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TITLE : EVAPORATION OF LJATER FROM SOIL 

CRIS WORK UNIT: 5402-12260-002 CODE KO. : A r i z ,  -\?CL-68-1 

The o b j e c t i v e  and need f o r  the  r e sea rch  r epor t ed  under  t h i s  

r e s e a r c h  o u t l i n e  appeared i n  t h e  USWCL 1969 Annual Repor t .  Two 

f i e l d  experiments were conducted, one i n  J u l y  1970, t h e  second i n  

March 1971, i n  which so i l -wa te r  con ten t  and s o i l  t empera tures  were 

measured a s  a func t ion  of depth and time. Evaporat ion r a t e s  and 

va r ious  meteorologLca1 parameters  were a l s o  measured. The 1970 and 

1971 Annual Reports  c o n t a i n  d e t a i l e d  informat ion  on t h e s e  exper i -  

ments. During 1972 manuscripts  were prepared concern ing  so i l -wa te r  

f l u x  p a t t e r n s  a s  a func t ion  of t ime and depth,  and movement and 

accumulation of s a l t  under d i u r n a l  evapora t ing  c o n d i t i o n s .  

I n  1973, four  experiments were conducted. These experiments  

were designed t o  o b t a i n  d a t a  f o r  a p a r t i c u l a r  day a f t e r  i r r i g a t i o n  

dur ing  which t h e  most r a p i d  dry ing  of t he  s o i l  s u r f a c e  occurred .  

Analys is  of t h e  1971 da t a  had ind ica t ed  t h a t  t h e  a lbedo  ( t h e  r a t i o  

of r e f l e c t e d  t o  incoming s o l a r  r a d i a t i o n )  increased  d r a m a t i c a l l y  a 

few days a f t e r  i r r i g a t i o n ,  and t h i s  a lbedo i n c r e a s e  was c o r r e l a t e d  

wi th  t h e  r a p i d  dry ing  of  t he  s u r f a c e  few m i l l i m e t e r s  of s o i l .  

The experiments were of b a s i c a l l y  t h e  same des ign  a s  t h e  1970 

and 1971 experiments wi th  t h e  except ion t h a t  s o i l - w a t e r  con ten t s ,  

s o i l  temperatures ,  evapora t ion ,  and meteoro logica l  parameters  were 

obta ined  a t  twenty-minute i n t e r v a l s ,  and t h e  water -content  sample 

depth increments  were changed t o  0-0.2, 0-0.5, 1-2, 2-4, 4-6, 6-8, 

8-10 cm. A l l  s o i l  samples were saved f o r  f u t u r e  s a l t  c o n t e n t  

a n a l y s i s ,  

During 1973 a n a l y s i s  was completed on s e v e r a l  a s p e c t s  of the 

evapora t ion  process .  These were the  comparison of c a l c u l a t e d  and 

measured so i l -wa te r  f l uxes ,  t h e  caLcula t ion  of s o i l  h e a t  f l u x ,  and 

the  a n a l y s i s  of s a l t  f l u x .  I n  a d d i t i o n  a n a l y s i s  was completed on 

the  d i u r n a l  and seasonal  a s p e c t s  of water use  by a berrnudagrass 

la.im. 
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A I. DIURNAL SOIL-WATER EVAPORATION: COMPARISON OF PIEASURED 

AND CATXULATED SOIL-WATER FLUXES 

A theory  developed by P h i l i p  and DeVries has  been used a s  a  

b a s i s  f o r  p r e d i c t i n g  t h e  movement of water  i n  s o i l  clue t o  bo th  

water  con ten t  and temperature g r a d i e n t s .  The theory  h a s  been 

l a r g e l y  used i n  l abo ra to ry  s i t u a t i o n s  and has n o t  been adequate ly  

t e s t e d  under n a t u r a l  f i e l d  cond i t i ons .  A manuscript,  a b s t r a c t e d  

below, has been prepared on t h i s  t o p i c .  

The theory of P h i l i p  and DeVries was used t o  p r e d i c t  s o i l  wa te r  

f l u x e s  occu r r ing  n e a r  t h e  s o i l  s u r f a c e  under d i u r n a l  f i e l d  condi-  

t i o n s .  The p red ic t ed  va lues  were compared with va lues  obta ined  by 

measurements of s o i l - w a t e r  conten t ,  s o i l  temperature,  and evapora t ion .  

Previous ly  measured so i l -wa te r  d i f f u s i v i t i e s  and water  vapor d i f f u -  

s i v i t i e s  were used i n  t h e  t h e o r e t i c a l  c a l c u l a t i o n s .  The thermal  

vapor d i f f u s i v i t i e s  were c a l c u l a t e d  us ing  both  t h e  "simple" t heo ry  

and t h e  "complete" theory  of P h i l i p  and DeVries. Comparison of 

measured and c a l c u l a t e d  f l u x e s  ind ica t ed  t h a t  t h e  t h e o r y  b e s t  

p r e d i c t s  t h e  measured va lues  a t  i n t e rmed ia t e  water  c o n t e n t s  and 

t h a t  t he  " isothermal"  theory i s  a  b e t t e r  p r e d i c t o r  a t  h igh  and v e r y  

low water  con ten t s .  

PERSONNEL: R. D .  Jackson 

PART 11 . DIURNAL SOIL-WATER EVAPORATION : ESTIMATION OF LIQUID AN3 

VAPOR PHASE FLUXES FROM CHLORIDE CONTENT MEASURENENTS 

Chlor ide  f luxes  f o r  a ba re  s o i l  undergoing d ry ing  were used t o  

e s t ima te  t h e  r e l a t i v e  magnitudes of l i q u i d  and vapor water  f l u x e s  

nea r  t h e  s o i l  su r f ace .  The t o t a l  water f l u x  was ob ta ined  from s o i l  

water conten t  and l y s i m e t r i c  measurements, and the  c h l o r i d e  f l u x  

from c h l o r i d e  content  i n  t he  same mass of s o i l .  Both water and 

c h l o r i d e  f l u x e s  were determined a t  va r ious  depths and t imes.  The 

l i q u i d  water  f l u x  was cal.culatec1 by assuming t h a t  t h e  c h l o r i d e  moved 

only i n  t h e  l-icluid phase. The vapor f l u x  was taken a s  t he  d i f f  e r -  

ence between t h e  t o t a l  and l i q u i d  water Eluxes. Reasonable e s t i -  

mates of the l i q u i d  f l u x  were obta ined  when f a c t o r s  t h a t  a f f e c t  t h e  
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c h l o r i d e  d i s t r i b u t i o n  i n  t h e  l i q u i d  phase i n  c o n t a c t  w i t h  t h e  s o i l ,  

such a s  an ion  exc lus ion ,  were included i n  the f  l ux  model. 

PERSONNEL: F. S. Nakayama 

PART 111. DIURNAL SOIL-WATER EVAPORATION: SOIL HEAT FLUX 

MEASUREMENT AND CALCULATION 

A new technique f o r  computing s o i l  h e a t  f l u x  was d ~ v e l o p e d  

which i s  based on measurements of only temperature and mois  Lure 

con ten t  of t h e  upper 20 cm of s o i l .  The technique, named the n u l l  

alignment method, i s  descr ibed  i n  d e t a i l  i n  a  manuscript  i n  prepara-  

t i o n  e n t i t l e d  "So i l  Heat Flux Determinat ion:  A Null  Alignment 

Method." Calorimetry i s  used t o  c a l c u l a t e  an i n i t i a l  e s t ima te  of 

t h e  s o i l  h e a t  f l u x  u t i l i z i n g  an i n i t i a l  guess  f o r  t h e  t h e r ~ n a l  con- 

d u c t i v i t y  a t  20 cm. Then Lhe temperature p r p f i l e s  f o r  t hose  times 

when zero temperature g r a d i e n t s  e x i s t  i n  t h e  upper 20 c m  a r e  used 

t o  f o r c e  a  " n u l l  alignment" of zero s o i l  h e a t  f l u x  w i t h  zero  

temperature g r a d i e n t  by c o r r e c t i n g  the  thermal c o n d u c t i v i t y  a t  20 cm. 

Then the  c o r r e c t e d  thermal conduc t iv i ty  a t  20 cm i s  used t o  s e -  

c a l c u l a t e  t h e  s o i l  h e a t  f l u x  f o r  a l l  time pe r iods  d u r i n g  the day. 

S o i l  h e a t  f l u x e s  computed wi th  the  n u l l  alignment technique  f o r  

s e v e r a l  days '  d a t a  were very comparable t o  those  measured by h e a t  

f l u x  p l a t e s .  

During t h e  s e v e r a l  s o i l  d ry ing  experiments c o ~ ~ d u c t e d  dur ing  

1973, s o i l  temperatures  were measured every 20 min a t  depths  of 0 .1,  

0.5, 1, 1.5,  2, 2.5, 3, 3.5, - - - , 95, 10, 12, 14, - - - 30, 32, 

48, 64, 96, and 128 cm. Concurrent g rav ime t r i c  mo i s tu re  samples 

were obta ined  a t  0-.2, 0-.5, 0-1, 1-2, 2-4, 4-6, 6-8, 8-10 cm every 

20 min and from 0-5, 5-10, 10-15, 15-20, 20-25, and 25-30 cm every 

four  hours.  From these  d a t a  s o i l  h e a t  f l uxes  were dekermined us ing  

t h e  n u l l  alignment method. 

These s o i l  h e a t  f t uxcs ,  determined o r  measured u s i n g  the  n u l l  

alignment method, a r c  be ing  used t o  t e s t  the theory  o f  DeVries 

(1958, l9G3) which seeks  t o  p r e d i c t  the thermal cox~c1uctivity and 

h e a t  f l u x  of a  s o i l  from the  bulk dens i ty ,  q u a r t s  f r a c t i o n  of 
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m?neral.s, o r g a n i c  mat t c r  con ten t ,  mols t u r c  con ten t ,  n~o-is t u r c  

g r a d i e n t ,  t empera ture ,  and tempera Lure gradlizn t .  Thc d e t a 5 . l ~  of  

thi.s comparison t e s t  a r e  desc r ibed  i n  more d c t a i l  i n  t h e  manuscr ip t ,  

"Diurna l  s o i l - w a t e r  evapora t ion :  comparison of  measured and c a l c u -  

l a t e d  s o i l - h e a  t f lux ,"  which i s  b e i n g  prepared .  The  prel i .minary 

conclus ions  a r e  t h a t  t h e  c a l c u l a t e d  and measured vz lues  ag ree  w e l l  

at- n i g h t ,  However, d u r i n g  t h e  daytime hour s  the  cn%cu la t ed  h e a t  

f l u x  was cons5derab l y  l e s s  n e g a t i v e  than  measured f o r  dep ths  

sIial1ower t h a n  about: 3 cm, a l though t h e r e  was f a i r  agreement below 

t h i s  depth .  

PERSONNEL: B.  A.  Kimball 

PART I V .  DLUFQ?AL k d D  SEASONAL SOIL WATER UPTAKE AND FLUX 

TJITHIN A BERNUDAGRASS ROOT ZONE 

Diurna l  wa te r  movement w i t h i n  a bermudagrass r o o t  zone and t h e  

uptake  of  wa te r  by t h e  r o o t s  was s t u d i e d  i n  a  f i e l d  p l o t .  D e t a i l s  

o f  t h e  experiment a r e  o u t l i n e d  i n  Annual Repores 1967 and 1968. A 

f a s t  response  tens iometer -pressure- t ransducer  system was used t o  

measure t h e  h y d r a u l i c  heads .  The r e l a t i o n s  of  p r e s s u r e  head t o  

water  c o n t e n t  and t o  h y d r a u l i c  c o n d u c t i v i t y  were determined i n  s i t u .  -- 
D i u r n a l  wa te r  c o n t e n t  and s o i l  water  f l u x  p roE i l e s  were de r ived  

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

tens iometer  system enabled t h e  c a l c u l a t i o n  of f l u x  and water  c o n t e n t  

changes ove r  2-hour i n t e r v a l s .  Rewetting of d r i e r  s o i l  from w e t t e r  

r e g i o n s  below occurred  r e g u l a r l y  i n  t h e  l a t e  a f t e rnoon .  D iu rna l  

water  e x t r a c t i o n  r a t e s ,  which were c a l c u l a t e d  f o r  different d e p t h s  

and t imes du r ing  the  growing season,  y i e l d e d  e v a p o t r a n s p i r a t i o n  

r a t e s  t h a t  agreed f avorab ly  wi th  r a t e s  measured on s i sn i l a r  clays i n  

p rev ious  y e a r s  u s i n g  a  l y s ime te r .  

PERSONNEL: P.. C .  R ice  
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TITLX : KiLATlVE CIIATIGES I N  TRANSPIWI'ION PdgD PHOTO- 

SYNTHESIS INDUCED BY S OIL WATER DEPLETIOLS 

I N  A CONSTMIT ENVLRONLHJ~NT 

GRIS WORK UNIT: 5402-12260-002 CODE NO . : A r i  z . -WCL 71--1 

INTRODU CT'XON : 

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

e f f i c i e n c y  (WUE) of c rops  and thereby  conserve a g r i c u l t u r a l  water  

s u p p l i e s .  

PROCEDURE : 

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

a g iven  p l a n t  s p e c i e s  w a s  s ~ ~ b j e c t e d  t o  a shor t - te rm drought  i n  a 

c o n t r o l l e d  environment w h i l e  measurements were made of  t h e  s imul ta -  

neous r a t e s  of  t r a n s p i r a t i o n  and pho tosyn thes i s ,  I n  t h i s  t ype  of  

r e s e a r c h  what i s  sought  i s  a s p e c i e s  w i t h  a hi-gh W U E  under  drought ,  

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

p l a n t  w i t h  a d e s i r a b l e  TR w i l l  r educe  i t s  t r a n s p i r a t i o n  propor t ion-  

a t e l y  more than  i t s  photosynChesis under drought .  A c rop  of such  

a s p e c i e s  would t end  t o  y i e l d  more d ry  matter .€or a g iven  amount of 

wa te r  t han  a c rop  coinposed of a s p e c i e s  w i t h  a h igh  TR. 

RESULTS AND DISCUSSION : 

S e v e r a l  p l a n t  s p e c i e s  were t e s t e d ,  many of  them i n  two s e p a r a t e  

experiments ,  t o  determine i f  t h e  r e s u l t s  could b e  d u p l i c a t e d .  S ince  

t h e  numerous d a t a  are n o t  f u l l y  analyzed,  t he  r e s u l r s  f o r  on ly  one  

s p e c i e s  w i l l  s e r v e  a s  an  example: black-eyed pea (V-igna s i n e n s i s ) .  

Data f o r  19 J u n e  1973. The p l a n t  was i r r i g a t e d  t o  "pot capac i ty , "  

a v a l u e  a t  which t h e  s o i l  m a t r i c  p o t e n t i a l  ($ ) :is -0.04 b a r ,  and 
M 

t h e n  w a s  exposed t o  g radua l ly  i n c r e a s i n g  i l l u m i n a t i o n  (arti.Eicia1 

"sunrise")  over a 75-minute per iod  'by u se  of a programmer capable  of 

r e p e a t i n g  t h e  same sequence on demand. Th3.s s u n r i s e ,  a l t hough  noc  as  

prolonged as i n  n a t u r e ,  n e v e r t h e l e s s  permi ts  water a b s o r p t i o n  t o  be  

reasonably  i n  ba l ance  w i t h  water l o s s  and thus p r e v e n t s  t h e  shock 

t h a t  might occur  ~ ? i t h  t h e  i n s t a n t i l l u ~ n a t i o n  common rin many growth 

chambers. 
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A l l  t h e  lamps were on by 1240, Which coi.ncided w i t h  t h e  a t t a i n -  
-2 h-l 

merit of t h e  maximal t r a n s p i r a t i o n  rate of 225 g m a va lue  

which w a s  maintained a t  e s s e n t i a l l y  t h i s  h i g h  l e v e l  f o r  E ive  h a l f -  

hour  p e r i o d s  (F igure  I ) .  Wot u n t i l  t h r e e  hours  a f t e r  t h e  peak rate 

d id  t r a n s p i r a t i o n  decrease  s i g n i f i c a n t l y ,  and then  by only  13%. 

