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TITLE : EVAPORATION OF WATER PROM SOIL 

CRIS WORK UNIT: 5510-12260-002 CODE NO. : Ariz . -I$CL-68-1 

Most of t h e  work conducted under t h i s  o u t l i n e  t h i s  year  c o n s i s t -  

ed of development of techniques  f o r  t h e  remote sens ing  of b a r e  s o i l  

water  con ten t  and b a r e  s o i l  evapora t ion .  The fo l lowing  summaries 

o u t l i n e  t h e  accomplishments i n  t h e s e  a r e a s .  

1. Idso ,  S. B.,  Jackson, R. D . ,  and Reginato,  R. 5. Es t imat ing  

evapora t ion :  a technique  adap tab le  t o  remote sens ing .  

Sc ience  189:991-992. 1975. 

A procedure i s  presented  f o r  c a l c u l a t i n g  24-hour t o t a l s  oE 

evapora t ion  from wet and dry ing  s o i l s .  Its a p p l i c a t i o n  r e q u i r e s  a 

knowledge of  t h e  d a i l y  s o l a r  r a d i a t i o n  and t h e  maximum and minimum 

a i r  tempera tures  (Standard Weather Se rv i ce  measurements), moist  

s u r f a c e  a lbedo ( r e a d i l y  es t imated  o r  o b t a i n a b l e  from a one-time 

measurement), and maximum and minimum s u r f a c e  tempera tures  (obta in-  

a b l e  from s u r f a c e  o r  a i r b o r n e  s e n s o r s ) .  T e s t s  of t he  technique  on a 

b a r e  f i e l d  of Avondale loam a t  Phoenix, Arizona,  have shown it t o  be 

independent of season.  

2. Id so ,  S. B.,  Reginato,  R. J . ,  and Jackson, R. D.  Assessing b a r e  

s o i l  evapora t ion  v i a  s u r f a c e  temperature measurements. 

Hydrol. and Water Res. i n  Ar iz .  and t h e  Southwest 5:199-205. 

1975. 

It appears  t h a t  t h e  thermal  i n e r t i a  technique ,  which has  

r e c e n t l y - b e e n  suggested as a p o s s i b l e  means f o r  remotely determining 

s u r f a c e  water  con ten t s  of b a r e  s o i l s  v i a  i n f r a r e d  thermometry, may 

a l s o  be  used t o  e v a l u a t e  t h e  r e l a t i v e  evapora t ion  r a t e s  of b a r e  s o i l s .  

Each of t h e  two v a r i a t i o n s  of t h i s  technique,  which use  

T -T and (TS - TA) as independent v a r i a b l e s ,  worked  ax 'M Max 

s u c c e s s f u l l y  on a smooth b a r e  f i e l d  of Avondale loam a t  Phoenix, 

Arizona, on c l e a r  day-night pe r iods  dur ing  a11  seasons  of t h e  yea r .  

Together wi th  s t a g e  I p o t e n t i a l  evapora t ion  c a l c u l a t i o n s ,  t h i s  

approach ~mulcl a l l ow evapora t ion  r;ites from b a r e  s o i l  t o  be  calcu-  

l a t e d  throughout a11 of t h e  classrical.  s t a g e s  of s o i l  d ry ing .  
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The empi r i ca l  r e l a t i o n s  d e s c r i b i n g  t h e s e  r e s u l t s  a l s o  i n d i c a t e  

t h a t  s t a g e  I I o E  s o i l  d ry ing  i s  n o t  a unique p h y s i c a l  p roces s ,  bu t  

r a t h e r  a n  o b s e r v a t i o n a l  a r t i E a c t  a r i s i n g  from t h e  nonins tan taneous  

t r a n s i t i o n  of t h e  e n t i r e  s o i l  s u r f a c e  from t h e  b a s i c  s t a g e  I of s o i l  

d ry ing  (where energy i s  l i m i t i n g  t h e  evapora t ion  r a t e )  t o  t h e  b a s i c  

s t a g e  I11 of s o i l  d ry ing  (where s o i l  water  con ten t  i s  t h e  l i m i t i n g  

f a c t o r ) .  I n  a d d i t i o n ,  t h e r e  appears  t o  be  a unique r e l a t i o n  between 

maximum c lear -sky ,  s c reen - l eve l  a i r  t empera ture  and minimum s u r f a c e  

s o i l  t empera ture  t h a t  is  independent of season  and s o i l  water  con ten t .  

There a r e  some i n d i c a t i o n s  t h a t  i t ,  a s  w e l l  as t h e  r e l a t i v e  evapo- 

r a t i o n  r a t e - s o i l  thermal  i n e r t i a  r e l a t i o n ,  may a l s o  b e  independent of 

c l i m a t e  and s o i l  type .  Research i n  o t h e r  a r e a s  and on d i f f e r e n t  

s o i l s  i s  needed t o  check t h e s e  hypotheses.  

3.  Jackson,  R. D. ,  I d so ,  S. B.,  and Reginato,  R. 3 .  Calcu la t ion  of 

evapora t ion  r a t e s  dur ing  t h e  t r a n s i t i o n  from energy-l imit ing t o  

s o i l - l i m i t i n g  phases  u s ing  a lbedo d a t a .  Water Resources 

Research ( I n  p r e s s ) .  

A method i s  presented  t h a t  u t i l i z e s  albedo measurements t o  

p a r t i t i o n  t h e  f r a c t i o n  of t h e  s o i l  s u r f a c e  a r e a  e x h i b i t i n g  energy- 

l i m i t i n g  ( p o t e n t i a l )  evapora t ion  and t h e  Erac t ion  e x h i b i t i n g  s o i l -  

l i m i t i n g  evapora t ion  t o  c a l c u l a t e  a c t u a l  evapora t ion  r a t e s  du r ing  

t h e  t r a n s i t i o n  phase (energy- l imi t ing  t o  s o i l - l i m i t i n g ) .  S ince  

albedo i s  p r o p o r t i o n a l  t o  t h e  s u r f a c e  water  con ten t ,  t h e  change i n  

albedo from day t o  day i s  i n d i c a t i v e  of t h e  f r a c t i o n  of t h e  s o i l  

s u r f a c e  t h a t  i s  d r y  and evapora t ing  a t  t h e  s o i l - l i m i t i n g  r a t e .  

Denoting t h e  p a r t i t i o n i n g  f a c t o r  a s  8,  and us ing  a square  r o o t  of 

t ime r e l a t i o n  w i t h  a c o e f f i c i e n t  C f o r  t h e  s o i l - l i m i t i n g  phase,  - the  

evapora t ion  r a t e  (E ) Eor day n a f t e r  t h e  s o i l  was wet i s  
C 

where E i s  the  energy l i m i t i n g  r a t e .  The Pr ies t ley-Taylor  Eormula 
P 

was used t o  c a l c u l a t e  E . Calcula ted  evaporat ion r a t e s  were compared 
P 

wi th  l y s i m e t r i c a l l y  determined rates. It was concluded t h a t  t h i s  
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method was reliable 

transition phase of 

for calculating evaporation rates during the 

soil drying. 

4. Reginato, R. J., Idso, S. D., Vedder, J. F., Jackson, R. D., 

Blanchard, M. B., and Goettclman, R. Soil water content and 

evaporation determined by thermal parameters obtained from 

ground-based and remote measurements. J. Geophys. Res. 

(In press). 

Soil water contents from both smooth and rough bare soil were 

estimated from remotely sensed surface soil and air temperatures. 

From an air-dry soil water content to a water content corresponding 

to about field capacity for Avondale loam, an inverse relationship 

between thermal parameters and gravimetric soil water content was 

obtained. These parameters, daily maximum minus minimum surface soil 

temperature and daily maximum soil minus air temperature appear to 

describe the relationship reasonably well. Relative soil water 

evaporation (actuallpotential) is also described by these two param- 

eters. Surface soil temperatures showed good agreement between three 

measurement techniques: -- in - situ thermocouples, ground-based infrared 

radiation thermometer, and the theraisl infrared band of an airborne 

multispectral scanner. 

5. Jackson, R. D., Reginato, R. J., and Idso, S. B. Timing of 

ground truth acquisition during remote assessment of soil water 

content. Remote Sens. of Environ. (In press). 

Remote sensing of soil-water content is, at present, limited to 

the top few centimeters of soil. During a diurnal cycle the near- 

surface water content undergoes rather wide diurnal fluctuations. 

Data from five experiments on Avondale loam at Phoenix, Arizona,- at 

various times of the year demonstrated that soil samples taken 

between 1100 and 1200 hours (MST) best represented the 24-hour 

average soil-water content. Also, the average of the daily maximum 

and minimum water contents closely approximated the 24-hour average. 

The data showed that time of sampling was an important criterion 

when obtaining ground truth in remote sensing of so-il-water content. 
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6. Idso ,  S. B. Complexi t ies  of s u r f a c e  albedo de t e rmina t ion  dur ing  

dus ts torms .  Atmos. Environ. ( In  p r e s s ) .  

Sur face  albedo measurements c a r r i e d  ou t  p r i o r  t o  and fo l lowing  

t h e  a r r i v a l  of dus t s to rms  a t  Phoenix, Arizona, have shoxm no d i f f e r -  

ences  t h a t  could be  a t t r i b u t e d  t o  t h e  e f f e c t s  of a i r b o r n e  o r  deposi-  

t e d  d u s t  on any of f o u r  diEEerent  occas ions .  Kipp s o l a r i ~ n e t e r s  have 

r e g i s t e r e d  l a r g e  v a r i a t i o n s  i n  t h e i r  outpucs a t  t h e s e  t imes ;  bu t  i t  

i s  demonstrated t h a t  t h e s e  p e r t u r b a t i o n s  a r e  due t o  some t y p e  of 

tempera ture  "shock" induced by t h e  r a p i d  change i n  a i r  temperature 

t h a t  occurs  w i t h  t h e  passage of t h e  dus ts torm f r o n t a l  boundary. 

Eppley and Lambda pyranometers were n o t  s u s c e p t i b l e  t o  t h i s  type  of 

e r r a t i c  behavior .  

PERSONNEL: Ray D. Jackson,  Sherwood B. Jdso ,  Robert J. Reginato,  

Harold Mastin,  and John P r i t c h a r d  
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TITLE : COPSPUTER SIMUJATION OF G~EmIOUSZS 

CRJS WORK UHIT: 5510-12260-ooz CODE NO, : ARIZ-WCL 70-1 

This  p r o j e c t  was i n i t i a t e d  t o  develop a  computer program which 

can  s imu la t e  a l l  s i g n i f i c a n t  h e a t  exchange processes  occu r r ing  i n  a 

greenhouse, This  o b j e c t i v e  was met cu lmina t ing  i n  a  computer model 4 

desc r ibed  by B, A, Rimball, 1973, Simulat ion of t h e  energy ba lance  

of a greenhouse, A g r i c u l t u r a l  Meteorology, 11: 243-260, The model was 

in tended  p r i m a r i l y  f o r  s h o r t  term s t u d i e s .  

Now t h e  need has  a r i s e n  t o  compute t h e  annual  ope ra t ing  c o s t s  

(energy and $) of greenhouses cooled by coo l ing  tower water  and of 

greenhouses hea ted  and cooled  by s o l a r  energy u t i l i z i n g  thermal  

energy s t o r a g e  devices .  Therefore,  the  model i s  be ing  updated. The 

new mecllanical components a r e  be ing  simulatecl by new subrout ines .  

The whole program i s  be ing  r e v i s e d  t o  run  w i t h  a whole y e a r ' s  worth 

of weather d a t a  i n  o rde r  t o  compute t h e  annual  c o s t s  of ope ra t ing  

greenhouses wi th  v a r i o u s  s o l a r  h e a t i n g  and coo l ing  devices  a t  v a r i -  

ous l o c a t i o n s  a c r o s s  t h e  country.  The new program i s  c u r r e n t l y  

be ing  debugged, 

PERSONNEL: B. A. Kimball 
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RELATIVE CHANGES I N  TRANS PIRATION AND PHOTOSYNTEIES I S  

INDUCED BY SOIL lrlhTER DEPIETION IN A CONSTAW 

ENVIROWNT 

CRIS WORK UNIT: 55 10-12260-002 CODE NO. : Ariz.  WCL 71-1 

The o b j e c t i v e  of t h i s  r e s e a r c h  i s  t o  improve t h e  water-use eEf i -  

c i ency  (WUE) of c rops  by f i n d i n g  those  s p e c i e s  capable  of reducing  

t h e i r  r a t e  of t r a n s p i r a t i o n  r e l a t i v e l y  more than  photosynthes is  dur- 

i n g  drought.  Of t h e  s i x  s p e c i e s  s tud ied ,  corn  and sorghum became 

less e f f i c i e n t  under drought;  black-eyed pea d i d  n o t  change, and co t -  

ton, sunElower, and mulberry became more e f f i c i e n t ,  The l a s t  t h r e e  

c rops  e x h i b i t e d  t h e  type  of response  sought i n  t h i s  research ,  i n  t h a t  

a drought  caused a g r e a t e r  r educ t ion  i n  water  l o s s  than  i n  

photosynthes is .  

Not enough s p e c i e s  have been t e s t e d  t o  make broad g e n e r a l i z a t i o n s  

ye t ,  b u t  t h e  p re l imina ry  t e s t s  a r e  encouraging enough t o  warran t  a 

more e x t e n s i v e  survey. Also, i t  i s  planned t o  measure t h e  W U E  of Pima 

and Del tap ine  co t ton ,  two c l o s e l y  r e l a t e d  s p e c i e s  wi th  q u i t e  d i f f e r e n t  

drought  responses  i n  t h e  f i e l d .  

The f i n d i n g s  f o r  t h e  s i x  spec i e s  a r e  be ing  summarized i n  a 

manuscript .  

PERSONNEL: W. L. E h r l e r ,  B ,  A. Kimball, and S, T. Mi t che l l  
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TITLE : HEAT TRANSFER IN PONDS 

CRIS WORK UNIT: 5510-12260-002 CODE NO.: Ariz.-WCL-71-3 

Work under this outline this year consisted of publication of 

two papers derived from experiments carried out in prior years. 

Each is described below. 

1. Foster, J. M., and Idso, S. B. Light and assimilation number in 

a small desert, recharged-groundwater pond. Oecologia 18:155- 

164. 1975. 

Measurements of irradiance, chlorophyll - a concentration, 
respiration, and net and gross photosynthesis were carried out in a 

small desert pond containing recharged-groundwater from the Flushing 

Meadows water reclamation project at Phoenix, Arizona. Over the 
-3. 6-month period May-October, chl. a concentration averaged 119 mg m , 

and gross primary productivity in terms of the mean daily carbon 
- 3 fixation rate was 8.29 g Cm , which is roughly equal to productive 

fish and farm ponds but Jess than many polluted eutrophic lakes and 

streams. Both net and gross assimilation numbers were found to be 

satisfactorily represented by pure sine waves that implied total 

inhibition of those two processes near an underwater irradiance 
-2 -1 

value of 0.32 cal cm min . 
The maximum value of the gross assimilation number at 

-2 -1 -1 
0.16 cal cm min of 30 mg C hr per mg chl. aranked with some 

of the highest values that have been found world-wide. 

2. Idso, S. B., and FosterpJ. M. An analytical study of three 

characteristic forms of light-forced primary production in 

aquatic ecosystems. Oecologia 18:145-154. 1975. 

Primary production in aquatic ecosystems is largely a function 

of irradiance, with photosynthetic response to light ranging from 

"light saturation" through "asymptotic inhibition" to "complete in- 

hibition." Equations describing these three basic types of response 

have been solved to yield instantaneous integral. photosynthesis as a 

function of irradiance, chlorophyl.:L a concentration, light extinc- 

tion coefficient, and photosynthetic capacity of the phytoplankton 

at: optimum irradiance. These results were used to calculate diurnal 
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t r e n d s  of  i n s t an t aneous  i n t e g r a l  pho tosyn thes i s  f o r  s e v e r a l  d i f f e r -  

e n t  l a t i t u d e s  and seasons  and f i n a l l y  day-rate  i n t e g r a l s  of photo- 

s y n t h e s i s  as a f u n c t i o n  of t i n e  of yea r  a t  s e v e r a l  l a t i t u d e s .  The 

f i n a l  r e s u l t s  a l l ow r a p i d  e v a l u a t i o n  of t h e  e n t i r e  n o r t h e r n  hemi- 

sphe re  i n  terms of p o t e n t i a l  s i t e s  Eor c o n t r o l l e d  aqua-cul ture  

f a c i l i t i e s ,  u s ing  b a s i c  phytoplankton and water  p r o p e r t i e s  and 

s t anda rd ized  weather  d a t a .  R e s u l t s  f o r  t h e  "complete i n h i b i t i o n "  

c a s e c a n  be  used t o  e v a l u a t e  bo th  n e t  and g ros s  pho tosyn thes i s .  

PERSONNEL: Sherwood 3 .  Id so ,  J. M. P r i t c h a r d ,  and Joyce  M. P o s t e r ,  

(coopera tor  from Zoology Dept. ,  Arizona S t a t e  U n i v e r s i t y ) .  
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TITLE : CHEMICAL TREATBENT OF IRRTGATION 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.:  Ariz.-WCL 71-11 

PART I. RECLAMATION OF CLOGGED EMITTERS 

INTRODUCTION : 

The rec lamat ion  of p a r t i a l l y  plugged e m i t t e r s  used i n  a t r i c k l e  

i r r i g a t i o n  experiment on grapes which s t a r t e d  i n  1974 was cont inued 

i n  1975 (See Annual Report of 1974 f o r  a d e s c r i p t i o n  of t h e  work 

p l a n ) .  The r e s u l t s  from t h e  chemical t rea tment  showed some promise 

i n  g e t t i n g  t h e  e m i t t e r s  t o  ope ra t e  t o  t h e  o r i g i n a l  flow rate f o r  por- 

t i o n s  of t h e  system t h a t  w e r e  t r e a t e d .  The remainder of t h e  t r i c k l e  

system was l i k e w i s e  t r e a t e d  and a more c a r e f u l  monitor ing of t h e  

flow rate was made. 

PROCEDURE : 

Chemical t r ea tmen t  was s t a r t e d  i n  February 1975 b e f o r e  t h e  regu- 

lar i r r i g a t i o n  of t h e  grapes commenced. Concentrated hypoch lo r i t e  

and s u l f u r i c  a c i d  s o l u t i o n s  were i n j e c t e d  i n t o  t h e  water l i n e  j u s t  

b e f o r e  t h e  sand f i l t e r  i n l e t  w i th  t h e  i n j e c t i o n  r a t e  c o n t r o l l e d  t o  

g ive  a r e s i d u a l  c h l o r i n e  of 50 ppm and pH of 2. The main supply 

l i n e s ,  submains, and l a t e r a l s  were a l l  f lushed  p r i o r  t o  working on 

t h e  i n d i v i d u a l  e m i t t e r s .  The chemical s o l u t i o n  was allowed t o  s t a n d  

overn ight  i n  t h e  p i p e s ,  and t h e  e m i t t e r s  were p e r i o d i c a l l y  f l u shed  

manually t h e  fo l lowing  day w i t h  a d d i t i o n a l  chemically t r e a t e d  i r r i g a -  

t i o n  wa te r .  The system was t h e n  l e f t  t o  s t and  u n t i l  t h e  grape i r r i g a -  

t i o n  s t a r t e d  i n  A p r i l .  The e n t i r e  s y s  tem was cont inuously t r e a t e d  

w i t h  lower concen t r a t ion  of hypoch lo r i t e  and s u l f u r i c  a c i d  f o r  t h e  

rest of the  i r r i g a t i o n  per iod  which l a s t e d  t o  October.  The r e s i d u a l  

c h l o r i n e  w a s  set a t  1 ppm and pH a t 7 .  

REXJLTS AND DISCUSSION : 

The flow r a t e s  of t h e  va r ious  systems be fo re  and a f t e r  r ec l a -  

mation t rea tment  a r e  presented  i n  Table 1. Systems T1, T5, and T9 

were t r e a t e d  t h e  previous  September and November wi th  subsequent 

improvement i n  flow r a t e s .  Thei r  r a t e s  were n o t  changed i n  t h e  
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November 1974 t o  February 1975 i n t e r i m  w h i l e  t h e  t r i c k l e  system w a s  

s h u t  down f o r  t h e  w i n t e r .  

The Feburary 1975 "slug" chemical t r ea tmen t  w i t h  h i g h  hypo- 

c h l o r i t e  and a c i d  concen t r a t ions  a l s o  i n c r e a s e d  t h e  emitter flow 

rates. I n  t h e  t a b l e ,  t h e  20 February rates a r e  t h e  pre- t reatment  

and t h e  28 February are t h e  post- t reatment  rates, r e s p e c t i v e l y .  Fur- 

t h e r  improvement of flow r a t e s  occurred w i t h  t ime when t h e  system was 

followed by t h e  cont inuous a d d i t i o n  of low concent ra t ions  of hypo- 

c h l o r i t e  and ac id .  The 25 t o  50% reduc t ion  i n  flow r a t e  as shown by 

t h e  d a t e  of J u l y  and August 1974 was improved t o  t h a t  of t h e  o r i g i n a l  

des ign  va lue  a f t e r  t h e  rec lamat ion  p r o j e c t .  The October 1975 readings  

were t h e  l a s t  t aken  b e f o r e  t h e  s y s  tem was s h u t  down. 

Plow-rate monitor ing and chemical t rea tment  w i l l  b e  cont inued 

f o r  t h e  1976 grape  season .  

P a r t  11. EFFECT OF WATER TREATLWNT ON TRICKLE EMITTER PERFOWUEJCE 

INTRODUCTION : 

Addi t iona l  experiments  were s e t  up at t h e  U. S. Water Conserva- 

t i o n  Laboratory l o c a t i o n  t o  supplement t h e  preceding work on emitter 

plugging i n  grape i r r i g a t i o n  and on c i t r u s  r e l a t i n g  t o  t h e  clogging 

p o t e n t i a l  of t h e  Colorado River  w a t e r  (USWCL 75-2). Need f o r  re-  

s ea rch  on t h i s  s u b j e c t  i s  f u r t h e r  e l abo ra t ed  i n  t h a t  r e p o r t .  The 

water q u a l i t i e s  of t h e  t h r e e  l o c a t i o n s  d i f f e r  q u i t e  markedly and thus  

t h e  s tudy  would provide o p p o r t u n i t i e s  f o r  fo l lowing  clogging over  a 

wider  range of environmental cond i t i ons .  The c l o s e  proximity of t h e  

l a b o r a t o r y  s i t e  would a l s o  provide  b e t t e r  monitor ing and maintenance 

of t h e  exper imenta l  equipment dur ing  t h e  progress  of t h e  s tudy ,  even 

though t h e  a c t u a l  f i e l d  cond i t i ons  a r e  no t  f u l l y  s imula ted .  Tire 

system was designed t o  al low f o r  d i f f e r e n t  k inds  of  water  f i l t r a t i o n  

and chemical t r ea tmen t s ,  water  q u a l i t y ,  and e m i t t e r  types.  

PROCEDURE : 

Three k inds  of water  t r ea tmen t s  and e m i t t e r s  were used and des- 

i gna ted  a s  fo l lows  : 

Emi t t e r  1. Long-path, c a p i l l a r y  tub ing  

Emi t t e r  2.  Long-path , s p i r a l ,  manual f l u shab le  
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Emi t t e r  3 .  

Treatment A. 

Treatment B . 
Treatment C. 

Double-wall o r  double-chamber t u b i n g ,  w i t h  1 f o o t  

o u t e r  and 5 f e e t  i n n e r  o r i f i c e  spac ings  

Sand f i l t r a t i o n  and cont inuous hypochlorinat ' ion-  

a c i d  t rea tment  ( 1  ppm r e s i d u a l  c h l o r i n e  and pH 

a d j u s t e d  t o  7) 

Sand f i l t r a t i o n  

No f i l t r a t i o n  o r  chemical t r ea tmen t  

The number of t rea tment -emi t te r  combinations was l i m i t e d  p r i m a r i l y  

by space  a v a i l a b i l i t y .  

Add i t i ona l  chemical and water  t r ea tmen t s  were u t i l i z e d  later 

w i t h i n  t h e  e x i s t i n g  experiment a s  t h e  e m i t t e r s  s t a r t e d  t o  c log .  These 

mod i f i ca t ions  w i l l  b e  s o  des igna ted  where t h e  t r e a t m e n t s  were i n t r o -  

duced dur ing  t h e  p rog res s  of t h e  experiments.  

A schematic  of t h e  t r i c k l e  i r r i g a t i o n  system i s  p resen ted  i n  

F igure  1, which shows t h e  r e l a t i v e  l o c a t i o n  of t h e  v a r i o u s  equipment. 

Water from a w e l l  (1700 ppm) o r  c i t y  wa te r  (500 ppm) supply  or ig ina-  

t i n g  from s u r f a c e  sou rces  was au toma t i ca l ly  f e d  i n t o  a 700-gallon 

galvanized s t e e l  s t o r a g e  tank.  A-nmonium n i t r a t e  was added t o  t h e  

s t o r e d  water t o  g e t  10 ppm N t o  i n c r e a s e  b i o l o g i c a l  a c t i v i t y  i n  t h e  

media. The water pump was a c t i v a t e d  by a t ime c lock  (TIC) which a l s o  

c o n t r o l l e d  so l eno id  v a l v e  SV; t h e  water  was s p l i t  up through a mani- 

f o l d  arrangement t o  Treatments A, B ,  and C. The system w a s  run  twice  

a day i n  t h e  morning and af te rnoon.  An e l apsed  t i m e r  w a s  made p a r t  

of t h e  clock c i r c u i t  so  t h a t  t h e  o p e r a t i o n a l  pe r iods  could b e  moni- 

t o r e d ,  The chemical i n j e c t o r s  went on t h e  same t i m e  a s  t h e  wa te r  

pump. I n  case  of t rea tment  A ,  t h e  chemicals were i n j e c t e d  b e f o r e  t h e  

sand f i l t e r  ( s f )  which contained number 10 s i l i c a  sand  f i l t r a t i p n  

medium. Water p r e s s u r e  was s e t  a t  15 p s i  by p r e s s u r e  r e g u l a t o r  R. 

Calcium h y p o c l ~ l o r i t e  and d i l u t e  s u l f u r i c  a c i d  s o l u t i o n s  were 

i n j e c t e d  i n t o  t h e  l i n e s  w i th  diaphragm purnps. Both t h e  concen t r a t ion  

of t h e  s tock  s o l u t i o n  and the  i n j e c t o r  pump feed  rate were a d j u s t e d  

t o  a t t a i n  a p1-I of 7 and r e s i d u a l  ch lo r ine  of 1 ppm i n  t h e  t r e a t e d  

water .  
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The l i n e  l e n g t h  w a s  75 f e e t .  The double-wall Emi t t e r  3 t r i c k l e  

system had 150 o r i f i c e s  pe r  t r ea tmen t ,  and Emi t t e r s  1 and 2 had 50 

e m i t t e r s  p e r  t r ea tmen t .  A l l  t h e  l i n e s  were on t h e  s o i l  su r f ace .  

The t r i c k l e  system was opera ted  on almost a f u l l - y e a r  b a s i s  

except  f o r  two weeks i n  January when low tempera tures  caused f r e e z i n g  

oE p a r t  of t h e  supply l i n e s .  No damage was encountered w i t h  t h e  rest 

of t h e  system. The water  meters  and e l apsed  t imer  were checked d a i l y  

t o  o b t a i n  t h e  flow rates. 

The u n t r e a t e d  and t r e a t e d  wa te r ,  and wa te r  sampled from t h e  

emitters a t  t h e  end of each l i n e  were analyzed f o r  mic rob ia l  popula- 

t i o n ,  pH, r e s i d t ~ a l  c h l o r i n e ,  t empera ture ,  and t u r b i d i t y  once a week. 

A sample a n a l y s i s  of wa te r  used i n  t h i s  phase of t h e  s tudy  i s  l i s t e d  

i n  Table 2 .  The s a l i n i t y  of 1630 ppm is much h i g h e r  than  t h e  water 

used i n  t h e  grape (350 ppm) o r  c i t r u s  (850 ppm) experiments.  The 

Lange l i e r  s a t u r a t i o n  index  of 0 . 7  i n d i c a t e s  a tendency of calcium 

carbonate  t o  p r e c i p i t a t e  ou t  from t h e  w e l l  water  supply .  

RESULTS AND DISCUSSION: 

Flow rate was maintained i n  Emi t te r  1 (code Al) w i t h  t h e  con- 

t inuous  hypochlor i te -ac id  t rea tment  from October 1974 t o  December 

1975 (F igures  2 and 3 ) ,  whereas t h e  chemically un t r ea t ed  e m i t t e r  

(B1) s t a r t e d  t o  show a gradual  decrease  i n  flow r a t e  s t a r t i n g  i n  May 

approximately 8 months a f t e r  i n s t a l l a t i o n .  The flow d a t a  f o r  t h e  

i n d i v i d u a l  days were smoothed ou t  i n  t h e  f i g u r e s  and r e p r e s e n t a t i v e  

va lues  f o r  t h e  A p r i l  t o  June pe r iod  are l i s t e d  i n  Tables  3 t o  5 .  

S i m i l a r l y ,  t h e  flow r a t e  i n  Emi t t e r  2 (code A2) wi th  t h e  chemi- 

c a l  and sand f i l t r a t i o n  t r ea tmen t s  remained unchanged over t h e  15- 

month o p e r a t i o n a l  per iod .  The un t r ea t ed  e m i t t e r  (B2) d i d  show a 

decrease  i n  flow wi th  t ime, b u t  n o t  as d r a s t i c  a change as that: ex- 

h i b i t e d  by Emi t t e r  1. 

The Elow r a t e  of 0.44 gph i n  Emi t te r  3 (code A3, F igure  4) could 

a l s o  be maintained wi th  sand f i l t r a t i o n  and chemical t r ea tmen t s .  The 

t r i c k l e  l i n e  f o r  t h i s  system l a s t e d  only 12  months and had t o  be  

abandoned because oE t h e  appearance of nmerous  seam cracks  i n  t h e  

polye thylene  tub ing .  Bot;'n t h e  chemically un t r ea t ed  sand E i l t r a t i o n  

Annual Report of the U.S. Water Conservation Laboratory



t rea tment  B 3  and t h e  u n f i l t e r e d  t rea tment  C3 showed d r a s t i c  drop i n  

flow r a t e  7 months a f t e r  i n s t a l l a t i o n .  S t  was a l s o  no ted  f o r  Emi t t e r  

1 t h a t  flow reduc t ion  commenced i n  May. The r a p i d  change i n  f low i s  

f u r t h e r  i l l u s t r a t e d  by comparing t h e  A p r i l ,  May, and June 1975 flow 

d a t a  of Tables  3 ,  4 ,  and 5 ,  r e s p e c t i v e l y .  Flow r a t e s  w e r e  cons tan t  

and comparable at about 0.40 gph p e r  e m i t t e r  from October 1974 through 

A p r i l  1975. U n t i l  t h e  f i r s t  week i n  May, t h e  flow r a t e s  had n o t  

changed much, b u t  i n  t h e  two weeks fo l lowing  t h i s  t h e  rate had dropped 

approximately 75%. About 85% of t h e  i n d i v i d u a l  o r i f i c e s  were com- 

p l e t e l y  plugged and those  remaining open were p u t t i n g  out  water  a t  

a much h i g h e r  r a t e  t han  t h e  o r i g i n a l  0.40 gph p e r  e m i t t e r .  Water 

tempera ture  had i n c r e a s e d  from about  10 C i n  t h e  w i n t e r  t o  20 C i n  

late A p r i l  and e a r l y  May and would enhance b i o l o g i c a l  a c t i v i t y  i n  t h e  

t r i c k l e  system. 

The plugged l i n e s  B 3  and C3 were c u t  i n  June and in spec t ed  under 

t h e  microscope. The o u t e r  h o l e s  were blocked from t h e  i n s i d e  wi th  

c r y s t a l l i n e - l i k e  m a t e r i a l s  i n  s h e e t - l i k e  arrangement. Some oE the 

i n n e r  o r i f i c e s  of t h e  high-pressure chamber were a l s o  plugged. The 
iJ 

i n n e r  s u r f a c e s  05 t h e  t ub ing  were coated w i t h  s l ime- l ike  materials, 

whereas t h a t  f o r  t h e  chemical ly t r e a t e d  l i n e s  were c l ean .  These 

d e p o s i t s  e f f e r v e s e d  when t r e a t e d  w i t h  a c i d  i n d i c a t i n g  t h e  presence  

of carbonaceous matter . 
On A p r i l  11 b e f o r e  t h e  clogging i n  t h e  B3 and C3 systems was 

becoming appa ren t ,  new l i n e  B3F and C3N were s t a r t e d  (F igure  4 ) .  By 

t h e  1 5 t h  oE J u l y  approximately 90 days a f t e r  i n s t a l l a t i o n ,  25 t o  50% 

reduc t ion  i n  flow had occurred i n  t h e s e  systems.  The B3F l i n e  w a s  

t hen  t r e a t e d  w i t h  a c i d  (pH of 2) on 5 August and t h e  plugged and 

p a r t i a l l y  plugged o r i f i c e s  were cleaned by s c r a p i n g  o f f  t h e  s u r f a c e  

r e s i d u a l  materials t h a t  c o l l e c t e d  on t h e  pore openings. A f t e r  t h e  

concent ra ted  a c i d  t r ea tmen t ,  t h e  B3F/H l i n e  was t r e a t e d  c o n t i n u a l l y  

w i th  water  acicliEied t o  a pf1 of 7 and t h e  flow r a t e  h a s  been main- 

t a i n e d  froln August through December 1975. The C3N system was 

cleaned w i t h  hypochlor i te -ac id  and was t r e a t e d  cont inuously with a 

hypochlor i te -ac id  combination ( r e l a b e l l e d  a s  C3N/HC) l i k e  t h e  A3 
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system. Flow was s i m i l a r y  improved and maintained as f o r  t h e  B3F/H 

system f o r  t h e  r e s t  of t h e  y e a r .  

Another set of B3 and C3 combination was i n s t a l l e d  o n  1 8  June  

t o  r e p l a c e  t h e  o r i g i n a l  B 3  and C3 l i n e s  t h a t  had become clogged and 

s a c r i f i c e d  f o r  v i s u a l  i n s p e c t i o n .  Th i s  t ime w i t h i n  70 days of i n s t a l -  

l a t i o n ,  b o t h  B and C l i n e s  had a 50% reduc t ion  i n  flow. The o r i f i c e s  

were c leaned  e x t e r n a l l y  and t h e  wa te r  e n t e r i n g  t h e  l i n e s  was t r e a t e d  

w i t h  o rgan ic  polyphosphate s o l u t i o n s  which d i d  n o t  improve t h e  flow. 

The polyphosphate a d d i t i o n  was s topped 36 days a f t e r  t h e  flow had 

f u r t h e r  decreased and i n  system B ~ / P ,  t h e  f eed  wa te r  was then  passed 

through commercial "demineralizing" equipment. The t r ea tmen t  d i d  n o t  

improve t h e  flow rate and t h i s  l i n e  was d iscarded .  I n  c a s e  of t h e  

C3/P system, a c i d  was i n j e c t e d  i n t o  t h e  l i n e s  l i k e  B3F/H (C3/P re- 

des igna ted  as C3lH) and flow was improved t o  approximately 90% of 

t h e  i n i t i a l  va lue .  This  combination w i l l  b e  cont inued f o r  1976. 

Another set of B3 and C3 l i n e s  ( l a b e l e d  C 3 . 3  i n  F igure  4 ,  B 3 . 3  

n o t  shown) was set up on 5 August 1975. The flow r a t e  i n  C 3 . 3  had 

decreased 50% i n  54 days and 75% i n  90 days. The r a t e  i n  B3.3 had 

decreased i n  80 days and cont inued at t h e  low l e v e l  f o r  t h e  rest of 

t h e  yea r  . 
F i l t r a t i o n  of t h e  w e l l  wa te r  d i d  n o t  h e l p  i n  p reven t ing  clogging 

f o r  Emi t t e r  3 a s  evidenced by t h e  decrease  i n  flow rates f o r  b o t h  

B and C t r ea tmen t s .  The t u r b i d i t y  measuremenLs showed t h a t  t h e  sus-  

pended m a t e r i a l  counts  were about  t h e  same i n  t h e  two t r ea tmen t s .  

I n  a l l  t ypes  of e m i t t e r s ,  plugging d id  n o t  appear u n t i l  t h e  warmer 

water  temperatures  (20 C and h ighe r )  s t a r t e d ,  when m i c r o b i a l  and 

chemical r e a c t i o n  would b e  enhanced. 

The weekly measurements of mic rob ia l  popu la t ion  f o r  Treatments  

A, B ,  and C sampled immediately a f t e r  t rea tment  and be2 o r e  e n t e r i n g  

t h e  t r i c k l e  l i n e s  a r e  s h o ~ m  i n  F igure  5 .  The hypoch lo r ina t ion  

Treatment C k e p t  t h e  popula t ion  down t o  t h e  0 t o  100 p e r  m l  l e v e l  

except  f o r  two i n s t a n c e s ,  once when t h e  i n j  e c t o r  t ub ing  b roke  and 

another  when t h e  s t o c k  hypoch lo r i t e  s o l u t i o n  r a n  ou t .  The unchl-orin- 

a t e d  Treatments A and B bo th  had h igh  counts  i n  t h e  o rde r  of 10  5 
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t o  10  b a c t e r i a  p e r  m l  w i th  no d i f f e r e n c e  p r e s e n t  between t h e  sand 

and no  sand  f i l t r a t i o n  t r ea tmen t s .  Microbia l  popula t ion  from Emit- 

ters 1, 2 ,  and 3 samples t aken  at t h e  end of t h e  laterals (Figures  

6 ,  7, and 8) resembled t h a t  f o r  t h e  samples j u s t  e n t e r i n g  t h e  laterals. 

Thus, i t  appears  t h a t  t h e  decrease  i n  flow f o r  t h e  t h r e e  e m i t t e r s  

could b e  caused by t h e  mic rob ia l  a c t i v i t y  i n  t h e  tubes  and e m i t t e r  

openings . 
Checks of t h e  mic rob ia l  popu la t ion  i n  t h e  a c i d  t r ea tmen t s ,  B3F/H 

and C3/H of F igure  4 showed h igh  va lues  similar t o  t h a t  of t rea tments  

B and C,  y e t  t h e i r  flow rates had n o t  decreased.  The type  of microbe 

growing under t h e  a c i d  cond i t i on  may b e  d i f f e r e n t  from t h e  non-acid 

t r e a t e d  system. Also t h e  a c i d  may i n h i b i t  calcium carbonate  pre-  

c i p i t a t i o n .  A l l  t h e  l ines t r e a t e d  wi th  a c i d  had wa te r  w i th  a pH of 

6.5 t o  7,  whereas t h e  un t r ea t ed  wa te r  had a pH of 7.8 t o  8. The pre- 

c i p i t a t e d  m a t e r i a l s  could a c t  a s  s i t e s  f o r  t h e  mic rob ia l  s l imes  t o  

b u i l d  up and cause e m i t t e r  blockages.  

The i n v e s t i g a t i o n  w i l l  b e  cont inued i n  1976 t o  look i n t o  t h e  

e f f e c t  of o t h e r  mine ra l  a c i d  b e s i d e s  s u l f u r i c  a c i d  on e m i t t e r  r ec l a -  

mation and performance. Other e m i t t e r  design and b a c t e r i c i d e  may b e  

inc luded  a s  space  permi ts .  Microbia l  popu la t ion  . w i l l  b e  monitored 

on a c o n t i n u a l  b a s i s  i n  a l l  p r e s e n t  and new t r i c k l e  systems under 

i n v e s t i g a t i o n .  

SUMMARY : 

Plugged emitters w i t h  f l u s h  p rov i s ions  ~7ere s u c c e s s f u l l y  re- 

claimed i n  t h e  f i e l d  by t r e a t i n g  them w i t h  concent ra ted  hypoch lo r i t e  

and a c i d  s o l u t i o n s .  Emi t t e r  performance could b e  maintained by f o l -  

lowing the shock t rea tment  w i t h  continuous low concen t r a t ions  of t h e  

s a m e  chemicals .  Furthermore, c logging can b e  prevented by i n i t i a l  

t rea tment  of t h e  t r i c k l e  system w i t h  hypoch lo r i t e  and a c i d ,  and sand 

f i l t r a t i o n  where t h e  suspended load i s  h igh .  Where t h e  wa te r  h a s  a 

tendency t o  form carbonate  p r e c i p i t a t e s  , a c i d  t rea tment  a lone  can 

h e l p  i n  bo th  t h e  rec lamat ion  and maintenance oE t h e  emitters. 

PERSONNEL: F. S .  Nakayama, D. A. Eucks, R. G. G i l b e r t ,  0 .  F. French, 

and B . A.  Rasnick 
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T a b l e  1. System f low r a t e s  b e f o r e  and a f t e r  e m i t t e r  r e c l a m a t i o n  t r e a t m e n t s  i n  g r a p e  exper iment ,  

Designed 30 J u l  14 Aug 20 Feb 28 Feb 29 Apr 17 May 11 J u n  3 J u l  7 Aug 6 Oct 
System f l o w  (gph) 1974 1974 197 5 1975 1975 1975 1975 1975 1975 1975 

a Chemical  t r e a t m e n t  i n  S e p t  1974 

b ~ h e m i c a l  t r e a t m e n t  i n  Nov 1974 

Chemical  t r e a t m e n t  21-22 Feb 1975 

d ~ h e m i c a l  t r e a t m e n t  25-2k Feb  1975 
e 

Chemical  t r e a t m e n t  26-27 Feb 1975 
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Table 2. Typical composition of storage water used in trickle 

irrigation experiment. 

C1 = 15.3 me/l 

SO4 = 3.2 me/l 

HC03 = 6.9 me/l 

NO3 = 10,9 ppm 

Suspended load 5.5 mg/l 

Total salt = 1630 ppm 

Langelier Saturation index = 0.7 
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Table 3 .  Plow rates o f  E m i t t e r s  1, 2, and 3 for  Treatments 

A, B, and C d u r i n g  A p r i l  1975.  
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Table 4. Flow rates of Emitters 1, 2, and 3 for Treatments A, 

B, and C dur ing  May 1975.  
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Tab le  5.  Flow r a t e s  of E m i t t e r s  1, 2, and 3 f o r  Treatments  

A, B, and C d u r i n g  June 1975. 
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WELL C ~ T Y  TREATMENTS 
WATER WATER 

T I C  = TEME C L O C K  
A = AMT1SIPHON V A L V E  
S V  = S O L E R O l D  VALVE M = WATER METER 

R = PRESSURE REGULATOR 

F i g u r e  1. Schzrnstlc &lagram of  equipment arrangcxoizt used ir ,  trickle irrigation experiment. 
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/ 3CT N O V  D E C  
~ ~ ~ l l l l l t l l l l ~  l l l i t l ,  l l l l l l l l l ~ l l l l l l l , l l , l t , !  ! ! , I  

0 3.0 60 9 0  

DAYS ELAPSED 

F i g u r e  2.  Flow r a t e s  o f  E m i t t e r s  I and 2 w i t h  Trea tments  A and B d u r i n g  October t o  December 

l97r:. . . 
\ .  
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D . .  

Figure 3 .  

I20 6 0 180 240 300 360 

D A Y S  ELAPSED 
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E F F E C T  OF TREATMENT A N D  TIME ON EMITTER F L O W  R A T E  

Figure 4. Effect of treatment and time on the flow rate of Enitter 
3 .  (Treatment-emitter combination in ellipse and flow 
rates, gph per emitter,in blocks. A slash ' I / "  after the 
treatment-emitter.,combination indicates an qdditional 
chemical treatment'had been imposed on the original 
system and a vertical arrow time when 50% reduction in 
flow rate had occurred.) 
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I I ' 1 .  I 1 1 I I I 1 

TREATMEI~T 'A 
n I I B SOURCE : AFTER TREATiGENT 

I 

F i gu re  5. 

- *  , 

120 I80 ' 

DAYS ELAPSED 

Microb ia l  popu la t i on  i-n, water  samples f o r  Treatments A ,  B, and C. 
' . 
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o TREATMENT A 
u I I B 

SOURCE: EMITTER *'I 

Figure. 6 .  

DAYS ELAPSED 

Microbia l  popu1atior;r i n  water  samples from Emi t t e r  1. 
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o TREATMENT A . SOURCE 8 EtGITTER * 2  

120 180 

DAYS ELAPSED 

F i g u r e  7 .  Mic rob ia l  popu la t i on  i n  water  samples from Emi t t e r  2. 
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0 TREATMENT A 
0 I I B 

IL 

SOURCE : EMITTER *3 4 
I 

DAYS E L A P S E D  

Figure 8. Microbial population in water samples from Emitter 3. 

i 
3 .  

.' . .  . 
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TITLE : METEOROLOGICAL FACTORS AFFECTING EVAPORATION FROM 

BARE SOIL AND CROP SURFACES. 

CRIS WORK UNIT: 5510-12260-002 CODE NO.: Ariz.-IKL 72-6 

Most of t h e  work conducted under t h i s  o u t l i n e  t h i s  y e a r  d e a l t  

w i t h  t h e  development of techniques  f o r  t h e  remote assessment  of s o i l  

mo i s tu re  of b a r e  and cropped f i e l d s .  The fo l lowing  summaries of 

s i x  r e s u l t a n t  p u b l i c a t i o n s  e l u c i d a t e  t h e  g o a l s  achieved.  

I. Tdso, S. B.,  Jackson,  R. D . ,  and Reginato,  R. J .  De tec t ion  of 

s o i l  mo i s tu re  by remote s u r v e i l l a n c e .  American S c i e n t i s t  

63:549-557. 1975. 

One of t h e  pr imary r e sou rces  upon which man d i r e c t l y  depends f o r  

h i s  e x i s t e n c e  i s  s o i l  mois ture .  S ince  wi thout  i t  no food can  be  

produced, t h e  d i s t r i b u t i o n  of  mo i s tu re  over  t h e  l and  s u r f a c e  of t h e  

g lobe  has  shaped t h e  development of c i v i l i z a t i o n s  and d i r e c t e d  much 

of t h e  cou r se  of h i s t o r y .  Th i s  r e sou rce ,  among o t h e r s ,  man now seeks  

t o  monitor  from space ,  and toward t h i s  end he  i s  apply ing  some of h i s  

most s o p h i s t i c a t e d  technology and management e x p e r t i s e .  

A t  t h e  most b a s i c  l e v e l ,  s o i l  mo i s tu re  s u s t a i n s  t h e  many c rop  

p l a n t s  t h a t  man c u l t i v a t e s ;  i t s  presence  i n  proper  amounts i s  essen-  

t i a l  f o r  seed germinat ion,  c r u c i a l  e a r l y  development, and s u c c e s s f u l  

matura t ion .  It i s  a l s o  important  i n  p a r t i t i o n i n g  water income from 

r a i n f a l l  and i r r i g a t i o n  i n t o  r u n o f f ,  deep p e r c o l a t i o n ,  and s t o r a g e .  

Subsequent evapora t ion  of s t o r e d  water  from t h e  s o i l  s u r f a c e  o r  

through v e g e t a t i o n  i s  f u r t h e r  dependent on t h e  s o i l ' s  water c o n t e n t ,  

a s  i s  e ros ion  of t h e  s o i l  by wind. On a  more complex l e v e l ,  s o i l  

mo i s tu re  i n f l u e n c e s  crop p r o d u c t i v i t y  through i ts  e f f e c t s  on i n s e c t  

p e s t s  and p l a n t  d i s e a s e s .  Thus, a  change i n  t h e  amount of water  i n  

t h e  s o i l  may have bo th  good and bad e f f e c t s .  I n  t h i s  paper  we 

a t tempt  t o  i l l u m i n a t e  some of t h e s e  r e l a t i o n s h i p s  and t o  show how 

so i l -mo i s tu re  d a t a  acqui red  by remote sens ing  from a i r c r a f t  o r  

s a t e l l i t e s  may be  used t o  improve human l i f e .  

Various procedures  f o r  r a d i o m e t r i c a l l y  measuring s o i l  water-  

con ten t  from j u s t  above t h e  ground s u r f a c e ,  from a i r c r a f t  o v e r f l i g h t s ,  

and from o r b i t i n g  s a t e l l i t e s  complement each o t h e r  and hold  promise 
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f o r  improving e f f i c i e n c y  i n  a g r i c u l t u r a l  p roduct ion  and process ing .  

The techniques  u t i l i z i n g  r e f l e c t e d  short-wave r a d i a t i o n  (a lbedo) ,  

emi t ted  long-wave r a d i a t i o n  ( s u r f a c e  tempera ture) ,  and n a t u r a l  micro- 

wave emission ( b r i g h t n e s s  t empera tu re ) ,  and t h e  procedures  f o r  u s ing  

them, have c e r t a i n  l i m i t a t i o n s ,  b u t  each i s  p o t e n t i a l l y  s u i t e d  t o  

some impor tan t  a p p l i c a t i o n  i n  t h e  management of: t h e  e a r t h ' s  l a n d  and 

water  r e sou rces .  Combined i n  a g l o b a l  program oE cont inuous  observa- 

t i o n  of s o i l  mois ture ,  they  could do much t o  a l l e v i a t e  some of t h e  

many food product ion  problems we f a c e .  These techniques  hold o u t  

t h e  p rospec t  of g iv ing  u s  a new set of t o o l s  i n  t h e  b a t t l e  a g a i n s t  

worldwide hunger.  

2. Reginato, R. J . ,  Idso ,  S. B. ,  and Jackson, R. D. Assess ing  s o i l  

mo i s tu re  remotely.  Hydrol. and Water Res. i n  Ar i z .  and t h e  

Southwest 5:191-198. 1975. 

Three techniques  capable  of remotely a s s e s s i n g  s o i l  m o i s t u r e  a r e  

under s tudy .  Two of t h e  methods, r e f l e c t a n c e  and thermal ,  a r e  s e n s i -  

t i v e  t o  t h e  c o n d i t i o n s  of t h e  b a r e  s o i l  s u r f a c e ,  and e m p i r i c a l l y  

de r ived  r e l a t i o n s  between t h o s e  parameters  and water  con ten t  t o  any 

s o i l  depth  more than  a couple of cen t ime te r s  a r e  q u i t e  tenuous.  The 

t h i r d  technique ,  microwave emission,  appears  t o  have good p o t e n t i a l  

f o r  a s s e s s i n g  s o i l  mo i s tu re  w i t h  dep th ,  because of i t s  g r e a t e r  wave- 

l e n g t h .  Seve ra l  t echno log ica l  problems must be i n v e s t i g a t e d  and 

so lved  b e f o r e  t h i s  method can be  c l a s s i f i e d  as u s e f u l .  

Many of t h e  l i m i t a t i o n s  of a l l  t h r e e  methods should b e  overcome 

through improved technology and a d d i t i o n a l  experimentat ion.  Being 

a b l e  t o  a s s e s s  s o i l  mo i s tu re  r a p i d l y  over l a r g e  a r e a s  and having  tl ie 

in format ion  e a s i l y  a c c e s s i b l e  t o  a v a r i e t y  oE u s e r s  would g r e a t l y  

beneEit  mankind. From t h i s  knowledge i t  should be  p o s s i b l e  t o  pre-  

d i c t  crop y i e l d s  w i t h  g r e a t e r  accuracy than  i s  c u r r e n t l y  be ing  done; 

t o  p r e d i c t  t h e  p o t e n t i a l i t y  of crop p e s t  i n f e s t a t i o n s ,  such as 

l o c u s t s ;  t o  e v a l u a t e  v a r i o u s  c u l t u r a l  p r a c t i c e s  f o r  conserv ing  

moi s tu re  under dryland farming cond i t i ons ;  t o  a s s e s s  t h e  p e r s i s t e n c e  

of p e s t i c i d e s  i n  t h e  s o i l ;  and t o  a s s e s s  myriad o t h e r  so i l -mois ture-  

dependent phenomena. 
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3. Jackson, R. D . ,  and Idso S. B. Surface albedo and desertifica- 

tion. Science 189:1012-1013. 1975. 

Otterman has proposed that desertification in regions of 

marginal rainfall may be due to an increase in surface albedo caused 

by the removal of vegetation by overgrazing. He hypothesizes that, 

when high-albedo soils are denuded the resultant increase in surface 

albedo causes lower surface temperatures, which in turn reduce the 

heat input to the lower atmosphere, decrease its temperature lapse 

rate, and hence somewhat reduce convective activity leading to rain- 

fall. 'Over a period of several years we have measured albedos and 

surface temperatures of soils and plants in the Sonoran Desert 

climate of the southwestern United States, and, from the results of 

our investigations, we would predict that the denuded surface would 

be warmer than the vegetated one. Since the importance of correctly 

identifying the climatoZogica1 mechanisms of desertification cannot 

be overemphasized in light of the devastation and human suffering 

caused by these processes in the Sahel, we believe that further 

analysis is warranted. Furthermore, since our analysis tends to in- 

dicate that the denuding of soil may have thermal and climatic 

effects just the opposite of those that he has postulated, until 

actual on-site measurements of rainfall and of surface temperatures 

based upon correct surface emissivities show otherwise, the validity 

of the rainfall reduction mechanism Otterman postulates should be 

seriously questioned. 
1 

4. Idso, S. B., and Ehrler, W. L. Estimating soil moisture in the 

root zone oE crops: a technique adaptable to remote sensing. 

Geophys. Res. Letters 3:23-25. 1976. 

A technique for estimating water contents within the root zones 

of crops from measurements of midday leaf-a5r temperature differen- 

tials is developed. Pertinent data used in the analysis were ob- 

tained from a cotton crop and two sorghum crops grown on an Avondale 

loam at Phoenix, Arizona. Since air temperature is the most common- 

ly measured meteorological parameter on earth, and since crop canopy 

temperatures can be obtained by radiometric means, the technique 
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appears  t o  p o i n t  t h e  way toward t h e  even tua l  development of a pro- 

cedure  f o r  t h e  est imati-on of c rop  y i e l d s  v i a  remote sens ing .  

5. Id so ,  S. B . ,  Jackson,  R. D. ,  and Reginato,  R. 5 .  Normalization 

of s u r f a c e  tempera ture  d a t a  t o  compensate f o r  environmental 

v a r i a b i l i t y  i n  t h e  thermal  i n e r t i a  approach t o  remote sens ing  

of s o i l  mois ture .  J.  Appl. Meteorol .  (Submitted).  

A t echn ique  has  been developed t h a t  a l l ows  us ing  s tandard  

maximum and minimum air tempera tures  recorded by t h e  Nat iona l  

Weather Se rv i ce  t o  reduce  t h e  s c a t t e r  i n  t h e  e s t ima t ion  of so i l -water  

c o n t e n t s  based on remotely acqui red  s u r f a c e  tempera ture  d a t a .  Th i s  

development makes t h e  u s e  of a i r c r a f t  and s a t e l l i t e s  t o  d e t e c t  s o i l  

mo i s tu re  v i a  s u r f a c e  tempera ture  measurements a much more v i a b l e  

p r o p o s i t i o n  than  it has  been i n  t h e  p a s t .  It i s  p o s s i b l e  t h e  tech-  

n ique  could a l s o  be  u s e f u l  i n  o t h e r  thermal  i n e r t i a  a p p l i c a t i o n s  

such as l i t h o g r a p h i c  mapping. 

6. P i n t e r ,  P. J . ,  and Jackson, R. DL Thermal r e l a t i o n s  a f f e c t i n g  

s u r v i v a l  of p ink  bollworm l a r v a e  between c u t o u t  and pupat ion.  

Environ. Entomol. (To be  submi t ted) .  

L a s t  i n s t a r  p ink  bollworm l a r v a e ,  Pect inophora g o s s y p i e l l a  

Saunders,  l e a v e  t h e  p r o t e c t i v e  c o t t o n  f r u i t  mic rohab i t a t  i n  a midday 

(1000-1400h) c i r c a d i a n  "cutout"  rhythm, then  drop t o  t h e  s o i l  s u r f a c e  

t o  s e a r c h  f o r  a s u i t a b l e  pupat ion  s i t e .  Before canopy c l o s u r e  com- 

p l e t e l y  shades t h e  s o i l ,  l a r v a e  t h a t  f a l l  upon s u n l i t  p o r t i o n s  may 

encounter  s u f f i c i e n t l y  h igh  tempera tures  f o r  pe r iods  long enough t o  

render  them e c o l o g i c a l l y  dead. This  t ime-temperature r e l a t i o n ,  

termed t h e  C r i t i c a l  Thermal Maximum (CTM), was determined f o r  120 

l a r v a e  a t  s o i l  s u r f a c e  tempera tures  ranging  from 45 t o  68 C under 

f i e l d  cond i t i ons .  Below 50 C a l l  b u t  one i n s e c t  survived a 10-min 

exposure and most t r a v e l e d  a t  l e a s t  1 meter .  A t  51  C,  CTM occurred 

w i t h i n  2.5 min; a t  65 C i t  was reached w i t h i n  0.33 min, and t h e  

d i s t a n c e  t r a v e l e d  was l e s s  t han  0.2 m. A model developed from 

l a r v a l  tempera tures  monitored wi th  two thermocouple techniques  

showed CTM occur r ing  when i n s e c t  c u t i c l e  temperatures  reach  46 t o  53 

C. 
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PERSONNEL: Sherwood E. I d so ,  Ray D .  Jackson,  Robert 5 .  Reginato,  

John P r i t c h a r d ,  and Harold Mastin 
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TITLE : GROIJTH AND YIELD OF J O J O D A  (SE@fONDSIA CHINENSIS 

(LINK) SCHNEIDER) ON RUNOFF-COZLZCTING 

MICROCATCEPENTS 

CRIS WORK UNIT: 5510-12260-002 CODE NO.: USWCL 73-4 

INTRODUCTION : 

For d e t a i l s  s e e  Annual Reports  f o r  1973 and 1974. The essence  

of t h e  experiment is  t o  measure r a i n f a l l  on t h e  exper imenta l  s i t e ,  

determine t h e  pe rcen t  runoff  as a f f e c t e d  by two t r ea tmen t s  on micro- 

catchments (as coxpared t o  c o n t r o l s  lack ing  catchments),  and measure 

any r e s u l t i n g  d i f f e r e n c e s  i n  s o i l  water  con ten t  nea r  t h e  jo joba  

p l a n t  as w e l l  as t h e  subsequent growth and y i e l d  of j o joba  seeds.  

PROCEDURE : 

Monitor ing of t h e  s o i l  water  conten t  by neut ron  meter  r ead ings  

was cont inued  throughout  t h e  year ,  b u t  p e r i o d i c  sampling f o r  t h e  

r e l a t i v e  l e a f  water  con ten t  was d i scon t inued  because of t h e  method's 

poor d i s c r i m i n a t i o n  among t r ea tmen t s ,  

Both r a i n f a l l  and runoff  were recorded  f o r  every storm. On 12 

June an  overcoa t ing  of p a r a f f i n  wax (AMP 61-69 C) w a s  a p p l i e d  a t  
2 

0.5 kg/m t o  t h e  p l o t s  o r i g i n a l l y  t r e a t e d  w i t h  "dust-suppressant ' '  

( t he  T2 t rea tment ) .  I n  t r ea tmen t s  T and T excess ive  weed growth 
0 1 2 
L 

was removed from t h e  4-m a r e a  con ta in ing  t h e  jo joba  p l a n t .  

