a r e  p a r t ,  

Naquin Automation -- P o r t s  and Jack-Gates 

The automated p o r t  system a t  t h e  Naquin Farm was used f o r  20 

i r r i g a t i o n s  dur ing  1977. The upper 4 bas ins  were cropped t o  wheat 

dur ing  1977, and seeded t o  a l f a l f a  i n  September. With t h i s  a l f a l f a  

p l a n t i n g ,  a l l  23 b a s i n s  a r e  now i n  a l f a l f a .  A11 bas ins ,  when p l a n t e d  

t o  a l f a l f a ,  were l a se r - l eve l ed ,  bo th  i n  1976 and 1977. 

Chmges o r  a d d i t i o n s  made t o  t h e  system dur ing  S a m a r p  and 

February 1977, inc luded  i s o l a t i o n  s f  rundown and overf low f u n c ~ i o n s ;  

i n s t a l l a t i o n  of t i m e  r eco rde r s ;  automation of  l i f t - g a t e s  l e a d i n g  t o  

Basin 8 and changes needed a t  the  control.  c e n t e r  t o  acccmplish c h i s  

a d d i t i o n ;  and t h e  a d d i t i o n  oE two p o r t  turn-outs ,  one each  t o  Basins  

5 and 6, and t h e  a s s o c i a t e d  equipment f o r  automating. 

In t h e  o r i g i n a l  des ign ,  t h e  system run-down ( d i s p o s a l  of wa te r  

coaing i n t o  a cana l  a f t e r  t h e  l a s t b a s i n  was i r r i g a t e d )  and s a f e t y  

overflow func t ions  were s e l e c t e d  by one s e t  o f  swi tches  and were con- 

t r o l l e d  pneumatical ly .  Af t e r  a y e a r ' s  experience w i t h  t h e  s y s t e m , _ i t  

became apparent  t h a t  t h e  two func t ions  should be s e p a r a t e  s i n c e  t h e r e  

would gene ra l ly  be  more des igna ted  s a f e t y  overflow than  run-down 

b a s i n s  and t h e  run-down bas ins  could be  d i f f e r e n t  from t h e  overf low 

bas ins .  Fu r the r ,  i f  s a f e t y  overflow b a s i n s  were used as run-down 

a r e a s ,  run-back from h i g h e r  e l e v a t i o n  b a s i n s  i n t o  t h e  c a n a l  and o u t  

i n t o  a lower e l e v a t i o n  b a s i n  could occur.  I s o l a t i o n  of t h e  f u n c t i o n s  

was accomplished by using solenoid-operated a i r  va lves ,  r e l a y s ,  and 

toggle  s w i t c h e s 6 f o r  ope ra to r  s e l e c t i o n ,  F lg .  1- I n  t h e  Naquin system 
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t h e  overflow s i g n a l s  ope ra t e  a l l  des igna ted  overf low g a t e s  when a n  

overf low is  sensed by any one of t h e  t h r e e  overflow sensors .  

I n d i v i d u a l  t imer s  were added t o  t h e  c o n t r o l  pane l  of t h e  Naquin. 

system t o  provide  a r eco rd  of t he  a c t u a l  i r r i g a t i o n  t ime f o r  each 

bas in .  They are r e - s e t t a b l e  between i r r i g a t i o n s ,  and read  i n  1/100 

of an  hour  increments.  

An a i r  c y l i n d e r  was added t o  t h e  b a s i n  8 l i f t - g a t e .  Rather  t h a n  

moving t h e  manual j ack  and c e n t e r i n g  t h e  cy l inde r ,  as had been done 

i n  t h e  p a s t ,  t h e  a i r  cylLnder was o f f - s e t  from t h e  c e n t e r  of t h e  g a t e  

by about  4-1/2 inches  and t h e  manual jack  w a s  l e f t  i n  i t s  o r i g i n a l  

p o s i t i o n .  The procedure and ope ra t ion  were eva lua ted  h e r e  i n  t h e  

l abo ra to ry  i n  1976. 

It i s  o c c a s i o n a l l y  necessary  t o  i r r i g a t e  t h e  farmstead y a r d s  

w h i l e  i r r i g a t i n g  t h e  bas ins .  The l i f t - g a t e  Zo b a s i n  8 and t h e  t h i r d  

check g a t e  l ead ing  20 b a s i n  7 r e q u i r e  p a r t i a l  opening t o  accomplish 

t h i s  yard  i r r i g a t i o n .  To perform t h i s  func t ion ,  a toggle-operated 

pneumatic va lve  w a s  i n s t a l l e d  on rhe s u ~ p l y  s i d e  of t h e  4-way pneu- 

mat ica l ly-opera ted  va lve  a t t a c h e d  t o  t h e  r e s p e c t i v e  g a t e s ,  F i g ,  2. 

The a i r  supply l i n e  was d i r e c t e d  through t h e  togg le  swi t ch .  I f  t h e  

t ogg le  swi tch  is i n  t h e  "on" p o s i t i o n ,  then t h e  a i r  pas ses  through 

t h e  v a l v e  and t h e  g a t e  ope ra t e s  normally. IShen t h e  g a t e  is  c l o s e d  

and t h e  togg le  swi tch  is  "off" ,  t h e  a i r  i n  t h e  spring-loaded c y l i n d e r  

is  vented  t o  t h e  atmosphere and t h e  s p r i n g  opens t h e  ga te .  By  p l a c i n g  

a ba l l -va lve  i n  t h e  v e n t  s i d e  of t h e  t o g g l e  va lve  t h e  amount of air 

t h a t  i s  vented can b e  l i m i t e d  by i r r i g a t o r  c o n t r o l  of t h e  b a l l  va lve .  

Spring and a ir  p r e s s u r e  f o r c e s  a r e  balanced t o  provide  t h e  opening 

d e s i r e d .  

O r i g i n a l l y  t h e  a i r  c y l i n d e r s  t o  l i f t - g a t e  check 3 and b a s i n  7 

were c losed  wi th  a i r  p r e s s u r e  and opened by h e l i c a l  s p r i n g s ,  Th i s  

arrangement r e s u l t e d  i n  t h e  opening of g a t e  7 t o  b e  delayed compared 

t o  l i f t - g a t e  check 3 ,  This  de lay  caused some undes i r ab le  over-topping 

of g a t e  7 .  Four-way va lves  were added a t  the g a t e s  ( a i r  powered 

clost t re ,  a i r  and s p r i n g  powered opening) which provided prompt g a t e  

opening. 
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The f o u r  p o r t s  l ead ing  to  e i t h e r  b a s i n  5 o r  6  could  n o t  handle  

t h e  f low when i r r i g a t i n g  wi th  20 t o  22 c f s ,  which r e s u l t e d  i n  wa te r  

overf law be ing  sensed and water  dumpage i n t o  des igna ted  b a s i n s ,  which 

on a r e g u l a r  b a s i s  i s  undesirable . .  Use of t h i s  f low rate was planned 

when a v a i l a b l e  and hence, an a d d i t i o n a l  p o r t  and t h e  a s s o c i a t e d  auto- 

ma t i c  equipment was added t o  each b a s h ,  The new p o r t s  were i n s t a l l e d  

betwezn wIzat was o r i g i n a l l y  t h e  t h i r d  and f o u r t h  p o r t  t u rnou t s .  Low- 

head, 16-inch diameker PVC p ipe  r a t h e r  t han  coi tcrete  was used t o  con- 

vey t h e  water  from t h e  ditclz t o  t h e  bas in ,  S l ide-ga tes  were a t t a c h e d  

d i r e c t l y  t o  t h e  PVC p i p e ,  Eros ion  c o n t r o l  s t r u c t u r e s  were construc-  

t e d  on t h e  ends of t he  p i p e  and "che necessary  equipment f o r  automat- 

i n g  was i n s t a l l e d -  A i r  f o r  a c t u a t i n g  t h e  p i l l ows  was s u p p l i e d  from 

the o r i g i n a l  f o u r t h  t u rnou t s .  Operat ion was s a t i s f a c t o r y  once t h e s e  

p o r t s  were i n s t a l l e d ,  

Three l a y - f l a t  a i r  p i 1  .ows c o n t r o l l i n g  p o r t s  t o  b a s i n s  5 and 6 

were rep laced  i n  hugusr.  Leaks were found n e a r  ;the v a l v e  s tem i n  t w o  

cases ,  and what appeared t o  be pin-hol ing i n  t h e  th i rd . ,  During a n  

i n s p e c t i o n  l a t e r  i n  t h e  yea r ,  a smal l  a i r  l e a k  was d iscovered  i n  an- 

o t h e r  p i l low.  A l L  of t he  a i r  belLows cont inued t o  o p e r a t e  s a t i s f a c -  

t o r i l y .  In a few cases ,  some co r ros ion  i s  developing, b u t  h a s  n o t  

been damaging t o  da te .  11 p o r t  o u t l e t  c l o s u r e  devices ,  excep t  one, 

were galvanized beEore i n s t a l l a t i o n ,  and a s  r epo r t ed  a y e a r  ago, t h e  

;mgalvaoized c l o s u r e  i s  e x t e n s t ~ e l y  r u s t e d ,  b u t  o p e r a t i o n  is  st i l l  

s a t i s l a c t o r y .  

Two o r  t h r e e  polye thylene  p l a s t i c  a i r  l i n e s  l e a d i n g  t o  ehe p o r t s  

were damaged dur ing  t h e  burning opera t ion .  The damaged s e c t i o n s  were 

where t h e  tub ing  e x i t e d  from t h e  p r o t e c t i v e  3/4-inch ga lvanized  p i p e  

and t h e  air bellows. Copper t ub ing  w a s  used t o  r e p l a c e  t h e  burned  

sec t ions .  No p i l lows  o r  bel lows were damaged. 

One c l o s u r e  was modified i n  t h e  f a l l  of 2976, i n  a n  e f f o r t  t o  

e l i m i n a t e  some of t h e  d e b r i s  t h a t  i s  normally c o l l e c t e d  on t h e  c los-  

u re  s t r u c t u r e s .  To d a t e ,  i t  has  opera ted  s a t i s f a c t o r i l y ,  however, 

our  eva lua t ion  i s  no t  conclus ive  s i n c e  only one such m o d i f i c a t i o n  was 

made. It i s  expected t h a t  we w i l l  make some s i m i l a r  changes du r ing  

1978, t o  more e f f e c t i v e l y  evaluate sucii a  modi f ica t ion .  Debr i s  

Annual Report of the U.S. Water Conservation Laboratory



c o l l e c t i o n  cont inues  t o  b e  a problem dur ing  c e r t a i n  t i m e s  of t h e  

y e a r ,  e s p e c i a l l y  fo l lowing  bemuda burning o r  wind s tonns ,  

An a i r - t h r o t t l i n g  va lve  was i n s t a l l e d  i n  late 1976, Ln t h e  supply  

s i d e  on t h e  a i r  l i n e s  going t o  t h e  upper f o u r  b a s i n s  t o  de l ay  p o r t  

c l o s u r e ,  s i n c e  p o r t  c l o s u r e  w a s  much quicker  t han  p o r t  opening-  

I n i t i a l l y  we t h o u g h t w e  had e l imina ted  t h e  problem s i n c e  overf low 

devices  were n o t  necessary  t o  make a normal swi tch  from Basin I t o  2 ,  

o s  3 t o  4. The de lay ,  however, does n o t  appear  t o  b e  s a t i s f a c t o r y .  

Reduced ope ra t ing  p r e s s u r e  w i l l  h e l p  ba l ance  t h e  system and w i l l  b e  

t r i e d  dur ing  3.978 -- reduce from 12 p s i  t o  9 o r  20 p s i .  I f  t h i s  does  

n o t  a l l e v i a t e  t h e  problem, then  an  a i r  v a l v e  w i l l  b e  i n s t a l l e c 3  n e a r  

t h e  b e l l o u s  of each of t h e  fou r  b a s i n s  f o r  r a p i d  ven t ing  of  t h e  
7- - 7  
L W A ~ O W S .  A t  t h e  p r e s e n t  t ime t h i s  a i r  must be  b l e d  back through t h e  

c o n t r o l  c e n t e r ,  a d i s t a n c e  of  as much as 1900 f e e t .  

General  Comments - Woodholrse and Naquin S y s t e ; ~  

The automated jack-gate system a t  Woodhouse's h a s  g e n e r a l l y  oper- 

z t e d  s a t i s f a c t o r i l y  s i n c e  2975, w i th  t h e  except ion  of t h e  air  t u b e  

pro3lem encountered dur ing  1977. Specia  a t t e n t i o n  w i l l  b e  d i r e c t e d  

t o  a l l e v i a t i n g  p o r t  c logging and cl.osure/opening t iming  of t h e  Naquin 

p o r t  system acd  w i l l  i nc lude  c l o s e  obse rva t ion  by U.. S. TrJaZler Conser- 

v a t i o n  Laboratory personnel  

I n  an  e f f o r t  t o  e l i m i n a t e  t h e  clogging problem a s s o c i a t e d  w i t h  

t h e  p o r t s ,  p re l iminary  tests were conducted t o  e v a l u a t e  t h e  o p e r a t i o n  

of a pneumatically-operated cy l inde r  coupled t o  a s t a n d a r d  hand-oper- 

a t e d  s l i de -ga t e  l o c a t e d  on t h e  i n s i d e  of t h e  concrete- l ined d i t c h .  

The system showed promise and w i l l  be  f i e l d  eva lua ted  dur ing  1978, 

poss ib ly  a t  Naquinqs  and i n  cooperallion w i t h  t h e  U n i v e r s i t y  of Arizona. 

Control  of t h e  water  being app l i ed  t o  t h e  Woodlnouse b a s i n s  has 

improved s i n c e  1975, when t h e  system was i n s t a l l e d ,  and can b e  a t t r i -  

buted  t o  improved land  f i n i s h i n g  by l a se r - con t ro l l ed  equipment and 

automation of t h e  gaLes- Water app l i ed  p e r  i r r i g a t i o n  has  decreased 

over  t h e  per iod  t o  t h e  p o i n t  where mois ture  d e E i c i t s ,  i n  t h e  t h i r d  

f o o t ,  were de t ec t ed ,  b u t  were e.2iminated upon applying s l i g h t l y  more 

water  during t h e  nex t  two i r r i g a t i o n s -  Such a b i l i t y  t o  manage t h e  
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water  a p p l i e d  i n d i c a t e s  a high degree of i r r i g a t i o n  wa te r  c o n t r o l  -- 
one of t h e  impor tan t  f e a t u r e s  of s u r f a c e  i r r i g a t i o n  syscems of t h e  

f u t u r e .  

McDonnell and PlcElhaney Automation 

A t  t h e  r eques t  of t h e  S o i l  Conservation Serv ice ,  we designed and 

i n s t a l l e d  t h e  f i r s t  cost-shared automated i r r i g a t i o n  system as p a r t  of 

t h e  on-farm i r r i g a t i o n  improvement program adminis te red  by t h e  S o i l  

Conservation Se rv i ce  i n  t h e  Wellton-Mohawk I r r i g a t i o n  and Drainage 

D i s t r i c t  . The s y s  rem i s  on t h e  Ronald McDonnell-Robert McElhaney Farm 

near  Wellton, Arizona, r ep re sen ted  schemat ica l ly  i n  P ig .  3. The system 

f e a t u r e s  23 l i f t - g a t e  t u rnou t s  and 2 l i f t - g a t e  checks, They were auto- 

mated us ing  pneumatically-operated c y l i n d e r s  similar t o  t hose  used a t  

l~oodhouses and Naquins. The s o i l s  are r e l a t i v e l y  sandy and t h e  64- 

a c r e  f i e l d  is broken up i n t o  23 b a s l n s  averaging about  2.6 n e t  a c r e s  

eacfi, S i x  s e p a r a t e  f i e l d  benches a r e  inc luded  i n  t h e  64-acre p l o t ,  

The o v e r a l l  s l o p e  of t h e  p l o t  i s  from Eas t  t o  \ Jes t  and from South t o  

North. Temporary bo rde r  d ikes  a r e  used t o  s e p a r a t e  t h e  benches i n t o  

the  s m a l l e r  b a s i n s  w i t h i n  t h e  bench. The systen uses  compressed a i r  

t o  ene rg i ze  t h e  c y l i n d e r s  and s i g n a l  opening and c l o s i n g  of t h e  g a t e s  

to  cause t h e  i r r i g a t i o n  changes, h c o n t r o l  panel ,  shown i n  F ig .  3, is 

permanently f i x e d  t o  a pos t  i n  t h e  f i e l d *  E l e c t r i c i t y  is  a v a i l a b l e  at 

t h e  c o n t r o l  pane l .  A c r i t i c a l  f low flume, p a r t  of t h e  SCS program, was 

i n s t a l l e d  i n  t h e  supply d i t c h  coming from t h e  i r r i g a t i o n  d i s t r i c t .  

The automated system was i n s t a l l e d  i n  May 1977, and has  been success- 

f u l l y  used t o  i r r i g a t e  some 25 t imes ,  

Lif t -Gate Modif icat ion.  Rather  than  cen te r ing  t h e  c y l i n d e r  and 

moving t h e  manual jack ,  a s  ~ 7 a s  done on t h e  Woodhouse automated sys- 

tem, t h e  a i r  c y l i n d e r  was of f - s e t  from t h e  c e n t e r  of  t h e  g a t e  by 

about &1/2 inches  and t h e  manual jack  l e f t  i n  its o r i g i n a l  p o s i t i o n .  

The procedtlres f o r  t h i s  mod i f i ca t ion  were developed a t  the U. S. 

Water Conservarion Laboratory shop, Operat ion t o  d a t e  h a s  been 

s a t i s f a c t o r y .  Steps r equ i r ed  t o  adapt  t h e  cy l inde r s  t o  t h e  g a t e s  are: 

1. Cons t ruc t  p l a t e  f o r  cy l inde r  attachment,  F ig .  4. 

2. Cut no tch  i n  angle- i ron frame t o  a l low f o r  p i s t o n  t r a v e l .  

3. Align c y l i n d e r ,  with p l a t e ,  onto g a t e  and weld p l a t e  
t o  g a t e  frame. 
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4. Cons t ruc t  rod- rece iver  b racke t ,  Fig. 5. 

5. At tech  rod-receiver  b racke t  t o  g a t e  s l i d e .  

Tne mod i f i ca t ion  of t h e  g a t e s  u s ing  t h e s e  techniques  w a s  s imp le r  and 

less c o s t l y  than  t h a t  used i n  t h e  p a s t ,  We modified one of t h e  f i e l d  

g a t e s  t o  demonstrate t h e  c o r r e c t  procedures.  McDonnell and McElhaney 

modified t h e  o t h e r  24 g a t e s .  

A i r  c y l i n d e r  s i z i n g .  S i z ing  was based on t h e  fo l lowing  i t e m s :  

1. Gate opening r equ i r ed  (Do) -- 22 inches.  

2,  Dis tance  from top  of g a t e  frame ( s u r f a c e  on which c y l i n d e r  
r e s t s )  t o  t op  of g a t e  l e a f  (Ds) -- 30 inches .  

3. Maximum s o l i d  of s p r i n g  ( D ~ )  -- c y l i n d e r s  wi thout  s p r i n g s ,  
0 inches ;  c y l i n d e r s  w i th  s p r i n g s ,  10.2 inches .  

4. Allowance from s o l i d ,  approximately l inch. 

Prom t h i s  i n f o n a t i o n :  Cylinder  s t r o k e  equals  D i- Dms i- 1, o r  23 
0 

inches  wi thout  s p r i n g  and 33,2  o r  approximately 34 inches  w i t h  sp r ing .  

Rod ex tens ion  (when p i s t o n  retracted.)  = Ds - D or. 6 inches.  Twenty- 
0 

two of t h e  25 g a t e s  were equipped wi th  c y l i n d e r s  w i thou t  s p r h g s .  

Gate ac tua t ion .  Air was supp l i ed  commonly t o  b a t t e r i e s  of g a t e s  

as des igna ted  i n  Fig.  6 -- 4 s e t s  of supply tubes  wi th  5,. 6, o r  7 

g a t e s  p e r  tube.  The supply l i n e  was 5/ l6- inch OD polye thylene  tub ing  

(3/16-inch ID). 

A i r  is supp l i ed  t o  a s i n g l e  p i lo t - ac tua t ed ,  s p r i n g  r e t u r n ,  4-way 

ai r  v a l v e  a t t a c h e d  t o  t h e  g a t e  frame t h a t  d i v e r t s  t h e  a i r  e i t h e r  to 

t h e  rod end of f i e  c y l i n d e r  t o  open t h e  g a t e ,  o r  t o  t h e  o p p o s i t e  end 

of t h e  cy l inde r  t o  c l o s e  t h e  g a t e .  P i l o t  p r e s s u r i z a t i o n  r e s u l t s  i n  

t h e  a i r  t o  b e  d i v e r t e d  Eor g a t e  opening, and p i l o t  de -p re s su r i za t ion  

t o  a l low t h e  a i r  t o  b e  d i v e r t e d  f o r  g a t e  c lo su re .  The 4-way v a l v e s  

are equipped wi'ch manual over - r ide  bu t tons  so  t h a t  a g a t e  can  b e  

opened by t h e  i r r i g a t o r  i n  ca se  of emergency, 

Control  Center  Design and Development. A c o n t r o l  system was 

designed and b u i l t  t o  perform c e r t a i n  func t ions  t h a t  are b a s i c  t o  r h e  

ope ra t ion  of t h e  automated system, and o t h e r s  t h a t  a r e  a s s o c i a t e d  

wi th  sequence s e l e c t i o n ,  excess  water  d i sposa l ,  l i f t - g a t e  check 

a c t u a t i o n ,  and au tomat ic  s t a r t - u p ,  Fig. 6. P a r t  of t h e  equipment t o  

complete c e r t a i n  func t ions  is enclosed i n  a box permanently l o c a t e d  
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a t  the  f i e l d ,  wh i l e  o t h e r  equipment i s  housed i n  a trailer. The 

t r a i l e r  con ta ins  an  automatic  t i m e r ,  an a i r  compressor, and sequence 

s e l e c t i o n  and excess  water  disposal. equipment. Equipment permanently 

f i x e d  i n  t h e  box inc ludes  t h e  l i f t - g a t e  check a c t u a t i o n  and au tomat ic  

s t a r t - u p  va lves .  The connect ion between t h e  t r a i l e r  and t h e  box is  

completed by a quick-tatch coupling t o  su.pply t h e  a i r  s i g n a l ,  air  

supply, and au tomat ic  s t a r t u p  a i r  tubes  (26 t o t a l )  and a n  e l e c t r i c  

e s t e n s i ~ n  cord  t o  supply  t h s  e l e c t r i c i t y  f o r  use  bo th  f o r  t h e  t i m e r  

and a i r  compressor. 

Automatic t imer ,  A Toro, 23-s ta t ion ,  normally c lo sed ,  

pneumatical ly  opera ted ,  p e d e s t a l  mount c o n t r o l l e r  was used -  

The t iming device  is e l ec t r i ca l /mechan ica l  i n  n a t u r e ,  auto-  

m a t i c a l l y  a c t u a t i n g  a n  a i r  d i v e r t e r  va lve .  Time s e t t i n g s  

a r e  independent ly a d j u s t e d  on each of t h e  23 s t a t i c n s  f o r  

any pe r iod  up t o  one hour ,  During t h e  time s s t t i n g  f o r  a 

p a r t i c u l a r  s t a t i o n ,  a i r  is  in t roduced  through t h e  d i v e r t e r  

v a l v e  w i t h i n  t h e  c o n t r o l l e r  t o  a p i l o t  l i n e  l ead ing  t o  t h e  

4-way v a l v e  at t h e  g a t e  t o  be  opened. 

Sequence S e k c t i o n ,  The sequence i n  vh ich  t h e  a i r  

p i l o t  l i n e s  a r e  ac tua t ed ,  and correspondingly,  t h e  sequence 

i n  which t h e  f i e l d s  a r e  i r r i g a t e d  can be  s e l e c t e d  by t h e  

i r r i g a t o r .  This  is  done by connect ing t h e  f i e l d  number 

a i r  l i n e s  t o  t h e  cluck. s t a . t i o n  a i r  l i n e s  i n  whatever 

sequence d e s i r e d  by means of f l e x i b l e  tubes  and quick- 

d isconnects .  

Excess Water Disposa l .  The on-farm i r r i g a t i o n  and 

t h e  i r r i g a t i o n  d i s t r i c t  tu rnout  of t h e  water  are indepen- 

den t ,  and water  run-down through a long c a n a l  system i s  

d i f f i c u l t  t o  t i m e .  The automatic  c lo su re  of t h e  l a s e  

g a t e  is i lnperat ive i n  o rde r  t h a t  some means be  a v a i l a b l e  

t o  d ispense  of t h e  water  i n  a n  o r d e r l y  manner. McDonnell 

and McElhaney decided t h a t  b a s i n  5 above t h e  f i r s t  check 

g a t e ,  b a s i n  I1 above the  second check g a t e ,  and b a s j n s  1 3  

and 19, ope ra t ing  toge the r  below t h e  second check g a t e  

would b e  used a s  d i s p o s a l  b a s i n s ,  E i t h e r  b a s i n s  5,  ll., 
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o r  1 3  and 19,  s i n g l y  o r  i n  combination, can b e  s e l e c t e d  

by t h e  i r r i g a t o r  f o r  excess  water  d i sposa l .  S e l e c t i o n  

i s  made w i t h  t h r e e  toggle-operated pneumatic va lves .  Thc 

togg le  v a l v e s  a r e  l o c a t e d  i n  t h e  c o n t r o l  trailer. 

Opera t ion  of t h e  d i s p o s a l  system depends on a 

110 VAC so l eno id  va lve  opera ted  by t h e  c o n t r o l l e r ,  

3-way pneumatical ly-operated d i v e r t e r  va lves ,  and 

toggle-operated pneumatic va lves ,  F ig ,  6-  ?'he t i m e r  

powered so l eno id  v a l v e  provides  normal system operaLion 

w h i l e  i r r i g a t i n g  any of the 2 3  b a s i n s  b u t  a l lows  f o r  

s e l e c t e d  run-down b a s i n  g a t e s  t o  b e  opened a f t e r  the 

f i n a l  b a s i n  is  i r r i g a t e d  -- t imer  i n  "offt '  p o s i t i o n .  

L i f t -ga t e  Check A ~ t w t i o n ~  Twelve normally-open, 

3-way, pneumatical ly  opera ted  and two, 3-way normally 

c lo sed  pneuinatically-operated va lves ,  F ig ,  6, are used 

t o  c o n t r o l  t h e  two l i f t - g a t e  t5hecks, F ig ,  3, When t h e  

c o n t r o l  t imer  is  in t h e  'boff" p o s i t i o n  t h e  check g a t e s  

a r e  open. Cheek g a t e s  a r e  opened o r  c lo sed  depending 

on which b a s i n  i s  be ing  i r r i g a t e d ,  as fol lows:  

Basin Being Zr r igaax l  Lif t -Gate Check S t a t u s  

I 2 
1 through 6 c losed  open 
7 through 12  open c losed  

1 3  through 23 open open 

The a i r  p i l o t  l i n e s  used t o  s i g n a l  t h e  ope ra t ion  of  t h e  

v a r i o u s  bas in  g a t e s  a r c  a l s o  used t o  s i g n a l  t h e  12 ,  3-way 

normally open v a l v e s ,  These va lves ,  i n  conjunct ion  w i t h  

t h e  two, 3-way nonnal ly  c lo sed  va lves ,  s i g n a l  the opening 

o r  c lo s ing  of t h e  l i f t - g a t e  checks. 

Automatic start-up-. Two pne~mat i ca l ly -ope ra t ed  micro- 

swi tches  a r e  a c t i v a t e d ,  by t h e  sens ing  of a water  overf low 

depth from t h e  overf low equipment between b a s i n s  2 and 4, 

t o  e f f e c t  a u t o x a t i c  s t a r t - u p  of t h e  system, Idhen t h e  

overflow s i g n a l  i s  sensed,  t h e  microswitch, des igna ted  

automatic  s t a r t  f a r  t imer  i n  Fig. 6 ,  momentarily c l o s e s  

and the  c o d t r o l l e r  s t a r v s ,  advancing t o  t h e  f i r s t  s t a t i o n  
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and i r r i g a t i o n  conmences. Any s i g n a l  t h e r e a f t e r  from t h e  

overflow h a s  no e f f e c t  on t h e  t imer.  

To a t t a i n  an  overflow s i g n a l ,  water  nmst be ponded 

above t h e  f i r s t  l i f t - g a t e  check, hence t h e  g a t e  mist b e  

c losed  a t  t h e  t i m e  water  i s  turned  i n t o  t h e  c a n a l  -- 
r e c a l l  t h a t  t h e  check g a t e s  were normally open when t h e  

c o n t r o l l e r  w a s  i n  t h e  "off"  p o s i t i o n -  A 3-way pneumatic 

va lve  t h a t  i s  a c t u a t e d  e i ~ h e r  by a  so lenoid  o r  push-button, 

F igu re  6,  was connected i n  s e r i e s  w i th  t h e  va lves  c o n t r o l l i n g  

l i f t - g a t e  check 1, To s e t  f o r  au tomat ic  start t h e  b u t t o n  

is  pushed and l i f t - g a t e  check 1 i s  c losed ,  When t h e  over- 

flow s i g n a l  is  sensed t h e  second microswitch c i r c u i t  is  

a l s o  c iosed  and t h e  so l eno id  ope ra to r  r e t u r n s  t h e  3-way 

va lve  t o  i t s  normal ope ra t ing  mode -- l i f t - g a t e  check 

a c t i v a t i o n  c o n t r o l l e d  by t h e  i r r i g a t i o n  o r  nun- i r r iga t ion  

of  t h e  r e s p e c t i v e  b a s l n s  , 

Safe ty  O v e ~ f l o w  X q u i p i x z .  F l o a t s  housed i n  8-inch 

diameter  asbestos-cement p i p e ,  ca s e r v e  as a s t i l l i n g  w e l l ,  

were loca t ed  a t  4 l o c a t i o n s  along t h e  f i e l d  cana l ,  F i g u r e  3. 

The s t i l l i n g  w e l l  was connected t o  t h e  concrete- l ined d i t c h  

by 1-1/2-inch PVC p ipe ,  F igure  7 .  A c a s t  i r o n  l i d  was used 

t o  enc lose  t h e  f l o a t  mechanism. 

S igna l  tubes  ( l /4- inch OD polyethylene)  l e a d  from t h e  

3-way va lve ,  t h a t  i s  mechanically opera ted  by t h e  f l o a t  i n  

t h e  s t i l l i n g  w e l l ,  t o  b a s i n  g a t e s  des igna ted  t o  r e c e i v e  

excess  water  i f  a n  overflow is  sensed. 

Overflow Loca Led Behieen L i f t -ga t e s  Con t ro l l ed  

Basins  2 & 4 I EL Z p  check 1 
Basins 8 & 10 7 & 8, check 2  
Basins  1 4  & 16  1 3  & 1 4  
Basins  22 6 23 22 & 23 

Xn t h e  no-overflow mode t h e  weight of t h e  f l o a t  device  c l o s e s  

the va lve  and t h e  s i g n a l  l i n e s  a r e  venfed. Uhen t h e  f l o a t  

r i s e s  (overElow sensed)  t h e  3-way valve  i s  opened and t h e  

s i g n a l  tubes  axe  p re s su r i zed .  A p a r t i c u l a r  g a t e  w i l l  open 
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when an overflo-cir is sensed i f  t h e  i r r i g a t o r  s e t s  t h e  

toggle-operated p n e u m t i c  v a l v e  t o  t h e  'bn" p o s i t i o n ,  

Fig.  8. This  s e l e c t i v i t y  is  achieved by the  togg le  

v a l v e  and a 3-way, p n e ~ m a t i c a ~ l y - a c t u a t e d  va lve  a t t a c h e d  

t o  t h e  p i l o t  p o r t  of t h e  4-way va lves  l o c a t e d  a t  t h e  

ga t e s .  'When t h e  overflow is a l l e v i a t e d  by t h e  open 

g a t e s ,  t h e  signal.  w i l l  be cance l l ed  and a11 overflow 

g a t e s  w i l l  c lo se .  The c y c l e  w i l l  r e p e a t  i n d e f i n i t e l y  

o r  u n t i l  t h e  cause of t h e  overflow i s  determined and 

co r rec t ed .  

Water Dispos&in Case of A i r  Loss t o  System, A 

normally-open (no a i r  i n  s y s ~ e n )  g a t e  is a b a s i c  r equ i r e -  

ment of any watex tu rnou t  system, I n  a11 previous  in- 

s t a l l a t i o n s  a l l  g a t e s  have been normally open. However, 

i n  t h e  McDonnell-McElhaney f n s t a l l a t i o n ,  only t h r e e  

g a t e s  a r e  normally open, wh i l e  a l l  o t h e r s  a r e  normally 

c losed .  The t h r e e  nomally-open g a t e s  inc luded  t h e  l i f t -  

g a t e  checks and  he g a t e  t o  b a s i n  13. Basin 13 was 

s e l e c t e d  s i n c e  exces s ive  water would f low out  t h e  end of  

t h e  b a s i n ,  c r o s s  a county road, and d ischarge  i n t o  zhe 

ad jo in ing  d e s e r t .  H e l i c a l  sp r ings  were i n s t a l l e d  i n s i d e  

t h e  c y l i n d e r s  c o n t r o l l i n g  t h e  t h r e e  ga t e s .  The h e l i c a l  

s p r i n g s ,  which can l i f t  t h e  g a t e s  wi thout  air a s s i s t ,  were 

designed and cons t ruc t ed  i n  Phoenix. A s p r i n g  f o r c e  of  

about 575 l b s .  i s  exe r t ed  when the  g a t e s  a r e  c lo sed  (22-inch 

t r a v e l ) .  The c h a r a c t e r i s t i c s  of t h e  s p r i n g s  were: O r i g i n a l  

f ree- length ,  48 inches ;  w i r e  diameter ,  0,375 inches ;  number 

of c o i l s ,  t o t a l  27 and a c t i v e ,  25; maximum s o l i d ,  10.2 

inches ;  and s p r i n g  diameter  (OD) 4 .1  inches.  The s p r i n g  

f ree- length  a f t e r  t e s t i n g  was about 41 inches-  With a 

cy l tnde r  s t r o k e  oE 34 inches ,  t h e  s p r i n g s  w e r e  compressed 

about  7 inches  when loaded i n  t he  cy l inde r s  which developed 

a pre-load f o r c e  of about  140 l b s .  
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Tubing. A l l  a i r  p i l o t  l i n e s  t o  t h e  g a t e s  and a i r  t ubes  

a s s o c i a t e d  w i t h  t h e  overflow equipment were l /4- inch OD (1/8- 

i nch  ID) polyethylene.  A l l  supply l i n e s  t o  t h e  c y l i n d e r s  

and t h e  supply t o  t h e  overflows were 5/16-inch OD (3/16-inch 

ID) polye thylene  tubing.  This  tub ing  is  r a t e d  as 250 p s i .  

A l l  tubes  were run along t h e  e a s t  s i d e  of t h e  cana l  from t h e  

c o n t r o l  box on t h e  pos t  and were encased i n  2-1/2 and 2-inch 

PVC p ipe  f o r  p r o t e c t i o n  a g a i n s t  roden t s ,  The PVC p i p e  was 

s p l i t  u s ing  a t a b l e  s a w  and rhe  bundle of s m a l l  po lye thylene  

tubes  was i n s e r t e d  i n t o  t h e  s p l i t  PVC p i p e *  Once t h e  tub ing  

was i n s e r t e d  t h e  PVC p i p e  snapped back i n t o  i t s  o r i g i n a l  

round p o s i t i o n .  This  encase tub ing  and PVC p i p e  was then  

bu r i ed  along t h e  concre te - l ined  d i t c h  i n  a t r e n c h  approxi- 

mately 1 2  inches  deep, Tubes r equ i r ed  f o r  c o n t r o l  of  a 

p a r t i c u l a r  g a t e  were brought out  of t h e  PVC p i p e  underneath 

walk b r idges  a c r o s s  t h e  concre te  s t r u c t u r e s  i n  f r o n t  of t h e  

g a t e s  and c a r r i e d  t o  t h e  v a r i o u s  4-way va lves  a t t a c h e d  per-  

manently "c t h e  g a t e  frames, The tubing  w a s  a l s o  encased 

i n  3/&-inch ga lvanized  p ipe  from t h e  b r i d g e  t o  t h e  g a t e s ,  

and on t h e  g a t e s  where poss ib l e .  The success  of t h i s  encas ing  

procedure i s  un te s t ed  and w i l l  be c a r e f u l l y  observed i n  t h e  

f u t u r e .  Copper tub ing  (114-inch) w a s  used from t h e  4-way 

va lves  t o  t h e  c y l i n d e r s ,  

The t ime r equ i r ed  f o r  an a i r  p i l o t e d  va lve  t o  o p e r a t e  

depends on t h e  tub ing  s i z e  and l eng th ,  t h e  ope ra t ing  p re s su re ,  

and t h e  p i l o t  a c t i v a t i o n  p re s su re ,  Pig.  9. Of prime impor- 

tance ,  when au toma t i ca l ly  swi tch ing  g a t e s  dur ing  an irri- 

ga t ion ,  i s  t h a t  t h e  next  g a t e  t o  i r r i g a t e  opens a t  t h e  same 

t ime o r  b e f o r e  t h e  f i n i s h e d  ga t e  c l o s e s .  This  does occur  

f o r  t h e  IfcDonnell-NcElhaney awtomated system s i n c e  it t a k e s  

longer  f o r  a p i l o t  t o  a c t u a t e  when dep res su r i z ing  ( g a t e  

c lo s ing )  than when p r e s s u r i z i n g  (ga t e  opening) - The d a t a  

presented  i n  F ig ,  9 was developed wi th  a 4-way va lve ,  

Annual Report of the U.S. Water Conservation Laboratory



l i f t - g a t e ,  and v a r i o u s  l eng ths  of tub ing  i n  t h e  l a b o r a t o r y .  

The a c t u a l  delay between g a t e  opening and c l o s i n g  o r  p i l o t  

p r e s s u r i z a t i o n  and d e p r e s s u r i z a t i o n  appears  t o  b e  s l i g h t l y  

more i n  t h e  McDonnell-McElhaney i n s t a l l a t i o n  than  is  shown 

here .  The delay is  not  a problem. 

S U T : W Y  ANZ) CONCLUSIONS : 

Two f i e l d s  were automated i n  1975 i n  t h e  Wellton-Mohawk I r r i g a t i o n  

and Drainage D i s t r i c t  t o  demonstrate (on-farm) t h e  u s e  of p r e s e n t l y  

a v a i l a b l e  automated schemes f o r  c o n t r o l l i n g  i r r i g a t i o n  wa te r  t o  l e v e l  

b a s i n s  and t o  des ign ,  develop, and demonstrate improved systems,  One 

65-acre f i e l d  on t h e  Bob iJoodhouse farm uses  l i f t - g a t e s  t o  c o n t r o l  t h e  

water  v h i l e  on  a 70-acre f i e l d  on  t h e  J i m  Naquin farm c o n c r e t e  p o r t  

o u t l e t s  i n  combination w i t h  l i f t - g a t e s  are used, Each system is pneu- 

m a t i c a l l y  a c t u a t e d  by a c loc lc /cont ro l le r  a t  a c e n t r a l  l o c a t i o n  which 

s2gna l s  i r r i g a t i o n  frield changes according t o  p r e s e t  t i m e s ,  

Seventy-one i r r i g a t i o n s  have been completed through 1977 us ing  

t11e automated systems : 

1975 1976 1977 - - 
Woodhause 10 8 15 

Naquin I 17  20 

Most of t h e  i r r i g a t i o n s  have been completed by t h e  f a r m e r / i r r i g a t o r  

once i n i t i a l  adjustments  and/or  modi f ica t ions  w e r e  made. 

A few problems w i t h  t h e  Woodhouse system occurred  and were 

c o r r e c t e d  dur ing  1977. Cylinder  rods  became extremely d r y  a f t e r  one 

y e a r ' s  ope ra t ion  (commercially purchased c y l i n d e r s  were i n s t a l l e d  i n  

August 19 76) which caused displacemen C of U-cup seals. The c y l i n d e r s  

were l u b r i c a t e d  and i t  appears  t o  have so lved  t h e  problem. Seve ra l  

p l a s t i c  tubes  developed a i r  l e a k s  dur ing  August and September which 

l e d  t o  replacement of a11  a i r  tubes .  The new tubes  were encased i n  

2-112-inch PVC p ipe  t o  p r o t e c t  the  small  tubes from damage by  gophers-- 

gophers l i k e l y  caused o r i g i n a l  damage, The PVC p ipe  was b u r i e d  abou t  

12-15 inches deep nex t  t o  t h e  concrete- l ined d i t ch .  Two so lenoid-  

opera ted  va lves  and t h e  a i r  d i v e r t e r  va lve  i n  t h e  c o n t r o l l e r / t i m e r  

developed l e a k s  during t h e  year  and were replaced.  
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Changes o r  a d d i t i o n s  made i n  the Naquin system i n  January  

and February 1977 inc luded  i s o l a t i o n  of rundown and overf low funct -  

ions ;  i n s t a l l a t i o n  of t ime r eco rde r s ;  automation of  t h e  l i f t - g a t e  

l ead ing  t o  b a s i n  8 and changes needed a t  t h e  c o n t r o l  c e n t e r  t o  accom- 

p l i s h  t h i s  add i t i on ;  and t h e  a d d i t i o n  of Lwo p o r t  t u rnou t s ,  one each, 

t o  b a s i n s  5 and 6, and t h e  a s s o c i a t e d  equipment f o r  automating-  Three 

l a y - f l a t  p i l l ows  w e r e  rep laced  i n  August a t  Naquins. Leaks were 

caused by f a i l u r e  n e a r  t h e  v a l v e  stem i n  two cases  and what appeared 

t o  be pin-hol ing i n  one pi l low.  They w i l l  b e  r e tu rned  t o  t h e  manu- 

f a c t u r e r  f o r  eva lua t ion .  One c l o s u r e ,  modif ied t o  h e l p  e l i m i n a t e  

some of t h e  d e b r i s  c o l l e c t i o n  on t h e  s t r u c t u r e ,  has  ope ra t ed  satis- 

f a c t o r i l y .  Evalua t ion ,  however, is  not  ex t ens ive  enough t o  b e  con- 

c l u s i v e .  Pre l iminary  t e s t s  u s ing  a pneumatically-operated c y l i n d e r  

coupled t o  t h e  s t anda rd  hand-operated s l i d e  g a t e  l o c a t e d  on t h e  in-  

s i d e  of t h e  concre te - l ined  d i t c h  showed prorrrise a:; a n  au tomat ic  gate 

ope ra to r ,  and may minimize d e b r i s  problems- F u r t b e r  tests are planned 

and a f i e l d  eva lua t ion  w i l l  b e  conducted dur ing  1978. 

We demonstrated t h e  Woodhouse and Haquin automated systems a f e w  

t imes t o  v i s i t i n g  groups during the  year ,  b u t  most of t h e  r e spons ib i l -  

i t y  of demonstration has  been assumed by t h e  Un ive r s i t y  of  Arizona 

Extension Se rv i ce  and t h e  S o i l  Conservation Service.  More peop le  

have become aware of t h e  two 6emonstrat ion systems and are v i s i t i n g  

the  sites on t h e i r  own, r a t h e r  than con tac t ing  us. Th i s  t ype  of  con- 

t a c t  r e q u i r e s  more t i m e  by t h e  coopera tors  i n  showtng t h e s e  systems 

t o  t h e  publ ic .  We a p p r e c i a t e  t h e i r  a s s i s  Lance. 

Two t e c h n i c a l  papers  desc r ib ing  t h e  systems have been prepared  

and accepted f o r  p u b l i c a t i o n  i n  t h e  Transac t ions  of t h e  American - 

Soc ie ty  of A g r i c u l t u r a l  Engineers .  The papers  are e n t i t l e d  "Auto- 

mation of On-Farm I r r i g a t i o n  Turnouts U t i l i z i n g  J a c k  Gates" s n d  
f I Automation of Open Ditch I r r i g a t i o n  Conveyance Systems U t i l i z i n g  

T i l e  Outlets ."  

