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TITLE : EVAPORATION OF WATER FROM SOIL 

CRIS WORK TJ33I.T: 5510-12260-002 CODE NO.: Ariz.-WCL 68-1 

The o b j e c t i v e  and need f o r  t he  r e s e a r c h  r epor t ed  under t h i s  

r e s e a r c h  o u t l i n e  appeared i n  t h e  USWCL 1969 Annual Report.  S ix  

f i e l d  experiments were conducted, J u l y  1970, March 197 1, May 1973, 

J u l y  1973, September 1973, November-December 1973, i n  which s o i l -  

water  con ten t  and s o i l  temperatures  were measured a s  a func t ion  of 

dep th  and t ime,  

Much of 1974 was spen t  on d a t a  a n a l y s i s .  Some of t h e  r e s u l t s  

a r e  r epo r t ed  under WCL-72-6, t h i s  r e p o r t .  The fo l lowing  s e c t i o n s  

r e p o r t  on h e a t  f l u x  c a l c u l a t i o n s ,  s a l t  e f f e c t s  on s o i l  water  vapor 

p re s su re s ,  and an a n a l y s i s  of s o i l  water  h y s t e r e s i s  i n  a f i e l d  s o i l .  

PART I. DIURNAL SOIL-WATER EVAPORATION: SOIL HEAT FLUX MEASUREMENT 

AND CALCULATION 

A complete d e s c r i p t i o n  of  t h e  s o i l - h e a t  measurements and t h e  

comparable t h e o r e t i c a l  computations i s  contained i n  t h e  manuscript,  

"Diurnal  Soil-Water Evaporat ion:  Comparison of Measured and Calcu- 

l a t e d  S o i l  Heat Fluxes." B r i e f l y ,  s o i l - h e a t  f l u x e s  c a l c u l a t e d  from 

t h e  theory  of  DeVries (1958, 1963) were compared wi th  s o i l - h e a t  

f l u x e s  exper imenta l ly  determined i n  a f i e l d  of Avondale loam a t  

Phoenix, Arizona, on s i x  days r e p r e s e n t i n g  d i f f e r e n t  seasons of t h e  

year .  A f a i r  agreement between measured and computed f l u x e s  was 

obta ined  only a f t e r  modifying t h e  a i r  shape f a c t o r  curve and ignor-  

i n g  h e a t  t r a n s f e r  due t o  water  vapor movement. The omission of  t h e  

l a t t e r  implied t h a t  h e a t  t ransEer  by pure conduct ion was most 

important  and t h a t  thermal  and i so thermal  vapor f l u x e s  e x a c t l y  

cance l l ed  dur ing  t h e  day and were in s ign iE ican t  a t  n i g h t .  

"Measured" thermal c o n d u c t i v i t i e s  were a l s o  determined from t h e  

r a t i o  of t he  measured h e a t  f l uxes  t o  t he  corresponding temperature 

g r a d i e n t  f o r  those  t imes when i t  was u n l i k e l y  t h a t  i so the rma l  vapor 

movement was s i g n i f i c a n t .  The l ack  of a temperature dependence i n  

t h e s e  da t a  a s  we l l  a s  t h e  f l u x  comparisons s t r o n g l y  i n d i c a t e  t h a t  

t h e  theory  overes t imated  thermal vapor movement, These d a t a  p lus  
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o t h e r s  i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  an i n d i v i d u a l  " ca l ib ra t ion"  

of t h e  theory  f o r  a  p a r t i c u l a r  s o i l  i s  r equ i r ed  b e f o r e  r e l i a b l e  p re -  

d i c t i o n s  of s o i l - h e a t  f l u x  can be  ob ta ined .  

Even though t h e  measured and t h e o r e t i c a l  s o i l - h e a t  Eluxes 

desc r ibed  i n  t h e  above manuscript  d i d  n o t  ag ree  w e l l  a t  t h e  same 

depths,  an immediate a p p l i c a t i o n  of t h e  r e s u l t s  w a s . t h a t  s u r f a c e  

s o i l  h e a t  f l u x  could be determined us ing  t h e o r e t i c a l  f l u x e s  computed 

a t  deeper  depths .  This  a p p l i c a t i o n  i s  desc r ibed  i n  t h e  manuscript ,  

"Soil-Heat Flux Determinat ion:  Temperature Gradien t  Method wi th  

Computed Thermal Conduc t iv i t i e s . "  

Sur face  s o i l - h e a t  f l u x e s  were determined f o r  s i x  days i n  a  

f i e l d  of  Avondale c l a y  loam us ing  t h e  nul l -a l ignment  method, t h e  

combination method, and fou r  v a r i a t i o n s  of t h e  temperature g r a d i e n t  

method wi th  thermal  c o n d u c t i v i t i e s  computed from the  theory  of  

DeVries f o r  p a r t i c u l a r  r e f e rence  depths .  For a l l  methods c a l o r i -  

metry was u s e d ' t o  o b t a i n  t h e  s u r f a c e  f l u x  from t h e  f l u x  determined 

f o r  t he  r e f e r e n c e  depth .  

There was 10% o r  l e s s  d i f f e r e n c e  between t h e  nul l -al ignment ,  

combination, and temperature g r a d i e n t  methods f o r  a  20-cm r e f e r e n c e  

depth .  However, t h e  d i f f e r e n c e  wi th  r e s p e c t  t o  t h e  nul l -a l ignment  

method increased  t o  35% f o r  a  5-cm re fe rence  depth when DeVriesq 

theory  was c l o s e l y  followed, This  d i f f e r e n c e  was reduced t o  3% 

when a  modif ied a i r  shape f a c t o r  was used i n  t h e  computations and 

thermal  vapor movement was ignored.  It was concluded t h a t  t h e  

temperature g r a d i e n t  method wi th  c o n d u c t i v i t i e s  computed from - 

DeVriesq theory  could b e  r e l i a b l y  used wi th  a  r e f e rence  depth  of 

20-cm, b u t  t h a t  a  " ca l ib ra t ion"  o f  t h e  theory f o r  a  p a r t i c u l a r  s o i l  

should be  obta ined  b e f o r e  t h e  method i s  used wi th  a  5-cm re fe rence  

depth .  

When proper ly  used, t h e  temperature g r a d i e n t  method wi th  com- 

puted c o n d u c t i v i t i e s  has  the advantage t h a t  r e l i a b l e  e s t ima te s  of 

s u r f a c e  s o i l - h e a t  f l u x  can be obta ined  without  t h e  h e a t  f l u x  p l a t e s  

r equ i r ed  f o r  the  u s u a l  combination method and wi thout  a s  many 
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computations as required for the null-alignment method. 

PERSONNEL: B. A. Kimball 

PART 11. VAPOR PRESSURE OF SOIL WATER AS AFFECTED BY SALTS 

The salts present in the soil have a great influence on the 

amount of water adsorbed by natural soils. The water adsorption 

data in Table 1 show that the unleached Avondale soil adsorbed more 

water than the leached soil at the higher relative humidities, 

especially at the 0- to 0.2-cm and 0- to 0.5-cm depths where the 

salt contents are much larger than the lower depths. This salt 

effect is shown more clearly in Figure 1 for another set of Avondale 

soil where the amount of water adsorbed at 97% relative humidity is 

compared with the extractable salt content for the different soil 

depths. For saline soils then, the water content per se is not the 

complete criterium for evaluating water availability to plants, nor 

for predicting the direction of liquid or vapor flow through the 

soil profile since the total thermodynamic potential of the soil 

water governs the direction of water movement. 

PERSONNEL: F. S. Nakayama 

PART 111. SOIL-WATER HYSTERESIS IN A FIELD SOIL 

The requirements for the measurement in the field of the 

hysteresis characteristics of the water content (8) - soil water 
pressure (h) relationship are discussed in a manuscript entitled 

"Soil-Water Hysteresis in a Field Soil." Details given of the 

method whereby an undisturbed hexagonal monolith of soil of area 
2 

1.5 m was isolated from the surrounding soil. The instrumentation 

used in measuring the soil water movement in this monolith, with 

particular reference to h and 8 measurements at points in the soil 

profile, is described. The-shapes of typical @-time and h-time 

curves are then discussed in relation to possible hysteresis, and 

the actual h-8 relationship for soil at the 8- to 9-cm depth deter- 

mined. Results indicated that approximately half of the "available" 

water is subjected to hysteresis during its movement through soil. 

PERSONNEL: R. D. Jackson 
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. SATURATION EXTRACT ( ME/IOO G ) 
Figure 1. Water adsorption by Avondale soil at 97% relative humidity for the different dep th s  

and salt contents. Annual Report of the U.S. Water Conservation Laboratory



Table 1. Comparison of water adsorption f o r  leached and 

unleached Avondale s o i l  a t  various r e l a t i v e  

humidi t ies .  

WATER ADSORPTLON CAPACITY AS FUNCTION 

OF DEPTH AND RELATIVE HUNIDITY 

(UNLEACHED SOIL) 

SOIL DEPTH WATER CONTENT (%) AT RELATIVE HUMIDITY 

(4 11.8 33.0 75.5 85.0 97.0 

0-0.2 1.73 2.52 4.74 5.60 14.84 

0-0.5 1.66 2.47 4.69 5.46 11.38 

0-1 1.37 2.28 4.39 5.02 8.20 

6-8 1.54 2.40 4.70 5.48 7.86 

WATER ADSORPTION CAPACITY AS FUNCTION 

OF DEPTH AND RELATIVE HUMIDITY 

(SALT LEACHED SOIL) 

SOIL DEPTH WATER CONTENT (%) AT RELATIVE H U M I D I m  

(em) 11.8 33.0 75.5 85.0 97.0 

0-0.2 1.40 2.31 4.28 5.00 7.54 

0-0.5 1.47 2.33 4.22 4.98 7.48 

0- 1 , 1.41 2-30 4.24 5.04 7.61 

6-8 1.35 2.30 4.50 5.44 8.14 
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TITLE: RELATIVE CWGES I N  TRANSPIIUTION AND PHOTO- 

SYNTHESIS INDUCED BY SOIL WATER DEPLETION 

I N  A CONSTANT ENVIRONMENT 

CRLS WORK UI7IT: 5510-12260-002 CODE NO. : Ariz . -WCL 71-1 

INTIIODUCTIQN : 

'This r e s e a r c h  is  a  c o n t i n u a t i o n  of last  y e a r ' s  eEfo r t s ;  t h e  

o b j e c t i v e  remains t h e  same: t o  improve t h e  water-use e f f i c i e n c y  

(WUE) of c rops  and thereby  conserve a g r i c u l t u r a l  water  supp l i e s .  

PROCEDURE : 

See t h e  1972 Annual Report f o r  a d e t a i l e d  account .  I n  b r i e f ,  

a  g iven  p l a n t  s p e c i e s  w a s  sub jec t ed  t o  a  short- term drought  i n  a 

c o n t r o l l e d  environment wh i l e  measurements were made of t h e  simul- 

taneous rates of t r a n s p i r a t i o n  and photosynthes is .  I n  t h i s  type  

of r e s e a r c h  what is sought  is  a  s p e c i e s  w i t h  a h i g h  'GJUE under 

drought ,  i . e . ,  one w i t h  a low t r a n s p i r a t i o n  r a t i o  (TR). A p l a n t  

w i t h  t h e  d e s i r e d  drought  response w i l l  reduce i t s  t r a n s p i r a t i o n  

p r o p o r t i o n a t e l y  more than  i t s  photosynthes is .  A crop made up of 

such a s p e c i e s  would tend  t o  y i e l d  more dry mat te r  per  u n i t  of 

water than  a  c rop  composed of s p e c i e s  w i t h  a h igh  TR. 

RESULTS fiND DISCUSSION : 

I n  l a s t  y e a r ' s  annual  r e p o r t  t h e  r e s u l t s  f o r  only Vigna s i n e n s i s  

(black-eyed pea)  were presented ,  showing no decrease  i n  t h e  TR under 

drought .  I n  t h e  p re sen t  r e p o r t  t h e  d a t a  f o r  f i v e  more s p e c i e s  w i l l  

b e  p re sen ted ,  showing c o n t r a s t i n g  r e s u l t s  depending on spec i e s .  

The s t anda rd  procedure was t o  t ake  t h e  p l a n t s  from t h e  greenhouse 

t o  t h e  test chamber, i r r i g a t e  t h e  s o i l ,  and l e t  t h e  p l a n t  e q u i l i -  

b r a t e  overn ight  i n  t h e  dark  under t h e  t e s t  cond i t i ons  oE 30 C,  

vapor p r e s s u r e  of 15  mb, and ambient l e v e l s  of carbon d ioxide  of 

about  350 ppm. The next  morning lamps were turned  on s e q u e n t i a l l y  

u n t i l  s a t u r a t i o n  i l luminance  was a t t a i n e d  i n  t h e  p l a n t  chamber. Then 

t r a n s p i r a t i o n  was permi t ted  t o  proceed wi thou t  Eur ther  i r r i g a t i o n  
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t o  a s c e r t a i n  t h e  r e l a t i v e  e f f e c t s  of drought  on t r a n s p i r a t i o n  and 

photosynthes is .  

Cotton (Gossypium barbadense L.,  cv. Pima S-4). The p l a n t s  

began t h e  test  i n  a f u l l y  hydra ted  cond i t i on ;  t h e  i n i t i a l  s o i l  

m a t r i c  p o t e n t i a l  (IH) was -40 mb and t h e  r e l a t i v e  l e a f  water  con- 

t e n t  (RLIJC) 92.2% a t  1100, t h e  t ime taken  as t h e  r e f e rence  cond i t i on ,  

i . e . ,  one a t  which t h e  p l a n t  would have f u l l y  opened s tomates  

(Figure 1 ) .  

l e a f  weight  dur ing  a test  (obta ined  nondes t ruc t ive ly  

RLWC = 
by a b e t a  r a y  gauge) - l e a f  weight  when oven dry  (100) 

f u l l y  hydra ted  l e a f  weight - oven d ry  l e a f  weight  

-2 A t  t h i s  t i m e  t h e  t r a n s p i r a t i o n  rate was 147 g m h-I and t h e  r a t e  
-2 k-l. 

of photosynthes is  10.71 mg CO dm 
2 , l e a £  d i f f u s i o n  r e s i s t a n c e  

-1 (%) w a s  1 . 7  s e c  cm , i n d i c a t i v e  of open s tomates ,  and t h e  so -ca l l ed  

"mesophyll" r e s i s t a n c e  ( )  w a s  16.9 s e c  c ,  a va lue  t h a t  i s  

h i g h  as compared t o  t h e  few publ i shed  va lues .  Tne %' i n d i c a t e s  

t h e  r e s i s t a n c e  t o  photosynthes is  s e p a r a t e  from t h e  %' va lue  asso- 

c i a t e d  w i t h  s tomata1  c losu re .  I n  t h i s  f u l l y  hydrated state c o t t o n  

was us ing  water  q u i t e  e f f i c i e n t l y ,  as judged by i t s  ve ry  low TR 

of 94 (TR be ing  de f ined  as t h e  number of grams of water  t r a n s p i r e d  

pe r  gram of carbohydra te  produced, t h e  l a t t e r  va lue  be ing  t h e  

product  of t h e  pho tosyn the t i c  r a t e  and a cons t an t  t h a t  i s  t h e  r a t i o  

between t h e  molecular  weights  of carbon d ioxide  and carbohydra te  

(CH20). By making use  of t h i s  conversion i t  is assumed t h a t  ga in  

i n  d ry  matter is p r o p o r t i o n a l  t o  t h e  pho tosyn the t i c  r a t e . )  

Measurements of t r a n s p i r a t i o n ,  photosynthes is ,  $, and l e a f  
-2 

dens i ty- th ickness  (mg cm ) from a 6-ray gauge began i n  darkness  

and cont inued from 0800 through 1530 on t h e  f i r s t  day. Gradual 

i l l u m i n a t i o n  s imula ted  a "sunr i se"  which ended a t  1000 when 24 

lamps were on d i r e c t l y  above t h e  p l a n t  chamber, g iv ing  s a t u r a t i o n  
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i l luminance  a t  mid-chamber h e i g h t  (65 k i l o l u x  o r  more). A s  con- 

t i n u e d  t r a n s p i r a t i o n  (evapora t ion  was minimized by t h e  presence 

of a vapor  b a r r i e r  over t h e  s o i l  s u r f a c e )  g radua l ly  dep le t ed  t h e  

a v a i l a b l e  s o i l  wa te r ,  bo th  t r a n s p i r a t i o n  and phytosynthes is  dec l ined  

a long  w i t h  t h e  RLWC, shown i n  F igu re  1, which a l s o  p o r t r a y s  t he  

changes i n  RL and t h e  TR a s s o c i a t e d  w i t h  drought .  S ince  t h e  objec-  

t i v e  was t o  s t r e s s  t h e  p l a n t s  s u f f i c i e n t l y  t o  reduce t r a n s p i r a t i o n  

by about  90%, i . e . ,  t o  a l e v e l  p r e v a i l i n g  i n  t h e  da rk ,  t h e  exper i -  

ment had t o  b e  cont inued f o r  another  day. The p l a n t s  were no t  

sub jec t ed  t o  cont inuous drought whenever t h i s  procedure would pro- 

l o n g ' t h e  t e s t  much beyond t h e  normal time of sunse t .  Th i s  was t o  

e l i m i n a t e  p o s s i b l e  autonomic rhythms of s t o m a t a l  c l o s u r e  un re l a t ed  

t o  l e a f  water  d e f i c i t .  

On t h e  second day (F igure  2) s u n r i s e  w a s  over by 1005, a t  

which t i m e  t h e  TR had dec l ined  t o  53 ,  because t r a n s p i r a t i o n  had 

been l i m i t e d  more s e v e r e l y  than  photosynthes is .  One hour be fo re  

i r r i g a t i o n ,  a t  1500, t h e  TR was about  h a l f  t h e  r e f e r e n c e  va lue  of 

I 
t h e  preceding  day, t h u s  i n d i c a t i n g  a 100% improvement i n  WUE. A t  

t h i s  p o i n t  t h e  l e a v e s  were w i l t e d ,  having a RIXC of only  70.7% 
-1 and a c a l c u l a t e d  R of 37.4 s e c  em , i n d i c a t i v e  of t i g h t  s toma ta l  

L 
c l o s u r e .  I n  f a c t ,  t h e  22-fold i n c r e a s e  i n  % more than  compensated 

f o r  t h e  2-fold i n c r e a s e  i n  $' and thereby  exp la ins  t h e  lowered TR. 

Unfor tuna te ly  , t h i s  dramatic  example of what was sought  by 

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

w i th  co t ton .  Although t r a n s p i r a t i o n  was l i m i t e d  by almost  t h e  

i d e n t i c a l  amount as i n  t h e  f i r s t  experiment,  t h e  r a t e  of photo- - 

s y n t h e s i s  s t a r t e d  ou t  a t  a h igher  r a t e  and dec l ined  much more 

s t e e p l y ,  r e s u l t i n g  i n  a l a r g e  i n c r e a s e  i n  t h e  TRY from 80 t o  184 ,  

i .e . ,  much less e f f i c i e n t  u se  of water under drought t h a n  when 

w e l l  i r r i g a t e d .  

Sunflower (Helianthus annuus L. , cv. Greys t r ipe )  . A t  t h e  

r e f e rence  time (1000 i n  F igure  3 )  t h e  t r a n s p i r a t i o n  r a t e  of 337 
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-2 
g m h-I was t h e  h i g h e s t ,  

lowes t ,  of t h e  s i x  s p e c i e s  

and t h e  R v a l u e  of 0.8 s e c  cm-l t h e  L 
s t u d i e d  i n  t h e s e  experiments .  There- 

f o r e ,  i n  s p i t e  oE t h e  second h i g h e s t  r a t e  of pho tosyn thes i s ,  t h e  

TR of 122 was t h e  h i g h e s t  well-hydrated v a l u e  (RLWC 90.2%) of t h e  

s i x  s p e c i e s .  

P rog res s ive  drought  lowered t h e  TR a long  w i t h  t h e  RLWC u n t i l  

a t  1400, j u s t  b e f o r e  i r r i g a t i o n ,  t h e  TR reached i ts minimum of 49 
-1 and % i nc reased  t o  12.2 s e c  ern . Such a g r e a t  dec rease  i n  TR 

w a s  due t o  an 82% decrease  i n  t r a n s p i r a t i o n  accompanied by only 

a 56% decrease  i n  photosynthes is .  The RM' va lue  a c t u a l l y  decreased 

du r ing  drought;  t h e r e f o r e ,  t h e  d e c l i n e  i n  photosynthes is  w a s  due 

s o l e l y  t o  s tomata1  c l o s u r e .  As was t r u e  f o r  c o t t o n ,  a second exper i -  

ment w i t h  sunflower d id  n o t  confirm t h e  one i l l u s t r a t e d  he re .  

Drought i nc reased  t h e  TR. 

Mulberry (Morus a l b a  L . ,  male) .  The p l a n t  was w e l l  hydra ted  

d u r i n g  t h e  f i r s t  day (F igure  4)  ; %he RLWC remained about  95%. A t  

t h e  r e f e rence  t ime,  1300 on Day 1, t r a n s p i r a t i o n  w a s  h igh ,  206 g 
-2 

m hW1, due p r i m a r i l y  t o  t h e  second lowest  v a l u e  of t h e  s i x  RL 
s p e c i e s ,  1.1 s e c  c m - l .  A t  t h i s  t ime t h e  TR was 102;  i t  h a r d l y  

dev ia t ed  from t h i s  l e v e l  a l l  day. 

On Day 2 ,  F igu re  5 ,  p rog res s ive  drought s t e a d i l y  lowered both 

t r a n s p i r a t i o n  and photosynthes is  a s  t h e  RLWC dec l ined .  A t  i n t e r -  

mediate  drought levels, where t h e  RLWC ranged from 84 t o  75% and 

t h e  corresponding RL va lues  from 5 t o  15 s e c  cGL, t h e  TR ranged 

from 85 t o  75,  i n d i c a t i n g  more e f f i c i e n t  water  use  than  dur ing  

t h e  Eirst day when t h e  p l a n t  was w e l l  hydrated.  However, a s  t h e -  

drought progressed ,  photosynthes is  dec l ined  p r o p o r t i o n a t e l y  more 

t h a n  t r a n s p i r a t i o n ,  r e s u l t i n g  i n  a very h igh  TR b e f o r e  i r r i g a t i o n ,  
-1 

352. A t  e h i s  time RL was 5 1  s e c  cm and ST t h e  exceedingly h i g h  
-1 v a l u e  of 703 s e c  cm . 

Corn (Zea mays L . ,  cv. blexican June) .  A t  t h e  r e f e r e n c e  time, 

1030 (Figure 6 ) ,  t h e  RLNC was very  h igh ,  98.7%. With s a t u r a t i o n  
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i l l u m i n a t i o n  one would expec t  f u l l  s t o m a t a l  opening and hence a 

I low E$,. That f u l l  s tomata1  opening must have p r e v a i l e d  i s  i n d i -  

c a t e d  by t h e  f a c t  t h a t  while t h e  l e a f - a i r  vapor p r e s s u r e  d e f i c i t  

remained a t  28 - + 1 mb f o r  s e v e r a l  half-hour  p e r i o d s ,  t r a n s p i r a t i o n  
-1 reached i t s  peak a t  1030. However, t h e  va lue  of 4 .1 s e c  cm a t  

1030 was t h e  h i g h e s t  f u l l y  hydra ted  r\L of t h e  s i x  spec i e s .  Such 

a d i f f e r e n c e  between t h e  RL of corn  and t h a t  of o t h e r  s p e c i e s  w a s  

n o t  observed i n  previous  experiments  a t  t h i s  Laboratory,  and s u g g e s t s  

t h a t  a d e t a i l e d  comparison between c a l c u l a t e d  and d i r e c t l y  measured 

% might b e  use£ u l  i n  he lp ing  r e s o l v e  t h e  d iscrepancy .  
-1 The 

v a l u e  of 12.3 s e c  cm is much h ighe r  t han  t h e  few publ i shed  va lues .  

Leaf dehydra t ion  was more e f f e c t i v e  i n  co rn  than  i n  c o t t o n  i n  

caus ing  s toma ta l  c l o s u r e  and the  consequent d r a s t i c  r e d u c t i o n  i n  

b o t h  t r a n s p i r a t i o n  and photosynthes is .  For example, as i n c r e a s e d  
-1 from t h e  well-hydrated va lue  (1.7 s e c  cm i n  c o t t o n  and 4 . 1  sec 

cm-I i n  co rn )  t o  a va lue  of 35 s e c  c m - I ,  t h e  RLWC decreased  only  

about  h a l f  as much i n  c o t t o n  a s  corn.  Never the less ,  t r a n s p i r a t i o n  

i n  co rn  was decreased a lmost  as much i n  co rn  as i n  c o t t o n  (83 and 

89%, r e s p e c t i v e l y ) .  However, a t  t h e  same t ime,  pho tosyn thes i s  was 

decreased 78% i n  c o t t o n  b u t  96% i n  corn.  The l a r g e  d i f f e r e n c e  i n  

t h e  pho tosyn the t i c  r a t e  during drought  is r e f l e c t e d  i n  t h e  h i g h  
-1 -1 v a l u e  f o r  1%' i n  corn ,  486 s e c  cm as compared t o  36 s e c  cm f o r  

co t ton .  It i s  apparent  t h a t  f o r  corn  t o  main ta in  i t s  f avorab ly  

low TR it must be  i r r i g a t e d  f r e q u e n t l y .  A second experiment v e r i -  

f i e d  t h e  r e s u l t s  found h e r e ,  v i z . ,  t h a t  drought caused a d e c r e a s e  

i n  t h e  TR. 

Sorghum (Sorghum b i c o l o r  L. , cv. Nor thrup King 310) . A t  t h e  

r e f e r e n c e  t ime,  1030 on Day 1 (Figure 7 ) ,  t h e  RLWC was 92.1%; a  
-2 -1 

r e l a t i v e l y  low rate of t r a n s p i r a t i o n  (140 g m h  ) combined wi th  
-2 t h e  h i g h e s t  r a t e  of photosynthes is  of t he  s i x  s p e c i e s  (23.73 m g  dm 

-1 h ) t o  y i e l d  by f a r  t h e  lowest  TR of any s p e c i e s  s t u d i e d ,  40. The 

moderate t r a n s p i r a t i o n  r a t e  was c o n s i s t e n t  w i t h  the  v a l u e  of 5, 

2-5 
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-1 
3 .1  s e c  cm . The concurren t  -1 va lue  of 3 . 3  s e c  cm w a s  by f a r  

t h e  lowes t  of any of  t h e  s i x  s p e c i e s .  

Only toward t h e  end of t h e  f i r s t  day was t h e r e  a s l i g h t  i n d i -  

c a t i o n  t h a t  p r o g r e s s i v e  drought  w a s  beginning  t o  a f f e c t  p l a n t  

response.  On Day 2 ,  when a l l  t h e  lamps were on, t r a n s p i r a t i o n  was 
-2 -1 

only 63 as compared t o  140 g m h on t h e  previous  day, a 55% 
-1 r e d u c t i o n  caused by a n  i n c r e a s e  i n  I$, from 3 .1  i o  8 s e c  cm as 

t h e  RLWC decreased from 92.1 t o  8 4 . 7 % .  S ince  photosynthes is  

decreased  by 50%, t h e  TR w a s  down s l i g h t l y  (from 40 t o  36).  

Neve r the l e s s ,  as t h e  drought  worsened, t h e  r a t e  of photo- 

s y n t h e s i s  decreased  more s t e e p l y  than  t r a n s p i r a t i o n ,  r e s u l t i n g  i n  

a TR of 144 a t  1430 on Day 2; At this t i m e  t h e  RLWC had decreased 
- 1 -1 t o  69.5%; P had r i s e n  t o  37 s e c  cm , and %' t o  144 s e c  cm . 'L 

Theref o r e ,  t h e  recommendation f o r  sorghum is  t h e  same as t h a t  f o r  

corn:  t o  main ta in  a low TR, i r r i g a t e  t h e  crop f r equen t ly .  A s  w a s  

t r u e  f o r  corn,  a second experiment w i th  sorghum a l s o  confirmed t h e  

r e s u l t s  of t h e  f i r s t ,  t h a t  drought caused a dec rease  i n  t h e  TR. 

SUMMARY AND CONCLUSIONS : 

The s i x  s p e c i e s  s t u d i e d  i n  t h e s e  experiments g i v e  most ly 

n e g a t i v e  ev idence  f o r  t h e  hypothes is  t h a t  drought  causes  a dec rease  

i n  t h e  TR and thereby i n c r e a s e s  WUE. I f  drought  i s  de f ined  as a 

d e f i c i e n c y  o f  s o i l  water  g r e a t  enough t o  cause RL a t  s a t u r a t i o n  

l i g h t  l e v e l s  t o  rise t o  va lues  c h a r a c t e r i s t i c  of darkness ,  t hen  

t h e  d a t a  f o r  c o t t o n ,  sunflower,  and mulberry are n o t  c o n s i s t e n t  

enough t o  a c c e p t  t h e  hypothes is .  I n  t h e  case  of the  two monocots, 

corn  and sorghum, t h e r e  is  c o n s i s t e n t  evidence x a i n s t  t h e  hypoth- 

e s i s .  

On t h e  o t h e r  hand, i f  only a small degree  of s tomata1  c l o s u r e  

is allowed, e .g . ,  a s  r ep re sen ted  by a rise i n  RL from va lues  
-1 cha rac t e r i zed  by open s tomates  t o  about  5 t o  10 s e c  c m  , a s m a l l  

decrease  i n  TR does occur ,  a s  shown by co t ton ,  mulberry, and even 

sorghum. I f  t h i s  k ind  of d a t a  could be demonstrated t o  occur  
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c o n s i s t e n t l y ,  t h e  r e s u l t s  would l end  suppor t  t o  r e s e a r c h  w i t h  

biochemical  a n t i t r a n s p i r a n t s .  A n t i t r a n s p i r a n t s  tend  t o  c l o s e  

s tomates  only  p a r t i a l l y .  Such a p a r t i a l  c l o s u r e  w i t h  i t s  i n c r e a s e d  

RL, i n  s u i t a b l e  s p e c i e s  could reduce  t h e  TR immediately upon app l i -  

c a t i o n  of t h e  a n t i t r a n s p i r a n t  i n s t e a d  of be ing  delayed f o r  t h e  

t ime r e q u i r e d  f o r  t r a n s p i r a t i o n  t o  d e p l e t e  s o i l  water  s u f f i c i e n t l y  

t o  cause  p a r t i a l  s tomata1  c losu re .  

The main conclus ion ,  however, i s  t h a t  s i x  s p e c i e s  probably 

i s  t o o  s m a l l  a number t o  u se  f o r  drawing any g e n e r a l i z a t i o n  about  

t h e  hypothes is .  A g r e a t e r  number of s p e c i e s  should  b e  t e s t e d ,  

w i t h  emphasis on deser t-adapted s p e c i e s .  A second conclus ion ,  

a l r eady  s t a t e d ,  is t h a t  such crops  a s  corn and sorghum should n o t  

be allowed t o  endure very  much l e a f  dehydra t ion  f o r  maximum WUE. 

PERSOflNEL: W .  L. En r l e r ,  B.  A. Kimball, and S. T. M i t c h e l l  
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f ALL LAMPS ON 

i I 12 13 14 15 16 

T IME,  H 
F i g u r e  1. ~ a l f  -hour ly  va lues  of t r a n s p i r a t i o n  (TSP), n e t  photosynthes i s  (PHs), c a l c u l a t e d  l e a f  d i f f u s i o n  

r e s i s t a n c e  ( %) ) t h e  t r a n s p i r a t i o n  r a t i o  (TR, def ined  a s  grams of wa te r  pe r  gram of carbo- 
hyd ra t e ) ,  and t h e  r e l a t i v e  l e a f  water  con ten t  (RLWC) of c o t t o n  i n  a  c o n t r o l l e d  environment 
dur ing  a drought .  Day 1. Annual Report of the U.S. Water Conservation Laboratory
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Figure  3 .  

SUNFLOWER 

A L L  LAMPS ON I R R I G  
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Half-hourly va lues  of t r a n s p i r a t i o n ,  n e t  photosynthes is ,  c a l c u l a t e d  l e a f  d i f f u s i o n  
r e s i s t a n c e ,  t h e  t r a n s p i r a t i o n  r a t i o ,  and the  RLWC of sunflower i n  a  c o n t r o l l e d  
environment dur ing  a drought.  
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MULBERRY DAY 1 
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Figure  5 

MULBERRY DAY 2 

8 9 10 I I 12 . 13 14 15 16 17 18 19 
T I M E ,  H 

Half-hourly va lues  of t r a n s p i r a t i o n ,  n e t  pho tos ln thes i s ,  c a l c u l a t e d  l e a f  d i f f u s i o n  r e s i s t a n c e ,  
t h e  t r a n s p i r a t i o n  r a t i o ,  and t h e  r e l a t i v e  l e a f  water  conten t  of mulberry i n  a  c o n t r o l l e d  
enrivonmenc dur ing  a  drought .  Day 2 .  Annual Report of the U.S. Water Conservation Laboratory
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F i g u r e  6. Hal f -hour ly  va lues  of t r a n s p i r a t i o n ,  n e t  photosynthes is ,  c a l c u l a t e d  l e a f  d i f f u s i o n  r e s i s t a n c e ,  

t h e  t r a n s p i r a t i o n  r a t i o ,  and t h e  r e l a t i v e  l e a f  water  conten t  o f - c o r n  i n  a  c o n t r o l l e d  environ-  
ken t  dur ing  a  drought .  
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Figure  7 .  Half-hourly va lues  of t r a n s p i r a t i o n ,  rfet photosynthes is ,  c a l c u l a t e d  l e a f  ' d i f f u s i o n  

r e s i s t a n c e ,  t h e  t r a n s p i r a t i o n  r a t i o ,  and t h e  r e l a t i v e  l e a f  water  conten t  of sorghum 
i n  a c o n t r o l l e d  environment during a drought .  Day 1. 
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Figure 8.  Half-hourly va lues  of t r a n s p i r a t i o n ,  ne t  photosynthesis,  ca lcu la ted  l ea f  d i f f u s i o n  
res i s t ance ,  the  t r a n s p i r a t i o n  r a t i o ,  and the  r e l a t i v e  l ea f  water  content  of sorghum 
i n  a con t ro l l ed  environment during a drought. Day 2.  
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TITLE : CHEMICAL TREATPENT OF IRRIGATION WATER FOR THE 

PREVENTION OF CLOGGING AND THE REMOVAL OF FLOW 

OBSTRUCTIONS I N  TRICKLE IRRIGATION SYSTEMS 

CRIS WORK UNIT: 5510-12260-002 CODE NO. : Ar iz .  -WCL 71-11 

INTRODUCTION: 

Problems of e m i t t e r  c logging  i n  t r i c k l e  systems began t o  appear  

i n  1974 f o r  a grape  experiment s t a r t e d  i n  May 1973 (See USWCL 73-1, 

, Evalua t ing  t r i c k l e  i r r i g a t i o n  f o r  grape  product ion) .  The flow r a t e  

was reduced 25 t o  50% i n  the  2 yea r s  t h a t  t he  system was i n  opera- 

t i o n  (Table 1 ) .  

The sou rce  of t h e  wa te r  was a t a i l w a t e r  pond where t h e  water  

q u a l i t y  (d i s so lved  4- suspended) v a r i e d  dur ing  t h e  i r r i g a t i o n  season 

because of t h e  i r r i g a t i o n  schedul ing  of t he  farm and r a i n f a l l .  Chem- 

i c a l  a n a l y s i s  of t h e  water  sampled i n  J u l y  1974 i s  g iven  i n  Table 2, 

and shows a s u r p r i s i n g l y  low s a l t  conten t  f o r  t h i s  p a r t  01 t h e  country.  

However, t he  suspended load i s  very  h igh  based on v i s u a l  observa t ion ,  

ranging  from cloudy t o  ve ry  t u r b i d  cond i t i ons .  F i l t r a t i o n  a n a l y s i s  

showed suspens ion  of 50 t o  450 mg/l .  The water  used i n  t he  t r i c k l e  

system i s  f i l t e r e d  through a sand f i l t e r  and then  a bag f i l t e r  (25 [L). 

This  t rea tment  s t i l l  does n o t  remove a11 oE t h e  suspended m a t e r i a l s .  

Laboratory and f i e l d  s t u d i e s  were s t a r t e d  t o  determine whether the 

plugging problem could be a l l e v i a t e d .  

I n  1973 t h e  Laboratory was asked by t h e  Un ive r s i t y  of Arizona t o  

coopera te  i n  a p r o j e c t  f o r  r a i s i n g  cantaloupes under t r i c k l e  i r r i g a -  

t i o n  (See USWCL 73-3, Evalua t ing  t r i c k l e  i r r i g a t i o n  f o r  cantaloupe 

product ion) .  The source  of t h e  i r r i g a t i o n  water  i s  t he  Colorado ' ~ i v e r  

(Table 3 ) .  The water  from the i r r i g a t i o n  l a t e r a l  a t  t h e  Yuma Val ley  

Experiment S t a t i o n  r a p i d l y  clogged t h e  screen  f i l t e r s  used i n  t he  

d r i p  system. To avoid t h i s  problem, and a l s o  t o  prevent  p o s s i b l e  

clogging of t he  t r i c k l e  e m i t t e r s ,  a chemical water  t rea tment  program 

was i n i t i a t e d  on the  i r r i g a t i o n  water .  
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PROCEDURE : 

Laboratorx.  Laboratory s t u d i e s  involved t h e  removal of r e s idues  

from t h e  t r i c k l e  l i n e s  i n  the grape experiment w i t h  d i f f e r e n t  a c i d s  

and ox id i z ing  agen t s  and t h e i r  combinations. 

F i e l d .  Reclamation of plugged e m i t t e r s  was at tempted by t r e a t -  

ing  t h e  pond water  w i th  a c i d  and hypoch lo r i t e  and pass ing  t h i s  through 

t h e  t r i c k l e  system. The chemical i n j e c t i o n s  were made on t h e  i n l e t  

s i d e  j u s t  be fo re  t h e  sand f i l t e r .  

Low l e v e l s  oE a c i d  and hypoch lo r i t e  (1 me/l a c i d  + 1 ppm c h l o r i n e  

i n  f i n a l  concen t r a t ion )  were i n j e c t e d  on a  cont inuous b a s i s  i n t o  t h e  

t r i c k l e  i r r i g a t i o n  water  used i n  t he  canta loupe  experiment.  

RESULTS AND DISCUSSION: 

Labora tory .  Various degrees of r e s i d u e  removal from t h e  t r i c k l e  

l i n e s  ranging from e x c e l l e n t  t o  poor were obta ined  w i t h  t h e  d i f f e r e n t  

types of chemical c l ean ing  t r ea tmen t s .  The r e l a t i v e  e f f e c t i v e n e s s  

observed i s  l i s t e d  a s  fo l lows:  

Exce l l en t  Good F a i r  Poor - --- 
Acid-dichromate x 
(40 g Na2Cr207 + 600 c c  H SO ) 

2 4 

1:25 d i l u t i o n  of A 

1:50 d i l u t i o n  of A 

Hydrogen peroxide  (30%) 

E t h y l  a l coho l  (97%) x 

1000 ppm C12 + 20 me11 H2S04 

1000 ppm C12 + 100 me/l  H2S04 

The r e s i d u e  i n  t he  d r i p  l i n e s  and e m i t t e r s  could be removed by 

s t r o n g  ox id i z ing  agen t s  a lone  (peroxide)  o r  a  combination of and 

ox id i z ing  agent  w i th  a c i d .  The m a t e r i a l  a c t u a l l y  causing t h e  plug- 

g ing  appears  t o  be a  combination of organic  m a t r i c e  formed by 

mic rob ia l  a c t i v i t y  and suspended p a r t i c l e s  i n  t h e  water .  
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F i e l d .  Based on the  l a b o r a t o r y  f i n d i n g s  a  p o r t i o n  of t h e  par -  - 
t i a l l y  clogged t r i c k l e  system i n  the  grape  experiment was t r e a t e d  

w i t h  chemicals .  Treatment w i t h  acid-dichromate o r  hydrogen peroxide  

was deemed i m p r a c t i c a l  from t h e  s t andpo in t  of damage t o  t h e  crop, 

s a f e t y ,  and economics. Only a c i d  and a c i d  -t- hypoch lo r ina t ion  were 

t r i e d .  The b e s t  rec lamat ion  of t h e  p a r t i a l l y  clogged e m i t t e r s  was 

obta ined  by t rea tment  w i t h  a  h igh  concen t r a t ion  of a c i d  and hypo- 

c h l o r i t e  (Treatment TI, F i g u r e  1 ) .  Res idua l  c h l o r i n e  a t  t h e  end of 

t h e  l a t e r a l  was 40 ppm a t  a  pH of 1.6.  A c h l o r i n e  l e v e l  of 100 ppm 

was t h e  o r i g i n a l  goa l ,  b u t  p a r t  of t h e  c h l o r i n e  was used up i n  t h e  

sand f i l t e r .  The flow r a t e  of t he  t r i c k l e r s  was increased  from 60% 

of des ign  t o  90% i n  approximately 10 hours of t rea tment .  F lush ing  

of t h e  e m i t t e r s  and l i n e s  was necessary  t o  remove suspended r e s i d u e  

and t o  g e t  t h e  chemical more qu ick ly  t o  t h e  p a r t i a l l y  clogged s i t e s .  

F lush ing  a lone  (Treatment T9) nor  low hypoch lo r i t e  r a t e  (115 of 

TI )  d i d  no t  improve the  f low r a t e ,  Acid a lone  (T5) d i d  n o t  s i g n i f i -  

c a n t l y  i n c r e a s e  t h e  flow r a t e  i n  24 hours .  

I n  t h e  canta loupe  experiments where t h e  t r i c k l e  system was ' run 

f o r  two succes s ive  crops,  t h e  continuous ac id -hypoch lo r i t e  t rea tment  

a t  low concen t r a t ion  showed no plugging of the  double- tube e m i t t e r  

o r i f i c e .  The water  used i n  t h i s  s tudy  i s  of poorer  chemical q u a l i t y  

than  the  grape  experiment,  b u t  w i t h  i n i t i a l  and cont inuous hypochlor i -  

n a t i o n  p o s s i b l e  c logging  was prevented.  Since a  comparative t rea tment  

of no a c i d  and hypoch lo r i t e  was no t  used, p l ans  a r e  t o  i n c l u d e  t h i s  

i n  n e x t  y e a r ' s  r e sea rch .  

SUMMARY: 

Flushable- type d r i p  e m i t t e r s  s t a r t e d  t o  plug (25 t o  50% reduc- 

t i o n  i n  flow) a f t e r  t he  second yea r  of opera t ion ,  even w i t h  low 

s a l i n i t y  water  and w i t h  sand and screen  f i l t r a t i o n .  Reclamation 

of t h e  p a r t i a l l y  plugged e m i t t e r s  could be achieved by t r e a t i n g  t h e  

f i e l d  system wi th  h igh  ac id -hypoch lo r i t e  concen t r a t ions .  Plugging 

was not  observed i n  a  double-tube d r i p  system when t h e  wa te r  was 

t r e a t e d  cont inuous ly  w i t h  low ac id-hypochlor i te  concen t r a t ions  a t  the  

very  beginning of a  9-month i r r i g a t i o n  opera t ion .  

PERSONNEL: F.S. Nakayama, B.A.  Rasnick, D.A.  Bucks, and O.P. French 
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Table 1. Reduction in flow rate for a trickle irrigation system. 

(August 1974) 

Irrigation levels and schedule Flow reduction (%) 

-1- 

1.25 x CU^, daily, 1 emitterlvine 
1.25 x CU, daily, 2 emitterslvine 
1.25 x CU, 3-day, 2 emitterslvine 
1.25 x CU, 6-day, 2 emitterslvine 

1.00 x CU, daily, 1 emitterlvine 
1.00 x CU, daily, 2 emitterslvine 

1.00 x CU, 3-day, 2 emitterslvine 
1.00 x CU, 6-day, 2 emitterslvine 

0.75 x CU, daily, 1 emitterlvine 

0.75 x CU, daily, 2 emitterslvine 

0.75 x CU, 3-day, 2 emitterslvine 

0.75 x CU, 6-day, 2 emitterslvine 

mean 35.9 

.Ic 
CU = consumptive use. 
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Table 2. Chemical a n a l y s i s  oE pond wa te r  used i n  t r i c k l e  i r r i g a t i o n  

of g rapes .  

pH = 6.70; c o n d u c t i v i t y  = 0.40 mmho/cm; 300 ppm 

Ca = 1.07 me11 (21  ppm) 

Mg = 0.43 me11 (5.2 ppm) 

Na = 2.10 m e 1 1  (48 ppm) 

ML4 = 0.21 m e / l  (4 ppm) 

C l  = 0.51 me11 (18 ppm) 

SO, 
= 1.42 me/l  (68 ppm) 

HC03 = 1.96 m e / l  (120 ppm) 

NO3 
= 0.01 me11 (0.7 ppm) 

Si02 = 2.94 m e / l  ( 2 1  ppm) 

Table  3 .  Chemical a n a l y s i s  of t h e  i r r i g a t i o n  wa te r  used i n  t r i c k l e  

i r r i g a t i o n  oE canta loupes .  

pH = 8.34;  c o n d u c t i v i t y  = 1.23 mmho/cm; 790 ppm 

C a  = 4.73 m e 1 1  (94.6 ppm) C1 = 3.32 me11 (117.7 ppm) 

Mg = 2.56 m e 1 1  (31.1 ppm) ' 

SO4 
= 6.24 me11 (299.5 ppm) 

Na = 6.52 me11 (150 ppm) HC03 = 2.47 me/l  (150.7 ppm) 

N03 
= 0.002 m e 1 1  (0.14 ppm) 

S i02  = 1.78 me11 (12.7 ppm) 
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A C l D  + C12( l o w - f o r  m a i n t e n a n c e  ) 

90 
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80 

70 - 
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A C l D  A L O N E  
50 

TIME AFTER TREAT T (hour) 
Figure 1, Effect of chemical treatment on the flow r a t e  o f  par t i a l ly  clogged emitters,  
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TITLE : SWELLING AND SHRINKING OF SOIL I N  SITU AS DETERMINED -- 
BY A DUAL-ENERGY GAHM-RAY TRANSMISSION TECHNIQUE 

CRIS WORK UNIT: 5510-12260-002 CODE NO.:  Ariz.-WCL 72-4 

Water c o n t e n t s  and bulk  d e n s i t i e s  were measured i n  a s o i l  pedon 

w i t h  a gamma-ray t r ansmis s ion  technique  u t i l i z i n g  137~s  and 241~m. 

By a l t e r n a t i n g  t h e  sou rces  Eor each scan  down t h e  s o i l  p r o f i l e ,  bo th  

b u l k  d e n s i t y  and wa te r  con ten t  were determined i n  1-cm increments  i n  

t h e  top  10  cm of t h e  pedon. Bulk d e n s i t y  decreased t o  a depth of 6 

cm about  30 min aEter 4 cm of water  w a s  ponded on t h e  s o i l  s u r f a c e .  

A s  soon as t h e  wa te r  d ra ined  from t h e  s u r f a c e ,  b u l k  d e n s i t y  va lues  

i nc reased  and approached p r e i r r i g a t i o n  l e v e l s .  Water con ten t  i nc reased  

r a p i d l y ,  cor responding  t o  t h e  decrease  i n  b u l k  d e n s i t y .  Assuming 

t h a t  t h e  b u l k  d e n s i t y  remains c o n s t a n t  dur ing  ponding, c a l c u l a t e d  
-3 water  c o n t e n t s  may be  i n  e r r o r  by as much a s  0.25 g cm . 

To d e l i n e a t e  t h e  so i l -water  conten t  i n  l a y e r s  a s  t h i n  a s  0 .1  cm 

i n  t h e  upper cent imeter  of a f i e l d  s o i l ,  a s imple ,  e a s i l y  cons t ruc t ed  

s o i l  sampler w a s  used. Samples were taken every  20 min du r ing  one 

day o f  s o i l  d ry ing  a f t e r  s p r i n k l i n g  t h e  s o i l  w i t h  0.6 cm of water .  

The s o i l  i n  t h i s  top cent imeter  d r i e d  f a i r l y  uniformly,  w i t h  t h e  

0- t o  0.1-cm l a y e r  dry ing  from 0.202 t o  0.036 cm3 cm-3 i n  8 h r s .  The 
3 -3 0.8- t o  1.0-cm l a y e r  d r i e d  from 0.238 t o  0.152 cm cm i n  t h e  same 

pe r iod .  With t h e  techniques  and t o o l s  descr ibed  h e r e i n ,  no d i f f i c u l t y  

w a s  encountered i n  d i s t i n g u i s h i n g  t h e  s o i l - w a t e r  con ten t  of one l a y e r  

from another .  

Manuscripts  c i t e d  below e l a b o r a t e  on t h e  two preceding  s u b j e c t  

ma t t e r s :  

(I) Reginato,  Robert J .  Water con ten t  and bu lk  d e n s i t y  changes 

i n  a s o i l  pedon measured wi th  dual-energy gamma-ray 

t r ansmis s ion .  Can. 3. S o i l  S c i .  54:325-328. 1974. 

(2)  Reginato,  Robert 3 . Sampling so i l -water  d i s  t r i b u t i o n  i n  

t h e  s u r f a c e  cent imeter  of a f i e l d  s o i l ,  S o i l  S c i .  ( i n  

p r e s s ) .  

PERSONNEL: Robert J .  Reginato 
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TITLE : GmVEL BED COOLERS FOR GREENHOUSES 

CRIS WORK UNIT: 5510-12260-002 CODE N O . :  Ariz.-WCL 72-5 

This  p r o j e c t  was i n i t i a t e d  t o  design,  t e s t ,  and eva lua t e  

evapora t ive  c o o l e r s  from g r a v e l  beds' f o r  t h e  coo l ing  of  s ea l ed  

greenhouses.  Progress  has  l e d  away from g r a v e l  beds toward more 

convent iona l  evapora t ive  cool ing  towers, a s  d i scussed  i n  l a s t  

y e a r ' s  r e p o r t .  However, t h e  main o b j e c t i v e  f o r  des igning  any cool-  

i n g  system i s  t o  provide  a  means t o  economically coo l  a  s ea l ed  

greenhouse under h igh  l i g h t  s o  t h a t  CO f e r t i l i z a t i o n  can be  e f f e c -  
2 

t i v e l y  p r a c t i c a l  and y i e l d s  can be  increased .  

PROTOTYPE : 

Cons t ruc t ion .  This  year  a  p ro to type  greenhouse was cons t ruc-  

t e d  us ing  an aluminum frame wi th  f i b e r g l a s s  ( S o l - l i t e  with Tedlar )  

w a l l s ,  a s  shown i n  F igure  I. The dimensions were 14.42 f t  wide by 

20.92 f t  long by  7.12 f t  a t  t h e  eaves and 10.8 f t  a t  t h e  peak t o  
2 

g i v e  an  a r e a  of  302 f t  . The a i r  duc t  was 3.375 f t  square.  

The o r i g i n a l  coo l ing  system worked a s  fol lows:  Outside a i r  

was drawn i n  through the  upper "outs ide" pads o f  t h e  evapora t ive  

c o o l e r s .  Some water  evaporated i n t o  t h i s  a i r ,  thus  cool ing  t h e  

remaining water  f lowing down t h e  pad. This  coo l  water  was c o l l e c -  

t e d  a t  t h e  bottom of  t h e  o u t s i d e  pad and piped i n s i d e  t h e  green-  

house t o  t h e  t o p  of  t he  " inside1 '  pad. It then t r i c k l e d  down t h e  

i n s i d e  pad p ick ing  up h e a t  from t h e  h o t  greenhouse a i r  which was 

be ing  c i r c u l a t e d  through t h e  pad. A t  t h e  bottom of t h e  i n s i d e  pad 

t h e  now warm water  was c o l l e c t e d  i n  a  sump and then  pumped t o  t he  

top  of t h e  o u t s i d e  pad t o  aga in  be  cooled and r e p e a t  t h e  cyc l e .  

The o u t s i d e  a i r  which was drawn i n  through t h e  o u t s i d e  pad 

was blown through an  a t t i c  formed by s t r e t c h i n g  a  s h e e t  of t r ans -  

pa ren t  po lye thylene  ac ros s  t h e  greenhouse from eave t o  eave, The 

a i r  e x i t e d  through louvers  i n  t h e  oppos i t e  end wa l l .  This  f e a t u r e  

lowered t h e  s e n s i b l e  h e a t  load on the greenhouse, b u t  on ly  s l i g h t l y .  

In s t rumen ta t ion  and Energy Balance. I n  o r d e r  t o  eva lua t e  t h e  

performance of t h e  cool ing  system, t h e  greenhouse was instrumented 
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and measurements were made of many components of i t s  energy ba lance .  

F igure  2 shows a  computer p r i n t o u t  of  t h e  d a t a  obta ined  a t  1300 

6 September 1974. The lower h a l f  shows h e a t  f l u x e s  computed from 

measurements l i s t e d  i n  t he  upper h a l f .  A d i s c u s s i o n  of  each com- 

ponent and i t s  measurement fol lows.  

Net s o l a r  r a d i a t i o n .  The n e t  s o l a r  r a d i a t i o n  i s  computed from 

Rr(1-r)  where R i s  t h e  downcoming s o l a r  r a d i a t i o n  measured w i t h  an  

Eppley s o l a r i m e t e r ,  T i s  t h e  t r a n s m i s s i v i t y  o f  t h e  greenhouse cover,  

and r is  t h e  r e f l e c t i v i t y  of t h e  c rop  o r  s o i l  i n  t h e  greenhouse. 

The f o u r t h  l i n e  i n  F igure  2 shows t h a t  R was 1.19 ly/min at: t h e  

t ime of t h i s  example and t h e  s i x t h  l i n e  l i s t s  t h e  v a l u e s  of .613 

f o r  T and . 3  f o r  r. The r of t h e  d ry  sand s o i l  was measured by 

t ak ing  t h e  r a t i o  of  t h e  output  of a  s o l a r i m e t e r  f i r s t  f a c i n g  down- 

ward and then  upward i n s i d e  t h e  greenhouse. The t r a n s m i s s i v i t y  

was measured on 10 J u l y  1974 by t a k i n g  t h e  r a t i o  between t h e  r a d i a -  

t i o n  sensed by a  s o l a r i m e t e r  i n s i d e  t h e  greenhouse and ano the r  

ou t s ide .  Also on 15 3u ly  1974, p i eces  of f i b e r g l a s s  and of  poly-  

e thy lene  were h e l d  over the o u t s i d e  s o l a r i m e t e r  and i t s  change i n  

ou tpu t  no ted .  The f i b e r g l a s s  had a  t r a n s m i s s i v i t y  of ,763 and t h e  

polye thylene  .946. These readings  g ive  a  product  of  ,722 s o  the  

lower va lue  of .613 i n s i d e  t h e  greenhouse must have been caused by 

t h e  aluminum frame and by d u s t  p r imar i ly  on t h e  polye thylene  which 

separa ted  a t t i c  from greenhouse. 

A r educ t ion  of  l i g h t  i n t e n s i t y  of  about 15% caused by t h e  

polye thylene  i s  n o t  d e s i r a b l e  s i n c e  y i e l d s  a r e  t o  be  maximized, so  

i n  t e s t s  t h i s  coming yea r  t he  polye thylene  w i l l  b e  removed and the  

coo le r  a i r  exhausted d i r e c t l y  t o  t h e  o u t s i d e .  IIeat exchange 

through t h e  polye thylene  was n o t  very  important anyway, a s  w i l l  be  

d i scussed .  

Since t h e  n e t  s o l a r  r a d i a t i o n  i s  t h e  most important  component 

oE the  energy balance,  nex t  yea r  long tube so l a r ime te r s ,  one f a c i n g  

up and t h e  o t h e r  d o ~ m  w i l l  be  cons t ruc ted  i n  o rde r  t o  c o n t i n u a l l y  
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measure t h i s  component i n s i d e  the  greenhouse. The tube-type 

instrument should average some of the  s p a c i a l  v a r i a b i l i t y  caused 

by the  frame and rows i n s i d e  a  greenhouse. 

S o i l  Heat Flux. The s o i l  hea t  f l u x  was measured by a  p a i r  of 

commercially a v a i l a b l e  (1/2 inch d i a )  s o i l  hea t  f l u x  p l a t e s  and by 

a  s i n g l e  (2 1/2 inch d i a )  p l a t e  made from epoxy. They had pre-  

v ious ly  been c a l i b r a t e d  by the  r a d i a t i o n  technique of Idso.  They 

were i n s t a l l e d  a t  approximately the  1-cm depth. The negat ive  

values i n  Figure 2  i n d i c a t e  t h a t  h e a t  was moving out  of the  green- 

house. 

Wall EIeat Flux. Wall hea t  f l u x  p l a t e s  were cons t ructed  from 

5 x 2" s t r i p s  c u t  from the  f i b e r g l a s s  wal l  ma te r i a l .  A 10-pair  

copper constantan thermopile was wrapped around the  s t r i p  s o  t h a t  

pa i red  junctions were on opposi te  s ides .  The p l a t e  was then 

varnished t o  make the  junctions s t i c k  t o  the  s t r i p .  Two such 

p l a t e s  were i n s t a l l e d  i n  the  wal ls  and one i n  the  c e i l i n g .  By 

mult iplying the  measured temperature d i f fe rence  by the  p l e x i g l a s s  

thermal conduct iv i ty  (22.74 mcal/(cm min C )  according t o  manufac- 

t u r e r )  and d iv id ing  by the  thickness (.I05 cm), wal l  h e a t  f l u x  

could be obtained. However, the  p l a t e s  d id  no t  work very we l l .  

Two developed open c i r c u i t s  almost immediately and ceased function- 

ing e n t i r e l y ,  a s  indica ted  by the  zero reading f o r  roof hea t  near  

the  bottom of Figure 2 .  The t h i r d  had such a  small  output  t h a t  

e l e c t r i c a l  noise  caused t h e  output  t o  f l u c t u a t e  markedly from one 

reading t o  the  next .  No inves t iga t ion  was made of the  p o s s i b l e  - 

r a d i a t i o n  e r r o r s .  It i s  a n t i c i p a t e d  t h a t  next  year  the  wa l l  h e a t  

f l u x  w i l l  be est imated from the  measured temperature d i f f e r e n c e  

between i n s i d e  and ou t s ide  a i r ,  and from engineering handbook 

values f o r  the  f i lm t r a n s f e r  c o e f f i c i e n t s .  I f  time permits a  

b e t t e r  instrument w i l l  be buil t ' .  

Duct Heat Flux. A duct  h e a t  f l u x  p l a t e  was cons t ructed  from 

a  4  x 4" rectange of the  1" styrofoam insu la t ion  covering f o r  the  
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duc t .  One thermocouple j unc t ion  was i n s e r t e d  1/4" from the  top and 

another  was taped t o  t h e  bottom. The p l a t e  was i n s e r t e d  i n t o  a  

h o l e  i n  t h e  i n s u l a t i o n  c u t  t o  accomodate it e x a c t l y .  The d u c t  h e a t  

f l u x  i s  computed from t h e  temperature d i f f e r e n c e  between the junc- 

t i o n s  m u l t i p l i e d  by the  thermal c o n d u c t i v i t y  (5.166 mcal/(cm min C)) 

d iv ided  by t h e  th i ckness  ( 3 / 4  i n )  between the  junc t ions .  The out -  

pu t  from t h i s  p l a t e  was s t a b l e  and t h e  dev ice  served  t o  g ive  

reasonable  d a t a .  However, t he  p o s i t i o n  of t he  p l a t e  may have been 

b i a sed  because i t  was pos i t i oned  on t h e  top  of t h e  west duct ,  which 

probably d i d  n o t  r e p r e s e n t  t h e  s i d e  o r  t h e  n o r t h  duc t  very  we l l .  

Motor Heat Load. The 1 HP fan  motor c o n t r i b u t e s  178 c a l / s e c  

t o  t h e  greenhouse when ope ra t ing  a t  h igh  speed and 78 when ope ra t -  

i n g  a t  low (. 44 HP) speed. 

C e i l i n g  Heat.  Was es t imated  from 'the d ry  bulb  temperature 

d i f f e r e n c e  between t h e  a t c i c  and greenhouse a i r  and Handbook va lues  

of t h e  f i l m  h e a t  t r a n s f e r  c o e f f i c i e n t s .  For 70 f t /min  and 280 

f t /min  i n  greenhouse and a t t i c ,  ASHRAE Handbook o f  Fundamentals 
2  

d a t a  l i s t s  a  va lue  of 1.356E-4 cal/'(sec cm C)  f o r  t h e  o v e r a l l  

t r a n s f e r ,  "U" , c o e f f i c i e n t .  

Natura l  V e n t i l a t i o n  ( l e a k s ) .  The greenhouse i s  t i g h t  so  t h i s  

i tem has  been assumed n e g l i g i b l e .  When t h e  C02 system i s  ope ra t ing ,  

i t  w i l l  b e  eva lua ted .  

CO Generat ion.  The burner  f o r  CO gene ra t ion  from n a t u r a l  -2 -- 2 
gas has no t  y e t  been i n s t a l l e d .  

Photosynthes is .  No crops have been growing dur ing  these  

i n i t i a l  coo l ing  system t e s t s ,  so  t h i s  i tem i s  zero.  

Enthalpy Change of t h e  Cooling Water. The 10-12 l i n e s  of 

F igure  2 i n d i c a t e  t h e  temperature of t h e  water  above t h e  o u t s i d e  

coo le r s ,  below t h e  coo le r s ,  and below the  i n s i d e  wet w a l l  a s  sensed 

by thermocouples. These temperatures  p lus  t he  water  flow r a t e  

( l i n e  4, measured by t iming the  f i l l i n g  of a  bucket  by t h e  r e t u r n  

flow t o  t h e  sump) provide an e s t ima te  of t h e  h e a t  load of t h e  
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greenhouse. Lines  3 and 4  of t h e  second group of i tems i n  t h e  

lower h a l f  o f  F igu re  2  show 3336 and 4215 c a l / s e c ,  which i s  a  

reasonable  check on the  sum of t h e  terms i n  t h e  f i r s t  group. This  

sum i s  3049 c a l / s e c ,  and i s  dominated by t h e  n e t  r a d i a t i o n  term. 