RESULTS : 

No y i e l d  d a t a  were obta ined  t h i s  year.  Sharp f r e e z e s  a t  t h e  

end of December 1974 s e v e r e l y  i n j u r e d  t h e  jo joba  p l a n t s .  Only 

t h r e e  p l a n t s  ou t  of t h e  t o t a l  of 30 d id  n o t  show evidence of s eve re  

l ea f  and bud in ju ry ,  according t o  a v i s u a l  r a t i n g  made on 2 January  

1975. Desp i t e  v igorous  v e g e t a t i v e  growth i n  l a t e  s p r i n g  on t r e a t -  

ments T and T2, no f lowers  matured. 1 
Table 1 gives  t h e  monthly d i s t r i b u t i o n  of r a i n f a l l .  A n o t a b l e  

f e a t u r e  i s  t h e  complete l a c k  of r a i n  dur ing  August; summer r a i n f a l l  

normally peaks i n  August. The d i s t r i b u t i o n  of r a i n  i n  s p r i n g  i s  

be l i eved  t o  have been adequate  f o r  development of f l owers  and f r u i t s  

had the r ep roduc t ive  s t imulus  been t r i g g e r e d  i n  time ( a t  l e a s t  f o r  

t r ea tmen t s  T and T2). 1 
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The percentage  runoff  from d i f f e r e n t  s i z e d  storms was s i m i l a r  

t o  t h a t  of t h e  previous  yea r  (Table 2). The weighted average 

de r ived  from t h e s e  d a t a  is 40% runoff  from T and 93% from T 1 2 * 
These a r e  t h e  amounts t o  be expected on t h e  p l o t s  w i t h  p l a n t s  hav- 

i n g  microcatchments,  Applying t h e s e  f i g u r e s  t o  the measured r a i n -  

f a l l  f o r  t h e  ycar ,  t h e  c o n t r o l  p l a n t s  had 223 mrn of water ,  whereas 

T p l a n t s  had 892 mm, and T2 p l a n t s  1260 mm (Table 3 ) ,  With such 
1 

apprec i ab le  water  harves ted ,  t h e  s o i l  water  con ten t  can be expected 

t o  be  augmented correspondingly.  As shoxtm i n  F igure  1, t h i s  was 

t r u e  f o r  most of t h e  year ,  t h e  s o i l  water con ten t  be ing  i n  propor- 

t i o n  t o  t reatment ,  except  f o r  two s h o r t  per iods ,  one i n  e a r l y  June 

and t h e  o t h e r  i n  e a r l y  September. 

SUMMARY AND CONCLUSIONS: 

I f  t h e  p l a n t  can  endure t h e  win te r  wi thout  severe  f r o s t  i n j u r y ,  

t h e r e  i s  promise of a s i g n i f i c a n t l y  h ighe r  seed y i e l d  i n  t rea tments  

T and T2 than  i n  T , j u s t  a s  i n  June 1974, 
1 0 

PERSONNEL: W, Ehr l e r ,  S, Mi t che l l ,  and D. Fink 
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Table I. Monthly r a i n f a l l  on t h e  jo joba  p l o t s ,  

Month 

J a n  1975 

Feb 

Mar 

A P ~  

Ju 1 

S ~ P  

oc t 
Dec 

12-month t o t a l  

R a i n f a l l ,  mm 

5.1 

35 -0  

42.9 

22.8 

40.9 

13.7 

100 

6 1 , l  

222,5 
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Table 2. C h a r a c t e r i z a t i o n  of t h e  p o t e n t i a l  percentage  runoff  from 

the  jo joba  microcatcl~ments  f o r  t r ea tmen t s  T and T a s  1 2' 
measured by two p l o t s  w i th  c o l l e c t i n g  b a r r e l s  i n  p l ace  of 

jo joba  p l a n t s ,  

USERY PASS PRECIPITATION-RUNOFF CWAUCTERISTICS FOR 1975 

O r i g i n a l  water  r e p e l l e n t  ("dust suppressant")  supplementecl w i t h  
2 

a c o a t i n g  of p a r a f f i n  wax (AMP, 61-69 C) a t  0.5 kg/m on - 

STORM 

SIZE, ntm 

< 5 

5-10 

10 - 20 

> 20 

12  Jun 75. 

Data measured. 

Data es t imated  due t o  overf low of c o l l e c t o r s .  

Es timatecl weighted average f o r  whole year .  

NO. 

S TORMS 

7 

3 

6 

3 

TOTAL 

PRECIP., mm 

15.8 

28.6 

93,6 

84-5 

TOTAL 222,5 19 

PERCENT 

OF TOTAL 

PPGCIP. 

7 

13 

4 2 

38 

PERGEh? RUNOFF 

T1 Yy 
9 8 4 

26 9 4 

5 1- 9 9 /  2 / 

38 9 9 /  

100 4& 9 3- 4 / 
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Table 3 .  Estimated u s a b l e  water  f o r  1975 on the  

t h r e e  t rea tments .  

Treatment 

EIarves t e d  

Water, ran 
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TITLE : TEWEMTURE CONTROL OF C02-FERTILIZED, SEALED 

GREENHOUSES 

CRIS WORK UNIT: 5510-12260-002 CODE NO.:  USWCL 75-1 

INTRODUCTION: 

The f i r s t  o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  des ign ,  t e s t ,  and 

e v a l u a t e  c o o l e r s  f o r  s ea l ed  greenhouses under sum~nertime cond i t i ons .  

During 1975 a t e s t  evapora t ive  coo l ing  tower was i n s t a l l e d  on t h e  

test greenhouse, and h e a t  ba lance  measurements were made. Fu r the r  

computer s imu la t ion  of t h e  h e a t  and mass exchange performance of 

aspen pads was done, and measurements were made of t h e  b a s i c  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  i n  coope ra t ive  work a t  t h e  Un ive r s i t y  

of Arizona. 

The second o b j e c t i v e  i s  t o  des ign ,  t e s t ,  and e v a l u a t e  methods 

of thermal  energy s t o r a g e  a s  an  energy saving  means t o  ach ieve  s a t -  

i s f a c t o r y  h e a t i n g  i n  w in te r t ime  and coo l ing  i n  summertime of a 

s e a l e d  greenhouse. Work was i n i t i a t e d  on t h e  t e s t i n g  of m a t e r i a l s  

which m e l t  and thaw nea r  t h e  midpoint between t h e  optimum day and 

n i g h t  tempera ture  f o r  p l a n t  growth. Modif ica t ion  of computer simu- 

l a t i o n  programs t o  i n c o r p o r a t e  thermal  energy s t o r a g e  i n t o  t h e  energy 

ba lance  of t h e  greenhouse was i n i t i a t e d .  

The last  o b j e c t i v e  is  t o  demons t r a t e ' t he  p o s i t i v e  y i e l d  respon- 

s e s  a t t a i n a b l e  w i th  CO f e r t i l i z a t i o n  i n  a s ea l ed  greenhouse. A GO2 
2 

sampling and a n a l y s i s  system w a s  i n s t a l l e d  t o  monitor and c o n t r o l  

t h e  CO concen t r a t ion  i n  t h e  t e s t  greenhouse. The f i r s t  tomato crop 
2 

was grown, a l though t h e  GO2 c o n t r o l  system was o p e r a t i v e  f o r  on ly  

t h e  l a s t  p o r t i o n  of t h e  c r o p ' s  growth. Construct ion of a secodd 

greenhouse was s t a r t e d  s o  t h a t  an experimental  c o n t r o l  w i l l  b e  a v a i l -  

a b l e  a t  ambient CO concen t r a t ions .  
2 

PART I: COOZING SYSTEM PERFORMANCE AND DESIGN 

I n  t h e  1974 Annual Report f o r  t h e  p r o j e c t  "Gravel Bed Coolers  

f o r  Greenhouses," we r epor t ed  t h a t  ' t he  computer s imu la t ion  program, 

OUTSIDEPAD, p red ic t ed  t h a t  t h e  performance of t h e  o u t s i d e  coo l ing  

tower could be markedly improved i f  t h e  v e r t i c a l  aspen pads were 
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made 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  previous  convent iona l  evapora t ive  coo le r s .  Therefore ,  a cool ing  

tower was b u i l t  which had v e r t i c a l  aspen pads l 9  i nches  wide, and 67 

i nches  t a l l .  There were 6 pads 2 inches  t h i c k  and another  6 were 4 

inches  t h i c k .  They were i n s t a l l e d  t o g e t h e r  t o  make pads of 6 inches 

t o t a l  t h i ckness .  The two 3500 CFM blowers were removed from t h e  

previous  c o o l e r s  and i n s t a l l e d  i n  t h e  tower t o  d i scha rge  h o r i z o n t a l l y  

i n  oppos i t e  d i r e c t i o n s .  

F igure  1 shows t h e  performance of t h e  tower a s  i n d i c a t e d  by i t s  

approach of water  temperature t o  t h e  o u t s i d e  wet bu lb  temperature.  

Also shown i s  t h e  performance p red ic t ed  p rev ious ly  by t h e  OUTSIDEPAD 

program. A s  can be seen ,  t h e  a c t u a l  performance w a s  much worse than  

p red ic t ed .  The r eason  f o r  t h e  poor performance seemed t o  b e  t h a t  t h e  

e x t r a  pad t h i c k n e s s  caused t h e  a i r  v e l o c i t y  t o  be reduced more than  

expec ted ,  and w i t h  t h e  6 inch  pads, a l a r g e r  f r a c t i o n  o f , a i r  w a s  

going through c racks  around t h e  pads r a t h e r  than  through them. The 

previous  a i r  flow r a t e  through t h e  convent iona l  a i r  c o o l e r s  had been 
2 

7500 CFM/36 f t  = 217, wh i l e  through t h e  6 inch  cool ing  tower pads 
2 

it  was 5500 CFM/53 E t  = 104. Apparently OUTSIDESIDE had n o t  ade- 

qua te ly  compensated f o r  t h e  d i f f e r e n t  a i r  v e l o c i t y ,  and of course ,  

i t  could not  account  f o r  a i r  by-passing t h e  pads through cracks .  

An a t tempt  was made t o  improve t h e  tower performance by reducing 

pad t h i c k n e s s  t o  i n c r e a s e  a i r  flow. The 4 inch  t h i c k  pads were 

removed l e a v i n g  only  the  2 inch  t h i c k  ones.  The water  was induced 

t o  flow from t h e  s l o t t e d  p ipe  d i s t r i b u t i o n  system i n t o  t h e  2 inch  

pad by us ing  a V shaped Eunnel of po lye thylene  f i l m  t h a t  spanned t h e  

p i p e s  a t  t h e  top  and t h a t  was tucked between t h e  aspen f i b e r s  and 

t h e  w i r e  pad frame on each s i d e  a t  t h e  bottom of t h e  V. The per- 

formance was markedly improved a s  shown by t h e  t h i r d  ba r .  Th i s  

blower-pad combination achieved a 3F approach t o  wet bulb. The a i r  

f low increased  t o  only  6000 CFM (as  measured wi th  a hand-held Taylor  

propel- ler  anemometer) s o  most of t h e  improved performance was prob- 

a b l y  due t o  a l a r g e r  f r a c t i o n  of t h e  a i r  going through the  pads r a t h e r  

t han  around them. 
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B . INSIDE PAD PERFORWANCE : 

A s  d i scussed  i n  t h e  1974 r e p o r t ,  t h e  i n s i d e  pads performed poor ly ,  

and no changes were made i n  t h e  i n s i d e  pads i n s t a l l e d  on t h e  t e s t  

greenhouse. F igu re  2 shows t h a t  t h e  i n s i d e  greenhouse tempera ture  

t y p i c a l l y  would rise about 20F above t h e  o u t s i d e  wet bu lb .  S ince  

t h e  o u t s i d e  coo l ing  tower provided water  t h a t  g e n e r a l l y  was no more 

than  3 - 4F above t h e  o u t s i d e  wet bu lb ,  most of the  tempera ture  r i s e  

is  due t o  t h e  poor h e a t  and mass exchange p r o p e r t i e s  of t h e  i n s i d e  

pads. These pads were o r i e n t e d  v e r t i c a l l y ,  168 inches  wide, 34 inches  

h igh ,  and 4 inches  t h i c k .  The water  f low r a t e  was about  30 GPM and 

t h e  i n s i d e  a i r  flow r a t e  was about  9000 Cn1. I n  view of t h i s  poor 

performance, cons ide rab le  e f f o r t  w a s  expended t o  des ign  pads f o r  

improved coo l ing  of t h e  greenhouse a i r .  

C. HEAT AND PfASS TRANSFER COEFFICIENTS FOR DIRECT CONTACT OF bJATER 

AHD AIR I N  ASPEN EXCELSIOR PADS: 

It i s  g e n e r a l l y  known t h a t  counter-flow is more e f f e c t i v e  than  

cross-flow f o r  exchanging h e a t  between two f l u i d s ,  and Benham and 

Wiersma (D. S. Benham and F. Wiersma, Design c r i t e r i a  of e v a p o r a t i v e  

coo l ing ,  Winter Meeting of t he  American Socie ty  of A g r i c u l t u r a l  

Engineers ,  paper  74-4527, 1974) had confirmed t h a t  h o r i z o n t a l  aspen 

pads a r e  more eEfec t ive  than  v e r t i c a l  pads f o r  evapora t ive  coo l ing  

of a i r .  Therefore ,  i t  seemed l o g i c a l  t o  determine whether horizon-  

t a l  pads could be used f o r  more e f f e c t i v e  coo l ing  of t h e  a i r  i n  a  

s e a l e d  greenhouse. The d a t a  presented  by Benham and rrliersma were 

done w i t h  water  a t  the  w e t  bu lb  temperature,  s o  l i q u i d  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  could n o t  be  e x t r a c t e d  from t h e i r  d a t a .  There- 

f o r e ,  Benham and lJiersma were contac ted  a t  t h e  Un ive r s i t y  of Arizona 

and a  coope ra t ive  experiment was performed us ing  v a r i o u s  f low r a t e s  

of water  a t  v a r i o u s  water  temperatures .  The experiment and r e s u l t s  

a r e  descr ibed  i n  t h e  manuscr ip t ,  "Heat and mass t r a n s f  e r  c o e f f i c i e n t s  

f o r  water  and a i r  i n  aspen e x c e l s i o r  pads," by 13. A. Kimball ,  Durward 

S. Benham, and Frank Wiersma. 
W 

Using t h i s  new d a t a  p l u s  i l la t  from Nehemiah, Lay.r, and Andre, 

t h e  fo l lowing  c o r r e l a  t-ion eq~za t ions  were obta ined .  
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where h  a  i s  t h e  l i q u i d  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  f o r  e i t h e r  
LW 

v e r t i c a l  o r  h o r i z o n t a l  pads (BT~/(min  f t 3  F ) ) ,  G i s  t h e  a i r  flow 
2 a  2  r a t e  ( l b l m i n l f t  ), and G i s  t h e  water  f low r a t e  ( l b l m i n l f t  of a i r  

L  
f a c e  a r e a ) .  The pads were 2  inches  t h i c k  and 23.4 inches  square .  

For h o r i z o n t a l  pads 

and f o r  v e r t i c a l  pads 

where haaW i s  t h e  gas  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 .  The f low r a t e s  

ranged from 6  t o  16  f o r  a i r  and from .5 t o  1 2  f o r  water .  The mass 
3 

t r a n s f e r  c o e f f i c i e n t ,  R a  ( l b l m i n l f t  ) ,  can be determined from t h e  
a  M 

gas  f i l m  h e a t  t r a n s c e r  c o e f f i c i e n t  u s ing  t h e  Lewis r e l a t i o n  which 

s t a t e s  t h a t  K a  = h a  / C  where C i s  t h e  humid s p e c i f i c  h e a t  of 
a  M a  El a  a  

t h e  a i r  (BTu/lb/F).  For t h e  temperatures  g e n e r a l l y  used i n  t h e s e  

experiments ,  C can be taken as cons t an t  a t  0.245. 
a  

D. DESIGN OF COOLING TOWERS AND DEEIUMIDIFIERS 

Using t h e  c o r r e l a t i o n  equa t ions  f o r  t h e  h e a t  t r a n s f e r  c o e f f i c i -  

e n t s  i n  h o r i z o n t a l  aspen pads presented  i n  t h e  previous  s e c t i o n ,  a  

computer program was w r i t t e n  c a l l e d  DESIGN TOWER/DEHIPP.IIDTFIER t o  

des ign  coo l ing  systems us ing  aspen pads. Th i s  program computes t h e  

h o r i z o n t a l  pad a r e a  r equ i r ed  per  u n i t  of water  f low as a  Eunction of 

approach (diEEerence between co ld  water  temperature and e n t e r i n g  a i r  

wet bulb temperature)  and range  ( d i f f e r e n c e  bwtween e n t e r i n g  and 

e x i t i n g  water  tempera ture) .  The method used i s  t o  s p e c i f y  t h e  i n l e t  

a i r  cond i t i ons  and t h e  water  and a i r  flow r a t e s  and t h e  approach. 

Then t h e  range i s  i t e r a t i v e l y  var-ied u n t i l  t h e  computed he igh t  of 
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tower equa l s  t h e  actual .  he igh t  (2 i n c h e s ) .  The process  i s  repea ted  

f o r  o t h e r  water  flow r a t e s  and approaches.  The a i r  f low r a t e  was 

f i x e d  a t  200 fpm, t h e  optimum found by Benham and Wiersma. 

Examples of t h e  output  oE t h i s  program a r e  presented  i n  F igures  

3 ,4 ,5 ,  and 6.  F igure  3 would be  used t o  des ign  a coo l ing  tower. 

Knowing t h e  h e a t  load  t o  be d i s s i p a t e d ,  t h e  use r  would s e l e c t  a water  

f low r a t e  compatible  w i th  t h e  maximum range  and approach he can t o l -  

e r a t e  based on h i s  a p p l i c a t i o n  and t h e  weather cond i t i ons  i n  h i s  

a r e a .  Then, u s ing  t h i s  range and approach, he can  f i n d  the  r equ i r ed  

pad a r e a j u n i t  of water  flow from F igu re  3. Mul t ip ly ing  t h i s  f i g u r e  

by h i s  Elow r a t e  y i e l d s  t h e  r e q u i r e d  pad a r e a ,  and mul t ip ly ing  t h e  

pad a r e a  by t h e  200 fpm a i r  v e l o c i t y  y i e l d s  t h e  t o t a l  a i r  f low r a t e .  

F igu re  4 shows t h e  wet and d r y  bulb  temperature of t h e  e x i t  

a i r  f o r  t h e  same coo l ing  tower of F igure  3. 

For most i n d u s t r i a l .  a p p l i c a t i o n s  the  a i r  coming ou t  of a cool ing  

tower is  of no d i r e c t  i n t e r e s t  because the  l a r g e  approaches and ranges  

common i n  i n d u s t r y  r e s u l t  i n  e x i t  a i r  whose d ry  bulb  i s  c l o s e  t o  o r  

above t h e  ambient d ry  bulb,  a s  can be seen  by t h e  32F curves  i n  

F igu re  4. Nowever, f o r  ranges  and approaches l e s s  t han  about 8P, t h e  

dry  bulb  temperature of t h e  e x i t  a i r  i s  almost as coo l  as from an  

a i r  coo le r  w i t h  water  r e c i r c u l a t i n g  at  t h e  wet bu lb  temperature.  

By merely changing s i g n s  on t h e  d e f i n i t i o n  of what a r e  t h e  

approach and range temperatures ,  t h e  same program can  p r e d i c t  t h e  

coo l ing  and dehumidifying of a i r  w i t h  water  a t  tempera tures  below 

t h e  wet bu lb  temperature of t h e  e n t e r i n g  a i r .  F igu re  5 shows t h e  

r equ i r ed  pad a r e a s  f o r  a i r  e n t e r i n g  a t  88.5F d ry  and 81.5P wet bu lb  

temperatures .  The curves  are n e a r l y  i d e n t i c a l  t o  t h o s e  oE t h e  cool-  

i n g  tower i n  F igure  3. P igure  6 shows t h e  corresponding d ry  and wet 

bu lb  temperatures  of t h e  e x i t  a i r .  

E. DESIGN OF SEALED AND CONVENTIONAL GIlEEWOUSE COOLING SYSTEMS: 

1. Assumptions : 

a .  Neat load = 240 BTU/hr/ft 
2 

This  i s  based on a maximum s o l a r  i n t e n s i t y  of 300 ~ ~ l J / f t / h r  

w i th  no shading and assuming t h e  e f f e c t i v e  l i g h t  t ransmiss ion  lowers  
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t h e  s o l a r  l oad  t o  70%, bu t  t h e  s e n s i b l e  load  through t h e  w a l l s  adds 

10%. 

b. No evapora t ion  i n  s ea l ed  greenhouse, bu t  50% of h e a t  load i s  

d i s s i p a t e d  by t r a n s p i r a t i o n  i n  a convent iona l ly  cooled unsealed 

greenhouse. 

c .  A 7F tempera ture  r i s e  through t h e  house is  t o l e r a b l e .  

2. A i r  f low r e q u i r e d :  

240 
BTU 

3 

a .  Sealed AFLOW = 
h r  f t "  c fm 

l b  60 min = 35 - 
.246 ????!-- ,067 - f t  2 

l b  F f t 3  h r  

2 b.  Conventional AFLOW = .5 x 35 = 17 c fm/ f t  

3. Pad s i z e  r equ i r ed  a t  200 fpm a i r  v e l o c i t y :  

2 2 
a .  Sealed PAREA = 

3 5 c f m / f t  o f G H  . 1 7 f t  o f p a d  - -  - - 
2 

200 cfm/f t  of pad 
2 

f t  o f m  

2 
,087 f t  oE pad 

b. Conventional PAREA = .5 x .17 = - 
f t 2  of GH 

4. Water f1.o.w r a t e :  

a.  Sealed 

S ince  h e a t  c a p a c i t y  of water  i s  about f o u r  t imes  t h a t  of a i r ,  

choose range t o  be about 1 / 3  t h e  a i r  temperature range  o r  range  "3F  

then  t h e  r equ i r ed  water  flow r a t e  i s  

240 BTU 

l b  g a l  hs 
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b . Conventional 

Benham and Wiersma recommend a water  flow r a t e  of about 7 

t imes  t h e  evapora t ion  r a t e  f o r  good we t t i ng .  The r equ i r ed  water  flow 

i s  

(7) (. 5) 240 
BTU 

C) 

-- h r  f t L  
RTU I b  60 min = .0016 +-Pm 

1051 8.333. - ---- 
g a l  h r  

f t  of GN 

5. llpproach temperature f o r  i n s i d e  pads ( sea l ed  on ly ) :  - 
Dividing t h e  pad a r e a  by t h e  water  flow r a t e  

and us ing  t h i s  va lue  i n  F igure  5 a long  wi th  a range of 3F shows t h a t  

t h e  approach = 4 F ,  and from Figure  6 the  e x i t  a i r  temperatures  a r e  

about  81.2F d ry  and 80.OF wet bulb.  

6. - Approach tempera ture  f o r  o u t s i d e  - pads assuming a coo l ing  system 

f o r  a convent iona l  greenhouse would be used a s  t h e  cool ing  system 

f o r  a s e a l e d  greenhouse: - 
Again d i v i d i n g  a r e a  by f low r a t e ,  

Prom I.?igure 3 w i t h  a 3P range,  t h e  approach 6F and from F i g u r e  4 

t h e  e x i t  a i r  t empera tures  a r e  76.6F dry  and 74.1 wet bu lb .  

7. Resu l t an t  g r e e n h ~ u s e  tempera tures :  

a .  Sealed 

Summing t h e  above temperature d i f f e r e n c e s  

Approach of water  t o  o u t s i d e  wet bu lb  = 6 

Range of water  temperatures  = 3 

Approach of water  t o  i n s i d e  wet bulb = rt 
Zlxsi.de exit:  d ry  bulb  above i n s i d e  en t r ance  wet bu lb  = - . 3  
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Therefore ,  i n s i d e  co ld  a i r  temperature = 13F above w e t  bulb and wi th  

a  7F r i s e ,  h o t  i n s i d e  a i r  t empera ture  = 20P above t h e  o u t s i d e  wet 

bulb.  

b,  Conventional - i f  n o t  used a s  coo l ing  tower b u t  a s  an  a i r  

c o o l e r ,  w i t h  an e f f i c i e n c y  of 76% (Benham and 'Wiersrna), t hen  e x i t  

a i r  d ry  bulb  would be about 5F above outsicle wet bu lb  and h o t  i n s i d e  

a i r  t empera ture  would be  12F above t h e  o u t s i d e  wet bulb.  

c .  Conventional - i f  used a s  coo l ing  tower f o r  a d j a c e n t  s e a l e d  

greenhouse. Froru F i g u r e  3  wi.th 3F range  and an  approach of about  GP, 

t h e  e x i t  air dry bulb  i s  about  7F above t h e  o u t s i d e  wet b u l b ,  so  t h e  

h o t  i n s i d e  a i r  tempera ture  would be  l4F  above t h e  o u t s i d e  wet bu:Lb. 

8.  Equipment and power requirements:  

a .  Sealcd 

Fan f o r  i n s i d e  a i r  

f o r  .25  i n  H 0 pres su re  drop and 33% f a n  e f f i c i e n c y  
2 

Water pump 

f o r  l i f t  oE 30 f e e t  and 50% pump e f f i c i e n c y  

b  . Conventional 

Cooling tower o r  a i r  c o o l e r  f a n  

cfm 
17 - 1 EIP x  -------- = . 00 2  1 -------- 

f t 8377 cftn 
2 

- f t  o f G N  
HP 
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c. Average power consumption f o r  2  convent iona l  houses = 

Average power consumption f o r  I sea l ed  p l u s  1 convent iona l  

house = 

Average power consumption f o r  a  vapor compression a i r  

cond i t i one r  

BTU 1 x -- = .0567 
tZP 

240 
h r  ft 

2 
BTU/hr f t  o f G H  

4200 horsepower 

From Grainger  c a t a l o g  

9. Zmplicat ions:  

For  a  20P r i s e  above wet bu lb  f o r  a  dua l  sealed-convent ional  

system i f  t h e  maximum d e s i r e d  i n s i d e  temperature were 88, t h e  s ea l ed  

greenhouse would be too warm whenever t h e  o u t s i d e  wet bu lb  exceeded 

68P. From t h e  d a t a  of Schniidli e t  a:L. (R. J. Schmidli ,  P.  C .  

Kangieser  and R. S. Ingram, 1971. Climate of Phoenix. NOAA Tech- 

n i c a l  Memorandum NWS WR 38) t h i s  means t h a t  i t  would be too warm from 

about 10:00 t o  20:OO hours  on t h e  average f o r  t h e  months of J u l y ,  

August, and September i n  Phoenix. To avoid damage t o  t h e  p l a n t s  dur- 

i ng  t h e s e  t imes,  t h e  greenliouse could  be  shaded o r  a l . t e rna t ive ly  t h e  

a i r  duc t  system could be designed s o  t h a t  dry  o u t s i d e  a i r  could be 

in t roduced  t o  t h e  i n s i d e  pads f o r  d i r e c t  evapora t ive  cool ing .  The 

conventional.  greenhouse, on t h e  o t h e r  hand, wi th  about a  13F r i s e  

above wet bu lb  would on t h e  average no t  g e t  too warm. These d a t a  

a r e  only f o r  Phoenix and of course ,  f o r  coo le r  cl.i.mates t he  sea l ed  
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greenhouse could o p e r a t e  f o r  a l a r g e r  percentage  of t h e  t ime,  and 

permi t  CO f e r t i l i z a t i o n  of t h e  c rop  a t  t h e  same ti-me. 2 
The inc reased  power consumption and equipment requirement  over  

convent iona l  greenhouses i s  n o t  d e s i r a b l e ,  p a r t i c u l a r l y  a t  t h i s  

p re sen t  energy consc ious  per iod  of t ime.  To pay f o r  t h e  increased  

energy,  CO f e r t i l i z a t i o n  would have t o  more than  double crop y i e l d s .  2 
Compared t o  coo l ing  w i t h  r e f r i g e r a t i o n ,  however, t h i s  system 

r e q u i r e s  much l e s s  power. There a r e  s e v e r a l  s e a l e d  experimental  

greenhouses throughout t h e  country cooled by r e f r i g e r a t i o n ,  and t h i s  

system could be used i n s t e a d  on t h o s e  where h igh  humidity i s  of no 

p a r t i c u l a r  concern. 

From pure ly  t h e  economic s t andpo in t ,  however, s i n c e  cool ing  equip- 

ment c o s t s  a r e  about  25% of a n  i n i t i a l  investment ,  and power c o s t s  

a r e  l e s s  than  25% of ope ra t ing  c o s t s  i n  a convent iona l  greenhouse, 

CO f e r t i l i z a t i o n  would have t o  i n c r e a s e  y i e l d s  about 50% i n  t h e  
2 

s e a l e d  greenhouse. Inc reases  of t h i s  magnitude have been r epor t ed  

i n  t h e  l i t e r a t u r e ,  bu t  n o t  c o n s i s t e n t l y .  Most of t h e  CO f e r t i l i z a -  
2 

t i o n  work has  been done dur ing  t h e  h e a t i n g  season i n  co ld  c l ima te s  

where l i g h t  i n t e n s i t i e s  a r e  n o t  p a r t i c u l a r l y  h igh .  The i n c r e a s e s  

c o n s i s t e n t l y  a t t a i n a b l e  under h igh  l i g h t  i n t e n s i t i e s  such a s  found 

i n  t h e  Southwest a r e  unknown. 

10 .  P l ans  f o r  nex t  yea r :  

A computer s imu la t ion  model i s  t o  b e  modified t o  model t h e  

coo l ing  system desc r ibed .  It w i l l  p r e d i c t  t h e  annual  hours  of use 

of f a n s  and pumps and t h e  percent  of t ime CO f e r t i l i z a t i o n  can b e  
2 

p r a c t i c e d .  It w i l l  be run  wi th  weather d a t a  f o r  v a r i o u s  l o c a t i o n s  

t o  determine how much r e l a t i v e  b e n e f i t  must be provided by CO 2 
f e r t i l i z a t i o n  t o  make t h e  system break  even w i t h  convent iona l  

greenhouses.  Data on t h e  y i e l d  i n c r e a s e s  possi .ble  w i t h  CO f e r t i l i -  2 
z a t i o n  under t h e  h igh  l i g h t  i n t e n s i t i e s  of Phoenix w i l l  a l s o  be 

obta ined ,  a s  w i l l  be  descr ibed  i n  l a t e r  s e c t i o n s .  

PERSONNEL: B. A. Kimball and S. T. Mi t che l l  
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P R E D I C T E D  1 6"  PADS 34 G P M  

- 
1220 2.8 A P R  7 5  6 "  P A D S  

1400 2 M A Y  7 5  2" P A D S  

4- 9 . 1 G P lil? 

33.7 G P M  

Figure  1, Approach of v a t e r  t e ~ p e r a t r u r e  t o  v e t  

v e r t i c a l  aspen pad to;ier f o r  6 and 2 

b a i h  t enFe ra tu re  f o r  

in,  t h i c k  pads and 

approach p r e d i c t e d  by OUTSIDEPAD program, Heat load was 

45,000 BTU/WR, 
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115 i i I I i I I 1 1 f I 
.- 

-o- O U T S I D E  S O L A R  R A O I A T I O N  

D R Y  BULB TEMP. 

+ I N S i D E  D R Y  BULB 

i 

Figure 2, Temperature inside and outside greenhouse and solar radiation outside greenhouse versus time 

02 day on 17 J1;'Ly 1975. 
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1 I 1 i-r 
C O O L I N G  T O W E R  - 

- E N T E R I N G  A I R  - 
D R Y  B U L B  - 90.0 F 

- W E T  B U L B - 7 0 . 0  F 
R . H .  - 37.6 O/o 

A I R  F L O W - 2 0 0  F P M  

I-IElGHT 2 I N .  - 
P R E S S U R E -  14.1 PSIA  \ 

I 10 1 C 

R A N G E  (F) 
Figure 4. E x i t  air dry and wet bulb temperatures t o r  the same coo l ing  

tower and cond i t i ons  as Fig ,  3, 
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E P \ f T E R I N G  A I R  
D R Y  B U L B -  58.5  F 

WET B U L B - 8 1 . 5  F 
R ,  H .- 74.7 */o 

A I R  F L O W -  200 FPM 
H E I G H T  - 2 I N ,  
PRESSURE-- -  14.1 PSlA 

10 100 

R A N G E  (F) 
Figure  5, Area or' aspen pad r e q u i r e 6  per  u n i t  of water  flow i n  

pads used a s  dehumidi f ie rs  where t h e  t m t c r  temperatures  

a r e  co lde r  than  e n t e r i n g  wet bu lh ,  Approach i n  the 

c n t c r i n g  a i r  wet bulb temperature minus the h o t t e s t  a a t e r  

tempcrnture and range is the h o t t e s t  water  tcmnerntzlre 

minus t h e  c o l d e s t .  Annual Report of the U.S. Water Conservation Laboratory



R A N G E  ( F )  

Figure  6,  E x i t  a i r  d r y  and wet bulb temperatures  f o r  t h e  same dehumidi f ie r  

and cond i t i ons  as F ig ,  5 ,  
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PAR'L' I1 : TI-IdlQZRL EbERGY STORAGE 

Greenhouses a r e  n o t o r i o u s l y  d i f f i c u l t  t o  h e a t  a t  n i g h t  because 

of t h e i r  poor i n s u l a t i o n  p r o p e r t i e s  compared t o  o the r  types of 

b u i l d  ings . Yet dur ing  l a r g e  p o r t i o n s  of the  year ,  inclu'ding win te r  

i n  Phoenix, more s o l a r  h e a t  i s  rece ived  dur ing  t h e  day than can be 

d i s s i p a t e d  wi thout  r e s o r t i n g  t o  some form of v e n t i l a t i o n ,  . I f  a  

p r a c t i c a l  means could be found t o  s t o r e  t h e  excess  thermal energy 

from t h e  sun dur ing  the  clay and r e l e a s e  i t  i n t o  the  greenhouse a t  

n i g h t ,  cons ide rab le  energy savings  could be achieved. Such an 

energy s t o r a g e  device  would f u n c t i o n  t o  provide daytime coo l ing  and 

h e l p  provide an environment s u i t a b l e  f o r  CO f e r t i l i z a t i o n  wi thout  
2  

r e s o r t i n g  t o  a s  much v e n t i l a t i o n ,  I n  co1.d c l ima te s  t d ~ i c h  r e q u i r e  

h e a t i n g  even a t  midday, t h e  energy s t o r a g e  device  can se rve  t o  even 

t h e  load on t h e  h e a t i n g  system s o  t h a t  i t  can  be  s i z e d  more f o r  t h e  

average c o n d i t i o n  than  the  extreme, And e s p e c i a l l y  important  i s  t h e  

f a c t  t h a t  a  v i a b l e  energy s t o r a g e  system would make p o s s i b l e  t h e  use  

of a u x i l i a r y  s o l a r  c o l l e c t o r s  t o  provide t h e  necessary  h e a t  beyond 

t h e  amount absorbed by t h e  greenhouse i t s e l f .  

Thermal energy can be  s t o r e d  i n  rocks,  water or  s a l t  hyd ra t e s ,  

Inexpensive mixtures  of s a l t  hyd ra t e s  a r e  avaiLab l e  which mel t  under 

the  inEluence of s o l a r  b e a t i n g  and r e t u r n  t h e  s t o r e d  h e a t  when i t  i s  

r equ i r ed .  This  e f f e c t ,  known a s  h e a t  of Eusion o r  phase change, 

r e q u i r e s  a  much sma l l e r  volume than  rock (1:25) o r  water (1:8) 

(Maria TeZkes). The main problems associated wi th  h e a t  of Eusion 

m a t e r i a l s  have been supercool ings  and s e p a r a t i o n  of components a f t e r  

r epea t ed  freeze-thaw c y c l c s  , Ncvcrtheless ,  i n t e r c s  t i n  u s ing  h c a t  

of f u s i o n  m a t c r i a l  f o r  h e a t  s t o r a g e  has increased  cons iderably  dur- 

i n g  t h e  l a s t  15 yea r s .  !&uEfan and Grunt fes t  (1.973) (I<. I b u f f a n  and 

J. Grunt fes t ,  1973. Congruently mel t ing  m a t e r i a l s  f o r  thermal  

energy s to rage .  Kepor t #NCEMP Univ, of Pennsylvania,)  l i s t e d  sev- 

e r a l  CaCI. -MgCl. mi s tu re s  tncl t ing from 77 t o  81 F. Using tlzese 
2  2 

d a t a  a s  a  s t a r t ,  an i n v e s t i g a t i o n  Eor a  s u i t a b l e  mixture t o  h e a t  and 

c o o l  t he  greenhouses was begun. 
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h e u t e c t i c  mixture  01 41% -t- 10"/,gCL2 4- Lt9"lo H 0 t ~ a s  2 
confirmed t o  have a  me l t i ng  p o i n t  of 77 F, A n  a c r y l i c  t ub ing  L inch 

diameter  and 1 inch  long was used t o  t e s t  t h c  eutect-i-c me l t i ng  p o i n t .  

A t l~crmoco~rple  was c e n t r a l l y  pl.aced i n  a  c y l i n d e r  of t h e  150 m l  

s o l u t i o n s .  The tubes were r a p i d l y  cooled i n  an i c e  b a t h  a t  55 F. 

The coo l ing  was used t o  t e s t  the bchavior  of t h e  n u c l e a t i n g  agent  i n  

dec reas ing  supercool ing .  The mixture  was t e s t e d  wi th  a number of 

n u c l e a t i n g  agents  t o  reduce supercool.ing, 

Resu l t s  of n u c l e a t i n g  agent  t e s t s  a r e  shorn i n  F igure  1 and 

Table 1. Figure  1 shows curves  of t h e  mixture  temperature v e r s u s  

t hose  t r a c e d  from s t r i p  c h a r t  r eco rd ings ,  The mixture  w i th  no 

n u c l e a t i n g  agent  s ~ ~ p e r c o o l c c l  22 P and remained l i q u i d  w e l l  over an 

hour be fo re  c r y s t a l i z i n g  and r e l e a s i n g  i t s  h e a t  of fu s ion .  

The mixture  wi th  dolomite  a s  a  n u c l e a t i n g  agent  c r y s t a l i z e d  i n  

20 minutes and supercooled by 13- P. W i t 1 1  f i b e r g l a s s  added, i t  

c r y s t a l i z e d  i n  12 minutes and supercooled by 9 F. 

Table 1 l i s t s  t h e  q u a l i t a t i v e  r e s u l t s  wi th  s e v e r a l  p o t e n t i a l  

n u c l e a t i n g  agents .  Dolomite, which has  a  c r y s t a l  s t r u c t u r e  s i m i l a r  

t o  CaC1 and WgClp appeared t o  be the  most promising of those  

t e s  red. 

A t h e r m o s t a t i c a l l y  controlLed cabinet  has been c o n s t r u c t e d  co 

c o o l  and h e a t  the e u t e c t i c  mixtures .  The temperature w i l l  be  cyc led  

a t  temperatures  t y p i c a l  of t hose  t o  be expected i n  a  greenhouse 

a p p l i c a t i o n  t o  t e s t  i t s  e f f e c t  of repea ted  c y c l i n g  on t h e  behavior  

of t he  m a t e r i a l s .  

During the nex t  year  t e s t i n g  of fu s ion  m a t e r i a l s  w i l l  cont inue .  

Also, thermal energy s t o r a g e  w i l l  be incorpora ted  i n t o  the  computer 

s i rnulat ion model t o  determine i t s  p o t e n t i a l  f o r  va r ious  l o c a t i o n s .  

A l a r g e  water  s t o r a g e  tank  i s  be ing  t e s t e d  f o r  water  s t o r a g e  by tlie 

water  h a r v e s t i n g  group, and p lans  a r e  f o r  i t  t o  be  used t o  s t o r e  

f thermal  energy from t h e  t e s t  greenhouse a l s o .  

PERSONNEL: E .  A. Kimball and S. T. Mitche l l  
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Ta1)l.c 1. P o t e n t i a l  n u c l e a t i n g  agen t s  f o r  e u t e c t i c  CaCl -Mgcl -I1 0 
2 2 2 

mixture .  -I- i n d i c a t e s  supcrcool ing  was reduced. - i n d i -  

c a t e s  t h e  agent  d i d  n o t  look promising, 

Name Amount Re ac  t  i 0x1 

.. , 
F i b e r g l a s s  Jr 

Sawdust 

Dolomite (CaMg(Cag) 2) 

Kao l i n i  t e  .I% s o l u t i o n  ( 1  ml) 

Bentoni te  .I% s o l u t i o n  (2 ml) 

3.4 gm/150 m l  

w 

-H- 

a.. 

Bacto-agar - 
W a  (OH) .2 m l ,  .5 m l ,  . 3  m l  & 1 m l  -5 

~ C C  l ay  (ac id)  4 

Clay (bas i c )  ... 
% s b e s t o  4 

& P e r l i t e  4- 

Graphi te  

Graphi te  4 1 gm dolomite  

S i l i c a  sand .. 

>:̂ h" - ~ t e r  one c y c l e  t h e  m a t e r i a l  e i t h e r  p r e c i p i t a t e d  ou t  o r  s e t t l e d  

t o  t h e  bottom. P e r l i t e  and dolomite  remain i n  suspension,  
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I50 m l  ' COLD BATH TEMP, 

/NO N U C L E A T I N G  AGENT 

F I B E R G L A S S  / 

\ / 
/ 

E L J W S E D  T I M E  ( m i n )  
Figure I, Temperatures versus elapsed time s ince  i m ~ e r s i o n  i n  a 55 F bath f o r  a eu t ec t i c  mixture 

of CaCl MgC1 , and H 0 w i t h  various nucleating agents, 
2j  2 2 
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PmT L 11 : THE EXPERIMENTAL GIEENIZOUSE 

A ,  A GAS SAMPLING ANY ANALYSIS SYSTEM FOR CARBOX DZOXIIIE AND WATER 

VAPOR : 

A sampling sys  tem w a s  needed t o  monitor  environmental cond i t i ons  

i n  o r d e r  t o  c o n t r o l  t he  carbon d iox ide  and measure t h e  water  vapor.  

The system designed by M. Johnson and G ,  Drake (Johnson, M., and 

Drake, G., A micrometeorological  sampling s y s t e ~ u  €or  p r o f i l e s  of 

temperature,  water  vapor,  and carbon d iox ide  i n  p l a n t  communities, 

Annual Progress  Report of Microcl imate I n v e s t i g a t i o n s .  

USDA, ARS, SIJGR. Northeast: Branch i n  coopera t ion  wit11 NUS Agricul-  

t u r a l  Exp, S t a t i o n  a t  Corne l l  Un ive r s i t y ,  1966,) was nodiEied t o  

meet t h e  requirements  and m a t e r i a l s  a v a i l a b l e  here .  

A i r  samples a r e  dravm from t h e  greenhouse t o  t he  instrument  

cab i n  through 11 2 inch polyproylene tubing connected wi th  PVC barb  

connectors  (Figure 1 ) .  A p l a s t i c  i n s u l a t e d  nichrome h e a t i n g  c a b l e  

( . I25 ohms/f t )  (Chromalo:: 6WF-1600) and a TI-IW 12-gauge copper wire  

were pu l l ed  through 1 / 2  aluminum condui t  and conncc t e d  a t  t h e  green- 

house end, The t o t a l  l eng th  of t h e  h e a t i n g  c a b l e  was 200 f e e t ,  Then 

s i x  polypropylene gas sampling tubes  were placed around thz  aluminum 

condu i t  t o  form a bundle.  Then the  tub ing  bundle 57as tlxerrnally 

i n s u l a t e d  wi th  1 / 2  in .  x 4 i n ,  f i b e r g l a s s  wrapping, Alun~i~nized duc t  

t a p e  was added t o  t h e  o u t s i d e  t o  provide  1~7eather p r o t e c t i o n "  The 

tub ing  bundle was f a s t e n e d  t o  a f ence  between the  greenhouse and 

cab in  and went underground where t h e r e  was a walkway. The h e a t e r  

w i re s  were connected t o  a v a r i a b l e  t ransformer ,  About 135 v o l t s  (o r  

3 - 6  w a t t s  per  f o o t )  were r equ i r ed  t o  keep t h e  temperature of the 

tub ing  bundle n i c e l y  above ambient and. prevcnt  conclensation. Tem- 

p e r a t u r e  w i t h i n  t h e  bundle ~ 7 a s  checked wi th  a few thermocouples 

taped t o  t h e  aluminum condui t  and wi th  t h e i r  Lead wi re s  extending 

out  through t h e  wrapping, 

F igure  2 and Table 1 i l l u s t r a t e  t h e  gas a n a l y s i s  s y s t e a  i n s i d e  

t h e  i-nstruruent cabin .  The system i s  a b l e  t o  analyze fou r  samples 

s e q u e n t i a l l y  and two cont inuous ly .  
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The watcr  vapor p o r t i o n  w i l l  permit a  s i n g l e  Carnbri-dge dew 

p o i n t  hygrometer, Model 880, t o  measure the  clew p o i n t s  a t  Sour 

sempl-ing p o i n t s ,  two upstream and two dormstrecm~, of an i n s i d e  and 

an  outsicle coo l ing  pad. Thc so l cno id  s ~ ~ i t c h i n g  system i s  i n s t a l l e d  

i n  an i n s u l a t e d  t h e r m o s t a t i c a l l y  c o n t r o l l e d  c a b i n e t ,  A f a n  and a  

250-waLt lamp a r e  used t o  main ta in  t h e  c a b i n e t  temperature above 

ambient,  

Carbon d iox ide  concen t r a t ion  of t h c  greenhouse was monitored 

cont inuous ly  wi th  t h e  i n f r a r c d  gas ana lyze r  (Bcclcman Mode L 865)  

once t h e  system was completed. 

The conductixnetric C O  ana lyze r  t o  be  descr ibed  i n  the n e x t  sec-  
2 

t i o n  was most ly experimental. f o r  most of t h i s  p a s t  yea r ,  and t h e  C02 

c o n c e n t r a t i o n  i n  the greenhouse was c o n t r o l l e d  by the  i n f r a r e d  ana- 

l y z e r .  The carbon clioxidc was produced i n  t h e  greenhouse wi th  a  

carbon d iox ide  gene ra to r  (Johnson Gas Appliance Co. Model 1332) 

burn ing  n a t u r a l  gas .  The gene ra to r  was c o n t r o l l e d  by a  micro- 

swi tch  r e l a y  a t t a c h e d  t o  t h e  Leecls and Northrup r eco rde r  which 

measured t h e  output  of t h e  i n f r a r e d  ana lyzer .  The swi tch  was s e t  

t o  ene rg i ze  t h e  c o i l  and c l o s c  the  c o n t a c t s  wIienever t h e  CO concen- 
2  

t r a t i o n  dropped bclow 1000 ppm, F igure  3  shows t h e  wi r ing  d e t a i l s  

of t h e  CO c o n t r o l  sys  tcm. A manual switch permit  Led t h e  g e n e r a t o r  
2  

t o  be  turned  on independent of t h e  i n f r a r e d  gas ana lyze r .  A photo 

c e l l  r e l a y  normally used t o  t u r n  on l i g h t s  a t  n i g h t  was inc ludcd  t o  

t u r n  o f f  t h e  gene ra to r  a t  n i g h t .  Since t h e  gene ra t ing  c a p a c i t y  .\!as 

l a r g e  f o r  such a  sma l l  greenhouse and the sampling l i n e  long, i t  was 

necessary  t o  inc lude  a  t imer  swi tch  which allowed t h e  gene ra to r  t o  

be on only about h a l f  of t h e  t ime the  ana lyzer  was c a l l i n g  f o r  GO2+ 

The c l apscd  time i n d i c a t o r  a long  wi.tli a  flow meter i n  t h e  gas  l i n e  

enable  the CO gene ra t ion  r a t e  t o  be measured, A t  a  gas l i n e  p re s -  
2  

3 s u r e  of 1.2 i n  R 0, t h e  CH burn  r a t e  was .635 f t  /min when t h e  2 &3 burner  was on and .0286 f t  /min whcn only t h e  p i l o t  l i g h t  was on, 

Onc change i.s a n t i c i p a t e d  i n  t h i s  c i r c u i t  f o r  next  yea r ,  A limit 

swi tch  w i l l  s t o p  the CO f e r t i l i z a t i o n  whenever the r i d g e  v e n t  on 
2  

the  greenhouse i s  opcn. 
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3, CQNDUCTLMETRIC C02 ANALYZER: 

An i n f r a  gas ana lyze r  c o s t s  about  $3000, an amount which obvi- 

ous ly  i s  t o o  much f o r  commercial growers t o  spend t o  c o n t r o l  t he  

CO concen t r a t ion  i n  c o m m r c i a l  greenhouses.  Consequent l y  they  now 
2  

g e n e r a l l y  u s e  t ime c locks  t o  t u r n  on t h e i r  gene ra to r s  dur ing  the  

daytime and oEf a t  n i g h t  wi th  no measurement a t  a l l  of tlle a c t u a l  

CO concen t r a t ion .  An inexpensive CO ana lyze r  i s  needed. 
2 2  

One p o s s i b i l i t y  was r epo r t ed  by Slack  and Calver t  (Slack, G.,  

and CalVert,  A. 1972. Control  of carbon d iox ide  concen t r a t ion  i n  

g lasshouses  by t h e  u s e  of conductmetr ic  c o n t r o l l e r s ,  J. Agr ic ,  En$, 

Res, 17, 107-115.) who c o n t r o l l e d  t h e  CO concen t r a t ions  wi th  a  con- 
2 

ductmet r ic  ana lyze r  descr ibed  e a r l i e r  by Bowman (G. E. Bo'iman, 1968, 

The c o n t r o l  of CO concen t r a t ion  i n  p l a n t  enc losures .  I n  F. E. 
2  

Eclrardt ecl, Funct ioning  oE T e r r e s t r i a l  Ecosystems a t  t h e  Primary 

Product ion Level,  UNESCO P a r i s ,  335.). Thc device  shown schemati- 

c a l l y  i n  F igure  4 vorlcs a s  fo l lows .  Using an a i r  pump (5),  sample 

gas from t h e  greenhouse i s  bubbled i n t o  t h e  bottom of a  tube  of 

de ionized  water .  Some of t h e  C 3  5.n t h e  gas bubbles  d i s s o l v e s  i n  
2  

t h e  water ,  changing i t s  e l e c t r i c a l  condtrct ivi ty .  Excess gas escapes 

a t  t h e  top  of the  tube  (2) ,  The water  flows i n t o  t h e  r e s e r v o i r  

c i r c u l a t i n g  around t h e  c o n d u c t i v i t y  c e l l  (3) .  The conduc t iv i ty  i s  

p r o p o r t i o n a l  t o  the  CO concen t r a t ion  i n  t h e  o r i g i n a l  gas bubbles 
2  

and i s  measured by t h e  c o n d u c t i v i t y  c e l l .  Then the  water  flows i n t o  

a  s i d e  tube  i n t o  a  colutnn of de ion iz ing  r e s i n ,  which aga in  de ion izes  

t h e  water .  The water  cont inues  t o  f l o v  i n  a  c losed  loop pumped by 

t h e  r i s i n g  a i r  bubbles  t o  g ive  a  cont inuous mmsur ing  process .  

bJc cons t ruc t ed  an ana lyzer  s i m i l a r  t o  t h a t  of Dowmnn. The con- 

d u c t i v i t y  meter  %?as a  1;eecls and Northrup conduc t iv i ty  c e l l  (Model 

4905-01-33-113-20)(cell cons t an t  .OX) and conduc t iv i ty  monitor 

(Model 7075-2-011). The range c a l i b r a t o r  r e s i s t o r  (37) of the  moni- 

t o r  had t o  be ad jus t cd  t o  make 1000 ppm C02 equal  80% of tlie f u l l  

s c a l e  span (.8V ou tpu t ) ,  The de ion iz ing  column was a  Van Waters and 

Kogcrs S c i e n t i f i c  24823-029 u l t r a - p u r e  dcminera l izer .  
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The appara tus  was s e n s i t i v e  t o  t h e  a i r  f low r a t e .  By t r i a l  and 

e r r o r  x;ie found t h a t  lb0S mm I D  bubbl ing  column worked w e l l  w i th  an 

a i r  f low r a t e  of 30 cc/min. The bubbles  were introcluced from a  12.7 

mm ID tube a t  a  p o i n t  76.2 cm below the upper r e s e r v o i r  water  s u r f a c e ,  

The conduc t iv i ty  monitor  has  a s e t  p o i n t  and an alarm r e l a y ,  

This  r e l a y  was wired t o  t h e  C O  c o n t r o l  c i r c u i t r y  a s  shown i n  F igure  
2 

3, j u s t  a s  t h e  r eco rde r  r e l a y  had been used p rev ious ly  t o  make t h e  

i n f r a r e d  gas ana lyze r  c o n t r o l  t h e  greenhouse C O  concen t r a t ion ,  
2 

A f t e r  u s ing  t h e  ini?rared arralyzer t o  i n i t i a l l y  c a l i b r a t e  t h e  sel: 

po in t ,  t h e  concluct ivi ty  ana lyzer  c o n t r o l l e d  t h e  GO concen t r a t ion  i n  
2  

t h e  greenhouse. As monitored by t h e  i n f r a r e d  ana lyzer ,  t h e  C O  con- 
2 

c e n t r a t i o n  ranged 2rom a  low of 900 t o  a  high of 100 ppm. The 

sampling a i r  f low r a t e  was 30 cc/min and t h e  system r e s p o ~ i s e  t ime 

was 45 seconds, Cost of t h e  system was $300 f o r  t h e  monitor,  $150 

c e l l ,  $20 f o r  t h e  de ion iz ing  column, p lus  perhaps $10 worth of tub- 

i ng  Eor a  t o t a l  of $480, much l e s s  than an i n f r a r e d  type ana lyze r ,  

C. THE FIRST TOMATO CROP: 

1, Cul ture :  

Work on a t t a i n i n g  the l a s t  o b j e c t i v e  of t h i s  p r o j e c t ,  t h a t  of 

e v a l u a t i n g  y i e l d  i n c r e a s e s  duc t o  C O  r ' e r t i l . i za t ion  under h igh  Light 
2  

cond i t i ons ,  was s t a r t e d  t h i s  year  by growing an i n i t i a l  crop of 

tomatoes. "Tropic," a  greenhouse v a r i e t y  tomato, was sown i n  pea t  

cubes on A p r i l  2, 1975, and t r ansp lan ted  on A p r i l  21 i n t o  rows 2 

f e e t  a p a r t .  The p l a n t s  were staggered. 9  inches a p a r t  a long each 
2  row, t o  g ive  a h igh  p l a n t i n g  d e n s i t y  of about l p l a n t / 3  E t  . The 

tomato p l a n t s  were prtmecl once a  week t o  main ta in  single-stemmed 

p l a n t s .  P l a n t s  were supported wi th  p l a s t i c  twine. One end of t h e  

twine was t i e d  t o  a  p l a s t i c  p l a n t  c l . ip  t h a t  i s  a t t ached  t o  the base  

of t h e  p l a n t .  The o t h e r  end i s  s t r u n g  ac ros s  a  p l a s t i c  covered 

c a b l e  t h a t  i s  s t r u n g  ac ros s  t h e  length  of t he  greenhouse. The l i n e  

i s  about  7 f e e t  above t h e  p l a n t  row. As the p l a n t s  grew t a l l e r ,  

t h e  twine was tw.isted i n  a  s p i r a l  around the  plant: stem and a  c l i p  i s  

p laced  about 4-6 inches  from each o t h e r ,  h s l i p  knot was used Eor 

easy looscnj-ng and t i ghtening of Lllc l i n e .  'fhe plartt  x.ieight would 
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cause t h e  l i n e  t o  s ag ,  Therefore,  a f t e r  cach pruning and t r a i n i n g  

pe r iod  t h e  1-ine was ad jus t ed  t o  suppor t  p l a n t s  and f r u i t .  1'01 l ina-  

t i o n  was promotcd by tapping t h c  l i n e  suppor t ing  each p l a n t .  Tapping 

was done about  once a  .iacelc. 

Thc growing medium vas a 1 Eoot depth of sand unde r l a in  by d r a i n  

tubes  over a  s h e e t  of po lye thylene  f i l m  ($1. N. Jcns.cn, 1371.. Thc 

u s e  of po lye thylene  b a r r i e r s  between s o i l  and growing medium i n  

greenhouse vege tab le  product ion.  Proceeclings'Tenth Nat iona l  h g r i -  

c u l t u r a l .  P l a s t i c s  Conference: Chicago, I l l i n o i s .  pp, 144-150)" 

2. I r r i g a t i o n  and f e r t i l i z a t i o n :  

The crop was i r r i g a t e d  f i r s t  wit-h Chapin twin-wall tubing,  12 

m i l  and .L8 m i l ,  b ~ z t  t h e  maxiitxm p res su re  r a t i n g  oC 8 psi l ed  t o  

damaging of t h e  tub ing  because a  rnomentary over-pressure of abouL 

10-12 p s i  occurred.  Then Anjac (20 mi l )  tub ing  was t r i e d  because it 

al lows a maximum pres su re  of 1.2-15 p s i .  Af te r  a  r o u t i n e  t e s t  up t o  

25 p s i ,  the  Anjac tubing was connectecl i n t o  an  automatic  i r r i g a t i o r ,  

system, which c o n s i s t e d  of two b a r r e l s  of n u t r i e n t  s o l u t i o n ,  a  pump, 

two r e g u l a t o r s  and gauges, a  E i l t e r ,  a  t imer and so l eno id  va lves .  

The system was opera ted  wi th  a  so l eno id  va lve  t h a t  was cnerg izcd  

wi th  a  t imer f o r  5  minutes each h a l f  hour f o r  14 hours ,  The pres-  

s u r e  r e g u l a t o r  c o n t r o l l e d  t h e  i r r i g a t i o n  output  a t  0.57 gpin, which 

gavc a  t o t a l  ou tput  per  day oE 67 g a l ,  o r  .35 inches ,  This was 

r a t h e r  h igh  and" more s o l u t i o n  than  necessary  d ra ined  i n t o  t h e  sump, 

I n  next  year  t h e  i r r i g a t i o n  w i l l  be  r egu la t ed  s o  t h a t  on ly  a  t r i c k l e  

cont inuous ly  comes out  the  d r a i n .  

The n u t r i e n t  s o l u t i o n s  used a r c  l i s t e d  i n  Table 2  from E l l i s  e t  

a l .  (N. K. E l l i s ,  Merle Jensen, John Larsen, and Noman Oeblser ,  

1974, N u t ~ i c u l t u r e  systems: growing p l a n t s  without  s o i l ,  Ag. Expt,  

S t a .  Eul .  44. h r d u e  Univ,). Formula A was used f i r s t  and rl-ren t h e  

formula B s o l u t i o n  was s t a r t e d  on 30 May 1975, a f t e r  d i scove r ing  

f r u i t  wit11 blossom end r o t .  The formula D increased  t h e  calcium 

con ten t  of t h e  concen t r a t ion ;  blossom end r o t  occurs  because of 

calcium de f i c i ency .  
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On 27 June  1975, Commander p ropor t ione r  pumps were i n s t a l l e d  i n  

t h e  system t o  f eed  n u t r i e n t s  from concent ra ted  s tock  so'Lutions i n t o  

the  i r r i g a t i o n  water .  The pumps could handle water  flow r a t e s  i n  

t he  range of 2  t o  400 ga l lons  per  hour a t  p re s su re s  up t o  85 p s i ,  

The n u t r i e n t s  were grouped toge the r  i n  two s e p a r a t e  con ta ine r s  a s  

suggesfed by Johnson, H., e t  a l .  Fc, Ca(NO3I2, and IClJO m r c  mixed 
3 

t o g e t h e r  i n  one con ta ine r .  Kl12POIk, MgS04, I< SO and n l ic ronut r ien ts  
2 4 

i n  the  o t h e r  con ta ine r .  The concen t r a t ions  were prepared f o r  a  r a t i o  

of 1-128. A water  r e s e r v o i r  was i n s t a l l e d .  wi th  a  Eloa t  va lve  t o  

ma in t a in  a  c o n s t a n t  head and an a d e q t ~ a t e  supply of water  i n  case  or' 

a water  c u t o f f .  