This  k ind  of response a t t e s t s  t o  t h e  constancy of t h e  c o n t r o l l e d  

environment i n  t h e  t r ansp i r a t ion -pho tosyn thes i s  chariber. 

It i s  notex*~orthy t h a t  t h e  peak r a t e  of pho tosyn thes i s  wac n o t  

a t t a i n e d  u n t i l  131.0, one-half hour  a f t e r  fhe maximum f o r  kranspi ra -  

t o n  This  de lay  cannot b e  a t t r i b u t e d  t o  i n s u f f i c i e n t  s tornatal 

opening, because ,  f o r  a l l  pe r iods  except  t h e  f i r s t  h a l f  hour ,  l e a f  

r e s i s t a n c e  ( )  was l o v  enough t o  i n d i c a t e  e s s e n t i a l l y  complete 
- 1 stomata1  opening, i . e . ,  va lues  l e s s  than 2 s e c  cm . Thi s  d i s p a r i t y  

i n  t i n e  of  peak r a t e s  of t r a n s p i r a t i o n  and photosynthes is  imp l i e s  

t h e  e x i s t e n c e  of a nonstomatal  r e s i s t a n c e  t o  pho tosyn thes i s .  

The measurements taken  i n  t h e  chaiiiber permit  t h e  ca l .cu la t ion  

oE such a r e s i s t a n c e ,  t h e  so-ca l led  "mesophyll" r e s i s t a n c e  (R ' ) . 
M-l While lk d i d  n o t  vary  beyond a narrow range,  1.3 t o  1.7 s e e  cm 

f o r  f i v e  half-hour  pe r iods ,  s' decreased from 21.0 s e c  cm-I t o  
-1 

10.4  s e c  cm , w h i l e  t h e  pho tosyn the t i c  r a t e  ranged from 9.2 t o  
-2 

15 .5  mg dm h-I, r e s p e c t i v e l y .  Theref o r e ,  i t  appears  t h a t ,  a t  a 

given low v a l u e  of %, R,' was governing photosynthes is .  
LI 

Leaf t h i ckness ,  ob ta ined  by b e t a  ray gauging, i s  a n o n d e s t r u c t i v e  

method of moni tor ing  changes i n  l e a f  water  conten t .  The d a t a  i n  

F igure  1 show t h a t  l e a f  t h i ckness  d id  not  decrease  s i g n i f i c a n t l y ,  

thus  implying t h a t  t h e  r a t e  of water  abso rp t ion  was i n  ba l ance  w i t h  

t h e  t r a n s p i r a t i o n  r a t e .  The l a c k  of dehydrat ion was confirmed by 

t h e  va lues  of r e l a t i v e  l e a f  water  conten t  (RTJK), a measurement 

r e l a t i n g  t h e  a c t u a l  l e a f  water  conten t  a t  a g iven  time (obta ined  

from t h e  lea .€  tl-ticliness measurements) t o  t h e  water  c o n t e n t  a.t f u l l  

h y d r a t i o n  (obta ined  by keeping  t h e  f u l l y  i r r i g a t e d  p l a n t  overn ight  

i n  a t e n t  where t h e r e  was s a t u r a t i o n  vapor p r e s s u r e ) .  The P&WC 
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decreased  i n s i g n i f i c a n t l y  dur ing  t h e  f i r s t  day, from 95,0% a t  t h e  

beginning of t h e  test t o  94.3% a t  1310, then r i s i n g  t o  95,9% a t  

1540. 

The time of maximum WUE, i .e. ,  l owes t  TR,  as 1310, when t h e  

TR was 100. S ince  beyond t h a t  t i m e  t h e  r a t e  of pho tosyn thes i s  

decreased somewhat more than  t r a n s p i r a t i o n ,  t h e  TR r o s e  s l i g h t l y  . 
Data f o r  20 June  1973. A s t r i k i n g  f e a t u r e  of t h e  t r ansp i r a - -  - 

t i o n  d a t a  i s  t h a t  t h e  water  l o s s  a t  t h e  time when t h e  "sunrise"  was 

f i n i s h e d  agreed e x a c t l y  w i t h  t h e  l o s s  rate a t  t h e  end of t h e  previous 

day, 195 g m-2 h-19 a t  0930 (F igure  2 ) .  Also i n  agreeioent were t h e  
-1 % readings  cor responding  t o  t h i s  t r a n s p i r a t i o n  r a t e ,  1 . 9  s e c  cm , 

a g a i n  be ing  rinclicative of only a s l i g h t  s tomata1 c l o s u r e .  However, 

beyond 0930 t r a n s p i r a t i o n  began t o  decrease  s t e a d i l y  as Pi va lues  
-1 gradua l ly  i n c r e a s e d ,  t h e  l a t t e r  reaching  16.5 s e c  cm at  1500, 

j u s t  b e f o r e  i r r i g a t i o n .  I r r i g a t i o n  caused a drop i n  P t o  10.5 s e c  Z 
cm-I i n  t h e  n e x t  h a l f  hour;  t hen  t h e  l i g h t s  were tu rned  o f f .  

-2 k19 A t  1500 t h e  t r a n s p i r a t i o n  r a t e  had f a l l e n  t o  only 44.6 g m 

a n  80% dec rease  from t h e  peak r a t e  on t h e  previous  day. At t h i s  

t i m e  pho tosyn thes i s  had f a l l e n  t o  2.5 mg dm-' h ,  an 84% decrease  

from t h e  peak r a t e  on t h e  previous  day. On 20 June t h e  photosyn- 

t h e t i c  r a t e  reached i t s  peak a t  0900, one-half hour e a r l i e r  than  

t h e  t ime at which t h e  maximum t r a n s p i r a t i o n  rate was a t t a i n e d .  The 

d e c l i n e  i n  r a t e  a l s o  s t a r t e d  one-half hour e a r l i e r  f o r  photosyn- 

t h e s i s  t han  f o r  t r a n s p i r a t i o n .  Agafin i t  appears  t h a t  R ' was M 
s t r o n g l y  imp l i ca t ed  i n  t h i s  dec l ine ,  s i n c e  t h e  r i s e  i n  .%' from 

-1 
1900 t o  0930 was only from 2.6 s e c  cm-I t o  3.0 s e c  cm , whereas 

-1 t h e  corresponding r i s e  i n  lb' was from 13.2 t o  16.9 s e c  cm . Beyond 

0930 b o t h  2' and r o s e  s t e a d i l y ,  so  t h a t  bo th  r e s i s t a n c e s  un- 

doubtedly were e f f e c t i v e  i n  l i m i t i n g  photosynthes is .  
-2 

Leaf t h i ckness  i n i t i a l l y  was 17.33 mg c n  , a v a l u e  ac  r u a l l y  

h ighe r  t han  t h a t  a t  t h e  end of  t h e  previous day, p o s s i b l y  due t o  a 

s m a l l  amount of l e a f  growth overn ight .  However, a f t e r  f u l l  i l lumina-  

t i o n  occurred,  a t  0930, l e a f  th ickness  decreased s t e a d i l y  , r each ing  
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-2 
a E,j.nirnum of 15.94 mg cm at: 1330. The corresponding N.XC values  

l o r  t h e  ranges 01 l e a f  th-iclcnesses was from 99 -5% t o  9O,6%, showing 

that: p rog res s ive  dehydra t ion  occurred  clue t o  t h e  cont inued  t r a n s p i r a -  

t i o n .  The s l i g h t  recovery which took p l a c e  even b e f o r e  T r r i g a t i o n  

may n o t  b e  s i g n i f i c a n t .  I r r i g a t i o n  back t o  t h e  p o t  c a p a c i t y  brought  

about  an  irnmeciiate i n c r e a s e  i n  l e a f  t h i ckness ;  t h e  corresponding r i s e  

i n  t h e  RLWC was from 92.8 t o  96.1% i n  a h a l f  hour .  

S ince  bo  t11 t r a n s p i r a t i o n  and photosynthes is  were decreased 

s i ~ n i l a r l y  , t h e  TR under drought was n o t  g r e a t l y  d i f f e r e n t  from t h a t  

when t h e  p l a n t  had f r e e l y  a v a i l a b l e  water, i . e., about  110 i n s t e a d  

of 100. 

SUNiWRY AND CONCLUSIONS : 

On t h e  b a s i s  of on ly  one t e s t  i t  i s  t e n t a t i v e l y  concluded t h a t  

black-eyed pea  i s  n o t  t h e  k ind  of p l a n t  s p e c i e s  t h a t  t h i s  research  

i s  seeking ,  i n  t h a t  i t s  TR does n o t  decrease  under drought .  This  

means t h a t ,  a l though t h e  amount of dry  ma t t e r  p e r  u n i t  of water  

t r a n s p i r e d  would n o t  b e  s i g n i f i c a n t l y  lower,  t h e  y i e l d  p e r  a c r e  

would b e  cons iderably  less. Th i s  s t a t emen t  assumes t h a t  shor t - te rm 

photosynthes is  i s  d i r e c t l y  r e l a t e d  t o  t h e  long-term accumulat ion 

of dry ma t t e r .  

PEi?.SOBNEL : W. I,. E h r l e r ,  B .  A .  ICriniball, and S . T. M i t c h e l l  
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O =  TRANSPIRATION RATIO, - 0 
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n = PMS, MG/ JIM'/ tj 

0 = DENSITY- T H I C K N E S S ,  0 = F?, , S E C  / C M  
MG / C M  * 

Figure 1. Hourly values of the rates of transpiration and 

photosynthesis, of leaf resistance (%), leaf 

density-thickness, and the transpiration ratio 

of a well-watered plant of Vi@ sinensis in a - 
controlled environment (19 June  1973). 
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VIGNA . SINENSIS 
(BLACK-EYED PEA) 
20 JUNE 1973 i 

I 

TlME ( hours 1 
Figure  2 .  Hourly va lues  of t h e  r a t e s  o f  t r a r l sp i r a t ion  and photosynthes is ,  of l e a f  

r e s i s t a n c e ,  Leaf dens i ty - th i ckness ,  and t h ~  t r z L ~ s p i r a t i o n  r a t i o  of a droughted 
p l a n t  of VFgna s i n e n s i .  i n  a  c o n t r o l l e d  environment (20  June 1973;. 
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TITLE : XiUT &\ID LICIiT TRAPJSEER IN POBIDS 

CKZS WORK UNIT: 5402-12260-002 CODE N O . :  Ariz.-WCL 71-3 

Work under t h i s  o u t l i n e  was limrited t o  one s tudy  developed 

from d a t a  a c q ~ r i r e d  i n  t11e f i r s t  y e a r  of  t h e  p r o j e c t ' s  ex is ta r ice .  

It has been w r i t t e n  up i n  manuscript form t h u s l y  : 

Ldso, S. G . ,  rmc1 F o s t e r ,  J, M. Id ight  and tempera ture  r e l a -  

t i o n s  i n  a  s m a l l  d rserk  pond a s  i n f l .wnced  by plzytopl_an!ctonic 

dens i ty  variations . Water Resources Research. ( I n  P r e s s ) .  

a a s u r e m e n t s  of incoming and r e f l e c t e d  s o l a r  r a d i a t i o n ,  down- 

w e l l i n g  s o l a r  r a d i a t i o n  i n  t h e  w a t e r ,  and a i r  t empera ture  and 

wa te r  temperature a t  4 d i f f e r e n t  depths were recorded every h a l f -  

hour  ove r  a 3-montlr p e r i o d  i n  a  s inal l  man-made pond o f  recl-aimed 

was t e  wa tc r  at PhoenLx, Arizona. A t  i n t e r v a l s  of a  few days ,  

ch lorophyl l  -- a and - b va lues  were a l s o  assayed t o  determine dens i ty  

v a r i a t i o n s  i n  t h e  pond's  ph~topl .anlctonic  community. During t h i s  

p e r i o d ,  t h e  e x t i n c t i o n  c o e f f i c i e n t  f o r  s o l a r  r a d i a t i o n  was found 

t o  be a  l i n e a r  func t ion  o f  both ch lorophyl l  .- a and - b c o n c e n t r a t i o n s ,  

and t?le shape  of t l ~ e  pond's midafternoon temperature p r o f i l e  was 

found t o  b e  h i g h l y  c o r r e l a t e d  wi th  t h i s  e x t i n c t i o n  c o e f f i c i e n t  . 
Water s u r f  ace temperature i nc reased  dur ing  t h r e e  d i s t i n c t  a l g a l  

blooms t o  such. a  degree t h a t  t h e  wa te r - a i r  vapor p r e s s u r e  d i f -  

fe rence  i n c r e a s e d  by approximately 25% dur ing  t h e  s h o r t  pe r iods  of 

t h e  blooms, i n d i c a t i n g  t h a t  phytoplanktonic  dens i ty  v a r i a t i o n s  

may e x e r t  a s i g n i f i c a n t  i n f luence  on evapora t ion .  

PERSONNEL: - Shemood B. I d so ,  J .  M. P r i t c h a r d ,  and Joyce  M. F o s t e r  

(coopera tor  from Zoology Departmrlnt, Arizona S t a t e  

Un ive r s i t y )  
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TITLE : WATER VAiPOR bfOVEYE3lT THROUGH MULCliES LVDEK FIELD 

CONDITIONS 

CRIS TJOPX UNIT : 5402-12260-002 CODE NO. : Ar iz  . -WCL 71-5 

The o b j e c t i v e  of t h i s  p r o j e c t  has been accomplished, and i t  

has xecen t ly  been t e rmina ted ,  The r e s u l t s  have been  publ i shed  i n  

B. A. K M  d : L ,  "Water yapor movement through mulches under f i e l d  

condi t ions  ,I1 S o i l  Science Soc ie ty  of A m r i c a  Proceeitings 3 7 ( 6 )  : 

813-818, 1973. B r i e f l y ,  i t  was shown t h a t  under f i e l d  condi t ions  

mass flow p roces ses  i n c r e a s e  the  l o s s  of w a t e r  vapor  through 

g ranu la r  mulches by 26% more than  t h e  l o s s  due t o  molecular  d i f -  

f u s i o n  d o n e .  %his i n c r e a s e  i s  s i g n i f i c a n t l y  g r e a t e r  than  has 

gene ra l ly  been presumcd . 
PERSONNEL : B. A. Kimball. 
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CMEMLCAL TREA'..MGNT OF IlIRIGiTLOX IrJATE13 FOR THE 

PREVENTION OF CLOGGING AND THE REMOVAL OF FLON 

OBSTRUCTIONS I N  TRICKLE IRRIGATION SYSTEMS 

CRLS WORK UNIT: 5402-12260-002 CODE N O . :  Ariz.-WCL 7 1 - l l  

INTRODUCTION : 

The primary o b j e c t i v e s  and subsequent progress  have been g iven  

i n  the 1971  and I972 Annual Reports .  