Enthalpy Change of t h e  A i r .  The n i n e  columns of numbers i n  

t h e  2nd q u a r t e r  oE Figure  2  a r e  d a t a  from n ine  a s p i r a t e d  wet and 

d r y  bulb  psychrometers.  The f i r s t  two were pos i t i oned  o u t s i d e  n e a r  

t h e  i n t a k e  a r e a  of  t h e  coo le r s .  The 3rd and 4 t h  were pos i t i oned  t o  

sample t h e  a t t i c  exhaust  a i r .  The 5 t h  was i n s i d e  the  duc t  upstream 

of  t he  wet wa l l .  The remaining fou r  were pos i t i oned  a t  approximate 

equal  t h i r d s  oE t h e  d i s t a n c e  a c r o s s  t he  greenhouse from t h e  wet 

w a l l  t o  i t s  r e t u r n  duc t  en t rance .  The symbols i n  t he  row headings 

a r e  TA - a i r  temperatures;  D - d r y  bulb ;  W - wet bulb ;  C - c e n t i -  

grade;  F - Fahrenhei t ;  VP - vapor pressure ;  MB - m i l l i b a r ;  RH - 
r e l a t i v e  humidity; HUM - abso lu t e  humidity r a t i o ;  it/# - l b  of 

wa te r / l b  of d ry  a i r ;  H - entha lpy;  A - dry  a i r ;  W - mois ture  i n  

a i r ;  T  - t o t a l  d ry  and mois t ;  C/G - cal/gram of d ry  a i r ;  B/# - 
B r i t i s h  thermal u n i t s l l b  of d ry  a i r .  

S a t u r a t i o n  vapor p re s su res  were computed from t h e  GofE-Gatch 

equat ion  and a c t u a l  vapor p re s su res  from t h e  psychrometer wet bu lb  

c a l i b r a t i o n  cons t an t  (Smithsonian t a b l e s ) .  The dry  a i r  en tha lpy  

was computed a s  (0.24 calfgC) x TAD. The en tha lpy  due t o  t h e  
c a l  

mo i s tu re  con ten t  was computed from HVM x (597 - + ,441  cai x TAD) . 
g m gC 

The h e a t  load can a l s o  be  computed from t h e  product  of t he  

flow r a t e s  of t he  a i r  s t reams ( l i n e  4  i n  F igure  2 ) ,  and t h e i r  

change i n  en tha lpy  a s  they pass  through t h e  wet pads o r  through t h e  

greenhouse. The flow r a t e s  were measured wiLh a  hand-held Taylor  

anemometer. The en tha lpy  changes were computed from t h e  d i f f e r e n c e  

i n  enthalpy between t h e  va r ious  psychrometer d a t a .  The r e s u l t s  i n  

t h e  ls t ,  2nd, and 5 t h  l i n e s  i n  t h e  l o c e r  h a l f  of F igure  2, and a l s o  

i n  t he  two l i n e s  below t h e  roof h e a t  en t ry  a11 should b e  equal  t o  

each o t h e r  and t o  t h e  h e a t  load es t imated  from t h e  water  temperamre 
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changes and t h e  sum of t h e  o t h e r  f l u x e s .  However, t he  775 c a l l s e c  

going ac ros s  t h e  greenhouse i s  obvious ly  too low, and t h e  5081 

c a l / s e c  change through t h e  wet w a l l - i s  too  h igh .  S imi l a r ly ,  t h e  

o t h e r  13981, 13981, and 13454 c a l / s e c  va lues  based on t h e  en tha lpy  

change through t h e  pads of t h e  coo le r s  must b e  too  h igh .  These 

susp ic ious  r e s u l t s  occurred  many t imes,  and d i f f e r e n t  psychrometers 

could g ive  s i m i l a r  answers.  However, t h e  en tha lpy  d i f f e r e n c e s  a r e  

small ,  and i t  appears  t h a t  t h e  psychrometers must be  g iv ing  a  

small  sys temat ic  e r r o r ,  which r e s u l t s  i n  a  l a r g e  e r r o r  i n  en tha lpy  

d i f f e r e n c e  computation. For i n s t ance ,  i f  t h e  d r y  bulbs  were 

s l i g h t l y  wet i n s i d e  t h e  greenhouse, they could r e g i s t e r  too  s m a l l a  

change ac ros s  t h e  greenhouse, and too  l a r g e  a  change ac ros s  t h e  a 

wet wa l l .  The d i r e c t i o n  of  t h e  e r r o r  ac ros s  t he  coo le r  pads 

sugges t s  t h a t  e i t h e r  t h e  d ry  o r  wet bu lb  i n  t h e  a t t i c  exhaust  a r e  

too warm r e l a t i v e  t o  those  o u t s i d e  a t  t he  coo le r  i n l e t ,  b u t  t he  

reason  f o r  t h i s  e r r o r  i s  n o t  obvious. 

A gas sampling system i s  now being i n s t a l l e d ,  and a  Cambridge 

dew p o i n t e r  w i l l  b e  used t o  measure t h e  dew p o i n t  changes ac ros s  

t h e  wet pads. It i s  hoped t h e  g r e a t e r  accuracy and s e n s i t i v i t y  of 

t h i s  ins t rument  w i l l  enable  more a c c u r a t e  va lues  f o r  t h e  en tha lpy  

changes t o  b e  ob t a ined .  

R e l a t i v e  Greenhouse Temperatures. The energy load  d i scussed  

i n  t he  previous  s e c t i o n  must be  known i n  o r d e r  t o  a d j u s t  and com- 

pa re  d a t a  obta ined  wi th  d i f f e r e n t  meteoro logica l  cond i t i ons .  How- 

ever ,  t he  performance of t h e  greenhouse cool ing  system a t  any - 

p a r t i c u l a r  t ime can b e s t  b e  seen  by making a  b a r  graph of t h e  

temperatures  a t  f o u r  p l aces  i n  t he  greenhouse r e l a t i v e  t o  t h e  ou t -  

s i d e  wet bu lb  temperature a s  i n  F igure  3 .  A l l  t h e  d a t a  p l o t t e d  

a r e  f o r  times when t h e  h e a t  load on the  greenhouse was w i t h i n  5% 

of 48,000 BTU/hr, which i s  about 80% of t h e  maximum h e a t  load ex- 

pected i n  June.  The shaded a r e a  i s  t h e  range of  water temperature.  

The low edge of t h i s  shaded a r e a  i s  t he  approach t o  t h e  o u t s i d e  

wet bulb temperature,  t he  lowest  p o s s i b l e  water  temperature t h a t  
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could be  achieved by evapora t ive  cool ing .  Since t h e  1% des ign  wet 

bu lb  f o r  Phoenix i s  77 F (ASHRAE Handbook of  Fundamentals), an 

8 F r i s e  i s  85 F, about  t h e  h i g h e s t  optimum temperature f o r  many 

p l a n t s ,  p a r t i c u l a r l y  tomatoes (Dalyrmple, 1973, p.  20). Therefore,  

t h e  8 F Mark i s  i n d i c a t e d  by a  dashed l i n e  a c r o s s  F igure  3, and i t  

i s  d e s i r a b l e  f o r  a l l  of t h e  b a r  graphs t o  b e  s h o r t e r  t han  t h i s  

mark. 

The 2 August 1974 b a r  i n  F igure  3 r e p r e s e n t s  t he  greenhouse 

performance a s  designed and b u i l t .  There was one 1 / 3  HP water  pump 

wi th  a  maximum i n  p l ace  flow r a t e  of  20 gpm. The i n s i d e  wet w a l l  

was 14 '  x 3 '  x 2" t h i ck ,  and t h e  Ean had a  flow r a t e  of  about  

11,000 CFM on H I  and about  7,000 on LO. The two o u t s i d e  c o o l e r s  

had a combined pad width of 13.5 f  t and were 32" h igh  x 1.5" t h i c k .  

Thei r  combined blower capac i ty  was about  7,500 CFM on H I  and 4,000 

CFM on LO. With these  cond i t i ons  t h e  water  approach t o  wet bu lb  i s  

4 .4  F wi th  a  range of 5.5 F. The greenhouse a i r  temp downstream of 

t h e  wet w a l l  was 8.6 P g r e a t e r  t han  t h e  o u t s i d e  wet bu lb ,  b u t  i t  

was lower than  t h e  warmest water  temperature.  The greenhouse a i r  

range was 5.8 F so  the a i r  e n t e r i n g  t h e  wet wa l l  was 14 .4  F g r e a t e r  

than  t h e  o u t s i d e  wet bu lb .  

Temperature p r o f i l e s  such a s  t hose  a t  t h e  bottom of  F igu re  2 

revea led  only  t h e  upper p o r t i o n  of t he  wet wa l l  was e f f e c t i v e  i n  

cool ing ,  and thereEore inc reas ing  t h e  water flow r a t e  should i n -  

c r e a s e  i t s  e f f e c t i v e n e s s  and decrease  the  water range a t  t h e  same 

time. However, i n  o r d e r  t o  avoid f lood ing  t h e  wet wal l ,  t h e  t h i c k -  

nes s  had t o  be  increased .  The r e s u l t s  wi th  a second pump i n s t a l l e d  

so  the  water  flow r a t e  was 34 gpm, and a n  a d d i t i o n a l  pad th i ckness  

added t o  the wet wa l l  a r e  shown i n  t h e  b a r  f o r  1300 6 September 

1974. The water  temp range was made sma l l e r  and the minimum green-  

house temp was s t i l l  lower than t h e  warmest water ,  b u t  now t h e  

approach of t h e  water  temp t o  t he  o u t s i d e  wet bu lb  was 8 F. Indeed, 

i n spec t ion  of t h e  coo le r s  revea led  t h e i r  c a p a c i t y  was exceeded 
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because the  upper pads were f looded.  However, t h e r e  sometimes was 

some u n c e r t a i n t y  i n  t h e  d a t a  a s  evidenced by t h e  b a r  f o r  1300, 

7  August 1974, which shows a  2.5 F  approach t o  t h e  wet bu lb  temp a t  

a  water  flow r a t e  of 20 gpm. The 1200 and 1300, 28 August 1974 

b a r s  show a  2.5 F  d i f f e r e n c e  i n  approach Eor what must have been 

very  comparable h e a t  loads .  I n  any event ,  i t  appeared t h a t  t h e  

minimum water  temp d i d  no t  approach t h e  o u t s i d e  wet bu lb  very  wel l ,  

and t h a t  t h e  evapora t ive  c o o l e r s  were more s u i t e d  t o  t h e i r  u s u a l  

t a s k  of producing coo l  a i r  r a t h e r  than  cool  water  a s  needed f o r  

t h i s  a p p l i c a t i o n .  Therefore,  wi th  t h e  a i d  of t h e  s imu la t ion  pro- 

gram soon t o  be  d iscussed ,  a  coo l ing  tower was designed and b u i l t  

and i s  c u r r e n t l y  be ing  t e s t e d .  As soon a s  t h e  cool ing  system per- 

formance i s  s a t i s f a c t o r y ,  a  c rop  of tomatoes w i l l  b e  p l an ted  and 

f e r t i l i z e d  wi th  CO from a  n a t u r a l  gas  gene ra to r  to  demonstrate  
2  

t h e  y i e l d  response.  

PAD PERFORMANCE SIMULATION: 

The equat ions  which desc r ibe  t h e  h e a t  and mass t r a n s f e r  

between a i r  and water  i n  counter  o r  p a r a l l - e l  flow, d i r e c t  con tac t ,  

forced  d r a f t  a i r  cond i t i on ing  equipment a r e  presented  i n  t h e  

ASHRAE Handbook of  Fundamentals (1972). 

Mass Trans Eer 

where GL i s  t h e  l i q u i d  mass flow r a t e  per  c r o s s - s e c t i o n a l  a r e a  
2 

( l b / h r / f t  ), G i s  t h e  a i r  mass flow r a t e  per  c r o s s - s e c t i o n a l  a r e a  
2 a  

( l b / h r / f t  ), W i s  t h e  a i r  humidi ty r a t i o  ( l b  of water  vapor / lb  of 

d r y  a i r ) ,  W. i s  t he  humidity r a t i o  a t  the a i r -wa te r  i n t e r f a c e ,  
1 53 

i s  t h e  mass t r a n s f e r  coef .Eicients  us ing  W a s  t he  d r i v i n g  p o t e n t i a l  
0 

( l b / h r / f t L ) ,  a  i s  t h e  a r e a  of mass t r a n s f e r  s u r f a c e  pe r  volume of  
2 M3 

chamber ( f t  / f t  ), and R i s  t h e  l eng th  o r  h e i g h t  of t h e  chamber o r  

tower. Equation 1 s t a t e s  t h a t  the water  evaporated,  t h e  moi s tu re  

i nc rease  of t he  a i r ,  and t h e  mass t r a n s f e r  r a t e  a r e  a l l  equa l .  
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Heat T rans fe r  t o  t h e  A i r  

G c  d t  = 11 a  ( t i - t a ) d l  
a  pm a  a  H 

where c  i s  t h e  humid s p e c i f i c  h e a t  de f ined  by ( I  + W)c 
p' 'a 

i s  
pm 

t h e  a i r  temperature (F),  h  i s  t he  h e a t  t r a n s f e r  c o e f f i c i e n t  i n  t h e  
n a  

a i r  ( ~ T U / h r / f t ' / ~ ) ,  a  i s  t h e  a r e a  o f  h e a t  t r a n s f e r  s u r f a c e  pe r  
3 3 

volume of chamber ( f t  / f t  ), and t i s  t he  w a t e r - a i r  i n t e r f a c e  
i 

temperature (F) . 
T o t a l  Energy Trans fe r  t o  t h e  A i r .  Combining Equat ion (1) and 

(2)  wi th  t h e  en tha lpy  of vapor i za t ion  y i e l d s  

d t  + i dw) = [J$am(Wi-U)i + h a  ( t  -t ) ] d l  
Ga(Cpm igo  ~g  a t 1  i a [31 

where i i s  the  en tha lpy  of vapor i za t ion  and i i s  t h e  enthalpy 
f g  fgo  

of vapor i za t ion  a t  base  temperature (OF). Assuming complete wet-: 

t i n g  of a l l  m a t e r i a l  i n  t h e  chamber s o  t h a t  a  = a  and u t i l i z i n g  
H M' 

t h e  Eor tu i tous  Lewis r e l a t i o n  f o r  an  a i r -wa te r  system which says  

h  = KDcpm, Equation (3) reduces t o  

where i i s  t he  a i r  en tha lpy  i n  t he  bulk  a i r  and i i s  t h e  a i r  
i 

entha lpy  a t  t h e  i n t e r f a c e .  

Energy Balance 

G d i = k G  c d t  
a  L L  L ~ 5 1  

where c  i s  the s p e c i f i c  h e a t  of t he  water ( B T U / ~ ~ / F )  and t i s  t h e  L  L 
water  temperature.  The + s i g n  r e f e r s  t o  counter  flow and t h e  

- s i g n  t o  p a r a l l e l  flow. The percentage change of G due t o  t h e  
L 

evapora t ion  of water  i s  small. i n  most a p p l i c a t i o n s  and has  been 
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ignored i n  Equat ion (5) .  

Heat T rans fe r  t o  t he  Water 

G c d t  = h a  ( t  
L L  L L H  L - t i l d e  

Combining Equation (4, 5, and 6) g ives  

which r e l a t e s  t h e  d r i v i n g  enthalpy d i f f e r e n c e  between a i r  and 

i n t e r f a c e  and the  d r i v i n g  temperature d i f f e r e n c e  between water  and 

i n t e r f a c e  t o  t h e  r a t i o  of t he  h e a t  and mass t r a n s f e r  c o e f f i c i e n t s .  

Combining Equat ions (1, 2, an;l 3) and the  Lewis r e l a t i o n  g i v e s  

and 

Equation (9) i n d i c a t e s  t h a t  a t  any c r o s s - s e c t i o n  i n  the  chamber, 

t h e  in s t an t aneous  s l o p e  of t he  a i r p a t h ,  dW/dta, on a  psychrometr ic  

c h a r t  i s  determined by a  s t r a i g h t  l i n e  connect ing t h e  a i r  s t a t e  

wi th  the  i n t e r f a c e  s a t u r a t i o n  s t a t e  a t  t he  c r o s s - s e c t i o n .  The 

i n t e r f a c e  s t a t e  can be determined from Equations (5) and (7 ) .  

Equation (5) desc r ibes  how the  a i r  en tha lpy  changes w i t h  water  

temperature and Equation (7)  shows how the  i n t e r f a c e  s a t u r a t i o n  

temperature changes t o  accomoclate t h i s  change i n  a i r  and wa te r  con- 

d i t i o n s .  By s t a r t i n g  wi th  a  known water temperature a t  t h e  bot tom 

of a  cool ing  tower wi th  known i n l e t  a i r  cond i t i on  and a  known e x i t  

water  temperature,  one can numerical ly  move a i r  through t h e  tower i n  
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a s e r i e s  of s t e p s ,  so lv ing  f o r  new i n t e r f a c e  cond i t i ons  a t  each 

s t e p ,  and a r r i v e  a t  t h e  f i n a l  e x i t  cond i t i ons  f o r  the  a i r .  This  

procedure developed by Mickley (1949, Chemical Engineering Progress  

45(12):739-745) i s  descr ibed  i n  t he  ASITME EIandboolc of Fundamentals 

(1972). Also, Equation (4)  can b e  i n t e g r a t e d  from t h e  bottom t o  

t h e  t o p  of t h e  appara tus  t o  o b t a i n  t h e  r equ i r ed  h e i g h t  

- 2 

Equations (1)  through (10) apply  only  to  p a r a l l e l  o r  counter-  

flow appara tus .  For c ross - f low appara tus  such a s  t h e  v e r t i c a l  pads 

on most greenhouse and r e s i d e n t i a l  coo le r s ,  more complexity i s  r e -  

qu i r ed .  Park and Vance (1971, Chemical Engineering Progress  

67(7):55-57) desc r ibed  a  computer model developed f o r  c ros s - f low 

coo l ing  towers which b a s i c a l l y  d iv ided  up t h e  pad c r o s s - s e c t i o n  

i n t o  equal  segments i n  t h e  water  and a i r  Elow d i r e c t i o n s .  Each 

segment was analyzed l i k e  a  t i n y  counter-f low tower fo l lowing  t h e  

Mickley method. The segments were analyzed s t a r t i n g  a t  t h e  co rne r  

where both  a i r  and water  i n l e t  cond i t i ons  were known. The a n a l y s i s  

then  proceeds s tep-wise wi th  t h e  o u t l e t  cond i t i ons  f o r  one segment 

becoming the  i n l e t  cond i t i ons  f o r  t h e  ad j acen t  one. 

Following t h e  Park and Vance - Mickley method, Nehemiah, Law, 

and Andre (1972, I n v e s t i g a t i o n  of Evaporat ive Pads f o r  Greenhouse 

Heat ing and Cooling wi th  Low Temperature Waste Heat, P a r t  111, 

OWL-MIT-148) a t  Oak Ridge, i n  an i n v e s t i g a t i o n  of t h e  p o s s i b i l i t y  

of u s ing  waste power p l a n t  h e a t  t o  h e a t  and cool  commercial green-  

houses developed a  computer program which modeled c ross- f low green-  

house pads. They a l s o  determined the mass and h e a t  t r a n s f e r  

c o e f f i c i e n t s  f o r  aspen f i b e r  and polyurethane pads f o r  a  range  of 

a i r  and water  f lows.  The i r  FORTRAN program c a l l e d  LANSIM, a long  

wi th  t h e i r  t r a n s f e r  c o e f f i c i e n t  r e l a t i o n s  a r e  proving t o  b e  very  

h e l p f u l  i n  des igning  t h e  b e s t  o u t s i d e  evapora t ive  cool ing  tower and 
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i n s i d e  h e a t  exchange pad fo r  t h e  s e a l e d  greenhouse a p p l i c a t i o n  

considered h e r e .  

Outs ide  Greenhouse Pad Cooling Simulat ion.  Program IANSIM 

computes t h e  e x i t  a i r  d r y  bulb temp and humidity and e x i t  water  

temp given:  (1) t h e  pad dimensions, (2 )  t h e  a i r  and water  flow 

r a t e s ,  and (3)  t h e  i n l e t  a i r  d ry  and wet bu lb  temperature and i n l e t  

water  temperature.  This  was n o t  p a r t i c u l a r l y  convenient  f o r  des ign  

purposes s i n c e  t h e  i n l e t  water  temperature could no t  be  s p e c i f i e d .  

However, s i n c e  h e a t  load on t h e  greenhouse could be es t imated  i n  

advance, t h e  range between i n l e t  and o u t l e t  water  temperatures  was 

known f o r  a  s p e c i f i e d  water  Elow r a t e .  Therefore,  a  main program 

c a l l e d  OUTSIDEPAD was w r i t t e n  which c a l l e d  LANSIM a s  a  subrout ine .  

From OUTSIDEPAD t h e  o u t s i d e  d r y  and wet bulb and an i n i t i a l  guess  

f o r  t h e  i n l e t  water  temperture were g iven  t o  Subrout ine LANSIM t o  

compute e x i t  d ry  and wet bu lb  a i r  temperatures  and an e x i t  water  

temperature.  I f  t he  d i f f e r e n c e  between t h e  en t r ance  and e x i t  water  

temperatures  d i d  no t  equal  t h e  known water  temperature d i f f e r e n c e  

based on t h e  greenhouse h e a t  load, a  new ent rance  water  temperature 

was es t imated  a s  t h e  computed e x i t  temp p l u s  t h e  known temp d i f f e r -  

ence. The cyc le  was repea ted  u n t i l  t h e  computed water  temp d i f t e r -  

ence converged t o  t h e  known water  temp d i f f e r e n c e .  

The a b i l i t y  of OUTSIDEPAD t o  p r e d i c t  t h e  performance of t he  

a c t u a l  coo le r s  on t h e  pro to type  greenhouse can b e  a s ses sed  i n  

F igure  3 .  The lower p a i r  of b racke t ing  arrows along each b a r  i s  

t h e  p red ic t ed  water  temperature range f o r  t he  ope ra t ing  c o n d i t i . 0 ~ ~  

f o r  t h e  p a r t i c u l a r  t imes the  da t a  were obta ined .  The p r e d i c t e d  

water  temperature ranges g e n e r a l l y  tended t o  change i n  d i r e c t i o n  01 

t h e  a c t u a l  ranges a s  cond i t i ons  changed. Rowever, t he  p red ic t ed  

ranges g e n e r a l l y  tended t o  be about 2 F h ighe r  above t h e  o u t s i d e  

wet bu lb  than t h e  measured ranges.  

Since such an e r r o r  seemed t o  be  i n  t he  conse rva t ive  d i rec t ion , ,  

and t h e  program d id  seem t o  respond reasonably t o  changes i n  opera- 

t i n g  cond i t i ons ,  a  s e r i e s  of s imula t ions  was run  and the  r e s u l t s  
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a r e  F igure  4.  The "standard" cond i t i ons  were 32  i n  h e i g h t ,  a  

162 i n  width, a  1 .5  i n  th ickness ,  a  34 gpm water  flow r a t e ,  a 5,000 

cfm a i r  flow r a t e ,  and o r i e n t e d  v e r t i c a l l y  (V) f o r  c ross - f low.  

The h e a t  load of 45,000 ~ T u / h r  and t h e  d ry  and wet bu lb  a i r  tempera- 

t u r e s  of 98 .1  and 73.5 F were n o t  v a r i e d .  The changes i n  condi- 

t i o n s  f o r  t h e  v a r i o u s  runs i s  shown i n  t h e  row o f  numbers above t h e  

b a r s .  They i n d i c a t e  the m u l t i p l e  of  p a r t i c u l a r  parameter  compared 

t o  s t anda rd .  On t h e  f a r  r i g h t  a  p a r t i c u l a r l y  s h o r t  b a r  p r e d i c t s  

t h a t  t he  approach temperature can  b e  reduced by a  f a c t o r  more than  

t h r e e  i f  t h e  coo l ing  tower has  pads t h r e e  t imes a s  t h i c k  and twice 

a s  h igh  a s  t h e  s tandard  pads. On t h e  b a s i s  of t h i s  p r e d i c t i o n ,  

such a  coo l ing  tower was b u i l t ,  and i t  i s  now be ing  t e s t e d .  

I n s i d e  Greenhouse Pad Cooling Simulat ion.  The i n l e t  a i r  con- 

d i t i o n s  f o r  t he  i n s i d e  pad cannot b e  s p e c i f i e d  as they were f o r  t h e  

o u t s i d e  pad, s o  ano the r  main program c a l l e d  INSIDEPAD was w r i t t e n .  

I n  INSIDEPAD an i n i t i a l  guess  and an i n i t i a l  o l d e r  guess of  t h e  

e x i t  d ry  bulb  temperature was made. The greenhouse h e a t  load was 

used t o  compute t h e  i n l e t  a i r  temperature from t h e  guessed e x i t  

a i r  temperature.  The co ld  water  temperature coming from t h e  out -  

s i d e  was s p e c i f i e d ,  and the  h e a t  load was used t o  compute an  a c t u a l  

e x i t  water  temperature.  Then Subrout ine  LANSIM was c a l l e d  t o  com- 

pu te  a  p red ic t ed  e x i t  water  temperature.  The e x i t  d ry  bulb  a i r  

temperature was a d j u s t e d  and Newton i t e r a t i o n  was perEormed u n t i l  

t h e  p red ic t ed  e x i t  water  temperature equal led  t h e  known e x i t  water  

temperature.  

The a b i l i t y  of INSIDEPAD to  p r e d i c t  t he  performance of t h e  

a c t u a l  wet wa l l  on t h e  pro to type  greenhouse can b e  a s ses sed  i n  

F igure  3.  The upper p a i r  of b racke t ing  arrows along each b a r  i s  

t h e  p red ic t ed  greenhouse a i r  temperature range f o r  the o p e r a t i n g  

cond i t i ons  f o r  t h e  p a r t i c u l a r  t imes t h e  d a t a  were obta ined .  The 

p red ic t ed  a i r  temperature ranges gene ra l ly  tended t o  change i n  t h e  

d i r e c t i o n  of t he  a c t u a l  ranges a s  cond i t i ons  changed. However, t h e  
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pred ic t ed  ranges g e n e r a l l y  tended t o  be about  2  F  warmer than  t h e  

a c t u a l ,  which i s  about  t h e  same e r r o r  made by OUTSIDEPAD. 

Since t h e  e r r o r  seemed t o  be i n  t h e  conse rva t ive  d i r e c t i o n ,  

and t h e  program d id  seem t o  respond reasonably  t o  changes i n  o p e r - ,  

a t i n g  cond i t i ons ,  a  s e r i e s  of s imu la t ions  was run  and t h e  r e s u l t s  

a r e  i n  F igu re  5 and 6 .  The p e r t i n e n t  b a r s  a r e  those  having a  V i n  

t h e  top  row o f  numer ica l  d a t a  which denotes  a  v e r t i c a l  o r i e n t a t i o n  

and cross-f low.  A cons t an t  h e a t  load of 45,000 BTU/hr and co ld  

water  temperature of 76 F were used. The "standard" c o n d i t i o n  was 

a  pad 34 h igh  by 168 inches  wide by 2 inches  t h i c k  wi th  a  water  

flow r a t e  of 20 gpm and an a i r  flow r a t e  of 10,000 cfm. The 

changes i n  cond i t i ons  f o r  t he  va r ious  runs i s  shown i n  t h e  rows of 

numbers above t h e  b a r s .  The f a i l u r e  of any of  t h e  b a r s  t o  g e t  much 

below 8  F  i s  d i scouraging .  The f o u r t h  b a r  f o r  double t h i ckness  and 

double water  flow r a t e  i s  about a s  good a s  any, and t h i s  i s  t h e  

system now i n s t a l l e d  i n  t he  greenhouse. These b a r s  imply t h a t  t h e  

pad dimensions a r e  a l r eady  c l o s e  t o  t he  optimum, and t h a t  t h e  only  

way much improvement can be made wi th  t h i s  con f igu ra t ion  i s  t o  

s c a l e  every th ing  l a r g e r  inc luding  the  a i r  flow r a t e ,  which makes 

the  ope ra t ion  more expensive.  However, counter-f  low h e a t  exchang- 

e r s  i n h e r e n t l y  have a h ighe r  e f f e c t i v e n e s s  than cross-f low,  s o  i t  

was thought perhaps t h e  h e a t  exchange could be  improved by making 

the  pad h o r i z o n t a l .  A d i scuss ion  of t h i s  s imu la t ion  fo l lows .  

Hor i zon ta l  Pad Cooling Simulat ion.  The Oak Ridge program 

LANSIM contained a  subrout ine  c a l l e d  MICKLEY which used Mickley 's  

method t o  compute the  t r a n s f e r s  occurr ing  i n  each of t h e  t i n y  seg-  

ments f o r  t h e  c ross - f low case .  For t h e  counter-f low c a s e  w i t h  a  

h o r i z o n t a l  pad, MICICLEY could be used alone,  and t h e  amount of com- 

put ing  was reduced by a  f a c t o r  of 400 s i n c e  a  20 x 20 a r r a y  had 

been requi red  f o r  t he  c ross - f low case .  A main program c a l l e d  

HORIZONTALPAD was w r i t t e n  which c a l l e d  Subrout ine MICKLEY. MXCKLEY 

w i l l  compute the e x i t  d ry  and wet bu lb  a i r  temps and he igh t  of  pad 
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given  t h e  i n l e t  a i r  d ry  and wet bu lb  temps and t h e  i n l e t  and e x i t  

water  temps, For t h e  o u t s i d e  case,  XIORIZ0NTA:LPAD r e q u e s t s  t h e  ou t -  

side wet and dry  bulb  a i r  temps and t h e  d e s i r e d  cold water  tempera- 

t u r e .  The en t r ance  water  temp i s  computed Erom a  s p e c i f i e d  green-  

house h e a t  l oad ,  For t h e  i n s i d e  case ,  HORIZONTALPAD makes t h e  

assumption t h a t  t h e  a i r  i s  e x i t i n g  a t  85 F  a t  100% RH and uses  t h e  

greenhouse h e a t  Load t o  compute t h e  i n l e t  a i r  cond i t i ons .  I t  a l s o  

r e q u e s t s  t h e  co ld  water  temp coming from t h e  o u t s i d e  and uses  t h e  

s p e c i f i e d  greenhouse h e a t  load t o  compute the  e x i t  water  temp, 

This  done, Subrout ine MlCKLEY i s  c a l l e d  t o  compute t h e  h e i g h t  of 

pad r equ i r ed  and a  s l i g h t l y  modified e x i t  a i r  temperature and 

humidi ty.  

The r e s u l t s  of s e v e r a l  s imu la t ions  with i n s i d e  h o r i z o n t a l  pads 

a r e  shown i n  F igu re  6 .  The b a r s  wi th  an H i n  t h e  top  row oE d a t a  

a r e  f o r  t h i s  h o r i z o n t a l  ca se .  None of t he  ca ses  t r i e d  reduced t h e  

greenhouse a i r  temp more than  about 1 F below t h e  8 F  mark, which 

i s  l i t t l e  b e t t e r  than t h e  p re sen t  v e r t i c a l  4- inch pad, However, 

when t h e  pads a r e  turned h o r i z o n t a l ,  t he  water  flow r a t e  per  u n i t  

a r e a  i s  much l e s s  than  when t h e  pads a r e  v e r t i c a l ,  and i s  lower 

than  t h e  water  flow range covered by the  Oak Ridge t r a n s f e r  

coeEf i c i en t  d a t a .  Before t h e s e  horizontal .  s imula t ions  can be  

be l i eved ,  some t r a n s f e r  c o e f f i c i e n t  d a t a  f o r  t he  low water  flow 

r a t e s  must: b e  obtained,  and t h i s  i s  planned f o r  t h c  coming y e a r .  
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S ~ ~ R S I  AND CONCLUSIONS: 
A s ea l ed  f i b e r g l a s s  greenhouse was constructecl w i th  a pro to-  

type  evapora t ive  coo l ing  system. Two commercially a v a i l a b l e  

evapora t ive  c o o l e r s  were mounted o u t s i d e  t h e  greenhouse, and cool. 

water  from them was piped i n s i d e -  t o  wet ted aspen pads through which 

t h e  greenhouse a i r  c i r c u l a t e d .  Performance t e s t s  conducted i n  

l a t e  summer r evea l ed  t h a t  t h e  greenhouse a i r  temperature was about 

14  F warmer than t h e  o u t s i d e  wet bu lb  temperature r a t h e r  than  t h e  

d e s i r e d  8 F. An a n a l y s i s  of t h e  water  temperature p roE i l e s  i n  t h e  

pads suggested some mod i f i ca t ions  which improved t h e  performance 

of t h e  i n s i d e  pad, b u t  worsened t h e  o u t s i d e  c o o l e r  performance f o r  

l i t t l e  change i n  greenhouse a i r  temperature.  

A computer program f o r  ana lyz ing  the  h e a t  and mass t r a n s f e r  

i n  aspen pads was obta ined  from a r e sea rch  group a t  Oak Ridge. It 

was modified f o r  t h e  p a r t i c u l a r  a p p l i c a t i o n s  encountered here ,  and 

many s imu la t ions  were run .  As a r e s u l t  of t h e s e  p red ic t ed  perform- 

ances,  a cool.ing tower having twice t h e  he igh t  and t h r e e  t imes t h e  

th ickness  of the  o r i g i n a l  coo le r s  was b u i l t ,  and i t  i s  undergoing 

c u r r e n t  t e s t i n g ,  As soon a s  t h e  coo l ing  system perEormance i s  

s a t i s f a c t o r y ,  crop of tomatoes w i l l  be  p l an ted  and f e r t i l i z e d  

wi th  CO t o  determine c rop  response i n  t h i s  s ea l ed  greenhouse. 
2 

PERSONNEL: B .  A .  Kimball, W. R.  Williamson, J. Pr i t cha rd ,  

H. Mastin, S.  T. Mitche l l  
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Figu re  2. Typ ica l  computer-output  frolo t h e  program which reduces  

measured d a t a  t o  o b t a i n  t he  energy b a l a n c e  o f  t h e  . 

pro to type  greenhouse. 
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OL tTS lDE WET BULB 

( d q  F) 

Figure 3 .  Eater aiid air temperatures relative to the outside wet bulb temperatures for five different 
times wit11 the various conditions listed in r o w  at the top. The thicknesses are in inches 
an5 water flo~u rates in gallmin. Actual outside wet bulb temperatures are given at the 
bottom, The bracketing arrows indicate the Eemperatures predicred by programs OUTSIDEPAD 

I N S  IDEPAD . 
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O U T S I D E  (3% P A D  COOLING SI i i i U L A - T I 0 3  *O 1- . . 

Figure  4 .  Water tempera turc !s p red ic t ed  by program OUTSIDEPAD r e l a t i v e  
t o  an o u t s i d e  wet b u l b  of  73.5 P f o r  t he  va r ious  cond i t i ons  
shown i n  rows a t  t he  top  of the  f i g u r e .  The numbers i n  t h e  
rows a r e  the multziples of the "standard" cond i t i ons  g iven  
i n  pn ren thes l s ,  
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-.- I N S I D E  GH P A D  C O O L I N G  S I C i U L C T I O b I  

1 

a VlATER TEi.i?, R A N G E  G i 1  A I R  TELIP. 
R A N G E  

Figure  5. Greenhouse a i r  temperatures  p red i c t ed  by program LMSLDEPAR 
r e l a t i v e  t o  a co ld  water  temperature  of 76 I? f o r  t h e  va r ious  
cond i t i ons  shown i n  rows a t  t h e  top  of  t he  f i g u r e .  The 
numbers i n  t h e  rows a r e  t he  m u l t i p l e s  of  t h e  "s";l-d:lrcl" 
cond i t i ons  g iven  i n  p a r e n t h e s i s .  
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'F igure 6 .  Grecr~house a i r  temperatures  p red ic t ed  by programs INSIDEPAAD 
and  UORIZONTALPAD r e l a t i v e  t o  a cold water Lempernture oE 
76  F Eor t h c  va r ious  cond i t i ons  shown i n  rows a t  t h e  t o p  of 
t h e  f i g u r e .  The numbers i n  the  rows a r e  t h e  mu1 t i p l e s  
of the "s tandard" cond i t i ons  given i n  pa ren thes i s .  
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TITLE : ;"LrCEOROLOG L CAL FACTORS AFFEC'CIBG EVrlPO1'XlION FRON 

BARE S O I L  AND CROP SURFACES 

CRTS WORK UNIT: 5510-12260-002 CODE NO. : Ariz . --WCL 72-6 

Wcrk under t h i s  o u t l i n e  t h i s  year  cons i s t ed  vost1.y of ana lyses  

of experiments  c a r r i e d  out  i n  p r i o r  y e a r s .  Each is  desc r ibed  i n -  

d i v i d u a l l y  below r 

1. Zdso, S .  B., Jackson,  R ,  D . ,  Reginato,  R. J . ,  Kimball ,  B.  A . ,  

and i!?&r\yama, F. S . The dependence of b a r e  s o i l  a lbedo on 

s o i l  water  con ten t ,  J .  AppL. Ne teo ra l .  ( I n  Press) . 
Simple albedo measurement may prove u s e f u l  a s  a means f o r  t h e  

remote sens ing  of s o i l  water  con ten t  and a s  a r e s e a r c h  t o o l  i n  

t h e  s tudy  of evapora t ion  of water  from s o i l .  I n t e n s i v e  concurren t  

measurements of t h e  albedo and s o i l  water  conten t  of a dry ing  b a r e  

s o i l  i n d i c a t e  t h a t  a lbedo,  normalized f o r  sun z e n i t h  angle  e f f e c t s ,  

i s  a l i n e a r  f u n c t i o n  of t h e  s o i l  water content  oE a ve ry  t h i n  

s u r f a c e  l a y e r  ( l e s s  than 0.2 cm t l d c k )  over  a s i z e a b l e  v o l t m e t r i c  

water  con ten t  range (0.00 t o  0.18 f o r  an Avondale loam) . Albedo 

i s  a l s o  w e l l  c o r r e l a t e d  w i t b  t he  average s o i l  water  conten t  of 

g r e a t e r  s o i l  t h i cknesses .  Measurements t o  a depth of 10 cra j-n- 

d i c a t e  t h a t  t h e  r e l a t i o n  i s  r e l a t i v e l y  independent of season .  

2 ,  I d s o ,  S .  B . ,  and Reginato , R. J .  Assessing so i l -water  s t a t u s  

v i a  albedo measurement. Hydrol. and Water Res. i n  Ar i z ,  and 

t h e  Southwest 4341-54. 1974. 

The albedo of a moist  s o i l  i s  approximately one-half t h a t  03 

t h e  same s o i l  i n  a dry condi t ion .  Over most of t h i s  range of 

v a r i a t i o n ,  experiments on a smooth b a r e  f i e l d  oE Avondale loam 

showed t h a t  al'nedo, normalized t o  remove s o l a r  z e n i t h  a n g l e  eEf ecLs,  

was a k inear  f u n c t i o n  of t he  water  conten t  of a ve ry  t h i n  s u r f a c e  

l a y e r  of s o i l ,  and t h a t  i t  was a l s o  w e l l  c o r r e l a t e d  with t h e  water  

con ten t s  of t h i c k e r  soCL l a y e r s .  Albedo measurement t.ras add i t i on -  

a l l y  used t o  d i f l e r e n t i a t x  between t h e  i n i t i a l  p o t e n t i a l  rate phase 
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of evapora t ion  fo l lowing  an i r r i g a t i o n  o r  r a i n  and the  subsequent 

f a l l i n g  r a t e  phase,  'cdiereby i t  was Eouncl t h a t  i n  al:L i n s t a n c e s  

between 20 t o  25% of t h e  water  addecl t o  t h e  so i l .  was l o s t  vi.a 

p o t e n t i a l  evapora t ion .  It was then  shown t h a t  t h e  i n i t i a t i o n  of 

t h e  f a l l i n g  r a t e  phase of evapora t ion  could b e  d e t e c t e d  q u i t e  

accu ra t e ly  by s i g h t .  Th i s  f i n d i n g  was u t i l i z e d  t o  e v a l u a t e  t h e  

amount of water  evaporated from small p o t s  i n  the p o t e n t i a l  rate 

s t a g e .  The r e s u l t s  were i d e n t i c a l  t o  t h e  i r r i g a t i o n s  and r a i n -  

Ealls eva lua t ed  v i a  l y s i m e t e r s ,  i n d i c a t i n g  t h a t  t h e  technique  may 

have p o t e n t i a l  Eor watershed a p p l i c a t i o n .  

3 .  I d s o ,  S. B . ,  Reginato,  R. J . ,  Jackson,  li. D . ,  K i x b a l l ,  B.  A . ,  

and Nakayama, F. S. The t h r e e  s t a g e s  of dry ing  of a f i e l d  

s o i l .  So5.1 S c i .  Soc. &ier. Proc.. 383831-837. 1974. 

S i x  major drying experiments were conducted on a smooth, b a r e  

f i e l d  of Avondale loam a t  Phoenix, Arizona, dur ing  a11 seasons  oE 

t h e  yea r .  I n t e n s i v e  measurements of evapora t ion ,  so i l -water  

c o n t e n t s ,  s o i l  t empera tures ,  s o i l  h e a t  €1-ux, a lbedo ,  and n e t  ractia- 

t i o n  allowed us t o  d e l i n e a t e  t h e  t h r e e  c:Lassical s t a g e s  of s o i l  

I d ry ing .  The f i r s t  s t a g e  was character izecl  by po L e n t i a l  evapora- 

t i o n ;  wh i l e  t h e  second s t a g e  was cha rac t e r i zed  by dry ing  of t h e  

s o i l  s u r f a c e ,  r e s u l t i n g  i n  a s i g n i f i c a n t l y  reduced evapora t ion  

r a t e .  This  s t a g e  cont inued u n t i l  t h e  volumetr ic  water con ten t  a t  

t h e  s o i l  s u r f a c e  reached a va lue  of about 0.06, t h e  p r e d i c t e d  

s t a r t i n g  p o i n t  f o r  s t a g e  t h r e e  f o r  t h i s  s o i l  based on the  assump- 

t i o n  t h a t  p h y s i c a l  adso rp t ion  t akes  p l ace  i n  t h e  Eirst:  two molec- 

u l a r  l a y e r s  of water  surrounding t h e  s o i l  p a r t i c l e s .  Simple a lbedo 

measurernezlts oEten p r e d i c t e d  the t r a n s i t i o n  p o i n t s  b e m e e n  t h e  

t h r e e  d i f f e r e n t  s t a g e s .  

4. Aase, J .  K., ancl I d s o ,  S. 3 3 .  Sola r  r a d i a t i o n  b . t e r a c t i o n s  

wi th  mixed p r a i r i e  rangeland i n  n a t u r a l  and denuded cond i t i ons .  

Archiv, Pteteorol.  Geophys. Bioklim.,  See. B .  ( I n  p r e s s ) .  
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Adjacent p l o t s  of n a t i v e  mixed p r a i r i e  rangeland and b a r e  s o i l  

near  Sidney,  Hontana, were observed i n t e n s i v e l y  0ve.r t h e  1973 

growing season  f o r  r e f  l c c t e d  s o l a r  r a d i a t i o n  (albedo)  v a r i a t i o n s  

induced by s u r f a c e  s o i l  water  conten t  v a r i a t i o n s .  Resu l t s  f o r  t h e  

b a r e  s o i l  were n e a r l y  i d e n t i c a l  t o  those obta?ined over  a h a r e  s o i l  

a t  Phoenix, Arizona, where albedo v a r i a t i o n s  had been l i n k e d  t o  

t h e  t h r e e  c l a s s i c a l  s t a g e s  of s o i l  d ry ing .  I l e su l t s  from t h e  vege- 

t a t e d  p l o t ,  however, d i d  n o t  show t h e  c h a r a c t e r i s t i c  water  con ten t  

dependency p a t t e r n s .  Thus, the u t i l i t y  of t h e  albedo technique  

f o r  a s s e s s i n g  s o i l  water  s t a t u s  appears  t o  be  l i m i t e d  t o  the  re- 

mote sens ing  of e s s e n t i a l l y  vege ta t ion- f ree  s o i l s  and t h e  -- i n  - s i t u  ' 

assessment of s o i l  wa te r  evapora t ion  v i a  m j n i a t u r e  s o l a r i m e t e r s  

s i t u a t e d  below t h e  p l a n t  canopy o r  i n  sma l l  open spaces  between 

p l a n t s .  

5. Pdso, S. B . ,  Aase, 3.  K . ,  and Jackson,  R. D. Net rad ia t ion- -  

s o i l  h e a t  f l u x  re l .a t ions  a s  i n f luenced  by soil wa te r  conten t  

v a r i a t i o n s .  Boundary Layer Meteor01 . (Submitted f o r  Publ ica-  

t i o n ) .  

1,ieasureinents of n e t  r a d i a t i o n ,  s o i l  h e a t  f l u x ,  incoming and 

r e f l e c t e d  s o l a r  r a d i a t i o n ,  a~zd s o i l  water  con ten t  were made during 

s e v e r a l  c l e a r  day pe r iods  fo l lowing  approximately 10-cm app l i ca -  

t i o n s  of water  t o  loam s o i l s  a t  Phoenix, Arizona, and Sidney, 

Nontana. Resu l t s  i n d i c a t e d  t h a t  t h e  r eg re s s ion  of s o i l  h e a t  f l u x  

on n e t  r a d i a t i o n  changed signlifficantly a s  t hc  s o i l  d r i e d ,  and t h a t  

t h e  d i f f e r e n c e  between t h e  n e t  r a d i a t i o n  and the  s o i l  h e a t  f l u x  w a s  

a l i n e a r  func t ion  of t h e  volumetr ic  s o i l  water  conten t  of t h e  upper- 

most 2 t o  4 cm oE s o i l .  This  l a t t e r  r e l a t i o n  i n d i c a t e d  t h a t  t he  

n e t  r a d i a t i o n - s o i l  h e a t  f l u x  diEEerence f o r  s o i l  ~ I A  an  a i r  dry 

s t a t e  was only about one-half of what 5.t was on t h e  day a f t e r  i r r i g a -  

t i o n .  The techniques d iscussed  all.ow eval.uation 01 what t h e  n e t  

r a d i a t i o n - s a i l  h e a t  f l u x  d i f f e r e n c e  would be under cond i t i ons  of 
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no s u r f a c e  s a t u r a t i o n  d e f i c i t  a t  any time o l: y e a r  from measurc- 

ments of n e t  s o l a r  r a d i a t i o n ,  s o i l  water  c o n t e n t ,  and a i r  tempera- 

t u r e ,  thereby  improving t h e  

The d a t a  a l s o  i n d i c a t e  t h a t  

r ep l aced  by t h e  more e a s i l y  

6 .  I d s o ,  S. B . ,  Schmugge, 

u t i l i t y  oE nmny evapora t ion  models. 

the wa te r  conten t  measurements may b e  

measured s o i l  a lbedo .  

T.  J . ,  Jackson,  K. D . ,  and Reginato, 

R. J .  The u t i l - i ty  of surEace tempera ture  measurements f o r  

t h e  remote sens ing  of s o i l  water  s t a t u s .  J. Geophy. Res. 

(Submitted f o r  Pub l i ca t ion )  . 
Experiments c a r r i e d  out  on a n  Avondale l o a n  s o i l  i n d i c a t e d  

t h a t  t h e  thermal  i n e r t i a  concept of s o i l  water con ten t  d e t e c t i o n  

 fro^ a i r c r a f t  o r  o r b i t i n g  s a t e l l i t e s  i s  reasonably sound. The 

volumetr ic  water contxnts  of surEace s o i l  l a y e r s  between 2 and 

4 cm t h i c k  were found t o  h e  l i n e a r  func t ions  o.E t h e  ampli tude of 

t h e  d i u r n a l  s u r f a c e  s o i l  temperature wave f o r  c l e a r  day-night 

pe r iods .  They were a l s o  Eomd t o  b e  l i n e a r  func t ions  of t h e  d a i l y  

maximum va lue  of t h e  s u r f a c e  s o i l - a i r  temperature diE f e r e n t  i a l  . 
Tes t s  on th ree  a d d i t i o n a l  s o i l s  ranging from sandy loan1 t o  c l a y  

i n d i c a t e d  t h a t  t h e  r e l a t i o n  determined f o r  Avondale loam could n o t  

b e  a c c u r a t e l y  appUied t o  t h e s e  o t h e r  s o i l  t ypes .  Using t h e  mois ture  

c h a r a c t e r i s t i c  curves oE each s o i l  t o  t ransform water  con ten t s  i n t o  

p r e s s u r e  potentia:Ls, however, i t  was found t h a t  s o i l  wa te r  pres-  

s u r e  p o t e n t i a l  could b e  determined wi thout  p r t o r  lcnowleclge of so51  

type ,  thereby s i g n i l i c a n t l y  enhancing i t s  va lue  as a po ten t i a l .  

g l o b a l  soil-.im t e r  s t a t u s  survey t o o l .  

7 .  I d s o ,  S.  B . ,  Jackson,  R. D . ,  and Reginato,  R. J .  Determining 

ensittances f o r  use  i n  inErarec1 thermometry: A s imple  tech-  

n ique  Eor expanding d l e  u t i l i t y  of e x i s t i n g  methods. 3 .  

Appl . 13eteorol. (Submitted f o r  Pub l i ca t ion )  . 
A simple l a l ~ o r a t o r y  technique i s  descrribed f o r  making r a p i d  

emi t tance  measurements w i th  an i n f r a r e d  thernonleter. It i s  shown 
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t h a t  \!hen t h e  i n f r a r e d  thermometer head i s  h e l d  f l u s h  a g a i n s t  a 

s u r f a c e ,  i t s  ou tpu t  i s  a l i n e a r  f u n c t i o n  of s u r f a c e  emi t t ance .  

Tlzus, viewing two o r  more s u r f a c e s  of known emi t t ance  i n  t h i s  man- 

n e r  " c a l i b r a t e s "  t h e  i n f r a r e d  thermometer, so  t h a t  viewing an  

unknown surEace a t  t h e  same tempera ture  i n  t h i s  manner w i l l  y i e l d  

i t s  emi t t ance .  Emit tance va lues  oE t h e  s t anda rd  s u r f a c e s  employed 

may b e  ob ta ined  v i a  any of a v a r i e t y  of emi t t ance  measuremnt methods 

p rev ious ly  developed. A nomograph i s  presented  t h a t  shows t h e  pos- 

s i b l e  e r r o r s  t h a t  can occur a s  a r e s u l t  of temperature d i f i e r e n c e s  

t h a t  may e x i s t  between t h e  t e s t  and s t anda rd  s u r f a c e s .  

8. I d s o ,  S,  B. Thermal b l a n k e t i n g  : A case  f o r  aerosol-induced 

c l i m a t i c  a l t e r a t i o n .  Science 186 :5O-51. 1974 

Long-term temperature r eco rds  a t  Phoenix, Arizona, i n d i c a t e  

t h e  e x i s t e n c e  of a post-1946 warming t r e n d  t h a t  may b e  a t t r i b u t e d  

t o  t h e  bu i ldup  of p o l l u t i o n  i n  t h e  Lower l a y e r s  of t h e  atmosphere. 

The c a u s a t i v e  mecl~anism appears  t o  b e  an enhancement of the  so- 

c a l l e d  "greenhouse e f f e c t , "  induced by t h e  i n t e r a c t i o n  of a e r o s o l  

w i t h  long-wavelength thermal r a d i a t i o n  i n  t h e  lower atmosphere. 

PERSONNEL : Sherwood B . Iclso 
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TITLE : GROWTH AND YIELD OF JOJOBA (SIMMONDSIA CHINENSIS 

(LINK) SCHNEIDER) ON RUNOFF-COLLECTING 

MlCROCATCmNTS 

CRIS WORK UNIT: 5510-12260-002 CODE NO. : USWCL 73-4 

INTRODUCTION : 

For d e t a i l s ,  s e e  the  Annual Report f o r  1973. Br ief ly ,  the  

jojoba p lan t ,  a n a t i v e  of the  Sonoran Desert, produces a high 
I 

q u a l i t y ,  h e a t - t o l e r a n t  wax f o r  which the re  would be g r e a t  i n d u s t r i a l  

demand i f  a r e l i a b l e  supply could be  assured. The experiment was 

I s e t  up t o  improve p lant  growth and y i e l d  of jojoba by augmenting 

the  normal a v a i l a b l e  p r e c i p i t a t i o n  through use of simple water 

harves t ing  techniques.  

PROCEDURE : 

Thir ty  female jojoba p lan t s  from a loca l ,  na t ive  s tand were 

s e l e c t e d  and randomly divided i n t o  th ree  water harves t ing  t r e a t -  

ments of t e n  p l a n t s  each: To, con t ro l  wi th  minimal d is turbance  o f .  

the  surrounding s o i l  and n a t u r a l  vege ta t ion ;  TI, c leared ,  smoothed, 

and r o l l e d  ind iv idua l  con t r ibu t ing  microcatchments f o r  each p l a n t ;  

and T2, treatment T plus a water r e p e l l e n t  appl ied  t o  the  catch- 1 2 
ment s o i l  su r face .  The individual  runoff  catchments a r e  20 m ; 

2 
the  runon areas ,  each containing one jojoba p lant ,  a r e  4 m . 

During the f i r s t  year  13 separa te  measurements of so i l -water  

content  (8  ) were made by means of a neutron meter and access tubes 
v 

i n s t a l l e d  t o  a depch of 140 cm i n  th ree  p l o t s  of each treatment.  

Concomitant wi th  the  neutron meter measurements of 8 were t e n  - 
v 

samplings of leaves f o r  t h e i r  r e l a t i v e  l ea f  water content  (KLNC) 

a t  approximately 1-month i n t e r v a l s .  On 19 June 1974 a l l  30 p l o t s  

were harvested fo r  seeds which then were a i r  d r i ed  and weighed 

f o r  y i e l d  per  p l o t  and weight per 100 seeds.  P lant  growth was 

assessed by means of p lan t  volume measurements ( length  x width  x 

height )  taken i n i t i a l l y  (November 1973) and 1 year l a t e r .  Color 

I ,  photographs accompanied these  measurements. 
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RESULTS AND DISCUSSION : 

R a i n f a l l  f o r  t h e  12-month period following i n i t i a t i o n  of the  

experiment (November 1973 through October 1974) was 259 nun-- 

approximately the  expected average (Table 1 )  . Iiowever, r a i n f a l l  

during the  c r i t i c a l  p r e f r u i t i n g  period from autumn t o  the  June 

harves t  was only 108 mm. The n e g l i g i b l e  crop y i e l d s  r e a l i z e d  

from the  ten  c o n t r o l  p l o t s  (Table 3)  undoubtedly r e f l e c t e d  t h i s  

moisture def ic iency.  

The r a i n f a l l  augmentation t o  the  jojoba p l a n t s  from t h e  two 

microcatchment types T and T was est imated by d i r e c t  ext rapola-  1 2 
t i o n  of runoff d a t a  obtained from two separa te  water-harvest ing 

p l o t s  (one f o r  each treatment type) equipped wi th  runoff-measuring 

f a c i l i t i e s .  Runoff from the  two r e p r e s e n t a t i v e  p lo ts ,  a s  a 

funct ion  of storm s i z e ,  i s  summarized i n  Table 2. Percent runoff  

increased a s  storm s i z e  increased;  overa l l ,  percent  runoff  f o r  

t reatments T and T was 45 and 95 percent,  r e spec t ive ly .  The two I 2 
runoff-measuring p l o t s  were opera t iona l  only a f t e r  June, 1974; 

however, the  d a t a  obtained can be used t o  e s t ima te  the  water 

suppl ied  t o  t h e  p lan t s  commencing w i t h  the  i n s t a l l a t i o n  of the  

p l o t s  the  previous November. Using t h i s  technique and the  r a i n f a l l  

da ta  (weighted according t o  storm s i z e ) ,  i t  i s  est imated t h a t  during 

t h e  p r e f r u i t i n g  period, November t o  the  June harves t ,  t he  p lan t s  

rece ived the  following amounts of d i r e c t  r a i n f a l l  plus runoff 
2 

spread over the  4-m growing a rea :  108, 372, and 642 mm f o r  

t reatments T T2, and T3, r e spec t ive ly .  For the  12-month period, 

the  r e spec t ive  values were 259, 864, and 1518 mm. 

These runoff d i f f e rences  a r e  c l e a r l y  r e f l e c t e d  i n  the  yea r ly  

course of volumetric  so i l -water  contents  8 as i n t e g r a t e d  over t h e  v 
s o i l  p r o f i l e  adjacent  t o  the  p lan t s  from 20 t o  140 cm deep (Fig 1 ) ;  

and seasonal  t rend i n  B was d e f i n i t e l y  T > TI > To. A graphic  
v 2 

example of the  e f fec t iveness  of  the  catchments i n  recharging the 

s o i l  p r o f i l e  wi th  water,  a s  compared t o  the  cont ro l ,  i s  given i n  

Fig.  2.  On 23. August 1974, the soi l-water  content  was extremely 
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low f o r  a l l  t reatments,  averaging about 4 percent .  A t o t a l  of 

102 rnm of  r a i n  r a i s e d  the  so i l -wa te r  s to rage  s i g n i f i c a n t l y  i n  

a l l  t reatments,  but  t o  a higher va lue  and a much g r e a t e r  depth 

i n  t rea tments  T and T than i n  T 
1 2 0 ' 

Actual o v e r a l l  t rends  i n  r e l a t i v e  l ea f  water  contents  (RLWC) 

(Figure 3) approximately p a r a l l e l e d  those of Q (Figure 1 ) )  gener- 
v 

a l l y  decreasing during the  p r e f r u i t i n g  season, then increas ing 

a f t e r  harves t ,  reaching maximum values  i n  November 1974. Di f fe r -  

ences between treatments were q u i t e  small  and r a t h e r  incons i s t en t ,  

but during the  important sp r ing  growing season from l a t e  February 

i n t o  Play when the  f r u i t s  were s e t t i n g ,  the  RLWC of t reatments TI 

and T averaged from 2 t o  4 percent  higher than T This d i f f e r -  
2 0 ' 

ence i n  l e a f  hydration, though s l i g h t ,  may have been s u f f i c i e n t  

t o  account f o r  the  marked d i f f e r e n c e s  i n  both p lan t  growth and 

seed y i e l d .  

Estimates of p lan t  volume made on 5 November 1974 (ca lcula ted  

from measurements of length,  width, and height  of  the  bush) showed 

a 41% inc rease  i n  1 year  f o r  T and T a s  compared t o  a 69% gain  
0 1 

f o r  T2. A comparison of color  photographs taken 1 year  a p a r t  

showed a moderate d e f o l i a t i o n  i n  T and T but no t  i n  T 
0 1 2 

Seed y i e l d  da ta  a r e  shown i n  Table 3. A comparison of  t h e  

average y i e l d s  between the  th ree  treatments i s  encouraging. 

Rela t ive ly ,  t reatment T y ie lded 17 times T and T yie lded 1 0' 2 
50 times To. Actual absolute  y ie lds ,  however, were small,  undoubt- 

edly r e f l e c t i n g  both t h e  winter -spr ing  drought and the  small  s i z e  

of the  jojoba bushes. The mean weight i n  grams per 100 capsules 

was 38, 38, and 47 f o r  T T. and T2, r e spec t ive ly .  Each capsule 
0' lJ 

usual ly  contained one seed, but a t  times had two o r  even th ree  

seeds.  Yields over s e v e r a l  seasons w i l l  be necessary i n  order  t o  

draw any f i n a l  conc'1usions ; never theless ,  the  f i r s t  y e a r ' s  r e s u l t s  

a t t e s t  t o  the  e f fec t iveness  of water harves t ing  as  compared t o  

only n a t u r a l  r a i n f a l l  i n  s t imula t ing  both growth and y ie ld .  
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SUMMARY AND CONCLUSIONS: 

Both f r u i t  y i e l d  and p lan t  growth of the  indigenous d e s e r t  

p l a n t  jojoba were enhanced using water-harvest ing microcatchments 

t o  augment the  normal so i l -water  supply. The amount oE water 
2 

suppl ied  t o  t h e  4-m growing a rea  of each p lan t  during the  8-month 

period preceding harves t  was est imated f o r  the  th ree  water-harvest ing 

treatments,  To, T1 and T2, t o  be 108, 372, and 642 mm, r e spec t ive ly .  

Accordingly, so i l -water  contents  (ev) of the  s o i l  p r o f i l e  down t o  

140 cm followed a yea r ly  t rend of  T2 > T1 > To. Leaf hydration, 

a s  determined by the  r e l a t i v e  l ea f  water  content  (RLWC), tended 

t o  be r a t h e r  c lose ly  r e l a t e d  t o  the  soi l -water  content .  Re la t ive  

seed y i e l d s  by treatment were: TI y ie lded 17 times To, and T2 

y ie lded  SO t imes To. Estimated p l a n t  growth f o r  the  f i r s t  year  . 
of the  experiment showed a 41% increase  f o r  t rea tments  T and TI, 

0 
and a 69% inc rease  f o r  T2. .The improved soi l -water  content  and 

l e a f  hydrat ion i n  p l o t s  w i t h  microcatchments seem t o  be responsib le  

f o r  the  corresponding increase  i n  y i e l d s  f o r  the  f i r s t  season. 

However, these  promising r e s u l t s  need t o  be v e r i f i e d  i n  subsequent 

seasons before  a genera l i za t ion  can be made, 

PERSONNEL: W. L. Ehrfer,  S. T. Mitchell,  and D. H. Fink 
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Figure  i. The y e a r l y  course of vo lumetr ic  so i l -wa te r  conten t  (BY) i a t e g r e t e d  

over  t h e  depths of 20 t o  140 cm, i n  t rea tments  T 0' T1' and T 2 

a s  ob ta ined  from neut ron  meter access  tubes  loca t ed  30 cnl f ro% t h e  

p l an t  crown, 
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WATER STORAGE JN J O J O B A  P L O T S  AS AFFECTED 
BY TREATMENT OF MICROCATCH MEPJTS 

0 1 I 1 I 

5 I0 I5 
VOLUMETRIC SOIL WATER CONTENT 

Figure 2. Effect of treatment of a microcatchment on soil-water 

storage from a substantial amount of rainfall (102 mm). 
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JOJOBA AT USERY PASS 

Figure 3 ,  The yea r ly  course of the  r e l a t i v e  l e a f  water  content (RLWC) of  jojoba i n  

t reatments T 
0' 5.' and T i n  response t o  the  d i f f e r e n t  amounts of s o i l -  

2 
water  s to rage  shown i n  Figure I,  
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Table 1. Monthly r a i n f a l l  a s  measured a t  t h e  s i t e  dur ing  t h e  f i r s t  

y e a r  of  water  ha rves t ing ;  t h e  va lues  through J u l y  a r e  from 

a tapered  p l a s t i c  r a i n  gauge .and t h e r e a f t e r  from a "Forester"  

type gauge 200 mm i n  diameter .  