The Anjac tub ing  and the p ropor t ione r  pump had t o  be maintained 

p e r i o d i c a l l y  because of heavy d e p o s i t s  from n u t r i e n t  r e s i d u e .  The 

tub ing  was unplugged by us ing  a sma l l  tweezer i n  t he  e rn i t tc r  op 

openings. The propor t i o n e r  pumps were maintained by c l ean ing  the 

s c r c e n s  on t h e  water  i n l e t ,  and t h e  tub ing  t r a n s p o r t i n g  the 

n u t r i e n t s .  The pumping encl was f lu shed  wi th  c l e a r  water  once a  

week. P e r i o d i c a l l y ,  a  5% s o l u t i o n  of hyclroclzloric a c i d  was purnpecl 

through t h e  p ropor t ione r  pump and wasted o u t s i d e  oE greenhouse. 

Once a  week a  sample of t h e  d ra in ,  n u t r i e n t  s o l u t i o n ,  ancl i r r i g a ' -  

t i o n  water  xias c o l l e c t e d  and t e s t e d  f o r  pH ~rnd s a l i n i t y ,  The r c s r ~ l t s  

were a s  noted:  

S a l i n i  ty  (m mhos /em) DH --- 
TAP WA'IEII .80 -- 1 , O l  7.6 - 9,O 

hr[JTIIIENT SOLUTION 1.81 - 3.50 6.6 - 6.9 

DRAIN I.lhTER 1.90 - 3.20 7.1 - 8.0 

COOLING S W P  IdA'IER 2.95 - G-50 6.8 - 1-5 
3 ,  P e s t s :  

Some problems wi th  p e s t s  and pest: c o n t r o l  were cncounterec?. On 

29 May 1975 we no t i ced  many of t h e  leaves and stems were seve re ly  

cu r l ed ,  p a r t i c u l a r l y  on rows next  t o  edge of greenhouse, Problem 

was t r a c e d  t o  sp ray ing  of t ~ e d s  around the grcenhocrse t 7 i  th  24) 

h e r b i c i d e  by maintenance personnel ,  Nearly a l l  t h e  p l a n t s  i n  t he  

greenhouse were af f ec t cd ,  cxhi .bi t ing s p i r a l  cu r l ed  s .tens and lcaves ,  
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Most p l a n t s  scen~cd t o  recover  a f t e r  a  couple of wceks b u t  sornc p l a n t s  

near  t h e  w a l l s  never  d i d ,  

Then on 23 June 1975 we d iscovered  aphids s e r i o u s l y  i n f e s t i n g  

one p l a n t .  The p l a n t s  were then  sprayed twice wi th  malathion,  b u t  

t h e  aphids persisted. The Leaves on t h e  tonlatoes hacl cons ide rab le  

c u r l s  e i t h e r  i n  response t o  t h e  h igh  humidity o r  t o  t h e  e a r l i e r  2-4D, 

Those aphids  which happened t o  be i n  t he  middle of t he  c u r l s  were 

s u r v i v i n g  t h e  sp ray ,  On 3 J u l y  2975 a  vapons bomb was r e l ea sed ,  but. 

i t  only d ischarged  about  5 sec,  appa ren t ly  defec. t ive,  and t h e  aphids  

p e r s i s t e d .  Then a  Vapo v ~ i t h  Eagon bomb was s e t  oEE and i t  d ischarged  

f o r  about  30 s c c ,  The aphids  were k i l l e d  b u t  Bagon i s  long l a s t i n g  

s o  the  f r u i t  had t o  be  des t royed  f o r  10 days a f te rward .  

On 11 J u l y  1975 wi th  the  h e l p  of Dave Iangs ton, County Extens ion  

Agent, p reda to r  i n s e c t s  were captured  i n  an a l f a l f a  f i e l d  e a s t  of 

t h e  Laboratory us ing  about  50 swipes wi th  a  sack on a s t i c k ,  The 

i n s e c t s  were cooled i n  a  r e f r i g e r a t o r  and then t h e  p reda to r  i n s e c t s  

s epa ra t ed  o u t  and r e l e a s e d  i n  t h e  greenhouse, The p r e d a t o r s  were 

seen  from time t o  time a f t e r  t h a t  b u t  g radua l ly  d isappeared .  About 

19 A L I ~ U S ~  aphids  were aga in  s t a r t i n g  t o  inEcs t  t h e  greenhouse. Next 

yea r  a  r e g u l a r  i n s e c t  c o n t r o l  program w i l l  be followecl. 

4. Growth and y i e l d :  

The tomatoes appeared t o  grow q u i t e  w e l l  up u n t i l  t h e  2-L;l) i n c i -  

den t  and t h e  blossom end r o t  which disappeared a f t e r  g i v i n g  more 

calcium, The Eirst blossoms appcared on 9 May (5-112 weeks old) ,  and 

t h e  f i r s t  t r u i t  was picked on 27 June ,  Af t e r  t h e  p l a n t s  were about  

3 f t  t a l l ,  t h e r e  was cons ide rab le  l ea f  c u r l ,  perhaps a  response  t o  

t h e  h igh  humidity,  o r  t he  2-4D, o r  p l an t  dens i ty .  Work was progres-  

s i n g  on t h e  GO f e r t i l i z a t i o n  system whi le  t he  p l a n t s  were growing, 
2  

b u t  i t  d id  no t  become r o u t i n e l y  o p e r a t i o n a l  u n t i l  about  18 June,  

There w a s  no obvious response from t h e  p l a n t s  at  t h i s  t ime u n l e s s  

t h e  l e a f  c u r l  was poss ib ly  due t o  GO 
2 

On two occasions,  mechanical f a i l u r e  oE the  coo l ing  sys te r~ l  s e n t  

t e m p e r a h r e  soa r ing  and obviously s t r e s s e d  the  p l a n t s ,  Therefore ,  a  

motorized v e n t  opener was i n s t a l l e d  t o  open the  roof ven t  whenever 

t h c  insic1.e Lernperahlrc went above 100, The opener ope ra t e s  on diuecl:  
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c u r r e n t  from n b a t t e r y  s o  the  v e n t  ~ m u l r l  open i n  the event  oi e l e c -  

t r i c a l  f a i l u r e  a l s o .  

I n  t he  middle par  t  of J u l y  the  ou t s i d c  .c,ret bu lb  temperature went 

up t o  75 F and more, sending  t h e  greenhousc t:emperature t o  35 F. 

From t h i s  p o i n t  on no more f r u i t .  was s e t ,  bul; f r u t t  a l r e a d y  on t h e  

p l a n t s  con t inued  t o  clevelop t o  m a t u r i t y ,  Next yea r  a  motorized 

damper on t h e  r e t u r n  a i r  duct: will .  open i n  response  t o  t h e  same 

t h e r m o s t a t  a s  t h e  v e n t  opener.  Then i f  t empera turss  cxccccl say  85 F 

i n  t h i s  greenhouse, d r y  a i r  t ~ i l l .  e n t e r  through t h e  damper on t h e  a i r  

d u c t  and be  e v a p o r a t i v e  cooled  by t h e  i n s i d e  pads,  It w i l l  then e x i t  

t h rough  thc  upper  v e n t .  

I n  s p i t e  of t h e  2 4 D ,  apl-ticls and hi812 August temperatures, the 
2 t o t a l  f i r s t  y i e l d  Ifas 7 l b / p l a n t  o r  2-4  1 b / l t  , t h e  l a s t  h a r v e s t  

b e i n g  t h e  f i r s t -  of September. There was nuch c rack ing  of f r u i t  dcr -  

i n g  August, p robably  due t o  t h e  h i g h  tempera tures .  &bout 36% of t he  

f r u i t  was c l a s s i E i e d  a s  unmarketable,  b u t  t h e  remaining GL;% LJaS or' 

h i g h  q u a l i t y  and had e x c e l l e n t  f l a v o r  - accord ing  "L t.cs t 5.rnonial.s 
c ~ r o m  most Taboratory personnel .  

5 .  P l a n s  f o r  n e x t  y e a r :  

A second greenhouse i s  c u r r e n t l y  under cons t ruc t ion .  I t  wil l .  be 

cooled  by  a conven t iona l  evapora t ive  c o o l e r  and w i l l  no t  be f e r t i l i z e d  

w i t h  C O  It t h e r e f o r e  w i l l  s e r v e  a s  an  er:peri.tnentnl c o n t r o l  wi th  2 a 
117hrhich t o  compare the  response  of t h e  c rop  i n  t h e  .Ci.rst g r e e n h o ~ ~ s e  

w11icl1 w i l l  be  s c a l c d  and fer t i1i : :ed willh CO 
2" 

PERSONUEL: S ,  T, Mitchel.1 and B .  A, ICiniball 
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Water vapor sarnpl.ivg Line from greenhouse t o  cabin  

VaLvcs (normal.1y c 1 osecl) 

Solenoid sw i t ches  

F l o ~ ~ r  con t ro  I. nccdlc  v a  J ves 

Carbon d iox  icle sampling l i n e  

Flow n c t c r  f o r  watec vapor a i r  (800 cclmin, 2 min response 

time) 

Water vapor ana lyzer  

Vacuum l i n e  

Vacuum pump and waste a i r  t o  atmosphere 

Needle v a l v e  

Cold t r a p  (loop of gas l i n e  passes  bctwccn rc r ' r igc l -a t ion  

c o i l  s oC dchumidi f ic r )  

D r i e r i t e  column 

Needle v a l v e  

Flow meter f o r  carbon dioriicie a i r  (LO00 cc/min, 30 sec  

rcsponsc time) 

I n f r a r e d  carbon d iox idc  anal.yzer 

Recorder 

Pump (Vac-air) 

Concluctimetric carbon d iox ide  d e t e c t o r  and cont ro lLer  u n i t  

Sequent ia l  t imer (6,25 min/sample) 

Pump (Vnc-air) 
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Tab1.e 2, N u t r i e n t  s o l u  Lion foumu:las 

I< SO 
2 4 

K 45 1: 45 

M JCRO-NUTRIENTS .15 m 1  s t o c k  s o l u t i o n j l  

of n u t r i e n t  so:Lutions 

M i c r o n u t r i c n t  S t o c k  So luk ion  (450 1x11.) 

B o r i c  Acid (B BO ) 
3 3 

7-5 g 

Manganous C h l o r i d e  ( ~ ~ ~ 1 ~ ~ 4 ~ ~ 0 )  6.75 g 

Zinc S u i f n t c  (%nSo4. 7H20) 1,l.S g 

Cupr ic Chlor  i d c  (CuC1 2H20) 2' 0-37  g 

Molybdenum T r i o x i d e  (MOO ) 
3 

0,1.5 g 
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??igure 1, Schematic diagram of gas sampling t u b e  bilndles,  
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S A M P L I N G  L I R E  - F R O i i ?  GREENHOUSE 
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S UNLWLRY AED C ONC LUS IONS : 

Design and t e s t i n g  of c o o l e r s  f o r  s e a l c d  'greenhouses cont inued 

dur ing  1975. A coo l ing  tower having aspen e x c e l s i o r  pads 2 inches 

t h i c k  and 67 inches t a l l .  was a b l e  l-o cool. watcr  t o  ~ i t h i n  3 F of wet 
2 

bulb  temperature wlzen Lhe water  f low r a t e  was 0,63 gpm/It , the  a i r  
2 

f low r a t e  was 114 cEm/ft and the watcr  temperature range was 3 F. 

This  good performance oE t h e  o u t s i d e  coo l ing  tower s tood  i n  c o n t r a s t  

t o  ins.i.de h e a t  exchange pads which trere r a t h e r  i ne f f  cc t i v e ,  In s ide  

greenhouse temperature r o s e  t y p i c a l l y  t o  20 F above the ou t s ide  wet 

bu lb  a t  l u l l  s u n l i g h t ,  s o  cooLing was adequaLe u n t i l  t he  middle of 

J u l y  a t  which time t h e  o u t s i d c  wct bulb r o s e  above 65 F t o  78 P and 

then  t h e  coo l i n g  was inadequate  ,, 

I n  an e f f o r t  t o  improve t h e  e r ' l e c t iveness  of t h e  i n s i d e  pads, 

des ign  d a t a  i n  t h e  form or' h e a t  t r a n s f e r  c o e f f i c i e n t  p r e d i c t i o n  

equat ions  were obta ined .  These measurements a r e  d.cscribed i n  t he  

manuscript  "Heat and mass t r ans3e r  c o e f f i c i e n t  f o r  water  and a i r  i n  

aspen e x c e l s i o r  padst '  by B. A. Kimball, Durward S.  Benharn, and Prank 

IJicrsma. These equat ions  were incorpora ted  i n t o  a design computer 

program t o  p r e d i c t  t he  s i z e  of pad and f a n  r equ i r ed  f o r  t h i s  

a p p l i c a t i o n ,  Accordingly, a h o r i z o n t a l  pad of 2-inch th i ckness  and. 
2 

50 Et a r e a  i s  be ing  i n s t a l l e d  on the t e s t  greenhouse, A second 

greenhouse i s  a l s o  under cons t ruc t ion .  It w i l l  no t  bc sea lcd ,  and 

i t s  evapora t ive  c o o l e r  w i l l  double a s  t h e  cool.i.ng tower t o  providc 

co ld  watcr  f o r  coo l ing  the  f i r s t  s ca l ed  greenhouse, 

Design c a l c u l a t i o n s  based on t h e  h e a t  t r a n s f e r  equat ions  i n d i -  

c a t e d  t h a t  t h e  coo l ing  systems of such dua l  greenhouses (one sea led ,  

one unsea led)  t~roulcl r e q u i r e  about double t h e  ope ra t ing  expense (monty 

and power) of convent iona l  unsealed greenhouses on a per  a r e a  b a s i s ,  

For cornparison, the expense oE cool.i.ng by vapor compression a i r  concli- 

t i o n e r  would be about  27 t imes convent ional .  Since t h e  coo l ing  c o s ~ s  

of coinmercial greenhouses a r e  p r e s e n t l y  about 25% of the t o t a l  oper- -- 
sting cos t s  ~ l u r i n g  warm months, t h c  G O  E e r t i l . i z a ~ i o n  made poss ib  l.e 

2 
by having a sc!aled greenhouse would have t o  i nc rease  y i e l d s  by about  

50% i n  t h e  sca l ed  greenhouse i n  order  t o  be c.cc)no~~xically p rac  t i c a  L .  
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I n  o r d e r  t o  conserve power, C O  f e r t i l i z a t i o n  T L T O L I ~ ~  have t o  i nc rease  
2 

t h e  y i e l d s  by more than .LOO%, Such i n c r e a s e s  have been r epor t ed  i n  

t h e  l i t e r a t u r e ,  b u t  no t  c o n s i s t e n t l y .  

Work 57as a l s o  i n i t  iatecI on f i n d i n g  a s u i t a b  1.e thermal  energy 

s t o r a g e  m a t e r i a l  f o r  greenhouse use.  Such a  m a t e r i a l  could  s t a b i l i z e  

greenhouse temperatures  and conserve h e a t i n g  f u e l  by s t o r i n g  excess  

thermal  energy dur ing  the day f o r  u se  a t  n i g h t .  An e u t e c t i c  mixture  

of 41% CaC12, 10% MgCIZ and 49% H20 was s t u d i e d  because of i t s  m e l -  

i n g  p o i n t  of 77 F e  The pure mixture  tended t o  supercool ,  b u t  s e v e r a l  

n u c l e a t i n g  agents  were found t o  promote f r eez ing ,  dolomite  be ing  

p a r t i c u l a r l y  e f f e c t i v e .  

Work a l s o  progressed  upon c o n s t r u c t i o n  and i n s t a l l a t i o n  of ec1ui.p- 

ment t o  determine t h e  yic1.d response oE c rops  t o  C O  f e r t i l i z a t i o n  
2 

under t h e  h igh  l i g h t  cond i t i ons  of Phoenix. O f  p a r t i c u l a r  i n t e r e s t  

was the  c o n s t r u c t i o n  of a  conduct imet r ic  CO ana lyze r  of Engl i sh  
2 

des ign  f o r  c o n t r o l l i n g  the C O  concen t r a t ion  i n  greenhouses,  This  
2  

ana lyze r  provided s a t i s E a c t o r y  conLrol a t  about .L/6 the  c o s t  of an 

i n f r a r e d  gas ana lyze r ,  I r r i g a t i o n  equipment was a l s o  i n s t a l l e d  and 

t h e  f i r s t  tomato c rop  was grown. In s p i t e  of some p e s t  problems 

and t h e  h igh  J u l y  and August wet bulb temperatures ,  a  respectab ' le  

y i e l d  was ob ta ined ,  A second greenhousc i s  under c o n s t r u c t i o n ,  It 

w i l l  be an unsealed convent iona l  greenhouse, and next  y e a r  c o n t r o l l e d  

experiments w i l l  b e  performed, 

PERSONNEL: 13, A, Kimball and S, T. Mitc1lel:L 
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TITLE : CLOGGING POTENTIAL OF COLORADO RIVER WATER I N  

TRICKLE IRRIGATION SYSTEMS LWD DEVELOPMEPU OF 

METHODS FOR PREVENTING PILJGGING 

CRIS WORK UNIT : 5510-12260-002 CODE NO. : USWCL 75-2 

INTRODUCTION : 

T r i c k l e  o r  d r i p  i r r i g a t i o n  has  made tremendous growth in  t h e  

p a s t  5 yea r s  because of i t s  c e r t a i n  d i s t i n c t  advantages over exist- 

i n g  s t andard  furrow- o r  flood-type systems,  one of which i s  i t s  

b e t t e r  a p p l i c a t i o n  e f f i c i e n c y .  However, a s  wi th  many o t h e r  methods, 

i t  does have a weak l i n k  which involves  e m i t t e r  plugging,  and s i n c e  

t h e  e m i t t e r  i s  t h e  b a s i c  component of t r i c k l e  i r r i g a t i o n ,  f a i l u r e  

h e r e  means f a i l u r e  f o r  t h e  e n t i r e  system. 

The plugging problem has  been recognized almost a s  soon as 

t r i c k l e  i r r i g a t i o n  began t o  be  widely used. The recur r ing  theme 

discussed a t  t h e  Second Drip I r r i g a t i o n  Conference i n  J u l y  1974 was 

t h a t  e m i t t e r  f a i l u r e  caused by plugging is one of t h e  g r e a t e s t  I M t a -  

t i o n s  t o  t h e  u n r e s t r i c t e d  acceptance of t r i c k l e  systems. 

Attempts have beeri made t o  r e l a t e  plugging t o  water  q u a l i t y .  P e l l e g  

et  a l .  (4) have concluded from t h e i r  s t u d i e s  t h a t  i r r i g a t i o n  wa te r  qual- 

i t y  and t h e  clogging c h a r a c t e r i s t i c s  of t h e  emitter should b e  known f o r  

t h e  a g r i c u l t u r a l  region  and then  should b e  used i n  the planning 02 t h e  

i r r i g a t i o n  system. Unfortunately,  no unique set of formula o r  guide- 

l i n e s  i s  a v a i l a b l e  t o  p r e d i c t  t h e  occurrence of plugging f o r  an i r r i g a t i o n  

water  and e m i t t e r  combination. Other r e p o r t s  [Ford and Tucker (2) ; 

McElhoe and H i l t o n  ( 3 ) ]  covering very d i f f e r e n t  types  of water  and emit- 

t e r s  i n d i c a t e  t h a t  t h e r e  i s  no un ive r sa l  s o l u t i o n  t o  t h e  plugging problem. 

Elowever, t h e  prevent ion  of plugging appears t o  b e  t h e  key t o  t h e  success-  

f u l  ope ra t ion  of any t r i c k l e  system. 

Our previous experience wi th  t h e  Colorado River water  i n  a 

t r i c k l e  s tudy on cantaloupes a t  Yuma showed t h a t  the  i r r i g a t i o n  water  

taken from t h e  farm supply ditch. s e r i o u s l y  overtaxed t h e  f i l t r a t i o n  

system, s o  t h a t  a chemical t reatment  program using d i l u t e  a c i d  and 

hypochlor i te  s o l u t i o n s  +ras requ-ired t o  improve f i l t r a t i o n  mil t o  

prevent  poss ib le  clogging of t h e  double-tube t r i c k l e  l i n e s .  Our 

o the r  a s soc ia t ed  inves  t i g a t i o n s  on i r r i g a t i o n  management wi th  
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d i f f e r e n t  t ypes  of e m i t t e r s  and w a t e r s ,  some oE b e t t e r  chemical 

q u a l i t y  t h a n  t h e  Colorado PAver , e x h i b i t e d  clogging problems. Thus, 

it appeared t h a t  t h e  r i v e r  water shou ld  b e  s t u d i e d  c l o s e l y  t o  

determine i t s  e f f e c t  on t h e  e m i t t e r s  used i n  d r i p  i r r i g a t i o n  systems. 

OBJECTIVES : 

The o b j e c t i v e s  of t h e  s tudy  e s t a b l i s h e d  i n  Tacna, Arizona, a r e  

dua l  n a t u r e d  and are aimed at 

(1) Assess ing  t h e  clogging p o t e n t i a l  of t h e  Colorado River 

w a t e r  used i n  t r i c k l e  i r r i g a t i o n  i n  t h e  Vellton-Mohawk 

I r r i g a t i o n  D i s t r i c t ,  and i n  a n t i c i p a t i n g  any problems 

which might a r i s e ,  and i n  i n i t i a t i n g  and developing 

p r e v e n t i v e  measured r equ i r ed .  

(2) Developing gu ide l ines  f o r  t h e  f i l t r a t i o n  and cheznical 

t r ea tmen t s  f o r  t h e  r i v e r  w a t e r  f o r  d i f f e r e n t  t ypes  of 

d r i p  emi tters f o r  p reven t ing  clogging.  

I n  l i g h t  of t h e  urgency and t h e  s h o r t  l e a d  time r equ i r ed  f o r  

t h e  e n t i r e  p r o j e c t  on improving i r r i g a t i o n  a p p l i c a t i o n  e f f i c i e n c y  in 

t h e  Lower Colorado River  b a s i n ,  only the  plugging problems of immedi- 

ate n a t u r e  w i l l  b e  s t u d i e d  over  t h e  2-year span of t h e  experiment.  

Thus, t h e  b a s i c  causes of plugging w i l l  b e  examined less i n t e n s i v e l y ,  

b u t  n e v e r t h e l e s s  w i l l  b e  explored a s  t ime permi ts .  

Resu l t s  from t h i s  s tudy  should p rov ide  d a t a  necessary  f o r  a n  

economic a n a l y s i s  of water t r ea tmen t  c o s t s  f o r  t r i c k l e  i r r i g a t i o n .  

EXPEFXMENTAL DESIGN hcUD PROCEDURE : 

Experimental  S i t e  and Water Source 

A 2-acre exper imenta l  s i t e  w i t h  approximately 200 mature c i t r u s  

trees was e s t a b l i s h e d  a t  Tacna, Arizona, over  t h e  November 1974 t o  

January 19 75 p e r i o d  i n  coopera t ion  w i t h  t h e  Un ive r s i t y  of Arizona 

s t a f f .  I r r i g a t i o n  w a t e r  ~ 7 a s  pumped approximately 16 f t  up from t h e  

main p r o j e c t  cana l  i npo  a supply and s t o r a g e  d i t c h  (F igure  1) and 

then  f e d  by g r a v i t y  through a  l.000-ft, 8-inch PVC p i p e  t o  t h e  pump 

and water t r ea tmen t  shed ,  The t r e a t e d  wa te r  was pumped through 

600 f t  of 1 1/4-inch PVC p ipe  t o  t h e  main p l o t  and another  600 f t  

through t h e  e n t i r e  l e n g t h  of t h e  p l o t .  The l o c a t i o n  of t h e  pump 

shed i n  r e l a t i o n  t o  t h e  supply d i t c h  and main p l o t  appears awkward, 
5 
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b u t  i n  r e a l i t y  our  main p l o t  i s  only p a r t  of a l a r g e r  experiment w i t h  

t h e  Univers i ty  of Arizona, and t h e  shed i s  a c t u a l l y  midway between 

t h e  length  of Lhe e n t i r e  experimental  f i e l d .  

Water was then  supp l i ed  t o  four  trees i n  t h e  s u b - p l o ~  (T'g '1 ure  

1)  from t h e  submains through 1/2-inch PVC and polyethylene p i p e s .  

The polyethylene  tubing  was c i r c l e d  under t h e  d r i p  l i n e  of each tree. 

Five t o  t h i r t e e n  emitters of t h e  same kind were f i t t e d  i n t o  t h e  tub ing ,  

depending upon t h e  flow r a t e  of t h e  type  of emitter. Th i s  arrange- 

ment allowed f o r  a flow rate of 10 t o  12 ga l lons  p e r  hour p e r  t r e e ,  

which i s  about twice t h e  usua l  a p p l i c a t i o n  r a t e  wi th  t r i c k l e  i r r i g a -  

t i o n ,  b u t  i n  our case  we had t o  make allowance f o r  p o s s i b l e  decrease  

i n  flow rate a s  plugging s t a r t e d  and progressed.  Dual water  meters 

t o  i n c r e a s e  measurement r e l i a b i l i t y  w e r e  used t o  determine t h e  volume 

of water  app l i ed  and a l s o  t h e  emitter flow r a t e s .  The supply p r e s s u r e  

w a s  15 p s i  f o r  a11 emitters i n  t h e  f i e l d .  

The quan t i ty  of water appl ied  was based on t h e  consumptive use 

curves f o r  c i t r u s  der ived  by E r i e  e t  a l .  (1) .  I n i t i a l l y ,  two t imes  

consumptive use was appl ied ,  b u t  t h e  appearance of w e t  s p o t s  l a t e r  

i n  t h e  s u m e r ,  poss ib ly  caused by impermeable c l a y  l e n s e s  i n  t h e  

lower s o i l  p r o f i l e ,  made us decrease t h e  a p p l j c a t i o n  r a t e  t o  t h a t  of 

consumptive use.  

Emit te rs  

Eight d i f f e r e n t  types of emitters w e r e  used i n i t i a l l y ,  which 

w e r e  s e l e c t e d  on b a s i s  of t h e i r  design.  Nore than  50 d i f f e r e n t  types  

of emitters a r e  a v a i l a b l e  i n  t h e  market a t  p resen t ,  and us ing  a l l  of 

t h e s e  a s  pe r  a t e s t i n g  program would be  impossible t o  perform w i t h  

t h e  personnel ,  land ,  and time a v a i l a b l e .  The e m i t t e r s  used cons i s t ed  

of t h e  fol lowing designs : 

1. Automatic, needle-f lush e m i t t e r  

2 .  Automatic, b a l l - f l u s h  e m i t t e r  

3.  Automatic, diaphragm i f i c e - p l a t e  e m i t t e r ,  1 gph 

4 .  Single-vortex e n ~ i t t e  

5.  Long-path, c a p i l l a r y  e m i t t e r  

6 .  Long-path , manual-f l u sh  e m i t t e r  , 1 gph 

7 .  Long-path , manual-flush e m i t t e r ,  2 gph 
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8.  Shor t -pa th ,  p l a s t i c  i n s e r t  e m i t t e r  

9.  Automatic,  diaphragm, o r i f  i c e - p l a t e  e m i t t e r ,  2 gp11. 

E m i t t e r  9 was in t roduced  about 9 months a f t e r  t h e  experiment 

had progressed .  

The f a c t  t h a t  many of t h e  e m i t t e r s  p r e s e n t l y  a v a i l a b l e  have some 

k i n d  of c l e a n i n g  dev ice  i n d i c a t e s  t h a t  plugging problems can  b e  

encountered.  

Water Treatment 

S i x  water t r ea tmen t s  were used i n  t h e  i n i t i a l  tests and desig-  

n a t e d  as: 

A. Screen  f i l t r a t i o n ,  40-mesh ( a f t e r  278 days: 50-mesh) 

B. Screen f i l t r a t i o n ,  200 mesh ( a f t e r  278 days: 50-mesh, 

+ i n t e r m i t t e n t  hypochlor i te -ac id  t r ea tmen t s )  

C. Sand and s c r e e n  (200-mesh) E i l t r a t i o n  

D. Sand and s c r e e n  (200-mesh) f i l t r a t i o n  

3- i n t e r m i t t e n t  hypochlor i te -ac id  t r ea tmen t s  

E. Sand and sc reen  (200-mesh) f i l t r a t i o n  

-i- continuous hypochlor i te -ac id  t r ea tmen t s  

P. Sand and s c r e e n  (200-mesh) f i l t r a t i o n  

4- continuous a c i d  t r ea tmen t  

In t h e  sand and s c r e e n  f i l t r a t i o n  t r e a t m e n t ,  t h e  s c r e e n  f i l t e r  was 

p laced  aE te r  t h e  sand f i i t e r .  

The s c r e e n  f i l t e r s  were "homemade" types  tha.t were b u i l t  from 

4-inch PVC p i p e  and s t a i n l e s s  s t e e l  s c r e e n s .  These were r ep l aced  

9 months later w i t h  commercial models t h a t  had a l a r g e r  c a p a c i t y  t h a n  

t h e  o r i g i n a l  ones which were n o t  ope ra t ing  p rope r ly  due t o  s c r e e n  

breakage  and poor s e a l s .  

F i b e r g l a s s  swimming pool  f i l t e r s  f i l l e d  w i t h  no.  20 s i l i c a  sand  

w e r e  used i n  Treatments C through F. The f i l t e r s  were equipped w i t h  

backwash v a l v e s  f o r  manual back f lush ing  as necessary .  The sand  f i l -  

ters were backwashed ;very day dur ing  t h e  summer months and a t  l e a s t  - 
once a week o r  whenever t h e  p r e s s u r e  dropped t o  30 psj. from 40 p s i  a t  

o t h e r  pe r iods  oE t h e  year .  The s c r e e n  f i l t e r s  were a l s o  c leaned  

whenever backwashing of t h e  sand was nade . 
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A s  i n d i c a t e d  i n  t h e  t rea tment  t a b u l a t i o n ,  calcium hypoch lo r i t e  

s o l u t i o n  and s u l f u r i c  ac id  from s e p a r a t e  chemical i n j e c t o r s  were 

cont inuous ly  i n j e c t e d  i n  Treatment E t o  achieve  a pl-i of 7 and 1 ppm 

c h l o r i n e  whenever t h e  system was i n  ope ra t ion .  I n  c a s e  of t h e  i n t e r -  

m i t t e n t  Treatment D, t h e  chemicals were i n j e c t e d  only  at t h e  l a s t  

hour  of t r i c k l e  o p e r a t i o n  b e f o r e  t h e  system was turned of f  f o r  t h e  

day. Th i s  allowed t h e  chemicals t o  f i l l  t h e  submains and t r i c k l e  

l i n e s  between t h e  shed and t h e  end of t h e  l a t e r a l s  i n  t h e  f i e l d .  The 

c h l o r i n e  content  f o r  t h i s  t rea tment  was ad jus t ed  t o  1 0  ppm w i t h  a pH 

of 7. Ch lo r ine  f o r  t h e  t r ea tmen t s  was 'determined by t h e  diethyl-p- 

pheny l e n e  diamine (DPD) method . 
I n  Treatment F, only ac id  was i n j e c t e d  cont inuously i n t o  t h e  

system. The ac id  requirement  of t h e  r i v e r  water was determined froin 

a n  a c i d  t i t r a t i o n  curve  (Figure 2) , and i n  t h i s  i n s t a n c e  0.5 t o  1 

m i l l i e q u i v a l e n t s  p e r  l i ter  was r equ i r ed .  Each t y p e  of water has  a 

d i f f e r e n t  a c i d  requirement  and t h i s  must b e  determined b e f o r e  a c i d  

a d d i t i o n s  can b e  made. The a l k a l i n e  hypoch lo r i t e  a d d i t i o n  i n  Treat-  

ments D and E inc reased  the  p1.l of t h e  wa te r  s l i g h t l y ,  b u t  t h i s  was 

accounted f o r  by monitor ing t h e  pH oE the  water  a f t e r  t h e  chemical 

i n j e c t i o n  p o i n t s  and adding s u f f i c i e n t  a c i d  t o  b r i n g  t h e  pH down t o  

7. 

A b r i e f  schemat ic  of t h e  water t r ea tmen t s  i s  shown i n  F igure  3 

w i t h  t h e  impor tan t  components, A 3 h.p. c e n t r i f u g a l  pump d e l i v e r e d  

wa te r  t o  t h e  s i x  sand f i l t e r s  through a  manifold system. Actua l ly ,  

t h e r e  was no sand i n  sand f i l t e r s  A and B ,  which were t h e  sc reen  only  

t r ea tmen t s .  The sand f i l t e r s  were p r e - i n s t a l l e d  i n t o  t h e  system s o  

t h a t  major plumbing changes would n o t  b e  r equ i r ed  i f  a d d i t i o n a l  - 
f i l t r a t i o n  was r equ i r ed  i n  t h e  f u t u r e .  Chemicals were i n j e c t e d  ahead 

of t h e  sand f i l t e r .  The chemical iinj e c t o r s  and t h e  wa te r  pump were 

c o n t r o l l e d  by t i m e  c locks and a l s o  a s e t  of s a f e t y  r e l a y  swi tches  

which prevented pump ope ra t ion  i n  case  t h e  water  r a n  out  i n  t h e  supply  

l i n e  o r  d i t c h  during an i r r i g a t i o n  cyc le .  

I n  an a c t u a l  ope ra t ion  s i t u a t i o n  when t h e  t i m e  c lock  c a l l e d  Eor 

an i r r i g a t i o n ,  t h e  water  passed from t h e  pump through t h e  sand f i l t e r  

( S f ) ,  s c r e e n  f i l t e r  (SC) , so l eno id  ( S ) ,  wa te r  meter  (not  shown), 
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a n t i s i p h o n  v a l v e  (AV),  and i n t o  t h e  f i e l d .  The p r e s s u r e  immediately 

a f t e r  t h e  pump was approximately 45 p s i ,  and dropped 5 p s i  t o  40 p s i  

going through t h e  f i l t e r s ,  and w a s  40 p s i  just p r i o r  t o  l e a v i n g  t h e  

pump house.  Water p re s su re  was a d j u s t e d  t o  15  p s i  w i t h  t h e  p r e s s u r e  

r e g u l a t o r  (PR) i n  t h e  f i e l d  f o r  a11 t r e a t m e n t s  j u s t  b e f o r e  t h e  water 

e n t e r e d  the p l o t s .  A check, a t  t h e  f u r t h e s  t end of t h e  p l o t  showed 

a p r e s s u r e  drop of only 0 . 5  p s i .  Af t e r  t h e  i r r i g a t i o n  system was 

w e l l  e s t a b l i s h e d ,  every p r e s s u r e  gauge (PG) i n  t h e  f i e l d  l i n e s  was 

checlcea a g a i n s t  one "master" p r e s s u r e  gauge under o p e r a t i n g  c o n d i t i o n s ,  

s o  t h a t  the  p r e s s u r e s  f o r  Treatments A through F were a c t u a l l y  r e f e r -  

enced t o  one s t a n d a r d  p r e s s u r e .  

Nitrogen as 20% ammonium n i t r a t e  s o l u t i o n  was a p p l i e d  through 

t h e  t r i c k l e  system dur ing  March t o  J u l y  1975. One and one-half pounds 

of n i t r o g e n  were added p e r  t r ie .  One g a l l o n  of 5% i r o n ,  z i n c ,  and 

manganese c h e l a t e s  p e r  a c r e  was a l s o  added i n  )!arch, s e p a r a t e  from 

t h e  n i t r o g e n  a d d i t i o n .  The f e r t i l i z e r s  were i n j e c t e d  only dur ing  

t h e  f i r s t  hour  of ope ra t ion  of ,the t r i c k l e  system s o  t h a t  t h e  materials 

could b e  f lu shed  ou t  of t h e  l i n e s  b e f o r e  t h e  system was s h u t  down. 

Water Analyses 

The w a t e r  samples b e f o r e  and immediately a f t e r  chemical  and f i l -  

t r a t i o n  t r e a t m e n t s ,  and a l s o  i n  t h e  f i e l d  laterals, and from t h e  

i n d i v i d u a l  e m i t t e r s ,  were analyzed f o r  t h e  va r ious  mic rob ia l ,  chemical ,  

and p h y s i c a l  consXituents  on a bi-weekly b a s i s  i n  t h e  s u m m e r  and on  

a t r i -weekly b a s i s  i n  t h e  w i n t e r .  

Chemical a n a l y s i s .  Complete a n a l y s i s  of t h e  Colorado River  wa te r  

was made f o r  Ba, C a ,  Mg, C 1 ,  SOLl, M i 4 ,  NOg, and pH us ing  s t a n d a r d  

atomic abso rp t ion ,  spec t rophotometr ic ,  and t i t r i m e t r i c  methods. 

P h y s i c a l  a n a l y s i s .  The t u r b i d i t y  and suspended l o a d  of t h e  

w a t e r  were determined wi th  the nep1;elometric and f i l t r a t i o n  t echn iques ,  

r e s p e c t i v e l y .  A i r  a&$ wa te r  temperatures  were measured w i t h  thermo- 

couple s e n s o r s .  The water  tempera ture  i n  t h e  f i e l d  l a t e r a l s  was 

taken w i t h  thermocouples s e a l e d  i n t o  t h e  polye thylene  tub ing .  

B i o l o g i c a l  a n a l y s i s .  Microbia l  popu la t ion  f o r  b a c t e r i a ,  f u n g i ,  

and y e a s t  was d e t e m i n e d  us ing  the  M i l l i p o r e  "water t e s t e r "  method. 

Analyses were made on t h e  wa te r s  from t h e  same scunpling p o i n t s  a s  
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t h o s e  used f o r  t h e  

samples were taken 

wa te r  t r ea tmen t s .  

chemical and p h y s i c a l  ana lyses .  I n  a d d i t i o n ,  

from f o u r  d i f f e r e n t  t ypes  of e m i t t e r s  f o r  t h e  s i x  

RESVLTS Al?D DISCUSSTOX : 

Various w a t e r  q u a l i t y  a s p e c t s  of t h e  Colorado River  water  are 

presented  i n  F igure  4 f o r  t h e  January t o  Noveinber 1975 p e r i o d ,  The 

s o l u b l e  salts ranged from 1.1 t o  1 .4  mmhoslcm (700 t o  900 ppm) with- 

ou t  much oE a s e a s o n a l  t r e n d  shown i n  t h e  sa l t  con ten t .  The s o d i u ~  

and s u l f a t e  concen t r a t ions  had t h e  l a r g e s t  changes i n  t h e  d i s so lved  

c o n s t i t u e n t s  over  t h e  season .  The pH of t h e  wa te r  ranged from 7.9 

t o  8.3 w i t h o ~ ~ t  any n o t i c e a b l e  s e a s o n a l  t r e n d  e i t h e r .  The mean va lues  

f o r  t h e  s o l u b l e  salts and pH's w e r e  approximately t h e  average of t h e  

range v a l u e s .  

The t o t a l  suspended load  v a r i e d  from l e s s  t han  1 ppm t o  60 ppm. 

The h i g h e r  va lues  were caused by t h e  c l ean ing  o p e r a t i o n  f o r  t h e  main 

p r o j e c t  c a n a l  upstream from t h e  i n t a k e  and which was more f r equen t  

dur ing  t h e  summer than  t h e  w i n t e r  months. During t h e  h igh  suspended 

l o a d  p e r i o d ,  t h e  s c r e e n  and sand f i l t e r s  r equ i r ed  f requent  c leaning .  

Dai ly backwashing p r a c t i c e  of t h e  sand f i l t e r s  was followed i n  t h e  

summer. 

Microbia l  popu la t ion  ranged from a few hundred t o  approximately 

4000 b a c t e r i a  p e r  ml.  Th i s  l a t t e r  l a r g e  va lue  was p re sen t  once i n  

June. Otherwise, t h e  popu la t ion  w a s  more i n  t he  o rde r  of 500 b a c t e r i a  

pe r  ml. Popula t ions  of fung i  and y e a s t s  were very  s m a l l  and were 

considered i n s i g n i f i c a n t  r e l a t i v e  t o  c o n t r i b u t i n g  t o  t h e  plugging 

problem. 

The a i r  and wa te r  tempera tures ,  a s  expected,  w e r e  t h e  only 

measured parameters  t h a t  showed any d i s t i n c t  s easona l  t rend .  The 

1400-hour wa te r  temperatures  i n  t h e  polye thylene  tub ing  i n  t h e  f i e l d  

were between the  a i r  and water  temperatures  as long as t h e  t r i c k l e  

system w a s  i n  ope ra t ion .  Vhen t h e  system was off  , t h e  l a t e r a l  tempera- 

t u r e s  r o s e ,  b u t  no t  s i g n i f i c a n t l y  above t h e  a i r  temperaturef  s i n c e  t h e  

tub ing  was shaded under t h e  t r e e  canopy. 

To s i m p l i f y  t h e  comparison among t h e  va r ious  w a t e r  t rea tment  and 

emit t e r  combinations , only Treatment A (40-mesh s c r e e n  f i l t r a t i o n )  , 
9- 7 
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Treatment C (sand + 200-mesh s c r e e n  f i l t r a t i o n ) ,  and Treatment E 

(sand -I- 200-mesh s c r e e n  4- continuous 1 ppm c h l o r i n e  and ac id )  are 

g r a p h i c a l l y  p re sen ted  i n  F igu res  5 through 12.  A complete l i s t i n g  

of t h e  r e s u l t s  a r e  given i n  Tables  1 through 8 f o r  a l l  t h e  combina- 

t i o n s  as a f u n c t i o n  of t i m e .  The 200-mesh s c r e e n  a lone  i n  Treatment 

B broke  s e v e r a l  t imes  dur ing  t h e  e a r l i e r  p a r t  of t h e  experiment s o  

t h a t  t h e  r e s u l t s  are n o t  a s  r e l i a b l e  a s  t h e  o t h e r s ,  b u t  t h e  flow rates 

were similar t o  Treatment A. Treatments D and F w i t h  t h e  i n t e r m i t t e n t  

10 ppm c h l o r i n e  + a c i d ,  and t h e  continuous a c i d  a d d i t i o n ,  r e s p e c t i v e l y ,  

had  similar Elow r a t e s  as Treatment E £or a l l  t h e  e m i t t e r s .  

The 40-mesh s c r e e n  f i l t r a t i o n  (Treatment A) showed t h e  g r e a t e s t  

decrease  i n  flow rate f o r  a l l  e m i t t e r s ,  except  e m i t t e r s  3, 6 ,  and 7 ,  

dur ing  t h e  10  months of ope ra t ion .  Also,  p r e s s u r e  r e g u l a t o r s  had t o  

be  cleaned p e r i o d i c a l l y  and water meters  had t o  b e  changed more 

f r e q u e n t l y  i n  Treatments  A and B t han  wi th  the  o t h e r  water t r ea tmen t s .  

The "rough" f i l t r a t i o n  (Treatment A) caused a r a p i d  and e a r l i e r  

decrease  i n  flow rates of e m i t t e r s  1 (Figure  5 ,  Table I ) ,  2 (F igure  6 ,  

Table 2) , and 4 (F igu re  8 ,  Table 4) t han  wi th  t h e  o t h e r  emitters. I n  

case  of e m i t t e r s  1 and 8,  they  had t o  be  removed i n  Treatments A and 

B by day 187 because  t h e i r  flow r a t e s  had g r e a t l y  decreased t o  t h e  

p o i n t  that an adequate  r a t e  of water a p p l i c a t i o n  t o  t h e  t r e e s  could n o t  

be  maintained.  I n s p e c t i o n  of t h e  e m i t t e r s  showed a l a r g e  bu i ldup  on 

materials i n  t h e  emitters. 

Sand f i l t r a t i o n  appears  t o  b e  adequate  f o r  removing suspended 

materials from t h e  wa te r  except  when t h e  suspended load  of t h e  r i v e r  

was extremely h igh  (F igures  4 and 13 ;  Tables  9 and 1 1 ) .  P a r t  of t h e  

p a r t i c l e  s i z e  i s  i n  t h e  less than  75 micron s i z e  range,  about t h e  l i m i t  

of t h e  f i l t r a t i o n  capac i ty  of t h e  sc reen .  Spot checks on t h e  p a r t i c l e  

s i z e  d i s t r i b u t i o n  are be ing  s t a r t e d  t o  f i n d  e x a c t l y  how the  f i l t e r s  

are perEorming i n  t h e  f i n e r  p a r t i c l e  s i z e  range.  The suspended l o a d  

b u i l t  up r a p i d l y  i n  t h e  submains (F igure  14; Tables  LO and 11) from 

a few p a r t s  p e r  rn i l l ion  t o  s e v e r a l  thousand. The t u r b i d i t y  v a l u e s  

of wa te r s  from e m i t t e r s  3, 4 ,  5 ,  and 6 (Tables  13 t o  16) were nwch 

more l i k e  those  f o r  samples taken i n  t h e  shed (Table 11) t h a n  t h o s e  

of t h e  submain. Some of t h e  suspended m a t e r i a l s  were appa ren t ly  
1 
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s e t t l i n g  out  i n  t h e  l a r g e r  submains dur ing  t h e  flow through approxi- 

mately ZOO0 f t  of p ipe .  

Only one complete f l u s h i n g  of t h e  submains and l a t e r a l s  was made 

f o r  a11 t r ea tmen t s  278 days a f t e r  t h e  system was i n s t a l l e d .  The 

f l u s h i n g  decreased t h e  suspended load  i n  t h e  submains, b u t  d i d  n o t  

change t h e  flow rates of t h e  emitters. , I n  a c t u a l  u se ,  more f r equen t  

f l u s h i n g  of t h e  l i n e s  would b e  d e s i r a b l e ,  and t h e  system should b e  

designed t o  al low f o r  adequately handl ing  such p r a c t i c e s .  

Based on t h e  performances of t h e  va r ious  emitters and t h e  £re- 

quent  breakdown of t h e  "homemade" sc reen  f i l t e r s ,  Treatments  A and B 

were changed 278 days a f t e r  t h e  s t a r t  of t h e  t r i c k l e  system t o  

inc lude :  Treatment A,  a h i g h e r  capac i ty  (commercial type)  50-mesh 

sc reen  f i l t e r ;  and Treatment 13, a s i m i l a r  SO-mesh s c r e e n  + i n t e r -  

m i t t e n t  10 ppm c h l o r i n e  and a c i d  a d d i t i o n .  The emitters i n  t h e s e  

t r ea tmen t s  were a l s o  changed and inc luded  f o u r  t ypes  oE emitters 

i n s t e a d  of t h e  o r i g i n a l  e i g h t ,  and, namely, t ypes  3, 6 ,  7 ,  and 9. 

Type 9 i s  t h e  same as  type  3, except  i t s  designed flow r a t e  i s  2 

gph i n s t e a d  of 1 gph. The types  3, 6 ,  and 7 which were o r i g i n a l l y  

i n  t h e  t rea tment  combination were l e E t  i n  t h e  system and w i l l  b e  used 

t o  compare t h e  same e m i t t e r  t ypes  w i t h  o the r  t r ea tmen t s  and a l s o  as 

a time-dependent v a r i a b l e  f o r  t he  similar, b u t  newly i n s t a l l e d  , t ypes .  

The i n t e r m i t t e n t  a c i d  and c h l o r i n e ,  continuous a c i d  and c h l o r i n e ,  

and continuous a c i d  t r ea tmen t s  were a b l e  t o  main ta in  f low r a t e s  of 

e s s e n t i a l l y  100% of i n i t i a l  va lues  f o r  e m i t t e r s  1, 2 ,  3; 90% f o r  

e m i t t e r  4 ;  80% f o r  emitters 5,  6 ,  and 7 ;  and 70% f o r  emitter 8 f o r  

10 months of ope ra t ion .  Emi t t e r s  2 ,  5 ,  6 ,  7 ,  and 8 d i d  e x h i b i t  some 

decrease  i n  flow r a t e  w i t h  t ime only w i t h  t h e  sand and s c r e e n  f i l t r a -  

t i o n  (Treatment C ) .  

f i c r o b i a l  ana lyses  of t h e  samples from t h e  s~ibmains and emitters 

(Figures  15 t o  20, Tables  17 t o  22) show t h a t  bo th  c h l o r i n e  Trea t -  

ments D and E were a b l e  t o  c o n t r o l  mic rob ia l  a c t i v i t y ,  excep t  when 

t h e  chemical i n j e c t o r s  had f a i l e d .  Treatment D y i e l d e d  lower b a c t e r i a l  

counts  t han  Treatment E ,  s i n c e  Treatment D i11volved a "slug" close of 

chemicals 1 hour b e f o r e  t h e  end oE t h e  i r r i g a t i o n  cyc le ,  and presum- 

ab ly  more oE t h e  chemicals were i n  t h e  system j u s t  p r i o r  t o  s h u t  down. 

Annual Report of the U.S. Water Conservation Laboratory



Water samples f o r  ana lyses  were taken  at the  s t a r t  of t h e  i r r i g a t i o n  

cyc le ,  immediately a f t e r  t he  s c r e e n s  were cleaned and sand f i l t e r s  

baclcwashed. When t h e  samples a r e  taken  a f t e r  a 2- t o  3-day shutdown 

per iod  (weekend p l u s  h o l i d a y ) ,  a h i g h e r  mic rob ia l  count i s  expec ted ,  

because of t h e  d e c l i n e  of r e s i d u a l  c h l o r i n e  wi th  t i n e  i n  Treatment 

E. The flow rate, however, remained e s s e n t i a l l y  unchanged during 

t h e  p e r i o d  of l o s s  of c h l o r i n e  i n j e c t i o n  and i n d i c a t e d  t h a t  l e s s  

f r equen t  c h l o r i n a t i o n  and a c i d  t r ea tmen t s  nay b e  a s u i t a b l e  manage- 

ment p r a c t i c e  . 
An adequate  exp lana t ion  as t o  why t h e  flow r a t e  i n  a c i d  Treatment 

F was e s s e n t i a l l y  equ iva l en t  t o  c h l o r i n e  p l u s  a c i d  Treatments  D and 

E is  n o t  a v a i l a b l e  a t  p r e s e n t .  The m i c r o b i a l  popu la t ion  was h i g h e r  

i n  Treatment F t han  Treatments C ,  D ,  and E. ~ o w e v e k ,  t h e  types  oE 

b a c t e r i a  growing i n  Treatment F were d i f f e r e n t  f r o n  t h o s e  i n  Trea t -  

ments C,  D, and E. Poss ib ly ,  t h e  b a c t e r i a l  types  t h a t  were e s t a b l i s h e d  

i n  t h e  environment of t h e  ac id  t rea tment  were n o t  t h e  slime-producing 

types  t h a t  would cause a decrease  i n  t h e  flow rate through t h e  t r i c k l e  

i r r i g a t i o n  system. 

SUMNARY MID COXCLUS IONS : 

A t r i c l c l e  i r r i g a t i o n  experiment t o  s tudy  e m i t t e r  plugging w a s  set 

up i n  e a r l y  1975 on a c i t r u s  grove i n  Tacna, Arizona, f o r  e s t i m a t i n g  

t h e  plugging p o t e n t i a l  of t h e  Colorado River  wa te r  and f o r  provid ing  

methods f o r  prevent ing  plugging i f  i t  became a problem. S i x  types  

of wa te r  t r ea tmen t s ,  i nc lud ing  s c r e e n  and sand f i l t r a t i o n  and hypo- 

c h l o r i n a t i o n  and a c i d  a d d i t i o n s ,  were used i n  conjunct ion  w i t h  e i g h t  

d i f f e r e n t  k i n d s  of t r i c k l e  e m i t t e r s  . The e m i t t e r  f  Low rate, toge the r  

w i t h  t h e  b i o l o g i c a l ,  chemical,  and p h y s i c a l  p r o p e r t i e s  of t h e  r i v e r  

and t r e a t e d  w a t e r s ,  are be ing  monitored. 

The 10-month span of t h e  i n v e s t i g a t i o n  on e m i t t e r  plugging i s  

t o o  s h o r t  t o  a r r i v e  at any r e l i a b l e  conclus ions  o r  make s p e c i f i c  

recommendations on t h e  type  of water  t rea tment ,  i f  any, r equ i r ed  t o  

main ta in  maximum performance of the t r i c k l e  s y s  t e m .  However, some 

e m i t t e r s  cont inued t o  ope ra t e  more e f  .Eectively than  o t h e r s ,  even when 

h igh  l e v e l s  of suspended materials were p re sen t  i n  t h e  t r e a t e d  Colorado 

PAver water. i n  gene ra l ,  our  r e s u l t s  i n d i c a t e d  t h a t  
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I )  a r a p i d  bu i ldup  of m a t e r i a l s  formed by s e t t l i n g  of  

suspended s o l i d s  can occur ,  even w i t h  a combination of 

sand and s c r e e n  f i l t r a t i o n ;  and t h a t  

2) c h l o r i n e  p l u s  a c i d  t r ea tmen t s  (D and E) and a c i d  t rea tment  

(F) w i t h  sand and s c r e e n  f i l t r a t i o n  have main ta ined  t h e  f low 

rates f o r  most of t h e  emitters dur ing  t h e  10  months of 

ope ra t  i on .  
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Flow r a t e  of e m i t t e r  No. 1 a s  a func t ion  of t rea tment  

and time . 
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Table 2. Flow rate of emitter No, 2 as a f u n c t i o n  of treatment 

and rime. 
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Table 3. Flow r a t e  of e m i t t e r  No. 3 a s  a f u n c t i o n  of t rea tment  

and t i r n e  , 
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T a b l e  4 ,  Flow ra te  o f  e m i t t e r  No. 4 as a  f u n c t i o n  of t r e a t m e n t  

a n d  t i m e .  
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Table 5.  Flow r a t e  of e m i t t e r  No. 5 a s  a  f u n c t i o n  of t r ea tmen t  

1:: 

1 . &<:I 

:t * k,:3 
1. 4'C! 
1 .  70 
1. 58 
1. 55 
1. :35 
1 .  4.3 
1. 4.2 
1 . ::::I: 
1 , :z43 

1. ah 
1, 2.7 
1 . (:I$: 

1. 0'7 
c:, , 90 
1. i:>:: 
1. ct4 
0.  '721 
i:). 9 6 ,  
:i , i"! 2: 
,I, . ,-t t::eQ 

1. C!2 
g ,  :::&, 
i]. 31 
(3. 74 
iz), :::& 
<:I. 3 J 
i:,. 7'7 
0. 1:"" 

8.J .:: 
S.!. 8 1 

, '?I ::: 
(1). y 4. 
8. 3'1 

Annual Report of the U.S. Water Conservation Laboratory



Plow rate of emitter No. 6 as a function of treatment 

and time . 
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T a b l e  7 .  Flow r a t e  of e m i t t e r  No. 7 as a f u n c t i o n  of t r e a t m e n t  

and t ixne . 
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Table 8. Flow rate of emitter No. 8 as a function of treatment 

and time. 
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Table 9 ,  Suspended load of water  samples taken i n  pump shed 

immediately a f t e r  t rea tment  a s  a func t ion  of t y p e  of 

t rea tment  and time. 
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T a b l e  10. Suspended l o a d  of w a t e r  samples  from submain a s  a f u n c t i o n  

o f  t r e a t m e n t  and t ime.  
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T a b l e  11. 
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T u r b i d i t y  of w a t e r  samples  t a k e n  i n  pump 

a f t e r  t r e a t m e n t  a s  a  f u n c t i o n  of t y p e  of 

shed immediate ly  

t r e a t m e n t  and 
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Table  12 .  T u r b i d i t y  of water  samples i n  submain a s  a func t ion  

oE type  of t rea tment  and t ime,  
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T u r b i d i t y  of water  sample from e m i t t e r  No. 3 

a s  a f u n c t i o n  of type of t rea tment  and time. 
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Turbidity of water sample from emitter No. 4 

as a function of type of treatment and time. 
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Table 15. T u r b i d i t y  of wa te r  sample from e m i t t e r  No. 5 

as a  Eunction of type of t rea tment  and time. 
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Table 16. Turbidity of water sample from emitter No. 6 

as a function of type of treatment and time. 
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Table 1 7 .  B a c t e r i a l  popu la t i on  of water  samples taken i n  pump shed 

i m e d i a t e l y  a f t e r  t rea tment  a s  a  Eunction of type  of 
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T a b l e  1 8 ,  B a c t e r i a l  p o p u l a t i o n  of w a t e r  samples  i n  submain 

a s  a  f u n c t i o n  of t y p e  of  t r e a t m e n t  and t ime .  
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Table 19. B a c t e r i a l  popula t ion  of water  samples Erom e m i t t e r  

No. 3 a s  a  f u n c t i o n  of type  of treatment and t ime.  
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Table  20. B a c t e r i a l  pobula t ion  of water  samples from e m i t t e r  - 

No. 4 a s  a f u n c t i o n  of type of t r ea tmen t  and time. 
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Table  21.  B a c t e r i a l  popula t ion  of water  samples from e m i t t e r  

No. 5 a s  a  f u n c t i o n  of type of t r ea tmen t  and time. 
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Tab3.e 22. B a c t e r i a l  popula t ion  of water  samples from ernit t e r  

No. 6 as  a func t ion  of type of t rea tment  and t ime.  