USDA t e l e v i s i o n  f e a t u r e d  " c h e  level-basin/automation work i n  two 

3-l/2 t o  &-minute a g r i c u l t u r a l  Eeatures  ( f o r   own-to-~arth"), one 

t i t l e d  " ~ a s e r  Level ing f o r  I r r i g a t i o n "  and t h e  o t h e r  ' % r i g a t i o n  
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Efficiency and ~echnique" .  USDA te lev i s ion  a l so  used some dis-  

cussions of l a s e r  level ing,  i r r i g a t i o n  eff ic iency and automated irri- 

gation systems f o r  t h e i r  weekly half-hour program "A Bet ter  Way". 

These programs a r e  released t o  85 te lev i s ion  s t a t i ons  nationwide. 

They were shown i n  May and June of 1977. 

A t  the  request  of the  S o i l  Conservation Service, we designed and 

i n s t a l l e d  the  f i r s t  cost-shared, automated i r r i g a t i o n  system as p a r t  

of the  on-farm i r r i g a t i o n  improvement program administered by the  

S o i l  Conservation Service i n  t he  Wellton-Mohawk I r r i g a t i o n  and Drain- 

age D i s t r i c t .  The system is  on t h e  McDonnell-McElhaney farm near 

Wellton, Arizona. It was i n s t a l l e d  i n  May 1977, and has been success- 

f u l l y  used t o  i r r i g a t e  some 25 times. Twenty-three jack-gate cum- 

outs  and ~ w o  jack-gate checks were automated using pneumatically- 

operated cylinders,  The 23 f i e l d s  average about 2 - 6  a c r e s  each. The 

systen uses control  equipment, housed i n  a trailel:,  which energizes 

t he  cylinders and s igna l s  opening and closing of t h e  gates t o  cause 

i r r i g a t i o n  changes. 

PERSONNEL: Leonard J. Erie and Allen R. Dedrick. 
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VEFJT V A L V E S  TO A I R  PILLO\ ' lS I,IFT-GATE C H E C K  

5 3 P S I  3P51 I2 PSI  
BAS IN  NUMB 

BASIN  PILOT 
L I N E S  

DISCONNECT 

-- P N O  C Y L I N D E R S  

F L E X I B L E  TUBES 
2 

/ SAFETY OVERFLOW A N D  -I- SEQUENCE 

A C T U A T I O N  - r E Y . C E S S  WATER OISPOSA~. B E L E C T I C N  

A U T O M A T I C  T I M E R  S T A R T U P  

S k F E T Y  OVERFLOW 3 J I 

(g 3-WAY, N/O, S O L E M O I D  O P E R A T E D  0' TOGGLE SWITCH, ELECTRICAL 

@ J-WAY, N / C ,  P N E U M A T l C A L L Y  OPERATED a MICROSVdiTCH N / O ,  P N E U M A T I C A L L Y  OPERATED 
2 .  . ,  

Figure  I ,  Schematic diagram of t h e  c o n t r o l  pane l  on t h e  Haquin automated system i n  which t h e  s a f e t y  
overflow and rundown func t ions  a r e  i s o l a t e d  e l e c t r i c a l l y ,  February 1976. , 
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T O  TOP TO B O T T O M  
OF O F  

Figure 2. Valve arrangement t o  al low p a r t i a l  opening of a spring- 

loaded l i f t - g a t e  when ga te  normally closed,  Valve I-- 

four-way pneumatically p i l o t e d ,  sp r ing  r e t u r n  v a l v e  

mounted on l i f t - g a t e ;  Valve 2--toggle operated pneumatic- 

va lve ;  Valve 3--ball valve.  
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C O N T R O L  
PAMEL 

- ATER FROM 
I R R t G A T t O i i j  

C R I T I C A L  D ~ S T R ~ C T  
FLOW 

F i g u r e  3.  F i e l d  l a y o u t  o f  64-acre  McDonnell-McElhaney farm t h a t  was 
a u t d n a t e d  d u r i n g  1977. The fa rm i s  near Be l l ton ,  Ar izona ,  

Annual Report of the U.S. Water Conservation Laboratory



Annual Report of the U.S. Water Conservation Laboratory



Annual Report of the U.S. Water Conservation Laboratory



S I G N A L  FROM OVERFLO'W B E T W E E N  F I E L D S  2 Ci i AUTOMJTlC  S T A R T  
FOR T l M E R  

T A U T O M A T I C  START 

t LIFT-GATE CHECK T T  1 E X C E S S  WATER SEOUENCE 

ACTUATlOPl  ACTUATION 1 O I S P O S A L  S E L E C T I O N  

EQUIPME:lT i f 1  BOX AT FIELO EOUJPMENT IN TRAILER 

Figure 6. Schematic diagram of the control equipment required for 

the McDonneLl-NcElhaney automated irrigation system- 
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T O  TOP 
OF 

C Y L I N D E R  

7 L V E  2 

F R O M  TOME 

I 

O M  O V E R F L O W  

Figure 8. Valve arrangement t o  allow fo r  i r r i g a t o r  s e l ec t i on  of 

overflow gates  a t  NcDonnell-McElhaney automated system. 

Valve 1--four-way, pneumatically pi lo ted,  spr ing r e tu rn  

valve mounted on ga te  frame; Valve 2--three-way, pneu- 

matically p i lo ted  d iver te r  valve; Valve 3--toggle operated 

pneumatic valve. 
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S I G N A L  L I N E  LE GTH,  FT 

Figu re  9. Time r equ i r ed  f o r  t h e  p i l o t  of a  four-way, pneumat ica l ly  

a c t u a t e d  va lve  t o  o p e r a t e  when be ing  p r e s s u r i z e d  ( g a t e  

opened) Erom atmospheric  p r e s s u r e  and dep re s su r i zed  ( g a t e  

c losed)  from 50 p s i  ope ra t i ng  p r e s s u r e  r e l a t e d  t o  s i g n a l  

l i n e  l e n g t h .  The s i g n a l  l i n e  tubes  were l /4 - inch  OD (1/8- 

inch  I D )  po lye thylene  tubing.  
Annual Report of the U.S. Water Conservation Laboratory



TITLE: TIME KATE MOVEMENT OF WATER FOR DEAD LEYEL IRRIGATION 

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

CODE NO. : USWCL 74-3 

INTRODUCTION: 

To reduce the  quant i ty  of salt i n  the  drainage water  re turned t o  

the  lower Colorado River system near Puma f o r  desa l in iza t ion ,  from 

the  Wellton-Mohawk I r r i g a t i o n  Pro jec t ,  t h e  app l i ca t ion  e f f i c iency  of 

i r r i g a t i o n  water  must be improved. 

The i r r i g a t i o n  app l i ca t ion  e f f i c iency  i n  many cases can be  improved 

by changing t h e  farm i r r i g a t i o n  system, A method of i r r i g a t i o n  r e f e r r e d  

t o  a s  "dead-level" can be highly effic5en.t and represen t s  one such 

change. 

For f u r t h e r  in t roductfon,  s e e  1975 Annual Report. 

OBJECTIVES: 

(1) To determine t h e  e f f e c t s  on time-rate-of-advance f o r  dead- 

l e v e l  i r r i g a t i o n  systems t h a t  a r e  caused by: 

(a) F i e l d  conf igura t ion 

(b) Stream s i z e  o r  app l i ca t ion  r a t e  

(c) Number and Location of o u t l e t  s t r u c t u r e s  

(2) To publish a p r a c t i c a l  publ ica t ion explaining design prin-  

c i p l e s  and water  management c r i t e r i a ,  including considera- 

t i o n  of c u l t u r a l  changes f o r  implementing dead-level. i r r i g a t i o n .  

PROCEDURE: 

The u t i l i z a t i o n  and expansion of dead-level systems has  continued 

t o  expand i n  Southwestern United S ta tes .  This method of i r r i g a t i o n  

has been accepted and made more des i rab le  by t h e  use and a v a i l a b i l i t y  

of l a s e r  l eve l ing  equipment. 

During the  year ,  var ious  ways of preparing t h e  land and managing 

water have been observed and discussed with farmers. The a r t  is t o  

use l a r g e  streams of water  t o  reduce labor requirements and st i l l  con- 

t r o l  erosion,  prevent over-topping of rows and scalding.  Several  

choices a r e  a v a i l a b l e  and these  should be observed, demonstrated, and 

presented t o  farmers. 
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Nany l e c t u r e s  were presented a t  meetings i n  Arizona, Cal i fornia ,  

and Utah. I n  addi t ion ,  severa l  sess ions  were held  with p r i v a t e  con- 

s u l t a n t s  contrac t ing f o r  design of dead-level i r r i g a t i o n  systems. 

S m m Y  : 

The use of l a s e r  l e v e l e r s  i s  making dead-level i r r i g a t i o n  systems 

more des i rab le  than o r i g i n a l l y  v isual ized.  Farmers, by using t h i s  

method, a r e  innovating means of d i s t r i b u t i n g  water t o  e f f i c i e n t l y  and 

p r a c t i c a l l y  accomplish t h e  job of producing a crop* 

A Farmers B u l l e t i n  has been accepted and is presen t ly  at: t h e  

pub l i she rP  s. 

PERSONNEL: Leonard J. Er ie  and Allen R. Dedrick 
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TITLE: CLOGGING POTENTIAL 

IRRIGATION SYSTFAPfS 

OF COLORADO RIVER WATER I N  

AND DEVELOPMENT OF METHODS 

TRICKLE 

FOR 

PREVENTING PLUGGING 

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

CODE NO.: USWCL 75-2 

INTRODUCTION : 

An Annual Report submit ted t o  t h e  S o i l  Conservat ion S e r v i c e  

inc ludes  t h e  d e t a i l s  of t h e  work accomplished f o r  1977. I t  covers  

approximately t h e  compzete t h r e e  yea r s  of s tudy  a t  a f i e l d  s i t e  i n  

Tacna, Arizona. The r e p o r t s  f o r  1975 and 1976 are r e f e r r e d  t o  f o r  

t h e  o b 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 t r ea tmen t s  and exper i -  

mental  procedures .  F u r t h e r  ex t ens ion  of t h e  i n v e s t i g a t i o n  t o  cover  

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

i n d i v i d u a l  e m i t t e r  flow r a t e s  and uni formi ty  of wa te r  a p p l i c a t i o n  is 

contemplated. 

SI.JMMARY : 

Monitoring of phys i ca l ,  chemical and b i o l o g i c a l  a n a l y s e s  of water  

and d ischarge  rates of e m i t t e r s  w a s  cont inued f o r  t h r e e  y e a r s  on  a 

t r i c k l e  i r r i g a t i o n  system. Emi t t e r  performances w i t h  d i f f e r e n t  wa te r  

t rea tments  were eva lua t ed  on t h e  b a s i s  of o v e r a l l  average f low rates 

and on v a r i a b i l i t y  i n  i n d i v i d u a l  d i scharges .  The 9 d i f f e r e n t  t ypes  of 

emitters exh ib i t ed  d i f f e r e n t  behavior  i n  r e l a t i o n  t o  w a t e r  t rea tment .  

E m i t t e r s  w i th  moving p a r t s  had a tendency t o  i n c r e a s e  i n  f low w i t h  

t ime i f  t h e  va lve  o r  diaphragm u n i t  i s  a f f e c t e d  by t h e  chemica l  t r e a t -  

ment. Some f i l t r a t i o n  is requ i r ed  f o r  proper  e m i t t e r  ope ra t ion ,  b u t  

t h e  h i g h  suspended load  dur ing  t h e  summer months f o r  t h i s  wa te r  may 

make f i l t r a t i o n  i m p r a c t i c a l  w i thou t  automatic  bachwashtng c a p a b i l i t i e s .  

P a r t i a l  r e s u l t s  i n d i c a t e ,  however, t h a t  cont inuous hypochlor i te -ac id  

o r  continuous a c i d  t r ea tmen t s  w i l l  maintain b e t t e r  a p p l i c a t i o n  uni- 

formi ty  than  the  non-chemical o r  i n t e r m i t t e n t  hypochlor i te -ac id  

t rea tments .  

PUBLICATIONS : 

1. Bucks, D. A * ,  Nalcayama, F. S . ,  and G i l b e r t ,  R. G.  1976. Clogging 
r e sea rch  on d r i p  i r r i g a t i o n .  Proc. 4 t h  Annual I n t e r n .  Dr ip  I r r i g .  
Assn., Fresno, CA. 1976. 
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G i l b e r t ,  R. G . ,  Nakayama, I?. S . ,  and Bucks, D. A. 1977. T r i c k l e  
i r r i g a t i o n :  Prevent ion  of c logging.  Am. Soc. Agr. Engin. P r e e  
p r i n t  77-2011. 

Nakayama, 3'. S . ,  G i l b e r t ,  R. G . ,  and Bucks, D. A. 1977. Water 
t rea tment  i n  t r i c k l e  i r r i g a t i o n  systems. J. I r r i g .  and Drain.  
Div., Am. Soc. C i v i l  Engin. ( I n  P r e s s ) .  

PERSONNEL: F. S. Nakayama, R. G. G i l b e r t ,  D. A. Bucks, B. A. Rasnick, 

0.  F, French. 
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TITLE: IRRIGATION ADVANCE AND RECESSION MODELING 

NRP: 20740 CRIS WORK UNIT: 5090-20741-002-A 

INTRODUCTION : 

Several  l e v e l s  of mathematical models f o r  advance and recess ion  

i n  i r r i g a t i o n  borders have been developed. These models range from 

a simple model (S t re lkof f ,  1977) which can be hand ca lcu la ted ,  t o  a 

t h e o r e t i c a l l y  complete model (Katopodes and S t re lkof f ,  1977a), f o r  

which a s i n g l e  run may take  a s  much a s  h a l f  an hour on a h igh  speed 

d i g i t a l  computer. An in termedia te  model (Strelkoff  and Katopodes, 

1977b), c a l l e d  t h e  zero i n e r t i a  model, has  a high degree of accuracy 

and can be  run quickly on a r e l a t i v e l y  slow mini-computer. This 

model appears t o  have a g r e a t  d e a l  of p o t e n t i a l  f o r  use  i n  i r r i g a t i o n  

system design and management. The zero i n e r t i a  model thus  deserves 

the  z r e a t e s t  a t t e n t i o n .  

DTSCUSSION: 

The o r i g i n a l  zero i n e r t i a  model had s e v e r a l  problems assoc ia ted  

with boundary condit ions.  Spec i f i c  problems w e r e  (a) t h e  water  sur- 

f ace  p r o f i l e s  ca lcula ted  a t  the  downstream end of a f i e l d  diked t o  

prevent runoff ,  (b) t h e  water su r face  p r o f i l e  a t  t h e  upstream end of 

t h e  f i e l d  a f t e r  an abrupt  cu to f f ,  (c) t h e  water  s u r f a c e  p r o f i l e  a t  

the  receding edge during simultaneous advance and recess ion.  These 

problems a r e  discussed i n  more d e t a i l  i n  a discussion of S t re lkof f  

and Ratopodes, 1977b, by A. 5 .  Clemmens and D. D. Fangmeier, which 

w i l l  be  submitted i n  e a r l y  1978. These problems have been s o r t e d  o u t  

and t h e i r  so lu t ions  w i l l  appear i n  t h e  c losure  of t h e  same paper. 

The S a i n t  Venant equations of cont inui ty  and momentum were pu t  

i n  dimensionless form f o r  the so lu t ion  of i r r i g a t i o n  advance with 

zero i n e r t i a  model i n  Katopodes and S t re lkof f ,  1977b. I n  t h a t  paper, 

the  p a r a m e t e r p  was used a s  a c h a r a c t e r i s t i c  parameter and t h e  para- 

meterIK was set t o  uni ty .  A s e t  of dimensionless graphs of  advance 

f o r  a = .1 t o  a = .9, each with a s e t  of curves f o r  d i f f e r e n t  values 

of TP were presented. 
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Later ,  analyses of a wide range of f i e l d  data  showed t h a t  i t  

would be more appropriate f o r  surface  i r r i g a t i o n  t o  letl?? be un i ty  

and l e t K  vary. These data  and the  analysis  a r e  presented i n  a 

discussion of Katopodes and S t re lkof f ,  1977b, by Albert  J. Clemmens 

t o  be submitted i n  ea r ly  1978. 

An add i t iona l  dimensional analysis  was performed on t h e  Sa in t  

Venant equations f o r  l e v e l  borders (no s lope) .  By e l iminat ing one 

parameter ( the  f i e l d  s lope) ,  more information can b e  shown on the  

same number of graphs, I n  t h i s  case,  the  time of cut-off, o r  appli-  

ca t ion time, was used a s  t he  cha rac t e r i s t i c  time. Now both advance 

before  and a f t e r  cut-off f o r  l e v e l  borders can be displayed on t h e  

same s e t  of graphs. Another revis ion i n  the  zero i n e r t i a  model has 

been made t h a t  allows recession t o  begin a t  e i t h e r  end of t he  f i e l d ,  

and w i l l  be incorporated i n  the  so iu t ion  of advance on l e v e l  borders 

a f t e r  cutoff .  A manuscript is  being prepared t o  present ihese  

r e s u l t s .  

Actual advance and recession r a t e s  on severa l  borders i n  Wellton 

and Phoenix, Arizona, were observed. Some of t h i s  da ta  along wi th  

data from other  sources was compared with the  zero i n e r t i a  solut ion.  

The agreement i n  most cases was good. A manuscript has been prepared 

t o  present these r e s u l t s  which w i l l  be submitted i n  ea r ly  1978. 

The major drawback i n  using the  model is the  i n a b i l i t y  t o  g e t  

good f i e l d  data. S o i l  i n f i l t r a t i o n  cha rac t e r i s t i c s  and sur face  

roughness a r e  d i f f i c u l t  t o  determine accurately.  Presently,  r i n g  

i n f i l t r a t i o n  data adjusted t o  achieve a volume balance ( ~ e r r i a m ,  1971) 

is  used t o  ge t  an approximation of the  cumulative i n f i l t r a t i o n  

function expressed i n  a power form. For low in take  s o i l s ,  a power 

function does not adequately express the  s o i l  i n f i l t r a t i o n  character-  

i s t i c s  throughout the  time of i n t e r e s t .  I n i t i a l l y ,  the  f i t  can be 

qu i t e  good, but a s  the  i n f i l t r a t i o n  r a t e  approaches some f i n a l  value, 

the  ac tua l  cumulative i n f i l t r a t i o n  r a t e s  d i f f e r  s i gn i f i c an t l y  from 

the  power function approximation. For these s o i l s ,  a chree-parameter 

function may be i n  order. 
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SUMMARY : 

The zero i n e r t i a  model f o r  border i r r i g a t i o n  advance and recess ion 

is now ready f o r  genera l  use. Some ca re  must s t i l l  b e  taken i n  i n t e r -  

p re t ing  t h e  r e s u l t s  of t h e  model, 

ADDITIONAL REFERENCES: 

1. Linderman, Charles L., and Stegman, E a r l  C., 1969. Seasonal 
v a r i a t i o n  of hydraul ic  parameters and t h e i r  in f luence  upon 
sur face  i r r i g a t i o n  app l i ca t ion  ef f ic iency.  h e r .  Soe. of Agric. 
Engin, Winter Meeting, December 9-12, Chicago, I l l i n o i s ,  

2. Merriam, John L, 1971. Adjusting cyl inder  i n f i l t r o m e t e r  da ta  
f o r  f i e l d  use. h e r ,  Soc. of Agric. Engin. P a c i f i c  Region 
Annual Meeting, March 31-April 1, Las Yegas, Nevada, 

PUBLICATIONS: 

1. Katopodes, Nikolaos D . ,  and S t re lkof f ,  Theodorp 1977a. Hydro- 
dynamics of border i r r i g a t i o n  - Complete model. Journa l  of t h e  
I r r i g ,  and Drain. Dive,  h e r .  Soc, of C i v i l  Engin- 103 (LR3): 
309-324. 

2. Katopodes, Nikolaos D o ,  and S t re lkof f ,  Theodor, 1977b. Dimen- 
s i o n l e s s  so lu t ions  of border- i r r iga t ion advance- Journa1 of t h e  
I r r i g .  and Drain Div., Amer. Soc. of C i v i l  Engin. 103 (IR4): 
401-417. 

3. S t r e l k o f f ,  Theodor, and Katopodes, Nikolaos. l977a. End depth 
urrder ze ro - ine r t i a  condit ions.  Journal  of t h e  Hydraulics Div,, 
Amer,  Soc, of C i v i l  Engin., 103 (HY7):  699-711. 

4. S t r e l k o f f ,  Theodor, and Katopodes, Nikolaos D. 1977b. Border- 
i r r i g a t i o n  hydraul ics  with zero i n e r t i a .  Journa l  of  t h e  I r r i g ,  
and Drain. Div., Amer, Soc. of C i v i l  Engin., 193 (IR3): 325-342. 

5. S t re lkof f ,  Theodor. 1977. Algebraic computation of  f low i n  
border i r r i g a t i o n .  Journal  of t h e  I r r i g .  and Drain. Div., Amer. 
Soc. of C i v i l  Engin. 103 (XR3): 357-377. 

PERSONNEL: Albert  J ,  Clemmens, John A. Replogle, Al len  R, Dedrick- 
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TITLE: RELATIVE CHANGES IN TRANSPIRATION AND PHOTOSYNTHESIS INDUCED 

BY SOIL WATER DEPLETION IN A CONSTANT ENVIROmNT 

NRP: 20760 CRIS WORK UNIT: 5510-20760-001 

CODE NO.: Ariz.-WCL 71-1 

This year's annual report consists of the following abstract 

from a manuscript sent to the National Technical Editor, entitled 

"Drought-Induced Changes in Water-Use Efficiency of Six Plant Species 

in a Controlled Environment," by W. L. Ehrler, B. A. Kimball, and 

S. T. Mitchell. 

"Future urban and industrial competition with agriculture for 

increasingly scarce water supplies eventually will place a premium 

on efficiency of water use. Then crops with the highest water-use 

efficiency (yield per unit of water) will be planted in preference 

to those yielding the most per unit of land area, as occurs now, To 

address this problem, a limited survey was undertaken to ascertain 

differences in WUE among plant species. Drought-induced changes in 

W E  of six crops were measured in a controlled-environment chamber 

under saturation light levels. Use of a whole-plant chamber enabled 

simultaneous, half-hourly rates of transpiration and photosyathesis 

to be measured as gradual soil moisture depletion decreased trans- 

piration by 90% from the initial rates. Continual measurement of 

leaf thickness with a beta-ray gauge enabled a non-destructive de- 

termination of the relative leaf water content (RLWC) to be made 

continuously. The leaf diffusion resistance (\) and mesophyll 

resistance ) were calculated from the chamber measurements and a 

measurement of the boundary layer resistance." 

"The data showed a lower W E  for corn and sorgErum under drought 

than when well watered, no change for black-eyed pea, and a higher 

WUE for cotton, sunflower, and mulberry. The mWC ranged from 99 to 

72% during the imposed drought. Concurrent ranges in R .  were from 

4 to above 100 sec/cm in corn and sorghum and 0.8 to about 50 sec/cm 

in the dicotyledonous species. % values were variable, but at their 
lowest tended to be from 6 to 10 sec/cm. The results suggest that 

corn and sorghum (and perhaps other tropical grasses with a high 
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photosynthetic r a t e )  should not be s t r e s s e d  f o r  water f o r  g r e a t e s t  

WE, whereas c e r t a i n  dicotyledons such a s  cot ton and sunflower can 

be s t r e s s e d  s u f f i c i e n t l y  t o  save water without s a c r i f i c i n g  much 

y i e l d ;  they a l s o  may be promising candidates f o r  s e l e c t i o n  and breed- 

ing  t o  enhance WE under drought," 

Further s t u d i e s  w i l l  dea l  wi th  a comparison of c l o s e l y  r e l a t e d  

species  o r  c u l t i v a r s  wi th in  a given spec ies  known t o  d i f f e r  s i g n i f i -  

can t ly  i n  t h e i r  f i e l d  behavior--such a s  an old l i n e  wheat a s  compared 

with t h e  new high y ie ld ing  Mexican c u l t i v a r s ;  o r  Pima v e r s u s  Delta- 

p ine  cotton;  o r  isogenic bar ley  c u l t i v a r s  d i f f e r i n g  only i n  a gene 

f o r  chlorophyll ,  e.g., Campana versus  Golden Campana. 

PERSONNEL: We L. Ehr ler ,  B. A. Kimball, and S, T, Mitche l l  
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TITLE: GROWTH AND YIELD OF JOJOBA (SIMMONDSIA CHINENSIS (LINK) 

SCHNEIDER) ON RUNOFF-COLLECTING MICROGATCE~NTS 

CRIS WORK WIT: 5510-20760-001 

CODE NO,: USWCL 73-4 

For details, see previous annual reports. A sumnary of 4 years' 

experimental results is contained in a manuscript entitled "Growth 

and Yield of Jojoba Plants Using Runoff-Collecting Microcatchments 

in a 200-mm Rainfall Region" by W, L. Ehrler, D, N. Fink, and S. T., 

Mitchell, which has been approved by the Nacional Technical Editor 

and submitted to the Agronomy Journal for publication, The abstract 

from this manuscript follows : 

"Water-harvesting techniques were applied to a native stand of 

jojoba to evaluate the method for increasing seed yield and to gain 

insight into the water needs of the plant, Thirty small, idigenous, 

female bushes were selected and randomly divided into three treat- 

ments: To, no catchments; T1$ cleared, smoothed and rolled 20-m 
2 

catchments; and T2, treatment T plus water-repellant soil coatings. 1 
Data were collected for rainfall, runoff (estimated from similarly 

treated and monitored catchments), soil moisture, relative leaf water 

content, plant volume, and seed yield, The 4-year average of pce- 

cipitation plus runoff to plants during the critical growth-yield 

period of October through June was: To, 154 mm; T1, 435 ma; and T2, 

876 mm. The plant volume increase averaged 43, 44 and 237% for To, 

T and T2, respectively. Seed yield in 1974, the first year, 
1 
averaged 0.5, 8, and 23 g/plant for treatments T TI , and T2 re- 

spectively. Frost injury destroyed the flowers in 1975 and 1976, but 

in 1977 yields increased to 27, 76, and 208 glplant for the respec- 

tive treatments. Maximum yield was 514 g/plant." 

The experiment will be continued. A new approach will consist 

of conversion of the catchment for the T treatment (smoothed, rolled 1 
soil) to a sodium clay surface layer by addition of bentonite and 

sodium chloride. This will be an attempt to increase the runoff from 

the approximately 45% annual value to 70% and thereby increase the 

yield significantly over the control values. An additional. feature 
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will be the periodic, simultaneous measurements of soil water content 

and twig water potential (Y ) to correlate plant water status with twig 
levels of soil moisture, A portable Scholander pressure chamber will 

be taken to the field to measure (Ytwig)* A representative value can 

be obtained from triplicate measurements of twigs with as few as two 

nodes per twig. Therefore, the technique will be of minimal dis- 

turbance to the plant. 

PERSONNEL: W. L. Ehrler and D. H. Fink 
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TITLE: TEWERATURE CONTROL OF C02-FERTILIZED, SEALED GREENHOUSES 

hTRP : 20760 CRIS lJOK UNIT: 5510-20760-001 

CODE NO.:  Ark.-WCL 75-1 

INTRODUCTION: 

A major object ive  of t h i s  project  i s  t o  demonstrate t h e  y i e ld  

responses a r ta inab le  with CO f e r t i l i z a t i o n  i n  sealed greenhouses. 
2 

This year we conducted t h e  f i r s t  a c tua l  experiment wi th  a spr ing  

crop of tomatoes. I n  l a t e  summer the  greenhouses were modified 

soaexhat, and 57e s t a r t e d  a f a l l  tomato crop. The y i e ld s  and produc- 

t i o n  cos t s  of t he  f i r s t  spring crop have been evaluated and a l s o  f o r  

t he  second crop up t o  1 February 1978, 

METHODS : 

Greenhouse Description- There a r e  four  aluminun frame green- 

houses covered with f iberg lass  (So i l - l i t e  with t ed l a r ) .  They are 

5 . 4  in wide by 6 , 4  m long by 2-17 m a t  the  eaves by 3.29 m a t  t h e  peak 
I 

2 
~,n give zn a rea  of 28,1 m . They a r e  spaced 3 m a p a r t  i n  an east-west 

row with t he  r idge of each roof oriented north-south, Counting from 

the  e a s t ,  greenhouses 1, 3 ,  and 4 a r e  a l l  equipped with  cooling systems 

which allow them t o  be closed and unventilated even under high l i g h t  

conditions. Table 1 lists the  greenhouses by number and the type of 

cooling f o r  cach. 

The cooling systems operated a s  follows. Greenhouses 3 and 4 

each had an associa ted cooling tower positioned a few meters away. 

The towers had hor izontal ly  or iented aspen excels ior  pads 4.27 m 

long, 1.07 m wide x 51 nun th ick.  Water a t  a flow rate of 4.04 R / s  

was p-mped through th ree  water d i s t r i bu t i on  pipes posit ioned about 

20 cm above t h e  pads. Two pipes were c lose  t o  t h e  pad edge and t h e  

other  was centered. The pipes had 100 3.18-mm-diameter ho l e s  per  

ne t e r  of d i s t r i bu t i on  pipe. A fan was mounted a t  t h e  top of t h e  
3 

towers t o  draw a i r  a t  7 m /s i n  through intakes below t h e  pads, up 

counter flow t o  t he  water through the  pads and exhaust t o  t h e  atmos- 

phere above the  tower. The cooled water drained t o  a sump below t h e  

towers. 
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A l l  of t h e  greenhouses 

pad spray .chmber  and water 

hiere equipped with a h o r i z o n t a l  aspen 

d i s t r i b u t i o n  system of t h e  same s i z e  and 

o r i e n t a t i o n  a s  t h e  cooling towers. Greenhouses 1, 3 ,  and 4 were a l s o  

equipped with a return. a i r  duct and fan  t o  draw a i r  from t h e  south- 

w e s t  corner of each greenhouse and blow i t  i n t o  t h e  bottom of t h e  

spray cham3ers, up counterflow t o  t h e  f a l l i n g  water  and i n t o  t h e  

nor th  eml of each greenhouse. Greenhouse 2 was t h e  conventionally- 

cooled con t ro l  house. It was equipped wi th  an exhaust f a n  on i t s  

southwest corner which drew ou t s ide  a i r  i n t o  t h e  spray chamber, up 

thrcugh t h e  pads, i n t o  t h e  greenhouse, and out  t o  t h e  atmosphere, 

For greenhouses 3 and 4, cool  water  from t h e  towers was pumped 

t o  t h e i r  spray chambers where t h e  pads served a s  d i rec t -contact  h e a t  

cxchangcrs t o  cool  t h e  r e c i r c u l a t i n g  greenhouse air ,  For greenhouse 

2 ,  t h e  spray chamber served a s  a conventional evaporat ive coo le r  and 

Zhe greenhouse a i r  w a s  not  r ec i rcu la ted .  Tn addi t ion ,  f o r  t h e  s p r i n g  

<:Top, "ihc spray chanber on greenhouse 2 served as t h e  cool ing tower 

f o r  greenhouse 1, Thus, i t  produced cool  air f o r  greenhouse 2 and 

cool  water f o r  greenhouse 1, When t h e  t h e m o s t a t  i n  1 c a l l e d  f o r  

cooling,  b~i :  t h e  one i n  2 d id  not ,  blowers a t  t h e  top  of t h e  spray 

chamber of 2 were used t o  draw a i r  through t h e  pads of 2, b u t  no t  

through greenhouse 2 ,  i t s e l f .  Some cooling of 2 occurred anqway 

whenever these  blowers were on, even though t h e  exhaust f a n  f o r  2 

xrzr. not: 53, Greenhouse I. operated l i k e  3 and 4 f o r  t h e  s p r i n g  crop 

with i t s  a i r  being rec i rcu la ted  through cool  water from a n  e x t e r n a l  

device,  Before t h e  f a l l  crop was s t a r t e d ,  greenhouses I and 2 w e r e  

sI.ig,htly re-wired t o  opera te  independently (Table 1 ) .  Greenhouse 2 

operated a s  a completely conventional fan-pad cooled greenhouse, 

Greenhouse 1 was modified s o  t h z t  t h e  dus t  f an  drew i n  dry o u t s i d e  

a i r  r a t h e r  than green'nouse a i r .  Af ter  being evaporat ively  cooled i n  

t h e  pads and passing through t h e  greenhouse, i t  was exhausted through 

t h e  roof r idge  vent .  Thus f o r  t h e  second crop, greenhouse 1 was a l s o  

conventionally cooled. 

Ln t h e  event t h e  cooling systems broke down o r  w e r e  inadequate 

when outs ide  wet bulb temperatures were high, each greenhouse was 
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equipped with a "safety valve" t h a t  operated from an un in te r rup tab le  

power supply, A l l  greenhouses had motorized r idge  ven t s ,  and green- 

houses 1, 3 ,  and 4 had motorized dampers a t  t h e  south  end of t h e  a i r  

r e t u r n  ducts .  I f  t h e  temperature rose  above a set po in t ,  vent  thermo- 

s t a t s  ac t iva ted  t h e  motors t o  open t h e  r i d g e  vents  and dampers, I f  

t h e  reason f o r  t h e  temperature r i s e  was mechanical f a i l u r e  of some 

component, n a t u r a l  v e n t i l a t i o n  a t  least would prevent t h e  crop from 

being.cooked. I f  t h e  reason f o r  t h e  teapera ture  rise was inadequacy 

from high w e t  bulb temperature, opening t h e  damper and r i d g e  ven t  

transformed t h e  aspen pad di rec t -contact  hea t  exchanger i n t o  a n  

evaporat ive cooler ,  thus  providing add i t iona l  cooling t o  t h e  green- 

houses. A switch turned off  t h e  CO generators whenever t h e  r i d g e  
2 

vents  w e r e  open, 

A 1 1  of t h e  greenhouses were a l s o  equipped wi th  7 * 5  kw electric 

r e s i s t m c e  h e a t e r s  t o  provide hea t  on cold n ights .  

The heat ing,  cooling,  and emergency v e n t i l a t i o n  s y s t e n s  were 

s11 conZroJlcd by individual  thermostats.  The t h e m o s t a k  were set 
xL f-,ooy (15-5 C), 80°F (26.5 C ) ,  and 85°F (29-5 C) f o r  hea t ing ,  

coaZing, and exergency v e n t i l a t i o n ,  respectivePy, 

CuZti;ral Procedures. The growing medium was a bed of sand 

uader la in  by d ra in  tubes over a sheet  of polyethylene f i l m  (Jensen, 

1971)- The sand was 30 cn  deep a t  t h e  south end of t h e  greenhouses 

and 45 cn a t  t h e  nor th  end t o  provide a grade f o r  dra inage t o  a sump, 

The conventional polyethylene used on t h e  i n i t i a l  i n s t a l l a t i o n  

proved t o  be too f r a g i l e ,  and very l i t t l e  drainage w a t e r  even 

entered t h e  sumps. Consequently, t h e  water  use measurements of t h e  

spr ing crop were useless .  Between crops, new p l a s t i c  w a s  i n s t a l l e d ,  

This time, two shee t s  of 4-mil cross-laminated polyethylene f i l m  

(Tu-Tuf-4 from Sta-Cote Products, Inc.) was used, and s o  far it has  

performed wel l ,  as indica ted  by the drainage w a t e r  being n e a r l y  

equal t o  t h e  i r r i g a t i o n  water while t h e  f a l l  tomato p l a n t s  were 

small.  
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While t h e  new p l a s t i c  w a s  being i n s t a l l e d ,  t h e  sand beds were 

a l s o  divided t o  form two separa te  beds lengthwise i n  each green- 

house. The west beds were 2.3 n wide f o r  th ree  double tomato rows 

v h i l c  t h e  e a s t  w e r e  1.5 m f o r  two rows, 

The greenhouse tomato v a r i e t y  was " t r ~ p i c . ' ~  The s p r i n g  crop 

was sown i n  peat  cubes on 7 January 1977 and t ransplanted i n t o  t h e  

greenhouse on 4 February, The f i r s t  ha rves t  occurred on 28 March 

and continued once o r  twice weekly u n t i l  1 August. During August 

t h e  v ines  from t h e  f i r s t  crop were removed, t h e  new p l a s t i c  was 

i n s t a l l e d  under t h e  sand beds, and greenhouses 1 and 2 were rewired 

t o  opera te  a s  s e p a r a t e  conventionally-cooled greenhouses, The f a l l  

crop was planted i n  peat  cubes on 19 August and t r ansp lan ted  i n t o  

t h e  greenkouses on 16 September. The f i r s t  f a l l  ha rves t  was i n  

November and has  continued a t  weekly i n t e r v a l s  i n t o  1978, W e  p lan  

t o  continue t h i s  crop through the  spr ing s o  long a s  t h e  v i n e s  a r e  

 rigorous, 

The p l a n t s  were pruned once o r  twice a week t o  maintain s ingle-  

s t e m e d  p l a n t s  which were a t tached t o  p l a s t i c  support twine w i t h  

p l a s t i c  p l a n t  c l i p s  and by winding t h e  s t r i n g  around t h e  s t e m .  On 

6 Ju ly ,  the te rminal  buds were pruned t o  promote f a s t e r  development 

of t h e  l a s t  f r u i t s ,  The p l a n t s  were pollenated near  noon on weekdays 

a d  genera l ly  once each weekend by pounding the  cab les  t h a t  h e l d  up 

kne support twines, 

The crops were planted i n t o  f i v e  double rows i n  each greenhouse 

with t h e  p l a n t s  a l t e r n a t i n g  on each s i d e  of t h e  f i v e  tubes  of t h e  

d r i p  i r r i g a t i o n  system. For t h e  f a l l  crop,  th ree  of  t h e  rows w e r e  

on t h e  w e s t  s i d e  and two on t h e  e a s t  wi th  the  somewhat off-ceneer - 

a i s l e  d iv iding t h e  two beds. Each i r r i g a t i o n  l i n e  had 10 4-R/hr 

Grip-Eze emi t t e r s  spaced 46 cm apar t  t o  accommodate 50 p l a n t s  per  

greenhouse, The l i n e s  were 76 cm a p a r t  except t h e  second and t h i r d  

were 1 2 2  cm a p a r t  t o  make an a i s l e  along t h e  e a s t  c e n t e r  of each 
3 

greenhouse. The growing a rea  per p lant  was 0.35 nL not  counting 
2 

a i s l e s  o r  0.53 m i f  a i s l e s  a r e  counted. 
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I r r i g a t i o n  and Nutrients.  The crop was i r r i g a t e d  a few minutes 

per hour a s  s e t  by a time clock f o r  each greenhouse. Concentrated 

nu t r i en t  so lu t ion  was in jected i n to  the  i r r i g a t i o n  water using two 

c l e c t r i c  i n j ec to r  pmps (Blue Bhite Indus t r i es  Model C-2730 LP). The 

nu t r i en t s  were purchased dry and mixed i n t o  two concentrated s tock 

solut ions .  Ca(N03)2, 'CN03, and Fe-330 were i n  one and t h e  o ther  

nu t r i en t s  were i n  t h e  other  s tock solution.  The i n j ec t i on  r a t i o  

of t h e  pumps w a s  measured and t he  concentration of t h e  s tock  so lu t i on  

was chose3 t o  give  t h e  f i n a l  nu t r i en t  concentrations de l ivered  t o  t h e  

plants as shown i n  Table 2. 

The concentrat ions i n  Table 2 f o r  t h e  spring crop are t h e  same 

as used by Sensen and Eisa (1972). Micronutrients w e r e  supplied £ram 

bor ic  ~ c k d  (.44 ppm B ) ,  manganous chloride (-62 ppm W), z i n c  s u l f a t e  

(.09 ppm Zm), cupr ic  chlor ide  (.05 ppm Cu), and molybdenum t r i o x i d e  

(.03 ppm Mo). Several tomatoes from the  spring crop developed "gray- 

:all1' or  blossoin end ro t .  There a l so  was considerable cu r l i ng  of t h e  

l ea f  pe t io les  which suggested possible boron deficiency, 

Leaf pe t i o l e  samples were taken and t i s s u e  ana lys i s  w a s  performed 

by a commercial t e s t i n g  laboratory (Chemonics). Their  r e s u l t s  i n  

Tzble 3 suggested, poss ible  def ic iencies  of boron, ni trogen,  and 

calcium. Therefore, t he  concentration of Ca(N0 ) was increased i n  3 2 
the nu t r i en t  so lu t ion  on 26 Apri l  a s  indicated i n  Table 2, One-half 

of each greenhouse was a l so  sprayed with bor ic  acid  a t  a r a t e  of 

9 gm H,BO /gal of water on 28 April.  The spray r e su l t ed  i n  some l ea f  
s 3 

burn and no decrease i n  t h e  incidence of leaf  p e t i o l e  cur l ing ,  

Because of the  poss ible  mineral def ic iencies  exhibi ted with t h e  

spr ing crop, we decided t o  include a nu t r ien t  var iab le  wi th  t h e  - 

second crop. Therefore, t he  sand beds were divided a s  described 

previously, and ewo l e v e l s  of nu t r ien t  were applied f o r  t h e  second 

crop. The "low" so lu t ion  was almost t he  same a s  wi th  t h e  spr ing  

crop except K SO was not added (Table 2) + It is the  same a s  t he  
2 4 

standard treatment of Fontes (1977). The "high" concentrat ion w a s  

50% greater  than t he  "low" (Table 2) ,  and it was applied t o  t h e  

three  rows on the  west s i de  of each greenhouse. Nicronutrient  
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c o n c e n t ~ a t i o n s  were t h e  same a s  t h e  spr ing crop f o r  t h e  ''low'' and 

50% g r e a t e r  f o r  t h e  "high," 

As i n  o the r  years ,  clogging of t h e  i r r i g a t i o n  system continued 

t o  be  a major problem. A yellow-gray p r e c i p i t a t e  accumulated i n  

l i n e s  and clogged emitters, r egu la to r s ,  and solenoid valves ,  

Chemical ana lys i s  showed i t  t o  be calcium phosphate. The l i n e s  

and emi t t e r s  required  f lushing every 2 weeks, and r e g u l a t o r s  s t u c k  

at  unpredictable i n t e r v a l s .  I n  an e f f o r t  t o  reduce the problem, 

a c m  switch w a s  i n s t a l l e d  on 26 Ju ly  1977 to a l t e r n a t e  calcium and 

phosphate i n j e c t i o n s  and separa te  them with  water s o  t h a t  phosphate 

and calcium would no t  be i n  t h e  i r r i g a t i o n  system at the same t i m e .  

The plugging continued wi th  no apparent decrease, Poss ib ly  t h e  

ca lc i -  a l ready i n  t h e  supply water was enough t o  r e a c t  w i t h  t h e  

phosphate and p r e c i p i t a t e .  Since the  pH of t h e  n u t r i e n t  s o l u t i o n  

was soaewhat high (6.5), we t r i e d  adding BC1 t o  t h e  s tock  s o l u t i o n s  

t o  Lower tke pE of t h e  c a l c i m  and phosphate pu l ses  t o  5.5 separa ted  

by supply water a t  pH 7 - 7 .  This treatment a l s o  f a i l e d  t o  s t o p  t h e  

plugging and t h e  a c i d i f i c a t i o n  was discontinued a f t e r  about 6 weeks.. 

iJi-;h Lhc next crop w e  plan t o  t r y  applying phosphate d i r e c t l y  and 

not through t h e  i r r i g a t i o n  system. 