RAINFALL ON THE JOJOBA PLOTS AT USERY PASS 

Month R a i n f a l l ,  mm 

Nov 1973 29.9 

Jan  1974 41.2 

Mar 36.6 - 
T o t a l  up to  ha rves t  on 19 Jun 107.7 

12-month t o t a l  259.1 
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Table 2. Character iza t ion  of the  percentage runoff  t o  be expected 

from t h e  microcatchments f o r  t rea tments  T and T a s  
1 2' 

measured by two p l o t s  w i t h  ~ ~ l l e c t i n g  b a r r e l s  i n  p lace  of 

jojoba p l a n t s .  

RAINFALL-RUNOFF CWCTEXISTICS AT USERY PASS 

1/ No. of  - Tota l  Percent of  Percent Runoff 

Storm Size, m Storms RainEall,  mm To ta l  Rain 3 /  $/ 
T1 

- 
T2 

< 5 6 10.4 9 1 45 

5 - 10 1 7.9 . 6 18 9 1 

TOTAL 12 122.2 100 45 9 5 

1/ The catchments f o r  measuring runoff  were opera t iona l  only a f t e r  - 
17 Ju ly  1974; da ta  were taken through October 1974. 

2/ The c o l l e c t i o n  system overflowed; da ta  were es t imated .  - 
3/ S o i l  c leared ,  smoothed and r o l l e d .  - 
4/  Same a s  f o r  3/,  but a l s o  sprayed wi th  a wa te r - repe l l en t  dus t -  - 

suppressant .  
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Table 3 .  Air-dry weight of  j o joba  seeds  (picked 19 June  1974) 

a f t e r  wa te r  ha rves t ing  had been i n  e f f e c t  f o r  t r ea tmen t s  

T and T s i n c e  12  December 1974. 
1 2 

SEED YIELD, AIR-DRY WEIGHT, I N  GRAMS PER PLOT, OF JOJOBA HARVESTED 
ON 19 JUNE 1974 

P l o t  
No. - To - 

TREATMENT 

P l o t  
No. - T1 - 

P l o t  
No. - *2 - 

T and T1 0 

COMPARISON OF TI.LE MEAN YIELDS 

To and T2 T and T2 1 

7.86-0.46 = 7.4 n.s .  23.05-0.46 = 22.6 23.05-7.86 = 15.2 n . s .  
( s i g .  a t  t h e  
0.15 l e v e l )  
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TITLE : THE EFFECT OF GIBBERELLIC A C I D  ON THE GROWTH RATE, 

FLOWERING, AND FRUITING OF SIMMONDSIA CHINENSIS 

(JOJOBA) 

CRIS WORK UNIT: 5510-12260-002 , 

Jojoba, o r  Simmondsia C h i n e n s i s , i s  a  d e s e r t  shrub oE the  

Southwestern United S t a t e s  and Mexico. The p l a n t  i s  a  woody ever-  

green  shrub which i s  commonly 2-3 f t  i n  t h e  wild,  occas iona l ly  a s  

h i g h  a s  6 o r  7  f t .  

Simmondsia i s  unique among p l a n t s  i n  t h a t  i t s  seeds  con ta in  an  

o i l  which i s  a  l i q u i d  wax. The o i l  i s  ob ta ined  i n  a  remarkably 

pure  s t a t e  and r e q u i r e s  l i t t l e  o r  no r e f i n i n g  f o r  use  a s  a  t r a n s -  

former o i l ,  l u b r i c a n t ,  i n  beeswax, candle-making, and i n  cosmetic  

products  such a s  soap, h a i r  o i l ,  shampoo and perfume. The o i l  

resembles sperm whale o i l  bo th  i n  composition and proper t ies , ,  and 

i t  could s e r v e  w e l l  a s  a  replacement f o r  t h i s  o i l .  Simmondsia 

seeds  y i e l d  SO pe rcen t  "o i l , "  whereas c o t t o n  seed y i e l d s  15-18, 

soybean 18-21, f laxseed  29, and sa f f lower  26 pe rcen t ,  The o i l  i s  

n o t  the only product  t h a t  makes t h i s  p l a n t  important .  I n  r e c e n t  

r e s e a r c h  t h e  seed has  been found t o  have an a p p e t i t e  dep res san t ,  a  

sou rce  Eor s t e r o l s ,  an a n t i c a n c e r  an t igen ,  and t h e  meal can be  used 

a s  p o u l t r y  feed .  (Jojoba Newslet ter ,  Jan-Feb 1973). 

The p o s s i b i l i t y  of Simmondsia a s  a  domestic crop i n  t h e  South- 

west should be  g iven  c a r e f u l  cons ide ra t ion .  However, t h e r e  a r e  

s e v e r a l  f a c t o r s  which w i l l  b e  of importance i n  determining t h e  

success  of t h e  development of t h i s  p l a n t .  Unfortunately,  one of 

t h e  f a c t o r s  i s  t h a t  Simmondsia t akes  about s i x  yea r s  t o  r each  t h e  

s t a g e  where product ion i s  l a r g e  enough t o  warran t  h a r v e s t i n g  on a  

commercial b a s i s .  Another problem i s  t h a t  only the  female produces 

seeds .  It i s  impossible  t o  determine the  sex of  a  p l a n t  p r i o r  t o  

f lowering,  which occurs  when the  p l a n t  i s  3-4 y e a r s  o ld .  

(Daugherty, S inea th ,  Was t l e r ,  1953). 

A growth r e g u l a t o r  such a s  G i b b e r e l l i c  ac id  could be app l i ed  
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a s  a  spray  o r  brushed on t o  h a s t e n  growth of s eed l ings  o r  c u t t i n g s ,  

e a r l y  Elowering, and f r u i t i n g .  G i b b e r e l l i n  (GA) has been shown t o  

promote s e e d l i n g  growth i n  pecans (Wiggans and Martin,  196l ) ,  

e a r l y  growth i n  p i s t a c h i o  (Ayfer and Se r r ,  1960), promote f lower ing  

and f r u i t i n g  i n  tomatoes (Courter  and Drinkwater,  1960). GA has 

a l s o  been shown t o  promote sp rou t ing  of  hardwood c u t t i n g s  c o l l e c t e d  

i n  win ter ,  and t o  s h o r t e n  t h e  dormant per iod  of c e r t a i n  t r e e s  and 

shrubs (Larson, 1960). 

An experiment was conducted t o  i n v e s t i g a t e  t h e  e f f e c t  GA has  

on growth r a t e ,  e a r l y  f lowering,  f r u i t i n g ,  and y i e l d .  

This  in format ion  can be of  g r e a t  importance t o  t h e  water  con- 

s e r v a t i o n  program of  t he  Southwestern United S t a t e s .  I f  GA can 

change t h e  p l a n t  morphology of Jo joba ,  making i t  p h o t o s y n t h e t i c a l l y  

more e f f e c t i v e  and thereby inc reas ing  y i e l d  - t h e  p r e s e n t  s tudy  may 

open a  new approach t o  t h e  p o s s i b i l i t y  of i nc reas ing  t h e  y i e l d  of  

Jo joba  i n  t h e  Southwestern d e s e r t s .  As a  n a t i v e  d e s e r t  p l a n t  i t  

could wi ths tand  drought years ,  and i n  r a iny  seasons i t  could pro- 

duce enough t o  become a p o t e n t i a l  domestic crop. 

MATERIAL AND METHODS: 

Simmondsia Chinensis  seeds  and c u t t i n g s  from Tonto F o r e s t  a r e a  

were used i n  t h i s  t e s t .  The germinat ion and propagat ion  experiment 

was conducted i n  t h e  greenhouse i n  a  s tandard  s o i l  mix ture  ( 2  p a r t s  

pea t ,  2 p a r t s  sand, 1 p a r t  Avondale c l a y  loam). The greenhouse 

temperature was maintained a t  35 C maximum and 21 C minimum. 

P l a n t s  were t r e a t e d  a t  the  emerge age of two weeks wi th  0, - 

400, 800, and 1000 ppm GA.  The GA t rea tments  were app l i ed  once 

every two weeks wi th  a  brush .  A spray  a p p l i c a t i o n  was used when 

p l a n t s  began t o  produce branches from the  main stem. P l a n t s  were 

measured be fo re  each spray a p p l i c a t i o n .  A non-ionic- type s p r e a d e r  

was added t o  a l l  s o l u t i o n  t o  g ive  a  0 . 1  concen t r a t ion  of t h e  

we t t i ng  agent .  Sprays were app l i ed  between 7-8 a.m. when atmos- 

p h e r i c  humidity was r e l a t i . ve ly  h igh .  
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RESULTS : 

The p l a n t  growth r e s u l t s  per  t rea tment  d i d  n o t  seem t o  b e  much 

d i f f e r e n t  from t h e  c o n t r o l  because a f t e r  5 months a l l  t h e  p l a n t s  

began t o  produce branches.  The most s i g n i f i c a n t  f i nd ing  was t h a t  

t h e  GA t r e a t e d  p l a n t s  produced f lower c l u s t e r s  a f t e r  8  months, b u t  

t h e  c o n t r o l  d i d  n o t  produce c l u s t e r s  u n t i l  15 months (Table 1 ) .  

This  sugges ts  t h a t  GA can be  used a s  an a i d  t o  h e l p  h a s t e n  t h e  s e x  

de termina t ion  of Jo joba .  An experiment i n  t he  f i e l d  w i l l  b e  con- 

d u c t e d . t o  f i n d  ou t  i f  t he  GA t r e a t e d  p l a n t s  w i l l  r e a c t  t h e  same i n  

i t s  n a t u r a l  environment. The greenhouse experiment w i l l  b e  con- 

t i nued  u n t i l  t h e  p l a n t s  produce seeds .  

I n  o t h e r  experiments Jo joba  c u t t i n g s  were t r e a t e d  wi th  Rootone, 

(a r o o t i n g  hormone con ta in ing  Indo le  Bu ty r i c  a c i d )  t o  promote roo t -  

i ng ,  The c u t t i n g s  were obta ined  every two weeks. The stems were 

wet ted  and dipped i n  t h e  powdered Rootone. Then t h e  c u t t i n g s  were 

placed i n  t he  s t anda rd  s o i l  mixture.  The c u t t i n g s  taken from 

January t o  May d i d  n o t  roo t ,  b u t  t he  June t o  J u l y  c u t t i n g s  rooted  

s u c c e s s f u l l y .  The t e s t  showed t h a t  c u t t i n g s  should be  taken  from 

e a r l y  June u n t i l  J u l y  i n  o rde r  t o  have s u c c e s s f u l  roo t ing .  Using 

t h i s  knowledge, a  more i n t e n s i v e  i n v e s t i g a t i o n  w i l l  be  conducted 

on the  June t o  J u l y  c u t t i n g s  r e s u l t s .  

PERSONNEL: S. T. M i t c h e l l  
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Table 1. Growth, date of flowering, and flower cluster number of Jojoba as influenced by four 

levels of Gibberellic acid. 

ITEM 

GIBBERELLIC ACID PPM 

0 400 8 00 1000 

Rep I 3 7 53 44 63 
I1 45 4 0 43 43 
111 41 44 - 8 2 - 49 

41 
- 

44 
- 

Average - 5 6 52 

Days until first flowering, 
Rep I 413 

Average - 
Sex 

Rep I F 
I I M 
I1 I M 

No. of flower clusters 
at 531 days 
Rep I 10 

I1 18 
111 28 

- 
Average - 18.7 

+<Means underscored by line is significant at the 1% level by Duncan Multiple Range Test. All 
others are not significant even at 5% level. 
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TLTLE : I.IASICETJATER RENOVATION 'BY SPREmING TKEATED SEWAGE 

CliZS WORK UNIT : 5510-3.2260-003 CODE NO.: Ariz.-WCL 67-4 

INTRODUCT 1 ON : 

Work a t  t h e  Flushing Neadows P r o j e c t  i n  1974 was centered  

around (1) b a s i n  management f o r  maximizing n i t r o g e n  removal, and 

(2)  removal of v i r u s e s  and s p e c i f i c  b a c t e r i a  i n  t h e  s o i l  and a q u i f e r  

beneath t h e  b a s i n s .  In January Mrs. Gladys C. Emery jo ined  the  

Laboratory t o  hand le  t h e  chemical ana lyses  of t h e  va r ious  e f f l u e n t  

and renovated-water samples from t h e  f i e l d  and l a b o r a t o r y  s t u d i e s .  

A t  t h e  same t ime,  Nr. Steve R. Ki lburn  r epor t ed  f o r  du ty  as a 

h y d r a u l i c  t e c h n i c i a n ,  b u t  res igned  i n  August . 
Const ruc t ion  was s t a r t e d  on t h e  23x6 Avenue recharge  p r o j e c t  

i n  t h e  f a l l  of 1974. Wells a r e  t o  b e  d r i l l e d  i n  t h e  s p r i n g  of 1975 

and t h e  p r o j e c t  should be  o p e r a t i o n a l  by la te  s p r i n g  o r  e a r l y  sum- 

m e r  of 1975. 

As i n  prev ious  y e a r s ,  t h i s  r e p o r t  i s  divided i n t o  fou r  

s e c t i o n s  : 

I. Znf il tr a t i o n  

11. Water Qua l i t y  

1x1 .  Future  P r o j e c t s  

I V .  Summary and Conclusions 

I. INFILTRATION STUDIES 

I-. Recharge R a s  i n  Managemen t . 
For t h e  f i r s t  3  months of t h e  y e a r ,  t h e  basi.ns were opera ted  

t h e  same as i-n 1973, i . e .  about 13-14 days f lood ing  (12 days pumping) 

and 14 days dry ing  w i t h  water  depths of 13  inches  i n  baszins 1 and 

2 (2 boards i n  ou t l e t :  s t r u c t u r e )  , 7 inches  i n  b a s i n s  3 and 4 ( 1  

board) , and about 4 i nches  i n  b a s i n s  5 and G (no boards)  . Then, 

s t a r t i n g  1 A p r i l ,  t h e  water  depths were changed t o  4 i nches  (no 

boards)  i n  b a s i n s  1 and 2 ,  4  inches  (no boards)  f o r  t h e  f i r s t  2 

days and 1 3  inches  ( 2  boards)  f o r  t h e  r e s t  of t h e  f lood ing  pe r iod  
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Eor b a s i n s  3 and 4 ,  and 1 3  inches  (2  boards) f o r  b a s i n s  5 a ~ ~ d  6 ,  

The low depth f o r  b a s i n s  1 and 2,  and t h e  h i g h  cleptIts f o r  b a s i n s  

5 and 6 ,  were s e l e c t e d  t o  r eve r se  previous  t r ea tmen t s  i n  orde-r t o  

determine i f  h i g h e r  n i t r o g e n  removal a t  lower water  dep th  could 

a l s o  b e  obtained f o r  b a s i n s  1 and 2 .  The low depth  dur ing  t h e  

f i r s t  2 days of f l ood ing  i n  b a s i n s  3 and 4 w a s  s e l e c t e d  t o  de t e r -  

mine i E  lower i n f i l t r a t i o n  r a t e s  and r e s u l t i n g  lower l e a c h i n g  of 

n i t r a t e  formed i n  t h e  s o i l  during dry ing  would i n c r e a s e  d e n i t r i f i -  

c a t i o n .  Th i s  would then reduce t h e  h e i g h t  of t h e  c h a r a c t e r i s t i c  

n i t r a t e  peaks observed i n  t h e  renovated wa te r  a f t e r  t h e  s t a r t :  of a 

nex&7 fl.ooding per iod .  Flooding and dry lng  pe r iods  of  2 weeks each 

were e s s e n t i a l l y  maintaineci f o r  t h e  rest oE t h e  y e a r  t o  p rov ide  a 

uniform t rea tment  of t h e  b a s i n s  f o r  t he  v i r u s  and b a c t e r i a l  s t u d i e s  

which were c a r r i e d  out  a t  2-month i n t e r v a l s  dur ing  t h e  e n t i r e  

ca lendar  yea r .  

The c a n d i t i o n  of t h e  b a s i n s  throughout most of 1974 was as 

fo l lows .  

Basin 1. No v e g e t a t i o n ,  t h i n  s ludge  l a y e r  (about  1 mm when 

dry) covering bottom. 

Basin 2.  Gravel l a y e r  covered by about 2 mi s l u d g e  (d ry  

cond i t i on ) .  

Basins  3 and 4. Occasional  clumps of g r a s s ,  b u t  b a s i c a l l y  no 

vege ta t ion .  Sudangrass t ha t ch  l a y e r  of about  2 o r  

3 cm t h i c k  covers  most of t h e  b a s i n .  The t h a t c h  i s  

covered by a  few mill-imeters dry s ludge  (d ry  con- 

d i t i o n ) .  

'Basins 5 and 6 .  Sca t t e r ed  clumps of g r a s s ,  b u t  most ly  o l d  

bemudagrass  t h a t c h  , covered by a Eew m i l l i m e t e r s  

of s ludge  (dry condit-ion). 

2 .  Inf  5.1 t r a t i o n  Rates .  - --- E 

The rccluction i n  water  dep th  from 1 3  t o  4 i nches  in. b a s i n s  

1 and 2 i n  A p r i l  d id  n o t  s i g ~ i f i c a n t l y  a f f e c t  tlE~e i n f t l t r a t i o n  
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r a t e s  (F igure  I )  . The oppos i t e  was t r u e  f o r  b a s i n s  3 ,  4 ,  5 ,  and 6 ,  

where i n c r e a s i n g  t h e  wa te r  depth from 7 t o  13 inches  ( f o r  b a s i n s  3 

and 4) and from 4 t o  1 3  inches  ( f o r  b a s i n s  5 and 6) e s s e n t i a l l y  

doubled t h e  i n f i l t r a t i o n  rates. A g radua l  decreas ing  t r e n d  occur- 

r ed  i n  t h e  i n f i l t r a t i o n  r a t e s  f o r  b a s i n s  3 ,  4 ,  5 ,  and 6.  Some- 

t i m e s  t h e  i n f i l t r a t i o n  r a t e  i nc reased  during f lood ing ,  p o s s i b l y  

due t o  buoyancy of t h e  a l g a l  m a t  formed on t h e  bottom. Sprinlcl ing 

w i t h  e f f l u e n t  dur ing  t h e  clryi.ng periocls of b a s i n s  1, 2 ,  3 ,  and 4 ,  

dur ing  t h e  f i r s t  few months of t h e  year  may have slowed t h e  in- 

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

The curves of a c c ~ m u l a t e d  i n f i l t r a t i o n  (F igure  2) show t h a t  

t h e  average h y d r a u l i c  loading  w a s  294 f t  per  yea r .  The sha l low 

b a s i n s  1 and 2 had the  lowest  accumulated i n f i l t r a t i o n ,  whereas t h e  

deep b a s i n s  3, 4 ,  5 ,  and 6 a11 had loading  r a t e s  above 300 f t  p e r  

year .  Basins  4 and 5 exceeded 400 f t  per  yea r ;  

1, Sampling and Analy t i c a l  Techniques. 

Sampling s checlules , sampling tehcniques f o r  e f f l u e n t  and reno- 

va t ed  wa te r ,  and a n a l y t i c a l  techniques were b a s i c a l l y  the same as 

descr ibed  i n  prev ious  annual  r e p o r t s .  

2.  T o t a l  Organic Carbon. 

Malfunct ioning of t h e  carbon ana lyzer  prevented  c o l l e c t i o n  of 

TOC-data f o r  most of t h e  y e a r .  Data taken  i n  October (Table 1 )  

show t h a t  t h e  TOG content  of the secondary e f f l u e n t  was around 

1 5  mg/l:i ter,  and t h a t  of t h e  renovated water  between 3 and 11 mg/ 

l i te r  wi th  an average of 6 .4  rng / l i t e r .  S teps  have been t a k e n  i n  

coopera t ion  w i t h  t h e  ARS Western Regional Research Labora tory  i n  

Berkeley,  C iL i fo rn i a  t o  i d e n t i f y  t h e  r e f r a c t o r y  o r g a n i c  carbon in. 

t h e  renovated wa te r .  

3. Nitrogen.  

The total-N content  oE t h e  e f f l u e n t  and t h e  NO -N and -N 
3 4 

concen t r a t ions  of t h e  renovated water from t h e  w e l l s  between the 
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b a s i n s  are shown i n  F igures  3, 4 ,  and 5 .  The total-N con ten t  of t h e  

e f f l u e n t ,  which was most ly i n  t h e  a~nmoniun~ f o m ,  g e n e r a l l y  v a r i e d  

b e m e e n  20 and 40 m g l l i t e r  wi th  a n  average of about 28 m g / l i t e r .  

The renovated water  from t h e  20-ft  deep w e l l  1-2 showed a con- 

s i s t e n t  p a t t e r n  of NO -pedcs which occurred  most ly about  5 days a f t e r  
3 

f l ood ing  of t h e  b a s i n s  was s t a r t e d  (F igure  3 ) .  The i n c r e a s i n g  t r e n d  

i n  t h e  NT-I N con ten t  f o r  t he  f i r s t  3 months w a s  r eve r sed  i n  A p r i l ,  4- 
concurren t ly  wi th  t h e  decrease  i n  f l ood ing  depths from 1-3 inches  t o  

4 i nches .  Ni t rogen  removal was most ly i n  t h e  20-50% range w i t h  a 

non-weighted average of 30%. The n i t r a t e  peaks i n  January ,  February,  

and March were somewhat lower than  average.  Whether this may b e  

due t o  a n  i n c r e a s e  i n  d e n i t r i f i c a t i o n  because t h e  s p r i n k l e r s  moved 

nitrates deeper i n t o  t h e  s o i l  during dry ing ,  o r  t o  the lower in-  

f i l t r a t i o n  r a t e s  dur ing  f lood ing  a s  caused by s p r i n k l i n g  during 

d ry ing ,  i s  d i f f i c u l t  t o  say .  

The NET. -N con ten t  of t h e  water  from t h e  30-Et deep ECW (T'g 4 ' 3 .  u r e  

4 )  g e n e r a l l y  ranged between 10 and 15  m g / l i t e r ,  w i t h  an i n c r e a s i n g  

t r e n d  i n  t h e  f i r s t  4 months and a decreas ing  t r e n d  i n  t h e  last  4 

months of t h e  yea r .  The n i t r a t e  peaks g r e a t l y  diminished i n  h e i g h t  

a f t e r  March, when a sma l l  water  depth was maintained f o r  t h e  f i r s t  

Eew days f looding .  Apparently t h i s  w a s  e f f e c t i v e  i n  s t i ~ n u l a t i n g  

d e n i t r i f i c a t i o n  of t h e  n i t r a t e  leached  from t h e  upper p o r t i o n  of 

t h e  s o i l  when f lood ing  was resume.d. Nitrogen. removal was between 

30-50% wi th .  a non-weightled average of 43%. No removal percentage  

could be  c a l c u l a t e d  f o r  t h e  f lood ing  pe r iod  a t  t h e  end of August- 

because w e l l  samples were i n a d v e r t e n t l y  omit ted f o r  t h a t  pe r iod .  

The NtI -N content  of t h e  renovated water  from well 5-6 in- 4 
creased i n  A p r i l ,  when t h e  water depth i n  t h e  b a s i n s  was inc reased  

from 4 t o  1 3  inches  (F igure  5) .  A decrease  i n  t h e  NH -N conten t  
4 

? 
occurred i n  t he  l a s t  3 monlhs of t h e  yea r .  The NO -8 peaks a f t e r  

3 
A p r i l  were d r a s t i c a l l y  l ove r  than  b e l o r e  and v i r t u a l l y  absent  aEter  
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June.  This  sudden change i n  n i t r a t e  peaks i s  clif f - icu l t  t o  ex- 

p l a i n .  The n i t r o g e n  removal gene ra l ly  v a r i e d  between 50 and 75%, 

w i t h  a non-weighted average o:E 62%. 

The average sum of ammonium n i t r o g e n  and n i t r a t e  n i t r o g e n  i n  

t h e  w e l l s  o u t s i d e  t h e  b a s i n  a r e a  (Table 2) was 3.9 m g l l i t e r  f o r  

w e l l  1, 1 0 . 1  f o r  w e l l  7 ,  and 9.7 f o r  t he  Eas t  w e l l ,  A total-N 

content  of 10 m g / l i t e r  i n  t h e  renovated water  corresponds t o  a n  

N-removal of about  64%. 

4. Phosphate.  

The PO -P concen t r a t ion  of t h e  e f f l u e n t  g e n e r a l l y  ranged be- 
4 

tween 1 0  and 20 m g l l i t e r  f o r  t h e  f i r s t  4 months of t h e  y e a r  and 

between 6 and 11 m g l l i t e r  f o r  t h e  r e s t  of t h e  y e a r  (F igure  6 ) .  

The PO P concen t r a t ions  i n  t h e  .renovated wa te r  decreased towards 
4- 

t h e  second halE of t h e  y e a r  (F igures  6 ,  7 ,  and 8) .  For w e l l  1-2, 

PO4-P removal was about 51% i n  the  Eirst h a l f  and about  69% i n  t h e  

second h a l f  of t h e  year .  For ECN, t h e s e  percentages  w e r e  55% and 

67%, and f o r  w e l l  5-6 77% and 92%. Average removal percentages  

were 61% f o r  w e l l  1.-2, 61% f o r  ECW, and 85% f o r  w e l l  5-6. For t h e  

w e l l s  o u t s i d e  t h e  b a s i n s  (F igure  9), PO -P l e v e l s  were less t h a n  
4 

I m g / l i t e r  f o r  w e l l  I. For w e l l  7 ,  t h e  PO -P concen t r a t ions  w e r e  4 
f a i r l y  h i g h  i n  March and A p r i l ,  a f t e r  which they  dropped t o  below 

4 m g l l i t e r  f o r  t h e  r e s t  of t h e  yea r .  The h igh  i n i t i a l  va lues  of 

PO -P may have been caused by t h e  h i g h  PO P l e v e l s  i n  t h e  e f f l u e n t  4 4- 
i n  t h e  f i r s t  3 months of the yea r .  

5. Dissolved S a l t s .  

The t o t a l  d i s so lved  s o l i d s  concent ra t ions  of t h e  e f f l u e n t  and 

renovated water  were u s u a l l y  around 1,000 m g / l i t e r  (Table 3 ) ,  a s  

i n  prev ious  y e a r s .  Lower TDS va lues  were observed i n  December, 

except  f o r  t he  WCW which y i e l d s  water  w i th  an mcler round d e t e n t i o n  B 
time of 2 ye-ars. 
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6 .  -pH-- 

The pH of t h e  e f f l u e n t  and renovated water  was n o t  determined 

i n  1974. I n  prev ious  yea r s  t h e  e f f l u e n t  pH w a s  u s u a l l y  around 8 ,  

and t h a t  of t h e  renovated water  u s u a l l y  between 6.5 and 7. 

7. F luo r ide .  

The f l u o r i d e  l e v e l s  i n  t h e  e f f l u e n t  were around 3 m g / l i t e r  

(Table 4 ) ,  which i s  l e s s  than t h e  4-5 m g / l i t e r  range  observed i n  

previous  y e a r s .  Except f o r  WCW, t h e  f l u o r i d e  concen t r a t ions  i n  the 

renovated wa te r  were gene ra l ly  between 2 and 3 m g l l i t e r .  It i s  of 

i n t e r e s t  t o  n o t e  t h a t  whereas t h e  wa te r  from w e l l  5-6 showed a 

h i g h  removal of phosphate i n  t h e  latter p a r t  of t h e  y e a r  (F igure  8 ) ,  

t h e r e  was p r a c t i c a l l y  no removal of f l u o r i d e .  

8.  Boron. 

The boron concen t r a t ion  of t h e  e f f l u e n t  averaged about  0.67 mg/ 

3.iter (Table 5) , which i s  l e s s  t han  t h e  0.8-0 .9 m g l l i t e r  observed 

i n  prev ious  y e a r s .  A s  i n  t h e  p a s t ,  boron l e v e l s  in  t h e  renovated 

water were about t h e  same a s  i n  t h e  e i f l u e n t ,  i n d i c a t i n g  no boron 

removal i n  t h e  s o i l .  

9 .  B a c t e r i a  and Viruses .  

The secondary sewage e f f l u e n t  and t h e  renovated water  from 

ECW, w e l l s  1-2 and 7, and EX? were analyzed f o r  v i r u s e s  and e n t e r i c  

b a c t e r i a  a t  bi-monthly i n t e r v a l s  throughout 1974. Samples were 

taken  dur ing  t h e  second week of f l ood ing  t o  make s u r e  t h a t  t h e  w e l l s  

y i e l d e d  "fresh" renovated water .  The v i r u s  work w a s  done i n  co- 

ope ra t ion  w i t h  t h e  Virology Depar tment of Baylor College of Medicine 

at Houston, Texas, Using a technique developed a t  Baylor ,  v i r u s e s  

from about 350 l i t e r s  (average volume) oE renovated wa te r  from each  

w e l l  were concentraked on s i t e  i n t o  a sma l l  volume and shipped t o  

Baylor f o r  assay .  AnaLysis of t h e  va r ious  samples f o r  f e c a l  c o l i -  

forms, f e c a l  s t r e p t o c o c c i ,  sa lmonel la ,  and t o t a l  b a i t e r i a  was done 

at t h e  U.S. Water Conservation Laboratory.  A complete r e p o r t  on 

t h e s e  s t u d i e s  i s  presented  in t he  s e c t i o n  "Ariz.-WCL 70-2, Charac- 

t e r i z a t i o n  of S o i l  Microf l o r a  and Biological.  Processes  Occurr ing 
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i n  t h e  S o i l  Used f o r  Waste'iiater Renovation" by R. G. G i l b e r t .  Only 

a  summary w i l l  b e  p re sen ted  he re .  

The v i r u s  concen t r a t ion  i n  t h e  e f f l u e n t  ranged from 159 t o  

7,484 TCID ( t i s s u e  c u l t u r e  i n f e c t i o u s  dose) p e r  100 l i ters  w i t h  an  

average of 2,120 TCID/lOO l i t e r s .  Peak v i r u s  l e v e l s  i n  t he  e f f l u e n t  

u sua l ly  occur  i n  t h e  summer. E f f l u e n t  v i r u s  inc luded  p o l i o  v i r u s  

types  2  and 3, echo v i r u s  7 and 15 ,  coxsackie  v i r u s  B4, and reo- 

v i r u s  1 and 2 .  No v i r u s  was d e t e c t e d  i n  any of t h e  renovated water 

samples,  i n d i c a t i n g  complete removal of v i r u s  i n  20 and 30 f e e t  

of p e r c o l a t i o n  through s o i l .  The range and average number of bac- 

t e r i a  i n  t h e  secondary e f f l u e n t  and renovated water  a r e  shown i n  

Table  6.  The f e c a l  co l i form dens i ty  i n  t h e  renovated water  i s  low 

enough t o  permi t  u n r e s t r i c t e d  i r r i g a t i o n  and r e c r e a t i o n .  

10 .  Bios t i m u l a t i o n  of Renovated Water i n  Ponds . 
After  be ing  c leaned ,  f i l l e d ,  and s tocked  w i t h  top  minnow and 

b l u e g i l l  i n  August 1973 ( see  Annual Report ,  1973) ,  t h e  in f low of 

renovated wa te r  i n t o  t h e  ponds was s e t  so t h a t  t he  wa te r  i n  t h e  

Eas t  Lined Pond (ELP) w a s  rep laced  every 12  days and t h a t  i n  t h e  

West Lined Pond (BLP) every 32 days.  Numerous minnows were observed 

i n  1974 and f i s h  k i l l s  apparent ly  d i d  no t  occur .  While t h e  WLP 

looked c l e a n e r ,  t h e  depth of v i s i b i l i t y  a s  determined w i t h  t h e  

Secchi  d i s k  was about t h e  same f o r  t h e  two ponds (F igure  1 0 ) .  The 

NO -N and NH -N l e v e l s  were a l s o  about t h e  same (Figures  11 and 3 4 
1 2 ) .  Low n i t r o g e n  l e v e l s  occurred from May t o  August, pos s ib ly  be- 

cause of b i o l o g i c a l  a c t i v i t y  i n  t h e  ponds and i n c o r p o r a t i o n  of 1\1 

i n  animal and p l a n t  t i s s u e ,  Af te r  t h e  beginning of August, NW~-N 

l e v e l s  were lower i n  WLP than  i n  ELF. I n  bo th  ponds, NO -N ex- 
3  

ceeded NEI. -N i n  t h e  f i r s t  4 months of t h e  y e a r ,  b u t  t h e  r e v e r s e  
4  

was t r u e  Eor t h e  r e s t  of t h e  y e a r .  

The PO P  con ten t s  of t h e  pond water  were gene ra l ly  l o w x  i n  
4- 

WLP than  i n  ELP (Figure 1 3 ) .  F luor ide  l e v e l s  i n  bo th  ponds w e r e  

u sua l ly  i n  t h e  2-3 m g / l i t e r  range,  boron i n  t h e  0.6-0.9 range,  TOC 

i n  t h e  25-40 range and TDS around l,OOO/l.iter. 
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111. FUTURE PROJECTS 

23rd Avenue P r o j e c t .  

Cons t ruc t ion  oE t h e  40-acre h igh - ra t e  i n f i l t r a t i o n  b a s i n s  be- 

low t h e  23rd Avenue Sewage Treatment p l a n t  w a s  s t a r t e d  i n  September 

1974 and w i l l  b e  completed i n  January 1975. The f i r s t  24-inch w e l l  

w i l l  b e  d r i l l e d  i n  t h e  middle of t h e  c e n t e r  d i k e  i n  March 1975, as 

w i l l  t h e  obse rva t ion  w e l l s  on  t h e  n o r t h  and sou th  s i d e s  of t h e  

p r o j e c t .  Product ion  of renovated water  t hus  should  start i n  l a t e  

s p r i n g  o r  e a r l y  summer. The m a t e r i a l  f o r  t h e  d ikes  was obta ined  

from t h e  b a s i n s  themselves.  Because of t h i s ,  t h e  under ly ing  sand 

and g rave l s  were exposed i n  s e v e r a l  p l a c e s  (F igure  14 ) .  The average 

s i z e  of t h e  b a s i n s  i s  293 f t  by 1,524 f t .  The bottom a r e a  of t h e  

b a s i n s  i s  10.5 a c r e s  f o r  b a s i n  1, 10.2 a c r e s  f o r  b a s i n  2 ,  1 0 . 1  

a c r e s  f o r  b a s i n  3, and 10.2 a c r e s  f o r  b a s i n  4 .  

In£ i l t r a t i o n  i n t o  S o i l  Becoming I n c r e a s i n g l y  Permeab 1.e w i t h  Depth. 

I n  e s t i m a t i n g  i n f i l t r a t i o n  r a t e s  f o r  t h e  s o i l  p r o f i l e s  i n  t h e  

S a l t  River  bed ,  where the  h y d r a u l i c  conduc t iv i ty  ab rup t ly  i n c r e a s e s  

w i t h  depth at some p o i n t ,  use  was made of t h e  Green -hp t  equa t ions .  

A numerical  procedure was developed t o  extend t h e  theo ry  t o  t h e  

case  where t h e  pe rmeab i l i t y  i n c r e a s e s  g radua l ly  w i th  depth.  Th i s  

i n c r e a s e  can b e  l i n e a r  o r  i n  any o t h e r  f a sh ion .  The depth where 

t h e  s o i l  i s  no longer  completely rewetted by t h e  i n f i l t r a t i n g  

water is  found a s  p a r t  of t h e  s o l u t i o n .  A manuscript  on t h i s  pro- 

cedure was a l s o  prepared and i t  w i l l  b e  submit ted f o r  p u b l i c a t i o n  

i n  the  I r r i g a t i o n  and Drainage Div i s ion  J o u r n a l  of t h e  American 

Socie ty  of C i v i l  Engineers .  

Underground Movement of Renovated Water. - 
Slug  T e s t .  The r e sea rch  o b j e c t i v e s  of t h e  23rd Avenue Pxojec t  

i n c l u d e  t e s t i n g  t h e  v a l i d i t y  of t h e o r i e s  regard ing  t h e  underground 

flow s y s  tem (water t a b l e  shape ,  unclerground detenti:n t imes) , t h e  

c o l l e c t i o n  of renovated water  from t h e  w e l l s  i n  the  c e n t e r  w i thou t  

spread  of renovated water  i n t o  t h e  aqu i f e r  o u t s i d e  t h e  b a s i n  a r e a ,  
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and t h e  form and concen t r a t ion  of t h e  n i t r o g e n  i n  t h e  renovated  

waker pumped from t h e  w e l l s .  This  r e q u i r e s  knowledge of ehe  hy- 

d r a u l i c  conduc t iv i ty  of t h e  a q u i f e r  . To e v a l u a t e  t h i s  parameter ,  

a s l u g  t e s t  t echnique  was developed f o r  w e l l s  i n  unconfined a q u i f e r s .  

The w e l l s  can  p e n e t r a t e  t h e  a q u i f e r  completely o r  p a r t i a l l y .  The 

neces sa ry  geometry parameters  were determined w i t h  t h e  e l e c t r i c a l  

r e s i s t a n c e  network analog f o r  a wide range of c o n d i t i o n s .  E x i s t i n g  

s l u g - t e s t  t echniques  desc r ibed  i n  t h e  l i t e r a t u r e  only  apply  t o  

completely p e n e t r a t i n g  w e l l s  i n  confined a q u i f e r s .  S ince  t h e  new 

s l u g  test i s  a c o n t r i b u t i o n  t o  t h e  gene ra l  s c i e n c e  and ar t  of 

groundwater hydrology,  a  manuscript desc r ib ing  t h e  method has been 

prepared f o r  p u b l i c a t i o n  i n  Water Resources Research. 

Minimurn Underground Detent ion  Time. - The minimum underground 

t r a v e l  t ime from t h e  recharge  b a s i n s  t o  t h e  c o l l e c t i o n  w e l l s  can b e  

determined from flow n e t s  ob ta ined  by r e s i s t a n c e  network ana log  

(see  Annual Eepor t ,  1969).  The macroscopic v e l o c i t y  of  each s e c t i o n  

oE t h e  s t ream tube  i s  determined Erom t h e  flow n e t  (F igure  1 5 ) .  

The t r a v e l  t ime f o r  each s e c t i o n  of t h e  s t ream tube  i s  t h e n  de t e r -  

mined by d i v i d i n g  t h e  v e l o c i t y  by t h e  average l e n g t h  of t h a t  s e c t i o n .  

The rimes are then  sumned up over  t h e  e n t i r e  l e n g t h  of t h e  s t r eam 

tube .  A semi-empirical equat ion  has  been developed t o  c a l c u l a t e  

t h e  minimum t r a v e l  t ime i n  terms of t h e  h y d r a u l i c  and geometr ic  

p r o p e r t i e s  of t h e  recharge b a s i n s  and t h e  a q u i f e r  . 
The v e l o c i t y ,  V,  i n  any s e c t i o n  of t h e  s t ream t u b e  can  b e  

determined from t h e  equat ion  

V = IWL /H W f  
r a s  ( 1)  

where 

H = h e i g h t  of t h e  a q u i f e r  = I-I -I- H 
a +' 

w P 
H = e f f e c t i v e  h e i g h t  of t h e  a q u i f e r  at t h e  w e l l  = T /K w e 
H = average equa l  p o t e n t i a l  h e i g h t  Erom flow n e t  

P 
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f  = p o r o s i t y  

W = wid th  of s t ream tube  i n  s e c t i o n  
S 

I = i n f i l t r a t i o n  r a t e  

IJ = width  of , recharge b a s i n  

L = width of s t r i p  feeding  s t r eam tube  
r 

T = t r a n s m i s s i b i l i t y  of t h e  a q u i f e r  ' 
e 

I< = h o r i z o n t a l  l-iydraulic conduc t iv i ty .  

Dividing t h e  average l e n g t h  of t h e  stream tube ,  Ls, by t h e  

v e l o c i t y  and s u b s t i t u t i n g  o the r  va lues  y i e l d s  

The e q u i p o t e n t i a l  head (H ) i s  a func t ion  of t h e  water  t a b l e  
P 

e l e v a t i o n  drop from t h e  recharge a r e a  t o  t h e  w e l l ,  T h i s  xe l a t ion -  

s h i p  h a s  been p rev ious ly  e s t a b l i s h e d  from r e s i s t a n c e  network analog 

s t u d i e s ,  and i s  a f u n c t i o n  of L/S and WSI/Te ( s e e  Annual Report ,  

1969).  The t o t a l  t r a v e l  t ime,  T, i s  t h e  sum of t h e  i n d i v i d u a l  

t imes (Ti) f o r  each s e c t i o n  of t he  s t ream tube from t11e edge of 

t h e  recharge  bas i l l s  t o  t h e  w e l l .  The above procedure was used t o  

develop t h e  fo l lowing  r e l a t i o n s h i p  

This  equat ion  i s  v a l i d  f o r  L/S va lues  from 0.4 t o  2.5. The va lues  

of L ,  S ,  W ,  and 5 can then  b e  v a r i e d  t o  o b t a i n  t h e  d e s i r e d  minimum 

t r a v e l  t ime.  

Underground Movement of Attenuated N i t r a t e  Peak. The f i r s t  

water  t h a t  i n E i l t r a t e s  a f t e r  a  dry per iod  con ta ins  h igh  concentra- 

t i o n s  of n i t r a t e s .  A s  this water  moves toward t h e  ' co l lec t ion  p o i n t ,  

however, i t  i s  mixed wikh water  conta in ing  varying amounts of 

n i t r a t e .  The n i t r a t e  peak t h a t  i s  observed i n  t h e  f i e l d  d i r e c t l y  
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maxin~um concen t r a t ion  a t  the  well. w a s  25% of t h e  pealc concentra-  

t i o n .  Recycl ing t h e  n i t r a t e  peak then  would n o t  r e s u l t  i n  e f f i c i e n t  

n i t r o g e n  removal because of t h e  a t t e n u a t e d  pealc. 

Rio Salado P r o j e c t .  

The yea r  1974 a l s o  saw t h e  completion of Phase I1 of t h e  Rio 

Salado r e p o r t .  Two p i l o t  p r o j e c t s  have been i d e n t i f i e d  f o r  f i r s t  

cons t ruc t ion .  One of t h e s e  inc ludes  t h e  Tempe-Arizona S t a t e  Uni- 

v e r s i t y  P r o j e c t  where a p o r t i o n  of t h e  f lood  channel  would b e  used 

f o r  a rowing cour se  and o t h e r  a q u a t i c  r e c r e a t i o n ,  a long w i t h  s h o r e  

developments ( s ee  Annual Report ,  1973).  The C i ty  of Tempe rece ived  

S t a t e  money t o  h e l p  w i t h  t h e  purchase of l a n d  f o r  t h e  p r o j e c t .  

Cons t ruc t ion  of t h e  Rural  Road b r i d g e ,  which c r o s s e s  t h e  proposed 

l ake  and channel  p r o j e c t ,  ha s  begun. 

I V .  SWSIR.Y :YD CONCLUSIONS 

The average h y d r a u l i c  loading  r a t e  i n  1974 f o r  t h e  s i x  i n f i l -  

t r a t i o n  b a s i n s  of t h e  Flushing Meadows P r o j e c t  was 294 f t l y e a r  w i t h  

two b a s i n s  exceeding 400 f t l y e a r .  The n i t r o g e n  con ten t  of t h e  reno- 

va t ed  wa te r  below t h e  b a s i n s  w a s  approximately 45% l e s s  t h a n  t h a t  of 

t h e  e f f l u e n t ,  i n d i c a t i n g  a n i t r o g e n  removal of 11,000 kg/ha. Th i s  

removal is  most l i k e l y  due t o  d e n i t r i f i c a t i o n  and t h e  r e s u l t s  show 

t h a t  proper  management of h igh - ra t e  i n f i l t r a t i o n  b a s i n s  can r e s u l t  

i n  much more n i t r o g e n  removal t han  would b e  p o s s i b l e  w i t h  crop up- 

t a k e .  Phosphate removal ranged between 60% and 85% a f t e r  20 t o  

30 f t  of underground movement of t h e  e f f l u e n t  water .  Add i t i ona l  

phosphate  was removed w i t h  cont inued underground t ravel  of t h e  r- ^no- 

va  ted wa te r  . 
Virus could n o t  b e  de t ec t ed  i n  concentrated renovated wa te r  

samples taken bi-monthly from depths of 20 t o  30 f t  below t h e  i n -  

f i l t r a t i o n  b a s i n s .  The e f f l u e n t ,  however, contained v i r u s e s  i n  t h e  
P 

range of 159 t o  7,484 TCID pe r  hundred l i ters .  Salmonel la  was n o t  

de t ec t ed  i n  t h e  renovated water  e i t h e r ,  b u t  t h e  e f f l u e n t  conta ined  

17-2G sa lmonel lae  p e r  100 m l .  Feca l  col i forms i n  t h e  renovated 
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water  ranged from 0 t o  359 pe r  hundred m l  w i t h  an average of 96 pe r  

100 m l .  The q u a l i t y  and appearance of renovated wa te r  i n  two l i n e d  

ponds was n o t  s i g n i f i c a n t l y  a f f e c t e d  by t h e  turnover  rate, which w a s  

1 2  days f o r  one pond and 32 days f o r  t h e  o t h e r .  Depth of v i s i b i l i t y  

was u s u a l l y  i n  t h e  20-40 cm range. F i s h  k i l l s  d i d  n o t  occur .  

The 1974 s t u d i e s  a t  t h e  F lushing  Meadows P r o j e c t  showed t h a t  

a f t e r  7 y e a r s  of h igh - ra t e  i n f i l t r a t i o n ,  t h e  system i s  s t a b l e  and 

s t i l l  producing h igh -qua l i t y  renovated water. The renovated wa te r  

meets t h e  requirements  f o r  u n r e s t r i c t e d  i r r i g a t i o n  and r e c r e a t i o n ,  

A 40-acre i n f i l t r a t i o n  system w i t h  a des ign  c a p a c i t y  oE 1 5  mgd 

h a s  been cons t ruc t ed  by t h e  Ci ty  of Phoenix and w e l l s  t o  pump reno- 

va t ed  water f o r  u n r e s t r i c t e d  i r r i g a t i o n  should  b e  completed b e f o r e  

summer 1975. P repa ra to ry  t o  s t u d i e s  on t h e  underground f low system 

of t h i s  p r o j e c t ,  a new s l u g  test f o r  measuring h y d r a u l i c  conduc t iv i ty  

of unconEined a q u i f e r s  w a s  developed. Analyses of t h e  underground 

flow system showed t h a t  t h e  n i t r a t e  peaks would b e  cons iderably  

f l a t t e n e d  by t h e  t ime t h e  renovated wa te r  i s  pumped from t h e  w e l l s .  

Thus, s e p a r a t i n g  t h e  p o r t i o n  of t h e  renovated water w i t h  a h i g h  

n i t r a t e  conten t  f o r  s p e c i a l  u se  o r  r e c y c l i n g  through t h e  i n f i l t r a t i o n  

b a s i n s  t o  o b t a i n  more d e n i t r i f i c a t i o n  w i l l  n o t  b e  p r a c t i c a l .  Basin 

management and a d d i t i o n  of o rgan ic  carbon a r e  more l i e k l y  t o  b e  

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

PERSOHNEL: H. B o w e r ,  R. C. Rice,  G. 6 .  Emery, H. Z. blastin 
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Table 1. T o t a l  o rgan ic  carbon content  i n  n i g / l i t e r  of secondary 

e l f  l u e n t  and renovated water  from v a r i o u s  wells (1974) . 

Secondary Well samples 

Date e f f l u e n t  1 1-2 ECW WCTJ 5-6 8 

2 1  Oct 14.2 3.5 7.3 5.0 

22 Oct 15.5 5.0 7.5 6.0 . 

23 Oct 15.0 4.5 11.5 7.0 5.5 5.0 3.5 

24 o c r  15.5 5.0 7.0 5 .O 

25 O c t  6 .8  8.5 7.0 

30 Oct 8.0 8.5 7.5 
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Table 2.  Concent ra t ion  ( m g l l i t e r )  of NO -N and NH -N i n  renovated 3 4 
water  from w e l l s  o u t s i d e  b a s i n s  (1974) , 

Well  1 , Well 7 E a s t  F T e l l  

Date NO3-N NH4-N NO3-N NE4-N NO3+ NH4-N 

9 J a n  0.6 0.7 6.0 3.0 5.2 4.5 

14  Nar 

15  Apr 

8 May 

10 May 

1 8  Jun 

5 J u l  

27 Aug 

1 8  Sep 

23 O c t  

20 Nov 

10 Dec 

11 Dec 

1 8  Dec 

Average 

Annual Report of the U.S. Water Conservation Laboratory



Table 3. T o t a l  d i s so lved  s a l t s  ( m g l l i t e r )  i n  secondary e f t l u e n t  

and renovated  wa te r  from v a r i o u s  w e l l s  (1974) . 

Secondary W e l l  
- 

Date e f f l u e n t  1 1-2 E M  WClJ 5-6 7 8 EW 

1 2  Apr 1024 928 973 864 1408 864 979 947 

10 Piray 1024 1056 1088 979. 992 960 1024 

23 Oct 1018 979 1088 1011 1152 1039 9 79 

20 Nov 1139 1011 1030 973 1204 1024 

1 8  Dec 6 91  845 960 877 1037 947 909 
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Table  4. F l u o r i d e  concen t r a t i ons  ( m g / l i t e r )  i n  secondary e f f l u e n t  

and renovated  wa te r  from v a r i o u s  w e l l s  (1974) . 
- 

Continuous 

Date sample WO W 1-2 ECW WCW W 5-6 W 7 W 8 WE 

1 5  Apr 3.2 1.1 3.0 3.2 0 . 4  3.6 3.5 2 .3  

10  Nay 3.6 2 . 1  3.0 3.4 3 .5  2.9 3 .0  

5 J u l  3.0 1.46 3.8 4.0 0.6 3.8 3 .4  3.8 

27 Aug 2 .5  2 .O 2.8 3.0 3 .3  3.0 

23  O c t  2.95 2.0 2.3 2.8 0.25 3.1 2 .5  

20 Nov 2.8 1.85 2.2 2.7 0 .3  3.4 

1 8  Dec 3.7 1.86 2.2 2.4 0 .4  3.2 1 . 7  2.9 
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Table  5 .  Boron concent ra t ion  ( m g / l i t e r )  i n  secondary e f f l u e n t  and 

renovated water from va r ious  w e l l s  (1974). 

Continuous 

Date s amp l e  WO W 2 ECFT WCW B 5-6 W 7 W 8 WE 

12 Apr 0.80 0.7 0.70 0.7 0.9 0 .8  0 .7  0.7 

10  May 0.68 0.86 0.78 0.77 0.76 0.8 0 .75  

5 J u l  0.61 0.73 0.71 0.68 0.96 0.71 0.8 0.74 

27 Aug 0.64 0.72 0.80 0.76 0.74 0.78 

23 Oct 0.60 0.64 0.62 0.60 0.75 0.60 0.56 

20 Nov 0.75 0.64 0.60 0.57 0.75 0.58 

1 8  Dec 0.60 0.63 0.59 0.63 0.69 0.60 0.63 
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Table 6 .  Range and average number of b a c t e r i a  i n  secondary e f f l u e n t  and renovated water .  A 

E f f l u e n t  Renovated Water 

Type of Organism Range Aver age Range Aver age 

Feca l  coliform/100 m l  20,000-770,000 244,071 0-35 9 

Feca l  s t r ep tococc i /100  ml 2,500-50,000 28,100 21-24 

Salmonella s p  . / l o 0  m l  17-26 2 1 0 0 03 
I 

t-' 
w T o t a l  b a c t e r i a / m l  820,000-4,410,000 1,811,400 GOO-41,000 10,278 

* Resu l t s  a r e  averages of s i x  bimonthly wa te r  samples from 3 w e l l s  i n  1974, except  f o r  

S a l n o n e l l a  which w a s  determined twice  i n  J w e  and J u l y  i n  e f f l u e n t  and EW water  on ly .  
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Figure 1. Infiltration rates in recharge basins and rainfall. 
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Figure 3. Total N in effluent and nitrate-N and ammonium-N in renovated water from well 1-2. 
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Figure  4.  T o t a l  N i n  e f f l u e n t  and n i t r a t e - N  and zmmonium-N i n  renovated water from ECIq. 
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Figure 5. Tota l  N i n  e f f l u e n t  and ni t ra te-N and ammonium-N i n  renovated water from well 5-6. 
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Figure  6 ,  Phosphate-P i n  e f f l u e n t  and i n  renovated water from we l l  1-2. Annual Report of the U.S. Water Conservation Laboratory
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E A S T  LINED P O N D  

Figure  11, Nitrate-N and anmonium-N in East Lined Pond, 
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Figure 1 3 .  Phosphate-P i n  East  and West Lined Ponds. Annual Report of the U.S. Water Conservation Laboratory
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Figure  14. Exposed gravel  and coarse sand a r e a s  i n  i n f i l t r a t i o n  

bas ins  of 23rd Avenue P r o j e c t .  
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P i g  15'. S t r e a m l i n e s  and e q u i p o t e n t i a l s  ( i n  f e e t  above w a t e r  1 
? 
I 

t a b l e  a d j a c e n t  t o  w e l l )  f o r  h y p o t h e i 3 c a l  sys tem.  
, 
! 

Annual Report of the U.S. Water Conservation Laboratory



Fig .  16. Contours o E equa l  t r a v e l  time (on t he  curves)  i n  days 

For t h e  redharge  system shown i n  F i g >  1. 
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17. Re la t ive  amount o f  newly i n f i l t r a t e d  water a r r i v i n g  a t  w d 1 ,  A/Ao, (curve a ) ,  and 

r e l a l i v e  r a t e  of a r r i v a l ,  R, (curve b)  a s  a  funct ion  of  t ime. 
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Fig. 18. 
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Relative concentration at well C / C  of a triangular shaped nitrate peak in newly 
0' 

infiltrated water. Square wave approximation at nitrate peak (inset) is 

represented hy dashed lines. 
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TIME ( d a y s )  
F i g .  19. R e l a t i v e  concen t r a t ion  of n i t r a t e  a t  t he  c o l l e c t i o n  we l l  a f t e r  s e v e r a l  inundat ion  pe r iods .  . 

Arrows represent .  s t a r t  of inundat ion  per iod .  
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TITLE : COLUr.QJ STUDIES OF THE CHEMICAL, FEY S ICAL,  mD 

BIOLOGICAL PROCESSES OF WASTECJATER RENOVATION 

BY PERCOLATION THROUGH THE SOIL 

CRIS WORK UNIT: 5510-12260-003 CODE NO. : Ariz .  -WCL 68-3 

INTRODUCTION : 

Experiments on renovat ion  of secondary sewage e f f l u e n t  by s o i l  

columns were concent ra ted  i n  t h r e e  areas dur ing  1974: 

(1) Addi t ions  of o rgan ic  carbon (dext rose)  as a p u l s e  near  t h e  

beginning  of t h e  f lood ing  per iod  i n  a n  a t t empt  t o  s t i m u l a t e  

d e n i t r i f i c a t i o n ;  

(2)  Experiments w i t h  vegeta ted  s o i l  columns t o  determine i f  

d e n i t r i f i c a t i o n  i s  s t imu la t ed  s i g n i f i c a n t l y  by p l a n t s  

d u r i n g  h igh- ra te  l and  f i l t r a t i o n ;  

( 3 )  Experiments on phosphate removal by vegeta ted  and nonvege- 

t a t e d  columns a t  v a r i o u s  i n f i l t r a t i o n  r a t e s .  

Another experiment on t h e  adso rp t ion  of p o l i o  v i r u s  by s o i l  columns 

was i n i t i a t e d  i n  December 1974. 

Carbon Pu l se  Experiments. E ight  columns were used f o r  labora-  

t o r y  s t u d i e s  i nc lud ing  s i x  columns packed i n  1972 and two i n  1973. 

The columns were f looded on schedules  of 9 days wet a l t e r n a t e d  w i t h  

5 days dry .  Addi t ion  of a 100 ppm C p u l s e  t o  columns 4 - 8 w a s  

cont inued from l a s t  year  u n t i l  February 14. Then, a 200 ppm C p u l s e  

was added u n t i l  August 30. Carbon w a s  added a s  dex t rose  t o  t h e  f i r s t  

4 t o  6 l i ters  app l i ed  t o  t h e  o the r  columns. 

Vegetated S o i l  Columns. Experiments were cont inued wi th  n i n e  

15-cm-diameter columns which were placed i n  an  i n s u l a t e d  b u i l d i n g  

w i t h  t h e  t o p  of  t h e  p ipes  p ro t rud ing  through t h e  roof and p l an ted  t o  

berrnudagrass. The t h r e e  t rea tments  used were (1) a b a r e  s o i l  sur -  

f a c e ,  (2) vege ta ted  w i t h  t h e  fo rage  removed, and (3) vege ta t ed  wi th  

t h e  fo rage  c u t  and r e tu rned  t o  t h e  s o i l  s u r f  ace .  The columns were 

f looded on a schedule  oE 9 days wet and 5 days d r y ,  and t h e  g r a s s  

w a s  harves ted  du r ing  each dry pe r iod .  
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Phosphate  Removal. Phosphate concen t r a t ions  were determined 

on water d r a i n i n g  from bo th  s e t s  of columns. Calcium and f l u o r i d e  

were a l s o  determined on samples from columns w i t h  d i f £ e r e n t  i n f i l -  

t r a t i o n  r a t e s  . 
Virus  Movement. A s o i l  column w i t h  an i n f i l t r a t i o n  r a t e  of 

1 . 5  t o  2.0 ft :  p e r  day was s e l e c t e d  f o r  i n i t i a l  experiments.  P o l i o  

v i r u s  w i l l  be  added t o  t h e  sewage water a t  t h e  r a t e  of 5 x 1 0  4 

PFU/ml, and samples w i l l  be  taken  a t  d i f f e r e n t  l e v e l s  i n  t h e  pro- 

f i l e .  La t e r  experiments  w i l l  i n c l u d e  d i f f e r e n t  i n f i l t r a t i o n  r a t e s  

and v i r u s  l oads .  

RESULTS AND DISCUSSION: 

E f f e c t  of Carbon Pu l se s  on D e n i t r i f i c a t i o n .  The pe rcen t  N 

removal ob ta ined  by adding a 100 ppm carbon p u l s e  was s i m i l a r  t o  

t h e  d a t a  c o l l e c t e d  i n  1973, and r ep resen ted  a n  i n c r e a s e  of approxi- 

mately 20% of t h e  app l i ed  n i t r o g e n  a t  each i n f i l t r a t i o n  rate (Table 

1 ) .  Adding a 200 ppm carbon p u l s e  f u r t h e r  increased  N removal by 

approximately 15% of t h e  a p p l i e d  n i t r o g e n  on t h e  average.  The 

r e s u l t s  f o r  t h e  d i f f e r e n t  carbon r a t e s  a r e  d i f f i c u l t  t o  compare i n  

some cases because t h e  i n l i l t r a t i o n  r a t e  u s u a l l y  decreased  when 

a d d i t i o n a l  carbon was added. The r e s u l t s  from 1973  and 1974 f o r  

columns w i t h  similar i n f i l t r a t i o n  rates a r e  summarized i n  Table 2. 

These two columns i n d i c a t e d  t h a t  an  a d d i t i o n a l  1 8  t o  20% of 

t h e  appl ied  N was removed when a 100 ppm C p u l s e  w a s  added, and a 

200 ppm C p u l s e  f u r t h e r  increased  N removal by LO t o  12% of t h e  

app l i ed  N.  The i n f i l t r a t i o n  r a t e  f o r  column 8 v a r i e d  between 21  

and 23 cm/day f o r  t h e  t h r e e  t r ea tmen t s ,  and t h e  maximum N removal 

w a s  66% of t h e  app l i ed  N. The maximum N removal r a t e  f o r  column. 

7 w a s  90% of t h e  app l i ed  N.  However, t he  i n f i l t r a t i o n  rate dropped 

on t h e  200 ppm C t rea tment  from 15  t o  7 cmlday. These r e s u l t s  show 

t h a t  N removal can i n c r e a s e  by us ing  carbon pu l se s .  However, t h e  

n i t r a t e  peak was completely e l imina ted  only i n  columns wi th  i n f i l -  

t r a t i o n  r a t e s  below 1 5  cmlday. N removal was doubled i n  c o l u ~ n s  
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a t  h ighe r  i n f i l t r a t i o n  r a t e s ,  b u t  a n i t r a t e  peak s t i l l  moved through 

t h e  s o i l  columns. The b a c t e r i a l  popu la t ion  must have been too  low 

t o  completely den- i t r i fy  a h i g h  n i t r a t e  peak dur ing  t h e  d e t e n t i o n  

t i m e  provided a t  t h e  h igh  i n f i l t r a ~ i o n  r a t e .  The r educ t ion  i n  

i n f i l t r a t i o n  rate ranged from 5 t o  20% when 100 ppm C was added. 

I n f i l t r a t i o n  r a t e s  dropped 3 6  t o  60% when 200 ppm C was added, 

except  f o r  column 8 which only dropped 6 % .  

E f f e c t  of Vegetati0.n on D e n i t r i f i c a t i o n .  Nitrogen removal 

was i n c r e a s e d  by growing bermudagrass i n  t h e  s o i l  columns. The 

g r a s s  s t ayed  green  throughout t h e  year  because i t  r ece ived  some 

h e a t  from t h e  s h e l t e r  enc los ing  t h e  columns b u t  produced very  l i t t l e  

d r y  ma t t e r  du r ing  t h e  win te r  months. Nitrogen removal by vege ta t ed  

columns w i t h  t h e  c l i p p i n g s  removed w a s  14.4% more than  N removal , 

f o r  b a r e  s o i l  columns f o r  t h e  January 8 - October 15  per iod  (Table 

3 )  . The experiment was d iscont inued  on October 15.  N removal w a s  

i nc reased  by 18 .5% dur ing  t h e  pe r iod  when t h e  g r a s s  w a s  growing 

v igorous ly .  When t h e  d i f f e r e n c e  i n  N removal between t h e  vege ta t ed  

columns and t h e  b a r e  s o i l  colunms w a s  p l o t t e d  vs.  t ime,  t h e  changes 

2n N removal c l o s e l y  followed t h e  seasona l  changes i n  d ry  mat te r  

product ion  by t h e  bermudagrass (F igure  1 ) .  The g r a s s  probably 

s t imu la t ed  d e n i t r i f i c a t i o n  by provid ing  organic  carbon f o r  t h e  deni-  

t r i f i e r s .  The s t i m u l a t i o n  was probably due t o  r o o t  exudates  s i n c e  

d e n i t r i i i c a t i o n  was a f f e c t e d  only  when t h e  g r a s s  was growing v igo r -  

ously.  The average  i n f i l t r a t i o n  rates f o r  t h e  columns ranged between 

18 and 25 cm/day. Each t rea tment  b lock  of t h r e e  columns averaged 

21 cm/day. 