The mocleling of s o l u t i o n s  a s  a  t o o l  f o r  p r e d i c t i n g  the  p s c c i p i -  

t a t i o n  of clissolvecl m a t e r i a l s  depends upon concepts  of n o n - i d e a l i t y  

of t he  chemical system. Two b a s i c  types of modeling used i n  g e n e r a l  

a r e  ( a )  the i o n i c  a s s o c i a t i o n  model which assumes i o n i c  i n t e r a c t i o n s  

between c a t i o n s  and an ions  t o  form ion -pa i r s ,  and (b)  the mean i o n i c  

a c t i v i t y  model which does no t  account  d i r e c t l y  Eor io~1i.c a s s o c i a t i o n .  

These two models were Ces ted from exchange cons tan  t measurements of 

mixed s a l t - s o i l - w a t e r  systems. 

RESULTS AND DISCUSSION: 

1. S u l f a t e  Analys is .  The development of a  method f o r  s u l f a t e  

a n a l y s i s  i n  va r ious  types oE waters  using the ni t rochromeazo i n d i c a t o r  

was completed (Rasnick and Nakayama, 2 ) .  The technique  was shown t o  

be r ap id  and s t i l l  have t h e  accuracy oE t h e  more time-consuming 

s tandard  g rav ime t r i c  procedures .  

2 .  So lu t ion  Modeling. S imi l a r  exchange cons t an t  va lues  were 

obta ined  f o r  the  soil-NaCl-CaC12 and the soi l -Na SO -CaSO mixtures  
2 4 4 

where the  i n t e r a c t i o n  of c a t i o n s  and anions i n  s o l u t i o n  were i n t r o -  

duced t o  c h a r a c t e r i z e  t he  i n t e r a c t i o n s  of the exchange comple2r w i t h  

t h e  va r ious  ions  i n  s o l u t i o n  (Nakayama, I ) .  This  f i n d i n g  suppor t s  

the  need f o r  cons ider ing  ion-pa i r ing  and f u r t h e r  j u s t i E i e s  t h e  app l i :  

c a t i o n  of t h e  ion -pa i r  model f o r  p r e d i c t i n g  t h e  chemical composition 

of s a i l  e x t r a c t s ,  and i r r i g a t i o n  and ground waters .  
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3 . .  F . S . Nakayama . Evalua t ion  of t h e  sodium-calcium exchange 
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PERSONNEL: S .  Na.lcayama and 13. A .  RasnicIc 
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TITLE : SWELLING AND SHRINKING OF SOIL I N  SITU AS DETERMINED 

BY A DUAL -ENERGY GAMMA -MY TRANSMISSION TECf-INLQUE 

CRIS WORK UNIT: 5402-12260-002 CODE NO. : A r i z .  -WCL 72-4 

S i g n i f i c a n t  e r r o r s  i n  measuring t h e  bulk  d e n s i t y  and water  

con ten t  of s o i l s  can r e s u l t  from a  procedure commonly used wi th  

gamma-ray t r ansmis s ion  equipment. The d e t e c t o r  probe can be exposed 

d i r e c t l y  t o  the una t tenuated  gamma-ray source  when moving from a  

s t anda rd  absorber  t o  t he  s o i l .  Under t h i s  high-exposure cond i t i on ,  

20 t o  30 minutes may be r equ i r ed  be fo re  t h e  system w i l l  s t a b i l i z e  

and r e l i a b l e  count r a t e s  can be taken.  To avoid t h i s  d i f f i c u l t y ,  

i t  was found t h a t  under our  cond i t i ons  i t  was d e s i r a b l e  t o  take a  

s t anda rd  count r a t e  i n  the  s o i l  pedon where the  bulk d e n s i t y  r e -  

mained cons t an t ,  thus  e l i m i n a t i n g  t h e  exposure of t he  d e t e c t o r  t o  

t h e  una t tenuated  gamma-ray source .  

Using t h i s  technique bulk  d e n s i t y  i n  a  s o i l  pedon was measured 
13  7 

w i t h  a  gamma-ray t r ansmis s ion  technique u t i l i z i n g  C s  and 2 4 1 ~ m .  

Both gamma-ray sources  could not  be used s imul taneous ly  f o r  bu lk  

d e n s i t y  de t e rmina t ions  i n  a  system where the  sources  were uncol l imated  

and t h e  de t ecco r  was no t  sh i e lded .  By a l t e r n a t i n g  sou rces  f o r  each  

scan  down t h e  s o i l  p r o f i l e ,  it  was shown t h a t  bu lk  d e n s i t y  decreased  

i n  t he  top  6 cm of s o i l  about 30 minutes a f t e r  water  was ponded on 

t h e  s o i l  s u r f a c e .  A s  soon a s  the water  d ra ined  from t h e  su r f ace ,  

bu lk  d e n s i t y  va lues  approached p r e i r r i g a t i o n  l e v e l s .  Changes i n  

he igh t  of t he  s o i l  s u r f a c e  upon i r r i g a t i o n  corresponded w i t h  changes 

i n  bu lk  d e n s i t y .  

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

ma t t e r s :  

(1)  Reginato, Robert J .  Count r a t e  i n s t a b i l i t y  i n  gamma-ray 
t ransmiss ion  equipment. S o i l  S c i .  Soc. Amer. Proc.  
3anuary-February 1974. 

(2 )  Reginato, Robert 3. Gamma r a d i a t i o n  measurement of b u l k  
d e n s i t y  changes i n  a  s o i l  pedon fol lowing i r r i g a t i o n .  
S o i l  S c i .  Soc. Amer. Proc. January-February 1974. 

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

CRIS WOlX UNIT: 5402-12260-002 CODE NO.: Ariz.-WCL 72-5 

This  p r o j e c t  was i n i t i a t e d  t o  design,  t e s t ,  and e v a l u a t e  evapo- 

r a t i v e  coo le r s  made from g r a v e l  beds f o r  t h e  coo l ing  o f  s ea l ed  green-  

houses.  Near the beginning of l a s t  year  l a b o r a t o r y  appa ra tus  was 

cons t ruc t ed  f o r  measuring h e a t  t r a n s f e r  c o e f f i c i e n t s  under  va r ious  

flow cond i t i ons  for  commercial grades of g r a v e l .  Two p re l imina ry  

t e s t s  i n d i c a t e d  t h a t  t h e  appara tus  worked we l l  and was g i v i n g  a c c u r a t 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  a s  well. a s  a c c u r a t e  p r e s s u r e  head l o s s  

d a t a .  

Nowever, then  an event  occurred which caused the  focus  of a t t e n -  

t i o n  t o  move completely away from us ing  g r a v e l  beds. fn a  r e g u l a r  

s t a f f  review conference,  John Replogle suggested t h a t  water  could be  

used t o  convey the "coldness" from t h e  g rave l  t o  t h e  greenhouse us ing  

a  cont inuous flow system i n s t e a d  of the a l t e r n a t e  swi t ch ing  system 

o r i g i n a l l y  planned. Subsequent d i scuss ions  and des igns  l e d  t o  v a s t l y  

more simple system f o r  coo l ing  a s ea l ed  greenhouse. 

The newer, s i m p l i f i e d  cool ing  system i s  shown schemat i ca l ly  i n  

F ig .  I. B a s i c a l l y ,  i t  w i l l  c o n s i s t  of convent iona l  fan-pad evapora- 

t i v e  coo le r s ,  b u t  they w i l l  b e  u t i l i z e d  i n  a  new way. Outs ide  a i r  

w i l l  be  drawn through t h e  upper "outs ide" pad. Some wa te r  w i l l  

evapora te  i n t o  t h i s  a i r ,  thus cool ing  the  remaining wa te r  flowing 

down t h e  pad. This  coo l  water  w i l l  be c o l l e c t e d  a t  t h e  bottom of t h e  

o u t s i d e  pad and piped i n s i d e  t h e  greenhouse t o  t h e  top  o f  t he  "inside" 

pad. It h e n  w i l l  t r i c k l e  down the  i n s i d e  pad p ick ing  u p  h e a t  from the  

h o t  greenhouse a i r  which w i l l  be  c i r c u l a t i n g  through t h e  pad. As t h e  

water  w i l l  warm, t h e  greenhouse a i r  w i l l  cool .  A t  t h e  bottom of t h e  

i n s i d e  pad t h e  now warm water  w i l l  be  pumped t o  the  t o p  of t he  o u t -  

s i d e  pad t o  aga in  be  cooled and r epea t  t h e  cyc l e .  

The o u t s i d e  a i r  which w i l l  be drawn through t h e  o u t s i d e  pad w i l l  

be  blown through an a t t i c  formed by s t r e t c h i n g  a  s h e e t  of t r a n s p a r e n t  

pl .as t ic  a c r o s s  t h e  greenhouse from eave t o  eave. Th i s  f e a t u r e  w i l l  

lower t h e  s e n s i b l e  h e a t  load on the greenhouse, and t h u s  some of t h e  
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"coolness" and the exhaust  a i r  can be  u t i l i z e d  which would otherwide 

be l o s t .  

Ca lcu la t ions  have been made us ing  t h e  procedure d e s c r i b e d  by 

B e a l l  and Samuels (S. E .  B e a l l  and G .  Samuels. The use of  warm water  

f o r  h e a t i n g  and cool ing  p l a n t  and animal e n c l o s u r e s ,  Oak Ridge 

Nat iona l  Laboratory Repor t ,  ORNL-T-M-3381) t o  de te rmine  the s i z e  of 

pads and flow r a t e s  of a i r  and ~ v a t e r  r equ i r ed .  For a 14' x 21' 

p ro to type  greenhouse having v e t  pad a r e a s  oE 14'  x 3'  w i t h  des ign  

cond i t i ons  of 108F dry  bulb  and 77F wet bu lb  temp of o u t s i d e  air and 
2 

a  h e a t  load of  221 ~ T u / h r / E t  , t he  resul 'cs  i n d i c a t e  t h a t  flow r a t e s  

of about  7000 cfm f o r  a i r  i n s i d e  t h e  greenhouse and through the a t t i c  

and of about 21.3 gpm f o r  water  through t h e  pads w i l l  g i v e  a  tempera- 

t u r e  r i s e  about 16F above o u t s i d e  wet bu lb  temp Eor t h e  i n s i d e  green-  

house a i r  a s  i t  f lows through the  house. A summary o f  t h e  des ign  

c a l c u l a t i o n s  i s  shown i n  F ig .  2. 

F igure  3  shows how the  a c t u a l  propotype greenhouse w i l l  appear .  

The upper wet pad w i l l  i n s t e a d  b e  two convent iona l  box type  evapora- 

t i v e  c o o l e r s  having a  pad a rea  somewhat l a r g e r  than  14 '  x 3 ' .  The 

i n s i d e  a i r  w i l l  b e  c i r c u l a t e d  around the  s i d e  of  t h e  greenhouse 

through t h e  l a r g e  a i r  duc t .  The i n s i d e  pad i s  a 14' x 40" wet w a l l  

a t  t he  o u t l e t  of t h e  duc t .  The greenhouse i s  now abouc h a l f  con- 

s t r u c t e d ,  The frame i s  e r ec t ed  and t h e  w a l l s  and roof  of f i b e r g l a s s  

have been i n s t a l l e d .  It i s  hoped t h a t  cons t ruc t ion  and in s t rumen ta t ion  

i s  completed be fo re  hot. weather a r r i v e s  s o  t h a t  a . t ha rough  t e s t  can 

be  achieved t h i s  summer. 

Since t h e  focus of t h i s  p r o j e c t  has  turned away from g r a v e l  beds 

f o r  coo le r s ,  t h i s  p r o j e c t  wil.1 be terminated t h i s  y e a r .  A new p r o j -  

e c t  w i l l  b e  s t a r t e d  having a more d e s c r i p t i v e  t i t l e  w i t h  the  objec-  

t i v e s  t o  s tudy  greenhouse cool ingand hea t ing  i n  g e n e r a l ,  a s  w e l l  a s  

CO f e r t i l i z a t i o n .  2  
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SWliMRY : 

A r e c e n t  des ign  innovat ion  caused a t t e n t i o n  t o  a  s h i f t  from 

g r a v e l  bed c o o l e r s  t o  a  more conventional.  d u a l  fan-pad system Eor 

coo l ing  a  s ea l ed  greenhouse. One of t h e  pads w i l l  b e  o u t s i d e  the  

greenhouse and w i l l  p rovide  a  source  of coo l  water  a s  r e l a t i v e l y  d r y  

o u t s i d e  a i r  i s  blown through i t .  This  cool  water  w i l l .  be piped 

i n s i d e  t o  t h e  o t h e r  pad. The greenhouse a i r  w i l l  b e  c i r c u l a t e d  

through t h i s  i n s i d e  pad and w i l l  b e  cooled by h e a t  exchange with t h e  

coo l  water .  A f t e r  be ing  warmed by pas s ing  through t h e  i n s i d e  pad, 

t h e  water  w i l l  b e  pumped t o  t h e  o u t s i d e  pad t o  r e p e a t  t h e  cyc l e .  

Cons t ruc t ion  i s  p rog res s ing  on a pro to type  greenhouse, and i t  i s  

a n t i c i p a t e d  t h a t  a  thorough t e s t  of t h e  cooli.ng system can  be  o b t a i n -  

ed t h i s  summer, 

PERSONNEL: B.  A .  Kimball, W. R. Williamson 
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J ---'A. 
O U T S I D E  

'It / P A D  

Figure  1. Schematic diagram of d u a l  fan-pad eveporat;ve cool ing  system f o r  a s ea l ed  greenhouse. 
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F i g u r e  2 .  Summary o f  d e s i g n  o p e r a t i n g  conditions f o r  d u a l  fan-pad 
evaporn t i v c  co:jling sys  tern, 
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Work under t h i s  o u t l i n e  t11i.s y e a r  cons<istc~d o f  two s p e c i i i c  

s t u d i e s  of atmospi1eri.c r a d i a t i o n  f l u x e s  and the  developmint of 

two review p a p e r s .  These a r e  r epo r t ed  on i n  irtore d e t a i l  below. 

of t l ~ c  evapora t ion  p roces s  i t s e l . £ .  Analyses a r e  incomple te  a t  

t h i s  t ime ,  however,  and s o  they w i l l  n o t  be  r epo r t ed  u n t i l  nex t  

y e a r .  

Sdso,  S. B. On t h e  use of equa t ions  t o  estimate atmospheric  

thermal r a d i a t i o n .  Archiv. fCr  E k  t e o r o l .  , Geophys . und Bioktim. 

(k P r e s s ) .  

Four o f  t h e  most comn~only used e m p i r i c a l  equa t ions  r e l a t i n g  

atmospheric  thermal  r a d i a t i o n  t o  s c r een - l eve l  vapor p r e s s u r e  and/ 

o r  air tempera ture  were con t r a s t ed .  The succes se s  and f a i l u r e s  

of those equa t ions  t h a t  a r e  based  only on air teniperature  were 

shown t o  be  dependent upon t h e  degree of  c o r r e l a t i o n  between su r -  

face  vapor  p r e s s u r e  and air temperature  - v i a  a modif ied "opaci ty  

e f f e c t  . " S e v e r a l  cons ide ra t i ons  were l i s  r e d  f o r  de te rndning  

whether  t o  use an e q u a t i o n  based only on air tempera ture  o r  one 

based on bo th  a i r  temperature  and vapor press t l re .  The equa t ions  

were then  e v a l u a t e d  r e l a t i v e  t o  each o t h e r  i n  eacJr of  t h e s e  two 

groups. F i n a l l y ,  some new i d e a s  were p re sen t ed  r e l a t i v s  t o  t h e  

p r& J.eins encoun t e r e d  w i t h  es t ima t ing  atmospheric  thermal  r a d i a t i o n  

when clouds a r e  p r e s e n t .  