Annual Report of the U.S. Water Conservation Laboratory



M A I M  P L O T  

Figure  1. Experimental s i t e  showing water  source ,  punp shed, main p l o t ,  and subp lo t  
arrangeiaents . 
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A C I D  CONCENTRATION (ME/L) 
Figure  2 .  Acid t i t r a t i o n  curve f o r  the  Colorado River  water taken 

a t  Tacna, Arizona. 
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A V  = A N T I S I P H O N  V A L V E  w 
I N J =  C H E M I C A L  INJECTOR mWJ 
FV = FOOT V A L V E  

F G  = PRESSURE G A U G E  

PR = Ph'ESSU!?E R E G U L A T O R  
/ 

S = S O L E N O I D  
PG 

S C  = S C R E E N  F I L T E R  

S f  = S A N D  F I L T E R  

T C f S R  = TihlE C L O C K  Ek 
SAFETY R E L A Y  

X = C H E C K  V A L V E  

// = 

F IELD PUMP 'HOUSE 
Figure  3 .  Schenlatic of water  treatnient equipment i n  the pump shed. 
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DAYS ELAPSED " . 
-F igure  4.. Bio log ica l ,  chemical,  and phys i ca l  ana lyses  of the Colorado River  wate? a t ,  Tacrra 

f o r  Che February t o  November 1975 pe r iod ,  
. # 
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EMITTER 3 I 
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I 1 I I I i I .  I 1 ' 1 I 

o 60 120 teo 240 300 

DAYS E L A P S E D  

Figure 5. Flow r,ate of emi t t e r  no. 1 as  a  funct ion  of time f o r  T r e a h e n t s  A,  C, and E .  
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DAYS ELAPSED s 

Figu re  6 .  Flow r a t e  of e m i t t e r  no. 2 as a f u n c t i o n  of t ime fo r ,T rea tm&ts  A, C, and E ,  

t 
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0 TREATMENT A 

DAYS ELAPSED . 
Figure 7. Flow rate of emitter no. 3 as a function of time for Treatments A, C, and E. 
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Figure 8. Flow rate of emitter no, 4 as a function of time for Treatments A, C, and E. 
f 
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o TREATMENT A 
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DAYS ELAPSED 6 

\ 

Figure  9. Flow ?ate of emitter no. 5 as a function of time fbr Treatments A, C, and E. 
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DAYS ELAPSED 

.Figure 10. F1ow:rate of e m i t t e r  no, 6 a s  a f c n c t i o n  of t ime f o r  Treatments A, C, and E .  
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TREATMENT ' A  

C 

E EMITTER $7 

' DAYS ELAPSED 

Figure  11. Flay r a t e  o f  e m i t t e r  no. 7 a s  a f u n c t i o n  of t ime f o r  Treatments A, C, and E. 
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0 TREATMENT A 
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Figu re  12. F l o w ~ r a t e  of e m i t t e r  no, 8 as a f u n c t i o n  of t ime f o r  Treatments A, C, and E .  
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S H E D  SAMPLE 

o C O L O R A D O  RIVER WATEii  

DAYS ELAPSED 

Figure J3, Suspended load of water samples taken in pump shed immediately after treatment. 
? 
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DAYS E L A P S E D  

Figu re  14, Suspepded load of water  samples i n  submains i n  the f i e l d .  
, r 
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S A M P L E  StTE : SHED 

DAYS E L A P S E D  

Figu re  15, B a c t e r i a l  popula t ion  of water  sarc~ples taken  i n  pump shed iriimediately a f t e r  t rea tment .  
? 
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SAMPLE SITE Z SUSMAlN 

DAYS E L A P S E D  

Figure  i G .  Bac t ey i a i  popula t ion  of i m t e r  samples i n  subniains i i ~  the  f i e l d ,  
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DAYS ELAPSED 

Figu re  1 7 .  B a c t e r i a l  popular ion of waeer sanip.les from e m i t t e r  no. 3. 
: 
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TREATMENT 
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DAYS E L A P S E D  

Figure 18. Bacterial popuiation of parer samples from emitcer no. 4. 
+ : 
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o TREATMENT A 
D I I C 

DAYS ELAPSED 

Figu re  19. B a c t e r i a l  populat ior ,  of r ia ter  s a ~ r p l a s  from e m i t t e r  no. 5. 
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DAYS E L A P S E B  

Figu re  20. BacFer ia l  popula t ion  of water  samples  from e m i t t e r  no, 6 .  
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TITLE : WASTEWATER RENOVATION BY SPItEADING TREATED SEWAGE 

FOR GROUNDWATER RECWARGE 

CRIS WORK UNIT: 5510-12260-003 CODE NO.: Ariz.-WCL 67-4 

INTRODUCTION : 

I n t e n s i v e  work at t h e  F lushing  Meadows P r o j e c t  was d iscont inued  

i n  1975 because of t h e  extremely h i g h  inc idence  of vandalism and 

b u r g l a r y .  The work i n  1975 w a s  p r i m a r i l y  aimed at maximizing de- 

n i t r i f i c a t i o n  i n  t h e  s o i l  by reducing  loading  r a t e  and us ing  o p t i -  

mum l e n g t h s  of f l ood ing  and dry ing  per iods .  Cons t ruc t ion  of t h e  f o u r  

10-acre i n f i l t r a t i o n  b a s i n s  at  t h e  23rd Avenue P r o j e c t  was completed 

i n  t h e  s p r i n g  of 1975. Observat ion w e l l s  were d r i l l e d  a t  t h e  no r the rn  

and sou the rn  boundar ies  of t h e  p r o j e c t  i n  l a t e  s p r i n g .  The produc- 

t i o n  w e l l  f o r  renovated wa te r  i n  t h e  c e n t e r  of t h e  b a s i n  a r e a  w a s  

d r i l l e d  i n  t h e  summer and was ready f o r  pumping i n  e a r l y  October. 

On 6 October ,  M r .  E. W.  E r r i ckson  was h i r e d  by t h e  C-ity of Phoenix 

and ass igned  t o  t h e  U. S .  Water Conservation Laboratory t o  work on 

t h e  23rd Avenue P r o j e c t .  The work i n  1975 c o n s i s t e d  mainly of w e l l  

t e s t s  t o  determine h y d r a u l i c  p r o p e r t i e s  of  t h e  a q u i f e r ,  of measuring 

i n f i l t r a t i o n  rates, and of e v a l u a t i n g  t h e  q u a l i t y  of t h e  sewage e f -  

f l u e n t  going i n t o  t h e  b a s i n  and t h a t  of t h e  renovated wa te r  from 

t h e  Center  Well. 

I. FLUSHING MEADOlJS PROJECT 

1. Basin Management and I n f i l t r a t i o n  Rates .  

Because maximizing d e n i t r i f i c a t i o n  was t h e  prime o b j e c t i v e  , t h e  

b a s i n s  were n o t  c leaned s o  t h a t  s ludge  and o t h e r  organics  could 

accumulate on t h e  bottom. The r e s u l t i n g  s ludge  l a y e r  was about 1 / 2  

t o  1 inch  t h i c k .  This  l a y e r  probably produced lower i n f i l t r a t i o n  

rates and a d d i t i o n a l  o rgan ic  carbon, bo th  of which tend  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 .  The cond i t i on  of t h e  b a s i n s  i n  1975 was a s  fo l lows .  

Basin 1. Bare s o i l  w i th  s ludge  l a y e r .  

Basin 2. Gravel  wi th  s ludge  l a y e r .  

Basins  3 and 4 .  Decaying o l d  sudangrass  s t u b b l e  w i t h  s ludge  

l a y e r .  

Basins  5 and 6 .  Decaying o l d  bermudagrass s t u b b l e  w i t h  s ludge  

l a y e r .  
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* 

The f loocling schedule  was 8 days punlping (9 clays f l ood ing )  and 

1 3  days no pumping (12 clays drying)  f o r  a l l  b a s i n s .  I n  b a s i n s  1 

and 2 ,  t h e  wa te r  depth was k e p t  at about 3 inches  (no boards  i n  out- 

l e t )  f o r  t h e  f i r s t  2 days of f l ood ing  and r a i s e d  t o  about  7 i nches  

( 1  board i n  o u t l e t )  f o r  t h e  remaining 6 days of t h e  f lood ing  pe r iod .  

The purpose of t h e  low depth f o r  t h e  f i r s t  2 days of t h e  f lood ing  

per iod  was t o  reduce i n i t i a l  i n f i l t r a t i o n  r a t e s ,  which h a s  been 

known 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 .  Por t h e  o t h e r  b a s i n s  ( 3 ,  4 ,  5,  

and 6 ) ,  t h e  wa te r  depth was maintained a t  about 7 i nches  ( 1  board  i n  

o u t l e t )  du r ing  t h e  e n t i r e  f l ood ing  pe r iod .  

The i n f i l t r a t i o n  rates (Figure  1 )  i n  b a s i n s  1 and 2 w e r e  be- 

tween 0.5 and 1 .5  f  t / d a y  dur ing  f lood ing ,  w i t h  an average oE 0.9 f t  / 

day. T o t a l  i n f i l t r a t i o n  f o r  t h e  y e a r  was 124 f t  f o r  b a s i n  1 and 

141  f t  f o r  b a s i n  2 (F igure  2) , Basins 3, 4,  and 5 averaged about  

1 .4 f t / d a y  i n f i l t r a t i o n  and had t o t a l  i n f i l t r a t i o n  amounts of about  

210 f t  i n  t h e  y e a r .  Basin 6 had lower i n f i l t r a t i o n  rates, which 

may b e  p a r t l y  due t o  t h e  h i g h e r  amounts of suspended s o l i d s  t h a t  

t h i s  b a s i n  r e c e i v e s  because i t  i s  l o c a t e d  at t h e  end of t h e  supply  

l i n e .  Average t o t a l  i n f i l t r a t i o n  f o r  a l l  b a s i n s  was 173  ft i n  

1975. Th i s  w a s  lower than  t h e  300 f t l y e a r  ob ta ined  i n  prev ious  

y e a r s  a t  water depths of 1 3  inches  and f lood ing  and dry ing  p e r i o d s  

of about 2 weeks each .  

The s t a t i c  wa te r  t a b l e  (dur ing  drying) i n  1975 was a t  a depth  

of about 20 f t ,  which i s  some 10 f t  lower t han  i n  t h e  y e a r s  b e f o r e .  

2 .  Nitrogen.  

The graphs of total-N i n  eEf luen t  and NO -N and PTH -IT i n  t h e  
3 & 

renovated wa te r  (F igures  3 ,  4,  and 5)  show t h a t  N--removal averaged 

53% f o r  b a s i n s  1 and 2 ,  59% f o r  b a s i n s  3 and 4 ,  and 69% f o r  b a s i n s  

5 and 6.  The lower i n f i l t r a t i o n  rates during t h e  f i r s t  two days of 

f looding  i n  b a s i n s  1 and 2 apparent ly  d i d  n o t  produce more de- 

n i t r i f i c a t i o n  than  the  normal i n f i l t r a t i o n  r a t e s  i n  o t h e r  b a s i n s .  

Another reason  f o r  t h e  Lower N-removal below bas ins  1 and 2 may b e  

the  f a c t  t h a t  t h e s e  b a s i n s  have- never  been vege ta t ed ,  which could 

r e s u l t  i n  lower organ-ic carbon l e v e l s  i n  t h e  s o i l  and, hence ,  less 

d e n i t r i f i c a t i o n .  
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Taking t h e  average N-content of t he  sewage ef  l l u e n t  a s  30 mg/l, 

N-removal was 5,688 l b s  p e r  a c r e  p e r  y e a r  f o r  b a s i n s  1 and 2, 

9,916 l b s  p e r  a c r e  p e r  y e a r  l o r  b a s i n s  3 and 4,  and 9,920 l b s  per  

a c r e  p e r  y e a r  f o r  b a s i n s  5 and 6 .  Thus, f o r  b a s i n s  3, 4 ,  5 ,  and 

6 ,  t o t a l  N-removal was about t h e  s m e  a s  obta ined  i n  prev ious  y e a r s  

w i t h  loading  r a t e s  oE about 300 f t l y e a r .  The lower loading  r a t e  

(about  190 f t l y e a r )  i n  1975 thus  y i e l d e d  a g r e a t e r  percentage  N- 

removal and, hence,  a lower N-content of t h e  renovated water .  

The renovated wa te r  showed t h e  c h a r a c t e r i s t i c  NO -peaks. The 
3 

absence of t h e  peaks f o r  t h e  f i r s t  four  months i n  t h e  renovated 

wa te r  from w e l l  5-6 i s  due t o  t h e  f a c t  t h a t  t h e  peaks apparent ly  

occurred  on week-ends when no samples were t aken .  The s i t u a t i o n  was 

remedied by changing t h e  s t a r t i n g  day of t h e  f lood ing  pe r iod .  The 

NH -N l e v e l s  i n  t h e  wa te r  g radua l ly  decreased over  t h e  y e a r ,  which 
4 

is d e s i r a b l e  and i n d i c a t e s  t h a t  t h e  management of t h e  b a s i n s  does 

n o t  l e a d  t o  n i t r o g e n  accumulation i n  t h e  s o i l  and r e s u l t i n g  decrease  

i n  e f f i c i e n c y  of n i t r o g e n  removal. 

Average N-concentrat ions i n  t h e  renovated w a t e r ,  based on t h e  

N-removal percentages  and a total-N content  of 30 mg/l  i n  t h e  e f -  

f l u e n t ,  were ( i n  mg/l) 

Basins  T o t a l  N NO3-4 

1 and 2 14 10 4 

3 and 4 12 3 9 

5 and 6 9 3 6 

These f i g u r e s  a r e  n o t  e x a c t ,  b u t  they do show t h a t  t h e  NO3-N conten t  

of t h e  renovated water  i s  below the  maximum l i m i t  of 10 mg/l fox 

d r ink ing  water .  The low NO -N conten ts  i n  t h e  renovated water  may 3 
n o t  b e  immediately apparent  from t h e  gxaphs . It should  b e  remembered, 

however, t h a t  the underground flow sys  tem i s  e s s e n t i a l l y  s t agnan t  

during d ry ing ,  s o  t h a t  NO - l e v e l s  i n  t he  renovated wa te r  should only 
3 

b e  cons idered  dur ing  f lood ing .  Crab samples of renovated wa te r  from 

an ou t ly ing  w e l l  showed low N-levels (Table 1 ) .  Th i s  may b c  due t o  
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t he  f a c t  t h a t  the  well w a s  only occas iona l ly  sampled and NO peaks 
3- 

could have been missed. 

3. Phosphorus. 

The average PO P con ten t  of t h e  sewage e f f l u e n t  was 8.4 mg/l 4- 
(F igures  6 ,  7 ,  and S ) ,  i n d i c a t i n g  t h a t  t h e  phosphate content  i n  t h e  

sewage e f f l u e n t  i s  s t i l l  on a do~%mward t r e n d  from t h e  15  mgfl  ob- 

se rved  i n  1967 and t h e  1 0  mg/l i n  t h e  e a r l y  1970 ' s .  The average 

PO -P con ten t s  of t h e  renovated wa te r  were 1.7 mg/l f o r  w e l l  1-2, 4 
0 .8  mg/l f o r  ECW, and 0.9 mg/l f o r  w e l l  5-6, y i e l d i n g  removal per-  

centages of 80, 90, and 89%. These percentages  a r e  h i g h e r  than  t h e  

approximately 50% prev ious ly  obta ined  when h y d r a u l i c  loading  rates 

were g r e a t e r .  Thus, lower h y d r a u l i c  loading  r a t e s  a l s o  inc reased  

the  phosphate removal e f f i c i e n c y  . 
4. Dissolved S a l t s .  

The TDS-content of e f f l u e n t  and renovated water  w a s  mostly i n  

t h e  900 t o  1,000 mg/l range (Table 2 ) ,  which i s  s l i g t l ~ l y  less t h a n  

p rev ious ly  observed. 

5. F luo r ide .  

The f l u o r i d e  content  of t h e  e f f l u e n t  was less than  t h e  4 t o  

5 mg/l concen t r a t ions  p rev ious ly  observed (Table 3).  Th i s  may have 

been due t o  t h e  slow-down i n  t h e  e lec t ron ' ic  i n d u s t r y  i n  t h e  S a l t  

River Val ley.  P- levels  i n  t h e  renovated water  we're about t h e  same 

as be£ o re .  

6 .  Boron. 

Boron l e v e l s  i n  t h e  e f f l u e n t  and renovated water  w e r e  about 

0 .5 mg/l,  which i s  lower than  t h e  0.8 and 0.9 n g / l  l e v e l s  observed 

i n  prev ious  y e a r s .  A s  b e f o r e ,  B-levels i n  t h e  renovated water  were 

e s s e n t i a l l y  t h e  same a s  i n  t h e  eEEluent.  

7. Summary and Conclusions. 

The annual h y d r a u l i c  loading  r a t e  of t h e  b a s i n s  a t  t h e  Flushing 

Meadows P r o j e c t  was lowered from roughly 300 f t  app l i ed  i n  prev ious  

yea r s  t o  173 f t  i n  1975. This r e s u l t e d  i n  an i n c r e a s e  i n  t h e  

n i t r o g e n  removal t o  about 60% and an i n c r e a s e  i n  phosphate removal 

t o  90% f o r  renovated-water samples talcen a t  30-ft  depch i n  t h e  
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c e n t e r  of t h e  b a s i n  a r e a .  

f i r s t  two days of f l ood ing  

Reducing t h e  i n f i l t r a t i o n  r a t e s  f o r  t h e  

(by reducing  t h e  water  deprhs i n  t h e  

b a s i n s )  d i d  n o t  i n c r e a s e  n i t r o g e n  removal. N i t r a t e -n i t rogen  l e v e l s  

i n  t h e  renovated water  were below 10 mgll ,  which i s  t h e  upper l i m i t  

f o r  d r ink ing  water. Ammonium l e v e l s  i n  t h e  renovated wa te r  showed 

a decreas ing  t r e n d  f o r  most of t h e  yea r  and ranged between 1 and 

5 mg/l at t h e  end of t h e  yea r .  Reduced h y d r a u l i c  l oad ing  y i e l d s  

renovated wa te r  w i t h  lower N and P l e v e l s  t han  obta ined  w i t h  maximum 

h y d r a u l i c  Loading. F luo r ide  and boron i n  t h e  sewage e f f l u e n t  were 

less than  i n  prev ious  y e a r s ,  i .e . about 2.4 mg/l and 0.55 mg/l, 

r e s p e c t i v e l y .  The s t u d i e s  w i t h  lower h y d r a u l i c  loading  rates w i l l  

b e  cont inued i n  1976. A t  173  f e e t  i n f i l t r a t i o n  pe r  y e a r ,  however, 

t h e  system i s  s t i l l  very  much h igh - ra t e .  

11. 23RD AVENUE PROJECT 

I. I n f i l t r a t i o n  Rates .  

I n f i l t r a t i o n  rates f o r  b a s i n s  1 ( t h e  no r the rn  most b a s i n ) ,  2 ,  

3 ,  and 4,  ( t h e  sou the rn  most b a s i n )  a r e  shown i n  F igures  9 ,  LO, 11, 

and 12 .  The b a s i n s  were f looded about  2 weeks t o  a depth of 3 f t  

and d r i e d  f o r  about 2 t o  4 weeks. Some b a s i n s  d id  n o t  completely 

d r a i n  by g r a v i t y .  The s t and ing  wa te r  developed a d d i t i o n a l  a l g a e  

growth and i n f i l t r a t e d  very s lowly .  This  r e s u l t e d  i n  poor i n E i l t r a -  

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

p a r t s  i n e f f e c t i v e  f o r  r a p i d - i n f i l t r a t i o n ,  1n .E i l t r a t i on  r a t e s  g e n e r a l l y  

s t a r t e d  at between 1 and 2 f t / d a y  b u r  then  dropped r a p i d l y  t o  o f t e n  

less than  0 . 5  f t / d a y  a f t e r  2 weeks of f looding .  The low i n f i l t r a t i o n  

rates a r e  probably due t o  t h e  h igh  a lgae  content  (about  50 mg/l) of 

t h e  e f f l u e n t  from t h e  80-acre pond, which i s  t h e  i n f l u e n t  f o r  t h e  in-  

f i l t r a t i o n  b a s i n s .  Add i t i ona l  a l g a e  growth took p l a c e  i n  t h e  i n f i l -  

t r a t i o n  b a s i n s  themselves.  The a l g a e  were of t h e  s i n g l e - c e l l  type.  

They d id  n o t  s e t t l e  out n e a r  t h e  i n l e t  of t he  b a s i n s  and formed a 

f i l t e r  cake on t h e  e n t i r e  bottom as water  i n f i l t r a t e d  i n t o  t h e  s o i l .  

The f i l t e r  cake was 1 /4  t o  1 / 2  inch  th i ck  and d id  n o t  r e a d i l y  de- 

compose or  s h r i v e l  up ducing dry ing .  llarrowing cluring d ry ing ,  which 

w a s  done f o r  bas in  3 on 3.9 September and f o r  b a s i n  4 on 29 August 
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and 6 November, i nc reased  t h e  i n i t i a l  i n f i l t r a t i o n  r a t e  when f looding  

was  resumed, b u t  a lgae  clogging soon dropped t h e  i n f i l t r a t i o n  r a t e s  

aga in  t o  low va lues .  

Accumulated i n f i l t r a t i o n  amounts f o r  a pe r iod  of roughly t h e  

last 6 months of t h e  y e a r  were 

Basin l 41.3 f t  

Basin 2 

Basin 3 

Basin 4 

On an o p e r a t i o n a l  b a s i s ,  l onge r  f l ood ing  and/or  s h o r t e r  drying 

pe r iods  could b e  employed t o  y i e l d  an a n t i c i p a t e d  loading  rate of 

about: 100 f t l y e a r .  For t h e  f o u r  10-acre b a s i n s ,  t h i s  means 4,000 

a c r e - f e e t l y e a r  o r  about 3.6 mgd o r  2,480 gpm. Higher i n f i l t r a t i o n  

rates could probably be  obta ined  by: 

1. Lowering t h e  o u t l e t s  of t h e  i n £  i l t r a t i o n  b a s i n s  a t  t h e  west  

end and/or  f i l l i n g  t h e  low a r e a s  i n  t h e  b a s i n s  t o  avoid incomplete 

dra inage  and r e s u l t i n g  s t a n d i n g  wa te r  i n  t h e  b a s i n s  during drying.  

2 .  Modifying t h e  o u t l e t s  t o  maintain an outf low dur ing  f lood ing ,  

t hus  dec reas ing  t h e  d e t e n t i o n  t ime i n  t h e  i n f i l t r a t i o n  b a s i n s  and 

reducing a d d i t i o n a l  a l g a e  growth i n  t h e  b a s i n s .  

3. Using secondary e f f l u e n t  from t h e  channel  r a t h e r  t han  t h e  

flow from t h e  80-acre pond a s  i n f l u e n t  f o r  t h e  i n f i l t r a t i o n  bas ins .  

Th i s  can b e  achieved by i n s t a l l i n g  a p i p e l i n e  from t h e  by-pass 

channel  t o  t h e  i n l e t  s t r u c t u r e s  on t h e  wes t  end of t h e  80-acre pond. 

Engineering p l a n s  f o r  such a p i p e l i n e  a r e  be ing  developed. Secondary 

e f f l u e n t  w i l l  probably y i e l d  h i g h e r  i n f i l t r a t i o n  rates because t h e  

s o l i d s  s e t t l e  f a s t e r .  S o l i d s  would then  only accumulate on the  s o i l  

s u r f a c e  n e a r  t h e  i n l e t  end,  l eav ing  t h e  rest of t h e  b a s i n  e s s e n t i a l l y  

c lean .  Also,  a s ludge  l a y e r  on t h e  s o i l  s u r f a c e  caused by t h e  normal 

suspended s o l i d s  i n  t h e  e f f l u e n t  d r i e s ,  s h r i n k s ,  and decomposes 

b e t t e r  dur ing  drying than  an a lgae  c r u s t .  

2 .  Well T e s t s  . 
The Center Well i s  200 f t  deep and cased w i t h  2-f t  diameter  

s tovep ipe  f o r  i ts  e n t i r e  l eng th  (Figure 13 ) .  The geologic  formations 
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were t h e  t y p i c a l  sand and g rave l  l a y e r s  o r  " r i v e r  run" found i n  t h e  

S a l t  River  Val ley .  A c l a y  l a y e r  may b e  p r e s e n t  a t  a depth  of about  

220 f t .  The cas ing  was p e r f o r a t e d  i n  p l ace  w i t h  che  louver- type per- 

f o r a t o r  from a depth oE LOO f t  t o  180 f t .  The b o ~ r l s  a r e  set from 

153 t o  161  f t ,  and t h e  i n t a k e  s t r a i n e r  i s  10  f t  long .  The s t a t i c  

wa te r  l e v e l  is  a t  a depth of 60 f t . 
Upon complet ion of t h e  w e l l  and p r i o r  t o  p l a c i n g  t h e  pump, t h e  

h y d r a u l i c  concluct ivi ty  , K ,  of t h e  a q u i f e r  around t h e  w e l l  was de t e r -  

ntined w i t h  a s l u g  t e s t  on 30 J u l y ,  u s ing  t h e  procedure  of Bouwer and 

Rice (USWCL P u b l i c a t i o n  No. 523, i n  p r e s s  w i t h  Water Resources Re- 

s e a r c h ) .  The w a t e r  l e v e l  i n  t h e  w e l l  was lowered 7 cm by t h e  r a p i d  

removal o E . a submerged cy l inde r .  The subsequent  r i s e  was measured 

wi th  a Statham Model 131 p r e s s u r e  t r ansduce r  whose output  was re- 

corded on an  E s t e r l i n e  Angus Model MS401BB m i l l i v o l t  r eco rde r .  The 

r e s u l t i n g  t i m e  and wa te r - l eve l  readings  produced a s t r a i g h t  l i n e  on 

semi-log paper  (F igure  1 4 ) ,  i n  accordance wi th  t h e  theo ry .  The test 

y i e l d e d  a K-value of 29.2 m/day, which i s  between t h e  h o r i z o n t a l  

and v e r t i c a l  K-values of 86 and 5.4 m/day, r e s p e c t i v e l y ,  found a t  

Flushing Meadows, and a l s o  w i t h i n  t h e  range of t h e  1 0  t o  236 m/day 

obta ined  w i t h  t h e  i n d i v i d u a l  well tests a t  Flushing Meadows. S ince  

t h e  Center  Well. had no t  y e t  been pumped, some d r i l l i n g  mud and o t h e r  

f i n e s  may s t i l l  have been p r e s e n t  i n  t h e  a q u i f e r  around t h e  w e l l  a t  

t h e  t ime oE the  s l u g  t e s t .  Assuming an a q u i f e r  t h i ckness  of 50 m, 

t h e  t r a n s m i s s i v i t y  of the a q u i f e r  below t h e  23rd Avenue b a s i n s  i s  . 
2 

1460 m /day. 

Af t e r  t h e  pump and power u n i t  were i n s t a l l e d ,  a step-drawdown 

t e s t  was performed on t h e  Center W e l l  on 12  November. The w e l l  

pumping-rate was inc reased  about every 20 minutes w h i l e  measuring 

t h e  depth of t h e  wa te r  l e v e l  i n s i d e  t h e  w e l l  w i t h  a bubb le  t u b e .  

The r e s u l t i n g  d a t a  (F igure  15) were analyzed w i t h  t h e  l o g a r i t h m i c  

t r i a l - and -e r ro r  t eclmique t o  de te rncne  t h e  coe.Ef i c i e n t s  and exponent 

i n  t h e  equa t ion  
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where s = t o t a l  drawdown i n s i d e  w e l l ,  
i w  

Cf = formation f a c t o r ,  

Cw = wel l - lo s s  f a c t o r ,  

n = exponent f o r  t u r b u l e n t  flow (n  > 2) , and 

Q = discharge  

The r e s u l t s  were: 

-4 2 C = 4.34 x LO day/m , 
f 

C = 1.37 x 10-I' days/m2, and 
w 

n = 4.79 

Using t h e s e  v a l u e s ,  t h e  t o t a l  drawdown i s  broken down i n t o  t h e  head 

l o s s  s i n  t h e  format ion  and t h e  head l o s s  s due t o  e n t r y  i n t o  t h e  
f w 

w e l l  (F igure  1 6 ) .  The sum of sf and s (dashed l i n e )  agrees  w i t h  
sir 

t h e  observed t o t  a 1  drawdowns . 
Since  C = l n ( r  /r ) /2nT, where r2 i s  t h e  r a d i u s  of i n f l u e n c e  

f 2 w  
of t h e  w e l l ,  t h e  t r a n s m i s s i v i t y  T can b e  c a l c u l a t e d  from C i f  r2 

f 
i s  known. Assuming r = 100 m and rw = 0.5  m, t h i s  y i e l d s  T = 

9 2 
1900 mL/day, which i s  s l i g h t l y  h i g h e r  than  T eva lua t ed  by t h e  s l u g  

test and may show t h e  e f f e c t  of a d d i t i o n a l  well. development a f t e r  

t h e  pump w a s  i n s t a l l e d .  

The wa te r  l e v e l s  i n  t h e  obse rva t ion  w e l l s  showed a r i s i n g  t r e n d  

(F igure  17) .  The obse rva t ion  w e l l  i n  t h e  c e n t e r  of t h e  no r the rn  

edge of t h e  b a s i n  a r e a  showed g r e a t e r  response t o  f l ood ing  of che 

b a s i n s  than  d id  t h e  we11 i n  t h e  c e n t e r  of t h e  s0uthe.m edge of t h e  

b a s i n  a r e a .  This  i s  apparent ly  due t o  an accumulation of mud on 

t h e  bot tom bf t h e  South W e l l .  The wa te r  l e v e l  i n  t h e  North Well 

rose  about 10 f t  i n  November and December when b a s i n s  1 and 4 and 

b a s i n s  2 and 3 were f looded.  Then i t  dec l ined  i n  December when b a s i n  

4 was f looded  only.  S tud ie s  on managing i n f i l t r a t i o n  r a t e s  and 

pumping schedules  t o  o b t a i n  a cons t an t  level .  i n  t h e  obse rva t ion  w e l l s  

(no grounclwater flow t o  o r  from t h e  renovat ion  system) w i l l  be  s t a r t e d  

when t h e  o the r  two product ion  w e l l s  on $he c e n t e r  d ike  a r e  a l s o  

i n s t a l l e d  . 
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3. Suspended S o l i d s .  

F igure  1 8  shows t h e  suspended s o l i d s  content  oE t h e  secondary 

e f f l u e n t  as i t  e n t e r s  t h e  80-acre pond, of t h e  outf low from t h i s  pond - 

as i t  e n t e r s  t h e  i n f i l t r a t i o n  b a s i n s ,  of t h e  wa te r  i n  t h e  i a f i l t r a -  

t5on b a s i n s  sampled about 800 f t  from t h e  i n l e t ,  and of t h e  renovated 

wa te r  from t h e  Center  W e l l .  The SS-content of t h e  secondary e f f l u e n t  

i s  low i n  t h e  summer (< 20 mg/l) b u t  reaches an average of about 

50 mg/l i n  che  w i n t e r .  The outf low from t h e  80-acre pond has  a  h igh  

SS-content (about  50 mg/l) i n  t h e  summer due t o  a lgae  growth, b u t  a  

low SS-content (about  20 mg/l) i n  t h e  w i n t e r  when t h e  a l g a e  do n o t  

grow as r apJd ly .  The lower SS-content i n  t h e  w i n t e r  may exp la in  t h e  

i n c r e a s e  i n  i n f i l t r a t i o n  r a t e s  dur ing  t h e  win te r .  High a lgae  con- 

t e n t s  are a l s o  observed f o r  t h e  wa te r  i n  t h e  i n f i l t r a t i o n  b a s i n s ,  

e s p e c i a l l y  towards t h e  end of a f lood ing  pe r iod  and i n  s t agnan t  

water dur ing  dry ing .  SS-concentrations i n  excess  of 200 mg/l have 

been measured. The renovated w a t e r  from t h e  Center  W e l l  i s  essen- 

t i a l l y  Eree from suspended s o l i d s ,  except  dur ing  t h e  beginning of 

pumping when f i n e s  ( i n c l u d i n g  d r i l l i n g  mud) moved Erom t h e  a q u i f e r  

i n t o  t h e  w e l l  dur ing  development. 

4 .  Nitrogen.  -- 
The t o t a l  n i t r o g e n  con ten t  oE t h e  e f f l u e n t  from t h e  80-acre 

pond a s  i t  e n t e r e d  t h e  i n f i l t r a t i o n  b a s i n s  w a s  about 22 mg/l, most ly 

as ammonium (Figure  1 9 ) .  The n i t r o g e n  of t h e  renovated wa te r  from 

t h e  Center Well was e s s e n t i a l l y  a l l  i n  t h e  n i t r a t e  form and i t s  con- 

c e n t r a t i o n  g radua l ly  decreased from about 30 mg/l  t o  10  mg/l dur ing  

t h e  Eirst 3 months of sampling and pumping. 'Ilhe NEI N content  oE 
4- 

t h e  renovated wa te r  w a s  l e s s  than 1 mg/l.  One reason  f o r  t h e  decrease  

i n  t o t a l  N-content of t h e  renovated water  may b e  t h a t  t h e  seepage 

from t h e  b a s i n s  when t h e  a r e a  was s t i l l  used as one o x i d a t i o n  pond 

o r i g i n a l l y  contained more n i t r o g e n .  A s  t h i s  water  i s  g radua l ly  d i s -  

placed by the  wa te r  i n f i l t r a t i n g  from t h e  recharge b a s i n s ,  lower N- 

l e v e l s  can b e  expected because t h e  i n t e r m i t t e n t  f l ood ing  o£ t h e  

b a s i n s  s11oul.cl produce some c l en i t r i f  c a t i o n  i n  t h e  under ly ing  s o i l .  
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5.  Phosphorus. 

Concentrat ions of PO -P averaged about 8 mg/l i n  t h e  e f f l u e n t  4 
from t h e  80-acre pond and about 0.2 mg/l i n  t h e  renovated wa te r  from 

t h e  Center  W e l l  (F igure  20).  Th i s  i s  a h i g h  degree. of phosphate re- 

moval (about  97%) , which may b e  due t o  t h e  r e l a t i v e l y  l a r g e  depth t o  

che groundwater and punping depths .  The renovated wa te r  must t hen  

move through t h e  f i n e r  t ex tu red  l a y e r s  i n  t h e  p r o f i l e  above as w e l l  

a s  below the wa te r  t a b l e .  

6 Fluor ide .  

F luo r ide  concen t r a t ions  were determined on one s e t  of samples ,  

which y i e l d e d  a concen t r a t ion  of 1 . 2  mg/l f o r  t h e  80-acre-pond e f -  

f l u e n t  and 0 .4  mg/l Eor t h e  renovated water from t h e  Center W e l l .  

7. Boron. 

Boron was a l s o  determined once, y i e l d i n g  concen t r a t ions  of 

0.6 mg/l Eor b o t h  t h e  80-acre-pond e f f l u e n t  and t h e  renovated wa te r  

from t h e  Center  Well.  

8. Dissolved S a l t s .  

Ignor ing  t h e  h igh  TDS-level f o r  t he  80-acre-pond e f f l u e n t  i n  

October ,  t h e  e x f l u e n t  had an  average TDS content  of about 870 mg/l  

(F igare  21).  The renovated water  from t h e  Center W e l l  Ln i t - ia l ly  had 

a h ighe r  TDS con ten t ,  about 1,100 t o  1,200 mg/1, b u t  t h i s  dropped t o  

about 950 mg/l a f t e r  3 nlonths oE ope ra t ion .  Apparently t h e  i n f i l - t r a -  

t i o n  froin t h e  b a s i n s  had dfisplaced grounckiiiater wi.th a h i g h e r  TDS 

con ten t  . 
9. Feca l  C o l i f o m s .  

6 The f e c a l  co l i form content  w a s  about 10 pe r  100 m l  f o r  the  
4 - secondary e f f l u e n t  going i n t o  t h e  80-acre pond, and about 1 0  p e r  

100 m l  when i t  e n t e r e d  the  i n f i l t r a t i o n  b a s i n s  (F igure  22) .  Feca l  

co l i form con ten t s  were zero f o r  t h e  renovated water  from t h e  Center 

W e l l ,  except  f o r  a count of 1 pe r  100 ml when t h e  w e l l  was f i r s t  

pumped and counts of 10 and 2.5 pe r  100 ml a t  t h e  end of Nuvember 

and t h e  beginning o E December, r e s p e c t i v e l y .  The l a t t e r  two couilts 

coincided wit11 floodi-ng per iods  f o r  bas ins  2 an3 3 ,  tih.ich are r i g h t  

next  t o  t h e  Center Well.  Hence, t h s e  coilnts, wl-rich a r e  s"L-ll w e l l  
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below t h e  upper l i m i t  of 200 f e c a l  c o l i f o m s  p e r  100 m l  f o r  un- 

r e s t r i c t e d  i r r i g a t i o n ,  a r e  probably clue t o  t h e  a r r i v a l  of renovated 

wa te r  a t  t h e  w e l l  t h a t  d id  no t  have much lateral movement: below t h e  

wa te r  t a b l e .  However, as  p rev ious ly  observed a t  Flushing PIeado~?~, 

t h e  f e c a l  co l i fonns  dropped t o  zero  w i t h  cont inued f looding .  

10 .  Sunlmary and Conclusions. -- 
The p r o j e c t e d  annual  h y d r a u l i c  loading  r a t e  f o r  t h e  newly con- 

s t r u c t e d  23rd Avenue h igh - ra t e  recharge  system i s  about 100 f t  p e r  

y e a r  (based on i n f i l t r a t i o n  amounts of 41  t o  54 f t  f o r  a  per iod  of 

roughly 6 months). For t h e  40-acre t o t a l  b a s i n  a r e a ,  t h i s  amounts t o  

4,000 af p e r  y e a r ,  3 .6  mgd, o r  2,480 gpm. Th i s  low rate i s  p r imar i ly  

due t o  t h e  h i g h  a l g a e  con ten t  of t h e  i n f l u e n t ,  which i s  t h e  e f f l u e n t  

from an 80-acre o x i d a t i o n  pond r e c e i v i n g  secondary ( a c t i v a t e d  s ludge)  

e f f l u e n t ,  and t o  poor s u r f a c e  dra inage  of t h e  b a s i n s  dur ing  drying.  

I n f i l t r a t i o n  rates r a p i d l y  decreased dur ing  f lood ing  due t o  forma- 

i o n  of an a l g a e  cake on t h e  e n t i r e  bottom a r e a  of t h e  bas ins .  

This  cake decomposed poor ly  and d i d  n o t  crack o r  s h r i v e l  up during 

d ry ing ,  i n  c o n t r a s t  t o  a "normal" s ludge  l a y e r .  Higher i n f i l t r a t i o n  

rates can probably be  obta ined  i f  t h e  secondary e f f l u e n t  i s  used 

d i r e c t l y  and n o t  a f t e r  i t  has  passed through an ox ida t ion  pond. 

W e l l  t e s t s  on t h e  2-f t  diameter  and 200-ft  deep product ion w e l l  

i n  t h e  c e n t e r  of t h e  b a s i n  area y ie lded  a q u i f e r  t r a n s m i s s i v i t i e s  oE 
0 

1460 mL/day (us ing  t h e  s l u g  t e s t  b e f o r e  t h e  pump was i n s t a l l e d )  and 
2 

1900 m /day (us ing  t h e  step-drawdown t e s t  a f t e r  pumping). These d a t a  

w i l l  b e  used i n  l a t e r  s t u d i e s  of t h e  underground Elot? system. The 

wa te r  t a b l e  was at a depth of 60 f t .  

The q u a l i t y  of t h e  renovated water  was e x c e l l e n t .  The concentra- 

t i o n  of t o t a l  N decreased from 30 t o  10 mg/l during pt~mpLng, PO -P 
4 

was about 0.2 mgl l ,  f l u o r i d e  0 .[I. mg/l ,  boron 0 .6  mg/l-, and TDS 

870 mg/l.  Feca l  co l i fonns  were absen t ,  except  f o r  counts oE 1 t o  

10 pe r  100 m l  ob ta ined  when pumping was f i r s t  s t a r t e d  o r  wllen t h e  

b a s i n s  nex t  t o  t h e  w e l l  were Eloodecl. The suspendeci s o l i d s  content  
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was l e s s  than  1 mg/l. The wa te r  has  been c e r t i f i e d  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  by the  Arizona S t a t e  Hea l th  Department. 

Personnel :  H. Bom~er ,  R. C. Rice,  G. C. Emery, R.  L. Nas t in ,  

E. W. E r r i ckson  
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Table 1, Concent ra t ion  (mg/l) of NO -N, NO -N, and NEI -N in 
2 3 4 

renovated water from w e l l  1 (1975). 

Date NO2-% NO3-N NI-I -N 4 

22 Jan  0 1.2 0 

26 Feb 0 0 0.7 

27 Mar 0 . 1  0 0 ,8  

11 J u l  0 0 1.1 

28 Aug 0 , l  0 0 1  0.8 

25 Sep 0 0 .1  0.5 

22 O c t  0 0 . 1  0 . 1  
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Table  2. TDS-contents (mg/l) of secondary  e f f l u c n t  and r enova t ed  

wa t e r  from v a r i o u s  w e l l s  ( l 97S) .  

Date  E f f l u e n t  Well 1 Well  1-2 ECW Well 5-6 
-- 

22 Jan 

11 Feb 

20 Peb 105 0 

26 Pel) 94 1 

27 Mar 960 

28 Mar 

3 1  Mar 896 

11 Jul 960 960 1024 1024 1088 

28 Aug 947 909 1024 992 966 

22 O c t  960 9 34 97 3 97 3 
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Table 3. Concentrat ion (mg/l) of f l u o r i d e  i n  secondary e f f l u e n t  

and renovated water from var ious  we l l s .  

-- 
Date E f f l u e n t  We11 l We.I.1 1 -2  ECW Well 5-6 

22 Jan  2.8 3 , 1  3.5 

11 Feb 2.6 

26 Feb 0 .8  2.0 3 ,2  2.5 

6  Mar 2  . 1. 2.2 3.2 

7 Mar 3.2 2.1 2.8 2.5 

10 Mar 2.5 2 , 1  2.8 2.6 

13 Mar 3.0 2.0 2 .1  2.5 

27 Mar 1 .3  2 , 0  2.8 1 ,9  

28 Mar 1.7 

31 Mar 1.4 
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Tab3.c 4 ,  Concent ra t ion  (mg/l) of boron i n  secondary e f f luent :  and 

renovated water  from va r iou  w e l l s ,  

Date E f f l u e n t  Well 1 Well. 1 - 2  ECW Well 5-6 - 
22 Jan  

11 Feb 

20 Fcb 

26 Peb 

27 Mar 

28 Mar 

31  Mar 

11 J u l  

28 Aug 

25 Sep 

LO-  16 
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Figure 1. I n f i l t r a t i o n  r a t e s  i n  Flushing Meadows recharge basins and r a i n f a l l ,  Annual Report of the U.S. Water Conservation Laboratory
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Figure 2. Accunulated infiltration in Flushing Meadows recharge basins. Annual Report of the U.S. Water Conservation Laboratory
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F i g u r e  3 .  Total N in effluent and nitrate-N and amnonium-N in renovated water from well 1-2. Annual Report of the U.S. Water Conservation Laboratory



F i g u r e  4 ,  T o t a l  E i n  e f f l u e n t  and n i t r a t e - X  and aminoniurn-N In  renova ted  w a t e r  from ECW. Annual Report of the U.S. Water Conservation Laboratory
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Figure 5 ,  T o t a l  N in effluent and nitrate-N and ammoniurr,-N in renovated water f rom 5-6.  
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Figure  6 .  Phosphate-P i n  e f f l u e n t  and renovated water from w e l l  1-2. 
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Figure  7 .  Phosphate-? in ef f luen t  and renovated water from ECW. 
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Figu re  8. Phosphate-P in effluent and renovated water from well 5 - 6 .  
Annual Report of the U.S. Water Conservation Laboratory
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4 4 2 0  C U R V E  ' P A R A M E T E R :  Q i n  MI'/DAY 

- 

- 

. ,- F i g r ? ~ ?  L3, Drawdown in Center Well at different pumping rates in step-drawdown test. 
Annual Report of the U.S. Water Conservation Laboratory



Figtlr-e 16. Ilei~d. losses in Lormation ( aqu i f cc )  and upon en t ry  inio 

.wclT, and t o t a l  hcad loss  (drawdown) f o r  Centcr Well, 

10-32 Annual Report of the U.S. Water Conservation Laboratory
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P O N D  E F F L U E N T  

I N  C E N T E R  

Figure 19. Nitrogen in effluent and in renovated water from Center Well. Annual Report of the U.S. Water Conservation Laboratory
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T" l i gc i r e  2 1 ,  S a l t  conce:ztration in effluent and in renovated water from Centcr Well. 
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F L O O D  

F i g u r e  2 2 ,  Fecal. coi - i form c ~ u n t s  in e f f l u e n t  arid renovated water frolil Center ?&?eii .  
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TITLE : COLUMN STUDIES OF TI-IE CHEPIICAZ, PHYSICAL, &I'D 

BIOLOGICAL PROChESES OF WASTEWATER iENOVBTLON 

BY PERCOLATION TrnOUCIII THE SOIL 

CRIS WORK UliIT: 5510-12260-003 CODE No. : Ariz .  -1KL 68-3 

LNTRODUCTIOB : 

Experiments on renovat ion  of secondary ,sewage e f f l u e n t  by s o i l  

columns w e r e  concent ra ted  on t h e  ntovement of v i r u s e s  i n  s o i l  colurnns 

Elooded w i t h  sewage water  du r ing  1975. Experiments on t h e  renovat ion  

of primary sewage e f f l u e n t  were i n i t i a t e d  du r ing  1975. Removal of 

n i t r o g e n ,  phosphorus, o rgan ic  carbon,  and f e c a l  co l i form b a c t e r i a ,  

and maintenance of i n f i l t r a t i o n  rates were s tud ied  under cond i t i ons  

s i m i l a r  t o  t h o s e  used i n  s tudy ing  renovat ion  oE secondary e f f l u e n t .  

PART I. VIRUS MOVEPENT 

A manuscript  e n t i t l e d  "Virus movement i n  s o i l  columns f looded 

w i t h  secondary sewage e f f l u e n t "  has  been prepared.  The summary oE 

t h a t  paper is presented  he re :  

Secondary sewage e f f l u e n t  con ta in ing  3 t o  5 x l o 4  PEU/ml p o l i o  

v i r u s  t ype  1 (LSc) w a s  passed through 250-cm-long columns packed w i t h  

ca l ca reous  sand t aken  from a n  a r e a  i n  t h e  S a l t  River  bed used f o r  

groundwater r echa rge  of secondary sewage eEf luent .  Vixuses were n o t  

de t ec t ed  i n  1-d samples e x t r a c t e d  from t h e  columns below t h e  160-cm 

l e v e l .  V i ruses  were d e t e c t e d  i n  5 of 43 100-ml samples of t h e  colum!n 

d ra inage  water. Most of t h e  v i r u s e s  were adsorbed i n  t h e  top 5 cm of 

s o i l .  Varying t h e  i n f i l t r a t i o n  r a t e  between 1 5  and 55 cm/day d i d  n o t  

a f f e c t  t h e  v i r u s  removal. Flooding a column cont inuous ly  t o r  27 days 

w i t h  t h e  sewage water  v i r u s  m b t u r e  d id  n o t  s a t u r a t e  t h e  t o p  few c e n t i -  

meters  of s o i l  w i t h  v i r u s e s  and d i d  n o t  appear t o  a f f  e c t  v i r u s  movement. 

Flooding w i t h  de ionized  water caused deso rp t ion  of v i r u s  from t h e  

s o i l  and inc reased  movement through t h e  columns. Adding CaC12 t o  tile 

deionized water  prevented most of t h e  deso rp t ion  oE v i r u s .  Addit ion 

of a pu l se  of de ionized  water  followed by sewage water s t a r t e d  a wave 

of v i r u s  moving through t h e  columns, bu t  they  were readsorbed and 

none were cletected i n  out f low samples. i lrying t h e  s o i l  f o r  1 day 

between t h e  a p p l i c a t i o n  of t h e  v i r u s  and f looding  w i t h  deionized water 
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g r e a t l y  reduced deso rp t ion ,  and dry ing  f o r  5 days prevented desorp- 

t ion .  

Vi ruses  a p p l i e d  i n  secondary sewage e f f l u e n t  would n o t  be 

expected t o  move through 250 cm of t h e  ca l ca reous  sand s i m i l a r  t o  

t h a t  used i n  our l a b o r a t o r y  columns during groundwater r echa rge .  Some 

v i r u s  movement could occur  i t  heavy r a i n s  f e l l  w i t h i n  one day a f t e r  

a p p l i c a t i o n  of sewage s topped.  Such v i r u s  n;overnent could b e  minimized 

by f lood ing  w i t h  sewage soon a£ t e r  t h e  r a i n  f e l l .  

PART XI. PRIllIhRY SEWAGE EFFLUENT RENOVATION 

PROCEDURI3 : 

The 15-cm-diameter columns which a r e  l oca t ed  in 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  tops  of t h e  p ipes  p ro t rud ing  through t h e  roof were 

f looded w i t h  pr imary sewage e2.E l u e n t  dur ing  1975. I n i t i a l l y  6 of t h e  

9 cdlumns were used,  e .g . ,  3 b a r e  and 3 vegeta ted  (commum bermudagrass).  

The s u r f a c e  oE t h e  b a r e  s o i l  columns had n o t  been d i s t u r b e d  s i n c e  they  

were f looded  w i t h  secondary e f f l u e n t  6 months previous ly .  On 22 J u l y  

1975 t h e  g r a s s  was pu l l ed  from t h e  t h r e e  remaining columns and they  

were f looded  w i t h  primary sewage e f f l u e n t .  A 1 1  columns were f looded  

on a schedule  of 9-days f lood ing  and 5-days dry ing ,  and t h e  g r a s s  was 

ha rves t ed  d u r i n g  each d r y  per iod  except  dur ing  t h e  win te r  when l i t t l e  

growth occurred.  Two columns i n  t h e  l a b o r a t o r y  were a l s o  f looded  

w i t h  pr imary e f f l u e n t  on t h e  same schedule.  

Samples of sewage and column outf low were analyzed f o r  n i t r o g e n  

components, PO -P, C a ,  o rganic  carbon, suspended s o l i d s ,  and f e c a l  
4 

col i forms .  I n f i l t r a t i o n  r a t e s  were measured by weighing t h e  coluinn 

out f low d a i l y ,  and d a t a  w e r e  c o l l e c t e d  from oxida t ion- reduct ion  

e l e c t r o d e s  and tens iometers .  

RESULTS AND DISCUSSION: 

I n f i l t r a t i o n  r a t e s  w i t h  primary e f f l u e n t .  The i n f i l t r a t i o n  r a t e s  

of t h e  s i x  columns f looded w i t h  primary sewage wi thout  d i s t u r b i n g  t h e  

s o i l  s u r f a c e  d id  n o t  change much dur ing  t h e  8-1/2 months of f l o o d i n g  

(F igure  1 and Table 1 ) .  The average i n f i l t r a t i o n  rate Eor t h e  f i n s t  

c y c l e  was only about  0.6 cm/clay more than  t h a t  of t h e  l a s t  c y c l e .  This  

sma l l  d e c l i n e  could have been due t o  changes i n  the  weather .  This  
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i n d i c a t e s  t h a t  s o i l  c logging was n o t  i nc reas ing  w i t h  cont ined  flood- 

i n g ,  even though t h e  suspended s o l i d s  content  ranged from 5 1  t o  1 8 1  

mg/l  Eor t h e  Eresh primary eEf luen t  (Table 2) . The average in f  i l t r n -  

t i o n  r a t e  f o r  t h e  s i x  columns was 17.5 cm/day a s  compared t o  an  

average  rate oE 21.1 cm/day Eor t hose  columns f o r  1 0  months of Elood- 

i n g  w i t h  secondary sewage eEf l u e n t  dur ing  1974. Previous experiments 

showed t h a t  i n f i l t r a t i o n  rates dropped r a p i d l y  when suspended s o l i d s  

con ten t  oE secondary sewage e f f l u e n t  increased  above 10  mg/l. The 

suspended s o l i d s  and t o t a l  o rgan ic  carbon of t h e  primary e f f l u e n t  

dropped r a p i d l y  as t h e  sewage w a s  h e l d  i n  t h e  r e s e r v o i r  (Table 2 ) .  

This i n d i c a t e s  t h a t  t h e  suspended s o l i d s  were r a p i d l y  degraded, which 

probably accounts  f o r  t h e  low amount of c logging  a s s o c i a t e d  w i t h  t h e s e  

s o l i d s .  The tens iometer  d a t a  showed t h a t  c logging  was n o t  concent ra ted  

nea r  t h e  s u r f a c e .  The i n £  i l t r a t i o n  r a t e s  f o r  t h e  vegeta ted  columns 

were about  t h e  same a s  t h e  rates f o r  t h e  b a r e  s o i l  columns, 

The t h r e e  columns where g r a s s  was removed and Elooding began i n  

J u l y  had much h ighe r  i n f i l t r a t i o n  rates i n  t h e  beginning. The r a t e s  

dropped cons iderably  as f lood ing  cont inued b u t  were s t i l l  about  5 

cm/day h i g h e r  t han  t h e  s i x  undis turbed  columns i n  December (F igure  1 ) .  

Removal of t h e  g r a s s  n o t  on ly  d i s r u p t e d  t h e  s o i l  s u r f a c e  b u t  a l s o  

opened channels  extending clown i n t o  the  columns. V i sua l  obse rva t ions  

du r ing  f lood ing  showed t h a t  gases  escaped more r a p i d l y  from t h e s e  

columns du r ing  f lood ing  than  from undisturbed b a r e  s o i l  columns. As  

f l ood ing  cont inued ,  t h e  channels  c r e a t e d  by g r a s s  removal probably 

were broken down and no longer  served a s  ven t s  f o r . t h e  escape of gases .  

This may account  f o r  t h e  d e c l i n e  i n  i n f i l t r a t i o n  rates wieh f looding .  

I n f i l t r a t i o n  r a t e s  i n  t h e  l a b o r a t o r y  columns have dec l ined  t o  

about  h a l f  t h e  i n f i l t r a t i o n  rate oE t h e  f i r s t  fou r  c y c l e s  a f t e r  6 

months of f l o o d i n g  w i t h  primary sewage e f f l u e n t  (Table 3). This 

decrease  i n  i n f i l t r a t i o n  r a t e s  emphasizes t h e  importance of t h e  dry- 

i n g  a c t i o n  of s u n l i g h t  i n  main ta in ing  i n €  i l t r a t i o n  . 
Nitrogen removal from primary e f f l u e n t .  Nitrogen removal Erom 

t h r e e  b a r e  s o i l  columns averaged 45.6% from primary e f f l u e n t  a s  

compared t o  28.5% N removal from secondary c fEluent  i n  1974 (Table 4 ) .  
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Nitrogen removal increased  because t h e  primary e fE luen t  contained more 

d i s so lved  o rgan ic  carbon,  and t h u s  supported more d e n i t r i f i c a t i o n .  

T'ne average  d i s so lved  o rgan ic  carbon concen t r a t ion  i n  t h e  f r e s h  pr imary - 

e f f l u e n t  was 97.3 ppm, b u t  t h e  o rgan ic  carbon con ten t  decreased w h i l e  

t h e  sewage w a s  h e l d  i n  t h e  r e s e r v o h  (Table 5) .  The average r e s idence  

time i n  t h e  r e s e r v o i r  was about  1 day, and t h e  average o rgan ic  carbon 

c o n c e n t r a t i o n  i n  water  supp l i ed  t o  t h e  columns was about  75 ppm. 

Previous  l a b o r a t o r y  experiments  where glucose w a s  added t o  secondary 

sewage e f f l u e n t  i n d i c a t e d  t h a t  k c r e a s i n g  t h e  o rgan ic  carbon con ten t  

t o  75 ppm woulcl i n c r e a s e  N removal b u t  would n o t  a l low complete 

d e n i t r i f i c a t i o n .  The d a t a  from t h e  primary e f f l u e n t  experiment suppor t  

t h a t  concept .  

Nitrogen removed by t h e  t h r e e  vegeta ted  columns averaged 81.8% 

compared t o  48.1% removed from secondary e f f l u e n t  w h i l e  p l a n t s  were 

a c t i v e l y  growing i n  1974 (Table 4 ) .  iT removal by column 7 was low 

because  t h e  column was n o t  completely covered w i t h  g r a s s ,  and dry  

matter product ion  was much lower than  f o r  t h e  o t h e r  two columns (Table 

6 ) .  I f  w e  assume t h a t  t h e  N con ten t  of t h e  fo rage  w a s  about  t h e  same 

as i t  w a s  t h e . p r e v i o u s  year  (4%) ,  t he  d i f f e r e n c e  i n  N removal between 

vege ta t ed  and b a r e  .columns was incorpora ted  i n t o  vege ta t ion .  

However, t h e  d i f f e r e n c e  between N removal by vege ta t ed  columns 

and N removal by b a r e  columns was much g r e a t e r  f o r  t h e  primary 

e f f l u e n t  t han  i t  was f o r  secondary e f f l u e n t .  N removal by d e n i t r i f i -  

c a t i o n  w a s  l e s s  i n  vege ta ted  columns than  i n  b a r e  s o i l  columns when 

secondary e f f l u e n t  was a p p l i e d  i n  1974. N removal by d e n i t r i f i c a t i o n  

was about  t h e  same f o r  t h e  two sets of columns when primary e f f l u e n t  

w a s  app l i ed  i n  1975. 

The two l a b o r a t o r y  columns i n i t i a l l y  had h ighe r  i n £  i l t r a t i o n  

r a t e s  t han  t h e  columns w i t h  t h e  s u r f a c e  exposed t o  t h e  atmosphere. . . .  
The N removal w a s  l e s s  t h a n  t h a t  of t h e  surface-exposed columns, b u t  

i t  inc reased  as  t h e  i n f i l t r a t i o n  r a t e  of t h e  l a b o r a t o r y  columns 

dec l ined  (Table 3 ) .  The i n f i l t r a t i o n  rate of column 2 was much 

h ighe r  t han  t h a t  of column 3 i n i t i a l l y ,  b u t  t h e  i n f i l t r a t i o n  r a t e  

of column 2 w a s  h igher  a f t e r  c logging  developed i n  t h e  c o l u m s .  
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The N removal by column 2 was l e s s  than  column 3 i n i t i a l l y ,  b u t  N 

removal by t h e  two columns was about  equa l  a f t e r  t h e  change h i n E i l -  

t r a t i o n  rates. 

Phosphate removal from primary e f f l u e n t .  A wave 01 phosphate 

w a s  l eached  from t h e  s o i l  when t h e  columns were f looded w i t h  pr imary 

e E f l u e n t  fo l lowing  a 6-month d ry  pe r iod  (F igure  2 ) .  The c o l u m s  had 

been f looded w i t h  secondary eEEluent f o r  about  17 months p r i o r  t o  

t h e  d r y  pe r iod .  The h i g h e s t  PO -P concen t r a t ions  were Erom t h e  4 
v e g e t a t e d  column w i t h  the  h i g h e s t  i n f i l t r a t i o n  r a t e  among t h e  vege- 

t a t e d  columns. The PO -P concen t r a t ion  from t h a t  column then  dec l ined  
4 

u n t i l  i t  was t h e  lowest  PO -P l e v e l  d e t e c t e d  i n  water  from any of t h e  4 
columns. Evident ly  some oE t h e  a d s o r p t i o n  c a p a c i t y  of t h e  s o i l  w a s  

r e s t o r e d  when l a r g e  q u a n t i t i e s  of PO -P were leached from t h e  s o i l .  4 
The b a r e  s o i l  column w i t h  t h e  lowes t  i n f i l t r a t i o n  rate among t h e  b a r e  

s o i l  columns had t h e  lowest  PO P concen t r a t ions  i n  water drawing from 4- 
t h e  columns du r ing  t h e  f i r s t  s e v e r a l  c y c l e s  (F igu re  3 ) .  The PO4-P 

concen t r a t ions  from t h a t  column were never  a s  h igh  as t h e  PO -P l e v e l  
4 

i n  t h e  pr imary e f f l u e n t .  Thus, i n f i l t r a t i o n  rates n o t  only a fEected  

t h e  amormt oE PO P removed Erom sewage water  by t h e  s o i l  b u t  a l s o  t h e  
4- 

amount t h a t  can  b e  r e l e a s e d  by t h a t  s o i l  a f t e r  e x t e n s i v e  dry ing .  

Vegetated columns r e l e a s e d  more PO -P than  have s o i l  columns a f t e r  
4- 

e x t e n s i v e  dry ing .  However, PO P removal Erom primary e f f l u e n t  by 
4- 

vege ta t ed  columns was about  t h e  s a m e  as PO -P removal by b a r e  s o i l  
4 

columns a f t e r  t h e  i n i t i a l  wave of PO -P was leached from t h e  s o i l  4 
(Figure 4) .  These vege ta t ed  columns p rev ious ly  removed l e s s  PO 4-P 
than  b a r e  columns from secondary e f f l u e n t .  