'When g r a s s  c l i p p i n g s  were r e tu rned  t o  t h e  s o i l  s u r f a c e ,  n i t r o g e n  

removal w a s  l e s s  t han  when t h e  c l ipp ings  were removed (Table 3 ) .  N 

removal when c l i p p i n g s  were r e tu rned  was only 4% more than  i4 removal 

by b a r e  s o i l  columns. Apparent ly,  adding c l ipp ings  t o  t h e  s o i l  

s u r f a c e  d id  n o t  provide  organic  carbon f o r  d e n i t r i f i c a t i o n  benea th  

t h e  s u r f a c e .  Data from 1973 showed t h a t  t h e  oxida t ion- reduct ion  
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p o t e n t i a l  i n  t h e  sewage water  ponded on t h e  s o i l  s u r f a c e  w a s  

n e g a t i v e  du r ing  much of t he  day f o r  columns where c l i p p i n g s  were 

r e tu rned  t o  t h e  s o i l  s u r f a c e .  This  might have reduced t h e  amount 

of NM N ox id i zed  t o  NO N i n  t h e  ponded water .  Tne NO3-?? formed 4- 3- 
i n  t h e  ponded water  would almost  c e r t a i n l y  b e  d e n i t r i f i e d  a f t e r  it 

i n f i l t r a t e d  below t h e  s o i l  s u r f a c e .  Therefore ,  i n h i b i t i o n  of 

n i t r i f i c a t i o n  i n  t h e  water  be fo re  i n f i l t r a t i o n  could reduce t h e  

o v e r a l l  amount of n i t r a t e  reduced i n  t h e  s o i l  columns, N i t r i f i c a -  

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

because  NH -N concen t r a t ions  i n  water samples from t h e  columns 4 
were always below 0.5 ppm. 

2 
The t o t a l  y i e l d  of bermudagrass forage  was 5.8 kg/m of d ry  

matter d u r i n g  t h e  year  (Table 4 ) .  This  i n d i c a t e s  t h a t  t h e  g r a s s  

grew q u i t e  v igorous ly  even though i t  was flooded f o r  9 ou t  of 

every  1 4  days. However, t h e  g r a s s  w a s  never  completely submerged. 

Phosphate Removal. Phosphate removal i nc reased  as t h e  i n f i l -  

t r a t i o n  r a t e  decreased  (F igure  2) .  The d a t a  from s i x  columns were 

averaged over a 6-month per iod  (January-July) when t h e  PO -P con ten t  
4 

of t h e  sewage averaged 1 2 . 1  ppm. The e f f e c t  of flow v e l o c i t y  i s  

f u r t h e r  i l l u s t r a t e d  by t h e  d e c l i n e  i n  phosphate concen t r a t ion  i n  

t h e  water  d r a i n i n g  Erom t h e  columns a f t e r  t h e  a p p l i c a t i o n  of sewage 

w a s  s topped (Figure 3 ) .  The phosphate concen t r a t ion  i n  water  Erom 

column 4 which had t h e  h i g h e s t  flow v e l o c i t y  dbr ing  t h e  f lood ing  

pe r iod  dec l ined  d r a s t i c a l l y  as t h e  flow v e l o c i t y  decreased dur ing  

t h e  d ra inage  per iod  when no sewage w a s  app l i ed .  The phosphate 

c o n c e n t r a t i o n  i n  dra inage  water  from the  o t h e r  columns w i t h  lower 

v e l o c i t i e s  decreased a t  a lower r a t e .  The average flow v e l o c i t i e s  

o f  t h e  d i f f e r e n t  columns were s i m i l a r  dur ing  t h e  d ra inage  per iod  

when no sewage was a p p l i e d ,  even though t h e  v e l o c i t i e s  of t h e  

d i f  Eerent columns v a r i e d  cons iderably  during t h e  f lood ing  per iod .  

Seve ra l  columns were packed wi th  a mixture of 2 p a r t s  sand 

from f i e l d  recharge  bas ins  and 1 p a r t  b u i l d e r s '  sand. The sands  
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from t h e  two sources  a r e  similar i n  composition, b u t  t he  b u i l d e r s '  

sand  had n o t  p rev ious ly  been f looded w i t h  sewage water .  Phosphate 

concen t r a t ions  i n  water  from t h e s e  columns were low (0.5 t o  1 .0  

ppm) f o r  more than  200 days of f l ood ing  on a schedule  of 9 days 

f looded  a l t e r n a t e d  w i t h  5 days dry .  The phosphate concen t r a t ions  

then  inc reased  and l eve l ed  o f f  a t  d i f f e r e n t  concen t r a t ions  accord- 

i n g  t o  t h e  v a r i o u s  i n f i l t r a t i o n  rates (Figure  4 ) .  Phosphate 

concen t r a t ions  from columns w i t h  h i g h  in£  i l t r a t i o n  rates inc reased  

more r a p i d l y  and e q u i l i b r a t e d  a t  a h ighe r  l e v e l  t han  phosphate 

concen t r a t ions  from columns w i t h  lower i n f i l t r a t i o n  r a t e s .  .A 

d e c l i n e  i n  phosphate concen t r a t ions  from a l l  columns occurred a f t e r  

about  460 days due t o  a decrease  i n  t h e  phosphate concen t r a t ion  of 

t h e  incoming sewage water .  Phosphate removal w a s  73 and 58% f o r  

t h e  18.2 and 22.3 cm/day i n f i l t r a t i o n  r a t e s ,  r e s p e c t i v e l y ,  a f t e r  

t h e  phosphate concen t r a t ions  i n  water  from t h e  columns l e v e l e d  off  

a s  shown i n  F igu re  4. Phosphate removal w a s  90 t o  95% f o r  a l l  

columns f o r  t h e  f i r s t  200 days of i n t e r m i t t e n t  f l ood ing .  Approx- 

ima te ly  35 m of sewage was app l i ed  be fo re  t h e  phosphate concen t r a t ion  

s t a r t e d  t o  i n c r e a s e  a f t e r  230 t o  270 days. The s t a r t  of t h e  in-  

c r e a s e  i n  phosphate concen t r a t ion  depended upon t h e  i n f i l t r a t i o n  

r a t e  which governed t h e  t o t a l  amount of sewage appl ied .  

A f t e r  t h e  l e v e l  of phosphate i n  water  from a s o i l  column was 

e s t a b l i s h e d ,  i t  could a l s o  b e  lowered by decreas ing  t h e  i n f i l t r a -  

t i o n  r a t e .  Laboratory columns f looded wi th  sewage water  dec l ined ,  

and then  increased  when a pu l se  of carbon was added t o  t h e  sewage 

water  and then  omit ted.  The phosphate concen t r a t ion  i n  water 

c o l l e c t e d  from t h e s e  columns decreased and reached a lower e q u i l i b -  

rium concen t r a t ion  when t h e  i n f i l t r a t i o n  r a t e  decreased ,  and 

r e tu rned  t o  a h igher  equ i l i b r ium concen t r a t ion  when t h e  i n f i l t r a t i o n  

r a t e  r e tu rned  t o  t h e  h ighe r  l e v e l  (Figures  5 and 6 ) .  The column 

f looded  a t  i n f i l t r a t i o n  r a t e s  oE 7 t o  20 cm/day (F igure  5 )  responded 

immediately t o  changes i n  i n f i l t r a t i o n  r a t e ,  wh i l e  phosphate 
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concen t r a t ions  from another  columh w i t h  r a t e s  of 14  t o  39 cm/day 

seem t o  l a g  about  t h r e e  f lood ing  cyc le s  behind i n f i l t r a t i o n  r a t e  

changes (F igure  6 ) .  

Thus, i t  appeared t h a t  i n i t i a l  adso rp t ion  of phosphate by a 

s o i l  mix ture  con ta in ing  sand which had n o t  been t r e a t e d  previous ly  

w i t h  sewage was n o t  time-dependent. The i n i t i a l  adso rp t ion  c a p a c i t y  

w a s  s a t u r a t e d ,  and removal cont inued  by some adso rp t ion  o r  p r e c i p i -  

t a t i o n  r e a c t i o n  which w a s  time-dependent. The l e v e l  of phosphate 

removal appeared t o  be e s t a b l i s h e d  by t h e  d e t e n t i o n  t i m e  i n  t h e  

s o i l  column, s i n c e  t h e  equ i l i b r ium phosphate concen t r a t ion  i n  water 

d r a i n i n g  from t h e  columns could b e  r a i s e d  o r  lowered by i n c r e a s i n g  

o r  dec reas ing  t h e  i n f i l t r a t i o n  rate. The f a c t  t h a t  phosphate 

removal could be  increased  by dec reas ing  t h e  i n f i l t r a t i o n  rate 

a f t e r  t h e  s o i l  has  e q u i l i b r a t e d  w i t h  t h e  sewage water a t  t h a t  r a t e  

shows t h a t  phosphate removal i s  more than  a s imple adso rp t ion  

r e a c t i o n .  

F l u c t u a t i o n s  i n  phosphate concent ra t ions  dur ing  t h e  f lood ing  

and d ry ing  cyc le s  were compared w i t h  changes i n  concen t r a t ions  of 

o t h e r  i o n s  i n  an a t t empt  t o  l e a r n  something of t h e  n a t u r e  of t h e  

phosphate removal r e a c t i o n s .  Phosphate concen t r a t ions  decreased 

dur ing  t h e  f i r s t  4 days of t h e  f lood ing  pe r iod ,  and then  increased .  

The d i p  i n  t h e  phosphate concen t r a t ion  corresponded e x a c t l y  w i th  

t h e  occurrence of t h e  n i t r a t e  peak which was measured n e a r  t h e  

beginning  of  each f lood ing  per iod  (F igure  7 ) .  The n i t r a t e  peak was 

due t o  l each ing  of n i t r a t e  formed dur ing  t h e  previous  d ry  pe r iods .  

Therefore ,  t h e  n i t r a t e  peak can be used as t r a c e r  t o  i n d i c a t e  when 

t h e  water  a p p l i e d  a t  the  beginning of t h e  f looding  pe r iod  begins  

t o  move through t h e  o u t l e t  of t h e  bottom of t h e  column. The wa te r  

c o l l e c t e d  ahead of t h e  n i t r a t e  peak was r e t a i n e d  i n  t h e  c o l u ~ m ~  dur ing  

t h e  d ry  pe r iod  and then  d i sp l aced  when t h e  n e x t  f l ood ing  pe r iod  

began. Therefore ,  t h e  lowes t  phosphate concen t r a t ions  measured 

du r ing  t h e  f lood ing  per iod  were i n  water  which had been app l i ed  a t  
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t h e  beginning of t h e  f lood ing  pe r iod .  This may i n d i c a t e  t h a t  

dry ing  t h e  s o i l  r e s t o r e s  some of i t s  phosphate adso rp t ion  capac i ty .  

F i e l d  obse rva t ions  have i n d i c a t e d  t h a t  phosphate removal may 

p a r a l l e l  f l u o r i d e  removal. However, t h i s  does n o t  appear  t o  be 

t r u e  f o r  t h e  s o i l  columns. The f l u o r i d e  concen t r a t ion  v a r i e d  only 

s l i g h t l y  dur ing  t h e  f lood ing  per iod  (Figure 8 ) .  Also, phosphate 

concen t r a t ions  dec l ined  as water  dra ined  from t h e  columns dur ing  

t h e  d ry  p e r i o d ,  b u t  t h e  f l u o r i d e  concen t r a t ions  i n c r e a s e d  s l i g h t l y .  

F i n a l l y ,  t h e  f l u o r i d e  concen t r a t ions  v a r i e d  only s l i g h t l y  as i n f i l -  

t r a t i o n  rates inc reased  (Table 5) . 
The d i p  i n  t h e  phosphate concen t r a t ion  du r ing  t h e  f lood ing  

per iod  co inc ided  w i t h  a peak i n  t h e  calcium concen t r a t ion  (Figure 

8) .  However, a t  o t h e r  t imes calcium concent ra t ions  v a r i e d  widely,  

b u t  changes i n  phosphate concent ra t ions  were r e l a t i v e l y  s m a l l  

(Figures  9 and LO). Also,  t h e  g r e a t e s t  v a r i a t i o n  i n  phosphate 

concen t r a t ion  occurred i n  t h e  water  d ra in ing  from t h e  columns dur- 

i n g  t h e  d ry  pe r iod ,  and calcium concen t r a t ions  did n o t  vary  much 

i n  t hose  samples. The calcium concen t r a t ion  i n  t h e  sewage water 

w a s  55 - -I- 3 ppm. The calcium concen t r a t ions  i n  water  samples Erom 

t h e  columns were always above t h a t  l e v e l ,  and t h e  peak calcium 

concen t r a t ions  i n  column samples were usua l ly  more than  twice  a s  

h igh  as t h e  sewage samples. However, t hese  ana lyses  were f o r  t o t a l  
+2 

calcium and do n o t  show how much calcium was p r e s e n t  as C a  . 
Bermudagrass g r e a t l y  i n f luenced  the movement of phosphate 

through t h e  s o i l  columns. Phosphate concen t r a t ions  i n  water  from 

vege ta t ed  and nonvegetated columns wi th  s i m i l a r  i n f i l t r a t i o n  r a t e s  

were about t h e  same u n t i l  s p r i n g  when the  g r a s s  began t o  grow 

(Figure  11) .  Phosphate concen t r a t ions  i n  samples from vege ta t ed  

columns then  inc reased  u n t i l  they were sometimes h ighe r  than  phos- 

pha te  concen t r a t ions  i n  t h e  incoming sewage wa te r .  When p l a n t  

y i e l d  of d ry  mat te r  and phosphate concent ra t ion  were p l o t t e d  vs .  

t ime,  t h e  curves were almost i d e n t i c a l  (Figure 1 2 ) .  The p l a n t  r o o t  

Annual Report of the U.S. Water Conservation Laboratory



exudates  e v i d e n t l y  tended t o  keep phosphate i n  s o l u t i o n .  The phos- 

p h a t e  c o n c e n t r a t i o n  still  inc reased  w i t h  i n f i l t r a t i o n  r a t e  f o r  

vege ta t ed  columns. Thus, the phosphate concen t r a t ion  remaining i n  

t h e  reclaimed water  was a f f e c t e d  by t h e  i n f i l t r a t i o n  r a t e  ( o r  f low 

v e l o c i t y ) ,  t h e  phosphate concen t r a t ion  of t h e  sewage wa te r ,  t h e  

previous  t r ea tmen t  of t h e  s o i l ,  and t h e  presence  of p l a n t s .  The 

e f f e c t  of o t h e r  i o n s  on PO -P removable is s t i l l  unce r t a in .  4 
S W Y  mD CONCLUSIONS: 

Experiments w i t h  s o i l  columns du r ing  1974 concent ra ted  on t h e  

s t i m u l a t i o n  of n i t r o g e n  removal by adding carbon pu l se s  a t  t h e  

beginning  of t h e  f lood ing  pe r iod ,  and by growing p l a n t s  i n  t h e  s o i l  

columns, and on f a c t o r s  a f f e c t i n g  phosphate removal. Nitrogen 

removal a t  each i n f i l t r a t i o n  rate w a s  i nc reased  by adding a 100 pprn 

carbon p u l s e ,  and was f u r t h e r  i nc reased  by adding a 200 pprn carbon 

pu l se .  Therefore ,  a r e l a t i o n s h i p  between i n f i l t r a t i o n  r a t e  and 

% N removal probably e x i s t s  f o r  each l e v e l  of carbon added. Inf  il- 

t r a t i o n  rates were decreased 5 t o  20% by adding a 100 pprn C pu l se ,  

and 36 t o  60% by adding a 200 pprn C p u l s e .  However, one column main- 

t a i n e d  i t s  i n f i l t r a t i o n  rate. A comparison of t r ea tmen t s  w i t h  s i m i l a r  

i n f i l t r a t i o n  rates showed t h a t  t h e  100 pprn pu l se  i nc reased  N removal 

by about  18  t o  20% of t h e  appl ied  n i t r o g e n ,  and a 200 pprn p u l s e  f u r t h e r  

i nc reased  N removal by 1 0  t o  12% of t h e  app l i ed  N.  The n i t r a t e  peak 

was completely e l imina ted  i n  columns wi th  i n f i l t r a t i o n  rates below 

15 cm/day. 

The bermudagrass i nc reased  n ic rogen  removal by 18.5% oE t h e  

app l i ed  n i t r o g e n  dur ing  t h e  per iod  when t h e  g ra s s  w a s  a c t i v e l y  grow- 

i n g .  A p l o t  of t h e  d i f f e r e n c e  i n  % n i t r o g e n  removal between t h e  

vege ta t ed  and nonvegetated columns v s .  t ime followed c l o s e l y  a p l o t  

of y i e l d  of d ry  ma t t e r  vs .  t ime.  P.eturning t h e  g r a s s  c l i p p i n g s  t o  

t h e  s o i l  s u r f a c e  r e s u l t e d  i n  l e s s  N removal t han  removing t h e  

c l i p p i n g s .  This might have been due t o  a r educ t ion  i n  t h e  amount 

of NH -iJ n i t r i f i e d  i n  t h e  water  ponded above t h e  s o i l  s u r f a c e  and a 
4 

subsequent  r educ t ion  i n  t h e  t o t a l  amount of n i t ra te -N d e n i t r i f i e d .  
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The t o t a l  y i e l d  of berrnudagrass fo rage  w a s  5.8 kg/m2 of d r y  

m a t t e r ,  i n d i c a t i n g  t h a t  t h e  g r a s s  grew v igorous ly  even though it 

w a s  f looded f o r  9 ou t  of every 1 4  days.  

Phosphate removal by t h e  s o i l  columns inc reased  as t h e  i n f i l -  

t r a t i o n  rate decreased.  Phosphate removal a l s o  inc reased  as t h e  

flow v e l o c i t y  decreased dur ing  t h e  dra inage  per iod  when no water 

w a s  app l i ed .  A mixture  of sand which had never  been t r e a t e d  w i t h  

sewage and sand from b a s i n s  which had been f looded w i t h  sewage 

wa te r  f o r  s e v e r a l  y e a r s  was packed i n t o  columns. Phosphate 

concen t r a t ions  from t h e s e  columns were below 1 ppm f o r  t h e  over  

200 days of i n t e r m i t t e n t  f l ood ing  on a schedule  of 9 days wet  and 

5 days dry .  Phosphate concen t r a t ions  inc reased  and l e v e l e d  o f f  a t  

d i f f e r e n t  concen t r a t ions ,  depending upon t h e  i n f i l t r a t i o n  rate of 

t h e  column. This  concen t r a t ion  remained r e l a t i v e l y  s t a b l e  as long 

a s  t h e  phosphate concen t r a t ion  i n  t h e  incoming sewage w a t e r  w a s  

cons t an t .  A f t e r  t h e  phosphate l e v e l  i n  water  from a column w a s  

e s t a b l i s h e d ,  i t  could be  lowered by decreas ing  t h e  i n f i l t r a t i o n  

rate. 

These r e s u l t s  i n d i c a t e d  t h a t  when sand was i n i t i a l l y  f looded  

w i t h  sewage wa te r ,  phosphate w a s  adsorbed by a r e a c t i o n  which was 

independent of flow v e l o c i t y  o r  d e t e n t i o n  t i m e .  This  a d s o r p t i o n  

c a p a c i t y  was apparent ly  s a t u r a t e d ,  and then  phosphate w a s  removed 

by an  a d s o r p t i o n  o r  p r e c i p i t a t i o n  r e a c t i o n  which was dependent on 

t h e  d e t e n t i o n  t ime.  The immediate response of some columns t o  

changes i n  i n f i l t r a t i o n  rate o r  flow v e l o c i t y  sugges ted  a p r e c i p i -  

t a t i o n  r e a c t i o n .  

There seemed t o  be  l i t t l e  r e l a t i o n s h i p  between changes i n  F and  

phosphate concen t r a t ions .  F luc tua t ions  i n  calcium concen t r a t ions  

seem t o  co inc ide  w i t h  f l u c t u a t i o n s  i n  p h o s p h a ~ e  concen t r a t ions  d u r i n g  

t h e  f lood ing  per iod  bu t  n o t  dur ing  the dra inage  o r  dry pe r iod .  Also,  

t h e  magnitude of t h e  calcium f l u c t u a t i o n s  w a s  much g r e a t e r  t han  t h a t  

of t h e  phosphate.  Calcium concen t r a t ions  were always h ighe r  i n  
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column samples t han  i n  t h e  incoming sewage water, and ca lc ium 

moved i n  concent ra ted  peaks which coincided w i t h  t h e  n i t r a t e  peaks. 

Bermudagrass g r e a t l y  increased  t h e  phosphate c o n c e n t r a t i o n  i n  

column samples.  When p l a n t  y i e l d  of dry ma t t e r  and phosphate  concen- 

t r a t i o n  was p l o t t e d  v s .  t ime,  t h e  two curves were almost  i d e n t i c a l  

i n  shape. The p l a n t  r o o t  exudates  e v i d e n t l y  kep t  phosphate  i n  

s o l u t i o n .  ,, 

Futu re  work w i l l  i nc lude  experiments on n i t r o g e n  and phosphate  

removal by columns f looded w i t h  primary e f f l u e n t ,  v i r u s  movement 

experiments ,  and t h e  e f f e c t  of changing t h e  composi t ion of t h e  

sewage water  on phosphate removal. 

PERSONNEL: J. C. Lance 
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Table 1. The effect of carbon pulses on nitrogen removal 

Infiltration rate 
% N removal -- - (cm/day) 

Column 
100 ppm C 200 ppm C 100 ppm C 200 ppm C 
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Table  2.  E f f e c t  of a d d i t i o n  of carbon pu l se  on n i t rogen  removal 

i n  s o i l  columns w i t h  s i m i l a r  i n f i l t r a t i o n  r a t e s  

Column Sewage Sewage 4- Sewage f 
number only  100 ppm C pu lse  200 ppm C pulse  

% N r e m o v a l  
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Table 3. Nitrogen removed by vegetated columns 

7'< 
Date Grass-H Grass-R No grass 

Average 42.9 32.1 28.5 

Average 
315 - 10115 48.1 33.8 29.6 

ik 
Grass-H - clippings harvested. 

Grass-R - clippings returned t o  s o i l  surface .  

Annual Report of the U.S. Water Conservation Laboratory



Table  4 .  The y i e l d  of bermudagrass fo rage  grown i n  s o i l  columns 
f looded  w i t h  sewage water  on a schedule  oE 9 days wet 
a l t e r n a t e d  w i t h  5 days d ry .  1974. 

C o l u m n s  
Date  1 4  7 2 5 8 T o t a l  Avg. 

18 J a n  

1 Feb 

15 Feb 

2 Mar 

15 Mar 

29 Mar 

' 2 6 A p r  

9 May 

23 May 

7 Jun 

21 Jun 

5 J u l  

19 J u l  

2 Aug 

16  Aug 

16  Sep 

27 Sep 

11 Oct 

25 Oct 

T o t a l  

Avg . 

grams 

T o t a l  y i e l d  of s i x  columns was 614.2 grams. 
2 

Average y i e l d  p e r  column was 102.4 grams = 5.8 kg/m . 
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Table  5. F l u o r i d e  concen t r a t ions  i n  dra inage  from s o i l  columns 

f looded w i t h  sewage water  

Cycle 
C o l u m n  N u m b e r  

1 2 3 4 5 6 7 8 

Average 2.3  2 . 4  2.5 2.5 2.6 2.6 2.4 2 .6  

Avg, i n f i l t r a t i o n  
r a t e - c m / d a y  14 2 1  15 28 
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Figure  1 ,  A cor&rison of d i f f e r e n c e s  i n  n i t rogen  removal from vegeta ted  
and nonvegeteted s o i l  columns, i n t e r m i t t e n t l y  f looded wi th  
sewage water ,  and y i e l d  of dry  mat te r ,  The average % N 
removal by t h r e e  ba re  s o i l  columns was subs t rac ted  from the  
average % N removal f o r  t h r e e  columns planted  t o  bermuda- 
grass which were harvested every 2 weeks, 
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0 10 20 30 40 5 0 

INFILTRATtON RATE ( c m / d a y  ) 

Figure 2. The effect of infiltration rate on phosphate concentrations 
in water from soil columns intermittently flooded with 
sewage water. Data from each of six columns were averaged 
for 6 months of flooding on a schedule of 9 days wet 
alternated with 5 days dry. 
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FOR 

F O R  

2 3 4 

T I M E  ( d a y s ]  

F i g u r e  3 .  Changes i n  phosphate concen t r a t i ons  and average  v e l o c i t y  f o r  
w a t e r  d r a i n i n g  from s o i l  columns du r ing  t h e  5-day d r y  p e r i o d  

. of a  schedule  of 9 days f looded  a l t e r n a t e d  u i e h  5 days d r y .  
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w 

6 oe2 
a. 

I -@ 22.3 crn /day  INFILTRATION R A T E  

@ 18.2 crn/day INF1LTRATiON R A T E  

TIME ( d a y s )  

Figure  4 .  , Phosphate concen t r a t ions  i n  wa te r  from s o i l  columns con ta in ing  some sand which had n o t  been 
t r e a t e d  p rev ious ly  w i t h  sewage wa te r .  The phosphate concen t r a t ions  were below 1 ppm f o r  t h e  
f i r s t  210 days of i n t e r m i t t e n t  f l ood ing .  
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~ i g u r e  5. A. comparison of changes in phosphate concentration and infiltration rate 
with time for a soil column intermittently flooded with seeage water at 
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Figure  6 ,  A comparison of changes i n  phosphate concen t r a t ion  and i n f i l t r a t i o n  r a t e  w i t h  
t ime f o r  a  s o i l  column i n t e r m i t t e n t l y  f looded  wi th  sewage wa te r  a t  a  h i g h  
i n f i l t r a t i o n  r a t e .  
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TIME ( d a y s )  

F igu re  7 .  N i t r a t e  and phosphate concen t r a t ions  i n  
wa te r  from a s o i l  column f looded  on a 
schedu le  of 9 days f looded a l t e r n a t e d  w i t h  
5 days d r y .  The dashed l i n e  i n d i c a t e s  t h e  
d r y  pe r iod .  
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T l M E  ( d a y s )  
F igu re  9.  F l u c t u a t i o n s  i n  calcium and phosphate c o n c e n t r a t i o n s  i n  

wa te r  from a s o i l  column (No. 2) i n t e r m i t t e n t l y  f l o o d e d  
w i t h  sewage water .  The average ca lc ium and phosphate  
concen t r a t ions  i n  t h e  sewage water  were 55 and 9 ppm, 
r e s p e c t i v e l y .  
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/ TIME ( d a y s 1  

Figure  10.  F l u c t u a t i o n s  i n  calcium and phosphate c o n c e n t r a t i o n s  
i n  wa te r  from a  s o i l  coluinn (No. 6) i n t e r m i t t e ~ l t l y  
f looded  w i t h  sewage water .  The average ca l c ium and 
phosphate concen t r a t ions  i n  t he  sewage w a t e r  were  55 
and 9 ppm, r e s p e c t i v e l y .  

9-25  
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Figure  11. Phosphate concentra t ions  i n  water  from a . s o i l  column wi th  
bermudagrass and a column wi th  a ba re  s o i l  s u r f a c e  during 
i n t e r m i t t e n t  f looding wi th  sewage water ,  
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TITLE : CKAMCTERISTICS OF THE SOIL MICROFLORA AND 

BIOLOGICAL PROCESSES OCCURRING I N  SOIL USED FOR 

WASTEWATER RENOVATION 

CRIS WORK UNIT: 5510-12260-003 CODE NO.: Ark.-'WCL 70-2 

INTRODUCTION : 

Basic  a s p e c t s  of e n t e r i c  v i r a l  and b a c t e r i a l  movement and 

s u r v i v a l  i n  s o i l  a r e  no t  understood; and, more information i s  need- 

ed t o  prevent  p o l l u t i o n  of ou r  ground water  resources ,  e s p e c i a l l y  

where land i s  used f o r  d i s p o s a l  of wastewater.  Therefore,  dur ing  

1974 r e s e a r c h  was i n i t i a t e d  ( i n  coopera t ion  with Baylor Univers i ty)  

t o  eva lua t e  t h e  e f f e c t i v e  removal of microbia l  i n d i c a t o r s  of water 

p o l l u t i o n  by a  s o i l  b a s i n  system t h a t  has  been renovat ing  waste- 

water  by ground water  recharge f o r  s e v e r a l  yea r s ,  the  Flushing 

Meadows P r o j e c t  . 
The o b j e c t i v e s  were, I )  t o  determine the  popula t ion  d e n s i t y  of 

v i r u s e s ,  e n t e r i c  b a c t e r i a  (Feca l  col i form, Feca l  S t r e p t o c o c c i  and 

Salmonella s p . ) ,  and t o t a l  b a c t e r i a  i n  t h e  sewage water  and 

renovated water ;  and, 2) t o  c o r r e l a t e  t he  v i r a l  and b a c t e r i a l  popu- 

l a t i o n s  de t ec t ed  r e l a t i v e  t o  t h e i r  movement through s o i l  dur ing  

f lood ing  pe r iods .  

PROCEDURES: 

Water samples were c o l l e c t e d  dur ing  f looding  per iods  of 14 

days a t  bi-monthly i n t e r v a l s  r ep re sen t ing  the  secondary sewage 

e f f l u e n t  and renovated water  from four  we l l  s i t e s  a t  Flushing 

Meadows (Eas t  Center Well, Well 1-2, East  Well and Well 7 ) .  V i r a l  

popula t ions  were c o l l e c t e d  and concent ra ted  by f i l t r a t i o n  procedures  

and i d e n t i f i e d  by Baylor Un ive r s i t y  personnel .  Various b a c t e r i a l  

popula t ions  were determined i n  water  samples c o l l e c t e d  a t  the  same 

time a s  t h e  v i r a l  samples were obta ined .  Feca l  c o l i f o r m  (FC) and 

Feca l  S t r ep tococc i  (FS) bac t e r i a /100  m l  were determined wi th  the  

Mi l l i po re  f i l t e r  method. To ta l  bac t e r i a /ml  were determined wi th  

t h e  d i l u t i o n  p l a t e  method, u s ing  p l a t e  count agar .  Salmonella 
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sp./100 m l  were assayed wi th  the  most probable number method, u s ing  

a f i ve - tube  d i l u t i o n  s e r i e s ;  and, p o s i t i v e  tubes  were confirmed by 

c u l t u r i n g  on s e l e c t i v e  media (XLD Agar and K I A  s t a b  tube  s l a n t s )  a s  

w e l l  a s  s e r o l o g i c a l l y  wi th  Salmonella "H" ant i serum Poly a-z ,  

RESULTS : 

The numbers of  v i r u s e s ,  e n t e r i c  b a c t e r i a  and t o t a l  b a c t e r i a  

moving through s o i l  b a s i n s  i n t e r m i t t e n t l y  f looded wi th  secondary 

sewage e f f l u e n t  were g r e a t l y  reduced (Table 1 ) .  No v i r u s e s  were 

d e t e c t e d  i n  any renovated we l l  water  sample volumes ranging  from 

46 t o  120 g a l l o n s  and averaging 92 ga l lons .  The sewage e f f l u e n t  

sample volumes assayed ranged from 1 t o  4 g a l l o n s ,  averaged 3.4 

ga l lons ,  and conta ined  v i r a l  t i s s u e  c u l t u r e  i n f e c t i o u s  dosages 

(TCID) ranging from 600 t o  28,291 Tc~D/100 g a l l o n s  and averaging  

8,017 T c I D / ~ O O  ga l lons  dur ing  1974 (Table 2 and 3 ) .  The v i r u s e s  

i d e n t i f i e d  i n  t h e  sewage e f f l u e n t  included p o l i o v i r u s  type  2 and 3 ,  

echovirus  7 and 15, coxackievi rus  B4 and r e o v i r u s  type  1 and 2, 

which v a r i e d  wi th  t h e  time of t h e  yea r  (Table 4).  

The average number of  e n t e r i c  b a c t e r i a  and t o t a l  b a c t e r i a  i n  

t h e  sewage efEluent  and renovated water  dur ing  1974 a r e  summarized 

i n  Tables  2 and 3 .  The numbers of Feca l  col i form, F e c a l  S t r e p t o -  

c o c c i  and t o t a l  b a c t e r i a  were reduced on the  average i n  t h e  -J 

renovated w e l l  waters  by 99.9%; and, Salmonella sp .  were n o t  

d e t e c t e d , i n  5 - l i t e r  we l l  water samples from t h e  e a s t  c e n t e r  w e l l  

on two occasions (Table 3 ) .  
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SUMMARY AND CONCLUSIONS: . 

The sewage e f f l u e n t  and fou r  w e l l  s i t e s  a t  t he  Flushing 

Meadows P r o j e c t  were analyzed f o r  v i r u s e s  and e n t e r i c  b a c t e r i a  

du r ing  f  looding per iods  on bi-monthly i n t e r v a l s  i n  1974. No 

v i r u s e s  o r  Salmonella sp .  were d e t e c t e d  i n  any renovated w e l l  water  

samples; and, t h e  numbers of Feca l  Coliform, Feca l  S t r ep tococc i ,  

and t o t a l  b a c t e r i a  were reduced on t h e  average i n  t he  renovated 

w e l l  waters  by 99.9%. Our r e s u l t s  have ind ica t ed  t h a t  human 

b a c t e r i a l  and v i r a l  pathogens a r e  n o t  concent ra t ing ,  su rv iv ing  and 

moving through t h e  s o i l ,  b u t  t hese  organisms a r e  appa ren t ly  i n a c t i -  

va t ed  and degraded by the  s o i l .  We f e e l  i t  i s  s i g n i f i c a n t  t h a t  

a f t e r  8 y e a r s  of con t inua l  ope ra t ion  of t he  F lushing  Meadows P r o j e c t  

t h e  v i r u s e s ,  e n t e r i c  b a c t e r i a l  pathogens and p o l l u t i o n  i n d i c a t o r  

organisms i n  t h e  sewage e f f l u e n t  a r e  e i t h e r  nondectable  o r  g r e a t l y  

reduced i n  numbers i n  t h e  renovated water  a f t e r  f i l t r a t i o n  of t h e  

wastewater through s o i l  recharge  b a s i n s .  

PERSONNEL: R .  G .  G i l b e r t ,  J .  B. M i l l e r ,  R. C.  Rice and H. Bouwer 
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Table I. Virus and b a c t e r i a  numbers i n  secondary sewage e f f l u e n t  and renovated wastewater from 

fou r  w e l l  s i t e s  a t  t h e  F lushing  Meadows P r o j e c t  dur ing  1974. 

Date Days Virus Feca l  Feca l  Salmonella Tora l  
(1974) Flooded (TCID/100 g a l )  Coliform S t r e p t o c o c c i  (#/I00 ml) B a c t e r i a  

(#/ lo0 ml) (#/lo0 m 1) 
3 

(#/ml x 10 ) 

SECONDARY SEWAGE EFFLUENT 

7 J a n  11 1,820 122, 500 - - - 
11 J a n  15 4,133 68,000 - - - 
13 Mar 10 10,390 770,000 50,000 - 1,243 

7 May 9 16,000 210,000 20,000 - 4,410 

9 May 11 2,000 20,000 2,500 - 820 

F 
25 Jun 6 600 240,000 28,000 17 1,350 

F) 26 Jun  7 900 278,000 40,000 - 
fi 

1,235 

27 Aug 9 28,292 - - - - 
20 Nov 9 H&/ 5,000 0 - 240 

EAST CENTER WELL - - 
7 J a n  11 0 25 2 .. - .. 

10 J a n  14 0 11 - - - 
12 Nar 9 0 15 2 - - 15 

8 N a y  10 0 43 2 6 - 2 1 

25 June 6 0 25 9 0 2 

26 Aug 8 0 17 15 - 2 

19 Nov 8 ND 9 45 ' - 4 
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Table 1. Virus and b a c t e r i a  numbers i n  secondary sewage e f f l u e n t  and renovated wastewater from 

f o u r  w e l l  s i t e s  a t  t h e  Flushing Meadows P r o j e c t  dur ing  1974. - (cont inued)  - 
Date . Days Virus Feca l  Feca l  Salmonella T o t a l  
(1974) Flooded (TC1D/100 g a l )  Coliform S t r ep tococc i  (#/lo0 ml) B a c t e r i a  

(#/ loo ml) (#/loo ml) 3 
(i//ml x 10 ) 

10 J a n  14  0 

15 Mar 12 0 

9 May 11 

28 Jun  9 

22 Nov 11 

8 J a n  12  

13 Mar 10 

6 May 8 

26 J u n  7 

27 Aug 9 

11 Dec 3 

EAST WELL 

85 

220 

359 

3 

2 

1 

Annual Report of the U.S. Water Conservation Laboratory



Table 1. Virus and bac t e r i a  numbers i n  secondary sewage e f f luen t  and renovated wastewater from 

four well s i t e s  a t  the  Flushing Meadows Project  during 1974. 

Date Days Virus Feca 1 Fecal  Salmonella Tota l  
(1974) Flooded (TCID/100 gal )  Coliform Streptococci  (#/I00 ml) Bacteria 

(#/loo ml) (#/loo ml) (i//ml x 10) 

9 Jan 13 

14 Mar 11 

7 May 9 

27 June 8 

28 Aug 10 

10 Dec 2 

WELL #7 

243 

1/ - No data  received from Baylor Universi ty a t  t h i s  time. - 
2/ - On 10 Jan and 15 Mar, the f e c a l  coliform numbers were increased when pump was inse r ted  i n t o  - 

the well  and a f t e r  15 Mar the pump was l e f t  i n  the well  f o r  the  durat ion of the experiment. 
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Table 2. Average numbers of v i ruses  and bac t e r i a  i n  secondary sewage e f f luen t  and renovated 
1 / wastewater from four well  s i t e s  a t  the  Flushing Meadows Project.- 

Water Virus Fecal Ratto Fecal Tota l  
Sample (TCID/ 100 ga l )  Colif orm FC/FS S t r e ~ t o c o c c i  Salmonella Bacter ia  

(#/loo ml) - 3 / (@/loo ml) (#/lo0 ml) (#/ml x 10 3 ) 

Sewage Effluent  8,017 

East Center Well 0 
2 / Well $1 - 2- 0 

East Well 

Well #7 

- - -  

1/ The numbers a r e  averages of r e s u l t s  from 5 flooding periods analyzed from Jan t o  Sept 1974 a t  - 
bimonthly in te rva l s ,  except f o r  Salmonella which were determined twice i n  June and Ju ly  only 

f o r  the  sewage e f f l uen t  and the e a s t  center  well .  

2 /  Averages higher because wel l  was dis turbed during i n s t a l l a t i o n  of pump and f i r s t  two samples - 
were contaminated. 

3/ FC/FS (Fecal Coliform/Fecal Strep.)  r a t i o  g rea te r  than o r  equal t o  4 ind ica tes  po l lu t ion  - 
derived from human waste. 

Annual Report of the U.S. Water Conservation Laboratory



Table 3. Average number of v i r u s e s ,  e n t e r i c  b a c t e r i a  and t o t a l  b a c t e r i a  i n  t h e  secondary 
fr 

sewage e f f l u e n t  and the  wastewater a f t e r  renovat ion  by f i l t r a t i o n  through s o i l .  

SEWAGE EFFLUENT RENOVATED WATER 

Type of Organism Range Average Range Average %-Reduced 

Feca l  Coliform/100 m l  20,000-770,000 244,07 1 0- 359 9 6 99.96 

Feca l  ~ t r ep : tococc i /100  m l  2,500-50,000 28, 100 21-24 22 99.92 

Salmonella sp .  / I00  m l  17-26 2 1 0 0 100.00 

T o t a l  ~ a c t e r i a / m l  820,000-4,410,000 1,311,400 600-41,,000 10,278 99.94 

viruses-TcID/~OO g a l  600-28,292 8,017 0 0 100.00 

* Resu l t s  a r e  averages of  f i v e  bimonthly water  samples from 3 w e l l s  i n  1974, except  f o r  

Salmonella which was determined twice i n  June  and J u l y  i n  only  t h e  Eas t  Center  Well and 

t h e  Sewage Ef f luen t .  (Data from Well 1 - 2 was excluded; r e f e r  t o  Table 2) 
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Table  4.  Vi ruses  i d e n t i f i e d  i n  t h e  secondary sewage e f f l u e n t  

du r ing  1974. 

DATES TYPES OF VIRUSES 

7-11 J a n  

12-18 Mar 

5-9 May 

25 J u n  - 9 J u l  

Po l iov i rus  2 

Echovirus 15 

Po l iov i rus  2 

Echovirus 7 

Po l iov i rus  2 and 3 

Po l iov i rus  2 

Coxsackievirus  B4 

26 Aug - 1 2  Sept  Reovirus 1 and 2 
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TITLE : ASSESSMENT OF BIOSTIMULATZON AND EUTROPHICATION OF 

RECLAIMED WASTE WATER 

CRIS WORK UNIT: 5510-12260-003 CODE N O . :  Ariz.-WCL 71-10 

INTRODUCTION: 

The assessment of b i o s t i m u l a t i o n  and e u t r o p h i c a t i o n  i n  two 

smal l  f i b e r g l a s s - a s p h a l t - l i n e d  ponds con ta in ing  reclaimed sewage 

water  was completed i n  1974. The f i r s t  phase of  t he  work was t o  

monitor  s e v e r a l  b i o l o g i c a l ,  chemical, and phys i ca l  f a c t o r s  t h a t  

con t r ibu ted  t o  t h e  growth of  phytoplankton, zooplankton, and f i s h  

i n  reclaimed sewage water .  Since t h e  Flushing Meadows P r o j e c t  has  

a  f i e l d  l a b o r a t o r y  wi th  e l e c t r i c  power, many of t he  f a c t o r s  moni- 

to red  were measured a t  t h e  s i t e .  Mult ichannel  r eco rde r s  were s e t  

up t o  measure temperature p r o f i l e s  i n  the  ponds, s o l a r  and thermal 

r a d i a t i o n ,  and s u r f a c e  evapora t ion .  Water v i s i b i l i t y  was measured 

wi th  a  Secchi  d i sc ,  and t h e  necessary  f i l l - u p  water  from t h e  e a s t  

w e l l  was added t o  t h e  ponds t o  main ta in  a  cons t an t  water  l e v e l .  

Water samples were immediately analyzed i n  t he  f i e l d  l a b o r a t o r y  f o r  

d i s so lved  oxygen, pH, a l k a l i n i t y  and t u r b i d i t y .  Carbon d iox ide  was 

l a t e r  c a l c u l a t e d  Erom t h e  r e l a t i o n s h i p s  of pH and a l k a l i n i t y .  

Primary p r o d u c t i v i t y  was determined a t  two l e v e l s ,  30-cm and 60-cm 

depths .  S imi l a r  water  samples were f i l t e r e d  and l a t e r  analyzed 

f o r  ch lo rophy l l  con ten t  photometr ica l ly .  Other water  samples from 

each pond were s t o r e d  i n  the r e f r i g e r a t o r  p r i o r  t o  chemical ana ly-  

s i s  f o r  t o t a l  d i s so lved  s a l t s ,  carbon, n i t rogen ,  phosphorus, and 

o t h e r  minor n u t r i e n t  elements.  Water samples were a l s o  concent ra -  

t e d  ( lo - fo ld ) ,  p reserved  (formalin) ,  and s t o r e d  (4  C), u n t i l  they 

could be  analyzed f o r  phytoplankton and zooplankton popu la t ions .  

The t o t a l  b a c t e r i a  popula t ion  was analyzed immediately a f t e r  r e -  

t u r n i n g  t o  t h e  r e sea rch  l abo ra to ry .  Therefore,  a  physical-chemical-  

b i o l o g i c a l  s tudy  of ponded reclaimed sewage water  from t h e  F lushing  

Meadows P r o j e c t  was conducted. P e r t i n e n t  f a c t o r s  were s imul tane-  

ous ly  eva lua ted  t o  e s t a b l i s h  cause-and-ef fec t  r e l a t i o n s h i p s  i n  t h e  
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growth of micro- and macro-organisms in an aquatic ecosystem. This 

report will present a detailed interpretation and multiple linear 

regression (MLR) analysis of the results relative to net primary 

productivity (nPPr) of the ponded reclaimed waste water. 

PROCEDURES : 

As a first approximation to a quantitative understanding of 

the factors relating to nPPr a MLR approach was prepared. This 

work was done in cooperation with Dr. Lorne G. Everett, Department 

of Hydrology and Water Resources, University of Arizona, Tucson, 

Arizona. The program used was a (BMD) Biomedical Computer Program, 

version of April 13, 1965 developed at the UCLA Health Sciences 

Computing Facility and modified for the University of Arizona CDC 

6400 on 13 November 1970. 

Plultiple regression is used in data analysis to obtain the 

best fit of a set of observations of independent and dependent 

variables and gives the least squares "best" value of coefficients 

for those variables. The solution also gives a measure of the re- 

liability of each of the coefficients so that inferences can be 

made regarding the parameters of the population from which the 

sample of observations was taken, 

In the stepwise procedure, intermediate results, which are not 

even recorded by normal calculation methods, are used to give valua- 

ble statistical information to each step in the calculation. These 

intermediate answers are also used to control the method of calcu- 

lation. Essentially, without adding greatly to the number of 

arithmetic steps, a number of intermediate regression equations are 

obtained, as well as the complete multiple regression equation. 

These equations are obtained by adding one variable at a time and 

thus give the follow5ng intermediate equations: 

Annual Report of the U.S. Water Conservation Laboratory



y = b  f b x  
0 1 1  

Where y  i s  t h e  dependent v a r i a b l e ;  xl, x2, . . . a r e  t h e  independ- 

e n t  v a r i a b l e s  and bl, b2, . . . a r e  t h e  c o e f f i c i e n t s  t o  b e  d e t e r -  

mined. 

The v a r i a b l e  added i s  t h a t  one which makes t h e  g r e a t e s t  i m -  

provement i n  "goodness of f i t . "  The c o e f f i c i e n t s  r e p r e s e n t  t h e  

b e s t  va lues  when t h e  equat ion  i s  f i t t e d  by the  s p e c i f i c  v a r i a b l e s  

included i n  t h e  equat ion .  

An important  p rope r ty  of t h e  s tepwise  procedure i s  based on 

t h e  f a c t s  t h a t  (1) a  v a r i a b l e  may b e  ind ica t ed  t o  be s i g n i f i c a n t  i n  

any e a r l y  s t a g e  and thus  e n t e r  t h e  equat ion,  and (2)  a f t e r  s e v e r a l  

o t h e r  v a r i a b l e s  a r e  added t o  t h e  r e g r e s s i o n  equat ion,  t h e  i n i t i a l  

v a r i a b l e  may b e  i n d i c a t e d  t o  b e  i n s i g n i f i c a n t .  The i n s i g n i i i c a n t  

v a r i a b l e  w i l l  b e  removed from t h e  r e g r e s s i o n  equat ion  b e f o r e  adding 

a n  a d d i t i o n a l  v a r i a b l e .  Therefore,  only s i g n i f i c a n t  v a r i a b l e s  a r e  

inc luded  i n  t h e  f i n a l  r eg re s s ion .  

RESULTS AND DISCUSSION: 

Since n e t  primary p r o d u c t i v i t y  (nPPr) r a t e s  were ou r  parameter  

of  i n t e r e s t ,  and s i n c e  measurement of  v a r i a b l e s  a t  a  p o i n t  i n  time 

was needed f o r  c o r r e l a t i o n ,  on ly  those v a r i a b l e s  t h a t  were measured 

e x a c t l y  on t h e  day t h a t  nPPr was determined were s e l e c t e d  Eor t h e  

a n a l y s i s .  The 24 measured v a r i a b l e s  were ass igned  a  number (Table 

1 )  and t h e  program was s e t  up t o  u s e  v a r i a b l e  2, nPPr, a s  t h e  de- 

pendent v a r i a b l e ,  whi le  t h e  23 independent v a r i a b l e s  were used t o  

exp la in  the  va lue  of  t h e  dependent v a r i a b l e .  I n i t i a l  runs  i n d i c a -  

t e d  t h a t  nPPr was a  func t ion  of g ros s  primary p r o d u c t i v i t y ,  r e s p i r a -  

t i o n  and o t h e r  b i o l o g i c a l  f a c t o r s  ( i . e . ,  ch lo rophy l l s ) .  Conse- 

quent ly ,  i t  was decided t o  omit Erom the  MLR equat ion  t h e s e  
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v a r i a b l e s  which were n o t  independent of nPPr. Only those  v a r i a b l e s  

t h a t  management could c o n t r o l  were allowed t o  e n t e r  t h e  equat ion:  

Dissolved Oxygen (4) Carbon Ino rgan ic  (16) 

PH (5) Carbon Organic (17) 

A l k a l i n i t y  (6) N i t r i t e -N  (18) 

Carbon Dioxide (7) Nitrate-N (19) 

Turb id i ty  (8) Ammonium-N (20) 

Secchi  Disc (9) Phosphate-P (21) 

Temperature (10) T o t a l  B a c t e r i a  (24) 

L igh t  (11) 

Each parameter i s  independent ly i n v e s t i g a t e d  by t h e  computer 

and by a  s tepwise  f a sh ion  even tua l ly  included a l l  of t h e  independ- 

e n t  parameters  r e l a t e d  t o  nPPr. The computer program u t i l i z e d  a  

s e t  of l i m i t s  which inc lude :  

F r a t i o :  Used i n  a n a l y s i s  of var iance ,  r a t i o n  of  mean square  -- 
r e g r e s s i o n  t o  mean square  e r r o r s ,  used t o  d e s c r i b e  

i f  r e g r e s s i o n  va r i ance  i s  s i g n i f i c a n t l y  g r e a t e r  than  

r e s i d u a l  va r i ance .  
2  

R : - - C o e f f i c i e n t  of m u l t i p l e  de te rmina t ion ,  p ropor t ion  of 

va r i ance  i n  dependent v a r i a b l e  accounted f o r  by i n -  

dependent v a r i a b l e s .  

r : - - Mul t ip l e  c o r r e l a t i o n  c o e f f i c i e n t ,  s t r e n g t h  of l i n e a r  

r e l a t i o n s h i p .  

Standard Er ro r  of Est imate:  95% confidence l i m i t s  around r e -  

g r e s s i o n  l i n e ,  s t anda rd  d e v i a t i o n  around r e g r e s s i o n  

l i n e .  

The s tepwise  kIZR a n a l y s i s  of t he  d a t a  i nd ica t ed  the  f i r s t  v a r i a b l e  

e n t e r i n g  was temperature (Tables 2 & 3 ) .  The cons t an t  i n  t h e  

l i n e a r  equat ion  was -2,49359, t h e  temperature coef f  i c j e n t  w a s  
2 

0.12668 and R was 0.44. A l l  of t he  above cons t an t s  and 
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c o e f f i c i e n t s  change a s  each new s t e p  i s  inc luded  (Table 3 ) .  Re- 

g r e s s i o n  s t e p  3 i nd i ca t ed  t h a t  temperature,  n i t r i t e ,  and l i g h t  a r e  

t h e  dominant v a r i a b l e s  accounting f o r  t h e  nPPr. The i n c r e a s e  i n  
2 

R from s t e p  3 t o  13  i s  cons iderably  sma l l e r  than  t h e  i n c r e a s e  from 
2 

s t e p  1 t o  3 (Table 2).  The R of 0.66 a t  s t e p  3 i n d i c a t e d  t h a t  66% 

of t h e  v a r i a b i l i t y  of nPPr was expla ined  by t h e s e  t h r e e  v a r i a b l e s .  
2 

The i n c r e a s e  i n  R between s t e p  5 and 6 i n d i c a t e d  t h a t  t h e  v a r i a -  

b i l i t y  was no t  explained i n  more d e t a i l  and thereby  provided a  c u t -  

o f f  f o r  t h e  MLR equat ion .  The s i x  v a r i a b l e s  t o  be  included i n  t h e  

MLR equat ion  ob ta ined  a r e :  Temperature, N i t r i t e -N ,  L igh t ,  Carbon- 

inorganic ,  Carbon d ioxide ,  and Ammonium-N. Using t h e  c o n s t a n t  and 

c o e f f i c i e n t s  g iven  i n  s t e p  G (Table 3)  t h e  equat ion  r e l a t i n g  t h e  

v a r i a b l e s  t o  nPPr was : 

nPPr = -5,41380 f! (0,07925) (Temperature) f! (6.52079)(Nitr i te-N) 

# (0.00246) (Light)  f (0,03687) (Carbon ino rgan ic )  

f (-0.  Lt27 22) (Carbon d ioxide)  $ (0.14496) (Ammonium-N) (2) 

The s tepwise  procedure of t h e  MZR a n a l y s i s  was allowed t o  cont inue  

Go inc lude  t h e  remaining v a r i a b l e s ,  and a t  s t e p  13  t h e  95% c o n f i -  

dence l i m i t s  were v i o l a t e d  and the  program stopped (Table 2) .  

SUMMARY AND CONCLUSIONS: 

A m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  i nd ica t ed  t h a t  73% of 

t h e  v a r i a b i l i t y  i n  n e t  primary p r o d u c t i v i t y  i n  reclaimed was te  

water  ponds was accounted f o r  by s i x  parameters:  Temperature, - 

Ni t r i t e -N ,  Light ,  Carbon inorganic ,  Carbon d ioxide ,  and Ammonium-N. 

It appeared t h a t  t he  d a t a  base  from the  waste water  reclama- 

t i o n  ponds agreed w e l l  wi th  e x i s t i n g  works. The c o n t r o l  of  tempera- 

t u r e  and l i g h t  i n  a l g a l  s t u d i e s  i nd ica t ed  a  management a l t e r n a t i v e  

scheme. The r o l e  of n i t r o g e n  and phosphorus i n  l i m i t i n g  amounts 

has  rece ived  consi.derable a t t e n t i o n  while  t h i s  s tudy  i n d i c a t e d  

n i t r o g e n  forms t o  be  of cons ide rab le  importance. Severa l  m u l t i -  

v a r i a t e  approaches were used t o  r e l a t e  t h e  mass of da t a  c o l l e c t e d .  
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Since each s t a t e  had been def ined  chemical ly,  b i o l o g i c a l l y  and 

phys i ca l ly ,  t h e  s imp les t  s t e p  was t o  l i n e a r l y  r e l a t e  t h e  v a r i a b l e s .  

This approach imp l i e s  two assumptions: 1. That t he  events  a r e  

l i n e a r l y  r e l a t e d ;  and, 2 .  That t h e r e  i s  no l a g  phase. Both of 

t hese  assumptions a r e  i n t o l e r a b l e  i n  b i o l o g i c a l  systems, b u t  they 

a r e  neve r the l e s s ,  a  n a t u r a l  s t a r t i n g  p o i n t  t h a t  may provide d i r e c -  

t i o n  and background informat ion  f o r  f u r t h e r  s t u d i e s ,  and simul- 

taneous ly  provide p r e d i c t i v e  t o o l s  needed i n  water  q u a l i t y  

management. 

PERSONNEL: R.  G .  G i l b e r t ,  J .  B. M i l l e r ,  and L. G .  E v e r e t t  
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Table 1. Var iab le  names and ass igned  numbers. 

No. Name 

Gross Primary P roduc t iv i ty  

Net Primary P roduc t iv i ty  

Resp i r a t ion  

Dissolved Oxygen 

pH 

A l k a l i n i t y  

Carbon Dioxide 

Turb i d i  t y  

Secchi  Disc 

Temperature 

Light  (Incoming So la r  Radia t ion)  

Ex t inc t ion  C o e f f i c i e n t  

Chlorophyll  - a 

Carotenoids - Animals 

Carotenoids - P l a n t s  

Carbon-Inorganic 

Carbon-Organic 

N i  t r i t e - N  

Nitrate-N 

Ammonium-N 

Phosphorus 

T o t a l  Zooplank ton 

T o t a l  Phytoplankton 

T o t a l  b a c t e r i a  
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rab le  2. Resu l t s  of t h e  s tepwise  m u l t i p l e  l i n e a r  r e g r e s s i o n  of  n e t  primary p r o d u c t i v i t y  (nPPr) a g a i n s t  15 independent 

chemical and phys i ca l  v a r i a b l e s  according t o  t h e  model: nPPr = bo f bl xl f b2 x 2 . . . . h  x n n 

7 

Temp. 

N02 

Light  

C-Inor 

C02 

NH4 

i l k a l i n i t ]  

10 

Temp. 

N02 

L igh t  

C- I n o r  

C02 

NH 
4 

Alka. 

NO3 

3act. 

?hosphorus 

2 

Temp. 

N02 

t ep  No 

: iab le  

ra 1u e 

5 

Temp. 

L igh t  

C-Inox 

C02 

6 

Temp. 

N02 

Light  

:-Inor 

C02 

hx4 

8 

Temp. 

NO2 

Light  

C-Inor 

C02 

NH4 

Alka. 

N03 

9 

Temp. 

N02 

Light  

C-Inor 

C02 

NN4 

Alka. 

N03 

i a c t e r i a  

11 

Temp. 

NO2 

Light  

C- Inoi 

C02 

NH4 

Alka. 

N03 

Bact.  

Phos . 
3xyg en 

,894 

r-3 
L emp . 

.662 

Temp. 

N02 

Light  

.815 

Temp. 

N02 

" Ligh t  

Carbon-Inor. 

Temp. 

h'O2 

L igh t  

C-Inor 

C02 

NK4 

Alka . 
NO3 

Bact.  

Phos . 
Oxygen 

Turbid i  t: 

.898 

Temp. 

N02 

Light  

C-Lnor 

C02 

NHL, 

Alka. 

NO3 

Bact . 
Phos . 

Oxygen 

Turb. 
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Table 3. Stepwise m u l t i p l e  l i n e a r  r eg res s ion  a n a l y s i s  summary i n  which n e t  primary p r o d u c t i v i t y  

(nPPr) was r e l a t e d  t o  s i x  independent chemical and phys ica l  v a r i a b l e s  according t o  the  

wiiere : 

T: Temperature 

N: N i t r i t e -N  

L: Light  

I : Carbon-Inorganic 

C: Carbon Dioxide 

A : Ammonium-N 

Regression I I n t e r c e p t  I Regression Coef f i c i en t s  / C o e f f i c i e n t  
S tep  No. 

1 

2 

3 

4 

5 

6 

b 
0 

-2.49359 

-2.59605 

-3.49811 

-4.91984 

-5.82989 

-5.41380 

o f  
Determination 

R~ 

0.44 

0.62 

0.66 

0.69 

0.71 

0.73 

b4 

0.02808 

0.04368 

0.03687 

I 

b5 

-0.32531 

-0.42722 

1 

0.11668 

0.09812 

0.08441 

0.05516 

0.07171 

0.07925 

b6 

0.14496 

b2 

7.85437 

6.94271 

6.53132 

7. 11134 

6.52079 

b3 

0.00238 

0.00326 

0.00300 

0.00246 
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TITLE : MATERIALS AND METtlODS FOR WATER WXVESTING AND 

WATER STORAGE IN THE STATE OF HAWAII 

CRIS WORK UNIT: 5510-12260-004 CODE NO. kiz.-WCL 65-2 

INTRODUGTION : 

The major research emphasis in Hawaii continues to be the 

rainfall-runoff-erosion studies conducted in cooperation with the 

University of Hawaii, Water harvesting studies consist of 

observing the Maui test plots to evaluate the long-term weathering 

characteristics oE the treatments. 

RESULTS AND DISCUSSION : 

Part I. Water Harvesting 

The four-plot water harvesting test site on Maui is being 

maintained only as a materials weathering site. The site was 

visited by laboratory personnel in July and November 1974. The 

bonded butyl and Hypolon sheetings show no signs of deterioration 

from weathering. The Hypolon sheeting is stretched very tight 

because of material shrinkage. Fiberglass strands on the asphalt- 

fiberglass plot are beginning to become visible, indicating that 

a new sealcoat is needed. There are a few small holes believed 

caused by ants on the asphalt-fiberglass plot and the bonded butyl, 

There is considerable grass at the edges of all the plots, extending 

onto the plot surfaces. The grass is not believed to be damaging 

the membranes. 

Part XI, Rainfall-Runoff-Erosion Studies 

All waterstage and rainfall recorders on the rainfall-runoff- 

erosion watersheds were replaced in November and December 1974 

with new strip chart waterstage recorders equipped with a tipping 

bucket raingage recorder accessory. The raingages have a sensi- 

tivity of 0.01 inches and are located at a distance of less than 

200 ft from the flumes. Locating the raingages near the flumes 
' 

may cause a problem with obtaining a true record from some storms 

because of inadequate retch distance. This disadvantage i.s of iset 

L 
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by the  c a p a b i l i t y  of recording r a i n f a l l  and water s t age  on the  same 

char t  and the  advantage of  being ab le  t o  v i s u a l l y  inspect  the  d a t a  

before  processing.  A r o l l  of cha r t  paper on the  recorders  w i l l  

l a s t  about 28 days and has a minimum time s c a l e  marking of 5 

minutes per d iv i s ion .  

I n i t i a l  processing of  the  da ta  c o l l e c t e d  wi th  the  old punched 

paper t ape  recorders  i s  about 75% completed. This i n i t i a l  proces- 

s i n g  c o n s i s t s  of matching the  r a i n f a l l  and runoff events  and tabu- 

l a t i n g  t h e  d a t a  i n t o  a master t a b l e .  Events of s i g n i f i c a n t  

r a i n f a l l  and/or runoff  a r e  then p l o t t e d  t o  ob ta in  a v i s u a l  repre-  

sen ta t ion .  Table 1 shows an example of the  form of the  i n i t i a l  

t a b u l a t i o n  of  the da ta .  Figure 1 i s  an example of the  p l o t s  of 

the  r a i n f a l l  and waters tage  f o r  t h i s  storm event .  

The sediment d a t a  from the  p l o t s  i s  being co l l ec ted  by the  

Universi ty of Hawaii cooperators .  To date,  t h e  da ta  i s  l imi ted  

because of t h e  small  quan t i ty  of water  which has run from the  

Following i s  a b r i e f  summary of each watershed f o r  the  l a s t  

year .  