Pcs t  Problems. Some problems were encountered wi th  i n s e c t s ,  

d iseases :  and rodents,  An i n i t i a l  spr ing p lan t ing  was ru ined by 

cricketls and an i n i t i a l  f a l l  p lant ing by mice, s o  both  crops  were 

delayed by about 2 weeks. Diazinon granules and poison g r a i n  and 

t r a p s  were required  t o  solve  these  problems. Before t r a n s p l a n t i n g  

the spr ing crop, Vapam s o i l  fumigant was d i lu ted  wi th  t h r e e  p a r t s  

water and applied t o  t h e  sand with a hose attachment. P l a s t i c  

shee t s  were spread over t h e  sand i n  each greenhouse t o  conf ine  t h e  

vapor t o  t h e  sand bed. Between crops, t h r e e  1-lb methyl bromide 

s o i l  fumigant cann i s te r s  were discharged under p l a s t i c  s h e e t s  

a s  ber'ore. 

Aphids a t tacked greenhouse 2 shor t ly  before 25 February and 

were control led  with Pirimore a t  1 . 4  gm/3 gal- sprayed i n  a l l  t h e  

houses, A white f l y  population appeared i n  greenhouse 2 ,  bu t  
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never seewed t o  ge t  l a r g e  enough t o  be a problem and no c o n t r o l  

measures were taken. A sp ide r  mite i n f e s t a t i o n  a l s o  broke o u t  i n  

. greenhouse 2 i n  the  middle of July.  They were hosed down twice  

wi th  a mild detergent ,  bu t  they p e r s i s t e d ,  Since t h e  a n t i c i p a t e d  

f i r s t  harves t  was 1 August, no i n s e c t i c i d e s  were applied.  

One plan t  was removed from greenhouse 2 on 1 4  J u l y  t h a t  had 

a v i r u s  d i sease  o r  genet ic  de fec t ,  The leaves w e r e  th ick ,  dark ,  

1-eathery: and t h e r e  was l i t t l e  f r u i t  production. Also on 14 Ju ly  

one p lan t  each was removed from greenhouse 1, 3 and 4 t h a t  appeared 

eo have a w i l t  d isease .  The p l a n t s  w e r e  spindly,  yellowed, and had 

almost no leaves  l e f t .  The crown was dark and r o t t e n  a t  t h e  base  

of p lan t  from 81, somewhat t h e  same from #3, but '84 appeared t o  

h m e  a heal thy crown. 

The f a l l  crop had even more i n s e c t  problems than 'rhe s p r i n g  

crop ,  A s  seedl ings ,  white f l i e s  invaded, and t o  avoid t r a n s p l a n t i n g  

t h m  i n t o  t h e  greenhouses along wi th  t h e  tomatoes, they were sprayed 

Cygon-23 a t  1.5 t s p / g a l  on 14 September 1977. Cabbage-looper- 

type  worms invaded a t  t h e  end of September s o  Thuricide a t  2 t s p / g a l  

was appl ied  t o  a11 t h e  greenhouses, Leaf n ine rs  w e r e  p resen t  i n  a l l  

greenhouses, but never severe  enough t o  be  considered a problem, 

?v'hitc f l i e s  w e r e  s t i l l  a problem i n  a l l  houses, s o  a l l  houses w e r e  

sprayed with 57% malathion a t  1 t s p / g a l  on 5 October 1977 and repeated  

a t  2 t s p / g a l  on 11 October. Red sp ide r  mites i n f e s t e d  greenhouse 2 

and greenhouse 1 on about 4 December. The "lowP' s i d e  of 2 was more 

a f fec ted ,  The p l a n t s  i n  1 and 2 were sprayed wi th  a l i q u i d  de te rgen t  

a t  1 t s p l g a l ,  The mites survived s o  were sprayed again  on 8 December 

wi th  Kelthane a t  2 t s p l g a l .  About 2 weeks l a t e r ,  aphids  appeared ^so  

a l l  houses were sprayed with 50% malathion a t  1 tbs /ga l ,  and repeated  

on 9 J,muary 1975. The aphids pe r s i s t ed  p a r t i c u l a r l y  i n  1 s o  it was 

fumigated wich Dibrome 8EC a t  1 t b s  i n  a bucket on a h o t  p l a t e .  The 

aphids s t i l l  survived so  Dibrome was applied again wi th  2 t b s  over- 

n ight .  There was some l e a f  burn of t h e  tomatoes c l o s e  t o  t h e  bucket ,  

but t h e  aphids f i n a l l y  were k i l l e d  i n  #I. 
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The f a l l  crop a l s o  had more d isease  problems than t h e  s3 r ing  

crop, p a r t i c u l a r l y  with t h e  lower fo l i age .  Generally, t h e  l eaves  

would become yellowed, then n e c r o t i c  i n  spo t s  i n  t h e  yellowed a r e a s ,  

and then t h e  whole l e a f  would d ie .  If a diseased l e a f  f e l l  a g a i n s t  

3 f r u i t ,  t h e  f r u i t  would develop a brown splotch  a t  t h e  p o i n t  of 

contact .  It becarne necessary t o  remove t h e  lower d iseased l e a v e s  

very regu la r ly ,  even above t h e  lower f r u i t s  on many p l a n t s ,  About 

t h e  middle of November, a weekly spraying with Pianzate fung ic ide  

was s t a r t e d ,  and t h i s  necess i t a t ed  harves t ing on a weekly r a t h e r  

than half-weekly schedule. Toward t h e  end of January, house 1 was 

most a f fec ted ,  2 next ,  and 3 and 4 looking f a i r l y  good, I n  January 

we s t a r t e d  a l t e r n a t i n g  Benlate with t h e  Manzate f,or t h e  weekly 

spraying,  

COe Treatments. The carbon dioxide concentrat ions w e r e  

monitored and con t ro l l ed  with conc!uctimetric CO analyzers  which 
2 

wn developed and constructed.  They a r e  described i n  d e t a i l  i n  t h e  

manuscript,  "A Conductimetric Carbon Dioxide Analyser ~ 5 t h  Tempera- 

t u r e  Competsation," Their  p r i n c i p l e  of operat ion,  which was f i r s t  

repor ted  by English workers, is  based on measuring t h e  i n c r e a s e  i n  

eZec"iica1 conduct iv i ty  of r e c i r c u l a t i n g ,  deionized water  when a 

s,mple air stream is bubbled through t h e  w a t e r ,  An improvement 

over previous nodels  was t h e  addi t ion  of temperature compensation 

s o  the instruments could b e  used i n  greenhouses, The ins txunen t s  

provided a r e l i a b l e  measurement f o r  CO concentrat ion i n  t h e  0-3000 
2 

ppn range, and t h e i r  cos t  was 1 /9  t h a t  of infra-red 60 analyzers.  
2 

Greenhouses 1, 3 ,  and 4 were equipped wi th  carbon dioxide  

genera tors  (Johnson Gas Appliance Co., Model 1332) which burned - 

n a t u r a l  gas. The conductimetric CO analyzers had r e l a y s  wi th  2 
ad jus tab le  see  points .  When t h e  CO concentrat ion was below t h e  

2 
s e t  po in t ,  t h e  generators were turned on, and when t h e  CO concen- 

2 
t r a t i o n  increased pas t  t h e  s e t  point  t h e  r e l a y  opened t o  automatic- 

a l l y  con t ro l  t h e  generator .  The capacity of t h e  genera tors  was 

l a r g e  compared t o  our small  greenhouses, so  an a d d i t i o n a l  t imer was 

i n s t a l l e d  I n  t h e  con t ro l  c i r c u i t r y  which allowed t h e  genera tc r s  t o  
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be on f o ~  only about 30 sec  of every 5 mi,n t h a t  t h e  C0 ana lyzers  
2 

c a l l e d  f o r  more CO generat ion.  During t h e  daytime t h e  CO concen- 
2 2 

t r a t i o n  would o s c i l l a t e  around t h e  s e t  point  wi th  a n  amplitude of 

about 50 ppm and a period of abouc 45 min, A t  n igh t ,  p h o t o e l e c t r i c  

switches turned off  t h e  generators,  but  t h e  p i l o t  l i g h t s  and p l a n t  

r e s p i r a t i o n  produced C02, s o  t h e  CO concentrations w e r e  h igher  
2 

than i n  t h e  daytime. Mechanical switches on t h e  r i d g e  v e n t s  a l s o  

turned off  t h e  genera tors  whenever t h e  vents  were open. 

Table 1 s u m a r i z e s  t h e  f e a t u r e s  of t h e  environmental t r ea tments  

imposed on t h e  tomato p l a n t s  f o r  both t h e  spr ing and f a l l  tomato 

crops. Greenhouse 2 served a s  t h e  conventionally-cooled greenhouse 

f o r  both experiments. Greenhouse 3 was cooled wi ih  cool ing tower 

water, thus  permit t ing  it t o  be sealed  and f e r t i l i z e d  w i t h  1000 ppm 

GO f o r  both experiments. Greenhouse 1 was sealed  and f e r t i l i z e d  
2 

with 650 ppm CO, i n  t h e  spr ing experiment, For t h e  f a l l  experiment, 
* 

it w a s  conventionally cooled and f e r t i l i z e d  with 1000 ppm GO when 
2 

no cooiing was required.  By adding a CO generator ,  a could 
2 

usc t h i s  t reatment wizhout modificat ion of h i s  e x i s t i n g  cool ing 

sys ten .  Greenhouse 4 was sealed  but not enriched wi th  GO i n  t h e  
2 

spxing experi~nsnt .  It was included to  separa te  t h e  e f f e c t s  of t h e  

higher humidity i n  t h e  sea led  greenhouses from t h e  e f f e c t s  of  CO 
2 

f e r t i l i z a t i o n .  
- 
instrumentation and Data Collect ion.  I n  order  t o  monitor t h e  

greenhouse environmexrts and t o  obta in  data  wi th  which t o  v a l i d a t e  

greenhouse energy balance simulat ion models, numerous d a t a  w e r e  

recorded, The primary recording device was an Acruex Audodata Nine 

automatic data  acqu i s i t ion  system with 130-channel capac i ty  and 

punched paper tape  output .  We operated t h e  system i n  an averaging 

mode whereby i t  scanned a l l  t h e  channels continuously and punched 

out t h e i r  averages a t  hourly i n t e r v a l s .  The system w a s  used t o  

record t h e  outs ide  s o l a r  r a d i a t i o n  (spect ran  radiometer) ,  windspeed 

and d i r e c t i o n  (R, M. Young G i l l  propellor-vane), dew point  (E G h G 

Cambridge Model 880 dew point  hygrometer), dry bulb temperature 

(copper-constantan thermocouples), and w e t  bulb temperature 
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(evapoxative coo le r ) ,  Several  va r i ab les  i n s i d e  t h e  greenhouses were 

a l s o  recorded including down-coming and r e f l e c t e d  s o l a r  r a d i a t i o n  

Ceube solor imeters  t o  be described l a t e r ) ,  dry and w e t  bulb tempera- 

cures (thermocouple psychrometers), s o i l  heat  f l u x  (Spectran s o i l  h e a t  

f l u x  p l a t e s ) ,  s o i l  temperature, and CO concentrat ion (conductimetric 
2 

GO anzlyzers) .  The GO concentrat ions were a l s o  simultaneously 
2 2 

recorded on a mul t ipoint  s t r i p  c h a r t  recorder  s o  t h a t  a v i s u a l  record 

was always a v a i l a b l e  f o r  monitoring t h e  CO treatments.  Hot and cold  
2 

%rater t e q e r a t u r e s  and water  temperature d i f fe rences  of t h e  cool ing 

towers and t h e  i n s i d e  hea t  exchanger pads were a l s o  recorded, 

Small r e c t i f i e r s  were constructed t o  produce a 5V DC s i g n a l  

from 115 V AC. They were connected t o  t h e  r h e m o s t a t s  which c o n t r o l l e d  

t h e  heaking, cooling,  and emergency v e n t i l a t i o n  systems, A f t e r  

avsraging,  t h e  output  from these  r e c t i f i e r s  was proportioned t o  t h e  

f r a c t i o n  of each hour a p a r t i c u l a r  t h e m o s t a t  w a s  P90n,9' and t h e r e f o r e  

an automatic record w a s  obtained of t h e  energy use of t h e  environmental 

c o n t r o l  systems. 

J7,lspse.l time i n d i c a t o r s  were a l s o  i n s t a l l e d  on t h e  thermostats ,  

~mcl these  were read manually, Manual readings were a l s o  t aken  of 

va*Lw me-i:exs t o  deternine  t h e  volume of cooling water  used, of  i r r i g a -  

t i o n  water appl ied  t o  each treatment,  and of drainage water  from t h e  

i r r i g a t i o n  sumps, Likewise, gas meters w e r e  read manually t o  determine 

t h e  n a t u r a l  gas consumption of each greenhouse. 

P l a a t  measurements included height  u n t i l  t h e  p l a n t s  reached t h e  

support ing cable  and weight of prunings and other  p l a n t  m a t e r i a l  

c a r r i c d  out  of t h e  greenhouse, A l l  f r u i t  was separa ted  i n t o  marketable 

and unmarketable, counted, and weighed. Per iodic  sub-samples w e r e  

taken f o r  moisture content  determination by oven drying. 

Tube Radiometers, A tube s o l a r  radiometer was designed by Harper 

(1977) t o  measure incoming - o r  r e f l e c t e d  s o l a r  r a d i a t i o n -  Bis design 

Eormed t h e  b a s i s  f o r  bui ld ing a u n i t  with two sensing s u r f a c e s ,  one 

f o r  measuring incoming and another f o r  r e f l e c t e d  r a d i a t i o n ,  

The sensing su r faces  were constructed of copper f o i l  p l a t e s  wi th  

adhesive backing. ,The p l a t e s  were mounted on two s t r i p s  of b a l s a  
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wood. The sensing surfaces  were 120 cm long, 3.5 cm wide, and 0.5 cm 

th ick ,  The two s t r i p s  of b a l s a  wood were glued t o  a 0-5-cm spacer  

block t o  form a u n i t  l , 5  ern th ick .  The s t r k p s  formed an upper and a 

lower sensing su r face  with an a i r  space between. S t r i p s  of copper 

f o i l  3 , s  cn wide were glued t o  both su r faces  with contact  cement 

because t h e  adhes2ve backing would not: hold f i rmly enough a lone,  The 

ceaent was allowed t o  dry f o r  24 hours. The f o i l  was then c u t  i n t o  

2,s-cr, x 5-cm p la tes .  The p l a t e s  were connected by so lde r ing  0,0508- 

m. constantan wire  and 0,0508 copper t o  £ o m  a 20-junction thermopile 

(Earper, 1977) , The constantan wires were placed ac ross  two ad jacen t  

p l a t e s  and t h e  copper wires  were placed on a l t e r n a t i n g  p l a t e s ,  

Liquid so lde r  f l u x  was used t o  clean the  p l a t e s  t o  hold t h e  w i r e  i n  

p lace  f o r  solder ing,  and t o  assure  good solder ing con tac t -  A f t e r  

checking f o r  open c i r c u i t s ,  t h e  sol-der j o i n t s  were cleaned writh 

e m  A coat  of b lack pa in t  was used t o  grime t h e  s u r f a c e s  and 

z l l  exposed wood ~7as  painted with f l a t  b lack l a t e x  p a i n t  t o  prevent  

i m i s t u r e  absorption,  Then t h e  p l a t e s  w e r e  given t w o  c o a t s  of  f l a t  

h3- 2.ck and f l a t  white pa in t  with t h e  black and whi te  a l t e r n a t i n g  i n  

a g r i d  pa t t e rn .  The pa in t  was allowed t o  dry f o r  a week in s u n l i g h t ,  

before  placing t h e  u n i t  i n  a pyrex g l a s s  tube 122 cm i n  l e n g t h  and 

4.5 cm diameter- A rubber s topper  with holes  was used t o  seal t h e  

mit. The l ead  w i r e s  were connected t o  a t e m i n a l  s t r i p  which was 

a t tached t o  one rubber stopper with screws, Copper tubes  i n s e r t e d  

through m a l l  holes  were used t o  pass t h e  l ead  wires  t o  t h e  o u t s i d e  

and t o  allow dry a i r  t o  be pumped through t h e  radiometer t o  prevent  

condensation of moisture and pa in t  fumes on t h e  i n s i d e  of the g l a s s ,  

F7e found t h e  pa in t  on the radiometer should be allowed t o  age f o r  

about a month i n  sun l igh t  before c a l i b r a t i o n  because t h e  absorpt ion 

sf l a t e x  p a i n t s  w i l l  i n i t i a l l y  change with exposure t o  s u n l i g h t ,  

During c a l i b r a t i o n  and use,  the  sensing su r faces  must b e  care- 

f u l l y  al igned with t h e  hor izon ta l  plane, The only maintenance t h e  

u n i t s  have needed has been cleaning t h e  outs ide  of t h e  g l a s s ,  

changing t h e  drying column, and rout ine  c a l i b r a t i o n  checks which 

we did  every 3 months. 
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RESULTS hNI) DISCUSSION: 

Q u a l i t a t i v e  Growth Character is t ics .  There was l i t t l e  i n i t i a l  

d i f ference i n  appearance between the  treatments (Table 1) f o r  t he  

spr ing czop, After  about a month or two, however, many of t h e  p l an t s  

began "L cur l l ,  Two d i s t i n c t  types of cur l ing were observed, The 

f i r s t  x37as a corkscrew cur l ing of the  pe t i o l e s  of n e ~ ~ l y  forming leaves 

suggestive of boron deficiency (Skinner and Purvis, 1949). About 60%, 

70%, 60%, and 15% of greenhouses 1, 2 ,  3, and 4 ,  respec t ive ly ,  were 

curled on 26 Apri l ,  There was no pa t te rn  r e l a t ed  t o  CO o r  humidity 2 
treatments (Table 2 ) -  Spraying half  of each house with boran had no 

e f f e c t  on t h i s  cur l ing  a s  discussed previously. A s  t he  crop progressed 

linto t he  ho"cummer, t h i s  type of cur l ing became 720 m o r e  severe,  and 

~rcenhousc  4 was s t i l l  l e s s  affected than the  others ,  With t h e  f a l l  - 
crop, soma p lan t s  i d  exhibi t  pe t io le  cur l ing,  but  t h e  incidence w a s  

much l e s s  than with t h e  spr ing crop, 

The other  type of cur l ing  was a r o l l i n g  of t h e  leaf b lades  

p a r a l l e l  to t he  pe t i o l e ,  so  t he  Leaves were s aped =ore l i k e  yucca 

L e a ~ e s .  Unlike t h e  other  type of curl ing,  t h i s  type w a s  nore  preva- 

l e n t  on older  leaves,  while t he  youcgest looked normal, This type 02 

e x l i n g  s e ~ ? m d  r c l a t ed  t o  temperature, l i g h t  in tens j ty ,  and probably 

-$mtosyntheti.c r a t e -  With t h e  spring crop, the  CO - f e r t i l i z e d  houses 
2 

were affected f i r s t  i n  March, Later ,  a s  l i g h t  i n t e n s i t y  and tempera- 

t u r e  (and presumably photosynthesis) occurred a t  a more r ap id  r a t e ,  

a l l  houses were a f fec ted ,  %en the  f a l l  crop was s t a r t e d ,  t h e  C02- 

f e r t i l i z e d  houses curled almost hm.ediately, but t h e  u n f e r t i l i z e d  

houses did not ,  A s  t he  season turned t o  winter  with lower tempera- 

t u r e s  and l i g h t  i n t e n s i t i e s  (and presumably lower photosynthetic 

r a t e s ) ,  the  cur l ing i n  t he  CO houses ceased. Ttn January 1978, none 2 
of t h e  houses were exhibi t ing curl ing.  

This second kind of cur l ing or  leaf  blade r o l l i n g  is s i m i l a r  t o  

t h a t  described by Madsen (1974). Re found t ha t  tomato l e a f ' s  c u r l  

corre la ted with CO concentration and with s ta rch  content  of t h e  
2 

leaves ,  He postulated t h a t  i n  CO - f e r t i l i z ed  leaves wi th  high photo- 
2 

synthesis  r a t e s  the  s ta rch  accunulaced f a s t e r  than it could be 
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t ranslocated out of t he  leaves,  and the  accumulated s t a r c h  granules 

deformed the  chloroplas ts  and leaves.  3ur observation of l e a f  c u r l  

and y i e ld  data  (Tables 4,  5 ,  6 )  a r e  consis tent  with t h i s  explanation, 

because the  g rea tes t  l ea f  cu r l  and highest  y ie lds  were found together  

i n  t h e  spring crop, and no c u r l  and low y ie ld  i n  t he  f a l l  crop. 

Tomto Yields. Tables 4,  5 ,  and 6 present t h e  tomato y i e l d  -- 
r e s u l t s  by month f o r  t he  two experiments.. Table 4 is  of most economic 

5mportance because i t  contains t he  marketable y i e ld  data ,  The f i r s t  

group of data  f o r  t he  spring crop were most encouraging, P i r s t  t he  

8.58 kg/plant y i e ld  of t he  check greenhouse ( #2 )  w a s  higher thaa 

reported any o ther  workers, although our tomato l i t e r a t u r e  search has  

focussed p r i a a r i l y  on 60 f e r t i l i z a t i o n  r e s u l t s ,  Then second, t he  
2 

22-66 kg/plant y i e ld  from the  sealed greenhouse #3 f e r t i l i z e d  with 

1000 ppm GO2 was 48% higher than eqi.en t he  check, a r u l y  record y i e l d  

so f z r  as we knov. The y ie ld  or' greenhouse 1 with 650 ppm CO w a s  
2 

:intemed:laCe a t  10-04 kcg/plantfor a 17% increase,  The unenriched, 

ye t  sealed,  greenhouse 4 suffered. a y i e ld  reduction of 13% due ro a 

s l i g h t l y  10-tiler 60 concentration o r  more l i k e l y  t o  t h e  considerably 
2 

higher humidity (Table 2)- 

Inspect2on of t h e  upper r i g h t  port ion of Table 4 shows t h e  

y ie ld  increase of greenhouses 1 and 3 over 2 w a s  p r i i i a r i ly  due t o  

more tomatoes ra ther  than l a rge r  tomatoes, Table 5 revea l s  t h a t  

d i f ferences  i n  unmarketable f r u i t  production f o r  t h e  spr ing  crop 

were small compared t o  the t o t a l  amount and di f ferences  of marketable 

f r u i t  production. The di f ferences  i n  t o t a l  dry m a t t e r  production 

i n  Table 6 f o r  t he  spr iag  crop a r e  l e s s  s t r i k ing  ~ h a n  t h e  marketable 

y ie ld  di f ferences ,  wish t he  1000 ppm having a 27% increase.  This 

implies the CO - f e r t i l i z e d  houses put relatrively more dry weight 
2 

i n to  f r u i t  r a the r  than sterns and leaves,  

The f i r s t  months of production from the  f a l l  crop have f a i l e d  

t o  dupl icate  the r e s u l t s  of the spring experiment, Referring t o  

Table 4 ,  the  overa l l  y ie lds  f o r  a l l  treatments have only been about 

half  those oE t h e  spr ing crop, possibly due t o  t he  lower winter  

l i g h t  i n t ens i t i e s .  For the low nu t r ien t  concentration, greenhouses 

Annual Report of the U.S. Water Conservation Laboratory



1, 3 ,  and 4 had increases apparently due t o  60 f e r t i l i . z a t i on  of 6, 
2 

31, and 6%, respect ively ,  Unfortunately, t h e  "Low" s i d e  greenhouse 2 

was t he  s i t e  of an i n f e s t a t i on  of spider mites on 4 December s o  they 

could have a f fec ted  these  r e s u l t s .  A t  the  "high" nu t r i en t  concentra- 

t i on ,  the  sealed greenhouses, 3 and 4 ,  ac tua l ly  suffered a depression 

i n  marketable y i e ld  with house l, which receives CO f e r t i l i z a t i o n  
2 

part-time ac tua l ly  performing t he  best .  There w a s  a g r ea t e r  produc- 

t i o n  of unmarketable f r u i t  (Table 5 i n  t he  60 - f e r t i l i z e d  houses so 
2 ' 

t h e  t o t a l  f r u i t  pro uction i n  houses 3 and 4 was s l i g h t l y  g r ea t e r  

than the 'check house 2, The t o t a l  dry matter  production (Table 6) 

has shown increases  due t o  GO2 f e r t i l i z a t i o n  from 4 t o  22%, b u t  t he r e  

a r e  no pa r t i cu l a r  t rends  between the  l eve l s  of t h e  60 f e r t i l i z a t i o n ,  
2 

There do not appear t o  e any consis tent  o r  l og i ca l  d i f fe rences  

due t o  t he  l e v e l  of nu t r i en t  solut ion concentration, W e  expected 

t h a t  possibly there  auld be an inkeract ian with nu t r i en t  l e v e l  and 

CO f e r t l l i z a t i o a  so t h a t  t h e  C0 - f e r ~ i l i z e d  houses would perform 
2 2 

even be"cer wrhth a igher  nu t r i en t  concen ra t ion ,  Hawever, in 

greenhouse 3 a t  1000 ppm 60 the  "highzq s ide  of t h e  house a c t u a l l y  2 
yielded lower than t h e  YLow," and the  di f ference between t h e  two 

sides of t he  cheek house was about as l a rge  a s  t h e  o ther  two 

f e r t i l i z e d  houses. 

C02 Consuaption, The amount of na tura l  gas supplied t o  &he - 
greenhouses expressed a s  kg 602/plant i s  presented in Table 7. The 

winter months with t h e i r  shor te r  days required l e s s  CO f n  s p i t e  of 
2 

much caulking, there  appear t o  be di f ferences  in degree of s ea l i ng  

between t he  houses, Greenhouse 4 required l e s s  60 than 3 even though 
2 

i t  was a t  a higher concentration. Also shown is t h e  percentage o f C 0 2  

recovered a s  dry matter  i n  the plan ts ,  Again, i n  s p i t e  of much 

caulking, only 19% ove ra l l  was recovered from the  spring crop, It 

appears t ha t  a somewhat lower f igure  w i l l  r e s u l t  f o r  t h e  cur ren t  f a l l  

crop. 

Energy Consumption, The length of time per month t h a t  t h e  

heat ing,  cooling and emergency ven t i l a t ion  systems were i n  operation 

is  l i s t e d  i n  Table 8. The heaters  were on about, 8 hrs pe r  n igh t  i n  
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January and progressively l e s s e r  amounts i n  spring and f a l l  months t o  

zero i n  t h e  summertime, Greenhouses 1, 3 ,  and 4 were caulked more 

than #2 t o  prevent l o s s  of CO and t he  seal ing a l s o  saved energy a s  
2 ' 

evidenced by t h e  longer times of operation of t h e  hea te r  i n  #2.  To 

help save energy,on 27 October a p l a s t i c  sheet  w a s  placed over t he  

entrance t o  t h e  cooling pad chamber of ii-2, Gken t h e  exhaust fan  came 

on, t he  sheet  was d r a m  away from the  entrance and when t he  f a n  went 

o f f ,  i t  swing back, closing off t he  entrance, The heating energy use  

w a s  c lose r  t o  t h e  other  greenhouses a f t e r  i n s t a l l a t i o n .  

During July,  t h e  cooling systems on the sealed greenhouses were 

In  operation about 25 h r s  per day. I n  the  hot  humid months and a l so  

i n  September t h e  cooling system was inadequate about 5 h r s  per  day 

and t he  emergency vents opened, This converted t h e  d i r e c t  contact  hea t  

exchange pads t o  evaporative coolers and t us provided add i t i ona l  

cooling capacity,  but the  greenhouses were no longer sealed during 

these  hours, and C0 f e r t i l i z a t i o n  was stopped when t h e  ven ts  were 
2 

open. During July ,  t h e  fan i n  greenhouse operated about 100 h r s  

more than t he  fans  riaa the  other  houses, Because t h e  pads i n  2 serve 

as the  cooling tower f o r  the pads i n  g rea te r  build-up of 

s a l t s  i n  t he  pads, The r e s u l t  was a lower a i r  flow rate i n  2,  

decreased cooling eff ic iency,  and longer operating time, 

The column f o r  p u ~ p s  i n  Table 8 fo r  t he  spring experiment r e f e r s  

t o  t he  operating time of t h e  punps connecting the  hea t  exchanger pads 

of 1 with t he  cooling tower pads of 2 ,  They were wired t o  come on 

when e i t h e r  t he  thermostat in 1 o r  2 ca l l ed  f o r  cooling. 5jl t h e  

winter and ea r ly  spring months, greenhouse 2 generally received enough 

cooling from Ehe s l i g h t  connective mixing of i ts  a i r  wi th  t h e  air 

above i t s  cooling tower pads, so  the  pump time was e s s e n t i a l l y  equal  

t o  greenhouse 1 cooling time, Later i n t o  summer, punp time w a s  some- 

what more than e i t h e r  greenhouse 1 or  2 cooling t i m e  because Ehe two 

thermostats d idn ' t  always c a l l  f o r  cooling a t  i d e n t i c a l  t i m e s .  

Table 9 presents the  percentage of daylight  hours tha t  t h e  green- 

houses were sealed o r  unven~ i l a t ed  and CO Ee r t i l i z a t i on  could be 
2 

practiced.  During the  months of February, March, November, December, 
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and January l i t t l e  cooling was required,  and a l l  houses could have 

been CO - f e r t i l i z e d ,  A t  t h e  o the r  extreme is Ju ly  when fan-pad house 
2 

2 could not  have been f e r t i l i z e d  with 60 but t h e  sea led  houses could 
2 

have been 60% of t h e  dayl ight  hours, Overal l ,  t h e  s p r i n g  crop could 

have been f e r t i l i z e d  60% of t h e  time i n  a conventional fan-pad house 

o r  90% of t h e  time with t h e  cooling tower systems, 

could have been f e r t i l i z e d  78% and 96% of t h e  t i m e  with fan-pad and 

cooling towers, respect ively ,  

Measurements were taken of t h e  amperage d r  by a l l  of t h e  

var ious  h e a t e r s ,  f ans ,  and umps, and these  data  w e r e  m u l t i p l i e d  by 

117 v o l t s  t o  obta in  t h e  rate of energy consumptio of t h e  devices  

when they were operat ing,  The r e s u l t s  are presented fn  Table 10, 

These a r e  not  t h e  a c t u a l  a t a  f o r  t h e  pumps, An e a r l y  design. of 

t h e  cooling towers and e a t  exchanger chambers c a l l e  f o r  spraying 

t h e  w a t e r  over t h e  pads from nozzles,  e r e s u l t i n g  drop s i z e  

proved t o  be too small, and it "rained" i n  t h e  greenhouses. There- 

f o r e ,  t h e  perfora ted  pipe  u t ion  system was d e s ~ ~ n k d ,  and 

L t s  pressure  and energy requirements were much less. The measured 

mechanLeal power output pe r  p u p  was 1.20 wat t s ,  and s o  assuming a 

properly chosen pump wouL e 33% e f f i c i e n t ,  t h e  f i g u r e  of 360 w a t t s  

per  pump .was used, I f  t h e  cooling towers were on higher  s t i l ts  s o  

t h a t  'ihe water  would run by grav i ty  from t h e  towers t o  t h e  i n s i d e  

heat  exchanger pads, only one pump would be needed, and even less 

pmp power would be required.  

The a c t u a l  energy consumption by month i n  MJ/plant is  l i s t e d  

i n  Table 11. The f i g u r e s  f o r  heating a r e  a l l  d i r e c t l y  p ropor t iona l  

t o  those  i n  Table 8 s o  no add i t iona l  comment need be made about - 

them. The f i g u r e s  f o r  cooling show considerable d i f fe rences  i n  

energy usage between t h e  greenhouse types. For t h e  s p r i n g  1977 

crop, greenhouse 2 would have used 118 MJ/plant i f  it had been 

cooled completely conventionally,  whereas greenhouse 3 with  an  

ex te rna l  cooling tower used 310. This was a 163% inc rease  i n  

cooling energy used t o  a t t a i n  the 48% increase  i n  y i e l d  (Table 4 ) ,  

The combined cooling system on greenhouses l and 2 used 222 M J / ~ l a n t  
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o r  88% more energy f o r  a poss ib le  24% y i e l d  increase  averaged f o r  t h e  

two greenhouses. Clearly,  t h e  cooling tower systems must b e  made much 

more e f f i c i e n t  andlor y i e l d s  increased much more i n  o rder  f o r  t h e  

cooling tower systems t o  be energy conservative, 

lJater Consumption. During t h e  spr ing 1977 crop, t h e  cool ing 

towers and spray chambers bad numerous l eaks  so  t h e  measurements of 

water use f o r  cooling were worthless. S imi lar ly ,  as discussed e a r l i e r ,  

t h e  p l a s t i c  l i n e r  f o r  the  sand beds Peaked s o  t h a t  no good measure of 

water passing through t h e  sand, o r  thus of evapotranspi ra t ion ,  could 

be obtained, Between the  spr ing and f a l l  crops, t h e  bulk  of t h e  l e a k s  

were sea led ,  and new l i n e r s  were i n s t a l l e d  along wi th  automatic sump 

pumps and water m e t e r s  f o r  t h e  i r r i g a t i o n  drainage water ,  

The r e s u l t s  a r e  presen i n  Table 12, Greenhauses P and 2 shared 

a common sump and s h g l e  w a t e r  meter s o  t h e  cooling d a t a  f o r  them were 

obtained by dividing t h e  water meter readings by t h e  t o t a l  100 p l a n t s  

i n  both greenhouses, These two greenhouses, which w e r e  cooled by a 

conventional fan- ad system, consumed 40 %/plant  which is less than 

sealed  greenhouses 3 and 4. eooled by t h e  cooling tower system which. 

consumed 761 and 876 %/p lan t ,  respect ively ,  Greenhouses 9. and 2 used 

an  average of 172 &/p lan t  f o r  evapotrans i r a t i o n  which was 21% of 

t h e i r  t o t a l  water  use ,  Greenhouses 3 and 4 used an  average oE 133 

R/plant f o r  evapotranspi ra t ion  o r  14% of t h e i r  tlotaL water  use. This  

i s  less than 1 and 2 ,  with most of t h e  d i f fe rence  coming i n  October 

and November, because t h e  coaling systems were opera t ing more than i n  

December and January. The evapotranspirat ion d i f fe rence  r e f l e c t s  

t h e  d i f f e r e n t  humiclities r e s u l t i n g  from open versus  closed cool ing 

systems (Table l ) ,  

A cooling water use of about 730 %/plan t  and an  evapotranspira-  

t i o n  use  of about 250 %/plant  correspond t o  water  depths of 2-12 m 
2 

and 0,44 m, r e spec t ive ly ,  a t  0,35 m per p lan t  o r  1.46 and 0.30 m, 
0 
L 

respec t ive ly ,  a t  0.50 m growing a rea  per p lant .  Evaporation from 

open water surfaces  i n  Phoenix i s  usual ly  about 0.33 m f o r  t h e s e  

4 months (Cooley, 1970), so  t h e  evaporation r a t e  i n s i d e  t h e  green- 

houses was a c t u a l l y  f a i r l y  c lose  t o  t h a t  outs ide ,  ind ica t ing ,  no 
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doubt, t h a t  t h e  higher i n s i d e  temperatures and vapor p ressures  were 

compensating t h e  e f f e c t  of t h e  cover on r e s t r i c t i n g  w a t e r  l o s s .  

Nevertheless, t h e  greenhouses d id  represent  an e f f i c i e n t  use oE water  
2 

considering t h a t  0.66 kg/plant  a t  0.35 m /p lan t  i s  considered a good 

y i e l d  from outdoors (Knott, 1957) while t h e  greenhouses y ie lded  

3-4 kg/plant  af ter only two months of harves t ing (Table 4) . 
Costs of CO, F e r t i l i z a t i o n .  A rough idea  of t h e  opera t ing  

L. 

c o s t s  involved wi th  60 f e r t i l i z a t i o n  i n  sea led  greenhouses i n  
2 

Phoenix is  given i n  Table 13. For t h e  sp r ing  crop, greenhouse 3 

produced an e x t r a  4-08 kglplant  more marketable tomatoes than t h e  

check, which w a s  worth about $4.50/plant.  The a d d i t i o n a l  opera t ing  

expense f o r  CO and energy f o r  cooling was about $2,70 p e r  p l a n t  
2 

p l u s  a few cen t s  f o r  water ,  Not included, however, a r e  t h e  c a p i t a l  

c o s t s  of t h e  cooling tower, umps, and e x t r a  ducts ,  o r  t h e  l a b o r  and 

marketing c o s t s  of handling t h e  e x x a  y i e l d ,  These c o s t s  a r e  probably 

on t h e  order of $1. Olplant ,  but  the  e s e h a t e s  are d i f f i c u l t  t o  make 

accura te ly  on t h e  b a s i s  of our small  experimental equipment, Pending 

a more d e t a i l e d  c o s t  ana lys i s  f o r  a l a r g e r  hec ta re  s c a l e ,  it appears 

t h a t  CO f e r t i l i z a t i o n  5.n seali3d greenhouses i n  Phoenix becomes 2 
p r o f i t a b l e  f o r  y i e l d  increases  of more than about 50%, and we  w e r e  

a b l e  t o  achieve a y i e l d  increase  of t h i s  s i z e  i n  only one c a s e  

(Table 4 ) -  

Another ob jec t ive  of t h i s  study is  t o  assess  t h e  f e a s i b i l i t y  of 

u t i l i z i n g  s to rage  of s o l a r  energy f o r  heat ing at n i g h t  and cool ing 

during t h e  day. Since such a device would reduce hea t ing  c o s t s  a s  

we l l  a s  provide cooling of a sea led  greenhouse, t h e  y i e l d  inc rease  

required  from CO f e r t i l i z a t i o n  t o  make t h e  p r a c t i c e  p r o f i t a b l e  - 
2 

would probably be Lower. We plan t o  perform such a f e a s i b i l i t y  

study t h i s  year ,  a s  we l l  a s  continuing t o  evaluate  t h e  y i e l d  inc reases  

a c t u a l l y  a t t a i n a b l e  5.n sea led ,  C03-fert i l ized greenhouses, - 
s m m y  : 

A major ob jec t ive  of t h i s  p ro jec t  i s  t o  evaluate  t h e  y i e l d  

responses a t t a i n a b l e  with 60 f e r t i l i z a t i o n  i n  sea led  greenhouses. 
2 

Last year we reported on t h e  construction of t h e  greenhouses. 
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Two of t h e  g~eenhouses  a r e  equipped with evaporat ive cool ing towers 

which provide cool  water f o r  pumping i n s i d e  t o  aspen e x c e l s i o r  d i r e c t -  

contact  hea t  exchanger pads, The greenhouse a i r  is cooled by r e c i r -  

cu la t ion  through these  pads, Another greenhouse i s  a conventional  

fan-pad-cooled house f o r  t h e  experimental control ,  and a f o u r t h  is  

b u i l t  t o  be e i t h e r  sea led  o r  conventional. 

This year we conducted t h e  f i r s t  experiment wi th  a sp r ing  crop 

of tomatoes, and now a second fa l l -winter  crop experiment is under 

way. Tomato y i e l d s  a s  w e l l  a s  CO energy, and water  consumption 
2 ' 

were recorded, t h e  l a t t e r  only f o r  the  f a l l  crop, The y i e l d  r e s u l t s  

of t h e  f i r s t  experiment were encouraging. Bigh y i e l d s  w e r e  obta ined 

from, a l l  greenhouses, even t h e  control ,  A sealed 'greenhouse f e r t i l i z e d  

with 1000 ppm GO2 y ie lded 12.7 kg/plant ,  48% more than t h e  c o n t r o l  

house. Bowever, a f t e r  2 months of harvest ing,  t h e  i n i t i a l  r e s u l t s  of 

t h e  .second e 1 ~ e r i m e n t  under lower l i g h t  winter  condit ions have no t  

dupl ica ted  t h e  y i e l d  r e s u l t s  of t h e  f i r s t  experiment, Overa l l  y i e l d s  

were about h a l f  those  of t h e  f i r s t  experiment, The 1000 ppm C02 

treatmenr increased marketable f r u i t  31% at a standard l e v e l  n u t r i e n t  

so lu t ion  concentrat ion,  but  i t  decreased t h e  y i e l d  9% a t  a 50% more 

concentrated l e v e l  of n u t r i e n t  so lut ion.  

The C02 consumption of t h e  1000 ppm house averaged about 20 kg 

per p lan t  f o r  10 months and cos t  about $0.50 per  p lan t  f o r  1 0  months 

f o r  t h e  n a t u r a l  gas burned t o  generate t h e  CO The CO f i x e d  as d ry  
2"  2 

matter  i n  t h e  spr ing crop amounted t o  29% of t h e  60 suppl ied  t o  t h e  
2 

greenhouse, 

The energy consmaption f o r  cooling t h e  sea led  greenhouses amounted 

t o  about 320 ~ J / p l a n t  f o r  t h e  spr ing crop, and t h i s  w a s  about t h r e e  

times a s  much a s  required by t h e  conventional fan-pad cooled house, 

Clearly,  the  cooling tower cooling systems were no t  energy 

conservative,  

The water consumption f i g u r e s  were accurate only f o r  t h e  f a l l  

crop. They showed t h a t  t h e  sea led  greenhouse required about 830 

&/plant  f o r  cooling from t h e  middle of September through January 

whereas the conventionally cooled houses required 640, The 
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evapotranspirat ion was 130 and 170 R/plant i n  t he  sealed and conven- 

t i o n a l l y  cooled houses, respect ively ,  but  with no d i f fe rence  f o r  

December and January, 

The cost  of providing t he  GO f e r t i l i z a t i o n  w a s  est imated,  The 2 
value of the  add i t iona l  y ie ld  was about $4.50/plant ( a t  $1-lO/kg) f o r  

t h e  spr ing crop, The operating cost  of obtaining t h i s  e x t r a  y i e ld  

was about $0.30/plant f o r  C02 ( a t  $O.O24/kg), and $2.40/plant f o r  

energy f o r  cooling ( a t  $0.0125/NS) f o r  a t o t a l  of about $2,70/plant, 

A de ta i l ed  analysis  of what t he  c a p i t a l  co s t s  f o r  t h e  cooling tower, 

puaps, ducts, and t he  labor  and mrke t i ng  cos t s  of handling t h e  e x t r a  

y ie ld  f o r  hectare  s c a l e  greenhouses has not  been done, bu t  they  a r e  

probably on t h e  order of about $1.80/plant, I f  so,  about a 50% 

increase  i n  y i e ld  is required t o  break even with t h e  cooling tower 

cooling system, and t h i s  was achieved i n  only one case  wi th  no p r o f i t  

margin, 

Next year,  t he  experiments t o  evaluate t h e  y i e l d  increases  

a t t a inab l e  with CO f e r t i l i z a t i o n  i n  sealed greenhouses w i l l  continue, 
2 

Also, a f e a s i b i l i t y  study is planned t o  evaluate t h e  p o t e n t i a l  f o r  

s t o r i ng  so l a r  energy t o  achieve daytime cooling and nightt ime heating 

of sealed greenhouses. Such a system would reduce t h e  energy cost  

f o r  heating and would have a lower operating cost  than t h e  present 

cooling towers, 
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Table 2. Concentration of nutrient elements supplied to the plants. 

Per tliliz er 

Source 

Spring Crop: 

MgS04.7H20 

m2P04 

K2S04 

m03 
Ca (NO3) 

(after 26 April) 
Pe-330 
Irrigation water 
Total 

(after 26 April) 

Fall Crop - low concentration: 
MgS04 * 7H20 

m2P04 

m03 
Ca (NO3) 

Pe-330 
Irrigation water 
Total 

Pall Crop - high concentration: 
NgSO4 7H20 

KH2p04 

m03 
Ca (NO3) 

Pe-330 
Irrigation water 
Total 

Concentration of elements (ppm) 
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Table 3. Tomato t i s s u e  a n a l y s i s .  

ELEMl3NT CONCENTRATIONS 
a 

Trea t -  
men t 
No. 