Jclso, S. B ,  Low-level ae roso l  e f t e c t s  on e a r t h ' s  s u r f a c e  

energy ba l ance .  Nal:tlewisscnsdiaften. (Sd~mi - t t ed  f o r  Pu5 l i ca t i on )  

?be i n t r o d u c t i o n  of  a smal.1 amount of dus t  i n t o  t h e  atrr,os-- 

phere on a t y p i c a l  c loud Less clay a t  Phoexrix, Arizona,  i n c r e a s e d  

t h e  downward atmosp1zeric thermal  r a d i a t i o n  by about 10%. The t o t  a:[. 
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Lransmission oE s o l a r  r a d i a t i o n ,  h o w e v ~ s ~  was m a f i e c t e d ,  Thus, 

i E  man e v e r  beg ins  t o  I n c r e a s e  the  backgro~md a e r o s o l  con ten t  of 

the atmosphere,  t h i s  e f f e c t  m3y terld t o  warl;l t h e  e a r t h  - r a l h e r  

than crtol. i t ,  as  11as o f t e n  been p rev ious ly  p o s t t d a t e d .  

Z d s o ,  S ,  B, The. cal ibrat-  ion ;md use of n e t  radioiil1~1ters. 

hdvcmces i n  Agronomy. ( I n  Press )  l. 

'Phis review paper  d i s c ~ i s s c ? ~  p r a c t i c a l  a spec t s  of n e t  r ad i -  

ome t r y ,  such as cal- ibrat ion tecl~rr iques , b,asic cons ide ra t  i on  of 

d a t a  accp i . s i t i on ,  and n~etl.~ods of modifying n e t  r ad iomi t e r s  f o r  

a v a r i e t y  of &if f e r e n t  a p p l i c a t i o n s  i n  agronomic and s o i l s  re -  

s e a r c h .  

I d s o ,  S. 33. Climat ic  e f f e c t s  of  i n c r e a s e d  i n d u s t r i a l  a c t i v i t y  

upon t h e  wor ld ' s  e s t a b l i s h e d  agro-ecosys t e n s .  Agro-Ecosys terns. 

(Submitted f o r  P u b l i c a t i o n ) .  

The ma-j o r  e f f e c t s  of human i n d u s t r i a l  a c t i v i t y  upon the  

glob a2 c l ima te  were consicler-ed. It was i n d i c a t e d  t h a t  t h e  d i r e c t  

p roduct ion  of h e a t  p l u s  t h e  increase i n  atmospheric GO from t h e  
2 

burning  of f o s s i l  f u e l s  have both long  been recognized a s  having  

a warxing i n f l u e n c e  upon t h e  global. clirnaire, New evidence  was 

then  c i t e d  f o r  b e l i e v i q g  t h a t  t h e  add-ition of a e r o s o l s  t o  t h e  

atmosphere by man a l s o  tends t o  warm t h e  e a r t h .  Thus , t h e  po- 

t e n t i a l  e f f e c t s  of a mean global. warming t r e n d  upon o t h e r  c l i m a t i c  

elements =and some of the  e a r t h  's es  tabl ishecl  agro-ecosys terns were 

i n v e s t i g a t e d .  Examples of both dire .ct  and i n d i r e c t  types  of 

e f f e c t s  were g iven ,  p l u s  some recormnendations f o r  contemporary 

research r equ i r ed  t o  m e t  t he  chall-enge of fuCum c l i m a t i c  change. 
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TITLE : GROWTH RND Y LELD O F  J O J O B A  ( S i m o n d s i a  c l ~ i n e n s i s  -- 
(Link) Schneider)  ON RTJIIOFF--COLLECTING KICRO- 

CATCIIL4ENTS 

CRIS WOPK UJLT : 5402-12260--002 CODE NO. : USWCL 73-4 

INTRODUCTION: 

The j o j  oba i s  indigenous t o  an  a r i d  environment,  occuyying about  

40,000 h a  of t h e  Sonoran Dese r t  o f  t h e  United S t a t e s  and Eexico.  

There i s  a sma l l  s t a n d  of jo joba  50 km e a s t  of Phoenix, at  Usery . 

Pass .  J o j  oba c u r r e n t l y  i s  r e c e i v i n g  a t t e n t i o n  because  %ts seed 

con ta ins  a v a l u a b l e  wax which makes an e x c e l l e n t  s u b s t i t u t e  f o r  t h e  

now r a r e  sperm r ~ l ~ a l e  o i l .  S t  i s  suspec ted  t h a t  tile Usery Pass  a r e a ,  

w i t h  an annual  p r e c i p i t a t i o n  of about  250 nm, i s  margina l  f o r  t h e  

growth of  j o j  oba, s i n c e  t h i s  s p e c i e s  gene ra l ly  f l o u r i s h e s  where "Lie 

annual  p r e c i p i t a t i o n  i s  380 t o  450 mm. 

T l - ~ i s  s i t u a t i o n  p re sen ted  a n  oppor tuni ty  t o  u se  w a t e r  h a r v e s t i n g  

f o r  a t tempt ing  t o  improve t h e  seed  y i e l d  and growth of j o joba .  

PROCEDURE : 

T h i r t y  p l o t s ,  each w i t h  a female jo joba  bush from t h e  n a t i v e  

s t a n d ,  have been e s t a b l i s h e d  w i t h i n  a fenced a r e a  of abou t  1 ha a t  

an  e l e v a t i o n  of 610 m. The o b j e c t i v e  i s  t o  improve seed  y i e l d s  and 

p l a n t  growth by augmenting t h e  n a t u r a l  r a i n f  a l  1 by water h a r v e s t i n g  . 
There a r e  t h r e e  t r ea tmen t s  : To, a c o n t r o l ,  with mininlal d i s tu rbance  

t o  t h e  n a t u r a l  vege ta t ion ;  TI, a c l ea red ,  smoothed, and r o l l e d  t r e a t -  

ment; and T2, t rea tment  T p l u s  a spray  a p p l i c a t i o n  of a wa te r  1 
r e p e l l a n t  t o  f u r t h e r  i n c r e a s e  r a i n f a l l  runof f .  Treatments  T. and T2 

2 2 1 
have a 20-m c o l l e c t i n g  a r e a  supply ing  a p l ane  a r e a  of 4 m , as 

shown i n  t h e  drawing (F igu re  1). 

Three of t h e  t e n  r e p l i c a t i o n s  of each CreatmenC have  water- 

content-monitoring neu t ron  ~ e t e r  acces s  tubes i n s t a l l e d  n e a r  t h e  

p l a n t  t o  a depth of 3.40 cm. T h e  n a t i v e  p l a n t s  range i n  s i z e  from 

0.5  t o  1 . 6  m, The s o i l  water  conten t  i s  n l~asu red  pe r iod icaZ ly  t o  

determine t h e  e f f e c t i v e n e s s  of t h e  nxi.crocatcIiments i n  c o l l e c t i n g  and 

s t o r i n g  water neax t h e  p l a n t .  Ln a d d i t i o n ,  measurements of t h e  
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r e l a t i v e  l e a f  water con ten t  (1UbJC) w i l l  e s t a b l i s h  t h e  e f f e c t  of any 

d i f f e r e n t i a l  i n  water  s t o r a g e  on 1-eaE hydra t ion .  The i n c r e a s e  i n  

p l a n t  volume over  t h e  long  term w i l l  b e  followed by lrieasuring 

p e r i o d i c a l l y  t h e  l e n g t h ,  wid th ,  and h e i g h t  of each bush.  Annual 

seed y i e l d  w i l l  b e  determined by monitor ing bo th  t h e  number and 

s i z e  oE f r u i t s  p e r  p l a n t  and per  t rea tment .  

RESULTS RND DISCUSS I O N  : 

The i n i t i a l  va lues  of t h e  K W C  were taken a f t e r  a 11.5--day 

drought .  On t h e  sampling d a t e ,  8 November 1973, t h e r e  were  no 

s i g n j - f i c a n t  d i f f e r e n c e s  i n  I&WC among t h e  means of t h e  t h r c e  treat- 

ments (10 r e p l i c a t i o n s  each ) ,  the  va lues  encompassing t h e  range of 

75.7% - 3- 1.2%. These low va lues  (100% being  a f u l l y  hydra t ed  l e a f )  

a r e  c o n s i s t e n t  w i t h  t h e  e x t r e n e  drought t h a t  t h e  p l a n t s  had been 

enduring,  which r e s u l t e d  i n  a s o i l  water  con ten t  of on ly  5% by 

volume (Figure  2 ) ,  a base  l e v e l  common t o  a l l  t h r e e  t r ea tmen t s  and 

throughout t h e  p r o E i l e  from depths  of 20 t o  140 em. 

A f t e r  r a i n f  a l l  of 29.9 mm i n  November 1973, and 43.. 2 m i n  

January 1974, t h e  XLWC on 11 January had inc reased  t o  a range  oE 

85.8% - -t. 1.4%. Again t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  X,WC 

among t h e  means from t h e  t h r e e  t r ea tmen t s  on t h e  day of sampling. 

i-Iowever, when t h e  d a t a  from 30 p l o t s  sampled on 11 Janua ry  were 

pooled and compared w i t h  t h e  analogous va lue  f o r  8 Novem3er, t h e  

d i f f e r e n c e  between means 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  the 0 .01  

l e v e l  (The mean va lue  of KLWC on 11 January was 85.6% as compared 

t o  75.4% on 8 November). I n  summary, a t o t a l  r a i n f a l l  of 71 .1  nun 

brought about  a mean i n c r e a s e  of 10.2% i n  t h e  "XLTJC, b u t  on a g iven  

d a t e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  XLWC could be  a t t r i b u t e d  t o  w a t e r  

h a r v e s t i n g  t rea tment .  

F igure  2 silows t h a t  r a i n f a l l  r e s u l t e d  i n  a n  e f f e c t i v e  s t o r a g e  

of s o i l  water  a t  t he  20-cm deptll of t he  p r o f i l e ,  regarcl1ess of treat- 

ment. Iiowever, a t  depths  of 40 and 60 cm o r  more, s t o r a g e  occu r red  

according t o  t h e  fol lois ing o r d e r  of t reatoient :  To < T c T T h i s  
1 2 ' 

k ind  of r e s u l t  is what was hypothesized t o  occur  because  of water  
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h a r v e s t i n g ,  and over  t h e  long term could b e  expected t o  b r i n g  about  

a s i g n i f i c a n t l y  h i g h e r  PLLWC i n  t r ea tmen t s  and T2 tllan i n  T o 
provided t h a t  a c t i v e l y  absorbing r o o t s  a r e  p r e s e n t  i n  t3re deeper 

l e v e l s  of t h e  so i l - .  S to rage  of more wa te r  may promote growth and 

E r u i t i n g  and thus l e a d  t o  g r e a t e r  seed  y i e l d s  t han  i n  t h e  contro1.s. 

S'UBNARY AND CONCLUSIONS : 

Treatments  T and T show promise of enhanci.ng s o i l  water  
1 2 

s t o r a g e  a s  compared t o  t he  c o n t r o l  t rea tment  (T ) . T h e  curnularive 
0 

e f f e c t  of such s t o r a g e  should l e a d  t o  b e t t e r  l e a f  h y d r a t i o n ,  i . e . ,  a 

*higher XLWC, and u l t i n l a t e ly  t o  more growth, ElowerIng, and f i n a l l y  

t o  g r e a t e r  s eed  y i e l d .  Ifowever, s e v e r a l  seasons  may b e  necessary  

t o  r e a l i z e  such. an  e f f e c t .  Also, It must be  k e p t  i n  mind t h a t  t h e  

whole experiment is  p red ica t ed  on t h e  occurrence of reasonably  

t y p i c a l  amounts and d i s t r i b u t i o n  of r a i n f  a l l .  

PE'RSONNEL: W .  L.  E h r l e r ,  S .  T .  Mi t che l l ,  and D .  H. Fink 
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S E C T I O N  " A - -  A "  

Figure I .  A p l o t  diagram of the j o j o b a  microcatchment 

and rece iv ing a rea .  
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WATER S T O R A G E  I N  J O J O B A  PLOTS AS AFFECTED 
BY TREATMEblT OF MICROCATCilMET\JTS 

VOLUMETRIC SOIL WATER CONTENT ( % I  

F igure  2 .  The volumetr ic  > o i l  water  conten t  by depth  i n  t h e  

jojoba r ece iv ing  a r e a  a s  a f f e c t e d  by t h r e e  micro- 

catchment t rea tments ,  as  compared t o  a  common base  

l e v e l  be fo re  s i g n i f i c a n t  r a i n f a l l .  
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TITLE : T J  ,' - & C ; ~ T T  . &pg li~.LjA \ m't -T>  2El<UgiYfIiJ>J By 13Lj.AD:C22G ?:I<l.ckY:CED S EbiilGji 

FOR GXOU1u'DWKJ: E 3. wCiiARC:E 

CLaS WON:( fJBIT: 5402--1.2260-CC)3 CODE 33, ; Arf.z .-.KCL 67-4  

f NTR0i):J'CJ:ICN : 

The ye2.r of 1973, was n o t  a good y e a r  f o r  t h e  Pl .ushing 2kariovs 

P coj e c t  , oil L P;pri , l ,  Ear, $1, S , Mggs , an e.zpioyee of t hc  Salt 

1iive.r P r o j e c t  who ~ 3 s  s t a t i o ~ l e d  at the U, S ,  Water Conservat ion 

Laboratory t:o perform t h e  d ~ e n f  cal. anal.yses of the e f f l . w n t  a d  

renovated tracer s a n ~ p l e s ,  w a s  c a l l e d  back t o  the  S a l t  %.ver Project-,. 

The e s s e n t i a l  ,ma lyses ,  such as n i t r o g e n  m d  phosphorus, were 'c.he~- 

p e r f o r m d  by Pl r .  E,  D. Escarcega,  i n  ac2dLt:ion t o  I-ris r e g u l a r  d u t i e s ,  

M r .  Escarcega l e f t  'n:in~sel.f on 7 January 1974. 

From &out  X March unt i l .  10 June ,  t h e  S a l t  River  was flowing. 

Sediment-laclen warelr fl.owec? throug'h the e f f l u e n t  channe l ,  s o  tha t  

t % e  b a s i n s  could n o t  b e  inundated.  The access  road t o  t h e  Flushing 

Pleadow P r o j e c t  was f looded making :it iznpil,?sable t o  cars. Af te r  

t h e  f l o v ,  extens5.ve r e p a i r  t o  the e f f l u e n t  c h a r n e l ,  f h e  access  road ,  

and the approach t o  t h e  b r idge  was r equ i r ed ,  The coopera t ion  of 

t he  S a l t  River  Project :  i n  tirtis znd o d l e r  ma tmrs  of "L";le p r o j e c t  i s  

g r a t e f  u l l y  a&now:l.edged. 