Honokaa -- The sugar cane was harvested about 6 May 1974 

and w i l l  be replanted  a f t e r  t h e  next ratoon harvest ,  which i s  

scheduled f o r  about 1977. By November 1974, the  cane was approxi- 

mately 4 t o  6 E t  t a l l  and i s  considered t o  be e s s e n t i a l l y  a 

complete cover. The raingage a t  t h i s  s i t e  i s  p a r t i a l l y  sh ie lded 

from any Kona storms bu t  w i l l  probably be s u f f i c i e n t l y  accura te  - 

f o r  the  t r ade  wind storms which a r e  the  most common. Runoff from 

t h e  s i t e  has been very low. It i s  est imated t h a t  about 65% of 

t h e  d a t a  can be used i n  the  f i n a l  ana lys i s .  

Laupahoehoe -- This watershed was harvested on 22 January 1974 

and replanted  on 7 May 1974. By November 1974 the  cane was over 

6 f t  t a l l  and was a complete cover. The p lan ta t ion  has provided 

a nonplanted area  from the  road t o  the  flume which may be a 
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p o t e n t i a l  source of  sediment. The raingage a t  t h i s  s i t e  i s  next 

t o  the  flume and has s u f f i c i e n t  f e t c h  d i s t ance  i f  the  cane does 

not grow above the  10- f t  height  of t h e  gage. Considerable da ta  

was l o s t  a t  t h i s  s i t e  because of malfunction of the  punch motor 

on the  o ld  recorder .  Approximately 48% of t h e  da ta  w i l l  be usable  

from t h i s  s i t e .  

M i l i l a n i  -- This s i t e  ha.s f luc tua ted  between wi ld  p lan t  growth 

and c u l t i v a t e d  crops such a s  potatoes f o r  the  l a s t  s e v e r a l  years .  

There i s  a l s o  some ques t ion  a s  t o  the  s i z e  of the  drainage a rea  of  

t h e  watershed which may be changed under some c u l t i v a t i o n  p r a c t i c e s .  

Approximately 62% of the  da ta  from t h i s  s i t e  is  usable.  

Waialua Sugar -- The cane was harvested from t h i s  p l o t  i n  t h e  

f a l l  of 1974. There i s  considerable erosion p o t e n t i a l  a t  t h i s  

s i t e  because the  rows run up and down the  slope.  There has been 

a s i g n i f i c a n t  quan t i ty  of runoff  water through the  flume. A t o t a l  

of about 55% of the  da.ta w i l l  be usable.  

Waialua Pineapple -- This p l o t  was converted from pineapple 

t o  sugar cane i n  the  sp r ing  of 1974. A t  t h i s  time the  boundaries 

of the  a rea  s l i g h t l y  changed, leaving a watershed a rea  of 1,02 

ac res .  In Apri l  1974 t h e r e  was a major storm i n  the  a r e a  and the  

runoff  overtopped t h e  d ive r s ion  dikes around t h e  watershed a rea ,  

The e x t r a  quan t i ty  of runoff water exceeded the  capaci ty  of the  

flume causing a break i n  the  d ike  next  t o  the  flume and washing 

the  s t i l l i n g  we l l  and the  waterstage recorder loose from the  flume. 

There was no damage t o  t h e  sediment-sampling equipment. Approxi- 

mately 72% of the  da ta  w i l l  be usable from t h i s  s i t e .  

Kunia -- With the  change of the  Waialua pineapple s i t e  t o  

sugar cane, a new f i e l d  of pineapple was se lec ted  on t h e  Del Monte 

pineapple p lan ta t ion  near  Kunia. This s i t e  i s  7.02 ac res  i n  s i z e  

and was instrumented i n  December 1974. The pineapple i s  planted 

using recommended conservation p rac t i ces  wi th  r e spec t  t o  reducing 

s o i l  e ros ion.  To d a t e  no runoff da ta  has been analyzed. 
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Part  111. Rainula tor  Studies  

The r a i n u l a t o r  s t u d i e s  have been completed and a f i n a l  r epor t  

i s  i n  the  process of being prepared. 

SUMMARY AND CONCLUSIONS: 

The major r e sea rch  emphasis i n  the  S t a t e  of  Hawaii continues 

t o  be the  r a in fa l l - runof f -e ros ion  s t u d i e s  conducted i n  cooperat ion 

w i t h  t h e  Univers i ty  of Hawaii. New waterstage-raingage recorders  

were i n s t a l l e d  on a11 t h e  watersheds i n  December 1374. A t  t h i s  

time a new pineapple watershed was instrumented near  Kunia. This 

p l o t  was s e l e c t e d  because of t h e  conversion of the  pineapple on 

the  Waialua pineapple s i t e  t o  sugar cane. 

About 75% of the  runoff  d a t a  has been t abu la ted  from the  o ld  

recorders .  Matched r a i n f a l l  and runoff events  have been p l o t t e d  

and t h i s  d a t a  given t o  un ive r s i ty  and S o i l  Conservation Service 

cooperators .  

PERSONNEL: Gary F r a s i e r  and Keith Cooley 
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Table 1. Ra in fa l l - runof f  from Naialua pineapple e r o s i o n  watershed 

PATE 
(JULIAN) 

(1972). 

T IPE 
(MILITARY) 

5 
10  
15 
20 
25 

105 
115 
120 
125 
130 
135 
140 
145 
15 0 
155 
200 
2 05 
210 
215 
220 
225 
230 
3 15 
415 
450 
520 
5 25 
530 
535 
540 
545 
550 
555 
600 
6 05 
610 
6 15 
620 
6 2.5 
635 

ACCUM. 
TIME 

0 
0.00 
0.08 
0.17 
0.25 
0.33 
1.00 
1 -17  
1.25 
1.33 
1.42 
1.50 
1.58 
1.67 
1.75 
1.83 
1.92 
2 .oo 
2.08 
2.17 
2.25 
2.33 
2.42 
3.17 
4.27 
4.75 
5.25 
5.33 
5.42 
5.50 
5.58 
5.67 
5.75 
5 -83 
5.92 
6.00 
6.08 
6.17 
6.25 
6.33 
6.50 

ACCUM. 
RAIN 

{INCHES) 

0.2 
0.3 
0.3 
0.3 
0.3 
0.4 

. 0 + 4  
0.4 
0.5 
0.8 
0.9 
1.0 
1.0 
1.0 
1.0 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.4 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

WATER 
STAGE 
(FEET) 

0.00 
0.09 
0 * 02 
0.03 
0.00 
0.00 
0 . O 1  
0.00 
0.00 
0.27 
0.51 
0.51 
0.42 
0.26 
0.18 
0.21 
0.19 
0.15 
0.11 
0.07 
0.06 
0.05 
0.04 
0.03 
0.03 
0.18 
0,41 
0.42 
0.38 
0.31 
0.25 
0.22 
0.18 
0.16 
0.12 
0.09 
0,08 
0.07 
0.06 
0.05 

FLOW 
(CFS)- 

0.0000 
0.0786 
0.0041 
0,0091 
0.0000 
0.0000 
0.0011 
0.0000 
0.0000 
0.6772 
2.3554 
2.3554 
1.6099 
0.6289 
0.3059 
0,4138 
0.3401 
0,2140 
0.1165 
0 .O48O 
0.0355 
0.0248 
0.0160 
0.0091 
0.0091- 
0.3059 
1.5356 
1.6099 
1.3231 
0.8878 
0.5824 
0.4533 
0.3059 
0.2428 
0.1382 
0,0786 
0.0624 
0.0480 
0.0355 
0.0248 

A C C W ,  
OUTFLOW 
(INCKES) 
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T a b l e  1. R a i n f a l l - r u n o f f  from Waialua p i n e a p p l e  erosion w a t e r s h e d  
(1972) ( c o n t ' d ) .  

ACCIM. ACCUM. WATER ACCUiLI. 
DATE TIME: TIME RAIN STAGE FLOW OUTFLOW 

(JULIAN) (14ILITARY) (HR . ) (INCHES) (FEET) (CFS) (INCHES) 
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1 2 3 4  5 6 7 8 9 10 1 i  I2 

E ( h o u r s  ) 

Figure  1. Example of  r a i n f a l l  i n t e n s i t y  and r a t e  o f  runo f f  from Waialua 

p ineapple  e r o s i o n  watershed on Day 53, 1972. 
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TITLE : FABRICATED- I N -  ??LACE, REINFORCED RESERVOIR LININGS 

AND GROUND COVERS 

CRIS WORK UNIT: 5510-12260-004 CODE N O , :  Ariz.-WCL 68-2 

INTRODUCTION : 

Water d i s c o l o r a t i o n  s t u d i e s  were continued a t  Granite  Reef 

i n  the  eva lua t ion  of the  performance of var ious  p ro tec t ive  su r face  

coat ings  f o r  r e in fo rced  a s p h a l t i c  membranes. Experimental pond 

l i n e r s  were i n s t a l l e d  on two small t e s t  ponds and a coated p l a s t i c  

l i n e r  i n s t a l l e d  i n  t h e  s t e e l  g r a i n  b in  a t  Grani te  Reef. A new 

membrane l i n e r  was i n s t a l l e d  on the  water s to rage  p i t  a t  the  Nelson 

Road catchment on the  Hualapai Indian Reservation.  Observations 

were continued of e x i s t i n g  opera t iona l  f i e l d  catchments. 

RESULTS AND DISCUSSION : 

Par t  I. Operational Catchments, 

F ie ld  catchments of a spha l t - f ibe rg lass  membranes continue t o  

g ive  e x c e l l e n t  performance w i t h  a minimum of requi red  maintenance. 

Observations and water  d i s c o l o r a t i o n  s t u d i e s  a t  the  Granite  Reef 

t e s t  s i t e  i n d i c a t e  t h a t  the  l i f e  of the  treatments i s  s i g n i f i c a n t l y  

extended by app l i ca t ion  of p ro tec t ive  coatings.  Several  coat ings  

show no s igns  of d e t e r i o r a t i o n  a f t e r  weathering 4 t o  6 yea r s .  

The s to rage  r e s e r v o i r  f o r  the  Nelson Road Catchment on the  

Hualapai Indian Reservation was r e l i n e d  i n  June 1974 wi th  a poly- 

propylene matting s a t u r a t e d  wi th  a sprayable asphal t -asbes tos-  

water m i x .  

The o ld  a spha l t - f ibe rg lass  l i n i n g  was removed and the  p i t  s i d e s  

reshaped s l i g h t l y  and smoothed wi th  a backhoe. A s o i l  s t e r i l a n t  

was dusted on the  e n t i r e  area .  The polypropylene matt ing was l a i d  

i n  s h e e t s , l 5  f t  wide extending crosswise of the  p i t  from s i d e  t o  

s ide .  Adjoining shee t s  were overlapped about 8 inches and sea led  

w i t h  the  asphal t  mixture. The upper edges of t h e  sheet ings  were 

anchored i n  a  t r ench  6 inches deep which were b a c k f i l l e d  wi th  s o i l .  

Fishmouth wrinkles a t  t h e  seams were s p l i t  lengthwise and covered 

wi th  a patch of a spha l t - sa tu ra ted  polypropylene matt ing.  
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The coat ing  used was b a s i c a l l y  an aspha l t  emulsion (SS-lh 

anionic  w i t h  65% s o l i d s )  modified a s  follows. A w e t t i n g  agent 

was mixed w i t h  t h e  d i l u t i n g  water,  then. asbes tos  f i b e r s  (Eine-run- 

s h o r t )  added and mixed u n t i l  a l l  f i b e r s  were wetted.  Asphalt 

emulsion was then added and mixed f o r  about 3 t o  5 mine* The mix- 

t u r e  was placed i n  a  pressure-pot type tank and sprayed on the  
2 matting through a 1/8-inch s l o t t e d  nozzle a t  a  r a t e  of 0.4 gal /yd . 

Problems were encountered w i t h  poor q u a l i t y  a spha l t  ( p a r t i a l l y  

broken) and i t  was necessary t o  reduce the  quan t i ty  of  asbes tos .  
2 

The des i red  a p p l i c a t i o n  r a t e  (0.7 gal /yd ) was obtained by 

mul t ip le  a p p l i c a t i o n s .  

Pa r t  11. Laboratory Studies .  

A 35 x 50- f t  pond l i n e r ,  p re fabr i ca ted  by t h e  manufacturer 

of o r i en ted  polyethylene (Fabrene TI"I) using a heat  seam, was 

i n s t a l l e d  i n  a small  t e s t  pond a t  Granite  Reef i n  June 1974. The 

top  dimension of  t h e  test r e s e r v o i r  was 26 x 14 f t  w i t h  a 1:l t o  

1:2 (ve r t i ca1 :hor izon ta l )  s ides lope  and a 4 .5- f t  depth. Seepage 

t e s t s  i n  August 1974 f o r  a  16-day period showed a water l o s s  of 

.32 inches a day w i t h  t h e  evaporat ion est imated a t  .29 inches a 

day. The median a i r  temperature was 89 F f o r  t h i s  period.  

A second pond l i n i n g  of asphalt-asbestos-polypropylene was 

i n s t a l l e d  i n  June 1974 i n  an adjoining pond (26 x 14 x 4.5 f t ) .  

The l i n i n g  was fab r i ca ted  i n  place wi th  15-f t  wide s t r i p s  of 

polypropylene sprayed wi th  an aspha l t  emulsion coating cons i s t ing  

of  SS-lh asphal t ,  wet t ing  agent, water  and f ine-run-short  asbes tos  
2 

f i b e r s  a t  a  r a t e  of  0.7 gal/yd . A second coa t  was repeated  3 days 

l a t e r .  After  allowing adequate time fo r  curing, water was pumped 

i n t o  the  r e s e r v o i r  and i t  has been maintained a t  a  l e v e l  of  3- t o  

4 .5 - f t  depth. Water su r face  e l eva t ions  checked f o r  a  16-day 

period i n  l a t e  August showed a water  loss  of .34 inches a day 

w i t h  the evaporat ion l o s s  during period est imated a t  .29 inches 

a day. 
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A p l a s t i c  l i n e r  was i n s t a l l e d  i n  the  g r a i n  b in  s to rage  i n  

Apr i l  1974 a t  the  Granite  Reef Tes t  S i t e .  The tank i s  a galvanized 

g r a i n  b in  four  r i n g s  high, 18.5 f t  i n  diameter and has a depth  of  

10 f t .  The top edge was capped by s p l i t t i n g  %-inch-diameter 

p l a s t i c  pipe and p lac ing over the  exposed r i m  of the  tank. The 

l i n e r  i s  a shee t  of 30-mil polyvinyl '  ch lor ide  (PVC) f i l m  (45 x 

45 f t )  wi th  p r o t e c t i v e  coat ing  (United Paint  E las tu f f  400 (gray)) .  

Drying time of t h e  coat ing  was about 30 minutes w i t h  the  a i r  

temperature 80-85 F. The thickness of the  coat ing  was a uniform 

1 m i l  and very durable ,  The l i n e r  was c a r e f u l l y  unfolded i n t o  

the  tank, draped over t h e  s i d e  and a second piece  of s l i t  %-inch 

pipe placed over t h e  r i m  t o  clamp t h e  l i n e r  i n  place.  The pipes 

were held i n  place wi th  p ieces  of s t r a p  s t e e l  formed i n  t h e  shape 

of an inver t ed  J w i t h  a s l o t  i n  i t  bol ted  t o  the  tank. 

Seepage measurements i n d i c a t e  t h e  only water  l o s s  i s  from 

evaporat ion.  A f l o a t i n g  cover was constructed and placed on the  

water  su r face  i n  l a t e  November. The mate r i a l  i s  a foamed b u t y l  

1/8 inch th ick .  Wind gus t s  up t o  40 mph have occurred, but w i t h  

the  tank only about ha l f  f u l l .  With a f u l l  tank, the  u p l i f t  may 

have blown the  cover completely o f f  of the  tank. A wind gus t  

recorder  w i l l  be placed adjacent  t o  the  tank next  yea r .  

Seepage losses  from a canal  l i n e r  constructed of polypropylene- 

a spha l t  emulsion-asbestos, s i m i l a r  t o  t h a t  used t o  l i n e  the  p i t s  

a t  Granite  Reef and Hualapai, have been evaluated i n  a seepage 

t e s t  channel i n  Logan, Utah. The l i n e r  was i n s t a l l e d  i n  August 

1972. Water depth i s  maintained a t  about 1 f t .  During a 2-month 

period i n  1974 only a t r a c e  of seepage could be de tec ted  from one 

t e s t  s e c t i o n  and none from s i x  o t h e r s .  The l i n i n g  m a t e r i a l  

continues t o  be f l e x i b l e  and does n o t  show unusual s igns  of 

weathering. Seepage losses  w i l l  be checked again during 1975. 

S W R Y  AND CONCLUSIONS : 

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

evaluat ion  of p ro tec t ive  coat ing  f o r  asphalt-coated f a b r i c s .  The 
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l i f e  of  the  re inforced a spha l t i c  membranes i s  believed t o  be ab le  

t o  be extended severa l  times with severa l  of the  coatings.  

Observations and repor t s  of the f i e l d  catchments of aspha l t  

f i be rg l a s s  continues t o  be favorable with no problems o ther  than 

ants .  A new l i n ing  was i n s t a l l e d  on the s to rage  p i t  of  the  Nelson 

Road catchment. The l i n ing  i s  made from a polypropylene f a b r i c  

coated wi th  an asphalt-asbestos s ea l e r .  

Two small t e s t  ponds were successful ly  l i ned  a t  the  Granite 

Reef t e s t  s i t e  using an or iented polyethylene sheeting on one 

pond and an asphalt-asbestos-polypropylene matting on the  o ther .  

A precoated sheet ing of PVG was used t o  l i n e  the  s t e e l  g r a in  b in  

water s to rage  tank. Seepage t e s t s  i n  Logan, Utah, show no seepage 

through an asphalt-asbestos-polypropy lene canal  l in ing .  

PERSONNEL : Gary Fras ie r  , Allen Dedrick, and John Griggs . 
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TITLE : USE OF FLOATING MATERIALS TO WDUCE EVAPORATION 

FROM WATER SURFACES 

CRIS WORK UNIT: 5510-12260-004 CODE NO.: Ariz.-WCL 71-6 

INTRODUCTION : 

Long-range d u r a b i l i t y  and e f f i c i e n c y  s t u d i e s  were cont inued  f o r  

a few m a t e r i a l s  i n  1974. Included were Mini-Vaps, g ranu la r  wax, 

foamed wax b locks ,  and t h r e e  cont inuous wax covers .  Performance of 

cont inuous  wax covers  on t h e  buty l - l ined  pond and sma l l  a spha l t -  

f i b e r g l a s s  pond was a l s o  observed. A new cover  of foamed rubber  was 

cons t ruc t ed  and placed on one of t h e  evapora t ion  tanks  t o  compare 

e f f i c i e n c y .  A r e p o r t  of t h e  evapora t ion  r educ t ion  s t u d i e s  w a s  

p re sen ted  a t  t h e  Water E-larvestmg Symposium i n  Piarch a t  Phoenix, 

Arizona and w i l l  appear  i n  t h e  symposium proceedings.  

F i e l d  e v a l u a t i o n  of two foamed rubber  f l o a t i n g  covers  cons t ruc-  

t ed  i n  t h e  f a l l  of 1971 w a s  cont inued.  The tanks  a r e  l o c a t e d  I n  

southwest  Utah. Covers were i n s t a l l e d  on four  o t h e r  tanks du r ing  

1974 h e r e  i n  Arizona. DiEferent  foam rubber  t h i cknesses  were used 

i n  t h e  cons t ruc t ion .  A paper e n t i t l e d  "Foam RriDber Covers f o r  

Evaporat ion Control"  was prepared and desc r ibes  m a t e r i a l s  t o  use  

and f a b r i c a t i o n  techniques necessary  f o r  t h e  c o n s t r u c t  i o n  of t h e s e  

covers  . 
PROCEDURE : 

Evalua t ion  oE the v a r i o u s  t rea tments  on t h e  tanks was t h e  same 

as i n  previous  y e a r s ,  the procedure being t o  compare evapora t ion  

from a t r e a t e d  tank t o  t h a t  from an  i d e n t i c a l  un t r ea t ed  tank .  The 

Mini-Vaps and g ranu la r  wax were t e s t e d  a t  t h e  l a b o r a t o r y  s i te ,  and 

t h e  foamed wax b locks ,  t h r e e  cont inuous wax covers ,  and t h e  foamed 

b u t y l  rubber  were t e s t e d  a t  Gran i t e  Iieef. 

A l l  covers  a t  bo th  s i t e s  were t h e  same a s  r epo r t ed  on l a s t  y e a r ,  

except  t h e  foamed b u t y l  rubber cover .  It was cons t ruc t ed  of 3/16- 

by 36-inch r o l l s  of foamed b u t y l  which was c u t  and glued t o  form a 

c i r c l e  s l i g t l t l y  s m a l l e r  than  t h e  tank  diameter .  A p i e c e  of 1/2-  by 

1- inch b u t y l  was then  a t t a c h e d  around t h e  per imeter  on t h e  bottom 
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s i d e  t o  h e l p  ma in t a in  shape and prevent  t h e  wind from blowing t h e  

cover from t h e  water  su r f ace .  

RESULTS AND DISCUSSION: 

Laboratory S tud ie s .  The e f f i c i e n c y  of t h e  Mini-Vaps has grad- 

u a l l y  decreased from 27% i n  1971 t o  only 6% i n  1974. The c o s t  of 

t h e  25-pound sample i n  1970 w a s  $50. I f  an annual  evapora t ion  rate 

of 72 inches  is assumed, and t h e  e f f i c i e n c i e s  of 27, 22, 15 ,  and 6% 

used,  t h e  c o s t  of t h e  water  saved dur ing  t h e  3-112 year  pe r iod  would 

b e  $57/1,000 g a l l o n s .  

The e f f i c i e n c y  of t h e  granular  wax can  b e  maintained a t  about  

20% over  a  y e a r ' s  t ime i f  t h r e e  a p p l i c a t i o n s  are made dur ing  t h e  

yea r .  Assuming t h e  same evapora t ion  as above, the c o s t  of t h e  w a t e r  

saved by t h e  g ranu la r  wax would be  $18/1,000 g a l l o n s ,  o r  l e s s  than  

one-third t h a t  of t h e  Mini-Vaps. 

Although c o s t s  t o  h a u l  water  have o f t e n  been a s  much as $20/1,000 

g a l l o n s ,  o t h e r  m a t e r i a l s  be ing  t e s t e d  s a v e  water  much more e f f i -  

c i e n t l y  and a t  a  cons iderably  lower c o s t .  Therefore s t u d i e s  us ing  

t h e s e  two m a t e r i a l s  w i l l  b e  d iscont inued .  

Gran i t e  Reef S tud ie s .  The e f f i c i e n c y  of t h e  wax covers  remained 

e s s e n t i a l l y  t h e  same during 1974. Averages f o r  t h e  year  were 38, 86,  

and 89%, r e s p e c t i v e l y ,  f o r  t h e  foamed wax b locks ,  120°-1250 wax 

l a y e r ,  and t h e  125" charcoal-covered wax l a y e r .  Tank #I w i t h  t h e  

125"-135" wax l a y e r  was n o t  f i l l e d  dur ing  t h e  yea r  i n  a n  a t tempt  t o  

determine what would happen t o  t h e  wax i f  t h e  t a n k  went dry  and then  

was r e f i l l e d .  However, t h e  t a n k  d id  n o t  comp2etely dry up a t  any 

t ime during t h e  yea r .  This  t e s t  w i l l  be continued i n  o rde r  t o  com- 

p l e t e  t h e  o b j e c t i v e .  

The foamed b u t y l  rubber  w a s  on t h e  t ank  f o r  11 months and re -  

duced evapora t ion  by 85% dur ing  t h i s  per iod .  

'Lne low-melting-point wax a p p l i e d  t o  t h e  bu ty l - l i ned  pond i n  

1973 only covers  about one- th i rd  of t h e  water  s u r f a c e ,  and d i d  n o t  

cover more than  one-half of t h e  s u r f a c e  even dur ing  t h e  h o t  summer 

pe r iod .  Water temperature i n  t h e  pond may be c o o l  enough t o  p reven t  
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t h e  wax from me l t ing  and spreading .  This could mean t h e  cont inuous  

wax covers  would b e  l i m i t e d  t o  t h e  smaller ponds and s t o c k  tanks .  

It may a l s o  mean a t h i c k e r  wax l a y e r  i s  r equ i r ed  on l a r g e r  ponds. 

The cont inuous wax cover app l i ed  t o  t h e  a s p h a l t - f i b e r g l a s s  

pond performed very  w e l l  i n  t h e  summer months, b u t  became v e r y  

b r i t t l e  i n  la te  November. It has  s i n c e  broken i n t o  numerous sma l l  

p i e c e s  about  1 /16  by 2 by 2 i nches ,  and some of t h e s e  p i e c e s  have 

been blown from t h e  water  s u r f a c e .  The remainder trill be l e f t  i n  

p l a c e  t o  s e e  i f  t h e  cover  w i l l  re-form a s  t h e  tempera ture  r i s e s  

t h i s  summer. Breakage may have been caused by a chemical  r e a c t i o n  

between t h e  wax and t h e  a s p h a l t ,  o r  t h e  cover may have been  t o o  t h i n  

making i t  s u s c e p t i b l e  t o  breaking.  

F i e l d  S t u d i e s ,  Foamed Rubber Covers. 

Jackson Wash tank ,  northwest  of Cedar Ci ty ,  Utah, i n s t a l l e d  

November 1971 -- The cover  came off  t h e  t a n k  d~nr ing  May when it was 

r e f i l l e d  w i t h  water, which was similar t o  what happened a y e a r  

e a r l i e r .  Again, t h e  p r e c i s e  cause of displacement was n o t  determined 

b u t  l i k e l y  was a s s o c i a t e d  w i t h  t h e  f i l l i n g  ope ra t ion .  Wind may have 

been a c o n t r i b u t i n g  f a c t o r .  The maximum wind gus t  f o r  t h e  p e r i o d  

was 57 mph. The cover was patched and p laced  back on t h e  t a n k  on 

23 J u l y  1974. The cover was o p e r a t i n g  s a t i s f a c t o r i l y  when in spec t ed  

i n  August and October . 
Beaver Dam t ank ,  southwest  of S t .  George, Utah, i n s t a l l e d  

November 1971 -- The cover was inspec ted  f o u r  t i m e s  d u r i n g  1974, 

f i r s t  i n  May and last  i n  October. Water l e v e l s  v a r i e d  from 1 f t  t o  

3 f t  from t h e  t o p  of t h e  tank .  The maximum t ~ i n d  g u s t  recorded  w a s  

27 mph. The cover is i n  e x c e l l e n t ' c o n d i t i o n .  

Four o t h e r  covers  were i n s t a l l e d  i n  t h e  f i e l d  dur ing  1974 t o  

o b t a i n  a d d i t i o n a l  o p e r a t i o n a l  in format ion .  

F r a s i e r  Well t ank ,  Hualapzi  Ind ian  Reserva t ion ,  i n s t a l l e d  29 

May 1974 -- Sheet  s t o c k  36 inches  wide and 3/16-inch t h i c k  was used 

t o  c o n s t r u c t  a cover 40 f t  2 inches  i n  diameter.  An over f low p ipe  

was i n s t a l l e d  t o  main ta in  a 6-inch f reeboard .  A wind g u s t  anemometer 
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w a s  i n s t a l l e d  on 28 August. The maximum wind g u s t  recorded s i n c e  

i n s t a l l a t i o n  was 26 mph. The cover  is i n  e x c e l l e n t  cond i t i on .  

Ship ley  Well tank ,  Hualapai  Ind ian  Reserva t ion ,  i n s t a l l e d  29 

May 1974 -- Sheet  s t o c k  24 inches  wide and I/&-inch t h i c k  w a s  used 

t o  c o n s t r u c t  a 30-f t  ?-inch diameter  cover.  Th i s  material .  was t o o  

t h i n  t o  ma in t a in  the cover shape  and tended t o  bunch up on t h e  water 

s u r f a c e .  A cover  f a b r i c a t e d  from 36-inch-wide and 3/16-inch-thick 

s h e e t  s t o c k  r ep laced  t h e  th inne r  m a r e r i a l  on 29 August. Minimum 

f reeboard  is c o n t r o l l e d  a t  6 inches .  A wind g u s t  anemometer was 

a l s o  i n s t a l l e d  i n  August. The maximum wind g u s t  recorded was 29 mph. 

S h o r t l y  a f t e r  i n s t a l l a t i o n  5 o r  6 h o l e s  ( tear - type  h o l e s )  were 

observed t h a t  l i k e l y  were caused by vandalism. No f u r t h e r  damage 

h a s  been s e e n  s i n c e .  

Glover Ranch t ank ,  s o u t h  of Sa f fo rd ,  Arizona (Bureau of Land 

Management), i n s t a l l e d  1 2  September 1974 -- Sheet  s t o c k  24 inches  

wide and 1/4-inch t h i c k  w a s  used t o  f a b r i c a t e  a 25-ft 9-inch d iameter  

cover .  Water is  supp l i ed  from a w e l l .  The fo l lowing  is a comment 

from t h e  I1 October 1974 r e p o r t :  "Pump supply t o  tank  i s  nonopera t ive  

a t  t h i s  t ime,  and rancher  i s  h a u l i n g  water. Even dur ing  h o t  sunny 

months j u s t  a f t e r  i n s t a l l a t i o n  of t h e  cover ,  he  no t i ced  a d e f i n i t e  

drop i n  h a u l i n g  requirements ."  The cover i s  i n  e x c e l l e n t  cond i t i on .  
1, 

Hughes Ranch tank ,  s o u t h  of Rye, Arizona (Tonto Na t iona l  F o r e s t ) ,  

i n s t a l l e d  20 November 1974 -- Sheet s t o c k  24 inches  wide and 1/4- inch 

t h i c k  was used t o  f a b r i c a t e  a 27-ft  8-inch diameter cover .  A wind 

gus t  anemometer w a s  i n s t a l l e d ,  b u t  no wind r e p o r t s  have been r ece ived .  

The t ank  is used f o r  s t o r i n g  water  c o l l e c t e d  from a water  h a r v e s t i n g  

apron.  The apron needs t o  be maintained. U n t i l  ope ra t ing  p rope r ly ,  

water  w i l l  b e  hauled t o  t h e  tank.  

One-inch-wide l a p  j o i n t s  are s t i l l  s t ronge r  t han  t h e  foamed rubber  

m a t e r i a l  i t s e l f  a f t e r  36 months i n  t h e  l abo ra to ry  under cont inuous ly  

wet cond i t i ons .  M a t e r i a l  t h i ckness  has  decreased by about  33% ( o r i g i -  

n a l  t h i ckness  3/16 i n c h ) ,  bu t  i t  is  s t i l l  h igh ly  buoyant.  A l l  covers  

i n  t h e  f i e l d  have been f a b r i c a t e d  wi th  2-inch-wide l a p  j o i n t s .  No 

f a i l u r e s  have been observed. 

14 -4 
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SUMMARY AND CONCLUSIONS : 

F a i l u r e  of t h e  Mini-Vaps a f t e r  only 3-1/2 y e a r s  and t h e  n e c e s s i t y  

of t h r e e  a p p l i c a t i o n s  of g ranu la r  wax per  year  make b o t h  of t h e s e  

m a t e r i a l s  uneconomical a t  $57 and $18 per  1 ,000 g a l l o n s  of water  

saved,  r e s p e c t i v e l y .  Observat ions of t h e s e  covers  w i l l  t h e r e f o r e  

b e  d iscont inued .  

The foamed wax b locks  and cont inuous wax covers  tes.tred a t  t h e  

Gran i t e  Reef s i t e  performed e s s e n t i a l l y  the same as f o r  t h e  p a s t  2 

y e a r s ,  and long-range s t u d i e s  w i l l  be  cont inued.  The e f f i c i e n c y  of  

t h e  wax b locks  w a s  38%, and the  cont inuous wax covers  reduced evapo- 

r a t i o n  by 86 and 89%. The foamed b u t y l  rubber  cover reduced evapora t ion  

by 85% f o r  t h e  11 months i t  was i n  ope ra t ion .  

Continuous wax covers  on t h e  ponds a t  G r a n i t e  Reef w i l l  cont inue  

t o  be  observed t o  see i f  they  w i l l  re-form and spread  dur ing  t h e  h o t  

summer season .  It may b e  necessary  t o  add more wax t o  o b t a i n  complete 

and du rab le  covers .  

S i x  f l o a t i n g  covers  of foamed rubber  are be ing  f i e l d  t e s t e d  t o  

determine t h e i r  o v e r a l l  ope ra t ion ,  performance, and u t i l i t y .  Perform- 

ance has  gene ra l ly  been s a t i s f a c t o r y  f o r  a 3-112 year  pe r iod  f o r  t h e  

two covers  i n s t a l l e d  i n  1971. One cover t h a t  has  been d i sp l aced  

from t h e  t a n k  tw ice  du r ing  t h e  p a s t  2 y e a r s  w i l l  b e  c a r e f u l l y  

watched i n  an  e f f o r t  t o  determine t h e  exac t  cause of t h e  d i sp l ace -  

ment. Observat ion oE a l l  covers  w i l l  be  cont inued.  

PERSONNEL: Kei th  R. Cooley and Al len  R. Dedrick 
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TITLE : LOWER COST WATER HARVESTING SYSTEMS 

CRIS WOKK UNIT: 5510-12260-004 CODE NO. :  Ariz.-WCL 71-12 

INTRODUCTION : 

P r e c i p i t a t i o n  and runoff  measurements were cont inued on t h e  

water  ha rves t ing  t e s t  p l o t s  a t  Gran i t e  Reef, Seneca, and Monument 

Tank. A new rubber ized  a s p h a l t i c  s e a l c o a t  was app l i ed  on t h e  

c o l l e c t i o n  d i t c h e s  of two of t h e  watersheds a t  Monument Tank. 

Observat ions of  w e a t h e r a b i l i t y  and p e r i o d i c  measurements of  

m a t e r i a l  p h y s i c a l  p r o p e r t i e s  a r e  be ing  cont inued on t e s t  samples 

of  v a r i o u s  exper imenta l  membranes and p r o t e c t i v e  coa t ings  f o r  

c o l l e c t i n g  and s t o r i n g  p r e c i p i t a t i o n  a t  t h e  Gran i t e  Reef t e s t  

s i t e .  

PART I. GRANITE REEF TEST SITE 

An above-average t o t a l  o f  250.7 rnm of r a i n f a l l  was measured 

from 22 s torms a t  t h e  Gran i t e  Reef t e s t  s i t e .  

Paved o r  Covered P l o t s :  The t rea tments  app l i ed  t o  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 the  runoff  r e s u l t s  i n  

Table 2. 

The runoff  e f f i c i e n c y  from t h e  two-phase a s p h a l t  t rea tments ,  

L-5 and L-6, cont inued t o  dec l ine ,  averaging only 53.4% and 66.1%) 

r e s p e c t i v e l y .  The a s p h a l t i c  pavement catchment s u r f a c e  shows 

ex tens ive  shr inkage  w i t h  corresponding cracks .  There has been no 

maintenance on t h e  p l o t s  f o r  over  3 yea r s .  

The membrane-covered p l o t s  L- l  (30 m i l  c h l o r i n a t e d  polyethy- 

l ene ) ,  L-4 (15 m i l  nonreinforced b u t y l ) ,  and L-7 ( 1  m i l  aluminum 

f o i l )  averaged 92.3%, 49.3% and 79.5% runoff  e f f i c i e n c y  B 
r e s p e c t i v e l y .  Runoff from p l o t s  L-1 and 2-7 was approximately 

5% l e s s  than  t h e  previous yea r .  The reason f o r  t he  decrease  i s  

n o t  known but  may be a  r e s u l t  of t h e  storm c h a r a c t e r i s t i c s  o r  

because of i nc reased  r e t e n t i o n  on t h e  p l o t s  a s  t he  bonded f i lms  

age w i t h  time. The runoff  from t h e  b u t y l  p l o t  1,-4 shows t h e  e f f e c t  

of t h e  ho le s  i n  t h e  shee t ing  en la rg ing  w i t h  t ime.  It i s  expected 
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t h a t  the  shee t ing  w i l l  be completely destroyed by wind. The type 

of bu ty l  does no t  warrant  the  e f f o r t  t o  r e p a i r  t h e  p l o t ,  

The membrane mate r i a l s  t rea tments  A-1  (aluminum-coated 

a s p h a l t - f i b e r g l a s s  and A-2 (gravel-coated roof ing)  averaged 92.5% 

and 70.3% runoff ,  r e spec t ive ly .  The g rave l  on A-2 moves downslope 

w i t h  time but  t h i s  has not  been a se r ious  problem. The aspha l t -  

f i b e r g l a s s  i s  showing no s igns  of d e t e r i o r a t i o n  and the  runoff  

water  i s  completely c l e a r .  The v i n y l  aluminum p r o t e c t i v e  coa t ing  

i s  showing no s igns  of f l ak ing  o r  weathering. 

Plot  A-5 (concrete)  averaged 77% runoff  from 182.8 mm of 

p r e c i p i t a t i o n .  Several  storm events  were not measured because of 

t h e  f a i l u r e  t o  completely d r a i n  the  water  s to rage  tank a f t e r  
2 

measuring the  10 m p l o t s .  

Bare S o i l  P l o t s :  The treatment on the  bare s o i l  p l o t s  i s  

l i s t e d  i n  Table 3 and the  runoff  r e s u l t s  a r e  l i s t e d  i n  Table 4. 

These p l o t s  a r e  a l l  t reatments where the  s o i l  su r face  i s  not  

completely covered o r  paved. 

R a i n f a l l  runoff from the  t h r e e  watersheds W - 1 ,  14-2, and W-3 

averaged 15 -3%) 8.1%) and 20.3%, respec t ive ly ,  f o r  e s s e n t i a l l y  no 

change from the  previous year .  Runoff from the  two smoothed 

un t rea ted  p l o t s  L-2 and A-3 were 18.6% and 27.2%) r e s p e c t i v e l y .  

The un t rea ted  ridge-and-furrow p l o t s  R - 1  and R-3 averaged 16.2% 

and 19.8%, respec t ive ly .  Runoff from these  four  p l o t s  i s  

s l i g h t l y  higher than the  previous year .  

Runoff from the  s i l i c o n e - t r e a t e d  p lo t  L-3 averaged 37.7%. 

P lo t s  R-4 and A-4 t r ea ted  wi th  the  s i l i c o n e  water  r e p e l l e n t  p lus  

p l a s t i c  s o i l  s t a b i l i z e r  averaged 45.5% and 66.5%, r e s p e c t i v e l y .  

Runoff from these  th ree  p l o t s  i s  about 7 t o  1 0 X l e s s  than was 

measured i n  the previous year .  This decrease i s  a r e s u l t  of the  

chemical d e t e r i o r a t i n g  wi th  time as can be seen i n  Figure 1. 

Runoff from t h e  unt rea ted  p l o t s  s l i g h t l y  increased whi le  t h e  

t r e a t e d  p l o t s  continued a dec l ine  i n  runoff e f f i c i e n c y .  
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Plo t  R-2, t r e a t e d  wi th  p a r a f f i n  wax, averaged 84.8% runoff  

f o r  t h e  year .  The e f f i c i ency  of t h i s  t reatment i s  a l s o  p l o t t e d  

i n  Figure 2 ,  The s l i g h t  decrease i n  the  runoff  e f f i c i e n c y  f o r  

t h i s  t reatment may be an i n d i c a t i o n  of poss ib le  weathering of the  

wax. The p l o t  s t i l l  has no weed growth, ind ica t ing  t h a t  t h e r e  i s  

i n s u f f i c i e n t  water  i n f i l t r a t i o n  t o  germinate t h e  seeds t h a t  might 

be present .  

PART X I .  MONrnENT TANK 

P r e c i p i t a t i o n  a t  t h e  s i t e  t o t a l e d  only 243.8 mm f o r  t h e  yea r .  

This i s  the  t h i r d  year  i n  a row t h a t  p r e c i p i t a t i o n  has been about 

60% of the  long-term average of 400 mm per year .  Runoff from t h e  

a r e a  was very low. The mechanical weather s t a t i o n s  were removed 

from the  a r e a  i n  September 1974 because o f  maintenance problems 

and the  necess i ty  of c h a r t  replacement every 30 days. The r a i n f a l l  

i n t e n s i t y  i s  now measured w i t h  a t ipp ing  bucket ra ingage attachment 

t o  t h e  waters tage  recorder  on Watershed 3. This now allows a l l  

r ecorde r s  t o  be serviced on a 90-day schedule. 

The d ive r s ion  o r  c o l l e c t i o n  d i t ches  a t  t h e  lower edges of 

Watersheds 2 and 3 were r e t r e a t e d  w i t h  two coats  of a s p h a l t .  In 

August 1974 an RC 250 cutback a s p h a l t  was sprayed on t h e  d i t c h e s  
2 

a t  a r a t e  of 0.6 gal /yd . In  September 1974 the  d i t c h e s  were 
2 

sprayed a t  a r a t e  of 1.25 gal /yd of rubberized 'cutback a s p h a l t  

(Arizona Refinery AR8000). The coating i s  weathering s a t i s f a c t o r i l y .  

After  spraying the  d i t ches  on Watershed 3 the  a s p h a l t  excess r a n  

down i n t o  t h e  measuring flume and pooled t o  a depth of about 4 

inches.  This w i l l  have t o  be removed i n  the  near  f u t u r e .  

Outdoor Weathering Panels: For ty-s ix  f l e x i b l e  membrane 

specimens have been exposed a s  ground panels a t  Grani te  ReeE s i n c e  

6 December 1973 and th ree  new mate r i a l s  during 1974. A d e s c r i p t i o n  

of the  ma te r i a l s  along wi th  t h e i r  condit ion a r e  shown i n  Table 5 .  

The condi t ion  of the ma te r i a l s  i s  a v i s u a l  observat ion  only without  

r e fe rence  t o  physica l  property evaluat ion .  Ratings a r e  a r b i t r a r y  

i n  na tu re  and depend upon the  judgnient of the  i n d i v i d u a l ;  hence, 
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a change from e x c e l l e n t  t o  good would not  be considered t o  be too  

se r ious .  Ratings and the  explanat ion  when deal ing  wi th  coated 

s u b s t r a t e s  r e f e r  t o  the  coat ing  mate r i a l  and n o t t o t h e s u b s t r a t e .  

PART 111. OPERATIOBAL CATCHMENTS 

Seneca Catchment: :Since app l i ca t ion  of the  wax treatment i n  

June 1973, r a i n f a l l  a t  the  s i t e  has been considerably below the  

average of 400 m n ~  per yea r .  For 1974 a t o t a l  of  292 mm was 

measured which represen t s  about 65% of the  long-term average. 

There a r e  s i g n s  t h a t  t h e  s o i l  regained a p a r t i a l  regenera t ion  

of water  repel lency during the  summer months. An accura te  evalu- 

a t i o n  was not  determined because of the  s c a r c i t y  of runoff -  

producing storms. There i s  considerable su r face  de ten t ion  of 

runoff  on t h e  p l o t  which provided s u f i i c i e n t  moisture f o r  some 

p lan t  growth. This would i n d i c a t e  some moisture does pene t ra te  

through the  wa te r - repe l l en t  s o i l .  There i s  a l s o  evidence of s o i l  

e ros ion  downslope. Approximately o n e - f i f t h  of  the  bu ty l  l i n e r  

i n  the  r e s e r v o i r  was damaged by wind i n  August 1973. This was 

repa i red  i n  September 1974. 

S e l l s  Catchment: A small  wax catchment was i n s t a l l e d  i n  

cooperat ion w i t h  the  Universi ty of Arizona, Water Resources 

Center, a t  S e l l s ,  Arizona. The water  from the  catchment i s  t o  

be used f o r  growing desert-adapted p lan t s .  The p l o t  a r e a  had 

inadver ten t ly  been t r e a t e d  w i t h  a high r a t e  of sodium ch lo r ide  

p r i o r  t o  t reatment.  In Ju ly  1974 p a r a f f i n  wax was sprayed on a t  
2 

a r a t e  of  1.25 lbs lyd . There was a l i g h t  r a i n  about 2 hours 

a f t e r  t reatment.  Reports from cooperators i n d i c a t e  t h e  wax t r e a t -  

ment severe ly  cracked and the  runoff e f f i c i ency  i s  considerably 

l e s s  than expected. 

Arizona S t r i p  Catchments : U. S, Water Conservation Laboratory 

personnel a s s i s t e d  i n  the  i n s t a l l a t i o n  of one of two wax catchments 

constructed by the  Bureau of Land Management i n  the  Arizona S t r i p  

D i s t r i c t .  The catchment i s  s l i g h t l y  over 1 ac re  i n  s i z e  on a 5 t o  

8% slope.  The p l o t  was scraped of vegeta t ion  and t r e a t e d  wi th  a 
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s o i l  s t e r i l a n t .  To attempt t o  smooth the  s o i l  p r i o r  t o  t reatment,  

t h e  a r e a  was r o l l e d  wi th  four-wheel d r i v e  veh ic les  which loosened 

t h e  s o i l  su r face .  The wax was sprayed on the  p l o t  w i t h  an aspha l t -  
2 

d i s t r i b u t o r  t ruck  a t  a r a t e  of 1.25 lbs/yd . Reports of  t h e  

performance of the  treatment i n d i c a t e  the re  was some e ros ion  down 

t h e  main drainage a r e a  b u t  the  treatment has performed s a t i s f a c t o r i l y .  

It was repor ted  the  catchment c o l l e c t e d  s u f f i c i e n t  water  t o  f i l l  and 

overflow an 80,000-gallon s t e e l  s to rage  tank s ix  times dur ing a 

period when 240 head of c a t t l e  were using the  f a c i l i t y .  

F ishlake  National  Fores t :  Most of the  f i e l d  work assoc ia ted  

w i t h  the  p r o j e c t  t i t l e d  "Prevention of small  mammal damage t o  

f l e x i b l e  membrane mate r i a l s  used a s  water  b a r r i e r s , "  being conducted 

through a cooperat ive agreement w i t h  Utah S t a t e  Univers i ty ,  has been 

completed on water  harves t ing  systems and s i t e s  on t h e  Fores t .  The 

ob jec t ives  of the  study a r e  t o  i d e n t i f y  the  small  animal spec ies  

damaging f l e x i b l e  membrane mate r i a l s  being used a s  water  b a r r i e r s ;  

determine t h e  eco log ica l  f a c t o r s  associa ted  wi th  t h e  damage; and 

develop methods whereby the  damage can be prevented. 

Two seasons of t rapping a t  t e n  water harves t ing  systems 

r e s u l t e d  i n  f i v e  spec ies  of small  mammals being caught,  Only one 

species ,  Peromyscus maniculatus, (deer mouse) was trapped a t  a l l  

s i t e s .  Experimental modificat ions were made on seven water  

harves t ing  systems i n  an e f f o r t  t o  determine which e c o l o g i c a l  

f a c t o r s  were associa ted  wi th  damages. A l l  f i e l d  and l abora to ry  

resea rch  has been completed. Data a r e  being analyzed and t h e  

f i n a l  r epor t ,  i n  the  form of a Master of Science t h e s i s ,  w i l l  be 

completed during 1975. 

Cache National Fores t :  The plastic-lined,30-it-diameter 

tank, used t o  s t o r e  water co l l ec ted  from the  Chicken Creek water  

harves t ing  system, had about 1 f t  of water when v i s i t e d  on 18 May 

1974. Water depth should have been about 3 f t - - r e s u l t  of snow 

melt .  Pa r t  of the  standpipe used a s  an overflow f o r  the  t ank  had 
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been removed and r e s u l t e d  i n  the  l o s s .  The s t andp ipe  was extended 

t o  main ta in  a f reeboard  of  about  6 inches .  The PVC l i n e r  appeared 

t o  be i n  e x c e l l e n t  cond i t i on .  

PART I V  . RIVER LABORATORY AND TEST SITES AT LOGAN, UTAH 

Outdoor Weathering Racks: The appearance and cond i t i on  of 

membrane and f i l m  specimens exposed on r acks  a t  Logan according 

t o  ASTM D 1435 are summarized i n  Table 6. The m a t e r i a l s  were 

in spec t ed  i n  May and October 1974. Observat ion w i l l  be cont inued 

dur ing  1975. 

Outdoor Exposure Panels  : T h i r t y - s i x  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 ,  o f  t h e  f l e x i b l e  s h e e t i n g  and f i l m  type, a r e  exposed a s  

ground panels  a t  Logan i n  a manner similar t o  t h a t  desc r ibed  f o r  

Gran i t e  ReeE, Only fou r  pane ls  changed s i g n i f i c a n t l y  from t h e  

1973 cond i t i ons .  

Panel 11, v i n y l ,  20 m i l ,  b lack,  exposed 25 March 1966, 

F i r e s tone .  Poor cond i t i on  w i t h  ex t ens ive  c racking .  

Panel 17, PE-coated CLS, exposed 19 October 1972, Hercules .  

Poor condi t ion ,  coa t ing  s t a r t i n g  t o  pee l ,  polypropylene 

d e t e r i o r a t i n g  where coa t ing  peeled.  

Panel 27, uncoated PVC, 10  m i l ,  exposed 1 3  October 1971, 

Union Carbide. Poor condi t ion ,  cracked ex tens ive ly  

and has f a l l e n  a p a r t .  

Panel 41, uncoated PE, 8 m i l ,  black. F a i r  t o  poor cond i t i on  

w i t h  cons ide rab le  t e a r s  and ho le s .  

One of t h e  most extreme changes occurred i n  pane l  27, u n c o a ~ e d  

10  m i l  PVC. It was i n  e x c e l l e n t  cond i t i on  i n  October 1973 b u t  when 

observed i n  May 1914 i t  had completely d e t e r i o r a t e d .  A pane l  of 

t h e  f i l m  t h a t  had been coa ted  w i t h  a l i q u i d  e l a s tomer i c  and exposed 

a t  t h e  same time i s  s t i l l  i n  e x c e l l e n t  cond i t i on .  Observation w i l l  

be cont inued during'  1975. 

Water Harvest ing Catchments: S i x  pro to type  catchments remain 

i n  Logan and only two changed no t i ceab ly  s i n c e  t h e  1973 obse rva t ions .  
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Catchment R 1  -- butyl ,  unreinforced, 30 m i l ,  i n s t a l l e d  1958. 

Condition good t o  f a i r  wi th  s e v e r a l  t e a r s  and extreme 

chalking.  

Catchment R 4  -- Oriented PE (Fabrene TM), i n s t a l l e d  October 

1972. Material  had pul led  out  of anchor tre'nch when 

observed i n  May. Material  was reanchored i n  re laxed 

condi t ion .  The mate r i a l  was extremely t i g h t  when observed 

i n  October and was s t a r t i n g  t o  p u l l  out  of t r ench  again,  

This t igh ten ing  e f f e c t  may be a problem i n  t h e  use  of this 

mate r i a l .  

A nylon-reinforced apron (R-8) was removed during the  year  by 

t h e  Fores t  Service  f o r  use on the  Cache National Forest .  

Tes t  Reservoirs  a t  Logan: Six  small  t e s t  r e s e r v o i r s  (8,000- 

t o  12,000-gal excavated p i t s )  wi th  var ious  l i n i n g  mate r i a l s  were 

maintained during 1974 bu t  seepage measurements were not  made. 

The r e s e r v o i r s  w i l l  remain i n  place u n t i l  the  a r e a  i s  needed by 

Utah S t a t e  Universi ty.  Water w i l l  be kept i n  the  r e s e r v o i r s  and 

maintenance w i l l  be continued during 1975. Seepage w i l l  no t  be 

measured. T 

SUMMARY AND CONCLUSIONS : 

Rainfa l l - runoff  measurements were continued a t  the  Grani te  

Reef t e s t i n g  s i t e .  Runoff e f f i c i ency  continues t o  dec l ine  on the  

two-phase aspha l t  t reatments,  probably a r e s u l t  of  no maintenance 

on the  treatments f o r  the  pas t  3 years .  The s i l i c o n e  watcr-  

r e p e l l e n t  t reatments continued t o  decl ine ,  a r e s u l t  of  a weathering 

d e t e r i o r a t i o n .  The runoff  from t h e  p a r a f f i n  wax p l o t  decl ined 

s l i g h t l y ,  which may i n d i c a t e  some treatment d e t e r i o r a t i o n .  Runoff 

from the  remainder of the  covered and bare s o i l  p l o t s  d id  no t  change 

s i g n i f i c a n t l y  from the  previous y e a r ,  

Runoff measurements were continued a t  t h e  Monument Tank t e s t  

s i t e .  P r e c i p i t a t i o n  was considerably below average wi th  a co r res -  

ponding reduced runoff .  The water c o l l e c t i o n  d i t ches  on two of 
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t he  watersheds were r e - t r e a t e d  wi th  an a s p h a l t i c  t ack  coat  and a 

rubberized a s p h a l t i c  sea lcoa t .  

P r e c i p i t a t i o n  runoEf from the  Seneca p l o t  was q u i t e  low, a  

r e s u l t  of  f r eez ing  and thawing of the  treatment during the  winter  

and a high s u r f a c e  r e t e n t i o n .  The p r e c i p i t a t i o n  f o r  the  year  was 

a l s o  q u i t e  low. There were ind ica t ions  o f  a  p a r t i a l  regenera t ion  

of  t reatment water  repel lency during the  summer. A p a r a f f i n  wax 

p l o t  was i n s t a l l e d  i n  nor thern  Arizona w i t h  a s s i s t a n c e  from 

labora tory  personnel.  The 1-acre catchment has performed s a t i s -  

f a c t o r i l y  f o r  years  i n  providing water  f o r  about 240 head of  

c a t t l e .  

PERSONNEL: Gary P r a s i e r ,  Allen Dedrick, and John Griggs 
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30 Wov 1961 

18 Sep 1962 

16 $far 1966 

22 Apr 1970 

19 Apr 1963 

8 Nay 1963 

9 J u l  1963 

22 Apr 1970 

3 Aug 1967 

22 &.qg 1367 

- 2 Basecoat. EX-250 a t  1.5 kg asphal t  m 

Topcoal;. BSK aspha l t  errulsion a t  0.7 kg 

aspha l t  rn -2 

Top She*ting, 30-mil ch lo r ina t ed  black 

polye thy lene 

Eutyl Rub52r S h e e ~ i n g ,  15-xi1 
-2 Basecoat. RSK asphz l t  ae 1.04 kg a s p h d t  m 

Topcoat. RSS zsph21t enu ls ion  a t  0.6 kg 
- 2 

a spha l t  m 

Sealcoat .  Kodified SSRH asphal': enluLsion a t  
-2 0.6 kg a spha l t  m - 9 - Bnsecoat. RC-special a t  1.5 kg a spha l t  rn 

Topcoat South Half. S-2 a s p h a l t  emulsion 
- 2 

a t  0,65 kg aspha12 n w i t h  3% 

butyl  l a t e s  

Topcoat North Half, S-1 a t  0.5 kg a s p h a l t  
- 2 

.m with  3% bu ty l  l a t e x  

Sealcoat ,  ~ ~ o d i f i e c i  SSRK a s p h a l t  emulsion 
-2 a t .  0.6 kg asphe l t  m 

-2 Basecoat. 242-250 a t  1.5 ks nspha l t  m 

Top Sheeting. 1 - m i l  aluntinurn f o i l  bonded 

with  RSK aspha l t  entulsion at-  
-2 0.7 kg aspha l t  m 

-2 Easecoat. la-230 et 1.5 kg a s p h a l t  n 

Top Sheeting. 3/4-02 choypcd f i t e r g l a s s  

matting bonded xcith R5K a s p h a l t  
-2 

ead.s ion a t  I.;& kg a spha l t  m 

Top ~~~~~~. Vinyl. nloni.iiurn coati!?:, a t  0 ,  I gn l  

)Jd-? 
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Trca t ~ c e n t  

A- 2 3 r'=i-tg 1967 Easecost. KC-250 at 1.5 kg a s p h a l t  m - 2 

1 2  Sep 1967 .-, .top Shse~ing. StanCIard rag lelt-rock 

roof ing  treatmeat 

A-5 Sep 1968 Concrete Slab .  
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Table 2. R a i n f a l l  runoff  from paved o r  covered p l o r s  a t  Gran i t e  Reef .  - 

Date 

1974 

1 J a n  

5 J a n  

7 J a n  

8 J a n  

11 Mar 

20 Pkir 

20 Mar 

7 J u 1  

14 J u l  

21 J u l  

22 J u l  

3- 5 Aug 

15 Sep 

26 Sep 

6 Oct 

12-13 Oct 

22 Oct 

28 Oct 

30 Oct 

2 Nov 

4- 5 Dec 

28 Dec 

T o t a l  

R a i n f a l l  

mm 

2.0 

11.0 

14.8 

6.8 

25.5 

17.7 

1.3 

3 .O 

16.3 

7.1 

8 .3  

35.5 

2.6 

2.5 

5.3 

4 .4  

10.2 

37 .O 

14.6 

9 *4 

10.3 

5 .1  

250.7 

L- 1 L-4 L-5 
Runoff Runoff Runoff 
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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  Gran i t e  Reef - 

(cont inued) .  

L-6 L- 7 A- 5 
Date R a i n f a l l  Runo E f Runoff Runoff 

1974 mm ' m % mm % mm % 

1 J a n  2.0 .5 25 .O 1.1 55.0 .9 45.0 

5 J a n  11.0 6.8 61.8 8.7 79.1 7.9 71.8 

7 J a n  14.8 10.4 70.3 12.9 87.2 13.0 87.8 

8 Jan 6.8 3.8 55.9 5.4 74.1 6.1 89.7 

11 Mar 25.5 - 16.4 64.3 20.5 80.4 21.1 82.7 

20 MGr 17.7 11.1 62.7 13.8 78.0 14.2 80.2 

20 Mar 1.3 .5 38.5 .8 61.5 .8 62.0 

7 J u l  ' 3 .O 0 0 .8 26.7 , O  0 

21 J u l  7.1 5.1 71.8 6.0 84.5 4.0 56.3 

22 J u l  8.3 7.0 84.3 6.9 83.1 8.2 98.8 

3- 5 Aug 35.5 28.6 80.6 31.1 87.7 26.7 75.3 

15  Sep 2.6 , 4  15.4 1.8 69.2 .8 31.0 

26 Sep ' 2.5 .4 16.0 1.8 72.0 2.0 80.0 

6 Oct 5.3 1.6 30.2 3.2 60.4 3 . 8 .  71.9 

12-13 Oct 4.4 3.2 72.7 4.5 102.3 . 
l/ - 

22 Oct 10.2 2.8 27.7 5.5 53.9 
1 / - 

28 Oct 37.0 31.5 85.1 31.3 84.6 
1 / - 

. . 
30 Oct 14.6 10.9 74.8 12.5 85.6 1 2 . 4 -  85.0 

2 Nov 9.4 6.9 73.4 8.0 85.1 8.0 8 5 - 1  

4- 5 Dee 10.3 5.2 50.5 8.0 77.3 7.5 73.1 

28 Dec 5.1 1.5 29.4 2.5 49.0 3.3 64.7 - - 
T o t a l  250.7 165.6 66.1 199.2 79.5 140.7 77.0- 2/ 

1/ Data missing because of  f a i l u r e  t o  d r a i n  s t o r a g e  t ank  a f t e r  pumping - 
t h e  10 m2 p l o t s .  

2 /  Tota l  r a i n f a l l  f o r  r epor t ed  runoff  equaled 182.8 mm. - 
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Table 2. R a i n f a l l  runof f  Erom paved o r  covered p l o t s  a t  Cran i t e  Reef 

(cont inued) .  

Date - 
1974 

1 J a n  

5 J a n  

7 J a n  

8 J a n  

11 Mar 

20 Mar 

20 Mar 

7 J u l  

14 J u l  

21  J u l  

22 J u l  

15  Sep 

26 Sep 

6 Oct 

12-13 Oct 

22 Oct 

28 Oct 

30 Oct 

2 Nov 

4- 5 Dec 

28' Dec 

T o t a l  

R a i n f a l l  

mm 

2.0 

11.0 

14.8 

6.8 

25.5 

17.7 

1.3 

3 .O 

16.3 

7.1 

8.3 

35.5 

2.6 

2.5 

5.3 

4.4 

10.2 

37.0 

14.6 

9.4 

10.3 

5.1 

250.7 

A- 1 
Runoff 

mm % 

1.8 90.0 

10.6 96.4 

14.9 100.7 

6.5 95.6 

25.1 98.4 

16.4 92.7 

1.2 92.3 

1.4 46.7 

15.2 93.3 

5.8 81.8 

5.3 63.9 

33.3 93.8 

2.1 80.8 

... 2.8 112.2 

4.4 83.0 

4.4 100.0 

9.8 96.1 

34.7 93.8 

13.9 95.2 

8.8 93.6 

9.3 90.3 

4.3 84.3 - - 
232.0 92.5 

A- 2 
Runoff . * 

mnl % 4 

0 0 

6.3 57.3 

13.0 87.8 

5.1 75.0 

18.5 72.5 

13.7 77.4 

.2 15.4 

0 0 

12.3 75.5 

4.4 62.0 
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3 0  Nov 1961 

4 Aug 1965 

. 6  Nov 1969 

I. Ear 1965 

29 Sep 1972 

3 Nov 1970 

1 Aug 1967 

10 Nov 1971 

1 D2c 1963 

1 Dec 1963 

I Dec 1963 

Smoothed s o i l ,  1.4.14 iir x i4.1.4 m p l o t  

Svmothed s o i l :  1.4.14 n x 14.14 ir p l o t  

t r e a t e d  with s i l i c o n e  w S t e r  r e p e l l e n e  
- 2 

a t  0,057 kg m 
-2 R e t r e a t e d  a t  0.0% kg rn 

Ridge and  furrom, 20% s i d e s  l o p e  

Ridge and furrow, 10% s ideaLope  

t r e a t e d  w i t h  wax w a t a r  r e p e l l e n t  

a t  1,3 I b ~ / ~ d  2 

Ridge and forrov, 202 s i d e s l o p e  

Ridge and furrow, 10b s i d e s l o p e ,  
-2 

t r e a t e d  w i t h  44.9 g m sodium 

ca rbona te  

T rea t ed  w i t h  3% s i l i c o n e  w a t e r  r a p e l l e a f  

and 2% s o i l  s t a b i l i z e r  - 1.2 l iters oE 
7 

s o l u t i o n  12- 

S ~ o o t h e d  s o i l ,  6 m x 30 rn p l o t  

Smoothed s o i l  t r e a t e d  w i t h  3% s f  l i c o n e  

w a t e r  r e p e l l e n t  and 2% s o i l  
i - 2 
s k a b i l i z e r  - 1.2 l i t e r s  of s o l u t i o n  rn 

Uncleared watershed - 

Uncleared watershed 

Cleared  watershed 

Annual Report of the U.S. Water Conservation Laboratory



Tab le  4 .  R a i n f a l l  r u n o f f  from b a r e  s o i l  p l o t s  a t  G r a n i t e  Reef. 