% dry  weight ,  ppm dry  weight  
N - P - K - Ca - N a  - Pe Cu Mn Zn B BE - 

Spr ing  Crop (12 A p r i l  1977) : 

1 2.70 0.81 6.25 0.75 0.09 0 - 4 3  90  6 -5  20 32 11 

2 2.52 0.81 6.42  1.10 0.13 0,43 110 11.5 25 36 11 

3 2,22 0.81 7.04 0.78 0.15 0.38 70 12,O 23 24 11 

4 3.25 0.97 9.61 1.50 0.26 0,59 40 8.0 40 44 6 

F a l l  Crop 

1-LO 

1-HI  

2-20 

2-HI 

3-LO 

3-HI 

4-LO 

4-111 

(22 December 1977) : b 

5.53 0.61 1.90 

6.31 0.67 2.54 

5.23 0.68 2.32 

5.27 0.63 2.38 

5.56 0.64 2.38 

5 -68  0.75 1.40 

4.94 0 - 6 3  2.32 

5.54 0 .71  1.30 

Jensen  and 
E i s a ( 1 9 7 2 )  4.28 0.24 4.05 2.16 0.09 0-79 135  9.7 - 1 5  38 

Lucas and 
W i t  twer  
(1963) 2.5- 0 .50 -6 .00 -1 .25 -  0.02- 0.30- 20- 5- SO- 20- 20- 

Fontes  (1977) 
Exper iment1  2.59 - 10.0 1.92 - 0.64 9 3  14 37 38 - 
Experiment 2 2.10 - 8 .1  1 .33  - 0.65 52 1 4  37 49 - 

See Table  1. 
T i s s u e  samples f o r  t h e  f a l l  crop were t h e  l a t e r a l  s h o o t s  from a r o u t i n e  
pruning.  The o t h e r  d a t a  i n  t h e  t a b l e  is from l e a f  p e t i o l e s  subtending  
t h e  l a t e s t  open f lower  c l u s t e r s .  
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Table 5. Fresh weight and nmnbers of unmarketable f r u f t .  
- 

Fresh weight (kg/p lant )  Number or' f r u i t l p l a n t  

a 
Treatment 

Low High 

Month 1 2 3 4 1 2 3 4 

Spring 1977 crop: 
C02 (ppm) 650 350 1000 330 

Apr i l  0.24 0.00 0.04 0.08 
May 0.20 0.19 0.33 0.20 
June 0.24 0.28 0.64 0.29 
J u l y  1.13 1.93 1.60 1.08 - - -- 

P T o t a l  1 .81  2.40 2.61 1.65 
W 

I 
N 
w Cul l  % of 

t o t a l  f r u i t  15  22 17  1 8  

F a l l  1977 - Spring 1978 Crop: 
CO (ppm) lOOOp 350 1000 1350 

2 
Nov 0.29 0.43 1 ,28  0.28 
Dec 0.12 0.13 0.18 0.19 
Jan  0.36 0,69 0.64 0,60 

To ta l  1.10 0.92 2.10 1.07 

Cul l  % of 
t o t a l  f r u i t  26 24 36 26 

a 
Trea tnen t  

LG w High 

3. 2 3 4  1 2 3 4  

a See Table 1. 
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a 
Treatment 

Low High 

Month 1 2 3 4 1 2 3 4 

Spring 1977 crop: 
'C02  ( P P ~  

Feb-Ap r 

June  
J u l y  

To ta l  

% i n c r e a s e  from C02 -1-4 4-2 7 -26 

F a l l  1977 - Spring 1978 crop:  
GO2 ( P P ~  100Op 350 1000 1350 100Op 350 1000 1350 

S ep-Nov 0,104 0.063 0 ,091  0,111 0.093 0,075 0.106 0,107 
Dec 0.202 0,247 0,254 0.245 0.241 0,271 0.249 0,242 
J a n  0,288 0.193 0.270 0,231 -- - - 0.322 0.194 0,204 0.266 -- - - 

T o t a l  0.594 0,503 0.615 0,587 . 0,656 0,540 0.559 0.615 

% i n c r e a s e  from CO 2 

Average over CO t m t s  
2 0,575 0,592 

a See Table  I. 
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Table 7. CO consumption and CO recovery percentage in plant dry 
2 2 

matter. 

C02 supplied CO recovered 
2 

a a 
Greenhouse,No. Greenhouse No. 

Month 1 3 4 1 3 4 
(------ kg/plant ------- ) (----- % --------- ) 

Spring 1977 crop: 

co2 ( P P ~  650 

Feb 0.83 
Mar 1.20 
APr 2.35 
May 1.82 
June 1.92 
July 2.03 

Total 10.15 

Fall 1977 - Spring 1978 crop: 

1/2 Sep 0.81 
Oct 1.78 
Nov 2,74 
Dec 1.92 
Jan 2.46 

Total 9.71 

Ave. 19 19 

6.52 Ave. 6 8 9 

a See Table 1. 
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a Greenhouse No. 

Month heat coo l  v e n t  pumps h e a t  coo l  v e n t  h e a t  coo l  v e n t  h e a t  coo l  v e n t  
(-------------------------------------- hours  -----------------------------------------me----- ) 

Spring 1977 : a Greenhouse t ype  s e a l e d  f an-pad s e a l e d  s e a l e d  

Feb 96.4 49.0 .2 - 185-6  18.3 $ 0  134.4 58.1 .l 149.6 53.0 .1 
Mar 116.8 5 7 , l  1 , 4  - 209,O 12 .1  .O 159.6 75,8 .1 154.5 57.2 , O  
Apr 63.4 205.7 5.6 205.5 108.9 59.0 - 0  61.2 183.6 .l 80.4 187 ,4  1.1 
Hay 9.2 197.5 - 2  190.1 26.0 67.0 2 , 3  7,7  185.8 . O  15.8 204.6 2 . 1  
Jun , O  329.6 21 ,1  342.6 . O  334.7 .I .O 326.9 8 .3  . O  334.8 36.4 
J u l  .O 448.0 214.8 562.8 . O  542.0 1,o $ 0  440.6 1 7 7 , l  $ 0  463.3 153.8 -- 

T o t a l  285.8 1286.9 243.3 1301.0 529.5 1033.1 3 , 4  362.9 1270.8 185.7 400.3 1300.3 193.5 

F a l l  1977 - Spring 1978: 
Greenhouse t ype  f an-pad f an-pad sea l ed  s e a l e d  

112 Sep 3.2 112.4 112.6 3 .1  108.5 5 , 3  3.1 122.9 27.6 3 .1  111.8 44.2 
Oct 16.2 171,O 171.7 12.7 182.6 ,I  4 - 4  223.1 13 ,7  4 , 5  198.6 42.2 
Nov 94.0 21.7 21.8 144.1 7 ,4  . O  103.5 57.4 ,1 111.4 58.9 . 0 
Dec 142.9 11.7 1 4 - 2  215,9 6.0 3 . 1  179.7 38.2 3.2 173.5 21,6 3.2 
Jan  215.5 12.3 12.4 - -- 254.9 2 ,4  2.5 231,7 36.0 .5 255.3 14 .0  .2 - -- - -- - -- 

T o t a l  471.8 329.1 332.7 630.7 306.9 1 0 , 9  522,4 477.6 45.2 471.8 404.9 89.8 

a See Tab1 e I, 
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Table 9. Percentage  of day l igh t  hours  t h a t  greenhouses were s e a l e d  and 
were (or  could have been) f e r t i l i z e d  w i t h  carbon d iox ide .  

a 
Hours Greenhouse No. 

Month Dayl ight  1 2 3 4 

Spr ing  1977 Crop: 
Greenhouse type :  

Feb 264.0 
Mar 338.5 
APT 390,O 
%Y 430.9 
Jun 431.1 
J u l  440.8 

T o t a l  2295.3 

F a l l  1977 - Spr ing  1978 
Greenhouse type:  

112 Sep 181.8 
Oct 352.4 
Nov 313-5 
Dee 309.0 
Jan  315.2 

T o t a l  1471.9 

sea l ed  

Ave . 8 9 

Crop : 
fan-pad 

Ave . 7 8 

f an-pad s e a l e d  

f an-pad s e a l e d  

s e a l e d  

100 
100 
100 

99 
9 2 
65 - 

9 1 

s e a l e d  

76 
8 8 

100 
98 

100 - 
9 4 

a See Table 1. 
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Sable 10. Rate of e l e c t r i c a l  energy usage (power) of t h e  heat ing and 
cooling systems, 

Corresponding 
Device Power Timea Comment 

(&) 
3eating : 

A l l  greenhouses 
heaters  6.85 heat  

zooling : 
Greenhouse 3 

duct fan  1.46 
tower fan 1.21 
P-P S .72 

t o t a l  3.39 3 cool 
Greenhouse 4 

duct fan  1.52 
tower fan  1.40 
PWPS .72 

t o t a l  3.65 4 cool 

Spring 1977 

Greenhouse 1 while running alone 
duct fan 1.47 
blowers 1.02 
Pumps .72 

t o t a l  3.21 (pwnps - 2 cool) sum of these  two f o r  
Greenhouse 1 and 2 while running simultaneously cooling energy cos t  of 

duct fan 1.47 greenhouse 1 i f  i t  had 
exhaust fan 1.29 operated wi th  a cooling 
PanPS .72 tower 

t o t a l  3.48 (1  cool + 2 cool-pumps 
Greenhouse 2 while running alone sum of these  t h r e e  is 

exhaust fan 1.29 cooling energy c o s t  
Pumps -72 f o r  greenhouse 1-2 

t o t a l  2.01 (pumps - 1 cool) combinat ion  
Greenhouse 2 i f  operated alone i n  conventional way without l a r g e  
cooling tower pumps 

exhaust fan 1.29 2 cool 

F a l l  1977 - S ~ r i n g  1978 

Greenhouse 1 conventional cooling 
duct fan 1.47 1 cool 

Greenhouse 2 conventional cooling 
exhaust fan 1.29 2 cool 

a This r e f e r s  t o  the  column i n  Table 8 i n  which t h e  operating time is  
l i s t e d .  
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Table 11, Energy consumption. 

month 

Spring 1977: 
a Greenhouse type  

Feb 
Mar 
A P ~  
May 
Jun 
J u l  

T o t a l  

a Greenhouse No. 

l -a lone 1 and 2 2-alone - 3 - 4 

combined 1 

sea l ed  f an-pad sea l ed  sea l ed  

F a l l  1977 - Spring 1978: 
Greenhouse typea f an-pad f an-pad s e a l e d  s e a l e d  

112 Sep 1 .5  11,9 1.5 1 0 , l  1 .5  30.0 1 . 5  29.4 
Oct 8 .1  1 8 , l  6 .3  17,O 2.2 54.5 2.2 52.2 
Nov 46.4 2.3 71.1 .69 51.1 14.0 54.9 15.5 
Dec 70.5 1.2 106,5 ,55 . 88.6 9 .3  85.6 5.78 
Jan  - 106.3 - 1 . 3  - 125.7 p ,22 -- 114.3 8.9 125.9 3.78 

T o t a l  232.8 34.8 311.1 28.6 257.7 116,7 2 7 0 , l  106.5 

a See Table I, 
b The s p r i n g  1977 d a t a  a r e  based on cool ing  50 p l a n t s  i n  greenhouse 3. i f  a n  e x t e r n a l  cool ing  

tower had been used l i k e  f o r  greenhouses 3 and 4. The F a l l  1977-Spring 1978 d a t a  a r e  based 
on cool ing  50 p l a n t s  i n  a convent ional  fan-pad cooled greenhouse, 

c These d a t a  a r e  based on cool ing  100 p l a n t s  i n  greenhouses 1 and 2 wi th  combined cool ing  
system where t h e  pads f o r  2 were t h e  cool ing  tower f o r  1, 

d The s p r i n g  1977 d a t a  a r e  based on cool ing  50 p l a n t s  i n  greenhouse 2 i f  i t  had a completely 
convent iona l  fan-pad cool ing  system w i t h  no l a r g e  cool ing  tower pumps. The same i s  t r u e  
f o r  t h e  F a l l  1977-Spring 1978 d a t a ,  Annual Report of the U.S. Water Conservation Laboratory
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Table 13. Est imate of a d d i t i o n a l  i n c o w  and a d d i t i o n a l  opera t ing  expenses p e r  p l a n t  f o r  producing 
tornatoes i n  sea l ed ,  CO - f e r t i l i z e d  greenhouses compared t o  convmt iona l  greenhouses, 2 

- 
Estimated 

Item Unit  Value 

w i n g  1977 C r o ~ :  

~ r e a t m e n t ~  
L 0x4 HIGH 

1 
7 

2 - 3 - 4 - 1 - 2 -- 3 - 4 - 
(---------------------- $/Plant  ........................ 1 

Income : 
Ehrketable  tomatoes $1,10/kg($0. 50 l b )  - 11.04 _ _ _ -  9.44 13,93 - 8.23 
Change from check +I. 60 4-4,49 -1.21 

Operating Expenses: 
Go, $0.024/kg ($0.12/ therm) 0.25 0.00 0 - 3 1  0,00 

L 

Water ? ? ? ? 
Energy f o r  cool ing $0.0125($0.045/kw hr) 3.81 1.47 3-88 4.27 

( 1  6 2 combination) M J  --.-.C2q7L1__ - - 
Tota l s  4.06 1 ,47  4,153 4.27 

Change from check +2.59 4-2.72 4-2.80 
P 

F a l l  1977 - Spring 1978 crop a f t e r  2 months of ha rves t :  I 
W 
F- Income : 

Marketable tomatoes $l.ZO/kg ($O.SO/lb) - 3.38 - 3,19 4.18 3.38 4.45 3,67 3.35 3.63 
Change from check 10.19 +E%'. +Xi5 +?iX -0.32 -0.04 

Operating Expenses: 
Go, $1. lO/kg 0.23 0.18 0.16 0,23 0.18 0.16 

I. 

Vat e r  $0 .00018/~($220/acf t )  0.15 0.15 0.16 0.19 0.15 0.15 0.17 0.19 
Energy f o r  cool ing $0.0125/MJ ($0.045/kwhr) 0.44 0.36 1.46 1.33 0.44 0.36 1.46 1.33 

To ta l s  0.82 0.51 1.80 1.68 0.82 0,51 1 , 8 1  1.68 
Change from check S O .  31 41,29 4-1.17 4-0.31 4-1.30 4-1.17 

a See Table 1. 
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TITLE: DEVELOPPENT OF RENOTE SENSING TEC ZQUES FOR AGRICULTURAL 

WATER MANAGEMENT AND CROP YIEL 

NRP : 20760 CRlS WORR UNIT: 5510-20750-001 

0 , :  USWCL 77-1 

Work conducted under this outline this year consisted of new 

experiments and analyses designe y and improve our remote 

sensing models for i) root zone sot water content assessment, ii) 

plant water potential assessment, and iii 

Our results are summarized in eight 

mitted for publication, 

1. Jackson, R. D,, Idso, S, B , ,  and ato, R, J, Assessing soil 

water Contents of crop root zones from measurements of crop 

canopy and air temperature, o Water Resources Res, 

Soil water contents in the roo alfalfa, and 

wheat crops grown at Phoenix, Arizona, were measured with a neutron 

moisture meter. Concurrently, presunrise and mi afternoon (about 

2PM) canopy tenrperailures were mon infrared thermometers. 

Air temperatures about I m above re measured with shield- 

ed, aspirated thermocouples and h psychrometers, 

The canopy-air temperat Py related to the 

soil water contents of the crop r ut a different relation- 

ship prevailed for each crop, with the range sf temperature differen- 

tial being smallest for wheat and greatest for alfalfa, By using 

the air temperature measurements to normalize the agternoon-presun- 

rise canopy temperature differential for e ironmental variability, 

however, data for both wheat and alfalfa fell within the same limits, 

Some data for field beans at Davis, Califor ia, also fell within - 

these limits. Our results indicated that a potential exises for 

determining the water content of crop-mot zones using remote-sensing 

techniques. 

2 .  Millard, J.  P . ,  Jackson, R .  D , ,  Goettelman, R. ., Reginato, 
R. J . ,  and Idso, S ,  B. Crop water stress assessment using an 

airborne thermal scanner. Photogrametric Eng, and Remote 

Sensing. In press, 
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An airborne thermal scanner was used to measure the temperature 

of a wheat crop canopy i Phoenix, Arizona, T e results indicate 

that canopy temperatures acquired about a our and a half past solar 

noon were well correlated vith presunrise ant water tension, a 

parameter directly related to plant growt ad development, Pseudo- 

colored thermal images read.ing tress degree days, a unit 

indicative of crop irrigation needs and yield otential, were pro- 

duced. The aircraft data showed significa in-field canopy 

temperature variability, indicating t eriority of the synoptic 

view provided by aircraft over localized ground measurexr?ents. The 

standard deviation between airborne an ground-acquired canopy tem- 

peratures was 2 C or less, 

3. Ehrler, W. L.,  Idso, S. B , ,  Sac 

Diurnal changes in plant water p 

of wheae as affecte 

Diurnal courses of plant water 

ture differential were determined for 

water conditions. The temperacure d 

peaked at 1000 hours, then decrease ours it was 

negative in five af six tests, For 

temperature difference rapidly incr 

after sunrise, peaked near solar no 

slightly by 1400 hours, remaining positive in a21 six drought treat- 

ments. Thus, the greatest absolute ifferences in the canopy-air 

temperature differentials of winear growing in wet and dry soils 

occurred near 1400 hours, This would be the best time of day to 

make temperature measurements for correlat-_ion with plant water 

potential for drought severity assessment, 

4. Idso, S, B , ,  Ratfield, J, L , ,  R e g h a t o ,  R. ,, and Jackson, R -  1). 

Wheat yield estrimatrion by albedo measurement, Remote Sensing 

of Environ. In press. 

Last year we published a paper indicating that s-imple reflected 

solar radiation measurements appeared to have t h e  potenrial to be 

correlated with final grain yields oE wheat, liie postulated at that 
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t ime t h a t  t h e  r e l a t i o n s h i p  should be i n  e n t  of l ocap ion ,  s o i l  

type ,  and d e n s i t y  of p l a n t i n g  ( a s  long a s  complete ground cover  w a s  

ach ieved) ,  being a funcixi.on s o l e l y  of crop spec i e s .  Add i t i ona l  ex- 

per iments  t h i s  yea r  w i th  d i f f e r e n t  p l a n t i n g  r a t e s  a t  Phoenix,Arizona,  

and Davis, C a l i f o r n i a  have confirmed 

5. Reginato, R,  J,, Ldso, S ,  B., and Jackso 

fo rage  crop product ion:  A t e c h n i  remote sens ing .  

Remote Sensing of Environ. Ln 

In t h i s  experciment, t h e  s t r e s s  ay concept of c rop  y i e l d  

p r e d i c t i o n  which we developed an e a r  was extended 

from a g r a i n  t o  a fo rage  crop,  It was found a l i d  f o r  Sour 

s e q u e n t i a l  c u t t i n g s  of a l f a l f a  grow:. a t  Phoe zona, over  t h e  

per iod  May-August, 

6. Jackson, R,  D , ,  I d so ,  S, B,, an Reginato , R, J , D a t a  r equ i r e -  

ments f o r  a wheat y i e l d  model using r e  y sensed canopy 

temperatures ,  Proc. Crop Yield Modeli 

Missouri ,  In p r e s s *  

The s t r e s s  degree  ay concept of w h e a t  y r e d i c t i o n  i s  based 

on t h e  a v a i l a b i l i t y  of a i r  temperature data a e remote sens ing  of 

crop canopy temperatures .  The o r b i t a l  c o n s t r a i n t s  on s a t e l l i t e s  

designed t o  remotely a c q u i r e  such sur  a c e  temperatures ,  and t h e  

n a t u r a l l y  vary ing  cloud cover o f  t h e  e a r t  conspire t o  reduce  t h e  

a v a i l a b i l i t y  of t h e  c r i t i c a l  canopy temperatu-rc d a t a ,  Our a n a l y s i s  

of 2 yea r s '  u se  of t h e  s t r e s s  degree day concept a t  Phoenix, Arizona, 

i n d i c a t e s  t h a t  f o r  sky e.onditions t h e r e ,  a 3-day r e p e a t  c y c l e  i n  data 

a v a i l a b i l i t y  i s  about t h e  longes t  i n t e r v a l  t h a t  can be  t o l e r a t e d .  It 

is a n t i c i p a t e d ,  however, t ha"co r  a climarcical3.y driven model i n  

which t h e  c r o p ' s  canopy temperature is  nof che primary governing 

f a c t o r ,  l e s s  f r equenr ly  obta ined  a t a  ~ m u l d  not  be d e t r i m e n t a l ,  Such 

models need to be developed', and more s t u d i e s  of the t y p e  desc r ibed  

he re  conducted i n  o t h e r  a r e a s  having cli,ffererit r u b a b i l i t i e s  of 

cloud cover.  
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7, Zdso, S. B . ,  Hatfield, J, L,, Jackson, D., and Reginato, R. J, 

Grain yield prediction: Extending the stress degree day approach, 

Submitted to Science, 

The stress degree concept of grain yiel rediction, as orig- 

inally developed, was found to e site specific, That is, in a 

climate different from t of Phoenix ere it was develop- 

ed, it gave incorrect p ictioas, No ations incorporating the 

classical growing degree day concept w e. Not only did 

these changes allots crop yields to be successfully predicted in the 

two different climates for which data 

allowed the times of cessation of crop 

8. Idso, S .  B. ,  J,, Jr,, Ha 

and Reginato, 3 ,  A complete re 

prediction of wheat yields prior t 

to an appropriare journal. 

Data we have ac in two different 

locations for "'Produra" wheat are used to 

of prior grain yield mo s we have develo 

more powerful model oes noe require a grou 

ture measurement, as di ur earlier nodel 

capable of predictin both when plant growth wi 

final grain yield will be. It requires riaeasurements of only crop 

canopy temperature and reflected solar radiation, We feel it repre- 

sents the first truly complete remote sensing approach to this type 

of real-time crop condition asscssrnenr and potential yield prediction 

to be developed. As such, it could provide a realistic technique for 

the assessment of global grain production within the framework of ex- 

istent technology. 

PERSONNEL: R ,  D. Jackson, S ,  33, Idso, R, J. Reginato, P, J. Pinter, 

Jr., W. E ,  ~hrl'er, J, L ,  Hatfield (cooperator in Land, 

Air and Water Besources D e p c , ,  Univ, of Calif, at Davis), 
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TITLE: EFFECTS OF AIRBOliNE PARTICULATES ON SOLAR AND THERMAL 

RADIATION AND THEIR CLIMATOLOGICAL CONSEQUENCES 

NRP : 20760 CRIS WORK WIT: 5510-20760-001 

CODE NO.: USWCL 77-2 

One comprehensive experimental study was conducted under the 

aegis of this outline this year: 

Idso, S. B., and Brazel, A. J. Planetary radiation balance as 

a function of atmospheric dust: Climatological consequences. 

Science 198, 731-733, 1977. 

In this study an analysis of several atmospheric dust-loading 

events at Phoenix, Arizona, under background cloudless sky condi- 

tions, allowed determination of dust-induced changes in both the net 

'solar and net thermal radiation received at the earth's surface, 

The resultant climatological forcing function for surface temperature 

change was plotted vs. the ratio of diffuse to normal incidence solar 

radiation. It was found that initial increases in atmospheric dust 

concentration tend to warm the planet's surface. After a cerEain 

critical concentration has been reached, continued dust buildup 

reduces this warming effect until at a second critical dust concen- 

tration a cooling trend begins. This second critical dust concentra- 

tion is so great, however, that any particulate pollution of the 

lower atmosphereby man will have a tendency to increase surface 

temperatures. Thus, anthropogenically-produced tropospheric aerosols 

cannot be looked upon as offsetting the the warming tendency of 

increased carbon dioxide: their concurrent buildups must inexorably 

tend to warm the planet's surface, 

PERSONNEL: Sherwood B. Idso and Anthony J. Brazel (cooperator 

from Geography Department, Arizona State Universiry) 
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TITLE: WASTEWATER RENOVATION BY SPREADING TREATED SEWAGE FOR 

GROUNDWATER RECHARGE 

NRP: 20790 CRIS lJORK U N I T  : 5510-20790-001 

CODE NO,:  Ark.-WCL 67-4 , 

INTRODUCTION: 

The main ob jec t ive  of t h e  work at  t h e  Flushing Meadows P r o j e c t  

i n  1977 continued t o  be the  maximization of n i t rogen  removal by 

using reduced l eng ths  of f looding periods and reduced water  depths 

i n  t h e  bas ins -  A t  t h e  23rd Avenue Pro jec t ,  a d d i t i o n a l  i n f i l t r a t i o n  

s t u d i e s  were made t o  determine t o  what ex ten t  t h e  low i n f i l t r a t i o n  

r a t e s  i n  t h e  recharge bas ins  w e r e  caused by a lgae  and by air- 

pressure  build-up i n  t h e  unsaturated zone beneath rhe  advancing wet 

f r o n t .  Also, a small  experiment was s e t  up a t  t h e  Mesa Sewage 

Treatment P lan t  t o  f i e l d  test t h e  s u i t a b i l i t y  of primary e f f l u e n t  

f o r  rapid  i n f i l t r a t i o n ,  Prevlous s t u d i e s  on s o i l  columns i n  t h e  lab-  

o ra to ry  indicated  t h a t  primary e f f luen t  gave good r e s u l t s ,  b u t  f i e l d  

t e s t i n g  is  necessary before d e f i n i t e  conclusions can b e  reached, 

D r .  J. C. Lance continued h i s  temporary assignment w i t h  t h e  

National Program S ta f f  i n  B e l t s v i l l e ,  Maryland, and extended h i s  

o r i g i n a l  1-year period, which. was due t o  expire  i n  November 1977, 

by 6 monchs. 

I. FLUSHING MWOWS PROJECT 

1. Basin Management and I n f i l t r a t i o n  Rates. 

The surface  condit ion of t h e  bas ins  w a s  e s s e n z i a l l y  t h e  same as 

i n  1976. Over t h e  years,  Eowever, bank erosion and digging by ani- 

mals have caused a gradual f l a t t e n i n g  of t h e  bank s lopes ,  which i n  

tu rn  resu l t ed  i n  a decrease of the  width of t h e  water  s u r f a c e  i n  t h e  

bas ins  from the design value oE 20 f t ,  e spec ia l ly  a t  shallow water 

depths. Below is a summary of the  bottom condit ion of t h e  s i x  

bas ins  and the  a c t u a l  width of the  water surface  a t  a w a t e r  depth o f  

7 inches (one 6-inch board i n  the  overflow s t r u c t u r e ) :  
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Width of Water 
Basin No. Surface,  f t  Bottom Condi t ion  

E s s e n t i a l l y  no v e g e t a t i o n ,  
s o i l  covered by s l u d g e  and 
o t h e r  o rgan ic s  w i t h  a d r y  
th ickness  of  1 /4  t o  1 / 2  inch  

Sludge and o t h e r  o r g a n i c s  
w i th  a d r y  t h i c k n e s s  of  114 t o  
1 / 2  inch  on t o p  of  g r a v e l  
l a y e r ,  

Old g r a s s  t h a t c h  l a y e r  on 
40% of bottom area, 2 t o  3 
inches  t h i c k  i n  p l a c e s .  
Covered w i t h  1 / 4  t o  l /2 - inch  
la.yer of o rgan ic s ,  

Covered f o r  30% w i t h  o l d  g r a s s  
tha tch ,  mos t ly  n e a r  s i d e s  of 
bas in .  Bottom and t h a t c h  are 
covered w i t h  1 / 4  i n c h  s ludge  
l a y e r  .. 
Covered f o r  50% by o l d  g r a s s  
t ha t ch ,  l ive  g r a s s  a l o n g  s i d e s  
covering about  10% of bottom; 
t h a t c h  and s o i l  covered by 
1/4-inch l a y e r  o f  organics .  

Old g r a s s  t h a t c h  cove r ing  
f i r s t  500 f t  o f  b a s i n  by 
about 752, no t h a t c h  i n  r e s t  
of bas in ;  bottom covered with 
1/4-inch l a y e r  of  o rgan ic s .  

The water  depth  i n  t h e  b a s i n s  was kep t  a t  about  7 i n c h e s  dur- 

i n g  f looding ,  u s ing  one 6-inch board i n  t he  out f low s t r u c t u r e ,  The 

pumping schedule was continued a t  8 days on and 13 days o f f ,  

y i e l d i n g  f lood ing  and dry ing  per iods  of 9 and 1 2  days, r e s p e c t i v e l y  

( i t  took about  1 day f o r  , the bas ins  t o  become d r y  a f t e r  t h e  pump 

was turned o f f )  . 
The i n f i l t r a t i o n  r a t e s  f o r  t h e  bas ins ,  based on t h e  a c t u a l  w id ths  

of water  su r f ace ,  a r e  shown i n  F igure  1. I n f i l t r a t i o n  rates g e n e r a l l y  

were lower i n  t h e  f i r s t  5 months of t h e  year ,  which was most l i k e l y  

due t o  t he  h igh  suspended s o l i d s  content  of t he  e f f l u e n t  which 
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averaged 53 mg/l f o r  t h i s  per iod .  For t h e  o t h e r  7 months of t h e  

year ,  t h e  average suspended s o l i d s  con ten t  of t h e  e f f l u e n t  was 20 mg/l 

(Table 1 ) .  For t h e  second h a l f  of t h e  yea r ,  i n f i l t r a t i o n  rates 

g e n e r a l l y  ranged between 2 and 3 f t / d a y ,  except  bas in  1 which had 

rates between 1 and 2 f t l d a y ,  The accumulated i n f i l t r a t i o n s  (Figure 

2) show t h a t  b a s i n  1 had t h e  lowest  i n f i l t r a t i o n  r a t e ,  fo l lowed by 

b a s i n  2, The o t h e r  b a s i n s  a l l  had about  t h e  same i n f i l t r a t i o n  rates. 

The average accumulated i n f i l t r a t i o n  f o r  a l l  s i x  b a s i n s  was 248 f t  

i n  1977. Th i s  i s  h ighe r  than  t h e  198 f t  ob ta ined  w i t h  t h e  same 

schedule  i n  1976. However, t h i s  f i g u r e  w a s  c a l c u l a t e d  on t h e  b a s i s  

of a water  s u r f a c e  width oE 20 f t .  The a c t u a l  wid th  i n  1976 may 

have been less, Assuming a wid th  of  18 f t ,  t h e  a d j u s t e d  ave rage  in- 

f i l t r a t i o n  r a t e  f o r  1976 i s  220 f t ,  which i s  s t i l l  28 f t  less than  

t h e  accuroulated average i n f i l t r a t i o n  i n  1977, The 248 f t  a c t u a l l y  

is  c l o s e  t o  t h e  maximum hydraulic: loading  r a t e  of  300 LO 400 f t  t h a t  

was obta ined  i n  t h e  f i r s t  few yea r s  of t h e  p r o j e c t  w i t h  l o n g e r  in- 

undat ion  pe r iods  and water  depths  of 1 f t .  

2. Response of Water Table t o  I n f i l t r a t i o n ,  

The water  t a b l e  i n  1977 showed a gene ra l  d e c l i n e  u n t i l  about  

October (F igure  3 ) .  This  w a s  undoubtedly due t o  t h e  heavy pumping 

of groundwater i n  t h e  S a l t  River  Val ley i n  t h e  low runof f  y e a r  of 

1977. Af t e r  October, reduced pumping caused groundwater levels t o  

rise again ,  Water l e v e l  r i s e s  i n  t h e  Eas t  Center W e l l  (ECW) due t o  

i n f i l t r a t i o n  from t h e  b a s i n s  were based on t h e  average  s t a t i c  water- 

t a b l e  depth b e f o r e  and a f t e r  t h e  f looding  per iod ,  D iv id ing  t h e  

equ i l i b r ium h e i g h t  of t h e  mound above t h e  average  s tat ic  wa te r - t ab l e  

l e v e l  by t h e  average i n f i l t r a t i o n  r a t e  of b a s i n s  3 and 4 t h e n  - 

y ie lded  t h e  mound he igh t  per  u n i t  i n f i l t r a t i o n  rate shown i n  F i g u r e  

4. This  r a t i o  i s  an  i n d i c a t o r  of t h e  e f f e c t i v e  a q u i f e r  t r a n s -  

m i s s i v i t y .  The average va lue  f o r  t h i s  r a t i o  i n  1977 was 0.77 days, 

which i s  e s s e n t i a l l y  t h e  same a s  t h e  0.78 days obta ined  i n  1976 

( co r r ec t ed  f o r  t h e  decreased width of t h e  water  s u r f a c e  i n  t h e  b a s i n s ) .  

The average r a t i o  i n  t he  period 1968-1972 was 0.75 days,  T h i s  in- 

c ludes  one o u t l y i n g  h igh  va lue  of 0.87 days measured i n  1972. The 
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other  values  i n  t h e  1968-1972 period were r e l a t i v e l y  c l o s e  together  

and averaged 0.73 days, Considering t h a t  t h e  w a t e r  t a b l e  i n  1976 

and 1977 was severa l  f e e t  lower than i n  t h e  1968-1972 period,  a 

s l i g h t  difEerence i n  t h e  r a t i o  could e a s i l y  be caused by non- 

uniformity of aqu i fe r  ma te r i a l s  near the  water t ab le ,  There i s  

some evidence t h a t  more permeable l a y e r s  a r e  present  a t  t h e  10-f t  

l e v e l ,  so  t h a t  a drop of the water t a b l e  below t h i s  depth would ex- 

clude such pemeable  l a y e r s  from the  aqu i fe r ,  Since t h e r e  i s  no 

major ch.ange i n  t h e  r a t i o  of mound height  t o  t h e  urrit i n f i l t r a t i o n  

rate, t h e  conclusion must be drawn t h a t  groundwater recharge  has 

had no e f f e c t  on t h e  hydraulic p roper t i e s  of t h e  aqu i fe r ,  

3, Nitrogen, 

Total-N concentrat ions of t h e  secondary sewage e f f l u e n t  showed 

a l a t e - sumer  d i p  t o  about 20 mg/l, bu t  were a r o d  30 mg/l f o r  most 

of t h e  year (Figure 5) .  Average total-N coacentraLion f o r  t h e  yea r  

was 27,4 mg/l, of which 20.7 was i n  t h e  ammonium £om, 3-05 i n  t h e  

n i t r a t e  form, and t h e  r e s t  o r  about 4 mg/l i n  t h e  organic  form 

(plus  perhaps a few ten ths  mg/l a s  n i t r i t e ) ,  

Amnonium and n i t r a t e  n i t rogen concentra"coorin t h e  renovated 

water from wel l s  0, 1-2, ECW, 5-6, and 7 a r e  shown i n  Figures  5, 6 ,  

7, 8, and 9. l!W -N concentrat ions were low, while NO3-N l e v e l s  
4 

showed the  c h a r a c t e r i s t i c  peaks i n  response t o  new f looding periods.  

Average T - N ,  NO -N, and organic N concentrat ions i n  mg/l f o r  
3 

t h e  flooding periods (when groundwater movement was s t r o n g e s t )  were: 

0 0,41 6.8 0.7 

1-2 1,45 9 .1  0,58 

ECW 2.8 6,25 0-58 

The removal percentages were only ca lcula ted  f o r  t h e  w e l l s  

within the  basin area ,  assuming pis ton flow and mul t ip ly ing 
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N-concentrations by i n f i l t r a t i o n  r a t e s  f o r  both secondary e f f l u e n t  

and renovated water  t o  g e t  pounds of N e n t e r i n g  t h e  s o i l  w i t h  t h e  

e f f l u e n t  and pounds of N pass ing  t h e  sampling w e l l s  i n  t h e  renovated  

w a t e r .  The removal percentages  continued t o  be  r e l a t i v e l y  h igh ,  

e s p e c i a l l y  i n  t h e  l a t t e r  p a r t  of t h e  y e a r  when t h e  N-content of t h e  

e f f l u e n t  was r e l a t i v e l y  low (Table 2 ) .  Since  t h e  t o t a l  amount of N 

e n t e r i n g  t h e  s o i l  w i t h  t h e  e f f l u e n t  w a s  248 X 2 7 - 4  X 2.72 = 18,483 

l b s / a c r e  and t h e  average  removal percentage was Q3%, t h e  amount of 

N removed was 11,644 l b s / a c r e .  Undoubtedly, a lmost  a l l  o f  t h i s  re-  

moval i s  due t o  d e n i t r i f i c a t i o n ,  Thus, t h e  9-days flooding--12-days- 

dry ing  cyc le  cont inued t o  g ive  h igh  N-removal, producing a renovated  

water  whose average  NO -N content  i s  below t h e  1 0  mg/l maximum l i m i t  
3 

f o r  d r ink ing  w a t e r ,  and whose t o t a l  N of 1 0 - 2  mg/l (average f o r  t h r e e  

w e l l s  i n  b a s i n  a r ea )  i s  i n  t h e  lower p a r t  o f  t h e  5-30 mg/l r ange  

where N i n  i r r i g a t i o n  warer can be expected t o  g i v e  i n c r e a s i n g  agro- 

nomic problems ( lodging,  decreas ing  crop u a l i t y ,  de l ay  o f  h a r v e s t ,  

e t c .  ) . 
The NO -N peaks i n  t h e  renovated water  of ECW were mos t ly  below 

3 
20 mg/l, and below 5 mg/l. f o r  "ce August-November pe r iod  when t o t a l  

N i n  t h e  e f f l u e n t  was a l s o  low, For w e l l  1-2, samples could  n o t  b e  

taken i n  September because the  water  t a b l e  dropped below t h e  w e l l  

bottom, which w a s  20 f t  deep. The Wd -N peak f o r  t h e  wa te r  from t h i s  
4 

w e l l  i n  November is  due t o  decay of a f a i r l y  l a r g e  animal  (probably 

a badger) t h a t  had f a l l e n  i n t o  t h e  wel l .  Well 7 had low N-concentra- 

t i o n s  f o r  most of t h e  year  because i t  y i e lded  predominantly n a t i v e  

groundwater u n t i l  about  October ( s ee  Sec t ion  8: T o t a l  Dissolved 

S a l t s ) ,  

4. Phosphate. 

Phosphate-phosphorus concent ra t ions  i n  t h e  e f f l u e n t  showed a 

s l i g h t  d e c l i n e  over t h e  year ,  from about 10  mg/l i n  t h e  beginning  t o  

about  6 mg/l a t  t h e  end of t he  year  (Figure 1 0 ) -  PO -P c o n c e n t r a t i o n s  4 
f o r  t h e  renovated water  from the  we l l s  i n s i d e  t h e  b a s i n  a r e a  were 

lower a t  t h e  end of t h e  year  than  a t  t he  beginning (F igu res  11, 12, 

and 13). PO -P concent ra t ions  f o r  t he  ou t ly ing  we13 0 at 100 f t  
4 
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from basin  1 were lower than f o r  the  wel ls  ins ide  the  basin  area ,  

ind ica t ing  add i t iona l  PO -P prec ip i ta t ion  i n  the  aquifer .  The low 4 
PO P l eve l s  f o r  well  7 (Figure 14) again were due t o  t he  Tact t h a t  - 4- 
t h i s  we11 yielded mostly na t ive  groundwater, Average PO -P con- 

4 
centra t ions  and removal percentages were: 

Effluent 

W e l l  0 

Well 1-2 

ECW 

Well 5-6 

Well 7 

Removal 

The data  show again tha t  RQ -P removal is a gradual process t h a t  4 
increases  with addi t ional  l a t e r a l  movement of the  renovated water 

through the  aquifer ,  After  10 years of operation, however, t h e  

process i s  continuing unabatedly and has l o s t  none of i t s  renovation 

eff ic iency , 

5. Organic Carbon. 

Total  organic carbon (TOC) concentrations f o r  e f f l uen t  and reno- 

vated water a r e  shown i n  Figures 25, 16, 17, 18, and 19. Because of 

instrumentation problems,no TOC measurements were obtained f o r  the  

period August-November, In  t h a t  period, t he  Beckman 915 was replaced 

by Technicon equipment, The f i r s t  e f f luen t  samples analyzed with t h e  

Technicon system were taken i n  January 1978, and yielded TOG con- 

centra t ions  of 10 t o  20 mg/l. Average TOC concentrat ions i n  mg/l 

f a r  1977 were: 

Effluent.  2 6 

Well 0 5*2 

Well 1-2 6.9 

ECW 6.7 

Well 5-6 5.2 

Well 7 4.2 
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While t h e  average TOG of t h e  e f f l u e n t  was about t h e  s a m e  a s  t h e  

24 mg/l observed i n  1976, the  TOG-values f o r  the  renovated water  w e r e  

somewhat higher than the  1976 average of 4 mg/l- This may be  due t o  

instrumentat ion malfunction. For example, a s  t h e  TOG of t h e  e f f l u e n t  

went down i n  t h e  March-June e r iod ,  t h a t  of the  renovated water  showed 

a tendency t o  go up, including wel l  7 which u n t i l  June continued t o  

y ie ld  mostly n a t i v e  groundwater, a s  indica ted  by t h e  r e l a t i v e l y  h igh 

and constant  TDS content  u n t i l  t h e  middle of May, These t r e n d s  w e r e  

opposite  of what could be expected i n  l i g h t  of t h e  decreas ing TOC of 

t h e  e f f l u e n t .  Also, when the  Technicon analyzer w a s  p u t  i n t o  opera t ion 

i n  December, TOG-val,ues f o r  a l l  renovated water w e r e  mostly on t h e  

order of 2 t o  3 mg/l, which i s  considerably lower than t h e  va lues  

obtained with t h e  Beckman apparatus,  Since the  Beckman 915 thus  

apparently overestimated TOG at  low concentrat ions,  a d d i ~ i o n a l  TOG 

measurements must be made i n  1978 t o  obta in  a more accura te  assess-  

ment of t r a c e  organics i n  the  renovated water, oopera t ive  work has  

been i n i t i a t e d  with t h e  Western Regional Research Center a t  Albany, 

Cal i fornia ,  t o  t r y  t o  i d e n t i f y  che t r a c e  organics,  

6. Fluoride. 

Fluoride concentrat ions of e f f luen t  and renovated water  are 

shown i n  Table 3. The average F-concentration of t h e  secondary e f f l u -  

e n t  was 2,023 mg/l ( s l i g h t l y  less than t h e  2,3 mg/l i n  1976), of t h e  

renovated water from t h e  w e l l s  i n s ide  the  bas in  area 1 ,66  mg/l (1.8 

mg/l i n  1976), and of t h a t  from the  out ly ing we l l  0, 1.08 mg/l. Thus, 

add i t iona l  movement oE renovated water through t h e  a q u i f e r  produced 

add i t iona l  removal of f luor ide ,  s imi la r  t o  what happens t o  t h e  phos- 

phate. F-concentrations i n  the  water from w e l l  7 were lower when t h e  

we l l  yielded renovated water than when i t  yielded mostly n a t i v e  

groundwater, 

7. Boron. 

Boron concentrat ions (Table 5) averaged 0.59 mg/l i n  t h e  

e f f l u e n t ,  which was s l i g h t l y  more than the  1976 average of 0.52 mg/l. 

The renovated water contained s l i g h t l y  more B (0-64 mg/l),  e s p e c i a l l y  

f o r  wel l  5-6. Water from well  7 had more B when i t  was mostly n a t i v e  
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groundwater than  when i t  w a s  predominanllly renovated sewage water ,  as 

i n d i c a t e d  by t h e  TDS content .  