Tb-e Flush:i.ng Fkadotrs P r o j  ec.t .was no L f looded,  However, van- ' 

d a l l s m  reached i t s  p e d i  i n  1.973. Many w ~ t e r - - s t a g e  r e c o r d e r s  vere 

damaged o r  t aken  away. For r tzLs  reason ,  i n f i l t r a t i o n  r a t e s  could 

rtot be .ma.sured f o r  bas ins  2 and 6 from :L Stme unt i l .  4 S e p k r h e r .  
n .the opera"Lo:i of tine bas ins  i n  t h e  f:irst part: o f  I973 was -a  

con t inua t ion  of t h e  1972. s t u d i e s  v h i c h  \were air~.ed ac Zowe~ing the 

anirnoniurrr, conilent of t h e  renovated tracer aad " re juvenat ing"  tile 

ilitr0:;en-~rai1107~tii capac i ty  of thz  s o i l s  beneat% t h e  b a s i n s .  No 

crops were y:!.a~-r.t:ed $11 1.973, Aiter  t h e  f:Low i-il the S a l t  1:i-w~ had 

czased,  the  boax:ds a t  t:he oucfloi ;~ ends of bas ins  5 aucl 6 trerc re- 

mo-ved t o  creal-e a  r;~~.nrilit.urn water dep th  (a3ov.t 2 i nches )  i n  t h e  bas ins .  

This ~ 7 a s  don: t o  s t:udy the e f f e c t  of reduced i n f i 1 t r a ~ i o n  r-1te. on 
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t h e  x~ii".rogen xc.iii:)v~l from the 2.f i ' l ~ e . n " i ~ ~ ~ l t e r  ;IS i t  se- .ps  t!zrou:,h 

"LC s o i l ,  L & o r a l o ~ - y  s t u d i e s  on c o l u m s  (see Anrzual  or^ by 

3 ,  C. f,mc.e) ind-icatecl  tha:: such reduced i n f i L ~ r a t i o n  c o u i d  d o l b l e  

or almost: t r i p l e  t h e  a n o w t  o f  a i t r o g ? a  re1ri3~2il by ic. irr i t :x5i ' i~ation,  

Contact  ir:lS made .iittb Dr. J. L, Ik l r~ i c l :  o f  m e  V i  r o l o g  13"- 

p n r t m n t  a t  R k L y L o r  Col lege 02  W;?dicineg i iouston, T e x a s ,  t o  &t;.--r- 

rrline t h e  possibility or" a c o o p e r a t i v e  p ro jec r .  on ~ o r i c ~ r ~ t r a t r i n g  

renovatecl  w a t e r  For v i : c ~ s  a s s a y .  A conticact was e n t e r - d  i n t o  and 

i n  1974 t h e  B a y l o r  group w5-l.J c a m  t o  P h o e a i x  s e v e r a l  r Lires t o  

c o n c e n t r a t e  renova%lecl w a t e r  m d  arinlyze t h e  samples  ah; I j , o ~ s t o n  Eor 

nmrher and Q y p s  of v i r u s e s ,  

To f a c i l i t a t e  o r d e r l y  p r m e n t a t i o z i  01 t h e  r e s u l f s ,  t h e  r e p o r t  

i s  divicled i.nto t h r e e  s e c l  ions  : 

I, 1 n f i . l - t r a t i  on S t u d i e s  

11. Water Q u a l i t y  S t u d i e s  

1 x 1 .  F u t u r e  P r o j e c t s  

I. INFIL'I'RAT'LON STUDIES 

1. Recharge E a s i n  Manaperent,  L- 

A p l a n  o f  t h e  F l u s h i n g  &kadoxs P r o j e c t  showing i n f i l  % r a t i o n  

b a s i n s ,  o b s e r v a t i o n  w e l l s ,  and e x p e r i m e n t a l  ponds i s  sk:oi.:r! i n  

F-igure 1. 

The condzi ti on o f  t h e  b a s i n s  i n  J 3 73  1~7as as Eo1lo;iis : 

B a s i n  l ,  

B a s i n  2 .  

Bas in  3 .  

Basin 4 .  

Ea-se s o i l  w i t h  a con t inuous  covcr of gr,mular s l u d g e  

and dead a l g a e ,  d e c r e a s i n g  i n  t i ~ i c k n e s s  as t h e  

quali.ity o f  t h e  e f f l u e n t  impruved a f t e r  c'ne spi-Lng, 

Gravd l a y e r ,  w i t h  sl-udge b e i x e e n  g r a v s l  p t l r t i c l c s  . 
Sr tdmgrass  s t r x w  from l a s t  y e a r ' s  c r o a ,  s ta r t  iz7.g as 

about  a I - f o o t  t h i c k  l ayer  ilar3.y i n  t h e  p a r ,  dr- 

crctas ing t o  a  2-inch ].ayes: l a t e r  i i ~  t h c  y e a r .  Also ,  

bermuclagrass grew i n  from t h e  sidcs m c i  covered 50% 

of  the basi-n -in the  f al-1 , 

Sane as 3.  
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i n  tile s p r i n g ,  w i th  a s t a n d  of  bcmmdagrass ,  

sprangle- top ,  and barqyaril  g r a s s  deve'l.spi.ng as  t he  

ln Jmvajfy February , and i4arch ?:he ?rater depL'n -in t h r  b a s i n s  

was 12 inches  f o r  b a s i n s  1, 2 ,  5 ,  and 6 ,  m d  6 rincbes for bas ins  

3 and 4 .  Af t e r  3. June ,  the  water depth was 1.2 inches  2 n  basi l ls  1. 

am2 2 ,  6 Lnches i n  b a s i n s  3 a ~ d  4 ,  and about 2 i nches  i n  b a s i n s  5 

and 6 .  

L"Roo&ing and dry ing  per iods  of ahout 2 weeks en& were einpl-oyed 

throughout t h e  y e a r .  I n  June ,  Ju1.y , and August, b a s i n s  3, 4 ,  5 ,  

and 6 rece ived  a  sma l l  " s h o ~ "  of eitE.Luer?.i~. (cabout 4 i n c h e s )  dur ing  

drying,  This ~ 7 a s  t o  determine i f  n i t r o g e n  removal could  be  i n -  

c reased  by pushing n i t r a t e s  dovm t o  lower zones  here cond i t i ons  

might be mre favorab le  f o r  c l e n i t r i f i c a t i o n ,  The sf iorr  f loodings  

dur ing  dry ing  pe r iods  were rep laced  by spr in lc l ing  w i  Ch a  :Low- 

head s p r i n k l i n g  sys  tern a f t e r  t h e  middle O F  Silptenber,  when about 

3. i nch  of e f f l u e n t  was app l i ed  once o r  s e v e r a l  t imes du r ing  drying.  

2.  I n f i l t r a t i o n  Rates.  

The i n f i l t r a t i o n  r a t e s  (Figure 2) f o r  January ,  February ,  and 

March were r a t h e r  low, exce-pt f o r  b a s i n  2.  This i s  t h e  f i r s t  t 5 . m ~  

t h a t  t he  g rave l  b a s i n  has had h ighe r  i n E i 1 t r a t i o n  r a t e s  t han  t h e  

o t h e r  bas ins  ( s ee  previous  annual r e p o r t s ) .  The l o n g ,  forced dry 

per iod  from March t o  June r e s d t e i l  i n  cons iderable  i s r E i l t r a t i o n  

recovery ( see  bas-ins 1. and 4 i n  Figure 2 ) -  For b a s i n s  5 2nd 6 ,  

c.onsiderab 1.e recovery mus l a l s o  have t&en  p l a c e ,  consick r i n g  t b  at 

the depth a f t e r  Lhc d ry  per iod  was onl~7 &our  2 inches  and t h a t  

the i.nf.i.ltrarion r a t e  a t  t h i s  silal.low d2pl.h was about tile s a m  as 

at the 12-inch clep ths  in t he  f i - r s t  t h r e e  nionths of the y e a r ,  

Af te r  June ,  b a s i n  I. e x h i b i t e d  the  t y y i c a l  c lecl tne and re- 

covery p a t t e r n s  i n  LnEil t r a r i o n  r a t c .  SprinlcLing dur2ng d r y i n g  
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of t h2  year .  Bas-in 2 show?d a gene ra l  ciecli-ne -in i i~EXl. t rnt ior t ,  

whereas t h e  i r - t f i i t r a t i o n  r aces  f o r  basin:; 3,  4 ,  5 ,  c . ~ c Z  6 were 

aboul: cons tan t  i n  t h e  3*me-Dsceniber p e r i o d ,  'fie aEEltient was 

mostly c l e a r  and r e l a t i v e l y  f r e e  from suspended so1-r'-ds a fEe r  the 

long  s p r i n g  thy up 

The accrrin~zlateci i n f i . l . t r a r ion  i n  1973 was higilns t f u r  b a s i n s  

2 mcl 4 ,  and meraged  210 f e e t  f o r  al.1 b a s i n s  (F igure  3 ) ,  Con- 

s i d e r i n g  t h a t  " L h e  b a s i n s  were n o t  flooded f o r  about one-fourth. o f  

the  y e a r  and t h a t  s h d l o w e r  depths were useci, a cc~mu?  x e d  i n f i l  tra- 

i i o n s  oE over  300 f t / y e a r  would undoubtedly have been  obta ined  i E  

t h e  bas lns  had been operatecl f o r  1 2  months at: thei.r normal depth 

of 1 f o o t .  

The permanent e f f l u e n t  pond was f i l l e d  a g a i n ,  a f t e r  a  break- 

down of t h e  pump, and t h e  seepage was p e r i o d i c a l l y  determined.  A s  

i n  previous y e a r s ,   he seepage remained i n  Lhe range o f  0.2-0.4 P t /  

day (Figure 4 ) .  ThLs i s  very low seepage,  considerir ig  t h a t  t h e  

depth of t h e  pond was 4 Co 5 f t .  Thus, co~i t inuous  f i o o d i n g  wi th  

sewage efI_l.uent as  occurs  i n  the  e f f l u e n t  charmel i t s e l f ,  w i l l  Lead 

, to  very s m a l l  i n f - i l t r a t i o n  ra tes .  

11. WATER QUALITY STUDIB 

1. Sampling and Ana ly t i ca l  -- Techniques, 

Sampling s c h e d u l e s ,  t h e  sampling of eECluent ,and renovated 

w a t e r ,  and ana ly t l ica l  techn-iclues a r e  t h e  same a s  d e s c r i b e d  i n  p re -  

vious annual. rep o r t s  . 
2 ,  To ta l  Organic Carbon. --. ..--- 

The t o t a l  o r g a n i c  carbon c.ontent of the seconciary e f f l u e n t  was 

gene ra l ly  i n  the  LO t o  1 5  ms/ l i . t e r  range f o r  Lhe e a r l y  part o.? t h e  

y e a r  (Figure 5 ) ,  I n  August, t he  e f f l .ucnt  was of very  good clnilS.ity 

and had a  TOC content  of aboclt 6 m g l l i t e r .  The TOC conteen of the 

renovated wa te r  was: gcneral. ly below 5 ~ug/l:iter (Pi-g~irr? 5 ) .  
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3, --- Miirrogen. 

Tile total-N c o n t e ~ t o a y '  the  e f f l u e n t  was betweex!. 20 m c l  40 I"/ 

l i t e r  x i t h  an average ojS &ou.t 30 mg/l . i ter .  Tine Pi-content was 

h i g h e s t  i n  January aild 'February (Figure 6)" The . i nc~ , .~ l a s ing  tzrend 

i n  the  NIZ -M concen t r a t ion  of t h e  emova te6  wa te r  Ecoxn which 
4 

s t a r t e d  i n  D e c e ~ ~ b e r  1972 af ter  a gradual  dec l ine  of the NH -3 con- 
4 

t e n t  i n  1972,  connrinued i n  January a d  Yehi-uary of L973 (Figure 6 ) -  

Af te r  t h e  long  dry irp Erum Narch 20 June ,  a r:onsidcrnbabie 803-peak 

was observed i n  EClil water af t -e r  f l ood ing  \;ras resmed. ,  Th i s  TWS: 

probab:ly due t o  n i t r - iE ic&t ion  of adsorbed Z\W and o r g a n i c  h' i n  t h e  4 
s o i l  during t h e  long  drying,  T h e r e a f t e r ,  t he  NO -peaks were con- 

3 
s i d e r a b l y  small-er.  The NR -N content  a l s o  dec l ined  from June t o  

4 
kcember .  The N removal f o r  t he  ELV wa te r  was q u i t e  good, Whi?tlier 

t h i s  i s  due t o  the  lower i n f i l t r a t i o n  r a t e s  (caused by t h e  6-inch 

w a t e r  depth i n  the  b a s i n s ) ,  t o  the  wa te r  a p p l i c a t i o n  du r ing  dry ing ,  

o r  t o  t h e  remnants of t he  sudcmgrass crop of 1972,  o r  t o  a  c.o:nbina- 

t i o n  of t h e s e  f a c t o r s ,  i s  &ifc--  cult t o  say .  

The nnnbers below t h e  NO pec&s i n  the renovated wa te r  i u d i -  
3- 

c a t e  t h e  percentage  n i t r o g e n  t h a t  was removed f o r  each f  looding 

cyc le .  This  percentage  was obta ined  by mul t ip ly ing  to ta l -N leve1.s 

i n  e f f l u e n t  and renovated water  by t h e  i n f i l t r a t i o n  r a t e  during 

f l o o d i n g ,  assuming v e r t i c a l l y  downward p a r a l l e l  flow (? i s  t o n  flow) , 
and c a l c u l a t i n g  t h e  percentage  N removal, The i n f i l t r a t i o n  r a t e s  

were taken  as t he  average of the  i n f i l - c r a t i o n  r a t e s  f o r  bns ins  3 

and 4 dur ing  the  p a r t i c u l a r  f looding  pe r iod ,  

There a r e  two sou rces  of e r r o r s  :in t h i s  p r o c e d ~ r e  , whic'ri have 

oppos-ite e f f e c t s  on the ca lc t i la ted  percentage  N removal.. The f i r s t  

source  of e r r o r  is  t h a t  the NO -peak may n o t  always be acc.urately 
3 

charac te rkzed  because th.e d a i l y  grab-sampU.zrg f a i l e d  t o  inc lude  t h e  

peak NO -concent ra t ion .  Somet i~ws these peaks occurred  on we&- 
3 

ends. I n  genera:L, I~om?ver, Elooding pe r iods  were s c h ~ i l 3 . e d  t o  avotd 

t h e  occurrence of NO,-peaks on week-ends . The second soltrce of 
J 
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e r r o r  i s  t ha t  divergence of the Elow causes t ? ~  Ll_ux?s i n  +.he 

aqa i2e r  a t  the  i n t a k e  of: ECL? t o  be  i e s s  than  t h c  ir_fi ' . raati .on rates, 

p i s  tori flow had occurred .  

The weighted rn2a.z of the ni t rogel1 rernovd percentages was 

2.2% f o r  1973* If: t he  hi& NO -peak of  June (wh-ich yiel-cied a  nega- 
3 

Live N ren~oval )  i s  e x c l u d ~ d ,  t he  average N removal. was 38%, 

Tne low water depth i n  bas ins  5 and G ,and r e s u l t i n g  l.ot7el: in- 

f i l t r a t i o n  r a t e s  were apparent:Ly q u i t e  e f f e c t i v e  i n  s t i x u l a t i n g  

den5 tri  f i c a t i o n  , as  i n d i c a t e d  by t h e  average ni"io gea rsraoval of  

74% a f t e r  June (Figure 7 ) ,  'ShFs corresponds t o  a  removal of 

8253 kg N/ha during t h e  7-month p e r i o d ,  o r  -3n annual n i t r o g e n  re- 

moval r a t e  of 13,977 lig/ha, T'n5.s i s  much more than  t h e  9,000 kg 

of  N removed p e r  h a  on t h e  b a s i s  of an annual i n f i l t r a e i o n  of 

100 m and a  n i t r o g e n  removal of 30%. 