Date - 

1 J a n  2.0 0 

5 Jan 11.0 2.3 

7 J a n  14.8 .9 

8 Jan 6 .8 . .I 

11 T*lar 25 -5 2.6 

20  bkir 17.7  1.1 

20 N a r  . 1.3 . 0 

7 J u l  3 .O 0 

14 J u l  16.3 .7 

2 1  J u l  7.1 1.2 

2 2  J u l  8 .3  1.8 

3- 5 Aug 35.5 6.7 

15 Sep ' 2.6 0 

26 Sep 2.5 0 

6 O c t  5.3 0 

12-13 Oct. 4.4 .2 

22 O c t  10.2 0 

28 Oct 37.0 16.6 

3 0  Oct: I&. 6 2.0 

2 Eov 9 ,[I. 2.2 

28 Dec 5.1 - 0 - 
T o t a l  250 .7 ,  38.4 
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T a b l e  4 .  R a i n f a l l  r u n o f f  fro, bare s o i l  p l o t s  a t  G r a n i t e  Reef 

(con t inued)  . 

L-3 
Date 

R- 1 R-3 - Rainfa l . l  Runof 2 - Runo lCf Runof E 
1 9 7 4  ri"n nlin X mn X m x 
1 J a n  2.0 

5 Jan I1 .0 

7 J a n  14.8 

8 Jan . 6.8 

11 Ear 25.5 

2 0  3 k r  17 .7  

20 ,P ia r  a 1.3 , 

7 J u l  3 -0 0 0 0 0 0 0 

14 J u l  16.3 7.0 4 3  ,O 2.6 16.0  1.6 9.8 

21 3 u I  . 7.1 2.6 36.6 J . 0  .14.1 1.1 15.5' 

22 J u l  8.3 5.8 69.9 1 .4  16.9 3.8 45.8 

3- 5 Aug 35.5 23.4 65.9 7.7 21.7 11.5 32.3 

15 Sep 2.6 0 0 0 0 0 0 
26  Sep ,  2.5 0 0 0 0 0 0 

0 0 6 0c.t. 5 -3 0 0 0 0 

12-13 O c t  4.4 .8 18.2 0 0 0 0 
22 O c t  1 0 . 2  0 0 .6 5.9 .4 3.9 
28  Oct 37.0  23.2 62.7 10.9 29.5 18.5 50.0  

3 0  Oct  . 14 .6  7.0 47.9 6.2 42.5 2.0 13.7 

2 Rov 9 -4 3 .0  31.9 . 3 , 7  39.4 2.6 . 27.9 

4- 5 Dsc 10.3 2.5 24.3 0 0 0 0 

28 Dec 5.1 - - 0 0 - - 0 - 0 0 - - 0 

T o t a l  250.7 94.5 37.7 40.5 16.2 49.7  19.8 
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Table 4 .  Rain ta l l  runoff fros bare soil p l o t s  a t  Grani re  R e e f  

(cont inued) . 

R-2 
D a t e  R-4 - Rainfall - Rtrno f f Runoff Rurrof E 

A-4 

I974 m mm "/, r m  % m x 
1 Jan 2.0 1.5 0 75.0 0 0 0 - 
5 Jan 11 .O 9.8 89 .1  4.8 43.6 6.9 62.7 
7 Jan 14.8 14.6 98.6 7.7 52 .0  11.4 77.0 
8 Jan 6.8 6.1  89.8 03 4 .4  4.5 66.2 

11 Nar 25.5 23.7 92.9 11.9 46.7 17.0 66.7 

20 kk i r  17.7 16.1 91.0 
' 7.9 4 4 . 6 .  12.5 70.6 

20Mar  . 1.3 . , .9 . . 69.2 .1 7.7 .4 30.8 

7 Jul 

14 Jul 

22 3 u l  

3- 5 Aug 

15 Sep 

26 Scp. 

6 O c t  

12-13 O c t  

22 O c t  

' 28 Oct :  

3 0  O c t  

2 h'ov 

4 -  .5 D e c  

28 Dee 

T o  tal 
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Teble 4 .  R a i n f a l l  r u n o f f  f rom bare s o i l  p l o t s  a t  Gran i t e  Reef 

(con t inued)  . 

L-2 
Date 

A- 3 - Rainf a1.1. Runof E Runoff 

1974  m mtn X mix x 
1 Jan 2 . 0 0 0 0 0 
5 Jan 11.0 2.4 21.8 2.7 24.5 

7 Jan  14.8 .5 3 - 4  2 .3  15.5 

8 Jan 6.8 

11 Xar 25.5 

20 jlkr 17.7 .7 4,. 0 ' 2.5 14.1 

20 Mar . 1.3 0 .  0 0 0 

7 Jul 3 .O 0 0 0 0 

14 J u l  16 .3  1.7 10.4 3.4 20.9 

21 J u 1  . 7.1 0 0 . l . f  15.5 

22 3u1 8.3 3.8 45.8 4.2 50.6 

3-  5 Aug 35.5 11.8 33.3 16.9 47.6 

15 Sep 2.6 0 0 0 0 

26 Sep 2.5 0 0 0 0 '  

6 Oct  5.3 0 0 0 .  0 

28 Oct: 37.0  17.4 47.0 i2 .2  33.0 

30 O c t  14 .6  2.4 16.6 5.6 38-6  
2 Xov 9.4 2.6 27.7 4 .8  51.1 

4 -  5 D 2 c  ?.o. 3 0 0 ' 6 .1  59.2  

28 Dcc 5.1 - 0 - 0 - 0 0 - - 
T o t a l  
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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  ma te r i a l s  exposed outdoors a t  Granite  Reef (NE of 

Mesa, Arizona), Materials  exposed 6 .  December 1973, o r  a s  noted. 

Panel 
Number Mater ia l  and/or Treatment 1 / Condition and Comments - 

1 Cross laminated poly film, 4 m i l ,  white, Tu Tuf, J u l y  - - S t i f f ,  b r i t t l e ,  cracking, 

Sta-Cote shr inking.  Sample destroyed.  

2 Same a s  1 except gray Apr i l  and Ju ly  - e x c e l l e n t ;  Nov - 
good, very t i g h t  

I-' 
3 Oriented polyethylene, Fabrene TM, duPont of  April ,  Ju ly ,  and Nov - exce l l en t  

Ln 
1 
F-L 

Canada 
w 

4. Same as 3 plus l i q u i d  e las tomer ic  coat ing  Apri l  and Ju ly -  .excel lent ;  Nov - 
2 

(coating) 0.27 ga1/100 f t  , Tan Poly-R (5-950), good. Coating can be scraped, but  

Matcote not  se r ious  
L 

5 Same a s  3 plus coating, 0.19 ga1/100 f t  c l e a r  Apr i l  and Ju ly  - excel lent ,  some chalking;  

E las tu f f  400, United Paint  Nov - good 
2 

G Same as  3 plus coating, 0.22 ga1/100 f t  , gray Apri l  - exce l l en t ,  coat ing not  tacky, good 

1 par t ,  United Paint  bond t o  s u b s t r a t e ;  Ju ly  - exce l l en t  t o  

good, coat ing cracking, chipping ; 

Nov - good, coat ing  s t r i p p i n g  o f f  
2 7 Same as 3 plus coating, 0.14 ga1/100 f t  , gray Apr i l  - poor, coat ing chipping from 

Elas tuf  f 400, United Paint  surface;  Nov - poor, 15% coating gone 

8 Polyvinyl Chloride (PVC), film, 10 m i l ,  black, Apr i l  and Ju ly  - excel lent ,  very f l e x i b l e ;  

Environmental Water Control (EWC) Nov - good, r i g h t  
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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  mater ia ls  exposed outdoors a t  Granite  Reef (NE of 

Mesa, Arizona). Materials  exposed 6 December 1973, o r  a s  noted (continued). 

Pane 1 
Number Material  and/or Treatment 1 / Condition and Comments - 

PVC film, 15 m i l ,  black, EWC, plus coating, 
2 

0.13 ga1/100 f t  , gray E las tu f f  400, United Paint  
2 

Same a s  8 plus coating, 0.26 ga1/100 f t  , c l e a r  

E las tu f f  400, United Paint  
2 '  

Same as  8 plus coating, 0.17 ga1/100 f t  , gray 

1 par t ,  United Paint  

Polyethylene (PE) film, 4 m i l ,  c l ea r ,  Mobil 
2 

Same as  12 plus coating, 0.15 gal/lOO f t  , gray 

E las tu f f  400, United Paint  

2 
Same as 12 plus coating, 0.10 ga1/100 f t  , gray 

1 par t ,  United Paint  

2 
Same as  12 plus coating, 0.14 ga1/100 f t  , c l e a r  

Elas tuf  f 400, United Paint  
2 

Same a s  12 p l u s  coating, 0.14 ga1/100 f t  , Tan 

Poly-R (5-950)) Matcote 

Apr i l  & Ju ly  - e x c e l l e n t ;  Nov - good 

I 1  

Apri l  - exce l l en t ,  coat ing can be scraped 

from PVC but not  e a s i l y ;  Ju ly  - good, 

chalking; Nov - good, 3% coating gone 

Apr i l  - e x c e l l e n t ;  Ju ly  - f a i l e d ,  destroyed 

Apr i l  - f a i r ,  coat ing peel ing;  Ju ly  - poor, 

l a rge  hole wi th  coat ing  chipped o f f  

around i t ;  Nov - poor, two long t e a r s ,  

d e t e r i o r a t i n g  rap id ly .  

Apr i l  - good, coat ing can be scraped from 

sur face ;  J u l y  - good t o  f a i r ,  chalking;  

Nov - f a i l ed ,  destroyed.  

Apr i l  - e x c e l l e n t ;  Ju ly  - f a i l e d ,  destroyed. 

Apri l  - exce l l en t ,  coat ing  can be scraped 

but not  s e r i o u s ;  J u l y  - e x c e l l e n t ;  Nov - 
good, two small  holes.  
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Table 5. Condition of po ten t ia l  water b a r r i e r  materials  exposed outdoors a t  Granite Reef (NE of 

Mesa, Arizona), Materials exposed 6 December 1973, o r  as  noted (continued). 

Pane 1 
Number Material  and/or Treatment I/ Condition and Comments - 

PVC film, 15 m i l ,  black, EWC 

Chlorinated Polyethylene, nylon reinforced,  

32 m i l ,  black Hodgman 

~ e d l a r /  Vinyl  amin in ate, 14 m i l ,  white, Flexcon 

Fiber reinformced PE, 12 m i l ,  black, Type 85, 

Grif folyn 

Fiber reinforced PE, 14 m i l ,  black, Type 105, 

Grif folyn 

Butyl, nylon reinforced,  32 m i l ,  black (KK 243), 

Hodgman 

Hypalon, polypropylene subst ra te ,  37 m i l ,  black, 

Hodgman ' 

Hypalon, double coated on nylon, 32 m i l ,  black 

(KK 2O6), Hodgman 
2 Same as 12 plus coating, 0.21 gal/lOO f t  , Tan 

Chem-Elas t (55Ol), Plas -Chem 

April and July  - exce l len t ;  Nov - good 

April, July, and Nov - excel lent  

April  and July  - excel lent ;  Nov - good 

I 1  

April, July, and Nov - excel lent  

April and July - excel lent ;  Nov - good 

April - excellent ,  some coating peeled 

previously but not e a s i l y  now; July  - 
f a i r ,  coating chipping, PE deter iora ted 

where coating gone; Nov - f a i r ,  several  

holes 
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Table 5.  Condit ion of  p o t e n t i a l  wa te r  b a r r i e r  m a t e r i a l s  exposed outdoors  a t  Gran i t e  Reef (NE of  

Mesa, Arizona).  N a t e r i a l s  exposed 6 December 1973, o r  a s  noted (cont inued) ,  

Pane 1 
Number Mate r i a l  and/or Treatment 1 / Condit ion and Comments - 

2 
26 Same a s  8 p lus  coat ing,  0.22 ga1/100 f t  , Tan Apr i l ,  Ju ly ,  and Nov - PVC e x c e l l e n t ,  

Chem-Elas t (55Ol), Plas-Chem 

2 
~ & n e  as 8 p lus  coat ing,  0.19 g a l / f t  , Tan 

Poly-R (5-950), Matcote 
2 

Same a s  8 p lus  coat ing,  0.15 ga1/100 f t  o f  
2 

primer (9002) and 0.17 ga1/100 f t  of Black 

Chem-Elast (5500X), Plas-Chem 
2 

Same a s  3 p lus  coat ing,  0.28 ga1/100 f t  , Tan 

Chem-Elas t (55Ol), Plas-Chem 

2 
Same a s  '3  plus  coa t ing ,  0.23 g a l / l O O  f t  o f  

2 
primer (9002) and 0.20 ga1/100 f t  o f  Black 

Chem-Elas t (5500X), P las  -Chem 

Neoprene, ny lon - re in f  orced, 3 1  m i l ,  b l ack  

(KK23.5)) Hodgman 

Hypalon, ny lon - re in f  orced, 32 m i l ,  b lack 

(KK205 ) , bdgman 

coa t ing  has remained very  tacky w i t h  d u s t  

adhering t o  t h e  su r f ace .  
I 1  

A p r i l  - e x c e l l e n t ,  coa t ing  can be scraped  

but  n o t  e a s i l y ;  J u l y  - e x c e l l e n t ,  some 

chipping w i t h  d u s t  adher ing  t o  s u r f a c e ;  

Nov - good, some chipping 

Apri l ,  Ju ly ,  and Nov - S u b s t r a t e  exce l l en t ,  

coa t ing  can be scraped, no t  as good a s  

pane l  29, d u s t  adhering t o  s u r f a c e  

Apr i l ,  Ju ly ,  and Nov - e x c e l l e n t  

Apr i l  and J u l y  - e x c e l l e n t  
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Table 5. Condition of po ten t ia l  water ba r r i e r  mater ia ls  exposed outdoors a t  Granite Reef (NE of 

Mesa, Arizona). Materials exposed 6 December 1973, o r  as  noted (continued). 

Pane 1 
Number $la ter ia l  and/or Treatment 1/ Condition and Coments - 

Hypalon, nylon-reinforced, 3 7  m i l ,  black (KK208), 

Hodgman 

Butyl/EPDM blend, 35 m i l ,  black (MBM), Miner 

Chlorinated Polyethylene, nylon reinforced, 

32  m i l ,  white (KK209), Hodgman 

Butyl, nylon reinforced, 55 m i l ,  black (E(K244) 

with seam, Hodgman 

Hypalon, nylon-reinforced, 40 m i l ,  black, Burke 

PVC coated polypropylene mesh, 22 m i l ,  black 

( X B ) ,  Hercules 

PVC coated polypropylene mesh, 22 m i l ,  black 

(ZF) ,  Hercules 

PVC coated polypropylene mesh, 12 m i l ,  black 

(24E), Hercules 

PVC film, 20 m i l ,  black, EWC 

PVC film, 30 m i l ,  black EWC 

Buty 1, non-reinforced, 30 m i l ,  o r ig ina l ly  exposed 

18 May 1961, Ca r l i s l e  

Laminated non-woven polypropylene, nominal thick- 

ness 11 mil., black, Westpoint Pepperell 

April  and July  - excel lent  

11 

April, July, and Nov - excel lent ,  some 

chalking 

April  and July  - excel lent ,  seam 

excel lent ;  Nov - good 

April and July  - exce l len t ;  Nov - good 
I 1  

April, July, and Nov - excel lent  

April  and July  - excellent;  Nov - good 

April, July,  and Nov - good, chalking 

April - excellent ,  July  - f a i l e d  
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Table 5.  Condition of po t en t i a l  water ba r r i e r  mater ia ls  exposed outdoors a t  Granite Reef (NE 

of Mesa, Arizona). Materials exposed 6 December 1973, o r  as  noted (continued). 

Pane 1 
Number Material and/or Treatment 1/ Condition and Comments - 

45 / Laminated non-woven polypropylene coated each April  and July  - exce l len t ;  Nov - good 

s ide  wi th  copolymer of ethylene and vinyl, 

nominal thickness 17 m i l ,  black, Westpoint 

Pepperell 

46 31 Oriented polyethylene, Fabrene TM, duPont of July  - exce l len t ;  Nov - good 

Canada, sample of mater ia l  exposed i n  t e s t  

pond a t  Granite Reef 
P 
ul 

I 
13 
-F- 

1/ Ratings excellent ,  good, f a i r ,  poor -- v i sua l  observation only. - 
2 /  Material exposed 19 April  1974 - 
3/ Material exposed July  1974 - 
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Table 6. Condition of mate r ia l s  on exposure racks--Logan, Utah-- 
inspect ion October 1974. 

I n i t i a l  
Sample exposure 
No. Material  da te  

2 Butyl-coated cotton,  1/02/64 
TDA-3909, Hodgman 

3 Ethylene v iny l  a ce t a t e  1/02/64 
copolymer, 20 m i l  

4 Nylon-reinf orced 10/26/71 
hypalon, Burke 

9 1 Chlorinated PE, 8/25/70 
white, Dow 

3 Chlorinated PE, 8/25/70 
white, Dow 

11 Butyl-coated co t ton  2/13/64 
TDA-3909, Wodgman 

12 1 Chlorinated PE, 8/25/70 
white, Dow 

14 PE film, 6 m i l  7/10/63 

15 Ethylene v iny l  a ce t a t e  7/10/63 
copolymer, 6 m i l  

16 Ny lon-reinfor ced 8/20/70 
hypalon, yellow, 
Can ton 

18 Asphalt-coated ju te ,  1/02/ 64 
F l in tko te  

Physical 
Condition L/ descr ip t ion  

Excellent  S l i gh t  chalking 

Excellent  S l i gh t  shrinkage 

Excellent  S l i gh t  shrinkage 

Excellent  S l i gh t  s t i f f e n i n g  

Poor Extensive cracking, 
s t i f f e n i n g  

Good-Fair St i f fening,  cracking, 
s l i g h t  chalking, 
one t e a r  

Fa i r  St i f fening,  su r face  
cracking, shr inking 

Excellent  S l i gh t  shrinkage 

Excellent  S l i gh t  shrinkage 

Good Fading, su r face  
checking, some 
re in forc ing  
exposed 

Excellent  S l i gh t  s t i f f e n i n g  

1/ Excellent,  good, f a i r ,  poor---visual observation only. - 
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Figure 1. Rainfall-runoff results from six bare-soil treatments 
at the Granite Reef Testing Site. 
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TITLE : PIGZDICTING H Y D W I C  CHARACTERISTICS OF CRITICAL- 

DEPTH P L W S  OF SIPPItE AND COMPLEX CROSS-SECTIONAL 

SI-IAPES 

CRIS WORK WLT : 5510-12260-004 CODE No.: Ariz.-WCL 72-1 

INTRODUCTION : 

Annual Reports  f o r  1966-1973 con ta in  summaries of s t u d i e s  on 

numerous c r i t i c a l - f l o w  flumes w i t h  c ros s - sec t iona l  shapes t h a t  were 

t r a p e z o i d a l ,  t r i a n g u l a r ,  o r  r e c t a n g u l a r .  The mathematical  model w a s  

extended t o  a l low t h e  i n t r o d u c t i o n  of more complex shapes i n t o  compu- 

t a t i o n  f o r  c ros s - sec t iona l  a r e a .  These shapes inc luded  non- 

symmetrical f lumes,  and flumes whose s i d e s l o p e s  a r e  n o t  t h e  same 

at a l l  flow depths .  Usual ly,  t h e  s i d e s l o p e s  a r e  f l a t t e r  a t  t h e  

h ighe r  flow s t a g e s .  P r e d i c t i o n s  of t h e  non-symmetrical and complex 

shapes w e r e  s a t i s f a c t o r y .  The computational procedure has  n o t  

changed s i g n i f i c a n t l y  from t h a t  r epo r t ed  i n  Annual Repor t ,  19 73.  

There a r e  some e r r o r s  i n  t h e  d e s c r i p t i v e  comments regard ing  t h e  

k inemat ic  v i s c o s i t y  va lue  on page 17-9. (This  should have read  
2 

"Use V 1  = 1.228 x f t  / s e c ,  i n  Engl i sh  system o r  V 1  = 1.408 x 

m2/sec, i n  m e t r i c  system a t  1 8  C) ." The computaeional changes 

are h a r d l y  n o t i c e a b l e  even us ing  t h e  va lues  a s  given.  

NEW FLT.JHES DESIGNED: 

Seve ra l  flumes were designed us ing  t h e  program f o r  o the r  

p r o j e c t s .  Most were r o u t i n e  and p re sen ted  no new problems. One 

s i t u a t i o n  w a s  s u f f i c i e n t l y  d i f f e r e n t  t o  warrant: d e s c r i p t i o n .  The 

i v r i g a t i o n  e f f i c i e n c y  s t u d i e s  near  Yuma, Arizona, connected wi th  

t h e  Colorado River  Research, needed accu ra t e  water a p p l i c a t i o n  

q u a n t i t i e s  t o  t e s t  a r eas  of c i t r u s  and a l f a l f a .  The test a r e a s  

are c u r r e n t l y  i r r i g a t e d  from s l ip- form f i e l d  d i t c h e s  w i t h  2- f t  bot-  

tom wiclths and 1 : 1 s i d e s l o p e s  . They a r e  in tended  t o  d e l i v e r  a 

"standard-head" of 15 cEs. I n  most i n s t a n c e s  t h e  t r u e  Elow rate, 

t h e  backwater r e sponse ,  t h e  t a i l w a t e r  cond i t i ons ,  e t c .  , could n o t  

b e  very  e a s i l y  determined wi thout  d e t a i l e d  engineer ing  surveys  and 

Annual Report of the U.S. Water Conservation Laboratory



computations beEore a device  such as a conc re t e  c r i t i c a l - f l o w  flume 

could b e  i n s t a l l e d .  Usual ly s i t e s  could b e  r e a d i l y  l o c a t e d  that 

were p o t e n t i a l l y  s u i t a b l e ,  b u t  t h e  e l e v a t i o n  margins on water sur -  

f a c e  maximums t o  avoid b o t h  d i t c h  overtopping and submerged f low 

ope ra t ion  were very  narrow, f r e q u e n t l y  o n l y  - -I- 0 . 1  t o  0 .2  f t .  

To cope w i t h  t h e s e  problems and similar sites a p o r t a b l e  

"caliper-flume" was designed and b u i l t .  It c o n s i s t e d  of a t h r o a t  

s e c t i o n  and a t r a n s i t i o n  s e c t i o n .  The t h r o a t  s e c t i o n  had a bot tom 

width  of 1 f t ,  and s i d e s l o p e s  of 1:l. Th i s  s e c t i o n  was mounted i n  

a frame such t h a t  once t h e  frame w a s  p laced  i n  t h e  concre te - l ined  

d i t c h ,  t h e  s e c t i o n  could b e  r a i s e d  and lowered r e l a t i v e  t o  t h e  

channel  f l o o r ,  t h u s  changing t h e  s i l l  h e i g h t .  T h i s  provided  f o r  

a d j u s t i n g  between rather c l o s e  r e s t r i c t i o n s  on ponding a t  t h e  up- 

stream end and f r e e  outf low on t h e  downstream end. The r ange  of 

movement r e l a t i v e  t o  t h e  channel bottom i s  from 0 . 3  f t  t o  1 . 0  f t .  

This  provides  f o r  a d i scha rge  range,  a t  an  upstream water depth  of 

2 f t ,  of 1 6  cEs when t h e  flume i s  i n  t h e  lowest  p o s i t i o n  t o  5.2 

c f s  when t h e  flume i s  r a i s e d  t o  i t s  h i g h e s t  pos t ion .  At 2.5 f t  

deep t h e  range i s  from 1 2  c f s  to  28 c f s ,  The c a l i b r a t i o n  changes 

about 5% from lowes t  t o  h i g h e s t  s e t t i n g ,  so  s e p a r a t e  t a b l e s  were 

computed f o r  each 0.1-f t  change i n  e l e v a t i o n  of t h e  t h r o a t - s e c t i o n  

f l o o r ,  The r a i s i n g  and lowering i s  accomplished w i t h  4 crank- 

hand le  screwjacks ,  one on each corner  of t h e  frame h o l d i n g  t h e  t h r o a t  

s e c t i o n .  A s p e c i a l  t r a n s i t i o n  s e c t i o n  was b u i l t  u s ing  s l i d i n g  

p i e c e s  of aluminum s h e e t  t o  accommodate t h e  v z r t i c a l  flume move- 

ment. The s h e e t  meta l  a l s o  formed t h e  s e a l  w i t h  t h e  c o n c r e t e  s i d e s  

of t h e  c a n a l .  Leakage around t h e  flume was w e l l  w i t h i n  a c c e p t a b l e  

l i m i t s .  

Depth d e t e c t i o n  presented  another  problem. The Elow dep th  i s  

referenced  from t h e  e l e v a t i o n  of t h e  flume f l o o r .  Using a movable 

flume f l o o r ,  t h e  s t anda rd  method of s t i l l i n g - w e l l  and w a t e r  pond i~ lg  

f o r  determining t h e  zero  i n  t h e  s t i l l i n g  w e l l  was n o t  p r a c t i c a l .  
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Besides ,  t h e  flume f r e q u e n t l y  may b e  p laced  i n t o  a f lowing channel  

p rec lud ing  t h e  ponding method. Surveying in s t rumen t s  could provide  

t h e  ze ro  f o r  each  flume s e t t i n g ,  b u t  t h i s  i s  a l s o  i m p r a c t i c a l ,  

The s o l u t i o n  s e l e c t e d  was t o  mount a p o i n t  gage over  the ref- 

e rence  p o i n t  i n  t h e  flume t h r o a t ,  which normally i s  the flume t h r o a t  

c e n t e r .  The p o i n t  gage was secured  t o  t h e  t h r o a t  s e c t i o n  i t s e l f  

s o  t h a t  i t  moved when t h e  t h r o a t  s e c t i o n  was moved. Thus, the ze ro  

p o i n t  was r e a d i l y  s e t  by lowering t h e  p o i n t  gage u n t i l  i t  touched 

&he flume t h r o a t .  Th i s  could b e  done even through f lowing water .  

The s t i l l i n g - w e l l  s ens ing  h o l e  could n o t  b e  d r i l l e d  through 

t h e  c a n a l  w a l l  a t  each t r i a l  s i t e  s o  a s e c t i o n  of p i p e  w i t h  pres-  

s u r e  s ens ing  h o l e s  i n  i t s  s i d e  was used. Th i s  l e n g t h  of p i p e ,  

approximately 1 8  inches  of 3/4-inch water  p ipe ,  was capped at  b o t h  

ends w i t h  p l a s t i c  t ub ing  a t t ached  t o  one end. It was p laced  i n  t h e  

cana l  about  1 f t  ahead of t h e  t r a n s i t i o n  s e c t i o n  and p a r a l l e l  t o  

t h e  flow. The p l a s t i c  t ub ing  which normally could b e  used t o  s iphon  

over  i n t o  a s t i l l i n g  w e l l  nea r  t h e  s e n s i n g  l o c a t i o n  was, i n s t e a d ,  

l e d  t o  a cup, which served  i n  p r i n c i p l e  a s  a s h o r t  s t i l l i n g  w e l l ,  

t h a t  was clamped benea th  t h e  p o i n t  gage. A l e v e l  bubble on t h e  

t h r o a t - s e c t i o n  s t r u c t u r e  was used t o  check t h a t  t h e  flume was satis- 

f a c t o r i l y  l e v e l e d  w i t h  t h e  fou r  screwjacks.  S ince  t h e  p o i n t  gage 

r e l a t i o n  i s  i n t e g r a l  t o  t h e  flume-throat s e c t i o n ,  p r e c i s i o n  l e v e l i n g  

i s  n o t  necessary .  

Under flowing c o n d i t i o n s ,  t h e  two s e c t i o n s  of t h e  flume could 

b e  e a s i l y  lowered i n t o  p l a c e  i n  t h e  d i t c h  by two people.  One person  

can manage i t  under no-flow s i t u a t i o n s .  

Two l o c a t i o n s  were measured w i t h  t h e  flume. The s e l e c t e d  

f l o o r  h e i g h t  on one s i t e  w a s  determined t o  b e  0.3 f t  o r  lower i n  

order  t o  avoid overtopping t h e  d i t c h ,  Ta i lwater  e l e v a t i o n  a t  t h i s  

s i t e  on t h e  Synder Ranch near  Tacna, Arizona, was low and caused 

no problems. A t  a second s i t e  on Spencer and Spencer,  Desert 

Valencia  Ranch, t h e  f l o o r  has  t o  b e  loca t ed  a t  0 .6 f t  i n  o r d e r  t o  
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avoid downstream t a i l w a t e r .  Here, upstream capaci ty  i s  adequate. 

FIELD RATING OF STRUCTW: 

I n  Annual Report,  1973, t h e  des ign  .example chosen t o  u s e  w i t h  

the BASIC Computer Program was t h a t  of a s p e c i a l  compound flume 

b u i l t  i n  t h e  Roosevelt  Water Conservation D i s t r i c t  n e a r  Nesa, 

Arizona. The S a l t  River P r o j e c t ,  who d e l i v e r s  t h i s  wa te r  t o  the 

D i s t r i c t ,  perf  ozmed t h e  f low-met e r  measurement% from 7 February 

1974 through 9 February 1974 and provided our l a b o r a t o r y  w i t h  a 

copy of t h e  da ta .  Two c u r r e n t  meters  w e r e  used f o r  comparison, an  

" O t t "  p ropel le r - type  and a "Price" cup-type, The cup-type was used 

r egu la r ly .  DiEf erences between t h e  d ischarges  a s  determined by the 

two meters were approximately 5%. The metering s t a t i o n ,  a l though 

s e v e r a l  hundred f e e t  downstream from t h e  flume, s t i l l  experienced 

surges  and edd ies ,  making accura te  cu r ren t  metering d i f f i c u l t .  

Table 1 provide$ t h e  d a t a  of 37 meterings during t h e  per iod .  

The flow ranged from a low of 38 c f s  t o  a h i g h  of 220 c f s .  A 

p l o t t i n g  of t h e  p o i n t s  . indica ted  t h a t  t h e  cu r ren t  meter ings  
0" 

averaged about 4% higher  than t h e  flumedindicated d i scha rge  f o r  

flows above 100 c f s ;  about zero percent  d i f f e r e n t  a t  75 c f s ;  and 

?bout 7% low f o r  flows nea r  40 c f s  (Fig. 1 ) .  However, t h e  c u r r e n t  

m e t e r  r a t i n g s  f o r  t h e  same f lume-indicat ion had a sp read  of up t o  

10%. P a s t  experience would i n d i c a t e  t h a t  the  flume r e p e a t s  a 

d ischarge  f o r  a p a r t i c u l a r  s t a g e  t o  wi th in  - f 3%. The v a r i a t i o n  

i n d i c a t e d  would have requi red  a ~ t i l l i n g ~ w e l l  depth-detec t ion  e r r o r  

of n e a r l y  0.08 f t  on t h e  flume. This  i s  over 20 t i m e s  t h e  expecsed 

detection-equipment e r r o r .  S ince  t h e  current-meter t e c h n i c i a n  

repor ted  s t r o n g  eddies  a t  the metering s t a t i o n ,  a s  no ted  by t h e  

v a r i a b i l i t y  of t h e  "cl icking-rate" of t h e  cu r ren t  meter ,  the ten-  

t a t i v e  conclusion i s  t h a t  t h e  flume r a t i n g  a s  o r i g i n a l l y  conl.puted 

i s  accura te .  
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SUMMARY : 

P r e d i c t i o n  of c a l i b r a t i o n s  f o r  c r i t i c a l - d e p  t h  flumes by math- 

ematical modeling has remained e s s e n t i a l l y  unchanged dur ing  t h e  

p a s t  r e p o r t i n g  pe r iod .  The method pe rmi t s  handl ing  coaplex cross-  

s e c t i o n a l  shapes  and non-symmetrical shapes as w e l l  a s  t h e  u s u a l  

t r a p e z o i d a l ,  r e c t a n g u l a r ,  and t r i a n g u l a r  shapes .  The computer pro- 

gram is now a v a i l a b l e  i n  bo th  BASIC and FORTRAN v e r s i o n s .  E f f o r t s  

have tu rned  t o  a p p l i c a t i o n s  t o  s p e c i f i c  s t r eams ,  c a n a l s ,  and f i e l d  

d i t c h e s .  A p o r t a b l e  flume w i t h  s p e c i a l  j acks  t o  change t h e  t h r o a t  

e l e v a t i o n  w i t h  r e s p e c t  t o  t h e  channel  bottom and s p e c i a l  s t i l l i n g  

w e l l  and depth sens ing  arrangements i s  be ing  used as a f i e l d -  

survey  dev ice  b e f o r e  c a s t i k g  low-cost conc re t e  t h r o a t  s e c t i o n s .  

Th i s  "caliper-flume" can b e  i n s t a l l e d  and removed from a f lowing 

c a n a l  by two persons .  It can measure f lows from 0.09 c f s  t o  35 c f s  

i n  s l ip formed cana l s  w i t h  1 - f t  and 2- f t  bottom widths  and 1:l 

s i d e s l o p e s  , The j ack ing  arrangement a l lows  a c c u r a t e  de t e rmina t ion  

of backwater e f f e c t s  and submergence l i m i t a t i o n s  a t  p rospec t ive  

s i t e s  f o r  permanent flume i n s t a l l a t i o n s .  

PERSOWEL: John A. Replogle 
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Table 1. Comparison of cur ren t -meter  d i scha rge  measurements 
w i t h  f  lume-indicated d ischarge .  

Date 
Flume 
s t age  
( f t )  

Flume 
( c f s )  

4 3 
40  
40  
60 
38 

100 
8 8 

113 
103 
3.4 2 
14 2 
15 1 
166 
166 
110 

93 
154 
130 
159 
149 
219 
219 
219 
219 
220 
1.5 1 
115 
85 

215 
14 9 
211 
215 
175 
14 8 

9 6 
8 5 
7 5 

Current  
meter  D i f f e rence  
(cf  S) (%) 9i 

;w 
" O t t "  meter 
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TITLE : SEDIMENT TRANSPORT CI-URACTERISTICS OF CRITICAL- 

DEPTH FLUMES 

CRIS WORK UNIT: 5510-12260-004 CODE NO. : Ariz. -WCL 72-2 

INTRODUCTION : 

, Computer and mathematical techniques were p rev ious ly  developed 

t h a t  pe rmi t t ed  t a i l o r i n g  flume shapes t o  produce hydrau l i c  charac-  

t e r i s t i c s  t h a t  might a s s i s t  sediment movement and thus  avoid sediment  

accumulat ions i n  t h e  flume. The main des ign  f e a t u r e  w a s  t h e  u se  oE 

s i d e w a l l  c o n t r a c t i o n s  and a "negat ive-s i l l . "  The "nega t ive - s i l l "  

f e a t u r e  c o n s i s t e d  of a t h r o a t  f l o o r  t h a t  w a s  an  inch  o r  s o  lower 

than  t h e  approach s e c t i o n  of t h e  flume. The e f f e c t  i s  t o  achieve  

i n c r e a s i n g  Froude, number va lues  w i t h  decreas ing  flow depth ,  which 

is  t h e  r e v e r s e  of most prev ious  flume behavior ,  and main ta in  sediment- 

c a r r y i n g  c a p a c i t y  t o  r e l a t i v e l y  low flow depths .  The method i s  

e f f e c t i v e  f o r  only sma l l  sediment l oads  b u t  was n o t  s u f f i c i e n t  t o  

move sand (D = 0.5 nun) when t h e  sediment concen t r a t ions  approached 
50 

one-quarter  pe rcen t .  Higher concen t r a t ions  of sand were passed by 

p l a c i n g  "vortex-vanes1' on t h e  s i d e w a l l s  oE t h e  approach s e c t i o n  of  

t h e  flume. These vanes were s imple  angle- i ron s t r i p s  a f f i x e d  t o  
I 

t h e  w a l l s  at 45' upward i n  t h e  d i r e c t i o n  of t h e  flow. The optimum 

h e i g h t  and spac ing  f o r  t h e  vanes were t h e  primary concern of s t u d i e s  

t h i s  p a s t  yea r .  

PROCEDURE : 

Two types  of sediment-carrying tests were at tempted.  The 

f i r s t  was t o  i n t roduce ,  i n  che upstream end of t h e  flume, a quan-- 

t i t y  of sand a t  a s t eady  r a t e  r ep re sen t ing  1 /42 ,  1/22,  and 1% of  

t h e  water f low r a t e  and t o  observe t h e  sediment accumulat ion e f f e c t s  

of t h e  i n t r o d u c t i o n s .  The sand was weighed i n t o  buckets  and hand- 

f ed  whi le  be ing  paced wi th  a s t o p  watch. Thus, t h e  feed  r a t e ,  w h i l e  

n o t  completely cons t an t ,  a t  least in t roduced  i n  a given 30-second 

o r  1-minute per iod  t h e  c o r r e c t  q u a n t i t y  of sand f o r  t he  flow r a t e .  

The f eed  r a t e  w a s  maintained f o r  s u f f i c i e n t  t ime,  u sua l ly  5 t o  10  
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minutes ,  t o  a s s u r e  s t a b i l i z a t i o n  of e f f e c t s .  An obse rva t ion  oE 

accumulat ions w a s  t h e n  made t o  e v a l u a t e  whether t h e  accumulations 

were s i g n i f i c a n t  enough t o  b e  d e t r i m e n t a l  t o  t h e  flume r a t i n g .  The 

l e v e l  of successEul  t r a n s p o r t  f o r  s e v e r a l  flow depths was determined. 

The method involved cons ide rab le  i n p u t s  of observer  judgments and 

thus  lacked  cons iderably  i n  o b j e c t i v i t y .  A second method, wh i l e  

s t i l l  r e q u i r i n g  some s u b j e c t i v i t y ,  w a s  more e a s i l y  implemented. 

This  method c o n s i s t e d  of i n t roduc ing ,  r a p i d l y ,  a f i x e d  q u a n t i t y  of 

sand i n t o  t h e  approach s e c t i o n  of t h e  flume and observ ing  t h e  t ime 

t o  c l e a r  t h i s  amount w i th  3 vane s i z e s  and 2 spac ing  i n t e r v a l s .  

This  method i n d i c a t e d  r e l a t i v e  t r a n s p o r t  a b i l i t y  b u t  d id  n o t  g ive  

rate of t r a n s p o r t  directly, s i n c e  only  i n  t h e  i n i t i a l  phases of 

c l e a r i n g  is  f u l l  c a p a b i l i t y  f o r  t r a n s p o r t i n g  sediment used,  

DIS GUS S LON : 

The %or tex-vanes " a r e  t h e  most eEf ec  t i v e  of t h r e e  measures 

' t o  c o n t r o l  sediment movement through flumes. Sloping-flume-Eloor 

and Froude-number-control methods are l e s s  e f f e c t i v e .  The Froude 

number r e l a t i o n s  do n o t  d e s c r i b e  t h e  a b i l i t y  t o  move sediment as 

w e l l  a s  s imple  threshold-ve loc i ty  concepts .  This  might be  ex- 

pec ted  s i n c e  t h e  Froude number used i s  based on flume s i z e  and n o t  

on p a r t i c l e  s i z e ,  and t h e  sediment movement is  more r e l a t e d  t o  t h e  

f low-veloci ty  energy. Plume s l o p e  i s  e f f e c t i v e  only a s  i t  a f f e c t s  

f low v e l o c i t y .  S ince  t h e  g r a v i t y  component is  smal l  i n  t h e  d i r ec -  

t i o n  of flow, t h e  moving Eorce on t h e  p a r t i c l e  is dominated by t h e  

f low v e l o c i t y .  Sloping t h e  flume changes flow c ros s - sec t iona l  

r e l a t i o n s  t h a t  i n c r e a s e  flow v e l o c i t y ,  bu t  s i m i l a r  v e l o c i t i e s  can  

be  designed i n t o  the  flume wi thout  f l o o r  s lope .  h one i n s t a n c e ,  

sediment accumulated on t h e  s loping-f loor  s e c t i o n  oE a flume where 

a nega t ive  s i l l  w a s  used f o r  Proude number c o n t r o l .  Other s e c t i o n s  

of t h e  flume remained c l e a r  because of t h e  i n s t a l l a t i o n  of vanes Ln 

t h e  approach s e c t i o n .  
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Much was t o  b e  l ea rned  concerning t h e  behavior  of sediments  

i n  flumes. I n  a sand-bed s t ream t h e  flow a d j u s t s  t o  move t h e  

maximum s e d i m e n t a t  lowest  energy,  Tkis r e s u l t s  i n  a wide s t r eam 

w i t h  t h e  b u l k  of t h e  flow shear c a r r i e d  by t h e  s t ream bottom. 

When a flume is  i n s t a l l e d ,  s i d e  c o n t r a c t i o n s  a r e  u s u a l l y  inc luded  

and t h e  flow may even b e  f o r c e d  i n t o  a t r a p e z o i d a l  o r  t r i a n g u l a r  

con f igu ra t ion .  The heavy sediments  remain on t h e  bottom,. b u t  now 

t h e  b u l k  oE t h e  shea r  i s  wasted on t h e  s idewa l l s .  An example i n  

t h e  l a b o r a t o r y  sand movement model w a s  a 4-ft-wide sand  bed i n  a 

g lass -s ided  channel  t h a t  f ed  a t r a p e z o i d a l  flume t h a t  had a 1- f t -  

bottom width,  1:l s i d e s l o p e s ,  a 1-inch-wide t h r o a t ,  and a n e g a t i v e  

s i l l  of 0 .1  f t .  A t y p i c a l  sand dune p a t t e r n  Eor say  a 0 .9 - f t  f low 

dep th  was f o r  a 0.4-ft-deep dune, r e l a t i v e  t o  t h e  flume f l o o r ,  t o  

approach t h e  flume w i t h  a water  flow v e l o c i t y  of  1 .23 f t  p e r  second,  

b e  con t r ac t ed  i n  width t o  approximately 1 f t  b u t  w i th  a f low v e l o c i t y  

of 1 .83,  an approximate 1.5 times i n c r e a s e  i n  v e l o c i t y  b u t  a 4-Eold 

i n c r e a s e  i n  sediment p e r  u n i t  width.  This was f u r t h e r  c o n t r a c t e d  

a t  t h e  t h r o a t  t o  approximately 1-inch wide, o r  a t o t a l  c o n t r a c t i o n  

of 48 : l .  I f  t h e  a v a i l a b l e  energy t o  move sediment is  p r o p o r t i o n a l  

t o  t h e  squa re  of t h e  flow v e l o c i t y ,  then  t o  main ta in  c a p a c i t y  t h e  

v e l o c i t y  i n  t h e  approach s e c t i o n  would have t o  be  double t h a t  i n  

t h e  approach channel  and b e  n e a r l y  7-fold more f o r  t h e  narrow 

t h r o a t  ( a c t u a l l y ,  t h e  flows were only 1.5 times and 2.9 t i m e s ,  

r e s p e c t i v e l y ) .  Sedirnent accumulations occurred i n  t he  flume 

approach s e c t i o n ,  The t h r o a t  did n o t  c log ,  poss ib ly  because  the .  

flow t i m e  was n o t  prolonged t o  complete equi l ibr ium.  Vanes t h a t  

were 1-1/2 inches h igh  were i n s t a l l e d  on 6-inch spac ing .  The dune 

disappeared i n  t h e  approach s e c t i o n ,  bu t  now the  t h r o a t  s e c t i o n  

plugged. The l o c a l  vane-clearance-opening v e l o c i t y  c a l c u l a t e d  t o  

be  2.26 f t  pe r  second, o r  1.8 t imes t h e  approach v e l o c i t y .  

'51e t h r o a t  was then  modified t o  produce a wider bot tom wi th-  

o u t  changing t h e  n e t  f low area-depth r e l a t i o n  of t h e  t h r o a t .  The 
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n e g a t i v e  s i l l  was r a i s e d  from 0 . 1  f t  t o  0.05 f t ,  and an equ iva l en t  

r e c t a n g l e  was i n s e r t e d  t o  r e p l a c e  t h e  removed t r a p e z o i d a l  s e c t i o n .  

The replacement  r e c t a n g l e  measured 0.347 f t  wide and 0.082 f t  

deep. The t h r o a t  w a s  now a p p r o x i n ~ t e l y  one-twelf t8 a s  wide a s  t h e  

channel ,  and t h e  v e l o c i t y ,  V3, was 3.6 f t  per  second o r  2.86 t i m e s  

t h e  channel  v e l o c i t y .  Based on t h e  square-of-the-velocity assumption, 

i t  should have been 3.4 t imes as g r e a t  t o  c a r r y  t h e  same sand load ,  

o r  converse ly  t h e  t h r o a t  should have had a bottom width  of approxi- 

mately 0.5 f t .  Based on t h e  imprec is ion  of t h e  v e l o c i t y  de te rmina t ion  

over ehe dune format ion  i n  the approach channel ,  t h i s  i s  a reasonably 

good i n d i c a t i o n  t h a t  t h e  suggested des ign  c r i t e r i a  based on v e l o c i t y  

r a t i o s  may be v a l i d .  

The optimum vane spac ing  and pe rmis s ib l e  maximum s i z e  came 

under d i scuss ion  as a r e s u l t  of t h e  p r e s e n t a t i o n  a t  t h e  C.I.G.R. 

meet ings i n  the Netherlands,  September 1974 [Replogle ,  John A. 

Avoiding sediment accumulat ion i n  flow-metering flumes. Proc. 

8 t h  I n t e r n a t i o n a l  Congress oE A g r i c u l t u r a l  Engineering,  Wageningen, 

The Hktherlands,  September 24-28, 1974. ( i n  p r e s s ) ] .  A d i s c u s s i o n  

by H. N.  C. Breusers ,  Head, Densi ty  Currents  and Transport  Phenomena 

Branch, D e l f t  Hydraul ics  Laboratory,  The Netherlands,  p o i n t s  ou t  

t h a t  a l l  sediment t r a n s p o r t  r e l a t i o n s  are based on t h e  u s e  of  mean 

v e l o c i t y  o r  on shea r  stress and t h a t  t h e  Proude number i s  n o t  impor- 

t a n t ,  j u s t  t h e  mean v e l o c i t y .  Also, t h e  development used i n  t h e  

paper  i n d i c a t e d  t h a t  shape e f f e c t s  a r e  unimportant ,  a l though he 

mentions t h a t  experiments w i t h  sediment t r a n s p o r t  i n  p i p e s  have 

shown t h a t  a p i p e  c r o s s  s e c t i o n  w i t h  a r e l a t i v e l y  wide h o r i z o n t a l  

bottom has  b e t t e r  sediment t r a n s p o r t  c h a r a c t e r i s t i c s .  Re a l s o  

noted  t h a t  i n  p i p e s  t h e  optimum conf igu ra t ion  f o r  cont inuous vanes 

f o r  sediment t r a n s p o r t  was w i t h  a r e l a t i v e l y  smal l  ang le  w i t h  t h e  

f low d i r e c t i o n .  The flumes used 45' w i t h  t h e  flow direct i .on i n  

o rde r  t o  convert  a rnaxirn~~rn amount o.E energy i n t o  l i f t i n g .  I n  p i p e  

flow, this would cause exces s ive  energy l o s s  and would b e  unacceptable, 
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Thus, t h e  opt imum.configurat ion he  mentions may r e f e r  t o  a compro- 

m i s e  between f r i c t i o n  l o s s e s  and t r a n s p o r t  c a p a b i l i t y .  In  t he  

flume t h e  0 .1  f t ,  o r  s o ,  of e x t r a  f r i c t i o n  l o s s  f o r  t h e  vanes i s  

cons idered  accep tab le .  

Energy g r a d i e n t  a l o n e  w a s  t r i e d  using vanes a long  t h e  w a l l  

p laced  a t  90" t o  t h e  flow d i r e c t i o n .  This  w a s  qu i ck ly  abandoned 

s i n c e  v i s u a l  obse rva t ion  oE t h e  sediment accumulation showed t h a t  

, it was g r e a t l y  i n f e r i o r  t o  t h e  45" s l o p e  conf igu ra t ion .  R e l a t i v e  

t o  t h e  v e r t i c a l  s t r i p s ,  t h e  optimum spac ing  f o r  maximum f r i c t i o n  

l o s s  i s  d iscussed  i n  va r ious  t e x t s  (Chow, "Open Channel Hydraul ics ,  " 

McGraw-Hill, N.Y. 1959. p .  196) .  Three p o s s i b i l i t i e s  a r e  o f f e r e d  

t h a t  might apply t o  t h e  vortex-vane spac ing ,  even though they  a r e  

on a 45O s l o p e .  These are isolated-roughness  f low,  wake-interference 

flow, and quasi-smooth flow. The f i r s t  occurs  w i th  widely spaced 

elements ,  t h e  second when t h e  wake oE one i n t e r f e r s  w i t h  t h e  n e x t ,  

and t h e  t h i r d  when t h e  elements  a r e  s o  c l o s e  toge the r  that: t h e  f low 

s k i p s  over them and t h e  depth between con ta ins  s t a b l e  edd ie s .  The 

a b s o l u t e  spac ing  and h e i g h t s  are u s u a l l y  exper imenta l ly  determined 

because i n  isolated-roughness  flow b o t h  vane h e i g h t  and spac ing  a r e  

impor tan t ,  wh i l e  i n  wake-interference flow spac ing  is most: impor t an t ,  

and i n  quasi-smooth flow, spac ing  and he igh t  a r e  a g a i n  cons ide ra t ions .  

The spac ing  would appear t o  b e  a func t ion  of flow Reynolds number. 

This  would r e q u i r e  changing t h e  vane spac ing  f o r  each f low v e l o c i t y  

t o  main ta in  maximum sediment-carrying capac i ty  f o r  a p a r t i c u l a r  

flume. S ince  t h i s  is i m p r a c t i c a l ,  t h e  spacing should be  ad jus ted ,  

t o  produce b e s t  r e s u l t s  a t  t h e  lower flow s t a g e s  when t h e  a b s o l u t e  

v e l o c i t y  i s  lowest .  

Experimental r e s u l t s  f o r  c l e a r i n g  times of a f i x e d  sampLe of 

sand i n j e c t e d  i n t o  t h e  approach s e c t i o n  of t h e  flume f o r  3 h e i g h t s  

of vanes and 2 spacings a r e  given i n  Table 1.. The s i z e  of t h e  f i x e d  

s l u g  was a r b i t r a r i l y  chosen a s  t h a t  amount i n  a convenient ly  a v a i l -  

a b l e  con ta ine r ,  which turned  ou t  t o  be about 21  pounds of sand.  The 

c l o s e r  spac ings  were s i g n i f i c a n t l y  b e t t e r  f o r  t h e  1.5 and 2.0 vanes,  
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b u t  i n t e r f e r e n c e  on t h e  c l o s e  spac ing  f o r  the 3-inch h e i g h t  w i th  6- 

i n c h  spac ing  appeared t o  b e  occu r r ing .  Therefore ,  i f  t h e  vanes a r e  

c l o s e r  t han  about  3 o r  4 t imes t h e i r  h e i g h t ,  t h e  1 i E t i n g  e f f e c t s  a r e  

decreased  because quasi-smooth flow is s t a r t i n g  t o  occur .  I f  spac ing  

is  a s  much a s  8 t i m e s  t h e  vane h e i g h t ,  isolated-roughness  flow appears  

t o  be  occurr ing .  The p r a c t i c a l  optimum spac ing  would thus  appear t o  

b e  a  spac ing  of about  3  t o  5 t imes t h e  vane h e i g h t .  This  suppor t s  

t h e  o r i g i n a l  e s t i m a t e  f o r  spac ing .  

The time-to-clear va lues  do n o t  r e f l e c t  d i r e c t l y  t h e  c a r r y i n g  

c a p a c i t y  of t h e  flume i n  terms of t r a n s p o r t  rates. Table 2 shows 

t h e  d ischarge  r a t e s ,  vane s i z e s ,  pe rcen t  sediment i n j e c t i o n ,  t h e  

c l e a r i n g  t ime f o r  a bu lk  sample, and t h e  apparent  pe rcen t  t r a n s p o r t  

r a t e  based on t h e  c l e a r i n g  t i m e .  The c l e a r i n g  t i m e  f o r  a  s l u g  

i n j e c t i o n  w a s  about  5 t o  7 t i m e s  longer  than  t h e  c a p a b i l i t y  of t h e  

flume t o  handle  t h e  same q u a n t i t y  a s  a  s teady  r a t e .  Thus, i t  

appears  t h a t  a good approximation of t r a n s p o r t  c a p a c i t y  i s  about  6 

t imes t h e  s l u g  c l ea rance  r a t e .  One va lue  noted i n  Table 2 d e v i a t e s  

cons iderably  from t h e  6-times range because t h e  s t e a d y - s t a t e  r a t e  

of sand i n j e c t i o n  was below the ca r ry ing  capac i ty  f o r  t h e  flow r a t e  

and t h u s  does n o t  provide  a v a l i d  base  f o r  computing t h e  t r a n s p o r t  

r a t i o .  

C a l i b r a t i o n  changes due t o  i n s t a l l a t i o n  of t h e  vanes a r e  most 

ev iden t  w i t h  t h e  3-inch vanes. The e f f e c t s  were + 5% from t h e  - 
"no-vane" c a l i b r a t i o n  f o r  flow depth i n  excess  of 0.5 f t .  The 

2-inch and 1 112-inch vanes caused changes from the  "no-vane" 

c a l i b r a t i o n  of l e s s  than 1% f o r  flow depths g r e a t e r  than  0.5 f t  

deep. A s  t h e  flow f u r t h e r  decreased i n  depth,  t h i s  d i f f e r e n c e  i n -  

c reased  t o  about  + 10% a t  0 .3  f t  deep. This  could be p a r t i a l l y  

accounted f o r  by h igh  a va lues  of say  1 . 5  f o r  t h e s e  lower f lows.  
1 

The o b s t r u c t i o n  of the  vanes r e l a t i v e  t o  t h e  t o t a l  open flow a r e a  

is g r e a t e s t  a t  low f lows,  r ep re sen t ing  40% o b s t r u c t i o n  a t  0.2 f t  

deep,  44% a t  6.5 f t  deep, and 24% a t  1 .0  f t  deep. 
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Of t h e  methods a v a i l a b l e  t o  a s s i s t  c r i t i c a l - f l o w ~ f l u m e s  i n  

pas s ing  bedload sediments ,  t h e  "vortex-vanes" i n s t a l l e d  i n  t h e  

approach s e c t i o n  are most e f fec t ive-capable  of moving bedloads 

equa l  t o  about  1 t o  3% of  t h e  mass flow of water. I n  a sandbed 

s t ream,  t h e  s t r eam a d j u s t s  t o  wide, shal low flow, u s ing  most of 

t h e  s t ream shea r  f o r c e s  on the bottom. Flumes should b e  designed 

w i t h  t h i s  p r i n c i p l e  i n  mind. When s i d e  c o n t r a c t i o n s  are used, they  

must be  accompanied by a designed i n c r e a s e  i n  v e l o c i t y  energy t o  

handle  t h e  decreased bed-shear area. This  energy is  p r o p o r t i o n a l  

t o  t h e  squa re  of t h e  v e l o c i t y .  The l a r g e  i n c r e a s e  i n  v e l o c i t y  i n  

t h e  flume t h r o a t  compared t o  t h e  approach s e c t i o n  and t h e  s t r eam 

s e c t i o n  u s u a l l y  pe rmi t s  t h e  f l o o r  t o  b e  a s  narrow a s  0 . 1  of t h e  

stream width ,  b u t  this should b e  designed based on r e l a t i v e  ve loc i -  

t i e s .  The vanes i n c r e a s e  t h e  e f f e c t i v e  shea r  a r e a  wh i l e  caus ing  

n e g l i g i b l e  c a l i b r a t i o n  changes above about 0.5 f t  deep i n  t h e  t e s t  

flume (0.1 d i scha rge  c a p a c i t y ) ,  provided t h e  n e t  o b s t r u c t i o n  i s  

such t h a t  Froude numbers a r e  on t h e  o rde r  of 0.7. The l a r g e r  t h e  

Froude number, t h e  more sediment-carrying c a p a b i l i t y  a v a i l a b l e .  

For example, vanes l a r g e  enough t o  cause Froude numbers i n  excess  

of 0.8 (3-inch vanes i n  a 1- f t -wide  t r a p e z o i d a l  approach s e c t i o n  

w i t h  1.1 s i d e s l o p e s )  could handle  an es t imated  3%, sediment bedload,  

b u t  t h e  c a l i b r a t i o n  accuracy w a s  reduced t o  4- 5%. - 
These f ind ings  add t o  t h e  des ign  c r i t e r i a  t h a t  are t o  b e  

considered i n  developing c r i t i c a l - f l o w  flumes t h a t  can b e  computer 

c a l i b r a t e d ,  have wide flow-range c a p a b i l i t y ,  good sediment- 

hand l ing  capabi l i ty--accuracy b e t t e r  than  - + 5%, and rugged enough 

f o r  prolonged use .  

PERSONNEL: John A. Kepiogle 
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Table  1. Times f o r  21 pounds of sand t o  be c lkared  

from flume a t  a  flow depth  oE 0.9  f t .  

Vane height  Vane spacing C lea r ing  time 

( i n . )  ( i n . )  

1.5 6 

1.5 12 

2  6 

2 12 

3 6 

3 i 2 
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Table 2. Comparison of t r a n s p o r t  r a t e s .  

S t eady- s t a t e  Observat ion Slug Slug Transpor t  
Vane Flow Flow s a n d i n j .  of c l e a r i n g  sand i n j ,  r a t i o  
s i z e  depth  r a t e  r a t e  hand 1 ing t ime r a t e  s t e a d y / s l u g  

( i n . )  ( f t )  (cf s )  (z) 

1.5 0.46 0.555 0.5 f a i r  

( sec)  . (%) 

- - 

1.5 0.66 1.155 0.25 good 270 0.10 5 . 0  

1.5 0.89 2.30 0.5 good 150 0.097 5 . 1  

2.0 0.66 1.15 0 .5  v e r y  good 18 0 0.16 3 .  lJC 

2.0 0.90 2.46 1 . 0  good 8 0 0.17 5 . 8  

average = 6 

- - 

2- * 
Steady- s t a t e  r a t e  was cons iderably  below the ca r ry ing  c a p a c i t y  of flow. 
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TITLE : EVALUATING TRLCmE IPQJGATION FOR GRAPE PRODUCTION 

CRIS I?ORI( UNIT : 5410-12260-004 

INTRODUCTION : 

Code No, USIEL 73-1 

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 Conservat ion Laboratory 1973 Annual Report.  Resu l t s  

f o r  t h e  second yea r  a r e  presented  i n  t h i s  r e p o r t .  

FIELD PROCEDURE : 

A f t e r  h a r v e s t i n g  o f  t h e  1973 P e r l e t t e  t a b l e  grapes on June  30, 

t h e  same amount o f  water  was app l i ed  on a l l  t r i c k l e  and furrow 

i r r i g a t i o n  t rea tments .  On t h e  t r i c k l e  i r r i g a t i o n  p l o t s ,  one-hax£ 

inch  o f  water  was app l i ed  pe r  week between J u l y  1 and October 13, 

The furrow i r r i g a t i o n  p l o t s  were g iven  i r r i g a t i o n s  of 2,5 i nches  on 

J u l y  3, 2,5 inches  on August 13, and 2.5 inches  on September 26, 

1973. 

tkJelve t r i c k l e  i r r i g a t i o n  t r ea tmen t s  f o r  1974 inc luded:  Three 

i r r i g a t i o n  q u a n t i t i e s ,  based on r a t i o s  o f  t h e  1973 consumptive-use 

d a t a ;  t h r e e  i r r i g a t i o n  f r equenc ie s  -- d a i l y ,  3-day, and 6-clay; and 

e i t h e r  one o r  two t r i c k l e  e m i t t e r s  pe r  v i n e ,  S i x  furrow i r r i g a t i o n  

t r ea tmen t s  inc luded  the  same t h r e e  seasonal  q u a n t i t i e s  used Eor 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  two o r  t h r e e  furrows per  v i n e ,  w i th  

t h e  i r r i g a t i o n  frequency based on t h e  consumptive-use curve,  The 

predetermined q u a n t i t i e s  oE i r r i g a t i o n  water  app l i ed  were c a l c u l a t e d  

by mul t ip ly ing  0.75, 1.00, and 1.25 times t h e  es t imated  consumptive- 

u s e  r a t e  based on t h e  e n t i r e  s u r f a c e  a r e a  between v ines .  F i g u r e  1 

shows the  1973 consumptive-use curve  used t o  determine t h e  d i f f e r e n t  

i r r i g a t i o n  q u a n t i t i e s .  