8. T o t a l  Dissolved S a l t s ,  

Average TDS concen t r a t ion  of t h e  secondary e f f l u e n t  $7as 1,075 mg/l 

and t h a t  of t h e  renovated water  1,095 mg/l (Table 5). The TDS- 

con ten t  of well-7 water  i n i t i a l l y  was i n  t h e  1,500-2,500 mg/l range, 

i n d i c a t i n g  e n c r o a c ~ e n t  of n a t i v e  groundwater. This  may have  been due  

t o  t h e  heavy pumping of groundwater i n  t h e  S a l t  River Val ley ,  which 

c r e a t e d  a south-to-north g r a d i e n t  i n  t h e  groundwater below t h e  F lushing  

Meadows P r o j e c t .  Thus, n a t i v e  groundwater from t h e  s o u t h  of  t h e  

p r o j e c t  could have moved n o r t h  and d i sp l aced  renovated wa te r  a t  w e l l  7, 

which is  t h e  southernmost w e l l  o f  t h e  p r o j e c t .  When groundwater 

l e v e l s  r o s e  aga in  (F igure  3) and i n f i l t r a t i o n  rates i n  t h e  b a s i n s  a l s o  

inc reased  i n  t h e  second h a l f  of t h e  year  (Figure I ) ,  renovated  wa te r  

pushed f u r t h e r  sou th  aga in  and came back i n  w e l l  7, as evidenced by 

lower TDS va lues  i n  t h e  P a s t  few months of 1977 (Table 5)  - 
9. Feca l  Coliform Bac te r i a ,  

5 Fecal  co l i fo rm con ten t s  were on t h e  o r d e r  of 3 X 1 0  p e r  100 m l  

f o r  t h e  secondary e f f l u e n t  and normally below 1001100 m l  f o r  t h e  reno- 

va t ed  water  from ECW (Figure  20) .  Three peaks of  375 t o  560 co l i fo rms  

pe r  100 r n l  were a l s o  observed, The f e c a l  co l i form d e n s i t i e s  were abou t  

t h e  same a s  i n  prev ious  yea r s ,  i n d i c a t i n g  no deeper  p e n e t r a t i o n  of 

f e c a l  col i forms.  

10. Summary and Conclusions. 

The y e a r  1977 was t h e  l o t h  year  of ope ra t ion  of t h e  F lush ing  

Meadows P r o j e c t  ( t h e  b a s i n s  were f i r s t  flooded i n  September 1967),  

which is  an experimental  r a p i d - i n f i l t r a t i o n  system t o  r e n o v a t e  sec- 

ondary sewage e f f l u e n t  by groundwater recharge,  I n  t h e  f i r s t  5 

yea r s ,  t h e  main o b j e c t i v e  of t h e  s tudy was t o  s e e  how t h e  b a s i n s  

should b e  managed t o  o b t a i n  maximum hydraul ic  loading.  T h i s  l oad ing  

was about 300 f t / y e a r  ( i n  1 yea r ,  400 f t  was obta ined)  and was 

achieved wi th  f lood ing  and dry ing  per iods  of about  2 weeks each,  and 
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a water  depth  of 1 f t .  A t  t h i s  schedule,  however, N-removal was 

only  about  30% and t h e  MI4-N conten t  of t h e  renovated water  g r a d u a l l y  

increased .  I n  t h e  second 5 yea r s ,  t h e  main o b j e c t i v e  was t o  de te rmine  

how n i t r o g e n  removal could be  increased  by reducing  h y d r a u l i c  l oad ing  

r a t e s ,  i n  accordance wi th  r e s u l t s  from l a b o r a t o r y  s t u d i e s  on s o i l  

columns. Using 9-day-flooding and 12-day-drying c y c l e s  and reducing  

t h e  water  dep th  i n  t h e  b a s i n s  t o  6 inches  reduced t h e  h y d r a u l i c  l oad ing  

t o  a range  of 170 t o  250 f t l y e a r ,  b u t  doubled n i t r o g e n  removal t o  60% 

and sometimes even more. Nitrate-N l e v e l s  i n  t h e  renovated w a t e r  a t  

t h i s  removal rate were about  equal  t o  o r  s l i g h t l y  below t h e  maximum 

l i m i t  of 1 0  n g / l  f o r  d r ink ing  water .  h o n i u m - N  g r a d u a l l y  decreased  

a f t e r  t h e  sequences of h igh  loading  r a t e s  and i n  I977 averaged 1.67 

mg/l f o r  renovated water  sampled a t  30-ft  dep th  below t h e  b a s i n s ,  

Phosphate removal cont inue  unabaked, i . e .  71% f o r  t h e  renovated  w a t e r  

sampled below t h e  bas ins ,  and 94% a f t e r  a d d i t i o n a l  movement of 100 f t  

through t h e  a q u i f e r .  Organic carbon concen t r a t ions  in t h e  renovated  

water  averaged 6 mg/l, which i s  r a t h e r  h igh  and may i n  p a r t  b e  due t o  

ins t rument  problems, which appa ren t ly  overes t imated  TOG v a l u e s  of reno- 

va ted  w a t e r  a t  low concen t r a t ions ,  A new organic  carbon a n a l y z e r  g u t  

i n t o  ope ra t ion  a t  t h e  end of 1977 y i e lded  TOG-values of a b o u t  2-3 mg/l  

f o r  t h e  renovated water .  Addi t iona l  TOC-data w i l l  be  ob ta ined  i n  1978, 

F luo r ide  concen t r a t ions  i n  t h e  e f f l u e n t  averaged 2,08 mg/l and t h o s e  i n  

t h e  renovared water  below t h e  bas ins  were 1.66 mg/l. A d d i t i o n a l  lateral 

movement of 100 f t  reduced t h e  f l u o r i d e  con ten t  t o  1 -08  mg/l. Boron 

concen t r a t ions  i n  t he  e f f l u e n t  averaged 0,59 mg/l and i n  t h e  renovated  

water  0.64 mgll.  To ta l  d i s so lved  s a l t s  concen t r a t ions  averaged 1,075 

mg/l f o r  t h e  e f f l u e n t  and 1,095 mgll f o r  t h e  renovated wa te r ,  Hydraul ic  

loading  i n  1977 was 248 f t l y e a r ,  ~ h i c h  i s  n o t  much lower t h a n  t h e  max- 

imum of  about  300 f t l y e a r  ob ta ined  previous ly  w i t h  longe r  f1ooding 

per iods .  The response of t h e  groundwater t a b l e  t o  i n f i l t r a t i o n  w a s  

e s s e n t i a l l y  t h e  same a s  be fo re ,  i n d i c a t i n g  no clogging of t h e  a q u i f e r .  

A l l  t h e s e  r e s u l t s  i n d i c a t e  t h a t  a r a p i d - i n f i l t r a t i o n  system can  func- 

t i o n  very e f f e c t i v e l y  f o r  a g r e a t  many years .  
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II. 23RD AVENUE PKOJECT 

The work a t  t h e  23rd Avenue P r o j e c t  i n  1977 only  c o n s i s t e d  of  

a d d i t i o n a l  i n f i l t r a t i o n  s t u d i e s  on a small  a r ea  w i t h i n  i n f i l t r a t i o n  

bas in  no. 2. The purpose of t h e  s tudy  was t o  make s u r e  t h a t  t h e  low 

i n f i l t r a t i o n  r a t e s  of t h e  b a s i n s  were caused by suspended s o l i d s  

(a lgae)  i n  t h e  e f f l u e n t  and n o t  by a i r -p re s su re  build-up i n  t h e  un- 

s a t u r a t e d  zone beneath advancing wet f r o n t s ,  The s t u d i e s  were nec- 

e s s a r y  because of a proposed cons t ruc t ion  of a by-pass channel  w i t h i n  

t h e  80-acre pond t h a t  would b r i n g  secondary e fEluent  d i r e c t l y  i n t o  t h e  

i n f i l t r a t i o n  bas ins  without  long d e t e n t i o n  times and a l g a e  'build-up, 

I f  a i r -p re s su re  were t h e  main cause  of low i n f i l C r a t i o n  r a t e s ,  such 

a channel  would, of course ,  n o t  be e f f e c t i v e  i n  i n c r e a s i n g  t h e  in-  

f i l t r a t i o n  r a t e s  i n  t h e  bas ins .  The e f f e c t  of a l g a e  as such on in-  

f i l t r a t i o n  was s tud ied  i n  d e t a i l  in 1976 ( see  previous  Annual Report) .  

1. I n f i l t r a t i o n  S tudies .  

I n f i l t r a t i o n  measurements were c a r r i e d  out  on squa re  areas of 

1 by 1 m, ob ta ined  by i n s t a l l i n g  a shee t  meta l  border  i n  t h e  s o i l ,  

The squa re  a r e a  was f looded wi th  water f r e e  from suspended s o l i d s  

(renovated sewage water  from t h e  Center Well was used f o r  t h i s  pur- 

pose) t o  a depth  of 1 5  cm. This  depth  was then main ta ined  w i t h  a f l o a t  

va lve  and t h e  r a t e  of flow of water  was determined w i t h  a flowmeter. 

The r e s t  of t h e  b a s i n  around the  square-meter a r e a  w a s  kep t  d r y  i n i -  

t i a l l y .  The i n f i l t r a t i o n  r a t e  dur ing  t h i s  per iod  w a s  e s s e n t i a l l y  

c o n s t a n t  a t  a b o u t O Q . 7 5  m/day (Figure 21)-  Since t h e  b a s i n  around the 

square-meter a r e a  was kept  d ry  during t h i s  measurement, t h e r e  was no 

a i r -p re s su re  build-up i n  t h e  vadose zone below t h e  w e t t i n g  f r o n t -  

Thus, t h e  i n f i l t r a t i o n  r a t e  from t h e  square-meter a r e a  w a s  n o t  a f -  

f  ec ted  by a i r -p re s su re  build-up, If t h e  rest of t h e  b a s i n  were  a l s o  

f looded,  however, t h e r e  would be an inc rease  i n  air  p r e s s u r e  i n  t h e  

vadose zone, which i n  turn 'would  produce a dec rease  i n  t h e  i n f i l t r a -  
2 

t i o n  r a t e  of t h e  I ru. a r e a .  Flooding the  resf :  of t h e  b a s i n  w i l l  a l s o  

reduce the i n f i l t r a t i o n  r a t e  from t h e  square-meter a r e a  because  

divergence of t h e  flow due t o  edge e f f e c t s  w i l l  b e  e l i m i n a t e d -  Previous  
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s t u d i e s  w i t h  an  e l e c t r i c a l  r e s i s t a n c e  network ana log  have i n d i c a t e d  

t h a t  f o r  t h e  s o i l s  of  t h e  i n f i l t r a t i o n  b a s i n s  a t  t h e  23rd Avenue 

P r o j e c t ,  which have an  a i r - e n t r y  va lue  of -38 cm water ,  t h e  i n f i l t r a -  

t i o n  r a t e  from a 1 square-meter a r e a  w i l l  be  reduced by abou t  50 per- 

c e n t  i f  t h e  a r e a  surrounding t h i s  1 squa re  meter is  a l s o  f looded  and 
2 

f low divergence below t h e  1 m a r e a  does no longer  t a k e  p l a c e ,  Thus, 

i f  t h e  i n f i l t r a t i o n  r a t e  i n  t h e  square-meter a r e a  i n  b a s i n  2 would b e  

reduced by more than  a f a c t o r  2 ue t o  f l ood ing  t h e  sur rounding  a rea ,  

t h e  i n f i l t r a t i o n  rate would n o t  only be  reduced by a r e d u c t i o n  i n  t h e  

d ivergence  of t h e  flow, b u t  a l s o  by a n  i n c r e a s e  i n  a i r  pressrare i n  

t h e  vadose zone, The r e s u l t s  (F igure  21),  however, show t h a t  t h e  in-  

f i l t r a t i o n  rate was reduced from 0,75 m/day t o  0,50 m/day due  t o  

f l ood ing  t h e  a r e a  around t h e  1 square  m e t e r ,  This  r e d u c t i o n  i s  l e s s  

t han  by a f a c t o r  2, i n d i c a t i n g  t h a t  he a i r - p r e s s u r e  buriEd-up i n  t h e  

vadose zone, which was about 1 - 4  m of water  f o r  t h e  s tudy  (F igu re  21) 

had no e f f e c t  on i n f i l t r a t i o n  r a t e  from t h e  square  meter  area, The 

i n f i l t r a t i o n  rate f o r  t h e  e n t i r e  b a s i n  was 0.73 m/day a t  t h e  beginning  

of t h e  5-day per iod  and 0 -15  m/day a t  t h e  end* The i n c r e a s e  i n  in-  

f i l t r a t i o n  r a t e  from t h e  square--meter a r e a  on about  25 June  (F igure  

21) was caused by a temporary drop i n  water  l e v e l  i n  t h e  rest of t h e  

bas in ,  which produced divergence of t h e  f low beneath t h e  square-meter 

a r ea .  When f lood ing  t h e  e n t i r e  bas in  was stopped on 27 June, t h e  in-  

f i l t r a t i o n  r a t e  from t h e  square-mecer a r e a  began t o  i n c r e a s e  (F igure  

21).  This  was probably due t o  t h e  decrease  i n  n e g a t i v e  p r e s s u r e  head 

of t h e  water  i n  t h e  upper p o r t i o n  of t h e  s o i l  p r o f i l e  as t h e  p r o f i l e  

dra ined  toward t h e  groundwater t a b l e  which was a t  a dep th  o f  21.34 m, 

This  produced p re s su re  heads t h a t  w e r e  much more n e g a t i v e  t h a n  

normally occur  a t  t h e  downward moving we t t i ng  f r o n t  i n  r e l a t i v e l y  

dry  s o i l ,  and, hence produced an inc rease  i n  i n f i l t r a t i o n  rates, 

Clogging of t h e  bottom s o i l  i n  t h e  recharge  b a s i n s  and re- 

s u l t i n g  low i n f i l t r a t i o n  r a t e s  may n o t  only have been due t o  accumu- 

l a t i o n  of a l g a e ,  bu t  could a l s o  r e s u l t  from p r e c i p i t a t i o n  of  CaCO 3" 
caused by t h e  h igh  p H  (> 9)  of algae-laden e f f l u e n t  d u r i n g  p e r i o d s  

of high photosynthe t ic  a c t i v i t y  when the  a l g a e  absorb a l o t  o f  CO 
2 ' 
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The r e s u l t i n g  CaCO d e p o s i t s  could a c t u a l l y  form a  cemented s u r f a c e  
3 

c r u s t  on t h e  s o i l ,  a s  evidenced by a  whi te  d i s c o l o r a t i o n ,  Analyzing 

s o i l  samples taken i n  August from d i f f e r e n t  depths  f o r  CaCO content ,  
3 

however, d i d  n o t  show any i n c r e a s e  i n  CaCO of t h e  s u r f a c e  s o i l ,  ex- 
3 

c e p t  f o r  s i t e  B (Table 6 ) -  B e t t e r  r e s u l t s  could probably be obta ined  

i f  t h e  s u r f a c e  a s  such ( f o r  example t h e  top  l /16-inch of t h e  s o i l )  had 

been sampled, r a t h e r  than  t h e  top  inch.  A t  any r a t e ,  however, t h e  

e f f e c t  of r i p p i n g  t h e  s o i l  t o  break  up a l g a e  clogged and p o s s i b l y  

CaCO -cemented s u r f a c e  c r u s t s  on i n f i l t r a t i o n  w i l l  be s t u d i e d  when 
3 

t h e  i n f i l t r a t i o n  b a s i n s  a r e  r e a c t i v a t e d  fo l lowing  completion of t h e  

by-pass channel.  Hopefully,  t h i s  channel  w 5 l l  be cons t ruc t ed  i n  e a r l y  

summer 1978. 

2 ,  By-Pass Channel. 

The l e v e e  f o r  t h e  by-pass channel s h o ~ m  a s  t h e  hatched s t r i p  i n  

F igu re  22, w i l l  start a t  t h e  e a s t  end of t h e  80-acre pond, p a r a l l e l  

t h e  south  bank, and curve n o r t h  a t  t h e  west end of t h e  pond- Of t h e  

t h r e e  c u l v e r t s  now feed ing  secondary e f f l u e n t  t o  t h e  80-acre pond, 

c u l v e r t  A (Figure 22) w i l l  be c u t  so t h a t  i t  w i l l  supply secondary 

e f f l u e n t  t o  t h e  by-pass channel.  The e f f l u e n t  w i l l  then  f low through 

t h e  i n l e t s  B, C,  and D i n t o  t h e  i n f i l t r a t i o n  bas ins .  This  w i l l  b e  the 

mode of ope ra t ion  i n  sp r ing ,  summer, and f a l l ,  when t h e r e  is consider-  

a b l e  a l g a e  growth i n  t h e  80-acre pond and t h e  t rea tment  p l a n t  e f f l u e n t  

i t s e l f  has  a  low suspended s o l i d s  content .  I n  t h e  win te r ,  however, 

t h e r e  i s  l i t t l e  a l g a e  growth i n  t he  80-acre pond and t h e  p l a n t  e f f l u e n t  

u sua l ly  has  a much h igher  suspended s o l i d s  con ten t ,  In t h a t  ca se ,  i t  

w i l l  be  b e t t e r  t o  pas s  t h e  e f f l u e n t  f i r s t  through t h e  80-acre pond 

be fo re  i t  goes i n t o  t h e  i n f i l t r a t i o n  bas ins .  This  w i l l  b e  accomplished 

by opening g a t e  E (F igure  22) ,  which w i l l  a l low 80-acre pond e f f l u e n t  

t o  e n t e r  t he  channel on the  v e s t  s i d e  and then f low i n t o  t h e  i n f i l t r a -  

t i o n  bas ins .  The d r a i n a g e t g a t e s  F, G ,  H, and 1 a t  t h e  west end of rhe 

i n f i l t r a t i o n  bas ins  w i l l  bc  equipped wi th  overflow s t r u c t u r e s  s o  t h a t  

water can s p i l l  out of the  i n f i l t r a t i o n  bas ins  dur ing  Elooding. Pre- 

v ious ly ,  t he  g a t e s  were kept  c losed  during f looding  and opened only  

t o  d r a i n  the  ponds f o r  a  drying per iod .  The outf low dur ing  f l o o d i n g  
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should reduce t h e  d e t e n t i o n  t ime i n  t h e  i n f i l t r a t i o n  b a s i n s ,  t h u s  

reducing a l g a e  growth i n  t h e s e  bas ins .  The by-pass channel  and t h e  

out f low s t r u c t u r e s  of t h e  i n f i l t r a t i o n  b a s i n s  a r e  designed s o  t h a t  t h e  

t o t a l  d e t e n t i o n  time of t h e  e f f l u e n t  i s  l e s s  than  36 hours .  Th i s  

should avoid problems of a l g a e  growth, 

3. Summary and Conclusions, 

The f o u r  10-acre i n f i l t r a t i o n  bas ins  of t h e  23rd Avenue Waste- 

water  Renovation P r o j e c t  rece ived  secondary e f f l u e n t  t h a t  had f i r s t  

been passed through a n  80-acre ox ida t ion  pond. During t h e  summer 

months, a l g a e  growth i n  t h e  ox ida t ion  pond caused t h e  e f f l u e n t  t o  have  

h igh  suspended s o l i d s  con ten t s  when i t  en tered  t h e  i n f i l t r a t i o n  b a s i n s .  

The r e s u l t  w a s  a g r e a t  r educ t ion  i n  i n f i l t r a t i o n  rates, y i e l d i n g  a n  

annual  hydrau l i c  loading  r a t e  of about  70 f t .  To o b t a i n  h i g h e r  in- 

f i l t r a t i o n  r a t e s ,  t h e  80-acre pond should be  by-passed so t h a t  sec- 

ondary e f f l u e n t  from t h e  t rea tment  p l an t  d i r e c t l y  e n t e r s  t h e  i n f i l t r a -  

t i o n  bas ins .  This  can be achieved by c o n s t r u c t i o n  of a levee i n  t h e  

80-acre pond t o  c r e a t e  a by-pass channel.  To make s u r e  t h a t  t h e  low 

i n f i l t r a t i o n  r a t e s  were no t  caused by a build-up of  a i r  p r e s s u r e  be- 

nea th  t h e  advancing wet f r o n t  i n  t h e  unsa tura ted  zone, i n f i l t r a t i o n  

r akes  were measured i n  a 1 m square  a r e a  of bas in  2, I n f i l t r a t i o n  

r a t e s  were measured w i t h  t h e  sma l l  a r e a  f looded a l o n e  and t h e n  w i t h  

t h e  e n t i r e  b a s i n  flooded a l s o ,  The r e s u l t s  showed t h a t  t h e  r e d u c t i o n  

i n  i n f i l r r a t i o n  r a t e  when t h e  e n t i r e  bas in  was f looded could  b e  

e n t i r e l y  a t t r i b u t e d  t o  a dec rease  i n  divergence of f low from t h e  1 

meter square  a r ea .  Thus, a i r -p re s su re  build-up had l i t t l e  o r  no 

e f f e c t  on i n f i l t r a t i o n  and t h e  by-pass channel f o r  b r i n g i n g  p l a n t  

e f f l u e n t  d i r e c t l y  i n t o  t h e  b a s i n s  should be e f f e c t i v e  i n  i nc reas i i i g  

t h e  i n f i l t r a t i o n  r a t e  of t h e  recharge  bas ins .  
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111. EESA PRIMARY EFFLUENT PROJECT 

The s t u d i e s  on t h e  use of primary e f f l u e n t  f o r  groundwater re- 

charge by rap id  i n f i l t r a t i o n  were extended t o  f i e l d  p l o t s  a t  t h e  Mesa 

Sewage Treatment Plant .  Four recharge basins,  1 0  f t  by 30 f t ,  w e r e  

constructed i n  t h e  summer of 2977 (Figure 2 3 ) ,  Primary e f f l u e n t  w a s  

pumped from t h e  overflow s i d e  of the  primary c l a r i f i e r  about 250 f t  

away. Basins 1 and 2 received e f f l u e n t  d i r e c t l y  from t h e  p ipe l ine ,  

while bas ins  3 and 4 received e f f l u e n t  t h a t  was f i r s t  passed through 

a sedimentation bas in  of the  same s i z e  a s  t h e  i n f i l t r a t i o n  bas ins ,  

A f looding schedule of 7 days wet and 7 days dry was followed f o r  t h e  

f i r s t  5 weeks, Basins 1 an 3 were flooded while bas ins  2 and 4 w e r e  

drying, and vice-versa,  The water l e v e l  5-n t h e  bas ins  w a s  c o n t r o l l e d  

by f l o a t s  which ac t iva ted  an e l e c t r i c  valve  and t h e  e f f l u e n t  pump, 

The f l o a t s  were set t o  maintain a water depth of 1 0  inches,  A water  

meter was used t o  measure t h e  t o t a l  i n f i l t r a t i o n  in bas ins  I and 2 ,  

I n f i l t r a t i o n  r a t e s  i n  bas ins  3 and 4 were determined from d a i l y  point-  

gage measurements of water l e v e l  drop, This was necessary because t h e  

w a t e r  i n i t i a l l y  passed through a sed en ta t ion  pond which; also had some 

i n f i l t r a t i o n .  A d r a i n  w a s  i n s t a l I e d  i n  each bas in  so  water  could b e  

rap id ly  removed a t  t h e  s t a r t  of t h e  dry period, Tensiometers and 

porous c e m a i c  cups f o r  sampling waZIer q u a l i t y  were i n s t a l l e d  i n  each 

bas in  a t  two d i f f e r e n t  depths, as shown in Table 7- 

1, Znf i l t r a t i o n  Rates, 

Flooding of the  bas ins  was starLed on 1 November 1977. I n f i l -  

t r a t i o n  r a t e s  f o r  the four  bas ins  a r e  shown i n  Figures 24 and 25, 

The bas ins  were flooded f o r  7 days and dry f o r  7 days f o r  t h e  period 

1 November t o  6 December, a f t e r  t h a t ,  the  schedule was changed t o  7 

days f lood and 14 days dry. The i n f i l t r a t i o n  rates a t  10 inches  

water depth ranged b e t ~ ~ e e n  0 - 1  f t /day  and 2.5 f tbday,  w i t h  a n  

average of 0.4 f t /day .  The year ly  i n f i l t r a t i o n  based on I-week f lood 

and 1-week dry would he 68 f t / y e a r ,  The i n i t i a l  i n f i l t r a t i o n  r a t e  

was higher i n  bas ins  I and 2 than i n  bas ins  3 and 4; however, t h e  

i n f i l t r a t i o n  s a t e  a l s o  decreased from each preceding f lood period.  

The I-week dry period probably was not long enough t o  dry t h e  bas in  
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sur face  out  s u f f i c i e n t l y  and t o  r e s t o r e  t h e  i n f i l t r a t i o n  rate, The 

rapid  decrease i n  i n f i l t r a t i o n  r a t e  i s  due t o  the  suspended s o l i d s  

content  of t h e  primary e f f l u e n t ,  which averaged about 50 mg/l f o r  a l l  

basins.  Ferrous ch lo r ide  is added t o  t h e  raw sewage f o r  odor c o n t r o l  

a t  the  sewage treatment p lant .  The fe r rous  ch lo r ide  r e a c t s  w i t h  

hydrogen s u l f i d e  i n  t h e  r a w  sewage and forms fe r rous  s u l f i d e ,  which 

is  a f i n e  p r e c i p i t a t e  t h a t  does not s e t t l e  out ,  This i s  ind ica ted  

by t h e  same suspended s o l i d s  content  f o r  a l l  bas ins  even though the  

e f f l u e n t  enter ing bas ins  3 and 4 passed through t h e  sedimentat ion 

basin.  The f i n e  p a r t i c l e s  con t r ibu te  t o  lower i n f i l t r a t i o n  rate i n  

two ways: f i r s t ,  t h e  f i n e  p a r t i c l e s  can move f a r t h e r  i n t o  th'e s o i l ,  

r e s u l t i n g  i n  i n t e r n a l  clogging r a t h e r  than surface  clogging, During 

drying t h e  organic l a y e r  d r i e s  and breaks away from t h e  s o i l  su r face -  

However, t h e  fe r rous  s u l f i d e  i s  inorganic and the re fo re  remains rel- 

a t i v e l y  unchanged upon drying. This may a l s o  expla inwhy t h e  in-  

f i l t r a t i o n  r a t e  does no t  adequately recover a f t e r  drying,  

Negative pressure  heads a t  the  13- t o  16-cm depth i n  b a s i n s  1, 

3, and 4 i n d i c a t e  t h a t  clogging occurs above t h a t  depth (Figures 26, 

27, 28, and 29)-  P o s i t i v e  pressures  occurred a t  t h e  13 -em depth  i n  

bas in  2 and d id  not  decrease wi th  time, except f o r  t h e  l a s t  f lood  

period. This i s  probably due t o  leakage around t h e  tensiometer ,  

r a t h e r  than a r e s t r i c t i n g  l ayer  below t h e  13-cm depth, During t h e  

l a s t  flow period, t h e  pressure head did become negative,  i n d i c a t i n g  

surface  clogging, Leakage along the  tensiometer tube i s  a l s o  in-  

d ica ted  i n  bas in  4 because of t h e  sudden increase  i n  p ressure  head 

i n  t h e  middle of a f lood periode 

2. Nitrogen. 

The t o t a l 4  content  of the  primary e f f l u e n t  ranged between 22 

and 40 mg/l and averaged 32 mg/l. About 27 mg/l was i n  t h e  ammonium 

form, and 5 mg/l a s  organic N. The average ammonium con ten t  a t  t h e  

10-cm l e v e l  was 17, 26, 5.5, and 5 - 9  mg/l f o r  bas ins  1, 2, 3 ,  and 4,  

respect ively  (Figures 30,  31, 3 2 ,  and 3 3 ) -  The average n i t r a t e  l e v e l  

was below 0.7 mg/l f o r  a l l  bas ins  a t  the shal lover  depth. The 

higher ammonium l e v e l s  below bas ins  1 and 2 were probably due t o  
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short:  c i r c u i t i n g  from t h e  s u r f a c e  when vacuum was app l i ed  t o  t h e  cer -  

amic f o r  e x t r a c t i o n .  A n i t r a t e  peak was observed on t h r e e  occas ions  

a t  53-cm depth  i n  b a s i n  4 and dur ing  one per iod  i n  b a s i n s  1 and 3 .  

No n i t r a t e  peak w a s  observed i n  bas in  2 ;  however, t h e  q u a n t i t y  of 

samples taken a t  t h e  lower depth  was sma l l  ( l e s s  than  5 m l  p e r  hour) ,  

i n d i c a t i n g  t h a t  t h e  ceramic w a s  l oca t ed  i n  coa r se  material. S ince  

samples were only  taken  a i l y ,  i t  i s  p o s s i b l e  t h a t  n i t r a t e  could  have  

moved p a s t  t h e  ceramic wi thout  be ing  sampled, The ammonium concentra-  

t i o n  a t  t h e  lower depth  was abaut  t h e  s a m e  f o r  a l l  b a s i n s  and averaged 

3.2 mg/l* Nitrogen removal a t  t h e  lower depths  averaged 70% f o r  a l l  

f o u r  bas ins .  

3. Phosphate. 

The average  PO -P content  of t h e  primary e f f l u e n t  was 5,7 mgfl.  4 
Some phosphate appeared t o  be leached o u t  of t h e  t o p  1 0  cm i n  b a s i n  

2 a s  t h e  average  PO4--P concen t r a t ion  a t  a dep th  of  1 cm was 8.9 mg/l. 

The PO -P concen t r a t ions  a t  10-em depth below b a s i n s  1, 3, and 4 were 
4 

s l i g h t l y  l e s s ,  i -e .  4.7,  5 -0 ,  and 3 = 5  mg/l, r e s p e c t i v e l y ,  A t  t h e  

lower depths  PO -P concen t r a t ions  were 1 - 9 ,  0 - 5 ,  1,1, and 0.8 mg/l 4 
f o r  b a s i n s  1, 2, 3, xad 4 , r e spec t ive ly .  The average  phosphorus re- 

moval f o r  a l l  b a s i n s  w a s  82  pe rcen t ,  

4. Summary and Conclusions, 

The s t u d i e s  on t h e  use  of primary e fEluent  f o r  r a p i d  i n f i l t r a t i o n  

were extended t o  f i e l d  p l o t s  a t  t h e  Mesa S w a g e  Treatment P l a n t .  

Primary e f f l u e n t  w a s  pumped from t h e  primary c l a r i f i e r  t o  f o u r  1 0 - f t  

by 30-f t  recharge  bas ins .  The bas ins  w e r e  i n i t i a l l y  ope ra t ed  on a 

7-day f lood  and 7-day d ry  schedule ,  I n E i i t r a t i o n  r a t e s  ranged between 

0-12 and 2.5 f t / d a y ,  w i t h  an  average oE 0,4 f t / day .  T h i s  r e p r e s e n t s  

an  annual  hydrau l i c  l oad ing  r a t e  of 68 f t ,  I n f i l t r a t i a n  rates a t  t h e  

start of each f lood ing  per iod  were lower than t h e  i n i t i a l  i n f i l t r a -  

t i o n  r a t e s  of t h e  preceding f lood ing  pe r iods ,  i n d i c a t i n g  t h a t  t h e  7- 

day dry  period w a s  n o t  long enough t o  r e s t o r e  t h e  i n f i l t r a t i o n  rate, 

The inundat ion  schedule was changed t o  7-days f lood  and 14-days d r y  

a t  t h e  end of t h e  yea r .  The r a p i d  decrease  i n  i n f i l t r a t i o n  r a t e s  is 

a t t r i b u t e d  t o  t h e  h igh  suspended s o l i d s  content  i n  t h e  e f f l u e n t ,  which 
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averaged 50 mg/l . .  The suspended s o l i d s  i nc lude  a ve ry  f i n e  prec ip-  

i t a t e  of Eerrous s u l f i d e  (due t o  i r o n  c h l o r i d e  t rea tment  of t h e  raw 

sewage), which appears  t o  c log  the  s o i l  more than t h e  o r g a n i c  sus- 

pended s o l i d s  of secondary sewage efElucnt .  The t o t a l  n i t r o g e n  con- 

c e n t r a t i o n  i n  t h e  primary e f f l u e n t  averaged 32 mg/l. Ni t rogen  con- 

c e n t r a t i o n s  of t h e  renovated water  c o l l e c t e d  a t  a depth  of 50 cm w i t h  

ceramic cups were 5,7 mg/l as NO -N and 3 mg/l a s  NII -N. Average 
3 4 

PO P concen t r a t ions  were 5.6 mg/l and 1 .4  mg/l f o r  t h e  pr imary e f -  4- 
f l u e n t  and renovated water ,  r e s p e c t i v e l y .  Qual i ty  improvement appeared 

about  equal  t o  t h a t  rece ived  w i t h  secondary e f f l u e n t ;  however, t h e  hy- 

d r a u l i c  loading  r a t e s  were lower due t o  t h e  composition of t h e  sus- 

pended s o l i d s .  

I V ,  DELAYED YIELD STUDIES 

I. Procedure, 

Addi t iona l  s t u d i e s  were made of delayed y i e l d  of unconfined 

a q u i f e r s .  Previous s t u d i e s  d e a l t  w i t h  completely s a t u r a t e d  l a y e r s  i n  

t h e  vadose zone. When groundwater was pumped, t h e  w a t e r  t a b l e  had t o  

drop a c e r t a i n  d i s t a n c e  be fo re  water  p r e s s u r e s  i n  such s a t u r a t e d  l a y e x s  

had reached t h e  a i r - e n t r y  v a l u e  of t h e  l a y e r  and a i r  could  move down 

t o  occupy t h e  space l e f t  by t h e  d ra in ing  water .  In 1977, t h e  s t u d i e s  

were extended t o  moist  (not  s a t u r a t e d )  vadose zones t o  s e e  i f  de layed  

y i e l d  e f f e c t s  could a l s o  be obta ined  under cond i t i ons  where t h e r e  

were no s a t u r a t e d  l a y e r s  i n  t h e  vadose zone. To s tudy  t h i s  phenomenon, 

a 6.3-m column was s e t  up wi th  t h e  lower h a l f  f i l l e d  w i t h  sand  t o  rep- 

r e s e n t  an  a q u i f e r  and t h e  upper ha l f  f i l l e d  wi th  a c l a y  l o a n  t o  rep- 

r e s e n t  a vadose zone. Eleven s train-gage-type p r e s s u r e  t r a n s d u c e r s  

were i n s t a l l e d  a t  va r ious  depths  t o  monitor a i r  p r e s s u r e  and water- 

l e v e l  changes i n  t h e  column. Beginning wi th  a 1 2  percent  s o i l -  

mo i s tu re  content  i n  t h e  vadose zone, t h e  water  t a b l e  i n  t h e  sand w a s  

lowered and outf low measured i n  r e l a t i o n  t o  water- table  drop  and a i r  

p re s su res  i n  t h e  vadose zone. The s t u d i e s  were repea ted  a t  succes- 

s i v e l y  higher  water con ten t s  of t h e  vadose zone. 
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2. Resu l t s .  

Delayed y i e l d  e f f e c t s  occurred only when t h e  water  c o n t e n t  of t h e  

vadose zone was s o  h igh  t h a t  p o r t i o n s  of it approached s a t u r a t i o n  and 

prevented a i r  from e n t e r i n g  t h e  a q u i f e r .  A f t e r  t h e  a i r - e n t r y  v a l u e  

of t h e  e s s e n t i a l l y  s a t u r a t e d  l a y e r  had been reached, t h e  s p e c i f i c  

y i e l d  and out f low r a t e  increased  ab rup t ly  t o  t h e i r  maximums, Minimum 

s p e c i f i c  y i e l d  va lues  were about  1/23 of t h e  maximum value ,  and they  

were 1 t o  2 o r d e r s  of magnitude h igher  than  those  normally r e p o r t e d  

from a c t u a l  pumping t e s t s .  A d e t a i l e d  r e p o r t  of t h e  s t u d i e s  is: 

S. B. Johnson. Delayed Yield i n  Unconfined Aqui fers ,  

MSC Thesis ,  Arizona S t a t e  Univers i ty ,  December 1977, 42 pp. 

3. Summary and Conclusions. - 

A l a b o r a t o r y  s tudy  on s o i l  c o l u m s  showed t h a t  delayed-yield 

e f f e c t s  of unconfined a q u i f e r s  by r e s t r i c t e d  a i r  movement in t h e  

vadose zone were only  obta ined  i f  s a t u r a t e d  o r  nea r - sa tu ra t ed  l a y e r s  

were p re sen t  i n  t h e  vadose zone. High water  con ten t s  in t h e  vadose 

zone, which cons i s t ed  of a c l a y  loam, were n o t  s u f f i c i e n t  t o  restrict  

a i r  movement, a s  long a s  s a t u r a t i o n  was n o t  reached. Thus, r e s t r i c t e d  

a i r  movement i n  t h e  vadose zone only produced delayed y i e l d  e f f e c t s  

f o r  t h e  a q u i f e r  i f  s a t u r a t e d  o r  near -sa tura ted  l a y e r s  occu r red  i n  

t h i s  zone. 

PERSONNEL*: N. Bouwer, R, C. Rice, G. C. Emery 

W . S .  Water Conservation Laboratory personnel  f o r  a l l  f o u r  p r o j e c t s .  
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Table 1. Suspended solids content (mg/1) of secondary effluent at 

Flushing Meadows in 1977, 

14 Peb 

4 Mar 

32 Mar 

14 Apr 

28 Apr 

21 Apr 

6 

27 Nay 

17 Jun 

23 Jun 

8 3ul 

23 JuJ. 

29 JuI 

18 Aug 

14 Sep 

30 Sep 

3 Oct 

25 Oce 

10 Nov 

14 Nov 

1 2  Dec 

15 Dec 
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Table 2. Total-N i n  secondary e f f l u e n t  (mg/l) and pe rcen tage  N-removal 

f o r  renovated wacer from t h r e e  w e l l s  i n  1977, 

S t a r t  of Total-M Percenrage n i t r o g e n  removal 
f l ood ing  concen t r a t  i on  

per iod  of e f f l u e n t  Well 1-2 ECW W e l l  5-6 

1 8  J a n  31.2 

1 0  Feb 27.4 

3 Mar 33,9 

24 Mar 3 2 

14 Apr 28.6 

5 May 25,7 

26 May 25.8 

16  Jun 30.5 

7 J U T  24.7 

28 J u l  21.4 

1 8  Aug 20- 4 

8 Sep 21.8 

29 Sep 21.4 

20 Oct 19.0 

10  Nov 24.7 

8 Dec 32.0 

Average 63 6 7 5 9 

a No samples obta ined  because w e l l  w a s  dry.  

b Excess N i n  renovated water because of decaying animal i n  w e l l .  
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Table 3. F luor ide  concent ra t ions  (mg/l) in secondary e f f l u e n t  and 

renovated water  in 1977. 

Date Ef f luen t  I?e11 0 Vel-1 1-2 ECW W e l l  5-6 W e l l  7 

3 J a n  

17 Jan  

21 Jan  

28 J a n  

1 0  Feb 

24 Peb 

1 0  Nar 

25 Mar 

6 Apr 

1 8  Apr 

6 May 

18 May 

3 Jun 

16  Jun 

1 7  Jun 

24 Jun 

29 Jun 

14 J u l  

29 J u l  

5 Aug 

23 Aug 

9 Sep 

30 Sep 

20 Oct 

14 Nov 

28 Nov 

1 Dec 

14  Dec 

30 Dec 

Average 
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Table 4. Boron concentrations (mg/l) in secondary effluent and 

renovated water in 1977. 

Date Effluent Well 0 Well 1-2 ECW Well 5-6 Well 7 

3 Jan 

17 Jan 

21 Jan 

28 Jan 

10 Feb 

24 Feb 

10 Mar 

25 Har 

6 Apr 

18 Apr 

6 May 

18 Play 

3 Jun 

17 Jun 

24 Jun 

29 Jun 

14 Jul 

29 Jul 

5 Aug 

23 Aug 

9 Sep 

30 Sep 

20 Oct 

14 Nov 

28 Nov 

8 Dec 

14 Dec 

30 Dec 

Aver age 
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Table 5 .  T o t a l  d i sso lved  s o l i d s  

and renovated water  i n  

content  (mg/l) of  secondary e f f l u e n t  

Date E f f l u e n t  Well 0 Well 1-2 ECW Well 5-6 W e l l  7 

3 Jan  

17  Jan  

2 1  Jan  

28 Jan  

1 0  Feb 

24 Feb 

10  Mar 

25 Mar 

6 Apr 

1 8  Apr 

6 May 

18 May 

3 Jun 

1 6  Jun 

17  Jun 

24 Jun 

29 Jun 

14  J u l  

29 J u l  

5 Aug 

23 Bug 

9 Sep 

30 Sep 

2 Oct 

14 Nov 

28 Nov 

1 Dec 

14 Dec 

30 Dee 

Aver age 
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Table 6.  CaCO as percentage of d r y  s o i l  a t  d i f f e r e n t  dep ths  and 
3 

t h r e e  l o c a t i o n s  i n  b a s i n  no. 2 a t  23rd Avenue P r o j e c t .  

Locat ion Depth CaCO equiv. 
3 

i n .  i n  % 
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Table 7. Depth of tens iometers  and ceramic sampling cups a t  Mesa 

Primary P r o j e c t .  

Basin Tensiometers Ceramic cups 
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TITLE: COLUMN STUDIES ON THE CHEMICAL, PHYSICAL, AND BIOLOGICAL 

PROCESSES OF IGGTEIJATER RENOVATION BY PERCOLATION THROUGH 

THE SOIL. 

NRP : 20790 CRTS WORK UNIT: 5510-20790-001 

CODE NO.: Ariz.-WCL 68-3 

INTRODUCTION: 

I n  o r d e r  t o  determine t h e  a p p l i c a b i l i t y  of prev ious  s t u d i e s  on 

movement of a t t e n u a t e d  p o l i o v i r u s e s  through s o i l  columns f looded  w i t h  

sewage e f f l u e n t ,  t h e  s t u d i e s  were r epea t ed  us ing  echovi ruses  as w e l l -  

Echoviruses appa ren t ly  are sma l l e r ,  and thus  may b e  more mobile  i n  

s o i l  systems than  po l iov i ruses .  

PROCEDURE : 

Z'wo s o i l  columns, each 250 crn i n  h e i g h t  and f i l l e d  w i t h  t h e  loamy 

sand of t h e  F lushing  Meadows P r o j e c t  , were f looded  w i t h  secondary 

sewage e f f l u e n t ,  At tenuated  p o l i o v i r u s  and l i v e  echovi rus  ob ta ined  

from t h e  Virology Department of Baylor  School of Eed ic ine ,  were added 

t o  s e p a r a t e  ba t ches  of secondary sewage e f f l u e n t  t o  g i v e  concen t r a t ions  
4 

of 2 x 10 PFU/ml. One column w a s  f looded w i t h  e f f l u e n t  con ta in ing  

p o l i o v i r u s ,  and t h e  o t h e r  w i th  e f f l u e n t  con ta in ing  echovi rus .  S ince  

t h e  s o i l  columns had been d r i e d  f o r  approximately one y e a r ,  s t r a i g h t  

secondary sewage e f f l u e n t  was used f o r  t h e  f i r s t  c y c l e  of  e i g h t  days 

f lood ing  and f o u r  days dry ing ,  b e f o r e  virus-enriched e f f l u e n t  was 

added. This  seeded e f f l u e n t  was a p p l i e d  f o r  two days. The columns 

were then  d ra ined  f o r  f i v e  days b e f o r e  t hey  were f looded a second t i m e  
4 

f o r  two days w i t h  secondary e f f l u e n t ,  a g a i n  con ta in ing  2 x 10 I?Fu/ml 

v i r u s e s .  This  f l ood ing  pe r iod  was followed immediately by one day 's  

f l ood ing  w i t h  d i s  t i l l e d  w a t e r  . 
'Water samples f o r  v i r u s  a s s a y  were removed from t h e  ho ld ing  

r e s e r v o i r ,  from t h e  e f f l u e n t  s t a n d i n g  above t h e  s o i l  ( c a l l e d  0-depth 

i n  Tables  l and 2 ) ,  and from v a r i o u s  depths  i n  t h e  columns (Tables 

1 and 2).  The samples were s e n t  by a ir  f r e i g h t  t o  B a y l o r q s  Virology 

Department f o r  assay.  Total. d i s so lved  s a l t s  a n a l y s i s  were a l s o  con- 

ducted on samples taken a t  t h e  end of t h e  day of f l o o d i n g  w i t h  deio- 

n ized  water .  
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RESULTS AWD DISCUSSION: 

ResulCs of t h e  v i r u s  assays are shown i n  Table 1 f o r  t h e  echo- 

v i r u s  and i n  Table 2 f o r  t h e  po l iov i rus ,  Table 3 shows t h e  outflow 

rates and Table 4 t h e  average concentrat ions of po l io  and echovirus 

a t  the  var ious  depths f o r  the  two flooding cycles,  The v i r u s  con- 

c e n t r a t i o n s  i n  the  rese rvo i r  d i f f e r e d  considerably from t h e  design 

value  of 20,000 PFU/ml. Some v i r u s  removal already took place  i n  

the  tubing connecting t h e  rese rvof r  t o  t h e  top of t h e  column, a s  

evidenced by t h e  lower PFU values  f o r  the  e f f l u e n t  s tanding above t h e  

s o i l  i n  t h e  c o l m s ,  Based on the  PPU values of t h e  e f f l u e n t  above 

t h e  s o i l  ( r e fe r red  t o  as 0-depth i n  t h e  t ab le ) ,  percentages of v i r u s e s  

remaining a t  va r ious  depths i n  the co lmns  were ca lcula ted .  The re- 

s u l t s  (Table 4 )  show t h a t ,  percentxtge-wise, more echoviruses remained 

i n  the  s o i l  s o l u t j o n  i n  t h e  top 40 c m  than pol iovi ruses  (see  r a t i o  of 

percentages r e m i n i n g  lristed i n  the  l a s t  column of Table 4 ) -  Thsse 

r a t i o s  increased t o  reach a maximum a t  20 cm, a f t e r  which they de- 

creased, became less than 1 bemeen 40 and 80 em ( ind ica t ing  more 

echo than pol iovi rus  remaining), and then became P at 250-cm depth 

where echo and pol iovi ruses  both were completely absent .  