The NO -pealis f o r  t he  renovated wa te r  f ro% w e l l  5-45 were c s -  
3 

s e n t i a l l y  non-exis ten t  i.n Septen~ber ,  November, and D e c c d ~ e r ,  Also 

the. NH -N concerr t rat ion de.c.reased dur ing  t h e  Jme-Eeeeml;er p e r i o d ,  4 
iizclicating t h a t  the amount of ammonium ads orbed i n  t h e  s o i l .  du r ing  

f looding  d id  no t  exceed t h e  arnomt of adsorbed ammonium t h a t  could 

be  n i t r i f i e d  dur ing  drying.  

The n i t r o g e n  removal f o r  the renovated wa te r  f r o a  w e l l  1-2 

was gene ra l ly  b e t m e n  30 m d  40% and i n  the  40 t o  50% range f o r  

the l a s t  t h r e e  f lood ing  pe r iods  of t h e  year  ( F i g t ~ r e  8 ) -  Thus, t h e  

s p r i n k l i n g  be tween f lood ing  pe r iods  may have been e f f e c t i v e  i n  i n -  

c r eas ing  d c n i t r i f i c a L i o n .  1 " L s  d i f f i c ~ ~ l t  t o  conclude,  IIGJCV~L-, 

whether t h i s  was due t o  the movc~ilent of n - i t r a t e  t o  1.01-7? r zones ,  or 

t o  reduced i.nEil t r a t i o n  races  during flor;ding be cause o T l e s s  i.n- 

k i l t r a . t i on  recovery during dry ing  Wkien sp r in i i l i ng  was i s e d .  

The pro  cccinre of calcnl. a t  i n g  t h e  N removal. by IE 5:ns of t h e  

pis ton-f low approach was a l s o  app l i ed  t o  sequences o f  Long i lool l ing 
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and dryir:g perj.ods i n  prcvious y e a r s ,  Slloa-r , f requant F?.ooding 

cyc les  were n o t  rjnc3_uc!R,ri i n  t h i s  c a l c u l a t i  on, because %lie pre- 

c1oninaatJ.y acrob-lc condi t ions  y i e lded  e s scn t i a l . l y  ccblrple t e  n i c r i - -  

f - i ca t i  on of che n i  crogen :in t h e  e f  fluienir: wi.thaut s i g r i f  i c m t  

ni.:rogcn renoval .  The .ees:iLts ('1ahl.e 1) s h o , ~  t h a t  the wei,C;i~t;cd 

ixsarL removal pcrcea tagc  for  a.i.3. long  E3oodi::g cyc l e s  was 30X3 which 

agrees w s L l  w i  rh previous predi  c.tions based  on t h c  avasage  t o t a l  - 
N con::c-?ntrations of t h e  renovated wa te r  from o u t l y i n g  u ~ z ~ l l s ,  and 

wi Z?I. t h e  r e s  lilts of labzborato-ry s "cudies on s o i l  c o l u ~ w s  , 

The f\T removal percentage appeared t o  6ecrec;se wj; ~ 1 - t  i n c r e a s i n g  

NH -M content  o E t hc  c?movalsed wa te r .  Th.Ls i s  d e ~ o ~ s t r a t e d  i n  4 
Figure 9 ,  ~~3iLch shows t h a t  whcn the NEI -8 content  of r_he renovailed 4 
water  went up,  the N-removal percea tage  went Zownp a x 4  v i c e  v e r s a ,  

This shows t h e  importance of avoicling HA -increcases i n  the ceno- 
4 

vaced w a t e r ,   as can b e  acon~plished by se1ectin.g f l o o d i n g  and clrying 

cyc les  s o  t h a t  no t  more N-I -is adsorbccl i n  tire s o i l  d t t r ing  El.ooding 
4 

than  can b e  n i t r i f i e d  dur ing  drying. A p l o t  o f  t h e  percentage  

n i t rogen  removal versus: "ie Efi -N content  or' b r e  r enova ted  wa te r  
4 

i s  silown i n  F i g u r e  10. Al.though t h e r e  i s  consicler2bla s c a t t e r ,  t h e  

downii7arii t r a n d  of t h e  r e l a t i o n  as inct iczted by t h e  b e s e - f i t t i n g  

s t r a i g h t  l i n e  is ~nnlristalcable, 

4 ,  Phosphates .  -- 
?'he PO -P concen t r a t ion  of t h e  elf]-uent  f o r  t h e  p e r i o d  Ju ly-  4 

Ikcember was about 9 m g / l i t e r  (Figure 3.1) . The POLk--P c:oncentrations 

i n  t h e  renovated wa te r  of ECIJ, w e l l  1-2, and xe l l .  7 were n o t  nxich 

d i f f e r e n t  and f l u c t u a t e d  around 4 m g / l i t e r .  The PO -P Leve3- oE 
4 

t hc  renovated w a t e r  from w e l l  1 v7as mu& Lcr,rcr, as  ~.:a.s t5a:c of 

1 5 -  The i n t&c  of wcl-! 5-6 i s  i n  re1a-t-ivcly fine-textur:cl 

 aleria rial wI:i.ch may e x p l a i n  Lic S ncrcascd  phosphate rcm,yat f o r  

t h i s  w e l l .  TJc%l 1 i s  a t  Ehe saxe d i s t a n c e  from i l te  basins  as w e l l  

7 ( F i g  I ) However, wcl l -L i s  a l s o  i n  Less permcab1 c na-eria.L, 
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vhich  prob & .Ly exy lx ins  tile lower PO -.P concen t r a t ions  i n  t h e  rreno- 
4 

vated  water .  

5 ,  Dissolved S a l t s .  
----T 

The t o t a l  d i s so lved  solFds content  of  t h e  secondary e f  Fluent 

was about 1 ,000 mg/l-it-er, as  in preview y e e r s ,  The rota1 s a l t  

conten t  of t h e  ~eaovated  water  from ECV was a l s o  abou: 1,030 ppm 

exczpc f o r  t h e  p e r i o d  J m e  11 m t i l  June 13, vhen s a L C  con ten t s  of 

between l , 4 0 0  and 1,700 m g / l i t e r  were observed. Th i s  c o d d  have 

been due t o  t h e  long drying per iod  previous  t o  J m e ,  caus ing  s a l t  

build-up i n  t h e  upper s o i l  l a y e r s ,  t?hich w a s  leached  or& when 

f looding  was r e s t ~ m d  i n  June .  A s i m i l a r  e f f e c t  was n o t e d  f o r  t h e  

t o t a l  s d t  con ten t  of t h e  renovated wa te r  f r o n  well. 1-2. The s a l t  

conten t  o f  t h e  renovated wa te r  of well 5-6 increased t o  about 2,400 

ppm i n  t h e  mlddle of June.  GTells 1 and 7 y i e l d e d  w a t e r  wi th  s a l t  

concen t r a t ions  of about l g O O O  ppm, =and WCW y i e l d e d  w a t e r  wi th  sa l t  

concent ra t ions  of 3,000 t o  4,000 ppm, which musthavl;. been tia"cve 

groundwater. 

6 ,  pH. .- 
The pH of t h e  renovated wa te r  gene ra l ly  was between 6 , 5  and 

7.0,  The pH of t h e  e f f l u e n t  was n o t  ~ n e ~ s u r e d ,  b i ~ t  i t  was usual ly  

around 8 i n  prev ious  y e a r s .  

7 .  Metals .  --- 
Acid i f i ed  samples of secondary e f f l u e n t  and renovated  water  

from va r ious  we l .1~  , tdcen  i n  t h e  pe r iod  Sep te the r  1972 t o  February 

1373, were shipped t o  D r .  3, V. Lagemer f f  of t h e  A g r i c u l t u r a l  

Pesearch Serv ice  i n  B e l t s v i l l e  f o r  Eg-analysis.  The r e s u 1 . t ~  (Table 

2 )  show t h a t  t h e  m e r a g e  ncrcury con ten t  of "ce. c E f l u e n t  i.s aromcl 

2 ,I ppb , b~kereas  the a w r a g c  mercury contenr; from t h e  yar ious  we1 1s 

r a l g e s  between 1 .0  anc l  1 . 4  ppb. 

Annual Report of the U.S. Water Conservation Laboratory



8, Viruses . ---- 
Frozen ::a,npLes of raw sewage, secondary e l f l u e n t ,  m d  reno- 

va t ed  wa tc r  r'rorr, var ious  w e l l s  were s e n t  t o  D r ,  Elillel. I, ShiivaZ 

o ,!! t h e  Envi ron~nen c a1  Elc. a l  tlr Lab o r a t o r y  , Iieo rew Univers i ty , Jerusalem, 
r i Tsrasl  , f o r  vLrcs assay ,  Lhe generous o f f e r  oE Dr. E l i i l c L  t o  do 

thLs wo rk is g a t  e f u l l y  adtncw:Ledged, Tile r e s  td"c ((Tat) ~e 3) show 

that: v i r u s  vcas p r e s e n t  i n  t112 raw sevage and t o  a lessex e x t e n t  i n  

t h e  secondary e f  Eluent ,  b u t  1zha.L cke renovated wa te r  was f m e  f r o 2  

v i r u s e s .  This  a p p l i e s  t o  4 - l i t e r  samples .  To o b t a i n  a b e ~ t e r  p i c -  

t u r e  o f  the  v i rus  l e v e l  i n  t h e  renovated w a t e r ,  ~ntlch Largcr  vol.u,~~es 

must be  analyzed.  This  r e q u i r e s  concen t r a t ion  of t h e  ~ r j r u s c s  Eron~ 

l a r g e  volumes i n t o  sma l l  'volun~es oE watez ,  This w L l %  be done i n  

1974 by t h e  Virol-ogy Department of Baylor  College of  Llkdicine, 

Hous ton ,  Texas, under c o n t r a c t  wi  th  t h e  U. S. Water Conservat ion 

Laboratory.  

9 .  Bios t imu la t ion  ---- of Renovated Water i n  ImpouncZments. --- 
The e a s t  l i n e d  polid and t h e  west L:ined pond were puntped out  on 

t h e  21s t  of  hugus t , cleaned and f i l l e d  wi th  renovated w a t e r  from the  

Eas t  w e l l  on 24 k1ugust. The ponds were then  s tocked  with ~ h o u t  

3,000 top  rminnais (Roec i l i ops i s  - o c c i d e n t a l i s )  and 1 ,000  b l u d - g i l l  

(Lepods  macrochirus) -- , equa l ly  d i s t r i b u t e d  over  t h e  two ponds , on 

4 September 1973. Renovated w a t e r  Erom t h e  Eas t  Well i s  cont inu-  

ous ly  app l i ed  t o  the. ponds a t  such a r a t e  t h a t  i t  r e p l a c e s  the  

volume of t h e  west l i n e d  pond i n  32 clays and t h e  volunle of  t h e  e a s t  

Pined pond i n  3.2 days. Nitxogen and phosphorus concen t r a t ions  i n  

the ponds a r e  shown i n  Table 4.  Secchi  d i sk  readings  a r e  shown . i n  

Figure 1 2 ,  The n i t r o g e n  and plzosphorus Levels a r e  rat11c.c s t a b l e .  

The Secclli disk readings  show minor f l u c t u n ~ i o n s .  T ie  t ype  fisi: 

were s e l e c t e d  s o  21s t o  p rodwe  a l a r g e  popitlat.ion oC rclat iyz1.y 

sma l l  f i s h ,  which 116ght t a k e  advantage of the J.arge pxintary pro- 

d u c t i v i t y  of the  f cai.rl_y eu t  r o p l ~ i c  renovated sewage e f f luen t :  w a t e r s ,  

w h i l e  avo? ding excessive al.ga1 blooms. 
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l' f 1, RJT;JtE PKOSZC'CS 

Ln 1373 t h e  app:i.ication of t h e  City of Phoenix f o r  a g ran t  

from t h e  Er , -v i ronm~t td  P r o t e c t i o n  Agency t o  p a r t  i a l l y  f i nance  the 

23rd Avenue Recharge and P,enovation P r o j e c t ,  va s  approved, Dtj- 

t z i l c d  pl.c?xrs I o r  t3 is 40-acre h-i gh-rzte i n f i l r z r a t io r l  sys t e n  we re 

preparcd by Djbb  1.e and i ~ s s o c i a t e s  , consultirzg enginee-rs , and ap- 

pcctved by va r iocs  l o c a l  m d  EecleraS agencies .  Coastr-nction i s  

expected t o  s t a r t  i n  t h e  s p r i n g  of J974 t7ith c0rrip1.eticii.r schedd.ed 

f o r  t h e  summer. 

In  A p r i l  1973, t h e  Univers i ty  Projeci-L CommLttee f a r  r h e  -Go 

Salado P r o j e c t  completed i t s  r e p o r t  on t h e  genera l  p l a n  f o r  t h e  

Lh ive r s i  ty P r o j e c t  . I3as ica l ly ,  t h i s  p r o j e c t  cons-ists or  a 2-nrj l e  

long  combination of lagoon and rowing course .with a total surfclce 

a r e a  of  approxtinately 140 ac re s  i n  t i le Sa1.r E v e r  bed  n o r t h  of t h e  

Arizona S t a t e  I h i v e r s i t y  campus, and a l d c e  01 about LO a c r e s  n o r t h  

of t h e  Tempe Beach Fark .  b!ater would be  supp l i ed  by a w e l l  o r  

var ious  w e l l s  i n  t h e  S a l t  E v e r  bed.  Thme w e l l s  W O I I L ~  pump a 

mixture of n a t i v e  groundsa ter  and renovated sewage w a t e r  t h a t  in- 

f i l t r a t e d  as  seconclmy rfEl.ii2n.t from t h e  e f f l u e n t  channel  below t h e  

Nesa Sewage Treatment P l a n t  . A r c h i t e c t u r a l  rend-itions of  t h i s  

p r o j e c t  have been prepared  and detail.ec1 engineeri .ng p:Lanning i s  

under way, 

S W l l t Y  AND CONCLUSIONS : 

Lover wa te r  depths and small. e f f l u e n t  a p p l i c a t i o n s  dur ing  

dry ing  were used fob- t h e  i n f i - l t r a t i o n  basj-ns of t h e  F l r s h i n g  IIeadocss 

P r o j e c t  i n  aa e f f o r t  t o  i .ncrease n i t r o g e n  removil by d m i t r i  f ic.ntion 

Tkre h i g h c s t  N removal was 7 4 % ,  which t~ras ob tailzed [or t h e  bas ins  

with t h e  shalS.owis t w a t e r  depth (about 2 i nches )  . l%e i n f i l t r a t i o n  

r a t e  f o r  t hese  basin:; bras  20 ft(month mcl the  ai ' i rogen rernov~il. w a s  

8153 lig/ha f o r  a 7-month per iod ,  The average N r e~nova l  when se-  

quences of long  flooding and dry ing  pe r iods  vere used was 30% f o r  

t he  l t f e  of t h e  p r o j e c t ,  us ing  water  depths of 1. f L  'Frris i s  
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cons iderably  l e s s  than I-hc N rclnoval ob ta ined  w i  t+h a w a i c r  d e p t h  o f  

2 i nches .  