New growth began about  February 13, and canes were a t  l e a s t  

4 i n c l ~ e s  long  by March 1, Furrow and t r i c k l e  j r r i g a t i o n s  were s t a r t e d  

on February 25 and 28, r e s p e c t i v e l y ,  The 1.00 furrow t r ea tmen t s  were 

g iven  i r r i g a t i o n s  of  4,5 inches  on February 25, 3 inches  on A p r i l  22, 

3 i nches  on May 8, and 3 inches on my 28, The 1.00 t r i c k l e  t r e a t -  
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ments were given an i n i t i a l  i r r i g a t i o n  of 2,O inches on February 28, 

followed by 11.4 inches between April  8 and June 10, i n  accordance 

with the  th ree  d i f t c r e n t  i r r i g a t i o n  i n t e rva l s .  The 1.25 and 0.75 

t r i c k l e  and furrow i r r i g a t i o n s  were given r a t i o s  of these  amounts 

described f o r  the  1.00 i r r i g a t i o n  treatments,  

Other procedures f o r  the  co l l e c t i on  of da ta ,  such a s  s o i l -  

moisture, tensiometer, evaporation, s a l i n i t y ,  and y i e ld  and f r u i t  

qua l i t y  were the  same a s  the  previous year,  Grapes were harvested 

on June 10, 11, and 12 by four workers, two supervisors ,  one weigh- 

man, and one berry sampler. Two r ep l i c a t i ons  were picked each day 

on June 10 and 11, fol.1owed by the  s t r i pp ing  of a11 four  r ep l i c a t i ons  

on June 12, The poss ible  e r ro r  due t o  the  di f ferences  i n  f r u i t  

picking and trimming techniques between harves te r s  was subs t an t i a l l y  

reduced from the  previous year,  

RESULTS AND DISCUSSION: The ac tua l  amounts of water made ava i l ab l e  

f o r  consumptive use were calcula ted from the  sum of t h e  water applied 

and r a i n f a l l  (Table I ) ,  On t he  1,00 consumptive-use p l o t ,  t h e  s o i l -  

mois&e samples were near ly  the same a t  the  beginning and end of 

the  growing season. Therefore, the  adjusted t r i c k l e  and furrow irri- 

gat ion quan t i t i e s  were 1.35, 1.00, and 0,SO times the  1974 measured 

consumptive use, Figure 1 shows t h a t  the  1974 measured consumptive 

use  was 13.0 inches, This seasonal use compares c lose ly  with t h e  

1973 consumptive use of 13,5 inches up t o  t h e  harves t  d a t e  i n  1974, 

although the  t o t a l  seasonal use fo r  a l a t e r ,  longer growing season 

was 17.0 inches i n  1973. The di f ference between the 1974 and 1973 

curves f o r  May i s  possibly due t o  an e a r l i e r  emergence and g i r d l i n g  

da t e  i n  1974, 

Figure 2 dep ic t s  t he  r e l a t i onsh ip  between pan evaporation,  

atmograph evaporation, and the  1974 measured consumptive use, Semi- 

monthly correct ion f ac to r s  given a r e  r a t i o s  of evaporation to  t he  

measured consumptive use,  These evaporation measurements vary with 

time of growing season and instrument locat ion,  a s  wel l  a s  changes 

i n  c l imat ic  condit ions,  
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Ful l - season  grape  product ion  f o r  t h e  v a r i o u s  1974 t r i c k l e  and 

furrow i r r i g a t i o n  t r ea tmen t s  a r e  shown i n  Table 2. Y ie lds  were 

inc reased  by 9 X f o r  t r i c k l e  i r r i g a t i o n  w i t h  two emeLtters pe r  v i n e  

over  one e m i t t e r  per  v ine ,  and y i e l d s  were inc reased  by 6% f o r  two 

t r i c k l e  i r r i g a t i o n  e m i t t e r s  over  furrow i r r i g a t i o n .  Only on t h e  

t r i c k l e  i r r i g a t i o n  t rea tments  were y i e l d s  i nc reased  by 11% f o r  t h e  

1,35 compared t o  t h e  0-80  t imes consumptive-use q u a n t i t y ,  These 

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

a l l  t rea tment  combinations; t hus ,  t h e  r e s u l t s  a r e  b e s t  desc r ibed  

as p o s s i b l e  t r ends  f o r  improving g rape  product ion ,  Add i t iona l  

r e s u l t s  showed l i t t l e  d i f f e r e n c e  i n  y i e l d  between t r i c k l e  i r r i g a t i o n  

f r equenc ie s  o f  1 day, 3 days,  and 6 days. This  appears  t o  b e  of 

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

sandy loam, As f o r  furrow i r r i g a t i o n ,  t h e r e  was l i t t l e  d i f f e r e n c e  

i n  y i e l d  between 3- o r  2 furrows pe r  vine, and l i t t l e  d i f f e r e n c e  

i n  y i e l d  between d i f f e r e n t  i r r i g a t i o n  q u a n t i t i e s ,  

Berry s i z e  and sugar  con ten t  f o r  t h e  t r i c k l e  and fur row irri- 

g a t i o n  t r ea tmen t s  a r e  shown i n  Tables  3 and 4, r e s p e c t i v e l y .  'Shere 

was l i t t l e  v a r i a t i o n  i n  t h e  be r ry  s i z e  o r  sugar  f o r  t h e  d i f f e r e n t  

i r r i g a t i o n  t rea tments .  The 1974 be r ry  s i z e  averaged 0,84 l b s  per  

100 b e r r i e s ,  which was 27% l a r g e r  than  t h e  1973 b e r r y  s i z e  of 0.66 l b s  

per  100 b e r r i e s .  The 1974 sugar  con ten t  averaged 17.5%, td~i -ch  w a s  

a n  i n c r e a s e  of about  2% over  t h e  1973 sugar  con ten t ,  Th i s  l a r g e r  

b e r r y  s i z e  w i t h  a h igh  sugar  con ten t  could e x p l a i n  t h e  o v e r a l l  

decrease  i n  1974 y i e l d s  of  5,8 tons  per  a c r e  from t h e  1973 y i e l d s  of 

8.0 t ons  pe r  ac re .  

Table 5 compares y i e l d  and q u a l i t y  r e s u l t s  ob ta ined  f o r  1973 and 

1974 grapes ,  I n  both y e a r s ,  y i e l d s  were s l i g h t l y  i nc reased  wi th  two 

t r i c k l e  e m i t t e r s  per  v i n e  over furrow i r r i g a t i o n ,  and w i t h  two t r i c k l e  

e m i t t e r s  over  one, There was a small  d i f f e r e n c e  i n  1974 y i e l d s  f o r  

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 ,  whereas t h e  unusua l ly  heavy 

r a i n f a l l  e a r l y  i n  1973 probably accounted f o r  t h e  absence oE t h i s  r e s u l t  

Annual Report of the U.S. Water Conservation Laboratory



i n  the  previous year,  No reason i s  known for  the  lack of an increase  

i n  berry s i z e  for  the  1974 t r i c k l e  over furrow i r r i ga t i on .  'She 

remaining findings were nonsignificant  fo r  both years. 

Problem of clogging of emit ters  began t o  appear during the  

1974 grape experiment. After  harvest ,  hand-flushing and chemical 

treatments were used to  determine whether the  plugging problem could 

be reduced (See USWCL 71-11, Chemical treatment of i r r i g a t i o n  water 

f o r  t he  prevention of  clogging and t he  resoval  of flow obstruct ions  

i n  tzrickle i r r i g a t i o n  systems), 

SUMMARY nrJD CONCLUS IONS : 

Alleged advantages of increased y ie ld  and improved f r u i t  qua l i t y  , 
with da i l y  t r i c k l e  i r r i g a t i o n s  may of ten have been exaggerated. I n  

many previous f i e l d  invest igat ions ,  both t r i c k l e  i r r i g a t i o n  amount and 

i n t e r v a l  have not been varied.  Various production measurements on 

t ab l e  grapes were made t o  evaluate quant i ty  of t r i c k l e  and furrow irri-  

gat ions ,  frequency of t r i c k l e  i r r i g a t i o n s ,  and number of t r i c k l e  emi t te r s  

o r  furrows required,  Two years of research on grapes have shown t h a t  

y ie ld  and qua l i t y  were maintained o r  s l i g h t l y  increased with two t r i c k l e  

exli t ters over furrow i r r i g a t i o n .  The consumptive-use requirement f o r  

P e r l e t t e  grapes ranged from 13.0 t o  17.0 inches, depending on t he  

growing season, Yields were s l i g h t l y  increased with two t r i c k l e  emit- 

t e r s  per v ine  over one, but  they did not change with three ,  o r  with two 

furrows per vine,  Most in te res t ing ly ,  y ie lds  did not always increase  

fo r  da i ly  i r r i g a t i o n s  over 3- and 6-clay i r r i g a t i o n s  on a sandy-loam s o i l ,  

Before growers can be assured t ha t  t r i c k l e  i r r i g a t i o n  w i l l  improve grape 

production, the poss ible  r i s k  of evd t te r  plugging must be el iminated,  

Personnel: Dale A ,  Bucks, Leonard J, Erie,  and Orrin F. French, 
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TABLE 1. Available moisture and adjusted quantities for trickle and furrow irrigation of grapes, 1974. 

- - - --- 
Adjusted 

Irrigation Total Irrigation 
Quantity Available Quantity 

Consumptive-Use SJa t er Moisture for Consumptive-Use 
Ratio Applied Rainfall Consumptive Use Ratio 5; 

-- -- 
(inches) (inches) (inches) 

TRICKLE : 

FURROW : 

1.25 

- -  - 

-Ir ,. 
Based on the measured seasonal consumptive use of 13.0 inches for 1974. 
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Table 2. Grape Procluction f o r  T r i c k l e  and Furrow I r r i g a t i o n ,  1974. 

I r r i g a t i o n  Treatment I r r i g a t i o n  Quant i ty  Mean 

Consumptive-Use Ra t io  

. . . . . . . . . . . . . . . . . . . . .  
(pounds per  p l o t )  

TRICKLE : 

Daily / 1 e m i t t e r  136:~ 140 119 132 bw: 

Daily / 2 e m i t t e r s  133 14 0 14 5 139 ab 

3-day / 2 e m i t t e r s  138 159 137 145 a 

6-day / 2 e m i t t e r s  159 15 1 133 ' 148 a 

MEAN 142 ab 148 a 134 c 

FURROW: 

3 Furrows per  v ine  136 138 135 136 ab  

2 Furrows per  v ine  132 137 139 136 ab 

134 c 138 bc 137 bc 

JcMean, 4 r e p l i c a t i o n s ,  7 v ines  harvested per  p l o t .  

WWmbers followed by t h e  same Le t t e r  a r e  not 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 l e v e l  by Duncan's Mul t ip le  Range Tes t .  
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Table 3,  Berry S i z e  f o r  Tr ick le  and Furrow I r r i g a t i o n  of Grapes, 

1974. 

I r r i g a t i o n  Treatment ~ r r i g a t i o n  Quanti ty Mean 

Consumptive-Use Rat io  

1.35 1.00 0.80 
-----------*----------- 

(pounds per 100 b e r r i e s )  

TRICKLE : 

Daily / 1 emi t t e r  0,79$i , 0,87 0.78 0.8 1 aJ:J: 

Daily / 2 emi t t e r s  0.85 0.82 0.84 0.84 a 

3-day / 2 emi t t e r s  0.84 0.86 0.84 0.85 a 

6-day / 2 emi t t e r s  0.85 0.85 0.87 0.86 a 

MEAN 0.83 a 0.85 a 0.83 a 

FURROW: 

3 Furrows per v ine  0.85 0.87 0.81 0.85 a 

2 Furrows per  v ine  0.85 0.79 0.86 0.83 a 

MEAN 0,85 a 0,83 a 0.84 a 

$:Mean, 4 r e p l i c a t i o n s ,  7 vines harvested per p l o t .  

fWJumbers followed by the  same l e t t e r  a r e  not s i g n i f i c a n t l y  

d i f t e r e n t  a t  the  0.05 l e v e l  by Duncan's Mul t ip le  Range Test .  
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I 
Tab le  4. Sugar Conten t  f o r  T r i c k l e  and Furrow I r r i g a t i o n  of Grapes, 

1974. . 

I r r i g a t i o n  Treatment  I r r i g a t i o n  Q u a n t i t y  M e a n  
Consumptive-Use R a t i o  

1.35 1.00 0,80 ..................... 
( pe r cen t  suga r )  

TRICKLE: 

D a i l y  / 1 e m i t t e r  17 .25: 17 .7 18.5 17.8 aJf9~ 

D a i l y  / 2 emitters 17.9 17.7 17 .3  17.6  a  

3-day / 2 emitters 18.2 17,2  18.0  17.8 a 

6-day / 2 e m i t t e r s  17 .1  17.0 17.9 1 7 . 3  a  

MEAN 1 7 . 6 a  1 7 . 4 a  17 .9~1  

FURROW: 

3 Furrows p e r  v i n e  17.5  17.3  17.2 17.3  a 

2  Furrows p e r  v i n e  17,4  <6'6,9 16.9  17 .1  a 

MEAN 1 7 . 5 a  1 7 . 1 a  1 7 . 0 a  

+:Mean, 4 r e p l i c a t i o n s ,  7  v i n e s  h a r v e s t e d  pe r  p l o t .  

~:Wumbers fo l lowed  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 l e v e l  by ~ u n c a n ' s  M u l t i p l e  Range T e s t .  
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TABLE 5, Comparison of 1973 and 1974 r e s u l t s  fo r  t r i c k l e  and 
furrot? i r r i g a t i o n  of grapes. 

COMPARISON 

Yield fo r  two emit ters  
versus one emit ter  
per vine. 

Yield fo r  two emit ters  
per vine versus furrow 
i r r i g a t i o n ,  

Yield fo r  d i f f e r en t  
t r i c k l e  i r r i g a t i o n  
frequencies. 

Yield fo r  th ree  versus 
two furrows per vine,  

Yield fo r  d i f f e r en t  
t r i c k l e  i r r i g a t i o n  
quan t i t i e s .  

Yield fo r  d i f f e r en t  
furrow i r r i g a t i o n  
quan t i t i es .  

Berry s i z e  fo r  t r i c k l e  
versus furrow-irriga ted 
f r u i t ,  

Sugar content f o r  t r i c k l e  
versus furrow-irrigated 
f r u i t .  

9 % 
increase  

13% 
increase  

N.S. 

N.S. 

N,S , 

N.S. 

6% 
increase  

N,S, 

9 % 
increase  

increase  

Yc 
N.S. 

N.S. 

11% increase  for  
1,35 over 0.80 
consumptive-use r a t e .  

J- ,. 
N.S. : No Signif icant  d i f ference a t  the  5% l eve l ,  
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APPLIED 
EASUREO 

- A P P L I E D  F R O M  CONSUMPTIVE U S E ,  1973 
S E A S O N A L  USE 13.5 INCHES 

- -- M E A S U R E D  C O N S U M P T I V E  U S E ,  I974 

S E A S O N A L  USE 13.0 INCHES 

HARVEST, 
FULLY D E V E L O P E D  BERRIES \- 

F U L L  BLOOM / 
/ 

C A N E S  36", LA 
/ 

Figure  I ,  Applied and measured consumptive u s e  f o r  grapes,  1974. 
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TITLE : EVALUATIBG TRICICLE IRRIGATION FOR CANTALOUPE PRODUCTION 

CRIS WORK UNIT: 5510-12260-004 CODE No. USSJCL 74-1 

INTRODUCTION : 

Several poss ible  advantages of t r i c k l e  i r r i g a t i o n  over o ther  

i r r i g a t i o n  methods include increased y i e ld ,  improved f r u i t  qua l i ty ,  

decreased water requirement, increased f e r t i l i z e r  e f f i c iency ,  reduced 

labor cos t s ,  and improved s a l i n i t y  control .  These advantages, how- 

ever,  have not  been proved fo r  many s o i l ,  water and crop condit ions.  

P r io r  research a t  Phoenix, Arizona, has demonstrated t h a t  success of 

t r i c k l e  i r r i g a t i o n  depends upon optimum water management, proper 

maintenance, and adapted c u l t u r a l  p rac t i ces .  

With present-day surface  i r r i g a t i o n  p rac t i ces  i n  the  Southwest, 

approximately one U.S. No. 1 cantaloupe i s  marketed from each vine  

(spaced 12 inches apar t )  within a 20- t o  25-day harves t  period. 

Since each vine bears severa l  cantaloupes, an add i t iona l  marketable 

cantaloupe could be  produced i f  p lan t  growth were extended over a 

longer harves t  season, Furrow i r r i g a t i o n  i s  usual ly  discontinued 

before ha rves t  begins, t o  allow f o r  equipment and workers i n  the  

f i e l d s  and t o  e l iminate  f r u i t  r o t ,  Some growers, however, have 

attempted t o  furrow-ir r igate  about two weeks a f t e r  harves t  begins, t o  

r e v i t a l i z e  p lan t  growth, and the  r e s u l t s  have not  been successful  

because p lan t s  a r e  a l ready severely s t ressed ,  harves t ing i s  i n t e r -  

rupted,  and cantaloupe r o t  tends t o  increase.  I f  su r face  o r  subsurface 

t r i c k l e  i r r i g a t i o n  can be continued through harves t ,  cantaloupe harves t  

could be extended t o  as  much a s  35 t o  40 days, 

The ob jec t ive  of t h i s  study was t o  develop c r i t e r i a  f o r  managing 

t r i c k l e  i r r i g a t i o n  on cantaloupes fo r  a longer harves t  season, This 

c r i t e r i a  includes a l a rger  f r u i t  s e t ,  g rea te r  p lant  v igor ,  improved 

f r u i t  qua l i ty ,  and increased production. The f i r s t  year was used t o  

determine e f f e c t s  of d i f f e r en t  i r r i g a t i o n  frequencies,  using the  

surface  and subsurface t r i c k l e  methods. Furrow i r r i g a t i o n  was used as 

a check on the  water-use e f f i c iency ,  f r u i t  production, and f r u i t  

qua l i ty  fo r  the  t r i c k l e  i r r i g a t i o n  methods. 
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FIELD PROCEDURES : 

The f i v e  i r r i g a t i o n  treatments fo r  the  f i r s t  year consisted of 

surface  t r i c k l e  i r r i g a t i o n  a t  a da i l y  and weekly frequency, subsurface 

t r i c k l e  i r r i g a t i o n  a t  a da i l y  and weekly frequency, and furrow 

i r r i g a t i o n .  'I'hese treatments were rep l ica ted  s i x  times i n  a randomized- 

block design. Each t r i c k l e  i r r i g a t i o n  p lo t  was three  beds wide and 

150 f e e t  long, and each furrow i r r i g a t i o n  p lo t  was four beds wide and 

150 f e e t  long. The t r i c k l e  i r r i g a t i o n  system used was Anjac's B i -  

Wall g tubing, with a 12-inch spacing of outs ide  holes. The surface  

t r i c k l e  was placed along the p lan t  row, and the  subsurface t r i c k l e  

was buried 6 inches below the plant  row. Water was f i l t e r e d  through 

a sand f i l t e r  followed by a 325-mesh (44 micron) screen f i l t e r  f o r  

both t r i c k l e  systems, 

Cantaloupe seed, PER-45 var ie ty ,  was planted a t  the  Yuma Valley 

Experiment S ta t ion ,  Yuma, Arizona, on February 4 and Ju ly  17, respec- 

t i ve ly ,  f o r  spring and f a l l  crops. Spring cantaloupes on the  furrow 

p lo t s  were planted on t h e  south-sloped, east-west oriented beds, 

It was hoped t h a t  t he  f l a t  beds would el iminate the  necess i ty  fo r  

topping o r  level ing t he  beds a l t e r  germination, and reduce the  labor 

requirement f o r  t ra in ing  of vines t o  grow on top of the  beds, The 

sloped bed r e s u l t s  i n  warmer temperatures fo r  seed germination, F a l l  

cantaloupes on a l l  treatments were planted on f l a t ,  east-west oriented 

beds. It was necessary t o  pick up and replace  the surface  t r i c k l e  

tubing before and a f t e r  p lant ing;  whereas subsurface t r i c k l e  tubing 

was l e f t  underground during f a l l  planting,  Plants  were thinned t o  

12-inch spacing on March 20 and August 2, respect ively ,  for  spring and 

f a l l  crops, 

F e r t i l i z e r  appl icat ions  were 100 l b s  of ac tua l  N per ac re  (Feb 2) 

p r io r  t o  bedding i n  the  spring,  followed by 50 l b s  of N per ac re  

(May 28) on surface  and subsurface t r i c k l e  p lo t s  p r io r  to harvesting.  

The f e r t i l i z e r  appl icat ions  i n  the  f a l l  were 100 l b s  of N per ac re  

(July 16) p r io r  t o  planting on the  furrow p lo t s ,  50 l b s  of N per a c r e  

p r io r  t o  plant ing on the  subsurface and surface t r i c k l e  p lo t s ,  and 
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50 1bs  of  N per  a c r e  (August 15)  on subsu r face  and s u r f a c e  t r i c k l e  

p l o t s ,  when melons were about  2 inches  i n  d iameter .  

Water a p p l i c a t i o n s  were based on the  es t imated  consumptive-use 

r a t e  Eor a furrow i r r i g a t i o n  p r a c t i c e  ( I ) ,  Tensiometers  were 

i n s t a l l e d  a t  a 12-inch depth  and 12-inch d i s t a n c e  from t h e  p l a n t  row 

f o r  t h e  s p r i n g  can ta loupes ,  Add i t i ona l  tens iometers  were i n s t a l l e d  

a t  12-, 24-, and 36-inch depths  i n  two r e p l i c a t i o n s  o f  a l l  t r ea tmen t s  

f o r  t h e  f a l l  can ta loupes ,  The amount of  water  a p p l i e d  t o  t h e  furrow 

p l o t s  was measured wi th  a n  impe l l e r  meter ,  and water  a p p l i e d  t o  t h e  

s u r f a c e  and subsu r face  p l o t s  was measured wi th  turbine-vane meters .  

Cantaloupe h a r v e s t i n g  from 100 f e e t  o f  t h e  c e n t e r  row on each 

p l o t  began on June  3 i n  t h e  s p r i n g  and September 23 i n  t h e  f a l l ,  

The f r u i t  w a s  ha rves t ed  t h r e e  t imes per  week, s i z e d ,  counted,  and 

graded as be ing  U.  S.  No, 1 o r  c u l l s .  The r eason  t h e  f r u i t  was 

l a b e l e d  a "cu l l "  was recorded.  From t h e s e  d a t a ,  y i e l d s  were ca l cu -  

l a t e d  on a c r a t e -pe r - ac re  b a s i s .  The f a l l  h a r v e s t  w a s  d i v i d e d  i n t o  

an  e a r l y  and l a t e  season,  which w i l l  be  explained i n  t h e  r e s u l t s .  

RESULTS AND DISCUSSION: 

The s p r i n g  p l a n t i n g  began t o  emerge on February 1 9  on t h e  furrow 

i r r i g a t i o n  p l o t s ,  compared t o  March 6 on t h e  t r i c k l e  i r r i g a t i o n  p l o t s ,  

Th i s  two-weeks d i f f e r e n c e  i n  emergence w a s  a t t r i b u t e d  t o  a s o i l  

temperature e f f e c t  caused by t h e  d i f f e r e n t  bed c o n f i g u r a t i o n s ,  A t  
0 

t h e  I" depth,  t h e  s l a n t e d ,  furrow i r r i g a t i o n  beds were 5 t o  l o 0  F 

warmer than  t h e  f l a t ,  t r i c k l e  i r r i g a t i o n  beds (Table 1 ) -  There  was 

no apprec i ab le  d i f f e r e n c e  between s o i l  temperatures  o f  bo th  beds i n  

t h e  morning o r  i n  t h e  a f t e rnoon  a t  t h e  6" depth. The d i f E e r e n c e - i n  

emergence d a t e s  w a s  n o t  be l ieved  t o  be due t o  s o i l  s a l i n i t y  a long  t h e  

seed row (Table 2) .  The U .  S. S a l i n i t y  Labora to ry ' s  A g r i c u l t u r a l  

Iiandbook No, 60 i n d i c a t e s  t h a t  germinat ion oE a moderately sa l t -  

t o l e r a n t  c rop  such a s  canta loupes  would n o t  be s i g n i f i c a n t l y  reduced 

a t  a s a t u r a t e d  s o i l  conduc t iv i ty  of l e s s  than  5 mrnhos/cm, No d i f l e r e n c e  

i n  t h e  number of  p l a n t s  germinated was observed, as t h e r e  was an  ample 
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plan t  stand fo r  thinning on a l l  p lo t s .  Next year,  spring cantaloupes 

w i l l  be planted on s lanted beds fo r  both furrow and t r i c k l e  t r ea t -  

ment s ,  

The amounts of i r r i g a t i o n  water applied on spring and f a l l  

cantaloupes a r e  shown i n  Tables 3 and 4, Water appl icat ions  were 

t he  same with subsurface and surface t r i c k l e  i n  the  spring;  however, 

2.4 inches of addi t ional  water were applied with subsurface over 

surface  t r i c k l e  to  achieve p lan t  emergence i n  t he  f a l l .  D i f f i cu l t y  

was experienced i n  subbing moisture t o  t he  s o i l  surface with the  

subsurf ace t r i c k l e  method, Considerable s o i l  cracking above t he  

subsurface tubing was the r e s u l t  of allowing the  s o i l  t o  dry before 

plant ing f a l l  cantaloupes. Next year,  moderate i r r i g a t i o n s  w i l l  be  

given between f i n a l  spring harvest  and f a l l  p lant ing on the  subsurface 

t r i c k l e  treatments. 

Mean tensiometer readings a t  the  12-inch depth before each furrow 

i r r i g a t i o n  were a s  follows: 72 cent ibars  on May 2, 78 cent ibars  on 

Itfay 21, 75 cent ibars  on May 28, 70 cent ibars  on August 8, 85 cent ibars  

on August 28, 82 centxibars on September 12, 79 cent ibars  on October 1, 

and 75 cent ibars  on October 21. Previous research i n  Yuma County on a 

si l t- loam s o i l  indicated t ha t  cantaloupes need not  be i r r i g a t e d  u n t i l  

tensiometer readings reached 50 t o  75 cent ibars  a t  a depth oE 10 

inches (2). 

N i t r a t e  nitrogen analysis  of cantaloupe pe t io les  f o r  t he  various 

treatments a r e  shown i n  Table 5, These n i t r a t e  l eve l s  i nd i ca t e  t h a t  

the re  was no s ign i f i c an t  d i f ference o r  deficiency i n  nitrogen f e r t i -  

l i z e r ,  although the  pe t i o l e  NO -N f o r  the  f a l l  over spring cantaloupes 
3 

was sizeably higher,  Pew and Gardner (3) suggested t h a t  an adequate 

l e v e l  of pe t i o l e  NO3 for cantaloupes grown i n  Arizona was 4,000 ppm, 

and t h a t  harmful e f f e c t s  or  reduction i n  y ie lds  were not  found when 

pe t i o l e  NO -N l eve l s  were i n  t he  upper l im i t s  of the adequate range, 
3 

or  even higher,  

Table 6 shows y ie ld  and qua l i ty  data  for  spring cantaloupes. 

Marketable y ie lds  were g rea te r  for  subsurface over surface  t r i c k l e  
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and furrow i r r i g a t i o n ;  however, t h e  percentage  of  unmarketable f r u i t  

was h i g h e r  than expected. There was a 34% i n c r e a s e  i n  marke tab le  

c r a t e s -pe r - ac re  f o r  subsur face  over  s u r f a c e  t r i c k l e  i r r i g a t i o n ,  and 

a 29% i n c r e a s e  f o r  subsurEace over Eurrow i r r i g a t i o n .  There w a s  

l i t t l e  d i f f e r e n c e  i n  marketable  y i e l d  between d a i l y  and weekly irri- 

g a t i o n  f r equenc ie s  f o r  t h e  s u r f a c e  and subsu r face  t r i c k l e  methods, 

The inc reased  marketable  y i e l d  wi th  subsu r face  t r i c k l e  came du r ing  

t h e  f i r s t  week oE h a r v e s t  and r e s u l t e d  i n  a l a r g e r  number oE U.  S. 

No, 1 f r u i t .  The number o f  unmarketable s p r i n g  canta loupes  was 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  between furrow, s u r f a c e  t r i c k l e ,  o r  subsu r face  

t r i c k l e ,  A 67% mean c u l l s  was due t o  l a r g e r  number oE s l i c k ,  s p l i t ,  

and sunburned canta loupes  (Table 8 ) ,  An exp lana t ion  f o r  t h e  poor ly  

n e t t e d  f r u i t  i s  n o t  e n t i r e l y  known, Cantaloupe mildew o r  w i l t  d i d  

n o t  appear  t o  b e  a v i s u a l  problem. P o s s i b l e  reasons  f o r  t h e  u n m r k e t -  

a b l e  melons were t o o  wet a s o i l  mois ture  cond i t i on ,  o r  extremely h i g h  

tempera tures  j u s t  be fo re  and dur ing  s p r i n g  ha rves t .  

A t  t h e  beginning of  t h e  f a l l  can ta loupe  h a r v e s t ,  a n  exces s ive  

percentage  o f  c u l l s  was aga in  noted -- 65% f o r  t h e  f i r s t  week i n  t h e  

f a l l ,  compared t o  41% i n  t h e  sp r ing ,  A l a r g e  number o f  t h e s e  unmarket- 

a b l e  melons were sunburned (Table 8).  This  was be l i eved  t o  b e  due t o  

a p l a n t i n g  d a t e  e a r l i e r  t han  necessary ,  and t o o  h i g h  tempera tures  

du r ing  f r u i t  r i pen ing .  A l l  remaining canta loupes ,  t h e r e f o r e ,  were 

s t r i p p e d  from t h e  v ines ,  and a second f r u i t  s e t  was encouraged by 

t h e  c o n t i n u a t i o n  o f  furrow and t r i c k l e  i r r i g a t i o n s ,  

Tablc 7 shows y i e l d  and q u a l i t y  d a t a  f o r  f aL l  canta loupes .  F a l l  

h a r v e s t  i s  r ep re sen ted  by the  sum of  an 8-day e a r l y  h a r v e s t  and a 

26-day l a t e  h a r v e s t .  T o t a l  markctable  y i e l d s  were g r e a t e r  f o r  sub- 

s u r f a c e  and s u r f a c e  t r i c k l e  than f o r  furrow i r r i g a t i o n ,  and t h e  

percentage  of unmarketable f a l l  melons was reduced from t h a t  of  t h e  

s p r i n g  melons. There was a 3 8 X i n c r e a s e  i n  t o t a l  rnarlcetable c r a t e s -  

per -acre  f o r  subsur face  and s u r f a c e  t r i c k l e  over furrow i r r i g a t i o n ,  

and t h e  marketable  y i e l d s ,  aga in ,  showed no d i f f e r e n c e  between 

Annual Report of the U.S. Water Conservation Laboratory



i r r i g a t i o n  frequencies fo r  the  subsurface and surface  t r i c k l e  methods, 

This increased marketable y i e ld  fo r  subsurface and surface  t r i c k l e  

included a 53% increase  i n  U. S, No, 1 f r u i t  over furrow i r r i g a t i o n ,  

The improved y ie ld  and qua l i ty  with t r i c k l e  over furrow i r r i g a t i o n  

resu l ted  from the  l a t e  f a l l  harvest  and was probably due t o  t he  

i r r i g a t i o n  prac t ice  of vine s t r ipp ing  and the  continuation of t r i c k l e  

i r r i g a t i o n s  throughout the  harvest  period. After  s t r ipp ing  of vines,  

t he  l a t e  f a l l  harvest  more than doubled the  t o t a l  marketable y ie ld  

fo r  a l l  i r r i g a t i o n  methods, 

Comparing ea r ly  and l a t e  f a l l  cantaloupes (Table 7 ) ,  t h e  t o t a l  

mature f r u i t  harvested was s i gn i f i c an t l y  g rea te r  fo r  the  subsurface 

t r i c k l e  and furrow i r r i g a t i o n  fo r  l a t e  harves t o  The cantaloupe 

p lan t  appears t o  have inherent  cha rac t e r i s t i c s  f o r  regrowth and 

recovery, Comparing unmarketable ea r ly  and l a t e  f a l l  cantaloupes, 

(Table 8) the  l a t e  melons had a smaller percentage of c u l l s  and 

sunburned f r u i t  than t he  ea r ly  melons, The l a r g e s t  number of 

unmarketable l a t e  melons were e i t he r  s o f t  or  rotten-spotted f r u i t ,  

Subsurface t r i c k l e  may have several  p r ac t i c a l  f i e l d  advantages 

over surface  t r i c k l e .  F i r s t ,  the subsurface system i s  not  i n  t he  way 

f o r  equipment and hand operations of thinning, weeding, and harvest ing,  

Second, t he  subsurface system does not require  s taking of tubing 

during ea r ly  plant  growth, which i s  necessary on surface  t r i c k l e  

because of wind movement, Third, the  surface t r i c k l e  system requires  

removal of tubing between spring and f a l l  cantaloupes, t o  f a c i l i t a t e  

use of machinery, Possible disadvantages fo r  subsurface compared t o  

surface  t r i c k l e  i r r i g a t i o n  a r e  t h a t  an addi t ional  quant i ty  of water 

may be required fo r  germination, and t ha t  system plugging with roo ts  

(not ye t  observed) could be a problem, 
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SUL"MARY AND CONCLUSIONS : 

Spr ing  and f a l l  can ta loupes  were grown wi th  a s u r f a c e  and a 

subsu r face  t r i c k l e  system, t o  determine i f  cont inued i r r i g a t i o n  

dur ing  t h e  h a r v e s t  per iod would i n c r e a s e  t h e  q u a l i t y  and l a t e - season  

product ion,  Standard p r a c t i c e  i s  t o  d i scon t inue  furrow i r r i g a t i o n s  

a t  the beginning of  h a r v e s t ,  Spring canta loupe  emergence was delayed 

on t h e  s u r f a c e  and subsur face  t r i c k l e  t r ea tmen t s  p l an ted  on f l a t  beds 

a s  compared t o  furrow i r r i g a t i o n  p l an ted  on south-sloped,  warmer 

tempera ture  beds,  Visual  p l a n t  growth on t h e  subsu r face  t r i c k l e  

appeared t o  be  t h e  same a s  t h e  furrow i r r i g a t i o n  t rea tment  by h a r v e s t .  

Marketable  s p r i n g  y i e l d s  were improved f o r  subsu r face  t r i c k l e  over  

s u r f a c e  t r i c k l e  and furrow i r r i g a t i o n ,  a l though t h e  q u a n t i t y  of s l i c k ,  

s p l i t ,  and sunburned f r u i t  was unusual ly  l a r g e  t o r  a l l  i r r i g a t i o n  

methods, 

F a l l  can ta loupes  were d iv ided  i n t o  an  e a r l y  and l a t e - season  h a r v e s t ,  

The e a r l y  h a r v e s t ,  aga in ,  had an  excess ive  number of sunburned f r u i t  

f o r  a l l  i r r i g a t i o n  methods. However, t h e  l a t e  h a r v e s t  more than  

doubled t h e  t o t a l  marketable  y i e l d  f o r  a11 i r r i g a t i o n  methods. 

T o t a l  marketable  f a l l  y i e l d s  were g r e a t e r  f o r  subsu r face  and s u r f a c e  

t r i c k l e  over  furrow i r r i g a t i o n ,  I n t e r e s t i n g l y ,  d a i l y  compared t o  

weekly subsu r face  o r  s u r f a c e  t r i c k l e  t rea tments  d id  n o t  improve y i e l d  

o r  q u a l i t y  of  s p r i n g  o r  f a l l  can ta loupes ,  More r e sea rch  i s  needed on 

t h e  r educ t ion  of  unmarketable f r u i t  wi th  t h e  extended canta loupe  

h a r v e s t  season,  

Subsurface over  s u r f a c e  t r i c k l e  may have s e v e r a l  p r a c t i c a l  f i e l d  

advantages i n  terms of l e s s  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  such 

a s  t h inn ing ,  p l a n t i n g ,  and h a r v e s t i n g ,  The major d isadvantage  of 

subsu r face  compared t o  s u r f a c e  t r i c k l e  could be  system plugging wi th  

r o o t s ,  which d i d  n o t  occur  i n  t h e  f i r s t  year  of t h i s  i n v e s t i g a t i o n ,  
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Table 2. Grape Procluction f o r  T r i c k l e  and Furrow I r r i g a t i o n ,  1974. 

I r r i g a t i o n  Treatment I r r i g a t i o n  Quant i ty  Mean 

Consumptive-Use Ra t io  

. . . . . . . . . . . . . . . . . . . . .  
(pounds per  p l o t )  

TRICKLE : 

Daily / 1 e m i t t e r  136:~ 140 119 132 bw: 

Daily / 2 e m i t t e r s  133 14 0 14 5 139 ab 

3-day / 2 e m i t t e r s  138 159 137 145 a 

6-day / 2 e m i t t e r s  159 15 1 133 ' 148 a 

MEAN 142 ab 148 a 134 c 

FURROW: 

3 Furrows per  v ine  136 138 135 136 ab  

2 Furrows per  v ine  132 137 139 136 ab 

134 c 138 bc 137 bc 

JcMean, 4 r e p l i c a t i o n s ,  7 v ines  harvested per  p l o t .  

WWmbers followed by t h e  same Le t t e r  a r e  not 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 l e v e l  by Duncan's Mul t ip le  Range Tes t .  
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Table 3,  Berry S i z e  f o r  Tr ick le  and Furrow I r r i g a t i o n  of Grapes, 

1974. 

I r r i g a t i o n  Treatment ~ r r i g a t i o n  Quanti ty Mean 

Consumptive-Use Rat io  

1.35 1.00 0.80 
-----------*----------- 

(pounds per 100 b e r r i e s )  

TRICKLE : 

Daily / 1 emi t t e r  0,79$i , 0,87 0.78 0.8 1 aJ:J: 

Daily / 2 emi t t e r s  0.85 0.82 0.84 0.84 a 

3-day / 2 emi t t e r s  0.84 0.86 0.84 0.85 a 

6-day / 2 emi t t e r s  0.85 0.85 0.87 0.86 a 

MEAN 0.83 a 0.85 a 0.83 a 

FURROW: 

3 Furrows per v ine  0.85 0.87 0.81 0.85 a 

2 Furrows per  v ine  0.85 0.79 0.86 0.83 a 

MEAN 0,85 a 0,83 a 0.84 a 

$:Mean, 4 r e p l i c a t i o n s ,  7 vines harvested per p l o t .  

fWJumbers followed by the  same l e t t e r  a r e  not s i g n i f i c a n t l y  

d i f t e r e n t  a t  the  0.05 l e v e l  by Duncan's Mul t ip le  Range Test .  

Annual Report of the U.S. Water Conservation Laboratory



I 
Tab le  4. Sugar Conten t  f o r  T r i c k l e  and Furrow I r r i g a t i o n  of Grapes, 

1974. . 

I r r i g a t i o n  Treatment  I r r i g a t i o n  Q u a n t i t y  M e a n  
Consumptive-Use R a t i o  

1.35 1.00 0,80 ..................... 
( pe r cen t  suga r )  

TRICKLE: 

D a i l y  / 1 e m i t t e r  17 .25: 17 .7 18.5 17.8 aJf9~ 

D a i l y  / 2 emitters 17.9 17.7 17 .3  17.6  a  

3-day / 2 emitters 18.2 17,2  18.0  17.8 a 

6-day / 2 e m i t t e r s  17 .1  17.0 17.9 1 7 . 3  a  

MEAN 1 7 . 6 a  1 7 . 4 a  17 .9~1  

FURROW: 

3 Furrows p e r  v i n e  17.5  17.3  17.2 17.3  a 

2  Furrows p e r  v i n e  17,4  <6'6,9 16.9  17 .1  a 

MEAN 1 7 . 5 a  1 7 . 1 a  1 7 . 0 a  

+:Mean, 4 r e p l i c a t i o n s ,  7  v i n e s  h a r v e s t e d  pe r  p l o t .  

~:Wumbers fo l lowed  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 l e v e l  by ~ u n c a n ' s  M u l t i p l e  Range T e s t .  
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TABLE 5, Comparison of 1973 and 1974 r e s u l t s  fo r  t r i c k l e  and 
furrot? i r r i g a t i o n  of grapes. 

COMPARISON 

Yield fo r  two emit ters  
versus one emit ter  
per vine. 

Yield fo r  two emit ters  
per vine versus furrow 
i r r i g a t i o n ,  

Yield fo r  d i f f e r en t  
t r i c k l e  i r r i g a t i o n  
frequencies. 

Yield fo r  th ree  versus 
two furrows per vine,  

Yield fo r  d i f f e r en t  
t r i c k l e  i r r i g a t i o n  
quan t i t i e s .  

Yield fo r  d i f f e r en t  
furrow i r r i g a t i o n  
quan t i t i es .  

Berry s i z e  fo r  t r i c k l e  
versus furrow-irriga ted 
f r u i t ,  

Sugar content f o r  t r i c k l e  
versus furrow-irrigated 
f r u i t .  

9 % 
increase  

13% 
increase  

N.S. 

N.S. 

N,S , 

N.S. 

6% 
increase  

N,S, 

9 % 
increase  

increase  

Yc 
N.S. 

N.S. 

11% increase  for  
1,35 over 0.80 
consumptive-use r a t e .  

J- ,. 
N.S. : No Signif icant  d i f ference a t  the  5% l eve l ,  

Annual Report of the U.S. Water Conservation Laboratory



TITLE : EVALUATIBG TRICICLE IRRIGATION FOR CANTALOUPE PRODUCTION 

CRIS WORK UNIT: 5510-12260-004 CODE No. USSJCL 74-1 

INTRODUCTION : 

Several poss ible  advantages of t r i c k l e  i r r i g a t i o n  over o ther  

i r r i g a t i o n  methods include increased y i e ld ,  improved f r u i t  qua l i ty ,  

decreased water requirement, increased f e r t i l i z e r  e f f i c iency ,  reduced 

labor cos t s ,  and improved s a l i n i t y  control .  These advantages, how- 

ever,  have not  been proved fo r  many s o i l ,  water and crop condit ions.  

P r io r  research a t  Phoenix, Arizona, has demonstrated t h a t  success of 

t r i c k l e  i r r i g a t i o n  depends upon optimum water management, proper 

maintenance, and adapted c u l t u r a l  p rac t i ces .  

With present-day surface  i r r i g a t i o n  p rac t i ces  i n  the  Southwest, 

approximately one U.S. No. 1 cantaloupe i s  marketed from each vine  

(spaced 12 inches apar t )  within a 20- t o  25-day harves t  period. 

Since each vine bears severa l  cantaloupes, an add i t iona l  marketable 

cantaloupe could be  produced i f  p lan t  growth were extended over a 

longer harves t  season, Furrow i r r i g a t i o n  i s  usual ly  discontinued 

before ha rves t  begins, t o  allow f o r  equipment and workers i n  the  

f i e l d s  and t o  e l iminate  f r u i t  r o t ,  Some growers, however, have 

attempted t o  furrow-ir r igate  about two weeks a f t e r  harves t  begins, t o  

r e v i t a l i z e  p lan t  growth, and the  r e s u l t s  have not  been successful  

because p lan t s  a r e  a l ready severely s t ressed ,  harves t ing i s  i n t e r -  

rupted,  and cantaloupe r o t  tends t o  increase.  I f  su r face  o r  subsurface 

t r i c k l e  i r r i g a t i o n  can be continued through harves t ,  cantaloupe harves t  

could be extended t o  as  much a s  35 t o  40 days, 

The ob jec t ive  of t h i s  study was t o  develop c r i t e r i a  f o r  managing 

t r i c k l e  i r r i g a t i o n  on cantaloupes fo r  a longer harves t  season, This 

c r i t e r i a  includes a l a rger  f r u i t  s e t ,  g rea te r  p lant  v igor ,  improved 

f r u i t  qua l i ty ,  and increased production. The f i r s t  year was used t o  

determine e f f e c t s  of d i f f e r en t  i r r i g a t i o n  frequencies,  using the  

surface  and subsurface t r i c k l e  methods. Furrow i r r i g a t i o n  was used as 

a check on the  water-use e f f i c iency ,  f r u i t  production, and f r u i t  

qua l i ty  fo r  the  t r i c k l e  i r r i g a t i o n  methods. 
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FIELD PROCEDURES : 

The f i v e  i r r i g a t i o n  treatments fo r  the  f i r s t  year consisted of 

surface  t r i c k l e  i r r i g a t i o n  a t  a da i l y  and weekly frequency, subsurface 

t r i c k l e  i r r i g a t i o n  a t  a da i l y  and weekly frequency, and furrow 

i r r i g a t i o n .  'I'hese treatments were rep l ica ted  s i x  times i n  a randomized- 

block design. Each t r i c k l e  i r r i g a t i o n  p lo t  was three  beds wide and 

150 f e e t  long, and each furrow i r r i g a t i o n  p lo t  was four beds wide and 

150 f e e t  long. The t r i c k l e  i r r i g a t i o n  system used was Anjac's B i -  

Wall g tubing, with a 12-inch spacing of outs ide  holes. The surface  

t r i c k l e  was placed along the p lan t  row, and the  subsurface t r i c k l e  

was buried 6 inches below the plant  row. Water was f i l t e r e d  through 

a sand f i l t e r  followed by a 325-mesh (44 micron) screen f i l t e r  f o r  

both t r i c k l e  systems, 

Cantaloupe seed, PER-45 var ie ty ,  was planted a t  the  Yuma Valley 

Experiment S ta t ion ,  Yuma, Arizona, on February 4 and Ju ly  17, respec- 

t i ve ly ,  f o r  spring and f a l l  crops. Spring cantaloupes on the  furrow 

p lo t s  were planted on t h e  south-sloped, east-west oriented beds, 

It was hoped t h a t  t he  f l a t  beds would el iminate the  necess i ty  fo r  

topping o r  level ing t he  beds a l t e r  germination, and reduce the  labor 

requirement f o r  t ra in ing  of vines t o  grow on top of the  beds, The 

sloped bed r e s u l t s  i n  warmer temperatures fo r  seed germination, F a l l  

cantaloupes on a l l  treatments were planted on f l a t ,  east-west oriented 

beds. It was necessary t o  pick up and replace  the surface  t r i c k l e  

tubing before and a f t e r  p lant ing;  whereas subsurface t r i c k l e  tubing 

was l e f t  underground during f a l l  planting,  Plants  were thinned t o  

12-inch spacing on March 20 and August 2, respect ively ,  for  spring and 

f a l l  crops, 

F e r t i l i z e r  appl icat ions  were 100 l b s  of ac tua l  N per ac re  (Feb 2) 

p r io r  t o  bedding i n  the  spring,  followed by 50 l b s  of N per ac re  

(May 28) on surface  and subsurface t r i c k l e  p lo t s  p r io r  to harvesting.  

The f e r t i l i z e r  appl icat ions  i n  the  f a l l  were 100 l b s  of N per ac re  

(July 16) p r io r  t o  planting on the  furrow p lo t s ,  50 l b s  of N per a c r e  

p r io r  t o  plant ing on the  subsurface and surface t r i c k l e  p lo t s ,  and 
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SUL"MARY AND CONCLUSIONS : 

Spr ing  and f a l l  can ta loupes  were grown wi th  a s u r f a c e  and a 

subsu r face  t r i c k l e  system, t o  determine i f  cont inued i r r i g a t i o n  

dur ing  t h e  h a r v e s t  per iod would i n c r e a s e  t h e  q u a l i t y  and l a t e - season  

product ion,  Standard p r a c t i c e  i s  t o  d i scon t inue  furrow i r r i g a t i o n s  

a t  the beginning of  h a r v e s t ,  Spring canta loupe  emergence was delayed 

on t h e  s u r f a c e  and subsur face  t r i c k l e  t r ea tmen t s  p l an ted  on f l a t  beds 

a s  compared t o  furrow i r r i g a t i o n  p l an ted  on south-sloped,  warmer 

tempera ture  beds,  Visual  p l a n t  growth on t h e  subsu r face  t r i c k l e  

appeared t o  be  t h e  same a s  t h e  furrow i r r i g a t i o n  t rea tment  by h a r v e s t .  

Marketable  s p r i n g  y i e l d s  were improved f o r  subsu r face  t r i c k l e  over  

s u r f a c e  t r i c k l e  and furrow i r r i g a t i o n ,  a l though t h e  q u a n t i t y  of s l i c k ,  

s p l i t ,  and sunburned f r u i t  was unusual ly  l a r g e  t o r  a l l  i r r i g a t i o n  

methods, 

F a l l  can ta loupes  were d iv ided  i n t o  an  e a r l y  and l a t e - season  h a r v e s t ,  

The e a r l y  h a r v e s t ,  aga in ,  had an  excess ive  number of sunburned f r u i t  

f o r  a l l  i r r i g a t i o n  methods. However, t h e  l a t e  h a r v e s t  more than  

doubled t h e  t o t a l  marketable  y i e l d  f o r  a11 i r r i g a t i o n  methods. 

T o t a l  marketable  f a l l  y i e l d s  were g r e a t e r  f o r  subsu r face  and s u r f a c e  

t r i c k l e  over  furrow i r r i g a t i o n ,  I n t e r e s t i n g l y ,  d a i l y  compared t o  

weekly subsu r face  o r  s u r f a c e  t r i c k l e  t rea tments  d id  n o t  improve y i e l d  

o r  q u a l i t y  of  s p r i n g  o r  f a l l  can ta loupes ,  More r e sea rch  i s  needed on 

t h e  r educ t ion  of  unmarketable f r u i t  wi th  t h e  extended canta loupe  

h a r v e s t  season,  

Subsurface over  s u r f a c e  t r i c k l e  may have s e v e r a l  p r a c t i c a l  f i e l d  

advantages i n  terms of l e s s  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  such 

a s  t h inn ing ,  p l a n t i n g ,  and h a r v e s t i n g ,  The major d isadvantage  of 

subsu r face  compared t o  s u r f a c e  t r i c k l e  could be  system plugging wi th  

r o o t s ,  which d i d  n o t  occur  i n  t h e  f i r s t  year  of t h i s  i n v e s t i g a t i o n ,  
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TABLE 1, MEAN SOIL TENPERA'SURES WITI-XIN TIE SEED ROW DURXNG 
GERMINATION OF SPRING CANTALO'UPES, 1974. 

Treatment Depth Eorning Afternoon 
(0800-0900 IIrs ,) (1300-1600 H r s  ,) 

-- - ---3---CII 

Furrow l l t  

6" 

Subsurface 1" 
T r i c k l e  6" 

Su r face  1" 
T r i c k l e  6" 

2% 0 
Dry-bulb s o i l  temperatures  i n  F taken  on 7 s e l e c t e d  days 

between February 13 and February 26. 

TABLE 2,  MEAN SOIL SALINITY MEASUREHENTS WITI-TIN THE SEED ROT? 
DURING EARLY PLANT GROWTH FOR SPRING CANTALOUPES, 1974. 

Treatment Depth 

- 

February 21 A p r i l  4 
(mmhos /cm) (mrnhos /cm) 

Furrow 0 - 1" 

0 - 6" 

Subsurface 0 - 1" 
Tr ic lcle  0 -. 6" 

Sur Sac e 0 - 1" 
T r i c k l e  0 - 6" 

i't 

Mean o f  two samples,  
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TAXE 3. IRRIGATION TJATER APPLIED FOR SPRING CABTALOUPES , 19 7 4 .  

Treatment I r r i g a t i o n  Dates  Water Applied 
(inches):? -- - - 

Furrow February 4-5 
(Germination) 

&Y 2 7.2 

May 21 7,8 

May 28 6,5 --- 
T o t a l  34,8 

Subsurface and February 5-7 
Su r face  T r i c k l e  (Germination) 

May 2 - May 20 5.5 

May 21 - May 27 2 -5 

May 28 - June  25 4.0 

T o t a l  15.3 

- -- 
;'i 

Calcula ted  on b a s i s  of t o t a l  p l o t  a r ea ,  3000 sq  St .  
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between February 13 and February 26. 
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Treatment Depth 

- 

February 21 A p r i l  4 
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i't 
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TAXE 3. IRRIGATION TJATER APPLIED FOR SPRING CABTALOUPES , 19 7 4 .  

Treatment I r r i g a t i o n  Dates  Water Applied 
(inches):? -- - - 

Furrow February 4-5 
(Germination) 

&Y 2 7.2 

May 21 7,8 

May 28 6,5 --- 
T o t a l  34,8 

Subsurface and February 5-7 
Su r face  T r i c k l e  (Germination) 

May 2 - May 20 5.5 

May 21 - May 27 2 -5 

May 28 - June  25 4.0 

T o t a l  15.3 

- -- 
;'i 

Calcula ted  on b a s i s  of t o t a l  p l o t  a r ea ,  3000 sq  St .  
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TABLE 4, IRRIGATION WATER APPLIED FOR FALL CANTALOUPES, 1974. 

Treatment I r r i g a t i o n  Dates  Water Applied 
( inches)  * - - 

Furrow J u l y  18  
(Germination) 

August 8 4.9 

August 28 4-9  

September 1 2  3,9 

October 1 4.2 

October 21, 3.5 --- 
T o t a l  31.5 

Subsurface 
T r i c k l e  

Su r face  
T r i c k l e  

Ju ly  18-22 
(Germination) 

August 2 
(Tl~intz-ing) 

August 8 - August 27 1 .O 

August 28 - Sept  11 3,5 

Sept  12 - Sept  31 3,8 

October 1 - October 20 2,8 

October 21 - November 4 2 eo - 
T o t a l  1 7 - 8  

J u l y  18-19 
(Germination) 

August 1 
(Thinning) 

August 8 - August 27 1,7 

August 28 - Sept  11 3.5 

Sept  1 2  - Sept  31 3.8 

October 1 - October 20 2,8 

October 21 - November 4 2 .o 
To ta l  1 5 r -  

>k 
Calcula ted  on b a s i s  of t o t a l  p l o t  a r e a ,  3000 sq f t .  
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Table 6. YIELD AKD QUALITY OF SPRIEG GANXLOUPES, 1974. 

- ------ 
P f k t ,  C r a t e s  So*  p e r  p l o t  T o t a l  No. p e r  P l o t  Percen t  T o t a l  Green 

Tr  ea  tmen t p e r  Acre 36 & Larger  r h t u r e  F r u i t  Harvested C u l l s  Ungradcd F r u i t  
- -- - 

9c 
F i r s t  7 days Furrow 34.2 b 

J u a c  3 Subsur face /da i ly  45.4 a 

through " /r~eelcly 50.0 a 

June  9 T r i c k l e / d a i l y  27.8 bc 

Triclclc/wee?cly 22,s  c 

2,84 

L a s t  14  days Furrow 13,6 3.8 bc 56.8 b 36.1 
P 
u3 

I June 17 ~ u b s n r f a c e / d a i l y  14,6 2.7 c 50.6 b 39.8 
P through 11 w /weekly 18.9 6.0 ab  71.6 ab  33.2 

June  30 Triclcle/daFly 14.9 3.5 b c  72.5 ab  34.1 

Trickle/wcekly 25.4 7.8 a 89.3 a 31.3 

SG E.S. 0,9& 8.87 N.S. 

T o t a l  28 days Furrow 89.7 b 23,G b 154.0 b 66.0 18.3 b 

June  3 Subsur face /da i ly  106.8 ab  28.1 ab  166,7 b 63.3 13 .8  b 

through " /weekly 124.0 a 37.3 a 193.8 a 63.3 23.5 ab  

June 30 T r i c k l e / d a i l y  86.1 b 21.6 b 171.0 b 70.5 19.6 b 

TrickLe/weekly 86,7 b 23.5 b 177.8 b 71.2 32.5 a 

sx 8.54 3.41 6.67 N.S. 3.793 

- 
R,S N o s i g n i f i c a n t  d i f f e r e n c e .  

3: S i g n i f i c a n t  d i f f e r e n c e  a t  5"/,evel. 

a ,  ab,  e t c .  Means followed by same l e t t e r  belong t o  same popula t ion  a t  5% l e v e l  o f  s i g n i f i c a n c e .  
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-- 
Nkt, Cra tes  No, p e r  p l o t  T o t a l  No. pe r  P l o t  Percen t  T o t a l  Green 

Treatment Per Acre 36 & Larger  Xature  F r u i t  Harvested C u l l s  Ungraded F r u i t  

Ear ly  ilarves t Furrow 61.7 21.5 b* 101.1 a 69.7 bc 
8 dzys Subsur face /da i ly  69.8 25.0 b 113.5 a 68.8 bc 

S e ~ t .  23 " /weekly 64.9 24.8 b 111.3 a 72.0 c 
t h r u  T r i c k l e / d a i l y  62.3 25.8 b 78.2 b 63.3 b 

Sept .  30 I t  /weekly 83.5 32.3 a 94.7 ab  53.3 a Sx N.S. 2.21 6.68 2.69 

L a t e  Harvest  Furrow 66.7 b 16.0 b 84.7 b 53.8 b 
26 days ~ u b s u r f n c e / d a i l y  98.1 a 28.2 a 102.5 b 45.5 a 
Kov. 4 " /weekly 101.8 a 30.7 a 103.7 b 45.2 a 

t h r u  T r i c k l e / d n i l y  116.4 a 30.0 a 125.0 a 46.3 a b  
Nov. 29 " /weekly 115.7 a 32.2 a 127.3 a 50.0 ab  

S: 8.27 2.54 7.21 2.19 

TOTAL - Furrow 128.4 b 37.5 c 185.8 b 62.8 b 43.3 
34 days Subsur fnce /da i ly  168.9 a 53.2 b 216.0 a 58.0 ab  31.8 

" /weekly 166.7 a 55.5 a b  215.0 a 59.5 b 46.3 
TricIcle/dai ly  178.6 a 55.8 ab  203.2 ab  52.7 a 32.2 

" /veelcly - 199.2 a 64.5 a 222.0 a 52.0 a 42.2 Sx 10.21 3.24 8.29 1.97 N.S. 

N.S. No s i g n i f i c a n t  d i f f e r e n c e .  

* S i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l .  

a ,  ab, ecc.: Means followed by same l e t t c r  belong t o  sane  popula t ion  a t  5% l e v e l  o f  s i g n i f i c a n c e .  
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TABLE 5. NITRATE NITROGEN I N  CANTALOUPE PETIOLES, 1974 

F u l l - s i z e  Pre Harvest  F u l l - s i z e  P re  Harvest  
Spr ing  Melons Spr ing  F a l l  Melons Fa1 1 

Treatment May 10 Nay 28 August 15  September 9 

3 (PPH NO3 - N x 10 ) 

Fur r ow 9,2 8,3 23.2 20,2 

Subsurface T r i c k l e / d a i l y  5 , l  4 , 3  21,6 18.3 
I I  ~ r i c k l e / w e e l c l ~  6,4 5.8 22.8 20-1  

Surface  ~ r i c k l d d a i l y  4 , 9 5.2 22 , l  18,7 

t-' 
N s - 

X 

>'c 
Number of  samples t oo  few f o r  a c c u r a t e  s t a t i s t i c a l  a n a l y s i s .  

N.S. No S i g n i f i c a n t  d i f f e r e n c e .  

Annual Report of the U.S. Water Conservation Laboratory



TABLE 8 .  DESCRIMlION OF UNfAIW1:ABLE FRUIT FOR SPRING AND FALL C!iN'IALOL'L'ES, 1974 

AVERAGE IIELONS PER PLOT -- --- 
I tot ten Ground T o t a l  

Treatment S l i c k  S p l i t  Sunburn S o f t  Spot Spot  Small Other C u l l s  
- -- ---- 

Spring Harvest  Furrow 25 .O 32.5 2 29.2 4.0 1.0 .8  5.7 1 . 3  101.7 a 

June 3 Subsur face /da i ly  36.0 30.3 a 27.7 4.5 .2 .5 4.0 .2 10&.0 a 

through I t  /rwdcly 34.7 41.5 b 33.5 6.8 1.0 1 .3  3.7 .7 123-5 b 

June 30 T r i c k l e / d a i l y  36-8  34.2 ab  33.0 4.5 3.8 2.0 2.7 .7 119.3 ab  

Tr ick le /vcek ly  38.1 41.8 b 31.7 4.2 2.5 2.7 4.3 . 5 126.5 2, 
- 

Sx N.S. 3.45 NeSe N.S. N.S. N.S. N.S. N.S. 6.22 

$-I 
Ear ly  F c l l  Earves t  Furrow 10.7 b c  13.2 41 , s  b 1.2 3.3 0.2 0 0 70.5 ab  

is. Sept  23 Subsur face /da i ly  12.0 c 1 5 , 2  46.8 b 1.5 3.5 0 0 0 79.0 c 
t-' 
~n through I I /weekly 11.5 bc 18.2 44.3 b 0.8 5.7 0.3 0 0 80.8 c 

Sep t  30 T r i c k l e / d a i l y  5.8 ab  14.5 23.7 a 0.5 5.2 0 0 0 49.7 a 

~ r i c l c l e / r ~ e e k l y  4 -7  a 14.8 29.8 a 0.7 4.8 0.3 0 0 53.2 ab  

s, . 1,95 N.S, 3.71 N 3 .  N.S. N.S. N.S. N.S. 5.92 

La te  F a l l  Harvest  Furrow 5.8 a 4.0 0.7 a 18.7 16.2 bc 0.3 0.3 0 46.0 ab  

Nov 4 ~ u b s u r f a c c / d a i l y  5.3 a 2.8 3.3 b 25.0 9.5 a 0.2 0.7 0 46.8 a 

through 1 1  /weekly 5.3 a 4.8 2.3 ab  19.8 13.8 abc 0.8 0.3 0 47.3 ab  

Nov 29 T r i c k l e / d s i l y  11.2 b 3.7 3.0 b 27,O 11.7 ab  1.2 0 0 57.7 bc 

Trickle/weekly 8.8 ab 3.8 2.0 ab  27.7 18.0 c 1.3 0.3 0 62.0 c 

s, 1,50 N.S. .56 N.S. 1.78 N.S. N S .  N.S. 3.61 

-- -- 
K .  S.  No s i g n i f i c a n t  d i f f e r e n c e .  

-k S i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l .  

a ,  ab ,  e t c . :  Means fol lowe2 by same l e t t e r  belong t o  same popula t ion  a t  5% l e v e l  of s i g n i f i c a n c e .  
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TITLE : CHEMICAL MODIFICATION OF SOILS FOR HARVESTING 

PRECIPITATION 

CRIS WORK UNIT: 5510-12260-004 CODE NO. : USWCL 74 -1 

The ob jec t ives  of t h i s  study remain t o  (1) develop and eva lua te  

i n  the  laboratory,  chemical s o i l  t rea tments  s u i t a b l e  f o r  water  

harves t ing;  (2) develop and r e f i n e  labora tory  methods s u i t a b l e  f o r  

such eva lua t ion ;  and ( 3 )  t o  f i e l d  t e s t  t h e  most promising o f  the  

ma te r i a l s  and techniques under a v a r i e t y  of s o i l  and weathering 

condi t ions .  

Laboratory Test ing Procedures 

The labora tory  methods f o r  evaluat ing  chemical s o i l  t rea tments  

f o r  water  harves t ing  continue t o  undergo gradual  ref inement.  As 

r epor ted  i n  l a s t  y e a r ' s  Annual Report, t h e  var ious  s o i l s  under t e s t  

a r e  compacted wet i n t o  p e t r i  d ishes  using a s tandardized procedure, 

dr ied ,  then t r e a t e d  wi th  s t a b i l i z e r s  and/or water  r e p e l l a n t s .  