Af te r  f looding with deionized water, the  numbers of p o l i o  and 

echoviruses remaining a t  var ious  depths i n  the  column were on the  

same order. There was no c l e a r  r e l a t i o n  between t h e  number of v i r u s e s  

remaining and t h e  TDS of t h e  s o i l  water. 

The s t u d i e s  w i l l  be continued i n  1978, r o t a t i n g  s o i l  columns t o  

r u l e  out  e f f e c t s  of s o i l  d i f fe rences  on v i r u s  adsorption. 

SUMMARY AND CONCLUSIONS: 

S o i l  columns were flooded with secondary sewage e f f l u e n t  enriched 

with pol io  and echoviruses t o  evaluate  poss ib le  d i f fe rences  between 

adsorption of these  v i ruses  i n  t h e  s o i l .  More pol iovi ruses  were ad- 

sorbed than echoviruses i n  t h e  top 40 cm of the  column, bu t  both 
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v i r u s e s  f a i l e d  t o  p e n e t r a t e  more than  250 cm. This  enhances t h e  

v a l i d i t y  oE p o l i o v i r u s  a s  an i n d i c a t o r  of v i r u s  removal below land  

t rea tment  systems f o r  munj-cipal o r  o t h e r  wastewater.  

PERSONNEL: J. C .  Lance, 6. Emery. 
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Table 1. Virus  concen t r a t ions  a t  va r ious  depths  i n  a s o i l  column 

f looded  w i t h  secondary sewage e f f l u e n t  seeded w i t h  

echovirus .  

Column PFU of Virus per  m l  

depth Cycle 1 Cycle 2 

( 4  day 1 day 2 day 1 day 2 day 3"" 

R-0 320000 470000 

R-1 40000 250000 

R- 2 43500 66000 

0 160000 385000 280000 17000 200 

2 51000 99000 50000 57000 400 

5 44000 98000 42000 48000 1300 

10 43000 85000 67000 13000 300 

20 42000 10000 40000 15000 20 0 

40 4 20 0 3600 8000 3100 150 

8 0 240 650 480 360 55 

R-0 Fresh prepared i n  r e s e r v o i r  

R-1 Fresh  prepared a t  start of day 2. 

R-2 Fresh  prepared v i r u s  nea r  end of day 2. 

100 m l  sample 
Jc J- Deionized water  used a s  f l ood ing  f l u i d .  
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Table 2. Virus concen t r a t ions  a t  v a r i o u s  depths i n  a s o i l  column 

f looded wi th  secondary sewage e f f l u e n t  seeded wi th  

p o l i o v i r u s .  

Column PFU of Virus pe r  m l  

depth Cycle 1 

day 1 day 2 day 1 day 2 day 3f:Jc 

1RX Sample from r e s e r v o i r  a t  end of day la 

RO Fresh  prepared i n  r e s e r v o i r .  

R1 Fresh prepared a t  s t a r t  of day 2. 

R2 One day o l d  from r e s e r v o i r  a t  end of day 2. 

100 m l  sample. 
J .I, Deionized water  used a s  f l ood ing  f l u i d .  
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Table 3. Outflow rates (cmlday) from s o i l  columns used f o r  v i r u s  

removal. 

S t a r t  Cycle Column 2 Column 4 

2 1  Nov. 44.03 45,59 

50.20 38.49 

28 Nov. 75.6 4.72 

63,4 32,23 

44.57 45.59 
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Table 4. Average of  2 c y c l e s  of f l ood ing  - 2 days each c y c l e .  

Echovirus P o l i o v i r u s  Ra t io  o f  

Depth % % echo t o  p o l i o  

(4 PFU/ml remaining PFU/ml remaining remainigg 

Reser- 
vo ir  270000 141380 

0 210500 100 60850 100 

2 64250 30.5 69 25 11.4 2.67 

5 5 8000 27.6 5 600 9.2 3.0 

1 0  52000 24.7 3625 6.0 4.0 

2 0 26750 1 2 - 7  545 0.90 14.1 

40 4725 2.24 412 0.68 3.29 

80 433 . 21  205 0 - 3 4  -62  

160 39 0-19  9 1  0.15 -13  

2 40 3 0.0014 5 0 0 - 0 8  -02  

250 0 0.0 0 0.0 1 
j ug 
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Table 5. Total dissolved salts (mg/l) and virus concentrations 

(PF~/rnl) after one day of flooding with deionized water. 

Column 2 Column 4 

Depth Echo Polio 

(4 TD S virus TDS virus 
- 
0 6 4 20 0 0 450 

2 3 2 400 32 360 

5 6 4 1300 3 2 1200 

10 6 4 300 51 210 

20 51 200 13 9 0 

40 3 2 15 0 128 240 

80 -- 5 5 14 7 2 40 

160 384 15 -- 15 

240 -- 0 -- 0 

250 768 0 89 6 2 5 
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TITLE; Characterization of t h e  S o i l  Microflora and Biological  

Processes Occurring i n  So i l  Used f o r  Wastewater Renovation 

NRP: 20790 CRIS W O I X  UNIT:  5510-20790-001 

CODE NO, :  Ariz.-WCL 70-2 

INTRODUCTTON: 

rturing 1977 cooperative research with D r .  3 .  H. Smith on land 

disposal  of pota to  processing wastewater i n  Idaho was completed and a 

manuscript w a s  prepared f o r  t he  Jou a l  - of Environmental Quality. 

Laboraeoq columns s tud ies  t h a t  evaluated t he  e f f e c t s  of i n f i l t r a t i o n  

r a t e s  and organic carbon treatments on t he  a c t i v i t y  of den i t r i f y ing  

bac t e r i a  and nitrogen removal i n  s o i l  in te rmi t ten t ly  flooded with 

secondary sewage e f f l uen t  (SSE) enriched with glucose a s  a carbon 

source were completed. The r e s u l t s  were presented a t  t h e  69th Annual 

Meeting of t he  American Society of Agronomy i n  Los h g e l e s ,  Cal i fornia ,  

and a manuscript was wr i t t en  f o r  the  Journal  of Environmental Quality. 

The primary research e f f o r t  t h i s  year was concerned with f i e l d  inves t i -  

gat ions  a t  Flushing Nead s on t he  growth and a c t i v i t y  of den i t r i f y ing  

bac te r ia  i n  s o i l  basins r intemittent2y flooded with SSE, This repor t  

contains procedures and sumary  data from several  experiments t h a t  

determined t h e  population f luxes  of den i t r i fy ing  bac t e r i a  during 

flooding and drying cycles and evaluated t he  r a t e s  of nitrate-I? l o s s  

and/or den i t r i f i c a t i on  capacity i n  the  s o i l  basin during flooding and 

drying cycles,  

PIIOCEDU'lU3S : 

Basin #l a t  t he  Flushing Headows Project  was se lected as t h e  

f i e l d  s i t e ,  because it has always been a bare  s o i l  bas in ,  t h a t  was 

flooded with secondary sewage e f f luen t .  So i l  samples w e r e  co l lec ted  

with a Ring tube during flooding and drying periods of 9 and 12 days, 

respectively.  S o i l  p r o f i l e  samples from 0-90 cm were co l lec ted  

occasionally, bu t t the  surface 0-5 cm of the  s o i l  bas in  was rout inely  

sampled, So i l  samples were analyzed as  soon a s  poss ible  f o r  water 

content ,  b a c t e r i a l  numbers, inorganic nitrogen, and d e n i t r i f i c a t i o n  

capacity. 
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The d e n i t r i f i c a t i o n  capaci~ty  of each s o i l  sample was evaluated 

by following t h e  r a t e  of ni trate-N l o s s ,  S o i l  samples were incubated 

i n  sea led  g l a s s  v i a l s  (60 ml) under waterlogged condit ions a t  28 C,  

Each v i a l  contained 25 g of s o i l  and 25 ml of 200 mg/1 ni trate-I$ 

so lu t ion ,  Duplicate s o i l  samples were ext rac ted  with 2N K C 1  a f t e r  

incubation times ranging from 0 t o  240 hours and w e r e  analyzed with 

a Technicon autoanalyzer f o r  ammonium-N, ni tr i te-N, and nitrate-N, 

Resul ts  are repor ted  on a s o i l  dry weight b a s i s ,  

The numbers of d e n i t r i f y i n g  b a c t e r i a  w e r e  de temined  by t h e  Most 

Probable Numbers Method, using a 5-tube d i l u t i o n  series wi th  n i t r a t e  

broth. Numbers of b a c t e r i a  are reported on a s o i l  dry weight b a s i s ,  

RESULTS AND DISCUSSION: 

Nitrogen removal from wastewater i s  pr imar i ly  b i o l o g i c a l  and 

research was conducted t o  ob ta in  bas ic  information about t h e  popula- 

t i o n s  of d e n i t r i f y i n g  microorganisms i n  s a i l  systems used f o r  w a s t e -  

water reclanlation. The e f f e c t s  of i n f i l t r a t i o n  rates and organic 

carbon treatments on t h e  growfh of d e n i t r i f y i n g  b a c t e r i a  i n  s o i l  

columns T n t e m i t t e n t l y  flooded with secondary sewage e f f l u e n t  (SSE) 

were de temined  (Publicat ion # 3 ) ,  A t  low i n f i l t r a r i o n  r a t e s  of 10 t o  

15  cm/day, N-removal was > 80% and organic carbon enrichment of t h e  

SSE was not  necessary o r  beneEicia2, even though t h e  numbers of 

d e n i t r i f y i n g  b a c t e r i a  were increased tenfold .  However, at  higher  

i n f i l t r a t i o n  r a t e s  (> 15 cm/day) t h e  number of d e n i t r i f y i n g  b a c t e r i a  

played an extremely important r o l e  i n  t h e  n e t  N-removal and carbon 

enrichment of t h e  SSE was e s s e n t i a l  f o r  maintaining > 80% N-removal. 

Continuous carbon treatments were more e f f e c t i v e  than 2-day pu l se  

treatments f o r  enhancing t h e  growth of d e n i t r i f y i n g  b a c t e r i a  and 

N-removal. With continuous carbon treatments of 200 mg/l, > 80% 

N-removal was obtained a t  i n f i l t r a t i o n  r a t e s  of 40 cn/day. 

Additional f i e l d  s t u d i e s  with SSE applied t o  s o i l  bas ins  a t  t h e  

Flushing Meadows Pro jec t  have shown t h a t  t h e  numbers of d e n i t r i f y i n g  

b a c t e r i a  and r a t e s  of d e n i t r i f i c a t i o n  were highest  i n  t h e  su r face  

s o i l  of t h e  bas ins  (Table 1 )  and a t  t h e  end of each f looding period 

(Table 2 ) .  These r e s u l t s  have indicated t h a t  the  d e n i t r i f y i n g  
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potential i n  s o i l  bas ins  i n t e r m i t t e n t l y  flooded a t  high i n f i l t r a t i o n  

races  with SSE was g r e a t e s t  a t  t h e  s t a r t  of each drying per iod and 

t h a t  t h e  a c t i v i t y  of d e n i t r i f y i n g  b a c t e r i a  and ni t rogen removal from 

high-rate land-treatment systems could be  enhanced by t h e  add i t ions  

of organic carbon t o  t h e  SSE applied t o  t h e  s o i l  i n f i l t r a t i o n  bas ins ,  

e spec ia l ly  during t h e  l a s t  2 days of t h e  f looding period.  Also, 

i n t e r m i t t e n t  app l i ca t ion  t o  land of primary sewage e f f l u e n t  may 

enhance d e n i t r i f i c a t i o n ,  because it has a high level of a v a i l a b l e  

organic carbon, I f  managed properly,  considerable savings i n  energy 

2nd cos t  f o r  t reatment of municipal wastewater could be  r e a l i z e d  wi th  

high-rate land f i l t r a t i o n  of primary sewage e f f l u e n t ,  

SUPlMARY ABI) CONCLUSTONS: 

Nitrogen removal from wastewater i s  pr imar i ly  b i o l o g i c a l  and 

research was conducted t o  obta in  b a s i c  i n f o m t i o n  about t h e  popula- 

t i o n s  of d e n i t r i f y i n g  microorganisms i n  s o i l  systems used f o r  waste- 

water reclamation, Our r e s u l t s  have shown t h a t  t h e  number of deni- 

t r i f y i n g  b a c t e r i a  control led  and regula ted  t h e  n e t  n i t rogen removal 

from s o i l  columns i n t e m i t t e n . t l y  flooded with secondary sewage 

e f f l u e n t ,  and t h a t  timely add i t ions  of organic carbon during f looding 

and drying cycles  increased t h e  nunber of d e n i t r i f i e r s  i n  t h e  s o i l  

f o r  extended time periods.  Also, add i t iona l  f i e l d  s t u d i e s  have 

shown t h a t  t h e  d e n i t r i f y i n g  p o t e n t i a l  i n  s o i l  bas ins  at  t h e  Flushing 

Meadows p ro jec t  was g r e a t e s t  a t  t h e  s t a r t  of each drying per iod and 

was concentrated i n  t h e  su r face  15 cm of t h e  s o i l  p r o f i l e ,  Therefore, 

increas ing t h e  d e n i t r i f y i n g  b a c t e r i a  populations increased t h e  

den i t r i fy ing  capacity,  which enhanced ni t rogen removal; and e f f e c t i v e  

management of wastewaters through n u t r i e n t  addi t ions ,  perhaps even i n  

t h e  fonn of primary e f f l u e n t ,  can decrease t h e  hazard of n i t r a t e  

po l lu t ion  of groundwater below land treatment systems, 

During 1978, t h e  f i e l d  s t u d i e s  a t  Flushing Neadows on t h e  growth 

and a c t i v i t y  of d e n i t r i l y i n g  b a c t e r i a  i n  s o i l  bas ins  i n t e r m i t t e n t l y  

flooded with SSE w i l l  continue. Techniques and procedures f o r  quanti- 

t a t i v e l y  evaluating t h e  d e n i t r i f i c a t i o n  process i n  t h e  s o i l  bas ins  

w i l l  be developed, The inf luence  of severa l  environmental f a c t o r s ,  
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such a s  temperature, water content, oxygen, redox po ten t ia l ,  organic 

carbon enrichment, n i t r i f i c a t i o n  r a t e s ,  and numbers of den i t r i fy ing  

bac t e r i a ,  on t he  r a t e  and duration of den i t r i f i c a t i on  i n  t he  s o i l  

bas ins  w i l l  be  investigated.  Similar f i e l d  s tud ies  w i l l  be i n i t i a t e d  

t o  evaluate t h e  b io log ica l  aspects of nitrogen removal from s o i l  

basins in te rmi t ten t ly  flooded with pr iaary  sewage e f f l uen t  a t  t h e  

Mesa, Arizona, sewage treatment plant .  
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PERSONNEL: R, G. Gilber t  and J. B. Miller .  

Annual Report of the U.S. Water Conservation Laboratory



Table 1. Numbers of d e n i t r i f y i n g  b a c t e r i a  and r a t e s  of n i t r a t e +  l o s s  
i n  t h e  s o i l  p r o f i l e  of bas ins  i n t e r m i t t e n t l y  flooded 
with secondary sewage e f f l u e n t  and dr ied  (12 days). , 

S o i l  P r o f i l e  
Interval.  

Rate of 
NO3--N Loss g/ 

11 Resul ts  a r e  from s o i l  p r o f i l e  samples co l l ec ted  a f t e r  about 12 days - 

of drying. 

2/ S o i l s  were incubated a t  28C under waterlogged condi t ions  i n  sealed  - 

g l a s s  v i a l s  (60 m l )  containing 25 g s o i l  and 25 m l  NO N s o l u t i o n  
3- 

(200 mgll) .  
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Table 2. Numbers of denitrifying bacteria and rates of nitrate-N loss 
in surface soil (0-5 cm) of basins intermittently flooded 
(9 days) with secondary sewage effluent and dried (12 days) y. 

Condition of 
Soil Basin 

Rate of 
Denitrif iers/g NO -N Loss 21 

3 

5 Flooded 

9 Flooded 

12 Dried 

, - 1/ Results are averages of two flooding and drying cycles in May and 

August 1977. 
I 

21 Soils were incubated at 28C under waterlogged conditions in sealed - 

glass vials (60 ml) containing 25 g soil and 25 mT NO N solution 3- 
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TITLE: MATERIALS AND METHODS FOR 'WATER XAXVESTING AND WATER STORAGE 

I N  THE STATE OF H A W A I I  

NRP : 20810 CRTS WORK UNIT: 5510-20810-002 

5510-20710-OOlA 

CODE NO. : AR1Z.-WCL 65-2 

INTRODUCTION: 

The ra infa l l - runotf -eros ion s t u d i e s  conducted i n  cooperat ion w i t h  

the  Universi ty of Wawaii continued t o  receive  t h e  major research e f f o r t  

i n  Hawaii, Data processing i s  e s s e n t i a l l y  complete through December 

1977, wi th  major e f f o r t  now being placed on a n a l y s i s  of t h e  da ta ,  

Several  r e p o r t s  are now i n  progress,  an  ARS-.WR publ ica t ion  i n  rough 

d r a f t  form being t h e  f u r t h e s t  along, 

The f l m e  and equipment from t h e  Waialua Pineapple s i t e  weremoved 

t o  a d r i p  i r r i g a t e d  s i t e  c a l l e d  Helemano, during e a r l y  December 1977, 

SCS was i n t e r e s t e d  i n  obta in ing da ta  from an i r r i z a t e d  s i t e  t o  deter-  

mine t h e  e f f e c t s  on eros ion of a cont inual ly  wet s o i l ,  The Waialua 

pineapple s i te  w a s  s e l e c t e d  f o r  abandonnent because of t h e  problem 

with watershed boundaries s i n c e  the  s t a r t  of t h e  p r o j e c t ,  

I n s t a l l a t i o n  and instrumentat ion of a n  opera t iona l  s i z e  f ibe rg lass -  

wax catchment was completed i n  cooperation with t h e  S t a t e  of Hawaii, 

Department of Land and Natural  Resources and a l o c a l  f lower grower- 

Water samples from t h i s  s i t e  a r e  now being co l l ec ted  t o  determine w a t e r  

I qua l i ty .  

The four  water  harves t ing p l o t s  on Plauiwere re-instrumented t o  

determine ra infa l l - runoff  r e l a t i o n s  a f ~ e r  10 years  of exposure w i t h  

e s s e n t i a l l y  no maintenance. 

PART I. .WATER HARVESTING 

PROCEDURE: 

The procedures used a r e  described i n  previous Annual Reports 

except a s  follows: 

Anthurium Catchment: A new fiberglass-wax catchment w a s  i n s t a l l e d  

i n  June 1977 on t h e  I s l and  of Hawaii approximately 16 m i l e s  southwest 

of Hilo,  Hawaii. The water  from the  catchment is  co l l ec ted  i n  a 400,000- 

l i t e r  butyf-lined r e s e r v o i r ,  The water i s  used a s  an  emergency water  
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source f o r  the  growing of anthuriums. The catchment 32 x 32-meter 

apron was prepared with a bulldozer on a coarse lava rock base. A 

4-cm layer  of small volcanic cinders was spread over t he  pad with 
n 

a 0.5 t o  1.0% slope. The catchment treatment is  a 1.5 oz per  f t L  
2 

(.45 kg/m ) chopped f iberg lass  matting which was sprayed with  2 kg/m 
2 

of Slaclcwax 140 heated t o  100 C i n  a t e a  k e t t l e -  The f i be rg l a s s  

I matting w a s  unrolled i n  place,  then sprayed with wax using deflector-  

type nozzles. After  t he  e n t i r e  catchment a rea  was covered, a top 

coating of ref ined para f f in  wax, 140-145 AMP, was melted and sprayed 
2 

on a t  a r a t e  of 0.5 kg/m . 
I n  September 1977, a c r i t i c a l  depth water measuring flume equipped 

with a 30-day s t r i p  char t  waterstage recorder-tipping bucket-raingage 

c o ~ b i n a t i o n  w a s  i n s t a l l ed ,  The discharge end of the  flume w a s  equipped 

with a water co l lec t ion  b o t t l e  t o  col2ect a sample of t he  runoff w a t e r  

from t h e  catchment. The catchment water sample and a sample from t h e  

s to red  water i n  t he  rese rvo i r  is  col lected at  a 10- to  14-day i n t e r v a l  

for water qua l i ty  analysis .  

Maui Plots :  The 4-plot water harvest  t e s t  s i t e  on Nauiwas re- 

instrumented i n  September 1977. The water meters w e r e  r e - ins ta l l ed  on 

a l l  p lo t s .  A l l  p lan t  growth immediately i n  f ron t  of t h e  flumes was 

removed. No attemph, w a s  made t o  repa i r  o r  r e t r e a t  any of t h e  p l o t  

treatments. The water meters and raingages a re  read a t  a weekly 

i n t e rva l ,  

RESULTS AND DISCUSSION: 

Anthurium Catchment:: Runoff and r a i n f a l l  a r e  being recorded a t  

the  new catchmenl: and water samples a r e  being collected.  To date ,  

the  data  have not been analyzed. The catchment s lope  is very f l a k  

and there  i s  considerable re ten t ion  on the  surface.  The treatment 

was considered i n  excel lent  condit ion when inspected i n  December 1977. 

Maui Plots :  Data received from the  Maui p lo t s  s i nce  t h e  time of 

re-activation a r e  l imi ted.  Ra infa l l  i n  the  area  has been very low. 

There was some i n i t i a l  plugging of the  meter screens wi th  dry p l an t  

matter, but t h i s  problem was corrected i n  November 1977. From 12 

November 1977 t o  31 December 1977, there  was a t o t a l  of 130.6 mm of 

Annual Report of the U.S. Water Conservation Laboratory



p r e c i p i t a t i o n .  Runoff from t h e  p l o t s  was a s  follows: Hypalon - 
74+6 mil, 57.1%; b u t y l  - 72.7 mm, 55*7%; asphal t - f iberglass  - 71.8 m, 

55.0%; grassed - 0.0 nun, 0.0%. A 1 1  t reatments were considered i n  

f a i r  condit ion when inspected i n  December 1977.. Grass had grown 

through por t ions  of the  bu ty l  and asphal t - f iberglass  treatment dur ing 

t h e  p a s t  10 years*  This has crea ted  some holes  from which water  is 

being l o s t ,  

PART 17:. MI~1V,L-RUNOFF-EROSION STUDIES 

PROCEDmE : 

R a i n f a l l  and runoff data  from t h e  s i x  smll a g r i c u l t u r a l  w a t e r -  

sheds was co l l ec ted  on s t r i p  c h a r t s  and processed i n t o  engineering 

units on computer f a c i l l i t i e s  a t  the  laborazory, as described i n  pre- 

v icus  Annual Reports. Sediment data  were co l l ec ted  and processed by 

s o i l  technic ians  from t h e  Universi ty of Hawaii- A l l  r a i n f a l l  and 

runoff data  are s to red  on d i s k  c a r t r i d g e s  f o r  computer ana lys i s ,  

PaSULTS AHD DISCUSSION: 

Although almost a l l  of t h e  data  f o r  3.977 has  been processed, on ly  

1972 through 1976 d a t a  have been used i n  analys is .  A l l  of t h i s  d a t a  

has been sunmarized i n t o  var ious  t ab les  and p l o t s  f o r  an  SEA-WR publi- 

ca t ion.  Examples of a couple of t y p i c a l  t a b l e s  and a p l o t  w i l l  be 

presented and discussed here ,  

A summary of t h e  d a t a  col lec ted ,  and ca lcu la t ions  made, f o r  each 

storm i s  presented i n  Table 1 f o r  p a r t  of 1975 f o r  t h e  Waialua Sugar 

watershed. Antecedent moisture and curve number are computed according 

t o  SCS c r i t e r i a .  Erosion index is  described by FTischmeier as the 

product of the  r a i n f a l l  energy and the  maximum 30-minute i n t e n s i t y ,  

The crop code represents  t h e  amount of cover o r  p ro tec t ion  provided 

by t h e  crop and v a r i e s  with crop growth from 1 f o r  ba re  s o i l ,  to  4 

f o r  a complete canopy cover. A l l  o ther  information is  standard o r  

self-explanatorys 

The frequency d i s t r i b u t i o n  of the  erosion index EI  wi th  time of 

year i s  shown i n  Figure 1 again f o r  Waialua Sugar i n  1975. This p l o t  

i s  t y p i c a l  of a l l  t h e  watersheds f o r  most years. It i n d i c a t e s  t h a t  
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most of t h e  storms wi th  high erosion p o t e n t i a l  occur during t h e  win te r  

period from l a t e  October t o  mid-March. This information could be used 

t o  schedule ha rves t s  t o  minimize eros ion by harves t ing erosion-prone 

a reas  during e a r l y  Apr i l .  This would allow crop cover t o  re-es tabl ish  

by t h e  time l a t e  f a l l  r a i n s  begin, Simi lar  information can be obtained 

from graphs of storm r a i n f a l l  i n t e n s i t y  with t i m e  of year .  

Ra in fa l l ,  runoff and sediment data  f o r  t h e  M i l i l a n i w a t e r s h e d  are 

presented i n  Table 2. It can be  seen t h a t  eros ion is minimal except  

during i s o l a t e d  high i n t e n s i t y  storms* I n  t h i s  case,  which is f a i r l y  

t y p i c a l  of t h e  o the r  watersheds, more sedimene was produced i n  one 

l a r g e  high i n t e n s i t y  storm than i n  a l l  of t h e  o t h e r  events  combined- 

These l a r g e  eros ion events o f t e n  occur when a l a r g e  storm occurs on a 

bare  f i e l d ;  t h i s  i s  espec ia l ly  t r u e  f o r  the  sugarcane f i e l d s  where 

eros ion is minimal when a f u l l  crop cover e x i s t s -  

A b r i e f  summary of his"crica.1 events occurri-rrg during t h e  year  

are noted below f o r  each site: 

1. Laupahoehoe - I n i t i a l l y  t h e  f i e l d  had a l imi ted  cover of 

3-4 f c  sugarcane. By e a r l y  March t h e  cane w a s  5-6 f t  

high and provided a. p a r t i a l  cover, A complete cover was 

reached by September when the  cane was 10 f t  high. 

2. Bonokaa - This f i e l d  w a s  e s s e n t i a l l y  ba re  i n  January, 

although a ratoon crop of spa rse  1-2-ft cane w a s  s t a r t i n g  

t o  come back. The cover gradually changed t o  l imi ted  

(2-3-ft cane) by mid-February, t o  p a r t i a l  (4-8-ft cane) 

by mid-June, and t o  complete (10-ft cane) by mid-November. 

A couple of l a r g e  storms i n  e a r l y  spr ing caused considerable  

eros ion i n  f r o n t  of t h i s  flume. 

3. Waialua Sugar - A complete cover of 10-12 f t  high sugarcane 

was on t h i s  f i e l d  u n t i l  harvested near t h e  end of May. The 

f i e l d  was t i l l e d  t h e  f i r s t  p a r t  of June and aga in  near  t h e  

end of July ,  but  was never planted and remained ba re  u n t i l  

the  end of 1977.  

4. Waialua Pineapple - This f i e l d  had a complete cover of 

10-Et high sugarcane u n ~ i l  harvested the  f i r s t  p a r t  of 
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August. A l i m i t e d  cover  of 1-3 f t  h igh  sugarcane e x i s t e d  

by mid-November when t h e  r e c o r d e r s  and flume were moved t o  

a new d r i p - i r r i g a t e d  sugarcane s i te ,  

5. M i l i l a n i  - A complete cover of p ineapple  w a s  on t h i s  f i e l d  

throughout t h e  year .  

6 .  Kunia - The complete cover  of p ineapple  t h a t  i n i t i a l l y  

covered t h i s  f i e l d  was chopped and t i l l e d  i n t o  t h e  t o p  

3 o r  4 i nches  of s o i l  i n  e a r l y  February,  The r e s i d u e  

was then  al lowed t o  d r y  until mid-Narch when it was 

burned, l eav ing  a b a r e  f i e l d ,  The watershed was re- 

worked and s e v e r a l  roads  and g r a s s  d i t c h e s  e l imina ted  

b e f o r e   replanting to pineapple  i n  la te  May, The l i m i t e d  

cover  provided by t h e  new p l a n t s  and p l a s t i c  s t r i p s  

changed "c parrtial. by mid-September when p l a n t s  had 

8-24 inches ,  and remained t h i s  way u n t i l  y e a r ' s  

end. 

A coope ra t ive  r e p o r t  intended t o  p re sen t  p re l imina ry  r a i n f a l l -  

runoff  and e r o s i o n  d a t a  and a n a l y s i s  f o r  t h e  s i x  a g r i c u l t u r a l  watersheds  

i s  i n  rough d r a f t  f o r m  Some t y p i c a l  s m a r y  t a b l e s  and p l o t s  were pre- 

s en ted  which show t h a t  most s ta rms  w i t h  h i g h  e r o s i o n  p o t e n t i a l  occur  dur- 

i ng  t h e  win te r  between mid-October and la te  March- Also no ted  was t h a t  

e r o s i o n  produced by one of  t h e s e  s torms,  e s p e c i a l l y  i f  occu r r ing  on a 

b a r e  f i e l d ,  may be  g r e a t e r  t han  t h e  t o t a l  of a l l  otrFrer even t s  r e p o r t e d  

f o r  s e v e r a l  y e a r s ,  

Four of t h e  s i x  watersheds were harves ted  and r e p l a n t e d  du r ing  o r  

a t  one end of 1977, and w i l l  t h e r e f o r e  be p a r t i a l l y  o r  completely 'covered 

dur ing  e s s e n t i a l l y  a l l  of t h e  nexc two years.. The Waialua P ineapple  

s i te  was abandoned i n  mid-November and t h e  flume and equipmen2 moved 

t o  a new d r i p - i r r i g a t e d  s i . te  c a l l e d  Nelemano which w i l l  b e  p l a n t e d  i n  

e a r l y  1978. 

The s tudy  on wa te r  q u a l i t y  from water  h a r v e s t i n g  catchments in 

coopera t ion  w i t h  t h e  S t a t e  of Flawaii, Department of  Land and N a t u r a l  

Resources,  w a s  s t a r t e d  i n  September 1977, w i th  t h e  i n s t a l l a t i o n  of a 
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wax-fiberglass catchment on the  Island oE Wawaii, near Hilo, Hawaii, 

The runoff water from t h e  catchment i s  s tored i n  a butyl-l ined reser-  

vo i r  f o r  use a s  an emergency water supply f o r  growing anthuriums. 

TJater samples a r e  being col lected from the  catchment and from the  

rese rvo i r  f o r  water qua l i ty  analysis .  

The 4-plot water harvesting t e s t  s i t e  on Maui was re-instrumented 

to  measure t h e  runoff e f f i c iency  of the  p l o t s  which a r e  over 10 years  

old and have received no maintenance during t ha t  time, Ra infa l l  has 

been low and runoff data  a r e  l imi ted,  I n i t i a l  r e s u l t s  showed runoff 

of SO-60% from the membrane p lo t s ,  with no runoff from the  grass  p lo t .  

PERSOmEL: Keith Re Goolq ,  Gary W. Pras ie r ,  and John R, Griggs, 
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TOTAL E r  267 
Mf iX  E I  72 
RAT 10 MAX/TOTAL Q .  27 
YEAFi 75 

JiliIFfN DfctY 
Figure  1. D i s t r i b u t i o n  of e ros ion  index (EI) with  t ime of yea r .  
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TITLE: USE OF nOATING PIATERIALS TO XEDUCE EVAPORATION FRON TJAZIEX 

SURFACES 

NRP : 20810 CRIS WORK TJNIT: 5510-20810-002 

CODE NO,: Ariz.-VGL 71-6 

ITJTRODUCTION: 

Long-range d u r a b i l i t y  and e f f i c iency  s t u d i e s  w e r e  continued a t  

Granite Reef f o r  four  covers i n  l977. Included w e r e  foamed rubber, 

foamed wax blocks,  and two continuous wax covers on t h e  9-ft-diameter 

s tock  tanks. Visual  observations were a l s o  made of t h e  performance of 

t h e  wax cover on t h e  l i n e d  pond, Wax covers on t h e  Chino Valley and 

Joronado s tock tanks were noted. 

F i e l d  evaluat ion of t h e  foamed rubber o r  sponge covers, t h e  f i r s t  

loca ted  on a tank i n  souhhwestern Utah i n  4971 and four  o t h e r s  on t anks  

i n  Arizona i n  1974, was continued, 

A f i n a l  r e p o r t  and paper a r e  i n  progress on t h i s  p r o j e c t ,  

PROCEDURE :: 

Evaluation of t h e  four  covers on t h e  Granite Reef tanks was t h e  

same a s  i n  previous years  (evaporation from a t r e a t e d  tank being com- 

pared t o  t h a t  from an i d e n t i c a l  unt rea ted  tank) ,  Repairs t o  t h e  con- 

t r o l  t a a k  were no t  completed u n t i l  e a r l y  March, the re fo re ,  only  9 11'2 

months of comparative d a t a  a r e  avai lable .  

Only v i s u a l  observations were made of t h e  f i e l d  i n s t a l l a t i o n s ,  no 

measurements being recorded. 

RESULTS AHTI DISCUSSION:: 

Granite Reef Studies:  The 9 l / 2  months of comparative d a t a  col- 

l e c t e d  from t h e  s tock tanks during 1977 i n d i c a t e  t h a t  t h e  e f f i c i e n c y  

of t h e  wax blocks remained about the  same, while e f f i c i e n c y  of t h e  two 

continuous wax covers decreased, and t h e  foamed rubber cover increased* 

The increase  noted f o r  t h e  foamed rubber cover was due t o  a change in  

tanks during February 1977. The new tank was s l i g h t l y  s m a l l e r  i n  

diameter, thus t h e  foamed rubber covered a g rea te r  percentage of t h e  

su r face  area ,  and e f f i c iency  was increased accordingly. 

Reduction i n  e f f i c iency  of t h e  two continuous wax covers i s  no t  

explained a s  e a s i l y .  Monthly e f f i c i e n c i e s ,  which have been n e a r  IOOY", 
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i n  summer and only about 60% i n  winter,  were much slower t o  respond t o  

heating i n  t he  spr ing,  and f e l l  off  sooner i n  the  f a l l -  Also, November 

and December values were l e s s  than 20% on both tanks, which i s  consider- 

ably lower than previously noted values f o r  these months, Z t  appears 

t h a t  one of the  covers i s  s t a r t i n g  t o  s ink,  while t h e  o ther  has shrunk 

and cracked more than before, both of which would reduce eff ic iency,  

but  it would not  be expected t o  be a s  low a s  noted. Leaks could a l s o  

have developed i n  t h e  old  tanks being used, 

The wax cover on t he  l i ned  pond a t  Granite Reef s t i l l  covers 

about 80-90% and appears t o  be i n  good condition, 

F ie ld  Studies. Reports from the  Chino Valley s i t e  i nd i ca t e  t h a t  

only about l / 3  t o  1/2 of t h e  surface  area is covered, Addit ional  wax 

may solve  t h i s  problem based on experience on the  Granite Reef l i ned  

pond. The wax cover a t  Joronado sunk shor t ly  a f t e r  t he  f i r s t  of t h e  

year and scas the re fore  only on t he  tank a few months, It was not  

apparent what the  cause of f a i l u r e  was. It could have been sand col- 

l e c t i ng  on top, a lgae  growth on the  bottom, o r  a combination of these  

plus  other  f ac to r s ,  

Eeaver Dam Tank, southwest of St .  George, Utah, i n s t a l l e d  November 

1971. The tank i s  s t i l l  ac t i ve ly  being used and t h e  cover is i n  excel- 

l e n t  condition. Two small holes,  l e s s  than 2 inches i n  length,  were 

l i k e l y  caused by someone grabbing t he  cover. 

F ras ie r  Well and Shipley Well tanks, Hualapai Indian Reservation, 

i n s t a l l e d  May 1974 -- Both covers operated s a t i s f a c t o r i l y  during 1977, 

The Shipley wel l  cover requires  occasional s t ra ightening,  espec ia l ly  

a f t e r  freezing.  Vazldalism, a s  e-xperienced previously, has  no t  recurred. 

Grover Ranch tank, south of Safford, Arizona (Bureau of Land 

M~nagement), i n s t a l l e d  September 1974 -- The tank and cover are slrill 

ac t ive ly  being used and operation i s  sa t i s fac tory .  

'Hughes Ranch tank, south of Rye, Arizona (Tonto National  Fores t ) ,  

i n s t a l l e d  November 1974 -- A new sheet metal catchment w a s  i n s t a l l e d  

by t he  Forest Service i n  ea r ly  summer 1976 t o  supply water t o  t h e  tank,  

The cover i s  i n  excel lent  condition. The tank was about hal f  f u l l  on 

February 1, 1978 a f t e r  January ra ins .  
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S W M Y  td?D CONCLUSIONS: 

The foamed wax blocks which have been evaluated on the  tanks a t  

Granite Reef f o r  more than 7 years  maintained e s sen t i a l l y  t h e  same 

year ly  evaporation reduction e f f ic iency  (34%) during 1977. The two 

continuous wax covers which have been on t he  tanks f o r  4 l / 2  t o  6 l / 2  

years,decreased i n  average year ly  e f f ic iency  and appeared t o  b e  f a i l i n g  

during t h e  l a s t  2 t o  3 months of 1977. The foamed rubber cover has  

been exposed f o r  over 4 years ,  increasing i n  eff ic iency,  but  only 

because it was placed on a smaller  diameter tank and xherefore covered 

more surface  a rea ,  

One of t he  continuous wax covers t e s t ed  i;n t h e  f i e l d  sank a t  t h e  

first of 1977, and t he  o ther  only covers about l / 3  t o  112 of t h e  sur- 

face  a rea  of the k-ater, The wax cover on t he  l ined  pond a t  Granite 

Reef did  not  appear t o  change during t he  year,  and s t i l l  covers 8040% 

of t he  water surface ,  

The f i v e  experimental foamed rubber covers being f i e l d  evaluated 

continue t o  operate s a t i s f a c t o r i l y ,  The l a  j o in t s  of the o ldes t ,  

5 1 /2  years,  a r e  s t i l l  excel lent  and the  sheeting shows no s ign  of 

degradation, Covers a r e  now being constructed by various agencies 

t o  con t ro l  evaporation from w a t e r  s torage tanks, Ten such covers are 

planned by t he  Bureau of Land Planagement a t  Safford, Arizona, during 

1973. 

PERSON2iEL: Keith R. Cooky, Allen R, Dedrick. 
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TITLE: L0WE;R COST WATER HARVESTING SYSTEMS 

NW : 20810 CRIS WORK UNIT: 5510-20810-002 

CODE NO.: Ariz,-WCL-71-12 

JNTRODU CTTON : 

Evalua t ion  of m a t e r i a l s  and methods f o r  i nc reas ing  p r e c i p i t a t i o n  

runoff  cont inues  at t h e  G r a n i t e  Reef t e s t  si te.  Measurement of r a in -  

f a l l  and runoff  at t h e  Monument Tank test s i t e  was stopped i n  December 

1977. The flumes, ra ingages ,  and r eco rde r s  w i l l  b e  dismantled and 

removed i n  e a r l y  1978, The coopera t ive  s t u d i e s  w i t h  t h e  Bureau of 

Land Management (BZM) , U, S, Department of Zn te r io r ,  on t h e  e v a l u a t i o n  

of nethods and m a t e r i a l s  f o r  o p e r a t i o n a l  s i z e  water  h a r v e s t i n g  systems 

con t inues ,  Ass i s t ance  was provided t o  va r ious  u n i t s  of t h e  F o r e s t  

Se rv i ce ,  USDA, i n  Arizona, and t h e  Southwest Watershed Rangeland 

Research Center ,  Tucson, AZ, on techniques of  i n s t a l l i n g  wa te r  har-  

v e s t i n g  catchments. The coopera t ive  s tudy cont inues  w i t h  t h e  South- 

west Watershed Rangeland Research Center ,  SEA, Tucson, Arizona, on 

h a r v e s t i n g  of  r a i n f a l l  p r e c i p i t a t i o n  t o  i nc rease  fo rage  product ion.  

PART I. GMd!TITE REEF TEST SITE 

T o t a l  r a i n f a l l  f o r  1977 a t  t h e  Grani te  Reef t e s t  area w a s  116.0 

. Oniy four ,  s t o m s  were g r e a t e r  than  10 ,0  m; t h e  l a r g e s t  s i n g l e  

s torm was 15.2 mm. Compared t o  t h e  records  from t h e  p a s t  1 5  y e a r s ,  

t h e  r a i n f a l l  i n  1977 r ep resen ted  50% of t h e  previous  low r a i n f a l l  

recorded i n  1969, and 29.3% of t h e  record h igh  measured i n  1965, 

Paved o r  Covered P l o t s :  Treatments f o r  t h e  paved o r  covered 

p l o t s  a r e  l i s t e d  i n  Table 1, and t h e  runoff  r e s u l t s  a r e  p re sen ted  

i n  Table 2. Runoff e f f i c i e n c y  f o r  L-6, a two-phase a s p h a l t  t r ea tmen t ,  

was 50.3%. The catchment s u r f a c e  is ha rd  bu t  t h e  pavement h a s  c r acks  

causing t h e  lots runoff  e f f i c i e n c y .  P l o t  L-5 was t r e a t e d  wi th  a f i b e r -  

glass-polypropylene-wax membrane on 15 A p r i l  1977. Only one s torm o f  

13.2 nun, ~ r h i c h  y i e l d e d  106.8% runof f ,  was measured be fo re  h igh  winds 

des t royed  t h e  e n t i r e  wax-coated shee t ing .  Some of t h e  wax had  pene- 

t r a t e d  through t h e  mat t ing  t o  t he  b a r e  s o i l .  The p a r t i a l l y  s e a l e d  

s o i l  y i e lded  57.3% runoff  e f f i c i e n c y  f o r  t h e  remainder of t h e  yea r ,  

The 30 m i l  ch lo r ina t ed  polyethylene nembrane p l o t ,  L-1, which i s  
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almost  10 y e a r s  o l d ,  y i e l d e d  99.9% runoff .  The s h e e t i n g  h a s  a low 

s u r f a c e  r e t e n t i o n ,  wi th  a  s l i c k ,  s t u r d y  appearance and no v i s i b l e  

d e t e r i o r a t i o n  s i n c e  i n s t a l l a t i o n .  P l o t  2-4, covered w i t h  polypro- 

pylene mat t ing  and a s p h a l t ,  was given a  p r o t e c t i v e  coa t ing  of  alumi- 

num-vinyl on 2 June  1977. Runoff e f f i c i e n c y  on t h i s  catchment was 

only 93.8%. S h o r t l y  a f t e r  i n s t a l l a t i o n ,  t h e  polypropylene ma t t ing  

swel led  from s o l v e n t s  i n  t h e  a s p h a l t  which formed a wrinkled s u r f a c e  

which t r a p s  wa te r ,  causing r e l a t i v e l y  h igh  s u r f a c e  r e t e n t i o n .  The 

aluminum-covered p l o t ,  2-7, had a  runoff e f f i c i e n c y  of 74.4%. The 

f o i l  covering has  some v i s i b l e  d e t e r i o r a t i o n ,  p r imar i ly  p i t t e d  ho le s  

caused by co r ros ion  and blowing sand and g rave l .  