The PO -P removal from primary e f f l u e n t  by columns 3 and 9 were 
4 

66 and 72%, r e s p e c t i v e l y ,  as compared t o  58 and 73% f o r  secondary 

e f f l u e n t .  The i n f  i l t r a t i o n  rates were 20.4 and 14.9 cm/day f o r  

columns 3 and 9 ,  r e s p e c t i v e l y ,  f o r  primary e f f l u e n t ,  as compared 

t o  22.3 and 18 .2  cm/day f o r  t h e  secondary e f f l u e n t .  The p e r c e n t  

removal of PO -P remained about  t h e  same, a s  t h e  PO -P c o n c e n t r a t i o n  4 4 
decreased from 12 .1  ppm f o r  t h e  secondary e f f l u e n t  t o  7.2 ppm f o r  

t h e  primary eEEluent. Theref o r e ,  t h e  PO -P concen t r a t ions  i n  t h e  4 
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water  d r a i n i n g  from t h e  columns were l e s s  when t h e  columns were 

f looded w i t h  primary eEf luen t  t h a n  when they  were f looded  w i t h  sec- 

ondary e f f l u e n t .  These d a t a  show no i n d i c a t i o n  t h a t  t h e  increased  

o rgan ic  con ten t  of t h e  pr imary e f f l u e n t  a f f e c t e d  PO -P removal. 4 
Samples from v a r i o u s  depths  i n  t h e  s o i l  columns showed t h a t  PO -P 

4 
removal was n o t  l o c a l i z e d  a t  any p a r t i c u l a r  'depth. The PO P concen- 4- 
t r a t i o n s  nea r  t h e  s u r f a c e  were u s u a l l y  s l i g h t l y  more than  those  i n  

t h e  primary e f f l u e n t  , i n d i c a t i n g  t h a t  some movement through t h e  s o i l  

occurred b e f o r e  removal began (Table 7 ) .  

The l a b o r a t o r y  s o i l  columns a l s o  r e l e a s e d  l a r g e  amour~ts of PO -P 
4 

when they  were f looded  w i t h  pr imary sewage e f f l u e n t .  The r e l e a s e  oE 

PO P by bokh sets of columns might be due t o  f looding  w i t h  water 4- 
con ta in ing  only  7.2 ppm PO -P (primary e f f l u e n t )  a f t e r  t h e  s o i l  had 4 
been e q u i l i b r a t e d  w i t h  water  con ta in ing  about  1 2  ppm PO P (secondary 4- 
e f f l u e n t ) .  The PO -P con ten t  i n  t h e  water  decreased as t h e  i n f i l t r a -  

4 
t i o n  r a t e s  decreased (Table 8) .  

Organic carbon removal from primary e f f l u e n t .  Pfost of t h e  o rgan ic  

carbon was removed from t h e  primary sewage efEluent  a s  i t  moved through 

t h e  s o i l  columns (Table 9 ) .  The organic  carbon con ten t  of t h e  water 

from t h e  columns was about t h e  same as it was from columns f looded 

w i t h  secondary sewage e f f l u e n t .  The vegeta ted  columns seemed t o  a l low 

more carbon t o  move through t h e  s o i l  i n i t i a l l y ,  b u t  o rgan ic  carbon 

concen t r a t ions  from vege ta t ed  and b a r e  s o i l  columns were about  t h e  

same a f t e r  t h r e e  o r  fou r  f l ood ing  cyc le s .  

Organic carbon removal was s l i g h t l y  more than  observed when 

columns were f looded w i t h  secondary e f f l u e n t  enriched w i t h  dex t rose ,  

probably due t o  lower i n f i l t r a t i o n  r a t e s  and a corresponding g r e a t e r  

d e t e n t i o n  t ime i n  t h e s e  s o i l  columns. 

Feca l  co l i fo rm removal from primary sewage e f l l u e n t .  The f e c a l  

co l i fo rm concen t r a t ions  i n  t h e  primary e f f l u e n t  ranged from 0.65 t o  
6 23  x 10  col i forms/100 m l  of water .  The samples from t h e  column 

out f low ranged from 0 t o  186 coliEorms/100 m l .  The number of c o l i -  

forms i n  t h e  column outf low samples w a s  about t h e  same Eor a vegeta ted  

and a nonvegetated column (Figures  6 and 7 ) .  The non.vegetated colum.. 

Annual Report of the U.S. Water Conservation Laboratory



seemed t o  have fewer co l i fo rms  in samples taken from the  40 and 80 cm 

depths  a f t e r  4 days oE f looding.  l fore d a t a  would be  needed t o  con- 

f i rm t h i s  t r end .  A p l o t  of average f e c a l  col iforms wi th  depth in t h e  

s o i l  column showed a  sharp drop i n  col i form numbers a s  t h e  water 

moved through t h e  f i r s t  8  cm, and a  more gradual  d e c l i n e  i n  numbers of 

col i forms from 8  t o  250 cm (Figure 8 ) .  The p l o t  was almost l i n e a r  

a f t e r  t h e  i n i t i a l  d e c l i n e  i n  col i forms near  t h e  s o i l  su r face .  This 

sugges t s  t h a t  co l i form b a c t e r i a  were removed by f i l t r a t i o n  near t h e  

s u r f a c e ,  and removal w a s  p ropor t iona l  t o  de ten t ion  t ime a s  t h e  water 

moved deeper i n t o  t h e  s o i l  p r o f i l e .  Also, t h e s e  d a t a  show t h a t  t r a v e l  

through about  1.8 m of f i n e  sand w a s  needed t o  reduce t h e  col i form 

concent ra t ion  below 1,000/100 m l .  The l eng th  of t r a v e l  through t h e  

s o i l  needed would vary  wi th  t h e  flow v e l o c i t y  of t h e  water .  Previous 

s t u d i e s  w i t h  secondary sewage e f f l u e n t  conta in ing  d i f f e r e n t  concentra- 

t i o n s  of f e c a l  co l i forms showed about  3 l o g s  removal of f e c a l  col iforms 

by 250-cm-long s o i l  columns w i t h  i n f i l t r a t i o n  r a t e s  of about 40 t o  45 

cmlday. These experiments showed about 5  l o g s  removal of f e c a l  c o l i -  

forms f o r  primary e f f l u e n t  by 250-cm-long s o i l  columns wi th  i n f i l t r a t i o n  

rates of about  21 t o  22 cmlday. 

Oxidation-reduction .po ten t i a l s .  The oxidat ion-reduction poten- 

t i a l s  dropped a s  t h e  2- and 8-cm l e v e l s  decreased t o  negat ive  va lues  

dur ing  t h e  f i r s t  day of f lood ing  (Figure 8) .  A l l  of t h e  probes showed 

nega t ive  va lues  by the  t h i r d  day of f looding.  These measurements a r e  

s i m i l a r  t o  ones recorded i n  previous experiments wi th  sugar-enriched 

secondary e f f l u e n t .  They i n d i c a t e  t h a t  t h e  columns were i n  a h ighly  

reduced s t a t e  dur ing  most of t h e  f looding period.  

SUMMARY AND CONCLUSIONS : 

The renovat ion  of primary sewage e f f l u e n t  by high-rate  l and  f i l t r a -  

t i o n  was s t u d i e d  by f looding s o i l  columns wi th  primary e f f l u e n t  us ing  

t h e  same columns, f lood ing  schedules,  and measurement techniques which 

were used w i t h  experiments on renovation of secondary e f f l u e n t .  I n  

s o i l  columns where t h e  s o i l  s u r f a c e  was exposed t o  t h e  atmosphere, 

i n f i l t r a t i o n  r a t e s  w i t h  primary e f f l u e n t  dec l ined  only about 3% 

dur ing  8-1/2 months of i n t e r m i t  t e n t  f looding,  even though t h e  suspended 
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s o l i d s  con ten t  of t h e  primary eEf luent  ranged Erom 5 1  t o  181  m g / l .  

The i n E i 1 t r a t i o n  rates were about  15% less than  t h e  rates measured 

i n  1974 when t h e  same s o i l  columns were f looded wi th  secondary e f f l u e n t  

con ta in ing  < 10  mg/l  suspended s o l i d s .  The suspended s o l i d s  were 

r a p i d l y  degraded, and tens iometers  i n d i c a t e d  no concen t r a t ion  of s o i l  

c logging  near  t h e  s o i l  s u r f a c e .  I n f i l t r a t i o n  rates were s i m i l a r  f o r  

vege ta t ed  and nonvegetated columns. I n f i l t r a t i o n  r a t e s  of l abo ra to ry  

s o i l  columns dec l ined  about  50% when they  were i n t e r m i t t e n t l y  f looded 

w i t h  pr imary sewage e f f l u e n t  f o r  4 months. 

Nitrogen removal was 45.6% and 81.8% f o r  nonvegetated and vegeta ted  

columns, r e s p e c t i v e l y ,  as compared t o  28.5 and 48.1% N removal from 

secondary e f f l u e n t  by nonvegetated and vegeta ted  colun~ns,  r e s p e c t i v e l y ,  

du r ing  1974. The inc reased  N removal was due t o  i nc reased  d e n i t r i f i c a -  

ti02 w i t h  h ighe r  o rgan ic  carbon concen t r a t ions  as had been p red ic t ed  

by p rev ious  experiments  w i t h  secondary e f f l u e n t  enr iched  w i t h  sugar .  

l;f removal by d e n i t r i f i c a t i o n  was much g r e a t e r  i n  vege ta t ed  columns 

f looded  w i t h  pr imary e f f l u e n t  t han  i t  had been i n  vege ta t ed  columns 

f looded w i t h  secondary e f f l u e n t .  The d i f f e r e n c e  i n  N removal by 

vegeta ted  and nonvegetated columns could be accounted f o r  by t h e  

*sue. n i t r o g e n  inco rpora t ed  i n t o  ha rves t ed  p l a n t  t i e  

The percent  phosphate r en~ova l  by t h e  columns f looded w i t h  primary 

e f f l u e n t  was about  t h e  same as i t  had been w i t h  secondary e f f l u e n t .  

The PO -P concen t r a t ions  i n  water  d r a i n i n g  from columns f looded wi th  
4 

pr imary e f f l u e n t  were l e s s  t han  they  had been when t h e  columns were 

f looded  w i t h  secondary e f f l u e n t ,  because PO -P concen t r a t ions  were lower 
4 

i n  t h e  primary e f f l u e n t  t han  i n  secondary e fEluent .  The PO -P removal 
4 

i nc reased  a s  t h e  inf  i l t r a t i o n  rate decreased as was r epo r t ed  f o r  

secondary eEf luen t .  A wave of PO -P w a s  leached from t h e  s o i l  when 
4 

columns were f looded w i t h  primary e f f l u e n t  a f t e r  they  had been d ry  

f o r  about  6 months. The release of PO -P might have been caused by 
4 

e q u i l i b r a t i o n  of t h e  s o i l  w i t h  primary e f f l u e n t  con ta in ing  about 7.2 

ppm PO -P a f t e r  t h e  s o i l  had p rev ious ly  been f looded w i t h  secondary 
4 

e f f l u e n t  con ta in ing  12 .1  ppxn PO -P. 4 
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Vegetated s o i l  columns removed about t h e  same amount of PO -P 
4 

from primary e f f l u e n t  a s  nonvegetated columns bu t  r e l eased  more 

PO -P dur ing  t h e  Eirst few f looding cycles .  This was opposi te  t o  4 
t h e  e f f e c t  noted w i t h  secondary e f f l u e n t  i n  1974 when vegetated col -  

umns removed less PO P than  nonvegetated columns. 4- 
Most of t h e  organic  carbon was removed lfrom primary e f f l u e n t  a s  

it moved through t h e  s o i l  columns. Organic carbon concent ra t ions  

i n  water  d r a i n i n g  from t h e  columns were about t h e  same a s  they  had 

been when secondary e f f l u e n t  was appl ied .  

The f e c a l  co l i form concent ra t ion  of t h e  water was reduced from 
6 

0.65 t o  2 3  x 10  coliEorms/100 ml. t o  0 t o  186 col iforms/100 m l  a s  it 

moved through t h e  s o i l .  

I n  summarizing t h e  comparison between t h e  experiments wi th  

primary and secondary e f f l u e n t  , i n f  i l t r a t i o n  r a t e s  were only s l i g h t l y  

less f o r  primary e f f l u e n t ,  N removal was g r e a t e r ,  and removal of PO P ,  4- 
organic  carbon, and f e c a l  co l i forms was s i m i l a r  when i n f i l t r a t i o n  

r a t e s  were considered.  Thus, high-rate  land f i l t r a t i o n  shows g r e a t  

promise as a method t o  renovate primary sewage e f f l u e n t  and bypass 

t h e  expensive secondary treatment .  

PERSOIQJEL: J. C.  Lance, R. C. R i c e ,  G .  C.  Emery, and J .  B. H i l l e r  
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Table 1. Infiltration rates of soil columns flooded with primary sewage effluent.(cm/day). 

Average Average 
Date 1 2 3 4 5 6 7 8 9 1,3,4,6,7,9 2~5.98 

Average 
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T a b l e  2.  The suspended s o l i d s  and t o t a l  o r g a n i c  ca rbon  c o n t e n t  

i n  t h e  p r imary  sewage e f f l u e n t  r e s e r v o i r  (rtg/ 1.) . 

R e s e r v o i r  0  1 day 2  days  3 days  
t ime 

S.S. TOC S.S.  TOC S.S. TOC S.S. TOC 
d a t e  

- 

1 8  Apr 182 194 

2 1  Apr 143 209 

22 Apr 

23 Apr 

24 Apr 

29 Apr 

3 0  Apr 

1 May 

2 May 

5  May 

6 May 

1 3  May 

14 May 

1 5  May 5  1 

1 6  May 4 5  

Average 104 138 5 3  9  5 52 90 62 64 
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Table 3 .  I n f i l t r a t i o n  r a t e s  and pe rcen t  n i t r o g e n  removal 

by l a b o r a t o r y  s o i l  columns f looded  w i t h  primary 

I e f t l u e n t .  

In£  il cra  2 ion 

- r a t e s  % N removal - 
Date 

c o l u m n ~ n u m b e r  
2  3 2  3 

22 J u l  - 5 Aug 

5 Aug - 1.9 Aug 

19 Aug - 2 Sep 

2  Sep - 16 Sep 

16 Sep - 30 Sep 

30 Sep - 14. Oct 

14 O c t  - 28 Oct 

28 Oct - 11 Nov 

11 Nov - 25 Nov 

25 Nov - 9 Dec 

a 
9 Dee - 30 Dee 

a 
12-day d r a i n  
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Table 4 .  Nitrogen removal b y  s o i l  columns f looded w i t h  primary sewage e f f l u e n t .  

Date 
Grass  Bare Grass-Removed 

C - c o l u m n  n u m b e r  
1 4 7 3 6 9 2 5 8 

1975 % N removal 

Average 

Avg, g r a s s -  
Average ba re  45.6 removed 48.9 

- - 

a 
Columns 2, 5, 8 were n o t  f looded u n t i l  8/5/75, 

bNitrogen d a t a  were n o t  c o l l e c t e d  f o r  columns 1, 4, 7 a f t e r  8/5/75. 

' ~ a t a  f o r  9/16 t o  11/11 were omit ted because of a c c i d e n t a l  d r y  ups dur ing  f l ood ing  pe r iods .  
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Table 5.  The d i s so lved  organic  carbon con ten t  of primary sewage 

e f f l u e n t  i n  the r e s e r v o i r .  

Days i n  r e s e r v o i r  
Date 

0  1 2  3  

29 Apr 

1 May 

2 May 

5 May 

7  May 

13  May 

1& May 

16  May 

19 May 

27 May 

29 May 

30 May 

2 Jun 

4 Jim 

10 Jun 

11 Jun 

13  Jun 

16  Jun 

26 Jun 

27 Jun 

30 Jun 

8 J u l  

9  J u l  

10 J u l  

Average 
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T a b l e  6 .  Bermuclagrass y i e l d  f o r  v e g e t a t e d  columns f loodecl with 

p r i m a r y  e f f l u e n t  d u r i n g  1975. 

- 

Date  Col 1 Col 4 Col 7 T o t a l  Average 
- 

26 Apr 5 . 8  9 . 2  1 . 8  16.8  5 . 6  

9 May 

23 May 

6 Jun  

19 Jun  

9 J u l  

17  J u l  

1 Aug 

14 Aug 

26 Aug 

1 0  Sep 

30  Sep 4 . 0  5.2 2 .0  11.2 3 .73 

1 3  Oct 2.5 3 .9  1.1 7.5 2.5 

28 Oct 1 . 9  2 .0  .8  4.7 1 .57  

T o t a l  77.8 102,6  32.8 213.2 7 1 . 1  

Average 5 .56 7.33 2.34 5 .08  
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Table  7. Phosphate concen t r a t i ons  a t  va r ious  depths  i n  s o i l  columns 

f looded  wi th  primary e f f l u e n t  

Column Colunm 3 (ba re )  Colunm 4 (vege t a t ed )  
dep th  

5 Nov 6 Nov 17 Dec 18 Dec 5 Nov 16 Dec 17 Dec 18 Dec 

Annual Report of the U.S. Water Conservation Laboratory



Table 8. Phosphate concen t r a t ions  i n  l a b o r a t o r y  columns 

f looded wi th  primary sewage e f f l u e n t .  

Da t e  E f f l u e n t  Column 2 Column 3 

5 Aug 6.6 13.04 14.54 

19 Aug 6.16 11.6 14.03 

2 Sep 6.12 10.35 11.91 

16 Sep 6.92 6.02 9.13 

30 Sep 

14 Oct 

28 Oct 

11 Nov 

25 Nov 

9 Dec 
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T a b l e  9 .  Organic  ca rbon  c o n c e n t r a t i o n s  i n  w a t e r  d ra in i .ng  from s o i l  

columns f l o o d e d  w i t h  pr imary sewage e f f l u e n t .  

P r  i111a r y  
e f f l u e n t  Col 1 Col 3  Col 4 Col 6 Col 7  Col 9  

1 6  Apr-25 Apr - 
29 Apr-9 May 1 0 2 , 8  

1 3  May-22 May 98.3 

28 May-5 J u n  6 8 . 3  

11 Jun-19 Jun 72 .0  

24 ~ u n - 3  J u l  68.3 

8 J u l - 1 7  J u l  68.8  

Average 
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0 

F i g u r e  1. 

- * UNDISTURBED SURFACE 
9 

, o  GRASS R E M O V E D  

T I M E  ( c l a y s )  

I n f i l t r a t i o n  r a t e s  of s o i l  columns f looded w i t h  pr imary 
s w a g e  e f f l u e i l t  on a  schedule  of 9-days f l o o d i n g  a l t e r -  
na t ed  wi'th 5-days dry ing .  The s o i l  s u r f a c e  i n  und i s tu rbed  
s u r f a c e  columns had n o t  been changed s i n c e  E1,ooding w i t h  
secondary e f f l u e n t .  Data r e p r e s e n t  averages  of t h r e e  
vege ta t ed  and t h r e e  nonvegc t a  ted columns . Grass  was 
pul:l.ecl from t h r e e  o t h e r  vege ta t ed  coiumns which were 
p r e v i o u s l y  f loodcd  wi th  secondary e f f l u e n t ,  and f l o o d i n g  
w i t h  primary eEf luen t  began a f t e r  t he  o t h e r  colurms had 
a l r e a d y  been f looded f o r  about 100 days.  
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v - P R I M A R Y  EFFLUENT 
0 -  VEGETATED COLUMN 
O- NON-VEGETATED COLUMN 

0 5 0  100 150 2 0  0 250 

T I M E  ( d a y s  
-- 

Figure  2.  Phosphate concen t r a t ions  i n  wa te r  from s o i l  columns f looded  w i t h  primary 

sekage e f f l u e n t .  I n f i l t r a t i o n  r a t e s  f o r  t h e  vege ta t ed  and nonvegetated 

columns were 2J.3 and 20.4 cm/day, r e s p e c t i v e l y ,  
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i 

12 C 8 - PRIMARY E F F L U E N T  

i - o - 14.9 c m / d a y  INFILTRAT 

C a -  20.4 cm/day  INF ILTRAT 
ION R A T E  I 
ION R A T E  

TIME ( d a y s )  

F i g u r e  3. Fhosphate concen t r a t ions  i h  water  from nonvegetnted s o i l  columns f looded 

w i t h  printary sewage e f f l u e n t ,  
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- P R I M A R Y  EFFLUENT 
0 - 16.6 cm / d a y  INFILTRATION RATE 

0 50 100 15 0 200 250' 

T I M E  ( d a y s )  

Figure  4 . ,  Phosphate concen t r a t ions  i n  water  f r o n  vege ta t ed  s o i l  columns flooded 

with primary sewage e f f l u e n t .  
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T I M E  ( d a y s )  

F i g u r e  5. Fecal. c o l i f o r m  c.oncentrat ions a t  v a r i o u s  d e p t h s  

i n  a v e g e t a t e d  s o i l  col.umn f looded  w i t h  p r imary  

sewage e f f l u e n t .  
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\r 2 5 0  crn (bo t tom ) 

F i g u r e  6 .  F e c a l  c o l i f o r m  c o n c e n t r a t i o n s  a t  v a r i o u s  d e p t h s  

i n  a nonvege tx tcd  s o i  L colurrtn f l o o d e d  w i t h  

p r imary  sewnie  efEluc.nt .  
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NON-VEGETA'TED 
' C O L U M N  \ \  

F i g u r e  7 .  The r educ t ion  of f e c a l  co l i fo rm concen t r a t ions  

i n  primary sewage e f f l u e n t  moving through a 

s o i l  col.umn. 
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T I M E  ( d a y s )  

F i g u r e  8.  Oxida t ion- reduc t ion  p o t e n t i a l s  i n  s o i l  columns f l ooded  with primary 

sewage e f f l u e l t .  I and D i n d i c a t e  t h e  beginning of 9-day-f looding 

and 5-day-drying pe r iods ,  r e s p e c t i v e l y .  
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TITLE : CEIARACTERZSTICS OF THE SOIL MLCRO.IJORA AND BIOLOGICAL 

PROCESSES OCCURRING I N  SOIL USED FOR WASTEWATER RENOVATION 

CRIS WORK UhTIT: 5510-12260-003 CODE NO.: Ariz.-WCL 70-2 

INTRODUCTION : 

During 1975 r e s u l t s  oE v i r u s  and b a c t e r i a l  ~novenlent i n  t h e  f i e l d  

s o i l  at F lushing  Meadows P r o j e c t  were prepared  f o r  p u b l i c a t i o n  in 

SCIENCE and APPLIED MICROBIOLOGY. The r e s u l t s  r e p o r t e d  a r e  of 

i n t e r e s t  t o  p u b l i c  h e a l t h  of E i c i a l s  and o t h e r  agencies  concerned w i t h  

environmental  q u a l i t y .  Add i t i ona l  work i n  Idaho on Redox p o t e n t i a l s  

and d e n i t r i f i c a t i o n  i n  s o i l  used f o r  renovat ion  of p o t a t o  process ing  

wastes  was accepted  f o r  p u b l i c a t i o n  i n  t he  JOURNAL OF EhVIRONMENTAL 

QUALITY. Other  r e sea rch  was s t a r t e d  on b a s i c  a s p e c t s  of d e n i t r i f i c a -  

t i o n  i n  s o i l  used f o r  wastewater  rec lamat ion .  

Laboratory and f i e l d  experiments have  demonstrated t h a t  30 t o  

80% of t h e  n i t r o g e n  i n  sewage e f f l u e n t  was removed when t h e  e f f l u e n t  

was i n t e r m i t t e n t l y  app l i ed  t o  s o i l  i n f i l t r a t i o n  b a s i n s .  The amoun t 

of removal depended on t h e  management p r a c t i c e  used. Rates  of N- 

removal were inc reased  i n  t h e  l a b o r a t o r y  columns by reducing  t h e  in -  

f i l t r a t i o n  rates and adding carbon (glucose)  t o  t h e  wastewater .  

S i m i l a r  N-removal r e s u l t s  were obta ined  i n  t h e  f i e l d  when h y d r a u l i c  

heads were lowered t o  decrease  t h e  i n f i l t r a t i o n  r a t e s .  

The removal of n i t r o g e n  from t h e  wastewater  by t h e s e  land  d i s -  

posa l  methods was assumed t o  b e  caused by b i o d e n i t r i f i c a t i o n .  How- 

ever, no measurements of d e n i t r i f y i n g  b a c t e r i a l  numbers, a c t i v i t i e s ,  

o r  rates of d e n i t r i f i c a t i o n  have been determined. Theref o r e ,  l ab -  

o r a t o r y  column s t u d i e s  were s t a r t e d  t o  e v a l a a t e  t h e  a c t i v i t y  of 

d e n i t r i f y i n g  b a c t e r i a  popula t ions  and t h e i r  d e n i t r i f y i n g  p o t e n t i a l  

i n  s o i l  used Eor wastewater  renovat ion  a t  t h e  F lushing  tleadows 

P r o j e c t  . 
Our o b j e c t i v e s  were: f1J t o  determine t h e  r a t i o  of den-itrifyring 

(D) t o  ae rob ic  b a c t e r i a  (AB) i n  s o i l  i n t e r m i t t e n t l y  f looded  w i t h  

wastewater  t r e a t e d  w i t h  a carbon sou rce  (g lucose ) ;  [2]  t o  determine 

t h e  eEfec t  oE d i f f e r e n t  carbon sources  on t h e  DIM3 r a t i o ;  and 131 t o  

determine t h e  numbers of t h e  d e n i t r i f y i n g  bacterf ia  and t h e i r  zones 
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of a c t i v i t y  i n  t h e  s o i l  p r o f i l e  dur ing  f lood ing  and dry ing  cyc le s .  

PROCEDURE : 

Desc r ip t ion  of S o i l  Columns. S i x  s o i l  columns were assembled 

w i t h  p l a s t i c  Buchner funne l s  (9.0 cm d-ia.) con ta in ing  200 g of a i r -  

d r i e d  s o i l  from t h e  s u r f a c e  1 5  cm of b a s i n  No. 1 at Flushing Meadows. 

The s o i l  depth i n  t h e  column was about 2.5 cm. The s o i l  columns 

were cond i t i oned ,  p r i o r  t o  t r ea tmen t  w i t h  sewage e f f l u e n t ,  w i t h  t a p  

wa te r  f o r  one f lood ing  and dry ing  pe r iod  of 9 t o  5 clays, r e s p e c t i v e l y .  

Mar io t t e  syphons were used t o  d e l i v e r  t h e  wastewater  and c o n t r o l  t h e  

h y d r a u l i c  head (about  2 cm) on t h e  s o i l  column. 

Treatment of S o i l  Columns. Dupl ica te  columns w e r e  used p e r  

t r ea tmen t .  The t h r e e  t r ea tmen t s  c o n s i s t e d  of sewage e f f l u e n t  w i t h  

100 o r  200 mg/l oE g lucose  and e f f l u e n t  on ly .  S t e r i l i z a b l e  p l a s t i c  

b o t t l e s  of 2-gal capac i ty  contained t h e  sewage e f f l u e n t  and one bot-  

t l e  s u p p l i e d  t h e  t r ea tmen t  s o l u t i o n  f o r  two columns. The glucose- 

t r e a t e d  sewage e E f l u e n t  was rep laced  d a i l y  t o  prevent  bac t e r i ca l  

bu i ldup  i n , t h e  b o t t l e s  and main ta in  t h e  t r ea tmen t  concen t r a t ions  of 

glucose.  During 9 days f lood ing ,  t h e  c o l u m s  were e i t h e r  f looded  

cont inuously (cont inuous t rea tment )  o r  f o r  only t h e  f i r s t  2 days 

(pu l se  t r ea tmen t )  which was followed w i t h  un t r ea t ed  e f f l u e n t  f o r  t h e  

remaining 7 days of f l ood ing .  

Microbia l  Assay oE S o i l  Columns. Numbers of a e r o b i c  b a c t e r i a  

were deterrained i n  s u r f a c e  s o i l  samples from t h e  columns and sewage 

e f f l u e n t  samples Erom t h e  r e s e r v o i r  b o t t l e s  immediately a f t e r  treat- 

ment w i t h  glucose and aE te r  24-hr i ncuba t ion .  D i l u t i o n  p l a t e  tech- 

n iques  were used w i t h  p l a t e  count agar  a s  t h e  c u l t u r e  medium. Soil-  

samples of 2 t o  4 g (dry wgt .  b a s i s )  w e r e  obtainecl dur ing  f lood ing  

per iods  w i t h  a s t e r i l e  s p a t u l a .  The Mar io t te  syphon was c l o s e d  and 

t h e  Elood water on t h e  column was gen t ly  removed w i t h  a p l a s t i c  

squeeze b o t t l e  b e f o r e  sampling t h e  s o i l .  Immediately a f  ter sampling,  

t h e  syphon was opened and t h e  h y d r a u l i c  head rees tab l i s lzed .  

Numbers of d e n i t r i f y i n g  b a c t e r i a  were determined i n  s o i l  samples 

and sewage e f f l u e n t  samples col lectecl  a s  p rev ious ly  descr ibed .  T ~ E ?  

most probable  number method wi th  a 5-tube d i l u t i o n  s e r i e s  i n  n u t r i e n t  

b r o t h  was used. 
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RESULTS AND DISCUSSION: 

The r e s u l t s  a r e  p re l imina ry  and are presented  h e r e  a s  a p rog res s  

r e p o r t .  The i n i t i a l  t r ia ls  eva lua t ed  t h e  ope ra t ion  and des ign  of t h e  

s o i l  columns and determined t h e  eEEects oE sewage e f f l u e n t  t r e a t e d  

xritll glucose on t h e  a e r o b i c  b a c t e r i a l  numbers i n  t h e  s u r f a c e  s o i l  of 

t h e  columns (Tables  1 and 2) . The continuous-glucose t r ea tmen t s  

(Table 1 )  were s u r p r i s i n g l y  s i m i l a r  t o  t h e  pulse-glucose t r ea tmen t s  

(Table 2) . The major d i f f e r e n c e  between them was t h e  magnitude of 

t h e  b a c t e r i a l  growth response.  The 200 mg/l glucose t rea tment  pro- 

duced g r e a t e r  numbers of b a c t e r i a ,  b u t  the popu:lation t r e n d s  o r  t r e a t -  

ments were i d e n t i c a l .  I n  gene ra l  w i t h  bo th  t r ea tmen t s ,  t h e  ae rob ic  

b a c t e r i a l  numbers i nc reased  dur ing  t h e  f i r s t  3 t o  4 days f lood ing  

and t h e n  decreased  dur ing  t h e  l a s t  days of f l ood ing  and dur ing  t h e  

dry per iod .  

The comparison of t h e s e  r e s u l t s  a lone  a r e  d i f f i c u l t  t o  exp la in .  

For example, why d i d  b a c t e r i a l  numbers decrease  when s o i l  coSumns 

were t r e a t e d  cont inuous ly  w i t h  glucose,  a s  w e l l  a s  produce r e s u l t s  

s i m i l a r  t o  t hose  obta ined  w i t h  s o i l  c o l ~ ~ m n s  t r e a t e d  only w i t h  t h e  

2-day p u l s e  of glucose? Subsequent r e s u l t s  on t h e  e f f e c t s  of t h e  

pulse-glucose t r ea tmen t  on d e n i t r i f y i n g  b a c t e r i a  numbers provided 

some exp lana t ion .  When the nunibers of c ten i t r i fy ing  b a c t e r i a  

( f a c u l t a t i v e  anaerobic  organisms) and ae rob ic  b a c t e r i a  were simul- 

taneously determined (Table 3) , then i t  was ev iden t  t h a t  t h e  f acu l t a -  

t i v e  anaerobes had a n  e c o l o g i c a l  advantage because of t h e  h i g h  oxy- 

gen demand p laced  on t h e  s o i l  system i n  t h e  columns f1oocled w i t h  

wastewater  t r e a t e d  w i t h  200 mg/l glucose.  The r a t i o  of d e n i t r i f y i n g  

t o  aer0bi.c b a c t e r i a  cont inued t o  i n c r e a s e  from 0.10 t o  0.94 during 

t h e  9-day f lood ing  pe r iod .  This i n d i c a t e d  t h e  r e l a t i v e  a c t i v i t y  of 

d e n i t r i f y i n g  b a c t e r i a  i nc reased  during f lood ing ,  and they were t h e  

dominant b a c t e r i a l  popu la t ion  i n  t h e  s o i l  s u r f a c e  at  t h e  end of t h e  

f lood  per iod .  However, when t h e  f lood  was s topped and t h e  s o i l  sur -  

f a c e  was a e r a t e d  and d r i e d ,  t h e s e  f a c u l t a t i v e  anaerobes qu ick ly  d i ed  

and a e r o b i c  b a c t e r i a  became t h e  dominant competi tors .  During t h e  
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dry pe r iods  t h e  number of a e r o b i c  b a c t e r i a  remained low, because  t h e  

a v a i l a b l e  n u t r i e n t s  and s o i l  mo i s tu re  decreased r a p i d l y .  

The comparison of d e n i t r i f y i n g  and a e r o b i c  b a c t e r i a  numbers i n  

s o i l  columns f looded w i t h  sewage e f f l u e n t  t r e a t e d  w i t h  LOO mg/ l  

g lucose  was similar t o  t h e  200 mg/ l  glucose t r ea tmen t  f o r  4 days 

(Table 3)  . But t h e  lower glucose concen t r a t ion  p l aced  less 01 an 

oxygen demand on t h e  system f o r  a  s h o r t e r  pe r iod  of t h e  and d i d  no t  

suppor t  t h e  e s t a b l i s l m e n t  of a f a c u l t a t i v e  anaerobic  p o p u l a t i o n  f o r  

t h e  d u r a t i o n  of t h e  f lood ing  pe r iod .  Thus, t h e  numbers of  d e n i t r i -  

Eying b a c t e r i a  decreased a f t e r  4 days and t h e  D/AB r a t i o  decreased ,  

i n d i c a t i n g  t h a t  t h e  s u r f a c e  was more oxid ized  dur ing  t h e  la t ter  p a r t  

of t h e  f lood  pe r iod  and a e r o b i c  b a c t e r i a  were more a c t i v e  and i n -  

c reased  i n  numbers. 

R e l a t i v e  t o  t h e  c o n t r o l  column f looded wi th  e f f l u e n t  o n l y ,  t h e  

numbers of d e n i t r i f y i n g  and a e r o b i c  b a c t e r i a  i nc reased  s l i g h t l y  

dur ing  f lood ing  p e r i o d s .  The l e v e l  of a v a i l a b l e  n u t r i e n t s  i n  t h e  

sewage e f f l u e n t  from an a c t i v a t e d  sludge-type secondary sewage t r e a t -  

ment p l a n t  would no t  b e  expected t o  cause a  l a r g e  i n c r e a s e  i n  bac- 

t e r i a l  numbers. 

The a d d i t i o n  of glucose t o  sewage e f f l u e n t  i n c r e a s e d  t h e  numbers 

of a e r o b i c  and d e n i t r i f  yfng b a c t e r i a  during 24-hr i n c u b a t i o n  (Table 

4) .  Even though Ehe t r e a t e d  e f f l u e n t  was changed d a i l y ,  t h e  growth 

of b a c t e r i a  was r a p i d ,  e s p e c i a l l y  t h e  d e n i t r i f y i n g  b a c t e r i a  i n  e f -  

f l u e n t  t r e a t e d  w i t h  200 mg/l glucose.  The i n c r e a s e  i n  numbers of 

a e r o b i c  b a c t e r i a  was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  i n c r e a s e  i n  glu- 

cose concen t r a t ion .  These r e s u l t s  sugges t  t h a t  t h e  e f f l u e n t  t r e a t e d  

w i t h  200 mg/l glucose con ta ins  suEf i c i e n t  numbers of d e n i t r i f  i e r s  

i n  t h e  presence of a v a i l a b l e  n u t r i e n t s  t o  enhance d e n i t r i f i c a t i o n  

i n  t h e  s o i l  columns. 

The i n f i l t r a t i o n  rates of a l l  s o i l  columns were a d j u s t e d  t o  

about 1 .5 f t / d a y ,  wh i l e  f looding  t h e  c o l u m s  i n i t i a l l y  w i t h  t a p  

wa te r .  But when e f f l u e n t  w a s  used, t h e  i n f i l t r a t i o n  r a t e s  decreased  

r a p i d l y  and remained low throughout our experiments (Table  5 ) .  The 

i n f i l t r a t i o n  r a t e s  of t he  glucose-zreated s o i l  column decreased  even 
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more and was p r o p o r t i o n a l  t o  t h e  g lucose  concen t r a t ion  i n  t h e  sewage 

e f f l u e n t .  Addi t iona l  experiments w i th  sewage e f f l u e n t  w i l l  be  con- 

ducted t o  e v a l u a t e  t h e  e f f e c t  of h i g h e r  i n f i l t r a t i o n  r a t e s  oE 1 . 5  

t o  2.0 f  t /day on t h e  numbers of d e n i t r i f y i n g  and a e r o b i c  b a c t e r i a  

i n  t h e  s o i l  columns. 

SmQWiY AND CONCLUSIOXS : 

The e f f e c t s  of f l ood ing  s o i l  columns wi th  sewage e f f l u e n t  t k e a t e d  

w i t h  g lucose  on t h e  growth of d e n i t r i f y i n g  and a e r o b i c  b a c t e r i a  i n  

t h e  s u r f a c e  s o i l  were eva lua t ed  dur ing  1975. S i x  s o i l  c o l u m s  were 

assembled and d u p l i c a t e  colurnns were f looded w i t h  sewage e f f l u e n t  

only o r  sewage e f f l u e n t  t r e a t e d  w i t h  e i t h e r  200 o r  100 mg/l glucose.  

The g lucose- t rea ted  e f f l u e n t  w a s  changed d a i l y  t o  ma in t a in  glucose 

concen t r a t ions  and reduce e f f e c t s  of mic rob ia l  a c t i v i t y  i n  t h e  p l a s t i c  

2 - l i t e r  supply r e s e r v o i r .  Flooding and drying pe r iods  of 9 and 5 

clays, r e s p e c t i v e l y ,  were used. The s o i l  c o l u m s  were f looded e i t h e r  

cont inuously f o r  9 days o r  f o r  t h e  Eirst 2 days only w i t h  t h e  glu- 

cose t r e a t e d  e f f l u e n t .  Numbers of ae rob ic  b a c t e r i a  were determined 

w2th d i l u t i o n  p l a t e  techniques  us ing  p l a t e  count agar .  The numbers 

of d e n i t r i g y i n g  b a c t e r i a  w e r e  determined w i t h  t h e  rnos t probable  

number method, us ing  a 5-tube d i l u t i o n  s e r i e s  w i t h  n u t r i e n t  b r o t h .  

The g lucose- t rea ted  e f f l u e n t  promoted t h e  growth of d e n i t r i f  ying 

b a c t e r i a  i n  t h e  e f f l u e n t  and t h e  s o i l  su rzace .  111 g e n e r a l ,  t hose  

f a c t o r s  t h a t  enhanced t h e  e s t ab l i shmen t  of r e d w e d  cond i t i ons  i n  t h e  

s u r f a c e  s o i l  promoted the development of d e n i t r i f y i n g  b a c t e r i a  and 

inc reased  t h e  p o t e n t i a l  f o r  n i t rogen  removal. The a d d i t i o n  oE glu- 

cose t o  t he  sewage e f f l u e n t  placed a h igh  oxygen demand on t h e  

system and produced reducing condi t ions  as w e l l  as  provided a v a i l -  

a b l e  carbon necessary  f o r  t h e  a c t i v i t y  of t h e  d e n i t r i f y i n g  b a c t e r i a .  

These conclus ions ,  however, a r e  based on t h e  r e s u l t s  from the 2-day, 

pulse-glucose t r ea tmen t  only and w i l l  be  eva lua ted  f u r t h e r  when the  

r e s u l t s  from t h e  continuous-glucose t rea tment  a r e  analyzed. Also,  

t h e  i n f i l t r a t i o n  r a t e s  of 0.2 t o  0 -6 ft/clay a r e  low and add-itional 

experiments w i l l  determine t h e  e f f e c t s  of h ighe r  i n f i l t r a t i o n  r a t e s  

of 1 .5 t o  2.0 I t / d a y  on mic rob ia l  a c t i v i t i e s  i n  t h e  s o i l  s u r f a c e  of 
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columns f looded w i t h  g lucose- t rea ted  e f f l u e n t .  The e f f e c t s  of o t h e r  

carbon sources  on d e n i t r i f y i n g  b a c t e r i a  numbers and a c t i v i t y  w i l l  a l s o  

be  eva lua t ed ;  and, l onge r  s o i l  colurms w i l l  b e  used i n  l a t e r  exper i -  

ments t o  s tudy  t h e  zones of a c t i v i t y  of d e n i t r i f y i n g  b a c t e r i a  i n  the  

s o i l  p r o f i l e  dur ing  f lood ing  m d  drying cyc le s .  
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was te  water eva lua t ed  from rectox measurements i n  s o i l .  Abs t r ac t .  
Western S o i l  Sc ience  Soc ie ty  Meeting , F t  . Col l in s  , Colorado. 

2. Smith, J .  EI., G i l b e r t ,  R. G. ,  and M i l l e r ,  J. B. 1976. Redox 
p o t e n t i a l s  and d e n i t r i f i c a t i o n  i n  a cropped p o t a t o  p roces s ing  
was te  wa te r  d i s p o s a l  f i e l d .  .I. Environmental Qua l i t y .  Accepted 
f o r  p u b l i c a t i o n .  

3. G i l b e r t ,  R. G . ,  Rice,  R. C . ,  B o w e r ,  H . ,  Gerba, G. P . ,  Wallis, 
C . , and Melnick, J . L. 1976. Wastewater renova t i o n  and 
r euse :  Virus removal by s o i l  f i l t r a t i o n .  Science.  Accepted 
f o r  p u b l i c a t i o n .  

4. G i l b e r t ,  R. G . ,  Rice,  R. C.  , B o w e r ,  H., Gerba, C. P . ,  W a l l i s ,  
C. , and PIelnick, J. L. 1976. Virus and b a c t e r i a  removal from 
wastewater  by land  t rea tment .  Applied and Environmental 
PEcrobiology . Submit t ed  f o r  p u b l i c a t i o n  

PERSONNEL: R. G. G i l b e r t ,  5 .  B. M i l l e r ,  and J. C. Lance 
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Table 1. An-robic b a c t e r i a l  numbers i n  s u r f a c e  s o i l  of columns 

f looded cont inuous ly  f o r  9 days wi th  sewage e f f l u e n t  
1 / t r e a t e d  w i t h  g lucose  ,-- 

Sampling Glucose t r e a t m e n t s ,  mg/l 

S cfiedule 200 10 0 Cont ro l  

End of 5-day 
dry per iod  

S t a r t  of 9-day 
f lood  pe r iod  

4 days f looded 

7 days f looded 

9 days f looded 

S t a r t  of 5-day 
dry pe r iod  

End o:E 5-day 
dry pe r iod  

b Aerobic b a c t e r j a j g  (oven dry s o i l )  x 10  

68 (162) 53  (126) 42 

I/ Data a r e  averages of r e s u l t s  from 3 f looding  and drying c y c l e s  - 
w i t h  2 s o i l  columns pe r  t r ea tmen t .  Parentheses  equa l  p e r c e n t  

of e f f l u e n t  c o n t r o l .  S o i l  columns were d r i e d  f o r  5 days between 

each 9-day f lood  pe r iod .  
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Table 2 .  Aerobic b a c t e r i a l  numbers i n  s u r f a c e  s o i l  oE columns 

f looded f o r  t h e  f i r s t  2 days of a 9-day f l o o d  pe r iod  w i t h  
1 / sewage e f f l u e n t  t r e a t e d  w i t h  glucose .- 

S amp l i n g  Glucose t r ea tmen t ,  mg/l 

Schedule 200 100 Control  

Aerobic b a c t e r i a l g  (oven dry s o i l )  x 10  6 

End of 5-day 71 (139) 52 (102) 
dry pe r iod  

S t a r t  of 9-day 146 (256) 130 (228) 
, f l o o d  p e r i o d  

3 days f looded 358 (551) 249 (383) 65 

6 days f looded* 275 (372) 167 (226) 7 4 

S t a r t  oE 5-day 90 (200) 104 (231) 4 5 
dry pe r iod  

End of 5-day 71 (139) 
dry per iod  

1/ Data a r e  averages of r e s u l t s  from 3 f lood ing  and drying c y c l e s  - 
w i t h  2 s o i l  columns pe r  t r ea tmen t .  Parentheses  equal  percent  

of eEf luen t  c o n t r o l .  S o i l  columns w e r e  d r i e d  f o r  5 days 

between each 9-day f lood  per iod .  
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Table  3 .  D e n i t r i f y i n g  (D) and a e r o b i c  b a c t e r i a  (A3) n~unbers  and 

r a t i o s  (D/AB) i n  s o i l  colu~nns f looded  w i t h  sewage e f f l u e n t  

t r e a t e d  w i t h  g lucose  f o r  t h e  f i r s t  2  days of a 9-dxy f l o o d  - 

1/ p e r i o d  .- 

Glucose concen trat i o n  

Sampling t i m e  200 100 E f f l u e n t  

f l o o d i n g  pe r iod  D AB D/AB D ~ 1 3  D/AB D AB D/AB 

Days ~ a c t e r i a l g  (oven d ry  s o i l )  x 1 0  6  

0  days 2 . 1  20.2 0.10 4.6 25.0 0.18 10 .5  22.0 0.48 
(End of dry  
pe r iod  of 
5  days) 

4  days 28.8 72.2 0.40 24.4 45.0 0.54 16.8 50.6 0.33 

9 days 32.3 34.0 0.94 12.0 51.0 0.24 16 .8  33.5 0.50 
- 

1/ R e s u l t s  a r e  averages of 2 t r ia l s  w i t h  d u p l i c a t e  s o i l  c o l u ~ n s  per  - 
t r ea tmen t .  S o i l  columns were d r i e d  f o r  5  days between each  9- 

day f l o o d  pe r iod .  
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Table 4 .  Growth. of b a c t e r i a  during 24 hours  i n  sewage e f f l u e n t  
1 / t r e a t e d  w i t h  g lucose  .- 

Sampling Glucose concen t r a t ion ,  mg/l -- 
t ime 200 10 0 20 Ef  Eluent 

T o t a l  b a c t e r i a j m l  x 10 
6 

1/ Resu l t s  of t o t a l  b a c t e r i a  a r e  average of 4 tests and t h e  r e s u l t s  - 
f o r  d e n i t r i f i e r s  were obta ined  only once. 
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Table 5 .  I n f i l t r a t i o n  r a t e s  f o r  s o i l  columns flooded with sewage 
I/ efEluent t rea ted  with glucose.-- 

Glucose concentration I n f i l t r a t i o n  r a t e  

Effluent 0.65 (1.67-0.08) 

I/ Results a r e  average of 9 measurements taken a t  various t i n e s  - 
during 9 flooding periods with duplicate s o i l  columns per  t r e a t -  

ment. Parentheses indlicate range of i n f i l e r a t i o n  r a t e s  deterrmined 

a t  various times during the  flooding period.  
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TITLE : MATERIALS AND METHODS FOR WATER HARVESTING AND WATER 

STORAGE I N  THE STATE OF HATJAII 

CRIS WORK UNIT: 5510-12260-004 CODE NO. : Ariz.-WCL 65-2 

1NTRODUCTIOjl;I : 

The ra in fa l l - runof f -e ros ion  s t u d i e s  conducted i n  cooperation 

w i t h  the  Universi ty of Hawaii continue t o  be the  major r e sea rch  

emphasis i n  Hawaii. However, a  new cooperat ive agreement was i n i t i a t e d  

w i t h  the  S t a t e  of  Hawaii, Department of Land and Natural  Resources, t o  

i n v e s t i g a t e  water q u a l i t y  from var ious  water harves t ing  systems, which 

w i l l  be i n s t a l l e d  i n  1976. 

RESULTS AND DISCUSSION: 

PART I. WATER WESTING 

The four-plo t  water  harves t ing  t e s t  s i t e  on Maui i s  present ly  

used only as  a  m a t e r i a l s  weathering s i t e .  The p l o t s  were no t  v i s i t e d  

i n  1975. 

A new cooperat ive agreement was i n i t i a t e d  w i t h  the  S t a t e  of 

Hawaii, Department of Land and Natural  Resources, Division of Water and 

Land Development (DOWALD) t o  i n v e s t i g a t e  the  water q u a l i t y  from var ious  

water harves t ing  systems. Of primary i n t e r e s t  i s  the  water q u a l i t y  

from catchment aprons constructed of various types of p a r a f f i n  wax. 

Plans were developed Eor cons t ruct ing  the  water harves t ing  system on 

recent  volcanic  flows i n  the  Puna a rea  of the  Big Is]-and. Two or  t h r e e  

c a t c h e n t s  w i l l  be cons t ructed  and t r e a t e d  wi th  wax. The c o l l e c t e d  

water  w i l l  be s t o r e d  i n  a  r e s e r v o i r  l i n e d  wi th  a r t i f i c i a l  rubber. This 

water  w i l l  i n i t i a l l y  be used t o  supplement i r r i g a t i o n  of papaya, but  

may eventual ly  be used f o r  potable domestic water systems i f  i t  exceeds 

e x i s t i n g  q u a l i t y  c r i t e r i a .  Water samples from the  catchments and the  

s to rage  r e s e r v o i r  w i l l  be co l l ec ted  a t  per iodic  i n t e r v a l s  f o r  ana lys i s  

of  inorganic,  organic, and b i o l o g i c a l  contaminants according t o  EPA 

water  q u a l i t y  s tandards .  The q u a l i t y  of t h i s  water w i l l  a l s o  be com- 

pared t o  samples c o l l e c t e d  from e x i s t i n g  roof top water systems, The 

study a l s o  inc ludes  the  evaluat ion  of waxes for  genera l  purpose water 

harves t ing  catchments i n  Hawaii. 
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PART II. RAINFALL-RUNOFF-EROSION STUDIES 

Data from the  waters tage  recorders  and the  raingages a r e  pro- 

cessed r o u t i n e l y  as  the  c h a r t s  a r e  rece ived.  The i n i t i a l  da ta  pro- 

cess ing  c o n s i s t s  of t abu la t ing  r a i n f a l l  and runoff  by event .  Computer 

programs a r e  being developed t o  f u r t h e r  i n v e s t i g a t e  items such as :  

r a i n f a l l  i n t e n s i t y ,  antecedent  s o i l  moisture, d a i l y  r a i n f a l l  t o t a l s ,  

e t c .  

In 1975, the  t o t a l  r a i n f a l l  a t  a l l  the  s i t e s  was considerably 

below the  long term averages. The low r a i n f a l l  r e s t r i c t e d  the  growth 

r a t e  of the  crops and thus reduced the  p ro tec t ive  cover normally 

afforded by crops of the  corresponding age. The"resu1t was an increase  

i n  runoff  and eros ion f o r  the  few l a r g e r  storms. 

Following i s  a b r i e f  summary of  each of the  watersheds f o r  t h e  

p a s t  year .  

1. Laupahoehoe - -  This watershed i s  i n  the  l a s t  few months of  

t h e  24-26 month growing period.  The a rea  i s  covered wi th  a dense 

s t and  of sugar cane. R a i n f a l l  has been r e l a t i v e l y  low wi th  no measure- 

a b l e  sediment c o l l e c t e d .  In January 1975 a major storm of 3 days 

produced over 500 rnm of r a i n  wi th  e s s e n t i a l l y  no runoff  recorded. 

Since the  o r i g i n a l  i n s t a l l a t i o n  of the equipment, runoff has genera l ly  

been l e s s  than 10% except immediately a f t e r  the  crop was harvested.  

Shor t ly  a f t e r  harves t  i n  January 1974, a 100-mrn (&-inch) storm wirh 

i n t e n s i t i e s  l e s s  than 50 mm/hr (2 inch lh r )  produced 94% runof f .  

Within 80 t o  90 days a f t e r  harves t  the  runoff was again l e s s  than 10% 

of the  r a i n f a l l ,  i nd ica t ing  the  cane was again p ro tec t ing  the  s o i l .  

2. I-lonokaa -- The sugar cane i s  i n  the  l a s t  ha l f  of i t s  24-26 

month growing period, completely covering the  watershed wi th  a dense 

growth. R a i n f a l l  has been very low a t  the  s i t e  wi th  e s s e n t i a l l y  no 

runoff .  

3 .  Waialua Sugar - This a rea  was harves Led i n  the f a l l  of 1974. 

Because of the  low r a i n f a l l ,  t he  ratoon sugar cane crop i s  considcrabLy 

smaller  and l e s s  dense than usual.. Under these condit ions,  runoff  from 

the  watershed i s  about twice what i t  was when a good cover of  sugar 

cane was present .  The increased runofE appears t o  be increas ing 
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e ros ion .  The rows on t h i s  watershed run up and down the  s lope  r a t h e r  

than on the  contour, thus a l s o  con t r ibu t ing  t o  increased erosion.  

4 .  WaiaZua Pineapple -- This f i e l d  i s  one of the  o r i g i n a l  pine- 

apple watersheds, but  i n  May 1974 i t  was converted t o  sugar cane. The 

f i r s t  crop of  cane was harvested Eor seed cane i n  Apri l  1975. Regrowth 

a f t e r  harves t  has been r e l a t i v e l y  slow because of the  drought wi th  a 

correspondingly poor s tand.  Runoff from t h i s  s i t e  i s  r e l a t i v e l y  h igh 

(up t o  75% f o r  the  l a r g e r  storms) even wi th  a good crop cover, Since 

t h e  s t age  of the  crop growth a t  t h i s  s i t e  does not  seem t o  a f f e c t  the  

percent  of runoff  g r e a t l y ,  i t  may be t h a t  t h i s  s o i l  i s  r e l a t i v e l y  

t i g h t  (a low i n f i l t r a t i o n  r a t e ) .  

5. M i l i l a n i  -- This watershed i s  present ly  being prepared f o r  

r e p l a n t i n g  t o  pineapple. The watershed was o r i g i n a l l y  i n  pineapple 

bu t  has been used f o r  a  v a r i e t y  of crops such a s  potatoes and tomatoes 

s i n c e  i n s t a l l a t i o n  of the  measuring equipment. It has a l s o  been 

covered wi th  weeds a t  var ious  times. The new pineapple r ep lan t ing  

w i l l  permit the  comparison of  runoEf w i t h  the  o ther  pineapple s i t e ,  

and the  e f f e c t  of the  d i f f e r e n t  crops and p lan t  growths on the  runoff  

and eros ion.  

ICunia -- RainEall  a t  t h i s  s i t e  was very low during the  summer 6 .  - 
r equ i r ing  a supplemental s p r i n k l e r  i r r i g a t i o n  of the  pineapple during 

August. This f i e l d  i s  p lanted  using recommended conservation p rac t i ces  

bu t  the re  i s  s t i l l  some runoff  (up t o  18% fo r  some of the  l a r g e r  storms) 

and a corresponding sediment load, apparently coming from t h e  roads i n  

t h e  area .  The flume a t  t h i s  s i t e  was washed out  once during the  p a s t  

year  when water piped under the  bu ty l  sheet ing  a t  the  upstream s ide .  

The equipment was repa i red  and i s  i n  good condit ion.  

SUML'VIARY AND CONCLUSIONS : 

A cooperat ive agreement was i n i t i a t e d  wi th  the  S t a t e  of  Hawaii, 

Department of Land and Natural  Resources, t o  i n v e s t i g a t e  t h e  water 

q u a l i t y  from various water harves t ing  sys terns. OE primary i n t e r e s  t 

i s  the  water q u a l i t y  from catchments constructed of volcanic  c inders  

and t r e a t e d  wi th  var ious  types of p a r a f f i n  wax. 
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The ra 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  the  Universi ty of Hawaii continued t o  r ece ive  the  major research  

emphasis f o r  the  p a s t  yea r .  Processing of  the  r a i n f a l l - r u n o f f  d a t a  

i s  continuing.  I n i t i a l  processing of the  da ta  c o n s i s t s  of t abu la t ing  

the  r a i n f a l l  and runoff  by storm events  and is about 95% completed and 

up t o  da te .  Computer programs a r e  being developed t o  f u r t h e r  analyze 

t h e  da ta  wi th  r e spec t  t o  items such a s :  r a i n f a l l  i n t e n s i t y ,  antecedent 

s o i l  moisture, d a i l y  r a i n f a l l  t o t a l s ,  e t c .  These analyses w i l l  be 

performed i n  the  coming year .  

R a i n f a l l  a t  the  s i t e s  was considerably below t h e  long-term 

averages. This r e s t r i c t e d  the crops '  growth r a t e  and reduced the 

p r o t e c t i v e  cover thus inc reas ing  the  runoff and eros ion during the  

few l a r g e  storms. 

PERSONNEL: Gary Fras ie r ,  Kei th  Cooley and John Griggs 
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TITLE : USE OF FLOATING MATERIALS TO REDUCE EVAPORATIO'N 

PROM BATER 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 continued a t  

G r a n i t e  Reef f o r  a few m a t e r i a l s  i n  1975. Inc luded  were foamed b u t y l  

rubbe r ,  foamed wax b locks ,  and two cont inuous wax covers  on t h e  9-ft- 

d iameter  s t o c k  t anks ,  and cont inuous wax covers  on t h e  buty l - l ined  

pond and t h e  s m a l l  a s p h a l t - f i b e r g l a s s  pond. 

F i e l d  e v a l u a t i o n  of wax covers  s t a r t e d  on 31  J u l y  1975 when a 

128" wax cover was i n s t a l l e d  on a 30-ft-diameter conc re t e  t a n k  i n  

Chino Valley.  

F i e l d  e v a l u a t i o n  of t h e  foamed b u t y l  covers  w a s  cont inued.  Two 

covers  were loca t ed  i n  southwes tern  Utah i n  1971 and fou r  i n  Arizona 

i n  1974. P u b l i c a t i o n  of a paper  e n t i t l e d  "Foam Rubber Covers f o r  

Evaporat ion Control"  is  expected dur ing  1976. 

PROCEDURE : 

Evalua t ion  of t h e  v a r i o u s  t r ea tmen t s  on t h e  Gran i t e  Reef tanks  

was t h e  same a s  i n  prev ious  y e a r s ,  t h e  procedure be ing  t o  compare 

evapora t ion  from a t r e a t e d  t ank  t o  t h a t  from a n  ident r ica l  u n t r e a t e d  

tank .  A l l  s t u d i e s  were conducted a t  Gran i t e  Reef s i n c e  t h e  l a b o r a t o r y  

s i t e  s t u d i e s  were d iscont inued  a t  t h e  end of 1974. A l l  covers  were 

t h e  same as repor t ed  on l a s t  yea r .  

RESULTS AND DISCUSSION : 

Gran i t e  Reef S t u d i e s .  The eEf ic iency  of che wax covers  on t h e  

t anks  remained e s s e n t i a l l y  t h e  same during 1975. Averages f o r  t h e  

y e a r  were 36, 83, and 85%, r e s p e c t i v e l y ,  f o r  t h e  foamed wax b l o c k s ,  

120'-125' wax l a y e r ,  and t h e  charcoal-covered wax l a y e r .  Water w a s  

n o t  added t o  t a n k  No. 1, wi th  t h e  125O-135O wax l a y e r ,  agaisr t h i s  

yea r  i n  an  a t t empt  t o  determine what would happen t o  t h e  wax i f  t h e  

t a n k  went d ry  and was then  r e f i l l e d .  Again, t he  t ank  d i d  n o t  d ry  up 

completely.  I f  t h e  tank  does n o t  completely dry up by June 1976, 

water  w i l l  b e  added and e f f e c t i v e n e s s  aga in  recorded f o r  t h e  remainder 

of t h e  yea r .  
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The foamed b u t y l  rubber cover i n s t a l l e d  on t a n k  No. 3 i n  

January 1974 reduced evapora t ion  by 78% f o r  t h e  y e a r ,  o r  7% l e s s  

t han  l a s t  yea r .  Approximately 88% of t h e  water  s u r f a c e  is covered 

(cover diameter  104 i n c h e s  i n  December 1975).  

The 128O AMF' wax app l i ed  t o  t h e  butyl- l ined pond in 1973 s t i l l  

only  covers  about  one-third of t h e  water s u r f a c e ,  It is  be l ieved  

a f t e r  obse rva t ions  made t h i s  year  t h a t  t h e  wax g e t s  h o t  enough t o  

spread  in t h e  summer, b u t  t h e  wind t ends  t o  p i l e  t h e  wax up on t h e  

downwind bank. It t h e r e f o r e  never sp reads  enough t o  cover  t h e  e n t i r e  

s u r f a c e .  Add i t iona l  wax w i l l  b e  app l i ed  t h i s  summer t o  determine i f  

a cont inuous l a y e r  can  b e  maintained.  I f  n o t ,  it w i l l  mean t h a t  t h i s  

t y p e  of cover  should  b e  r e s t r i c t e d  t o  very  small. ponds o r  tanks .  