The t r e a t e d  samples then undergo a b a t t e r y  of t e s t s .  F i r s t ,  

t h e i r  r e l a t i v e  water-repellancy i s  determined using t h e  drop height  

t e s t .  Height of an approximately 3-cm-diameter water  drop i s  

measured r e l a t i v e  t o  t h e  s o i l  sur face .  The water  he ight  ( j )  i s  

measured immediately aEter  app l i ca t ion  of the  drop, and 5 t o  10 

minutes l a t e r  t o  note  any i n f i l t r a t i o n .  This he ight  va lue  (of t h e  

delayed measurement) i s  normalized by d iv id ing i t  by t h e  t h e o r e t i c a l  
0 

height  ( jn  = 0.3855 cm) of a water drop w i t h  a 90 con tac t  angle, 

when r e s t i n g  on a smooth, nonporous s o l i d  surface .  Treatments having 

r e l a t i v e  values of a / &  equal  t o  o r  g r e a t e r  than 1.30 were adjudged 
n 

adequately water r e p e l l a n t .  

The second t e s t  permits evaluat ion  of the  t r e a t e d  s o i l  when 

flooded f o r  an extended time period. The t e s t  i s  simply t o  no te  

whether the  l a r g e  water drop from the  previous t e s t  ( j / j  ) inEi1- 
11 

t r a t e s  i n t o  the  s o i l  wi th in  4 hrs  and/or whether the  t r e a t e d  s o i l  

under the  drop swel ls  excess ively  and cracks upon drying.  It thus 

i s  both  a repel lancy and a s t a b i l i t y  t e s t .  

Annual Report of the U.S. Water Conservation Laboratory



The t h i r d  t e s t  sub jec t s  the  t r e a t e d  s o i l  t o  c y c l i c a l  f reez ing 

and thawing. The samples a r e  placed i n  a freeze-thaw chamber; 

approximately a 3-cm-diameter water  drop i s  placed a t o p  t h e  t r e a t e d  

s o i l  near  one s i d e  of t h e  p e t r i  d i s h ;  and the  chamber then i s  cycled 

between approximately -20 t o  4-20 Celsius.  Usually, a f t e r  a number 

of cycles t h e  water  drop w i l l  completely i n f i l t r a t e  rhe  s o i l .  The 

sample i s  then redr ied ,  t e s t e d  f o r  s t r u c t u r a l  s t a b i l i t y  by brushing 

the  s o i l  su r face  w i t h  a s t i f f  brush, and then given another  4-hr  

i n f i l t r a t i o n '  t e s t .  I f  the  sample passes these  two checks i t  again 

i s  placed i n  the  freeze-thaw chamber. This process i s  repeated  

u n t i l  t he  sample permanently loses  e i t h e r  repelllancy or  s t r u c t u r a l  

s t a b i l i t y .  F a i l u r e  always occurs on the  a rea  under t h e  water  

drop--never on the  dry s o i l  area.  

The f o u r t h  t e s t  permits evaluat ion  of s o i l  s t a b i l i t y  a g a i n s t  

water  erosion.  For t h i s  t e s t ,  1000 5-mrn-diameter water  drops drop 

onto t h e  t r e a t e d  s o i l  su r face  i n  5 min from a height  o f  2 m. Degree 

of eros ion is  evaluated as  none (N), moderate (M) f o r  s o i l  p i t t i n g  

of 2 o r  3 mm, severe  (S) f o r  p i t t i n g  i n t o  t h e  t r e a t e d  s o i l  zone 

g r e a t e r  than 3 am, and f a i l u r e  (F) i f  p i t t i n g  extends deeper than 

the  t r e a t e d  s o i l  zone. This t e s t  u t i l i z e s  t h a t  por t ion  of  t h e  

sample not destroyed by the  freeze-thaw cycling.  

Thus, a11 four t e s t s  f o r  evaluaeing water repel lancy and s o i l  

s t a b i l i t y  a r e  performed on only one small  p e t r i  d i s h  sample. This 

g r e a t l y  s i m p l i f i e s  and acce le ra tes  the  t e s t i n g  of ma te r i a l s ,  s o i l s  

and treatment procedures. The t e s t s  a r e  a l l  a b i t  sub jec t ive ,  but  

demarcation 1imit.s of acceptance o r  f a i l u r e  a r e  based on experience 

acquired by observing hundreds of samples, A t  y e a r ' s  end, two 

a d d i t i o n a l  labora tory  t e s t s  a r e  contemplated. Both a c c e l e r a t e  the  

weathering process by degrading the  molecular s t r u c t u r e  of  t h e  

organic add i t ives .  One sub jec t s  the  t r e a t e d  samples t o  high- 

i n t e n s i t y  u l t r a v i o l e t  r a d t a t i o n  and the  o the r  t o  h igh concentra t ions  

of atmospheric ozone. 
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Laboratory Test ing of Water Repellant  S o i l  Treatments 

Host oE the  water r e p e l l a n t  s o i l  t rea tments  t e s t e d  i n  t h e  

labora tory  during 1974 appear i n  Tables 1 - 7 .  A number of r e p e l l -  

a n t s  and r e p e l l a n t s  wi th  add i t ives  were examined on va r ious  s o i l s  

using the  t e s t s  described i n  the  previous sec t ion .  The t e s t i n g  

procedures continued t o  evolve during the  year ,  undergoing gradual  

ref inement;  thus, while ma te r i a l s ,  t reatments and s o i l s  can be 

compared genera l ly ,  between experiments, they can not  be compared 

abso lu te ly .  

So i l s ,  un less  otherwise spec i f i ed ,  were from the  s u r f a c e  

horizon (0-3")) and were se ived t o  < 2 mrn. S a l t s ,  when added, 

were mixed w i t h  the  s o i l  p r i o r  t o  p lac ing i n  t h e  p e t r i  d ishes .  

After  packing i n  the  p e t r i  d ishes  (see previous sec t ion) ,  

s t a b i l i z e r s ,  when applied,  were added by f looding t h e  m a t e r i a l  

onto the  s o i l  su r face  wi th  a p i p e t t e ;  r a t e  of a p p l i c a t i o n  of  
L s t a b i l i z e r s  i n  a l l  cases was 3% s o l i d s  a t  1.5 j / m  . The four  

s t a b i l i z e r s  were Dow 620, 209, and 233, and Elvanol 72-60 polyvinyl  

a lcohol .  The s t r a i g h t  p a r a f f i n  wax was appl ied  as  a  powder, then 

melted i n t o  the  s o i l  using a heat  lamp. The wax emulsion and 

s i l i c o n e  were Elooded onto  t h e  s o i l  wi th  a p i p e t t e .  The d u s t  

suppressant  o i l  was brushed on. The p a r a f f i n  wax plus a n t i s t r i p -  

ping agent (Dow X06076) and tacki fy ing agent (Hercules L-60) and 

bu ty l  were brushed on as  a  hot melt .  

The r e s u l t s  of  the  t e s t i n g  procedure f o r  each t r ea tmen t - - so i l  

combination appear i n  cipher n o t a t i o n  i n  columns under each s o i l .  

The code i s  a s  f o ~ ~ o w s .  (1) Column one is  f o r  r e l a t i v e  water  

repel lancy;  plus (+) denotes $/an equal  t o  o r  g r e a t e r  than 1.30; 

(-) denotes values l e s s  than 1.30. (2) Column two shows r e s u l t s  

of the  4-hr i n E i l t r a t i o n  t e s t  of the  l a rge  s e s s i l e  water  drop;  

(+) denotes no i n f i l t r a t i o n  o r  s t r u c t u r e  f a i l u r e  i n  4 h r s ;  I - 
denotes complete i n f i l t r a t i o n  of the  drop i n  t h a t  time pe r iod ;  

S denotes s t r u c t u r e  f a i l u r e  e i t h e r  during the  4-hr we t t ing  - 
period o r  upon subsequent drying.  (3) Column t h r e e  l i s t s  t h e  
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number of  f reeze-thaw cyc le s  r equ i r ed  t o  des t roy  e i t h e r  t h e  r e p e l -  

lency o r  s o i l  s t r u c t u r e ;  va lues  a r e  l i s t e d  1 through 10, o r  rounded 

t o  m u l t i p l e s  of 10 t h e r e a f t e r .  (4) Column Eour denotes  r e s u l t s  

o f  t h e  d r i p o l a t o r  t e s t ;  N denotes  no e ros ion ,  M denotes  moderate, 

S severe ,  and F f a i l .  An a s t e r i s k  (*) denotes  t h a t  t h a t  t e s t  i s  

s t i l l  i n  p rog res s .  Small a  (a)  denotes  t h e  d a t a  f o r  va r ious  

reasons  was not  taken. A z e r o  ( 0 )  i n  the freeze-thaw column 

denotes  t h e  sample was adjudged a  f a i l u r e  by t h e  4-hr  t e s t ;  

t h e r e f o r e ,  was no t  run .  

The fo l lowing  a r e  some g e n e r a l  conclus ions  gleaned from t h e s e  

l abo ra to ry  t e s t s .  None a r e  d e f i n i t i v e ,  a s s u r i n g  d i r e c t  e x t r a -  

p o l a t i o n  t o  f i e l d  s i t u a t i o n s ;  r a t h e r ,  they  a r e  sugges t ive ,  and 

w i l l ' r e q u i r e  f u r t h e r  t e s t i n g  bo th  i n  the  l abo ra to ry  and then  w i t h  

p i l o t  f i e l d  s t u d i e s .  (1)  General ly ,  sandy s o i l s  a r e  e a s i e r  t o  

t r e a t  t han  f i n e - t e x t u r e d  s o i l s - - t h e y  r e q u i r e  l e s s  ma te r i a l ,  a r e  

n o t  s o  s u b j e c t  t o  s t r u c t u r e  f a i l u r e  when ponded, and can b e t t e r  

w i ths t and  t h e  r i g o r s  of freeze-thaw cyc l ing .  (2) Both t h e  

p a r a f f i n  wax and t h e  d u s t  suppressant  produce h ighly  w a t e r - r e p e l l a n t  

s o i l  s u r f a c e s ;  however, t h e i r  d u r a b i l i t y  under water  ponding o r  

f reeze-thaw cyc l ing  i s  dependent bo th  on a p p l i c a t i o n  r a t e  and s o i l  

t y p e ,  For example, t h e  Seneca s u r f a c e  s o i l  was e f f e c t i v e l y  

t r e a t e d  w i t h  dus t  suppressant - -ye t  no th ing  y e t  t r i e d  worked on 

e i t h e r  t h e  Seneca s u b - s o i l  o r  t h e  Monument Tank s o i l s .  (3) Adding 

a  t a c k i f y e r  (L-60) and an a n t i - s t r i p p i n g  agent  (2-6076) t o  p a r a f f i n  

improved t h e  t r e a t e d  s o i l ' s  r e s i s t a n c e  t o  breakdown by freeze-thaw 

cyc l ing .  ( 4 )  Adding A j C j 3  s a l t  ( ac id i fy ing )  t o  Gran i t e  Reef s o i l  

seems t o  improve t h e  w e a t h e r a b i l i t y  of t h e  dus t  suppressant .  

(5) Adding wax ( e i t h e r  p a r a f f i n  o r  t h e  cheaper s l a c k  grade)  t o  

d u s t  suppressant  appears  t o  markedly improve freeze-thaw weather-  

a b i l i t y ,  (6) Apparently t h e  emulsifying agent  used i n  t he  

p a r a f f i n  wax emulsion would r e a d i l y  r e s o l u b i l i z e  i n t o  the  s e s s i l e  

water  drop t o  reduce the  s u r f a c e  tension--hence, water  r epe l l ency .  

(7) Poss ib le  poor product q u a l i t y  c o n t r o l  of t h e  d u s t  suppres san t  
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may expla in  some of the  v a r i a b i l i t y  noted wi th  t h i s  ma te r i a l  t o  

wi ths tand freeze-thaw weathering. (8) The s i l i c o n e  (XZ-8-5079) 

t reatment was not  impressive. (9) Removing t h e  c lay  f r a c t i o n  
, 

from the  Grani te  Reef s o i l  d id  not  ma te r i a l ly  improve weather- 

a b i l i t y ;  poss ib ly  concurrent pH lowering and/or reduct ion  of  s a l t  

content  would. 

F i e l d  Test ing of Mater ia ls  

Runoff s t u d i e s  continued on the  water r e p e l l a n t  t r e a t e d  

p l o t s  repor ted  i n  the  1973 Annual Report.  The runoff  da ta  f o r  

the  two p a r a f f i n  wax p l o t s  and the  dus t  suppressant  p l o t  a t  the  

Grani te  Reef t e s t  s i t e  a r e  shown i n  Table 8 ,  Resul ts  a r e  compared 

on a storm-by-storm b a s i s  t o  runoff  from adjacent  smoothed-only 

and butyl-covered p l o t s .  

After  2% yea r s  of weathering, the  two wax-treated p l o t s  show 

only an i n s i g n i f i c a n t  reduct ion  i n  runoff  e f f i c i ency  (90% f o r  

1972 vs  85% f o r  1974 on p l o t  R-2). Also, q u a l i t y  of the  runoff  

water  of these  two p l o t s  remains high, and both  remain completely 

f r e e  of vege ta t ion .  

I n i t i a l l y ,  runoff y i e l d s  o f f  t h e  dus t  suppressant  (D.S.) 

t r e a t e d  p l o t  (Table 8, and 1973 Annual Report) equal led  those of 

t h e  wax p lo t s ,  but  y i e l d s  decl ined rap id ly  a f t e r  only 6 months of 

weather ing ,unt i l  by y e a r ' s  end, the  dus t  suppressant  t reatment 

had f a i l e d  completely. Cause of f a i l u r e  i s  not known, but labora-  

to ry  s t u d i e s  have been i n i t i a t e d  t o  determine and t o  circumvent 

t h e  causal  factor 's .  

Data o f f  the  p l o t s  repor ted  i n  Table 8 was of r a t h e r  poor 
2 q u a l i t y  i n  1974.   he' 10-m p l o t s  were p a r t i c u l a r l y  vulnerable :  

runoff f o r  s e v e r a l  storms was missed completely because of f a u l t y  

equipment; runoff from one and possibly two storms exceeded t h e  

s to rage  capac i ty ;  and i n  genera l  the  c o r r e l a t i o n  between the  

two wax p l o t s  Nos, 13 and R-2 was both poor and incons i s t en t .  
2 

The 10-m da ta  was adjudged too poor i n  q u a l i t y  t o  attempt any 

o v e r a l l  yea r ly  runoff evaluat ion .  
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Both the  dus t  suppressant  and the  p a r a f f i n  wax a r e  undergoing 

f i e l d  evaluat ion  a t  o the r  s i t e s .  The dus t  suppressant  c u r r e n t l y  

i s  being u t i l i z e d  i n  a  runoff  farming experiment t o  inc rease  the  

y i e l d  of t h e  d e s e r t  p lan t  jojoba (see WCL 73-4 of  t h i s  Annual 

Report) .  An associa ted  on-s i t e  runoff  measuring p l o t  has averaged 

95% runofE f o r  the  6-month period following i n s t a l l a t i o n .  This 

labora tory  a l s o  has i n s t a l l e d  four a d d i t i o n a l  p a r a f f i n  wax p l o t s  

(see WCL 71-12 of t h i s  Annual Report) .  Two a r e  functioning 

s ' a t i s f a c t o r i l y  a t  t h e  time of t h i s  wr i t ing ,  one has f a i l e d  com- 

p le te ly ,  and one has f a i l e d  p a r t i a l l y .  The causa l  f a c t o r s  pre- 

c i p i t a t i n g  f a i l u r e  a r e  not  known d e f i n i t e l y ,  but may r e l a t e  t o  

t h e  presence of shrink-swell  clay,  aggravated i n  one case by 

c y c l i c a l  f r eez ing  and thawing of f r e e  water entrapped by a rough 

s o i l  sur face ,  and i n  the  o the r  case, aggravated by applying the  

wax t o  an inadequately d r i ed  s o i l .  These and o the r  f a c t o r s  a r e  

being evaluated i n  the  labora tory  t o  permit, eventual ly,  t h e  

c o r r e c t  matching oE r e p e l l a n t ,  s o i l ,  climate, and i n s t a l l a t i o n  

procedure, t o  s u b s t a n t i a l l y  reduce the  r i s k  of f a i l u r e .  - 

PERSONNEL : Dwayne H. Fink 
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Table 1. Preliminary laboratory tes t ing of s o i l s  t rea ted with water repel lants .  
-- 

EXPERIIENT NO. 1 

PARAFFIN tlhY (143-150) 
Dl a t  0.68 kg/m2 
" a t  I I + DO:? 620 
'I a t  0.27 + WA 
" a t  0.54 + 
" a t  0.81 + I r  

" a t  0.27 + DON 209 
" a t  0.54 + 
" a t  0.81 + I t  

" a t  0.27 + DO14 233 
" a t  0.54 + 
" a t  0.81 + "  

PARAFFIN Whi( EEfULSION (128-130: 
PW a t  0.68 kg/rn2 
" a t  11 + DO14 209 

a t  . I t  + DOW 233 

DUST SUPPRESSANT (NO. 1) 
DS a t  0.56 l / m 2  
" at: 1.13 
" a t  2.26 
" a t  0.56 + DCXJ 209 
" a t  1.13 + 

SILICONE DGi (XE-8-5079) 
S I  3% a t  1.5 l / m 2  
" " a t 3 . 0  
" 6% a t  1.5 
" " a t 3 . 0  

GRANITE 
REEF 

SOIL 

SENECA 
MONWENT 
TANK (1-3) 

MONUI4ENT 
TANK (2-3) 
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Table 2. Laboratory t e s t i n g  of s o i l s  t r ea t ed  wi th  pa ra f f in  wax and dust  suppressant  water r epe l l an t s  
a s  a f f ec t ed  by r a t e ,  s t a b i l i z e r  and clay removal. 

I SOIL EXPERIENT WO. 2 

UNTREATED SOIL (< 2 mm) . 
PARAFFIN WAX (128-130) 

HJ a t  0.25 kg/m2 
" a t  0.50 
" nt  0.75 
" a t  0.25 + DOW 209 
" a t  0.50 + " 

" a tO .75  + " 

DUST SUPPRESSANT 
DS a t  0.5 l / m 2  
" a t  1.0 

SOIL DISPERSED WITH Na2C03 
Pi4 a t  0.25 kg/m2 
" a t  0.50 
" a t  0.75 
" a t  0.25 -I- DOT? 209 
" a t  0.50 + " 
" a t  0.75 -I- " 
DS a t  0.5 l / m 2  
" a t  1.0 

CLAY REMOVED (2g-2 mv) 
PW a t  0.25 k g / m 2  
" a t  0.50 
" a t  0.75 
" a t  0.25 i DOU 209 
" a t  0.50 i " 

I' a t 0 . 7 5  + " 

'DS a t  0.5 l / m 2  

GRANITE 
REEF SENECA 

MONUXENT 
TANK (2-3) 

+ +  6 a  
+ +  6 a  
+ +  6 a  
+ +  6 a  
+ +  6 a  
+ +  6 a  

+ +  6 a  
+ + l O a  

- -  O a  
+ -  O n  - -  O a  
+ -  O n  
+ -  O a  
+ -  O a  - -  O a  
3 . -  O a  

ARIZONA 
SILT 

+ +  6 0 a  
+ . f  420 N 
+ + 120 a 
f + 150 N 
+ + 810* * 
+ + 140 a 

700* ?c 

+ +  1 0 8  
i- + 700* * 

r n 1 Z O N A  
FINE SAhQ 
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Table 3. Laboratory t e s t ing  of s o i l s  t r ea t ed  wi th  dust: suppressant r epe l l an t  as  af fec ted  by various s a l t  addit ions t o  the s o i l s .  

EXPERIMENT XOS. 3 and 4 

DUST SUPPXESSANT (SO, I) 
DS a t  0.5 1 / m 2  
I' a t  1.0 
" a t  1.5 
" a t  0.5 + NaCl (34 meq/100 g s o i l )  
" a t  1 .0  + " t l  

'I a t 1 . 5  + "  II 

I '  a t  0.5 i KC1 11 

" a t  1.0 + 'I 
I I 

" a t 1 . 5  + " I t  

" a t  0.5 iK2C03 II 

'I a t  1.0 + 11 
I t  

" a t  1.5 4 " 11 

" a t  0.5 t CaCl 11 

" a t  1.0 + " 
2 I t  

" a t  1.5 + " I I 

DUST SUPPRESSAYT (NO. 2) 
DS a t  0.5 l / m 2  
I t  a t  1.0 
It a t  1.5 
" a t  0.5 + ~ 1 ~ 1 ~  (34 meq/100g s o i l )  

a t  1.0 i It t t  

" at 1.5 + ' I t  t r  

GRANITE 
BEEP 

SENECA 
0-3" 

SOIL 

SENECA 
3-6" 

a 2  O a  
a g  O a  
a s -  O n  
a 2  O a  
a ?  O a  

O a  
a 2  O a  
a 2  O a  
a 2  O n  
a s  O a  
3 2  O a  
2 2  O a  
s S  O a  
n S  O a  
~2 O a  

S - 0 s  
S - O N  
, S  - O N  

MOhrnlENT 
TANK (2-3) 

n a 7 ' a  
a a  7 a  
a a  7 a  
a a  7 a  
a a  7 a  
a a  7 a  
a a  7 a  
a a 1 0 ' a  
a a 10 a 
a a 1 0 a  
a a 1 0 a  
a a 1 0 a  
a a  7 a  
a a  7 a  
n a ' 7  a 

- S  O N  
+ T I O N  
f - 1 . 1 0 S  

ARIZONA . 
SILT 

AIZIZONA ' 

FINE StWD 
SUPERSTITION ' 
SAPID 
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Table 4. Laboratory t e s t i n g  of s o i l s  t r e a t e d  wi th  parafEin wax 
r e p e l l a n t  as a f fec ted  by add i t ion  of NaCl t o  s o i l .  

PARAFFIN WAX (128-130) I 

EXPERIMENT NO. 5  

TREATMENT 

GRANITE 
REEF 
SOIL 

1 

" a t  0.50 + NaCl a t  2.5 tons /acre  
" a t 0 . 7 5  + " a t  " 

-t- + 30 M 
+ + 5 0 N  

" a t  0.50 4- " a t  5.0 
" a t 0 . 7 5  + " a t  " 

+ + 3 0 M  
+ + 7 0 N  
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Table 5. Laboratory testing of soils treated with combinations of waxes and dust suppressant, 

EXPERIMENT NO. 7 

TREATMENT 

PARAFFIN WAX (128-130) +2Du~f Suppressant (No. 1) 
PW/DS :10/90 at 0.5 l/m 

I I " at: 1.0 
" I t  at 1.5 

SLACK WAX + DUST SUPPRESSANT (No. 2) 
SW/DS :10/90 at 0.5 1/m2 

1 I " at: 1.0 

SOIL 

GRAN LTE 
REEF SENECA 
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Table 6. Laboratory t e s t i n g  o f  s o i l s  t r e a t e d  w i t h  p a r a f f i n  wax modif ied w i t h  a n t i s t r i p p i n g  
agent  (8-6076) and b u t y l ,  

EXPERIMENT NO. 8 

TREATPENT 

PARAFFIN.. WAX (128 - 13 0 FMP) + (;5-6 076) 
(100/0) a t  0.25 kg/rn2 

" a t  0.50 
I a t 0 . 7 5  

(99,9/0.1) a t  0.25 
I I a t  0.50 
1 1  a t  0.75 

(99/1) a t  0.25 
" a t 0 . 5 0  
" a t  0.75 

PU (BUTYL REINFORCED) 4 (2-06076) 
(100/0) a t  0.25 lcg/rn2 

" a t  0.50 
a t  0.75 

(99.9/0,1) a t  0.25 
1 I at 0.50 
1 I a t  0.75 

(99/1) at 0.25 
" a t  0.50 
'' at 0.75 

SOIL 

GRANITE 
REEF SENECA 

SUPERSTITION 
SAND 

+ +  5 N  
4-4- 7 0 N  
+ 3- 120 N 
- 1 .  O F ,  + 7 120 N 
+ ..+ 110 'I'i 

- I  O N  
+ + 220* Yc 

+ + 2605'; 9:. 
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Table 7.  Laboratory t e s t i n g  of s o i l s  t r e a t e d  w i t h  t h e  t ack i fy ing  r e s i n  (L-60) and a n t i s t r i p p i n g  
agent  (2-6076). 

I 
EXPERIMENT No. 9 SOIL 

TREATMENT GRANITE 
REEF 

I I I - I - 

SENECA 

- 1 O F  
4 E O F  

4 S 0 F - 
S O F  - - S 0 S 
f S 0 N 

PAMFFIN WAX (128-130) 4 (L-60) + (Z-6076) 
(89.9/10/0.1) a t  0.25 kg/m2 4 4 -  1 0 s  

MONUMENT 
TANK (2-3) 

4 S O ' F  
+ S O F  
-I- 0 F 
S O F  
4 0 F 
4 0 M - 4  

SUPERSTITION 
SAND 

+ + 8 0 N  
4 4 1 5 O N  
4 4270;kfq 
4 4 2 1 0 *  
f +2407kyr 

-i-310** 

E3 I t  

0 
a t  0.50 

I I 1  
I--' 

a t  0.75 
4 - 4 -  2 0 N  
4 $. 100 N 

w (89/10/1) a t  0.25 f 4 4  3 0 N  
I I a t  0.50 
I I a t  0.75 

+ + 70 N 
4 4 110 N 
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Table 8. Precipitation runoff yields of paraffin wax-treated and 
dust suppressant-(D.S.)-treated soils vs smoothed and 
butyl-covered soil. 

Runoff 
2 

10 m plots 
2 

200 m plots 

#14 B1l #12 #13 R-3 R- 2 
DATE Precip. Smoothed Butyl D.S. P, Wax Smoothed P. Wax 
_I_ 

1974 mm % 

1 Jan 
5 Jan 
7 Jan 
8 Jan 
8 Mar 
20 Mar 
20 Mar 

7 Jul 
14 Jul 
21 Jul 
22 Jul 

3- 5 Aug 
15 Sep 
26 Sep 
6 O c t  

12-13 OCC 
22 Oct 
28 Oct 
30 Oct 
2 Nov 

4- 5 Dec 
28 Dec 

Summaries 2 

1. Data from wax plots suspect. 
2. Data for 1972 and 1973 taken from annual reports, 
J: Data lost. 
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SWfATION OF IMPORTANT FINDINGS 

5510-12260-002 Water T r a n s f e r  i n  t h e  Soil-Plant-Atmosphere System 

as Re la t ed  t o  Water Conservat ion 

A well-known theo ry  f o r  p r e d i c t i n g  s o i l - h e a t  f l u x  d i d  n o t  ade- 

q u a t e l y  p r e d i c t  f ield-measured f l u x e s ,  The p r e d i c t i o n  of h e a t  t r a n s -  

f e r  due t o  water  vapor  movement p a r t i c u l a r l y  appeared t o  b e  i n a c c u r a t e .  

Thus, adequate  t h e o r y  does n o t  exist f o r  d e s c r i b i n g  combined wa te r  

and heat movement i n  a f i e l d  s o i l .  

A new method f o r  de te rmin ing  s o i l  s u r f a c e  h e a t  f l u x ,  c a l l e d  t h e  

tempera ture  g r a d i e n t  method w i t h  computed thermal  c o n d u c t i v i t y ,  was 

developed and found t o  b e  r e l i a b l e .  The new method h a s  t h e  advant- 

ages  of n o t  r e q u i r i n g  h e a t  f l u x  p l a t e s  a s  does t h e  u s u a l  combination 

method, and of n o t  r e q u i r i n g  a s  many computations a s  t h e  n u l l -  

a l ignment  method. (WCL 6 8-1) 

Both corn  and sorghum, monocotyledons capable  of t h e  h i g h e s t  

p h o t o s y n t h e t i c  rate among p l a n t  s p e c i e s ,  were c o n s i s t e n t l y  less e f -  

f i c i e n t  i n  t h e i r  wa te r  use  du r ing  drought  t han  when w e l l  hyd ra t ed .  

C e r t a i n  d i co ty l edons ,  l i k e  c o t t o n ,  a t  t i m e s  were more e E f i c i e n t  

dur ing  drought ,  b u t  n o t  c o n s i s t e n t l y  s o .  (WCL 71-1) 

It was demonstrated t h a t  t h e  albedo and t h e  ampli tude of t h e  

d i u r n a l  s u r f a c e  s o i l  t empera ture  wave are w e l l  c o r r e l a t e d  w i t h  the 

w a t e r  c o n t e n t  of  t h e  upper 2 t o  4 cm of a smooth, b a r e  f i e l d .  The 

tempera ture  c o r r e l a t i o n  appears  t o  b e  independent  of s o i l  t y p e  when 

water  con ten t s  a r e  t r a n s f e r r e d  i n t o  wa te r  p r e s s u r e s .  These two 

c o r r e l a t i o n s  bode w e l l  f o r  the p o s s i b i l i t y  of remotely de te rmin ing  

s o i l  water c o n t e n t s  from a i r c r a f t  o r  s a t e l l i t e s .  They have  a l r e a d y  

been used t o  (1) i d e n t i f y  t h e  t h r e e  c l a s s i c a l  s t a g e s  of s o i l  d ry ing  

i n  n a t u r a l  f i e l d  c o n d i t i o n s ,  (2)  s p e c i f y  the amounts 01 water  l o s t  

by d i f f e r e n t  s o i l s  i n  s t a g e  I ( p o t e n t i a l  e v a p o r a t i o n ) ,  and (3) re- 

c o n s t r u c t  the va lues  of t h e  pr imary parameters  r e q u i r e d  t o  c a l c u l a t e  
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p o t e n t i a l  evapora t ion  from a wet f i e l d  when t h e  measurements a r e  made 

over a dry  Eie ld .  

A s tudy  of long-term temperature records  a t  Phoenix, Arizona, 

i n d i c a t e d  the e x i s t e n c e  of a post-1946 warming t r e n d  t h a t  may b e  

a t t r i b u t e d  t o  t h e  bui ldup of p o l l u t i o n  i n  t h e  lower l a y e r s  of the 

atmosphere. The causa t ive  mechanism appears t o  b e  an  enhancement 

of t h e  so-ca l led  "greenhouse e f f e c t , "  induced by t h e  i n t e r a c t i o n  of 

a e r o s o l  w i t h  long-wavelength thermal  r a d i a t i o n  i n  t h e  lower atmos- 

phere.  (WCL 72-6) 

Water h a r v e s t i n g  micro-cat chments augmented the soi l -water  

supply t o  t h e  indigenous d e s e r t  p l a n t  jo joba ,  which l e d  t o  cor- 

respondingly b e t t e r  l e a f  hydra t ion  and y i e l d s .  For t h e  f i r s t  y e a r ,  

seed  y i e l d  exceeded t h e  c o n t r o l  va lues  by 17 t i m e s  i n  t h e  smoothed- 

s o i l  t rea tment  and by 50 times i n  t h e  dust-suppressant t rea tment .  

(WCL 73-4) 

Gibbere l l ic -ac id- t rea ted  j o j oba p l a n t s  produced flower c l u s t e r s  

a f t e r  an average of 233 days, whereas t h e  c o n t r o l  d i d  n o t  produce 

c l u s t e r s  u n t i l  an average of 416 days. This  sugges ts  t h a t  Gibberel- 

l i c  ac id  can b e  used t o  has t en  the s e x  determinat ion of jojoba.  
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55lO-l226O-OO 3 Management of Subsurf a c e  Yater  Movement Systems f o r  

Renovation and Conservat ion of Water 

M t e r  7 y e a r s  of ope ra t ion ,  t h e  F lushing  31eadows sewage i n f i l -  

t r a t i o n  system cont inued t o  y i e l d  h i g h  h y d r a u l i c  l oad ing  rates (90 m 

i n  1974) and s i g n i f i c a n t  removal of n i t r o g e n  (45%) and phosphorus 

(60-85% below t h e  i n f i l t r a t i o n  b a s i n s ,  more a t  some d i s t a n c e  away). 

Virus and sa lmone l l a  were p r e s e n t  i n  t h e  sewage e f f l u e n t ,  b u t  could 

n o t  b e  d e t e c t e d  i n  renovated wa te r  sampled at depths  of 6 t o  9 m 

below t h e  b a s i n s .  High-rate l a n d  t r ea tmen t  t hus  i s  an e f f e c t i v e  

way t o  renovate  sewage e f f l u e n t  f o r  r euse .  

A s l u g  t e s t  was developed t o  determine h y d r a u l i c  c o n d u c t i v i t y  

of a q u i f e r s  from t h e  r a t e  of rise of t h e  water  l e v e l  i n  a w e l l  a f t e r  

i t  was suddenly lowered. The technique  i s  a p p l i c a b l e  t o  p a r t i a l l y  

o r  completely p e n e t r a t i n g  w e l l s  i n  unconfined a q u i f e r s ,  t hus  sup- 

plementing e x i s t i n g  s l u g - t e s t  procedures  which were r e s t r i c t e d  t o  

completely p e n e t r a t i n g  w e l l s  i n  confined a q u i f e r s .  

Analysis  of t he  underground movement of n i t r a t e  i n  a planned 

r a p i d  sewage i n l i l t r a t i o n  system showed t h a t  t h e  n i t r a t e  peaks w i l l  

b e  g r e a t l y  a t t e n u a t e d  when t h e  renovated wa te r  reaches  t h e  co l -  

l e c t i o n  w e l l s .  Thus, s e p a r a t i n g  renovated wa te r  w i t h  h i g h  n i t r a t e  

con ten t s  f o r  s p e c i a l  use  o r  r e c y c l i n g  through t h e  b a s i n s  t o  i n -  

c r e a s e  n i t r o g e n  removal w i l l  n o t  b e  p r a c t i c a l .  Other methods, such 

as proper  schedul ing  of f l ood ing  and dry ing  p e r i o d s ,  adding o r g a n i c  

carbon t o  t h e  e f f l u e n t ,  o r  lowering i n f i l t r a t i o n  rates should  b e  

more e f f e c t i v e  t o  i n c r e a s e  d e n i t r i f i c a t i o n .  (WCL 67-4) 

During t h e  growing season ,  vege ta ted  s o i l  columns (bermuda- 

g r a s s )  removed 18% more of t h e  app l i ed  n i t r o g e n  than  b a r e  s o i l  

columns. The i n c r e a s e  i n  n i t r o g e n  removal c l o s e l y  followed t h e  

seasona l  y i e l d  curve of t h e  bermudagrass , b u t  n i t r o g e n  removal was 

s e v e r a l  t imes normal p l a n t  uptake,  i n d i c a t i n g  t h a t  p l a n t s  s t i m u l a t e d  

d e n i t r i f i c a t i o n .  

A n  i n c r e a s e  i n  phosphate concent ra t ions  from vege ta t ed  s o i l  

columns i n t e r m i t t e n t l y  f looded w i t h  sewage water  c l o s e l y  fo l lowed 

AT-3 
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t h e  s e a s o n a l  y i e l d  curve of bermudagrass,  i n d i c a t i n g  t h a t  r o o t  exu- 

d a t e s  k e p t  phosphate  i n  s o l u t i o n .  

Phosphate was removed by two p roces ses  when s o i l  columns were 

i n t e r m i t t e n t l y  f looded  w i t h  sewage wa te r .  The s o i l  h a s  an i n i t i a l  

adso rp t ion  capac i ty  which w a s  s a t u r a t e d .  Then, phosphate  was r e -  

moved by what appeared t o  b e  p r e c i p i t a t i o n  r e a c t i o n  which can  con- 

t i n u e  f o r  a number of y e a r s ,  and t h e  amount removed depended upon 

t h e  d e t e n t i o n  t ime.  Thus, phosphate removal, a s  w e l l  as n i t r o g e n  

removal, can b e  i n c r e a s e d  by management p r a c t i c e s  which dec rease  t h e  

i n f i l t r a t i o n  r a t e  o r  flow v e l o c i t y .  

Addit ion of a 100 ppm carbon p u l s e  (dext rose)  t o  secondary 

e f f l u e n t  du r ing  t h e  f i r s t  3 days of a 9-day f looding  p e r i o d  i n -  

c reased  n i t r o g e n  removal i n  s o i l  columns by 1 8  t o  20% of  t h e  t o t a l  

app l i ed  n i t r o g e n  and a 200 ppm C p u l s e  i nc reased  N removal by an  

a d d i t i o n a l  10  t o  12% of t h e  a p p l i e d  N. Nitrogen removal can b e  

inc reased  p r o p o r t i o n a t e l y  over  a range of i n f i l t r a t i o n  rates by 

adding a p u l s e  of o rgan ic  carbon t o  secondary e f f l u e n t ,  b u t  t h e  

n i t r a t e  peak was completely e l imina ted  only i n  columns w i t h  i n E i l -  

t r a t i o n  rates below 1 5  cmjday. (WCL 68-3) 

The sewage e f f l u e n t  and f o u r  w e l l  si tes a t  t h e  F lushing  Meadows 

P r o j e c t  were analyzed f o r  v i r u s e s  and e n t e r i c  b a c t e r i a  du r ing  

Elooding pe r iods  on bi-monthly i n t e r v a l s  i n  1974. While human bac- 

ter ial  and v i r a l  pathogens were de t ec t ed  i n  t h e  sewage e f f l u e n t  

e n t e r i n g  t h e  b a s i n s ,  they  could n o t  b e  de t ec t ed  i n  water samples  

obta ined  at 6- and 9-m depth below t h e  b a s i n s .  (WCL 70-2) 

A m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  of t h e  b i o s t i m u l a t i o n  

d a t a  b a s e  from reclaimed wastewater  ponds i n d i c a t e d  t h a t  t empera tu re ,  

n i t r i t e - N ,  l i g h t ,  carbon i n o r g a n i c ,  carbon d ioxide ,  and ammonium-N 

are t h e  s i x  major parameters  t h a t  accounted f o r  73% of t h e  v a r i -  

a b i l i t y  i n  t h e  n e t  primary p r o d u c t i v i t y  i n  t he  ponds. (WCL 71-16) 
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5510-12260-004 I n c r e a s i n g ,  Conserving, and Managing Sur face  Water 

Suppl ies  f o r  A g r i c u l t u r a l  Use 

Evaporat ion l o s s e s  from s t o c k  tanks  and ponds can b e  n e a r l y  

s topped  w i t h  foarned-rubber s h e e t i n g  o r  p a r a f f i n  wax. Both systems 

have reduced evapora t ion  by n e a r l y  90%. The q u a l i t y  of t h e  w a t e r  

i s  a l s o  improved under t h e  f l o a t i n g  covers  s i n c e  they  reduce a l g a e  

growth and d u s t  i n  t h e  water. P a r a f f i n  wax i s  p a r t i c u l a r l y  s u i t e d  

t o  t h e  h o t  d e s e r t  c l ima te s  because  i t  i s  cont inuous and p l i a b l e  

dur ing  t h e  summer heat, y i e l d i n g  v i r t u a l l y  ze ro  wa te r  l o s s .  Cost  

of wa te r  saved h a s  been a s m a l l  f r a c t i o n  of t h e  c o s t  o f  h a u l i n g  

wa te r ,  and i n  one case ,  has  been less than  50 c e n t s  p e r  1,000 g a l l o n s  

over  a 3 112-year pe r iod .  The wax i n  t h i s  ca se  i s  s t i l l  i n  good 

c o n d i t i o n  w i t h  no d e t e r i o r a t i o n  noted .  (TK'L 71-6) 

Pa ra f f  in-wax water -harves t ing  s y s  terns were i n s t a l l e d  i n  n o r t h e r n  

Arizona. Two 1-acre catchments have performed s a t i s f a c t o r i l y  f o r  t h e  

p a s t  y e a r ,  p rovid ing  wa te r  f o r  about 240 head of c a t t l e .  (WCL 71-12) 

A p o r t a b l e  flume w i t h  s p e c i a l  j acks  t o  change t h e  f l o o r  eleva- 

t i o n  and s p e c i a l  s t i l l i n g - w e l l  and f low-dep t h  s ens ing  arrangements 

was designed and used a s  a f ie ld-survey  device.  This "caliper-flume'' 

can b e  i n s t a l l e d  and removed from s m a l l  s l ip formed cana l s  w h i l e  t h e  

c a n a l  i s  f lowing.  The flume can measure d i scha rges  ranging from 0 . 1  

t o  35 cubic  f e e t  p e r  second,  and provides  a c c u r a t e  de te rmina t ion  of 

flow rates, backwater e f f e c t s  and submergence l i m i t a t i o n s  a t  pros-  

p e c t i v e  permanent flume sites. (WCL 72-1) 

Alleged advantages of i nc reased  y i e l d  and improved f r u i t  q u a l i t y  

w i t h  d a i l y  t r i c k l e  i r r i g a t i o n s  may o f t e n  have been exaggerated.  Two 

y e a r ' s  r e sea rch  on grapes have shown t h a t  y i e l d  and q u a l i t y  were 

main ta ined  and s l i g h t l y  i nc reased  w i t h  t r i c k l e  over  furrow i r r i g a -  

t i o n s .  Yie lds  were inc reased  w i t h  two t r i c k l e  emitters p e r  vine over  

one, b u t  n o t  f o r  d a i l y  over 3- and 6-day i r r i g a t i o n s .  (WCL 73-1) 

Spr ing  and f a l l  cantaloupes were grobm w i t h  a s u r f a c e  and sub- 

surEace t r i c l c l e  system t o  determine i f  continued i r r i g a r i o n  du r ing  
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t h e  h a r v e s t  pe r iod  would i n c r e a s e  bo th  q u a l i t y  and la te -season  pro- 

duc t ion .  S tandard  p r a c t i c e  i s  t o  d i scon t inue  furrow i r r i g a t i o n s  a t  

h a r v e s t .  T o t a l  marketable  f a l l  y i e l d s  were g r e a t e r  f o r  subsu r face  

and t r i c k l e  t han  f o r  furrow i r r i g a t i o n .  Subsurface over s u r f a c e  

t r i c k l e  may have s e v e r a l  p r a c t i c a l  f i e l d  advantages in terns of less 

i n t e r f e r e n c e  w i t h  ope ra t ions  such as th inn ing ,  p l a n t i n g ,  and har- 

v e s t i n g .  ( W C L  73-3) 

Before  crop growers can b e  assured  t h a t  d r i p  i r r i g a t i o n  w i l l  

improve crop product ion ,  t h e  h i g h  r i s k  of e m i t t e r  p lugging  must b e  

e l imina ted .  Reclamation of t h e  p a r t i a l l y  plugged e m i t t e r s  was 

achieved by t r e a t i n g  t h e  f i e l d  system w i t h  h igh  ac id-hypochlor i te  

concen t r a t ions .  (WCL 71-11) 

The two wa te r  h a r v e s t i n g  p l o t s  at  t h e  Grani te  Reef test s i t e  

t h a t  w e r e  t r e a t e d  w i t h  p a r a f f i n  wax show no s i g n s  of degrada t ion  

a f t e r  3 y e a r s  of n a t u r a l  weathering:  water  y i e l d  s t i l l  exceeds 85% 

of t h e  precipitation--compared t o  90% o r i g i n a l l y ,  and t h e  p l o t s  re- 

main e s s e n t i a l l y  f r e e  of troublesome v e g e t a t i o n .  

Freeze-thaw cyc l ing  can des t roy  a wa te r - r ege l l an t  t r e a t e d  water  

h a r v e s t i n g  catchment i n  a  ma t t e r  of days ,  Laboratory s t u d i e s  de- 

s igned  t o  e v a l u a t e  such t rea tments  have shown t h a t  r e s i s t a n c e  t o  

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

r e p e l l a n t  and s o i l  s t a b i l i z e r ,  s o i l  t e x t u r e ,  s o i l  mois ture ,  excess  

s a l t ,  and type  of c a t i o n  on t h e  s o i l  exchange complex. Nost t r e a t -  

ments f a i l e d  a f t e r  only a few cyc le s ;  however, s e v e r a l  show promise, 

and one, s t i l l  under t e s t ,  h a s  wi ths tood  over 1,000 such cyc le s .  

(WCL74-1). 
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APPENDIX II 

LIST OF PUBLICATIONS PUBLISHED 

AND MANUSCRIPTS PREPARED I N  1974 

P u b l i s h e d  : 

MS No. 

Water t r a n s f e r  i n  t h e  so i l -p lan t -a tmosphere  
sys tem as r e l a t e d  t o  w a t e r  c o n s e r v a t i o n  

E h r l e r ,  Vm. L . ,  M i t c h e l l ,  S. T. ,  and F ink ,  D. H. 
Water h a r v e s t i n g  f o r  n a t i v e  J o j o b a .  News i t e m -  
i n  " Jo joba  Happenings",  No. 6-7, Pg. 6 ,  &lay 1974 .  - 
( O f f i c e  of A r i d  Land S t u d i e s ,  U. of Az., Tucson) .  477 

I d s o ,  Sherwood B. On t h e  u s e  of e q u a t i o n s  t o  
estimate a t m o s p h e r i c  t h e r m a l  r a d i a t i o n .  Arch.  
M e t e o r o l . ,  Geophys., B i o k l . ,  S e r .  B, 22(3):257- 
299. 1974. 420 

I d s o ,  Sherwood B. Thermal b l a n k e t i n g  : A 
case f o r  ae roso l - induced  c l i m a t i c  a l t e r a t i o n .  
S c i e n c e  186 (4158) :50-51. 4 Oct 1974. 432 

I d s o ,  Shemood  B. The c a l i b r a t i o n  and u s e  o f  
net  r a d i o m e t e r s  .. I n  "Advances i n  Agronomy" 
(ASA) Vol.  26,  N.  C. Brady,  E d i t o r .  Pp. 261-275. 
Academic P r e s s ,  New York,  N.Y. 1974. 44 5 

I d s o ,  Sherwood B. C l i m a t i c  e f f e c t s  of i n c r e a s e d  
i n d u s t r i a l  a c t i v i t y  on  t h e  w o r l d ' s  e s t a b l i s h e d  
agro-ecosystems.  Agro-Ecosys. 1(1):7-17.  1974.  455 

I d s o ,  Sheniood B, Review 01 book: "Net 
R a d i a t i o n  Received by a H o r i z o n t a l  S u r f a c e  a t  
t h e  E a r t h  ," b y  B. d e  Jong.  J o u r  . Hyclrol. 
24(3/4)  :351-352. 1974.  475 

I d s o ,  Sherwood B ,  , and F o s t e r ,  Joyce  $1. L i g h t  - 
and t e m p e r a t u r e  r e l a t i o n s  i n  a small d e s e r t  
pond as i n f l u e n c e d  by p h y t o p l a n k t o n i c  d e n s i t y  
v a r i a t i o n s .  Water Resources  Res . , 1 0  (1)  : l29- l32,  
Feb 1974.  445 
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MS No. 

Id so ,  Sherwood B., and G i l b e r t ,  R.  Gene, On t h e  
u n i v e r s a l i t y  o f  t h e  Poole and Atkins Secchi  d i sk -  
l i g h t  e x t i n c t i o n  equat ion ,  J o u r ,  Appl, Ecol.  
11 (1) :399-401, A p r i l  1974, 39 5 

Idso ,  Sherxiood B., and Reginato, Robert  J.,  
Assess ing  so i l -wa te r  s t a t u s  v i a  albedo measure- 
ment. 3 "Hydrology and Water Resources i n  
Arizona and t h e  Southwest", Vol. 4 ,  Pp. 41-54. 
(Water Resources Res, C t r . ,  Univ. of Arizona, 
Tucson, Ariz . )  1974. 479 

I d s o ,  S,  B., Repinato,  R, J,,  Jackson,  R. D. ,  - 
Kimball ,  B. A. ,  and Nakayama, F.& The t h r e e  
s t a g e s  of d ry ing  of  a f i e l d  s o i l .  S o i l  S c i ,  Soc, 
Amer. Proc. 38(5):831-837. Sept-Oct 1974, 47 2 

Jackson,  R, .D., Reginato,  R, J . , Kimball ,  B. A., 
and Nalcayama, F. S. Diurna l  so i l -water  evapo- -- 
r a t i o n :  Comparison of  measured and c a l c u l a t e d  
so i l -wa te r  f l u x e s ,  S o i l  S c i ,  Soc, Amer, Proc. 
38(6):861-866. Nov-Dec 1974. 462 

Kimball ,  Bruce A. Smoothing d a t a  w i t h  Four i e r  
t r ans fo rma t ions ,  Agron. Jour ,  66(2):259-262. 
Mar-Apr 1974. 443 

Reginato,  Robert  3 ,  Count-rate i n s t a b i l i t y  i n  - 
gamma-ray t ransmiss ion  equipment. S o i l  S c i .  Soc, 
Amer . Proc . 38(1) : 156-159. Jan-Feb 1974. 428 

Reginato, Robert J ,  Gamma r a d i a t i o n  measurement .... 
of  bu lk  d e n s i t y  changes i n  a s o i l  pedon fo l lowing  
i r r i g a t i o n ,  S o i l  Sc i .  Soc, Amer, Proc, 38(1):24- 
29, Jan-Feb 1974. 431 

Reginato,  RobertJ, Water conten t  and bulk 
d e n s i t y  changes i n  a s o i l  pedon measured wi th  dua l  
energy gamma-ray t ransmiss ion ,  Canad. Jour .  S o i l  
Sc i .  54(3):325-328, hug 1974.' 447 
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Prepared:  Aase, J ,  K., and Idso,, Sherwood B, So la r  
r a d i a t i o n  i n t e r a c t i o n s  wi th  mixed p r a i r i e  range- 
land i n  n a t u r a l  and denuded cond i t i ons .  
Arch. Meteorol , ,  Geophys., Biokl . ,  S e r ,  B. 
(Submitted f o r  p u b l i c a t i o n )  . 490 

E h r l e r ,  l?m, L. D i f fus ion  Porometers,  Sec t .  3.2 
i n  'Neasurements of Stomata1 Opening", Bul. oE - 
t h e  Regional Research Tech, Comm, W-67, (Wash. 
S t a t e  Univ,, Pullman, Wash,, pub l i she r ) .  
(Accepted f o r  pub l i ca t ion )  . 
E h r l e r ,  Wm,. Environmental and p l a n t  f a c t o r s  
i n f l u e n c i n g  t r a n s p i r a t i o n  of d e s e r t  p l a n t s ,  2 
Proc., Symp, on Environmental Physiology of 
Dese r t  Organisms, Amer. I n s t .  of B io l .  Sc i . ,  
Tempe, Az., June  1974, ( I n  p re s s )  . 493 

Idso ,  Sherwood B e  On t h e  in f luence  of  s u r f a c e  - 
a lbedo on t h e  change i n  t h e  atmospheric r a d i a t i o n  
ba lance  due t o  ae roso l s .  Atmos. Environ. ( I n  p r e s s ) ,  502 

Jdso,  Sherwood B. Su r face  albedo measurements . - 
dur ing  dus ts torms .  Atmos. Environ. (Submitted f o r  
p u b l i c a t i o n ) ,  508 

Idso ,  Sherwood 33 Fur the r  comments on t h e  i n f l u e n c e  - 
of s u r f a c e  albedo on t h e  change i n  t h e  atmospheric  
r a d i a t i o n  ba l ance  due t o  a e r o s o l s .  Atmos, Environ, 
(Submitted f o r  p u b l i c a t i o n ) .  509 

Sdso, S, E. ,  Aase, J. K , ,  and Jackson,  R ,  D, Net 
r a d i a t i o n - - s o i l  f l u x  r e l a t i o n  a s  inf luenced  by s o i l  
water  con ten t  v a r i a t i o n s .  Boundary-Layer Meteorol.  
(Submitted f o r  p u b l i c a t i o n )  . 49 9 

Id so ,  S. B., Jackson,  R ,  D., and Reginato, R. J L  
Determining emi t tances  f o r  u se  i n  i n f r a r e d  thermo- 
metry: A s imple technique f o r  expanding t h e  u t i l i t y  
of e x i s t i n g  methods. Jour .  Appl. Meteorol.  
(Submitted f o r  pub l i ca t ion )  , 510 
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Id so ,  S. B,, J a c k s o n , R ,  D. ,  Reginato,  8 ,  J, 
Kimball ,  Be&, and Nakayama, F, S. The dependence 
of b a r e  s o i l  a lbedo on s o i l  water  con ten t .  
Jou r .  Appl. Meteorol.  ( I n  p r e s ~ ) ~  

Idso ,  S. B.,  Schmuggee, T. J. ,  Jackson> R,  D . ,  and -- 
Reginato,  R.J. The u t i l i t y  of s u r f a c e  temperature 
measurements f o r  t h e  remote sens ing  of s o i l  water  
s t a t u s .  Jour .  Geophys . Res, ( I n  p r e s s )  , 

Jackson,  Ray D. ,  and Idso ,  SherwoodJ Surface  
albedo and d e s e r t i f i c a t i o n .  Science.  (Accepted 
f o r  p u b l i c a t i o n ) .  

Jackson,  R. D., Kimball, B.  A * ,  Reginato,  R ,  J., 
P... 

Idso ,  S .  B,, and Nakayama, F, S. Heat and water  
t r a n s f e r  i n  a n a t u r a l  ' s o i l  environment, & 
"Heat and Mass Trans fe r  i n  t h e  Biosphere: P t ,  I, 
Trans fe r  Processes  i n  P l a n t  ~nv i ronmen t " ,  
S c r i p t a  Pub. Co, ( I n  p r e s s )  , 

Kimball ,  Bruce A ,  Smoothing d a t a  wi th  cubic  
s p l i n e s ,  Agron, J o u r ,  (Submitted f o r  p u b l i c a t i o n ) .  

Kimball, Bruce A A 3  and Jackson,  Ray D. S o i l  h e a t  -- 
f l u x  de termina t ion:  A n u l l  alignment method. 
Agric .  Meteorol.  (Submitted f o r  p u b l i c a t i o n ) ,  

R w i n a t o ,  Robert J ,  Sampling so i l -wa te r  d i s t r i -  2- 

b u t i o n  i n  t h e  s u r f a c e  cent imeter  of  a f i e l d  s o i l ,  
S o i l  S c i ,  ( I n  p r e s s ) .  

Watson, K ,  K. ,  Reginato, R. J., and Jackson,  R. D .  
Soi l -water  h y s t e r e s i s  i n  a f i e l d  s o i l .  S o i l  Sc i .  
Soc. Amer. Proc. ( I n  p r e s s ) ,  
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Published : 

MS No. -- 

Management of subsu r face  water  movement s y  s tems 
f o r  r enova t ion  and conserva t ion  of  w a t e r ,  

Bouwer, Herman, App l i ca t ion  techniques,  t r a n s f o r -  
mations and t r a n s p o r t .  Paper #74-2539, presented  
a t  1974 Winter Meeting, Amer. Soc, Agr ic ,  Engin., 
Chicago, Ill,, Dec 1974. ( M u l t i l i t h e d  f o r  meeting 
d i s t r i b u t i o n ,  only) .  

Bouwer , Herman, Developing Drainage Design - 
C r i t e r i a ,  Sec t .  TI, Chap. 5 ,  "Drainage f o r  
Agr icu l ture1 ' ,  No. 17  i n  ASA Monograph S e r i e s  on 
Agronomy, J ,  van Sch i l fgaa rde ,  E d i t o r .  Amer. Soc. 
Agronomy, Znc., Madison, Wisc. 1974. Pp. 67-79. 

Bouwer, Ilerman, Renovating Municipal wastewater 
by h i g h - r a t e  i n f i l t r a t i o n  f o r  groundwater recharge .  
Jou r .  Amer. Water Works Assoc. 66(3):159-L62, 
March 1974. 

Bouwer, Herman. Design and ope ra t ion  of land  
t rea tment  systems f o r  minimum contaminat ion of 
groundwater,  Ground Water 12(3):140-147, 1974. 

Bouwer, Herman, High-rate  land t r ea tmen t ,  - 
Water Spectrum 6(1):18-25. 1974, 

Bouwer, Hermas. Wha.t7s new i n  deep we l l  i n j e c t i o n ?  - 
C i v i l  Engin, 44(1):58-61. Jan .  1974. 

Bouwer I EIernan, I-fydrauiic a s p e c t s  of l iqu id-was te  
loadings .  & "Factors  Involved i n  Land App l i ca t ion  
01 A g r i c u l t u r a l  and Plunicipal Wastes", Nat iona l  
Program S t a f f  Information B u l l e t i n ,  USDA, ARS, SWAS, 
B e l t s v i l J e ,  Md, 20705, J u l y  1974. Pp. 161-177, 

Rouwer, Herman, and Chaney, 1%. L. Land t rea tment  
of wastewater.  I n  "Advances i n  Agronomy'' (ASA) 
Vol. 26, N. C. ~ z d ~ ,  E d i t o r ,  Pp. 133-176. 
Academic P res s ,  New York, N,Y, 1974. 

Bouwer, Nerman, and Jackson, R ,  D. Determining S o i l  - 
P r o p e r t i e s .  S e c t ,  X, Chap. 23, & "Drainage f o r  
Agr icu l ture" ,  No, 17 i n  ASA Monograph S e r i e s  on 
Agronomy, 5 ,  van Schi l fgaarde ,  E d i t o r ,  Amer , Soc , 
Agron,, Inc , ,  Madison, Wisc. 1974. Pp. 611-666, 
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MS No, 

Bouwer, Herman, Lance, J L C . ,  and Rice,  R .  C ,  -- 
Renovating sewage e f f l u e n t  by groundwater r echa rge .  
I n  "Bio logica l  E f f e c t s  i n  t h e  Hydrological  Cycle,-- - 
T e r r e s t r i a l  Phase, (Proc., 3rd I n t l .  Seminar f o r  
Eydrology P ro fes so r s ,  Purdue Univ., W. L a f a y e t t e ,  
Ind , ,  J u l y  1971,) 1974. Pp. 292-302. 

Bo~wer ,  Herman,, Rice, R ,  C , ,  and Escarcega,  E. D. 
High-ra te  land  t rea tment :  I. I n f i l t r a t i o n  and 
h y d r a u l i c  a s p e c t s  of t h e  F lushing  Meadows P r o j e c t .  
J o u r ,  Water P o l l u t .  Contr. Fed. 46(5):834-843. 1974, 421 

Bo t l~ re r~Herman ,  Lance, 5. C,, and Riggs, M, S, 
II igh-rate  l and  t r ea tmen t :  11. Water q u a l i t y  and 
economic a s p e c t s  of t h e  Flushing Meadows P r o j e c t .  
J o u r ,  Water P o l l u t ,  Contr ,  Fed, 46(5):844-859, 1974. 446 

G i l b e r t ,  R ,G. ,  Robinson, J, B , ,  and M i l l e r ,  5, B, 
The microbiology and n i t r o g e n  t ransformat ions  o f  a 
smal l  r echa rge  b a s i n  used f o r  wastewater r enova t ion ,  
Proc., I n t l ,  Conf, on Land f o r  Waste Management, 
Ottawa, Ont, ,  Canada, Oct 1973, 1974, Pp. 87-96, 444 

Lance, J. C, ,  and Whisler ,  F. D, Nitrogen removal 
dur ing  l a n d  f i l t r a t i o n  of sewage water ,  Proc , ,  
I n t l ,  Conf, on Land f o r  Waste Management, Ottawa, 
Ont,, Canada, Oct 1973, 1974, Pp. 174-185, 441 

Rice, Robert C, S o i l  c logging dur ing  i n f i l t r a t i o n  --- 
w i t h  secondary sewage e f f l u e n t  , Jou r  , Water P o l l u t  , 

. Contr. .  Fed. 46(4) :708-716, 1974, 4 1  3 

'Whisler, F. D o ,  Lance, J L C , ,  and Linebarger?  Re S --- ---- 
Redox p o t e n t i a l s  i n  s o i l  columns i n t e r m i t t e n t l y  
f looded wi th  sewage water .  J o u r .  Environ. Qual .  
3(1):68-74. 1974, 429 

Prepared:  Bouwer, Herman, P r e d i c t i n g  r educ t ion  i n  water  
l o s s e s  from open channels  by phreatophyte c o n t r o l ,  
Water Resources Res. ( I n  p r e s s ) ,  47 6 

Bouwer, Herman, Inkiltration-Percolation Systems, --- 
Proc, ,  Symp, on Land Appl ica t ion  of Waste Water, 
Univ, of Delaware, Newark, Del. ,  Nov, 1974. (In 
p r e s s ) ,  505 
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G i l b e r t ,  Re&., and M i l l e r ,  J. B. A s imple tube-  
t ype  water  p r o f i l e  sampler.  Limnol. and Oceanog. 
(Approved f o r  p u b l i c a t i o n ) .  511 

h n c e ,  J ,  C ,  P a t e  of n i t r o g e n  i n  sewage e f f l u e n t  
a p p l i e d  t o  s o i l ,  Jou r .  I r r i g .  and Drain,  Div*,  
Amer. Soc, C i v i l  Engin. Proc. (Submitted f o r  
p u b l i c a t i o n ) .  49 8 

Lance, J , C . ,  and Whisler  , F,  D, The s t imu la t ion  
of d e n i t r i f i c a t i o n  i n  s o i l  columns by adding 
o rgan ic  carbon t o  sewage water ,  Jou r .  Water P o l l ,  
Contr ,  Fed. (Submitted f o r  p u b l i c a t i o n ) .  

Lance, J ,  C ,  , and Whisler ,  F.  D.  Maximizing - 
d e n i t r i f i c a t i o n  dur ing  s o i l  f i l t r a t i o n  of sewage 
wa te r ,  J o u r ,  Environ, Qual .  (Submitted f o r  
p u b l i c a t i o n ) .  501 

Linebarger ,  R. S., Whis le r ,  F. D. ,  and Lance, J.C. 
A new technique  l o r  r a p i d  and cont inuous measure- 
ment of redox p o t e n t i a l s ,  S o i l  S c i ,  Soc, Amer, 
Proc, ( I n  p re s s ) .  484 

Rice,  R o b e r t s ,  Diurna l  and seasonal  s o i l  water  
up take  and f l u x  w i t h i n  a bermudagrass r o o t  zone, 
S o i l  S c i .  Soc, Amer, Proc. (Submitted f o r  pub l i -  
c a t i o n ) .  474 
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5510-12260- 
004 I n c r e a s i n g  and managing s u r f a c e  water  s u p p l i e s  

f o r  a g r i c u l t u r a l  use.  

Publ ished:  -ks, Dale  A. T r i c k l e  i r r i g a t i o n  des ign  r e q u i r e -  
ments f o r  row c rops ,  3 "Agr i cu l tu ra l  and Urban 
Cons idera t ions  i n  I r r i g a t i o n  and Drainage". 
(Se l ec t ed  papers  from Proc, of I r r i g ,  and Drainage 
S p e c i a l t y  Conf,, I r r i g .  and Drain. Div, ,  Amer. Soc. 
C i v i l  Engin., F t .  C o l l i n s ,  Colo., A p r i l  1973). 
1974, Pp, 673-689, 

Bucks, Dale A , ,  E r i e ,  L. J , ,  and French,  0.  F. 
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