The a s p h a l t - f i b e r g l a s s  p l o t ,  A-L, y i e l d e d  104-8  mm runoff  f o r  a 

90.3% e f f i c i e n c y .  The reason f o r  t h e  low e f f i c i e n c y  is unknown as 

t h e  t rea tment  h a s  no v i s u a l  damage, Runoff from t h e  gravel. r oo f ing  

t r ea tmen t ,  A-2, was 52,3%. The g rave l  is  l o o s e  and may move i n  heavy 

s torms.  There i s  probably an inc reased  quan t i t y  of  windblown d u s t  

t rapped i n  t h e  g rave l  which would i n c r e a s e  t h e  th re sho ld  runoff .  The 

conc re t e  catchment, A-5, y i e l d e d  only 62.3% runoff  f o r  t h e  year .  Th i s  

i s  probably a  r e s u l t  of t h e  h igh  water  absorp t ion  of t h e  concre te ,  

coupled wi th  t h e  small s torm s i z e s ,  

Bare S o i l  P l o t s :  Treatments f o r  t h e  b a r e  s o i l  p l o t s  a r e  pre- 

s en ted  i n  Table 3  and t h e  runoff  r e s u l t s  presented  i n  Table 4. The 

smoothed, un t r ea t ed  p l o t ,  2-2, had an e f f i c i e n c y  of 8.2%, probably a 

r e s u l t  of smal l  s torms w i t h  low i n t e n s i t i e s ,  There is  some annual  

type  vege ta t ion  which a t  times covers  up t o  30% of t h e  a r e a .  -While 

i t  is  s p a r s e ,  i t  does have some r e t e n t i o n  e f f e c t .  The o t h e r  smoothed, 

un t r ea t ed  p l o t ,  A-3, y i e l d e d  17.2% runoff  e f f i c i e n c y .  The h i g h e r  

runoff  e f f i c i e n c y  from t h i s  p l o t  may be a  r e s u l t  of very  l i t t l e  vege- 

t a t i o n  p l u s  a  s o i l  s u r f a c e  which never developed t h e  rough d e s e r t  

pavement. The two undisturbed watersheds,  FJ-1 and W-3,  y i e l d e d  10-9  

and 15.1% e f f i c i e n c y ,  r e s p e c t i v e l y .  

The s i l i c o n e - t r e a t e d  p l o t s ,  L-3, A-4, and R-4, averaged 42.2, 

45.9, and 53.4% runof f ,  r e s p e c t i v e l y ,  P l o t s  2-3 and R-4 were 
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r e t r e a t e d  i n  1975. The r i d g e  furrow type  catchment, R-4, is down 

about 25% from last  y e a r  wh i l e  2-3 only  decreased approximately 3%. 

Runoff from t h e  W-2 watershed w a s  12,0% compared t o  15.6% i n  1976, 

The watershed was t r e a t e d  wi th  s i l i c o n e  i n  June 1975, b u t  t h e  runoff  

r e s u l t s  i n d i c a t e  t h e  t rea tment  has  d e t e r i o r a t e d .  

Runoff from t h e  wax-treated p l o t ,  R-2, decreased s l i g h t l y ,  possi-  

b ly  a r e s u l t  of t h e  s torm i n t e n s i t y  c h a r a c t e r i s t i c s ,  Runoff e f f i c i -  

ency was 79.9% compared t o  86.1% t h e  previous  yea r .  

Tank Water Storage:  The t ank  wa te r  s t o r a g e  s t u d i e s  desc r ibed  i n  

t h e  1976 Annual Report  were c o n t h u e d .  Two t e s t  i n s t a l l a t i o n s  of t h i s  

t ype  were i n s t a l l e d ,  one a t  the  Gran i t e  Reef t e s t  site and one at  t h e  

Laboratory,  Both i n s t a l l a t i o n s  were s u c c e s s f u l  f o r  approximately 2 

months. The one a t  t h e  Laboratory t a i l e d  when a roden t  burrowed up 

i n t o  t h e  bottom of t h e  tank.  This  i n s t a l l a t i o n  d i d  n o t  have t h e  pro- 

t e c t i v e  w i r e  s c r e e n  on t h e  bottom, 

The t ank  a t  Gran i t e  Reef was i n i t i a l l y  f i l l e d  t o  a depth  of about  

1 meter.  It was observed t h a t  a couple of t h e  seams i n  t h e  t ank  r i n g  

were leaking .  It w a s  decided t o  d r a i n  t h e  tank  t o  permi t  a d d i t i o n a l  

caulk ing  of r h e  j o i n t s .  During che pe r iod  of caulk ing  t h e  tank, t h e  

b e n t o n i t e  c l a y  d r i e d  and formed major c racks .  When t h e  t ank  was re- 

f i l l e d ,  t hese  c racks  f a i l e d  t o  c l o s e  and a p ip ing  f a i l u r e  occurred.  

The damaged area w a s  r e p a i r e d  and t h e  b e n t o n i t e  c l ay  remixed, It 

was observed t h a t  dur ing  t h e  2-week r e p a i r  per iod  t h a t  s e v e r a l  annual  

type  weeds s t a r t e d  t o  grow. These were cu t  of f  a t  t h e  su r f ace .  When 

t h e  tank  w a s  r e f i l l e d  t h e r e  was a n  average l o s s  of about  1 cm p e r  day. 

It i s  be l i eved  t h i s  was a r e s u l t  of seepage through o r  next  t o  t h e  

c u t  s t a l k s  of t h e  p l a n t s .  

A s i m i l a r  t ype  s t o r a g e  i n s t a l l e d  on a smal l  w i l d l i f e  w a t e r  

system i n  coopera t ion  wi th  t h e  Arizona Game and F i s h  Department is 

repor t ed  t o  be  performing succes s fu l ly .  

Outdoor Weathering P l o t s :  I n  December 1973, 4 3  s e p a r a t e  mater i -  

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

Gran i t e  Reef t e s t  s i t e .  I n  A p r i l  and July 2974, fihree 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 n  of t he  materials and 

coa t ings  is  presented  i n  Table 5 of t h e  1974 Annual Report ,  "Lower 
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Cost Water Harves t ing  Systems," WCL 71-12, M a t e r i a l s  under evalu- 

a t i o n  have th i cknesses  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  added weathering r e s i s t a n c e .  A 

v i s u a l  i n s p e c t i o n  i s  performed p e r i o d i c a l l y  t o  e v a l u a t e  r e l a t i v e  

weathering performance. I f  a m a t e r i a l  i s  graded poor i t  is u s u a l l y  

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

The panels  were eva lua ted  i n  June 1977, and t h e  r e s u l t s  presented  

i n  Table 5. V i s u a l  s i g n s  i n d i c a t e  t h a t  some of t h e  s u b s t r a t e  m a t e r i a l s  

which were t r e a t e d  w i t h  a p r o t e c t i v e  coa t ing  are now s t a r t i n g  t o  

d e t e r i o r a t e .  Some of t h e  coa t ings  a r e  completely gone whi le  o t h e r s  

are cracking  o r  cha lk ing  and can be rubbed o f f .  The materials w e r e  

n o t  checked f o x  e longa t ion  and shr inkage  because t h e  r e f e r e n c e  mark- 

i ngs  are o b l i t e r a t e d ,  Most of t h e  materials have no% changed i n  t h e  

p a s t  y e a r ,  a l though i t  is expected t h a t  a s  some of  t h e  p r o t e c t i v e  

coa t ings  f a i l ,  t h e  s u b s t r a t e  m a t e r i a l s  may s t a r t  t o  d e t e r i o r a t e .  

PART 11. MOhrOMENT TANK 

The p r e c i p i t a t i o n  a t  t h e  Monument Tank test s i te  was v e r y  low 

f o r  t h e  t h i r d  consecut ive  year  w i th  only 234,5 nun recorded i n  1977. 

There w e r e  no s i g n i f i c a n t  runoff  events  recorded. Because of s o i l  

type  and topography p l u s  a change i n  r e sea rch  emphasis, i t  h a s  be- 

come i m p r a c t i c a l  t o  cont inue t h e  o r i g i n a l  s tudy.  On 1 January 1978, 

t h e  s tudy  w i l l  b e  terminated.  The r a i n  gages, r eco rde r s ,  and measur- 

i n g  flumes w i l l  be  disassembled and removed. 

PART 111. OPERATIONAL CATCiWJNTS 

Ass i s t ance  on design,  t rea tment  s e l e c t i o n ,  and i n s t a l l a t i o n  con- 

t i n u e s  wi th  o t h e r  Fede ra l  and S t a t e  agencies ,  One new asphal t - f iber -  

g l a s s  catchment was i n s t a l l e d  on t h e  Alamogordo watershed n e a r  Santa  

Fe, NM, i n  cooperati011 wi th  t h e  Southwest Watershed Rangeland Research 

a t  Tucson. I n i t i a l l y ,  t h e  catchment was unfenced, b u t  c a t t l e  were 

damaging t h e  t rea tment ,  n e c e s s i t a t i n g  fenc ing  t h e  a r e a ,  

The asphal t --£ i b e r g l a s s  catchment on t h e  Walnut Gulch watershed 

near  Tombstone, AZ, was given a new p r o t e c t i v e  coa t ing  i n  October 

1977. The o r i g i n a l  p r o t e c t i v e  coa t ing ,  highway t r a f f i c  p a i n t ,  was 

cracking,  causing damage t o  t h e  underlying membrane, A l l  l o o s e  
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m a t e r i a l  was brushed of f  and a new s e a l c o a t  of c l a y  emulsion app l i ed .  

A f t e r  cur ing ,  a p r o t e c t i v e  coa t ing  of aluminum-vinyl was a p p l i e d  t o  

approximately 60% of t h e  a r ea .  Two t e s t  p a t t e r n  a r e a s  were t r e a t e d  

wi th  a n  exper imenta l  wa te r  base  coa t ing  f o r  d u r a b i l i t y  and weather- 

i ng  eva lua t ion .  

PAXT I V .  WATER W E S T I N G  FOR FORAGE PRODUCTIOM 

Procedure: A d e s c r i p t i o n  of t h e  t e s t  p l o t s  and procedures  a r e  

p re sen ted  i n  t h e  1976 Annual Report ,  Ariz.-WCL-71-12, "Lower Cost 

Water Harvest ing Systems," 

I n  t h e  i n i t i a l  s t u d i e s ,  s o i l  f e r t i l i t y  w a s  n o t  a var iab le . .  In- 

s t e a d ,  t h e  presumed r equ i r ed  f e r t i l i z e r s  (N, I?, Mg, and R) were a p p l i e d  

p r i o r  t o  t h e  start  of each growing season. A l l  p l o t s  were f e r t i l i z e d  

b e f o r e  p l a n t i n g  i n  1.974 and a g a i n  on 9 J u l y  1975, On 13 J u l y  1976, 

P, Mg, and K f e r t i l i z e r s  were app l i ed .  It had been decided t o  with- 

ho ld  a p p l i c a t i o n  of t h e  FJ- fe r t i l i zer  a few weeks t o  a l l ow f o r  b e t t e r  

s o i l  mois ture  condi t ions .  It was never appl ied .  

A l l  p l o t s  were ha rves t ed  on 26 August 1974? 16  December 1975, 

25 August 1976, 10 February 1977, and 18  October 1977. The 1974 

h a r v e s t  c u t t i n g s  were i n a d v e r t e n t l y  des t royed  a f t e r  de te rmina t ion  of 

t h e  p l o t  y i e l d s .  The saved c l i p p i n g s  of t h e  o t h e r  h a r v e s t s  were 

analyzed f o r  t o t a l  n i t r o g e n  content  wi th  a Technricon Auto-Analyzer 

Model II. 

Core samples of t h e  r o o t s  and rhizomes of t h e  b l u e  panicgrass  

were taken on a l l  p l o t s  on 27 August 1977, by d r i v i n g  a 5-cm diameter  

c o r i n g  cy l inde r  20 cm i n t o  t h e  ground. The r o o t s  and rhizomes i n  t h e  

cores  were washed w i t h  d i s t i l l e d  water ,  separa ted ,  ground, and analy- 

zed f o r  t o t a l  n i t r o g e n  con ten t ,  as p rev ious ly  descr ibed ,  

Resu l t s :  The fo rage  y i e l d s  Xrom t h e  p l o t s  a r e  p re sen ted  i n  

Table 6, A d i scuss ion  of t h e  1974, 1975, and 1976 h a r v e s t s  can b e  

found i n  t h e  1976 Annual Report.  I n  1976, c l i m a t i c  c o n d i t i o n s  were 

f avo rab le  £or  an  extended growing season,  pe rmi t t i ng  two s e p a r a t e  

h a r v e s t s .  S t a t i s t i c a l  a n a l y s i s  of the February 1977 (second c u t t i n g ,  

1976 season) and October 1977 h a r v e s t s  have not  been completed. I n  

1975 and 1976, forage  y i e l d s  tended t o  i n c r e a s e  as t h e  catchment a rea-  

to-crop-growing a r e a  inc reased ,  except  f o r  t he  wax catchments.  Y ie ld  
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on t h e  3 : l  catchment r a t i o  w a s  u s u a l l y  l e s s  than  f o r  t h e  2 : l  r a t i o ,  

probably because t h e  g r e a t e r  q u a n t i t y  of water  app l i ed  t o  t h e  g r a s s  

leached some of  t h e  f e r t i l i z e r  from t h e  r o o t  zone. The wax-treated 

runoff  a r e a  p l o t s  y i e l d e d  more Eorage than  hhe b a r e  s o i l  runoff  a r e a  

p l o t s  which, i n  t u rn ,  had h ighe r  y i e l d s  t han  t h e  grassed  runoff  a r e a  

p l o t s .  These r e s u l t s  were expected because t h e  l a r g e  wax-treated 

runoff  a r e a s  produced t h e  most water  t o  t h e  p l a n t s ,  I n  1977, s i m i -  

l a r  t r e n d s  were measured i n  t h e  y i e l d s  of t h e  b a r e  s o i l  runoff  a r e a  

p l o t s .  Yie lds  Erom t h e  wax-treated runoff  a r e a  p l o t s  tended t o  remain 

cons t an t  o r  even decrease  a s  t h e  runoff  a r e a  increased .  This  ind i -  

ca t ed  t h a t  a v a i l a b l e  p l a n t  water  was no longer  a  l i m i t i n g  f a c t o r  f o r  

fo rage  product ion.  

Observat ions oE t h e  p l o t s  i n  l a t e  J u l y  1976, i n d i c a t e d  t h a t  avail- 

a b l e  n i t r o g e n  i n  t h e  s o i l  was no t  r e s t r i c t i n g  p l a n t  growth, even on 

t rea tments  producing l a r g e  fo rage  y i e l d s .  The v igorous ,  dark-green 

p l a n t  growth w a s  v i s u a l  i n d i c a t i o n  t h a t  n i t r o g e n  was p r e s e n t  and 

a v a i l a b l e  t o  t h e  p l a n t s .  Pre l iminary  c a l c u l a t i o n s  i n d i c a t e d  t h a t  t h e  

two previous  a p p l i c a t i o n s  of N - f e r t i l i z e r  and o t h e r  poss2ble x a t u r a l  

N sources  (organic  ma t t e r ,  leguminous £orbs) were n o t  p r e s e n t  o r  a v a i l -  

a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  t o  exp la in  the  observed p l a n t  growth. 

The n i t r o g e n  con ten r s  oE t h e  ha rves t ed  fo rage  f o r  t h e  1974, 1976, 

and 1977 c u t t i n g s  a r e  presented  i n  Table 7. To f i l l  i n  f o r  t h e  des- 

t royed  1975 c u t t i n g s ,  a  n i t r o g e n  content  equa l  t o  t h e  February 1977 

h a r v e s t  was assumed. This  is  be l ieved  a  conse rva t ive  estimate because 

t h e  p l o t s  r ece ived  n i t r o g e n  f e r t i l i z e r  i n  t h e  summer of 1975, which 

should have r e s u l t e d  i n  a  fo rage  n i t r o g e n  content  h ighe r  t han  w a s  used 

i n  t h e  c a l c u l a t i o n s .  Forage n i t rogen  percentages  were 2 t o  3 pe rcen t  

i n  t h e  1974 cuttings, By 1977, t h e  n i t r o g e n  con ten t s  were 0.7 t o  1.5 

percent .  The r e s u l t s  show t h a t  t h e  n i t r o g e n  content  tends  t o  be  

lowest on t h e  p l o t s  which have produced t h e  most forage .  The harves- 

t e d  fo rage  does n o t  r e p r e s e n t  t h e  t o t a l  q u a n t i t y  of n i t r o g e n  used 

by t h e  p3.an"c during t h e  s tudy.  Appreciable  q u a n t i t i e s  of n i t r o g e n  

can be s t o r e d  i n  t h e  r o o t s  and rhizomes of t he  p l a n t s .  
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The nitrogen content of the root-rhizome plant  t i s s u e  taken with 

the  core sampler from the  4-year-old p lo t s  a t  Montijo F l a t  was 1.1 t o  

1.5 percent N .  For a conservative est imate of the nitrogen content 

of the  roots-rhizomes i n  the  f i e l d  p lo t s ,  a value of 1.2 percent w a s  

used. 

A summary of the  t o t a l  ni trogen consumed by the  p lan t s  i n  the  

4-year study f o r  each treatment i s  presented i n  Table 8, The root- 

rhizome dry matter produced was estimated t o  be one-half of t he  t o t a l  

harvested forage, with an average nitrogen content of 1.2 percent. 

The r e s u l t s  show tha t  the  t o t a l  ni trogen removed by t he  p lan t s  is  

d i r e c t l y  proportional  t o  the  t o t a l  plant  growth produced i n  t he  4 

years. On the  wax and bare  s o i l  runoff treatment p lo t s  with runoff 

contributing areas  of 1 : l - o r  l a rge r ,  the  t o t a l  ni trogen used by t h e  

p lan t s  was 114 t o  225 kg/ha. 

To account fo r  the  t o t a l  ni trogen used by t he  p lan t s ,  i t  would 

be necessary t o  have a 100% conversion e l f i c iency  of t h e  applied fe r -  

t i l i z e r  and organic matter. Assuming a minimum conversion e f f ic iency  

of 70%, a t o t a l  of 175 kg N/ha was ava i lab le  to  the  blue  panicgrass, 

Based on the measurements of nitrogen content of the  plants  and using 

the most conservative estimates f o r  a l l  o ther  unknowns, the  s tud ies  

ind ica te  tha t  the  higher yie lding forage p lo t s  would requ i re  a t  l e a s t  

20 t o  50 kg N/ha from some a s  ye t  undetermined source, possibly by 

nitrogen f ixa t ion ,  t o  complete the  nitrogen balance. 

PART V. COOPERATIVE WATER KARVESTLNG PROJECT lJITH THE BUREAU OF LAND 

MANAGEMENT 

Catchment Runoff Efficien-cc: So i l  samples have been col lected 

from several  s i t e s  representing successful ,  unsuccessful, and proposed 

catchments, t r ea ted  with o r  proposed fo r  treatment with, pa ra f f in  wax. 

These samples a r e  being analyzed fo r  t ex tu r a l ,  chemical, and mineral- 

og ica l  iden t i f i ca t ion .  Specially prepared t rays  of these  s o i l s  a r e  

being tes ted i n  the  laboratory with various types of waxes f o r  evalua- 

t i on  of treatment performance a f t e r  being subjected t o  accelera ted 

weathering i n  freeze-thaw, ozone, and u l t r av io l e t  weathering chambers. 

Annual Report of the U.S. Water Conservation Laboratory



These s t u d i e s  a r e  i n  the  i n i t i a l  s tages  and no d e f i n i t e  r e s u l t s  a r e  

ava i l ab le  a t  t h i s  time. 

The por tab le  p l o t  s p r i n k l e r  was used on opera t iona l  f ie ld-s ized 

catchments and on var ious  t r e a t a e n t s  a t  the  Granite Reef t e s t i n g  s i t e .  

The r e s u l t s  from t h e  t e s t s  a t  Granite Reef a r e  presented i n  Table 9 

and from 11 operat ional  catchments i n  Table 10. From t h e  t e s t s  a t  

Granite Reef, i t  appears the  sp r ink le r  tends t o  overest imate t h e  

runoff e f f i c i ency  of t h e  smoothed, unt rea ted  and s i l i c o n e  water-repel- 

l e n t  p l o t s  compared t o  t h e  average annual runoff ,  S a t i s f a c t o r y  r e s u l t s  

were obtained on the  remaining treatments. The s p r i n k l e r  does apply 

water a t  a higher i n t e n s i t y  than most n a t u r a l  storms. On the f i e l d  

catchments, most good wax treatments yielded 70 t o  95% runoff and 

membranes 95 t o  100% ef f i c iency .  Threshold r a i n f a l l s  w e r e  genera l ly  

l e s s  than 1.5 m. The spzinkler  r e s u l t s  a r e  bel ieved a good es t imate  

of t h e  performance of t h e  wax and membrane water  harves t ing treatments,  

Wildl i fe  Water Barves t i n g  Catchments : The two catchments t h a t  

were i n s t a l l e d  with t h e  cooperztion of Arizona Game and Fish Department 

a r e  i n  exce l l en t  shape. An attempt was made t o  determine how much 

water deer dr ink i n  t h e  summer months, Game and Fish  personnel  moni- 

tored t h e  drinking trough a t  a water harvest ing catchment f o r  a time 

t o  check the  number of deer coming i n  and t h e  amount of water  consumed. 

The t e s t  was not  successful  because of l imi ted  r a i n f a l l  i n  t h e  a reas  

which l imi ted  a v a i l a b l e  forage. A t  t he  time of t h e  checking the  deer  

had moved from the  p a r t i c u l a r  ranges. An attempt a t  a l a t e r  da te  w i l l  

be made t o  d e t e m i n e  the  amount and number i n  t h e  a rea ,  

Water Quality from Water Harvesting Systems: I n i t i a l  s t u d i e s  of 

water q u a l i t y  from var ious  types of water harves t ing treatments were 

i n i t i a t e d .  The s t u d i e s  a r e  concerned with determining t h e  presence 

of heavy t r a c e  metals i n  the  runoff water. Procedures have been 

developed f o r  t h e  ana lys i s  of water samples. Samples a r e  being 

co l l ec ted  from opera t ional  systems and from t h e  var ious  treatments a t  

the  Granite Reef t e s t i n g  s i t e  a t  periodic i n t e r v a l s .  Prel iminary 

analyses show t h a t  the  water from the  various catchment treatments 

does not  contain any tox ic  elements a t  a l e v e l  above recommended 

standards f o r  l ives tock.  
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SIJNMARY AND CONCLUSIONS: 

Studies were continued a t  the  Granite Reef t e s t i ng  s i t e  on the 

evaluation of methods and mater ia ls  f o r  water harvesting. Total  

p rec ip i ta t ion  a t  the  s i t e  f o r  1977 was much below average, primarily 

consist ing of small storms with r e l a t i ve ly  low i n t e n s i t i e s ,  This 

may have caused the  r e l a t i ve ly  lower runoff eff ic iency measured on 

many of the  treatments. The s i l i cone  treatments which continue t o  

dete.r iorate showed the  g rea tes t  change i n  runoff eff ic iency.  Runoff 

from t h e  pa ra f f i n  wax s o i l  treatment was s l i g h t l y  l e s s  than t h e  

preceding years. 

The s tud ies  on using a bentoni te  clay blanket  f o r  bottoms of 

steel-rim tanks were continued, It was found t h a t  the  bentoni te  

bottoms can f a i l  i f  the tank i s  allowed t o  go dry o r  i f  the re  is in- 

adequate protect ion from burrowing rodents. 

The s tud ies  continued of using water harvesting techniques f o r  

increasing forage production. Primary emphasis was di rected t o  

invest igat ing t he  nitrogen usage and balance of blue panicgrass 

(Panicm an t ido t a l e ) ,  The r e s u l t s  show tha t  the  t o t a l  ni trogen re- 

moved by the p lan t s  i s  d i r e c t l y  proportional  to  the  t o t a l  p lan t  growth 

produced i n  t he  4 years.  On the  wax and bare  s o i l  runoff treatment 

p lo t s  with runoff contributing areas  of 1:1 o r  l a rge r ,  the  t o t a l  

ni trogen used by the  plants  was 114 t o  225 kg/ha. To account f o r  t h e  

t o t a l  ni trogen used by t he  plants ,  i t  would be necessary t o  have a 

100% conversion eff ic iency of t he  applied f e r t i l i z e r  and organic matter ,  

Assuming a minimum conversion eff ic iency of 70%, a t o t a l  of 175 kg N/ha 

was ava i lab le  to  the  blue panicgrass, Based on t h e  measurements of 

nitrogen content of the p lan t s  and using the  most conservative e s t i -  

mates f o r  a l l  other unknowns, t he  s tud ies  ind ica te  t ha t  the  higher 

yie lding forage p lo t s  would requ i re  a t  l e a s t  20 t o  50 kg E/ha from 

some a s  yet  undetermined source, possibly by nitrogen f i x ~ t i o n ,  t o  

complete the  nitrogen balance. 

The cooperative study with the Bureau of Land Management was 

primarily concerned with evaluation of the runoff e f f i c iency  of 

various water harvesting treatments of operational  catchments and t h e  

Granite Reef p lo t s  using the portable p lo t  spr inkler .  From the  t e s t s  
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a t  Granite Reef, i t  appears the  spr inkler  tends t o  overestimate the  

runoff e f f i c iency  of the  smoothed, untreated and s i l i cone  water-repel- 

l e n t  p lo t s  compared to  the  average annual runoff. Sa t i s lac to ry  r e s u l t s  

were obtained on t he  remaining treatments. On the  f i e l d  catchments, 

most good wax treatments yielded 70 t o  95% runoff and membranes 95 t o  

100% efficiency.  Threshold ra inEal .1~ were generally l e s s  than 1.5 mm. 

The spr ink le r  r e s u l t s  a r e  believed a good est imate of the  performance 

of t he  wax-and-membrane cype water harvesting treatments. 

Preliminary r e s u l t s  of analysis  of water from various catchment 

treatments ind ica te  there  a r e  no toxic  elements a t  a l e v e l  above 

recommended standards f o r  l ivestock.  

PERSONNEL: Gary Fras ie r ,  Keith Cooley, Dwayne Fink, and John Griggs- 
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Table 1. Treatments on paved o r  covered p l o t s  a t  Gran i t e  Reef. 

P l o t  Treatment d a t e  Treatment 

8 Aug 1967 

22 Aug 1967 

20 May 1968 

1 3  Sep 1976 

29 Sep 1976 

2 Jun  1977 

15  Apr 1977 

1 J u l  1977 

19 Apr 1963 

1 3  Nov 1975 

3 Aug 1967 

22 Aug 1967 

3 Aug 1967 

22 Aug 1967 

Jan  1968 

3 Aug 1967 

12 Sep 1967 

Sep 1968 

- 2 Basecoat.  MC-250 a t  1.5 kg a s p h a l t  m . 
Topcoat. RSK a s p h a l t  emulsion a t  0.7 kg 

- 2 
a s p h a l t  m 

Top shee t ing .  30-mil c h l o r i n a t e d  b l ack  

polyethylene.  

Polypropylene mat t ing  w i t h  SS a spha l t  
- 2 

a t  1 .4  kg a spha l t  m . 
Sealcoa t .  Clay emulsion at 0.7 kg a s p h a l t  
-2 m .  

Top sp ray  v i n y l  aluminum. 

F ibe rg l a s s  and polypropylene ma t t ing  

s a t u r a t e d  wi th  s l a c k  wax 140 at a r a t e  
2 

of 1 .6  kg/m . 
Membrane removed. S o i l  t r e a t e d  w i t h  s l a c k  wax. 

-2 Basecoat.  RC-special at 1-5 kg a s p h a l t  m 

Sea lcoa t .  SS2h a spha l t  a t  2,O kg a s p h a l t  
- 2 

m modified wi th  A-1 f i b e r s .  
- 2 Basecoat ,  PfC-250 a t  1.5 kg a s p h a l t  m . 

Top shee t ing .  1 - m i l  aluminum f o i l  bonded 
-2 

with RSK a spha l t  emulsion a t  0.7 kg a s p h a l t  m . 
Basecoat.  MC-250 a t  1 .5  kg a s p h a l t  m-2. 

Top shee t ing .  3/4-02 chopped f i b e r g l a s s  

mat t ing  bonded wi th  RSK a s p h a l t  emulsion 
- 2 

a t  1 . 4  kg a spha l t  m . 
Top spray .  Vinyl aluminum coa t ing  a t  0 .1  

-2 
g a l  yd . 

- 2 
Basecoat.  MC-250 a t  1 - 5  kg a s p h a l t  m . 
Top shee t ing .  Standard r a g  f e l t - r o c k  

roof ing  t rea tment .  

Concrete s l a b .  
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Table  2. R a i n f a l l  runof f  from paved o r  covered p l o t s  a t  G r a n i t e  Reef .  

Rain- L- 1 2-4 L-6 
Date f a 1 1  Runo E f Runoff Runoff 

3 J a n  2 .3  

5 J a n  5 . 1  

8 J a n  2.0 

25-26 Mar 7.6 

28 Max 3.7 

1 3  May 13.2  

5 J u l  4.8 

22 J u l  1.2 

26 J u l  15.2 

12-13 Aug 10 .7  

16 Aug 4 .1  

9 Sep 2.0 

27 Sep 8 .1  

6 O c t  2.6 2.6 100.0 2.2 84.6 . 8  30.8 

6 Oct 3.0 2 .7  90.0 2.6 86.7 .2 7.7 

29 Oct 8 . 1  7.9 97.5 6 .4  79.0 3.9 48.1  

5-6 Nov 8 .3  8.6 103.6 7.5 90.4 3.0 36.4 

26-28 Dec 2 . 1  1.7 81.0 1 . 0  47.6 0 0 

28-29 Dec 11.9  11.5  96 .8  11.4 95.8 6.9 5 8 - 0  

T o t a l  13.6.0 115.9 99.9 105.&/ 93.8 58.4 50 .3  

a/ Water mete r  m a l f u n c t i o n .  - 
b /  R a i n f a l l  f o r  t h i s  p e r i o d  was 111.9. - 

Annual Report of the U.S. Water Conservation Laboratory



T a b l e  2. R a i n f a l l  r u n o f f  from paved o r  covered p l o t s  a t  G r a n i t e  Reef 
( c o n t i n u e d )  . 

Rain- L-5a L-5b L- 7 
Date  f a l l  Runoff Runoff Runoff 

3 J a n  2 . 3  - - - - 1.7  73.9 

5 J a n  5 . 1  - - - - 3.9 76.5 

8 J a n  2.0 - - - - - 6  30.0 

25-26 Mar 7.6 - - - - 4.8 63.2 

28 Mar 3 .7  - - - - 2.6 70.3 

13,May 13.2 1 4 . 1  106.8  - - 1 1 - 6  87.9 
5 J u l  4 . 8  - - 3.4 4 .8  4.8 100.0 

22 J u 1  1 . 2  - - 0 0 -9 75,O 

26 J u l  15.2  - - 1 2 . 4  81.6 12 .8  84 2 

12-13 Aug 10 .7  - - - a/ - 8.5 79.4 

1 6  Aug 4 . 1  - - 1 . 8  43.9 2.4 58.5 

9 Sep 2.0 - - 0 0 - 8  40.0 

27 Sep 8 . 1  - - 4.3  53 .1  6.2 76.5 

6 Oct 2 .6  - - . 6  23.1 1 .4  53.8 

6 Oct 3.0 - - 0 0 1.1 42.3 

29 Oct 8 . 1  - - 3.8  46.9 6 .5  80.2 

5-6 Nov 8 . 3  ... - 4.0 48.2 5.9 71.1 

26-28 Dec 2 .1  - - 0 0 . 3  14 .3  

28-29 Dec 11.9 - - 1 0 . 6  89.1  9.5 79.8 

T o t a l  116.0 b / 14.1- 106.8  40.&' 57.3  86.3 74.4 

a/ Water mete r  m a l f u n c t i o n .  - 
b /  T o t a l  p r e c i p i t a t i o n  f o r  t h i s  p e r i o d  was 13.2 mm. - 
c j  T o t a l  p r e c i p i t a t i o n  f o r  t h i s  p e r i o d  was 71.4 mm. - 
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Table  2. R a i n f a l l  r u n o f f  from paved o r  covered p l o t s  a t  G r a n i t e  Reef 
( c o n t i n u e d )  . 

R a h -  A-1 A- 2 A- 5 
Date  f a l l  Runoff Runoff Runoff 

1977 m 

3 J a n  2 . 3  

5 J a n  5 . 1  

8 J a n  2.0 

25-26 Mar 7.6 

28  Mar 3.7 

1 3  May 13.2 

5 J u l  4.8 

22 J u 1  1 . 2  

26 SuL 15 .2  

12-13 Aug 1 0 . 7  

1 6  Aug 4 .1  

9 Sep 2.0 

27 Sep 8 . 1  

6 Oct 2.6 

6 Oct 3.0 

29 Oct 8 . 1  

5-6 Nov 8.3 

26-28 Dec 2 . 1  

28-29 Dec 11.9 

T o t a l  116.0 
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b l e  3 .  Treatments of  ba re  s o i l  p l o t s  a t  Grani te  Reef.  

o t  Treatment Date Treatment 

7 - 30 Nov 1961 

-3 4 Aug 1965 

3 Sun 1975 

1 Mar 1965 

29 Sep 1972 

1 Mar 1965 

13 May 1966 

1 Aug 1967 

10 Nov 1971 

1 Dec 1963 

3 Jun  1975 

3 1 Dec 1963 

Smoothed s o i l ,  14.14 m x 14.14 m p l o t  

Smoothed s o i l ,  14.14 m x 14.14 m p l o t  

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  

Ret rea ted  a t  0.03 kg m-L 

Ridge and furrow, 20% s i d e s l o p e  

Ridge and furrow, 10% s i d e s l o p e  

t r e a t e d  wi th  wax water  r e p e l l e n t  

a t  1.3 lbs/yd 
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  

Ret rea ted  wi th  3% s i l i c o n e  wa te r  r e p e l l e n t  - 
7 - 2 

1 . 2  l i t e r s  of  s o l u t i o n  m - 0.03 kg m 

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 t h  3% s i l i c o n e  

water  r e p e l l e n t  and 2% s o i l  s t a b i l i z e r  - 
- 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 d  w i t h  3% s i l i c o n e  
- L 

water  r e p e l l e n t  - 1.2 l i t e r s  s o l u t i o n  m - 
0.03 kg m-2 

Cleared watershed 
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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 .  

Rain- L- 2 2- 3 R- 1 
Date  f a l l  RunofE Runoff Runoff 

19 77 mm 

3  J a n  2 .3  

5  J a n  5 . 1  

8  J a n  2 .0  

25-26 Mar 7.5 

28 Mar 3.7 

1 3 M a y  13.2  

5  J u l  4 .8  

22 J u l  1 . 2  

26 J u l  15.2  

12-13 Aug 10 .7  

1 6  Aug 4 . 1  

9  Sep 2 .0  

27 Sep  8 .1  

6  Oct 2.6 

6 Oct 3.0 

5-6 TSov 8 . 3  0  0  2.7 32.5 1.1 1 3 . 3  

26-28 Dec 2 . 1  0  0  0 0 0  0  

28-29 Dec 11.9  2.9 24.4 7.7 64.7 1 . 4  1 1 . 8  

Tot a1 116.0 8 . 8 '  8 . 2  48.9 42.2 23.1 19.9 

a /  Water meter  m a l f u n c t i o n .  - 
b /  R a i n f a l l  f o r  t h i s  p e r i o d  was 101.2  mm. - 
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Table 4. R a i n f a l l  runoff  from ba re  s o i l  p l o t s  a t  Gran i t e  Reef 
(continued) 

Rain- R-2 R-3 R-4 
Date f a l l  Runoff Runoff Runoff 

3 Jan 2.3 

5 Jan  5 .1  

8 J a n  2.0 

25-26 Mar 7.6 

28 Mar 3.7 

1 3  May 13.2 

5 J u l  4.8 

22 J u l  1 .2  

2 6 J u l  15.2 

12-13 Aug 10.7 

i 6  Aug 4 .1  

9 Sep 2.0 

27 Sep 8 . 1  

6 Oct 2 -6  

6 Oct 3.0 

29 Oct 8 .1  

5-6 Nov 8.3 

26-28 Dec 2.1 

23-29 Dec 11.9 

T o t a l  116.0 84.1- b/  79.9 

a/ Water meter malfunct ion.  - 
b/  R a i n f a l l  f o r  t he  per iod  was 105 - 
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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 
( c o n t i n u e d ) .  

Rain- If- 1 W-2 
Date  f a l l  Runoff Runoff 

W-3 
Runoff 

3 J a n  2 . 3  0  0  0  0 0  0  

5  J a n  5 . 1  . 6  1.1.8 .3 5.9 - 6  11.8 

8 J a n  2 .0  0  0  0  0  0  0  

25-26 Mar 7.6 0 0  0  0 0 0  

28 Mar 3 . 7  0  0  0  0  0  0  

1 3  May 13 .2  2 . 8  21.2  2.4 18.2 3.7 28.0 

5  J u l  4 .8  . 3 6 .3  - 4  8.3  -5  10.4 

22 J u l  1 . 2  0  0  0  0  0  0  

26 J u l  1 5 . 2  4.9 32.2 4.6 30.3  6.0 39.5 

12-13 Aug 1 0 . 7  0  0  0  0  0  0  

1 6  Aug 4 . 1  - 5  12 .2  2 .0  48.8 1 . 2  29.3 

9  Sep 2 .0  0  0  

27 Sep 8 . 1  . 7  8 .6  

6  Oct 2.6 0  0  

6  Oct 3.0 0  0  

29 Oct 8 . 1  0  0 

5-6 Nov 8 . 3  .I  1 . 2  

26-28 Dec 2 . 1  0  0 

28-29 Dec 11 .9  2 . 8  23 .5  

Tot a1 116.0  1 2 . 7  10.9  
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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  at Gran i t e  Reef 
(cont inued)  . 

A- 3 
Date R a i n f a l l  Runoff 

A- 4 
Runoff 

3  J an  

5 Jan  

8  Jan  

25-26 Mar 

28 Mar 

13 May 

5 J u l  

22 J u l  

26 J u l  

12-13 Aug 

1 6  Aug 

9 Sep 

27 Sep 

6  Oct 

6  Oct 

29 Oct 

5-6 Nov 

26-28 Dec 

28-29 Dec 

T o t a l  

a /  Water meter malfunct ion.  - 
b /  R a i n f a l l  f o r  t h i s  per iod  was 101.2 mm. - 
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Table 5. Condit ion oE p o t e n t i a l  water  b a r r i e r  m a t e r i a l s  exposed a t  t h e  

Gran i t e  Reef t e s t  s i t e .  

a/ Panel  - 
Number b /  Condit ions and comments from i n s p e c t i o n  14 Jun  77 - 

F a i l e d  

Exce l l en t  

Exce l l en t  

Exce l l en t  

Exce l len t  

Exce l l en t  

Exce l len t  

Good 

Exce l l en t  

Exce l l en t  

Exce l l en t  

F a i l e d  

Good 

Fa i l ed  

F a i l e d  

F a i l e d  

Good 

F a i l e d  

Exce l l en t  

Exce l l en t  

Exce l l en t  

Exce l l en t  

Poor 

Exce l len t  

a /  Descr ip t ion  of m a t e r i a l s  - 
Report,  o r  a s  noted.  

b /  Rat ings  e x c e l l e n t ,  good, - 

Removed 1974 

Coating gone 

Coating n o t  v i s i b l e  

Coating gone 

Coating 30 - 40% gone 

Charac t e r i s  t i c  c racks  appearing 

Coating e x c e l l e n t  

Coating e x c e l l e n t  

Coating chalking,  can b e  rubbed o f f  

Removed i n  1974 

S t a r t i n g  t o  delaminate  

Removed i n  1974 

Removed i n  1974 

Removed i n  1974 

J o i n t  s t a r t i n g  t o  come a p a r t  

Removed January 1976 

S l i g h t  chalking 

Delaminating 

and/or  t reatments  presented  i n  1974 Annual 

f a i r ,  poor---visual obse rva t ion  only.  
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Table 5. Condition of p o t e n t i a l  water  b a r r i e r  m a t e r i a l s  exposed a t  t h e  

Gran i t e  Reef t e s t  s i t e  (cont inued) .  

a/ Panel  - 
Number 

b /  Conditions and comments from i n s p e c t i o n  14 Jun 77 - 

Excel len t  

Exce l l en t  

F a i l e d  

Exce l l en t  

Exce l l en t  

Exce l l en t  

Exce l l en t  

Exce l len t  

Exce l l en t  

Exce l l en t  

Exce l l en t  

Exce l len t  

F a i l e d  

Excel len t  

Excellent: 

Exce l l en t  

Exce l l en t  

F a i l e d  

Exce l l en t  

Exce l l en t  

Poor 

F a i l e d  

Excel len t  

a /  Descr ip t ion  of m a t e r i a l s  - 
Report.  

b /  Rat ings e x c e l l e n t ,  good, - 

Removed January 19  76 

Chalking badly ,  can b e  rubbed o f f  

Chalking 

Extreme cha lk ing  

Coating chipping o f f  

Removed 1977 

Removed 1976 

Rodent damage 

Removed i n  1974 

and/or  t rea tments  p re sen ted  i n  1974 Annual 

f a i r ,  poor--visual obse rva t ion  only. 
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Table 6. Blue panicgrass  y i e l d s  (kg/ha) from .the Montijo P l a t  
fo rage  p l o t s ,  

Rarves t A r e a  r a t i o  Catchment a r e a  t rea tment  

Date Catchment: crop Wax Bare s o i l  Grass 

Aug 1974 0: 1 
1: 1 
2  : 1 
3: 1 

Dec 1975 0 : l  
1: 1 
2  : 1 
3: 1 

Aug 1976 

Feb 1977 0 : l  
1 :I 
2: 1 
3: 3. 

Oct 19 77 0: 1 
1:l 
2:1 
3:1 

T o t a l  1974-1977 0 : l  
1: 1 
2: 1 
3: 1 

Duncan m u l t i p l e  range t e s t  (P=O.O5) f o r  y i e l d s  from crop growing 
a rea .  Means w i t h i n  a yea r  followed by no l e t t e r s  i n  common a r e  
s i g n i f i c a n t l y  d i f f e r e n t .  

- 2 /  For t h e  pe r iod  of Aug 1974 - Feb 1977. Grass p l o t s  removed a f t e r  
Feb 1977. 
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T a b l e  7. N i t r o g e n  c o n t e n t  (%) of b l u e  p a n i c g r a s s  f rom t h e  Mont i jo  
F l a t  f o r a g e  p l o t s .  

H a r v e s t  Area r a t i o  Catchment a r e a  t r e a t m e n t  

Date Catchment: c r o p  Max Bare  s o i l  Grass 

Aug 1974 0  : 1 3-  4 3.4 3.4 
1:l 2.8 2 .8  2.9 
2 : l  2 . 3  2 - 9  3.0 
3:1 2 - 3  2 .8  3 - 3  

2 I Dec 1975 - 0 : 1  
1:1 
2 : 1 
3.1  

Aug 1976 0. I  
5: 1 
2 : l  
3 : l  

Feb 1977 

- P l o t s  removed after  Feb 1977. 