Th.e cont inuous wax cover  app l i ed  t o  t h e  s m a l l  a s p h a l t - f i b e r g l a s s  

pond melted and re-formed a f t e r  breaking  i n t o  numerous sma l l  p i e c e s  

du r ing  t h e  1974-75 win te r .  The l a y e r  was very  t h i n  a f t e r  re-forming 

s i n c e  p a r t  of t h e  o r i g i n a l  wax was blown from t h e  s u r f a c e  wh i l e  i n  

s m a l l  p i e c e s .  Algae and d i r t  accumulated i n  t h e  t h i n  l a y e r  of wax 

caus ing  much of i t  t o  s i n k  dur ing  t h e  l a t t e r  p a r t  of t h e  year .  A 

change of p h y s i c a l  c h a r a c t e r i s t i c s ,  due t o  r e a c t i o n  w i t h  v o l a t i l e s  

from t h e  a s p h a l t ,  may cause t h e  s i n k i n g  and breakage s i n c e  i t  has  n o t  

occurred on t h e  s t e e l  t anks  and buty l - l ined  pond. 

F i e l d  S tud ie s .  The wax l a y e r  app l i ed  t o  t h e  Chino Val ley  tank  

has  n o t  been observed s i n c e  i n s t a l l a t i o n  and r e s u l t s  w i l l  n o t  be  

r epo r t ed  u n t i l  next  y e a r .  

Jackson Wash tank ,  northwest  of Cedar C i ty ,  Utah, i n s t a l l e d  

November 1971 -- This  cover had been d isp laced  from t h e  t ank  twice  

i n  prev ious  yea r s  and was, aga in ,  i n  1975. When on t h e  ground t h i s  

t i m e  i t  was trampled by t h e  c a t t l e .  Bureau of Land Management 

coopera tors  removed t h e  cover from t h e  s i te  and des t royed  it .  A 

sample of t h e  cover m a t e r i a l  was r e tu rned  f o r  i n s p e c t i o n .  Tke bond 

s t r e n g t h  of t h e  2-inch l a p  j o i n t s  s t i l l  exceeded t h e  s t r e n g t h  of t h e  

s h e e t i n g  m a t e r i a l .  Thickness of t h e  s h e e t i n g  had decreased over t h e  

4-yr per iod  by 5 t o  10% ( o r i g i n a l  thiclcness 3/16 i n c h ) .  The foamed 

s h e e t i n g  had remained p l i a b l e  and appeared t o  be  i n  e x c e l l e n t  condi- 

t i o n .  
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Beaver Dam t ank ,  southwest of S t .  George, Utah, i n s t a l l e d  

November 1971 -- The cover was in spec t ed  seven times dur ing  1975, 

f i r s t  i n  February and last  i n  October.  Water l e v e l s  v a r i e d  when in -  

spec ted  from 7 inches.  from t h e  top  of t h e  tank  t o  empty. The maximum 

wind g u s t  recorded  was 26 mph. Some d u s t  and s a l t s  have accumulated 

on t h e  cove r ,  b u t  t h e  m a t e r i a l  and j o i n t s  a r e  i n  e x c e l l e n t  cond i t i on .  

The cover  diameter  has  decreased about  5% s i n c e  i n s t a l l a t i o n  o r  9% 

w i t h  r e s p e c t  t o  a r e a  (diameter  28 f t ,  1 i n c h  on 26 September 1975; 

o r i g i n a l  diameter  29 f t ,  6 i nches ) .  

F r a s i e r  Well tanlc, Hualapai I n d i a n  Reserva t ion ,  i n s t a l l e d  May 

1974 -- The cover  was in spec t ed  i n  January ,  March, and June dur ing  

1975. About 4 inches  of i c e  had formed under t h e  cover when in-  

spec t ed  i n  January ,  b u t  no damage had r e s u l t e d .  The cover has  f i v e  

o r  six small tears, b u t  none a r e  de t r imen ta l .  About 15  inches of 

t h e  edge bead m a t e r i a l  h a s  s epa ra t ed  from t h e  cover and needs t o  be  

r e a t t a c h e d .  Genera l ly ,  t h e  cover  is func t ion ing  s a t i s f a c t o r i l y  w i t h  

wind g u s t s  up t o  42 mph measured. 

Ship ley  'Well t ank ,  Bualapa i  Ind ian  Reserva t ion ,  i n s t a l l e d  Nay 

1974 -- This  cover was inspec ted  t h r e e  t imes  dur ing  1975 and w a s  

removed from t h e  t a n k  i n  October f o r  pa tch ing  purposes.  The cover 

h a s  had a h i s t o r y  of damage t h a t  has  been a t t r i b u t a b l e  t o  vandalism. 

Damage has  ranged from h o l e s  being punched by s t i c k s  and rocks t o  

t e a r s  occu r r ing  from p u l l i n g  on t h e  cover .  The cover has  opera ted  

s a t i s f a c t o r i l y  a f t e r  be ing  patched.  

Glover Ranch tanlc, sou th  of Saf f o r d ,  Arizona (Bureau of Land 

Management), i n s t a l l e d  September 1974 -- The cover is func t ion ing  

s a t i s f a c t o r i l y .  S a l t  accumulations around t h e  d r a i n  holes  were - 

noted  h u t  do n o t  a £  f e c t  t h e  s e r v i c e a b i l i t y  oE t h e  cover.  Such accumu- 

l a t i o n s  have been p rev ious ly  noted  on o the r  covers .  

Hughes Kanch t ank ,  s o u t h  of Rye, Arizona (Tonto IWtional  F o r e s t ) ,  

i n s t a l l e d  Noventber 1974 -- Cover i s  i n  e x c e l l e n t  condi t ion .  Some 

water  was hauled t o  t h e  t ank  dur ing  1975. Maximum depth of water h a s  

been about  6 inches  s i n c e  t h e  f l o a t i n g  cover was i n s t a l l e d .  The wind 

g u s t  anemometer w a s  s t o l e n  dur ing  t h e  s p r i n g  o r  e a r l y  summer of 197.5, 
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along w i t h  t h e  wind g u s t  r eco rds  t h a t  EIughes had been keeping .  The 

maxi~num g u s t  recorded was about 40 mph. 

SUMMARY AND CONCLUSIONS ; 

The foamed wax b locks  and cont inuous wax cover t e s t e d  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  t h e  same a s  f o r  t h e  p a s t  3 

t o  5 y e a r s .  The e f f i c i e n c y  of t h e  wax b locks  w a s  36%, and t h e  

cont inuous wax covers  reduced evapora t ion  by 83 and 85%. The foamed 

b u t y l  rubber  cover  reduced evapora t ion  by 78% dur ing  t h e  yea r .  

Wax w i l l  b e  added t o  t h e  ponds at Gran i t e  Reef t o  determine i f  

a cont inuous,  o r  complete,  cover can b e  obta ined  on t h e  l a r g e  pond, 

and t o  s e e  i f  a t h i c k e r  wax l a y e r  w i l l  h o l d  up on t h e  s m a l l  a spha l t -  

f i b e r g l a s s  pond. 

A 128" wax cover  app l i ed  t o  a conc re t e  tank  i n  Chino Val ley  

w i l l  b e  observed and r epor t ed  on n e x t  yea r .  

Four of t h e  s i x  foamed rubber  covers  be ing  f i e l d  t e s t e d  have 

opera ted  s a t i s f a c t o r i l y  f o r  up t o  4-1/2 y e a r s .  One of t h e  o r i g i n a l  

f l o a t i n g  covers  exposed i n  1971 was d i sp l aced  from t h e  t ank  and 

t rampled by l i v e s  toclc. The cause f o r  displacement  was unlcnown. 

Another cover w a s  t o r n ,  probably by vandals .  The cover  s t i l l  oper- 

a t i n g  a f t e r  4-1/2 y e a r s  h a s  shrunk about 5% i n  d i a n e t e r .  Material 

cond i t i on ,  however, and bonded j o i n t s  a r e  e x c e l l e n t .  

PERSONNEL : Kei th  R. Cooley and Al l en  R. Dedrick 
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TITLE : LOWER COST WATER HARVESTING SYSTEMS 

CKIS WORK UNIT: 5510-12260-004 CODE NO, : Ariz.  -WCL 71-12 

INTRODUCTION : 

Evaluation of ma te r i a l s  and methods f o r  water harves t ing  were 

continued w i t h  the  measurement of r a i n f a l l  and runoff  from t h e  var ious  

p l o t s  a t  the  Granite  Reef, Seneca, and Monument Tank t e s t  s i t e s .  

Observations were continued a t  Granite  Reef and Logan, Utah, on t h e  

wea the rab i l i ty  eva lua t ion  of var ious  experimental ma te r i a l s  and 

coat ings  which have p o t e n t i a l  use 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  runof f .  A new cooperat ive study was i n i t i a t e d  w i t h  t h e  Bureau 

of  Land Management (BLM), U. S. Department of I n t e r i o r ,  t o  eva lua te  

the  performance of var ious  e x i s t i n g  water harves t ing  systems and t o  

develop new lower cos t  methods and mate r i a l s  f o r  use i n  water  

harves t ing  systems. 

PART I. GRANITE REEF TEST SITE 

In  1975 t h e r e  were a t o t a l  of 20 measurable rainstorms producing 

a t o t a l  of 183.4 nun of p r e c i p i t a t i o n  a t  the  Granite  Reef t e s t  s i t e .  

Paved o r  Covered P l o t s :  The t rea tments  applied t o  the  paved o r  

covered p l o t s  a r e  l i s t e d  i n  Table 1 and the r e s u l t s  presented i n  

Table 2. 

The runoff  e f f i c i ency  from the  two-phase aspha l t  t rea tments  L-5 

and L-6 continued t o  decl ine ,  averaging 42.7% and 61.7%) respec t ive ly ,  

fo r  the  year .  A new sea lcoa t  of  modified a s p h a l t i c  emulsion was 

appl ied  t o  p l o t  L-6 on 13 November 1976. Runoff a f t e r  r e t r ea tmen t  

was 84.5% of a  t o t a l  of 61.1 mm of r a i n .  

The membrane-covered p l o t s  L-1 (30-mil ch lo r ina ted  polyethylene) ,  

and L-7 (1-mil aluminum f o i l )  y ie lded 100.3% and 82.4% runoff ,  respec- 

t i v e l y .  There a r e  severa l  small  holes i n  the covering of L-1, 

possibly caused by an animal (coyote).  The p l a s t i c  covering has 

shrunk and pul led  loose  from t h e  metal  borders a t  the  upper edge of 

the  p l o t ,  The aluminum f o i l  on p l o t  L-7 shows s igns  of ox ida t ion .  

A t h i r d  membrane-covered p l o t  L-4 (15-mil nonreinforced b u t y l )  

completely f a i l e d  during the year  and was removed from the  p l o t  i n  

Ju ly  1975. Pr ior  t o  removal, runoff was only 34.9% from 68.4 mm of 
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r a i n f a l l .  Wind a c t i o n  gradual ly  enlarged s e v e r a l  holes i n  the  sheet ing .  

This allowed a  wind storm t o  l i f t  t he  e n t i r e  covering from the  p lo t .  

The bu ty l  ma te r i a l  had been "chalking" fo r  s e v e r a l  yea r s  and had lost: 

an est imated 50-75% of the  o r i g i n a l  t e n s i l e  s t r eng th .  The covering 

had been i n  place f o r  a  t o t a l  of 14 years  and was i n t e n t i o n a l l y  not  

maintained during the  l a s t  3  t o  4  years  t o  observe the  type of f a i l u r e s  

which might occur wi th  no maintenance. 

The aluminum-coated, a spha l t - f ibe rg lass  p l o t ,  A-1, averaged 95.8% 

runoff  and the  gravel-covered p lo t ,  A-2, averaged 70.6% runoff .  This 

i s  approximately t h e  e f f e c t i v e n e s s  t h a t  was measured i n  the  preceding 

year .  Maintenance was no t  r equ i red  on e i t h e r  p l o t  the  pas t  year .  The 

p ro tec t ive  coat ing  on A-1 shows no s igns  of  any d e t e r i o r a t i o n .  

P lo t  A-5 (concrete)  averaged 76.3% runoff .  This is  the same 

e f f e c t i v e n e s s  t h a t  was measured i n  1974. The s t r i p s  of  a spha l t  f i b e r -  

g l a s s  over the  cracks a r e  s t i l l  i n  place, bu t  do show s igns  of  needing 

a  new s e a l  coat .  

Bare S o i l  P l o t s :  The t rea tments  on the  bare s o i l  p l o t s  a r e  l i s t e d  

i n  Table 3  and the  runoff  r e s u l t s  by individual  storm events a r e  

presented i n  Table 4 ,  

The runoff  from the  two undisturbed watersheds W - 1  and W-3 

averaged 12.9% and 14,6%, r e s p e c t i v e l y ,  This i s  s l i g h t l y  lower than 

was measured i n  previous years ,  possibly caused by t h e  below-average 

r a i n f a l l .  The smoothed unt rea ted  p l o t s  L-2 and A-3 averaged 15.8% 

and 21.4%, respec t ive ly .  The un t rea ted  r idge  and furrow p l o t  R - 1  

averaged 15.0% runoff  f o r  the  year .  These runoff r e s u l t s  a r e  a l l  

s l i g h t l y  l e s s  than was measured i n  1974. 

The wax-treated p l o t  R-2 and the  s i l i c o n e - t r e a t e d  p l o t  A-4 

averaged 83.9% and 59.8% runoff ,  r e spec t ive ly .  The wax p l o t  was 

only s l i g h t l y  l e s s  e f f i c i e n t  than the  previous year  bu t  runoff  from 

t h e  s i l i c o n e - t r e a t e d  p l o t  was s i g n i f i c a n t l y  lower. The remaining two 

s i l i c o n e - t r e a t e d  p l o t s  L-3 and R - 4  were r e t r e a t e d  on 3  June 1975 along 

w i t h  a  new s i l i c o n e  treatment on watershed area  W-2. Tota l  r a i n f a l l .  

was 68.4 m i  before treatment and 115.0 mm a f t e r  t reatment.  P lo t  L-3 

averaged 20.5% runoEf before  treatment and 78.1% aEter  t reatment.  
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Plot  R-4 averaged 25.6% and 86.8% before and a f t e r  treatment, respec- 

t ive ly .  The undisturbdd watershed W-2 yielded only a t r a ce  of runoff 

before treatment and 35.1% for  the remainder of the year.  There i s  

considerable surface  r e t en t i on  on W-2. It was noted t h a t  many of the  

bare s o i l  p lo t s  were r e l a t i ve ly  low i n  runoff e f f i c iency  for  the  storm 

of 21 December 1975. The cause of poor runoff r e s u l t s  i s  not  known. 

The e f f ec t  of the  gradual de te r io ra t ion  of the s i l i cone  treatment 

i s  shown i n  Figure 1. The runoff eff ic iency (average annual) fo r  

p lo t s  R-2, A-4, R-4, L-3, A-3, and L-2 i s  p lo t ted  vs .  the years  s ince  

treatment or p lo t  i n s t a l l a t i o n .  Plots A-3 and L-2 a re  smoothed 

untreated and do not show any major change i n  runoff e f f i c iency .  

Plot  R-2 (wax) has a s l i g h t  decrease i n  runoff e f f i c iency .  The 

s i l i cone- t rea ted  p lo t s  2-3, R-4, and A-4 a l l  show a decl ine  i n  runoff 

e f f i c iency  with time a f t e r  treatment. The runoff e f f i c iency  can be 

res to red  by retreatment.  

Outdoor Weathering Plots :  In December 1973, 43 separa te  mater ia ls  

and/or coatings were i n s t a l l ed  on small exposure p lo t s  a t  the  Granite 

Reef t e s t  s i t e .  In April and July 1974, 3 addi t ional  mater ia ls  were 

i n s t a l l ed .  A descr ipt ion of the mater ia ls  and coatings i s  presented 

i n  Table 5 of the  1974 Annual Report, "Lower Cost Water Harvesting 

Systems," WCL 71-12. Materials under evaluation have thicknesses 

from 1 m i l  t o  55 m i l .  Some of them have an addi t ional  p ro tec t ive  

coating fo r  added weathering res i s tance .  A v i sua l  inspect ion of the  

materiaas and coatings i s  performed per iodical ly  t o  evaluate  r e l a t i v e  

weathering performance. Sheeting mater ia ls  a re  a l so  checked fo r  

elongation or  shrinkage by measuring two reference marks which were 

placed on the  materials  a t  the time of i n s t a l l a t i on .  For the  pro- 

t e c t i ve  coating evaluation, the subs t ra te  mater ia l  i s  not  considered 

unless there i s  evidence t ha t  a subs t ra te  f a i l u r e  has occurred because 

of inadequate protection.  I f  a mater ia l  i s  graded as poor i t  i s  

usually removed and considered t o  have f a i l e d ,  

Since i n i t i a t i o n  of the  study, f ive  materials  and three  coatings 

a re  considered t o  have f a i l ed ,  A b r i e f  descr ipt ion of the evaluat ion 

fo r  the past  year i s  presented i n  Table 5. Mechanical damage from 

wind or  varmints has been minimal. 
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PART 11. MONUMENT TANK 

P r e c i p i t a t i o n  a t  t he  Monument Tank t e s t  s i t e  t o t a l e d  297.2 mnl 

f o r  t he  y e a r .  This i s  cons iderably  l e s s  than  t h e  long term average 

o f  about  400 nnn per  yea r ,  and a s  a  r e s u l t ,  very l i t t l e  runoff  occurred 

from t h e  watershed a r e a s .  The flume on Watershed Area No. 3 remained 

plugged w i t h  a s p h a l t  from t h e  r e t r ea tmen t  o f  t h e  c o l l e c t i o n  d i t c h e s .  

During a  s torm i n  J u l y  1975, sediment t r a n s p o r t e d  down t h e  channel 

o f  Area 4 was depos i ted  i n  t h e  flume ent rance  s e c t i o n  and plugged 

t h e  s t i l l i n g  w e l l  t ap .  A t  p r e sen t  only the  runof f  from a r e a s  Nos. 1 

and 2 i s  being monitored. 

Limited l a b o r a t o r y  s t u d i e s  i n d i c a t e  t h a t  t h e  s o i l  on Area No, 3 

can be made water  r e p e l l e n t  by t h e  use  of a  s i l i c o n e  chemical. S tud ie s  

a r e  being conducted t o  determine t h e  p o s s i b i l i t y  of  u s ing  a  new rubber  

l a t e x  i n  combination w i t h  t h e  water  r e p e l l e n t  t o  s t a b i l i z e  t h e  s o i l .  

PART 111. OPERATIONAL CATCHMENTS 

Seneca Catchment: The t o t a l  p r e c i p i t a t i o n  a t  t h e  Seneca Catch- 

ment f o r  t he  y e a r  measured 318.2 mm. One major runoff  event  occurred 

on 7 September 1975 when 5.8 mm of  r a i n  occurred,  followed 6 h r s  l a t e r  

by a  17.2-mm storm. T o t a l  runoff  measured was 0.55 mm. The wax 

t rea tment  on t h e  p l o t  has  undergone s e v e r a l  cyc l e s  of f r e e z i n g  and 

thawing which has aggregated t h e  s o i l .  The s o i l  aggrega tes  appear 

t o  be waterproof  f o r  a  l i m i t e d  time. There i s  cons ide rab le  s u r f a c e  

roughness which r e t a i n s  water  on t h e  s o i l  su r f ace  which causes t h e  

waterproof ing  of  t he  aggrega tes  t o  decrease  and al lows water  t o  

i n f i l t r a t e  t h e  s o i l .  There has a l s o  been a  cons iderable  amount of 

p l a n t  growth on t h e  p l o t  i n d i c a t i n g  t h a t  mois ture  i s  pene t r a t ing  

through t h e  s o i l  t rea tment .  

The b u t y l  r e s e r v o i r  Lining shows cons iderable  evidence of  poor 

weathering.  Also, numerous holes  have been t o r n  i n  t h e  l i n i n g  s i n c e  

i n s t a l l a t i o n ,  p r imar i ly  from animals walking on t h e  shee t ing .  These 

ho le s  have been r e p a i r e d  a t  p e r i o d i c  i n t e r v a l s ,  b u t  i t  i s  be l i eved  

t h a t  t h e r e  a r e  o t h e r  ho le s  which have gone undetec ted  through which 

water  i s  l o s t  from the  s t o r a g e .  The B I A  has been advised t h a t  t h e  

l i n i n g  should be r ep l aced .  Monitoring of  t h e  r a i n f a l l  and runoff  

from the  s i t e  has been d iscont inued .  
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Arizona S t r i p  Catchments : The two wax catchments on the BLM 

Arizona S t r i p  D i s t r i c t  were v i s i t e d  during the  summer of 1975. Both 

catchments have weathered the  f i r s t  year  i n  good condit ion.  There 

was some concern t h a t  s o i l  was being eroded from the  lower u n i t  (Snap 

Point )  i n t o  the  water s to rage  r e s e r v o i r ,  This has not  been a se r ious  

problem but  the  catchment w i l l  be c lose ly  watched f o r  any increase  

i n  erosion.  Both catchments have been able  t o  supply s u f f i c i e n t  

water  f o r  t h e  l ives tock  and w i l d l i f e  i n  t h e  a reas .  

F ishlake  National Fores t :  The p ro jec t  t i t l e d  "Prevention of 

Small Mammal Damage t o  F lex ib le  Membrane Mater ia ls  used as  Water 

Barr iers"  being conducted through a cooperat ive agreement w i t h  Utah 

S t a t e  Universi ty was terminated i n  1975. The ob jec t ives  of  the  study 

were: t o  i d e n t i f y  the  small  animal species  damaging Elexible membrane 

mate r i a l s  being used as water b a r r i e r s ;  determine the  ecologica l  

f a c t o r s  associa ted  w i t h  the  damage; and develop methods whereby the  

damage can be prevented. 

Four oE the  water harves t ing  systems involved i n  the  study were 

v i s i t e d  i n  August 1975 i n  the  company of the  graduate s tudent  working 

on the  p r o j e c t .  Nine suggest ions f o r  designing and i n s t a l l i n g  water 

harves t ing  systems were given i n  an April-June 1975 progress r e p o r t .  

Pa r t  of these  suggest ions a r e  expected t o  be expanded upon i n  a 

forthcoming Master of Science t h e s i s  which w i l l  se rve  a s  a f i n a l  

r e p o r t  f o r  the  p r o j e c t .  Completion of the  t h e s i s  i s  expected during 

1976. 

Cache National Fores t :  The unreinforced b u t y l  rubber catchment 

a t  Chicken Creek was i n  good condi t ion  when v i s i t e d  i n  August 1975. 

Two small  holes and one l a r g e r  t e a r  (abour 1% Et) could e a s i l y  be 

patched t o  r e t a i n  the  o r i g i n a l  usefulness ,  The 30-ft-diameter,  PVC- 

l i n e d  s t e e l  s to rage  tank, was near ly  empty. It was impossible t o  

determine the  quant i ty  of water t h a t  had been co l l ec ted  and i f  i t  

had been b e n e f i c i a l l y  used. Generally the system has not  been used 

regu la r ly  and hence the  l i t t l e  maintenance requi red  f o r  a success fu l  

system has no t  been performed. 
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PART I V ,  RIVER LABORATORY AND TEST SITES AT LOGAN, UTAH 

Outdoor Weathering Racks: The appearance and condi t ion  of 

membrane and f i l m  specimens exposed on racks  a t  Logan, according t o  

AS'l'M D 1435, a r e  summarized i n  Table 6. The mate r i a l s  were inspected 

i n  August 1975. Observations w i l l  be continued during 1976. 

Outdoor Exposure Panels: Th i r ty - s ix  p o t e n t i a l  water b a r r i e r  

ma te r i a l s ,  of  the  f l e x i b l e  sheet ing  and f i l m  type, a r e  exposed a s  

ground panels a t  Logan i n  a manner s i m i l a r  t o  t h a t  described fo r  

Grani te  Reef. Mater ia l  condi t ion  i s  repor ted  i n  Table 7. Changes 

from the  previous year  a r e  marked by an a s t e r i s k .  The most s i g n i f i -  

can t  change from the  previous year  occurred when the  6- t o  8-mil PE 

(panels 41  and 42) d e t e r i o r a t e d .  Unt i l  October 1973 the  ma te r i a l s  

were i n  e x c e l l e n t  condit ion.  Some t e a r i n g  was noted i n  1974 wi th  

complete f a i l u r e  i n  1975. The e f f e c t i v e  l i f e  of  these  two thicknesses 

was about 2 y r s ,  con t ras t ed  t o  the  continued e x c e l l e n t  perEormance of 

10-mil PE (panel 40) a f t e r  4 y r s ,  

Water Harvesting Catchments: S ix  prototype catchments remain i n  

Logan. The s t a t u s  of the  catchments when inspected i n  August 1955 was: 

Butyl, unreinforced,  30 m i l ,  i n s t a l l e d  September 1958, one piece 
2 

about 1 f t  had been t o r n  out  on the  upper berm and another 

15-inch t e a r  was noted, the  f l a t  a rea  of the  catchment was i n  

good condit ion,  o v e r a l l  condi t ion  of the  l i n e r  was good t o  f a i r .  

Butyl, unreinforced,  30 m i l ,  i n s t a l l e d  August 1963, some l a rge  

holes were noted around the  berm but  none on the  f l a t  p a r t  of 

the  catchment, condi t ion  good t o  f a i r .  

Butyl, re inforced,  30 m i l ,  i n s t a l l e d  June 1963, one small  hole  

(1-inch diameter),  condi t ion  exce l l en t .  

Oriented PE (Fabrene, TM), i n s t a l l e d  June 1972, seven holes 

be l ieved caused by rocks being thrown onto the  apron, t e a r s  

could not  be propagated, some burrowing underneath cover, 

ma te r i a l  out  of  t rench along the  upper edge-possibly caused by 

a t i g h t n e s s  e a r l i e r  i n  the  year ,  condit ion exce l l en t .  

PVA copolymer, 8 m i l ,  i n s t a l l e d  October 1966, l a rge  number of  

holes but  unchanged fo r  pas t  number of years ,  condit ion poor, 
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R-7b Asphalt emulsion, asbestos,  water s l u r r y  over polypropylene, 

i n s t a l l e d  September 1972, one small  hole near  upper berm 

poss ib ly  caused by some form of mechanical means, one t h i s t l e  

grew through the  l i n e r  near  the  dra in ,  e x c e l l e n t  condit ion.  

Test Reservoirs  a t  Logan: S ix  small t e s t  r e s e r v o i r s  (8,000 t o  

12,000 g a l )  wi th  var ious  l i n i n g  mate r i a l s  were maintained during 1975 

bu t  seepage measurements were not  conducted. The r e s e r v o i r s  w i l l  

remain i n  p lace  u n t i l  the  a r e a  i s  needed by Utah S t a t e  Univers i 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 1976. Seepage w i l l  no t  be measured. 

Seepage losses  from a canal  l i n e r  constructed i n  August 1972 of  

polypropylene-asphalt 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  Grani te  Reef and Hualapai, have been evaluated i n  a 

seepage t e s t  channel i n  Logan, Utah. Water depth i s  maintained a t  

about 1 f t ,  During a 3%-month period i n  1975, no seepage losses  were 

detec ted  from s i x  t e s t  sec t ions .  Losses from one s e c t i o n  ranged from 
3 2 

0.002 f t  / f t  /day s h o r t l y  a f t e r  water was turned i n t o  the  t e s t  channel 

t o  zero l o s s  a t  the  end of the  t e s t  period. The l i n i n g  mate r i a l  con- 

t inues  t o  be f l e x i b l e  and one does no t  show any s igns  of  weathering. 

Seepage losses  w i l l  be checked again during 1976. 

PART V ,  COOPERATIVE WATER HARVESTING PROJECT WITH BLM 

A cooperat ive 3-year p ro jec t  was i n i t i a t e d  wi th  the  USDI, Bureau 

o f  Land Management (BLM), i n  Arizona t o  develop, improve, and modify 

methods and mate r i a l s  f o r  water harves t ing  and water s to rage  fo r  

cons t ruct ing  r e l i a b l e ,  low cos t  systems f o r  l ives tock  and w i l d l i f e  

water  supply, Specia l  s t u d i e s  w i l l  be concerned wi th  the  evaluat ion  

of new mate r i a l s  and techniques i n - a d d i t i o n  t o  an evaluat ion  of  

present  water  harves t ing  systems. Periodic evaluat ions  w i l l  be made 

on s e l e c t e d  u n i t s  t o  q u a l i t a t i v e l y  evaluate  t h e  performance of the  

system. Pa r t  of the  study w i l l  be devoted t o  determining the  q u a l i t y  

of the  runoEf water from var ious  water harves t ing  systems. 
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SUMMARY AND CONCLUSXONS: 

Ra infa l l  runoff measurements were continued a t  the  Granite Reef 

t e s t i n g  s i t e .  A 15-mil nonreinforced butyl  sheeting,  o r i g i n a l l y  

i n s t a l l e d  i n  1961, was destroyed by wind. The treatment was in ten-  

t i ona l l y  allowed t o  f a i l  t o  observe the  ac tua l  type of f a i l u r e  which 

occurs when no maintenance i s  performed. Runoff from two s i l i c o n e -  

t r e a t ed  p lo t s  had reduced t o  l e s s  than 50%. Retreatment of the  p lo t s  

increased the  runoff ef fect iveness  t o  80%. The pa r a f f i n  wax p l o t  

continues t o  y i e ld  high runoff e f f i c iency  with only a minimal decrease 

i n  performance. There was no s i gn i f i c an t  change i n  the  efEiciency of 

t he  remaining treatments.  

Two operat ional  pa r a f f i n  wax catchments i n  northern Arizona have 

successful ly  weathered a winter  of freezing and thawing and provided 

s u f f i c i e n t  water t o  supply the design carrying capacity of the  land 

i n  addi t ion t o  overElowing the  water s torage tanks. The Seneca p l o t  

t r e a t ed  wi th  pa r a f f i n  wax i s  considered t o  have f a i l ed .  Addit ional  

s tud ies  a r e  being conducted t o  determine the  cause of the treatment 

f a i l u r e  . 
A new cooperative study has been i n i t i a t e d  wi th  the Bureau of 

Land Management t o  study the performance of ex i s t ing  water harves t ing 

systems and t o  develop lower cost  methods and mater ia ls  fo r  water 

harve s t ing . 
PERSONNEL: Gary F ra s i e r ,  Allen Dedrick, and John Griggs. 
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Table I .  Treatments on paved o r  covered p l o t s  a t  Gran i t e  Reef .  

P l o t  Treatment Date Treatment 

8 Aug 1967 

22 Aug 1967 

20 May 1968 

30 Nov 1961 

18 Sep 1962 

16 Mar 1966 

22 Apr 1970 

19 Apr 1963 

13  Nov 1975 

3 Aug 1967 

22 Aug 1967 

3 Aug 1967 

22 Aug 1967 

Jan  1968 

3 Aug 1967 

12 Sep 1967 

Sep 1968 

Basecoat .  MC-250 a t  1.5 kg a s p h a l t  m - 2 

Topcoat,  RSK a s p h a l t  emulsion a t  0 . 7  kg 

a s p h a l t  m-L 

Top Shee t ing .  30-mil c h l o r i n a t e d  b l a c k  

polye thylene  

Butyl Rubber Shee t ing .  1 5 - m i l  

Basecoat. RSI< a s p h a l t  a t  1.04 kg a s p h a l t  mmL 

Topcoat, RSK a s p h a l t  emulsion a t  0.6 kg 
- 2 

a s p h a l t  m 

Sea lcoa t ,  Modified SSKH a s p h a l t  emulsion a t  

0.6 kg a s p h a l t  m'2 
- 2 

Basecoat ,  RC-special a t  1 .5 kg a s p h a l t  m 

Sea l coa t .  SS2h a s p h a l t  a t  2 .0 kg a s p h a l t  me2 

modified w i t h  A - 1  f i b e r s  

Basecoat.  MC-250 a t  1 . 5  kg a s p h a l t  m 
- 2 

Top Sheet ing.  1 - m i l  aluminum f o i l  bonded 

w i t h  RSK a s p h a l t  emulsion a t  

0 . 7  kg a s p h a l t  m-L 
- 2 

Basecoat. MC-250 a t  1 . 5  kg a s p h a l t  m 

Top Sheebing. 3/4-02 chopped f i b e r g l a s s  

mat t ing  bonded w i t h  RSK a s p h a l t  

emulsion a t  1 .4  kg a s p h a l t  m-L 

Top Spray. Vinyl aluminum coa t ing  a t  0 .1  g a l  

Basecoat.  MC-250 a t  1 .5  kg a s p h a l t  me2 

Top Sheet ing.  Standard r ag  f e l t - r o c k  

roo f ing  t rea tment  

Concrete S lab .  
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Rain ia l l  L-1 
Date' t o t a l  Runoff Runoff Runoff ' Runoff 

14 Fcb 8.8 9.3 105.7 2.2 25.0 1.4 15.9 2.4 27.3 6.1 69.3 9.0 1 0 2 3  5.8 65.9 5.9 67.2 

15 Feb 10.7 10.2 95.3 3.4 31.8 3.4 31.8 3.9 36.4 7.8 7 3 . 1 1 0 . 1  94.5 6.5 61.0 8 . 1 7 5 . 7  

8-9 llar 7.0 6.8 97.1 2.9 41.4 2.7 28.6 3.7 52.9 5.5 78.6 6.9 98.6 5.1 73.0 5.9 84.3 

10-11klar 14.3 13.9 97.2 6.4 44.8 7.4 51.7 7.9 8 3 . 0 1 1 . 9  8 3 . 2 1 4 . 0  9 7 . 9 1 1 . 5  8 0 . 4 1 2 . 6 8 8 . 1  

11 W r  3.6 2.9 81.2 1.1 31.2 0.7 19.4 1.2 34.0 2.5 70.1 2.9 80.6 1.6 44.4 2.3 63.9 

14 >far 6.5 6.2 95.4 2.5 36.5 2.5 38.5 2.7 41.5 4.8 74.2 6.1 94.0 3.3 50.9 4.6 73.8 
P 
Ln 6-7 Apr 8.1 8.5 104.9 1.9 23.5 1.0 12.3 1.1 13.6 5.7 70.1 8 . 1  100.0 4.9 60.5 5.5 67.9 
I 
t-' 9 Apr 9.4 6.9 94.7 3.5 37.2 3.1 33.0 3.7 39.1 7.4 78.7 8.7 92.6 6.5 69.1 7.5 79.6 
0 

4 J u l  4.3 4.6 107.0 - a 1 . 7  39.5 3.4 79.1 4.8 111.6 3.6 83.7 2.3 53.6 2.0 46.5 

14 J u l  18.0 21.6 120.0 - - 8.6 47.8 13.3 73.9 15.7 87.2 16.7 92.8 14.4 . 8 0 . 0  12.0 66.7 

27 J u l  9.1 8.6 94.5 - - 6.2 68.1 4 .2  46.2 7.8 85.7 ' 8.3 91.2 5.3 58.3 5.9 64.8 

6 Sep  20.5 20.5 100.0 - - 9.0 43.9 12.2 59.5 17.6 85.9 20.7 101.0 11.2 54.6 16.3 79.5 

28-29Nov 30.0 28.1 93.7 - - 11.6 38.7 26.7 89.0 24.2 80.7 28.3 94.3 23.3 77.7 24.2 60.7 

13-14 Dec 21.3 21.7 101.9 - - 15.9 74.6 21.4 100.5 19.2 90.1 20.0 93.9 18.4 86.4 17.2 80.8 

11.8 12.2 103.4 - - 3.2 27.1 5.4 45.8 10.1 85.6 12.3 104.2 9.3 73.9 9.8 63.1 21Dec - - - - 7 - -- -- -- -- -- - 
Total 183.4 384.0 100.3 2 3 . g b 3 4 . 9  78.4 42 .7113 ,2  61.7151.1 8 1 2 9 . 4  70,6 160.0 76.3 

" Vind destroyed covering on 1 Ju ly  1975. 
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Table 3 .  Treatments of  ba re  s o i l  p l o t s  a t  Grani te  Reef .  

P l o t  Trea.tment Date Treatment 

2-2 30 Nov 1961 

2- 3 4 Aug 1965 

3 Jun  1975 

R- 1 1 Mar 1965 

R- 2 29 Sep 1972 

R- 3 1 Mar 1965 

R-4 1 3  May 1966 

3 Jun  1975 

A- 3 1 Aug 1967 

A-4 L O  Nov 1971 

1 Dec 1963 

3 Jun  1975 

W-3 1 Dec 1963 

Smoothed s o i l ,  14 .14  m x 14.14 m p l o t  

Smoothed s o i l ,  14.14 m x 14.14 m p l o t  

t r e a t e d  w i t h  s i l i c o n e  water  r e p e l l e n t  
- 2 

a t  0.057 kg m 
- 2 Re t r ea t ed  a t  0.03 kg m 

Ridge and furrow, 20% s i d e s l o p e  

Ridge and furrow, 30% s i d e s l o p e  

t r e a t e d  w i t h  wax water  r e p e l l e n t  

a t  1 .3 Ibs/yd 
2 

Ridge and furrow, 20% s i d e s l o p e  

Ridge and furrow, 10% s ides lope ,  
- 2 

t r e a t e d  w i t h  44.9 g m sodium 

carbonate  

Re t r ea t ed  w i t h  3% s i l i c o n e  water  r e p e l l e n t  - 
2 - 2 

1.2 l i t e r s  of s o l u t i o n  m - 0.03  kg m 

Smoothed s o i l ,  6 m x 30 rn p l o t  

Smoothed s o i l  t r e a t e d  w i t h  3% s i l i c o n e  

water  r e p e l l e n t  and 2% s o i l  s t a b i l i z e r  - 
- 2 

1 .2  l i t e r s  of s o l u t i o n  m 

Uncleared watershed 

Uncleared watershed - t r e a t e d  w i t h  3% s i l i c o n e  
- 2 

water  r e p e l l e n t  - 1 .2  l i t e r s  s o l u t i o n  m - 
0.03 kg m-2 

Cleared watershed 

Annual Report of the U.S. Water Conservation Laboratory



Table 4.  Ra infa l l  runoff from bare s o i l  p l o t s a t  Granite Reef. 

Ra infa l l  L-2 R- 1 R- 2 R-3 A-3 W - 1  I?-3 
Dace t o t a l  Runoff Runoff Runoff RuneFf Runoif Runoff Runoff 

14 Feb 8 .8  

15 Feb 10.7 

8-9 Har 7.0 

9 Apr 9.4 

L; Ju1  4 .3  

14 J u l  18.0 

27 J u l  9.1 

6 Sep 20.5 

26-29 Nov 30.0 

13-16 Dec 21.3 

21 Dec 11.8 - 
Total 183,4 

Annual Report of the U.S. Water Conservation Laboratory



Table 4.  (Continued) Ra infa l l  runoff from bare s o i l  p l o t s  a t  Granite Reef. 

Date Ra infa l l  L-3a L-3b R-4a R-4b W-2a W-2b A-4 
t o t a l  Runoff Runoff Runoff Runoff Runo f f Runoff Ruaoff 

1975 (nun) (cw) (%) (nm) (%) ( im)  (%) (nm) (%) (wm) (%) (mm) (%) (1x9) (%) 

14 Feb 8.8 0.5 5.7 - - 0.3 3.4 - - 0- 0 - e 3.5 39.8 

6 Sep 20.5 - - 16.3 79.5 - - 17.G 55.9 - - 3.5 17.1 12.3 60.0 

25-23 NOV 30.0 - - 19.3 64.3 - - 25.C S4.7 - - 6.9 23.0 16.7 55.7 

13-14 DCC 21.3 - - 19.7 92.5 - - 19.7 92.5 - - 10.0 46.9 15.8 74.2 

- - 10.6 83.8 - - 10.9 32.4 - - 0.8 6 . 8  6.1 51.7 2 1 k c  11.8 - - - - - - - - - - - - - - 
Total 183.4 1k.0 20.5 89.8 78.1 17.5 25.6 99.8 86.0 0.3 0.1 35.1 30.5 109.7 59.8 

" Plots  L-3a 2nd R-4n re t rea ted .  

Rew t reatmtnt 'on U-23. Total  r a i n f a l l  before t rea tnen t  68.4 wm. Rainfal l  a f t e r  t r ea tacn t  115.0 mm. 
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Table 5. Condition of potential water barrier materials exposed at 
the Granite Reef test site. 

1 / Panel - 
Number 2 / Condition and comments from inspection on 9 January 1976 - 

Failed 

Excellent 

Excellent 

Excellent 

Excellent 

Excellent 

Poor 

Excellent 

Excellent 

Excellent 

Excellent 

Failed 

Excellent 

Failed 

Failed 

Failed 

Exce 1 lent 

Failed 

Excellent 

Excellent 

Excellent 

Excellent 

Excellent 

Excellent 

Removed in 1974 

Dusty, some chalking 

Coating poor 

Coating excellent 

Coating gone 

Coating peeling, 30% gone, substrate okay 

Coating excellent 

Coating excellent 

Coating extreme chalking, still 100% 
coverage; substrate excellent 

Removed in 1974 

Grifflon TM. PE, black, installed 16 Apr 
1975. Joint excellent. 

Removed January 1976 

Removed in 1974 

Removed in 1974 

Grifflon TM. PE with No. 105 coating 
installed 16 Apr 1975 

Removed January 1976 

No chalking 

1/ Description of materials and/or treatments presented in 1974 Annual - 
Report, or as noted. 

2/ Ratings excellent, good, fair, poor -- visual observation only. - 
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Table 5 .  Condition of 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 a t  
the  Granite  Reef t e s t  s i t e  (continued). 

1 / Panel - 
Number 

2 / Condition and comments from inspect ion  on 9 January 1976 - 
Excel lent  

Excel lent  

Fa i l ed  

Excellent  

Excellent  

Excellent  

Good 

Excel lent  

Good 

Excel lent  

Excellent  

Exce 1 l e n t  

Excel lent  

Good 

Excellent  

Excel lent  

S l i g h t  chalking 

Removed January 1976 

Coating f a i r ,  some chalking, s t i l l  tacky 

Coating poor, some chalking, tacky 

Coating poor, extreme chalking 

Coating near ly  gone, extreme chalking 

Cbating poor, extreme chalking 

S l i g h t  chalking;  coat ing  cracked where 
s t r e t ched  over s o i l ;  3 places 1/8-3/8" 

S l i g h t  chalking 

S l i g h t  chalking 

Surface cracks, s l i g h t  chalking 

1/8" d i a ,  hole, cause unknown, s l i g h t  chalking 

3 9 Excellent  

40 Poor Removed January 1976 

4 1 Excel lent  

42 Excellent  Animal scratched,  no t e a r s  

4 3 Good Chalking, one hole  wi th  vegeta t ion  growing. 
Appears t o  be flaw from calendared process.  

4 4 Fai led  Removed i n  1974 

4 5  Excellent  

I/ Descript ion of ma te r i a l s  and/or t reatments presented i n  1974 Annual - 
Report, o r  a s  noted. 

2/ Ratings exce l l en t ,  good, Eair ,  poor -- v i s u a l  observation only.  - 
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bSe 6. Condition of inaterials  on exposu& rucks--logan, Utah-- 
i n s p e c t i o n  ,hugus t 1375. 

I n i t i a l  
anple  exposure 

I/ 
Pnys i c a l  

0. Pb.L-er i a Z  da te  Condition - des  cript5-on 

Butyl-coated cotton, 1/02/64 Excel lent  S l i g h t  chalking 
TDA-3 9 09, Ilo dgnan 

Ethylene v i n y l  aceta te  . 1/02/64 E ~ c e l l ~ ~ t  S l i g h t  shr inkage 
copolymer, 20 n u 1  

Nylon-rein£ or  ced 10/26/71 . h c e X l e n t  S l i g h t  sbzinkzge 
hypalon, Burke 

1 Chlorinated ' PE, 8/25/70 Goo& S l i g h t  s t i f f e n i n g  
whike, Dow 

3 Chlorinaked PZ, 8/25/70 her Extensive cractr;i.nb 
O? 

white, Dow . s t i f fen ing ,  extreme 
shrinkage 

Butyl-coated co t ton  2/13/6+ F a i r  S t i f f en ing ,  cracking, 
TDA-3909, Eodgman s l i g h t  chalking, 

one t ezr 
1 Chlorinated PE, 8/25/70 Poor: 
white, Dow 

S t i f f  ening, s u r f  ace  
cracking, s hrinlcing 

.7/10/63 Excellent S l i g h t  shridiage 

Ethylene vinyl a c e t a t e  7/10/63 Esce l len t  S l igh t  shr2nkag3 
copolymer, 6 m i l  

Nylon-reinf orced 
hypalon, yellors, 
Can2on 

5/20/70 Good Fading, surzace 
checking, s o r e  

. rein%arcLng 

Aspl~altl-coated jute ,  1/02/64. Good 
F l in tko te  

exposed ' 

Slight s t i f f  enlgg 

I/ Excellent,  good, Enir, poor---v:isual observatioa only. - 
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.a!)l,e 7. Cutdoor  expoS?xG panels  c ? t  Logan, UtaE.7. test: site. 

- 
D 2  te Condition -- I/ 

*!. 
! b o  * M a t e r i a l  -- ----- 'Ins 2alle. j  and Ca:~fiznCs 

1 Fabreno, (or ien ted  PE), 
du Pont Canzda ' 

2 Double buty l -coa ted  nylon, 
TDA 44.3 2, E ~ Q  dgi.rran 

3 Double butyl-coated cotton, 
ICIC. ZC1.6, Ebdgnarr. 

4 D o ~ b 1 n -  butyl-coated nylo-il, 22 Apr 65 
TDA 4429, Eodgman 

5  illo on-&.nirrforced hypalon, 26 Oci: 71 
Burke 

+ 9  $ ReinEorced PZ> CriEEolyn 26 Oct 72 
10 
lI . V i n y l ,  20 ni l ,  bf ack, 25 14.a~ 6 6  

F i r e s t o n e  
1 2  PolyJ iner  CPE, Goodyear '16 Oct 72 
13 Po'1yetlxyleneJ 10 m i l ,  black 25 2Iar 65  

14 Gf ass f iber-reTnf orced 
buty l ,  Rainfa i r ,  cana l  l i n e r  
3.948-1958 

3.6 Chlorinated polyethylene, DW 

1 7  PE-coated, CLS, Hercules 

EsceZlent, very zight ,  nay 
have shrunk, snmpbed f o r  
coop2rcitor, 
?oar, ' chalking, mschai-rical 

danage, numerous holes. 
&XK, ~'r?c7Ltznical Cli?azgil, 
support material no2 
prcvenfing rex ing ,  
chalking 

Good, one t es r  appezrs ta 
be deirerioratiorr or' sxb- 
s Crate, chalkZr-g 

ExcelLen t 

Excellent, 2 weeds had grawn 
through l ine r ,  were removed 

Poor, excess cracking 

. . Excel lent  , - 
Good to- f z i r ,  mzcharriclel 
danage, shrlrficagz 

fl hg 66 ~ o o d ,  c l ~ a l k i n g ,  sligh~ 
ozocts c rack ing  'c:iith. 3 . 
srr!aXI ixo:Les, ant a c t i v i t y ,  
Saritplcs r e t u ~ n e t :  Z o  coop- 
e r a t o r  and tzken. Z o r  3-2-b 
t e s t i n g  , 

16 A Q ~  66 Go&, e;itrexe cI~~iIi-j.&g, 
soae nechanical da~.age,  
Sarzples re turned t o  
coopzrstor  and, t&eS Zor  
l abora tory  tes tf np, 

2 6 h g  66 Good,smaLlholes ,  T Z L ~  b~ 
rndnsnlcal dmage o r  
s trctchrng . 

1 9  Oct 72 Poor, extreme surEace pce l in  
po3.yproi)yl.ene de te r io ra t ed  
where coating peeled 

23 Vinyl, 2 0  idi.L, U r ~ i ~ i t  Carbide 15 Apr 71 Exce'lici-it, ve ry  .Elexihlc, ' 

cjyJr,-4(,I-j sampled f o r  laboratory 
ai~a.lys i s  

5-24 Vinyl., '20 m i l ,  Il:ii.on Carbide 15 Apr 7 1  Goo-, one tear (stay be 
923Lb-aL,-1 caused by dzer) 1-oose 
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25 Viay?-, 20 at if ,  Union Ci>rbi.de 
9234-84-2 

26 Vinyl, 20 m i l ,  Union Carbide 
9236-86-1 

27 , Uncoated PiX, 10 m i l ,  Gcion 
Carbide 

32 Caated PE, 8 &il, 0.75 ga l / sq  
(Saaple 5 )  . 

$ 3 3  Coated PE, 8 m i l ,  0 - 2 6  g d s q  
(Sample 6 )  

3 Coatcd PE, 8 mi.1, 0 - 4 6  g a l l s q  
(SaciLple 7) a 

33 Coa~cd  PVC, 20 m i l ,  'Uniort 
Carbide (Swp3.e 15) 

*40 Uncoated PE, 10  1-0.51 
41 Uncoated PE, 8 m i l  

*";42 Uncoated PE, 6 mil 

* 4 3  Coated PVC, 10 ni l ,  Goodric'n 
(Sample 1 6 )  ' 

44 Butyl  coated CLS, 3 2  mil, 
Eercules 

45 E a i y l  coa2e.d CLS, 1 7  m i l ,  
Ker cu l e s  

4 5  CPE lax~ua te ,  Goody2c~i~ 

60 Coacecl Fabrene (Sample 3.8) 

* 62 Coated Fabrcne (Saxrtple 11) 

66 Uncoated Fabrene 

15 Apr 7:  

1 5  Apr 71 

13  Ocl: 7 1  

13  Oct  7 1  

23 Oct: 71. 

13 Oct 71 

3.3 Ozk 7 1  

13 Oct 71 
13 Ozl: 71 
3.3 o c " L 1  

13 Oct 7 1  

3. 1!2y 7 2 .  

3. Eay 7 2 

5 Yay 72 

1 Eay 72 

1 Xay 72. 

1 Phy 72 
1 +ky 72 

I. 7 2 

1 May 72 

E x c e l l e ~ l t ,  s t i l l  f l e x i b l e  
bu t  s t  if fening  around 
board edging 
kccr?Llent, f lexible 

Poor, cracked excess ive ly  
and f z l l e n  a p a r t  

Good, chalking, c o e t i n ~  
can ba scrrtpcicl f r o x  PE 

Poor, e x t r e z e  cha lk ing ,  
PE showing through, 
coa t ing  about gone 

Good, two t e a r s ,  coating 
about  gone 

&ice I lent  

ExcelZerzt, two sma l l  t e a r s  
Poor, unse rv i ceab le  
Poor, unse rv i ceab le  

Poor, two t e a r s ,  one looks  
l i k e  p l a s t i c i z e r  l oose  . 

E s c e l l c n t ,  extxeme 
chalking 

Excellant, extreme 
c'ttalking 

v., uhcelles~, . slight 

stiffening 
ex cell on^, t igfi t--z.~y 

have s l ~ r u n ? ~  
Poor, c o a t i n g  checking 
badly 

Poor, coa t ing_chal lc ing  
Poor, c o a t i n g  about  
gone 

Poor, c o a t i n g  about  
gone 

Excel len t ,  s l i g h t  shr inkage  

1/ Racing: Exce l l en t ,  good, poor;  - 
I n d i c a t e s  changes from previous  y e a r .  

Date r a t e d :  20 August 1975. 
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Figure  1. Ra in fa l l - runof f  r e s u l t s  from s i x  b a r e - s o i l  t r ea tmen t s  
a t  t h e  Grani te  Reef Tes t ing  S i t e .  
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PREDICTING HYnRAUL LC CEL4RACTERISTICS OF CRITICAL- 

DEPTH FLUMES OF S XMPLE AND COXPLEX CROSS-SECTIONAL 

S EIAPE S 

CRIS WORK UNIT: 5520-12260-004 CODE NO. : Ariz.  -WCL 72-1. 

INTRODUCTION: 

Annual Reports  f o r  1966-1974 con ta in  summaries of many c r i t i c a l -  

flow flumes c a l i b r a t e d  w i t h  computer modeling and v e r i f i e d  w i t h  l abo ra -  

t o r y  t e s t i n g  . These inc luded  r ec t angu la r ,  t r i a n g u l a r ,  t r apezo ida l ,  

complex-shaped, and non-symmetrical flumes. 

PROGRESS : 

A paper "Cr i t ica l -F low Flumes w i t h  Complex Cross Sec t ion"  was 

p re sen ted  be fo re  t h e  ASCE I r r i g a t i o n  and Drainage Div is ion  S p e c i a l t y  

Conference he ld  a t  Logan, Utah, August 13-15, 1975. Another paper, 

"Portable ,  Adj us t a b l e  Flow-Measuring Flume f o r  Small Canals" was 

presented  a t  t h e  ASM Winter Meeting, Chicago, I l l i n o i s ,  December 

15-18, 1975. 

Severa l  new s i z e s  and shapes of Elume were designed w i t h  t h e  

computer program. Most r e q u i r e d  r o u t i n e  procedures p re sen t ing  no net? 

problems. 

The modeling concepts  a r e  considered completed. Fur ther  uses  

of  t he  model f o r  c i r c u l a r ,  pa rabo l i c  and s p e c i a l  complex shapes a r e  

y e t  t o  be done. Some of t hese  a p p l i c a t i o n s  r e q u i r e  minor modif ica-  

t i o n s  t o  t he  computer program. 

F i e l d  Scudi.es: The s p e c i a l  compound flume b u i l t  f o r  t h e  Roose- 

v e l t  FJater Conservat ion D i s t r i c t  by the  S a l t  River P ro j ec t  was f u r t h e r  

checked w i t h  current-meter  r a t i n g s ,  f o r  t he  per iod  10 Apr i l  t o  

4 September 1975, by S a l t  River  P ro j ec t  personnel. Table 1 l i s t s  

t.he d a t a  from these  meter ings which i n d i c a t e d  d ischarges  ranging  from 

30 t o  136 c f s  and some comparisons t o  p red ic t ed  d i scha rges .  F igure  1 

inc ludes  the 1974 d a t a  and t h e  newer d a t a  from Table 1, L i s t i n g s  of  

t he  1974 d a t a  appear i n  Annual Report f o r  1974. F igure  1, however, 

i s  p l o t t e d  f o r  bo th  y e a r s  i n  terms of  the d ischarge  coeEEicients  

Q/QiJ o r  d ischarge  d tv ided  by idea l - f low d ischarge  f o r  t h e  p a r t i c u l a r  

flume . 
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P l o t s  o f  t h e  d i f f e r e n c e s  between t h e  cur ren t -meter  measured 

d i scha rges  and t h e  p red ic t ed  d i scha rges  a s  a  p o s s i b l e  func t ion  of 

season  was n o t  s i g n i f i c a n t  f o r  e i t h e r  of t he  2 yea r s .  Likewise, 

t h e r e  was no s i g n i f i c a n t  change between yea r s .  The metering s t a t i o n ,  

about  200 f t  downstream from t h e  flume, s t i l l  exper iences  su rges  and 

edd ie s  making a c c u r a t e  c u r r e n t  meter ing d i E f i c u l t  because of the  two 

w e l l s  adding d i scha rges  between t h e  flume and t h e  meter ing s t a t i o n .  

The d a t a  of Table 1 has been a d j u s t e d  t o  r e f l e c t  t h e  a d d i t i o n s  of 

t h e  w e l l s .  The c u r r e n t  meter ings averaged about  4% higher  than  

p r e d i c t e d  f o r  flows above 200 c f s ,  about 0% d i f f e r e n c e  f o r  flows 

nea r  100 c f s  and 5% low f o r  flows near  40 c f s .  The current-meter  

r ead ings  vary about  t h e i r  l i n e a r  l e a s t - s q u a r e s  f i t  by about - $ 5%. 

This  v a r i a t i o n  i s  wide enough t o  i nc lude  t h e  p red ic t ed  va lues .  

Po r t ab l e  Plume F i e l d  Experience:  The p o r t a b l e  flume descr ibed  

i n  Annual Report, 1974, was f u r t h e r  d e t a i l e d  i n  t he  ASAE p resen ta t ion .  

This  flume has been s u c c e s s f u l l y  used by t h e  S o i l  Conservation Se rv i ce  

f o r  s e v e r a l  months a s  a  f i e ld - su rvey  device  t o  e s t a b l i s h  t h e  backwater 

, response,  t a i l w a t e r  condi t ions ,  and thus  the  proper e l e v a t i o n  f o r  

p l ac ing  permanent conc re t e  flumes. 

Usually the  p o r t a b l e  flume was placed i n  t he  cana l  wh i l e  t he  

cana l  was d ry ,  On s e v e r a l  occas ions ,  i t  has been placed i n t o  flowing 

wa te r .  Removal from f l o t ~ i n g  water  can be d i f f i c u l t  i f  t h e  flume is  

flowing nea r ly  f u l l  w i t h  low t a i l w a t e r  e l eva t ion ,  which r e s u l t s  i n  

l a r g e  down-forces. A wooden 2" x 4" plank was f i t t e d  w i t h  s h o r t  

l eng ths  of cha in  near  each  end and was s u c c e s s f u l l y  used t o  l i f t  t h e  

approach s e c t i o n  by f l e x i n g  the  s i d e s  toge ther  w i t h  the l i f t i n g  

a c t i o n ,  breaking t h e  water  s e a l ,  and pe rmi t t i ng  removal of t h e  s e c t i o n ,  

F igure  2. 

A s  p r e sen t ly  cons t ruc t ed ,  t h e  flume i s  more r e a d i l y  r a i s e d  than  

Lowered. Lowering r e q u i r e s  much jumping and stomping because of h igh  

t h r u s t  fo rces  of t h e  flume a g a i n s t  t h e  downstream s i d e  of t h e  j ack  

frame. In f i e l d  use,  i t  qu ick ly  became s tandard  p r a c t i c e  t o  s t a r t  

w i t h  the flume i n  t he  down-most p o s i t i o n  and progress  upward t h e  

r equ i r ed  amount t o  overcome submergence e f f e c t s .  
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Concrete flumes were cons t ruc t ed  on the  Snyder Ranch and a t  the 

Spencer and Spencer, Desert  Valencia  Ranch on proper ty  l ea sed  by t h e  

Un ive r s i t y  o f  Arizona f o r  experimental  purposes.  The c o n s t r u c r i o n  

was accomplished i n  two phases.  Forms were made t o  d e f i n e  the  ends 

oE t h e  t h r o a t  s e c t t o n  which was 4 i t  long. The top  of t h e s e  forms 

was then  used t o  c o n t r o l  t h e  s t r i k e - o f f  e l e v a t i o n  of  the  wet conc re t e .  

A low-slump mix was a b l e  t o  s u s t a i n  i t s e l f  on t h e  1:l s i d e s l o p e s .  

S t e e l  r e i n f o r c i n g  b a r s  were p laced  i n  t h e  conc re t e  p r imar i ly  t o  a c t  

a s  form t i e s .  Wire t i e s  and space r s  should have worked e q u a l l y  we l l .  