The ayerage accuatda ted  i n 1 i l t r a t i o i z  f o r  tile 6 b2sins vas 

210 f t  i n  1973*  This  aiiiomt iz:filtra.ced ix! 9 m o n t h ,  s i n c e  no 

wa te r  could be app l i ed  t o  t he  b a s i n s  i n  $larch, A p r i l ,  a n d  Play dce 

t o  flow in t h e  S a l t  River  and inaccessibility of t he  p r o j e c e .  

The Total. 0r~arti.c Carbon content  O F  t h e  renovaize2 water was 

geni.,cal ly 7net:ween. (3 a d  5 rng / l i t e r .  T h e  PO -P concen t r a t ion  was 
4 

about 9 mg/l. i ter f o r  t l ~c  e f i l u e n t  and 1 t o  5 mgll5ke-r f o r  t h e  reno-. 

va t ed  wa te r ,  depending on t h e  l o c a t i o n  of the  we3.1. The Hg co~ilrent 

of t h e  e f f l u e n t  averaged 2 .1 ppb, and t h a t  of t h e  renovated  water  

va r i ed  from 1.0 t o  1.4  ppb. The sugges ted  naxixt~m I!g conceri t rat ion 

f o r  d r ink ing  w a t e r  i s  5 ppb . Pre1.-im-inazy v i r u s  assays  showed t h a t  

i:he renovated wa te r  is  f r e e  from v i r u s .  T11e raw sewage contained 

62 ~ ~ U / l i t e r ,  arzd t h e  secondary e f f l u e n t  4 P F U l l i t e r .  

De ta i l ed  p l ans  f o r  t h e  40-acre i n f i l t r a t i o n  sys t em below the 

23rd Avenue Sewage Treatment Plcmt i n  Phoenix h;;tvr? beeil p repared ,  

foUo-wi.ng t h e  approval  of an EPA g r a n t  f o r  t h i s  p r o j e c t ,  The 

p r o j e c t  will. renovate  about 15  mgd of secondary e f f l u e n t  and i s  

scheduled f o r  completion a t  about August 1974. 

PERSONNEL: H. B o w e r ,  R. C. Nee, Ii. D. Escarcega, Pi. S.  liiggs 
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by occurrence of NO -peak in 
3 t o t a l  nitrogen 

renovat.ed water  
--- --_111---- - - . I -  -"---- -------- 

O c t  68 67 

Dec 68 5 0 

Jan 69 

Pet> 69 

Mar 69 

O c t  69 

Nov 69 

Dec 69 

Feb 70 

Mar 70 

Apr 70 

May 70 

Jun 70 

Jul 70 

hug 70 

Sept: 70 

Nov 70 

Pec 70 

Mar 7 1  

Apr 7 1  

N.ay 7 1 

Jun 7 1 

.Jul 71 

Aug 71 

Oct 71 

Nov 7 L 
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TahZc 2 ,  R e s u l t s  01 Hg-analyses for  sewage e f f l u e n t  and  r e n o v a t e d  

wat c r  from various w e 1 . k  . 

Date  c o l l e c t e d  

Uudigcs Cecl D:iges teci 
(inorganic) ( t o t a l )  

E l  Eluent 27 Sepe 72 
II 20 Dec 72 
I I 22 Feb 7 3  

Well  $18 

E a s t  Well  

27 Sepr  72 
20 Dec 72 
17 J a n  7 3  
22 Pel] 7 3  

27 S e p t  72 
20 Dec 7 3  
17 J a n  73  
22 Peb 7 3  

27 S e p t  72  

27 S e p t  72  
20 Dec 72 
17 J a n  7 3  
22 Feb 7 3  

22 Feb 7 3  

nO.0 means lower t h a n  t h e  d e t e c t i o n  limFC of 0 .05 ppb. 
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Table 3 ,  V i r u s  conccntcai-ioas ( i n  PE'U p e r  vo  1-UTE oi" sample  tesired) 

in sewage and renovated water, 

We11 I 0 B U / 2 , 3  l i t e r s  O I'FU/~ l i t e r s  

Glell 7 0 PFU/~ l i t e r s  O P F U / Z  l i t e r s  
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F i g u r e  1. Schematic of F l u s h i n g  Pieadovs Pro jec t .  
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F i g u r e  2 ,  Infiltration rates in recharge basins and rainfall, 
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Figure 3. Accumulated infiltration in recharge basias, 
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F i g u r e  4 .  Seepage r a t e  i n  permanent e f f l u e n t  pond .  
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F i g u r e  5 .  TQC of e f f l u e n t  and renova ted  va te r ,  
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FLoure 6 .  T o t a l  nitrogen in ef f luen t  and ni t rcr te-N and ammniu-n-N i n  r p n n v n  t ~ r j  ~3 +P+.  rcrnm zlPr.? 
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F i g u r e  9 .  Nitrogen removal and NH 4. -3 i n  renovated water f o r  ECW. 
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----i-p---- E F F L U E  
- -. - E.C.W. 
----o--- WELL 1-2 

n WELL 5-6 

--%- \# 

- - - -- ---- - - - - ---- - -- -- - - - - 

Figu re  11, Phosphate concen t r a t i ons  i n  e f f l u e n t  and renovated wa te r .  
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SECCHI  DISK 

--- - - - - - - . - --- - - - - -- - - -- - 

Figure  1 2 .  Secchi  d i s k  readings  i n  l i n e d  ponds. Annual Report of the U.S. Water Conservation Laboratory



TITLE : PLIEDLCTING I'XDUCT I O N  Ii4 WATEK LOSSES FRO1.I OPEN 

CHANNELS BY T'I?i'dhTOPSIYTE COXTI',OL 

CRIS FlOPK UNIT: 5402-12260-033 

h procedure was developed t o  c a l c u l a t e  seepage from a s t r eam 

due t o  uptake of groundwater by v c g e ~ a t i o n  o r  evapora t ion  i n  t h e  

f loodp ln in .  The calcuiat5.on is based on t h e  r e l a t i o n  between evapo- 

t r a n s p i r a t i o n  r a t e  and water  t a b l e  depth.  I f  such r e l a t i o n s  a r e  

knot~11 f o r  c e r t a i n  phrcatophytes  a d  Eor t h e  f l o o d p l a i n  cond-ition 

a f t e r  phrea tophytes  have been rcmovecl , t h e  r educ t ion  i n  seepage 

l o s s e s  Erom t h e  s t r eam can b e  computed. The numer ica l  c a l c u l a t i o n  

process  was s i m p l i f i e d  by r e p l a c i n g  t h e  curves r e l a t i n g  evapotrans-  

p i  r a t  i on  r a t e  and water t a b l e  depth ,  w11ich a r e  gene ra l ly  signloid, 

by s t e p f u n c t i o n s  of t h e  same a rea .  Tllese s t e p f u n c t i o n s  gave t h c  

s anle seepage as  t h e  incrementa l  procedure i n  s e v e r a l  comparisons , 

Appl i ca t ion  of t h e  proced~zre t o  a h y p o t h e t i c a l  s t r e a m  and 

f l o o d p l a i n  showed t h a t  r e p l a c i n g  a  deep-rooted v e g e t a t i o n  by b a r e  

s o i l  o r  shal low-rooted vege ta t ion  causes a  r i s e  of  t h e  w a t e r  t a b  be 

i n  t h e  El.oodplain. The percentage reduct ion  i n  seepage l o s s e s  

from t h e  s tream was only  s i g n i f i c a n t  i f  t h e  clepth from which ground- 

wa te r  can b e  removed by evapora t ion  was much s m a l l e r  a f t e r  removal 

t han  be fo re .  l%e aroovnt of water  saved by phrea tophyte  c o n t r o l  i n -  

c reased  w i t h  i n c r e a s i n g  e l e v a t i o n  of t h e  f loodp la in  above t h e  water 

level i n  t h e  s t ream. 

A d e t a i l e d  d i s c u s s i o n  of t h e  procedure and i t s  a p p l i c a t i o n  

appears i n  a  manuscript  of the  same t i t l e  a s  above. The manuscript  

w i l l  b e  submi t ted  f o r  p ~ i ~ l i c a t i o n  i n  Water Resources Eesearch. 

PERSONhSL: H. Houwer -- 
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Eqerimienrs  on renovat ion  of secondary s e x a w  a e f f l u m t  by s o i l  

coluims i n  1.973 coucentra- ted on methods t o  relnove most of t h e  n i t r o g e n  

fro:n sewage water  by d e n i t r i f i c a t i o n  w i t h  :Little o r  no  nddit:i.on of 

air e x t e r n a l  energy sourc.e, 311-te primary experinental .  areas v e r e  

(1) t r a c e r  s t u d i e s  t o  determine :107:7 reductiorz .in i n f i . l t r a t i o n  

r a t e  s t i m u h t e d  d e n i t r i f i c a t i o n ;  

(2) a d d i t i o n s  of organic  carbon (dext rose)  t o  s o i l  columns 

only  dur ing  the beginning of rhe f lood ing  p e r i o d  i n  an 

a t t empt  t o  p rov ide  carbon f o r  d e n i t r i f  i c a t f  on o f  t h e  

n i t r a t e  peak leached lrorn the  s o i l  dur ing  that seg1iien.L of 

t h e  f lood ing  cyc le ;  

(3) experiments w i t h  vegeta ted  sofil. colunns t o  de::ernine if 

cl~mitr i f icat . - i .on is s t imu la t ed  s i g n i f i c a n t l y  by pl .ants  

dur ing  h igh - ra t e  l.and f 5.ltra"ron. 

PRO CEDURE : 

Laboratory Colunixrs. The e i g h t  s o i l  columns packed i n  1972 were ------ 
used a g a i n  i n  3.973. Two co:f.um.ns wi th  low i n f i l t r a t i o n  r a t e s  were 

repaclcecl 2.n August . 'The c.oImms were f looded v r i t ' n  seconc!ary sevage 

effluent:  on schedules  of 9 clays f looded a l t e r n a t e d  w i t h  5 clays dfy .  

A p u l s e  of K C 1  w a s  added to 4 c01.umns a s  a t r a c e r  tr.o s tudy  the 

c f f  e c t  of F n f i l t r a i l l o n  r a t e  o r  f l u x  on t h e  rfiovement of z ~ i t r a t c .  through 

the s o .  The t o t a l  s a l t  concen t r a t ion  of t h e  first 1,300 n l  of s e w -  

age water  in f i l . t - ra ted  inCo t h e  soi l .  was increased  f r o ~ l  agp~oximaf:eJy 

1,009 ppm t o  3,(1C)G ppn? by t h e  aiidi.ti.on of 40.2 ml El.. The sc2D.t con.- 

c e n t r a t i o n  i n  t he  t l a t e r  co:llecLed from the  bottom of t h e  sof l columns 
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irnotber e x p r i m e r t i  was cond~tc ted  t o  d e t e r n i n e  LE w e t t i n g  t h e  

colunas w5%h s m a l . 1  q u a n t i t i e s  o t  sewage dur ing  p a r t  of the clry pe r iod  

would stimu:Late d e n i t r i f i c a t i o r r .  Enout an  iuch  of w a t e r  was added 

t o  each c o l u m  on two d i f f e r e n t  days dur ing  r_he dry  p e r i o d .  

Experiments were then conducted t o  d e t e r n i n e  i f  a p n l s e  oE carbon 

added a t  t h e  beginning  02 t h e  f lood ing  per iod  would s t i u m l a t e  d e n i t r i -  

f ica t i .on .  Enongh d e x t r o s e  t o  i n c r e a s e  the  organic  C c o n t e n t  by L O O  

pprn was added t o  t h e  f i r s t  2  L i t e r s  of sewage i n f i l t r a t e d  i n t o  columns 

4 am1 8 on August 22. This  procedure was repea ted  on t h e  f i r s t  day 

oE each f lood ing  c y c l e  u n t i l  October when carbon was added t o  the  

f i r s t  4 1.itel.s o  E s w a g e  i n f i l t r a t e d  i n t ~  c o l u m s  4 2nd 8 ,  and t h c  

f i r s t  2 l i ters  e n t e r i n g  c o l ~ u m  7. These a d d i t i o n s  were cont inued 

f o r  t h e  remincler  of t h e  year .  Dextrose was a l s o  added t o  4 l i t e r s  

of sewage i n f i l t r a t e d  i n t o  colarms 5 and 6 beginning  on 3ovexnber 13. 

Outsi.de Col-u~ms. Nine o t h e r  columns were c o n s t r u c t e d  i n  

December 1972 and enc losed  i n  a  s p e c i a l  s h e l t e r  t o  s t u d y  t h e  e f i e c t  

of plane: growth on n i t r o g e n  removal. These consisr :  of 6-.inch d i a n e t e r  

PVC p i p e s  packed w i t h  materi .al  Laken from t h e  F lushing  Meadows re- 

charge b a s i n s .  The p i p e s  were p laced  i n  an i n s u l a t e d  b u i l d i n g  w i t h  

t11e t o p  of the p i p e s  p ro l rud ing  through t h e  roo f .  The so i l .  was 

packed i n  t h e  c o l u m s  t o  t h e  l e v e l  of t h e  roof s o  t h a t  t h e  soiL s u r -  

f a c e  w a s  exposed t o  t h e  atmosphere and pl-a.nts could b e  grown i n  t h e  

columns. 