- 21 E s t i m a t e d  t h e  same as measured i n  February  1977 h a r v e s t .  
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Table 8. T o t a l  dry ma t t e r  and n i t r o g e n  ba lance  (kg/ha) of  b l u e  
pan icg ras s  a t  t h e  Montijo F l a t  fo rage  p l o t s ,  1974-1977. 

Area r a t i o  Catchment a r e a  t rea tment  

Catchment: crop Wax Bare s o i l  Grass .! 

T o t a l  ha rves t ed  
fo rage  11 o : 1 

1: 1 
2 :  1 
3 : 1  

Est imated roo t-rhizome 
dry  m a t t e r  21 0 . 1  

1: 1 
2 : l  
3 : l  

T o t a l  n i t r o g e n  i n  
ha rves t ed  fo rage  0 : 1 

1:l 
2:1 
3: 1 

Est imated t o t a l  n i t r o  en 
37 *:I i n  roots-rhizomes - 

1.1 
2 : l  
3: 1 

T o t a l  n i t r o g e n  used by 
b l u e  panicgrass  p l a n t s  0: 1 

1: 1 
2 : l  
3: 1 

- " From Table 6. 

- 21 Ra t io  of 2 : l  t o p  growth t o  bottom growth. 

- 31 Assumed 1.2% n i t r o g e n  content  of roots-rhizomes. 

- 41 For t h e  p e r i o d  oE 1974-1976. The p l o t s  were removed a f t e r  t h e  
1976 season. 

Annual Report of the U.S. Water Conservation Laboratory



Table 9.  Sp r ink le r  eva lua t ion  on t h e  va r ious  p l o t s  at t h e  Gran i t e  Reef 

t e s t  s i t e .  

Treatment 
Threshold Runoff 

Tes t  Date r a i n f a l l  e f f i c i e n c y  

Smoothed-untreated 

S i l i c o n e  - P l o t  1,-3 

S i l i c o n e  - P l o t  R-4 

S i l i c o n e  - P l o t  A-4 

wax 

Concrete 

Polye thylene  

Asphal t-polypropylene 

Asphalt-f i b e r g l a s s  

Aluminum f o i l  

Sprayed a s p h a l t  

27 Oct 77 

24 J a n  77 

1 3  Oct 77 

24 Jan 77 

1 3  Oct 77 

27 Oct 77 

24 Jan 77 

1 3  Oct 77 

27 Oct 77 

24 Jan  77 

24 Jan  77 

24 Jan  77 

24 Jan 77 

24 Jan  77 
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TITLE: CHEMICAL MODIFICATION OF SOILS FOR PIXWSTING PRECIPITATION 

NKP : 20810 CRIS WORK UNIT: 5510-20810-002 

CODE NO,:  USWCL 74-1 

INTRODUCTION :: 

Research t o  develop and evaluate  chemical s o i l  t rea tments  t o  

enhance p r e c i p i t a t i o n  runoff from s o i l s  continues. The search 

involves both use  of water-repellants  and c lay  d i spersan t s ,  and both 

labora tory  and f i e l d  s t u d i e s ,  Research object ives  have been somewhat 

r e f ined  i n  l i g h t  of t h e  i n i t i a l  successes with p a r a f f i n  as a water- 

h a m e s t i n g  s o i l  t reatment.  They now a r e  to :  (1) reduce t h e  amount 

of chemical required  -- t h i s  t o  comply wi th  n a t i o n a l  e f f o r t s  t o  lower 

consumption of petro-chemicals, (2) reduce c o s t s  by using less and/or 

cheaper mate r i a l s ,  ( 3 )  increase  treatment longevity,  (4) inc rease  t h e  

range of t r e a t a b l e  s o i l  types,  (5) increase  t h e  c l i m a t i c  range, and 

(6) improve t h e  ease of application.. 

PART I. LABORATORY STUDIES 

tfilljor s t u d i e s  f o r  1977 can be divided i n t o  t h r e e  areas -- t h e  

use  of: (2) r e s i d u a l  waxes, (2) s t a b i l i z e r s ,  and (3) an t i - s t r ipp ing  

agents,  

Residual Flaxes. The r e s i d u a l  wax  s t u d i e s  have been summarized 

i n  t h e  manuscript, "ResidcaaL Waxes f o r  Water B a r ~ ~ e s t i n g , "  (1977). It 

was concluded t h a t  r e s i d u a l  waxes have severa l  p o t e n t i a l  advantages 

f o r  water harvest ing:  (1) Switching from p a r a f f i n  t o  r e s i d u a l  waxes 

f o r  t r e a t i n g  water-harvesting catchments would c o n s r i t u t e  an  "energy" 

savings s ince  r e s i d u a l  waxes a r e  byproducts of t h e  petroleum indust ry ;  

(2) severa l  of t h e  r e s i d u a l  waxes outperformed t h e  s tandard  re f ined  

p a r a f f i n  i n  labora tory  tests ( t r ea ted  s o i l s  were i n i t i a l l y  water- 

r e p e l l a n t  and s t r u c t u r a l l y  s t a b l e  agains t  erosion;  they a l s o  b e t t e r  

withstood t h e  ravaging weathering e l f e c t s  of freeze-thaw cycling,  

ozone, and u l t r a v i o l e t  r a d i a t i o n ) ;  ( 3 )  mixtures of c e r t a i n  r e s i d u a l  

waxes and a dust  suppressant o i l  ourperformed e i t h e r  a lone;  (4) most 

r e s i d u a l  waxes a r e  cheaper than ref ined paraff in .  Unfortunately, 

t h e r e  a l s o  were disadvantages: (1) Unlike t h e  re f ined  p a r a f f i n s  which 

have remarkable uniformity throughout the indust ry ,  p r o p e r t i e s  of 
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res idua l  waxes cannot be detemined adequately from t h e i r  industry- 

assigned names (a pa r t i cu l a r  res idua l  wax type may encompass a wide 

va r i a t i on  of physical-cheorical proper t ies ,  and there  may even be 

considerable va r i a t i on  between l o t s  from t h e  same suppl ie r ) ;  

(2) present ly ,  each mater ia l  (possibly each l o t )  must be ind iv idua l ly  

t e s t e d  fo r  each proposed water-harvesting appl icat ion;  (3) no quickly 

and e a s i l y  obtainable "characterization index" of these  products 

present ly  e x i s t s ;  (4) none have ye t  been successful ly  f ie ld- tes ted.  

S t ab i l i z e r s ,  Three s o i l  s t a b i l i z e r s  were evaluated t h i s  year: 

(1) aluminum salts, (2) Terralock -- a c o m e r c i a l  water-soluble 

polymer, and (3) c e l l u lo se  xanthate, developed a t  t he  Western 

Regional Researcfi Laboraeory , 

The aluminum s a l t ,  A l C l  a s  applied t o  four  s o i l s :  Granite 
3 ' 

Reef, Pachappa, Supers t i t ion Sand and a quartz sarrd, I n  addi t ion,  

A12(S04)3 was applied t o  Granite Reef s o i l .  S a l t s  were applied a s  

water solut ions  (approximately 10 &/Pe t r i  d ish  sample) a t  concentra- 

t i ons  such t h a t r a t e s  of aluminum applied were approxha te ly  one and 

two times t he  cat ion exchange capac i t i es  of the  Granite Reef and 

Pachappa s o i l s  (10 rneq/100 g s o i l ) .  The sands each received 10 m l  

of t he  same A l C l  so lut ions ,  After  the  s o i l s  were compacted and 
3 

dr ied ,  3 waxes (para f f in  (128-131 ), Chevron 140 s l ack  wax, and 

Chevron dust suppressant) were applied a t  3 r a t e s  (0,5, 1-0 ,  and 
2 

1.0 kg/m ), Tests run were r e l a t i v e  contact  angle, 4-hour-hydration, 

brush, freeze-thaw, and f i n a l l y  rhe dr ipola tor .  Only t h e  freeze-thaw 

(PT) r e s u l t s  a r e  reported here.  

The number of PT cycles t o  e f f ec t  treatment des t ruct ion are 

l i s t e d  i n  Table 1. It can be seen t ha t  t he  aluminun s a l t s  markedly 

improved s t a b i l i t y  against  FT damage fo r  a l l  s o i l s  and a l l  r epe l lan t s .  

Doubling the  r a t e  of aluminum did not fu r ther  improve effect iveness ,  

except f o r  t h e  s u l f a t e  s a l t  with dust suppressant on Granite Reef 

s o i l .  Generally, t he  s u l f a t e  was l e s s  e f fec t ive  than t h e  chlor ide  

form. Especially g ra t i fy ing  was the  f ac t  t ha t  PT res i s tance  of t he  

lowest appl icat ion r a t e s  of the  repe l lan t s  

by the  aluminum treatments, This not only 

was so markedly improved 

reduces costs ,  bu t  saves 
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precious petro-chemicals, Overa l l ,  i n  these  l abora to ry  t e s t s  t h e  

r e p e l l a n t s  could be roughly r a t e d  f o r  r es i s t ance  t o  PT damage as :  

dus t  suppressant  > 140 s l a c k  > para f f in ,  Previous f i e l d  t e s t s  wi th  

t h e  dust  suppress t ,  unfortunately,  have been discouraging, 

Poss ib ly  t h e  aluminum s a l t  treatment could improve t h a t ,  

t?hy t h e  ch lo r ide  s a l t  outperformed t h e  s u l f a t e  i s  unknown. This 

i s  unfortunate because alum (aluminum s u l f a t e )  is  cheaper, e a s i e r  t o  

work wi th ,  and more r e a  i l y  a v a i l a b l e  than t h e  ch lo r ide  form, Other 

s o i l s  wil l  be t e s t e d  and f i e l d  p l o t s  w i l l  be i n s t a l l e d  i n  1978, 

The Terralock s t a b i l i z e r  i s  a c o m e r c i a 1  water-soluble polymer 

produced by t h e  American Colloid Company, It w a s  appl ied  a t  three-  

d i l u t i o n  and two-dilution r a t e s  t o  two s o i l s ,  after air-drying,  t h e  

s t a 3 i l i z e d  s o i l s  were t r e a t e d  with 'cwo r a t e s  of two r e p e l l a n t s ,  

Tests  given were t h e  our-hydration, brush, FT, and d r i p o l a t o r  as 

f h i s  , Treatment a r t i c u l a r s  and r e s u l t s  of t h e  ET test  appear i n  

Table 2. 

The add i t ion  of t h e  s t a b i l i z e r  markedly improved performance of 

t h e  Supers t i t ion  San but  not of t h e  Granite Reef  s o i l ,  Generally, 

samples a r e  considere a b l e  i f  they withstand 100 o r  more FT 

cycles ,  It i s  encouraging o note  Chat a l l  t h e  low w a x  r a t e s  (0-5 
2 

kg/m ) on t h e  s t a b i l i z e d  sand exceeded t h e  minimal 100-cycle criter- 

ion,  Ef fec t s  of r a t e  and d i l u t i o n  of s t a b i l i z e r ,  however, were no t  

d e f i n i t i v e ,  Studies i n  1978 w i l l  be undertaken t o  eva lua te  Terralock- 

s t a b i l i z e d  s o i l s  using t h e  hydrat ion-dripolator  seqaence test  

procedure, 

The c e l l u l o s e  xanthate s t a b i l i z e r  was applied t o  t h r e e  s o i l s  a t  
-4 

only one s o l i d  weight r a t i o  r a t e  (6.7 x 20 g xanthate lg  s o i l ) ,  but 

a t  two dilut ion-concentrat ion r a t e s  (10 and 20 m l  s o l u t i o n / P e t r i  d i s h  

sample). The r e p e l l a n t s  (pa ra f f in  128-131, Chevron 140, and a 1/4-, 

3/4-mixture of t h e  two, r espec t ive ly ) ,  were appl ied  a t  only one r a t e  
L 

( 1  kg/m ) i n  t h i s  prel iminary experiment. Samples were t e s t e d  using 

t h e  hydrat ion-dripolator  procedure. Preliminary r e s u l t s  are encour- 

aging: no sample has been destroyed a f t e r  250 minutes under t h e  

d r ipo la to r .  Tes ts  w i l l  be expanded i n  1978 t o  check e f f e c t s  of 
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ozone and u l t r a v i o l e t  weathering, p lus  r e s i s t a n c e  t o  damage by FT 

cycling.  Several  f i e l d  p l o t s  a l s o  w i l l  be i n s t a l l e d ,  It is hoped 

t h a t  t h i s  cheap cel lulose-derived s o i l  s t a b i l i z e r  w i l l  permit a 

marked reduction i n  re eLlant requirements, 

,4ntl-Stripping Agents, These wax add i t ives  a r e  designed t o  

bond t o  s o i l  su r faces  wi h g r e a t e r  energy than e i t h e r  wax o r  water ,  

thus  preventing water from s t r i p p i n g  o f f  t h e  overlying repe l l an t -  

organic coating,  Table 3 shows e f f e c t s  of FT cycling on t h r e e  such 

agents f o r  two ssih t r e a t e d  wi th  pa ra f f in ,  The Kling Be ta r t rea ted  

samples were no t  cons i s t en t ly  water-repellan"c, thus ,  r e s u l t s  were 

e r r a t i c .  However, hot  9 and 6860 exhibi ted  a threshold  

coverage value  which ed t o  s p e c i f i c  su r face  a r e a  

of t h e  two s o i l s ,  u a l  t o  o r  g rea te r  than t h a t  v a l u e  

markedly improved res t h e  paraff in- t rea ted  s o i l s  t o  FT 

damage. Addi'cional work i s  needed t o  d e f i n i t e l y  r e l a t e  e f f e c t s  of 

app l i ca t ion  r a t e  t o  s o i l  su r face  a rea ,  t o  evaluate e f f e c t s  on 

d i f f e r e n t  s o i l s  an s, and t o  evaluate  r e s u l t s  of such 

a d d i t i v e s  t o  p r io r - s t ab i l i zed  s o i l s .  Furthermore, t h e  an t i - s t r ipp ing  

e hydrat ion-dripolator  t e s t ,  wi th  

e t  r a d i a t i o n ,  

Runoff s tud ies  continued on s e v e r a l  wax- 

t r e a t e d  p l o t s  a t  t h e  Granite Reef t e s t  s i t e .  lChe summarized r e s u l t s  

s ince  i n i t i a t i o n  of t h e  use  of wax appear i n  Table 4. Treatment 

p a r t i c u l a r s  appear i n  t h e  1976 nual Report, Ef f i c ienc ies  w e r e  down 

i n  1977: t h e  two p a r a f f i n  p l o t s  es tabl ished i n  1972 dropped t o  70 

and 77% runoff;  e f f i c i e n c i e s  of t h e  four  wax-plus-additive p l o t s  

t r e a t e d  i n  1976 dropped t o  only 50 t o  60% runoff below acceptable  

l e v e l s .  

It was thought t h a t  t h e  low e f f i c i e n c i e s  might relate t o  t h e  

extremely low r a i n f a l l  during 1977. However, p l o t t i n g  runoff e f f i c i -  

encies  of t h e  p a r a f f i n  p l o t ,  R-2, by storm-size-range (Fig, 1 )  by 

years  s ince  estab2ishment showed t h a t  e f f i c i e n c i e s  of t h e  l a r g e r  

storms (> 5 ~ n m )  dropped drast:ically i n  1977, suggesting t h a t  
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the  treatment may be f i n a l l y  f a i l i n g ,  Strangely, runoff e f f i c iency  

f o r  t h e  small (0 - 5 mx) storms remained near 75%, qu i t e  comparable t o  

e a r l i e r  years,  A poss ible  explanation f o r  t he  d r a s t i c  drop f o r  t h e  

bigger storms while t ha t  of t he  small s t o m s  remained constant  is  

t h a t  t h e  s o i l  is  s t i l l  s l i g h t l y  water-repellant, but  wets up quickly, 

This would pe rn i t  water from short-duration s t o m s  t o  run off a s  

always, but  would p e m i t  s i gn i f i c an t  i n f i l t r a t i o n  from t h e  l a rge r ,  

longer-duracion storms. It is Roped t ha t  r a i n f a l l  pa t te rns  f o r  1978 

will be more t yp i ca l  -- pern i t t ing  more r e a l i s t i c  runoff evaluations,  

Reef test s i t e s  were completed, Analyses run were: ove ra l l  runoff 

e f f i c i enc i e s ,  threshold re tent ions ,  and runoff e f f i c i enc i e s  a f t e r  

threshold ( a l l  by years ) ,  plus associated confidence L i m i t s  and 

cor re la t ion  coefficrlents. A portion of the  data appear i n  two papers 

subinitted f o r  publication i n  1977 (Fink, Fras ier ,  and Hyers, 1977a, 

b) .  General conclusions were t s t a t i s t i c a l .  analyses of 

rainfall-runoff data coul e used t o  show: (1) ove ra l l  performance 

of catchments with time; i s t r i b u t i o n  of t he  p r ec ip i t a t i on  

among runoff,  surface  re ten t ion ,  and i n f i l t r a t i o n ;  (3) why, how, and 

when ce r t a in  treatments weathered and f a i l ed ;  (4) when and even how 

best  t o  repa i r  treatments;  (5) how t o  design catchments ( s ize ,  site 

preparation,  mate r ia l  se lec t ion ,  e t c . ) ;  and (6) accuracy of rainEall-  

runoff measuring equipment. 

Some spec i f i c  conclusions from the  Granite Reef da t a  are: 

(1) several  catchment types had both high runoff e f f i c i enc i e s  (near 

100%) and long d u r a b i l i t i e s  (10 o r  more years,  and s t i l l  under test), 

a l l  of which should help d i spe l  any hesitancy i n  using water-harvesting 

fo r  supplying needed water; (2)  asphalt-f iberglass catchmenrs y i e ld  

nearly a s  much runoff a s  smooth p l a s t i c  membranes l i k e  bu ty l  rubber; 

they w i l l  o u t l a s t  bu ty l  under Phoenix weathering conditions; and they 

a r e  considerably cheaper than butyl ;  (3)  paraf f in  wax-treated catch- 

ments had runoff e f f i c i enc i e s  approaching those of bu ty l ,  showed no 
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weathering e f f e c t s  f o r  5 yea rs ,  and were even cheaper t o  i n s t a l l  than 

asphal t - f iberglass ;  (4) a s tandard roofing treatment l o s t  30% of t h e  

t o t a l  p r e c i p i t a t i o n  by su r face  re ten t ion ;  5) a concrete catchment 

l o s t  up t o  50% of t h e  p r e c i p i t a t i o n  through surface  adsorpt ion;  and 

(6) e f f i c i e n c i e s  of s i l i c o  e-treated catchments r ap id ly  decreased 

from near  100% i n i t i a l l y  t o  only 50"/,n 5 years ,  A complete sunnary 

of a l l  ra infa l l - runoff  d a t a  ram. t h e  Granite Reef test s i te i s  being 

prepared, 

Rainfall-runof2 data  f t h e  th ree  s i l icone- t rea ted  catchments 

( o r i g i n a l  t reatments and r e  atments) were s m a a r i z e d  and evaluated 

t o  t r y  t o  gain  some i n s i g h t  t o  the  quick l o s s  of runoff e f f i c i e n c y  

f o r  t h i s  t reatment (Table 5 Based on e a r l i e r  l abora to ry  d a t a  on 

contact  angles and breakthr  h pressures  which showed t h a t  t h e  
-3 Grani te  Reef s o i l  obtained "monolayerfB coverage wi th  1 - 2 2  x 10 g 

s i l i c o n e l g  s o i l ,  i t  was concluded t h a t  t h e  f i e l d  app l i ca t ions  of sili- 

cone should have penetrated t h e  s o i l  from 5 t o  10 mm, Thus, it is n o t  

l i k e l y  t h a t  l o s s  of s o i l  rcpel lancy was due pr imar i ly  t o  erosion.  

Rather, these  d a t a  sup rt e a r l i e r  co ased on l i n e a r  

regress ion analyses of h e  r a i n f a l l - r  ff data ,  t h a t  t h e  s i l i c o n e  

57as hydrolyzed o f f  t h e  s o i l  throughout t h e  t r e a t e d  zone by ubiqui tous  

water  vapor. 

A clay-sodiun s a l t  t reatment was i n s t a l l e d  on t h e  10 previously 

smoothed-only water-ha e s t i n g  catchments f o r  supplying w a t e r  t o  a 

n a t i v e  s tand of jojoba,  The smoothed-only treatments had only  been 

y ie ld ing  about 30% runoff ,  5x22 was judged inadequate f o r  t h e  p l a n t s P  

needs (see  Growth and y i e l d  of jojoba p l a n t s  on runoff-col lec t ing 

microcatchments i n  a 200-m r a i n z a l l  region, 1977)- The treatment 

consis ted  of adding (1) a eommerciaE "Arizona clayTg (supplied by 

Superior Equipment Company) a t  t h e  r a t e  of 10% gPclayg' t o  t h e  top  
2 

2 inches of s o i l  (3.5 80-1b bags per 20-m p l o t ) ;  and (2) 5 tons  pe r  

a c r e  of NaCl s a l t  (50 l b / p l o t ) .  The c lay-sa l t  mixture was ro to-  

t i l l e d  i n t o  t h e  s o i l ,  then a f t e r  a thorough soaking, t h e  s o i l  was 

compacted with a v ib ra to ry  r o l l e r ,  Ra in fa l l  s ince  i n s t a l l a t i o n  has  

Annual Report of the U.S. Water Conservation Laboratory



been insufficient to attempt any evaluation of the treatment, but the 

plants have perked up noticeably. 

1 Pink, D. H. Residual waxes for water harvesting, Eydrology and 
FJater Resources in Arizona and the Southwest, 7:199-205, 1977, 

2. Fink, D. B , ,  G,  W, P~asier and L, E, Myers. Water harvesting 
treataent evaluation at Granite Reef, Water Resources Bulletin 
(submitted), 1977, 

3. Fink, D ,  H,, 6. W, Frasier and L. E. Myers, Evaluation of 
water-harvesting cat ents from rainfall-runoff information, 
Proceedings of the Arizona Section - American Water Resources 
Assn. (accepted), 1977, 

4. Ehrler, I?. L,, D, B, Fink and S, T ,  Mitchell., Growth and yield 
of jojoba plants on runoff-collecting microcatchments in a 200- rim^ 
rainfall region, Agron, J, (submitted), 1977, 

PERSONNEL: Dwayne N, k 
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Table 1. Effects of aluminum-salt stabilizers on freeze-thaw damage 
resistance of repellant-treated soils, 

Repellant 

Type 1- Repellant 
Al-salt rate 

kg /m2 

Paraffin (128-131) 0.5 
1 , 0  
2,o 

+ AlC13(10.5 meq/lOOg) 0.5 
11 1.0 
I I 2.0 

Chevron 140 slack 0.5 
1.0 
2,o 

Dust suppressant #1 0.5 
1.0 
2.0 

11 Soils - 

GR (cR)~' S S Pach QS 

FT cycles 

1/ GR: Granite Reef; SS: Superstition sand; Pach: Pachappa; QS: quartz sand - 
2/ (GR) samples treated with A12(S04)3 at same rate of A1 as with ALC1 - 3 
31 Sample lost inadvertently - 
3 Still under test 
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Table 2. Effects of Terralock stabilizer on freeze-thaw damage resistance 
of repellant-treated soils. 

Stabilizers 
2 

Rate (R/m ) 
0 1 2 

Repellant Dilution 

Soil Type Rate 1:20 1:5 1:20 1 :5 

kdm2 
Granite Paraffin 
Reef (128-131) 0.5 

Chevron 0.5 
140 

$1 2,o 

Superstition Paraffin 0.5 
Sand (128-131) 

I t  2-0 

Chevron 0.5 
140 

9 1 2.0 

FT cycles 

4 4 18 4 21 

16 37 2 0 16 65 

12 21 5 2 3 8 4 

5 0 9 4 42 38 5 3. 

12 128 104 251 300 

411 647 708* 854°C 647* 

43 166 699 149 5 9 9  

206 91000 937% 862 658* 

A still under test 

Annual Report of the U.S. Water Conservation Laboratory



Table 3.  Effec t  of a n t i s t r i p p i n g  agents on r e s i s t a n c e  of paraff in-  
coated s o i l s  t o  freeze-thaw damage. 

WAX 
TREATMENT RATE GRANITE REEF SUPERSTITION SAND 

2 / 
k g / r  FT cycle  P a r a f f i n  (128-131) 

with 

Trymeen 6639 @ 0.5% 

Kling Beta 1000 
@ 0,5% 

Emery 6860 @ 0.5% 

l1  @ 5% 

* s t i l l  under test 

Annual Report of the U.S. Water Conservation Laboratory



Table 4. Summary of rainfall-runoff from wax-treated plots at Granite Beef. 

WAX TREATED PLOTS 

R-2 T-13 T-6 T-3 T-4 T-10 T-15 

DATE PRECIP runoff 

1977 

3 Jan 
5 Jan 
8 Jan 

25/26 Mar 
28 Ear 
13 May 
5 Jul 
22 Jul 
26 Jul 

12/13 Aug 
16 Aug 
9 Sep 
27 Sep 
6 Oct 
6 Oct 
29 Oct 

51 6 Nov 
26/28 Dee 
28/29 Dec 

TOTALS : 

1972 
1973 
1974 
1975 
1976 
1977 

Jf Lost data 
J. J. -- Two storms on T-plots 
T Trace only 
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APPENDIX 

LIST OF PUBLICATIONS PUBLISHED 

AND MAWSCRIPTS PREPARED I N  1977 

MS No. 

NRP 20740 Improve I r r i g a t i o n  and Drainage of 
Agr icu l tu ra l  Land 

Published: Sucks, D- A * ,  Nakayama, F. S , ,  and 
G i l b e r t ,  R, G. Clogging research on d r i p  
i r r i g a t i o n ,  Proc,,  I n t e r n a t l .  Drip I r r i g .  
Assoc, Meeting, Fresno, CA, O c t ,  1976, 
Pp. 25-31, 1977, 579 

Dedrick, A, R , ,  Reploqle, J. A., and 
E r i e ,  L. 3. Level basins with modern 
technology improve surface  i r r i g a t i o n  
e f f i c iency-  (On-farm level -bas in  i r r iga t ion- -  
save water  and energy.) C i v i l  Engin- 4 8 ( l ) t  
60-65, January 1978- 6 18 

E r i e ,  L, 3, , and Buclcs , D, A. Future of 
d r i p  i r r i q a t i o n  i n  t h e  United S t a t e s ,  - 
I n  !'Age of Aquarius", Report of 25 t h  Irri- - 
ga t ion  Operators '  Conf,, USDI Bureau 05 
Reclamation, Boise, ID, January 1976, 
Pp. 10-13- 1977- 

Nakayama, F a  S., Bucks, D m  AD,  and 
French, 0, Fo Reclaiming p a r t i a l l y  clogged 
t r i c k l e  emitters, Trans,,  A m e r ,  Soc, Agric. 
Engin, 20(2):248-280. 1977, 

Reploqle, J. A. Compensating f o r  construc- 
t i o n  e r r o r s  i n  c r i t i c a l - f l o w  flumes and 
broad-crested w e i r s .  I n  YF"ow Measurement 
i n  Open Channels and ~ K s e d  Conduits", 
Natl,  Bur. Stds. Special  Pub. N484, Vol. 1, 
Pp. 201-218. O c t ,  1977. 
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MS No. 

Replogle, 3. A, Discussion of :  Venturi 
flumes f o r  c i r c u l a r  channels", by M, H. 
Diskin,  (Jour, I r r i g .  & Drain, Div,, 
Proc- , h e r .  Soc. C i v i l  Engin, 102 [ I R  3 1 : 
383-387, l976),  Jour, I r r i g .  & Drain, Div., 
Proc, ,  h e r ,  Soc. C i v i l  Engin, 103(TR 3 ) :  
385-387- 1977- 602 

Rcploqle, J. A. Por tab le ,  ad jus tab le ,  flow- 
measuring flume f o r  small canals. Trans, ,  . 
Arner- Soc. Agric, Engin, 20(5):928-933, 1977. 5 73 

ReplogTe, Select ing and r a t i n g  meters 
f o r  open-channel flows, Proc, ,  Symp, on 
Water Management f o r  I r r i g .  & Drain, ( A m e r .  
SocP C i v i l  Engin,) Reno, NV,  Ju ly  1977, 
Pp. 305-319, 615 

Prepared : Nakayama, F- S , ,  G i l b e r t ,  R. G.,  and 
m c k s ,  D. A-  Water treatments i n  t r i c k l e  
i r r i g a t i o n  systems, Jour,  I r r i g .  & Drain. 
Div,, Proc, A m e r .  Soc. C i v i l  Engin, 
( I n  press) . .  605 

Zeplogle, J. A, Discussion o f :  tTBibLio- 
graphy on Discharge Measurement Techniquesn', 
by Task C o w ,  on Flow Measurement, Cornrn. on 
Hydraulic S t ruc tu res ,  Hydraulics Div., Amer, 
Soc. C i v i l  Engin. Jour, Hydraul. Div,, Proc., 
Arner, Soc, C i v i l  Engin, ( I n  p ress )  
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Published : 

Management and Use of P r e c i p i t a t i o n  and 
So la r  Energy f o r  Crop Production 

Allmaras, R e  R e ,  Rickman, R e  W P ,  Edin, L. G. ,  
and Kirnball, B. A, - Chiseling inf luences  on 
s o i l  hydraul ic  proper t ies .  S o i l  Sci. Soc. 
h e r ,  Jourp  41(4):796-803, 1977, 

Idso ,  Sherwood B. Book review: "An In t ro -  
duct ion t o  Environmental Biophysics", by 
Gaylon S ,  Campbell, Jaur,  Environ. Q u a l i t y  
6 ( 4 )  ~ 4 7 4 ,  1977. 

Idso ,  Shemiood B- Farmers must be weather- 
w i s e ,  Ariz. Farmer-Ranchman 56(4):55-58, 
1977, 

Idso ,  Sherwood B. A note on some recen t ly  
proposed mechanisms of genesis  of dese r t s ,  
Q r t l y -  Jour-  Royal Meteorol, Soc, l03(436):  
369-370, Apr i l  1977, 

Idso,  S. B., and Brazel ,  A. J. Planetary  
r a d i a t i o n  balance a s  a func t ion  of atmospheric 
dus t :  Climatological  consequences, Science 
198(4318):731-733. Nov, 18,  1977, 

Idso,  S. B., Jackson, R. D,, and Reginato, R. J, 
Estimating evaporakion: D i f f i c u l t i e s  of appli-  - - 
c a b i l i t y  i n  d i f f e r e n t  environments, Science 
196(4296):1355-1356, June 17,  1977. 

Idso,  S, B., Jackson, R. D-, and Reginato, R,  J. 
Remote sensing of crop yields.  Science 196 
(4285):19-25, April 1, 1977, 

MS No. 

Idso,  S* Be, Reqinato, R. J*,  and Jackson, R. D. 
Albedo measurement f o r  remote sensing of crop 
y i e l d s -  Nature 266 (5603 ) : 625-628, Apr* 14,  1977. 581 

Idso,  S. B , ,  Reqinato, R. J., and Jackson, R,  D, 
Equation f o r  p o t e n t i a l  evaporxtion from s o i l ,  
water ,  and crop surfaces  adaptable t o  use  by 
remote sensing. Geophys. Res. L e t t e r s  4 (5 ) :  
187-188. May 1977, 5 93 
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MS No. 

Jackson, R. D.,  Idso,  S. B., Reqinato, R. J., 
and Ehr le r ,  W. L* Crop temperature revea l s  
stress, Crops & S o i l s ,  29(8):10-13. 1977. 607 

Jackson, R- D., Reqina-to, R- J., and Idso,  S, B, 
Wheat canopy temperature: A p r a c t i c a l  tool  f o r  
evaluat ing water requirements. Water Resources 
R e s ,  13 ( 3  ) : 651-656- 1977, 582 

Kimball, B. A. ,  Benham, D, S., and Wiersma, F. 
Heat and mass t r a n s f e r  c o e f f i c i e n t s  f o r  water 
and a i r  i n  aspen exce l s io r  pads, Trans. , Amer. 
Soc, Agric. Engin, 20(3 ) :509-514, 1977. 574 

Kimball, B. A,, Kit tock,  D. L-,  Henneberry, T,, 
and Bariola,  La A, Computer program f o r  
p red ic t ing  t h e  reduct ion of pink bollworm 
populat ions by chemically terminating l a t e  
season b o l l s  i n  cotton,  ARS-W-48, O c t .  1977, 
42 pp* (ARS, bJeskern Region, USDA) 61.7 

Millard,  J. P., Jackson, R* D., Goettelman, R-C, ,  
Reginato, R. J., Idso,  S, B , ,  and LaPado, R. L. 
Airborne monitoring of crop canopy temperatures 
f o r  i r r i g a t i o n  scheduling and y ie ld  predict ion,  ' 

I n  Proc, , 11th  I n t e r n a t l ,  Symp- on Remote Serising - 
of t h e  Environmerrt, Univ, of M I ,  Ann Arbor, M I ,  
Apri l  1977, Pgs, 1453-1461, 1977, 609 

R e g . i n a t o ,  I n  s i t u  bulk dens i ty  and water 
content  changes measured wikh G m a  rad ia t ion ,  
I n  Proc,,  Symposi.um on Water i n  Heavy S o i l s ,  
7 

Bra t i s l ava ,  Czechoslovakia, Sept,  1976, 
Vol. III, Pgs, 15-25. 1977. 578 

Reginzto, R. J., Vedder, J. F., Idso, S. £3-, 
Jackson, R* D m ,  Blanchard, M. B., and 
Goettelman, R. An evaluat ion of t o t a l  s o l a r  
ref lec-tance and s p e c t r a l  band r a t i o i n g  
techniques f o r  es t imat ing s o i l  water content ,  
Jour, Geophys, Res. ( 0  & A )  82(15):2101-2104. 
May 20, 1977- 
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PIS No- 
Prepared: Davies, J. A,, and Idso, S, B. Estimating 

t he  surface rad ia t ion  balance and 2ts 
components, Chap, jn tlModificat ion of the  
Aerial  Environment of Plantsw,  (Amer. Soc. 
Agric, Engin, Monograph, ( I n  press) ,  

E h r l e r ,  W. L. The t ransp i ra t ion  r a t i o s  of 
Agave Americana L, and Zea Mays L. as  affected 
by s o i l  water potent ia l ,  Plant and Soil .  
(Submitted f o r  approval ) . 
Ehrler,  W I  L., Fink, D. H., and Mitchell,  S. T., 
Growth and yie ld  of jojoba p lan ts  using runoff- 
col lec t ing  microcxtchments i n  a 200-mrn region, 
Agron, Jouro (Submitted f o r  publication).  

Ehrler ,  W, L a ,  Idso, S. B-, Jackson, R ,  D , ,  
and Reqinato, R. Jp Diurnal changes i n  plant  
water po ten t ia l  and canopy temperature of 
wheat a s  affected by drought, Agron, Jour, 
(Submitted f o r  publication),  

Ehrler ,  W, L, ,  Idso, S. B, ,  Jackson, R, D., 
and Reginato, R, J, Wheat canopy temperature: 
Relation t o  plant water potent ia l ,  Agron, 
Jour, (Tn press) .  

Hatf ie ld ,  3, L., Reginato, R -  J., Idso, S, B., 
and Jackson, R, D,  Surface temperature and 
albedo observations a s  too ls  f o r  evapotrans- 
p i r a t i on  and crop-yield estimation. Proc., 
20th Annu, Meeting of Committee on Space 
Research* ( I n  press ), 

Henneberry, T. S.,  Kittock, D. L , ,  Bariola, L. A , ,  
and Kimball, B, A, Application of a computer 
model t o  predict  e f f e c t s  of se lec t ive  removal 
with p lan t  growth regulators  of late-season 
cot ton f r u i t i n q  forms on pink bollworm control  
and cot ton yields,  Environ, Entomol . (Approved 
f o r  publication).  623 

Idso, S, B., and Deardorff, J, W. Cornrents on 
"The e f fec t  of var iable  surface albedo on the  
atmospheric c i rcu la t ion  i n  des s r t  regionst ' ,  
by L. Berkofsky. (Jour. Appl. Meteorol. 15: 
1139-1144, 1976)- Jour. Apple Meteorol, 
( I n  p ress ) ,  

A - S  
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Idso ,  S. B-, I-kitfield, J, L,, Jackson, R. D. ,  
and Reainato. R -  J. Grain v i e l d  medic t ion :  
~ x t e n d i n ~  t h e  stress degree4day approach t o  
accomodate clha-tic v a r i a b i l i t y .  Science. 
(Submitted f o r  publ ica t ion) ,  

Idso ,  S. B , ,  Hatf ie ld ,  J. L., Reqinato, R- J, ,  
and Jackson, R -  D. Wheat y i e l d  es t imat ion 
by albedo measurement, Remote Sensing of 
Environ- ( I n  p ress ) ,  

Idso,  S, Bo  , Reqinato, R. J., and Jackson, R,  D,, 
Beyond Priest ley-Taylor:  The p r a c t i c a l  assess-  
ment of evaporat ion using large-scale  parameters, 
Jouro Geophys, Res, (Submitted f o r  publicat ion).  

Jackson, R, D, Review of book: "Computer 
Simulation of Soil-Water Dynamics: A Compendium 
of Recent Work", by Daniel H i l l e l .  Agric. Water 
Management, (Submitted f o r  publ ica t ion) .  

Jackson, R-  D., Idso ,  S. B., and Reqinato, R, J. 
Assessing s o i l  water contents  of crop r o o t  zones 
from canopy and a i r  temperatures, Water 
Resources Res, (Submitted f o r  publ ica t ion) .  

Jackson, R, D,, Idso,  S. B - ,  and Reqinato, R-  J. 
Data requirements f o r  a wheat y ie ld  model using 
remotely-sensed canopy temperatures. Proc., Crop 
Yield Modeling Workshop (NOAA, NASA, USDA), 
Columbia, NO, 3 October 1977, ( I n  p ress ) ,  

Jaclcson, R. D , ,  Idso,  S. B., and Reqinato, R -  J, 
Remote sensing of crop canopy temperatures f o r  
scheduling i r r i g a t i o n s  and es t imat ing yields.  
Proc.,  Syrnp- on Remote Sensing of Natural 
Resources, Utah S t a t e  Univ., Logan, Utah, 
Apr i l  1977- ( I n  p ress ) ,  

Kimball, B, A., anci, Jackson, R. 23. 
S o i l  Heat PXux. Chap- - i n  "Modification of t h e  
Aerial. Environment of Plants",  Amer.  Soc. Agric. 
Engin. Monograph. ( I n  p ress ) .  
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MS No. 

Kimball, B. A,, and Mitchell,  S-  T, 
A conductimetric carbon dioxide analyzer with 
temperature compensation, HortScience. 
(Submitted f o r  approval), 

Millard, 3. F. ,  Jdso, S, B-, Goettelman, R. C.., 
Reqinato, RO J., Jackson, R. D., and Ehrler,  W,L. 
Airborne thermography f o r  crop water s t r e s s  
assessment. Proc., 6th Annu. Remote Sensing of 
Earth Resources Con%., Tullahoma, TN, March 1977, 
( I n  press ) ,  610 

Millard,  J, P. ,  Jackson, R, D., Goettelman, R. C., 
Reainato. R. J. . and Jdso. S. BI Cror, water ., 
s t r e s s  assessmen.t using an airborne thermal 
scanner. Photogram, Engin, & Remote Sensing, 
( I n  press) ,  624 

Reqinato, R,  J, , Idso, S, B., and Jackson, R. D. 
Estimating forage crop production: A technique 
adaptable t o  remote sensing. Remote Sensing of 
Environs ( I n  press a 595 
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NW 20790 

Published : 

Preventing Pollution of and Improving the  
Qual i ty  of So i l ,  Water, and A i r  

Bouwer, Herman. Land subsidence and cracking 
due t o  groundwater depletion- Ground Water 
15 ( 5 )  :358-364- 1.977- 

Bouwer, Herman, Sewage i n  t he  Valley of the  
Sun, Ariz- Prof, Engr. 29(10):6, 8 ,  
October 1977- 

Bouwer, H-, and Rice, R, C. Reclamation of 
municipal wastewater by s o i l  f i l t r a t i o n  i n  
a r id  regions. Proc,, Conf, on Alternative 
S t ra teg ies  f o r  Desert Development and 
Management, S acramen-to , CA , 3 1 May - LO June 
1977, Conf, Papers, Vol, 1, 10 pp- 

Bouwer, H., Rice, R. C , ,  Lance, J-  C , ,  and 
Gilber t .  R. G ,  Controlled recharae of waste- < 

water f o r  aquifer protection and production 
of renovated water, Proc. , In-ternatl. Symp, 
on Effects  of Urbanization and Indus t r ia l i za t ion  
on the I-Iydrological Regime and on Water Quali ty,  
Amsterdam, Holland, Oct, 1977- IAHS-AISH 
Publication Bl.23- Pp. 441-447, 

Bouwer, Herman, Geothermal power production 
with i r r i g a t i o n  wastewater. E@S (Trans, , Amer. 
Geophys, Union). (Submitted f o r  publication).  

Bouwer, Herman. Groundwater recharge with 
sewage e f f luen t ,  Geological Soc. of America 
Tour Guidebook. I n  Arizona Bureau of Mines - 
Guidebook Ser ies* ( In  press).  

Bouwer , 13. , and Rice, R, C. Delayed aquifer 
y ie ld  a s  a phenomenon of delayed a i r  entry. 
Water Resources Res. (Submitted f o r  publi- 
ca-tion) . 
Lance, J, C. Fate of bacter ia  and viruses 
i n  sewage applied t o  so i l .  Trans., Arner. Soc. 
Agric- Engin, (Accepted f o r  publication).  
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Published : 

Prepared : 

Conserve and Manage Agricultural  Water 
Resources 

Cooley, K. R., and Fras ie r ,  G, W, Water 
harvesting f o r  l ivestocko Proc*,  Conf. on 
Alternative S t ra teg ies  f o r  Desert Develop- 
ment and Management, Sacramento, C#, 31 May - 
10 June, 1977, ConrE, Papers, Vol. 1, 18 pp. 

Fink, D, H. In t e rna l  surface a rea  of 
Wyoming bentonite from swelling re la t ionships .  
Clays & Clay Minerals 25:196-200. 1977, 

Finlc, D- H- Residual waxes f o r  wa'ter 
harvesking. I n  flI.lydrology and Water Resources 
i n  Arizona a n r t h e  S o u t h ~ e s t , ' ~  Vol. 7, Pp- 199- 
205, 1977. 

Fink, D. H,, and Fras ie r ,  G ,  Id, Evaluating 
weathering cha rac t e r i s t i c s  of water-harvesting 
catchments from rainfal l - runoff  analyses. 
So i l  Sci ,  Socp h e r -  Jour, 4 l ( 3 )  :618-622. 1977. 

Cooley, K, R , ,  F ras ie r ,  G,  W., and D r e w ,  K. R, 
Water harvesting: An aid  t o  management, Proc,, 
1st In t e rna t l ,  Rangeland Gong-, Denver, CO, 
August 1 9 8 -  ( In  press) ,  

Fink, D. H., F ras ie r ,  G. W., and Myers, L. E. 
Water harvesting treatment evaluation at 
Granite Reef. Water Resources Bul. (Submitted 
f o r  publication).  Also, "Water Resources 
Enhancementtt, Proc., Ariz. Water Resources 
Committee Symp., Tucson, Ariz- ,  1977, under 
t i t l e  of ItRunoff evaluation of catchments a t  
Granite Reeftto ( i n  press ), 

Fras ie r ,  G. W.,  and Schreiber, H. A. Range 
r ehab i l i t a t i on  by water harvesting. Proc., 
1st In te rna t l .  Rangeland Cong,, Denver, CO, 
August 1978, ( I n  press).  

Schreiber, H, A , ,  and Fras ie r ,  G-  W. Increasing 
rangeland forage production by water harvesting. 
Jour. Ranae Nsnaqement ( I n  press)  
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