Two l eng ths  of  2-inch p l a s t i c  p ipe  about 10  i t  long were l a i d  through 

t h e  flume f l o o r  a r e a  p a r a l l e l  t o  t h e  d i t c h  before  pouring t h e  concre te ,  

t o  al low f o r  complete d r a i n i n g  of  t he  c a n a l  i f  d e s i r e d .  The p ipes  a r e  

plugged l o r  cana l  ope ra t ions .  As soon a s  t he  upstream form could  be 

removed, u sua l ly  i n  1 hour, t h e  converging s e c t i o n  was poured. Since 

t h e  t o l e r a n c e s  on t h i s  s e c t i o n  a r e  very  l i b e r a l  no forms were used, 

j u s t  hand pleas t e r i n g  techniques .  The t ape r  of t h e  converging s e c t i o n  

was c a r r i e d  on a s lope  t h a t  would have te rmina ted  about one t h r o a t  

l e n g t h  upstream, b u t  was rounded-off ab rup t ly  when the  t a p e r i n g  

caused the  conc re t e  t h i ckness  t o  be l e s s  than  1% t o  2 i nches  t h i c k  

t o  d iscourage  chipping.  The rounded edge does n o t  s i g n i f i c a n t l y  

aEf e c  t flume performance . 
The S o i l  Conservat ion Serv ice  managed t o  o b t a i n  a c o n t r a c t o r  

w i l l i n g  t o  i n s t a l l  s e v e r a l  more on p r i v a t e  farms. About one-ha l f  

dozen of t hese  have been c a s t  a s  o f  t h i s  w r i t i n g .  The technique  was 

t o  use  an i n s i d e  form f o r  t he  t h r o a t ,  Some d i f f i c u l t y  i s  be ing  

experienced w i t h  f l o t a t i o n  problems which can exceed 2 tons .  The 

c o n t r a c t o r  i s  a t tempt ing  t o  hold the  forms clown w i t h  two drums of  

concre te  weighing about h a l f  o f  t h i s ,  combined. The r e s t  o f  t h e  

f o r c e  i s  absorbed a s  pas s ive  p re s su re  of the  conc re t e  mix. This  has 

worked s u c c e s s f u l l y  f o r  flumes w i t h  low s i l l s  where the  s i d e  w a l l  

t h i ckness  i s  about G o r  8 inches .  Por h igher  s i l l s  and t h i c k e r  s i d e -  

w a l l s ,  t h i s  pas s ive  p re s su re  may n o t  be r e a l i z e d  and heaving i s  

probable wi thout  f u r t h e r  weight ing.  
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A photo of  the  por table  flume i n  place i s  shown i n  Figure 4.  

Figure 5 shows a permanent concrete flume being f in i shed .  

SUMMARY : 

The mathematical model f o r  p red ic t ing  discharge through c r i t i c a l -  

flow flumes i s  now considered complete and ready f o r  app l i ca t ions  t o  

t rapezoidal ,  t r i a n g u l a r ,  rec tangular ,  c i r c u l a r ,  parabolic ,  complex- 

shaped and non-symmetrical flumes, including broad-crested weirs of 

a l l  shapes t h a t  have rounded upstream edges. The b a s i c  requirement 

i s  geometrical ,  i n  t h a t  the  cont rac ted  t h r o a t  length  should be long 

enough t o  a s su re  p a r a l l e l  flow f o r  computational purposes, but  s h o r t  

enough t o  avoid channel-type flow, o r  2 t o  20 times the  depth of Elow, 

A complex-flume wi th  discharges ranging from 30 t o  220 c f s ,  has 

been f i e l d  checked w i t h  64 current-meter r a t i n g s  over the pas t  2 years .  

The current-meter r a t i n g s  s u b s t a n t i a t e  the  computer predic ted  r a t i n g s  

t o  wi th in  2 5%. 

Use of a por table  flume, developed a t  the  U. S. Water Conserva- 

t i o n  Laboratory, a s  a f ield-survey device before cas t ing  low-cost 

concrete flumes i n  canals  has been continued by S o i l  Conservation 

Service  crews. The flume i s  capable of th roa t  height  adjustment 

above a canal  bottom, has s p e c i a l  s t i l l i n g - w e l l  and depth-sensing 

arrangements, and can be i n s t a l l e d  and removed from a flowing canal  

by two persons. 

PERSONNEL: John A. Replogle. 
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Table I ,  Comparison of cur ren t -meter  d i scharge  measurements w i t h  
f lume-indicated d ischarge .  

Plume P red ic t ed  Current  Discharge 9' 

s t a g e  d i scha rge  meter coe f .  
Date ( f t  1 ( c f s )  ( c f s )  

9: Calcula ted  a s  d ischarge ,  Cj, div jded  by an ideal-f low d i scha rge ,  
Qi 
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DISCHARGE,  ( c f s )  
0 40 60 80 100 120 140 160 180 200 230 
t '  I i 1 1 I I 1 I 1 I 

l 9 W ( C U R R R E T  METER 
1975 ( C U R R E N T  M E T E R 1  

L E A S T - S Q U A R E S  FIT, ALL  F I E L D  DATA 

_II_ P R E D I C T E D  
@ FIELD D A T A  
O FiELD DATA 

t 0 
Q.00 + I I I I I I I 

0 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 

FLOW DEPTH,  Y I  ( f t . )  

Figure 1. Comparison of predicted and current-meter-measured discharges in a , 
complex flume in an irrigation canal. Annual Report of the U.S. Water Conservation Laboratory



L i f t  Li f t  

S i d e s  F i e x  I n w a r d  To 
B r e a k  W a t e r  S e a l  

Figure 2 .  A method used t o  remove por table  flume. 
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Figure  3 .  Schematic of Po r t ab l e  Plume Operation. Converging Sec t ion ,  
A, i s  connected t o  t h r o a t  s ec t ion ,  B, w i t h  hinge j o i n t ,  C. 

Opening between A and B is covered by s h e e t  meta l  p l a t e ,  D, 
which is  a t t a c h e d  t o  B bu t  may s l i d e  on A. Throat  s e c t i o n ,  
B, may be r a i s e d  and lowered by threaded jack  screws, E, on 
frame, F. Upstream depth  i s  sensed w i t h  pipe,  G, l a i d  
p a r a l l e l  t o  Elow d i r e c t i o n ,  through holes ,  K. This  flow 
depth  i s  t r a n s f e r r e d  t o  shal low s t i l l i n g  w e l l ,  I, through 
tubing,  5 .  Point  gage, K, which i s  zeroed t o  t h r o a t  f l o o r ,  
L, r e t a i n s  i t s  r e l a t i o n  t o  L by being r i g i d l y  a t t ached  t o  
t h r o a t  s e c t i o n  B .  S t i l l i n g  wel l ,  I, i s  manually a d j u s t e d  
upward o r  downward t o  accommodate depth  oE Elow being t e s t e d .  
S i l l  he igh t ,  S, i s  ad jus t ed  w i t h  jack  screws, E, u n t i l  
unsubmerged flow i s  observed, i . e . ,  u n t i l  downstream depth, 
M, i s  l e s s  than  about 75% of upstream depth, N .  
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Figure 4. Portable flume i n  canal.  

Figure 5. Permanent flume being i n s t a l l e d .  

16-9 
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TIrnE : SEDIMENT TRANSPORT CHARACTERISTICS OF CRITICAL-DEPTH 

FLUMES 

CRIS WORK UNIT: 5510-12260-004. CODE NO.: Ari~.-WCL 72-2 

BACKGROUND : 

The computer and mathematical t echniques  t h a t  were app l i ed  t o  

flume des ign  has been descr ibed  i n  prev ious  r e p o r t s .  The primary 

f e a t u r e s  used t o  a s s i s t  sediment movement were t h e  "negat ive s i l l "  

and t h e  "vortex-vanes." The former f e a t u r e  c o n s i s t s  o f  a t h r o a t  

f l o o r  t h a t  was an i n c h  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  cause inc reas ing  Froude numbers w i t h  

decreas ing  flow depth.  This  i s  t he  r e v e r s e  of  u sua l ly  configured 

flumes. The a b s o l u t e  v e l o c i t i e s ,  however, do n o t  i n c r e a s e  i n  the  

same Eashion, s o  sediment handl ing improvement was l i m i t e d  t o  approxi-  

mately YL bedload. The vane method was capable of  handl ing upward 

t o  about 2%% t o  3% bedload. 

A q u a l i t a t i v e  d i scuss ion  concerning t h e  maximum s i d e  c o n t r a c t i o n  

r a t i o  t h a t  a flume should cause i n  a sand bed s t ream was presented ,  

Bas ica l ly ,  i f  sediment movement i s  p ropor t iona l  t o  t he  square  of t h e  

v e l o c i t y ,  then  flume f l o o r  widths should be designed t o  conform t o  

t h i s  r e l a t i o n  i n  o rde r  t o  make the  Elume handle more than  t h e  s t ream 

bed can d e l i v e r .  The f l o o r  widths would appear t o  be t h e  governing 

c r i t e r i a .  Thus, a Elume whose approach s e c t i o n  has one- four th  t h e  

bottom wid th  of t h e  s t ream bed should have hydrau l i c  c h a r a c t e r i s t i c s  

such  t h a t  t he  v e l o c i t y  i n  t h e  approach s e c t i o n  i s  a t  l e a s t  double 

t h e  s t ream v e l o c i t y ,  I f  t h e  t h r o a t  s e c t i o n  bottom i s  1/16 t h e  s t ream 

bottom width,  then  t h e  v e l o c i t y  i n  t h e  t h r o a t  should be i n  excess  of 

fou r  t imes t h e  s t ream v e l o c i t y .  This  has not  y e t  been t e s t e d  i n ' a  

sand channel  model. 

EXPERIMXNTAL PROCEDURES : 

An i n s t a l l a t i o n  a t  Tombstone, Arizona, of a Elume modeled a t  

2 :1 r a t i o  does no t  pass  t h e  now-estimated 10% t o  20% bedload of t he  

s t ream. The model i n  t h e  l abo ra to ry  would pass nea r ly  3% bedload a t  

flows above 1 / 3  of  maximum design-Elow depth.  As a temporary expecli- 

e n t ,  the  t h r o a t  c e n t e r  was E i t t e d  w i t h  a pressure  t a p  and t h e  flume 

1 7 - 1  Annual Report of the U.S. Water Conservation Laboratory



exper imenta l ly  r a t e d  us ing  t h a t  p o i n t .  Since t h e  pro to type  had been 

i n s t a l l e d  w i t h  1% s l o p e  throughout,  i t  was decided t h a t  t h e  s lope  

condi t ion ,  t h e  e f f e c t s  of  vanes on normal c a l i b r a t i o n ,  and t h e  r a t i n g  

a s  d e t e c t e d  by t h e  t h r o a t  s e c t i o n  cen te r  t a p  should a l l  be 

i n v e s t i g a t e d  on t h e  2 : l  model. 

The e f f e c t s  of  t h e  vanes i n  t h e  model, which were 3  inches h igh  

and spaced on 12-inch c e n t e r s ,  s l o p i n g  a t  45' i n  t h e  flow d i r e c t i o n ,  

were t e s t e d  f o r '  z e ro  flume s lope ,  1% flume s lope ,  and w i t h  one vane 

removed n e a r e s t  t h e  p re s su re  t ap .  The v a r i o u s  e f f e c t s  from p red ic t ed  

can be observed i n  F igure  1. 

DISCUSSION: 

With no vanes, and zero  f l o o r  s lope ,  t h e  d e t e c t e d  depth co r r e s -  

ponded t o  t h a t  p red ic t ed .  Adding vanes a t  zero  f l o o r  s lope  caused 

an apprec i ab le  anomoly t h a t  corresponded t o  t h e  v o r t e x  forming above 

t h e  p re s su re - t ap  ho le  causing t h e  p re s su re  t a p  t o  under-read, i n d i -  

c a t i n g  t o o  low a  va lue  f o r  Q (Q-ideal) f o r  t h a t  depth  thus making 
i 

Q/Qi g r e a t e r  than  u n i t y  ( a c t u a l  d i scharge  = Q). The 1% f l o o r  s lope  

showed s i m i l a r  t r ends  bu t  t h e  whole curve moved down about 4%. 

Removing t h e  vane over t h e  p re s su re  t a p  placed the  c a l i b r a t i o n  

w i t h i n  about 3% of p r e d i c  Led. 

The c a l i b r a t i o n  i n  terms of t he  p re s su re  t a p  a t  t he  t h r o a t  cen te r  

and t h e  c a l i b r a t i o n  a t  the  u s u a l  l o c a t i o n  a r e  shown i n  Figure 2. The 

l e a s t - s q u a r e s  equat ion  i n  terms of a  power func t ion  i s  

o r  i n  terms of  a  3rd  degree polynomial 

where Q i s  t h e  d i scha rge  i n  c f s  f o r  t h e  model and h i s  t h e  de t ec t ed  
m m 

flow depth  above t h e  t h r o a t  f l o o r  i n  f e e t .  

For the  range considered,  equat ion  (1) i s  e a s i e s t  t o  use i f  

non- in teger  powers o f f e r  no computational problems. The pro to type  
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discharge  Q ( c f s )  i n  terms of h ( f t )  i s  
P P 

The da ta  from which these  equations were derived i s  i n  Table 1. 

Table 1. Data f o r  Tombstone model and prototype i n  terms of  pressure  

t a p  i n  flume th roa t .  

Model Prototype 

h 
m Q h 

P 
Q 

( f t )  ( c f s )  ( f t )  ( c f s )  

FUTURE D WECTIONS : 

Shen and Hung (1) empir ica l ly  determined t h a t  the  sediment bed- 

load concentrat ion,  c, i s  a function,  £, of ve loc i ty ,  V, s lope,  S, 

and f a l l  ve loc i ty ,  W, of  the  median sediment s i z e  of  the  bedload, o r  

This would i n d i c a t e  t h a t  f o r  any given sediment de l ivered  t o  the  

flume, and wi th  Manning's equation expressed a s  a funct ion  o f  V 2 

then C becomes a new function,  f l ,  of the same va r i ab les ,  o r  

o r  simply t h a t  concentrat ion of the bedload i s  a  funceion of  v e l o c i t y  

t o  approximately the  2,1.4 power, But Manning's equation app l i ed  t o  
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flume t h r o a t s  has been found t o  ove r -p red ic t  t h e  energy g r a d i e n t  (see 

Annual Reports  f o r  11970 and p r i o r )  s o  t h e  v e l o c i t y  t o  t he  second power - 

may be  cons idered  a good approximation. 

Another approach, whi le  s t i l l  empir ica l ,  appears  more dimension- 

a l l y  c o r r e c t  and shows promise of  c o r r e l a t i n g  n a t u r a l  s t ream and 

l a b o r a t o r y  flume d a t a .  It was presented  by 110 (2) i n  December 1975. 

The fo l lowing  development based on h i s  s tudy shows t h a t  the  r e l a t i o n -  

s h i p  between channel  and flume bottom widths should indeed be propor- 

t i o n a l  t o  t h e  square  oE t h e  r a t i o  of  v e l o c i t i e s  i n  t h e  flume t o  t h a t  

i n  t h e  channel .  

Assuming t h a t  t h e  governing equat ion  i s  a s  descr ibed  by 110 (2) 

where : - 
4, 

- 
c l =  

v = 

sediment t r a n s p o r t  r a t e  per u n i t  s t r eam width  

s t ream d i scha rge  per  u n i t  wid th  

flow v e l o c i t y  

energy s l o p e  

s p e c i f i c  g r a v i t y  o f  t h e  sediment 

g r a v i t a t i o n a l  a c c e l e r a t i o n  

geometr ic  mean diameter  of  p a r t i c l e s  

Then, t o  a s s u r e  scour  through t h e  flume ( s u b s c r i p t  f )  f o r  

sediment d e l i v e r e d  by t h e  channel  ( subsc r ip t  c)  t he  fol lowing 

r e l a t i o n s  appear necessary  

However, we observe immediately t h a t  t he  channel-del ivered sediments  

n a t u r a l l y  concen t r a t e  t o  f i t  t h e  bottom width of  t h e  flume s o  t h a t  

t he  necessary  (q /q ) must now be 
t f  f 
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j u s t  t o  remain c l e a r .  

Thus, expressed i n  terms of equation (6) 

and removing common f a c t o r s  from both  s i d e s  of the  inequa l i ty ,  we 

o b t a i n  

The sediment deposi t ion  problem on the  Tombstone flume can be 

p a r t l y  examined i n  terms of  equation (11). Table 2 l i s t s  some values 

f o r  t h e  flow depth i n  the  flume, h wi th  v e l o c i t i e s  V and V i n  the  
P' 1 3 

approach s e c t i o n  and i n  the  t h r o a t  sec t ion ,  r e spec t ive ly ,  and t h e  

bottom width r a t i o ,  B /B between approach sec t ion  and the  t h r o a t  1 3' 
sec t ion .  

Table 2. Comparison of v e l o c i t i e s  a t  various flow depths through 

flume. B3 = .77 f t ,  Bl = 2.2 f t .  

L 
As  long as (V /V ) i s  g rea te r  than (B. / R  ) no sediment should 

3 1 1 3  
depos i t  i n  the  t h o a t .  This would appear t o  be v a l i d  u n t i l  the  
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energy s l o p e  i n  t h e  approach s e c t i o n  was s teepened,  by sediment o r  

vanes,  enough t o  overcome t h e  v e l o c i t y - r a t i o  advantage. (Divis ion 

o f  column 4 by column 5 va lues  would provide an e s t i m a t e  of  t h i s  

s l o p e  r a t i o  l i m i t  ,) 

F i e l d  V e r i f i c a t i o n :  

S p e c i f i c  measurements above the  Tombs tone flume show the  p re sen t  

channel  t o  be about 4 f t  wide w i t h  about 1:l s i d e s l o p e s  t o  a  depth  of 

about  1.5 f t .  The s lope  of t h e  sediments f o r  t h e  f i r s t  30 E t  

upstream of  t he  we i r  was 3.4%. 

With t h e  channel bottom width  twice t h a t  of  t he . f lume  approach 

s e c t i o n  bottom width,  t h e  v e l o c i t y  i n  the  flume approach s e c t i o n ,  

V1, should be  7/; t imes g r e a t e r  than  the  channel v e l o c i t y ,  Vc. 

Based on a  4 - f t  channel,  w i t h  1:1 s ides lopes ,  t h e  t r a p e z o i d a l  channel 

v e l o c i t y  V i s  c a l c u l a t e d  i n  Table 3. 
C 

Table 3 .  Comparison of  flow v e l o c i t i e s  i n  upstream channel and i n  

flume approach s e c t i o n .  
,-- 

f t  c f s  f t / s e c  f t / s e c  f  t / s e c  

1 4.81 1.71 0.96 1.36 
2  21.5 2.75 1.8 2.53 
3 54.7 3.69 2.6 3.68 

3.5 78.8 4.13 3  .O 4.24 

The l a s t  column of  Table 3  i s  the  minimum v e l o c i t y  t h a t  should be 

p r e s e n t  i n  Sec t ion  1. This  va lue  should not exceed t h e  va lues  f o r  

t h e  corresponding V i f  t he  flume i s  t o  t r a n s p o r t  t he  maximum 
1, 

sediment t h a t  can be d e l i v e r e d  by the  s t ream, However, the  t a b l e  

t akes  no account  of  t h e  r e l a t i v e  energy s lopes  i n  t h e  channel  and 

flume. The measured bottom s lope  of  the  channel was 3.4% whi l e  t h e  

flume had a  f l o o r  s l o p e  of  1%. The energy s l o p e  through the  flume 

was probably g r e a t e r  t han  1%) because of t he  i n s t a l l e d  vanes, and 

t h e  energy s l o p e  i n  t he  channel  l e s s  than 3.4% because of poncling . 
The marginal  cond i t i ons  c a l c u l a t e d  from v e l o c i t y  cons ide ra t ions  

alone,  Table 3, i n d i c a t e  t h a t  any adverse c o n t r i b u t i o n  due t o  s l o p e  

Annual Report of the U.S. Water Conservation Laboratory



would cause sed imenta t ion  i n  t he  flume, confirming t h e  f ie ld-observed  

cond i t i ons .  

Laboratory Study : 

Equation (11) a l s o  i s  en l igh ten ing  i n  terms of t h e  l abo ra to ry  

s t u d i e s ,  where sediment was s u c c e s s f u l l y  passed a t  about  t h e  3% r a t e ,  

As w i t h  t h e  f i e l d  pro to type  the  passage computes t o  be margina l ly  

succes s fu l ,  bu t  i n  t h e  l abo ra to ry ,  a  3.4% channel s lope  d i d  not  e x i s t  ' 

nor  was allowed s u f f i c i e n t  t ime t o  develop. Fur ther  t e s t s  should 

a l low f o r  t h i s .  

The channel  s i d e s l o p e s  should be f l a t t e r  than  those  chosen f o r  

t h e  flume t o  i n s u r e  t he  c o r r e c t  v e l o c i t y  r e l a t i o n s h i p s .  However, t h i s  

does n o t  prevent  channel bottom widening which would expose more 

sediment t o  t h e  shee r  fo rces  of  t h e  water ,  a f f e c t i n g  t h e  bottom width  

r a t i o .  

It appears  p o s s i b l e  t o  c o n s t r u c t  an approach channel w i t h  a  

narrow bottom, perhaps equal  t o  t h a t  of  t h e  flume, bu t  w i t h  f l a t t e r  

s idewa l l s ,  t h a t  should cause t h e  sediment t o  temporar i ly  s t o r e  i n  t h e  

channel  u n t i l  h igh  flow r a t e s  could pass  i t .  The channel could n o t  

s t o r e  t h i s  sediment i n d e f i n i t e l y  s i n c e  the  s lope  i n  t h e  channel would 

change enough t o  cause increased  t r a n s p o r t  d e l i v e r y  r a t e s  l a r g e  

enough t o  even tua l ly  c log  t h e  flume. This has s e v e r a l  disadvantages 

f o r  s tudying  sediment movement from watersheds i n  t h a t  i t  tends t o  

purposely s o r t  t he  sediment from the  s torm flows t h a t  produced it .  

Natura l  channels  do t h i s  anyway, t o  some ex ten t .  

CONCLUSIONS : 

1. Since S can poss ib ly  inc rease  w i t h  inc reased  sediment load 
C 

i n  t h e  channel,  i t  i s  d e s i r a b l e  t h a t  S be a s  s t e e p  a s  poss ib l e .  
f  

Thus the  v o r t e x  vanes appear d e s i r a b l e ,  

2,  The nega t ive  s i l l  can a s s i s t  i n  c o n t r o l l i n g  v e l o c i t y ,  b u t  

f l o o r  shape and water  s u r f a c e  s lope  cannot n e c e s s a r i l y  be construed 

t o  mean energy s lope ,  s i n c e  conversion t o  v e l o c i t y  head would no t  

i n c r e a s e  energy s lope  except  a s  E r i c t i o n  i s  a f f e c t e d  by v e l o c i t y .  

3 .  To maincain V g r e a t e r  than V w i t h  inc reas ing  depth  of flow, 
f  C 

t h e  s i d e s l o p e s  of t h e  flume should be s t e e p e r  than  the  s i d e s l o p e s  of  

t h e  channel . 
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4 .  With r e c t a n g u l a r  channels  and flumes, where t h e  v e l o c i t y  

r a t i o  v a r i e s  only s l i g h t l y  w i t h  depth, t he  r a t i o  between B and B 
C f  

must be l e s s  than  t h e  square of  t h e  v e l o c i t y  r a t i o .  

SUIYMARY: 

Examination of sediment t r a n s p o r t  equat ions  cont inued.  A formu- 

l a t i o n  taken from a r e c e n t l y  publ ished t e c h n i c a l  no te  was used t o  

d e r i v e  t h e  fol lowing r e l a t i o n  between the  channel and flume bottom 

widths,  B and Bf,  r e s p e c t i v e l y ,  and t h e  average v e l o c i t i e s  i n  t h e  
C 

channel,  V and i n  t h e  flume, . 
c' f  

This  r e l a t i o n ,  when app l i ed  t o  a  l abo ra to ry  model, v e r i f i e d  t h e  

s u c c e s s f u l  sediment t r a n s p o r t  f o r  t he  condi t ions  t e s t e d .  The f i e l d  

pro to type ,  however, managed t o  s t eepen  i t s  channel s lope ,  
Sc' 

t o  

about  3.4% which was more than  enough t o  v i o l a t e  t h e  cond i t i ons  formu- 

l a t e d ,  and plugged the flume. As a  temporary expedient ,  t h e  plugged 

flume was l abo ra to ry  r a t e d  f o r  a p re s su re  sens ing  t a p  i n  t h e  flume 

t h r o a t ,  and i s  being used i n  t h a t  manner. E f f o r t s  a r e  cont inuing ,  

based on t h i s  formulat ion,  t o  develop recommendations t h a t  w i l l  b e s t  

r e s i s t  sed imenta t ion  i n  measuring flumes. Ten ta t ive  recommendations 

inc lude  us ing  "vortex" vanes a s  a g i t a t o r s ,  which a l s o  i n c r e a s e  S t h e  
f J  

f r i c t i o n  s l o p e  through f lumes;  us ing  "negative" s i l l  h e i g h t s  t o  

a s s i s t  i n  c o n t r o l l i n g  flume v e l o c i t i e s ;  and des igning  t h e  flume 

bottom-width-to-channel-width r a t i o  a s  i n d i c a t e d  by t h e  de r ived  

r e l a t i o n s h i p .  
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-+ NO VANES,  0 % F L O O R  SLOPE 

- W1TH VANES,  0 % FLOOR S L O P E  

- -  WITH V A N E S ,  1 FLQOR SLOPE 

--A- ONE VANE REMOVED O V E R  PRESSUR 
T A P ,  lo/o F L O O R  S L O P E  1 

Figure  I. E f f e c t  of vanes on  p re s su re  t ap  sens ing .  
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0.0 .2 ,4 .6 .8 1 .O 1.2 

F L O W  DEPTH 

Figure  2 .  C a l i b r a t i o n  a s  sensed a t  two s t i l l i n g  w e l l  l a c a t i o n s ,  
a t  en t r ance  s e c t i o n  and a t  t h r o a t  c e n t e r .  
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TITLE : EVALUATING TRICKLE IIIIEIGATION FOR GfuclPE PRODUCTION 

CRIS WORK UNIT: 5510-12260-004 CODE NO. : USWCZ 73-1 

INTRODUCTION : 

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

U .  S.  Water Conservation Laboratory 1973 Annual Report .  Procedures and 

r e s u l t s  f o r  t h e  t h i r d  year  a r e  presented  i n  t h i s  r e p o r t .  

PROCEDURE: 

A f t e r  h a r v e s t i n g  t h e  1974 P e r l e t t e  t a b l e  grapes  on June  11, a , 

t o t a l  amount of 12 inches  o f  water  was app l i ed  on a l l  t r i c k l e  and 

furrow i x r i g a t i o n  p l o t s  between growing seasons.  The t r i c k l e  i rr i-  

g a t i o n  p l o t s  were given i r r i g a t i o n s  of  1.0 inch  per  week between 

June 16  and J u l y  20, 0.75 inch  per  week between J u l y  28 and September 7 ,  

and 0.5 inch  per  week between September 8 and October 12.  The furrow 

i r r i g a t i o n  p l o t s  were given i r r i g a t i o n s  of 3.0 inches  on June 18 ,  

3.0 i nches  on J u l y  8, 3.0 inches  on August 13, and 3.0 inches  on 

September 16.  

T r i c k l e  and furrow i r r i g a t i o n  t rea tments  dur ing  t h e  product ive  

p a r t  o f  t h e  season were t h e  same f o r  1975 a s  used i n  1973 and 1974. 

The t r i c k l e  i r r i g a t i o n  t r ea tmen t s  inc luded:  t h r e e  i r r i g a t i o n  q u a n t i t i e s ,  

based on averages of  t h e  1973-74 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-day; 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  per  v i n e .  The furrow i r r i g a t i o n  t rea tments  included t h e  same 

t h r e e  seasonal  q u a n t i t i e s  used f o r  t h e  t r i c k l e  i r r i g a t i o n ,  app l i ed  i n  

two o r  t h r e e  furrows per  row, wi th  t h e  i r r i g a t i o n  Erequency based on 

t h e  consumptive-use curve.  The predetermined q u a n t i t i e s  of 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  t imes 

t h e  es t imated  consumptive-use 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 igure  1 shows the  1973-74 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 ,  The 18  t rea tment  

combinations were r e p l i c a t e d  four times i n  a s p l i t - p l o t  des ign .  Each 

p l o t  was 3 rows wide, wi th  6 v ines  per  p l o t .  
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New growth i n  1975 began about  February 24, and canes were a t  

l e a s t  4 inches  long by March 10. Furrow and t r i c k l e  i r r i g a t i o n s  were 

s t a r t e d  on March 3 and March 6, r e s p e c t i v e l y .  The 1.00 furrow t r e a t -  

ments were g iven  i r r i g a t i o n s  of 4.5 inches  on March 3, 3.0 inches  on 

A p r i l  30, 3.0 i nches  on May 21, 3.0 i nches  on June  9,  and 3.0 inches  

on June  19.  The 1.00 t r i c k l e  t r ea tmen t s  were g iven  an  i n i t i a l  

i r r i g a t i o n  of  2.0 i nches  on March 6, Eollowed by 14.2 inches  between 

A p r i l  23 and J u l y  2, i n  accordance wi th  t h r e e  d i f f e r e n t  i r r i g a t i o n  

i n t e r v a 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 

g iven  r a t i o s  of t h e s e  amounts descr ibed  f o r  t h e  1.00 i r r i g a t i o n  

t r ea tmen t s .  

Leaf water  p o t e n t i a l  was measured f o r  t h e  f i r s t  t ime i n  1975, 

u s i n g  t h e  Scholander p re s su re  bomb o r  chamber. With t h i s  ins t rument ,  

t h e  amount of p r e s s u r e  which must be app l i ed  t o  f o r c e  water  Erom t h e  

l e a f  c e l l s  back i n t o  t h e  xylem i s  regarded a s  equal  t o  t h e  water  

p o t e n t i a l  of t h e  l e a f .  The more nega t ive  t h e  p r e s s u r e  r ead ing ,  t h e  

g r e a t e r  t h e  p l a n t  water  s t r e s s .  Measurements were made on four  p l o t s  -- 
1.25 and 0.75 t imes consumptive-use r a t e  Eor the  d a i l y  t r i c k l e ,  and 

1.25 and 0.75 t imes consumptive-use r a t e  f o r  t h r e e  furrows per  v ine  

f b r  t h e  furrow method. These were talcen on 12  d a t e s  dur ing  t h e  growing 

season,  u s u a l l y  i n  hour ly  i n t e r v a l s  between 10:OO a.m. and 1 : O O  p.m., 

u s i n g  t h e  f i r s t  mature l e a f  Erom a southerly-exposed grape  cane,  and 

sampling one l e a f  from each of  fou r  v ines  per  p l o t  a t  each t ime i n t e r v a l .  

I n  a d d i t i o n ,  3 days were s e l e c t e d  where measurements were made f o r  

longer  per iods  of t ime t o  determine t h e  d i u r n a l  p a t t e r n  oE p l a n t  water  

s t r e s s .  

Other procedures  Eor t h e  c o l l e c t i o n  oE d a t a ,  such as s o i l  mois ture ,  

t ens iometer ,  evapora t ion ,  s a l i n i t y ,  and y i e l d  and q u a l i t y  were t h e  same 

a s  t h e  previous two y e a r s .  Grapcs were harves ted  on June  30, J u l y  1, 2,  

and 3,  by four  workers,  two supe rv i so r s ,  one weighman, and one be r ry  

sampler .  The most mature f r u i t  was picked i n  t h e  f i r s t  two days,  followed 

by s t r i p p i n g  01 t h e  v i n e s  i n  t h e  l a s t  two days. Seven v i n e s  t a r e  ha rves t ed  

from each p l o t ,  and 200 t o  300 b e r r i e s  were randomly s e l e c t e d  from each 

p l o t ,  from which be r ry  s i z e  and sugar  con ten t  were determined. 
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RESULTS AND DISCUSSION: 

F igu re  1 shows t h a t  t h e  1975 measured consumptive use  was 

17.2 inches .  This  s easona l  u s e  compares c l o s e l y  wi th  t h e  1973-74 

consumpti.ve-use curve  which was used t o  schedule  t h e  1975 i r r i g a t i o n s .  

The s l i g h t l y  lower consumptive use  e a r l y ,  and the  h ighe r  consumptive 

u s e  l a t e  i n  t h e  1975 growing season,  were probably due t o  lower temper- 

a t u r e s  i n  March and A p r i l  and h ighe r  temperatures  i n  May and June.  

Table 1 shows t h e  a c t u a l  amounts of  water made a v a i l a b l e  f o r  consumptive 

use ,  which were c a l c u l a t e d  Erom t h e  sum of  t h e  water  app l i ed  and r a i n f a l l .  

S ince  t h e  t o t a l  water  app l i ed  and measured consumptive use  e s s e n t i a l l y  

agreed ,  t h e  i r r i g a t i o n  c p m t i t i e s  of  0.75, 1 ,00,  and 1.25 t imes  consump- 

t i v e  use  were n o t  a d j u s t e d .  

Ful l - season  grape  product ion f o r  t h e  1975 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,  Yie lds  were inc reased  by 

17% f o r  t r i c k l e  i r r i g a t i o n  wi th  two e m i t t e r s  per  v i n e  over  one e m i t t e r  

per  v i n e ,  and y i e l d s  were inc reased  by 2.8% 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  f u r r o w  i r r i g a t i o n .  However, t h e  increased  y i e l d  f o r  

t r i c l c l e  over furrow i r r i g a t i o n  may n o t  be  v a l i d ,  because of  a g r e a t e r  

weed c o n t r o l  problem on t h e  furrow compared t o  t h e  t r i c k Z e  i r r i g a t i o n  

p l o t s .  Weed growth, p a r t i c u l a r l y  dur ing  t h e  l a s t  t h r e e  weeks of t h e  

growing season,  could have reduced t h e  a v a i l a b l e  soiL-mois t u r e  t o  the  

p l a n t s  i n  t h e  furrow i r r i g a t i o n  p l o t s .  The y i e l d  Eor t h e  d i f f e r e n t  

t r i c k l e  i r r i g a t i o n  q u a n t i t i e s  showed a n  i n c r e a s e  of 11% Eor the  1.00 

compared t o  t h e  0.75 t i m e s  consumptive-use r a t e ,  and an i n c r e a s e  of 6% 

f o r  t h e  1.25 compared t o  t h e  1 .OO t imes consumptive-use r a t e .  The y i e l d  

f o r  furrow i r r i g a t i o n  showed a 29% i n c r e a s e  f o r  t h e  1 .25 and 1.00,  -compared 

t o  t h e  0,75 t imes consumptive-use r a t e ,  Addi 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 requencies  of 1 day, 

3 days,  and 6 days. 

An i n c r e a s e  i n  y i e l d  was c o r r e l a t e d  with measurements of l e a f  water  

p o t e n t i a l  i n  t h e  ca se  of t h e  1.25 over 0.75 times consumptive-use t r e a t -  

ment, bu t  n o t  f o r  t r i c k l e  over  furrow i r r i g a t i o n .  Table 3 p r e s e n t s  mean 

d a i l y  va lues  of l e a f  water  p o t e n t i a l  over t h e  i r r i g a t i o n  season extending 
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from A p r i l  9 through h a r v e s t  on J u l y  3 f o r  s e l e c t e d  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 .  The seasonal  mean Eor t h e  d a i l y  t r i c k l e  i r r i -  

g a t i o n  oE -12.2 b a r s  was e s s e n t i a l l y  t h e  same a s  the  seasonal  mean f o r  

furrow i r r i g a t - i o n  of  -12.4 b a r s .  On tlze o t h e r  hand, the  seasonal  mean 

of  p l a n t s  r e c e i v i n g  i r r i g a t i o n s  a t  1.25 t imes consurnptivc use  was -11.7 

b a r s  compared t o  -13.0 b a r s  f o r  t hose  a t  0.75 t imes consumptive use ,  

This  d i f f e r e n c e  i n  l e a f  water  p o t e n t i a l  oE 1 . 3  b a r s ,  a l though smal l ,  

was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  1% l e v e l .  

Berry s i z e  and sugar  con ten t  f o r  t h e  t r i c k l e  and furrow irr i-  

g a t i o n  t r ea tmen t s  a r e  shown i n  Tables  4 and 5,  r e s p e c t i v e l y .  L i t t l e  

v a r i a t i o r l  i n  b e r r y  s i z e  w a s  noted 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 r e a t -  

ments.  The 1975 b e r r y  s i z e  averaged 0.71 l b s  per  LOO b e r r i e s ,  which 

was approximately t h e  average between t h e  1973-74 be r ry  s i z e  o f  0.75 15s 

per  1.00 b e r r i e s .  I n  terms of y i e l d ,  1975 average was 157 l b s  per  p l o t ,  

which was approximately t h e  average  between t h e  1973-74 y i e l d  of 

169 l b s  per  p l o t .  The mean f o r  t h e  1975 sugar  content  w a s  16.6% 

compared t o  l 5 ,8% i n  1973 and 17.5% i n  1974. Also, a s i g n i f i c a n t  

i n c r e a s e  i n  1975 sugar  con ten t  r e s u l t e d  from t h e  0.75 over t h e  1.00 and 

1.25 consumptive-use r a t e  f o r  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 .  

Table 5 compares y i e l d  and f r u i t  q u a l i t y  r e s u l t s  f o r  1973, 1974, 

and 1975 grapes.  Within t h e s e  

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 .  Again, t h e  

i r r i g a t i o n  t rea tments  may have 

t h e  t r i c k l e  over  furrow i n  the  

yea r s ,  y i e l d s  have increased  wi th  two 

one, and with two t r i c k l e  e m i t t e r s  over  

inadequate  weed c o n t r o l  f o r  t h e  furrow 

con t r ibu ted  t o  t h e  i n c r e a s e  i n  y i e l d  f o r  

t h i r d  y e a r ,  Yie lds  i n  1974 and 197.5 

decreased ~111en l e s s  t han  t h e  measured consumptive-use r a t e  was app l i ed  

f o r  t r i c k l e  and furrow i r r i g a t i o n ,  wl~ereas  t h i s  r e s u l t  was n o t  found i n  

1973, probably because of the unusual ly  heavy r a i n f a l l  e a r l y  i n  t h a t  yea r .  

Da i ly  t r i c k l e  i r r i g a t i o n s  d id  n o t  i n c r e a s e  y i e l d s  over 3- and 6-day t r2clcle  

i r r i g a t i o n s  on a sandy-loam s o i l .  As f o r  furrow i r r i g a t i o n ,  I . i t t J c  

d i f f e r e n c e  i n  y i e l d  has  occurred between t h r e e  o r  t w o  furrows per  r o v ,  

Basccl on t h e  p a s t  t h r e e  yea r s  of f i e l d  r e sea rch ,  a fourtlr  year of 

P e r l e t t e  grapes i s  planned t o  i nc lude  eight r e p l i c a t i o n s  oE t h e  fo l lowing  
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t r ea tmen t s  : Three t r i c k l e  and f u r r o r ~  i r r i g a t i o n  q u a n t i t i e s  -- 1.50, 

1.25, and 1.00 t imes consumptive use ,  and two t r i c k l e  i r r i g a t i o n  

f r equenc ie s  -- d a i l y  and weekly. The t r i c k l e  t r ea tmen t s  w i l l  have two 

e m i t t e r s  per  v i n e ,  and t h e  furrow t rea tments  w i l l  have t h r e e  Eurrows 

pe r  row. The 1976 t r ea tmen t s  a r e  being a l t e r e d  t o  i n c r e a s e  the  number 

of  r e p l i c a t i o n s ,  t o  Eur ther  r e f i n e  t h e  e f f e c t s  oE t r i c k l e  i r r i g a t i o n  

amounts and extremes i n  t r i c l c l e  i r r i g a t i o n  f r equenc ie s ,  and t o  f u r t h e r  

i n v e s t i g a t e  y i e l d  and f r u i t  q u a l i t y  responses  under t r i c k l e  and furrow 

i r r i g a t i o n .  

SUkLMRY AND CONCLUSIONS : 

T r i c k l e  i r r i g a t i o n  provides  a means f o r  t h e  p r e c i s e  a p p l i c a t i o n  of 

water ,  when and where needed by t h e  p l a n t  f o r  optimum p l a n t  growth. It 

h a s  p a r t i c u l a r  promise wherever water  i s  expensive o r  s c a r c e ,  and wher- 

eve r  high-valued crops  a r e  produced. I'lowever, t h e  management and oper-  

a t i o n  p r a c t i c e s  f o r  a t r i c k l e  i r r i g a t i o n  system a r e  n o t  y e t  known f o r  

most c rops  and f i e l d  s i t u a t i o n s .  

Three y e a r s  of r e s e a r c h  us ing  t r i c k l e  and furrow i r r i g a t i o n  have 

helped t o  answer a number of  ques t ions  on i r r i g a t i o n  schedul ing  f o r  

P e r l e t t e  t a b l e  grapes:  (1) Eow much water  should be a p p l i e d ?  Yield 

r educ t ions  can be  expected when water  a p p l i c a t i o n s  a r e  l e s s  than  t h e  

consumptive-use e s t ima te  Eor e i t h e r  t r i c k l e  o r  Eurrow i r r i g a f i o n .  

Leaf water  p o t e n t i a l  measurements, taken only i n  t h e  l a s t  yea r ,  v e r i f i e d  

t h e  presence o f  p l a n t  water  s t r e s s  .i~i.th Tilater app l i ed  a t  25% l e s s  than  

consumptive-use requirement  f o r  t r i c k l e  and furrow i r r i g a t i o n .  There- 

f o r e ,  any sav ings  i n  t he  water  d e l i v e r y  requirement f o r  t r i - ck l e  over  

furrow methods would b e  due t o  irnprovcd i r r i g a t i o n  e f f i c i e n c y  and n o t  

a n  apprec i ab le  d i f f e r e n c e  i n  t h e  consumptive-use requi rement ,  Within 

t h e  t h r e e  y e a r s ,  t he  consumptive-use requirement dur ing  the  growing 

season ranged from approximately 15.0 t o  17.0 inches  of  water.  

(2) I-low oFten should t r ic lc le  i r r i g a t i o n s  be a p p l i e d ?  Yie'Lcls have n o t  

increased  wi th  d a i l y  over  3-day and 6-day t r i c k l e  i r r i g a t i o n  i n  t h e  

t h r e e  yea r s  on a sandy-loam s o i l .  ThereEore, no advantage o r  disadvan- 

t age  f o r  d a i l y  t r i c k l e  i x r i g a t i o n  ol: grapes has  been shown, 
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(3) How many t r i c l c l e  e m i t t e r s  o r  furrows per  v i n e  a r e  needed? YSeLds 

have inc 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 one,  b u t  they 

have n o t  changed wi th  t h r e e  o r  two furrows per  v i n e  row, I n d i c a t i o n s  

a r e  t h a t  a s i n g l e  t r i c k l e  e m i t t e r  per  v i n e  i r r i g a t e s  too  smal l  a wet ted 

s u r f a c e  a r e a ,  whereas i r r i g a t i o n s  a r e  adequate  f o r  furrows on both s i d e s  

of t h e  v i n e  row and n o t  necessary  i n  a c e n t e r  furrow. (4) Eow does y i e l d  

and f r u i t  q u a l i t y  compare between t r i c k l e  and furrow i r r i g a t i o n ?  Three- 

yea r  d a t a  has  shown t h a t  y i e l d  and q u a l i t y  were inc reased  wi th  two 

t r i c l c l e  e m i t t e r s  over  furrow i r r i g a t i o n .  The l a r g e s t  y i e l d  i n c r e a s e  was 

obta ined  i n  t h e  t h i r d  y e a r ;  however, inadequate  weed c o n t r o l  i n  t h e  

furrow p l o t s  may have accounted :for some of  t h e  decreased  product ion ,  

Leaf water  p o t e n t i a l  measurements d id  n o t  i n d i c a t e  a g r e a t e r  p l a n t  water  

s t r e s s  wi th  t h e  furrow ve r sus  t r i c l c l e  i r r i g a t i o n  meehods. A f o u r t h  year  

of  r e s e a r c h  on P e r l e t t e  grapes  i s  planned where r e p l i c a t i o n s  w i l l  be  

i nc reased ,  on ly  extremes i n  t r i c k l e  i r r i g a t j o n  f r equenc ie s  w i l l  b e  t e s t e d ,  

and weed c o n t r o l  p r a c t i c e s  w i l l  be  improved. 

PERSONhTEL : Dale-A. Bucks, Leonard 5 .  E r i e ,  William I,, E h r l e r  , 
F r a n c i s  S. Nakayarna, and Or r in  F. French 
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Table 1. Avai lab le  mois ture  and a d j u s t e d  quan . t i . t i e s  f o r  

and furrow i r r i g a t i o n  of grapes,  1975. 

t r i c k l e  

T o t a l  Ava i l ab l e  
I r r i g a t i o n  Wa t  e r  Moisture f o r  

Quant i ty  Applied R a i n f a l l  Consu~l:pt:ive Use 

Consumptive-Use ( inches)  ( inches)  ( inches)  
R a t i o  - 

T r i c k l e :  

Furrow: 
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Table  2. Grape product ion  f o r  t r i c k l e  and furrow i r r i g a t i o n ,  1975. 

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  

1,25 1.00 0.75 . . . . . . . . . . . . . . . . . . . . .  
(pounds pe r  p l o t )  

TRICKLE : 

Dai ly  / 1 e m i t t e r  16 3:'5 145 * 127 145 cw: 

Da i ly  / 2 e m i t t e r s  185 164 157 169 a 

3-day / 2 e m i t t e r s  17 5 187 166 176 a 

6-day / 2 e m i t t e r s  17 6 16 9 14 7 164 ab  

MEAN 175 a 166 b 149 c 

3 Furrows pe r  v i n e  154 158 116 143 c 

2 Furrows p e r  v i n e  159 14 8 125 144 c 

MEAN 1 5 6 c  1 5 3 c  1 2 1 d  
- 

+<Mean, 4 r e p l i c a t i o n s ,  7 v i n e s  ha rves t ed  per  p l o t  
rt, r -5Nurnbers fol 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 Tes t  
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Table 3. Leaf water po t en t i a l  f o r  t r i c k l e  and furrow i r r i g a t i o n  of grapes, 1975. 

Date 

A ~ r i l  May June Ju 1 y 

I r r i g a t i o n  Treatment 09 22 28 06 16 21 22 29 05 06 09 03 Mean 

(negative bars) 

Trickle:  

~ a i l y / 2  emi t t e r s /  3,5 12,O 13.8 11,l 12.2 12.4 13.6 15,4 .16.6 16.4 15.1 13.5 
i-' 0.75 CU 
rn 

1 Mean 3,8 12,O 13,8 11.1 11,3 12.9 12,6 14.2 15,O 15,4 14.6 12.2 
w 

Furrow: 

3 furrows per vine 4.2 12.8 12.7 12,7 10,2 11.6 12.2 13.8 10.3 14,3 13.7 10.4 
1,25 CU 

3 furrows per vine 5.4 12.0 14.3 13.7 10.8 11,5 12,6 14.5 14.6 16.5 15.8 13.1 
0,75 CU 

Mean 4,8 12.4 13,5 13.2 10.5 11,6 12.4 14.2 12.4 15.4 14.8 11.8 

>k 
Nean da i l y  measurenents from 4 vines per treatment. 
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Table f t O  Berry s i z e  f o r  t r i c k l e  and fur row i r r i g a t i o n  of grapes,  

1975. 

-..--- --- 
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 ~  Mean 

Consump t ive-Use R a t i o  

Da i ly  / 1 e m i t t e r  0.75* 0,74 0.72 0 . 7 ~ ~  a*?; 

Da i ly  / 2 e m i t t e r s  0 . 7 3  0.70 0 .70  0.71 a 

3-day / 2 e m i t t e r s  0,75 0.71 0.69 0.72 a 

6-day / 2 e m i t t e r s  0.74 0.69 0.68 0.70 a 

FURROW: 

3 Furrows per  v i n e  0 .71  0.70 0.68 0.70 a 

2 Fuzrows pe r  v ine  0.71. 0 .71 0.66 0.69 a 

MEAN 0 .71  b 0 .71  b 0.67 a 

+;Mean, 4 r e p l i c a t i o n s ,  7 v ines  ha rves t ed  per  p l o t  

7k?'cNunlbers fol lowed by t h e  same l e t t e r  a r e  no 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 Duncan's X u l t i p l e  Range Tes t  
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Table 5 .  Sugar content for trickle and furrow irrigation of grapes, 

1974. 

-- 
Irrigation Treatment - Irrigation Quantity Mean 

Consumptive-Use Ratio 

1.25 1.00 0,75 
- - - - - - - - - -*-- - - - - - - - -  

(percent sugar) 

TRTCICLE: 

Daily / 1 emitter 
Daily / 2 emitters 1.6.5 16.4 16.6 16.5 a 

3-day / 2 emitters 16,4 16,O 16.7 16,4 a 

6-day / 2 emitters 16.3 16.2 17 .O 16,5 a 

MEAN 16.4 c 16.4 c 16.9 ab 

FURROW: 

3 Furrows per vine 16.7 16.6 17.2 16.8 a 

2 Furrows per vine 16.9 16.8 16.9 16,9 a 

MEAN 16.8 b 16.7 b 17.1 a 

Wean, 4 replications, 7 vines harvested per plot 

~~Wlumbers followed by the same letter are not significantly different 

at the 0.05 level by ~uncan's Multiple Range Test 
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Table 6,  Comparison of 1973, 1974, and 1975 r e s u l t s  f o r  t r i c k l e  

and furrow i r r i g a t i o n  of grapes.  

Comparison 197 3 1974 197 5 

Yield f o r  2 e m i t t e r s  
ve r sus  1 e m i t t e r  
per  v ine  

Yie ld  f o r  2 e m i t t e r s  
pe r  v i n e  ve r sus  
furrow i r r i g a t i o n  

Yie ld  f o r  l e m i t t e r  
pe r  v i n e  ve r sus  
furrow i r r i g a t i o n  

Yie ld  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  
Erequencies 

Yie ld  f o r  3 versus  
2 furrows per  v ine  

Yie ld  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  

Yie ld  f o r  d i f f e r e n t  
furrow i r r i g a t i o n  
cluari t i t ies  

Berry s i z e  f o r  
t r i c k l e  versus  
fu r row- i r r iga t ed  
f r u i t  

Berr,y s i z e  f o r  
d i f f e r e n t  t r i c k l e  
and furrow i r r i g a -  
t i o n  cjuant i . t ies  

Sugar content  f o r  
t r i c k l e  versus  
fu r row- i r r iga t ed  
f r u i t  

Sugar content  f o r  
d i f f e r e n t  t r i c k l e  
and furrow i r r i g a -  
t i o n  q u a n t i t i e s  

9% 
i n c r e a s e  

13% 
i n c r e a s e  

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

6% 
i n c r e a s e  

N.S. 

Q 

N.S. 

N.S, 

9 % 
i n c r e a s e  

6% 
i n c r e a s e  

N.S. 

N.S. 

11% i n c r e a s e  f o r  
1.35 over 0.80 
CU$& 

N.S. 

N.S. 

N.S.  

17% 
i n c r e a s e  

18% 
inc rease  

N.S. 

N.S. 

11% i n c r e a s e  f o r  
1.00 over 0.75 
cu and 6% in-  
c r e a s e  f o r  1.25 
over 1.00 cu 

29% i n c r e a s e  f o r  
1.25 and 1 -00  
over 0.75 cu 

N.S. 

6% i n c r e a s e  f o r  
1.25 over  
0,75 cu 

3% i n c r e a s e  f o r  
0.75 over  1.25 
and L.00 cu 

%%.S.: No S i g n i f i c a n t  diEfctrence a t  t h e  5% Le.vei 
y;f:cu : consumptive-use r a t e  
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APPLIED ACCORDING "1" CCQNSU P T I V E  USE, I 

- -- M E A S U R E D  CONSUMPTIVE  USE, 197'5 
S E A S O N A L  USE 17.2 INCHES 

F U L L Y  DEVELOPED BE IES--+p-, 
I' a, 

G I R D L E D  
\ 

CANES 36 "  

C A N E S  24" 

\ 

F i g u r e  I, Appl ied  and measured consumptive-use  f o r  g r a p e s ,  1975.  
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TITLE: EROS ION-PWVENTIVE STRUCTURES TO DISTRIBUTE WATER 

ONTO IPaIGATED FIELDS 

CRIS WORK UNIT: 5510-12260-004 CODE NO.: USWCL 73-5 

INTRODUCTION : 

I n c r e a s i n g  c o s t s  and sho r t age  of labor ,  t h e  need f o r  improving 

i r r i g a t i o n  e f f i c i e n c y ,  and inc reased  use  of margina l  lands (sandy 

s o i l s ) ,  have made i t  necessary  f o r  farm owners t o  des ign  t h e i r  

i r r i g a t e d  farms i n  such a  way t h a t  l a r g e  s t reams of water  a r e  u t i l -  

i z ed ,  This  u s e  of l a r g e  s t reams b a s  n e c e s s i t a t e d  o u t l e t  s t r u c t u r e s  

t o  reduce s o i l  e ros ion ,  Or ig ina l ly ,  we designed conc re t e  s t r u c t u r e s  

t o  handle  s t reams of 3 t o  7 c f s .  Approximately 30 of t h e s e  s t r u c -  

t u r e s  i n  v a r i o u s  s i z e s  and conf igu ra t ions ,  made of v a r i o u s  m a t e r i a l s ,  

were b u i l t  on many d i f f e r e n t  types  of s o i l  i n  Arizona, A d e f i n i t e  

des ign  f o r  non-erosive s t r u c t u r e s  has  been developed, 

Recent ly,  o u t l e t s  i n  t h e  form of jack-gates  have become popular .  

From these ,  10 t o  30 c f s  may be discharged,  thus n e c e s s i t a t i n g  acldi- 

t i o n a l  e ros ion-prevent ive  s t r u c t u r e  design.  Some have been modif ied 

i n  t h e  f i e l d ;  o t h e r s  have been newly cons t ruc ted ,  and a l l  a r e  be ing  

observed, I n  t h e  Blythe,  CA, a r ea ,  s t reams of over 40 c f s  a r e  being 

used. The F t .  C o l l i n s  o f f i c e  designed a  s t r u c t u r e  f o r  such a  

requirement ,  It has  proved succes s fu l ,  f u r t h e r  s t r eng then ing  some 

of t h e  o r i g i n a l  des ign  c r i t e r i a  used on sma l l e r  s t r u c t u r e s .  The u s e  

of automation on t i l e  o u t l e t s  has changed t h e  e r o s i o n  p a t t e r n s ,  and 

s t r u c t u r e s  have been designed t o  accommodate t h e s e  changes. S t ruc -  

t u r e s  a r e  i n  and being used i n  Blythe, CA, and near  Tacna, AZ. These 

s t r u c t u r e s  a r e  f o r  s t reams of s i z e s  up t o  about  7 c f s ,  a l though most 

of the s t reams a r e  i n  t h e  4 cf  s  range ,  

PROCEDUPS : 

Or ig ina l  s t r u c t u r e s  w i l l  be  observed, s t r u c t u r e s  on an  automated 

jack-gate  system e m i t t i n g  15 c f s  w i l l  be  cons t ruc t ed  t o  amend the  

o r i g i n a l  s t r u c t u r e s  b u i l t  by t h e  farmer,  and a  farmer w i l l  be  a s s i s t e d  

on the  smal le r ,  s t anda rd - s i ze  s t r u c t u r e s ,  u n t i l  h i s  farm h e l p  can 

cont inue  the c o n s t r u c t i o n  of more of them, 
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SUMMARY: The development of automation and thus  i n s t a l l a t i o n  of 

c e r t a i n  equipment on t h e  o u t l e t  s i d e  of 16-inch t i l e  o u t l e t  s t r u c -  

t u r e s  changed t h e  normal. e r o s i o n  p a t t e r n s ,  n e c e s s i t a t i n g  t h e  develop- 

ment of a  s t r u c t u r e  t o  cope w i t h  t h e  s o i l  e ros ion  s o  c rea t ed .  E igh t  

s t r u c t u r e s  were b u i l t  and a r e  ope ra t ing  s u c c e s s f u l l y  a f t e r  3 

i r r i g a t i o n s .  S t r u c t u r e s  b u i l t  f o r  jackgate  o u t l e t s  f o r  t h e  15 t o  40 

c f s  f low range a r e  be ing  observed and were ope ra t ing  s a t i s f a c t o r i l y  

through 1975, 

PERSOHNEL: Leonard J. Er ie ,  A l l en  R, Dedrick, Dale A. Bucks, Harold 

Duke, Orr in  F.  French, and Bud Payne, 
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TITLE : PRACTICAL APPLICATION OF AUTOPATION TO UNDERGROUND 

SURFACE DISTR*BLJTION SYSTEMS FOR GPdVITY 

IRRIGATION 

CRIS WORK UNIT: 55 10-12260-004 CODE NO.: USWCL 73-6 

INTRODUCTION : 

See 1973 annual  r e p o r t .  

PROCEDUP? : 

The 40-acre automation system i n  Blythe,  CA, was expanded t o  160 

ac re s .  A d e s i r a b l e  s t o r a g e  shed was i n s t a l l e d  and a new compressor 

purchased a f t e r  t h e  o r i g i n a l  one had been s t o l e n .  A new model o u t l e t  

frame, s i m i l a r  t o  those designed f o r  Tacna, was i n s t a l l e d .  No changes 

were made i n  t h e  system i n s t a l l e d  on t h e  underground i r r i g a t i o n  sys-  

tem on 10 a c r e s  of c i t r u s  near  Hesa, AZ. 

RESULTS AND DISCUSSION: 

A l e a k  i n  t h e  bu r i ed  PVC l i n e  on one of t h e  40-acre s i t e s  a t  

Bly the  proved t o  be  due t o  p re s su re  of a t r u c k  o r  t r a c t o r  over  t h e  

too-shallow depth of b u r i e d  PVC pipe ,  An a d d i t i o n a l  l e a k  e x i s t s ,  

The o l d  c lock  imported from F o r t  Co l l i n s  i s  i n o p e r a t i v e  and should 

be rep laced ,  

The 10-acre system a t  H a l l  Grove, Mesa, i s  s t i l l  i n  u s e  and has  

been used f o r  every i r r i g a t i o n  s i n c e  i t s  i n s t a l l a t i o n  i n  1970. Two 

of t he  p i l lows  we're r ep l aced  due t o  grommet f a i l u r e ,  The 5/16 inch  

polye the lyne  tubing, s t i l l  on t h e  sur face ,  has  shown no s i g n s  of 

f a i l u r e .  The 3 pop-off va lves  have never  f a i l e d ,  It i s  planned t h a t  

new 5/16 inch  tub ing  and new s t y l e  p i l lows  w i l l  be  i n s t a l l e d  t h i s  

year .  The tub ing  w i l l  be  bu r i ed  a s  a  permanent system should be,  

SrnlhtiY: 

One of t h e  two o r i g i n a l  pneumatic automation systems i s  be ing  

used con t inua l ly .  Major components on both systems a r e  w i ths t and ing  

t h e  weather  and p re sen t  automation i d e a s  seem sound. 

PERSONNEL: Leonard J. Er i e ,  Dale A. Bucks, Bud Payne and Orr-in F, 

French. 
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TITLE : CX-EMICAL MODIFICATION OF SOILS FOR HARVESTING 

PRECIPXTATI ON 

CRIS WORK UNIT: 5510-12260-004 CODE NO. : USWCL 74 - 1 

The o b j e c t i v e s  of  t h i s  s tudy  remain t o  (1) develop and e v a l u a t e  

i n  t h e  l abo ra to ry ,  t e s t i n g  procedures  s u i t a b l e  f o r  e v a l u a t i n g  chemical 

s o i l  t r ea tmen t s  f o r  water  h a r v e s t i n g ;  (2) eva lua t e ,  i n  the  l abo ra to ry ,  

s o i l  a d d i t i v e s ,  s o i l s ,  and t rea tment  techniques f o r  s u i t a b i l i t y  f o r  

water  h a r v e s t i n g ;  and (3) f i e l d  t e s t  t he  most promising of t h e  m a t e r i a l s  

and techniques under a  v a r i e t y  of s o i l  and weathering cond i t i ons .  

I. LABORATORY TESTING PROCEDURES 

The primary o b j e c t i v e  o f  t h i s  phase o f  t h e  s tudy  remains t o  develop 

l a b o r a t o r y  t e s t s  which (1)  encompass, a s  much a s  poss ib l e ,  a11 t h e  

p o t e n t i a l  major causes of t rea tment  f a i l u r e  which occur  i n  t h e  f i e l d ;  

(2) a r e  qu ick ly  and e a s i l y  performed; and ( 3 )  markedly a c c e l e r a t e  t h e  

n a t u r a l  weathering processes .  The two major types  of  f a i l u r e  of 

r e p e l l e n t - t r e a t e d  s o i l s  a r e  cons idered  t o  be l a c k  (or l o s s )  of  water  

r epe l l ency  and l a c k  (or  l o s s )  of  s o i l  s t r u c t u r a l  s t a b i l i t y .  The major 

f a c t o r s  e f f e c t i n g  such  Ea i lu re s  a r e  envisaged t o  be freeze-thaw cyc l ing ,  

ozone, and u l t r a v i o l e t  r a d i a t i o n .  

A t e s t i n g  sequence has been e s t a b l i s h e d  (Figure 1 )  f o r  l a b o r a t o r y  

e v a l u a t i o n  of  r e p e l l e n t  s o i l  t r ea tmen t s .  Three i d e n t i c a l l y  prepared 

p e t r i - d i s h - s i z e  samples of each t rea tment  a r e  t e s t e d  i n i t i a l l y  f o r  

water  r epe l l ency  and s t r u c t u r a l  s t a b i l i t y .  Then one each of t h e  samples 

a r e  s u b j e c t e d  t o  cyc l ing  i n  a  freeze-thaw, ozone o r  UV-light weathero- 

meter,  r e s p e c t i v e l y .  A l l  samples a r e  checked p e r i o d i c a l l y  f o r  degree  

o f  r epe l l ency  and s t a b i l i t y  (Fink (1) ) .  

11. LABORATORY EVALUATION OF TREA'CPBNTS 

A l a r g e  number of p o t e n t i a l  water -harves t ing  w a t e r - r e p e l l e n t  

t r ea tmen t s  were l abo ra to ry  t e s t e d  i n  1.975 according t o  t he  procedures  

r e p o r t e d  i n  s e c t i o n  I of  t h i s  r e p o r t ,  and o u t l i n e d  i n  F igure  1. Some 

r e s u 1 . t ~  appear i n  t h e  two manuscripts :  "Freeze-thaw e f f e c t s  on s o i l s  

t r e a t e d  f o r  water  r epe l l ency"  and "Testing o f  w a t e r - r e p e l l e n t  s o i l  

t rea tments  f o r  water  harves t ing ."  Other resu:Lts a r e  sutnmarized he re  

i n  Tables 1-4. 
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In  Table 1, a  s e r i e s  of d i f f e r e n t  melting point  n-paraEEins and 

several. s l a c k  waxes a r e  evaluated and compared. Resistance t o  s t r u c -  - 

t u r a l  f a i l u r e  from freeze-thaw cycl ing  was found t o  inc rease  s l i g h t l y  

a s  average melt ing point  (AMP) of t h e  pa ra f f ins  increased - but 

none performed impressively.  OE the  s l a c k  waxes, only the  Hawaiian 

crude e f f e c t i v e l y  withstood the  d i s r u p t i v e  forces  of freeze-thaw 

cy c  1 ing . 
The n-paraf f i n s  ( p a r t i c u l a r l y  the  higher AMP'S) were q u i t e  

r e s i s t a n t  t o  degradation by ozone o r  u l t r a v i o l e t  (W) rad ia t ion ,  and 

a l l  passed t h e  as soc ia ted  d r i p o l a t o r  t e s t s .  A 1 1  samples t r e a t e d  w i t h  

the  s e v e r a l  low grade s l a c k  waxes were water r e p e l l e n t  i n i t i a l l y ;  

most adequately r e s i s t e d  ozone a t t a c k ;  but  s e v e r a l  l o s t  su r face  r e p e l -  

lency when exposed t o  W r a d i a t i o n .  Nevertheless, most slack-wax- 

t r e a t e d  samples passed the  brush t e s t  and the  4-hr hydrat ion t e s t s ,  

even a f t e r  500 h r  exposure t o  these  two weathering elements, ind ica t ing  

t h a t  l o s s  of repel lency was pr imar i ly  a su r face  phenomenon - the  

subsurface t r e a t e d  zone remaining r e l a t i v e l y  unweathered. 

Table 2 shows r e s u l t s  of s i m i l a r  t e s t s  on s o i l s  t r e a t e d  wi th  

th ree  batches of a  dus t  suppressant  o i l  (DS,, DSb, and DSc), and 

mixtures of DS combined wi th  e i t h e r  paraEfin (128-131 AMP) o r  
C 

Bakersfield s l a c k  wax. A l l  passed the  i n i t i a l  4-hr hydrat ion t e s t ,  

bu t  s e v e r a l  d id  not  q u i t e  a t t a i n  the  acceptable L/L - value of 1.30, 
n  

DSbJ which contained an ant ioxidant ,  was highly r e s i s t a n t  t o  the  

fo rces  of freeze-thaw cycl ing;  the o ther  two DS's were not .  Adding 

p a r a f f i n  t o  DS s l i g h t l y  improved treatment r e s i s t a n c e  t o  breakdown 
C 

by freeze-thaw cycling,  and markedly improved r e s i s t a n c e  t o  des t ruc-  

t i o n  by ozone and W. Surpr is ingly ,  r e s i s t a n c e  t o  des t ruc t ion  by 

freeze-thaw cycl ing  of many of  the  DS-paraffin mixtures t r e a t e d  

samples improved a f t e r  exposure t o  ozone and W. 

Table 3 mainly shows t h a t  adding 5% ethylene v i n y l  a c e t a t e  

copolymer t o  p a r a f f i n  markedly improved sample r e s i s t a n c e  to  s t r u c -  

t u r a l  breakdown by freeze-thaw cycling.  Table 4 shows r e s u l t s  oE 

such t e s t i n g  fo r  mixtures of a  pa ra f f in ,  a  s i l i c o n e  a n t i s t r i p p i n g  

agent,  and a  tacki fy ing agent on severa l  s o i l s .  The mixtures did 
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not m a t e r i a l l y  improve r e s u l t s  f o r  Granite  Reef s o i l ,  and made Seneca 

and Monument Tank s o i l s  worse. However, r e s u l t s  w i t h  the  S u p e r s t i t i o n  

sand were q u i t e  impressive. Further  t e s t s  a r e  planned. 

111, FIELD TESTING OF MATERIALS 

1. Runoff d a t a  -- 1975: 

Runoff s t u d i e s  continued on the  two paraff in-wax-treated 

p l o t s  e s t a b l i s h e d  i n  1972 a t  the  Granite  Reef t e s t  s i t e .  Table 5, 

which compares the  runoff  o f f  these  p l o t s  t o  t h a t  from o f f  butyl -  

covered and smoothed p l o t s ,  shows t h a t  the  wax p l o t s  continue t o  

y i e l d  nea r ly  90% runoff  - on par w i t h  t h a t  o f f  the  butyl-covered 

p l o t s .  Also, weed growth on the  wax p l o t s  remains completely 

con t ro l l ed .  

A t  Usery Pass the  dust  suppressant  p l o t s  were overcoated 
L 

w i t h  p a r a f f i n  wax (143-150 AMP, a t  0.5 kg/m , on 12 June) because 

(1) a  dus t -suppressant - t rea ted  p l o t  a t  Granite  Reef f a i l e d  i n  l e s s  

than 1 y r ,  and (2) labora tory  samples of s o i l s  t r e a t e d  wi th  mixtures 

of  p a r a f f i n  wax and the  dust  suppressant  b e t t e r  withstood combined 

weathering e f f e c t s  than d id  s o i l s  t r e a t e d  wi th  e i t h e r  of t h e  r e p e l -  

l e n t s  alone. Table 5 shows t h a t  t h e  dus t -suppressant - t rea ted  p l o t  

a l s o  y ie lded  approximately 90% runoff  fo r  the  year .  

Several  o the r  paraff in-wax-treated water-harvest ing s i t e s  

have been es tab l i shed  i n  the  Southwest by o ther  agencies,  Some a r e  

success fu l ;  o the r s  have f a i l e d .  Future work c a l l s  f o r  e s t a b l i s h i n g  

r e l a t i o n s h i p s  between catchment s u i t a b i l i t y  and inf luencing f a c t o r s  

of cl imate,  soil . ,  and i n s t a l l a t i o n  methodology, 

2. Runoff da ta  - long term evaluat ions  of wa te r - repe l l en t  

water-harvest ing catchments : 

Bet te r  ways of evaluat ing  the  weathering p roper t i e s  of 

wa te r - repe l l en t  water-harvest ing f i e l d  catchments a r e  needed. 

Normally, the  r a t i o  of runoff  t o  p r e c i p i t a t i o n  from n a t u r a l  storms 

(percent runof f )  i s  the  only measurement taken. This data,  b~hen 

averaged over a  Large number of  storms so as  t o  discount  v a r i a b i l i t y  

from storm s i z e  and i n t e n s i t y ,  and antecedent s o i l  moisture, provides 

use fu l  information on treatment e f f i c i ency  and d u r a b i l i t y ,  bu t  t e l l s  

l i t t l e  about why o r  how a treatment f a i l s .  
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Linear r eg ress ion  analyses of s torm-size vs runoff  y i e l d  o f f  

water-harvest ing catchments have been used ( H i l l e l  e t  a l .  (3)  and 

F r a s i e r  (2) ) t o  o b t a i n  threshold  values,  i . e . , t h e  minimal r a i n f a l l  

necessary t o  produce runoff .  As expected, it was found t h a t  n a t u r a l  

o r  smoothed-only watersheds had h igh threshold  r e t e n t i o n s ,  while most 

p l a s t i c  membranes and newly t r e a t e d  water - repel lent  catchments had low 

r e t e n t i o n s .  

The l i n e a r  r eg ress ion  equation (following H i l l e l ' s  no ta t ion)  

i s  : R = A 4- BP, where R i s  runoff  per storm, P i s  storm s ize ,  and 

A and B a r e  the  l i n e a r i t y  cons tants .  For such analyses only those 

p r e c i p i t a t i o n  events  which produce runoff  a r e  included.  The threshold  

value  obtained from the  P-axis i n t e r c e p t  i s  (-A/B). 

Ideal ly ,  newly prepared water - repel lent  catchments should y i e l d  

p r a c t i c a l l y  100% runof f ;  thus, they should be independent of the  

vagar i e s  of  storm s i z e  and i n t e n s i t y ,  and antecedent s o i l  moisture,  

In terms of the  parameters of  the  r eg ress ion  equation:  A -+ 0, (-A/B) -> 0, 

B --, 1, and r -> 1, where r is  the  c o r r e l a t i o n  c o e f f i c i e n t .  There should 

be no s o i l  wet t ing  o r  water spreading on the  t r e a t e d  s o i l  su r face ,  Any 

water  r e t a i n e d  by the  p l o t  would be trapped by su r face  roughness, but  

the  amount should be small  i f  the s o i l  su r face  had been c a r e f u l l y  

smoothed during s i t e  preparat ion.  

It was hypothesized t h a t  such l i n e a r  r eg ress ion  analyses might 

provide information on how water - repel lent  catchments degraded, I f  

weathering commenced a t  the  exposed s o i l  su r face  and gradual ly  pro- 

gressed deeper, y e t  maintained an unweathered, wa te r - repe l l en t  zone, 

then runoff  p a t t e r n s  should be a s  depicted i n  Figure 2a. The threshold 

valve i s  small  i n i t i a l l y  but  gradual ly  increases  each year  a s  the 

weathering f r o n t  proceeds i n t o  the  water - repel lent  zone; B remains 

equal  t o  uni ty ,  s ince  a f t e r  the  threshold value i s  s a t i s f i e d  f o r  each 

r a i n ,  a l l  the remaining p r e c i p i t a t i o n  runs o f f .  Eventually, however, 

repel lency should be completely l o s t .  Then runoff  p a t t e r n s  should 

approach those of smoothed-only p l o t s ;  i .e . :  (-A/B) l a r g e ;  B << 1; 

and r << 1, r e f l e c t i n g  considerable da ta  s c a t t e r ,  
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I f  weathering occurred throughout the  t r e a t e d  zone the  e n t i r e  

t r e a t e d  p r o f i l e  would gradual ly  l o s e  repel lency,  Hypothetical runoff  

p a t t e r n s  f o r  such weathering a r e  depic ted  i n  Figure 2b. The f i r s t  

year  p a t t e r n  looks the  same as t h a t  of Figure 2a, i .e . ,  (-A/B) -> 0 

and B ->I. However, a s  the  treatment weathers and loses  repel lency,  

the  runoff  p a t t e r n  changes i n  two ways: (1) (-A/B) increases ,  

r e f l e c t i n g  increased water  r e t e n t i o n  on the  weathered treatment 

surface ,  and (2) B decreases,  r e f l e c t i n g  the  i n f i l t r a t i o n  and l o s s  

of  a por t ion  of the  p r e c i p i t a t i o n  through the  t r e a t e d  zone. This 

decrease i n  B could occur e i t h e r  by an o v e r a l l  l o s s  of repel lency 

over the  e n t i r e  p l o t  o r  by a  weathered o r  degraded por t ion  of  the  p l o t  

which increases  i n  a rea  wi th  time. 

Some r e p r e s e n t a t i v e  l i n e a r  r eg ress ion  ana lys i s  da ta  a r e  shown 

i n  Table 6. The n a t u r a l ,  and c leared  and smoothed watersheds (W-1 

and L-2) have low c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  which means t h e i r  

runoff  c h a r a c t e r i s  t i c s  a r e  highly sub jec t  t o  storm s i z e  and i n t e n s i t y ,  

and t o  antecedent s o i l  moisture;  B values a r e  low which means much 

of the  p r e c i p i t a t i o n  i n f i l t r a t e s  the  s o i l  and i s  l o s t  f o r  water 

harves t ing  purposes; the  number of storms producing runoff  (n) i s  

low, which by inference  means a  high threshold value;  and the  calcu- 

l a t e d  thresholds  (-A/B) a r e  highly v a r i a b l e  (-17.53 t o  7.14) which 

r e f l e c t s  the extreme v a r i a b i l i t y  of the  da te  (low r ) .  

Linear  r eg ress ion  analyses of the  runoff d a t a  from the  th ree  

su r face  membrane t rea tments  (L-1, L-4 and L-7) show t h a t  i n i t i a l l y  

a l l  y ie lded a  high proport ion of p r e c i p i t a t i o n  rega rd less  of storm 

s i z e  (-A/B -+ 0, B -> 1, r -+ 1, and n  approximately equals  the  t o t a l  

number of yea r ly  storms).  Data from L-1 (polyethylene) and 1;-7 (Kl- 

f o i l )  a r e  comparable throughout t h e i r  t e s t  periods, even though f o r  

some reason the  Al - fo i l  has a  s l i g h t l y  higher threshold and seems t o  

l o s e  a l i t t l e  water through i n f i l t r a t i o n ,  Possibly pin holes i n  t h e  

Al - fo i l  a re  r e spons ib le ,  

The bu ty l  covering y ie lded nearly 100% runoff  from a l l  storms 

f o r  about 9  years  (through 1970) ; then rap id ly  l o s t  e f f i c i e n c y .  

These r e s u l t s  c l e a r l y  mirror  the  degradation of the. t reatment - t he  
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shee t ing  developed t e a r s  and separa ted  from the p l o t  edges. The 

c o n s i s t e n t l y  high n-values mean the  p l o t  usual ly  produced some runoff 

whether the  storm was small  o r  no t ;  h igh  r values suggest  t h a t  the  

propor t ion  of  water  l o s t  was more dependent on membrane geometry than 

on the  f a c t o r s  causing runoff  v a r i a b i l i t y  from bare s o i l s ,  

Linear r eg ress ion  analyses of f i r s t  year  runoff  da ta  from the  

s e v e r a l  wa te r - repe l l en t - t r ea ted  p l o t s  a t  Granite  Reef (Table 6)  show 

t h a t  they behave a s  hypothesized: (B-+l, r -> 1, -A/B + 0, and n 

approximately equals  the  t o t a l  number of yea r ly  storms. However, 

a l ready by the  second yea r  obvious d i f fe rences  e x i s t  between the  

s i l i c o n e -  and wax-treated p lo t s ,  and these  d i f fe rences  amplify wi th  

time. The regress ion  analyses suggest t h a t  the  s i l i c o n e - t r e a t e d  

p l o t s  (L-3, R-4, and A-4)weather according t o  hypothesis  2 (T'g '1 ure 

2b). The d a t a  f o r  p l o t  L-3 a r e  depicted i n  Figure 3 which shows t h a t  

B gradual ly  decreases and -A/% increases  wi th  time aEter  t reatment,  

Ret rea t ing  p a r t i a l l y  r e s t o r e s  the p l o t  t o  o r i g i n a l  e f f i c i ency  - b u t  

no t  q u i t e .  The B-values d id  not  regain  t h e i r  high va lues ;  r e t r e a t i n g  

e i t h e r  does no t  r e s t o r e  the  o v e r a l l  high repel lency o r  possibly a 

por t ion  of the  p l o t  was not  t r e a t e d .  

The two paraff in-wax-treated p l o t s  apparently weather more l i k e  

hypothesis  1 (Figure 2a) .  Four years  of runoff da ta  f o r  p l o t  No. 13 

a r e  shown i n  Figure 4. B remains c lose  t o  uni ty ,  and the  threshold 

(-A/B) increased s l i g h t l y  the  second year .  However, it i s  not  so  

obvious t h a t  the  t r e a t e d  r e p e l l e n t  p r o f i l e  has continued t o  weather 

deeper a f t e r  the  second yea r .  The d a t a  suggests  t h a t  weathering of 

the  wax p l o t s  has s t a b i l i z e d .  Obviously, longer f i e l d  evaluat ion  i s  

needed, 

SUMMARY : 

Laboratory techniques have been developed t o  shor ten  the  t e s t i n g  

period of  water - r e p e l l e n t  s o i l  treatments fo r  water harves t ing .  The 

t e s t i n g  evaluates  water repel lency and s o i l  s t r u c t u r a l  s t a b i l i t y ,  a s  

a f f e c t e d  by the  s o i l ,  organic add i t ive ,  water erosion,  and weathering 

by u l t r a v i o l e t  l i g h t ,  ozone, o r  freeze-thaw cycles ,  Laboratory 

s t u d i e s  showed t h a t  n -pa ra f f in  wax-treated s o i l s  r e s i s t e d  degradation 
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from ozone and u l t r a v i o l e t  r a d i a t i o n ,  but  were r a t h e r  suscep t ib le  to  

breakdown from freeze-thaw cycling.  A dust  suppressant  o i l  a s  r e p e l -  

l e n t  r e a c t e d  opposi te ly .  Proper combinations of the  two r e p e l l e n t s  

r e t a i n e d  the  advantages of both. Other mixtures containing wax a s  

r e p e l l e n t  (e.g., wax 3. c e r t a i n  polymers, and wax 3. s i l i c o n e  a n t i -  

s t r i p p i n g  agent -I- taclcifying agent)  markedly improved s t a b i l i t y  of  

the  t rea tments  aga ins t  breakdown by freeze-thaw cycl ing  on c e r t a i n  

s o i l s .  Two paraff in-wax-treated catchments a t  t h e  Granite  Reef t e s t  

s i t e  continue t o  y i e l d  90% runoff  a f t e r  near ly  4 years  of weathering. 

Linear  r eg ress ion  ana lys i s  of runoff  da ta  from the  Granite  Reef t e s t  

s i t e  has been used t o  evaluate  the  weathering p roper t i e s  of t h e  r e p e l -  

l e n t  t reatments.  Hypothetical ly,  a r e p e l l e n t  which weathers throughout 

the  t r e a t e d  soil .  zone should show a gradual  inc rease  i n  water i n f i l t r a -  

t i o n  (runoff da ta  suggest  the  s i l i c o n e - t r e a t e d  p l o t s  weather t h i s  way). 

A r e p e l l e n t  which weathers a s  a progressing f r o n t  commencing a t  the  

surface ,  and culminating eventual ly  a t  the  lower t r e a t e d  edge should 

only show an increase  i n  surface  r e t e n t i o n  of p r e c i p i t a t i o n  but  no 

deep i n f i l t r a t i o n  (runoEf da ta  suggest  the  wax-treated p l o t s  weather 

t h i s  way). 
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Table 1. Water r epc l l cncy  and s t r u c t u r a l  s t a b i l i t y  o f  wax t r c a t e d  Gran i t e  Rcef s o i l  samples exposed t o  t h e  wcathcr ing 
efcmcnts of freezc-thaw cycl ing ,  ozonc, and u l t r a v i o l e t  r a d i a t i o n .  

Pre-wcnthcrinpi-I Freeze- t1w.q Ozone Ultraviolet 
,, , 

4-hr D ~ ~ ~ - L '  - h r s  Drip- h r s  Drip- 
Repel lent  Rate L/Ln . hyd. Cycles o l n t o r  100 200 300 400 500 o l a t o r  100 200 300 400 500 o l n t o r  

kg/::tZ 2 - i 
n - p a r a f f i n s  

kerosene 0.50 - - 
0.75 - - 

? 16 AH? 0.50 + + 13 M A ~ / A  2  2  2  N a 3 0 0 0  S 
0.75 + + 7  N A A 2 2 2  N A  A  A 3  2,3 N 
1.00 + + 7  N A A 2 2 2  N A  5 2,3 3  3  N 

12:;-130 AWP 0.50 + i 7  N A A A A A  N A 3 0 0 0  N 
0.75 + i I 6  t i  n . 4 ~ 5 ~  N A A 2 3 3  N 
1.U0 + i 17  N A A b A A  N A A 3 3 3 ,  N 

lL3-150 AMP 0.50 + + 22 N A A A A A  N A 4 A 3 3  N 
0  75 + + 29 N A A A A A  N A A A A A  N 
1 .00  + 4- 43 N A A A A A  N A A A A A  h' 

160-165 AliP 0.50 + + 2  7 N A A A A A  N A A A 3 3  N 
0.75 i + 29 w A A A A A  N ~ n n 3 3  N 
?.GO + i 2  9  N A A A A A  N A n 5 3 3  N 

o  t h e r  vnscs  
Bake r s i i c ld  0.50 + + 30 N A A A A A  N A A A A A  - - - - -  N 

s l a c k  . 0.75 + + 3  6  N A A A A A  N 
1.00 i 4- 58 N A A A A A  N A A A A A  N 

Hawniion 0.50 + 4- 237 R A A A A A  N 2 2  2  2  2  N 
c r d c  0.75 i + 3 1 4 Y  ? / A  w - 2 2 2 2 2  N 

1 .00  + f 190 N A A A A A  N 2 2 2 2 2 ,  N 

PRi? l ips  lO 0.50 + i 16 N A n 2 2 2  N A  2  2  A  1 , 2 , 3 -  
petro- 0.75 + 2. 16 N & A 2 2 2  N A l l 2 2 2  N 
I otum 1.00 i f 16 N A A A 2 2  N A 2 2 A A  R 

P i ~ i l l i p s  20 0 .50 + -b 16 N A A 2 A 2  N A z A A A  N 
pcrro-  0.75 + -b 3  3  N A A A A 2  N A A A A A  N 
1 c ~ u m  1.00 + 4- 5  7 N A A A A A  N A A A A A  N 

1/ Plus (i) d e n o ~ c s  cxcccding acccp tab lc  l c v c l s ;  negat ive  +) denotes  not  meeting t t~cm, - 
2/ Dr ipo la to r  t e s t :  ' M, none; $1, p i t t i n g  < 3 m; S, p i t t i n g  > 3 m ~ ;  F, p i t t i n g  through t r e a t e d  zone, - 
:/ Zcro (0) n o t a t i o n  rxnns  san~p lc  f n i l e d  a  prcvious  c r i t i c a l  t e s t  i n  t e s t i n g  scqucnce. - 
&/ Wish means s a q l e  <+as a c c i d e n t a l l y  destroyr 'd p r i o r  t o  completing t e s t s .  
:/ S m p ! e  srilL under t e s t .  - 
G/ 1, di.::otas pass ing 01 a l l  t c s t s :  ( l j  brush  t c s t ;  (2) L/Ln; (3) 4-hr hydra t ion ,  Numcrals denote  vh ich  c e s t ( s )  failed. - 
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Table 2. Water r epe l l ency  and s t r u c t u r a l  s t a b i l i t y  o f  d u s t  suppressant-wax mixtures  t r e a t e d  Gran i t e  Reef s o i l  samples 
exposed co the  ven the r ing  elements o f  freeze-thaw cycl ing ,  ozone, and u l t r a v i o l e t  r a d i a t i o n .  

WEATHERING ELEMENT 

h-e-veatherineL/ Freeze-thaw(FT1 Ozone U l t r a v i o l e t  
2/ 4-hr Dr ip-- Drip- FT- Drip- FT- 

Repellent Rate L/Lp Iiyd. Cycles o l a t o r  100 200 300 400 o l a t o r  cyc l e s  100 200 300 400 o l a t o r  Cycles 

2 
3/m - + - + 

!>use suppressant  (DS) 

Ds,. 0.5 4- i 
1.0 + i 

A A A A  M 
A A A A  N 

A A A A  er 
A A A A  N 

A A A A  rr 
A A A A  N 

lO%wnx 0.5 i i 
1 . 0  i + 

257, wax 0.5 + i 
1.0 i i 

A A A A  N 
A A A A  N 

A A A A  N 
A A A A  N 

A A A A  N 
A A A A  N 

25% wax 0 .5  i 4- 
1.0 - + 

- --- 

!/ Plus  (i-) dcnotcs  exceeding accep tab le  l e v e l s ;  negat ive  (-) denotes  no t  meeting them. - 
2/ Dr ipo la to r  t e s t :  Eu', none; $1, p i t t i n g  < 3 nuu; S, p i t t i n g  > 3 m ;  F, p i t t i n g  through t r e a t e d  zone - 
31  Zcro (0) i?otntion nlcans samplc f a i l e d  a previous  c r i t i c a l  t e s t  i n  t e s t i n g  sequence. - 
Li/  - 0 G C ~ O ~ C S  p ~ s s i n g  01 '111 t e s t s :  (1) l:rush r e s t ;  (2) L/Ln; (3) 4-hr hydra t ion ,  Numerals denotc which t e s t ( s )  r a i l e d .  
5/ S.mple s t 2 1 1  undcr t c s c .  - 
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Table 3 .  Water r epe l l ency  and s t r u c t u r a l  s t a b i l i t y  of  wax t r e a t e d  
Gran i t e  Reef s o i l  samples exposed t o  freeze-thaw cyc l ing .  

Pre -weathering- I/  Freeze-thaw 

4-hr 2/ Drip- - 
Repe l l en t  Rate  L/Ln hyd Cycles o l a t o r  

kg/m 
2 

-t - + - 
P a r a f f i n  wax 

116 AMP 

128-131 AMP 

Par .  wax + 5% e thy lene  0.38 + f 18 N 

v i n y l  a c e t a t e  copolymer 0.50 -I- f 11 7 N 

0.75 4- 4- 188 N 

1/ Plus (f) denotes  exceeding acceptab le  l e v e l s ;  nega t ive  (-) denotes  - 
no t  meeting them, 

21 N denotes  no e r o s i o n  from t e s t .  - 
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Table 4 .  Number of freeze-thaw cyc le s  r equ i r ed  t o  des t roy  s t r u c t u r e  of s o i l  
samples t r e a t e d  w i t h  mixtures  of  p a r a f f i n  (128-131 AMP), s i l i c o n e  
coupling agent  (2-6076) and t a c k i f y i n g  agent  (L-60). 

S o i l  
Grani te  Seneca Monument S u p e r s t i t i o n  

Ree E (0-8 cm) Tank (2-3) Sand 

Appl ica t ion  r a t e  (kg/m ) 
2  

Repe l l en t  0.50 0.75 0.50 0.75 0.50 0.75 0.25 0.50 0.75 
- -- 

~ax/Z-6076/L-60 freeze-thaw cyc le s  

1/ Dash denotes  sample was not  t e s t e d .  - 
21 Zero (0) denotes  sample f a i l e d  4-hr hydra t ion  t e s t .  - 
3/ Sample s t i l l  under t e s t .  - 
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Table 5. P r e c i p i t a t i o n  runoff  o f f  p a r a f f i n  wax (P wax)- and dus t  suppres san t  (DS)-treated s o i l s  v s .  smoothed and 
butyl-covcrcd s o i l .  

Gran i t e  Rcef Userv Pass 

10 rn2 p l o t s  200 m2 p l o t s  
#14 # l l  +13 R-3 R-2 

10 m2 p l o t s  

DS f 
Date Prccip .  Sniooti1cd Eutyl P wax Smoothed P wax Dn t c  Prccip .  Smnot!ied ? wax 

1975 ! 975 tin:] % runof f  mn - Z r u i m i f  - 
14 Feb 
15 Feb 
8-9 Har 
10-11 Plar 
11 PL?r 
14 I.l::r 
6-7 Apr 
9 ilpr 
L J u l  
14 J u l  
27 J u l  
6 Sep 
28-27 h'ov 
13-14 Dcc 
21 Dcc 

8 Jan  
31  J a n  
5 Fcb 
14 Fcb 
18 E'eb 
11 >t1r 
17 Pir 
27 P!ar 
1 Apr 
7 Apr 
11 Apr 
4 Jul 
11-13 J u l  
28 J u l  
8 Scp 
20 Oct 
2  Dee 
13-14 Dec 
21 Dcc 

1/ Data l o s t .  - 
2 /  Data suspec t .  - 
3/ Suiraaries s t  Gran i t e  Rcef based on c o l l e c t e d  d a t a ;  summaries a t  Usery Pass based on c o l l e c t e d  p lus  es t imated - 

da ta .  
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T . 1 ' 3 l c .  0 .  I.i!ledr r eg re s s ion  nn,llyscs o f  r a i n i f i l l  runoff  d a t a  from r e p r e s e n t a t i v e  p l o t s  a t  t h e  Gran i t e  Reef t e s t  s i t e .  

X) t .1 - !<- 1 I,- 2  L- 1 L-4 L- 7 L-3 R-4 A-4 t 1 3  R-2 
S,>nt- 

I I : io!' 2 : I  Clcrircd Polyc thylene  Butyl A l - f o i l  S i l i c o n e  water  S i l i c o n e - r e p e l k a t  S i l i c o n e  & P a r a f f i n  Pa ra f f in  
( 4 t i i t . v ~ )  wntcrslwd : ~ n d  t op  s twc t ing  top  on r e p e l l e n t  s o i l  s  t a b i l i z e r  s t a b i l i z c r  wax way. 

smoo t  lwd s!wcting a s p h a l t  t r c a t J , r e t r e a t  t r e a t  + r e t r e a t  
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Table G. Linca r  r e g r e s s i o n  ann lyscs  o f  r n t n f n l l  runofC d a t a  from r e p r c s c n t n t i v c  p l o t s  n t  t h c  Gran i t e  Rccf t e s t  s i t e  (Cont'd). 

Sotn- It- 1 L- 2 L- 1 L-4 L- 7 L-3 . - R-4 A-4 1113 R-2 
Ycar t i o n  53 t w i l l  Clcarcd Polyc thylenc Butyl  Al-Soil  S i l i c o n c  wa tc r  S i l i c o n e - r c p c l l e n t  S i l i c o n c  & P a r a f f i n  Pa ra f f i  
(G CLI~::IS ) vo tc r shcd  and, t op  s h c c t i n g  t o p  on r c p c l l c n  t s o i l  s t a b i l i z c r  s t a b i l i z e r  wax way. 

smoo thcd s l ~ _ ~ - $ j n p , - - t s p h g ~ - - -  t r c n t  $retreat t r e a t  * r c  t r c o t  

I /  o -- nu3:bc.r of usnt,lc runoff cvcnts  i n  tlw a n a l y s i s ;  r = regrcss ion c o c f r i c i c n t ;  I3 = s lopc  o f  l i nc3 r  cquat ion;  - 
(-ZJB) = a w u n t  of precipitaCior1 ncccssclry Lo i n i l i n t e  runoff  o f f  p lo t s ,  i. c. ,  s u r i a c c  r c t c n l i o n .  

? /  Plot  t r c a t c d  i n  n i d  yca r .  - 
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TESTING SEQUENCE 

RELATIVE REPELLENCY 

\L a. REPELLENCY 
4 -HOUR- HYDRATION b ,  STABILITY 

I 
I 

\Ir \I/ J 
FREEZE- THAW 

n 

I 4-HR-HYDRATION 

DR IPOLATOR DR IPOLATOR 

Figure 1. Laboratory testing sequence for evaluating water-repellent 

soil treatments for water harvesting. 
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( a )  SURFACE WEATHERING O N L Y  

(to) WEATHERING THROUGHOUT TREATED ZONE 

Figure  2 .  Hypothet ical  y e a r l y  p l o t s  of p r e c i p i t a t i o n  events  vs  
runoff  o f f  water - repe l l . en t  water -harves t ing  catchments 
f o r  (a)  " inc reas ing  depth  of s u r f a c e  weathering, and 
(b) weathering throughout the  t r e a t e d  r e p e l l e n t  zone. 
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Figure 3 .  Weathering of a  s i l i c o n e  t r e a t e d  water-harvest ing catchment a s  depicted by the 
year ly  constants  o f  l i n e a r  r eg ress ion  analyses of runoff da ta :  ( -A/B) i s  
threshold water r e t e n t i o n ;  I3 r e l a t e s  t o  proport ion of runoff  a f t e r  threshold 
i s  s a t i s f i e d .  
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P A R A F F I N  A X  

B : OPEN S Y  

A / B  : CLOSED SY 

I 2 3 4 5 

Y E A R S  AFTER TREATMENT 

Figure 4 .  Weathering of a  p a r a f f i n  wax t r e a t e d  water-harvest ing 
catchment as  depicted by the year ly  constants  of l i n e a r  
r eg ress ion  ana lys i s  of runoff da ta .  
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TITTX : mSEhRGH, DEVELOPPENT, AND DEMOHSTRhTIOX 

MATED SWAGE IJATER DISTRIBUTION SYSTENS 

IRRIGAT I O N  

OP AUTO- 

FOR GPUIVITY 

CRIS WORK UNIT: 5510-12260-004 CODE NO, : USlJC 74-2 

INTRODUCTION : 

An automated i r r i g a t i o n  scheme reduces farm labor  requirements .  

Automation, as a n  i r r i g a t i o n  management t o o l ,  a s s u r e s  more p r e c i s e  

c o n t r o l  of t h e  i r r i g a t i o n  time o r  q u a n t i t y  of water  app l i ed .  Such 

could  r e s u l t  i n  water  sav ings  and crop  yie1.d improvement by minimiz- 

i n g  prolonged inundat ion  t ime and crop  sca ld ing .  Water r e t u r n  f low 

and a s s o c i a t e d  water  q u a l i t y  degrada t ion  t o  a r i v e r  sys  tem such as 

r h e  Colorado River w i l l  b e  reduced, Conveniently,  automation a l s o  

e l i m i n a t e s  t h e  need f o r  cont inuous i r r i g a t o r  a t tendance .  

Automation of farm i r r i g a t i o n  systems, bo th  underground and 

open-ditch, i s  s t i l l  i n  the experimental  s t age .  The systems a r e  

moderately s u c c e s s f u l  b u t  need t o  be reEined. A t rend  i n  t h e  South- 

wes tern  United S t a t e s  i s  t o  i r r i g a t e  l e v e l  f i e l d s  ( l e v e l  bas ins )  from 

s i n g l e  o r  m u l t i p l e  o u t l e t s  u s i n g  15 c f s  o r  l a r g e r  s t reams of water ,  

The s i n g l e  o u t l e t  t u rnou t  i s  g e n e r a l l y  achieved wi th  a manually 

opera ted  jack-gate.  An e f f o r t  has  been made t o  automate t h e  jack- 

g a t e s  by A g r i c u l t u r a l  Research Se rv i ce  personnel  i n  P t .  Co l l i n s  and 

Phoenix. The technique needs t o  be  eva lua ted  under f i e l d  cond i t i ons  

and modif ied i f  necessary.  The m u l t i p l e  o u t l e t  scheme i s  g e n e r a l l y  

accompl is l~ed  u s i n g  c i r c u l a r  conc re t e  p ipe  tapped i n t o  the s i d e  of t h e  

conc re t e  l i n e d  d i t c h  w i t h  water  f low c o n t r o l l e d  by a s l i d e  g a t e  on 

- t h e  i n l e t  end of t h e  p ipe ,  Such systems have been automated p rev i -  

ous ly  by us ing  a movable p l a t e  a c t u a t e d  a g a i n s t  the o u t l e t  end of t h e  

conc re t e  p ipe ,  The system should be  improved upon and i t s  use  demon- 

s t r a t e d  i n  t h e  f i e l d .  

I n  a d d i t i o n  t o  emphasizing t h e  r e l a t i v e l y  l a r g e  s t ream tu rnou t  

automation, f u t u r e  r e sea rch  and clemonstrational s t u d i e s  should be 

aimed a t  t h e  design of equipment f o r  smal l  farms. PIuc11 learned  from 

t h e  l a r g e  tu rnou t  systems w i l l  be a p p l i c a b l e  t o  the  smal l  systems. 

I n  a 1 1  cases ,  the tec.hnic~ues used must be s imple i n  opera t ion ,  
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r e l i a b l e ,  and economical. Fur ther ,  i n s t a l l a t i o n  procedures  and 

maintenance requirements  should be s t r a i g h t f o r w a r d  and w i t h i n  the  

c a p a b i l i t i e s  of be ing  done by t h e  farm ope ra to r .  

OEJECTIrnS : 

This  stud.y i s  p a r t  of a n  o v e r a l l  eEEort t o  improve t h e  i r r i g a -  

t i o n  e f f i c i e n c y  i n  t h e  Wellton-Mohawk I r r i g a t i o n  and Drainage D i s -  

t r i c t  and r e s u l t a n t  low water  q u a l i t y  r e t u r n  f low t o  t h e  Colorado - 

River  wi th  ob j ec  Lives 

(1) To demonstrate  (on-farm) t h e  use  of p r e s e n t l y  a v a i l a b l e  

automation schemes f o r  s u r f a c e  water  d i s t r i b u t i o n  systems 

i n  t h e  Wellton-Nohawlc a r e a  of Arizona, 

(2) To design,  develop, and demonstrate  improved automated 

systems,  

WORK PUN AND RESULTS : 

Two f i e l d s  were s e l e c t e d  t o  complete t h e  f i e l d  i n s t a l l a t i o n ,  

eva lua t ion ,  and demonstrat ion of t h e  automated systems. A 65-acre 

f i e l d  was automated on t h e  Bob Woodhouse farm, on which s i n g l e  out-  

l e t  jack-gates  a r e  used,  S ing le  jack-gates a r e  l oca t ed  a t  t h e  cor-  

n e r s  of each of e i g h t  l e v e l  bas ins  making up t h e  65 a c r e s  (Figure 1 ) ,  

I n s t a l l a t i o n  of t h e  system w a s  completed i n  May 1975, A 70-acre 

f i e l d  was automated i n  November 1975 on the J i m  Naquin farm on which 

m u l t i p l e  p o r t  o u t l e t s  were t h e  primary means of t u r n i n g  t h e  water  

ou t .  S ix teen- inch  conc re t e  p ipe  tu rnou t s  were used on e i t h e r  s i d e  of 

a c e n t r a l l y  l oca t ed  conc re t e  l i n e d  d i t c h  t o  t u rn  water  i n t o  s i x  l e v e l  

b a s i n s ,  A jack-gate  w a s  used t o  t u r n  water ou t  i n t o  a seventh l e v e l  

f i e l d  whi le  t h r e e  o t h e r  jack-gates  were used a s  check g a t e s  i n  t h e  

supply  d i t c h  (F igure  2). A l l  f i e l d s  on e i t h e r  farm can be i r r i g a t e d  

s e q u e n t i a l l y ,  when t h e  i r r i g a t i o n  i s  s i g n a l l e d  t o  commence by the  

i r r i g a t o r ,  o r  by an  overflow f l o a t  l oca t ed  i n  t h e  c a n a l  on t h e  Naquin 

Earrn, 

Equipment € o r  mechanizing the  f i e l d s  was designed and lo r  spec i -  

f i e d  he re  a t  Phoenix wi th  a s s i s t a n c e  from E-Iasold Duke and 2"1, L. Paxyne 

of P t .  Co l l i n s .  The a i r  c y l i n d e r s  used on the  Woodhouse farm were 

p a t t e r n e d  a f t e r  a des ign  by t h e  hPlS personnel  i n  F t ,  C o l l i n s  and were 
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b u i l t  h e r e  a t  t h e  U. S, Water Conservat ion Laboratory shop whi le  

t hose  used on t h e  Naquin farm were purchased commercially, The fun- 

damental ope ra t ion  and c a p a b i l i t y  of each system was s p e c i f i e d  and 

developed h e r e  a t  t h e  l abo ra to ry  a long  w i t h  t h e  c o n s t r u c t i o n  of t h e  

r e q u i r e d  c o n t r o l l e r s  and p o r t  c l o s u r e  devices ,  Concrete o u t l e t  

s t r u c t u r e s  were cons t ruc t ed  f o r  energy d i s s i p a t i o n  and e r o s i o n  con- 

t r o l  f o r  t h e  conc re t e  p ipe  o u t l e t s  on f i e l d s  5 and 6 of t h e  Naquin 

farm, 

We a r e  a p p r e c i a t i v e  of t h e  coopera t ion  t h a t  Bob Woodhouse and 

J i m  Naquin have g iven  u s  dur ing  1975, They have spen t  much time and 

e f f o r t  i n  making t h e i r  farms a v a i l a b l e  f o r  our  u s e  dur ing  development 

and f i e l d  days - - ce r t a in ly  inconveniencing them a t  times--and ar rang-  

i n g  f o r  wa te r  from t h e  I r r i g a t i o n  and Drainage D i s t r i c t  a t  our  

r e q u e s t ,  A l l  a s p e c t s  a r e  most important  f o r  s u c c e s s f u l  development 

and demonstrat ion of automated equipment. Cooperation from t h e  Uni- 

v e r s i t y  of Arizona personnel  s t a t i o n e d  a t  Yuma, Arizona, w a s  r ece ived  

du r ing  t h e  i n s t a l l a t i o n  of t h e  systems i n  t h e  f i e l d ,  

The fundamental means by which t h e  two farms were automated can 

b e  i l l u s t r a t e d  by l i s t i n g  t h e  b a s i c  components involved, t h e  f u n c t i o n  

of each, and t h e  r e s p e c t i v e  requirements ,  

(1) Gate o r  p o r t  a c t u a t i o n  - pneumatic, bo th  s i g n a l  and opera- 

t i on ,  g a t e  o r  p o r t  r equ i r ed  t o  be  normally open i n  c a s e  of 

a i r  l o s s  t o  system. 

( 2 )  Contro l  c e n t e r  - a i r  compressor, c o n t r o l  panel ,  and t imer ,  

(a) A i r  compressor - supply  a i r  t o  system f o r  a c t u a t i o n  

and c o n t r o l ,  r e q u i r e s  110 VAC. 

(b) Cont ro l  pane l  - means by which c e r t a i n  repea tab le-  

f u n c t i o n s  a r e  b u i l t  i n t o  t h e  system as w e l l  a s  capa- 

b i l i t y  of i r r i g a t o r s '  s e l e c t i o n  of c e r t a i n  f u n c t i o n s  

p r i o r  t o  i r r i g a t i o n  s t a r t -up .  

(c)  Timer - e l e c t r i c a l l y  d r iven  (110 VAC), used t o  

pneumatical ly  a c t u a t e  va lves  according t o  r e q u i r e d  

time, time s e t  p r i o r  t o  i r r i g a t i o n .  

(3) A i r  l i n e s  - compressed a i r  i s  suppl ied  by t h e  compressor 

l oca t ed  a t  t h e  c o n t r o l  c e n t e r  t o  t h e  va r ious  g a t e s  a n d l o r  
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p o r t  l o c a t i o n  by means of bu r i ed  p l a s t i c  tubing,  e i t h e r  

118-inch o r  3116-inch I D  (114- and 5116-inch OD) poly- 

e t h l y l e n e .  The tub ing  w a s  bu r i ed  t o  a depth of a t  l e a s t  

2 112 E t  a long  t h e  t o e  of t h e  c a n a l  i n v e r t .  

S a f e t y  overf low equipment - f l o a t s  i n  t h e  c a n a l  a r e  used 

t o  mechanical ly  a c t u a t e  a i r  va lves  which s i g n a l  pneu- 

m a t i c a l l y  t o  t h e  c o n t r o l  c e n t e r  when f low i n  t h e  f i e l d  

c a n a l  i s  excess ive ,  The s i g n a l  i s  r ece ived  a t  t h e  c o n t r o l  

c e n t e r  and p r e s e l e c t e d  f i e l d  t u rnou t s  a r e  opened, 

F i e l d  i r r i g a t i o n  sequence - capable  of any sequence d e s i r e d  

by t h e  ope ra to r  and can be  s e t  a t  t h e  c o n t r o l  cen ter .  

Excess water  a t  end of i r r i g a t i o n  - p a r t  of s a f e t y  over- 

f low c i r c u i t r y  b u t  a c t u a t e d  by s p e c i f i c  t imer  s t a t i o n  

r a t h e r  than  overflow f l o a t s ,  

The c o s t  of m a t e r i a l s  and t r ench ing  r equ i r ed  t o  conver t  t h e  

jack-gates  from nlanual t o  automated o p e r a t i o n  on t h e  Woodhouse farm 

was about  $3300, These same c o s t s  on t h e  p o r t  tu rnout  conversion on 

Naquin's ( l e s s  t renching)  were about  $4900. The t renching  and gen- 

e r a l  i n s t a l l a t i o n  requirements  f o r  the  p o r t  conversion were more 

ex tens ive  than  those  f o r  t h e  jack-gates.  No informat ion  i s  a v a i l -  

a b l e ,  however, on t o t a l  i n s t a l l a t i o n  c o s t s .  It should be noted t h a t  

t h e  equipment used on t h e s e  two Earns could f e a s i b l y  s a t i s f y  t h e  

requirements  f o r  a much l a r g e r  acreage  depending on t h e  p a r t i c u l a r  

i r r i g a t i o n  layout .  

SUMMARY AM> C ONCLUS IONS : 

The automated system on t h e  Woodhouse farm was s u c c e s s f u l l y  

used f o r  t e n  i r r i g a t i o n s  dur ing  1975. A s i g n i f i c a n t  p o i n t  was t h a t  

t h e  l a s t  e i g h t  i r r i g a t i o n s  were completed by t h e ' f a r m e r  and/or  h i s  

i r r i g a t o r  wi thout  a s s i s t a n c e  from t h e  developers / researchers .  

The automated p o r t  system on t h e  Naquin farm was used once dur- 

i n g  1975. It i s  planned t h a t  someone from the  U. S, Water Conserva- 

t i o n  Taboratory be  p re sen t  dur ing  use  of t h e  system u n t i l  s a t i s l i e d  

t h a t  ope ra t ion  i s  s a t i s f a c t o r y ,  r e l i a b l e ,  and t h a t  t he  coopera tor  i s  

f a m i l i a r  wi th  i t s  u se ,  Present ly ,  t h e  upper Eour f i e l d s  on t h e  
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Naquin farm are in alfalfa and the lower three are in wheat which 

will generally necessitate separate irrigations until June 1976, 

The performance of the automated systems will be evaluated. and 

where necessary modified or redesigned to meet desired performance 

requirements, Results of this research will be disseminated in 

cooperation with the Extension Service by publications and meetings, 

the Soil Conservation Service, farm magazines, field-day demonstra- 

tions, and technical journals, The systems were demonstrated to 

visiting groups on several occasions (4-5 field days) during the 

summer and early fall of 1975 by U, S. Water Conservation laboratory 

personnel, The systems were also visited on other occasions by 

personnel from the University of Arizona, Soil Conservation Service, 

Bureau of Reclamation, or Wellton-Mohawk Irrigation and Drainage 

District as well as individual farmers, 

PERSOENEL: Leonard J. Erie, Allen R. Dedrick, and John A, Replogle. 
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F i e l d  5 
9.2  Acres 

6.8 Acres . 

F i e l d  6 

F i e l d  8  

8.. 9 Acres 

F i e l d  .3 

- Border-road 
combinat i on  --------s3- 

Jack-ga te  check- 

+- c o n t r o l  c e n t e r  

-. 

F i e l d  4 
8.6 Acres 

F i e l d  1 

8.8 Acres 

\Q-- Jack-ga te  
t u rnou t s  

F i e l d  2 

8 . 1  Acres 

4 supply, 
concre te  l i n e d  
cana l  

F igure  1. F i e l d  layout  f o r  automated i r r i g a t i o n  demonstrat ion on Woodhouse farm. 
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lgWater supply,  conc re t e  l i n e d  c a n a l  

F igure  2 .  F i e l d  l ayou t  f o r  automated i r r i g a t i o r r  cleinonstration 
on Naquin farm. 
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TITLE : TIME RATE MOVEqENT OF WATER FOR DEAD LEVEL IRRIGATIOTT 

CRIS WORK UNIT: 5510-12260-004 CODE NO,:  USWCL 74-3 

INTRODUCTIOH : 

To reduce  t h e  q u a n t i t y  o f  s a l t  water  r e tu rned  t o  t h e  Lower 

Colorado River  System nea r  Yuma from t h e  Wellton-Hohawlc I r r i g a t i o n  

P r o j e c t  f o r  d e s a l i n i z a t i o n ,  t h e  a p p l i c a t i o n  e f f i c i e n c y  of  i r r i g a t i o n  

water  i n  t h e  Wellton-Mohawk P r o j e c t  must be  improved. Improving t h e  

management of  t iming and t h e  o v e r a l l  i r r i g a t i o n  e f f i c i e n c y  a l s o  

dec reases  t h e  amount of  water  pumped t o  t h e  Well ton-PIohat~k Pro j  e c t ,  

and t h i s  dec reases  t h e  s a l t  load .  Timing of i r r i g a t i o n s  and q u a n t i t y  

o f  water per  i r r i g a t i o n  can be improved by Extension educa t ion ,  

demonstrat ion,  and u s e  of e x i s t i n g  r e s e a r c h  knowledge. 

The i r r i g a t i o n  a p p l i c a t i o n  e f f i c i e n c y  i n  many c a s e s  can be 

improved by changing t h e  farm i r r i g a t i o n  systems. A method of  

i r r i g a t i o n  r e f e r r e d  t o  a s  "dead-level" can be h i g h l y  e f f i c i e n t ,  

and r e p r e s e n t s  one such change. 

A semblance of dead-level  i r r i g a t i o n  commenced about  1954. 

A t  t h a t  t ime, l e v e l i n g  payments would n o t  be  pa id  u n l e s s  some s lope ,  

approximately 3 i nches ,  remained i n  t h e  o v e r a l l  l e n g t h  of  run.  

S ince  t h a t  t ime, many farmers  on t h e i r  own i n i t i a t i v e  have e l imina ted  

t h e  r equ i r ed  s lope ,  wliich has  r e s u l t e d  i n  dead- leve l  systems. This  

has  proved s o  s u c c e s s f u l  t h a t  over 50% of t h e  v a l l e y  lands  i n  t h e  

Wellton-Mohawk I r r i g a t i o n  D i s t r i c t  a r e  designed t h a t  way, The 

fa rmers '  acceptance  and p o s i t i v e  a c t i o n > i n  developing t h e i r  l a n d  i n  

t h i s  manner i s  probably t h e  b e s t  i n d i c a t i o n  of  i t s  success .  These 

successes  compare very  c l o s e l y  wi th  r e s u l t s  ob ta ined  i n  lower Texas 

by Ross and Swanson (4) .  Jensen  and Howe (3) r epor t ed  on n e a r l y  

dead-level  f i e l d s  on sandy s o i l s .  They found h igh  ef .Eic ienc ies  

(80% t o  95%), u t i l i z i n g  border  checks. I n  1965, Dimick (2) r e p o r t e d  

on low-gradient  bo rde r s  i n  South Dakota on c lay- type  s o i l s .  Davis 

and ~ i i l h i t e  (1) a l s o  r epo r t ed  on low-gradient s lopes  i n  Colorado. 

Most border  s t u d i e s  d i d  have some g r a d i e n t ,  and g e n e r a l l y  l a r g e  flows 

were n o t  p o s s i b l e .  The r epor t ed  s t u d i e s  a r e  n o t  a p p l i c a b l e  t o  l a r g e  
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acreage,  dead- leve l  benches (up t o  40 a c r e s )  and l a r g e  s t ream poten- 

t i a l s ,  such a s  used i n  t h e  Wellton-Mohawk a r e a ,  Perhaps t h e  b e s t  

c r i t e r i a  f o r  des ign  i s  a s s o c i a t e d  wi th  t h e  systems t h a t  a r e  a l r e a d y  

i n  and o p e r a t i n g  e f f i c i e n t l y ,  

Information should be determined a s  t o  t h e  a c t u a l  water  move- 

ment w i th  t ime and d i f f e r i n g  f i e l d  con f igu ra t ions ,  a s  r e l a t e d  t o  

v a r i o u s  o u t l e t  l o c a t i o n s  and secondary d i t ches .  This  information 

w i l l  be  a  u s e f u l  guide i n  des igning  and managing oE dead- leve l  

i r r i g a t i o n  systems. 

OBJECTIVES : 

(1) To determine t h e  eEEects on time-rate-of-advance curves f o r  

dead- leve l  i r r i g a t i o n  t h a t  a r e  caused by 

(a) F i e l d  con f igu ra t ion ;  

(b) Stream s i z e  o r  a p p l i c a t i o n  r a t e ;  and 

(c) Number and l o c a t i o n  of o u t l e t  s t r u c t u r e s .  

(2) To p u b l i s h  i n  a  p r a c t i c a l  format des ign  p r i n c i p l e s  and water  

management c r i t e r i a ,  i nc lud ing  cons ide ra t ion  of c u l t u r a l  

changes, f o r  implementing dead- leve l  i r r i g a t i o n .  

RESEhRCH APPROMI-I: 

The s t u d i e s  w i l l  c o n s i s t  of making v a r i o u s  time r a t e s  oE advance 

from d i f f e r e n t  types  of o u t l e t s  and s i z e s  of s t reams of water ,  These 

w i l l  be conducted on farms near  Blythe,  CA, Parker ,  AZ, and on t h e  

Wellton-Mohawk p r o j e c t  nea r  Yuma, AZ. Support ing d a t a  w i l l  inc lude  

i n f i l t r a t i o n  measurements, s o i l  mois ture  s t a t u s ,  c rop  s t a t u s ,  s o i l  

c u l t u r a l  s t a t u s ,  and gene ra l  s o i l  types.  

RESULTS A I D  DISCUSS 20H : 

One rate-of-advance p r o j e c t  was conducted on a ve ry  t i g h t  c l a y  

s o i l  nea r  Blythe, CA. A 40-acre, dead- leve l  E ie ld  of row crops  was 

i r r i g a t e d  w i t h  a 34 c f s  stream. E s s e n t i a l l y ,  a11 t h e  i n t a k e  was 

involved wi th  deep cracks  and soaking of t h e  p l a n t  bed, In t ake  poten- 

t i a l  (and thus  p o t e n t i a l  water  s t o r a g e )  :?as e s s e n t i a l l y  complete when 

the  water  a r r i v e d  a t  che lower end, For t h i s  case,  t h e  major ques- 

t i o n  i s  how m ~ ~ c l l  water  does i t  t ake  t o  f i l l  the  c racks  and par  t i a l l y  

sub the  beds;  then apply  t h i s  q u a n t i t y  02 water ,  S ince  t h i s  cluanfity 
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was i n ~ p o s s i b l e  t o  determine by convent iona l  methods, i t  was a m a t t e r  

of observ ing  t h e  r a t e  of advance, then c u t t i n g  t h e  water  o f f  s o  t h a t  

i t  j u s t  a r r i v e d  a t  t h e  end of t h e  f i e l d  w i t h  enough s u r p l u s  t o  back 

up through any u n i r r i g a t e d  furrows,  

One rate-of-advance s tudy  w a s  conducted on two 10-acre dead- 

l e v e l  f i e l d s  of v e r y  dense ly  p l an ted  wheat, The c rop  was about  12  

inches  t a l l ,  i r r i g a t e d  from a th ree -po in t  source  a c r o s s  a 330 f t  

f r o n t a g e  on v e r y  t i g h t  s i l t y  s o i l ,  wi th  a 15 c f s  s t ream of water .  

This  s tudy  was conducted on t h e  farm of a ve ry  p rog res s ive  farmer 

i n  t h e  Wellton-Mohawk p r o j e c t  nea r  Tacna, AZ, who has  been u s i n g  

dead- leve l  i r r i g a t i o n  f o r  years .  F i n a l  i n t a k e  r a t e s  were l e s s  than  

.l inches  pe r  hour, y e t  t h e  farmer d i d  n o t  wish t o  change t h e  s e t  

u n t i l  water  w a s  ou t  t h e  end of t h e  f i e l d .  S ince  i n i t i a l  i n t a k e  was 

a l s o  low a f t e r  t h e  c racks  (2  inches  deep) were E i l l e d ,  i t  meant t h a t  

t h e  farmer could i r r i g a t e  s t r i c t l y  w i th  a c lock  and n o t  concern him- 

s e l f  a s  t o  where t h e  water  had advanced, as long a s  he  wished t o  

apply  a reasonable  amount of water  t o  t h i s  s o i l ,  S ince  t h e  t o p  s o i l  

w a s  r a t h e r  damp from a r e c e n t  r a i n ,  a ve ry  sma l l  (2 inch)  a p p l i c a t i o n  

could  have been p o s s i b l e  on a row crop. 

SUMPWRY AND CONC LUS IONS : 

These two length-of-run s t u d i e s  p o i n t  ou t  t h e  importance of 

management, even wi th  dead-level  i r r i g a t i o n ,  and wi th  a n  o p e r a t o r  

who i s  p rog res s ive  and w e l l  acquain ted  wi th  t h e  c o n s t r u c t i o n  and 

c u l t i v a t i o n  phases,  Once t h e  proper  informat ion  is a v a i l a b l e  a 

t each ing /ex tens ion  program should be i n i t i a t e d .  Add i t iona l  r u n  

s t u d i e s  a r e  planned, 
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Lance, 5. C .  F a t e  of n i t r o g e n  i n  sewage e f f l u e n t  --- 
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mental Control".  CRC P res s ,  Cleveland, Ohio. 
( I n  p r e s s ) .  532 

Bouwer Herman, and Rice,  R .  C .  A s l u g  t e s t  f o r  --L- 
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Conf, o f  I n t e r n a t l ,  Assoc, on Water P o l l u t i o n  
Research, Sydney, A u s t r a l i a ,  Oct. 1976, 
(Accepted f o r  p u b l i c a t i o n ) ,  543 

Lance, J *  G o ,  and Whisler ,  P.-1)_, S t imu la t ion  
o f  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  wastewater ,  Jour  . Water 
P o l l u t ,  Cont ro l  Fed. ( I n  press ) .  489 

Lance, J. G o ,  Whisler, P ,  D.,  and Rice, R. C ,  
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  
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