S ix  of t h e  c o l u m ~ s  were p l an ted  t o  E a r t e l  b a r l e y  o n  December 5 ,  

1972. The columns s e r e  f looded wi th  sewage water  on an i r r i g a t i o n  

schedu le  02 2  inches  of water  per  week u n t i l  t h e  b a r l e y  w a s  about 

1.5 cm k igh .  A s chedu le  of 9  days f looded and 5 days d r y  was then  

used. The sewage wa te r  f o r  t h e  columns was h e l d  i n  a tank i n s i d e  

t h e  b u i l d i n g  where t h e  temperature was maintained a t  70-75 F. A 

cons t an t  head was maintained by a f l o a t  Which a c t i v a t e d  a pump by 

means of a  so l eno id  swi t ch .  Tlie t h r e e  t rea tments  imposed on t!iesc 

c o l ~ z m s  were: ( I )  a  b e r e  s o i l  su r f ace ,  (2) a vf ige ta t ive  cover w i t 1 1  

tile forage  ha rves t ed  and removecl, and (3) a  v e g e t a t i v e  cover wi th  
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tlw. forage  harvested and deposSCed on the s o i l  surEace. Thc  ba r l ey  

;:as c l i p p e d  t o  a 10--crc: Leigkt ,  The  plan^ material  renio.red from the 

coluiai~s was we-&bed, o-.rzn-dried a t  105 C ,  and weighed again, whil-e 

tl~r- o t h e r  c l ipp i r lgs  viers weighild, chopped, and re tu rned  cn the col- 

U I ~ S .  T h e  b a r l e y  tras c l i p p e d  on February 18, March 15,  a n d  Nay 3 ,  

The colunms were e z ? t i e d  and repacked i n  J m e ,  a i ~ d  planted t o  COJ.EIUO:I L e r ~ u c l c l g z a ~ ~  on GuI-y 6 . Be.,rmudagrass sprigs were planteecl 

a.bouL an inch apar t  i n  she colulwLs, Tile same three t rea tuents  ok 

bare s o i l ,  vegeratecl r:i:h c l i p p i n g s  removed, and vege t a t ed  rs-ith 

c l i p p i n g s  return-ed t o  thz s o i l  surface wcre used. The grass t57as 

c l ipped  on August 3 and at2-week intervals  dur ing  each d ry  p e r i o d  

f o r  the remainder of the year. The c l i p p i n g s  w e r e  w e i g b e d  and 

re turned t o  the s o i l  o r  d r i e d  as described above f o r  the b a r l e y ,  

T h e  sewage water and water dra ined  E r o m  the columns w a s  sampled 
i d a i l y  and analyzed f o r  I;O NO3, and NI14 . Oxidat ion-reduct ion 

2 ' 
electrodes w e r e  i n s t a l l ed  a t  the 2 ,  20, and 40 cm dep ths  and monitored 

d a i l y ,  

WSmTS AND DIS CUSSIO;J : 

Tracer St*. A p l o t  of i n f i l t r a t i o n  vs. percent s i t r o g e n  ---- - 
removal on a log-log basis showed that n i t rogen  rcxoval increased 

e-qonentialJ.y as i n f i l t r a t i o n  rate decreased (Figure 1). We hypoth- 

e s i z e d  t h a t  a ckange i n  i n f i l t r a t i o n  rate affected n i t r o g e n  removal 

by changing t he  Elow character is t ics  of the system. Nirrate formed 

i n  t h e  s o i l  du r ing  the ?ry p e r i o d  w a s  leached Erom the s o i l  i n  a 

narrow concentrated hand  Khen the i n f . i l t r a t i on  rate was h i g h  A. 

decrease i n  i n f i l t r a t i o n  rate caused the  n i t r a t e  t o  b e  leached i n  a 

more difEuse wave and a l lowed  cons ide rab le  mixing of the  n i t r a t e  

w i t h  rhe in f  i1ira'c-i.ng s~:t-age ~ ~ a t e r .  Thus, mixing the sewage water 

v i t h  ni t r i i te  p r o v i d e d  a :.ore favorable C "co NO --N rii-cio f o r  d e n i t r i -  
3 

i i c a t i o n  than t h a t  o b t a i r - e d  w h e ~  n i t r a te  sJas leached i n  a concentrated 

band. An iricxeasc .in t n e  dz tent ion  t i ~ w  w i t h i n  the s a i l  mighl: have 

a l s o  increased d e n i t r i f i c a k i o n .  T h e  n t t r a t e  concentrat ion of water 

col-lectcil f rom s o i l  c o l i x n s  w i t h  a 2.0~1 i n S i l t r a t i o n  rate (15 cm/day) 
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was consistently around 5 ppm v i t h  LFt t l t -  eviclencc of a n i t r a t e  peak, 

tfhereos the  watcr  Irom colurcrra w i t h  an i n f  LltraLLorr railc of 50 cm/day 

had a peck n i t r a t e  concentrnr5on o f  70-80 ppa (Piguse 2'1). The 

iil1-l -N concentraCion rms < 1 ppiri i n  bo th  cases .  The se-imge water  4 
contained on the  average 30 ppnl 811 -N and L ppm each of NO --N and 4 3 
organic-N. 

Re . t e s t ed  t h e  1xypoi:lzesi.s by adding a p u l s e  oE KC!. co t h e  seiiiage 

water  a t  t h e  beginning  of a Elooding pe r iod  and 5y  ~ n o n i t o r i n g  the  

s a l t  c o n c e n t r a t i o n  of t h e  :dater c o l ~ e c t e d  from t h e  coI.umns. Tile 

t o t a l  s a l t  c o n c e n t r a t i o n  of the  f i r s t  1,500 m l  of sewage water  inEiL-- 

t r a t e d  i n t o  t h e  s o i l  w a s  Tncreasecl Irorn approx.ixately 900 pprn t o  

3,000 ppm by t h e  addi t ion of K C 1 .  The s a l t  concentrat:Lon nieasured 

i ~ i t h  a Wheatstone b r i d g e  i ~ l d i c a t e d  t h a t  a concentraced s a l t  peak 

passecl through a s o i l  col~rmn wi th  an  i n f i l t r a t i o n  r a t e  a? 23 cm/day 

(F igure  2 B ) .  Much more d i s p e r s i o n  o r  mixing occurred i n  a c o l u m  

w i t h  an i n f i l t r a t i o n  r a t e  of 14 cm/day . IT0 concent ra ted  s a l t  peak 

was observed w i t h  t h e  slow i n L i l t r a t i o n  r a t e ,  and some i n c r e a s e  i n  

s a l t  concen t r a t ion  was measured i n  water  c o l l e c t e d  throughout  tile 

3--clay f lood ing  pe r iod  and d r a i n i n g  from t h e  col.umns d u r i n g  a 5--day 

dry pe r iod .  T l ~ e s e  d a t a  supported our  hypothes is  t h a t  t h e  decreased 

i n f i l t r a t i o n  r a t e  r e s u l t e d  5.n more mixing of t h e  n i t r a t e  w i t h  t h e  

incoming sewage water  .. 
Flooding a t  a11 i n f i l t r a t i o n  r a t e  of 15  cn/day on a S C ~ C C I ' J - L  and 

a s o i l  s i m i l a r  to t h e  one used w i t h  t h e  coluxnns wou3.d r e s u l t  i n  8'3% 

N removal du r ing  an  annual  a p p l i c a t i o n  of 38 m oE sewage wa te r*  TLLC 

i n f i l t r a t i o n  r a t e  can b e  v a r i e d  i n  "c~e  f i e l d  by a d j u s t i n g  t h e  water 

depth i n  i n f  i l t r a  t-ion b a s i n s .  The optimum i n f i l t r a t i o n  r a t e  could 

vary  w i t h  t h e  s o i l  used. 

ide t t inq  So-i.1 Coluains Duri-ng P a r t  of the Dry Pe r iod .  G i . l L e r t  -- --- --- -- .--- 

e t  a l .  (I) sugges ted  t h a t  on LIle b a s i s  of fieLti d a t a  i t  xiiight b e  

p o s s i b l e  t o  s t i m u l a t e  c l c n i t r i f i c a t i o n  by adding cnougli sewage clurirlg 

t h e  dry pe r iod  t o  s a t u r a t e  the  upper few inches  of s o i l  b u t  no t  enough 

t o  l e a c h  t h e  n i t r a t e  t o  -Lower dcpths avay Eroin o rgan ic  material .  t rapped  

Annual Report of the U.S. Water Conservation Laboratory



n e a r  t h e  s u r f a c e .  Additiol: of small voluines of sewage dur ing  the 

dry pe r iod  tiid not: appear  t o  s t i m u l a t e  d e n i t r i f i c a t i o n  (Table 1 ) .  

%is  v a s  probably due t o  Che f a c t  t h a t  l i t t l e  carbon was avai labSe  

near  t h e  s u r f a c e  oE the  s o i l  dur ing  t h e  dry  period.  The suspendecl 

m a t e r i a l  i n  t he  sewage s e t t l e d  o u t  i n  t h e  jug  be fo re  t h e  water  was 

sipltoned i n t o  t h e  colurims. These b r i e f  experiments were n o t  a 

thorough t e s t  oE thfis procedure,  b u t  they do i n d i c a t e  t h a t  carbon 

would have t o  b e  s u p p l i e d  i n  t h e  f i e l d  from suspendecl s o l i d s  coS1ccted 

n e a r  t h e  surEace o r  a l g a e  growth f o r  d e n i t r L f i c a t i o n  t o  be  s t imulated.  

Orxanic Carbon Addi t ions .  The a d d i t i o n  of dex t rose  a t  t h e  begin- - -- ----- 
~ l i n g  of t h e  f lood ing  p e r i o d  sti.mu:Lated c i en i t r i f  i c a t i o u  b u t  d id  n o t  

r e su l t :  i n  complete d e n i t r i f i c a t i o n  (Table 2 ) .  E l e  a d d i t i o n  of 3.00 ppm 

dex t rose  t o  t h e  f i r s t  2 t o  4 l i t e r s  of sewage i n f i l t r a t e d  inc reased  d 

removal by 15-20% a t  each i n f i l t r a t i o n  r a t e .  f.Iowever, a l l  of t h e  in-  

c r eased  N removal at: t h e  h i g h e s t  i n f i l t r a t i o n  r a t e  may n o t  be due t o  

added carbon because  t h e  i n f i l t r a t i o n  r a t e  dec l ined  s o m e ~ h a t  w i th  added 

carbon. The i n f i l t r a t i o n  r a t e s  d i d  n o t  change wlnezx carbon was added t o  

t he  o t l le r  two columns. There may be  a t  l e a s t  two p o s s i b l e  exp lana t ions  

why d e n i t r i f  i c a t i o n  w a s  n o t  cornple t e .  Although enough carbon was adcled 

f o r  e s s e n t i a l l y  complete d e n i t r i f i c a t i o n ,  some carbon might have been 

removed by o t h e r  microorganism b e f o r e  d e n i t r i f i e r s  could u t i l i z e  i t .  

It i s  a l s o  p o s s i b l e  t h a t  t h c  popula t ion  of d e n i t r i f i e r s  w a s  n o t  1.arge 

enough t o  reduce t h e  h i g h  concen t r a t ion  of NO pas s ing  through t h e  3 
s o i l  i n  a s h o r t  pe r iod  of t ime.  The popu la t ion  oE d e n i t r i f i c r s  prob- 

ab ly  could b e  i n c r e a s e d  by apply ing  carbon t l i roughoutt the f lood ing  

c y c l e  b u t  n o t  by apply ing  i t  i n  p u l s e s .  An i n c r e a s e  i n  t h e  concem- 

t r a t i o n  of carbon added should  show whether t h e  limsiting Eactor  ts 

t h e  carbon concen t r a t ton  o r  t h e  popula t ion  of c l e n i t r i f i e r s .  

Phosphate Ke~lioval . h r e l a t i v e l y  sma l l  nuriber oT ana lyses  i n d  i- 

c a t e d  a r e l a t i o n s h i p  between i n E i l t r a t j o n  r a t e  and 2hosphate  removal 

as was noted  l a s t  y e a r  (F igure  3 ) .  Il'?l.is r e l a t i o n s h i p  w i l l .  be investfi-- 

ga ted  thoroughly dur ing  next  yea r .  
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Vegetated Columns. Tne b a r l e y  p l an ted  i n  f r e s h l y  packed columns -.---------.- 
d id  nor  appear  t o  a f fec l :  n i t r o g e n  removal ~ l u r i n g  t h e  f i r s t  t h r e e  

norlths (Table 3 ) .  However, t h e  % ni.trogen removal d e c l i n e d  Erom 

842 t o  72% i n  the  b a r e  s o i l  colunms a f t e s  3 maniks. Th i s  w a s  prob- 

ab ly  due t o  depl.etion of some o rgan ic  ma t t e r  tihich was p r e s e n t  when 

t: ,ie .- colunms l iere  packed xi t h  s a i l  from f i e l d  recharge  b a s i n s .  A f t e r  

t h e  colunns were w e l l  e s t a b l i s h e d ,  t h e  vegeta ted  coLurms removed 

85% of t h e  zztitrogexi, o r  12% more n i t r o g e n  than t h e  b a r e  ones.  Return- 

i n g  t h e  c l i p p i n g s  t o  t h e  s o i l  s u r f a c e  d id  n o t  a f f e c t  nitrogen removal. 

Tne h i g h  n i t r o g e n  removal i n  t h e  vege ta t ed  c o l r ~ m s  was probably main- 

t i n e d  by t h e  addi tTon of some carbon Eros  dead r o o t s  and r o o t  exudates .  

The b a r l e y  grew q u i t e  w e l l .  under most ly f looded cond i t i ons ,  e . g , ,  

9 days f looded a l t e r n a t e d  w i t h  5 day dry pe r iods .  The t o t a l  produc- 

"Lo2 f o r  4 ~nan ths '  groiqth f o r  colu~urzs where c l i p p i n g s  were removed 

p i a s  2 t o  4 kg/x? o r  24 me t r i c  tonsl im (Table 4 ) .  Although t h e s e  y i e l d s  

cannot b e  e x t r a p o l a t e d  t o  f i e l d  cond i t i ons ,  they i n d i c a t e  t h a t  vegc ta-  

Live growth was n o t  i n h i b i t e d  and t h a t  i t  may b e  p o s s i b l e  t o  h a r v e s t  

a crop from a h igh - ra t e  l and  d i s p o s a l  f i e l d .  Returning t h e  c l i p p i n g s  

t o  the  s o i l  s u r f a c e  d e f i n i t e l y  i n h i b i t e d  p l a n t  growth. Tile f o r a g e  

product ion  by the  two groups of coluinns w a s  about  t h e  sane  u n t i l  

v e g e t a t i o n  was added back t o  one group from t h e  f i r s t  h a r v e s t .  The 

y i e l d  was reduced by more than  50% a l t e r  t h e  f i r s t  c l i p p i n g s  were 

re tu rned ,  and t h e  p l a n t s  d i ed  about a month e a r l i e r  i n  t h e  s p r i n g  

than  where c l i p p i n g s  were removed. 

The i n c r e a s e  i n  N-zenluval by t h e  columns p l a n t e d  t o  b a r l e y  

occurred  a t  r e l a t i v e l y  low i n E i l t r a t i o n  r a t e s  (12-15 cm/day) . The 

clues t i o n  s t i : L l  remained a s  t o  w h r  t he r  vegetation could  i n c r e a s e  N- 

rernoval d i e n  very h e a v j  i? loads  :$ere app l i ed ,  The c o l u ~ m s  w e r c  re- 

g;lc!ced at, l.ower bulk  d e n s i t i e s  aF te r  t h e  ba r l ey  cli.ec1, and r in f i l . t r a t i on  

r a t e s  oE 20-30 cm/day rrere obta ined  (Table 5 ) .  The % 2-removal w a s  

a z a i n  about t h e  s a m  f o r  vegetated arid b a r e  s o i l  colurms f o r  about  

3 nonths a f t e r  bermudagrass was p3.anted i n  6 col.umns (TaliLe 6 ) .  The 

vege ta t ed  c o l u : ~ ~ s  then  removed a b o u ~  9% more n i t r o g e n  on t h e  ave rage  

Annual Report of the U.S. Water Conservation Laboratory



than  b a r e  s o i l  columns. Tire r e t u r n  01 t h e  c l i p p i n g s  t o  t l l s  s o i l  

s u r f a c c  d i d  noL appear  t o  aC.Cect hi rcimoval., D e n i t r i f i c a t i o n  must 

have been  s t i m u l a t e d  by  t l ie  p l a n t s  becausc  the i n c r e a s e  i n  N removal. 

was cons ide rab ly  more t han  could have been inco rpo ra t ed  9-11 p l a n t  

t i s s u e .  The growth of bezmsclagrass was n o t  a f f e c t e d  by r e t u r n i n g  

t h e  c l i p p i n g s  t o  t h e  s o i l  s w E a c e .  P l a n t  growth was a g a i n  q u i t e  
2 

v igo rous ,  b u t  t h e  y i e l d  o  [: 1 , 2  icg/rn of dry matter was o n l y  &out  

h a l f  t h a t  ob t a ined  from t h c  ba r l ey  (Table 7 ) .  More datra on n i t r o g e n  

removal and y i e l d  w i l l  b e  ob t a ined  from t h e s e  columns. 

PART 11. REDOX POTENTIAL kE4SUPZPENTS 

1NTROD'IICT'LOi;l: 

Redox p o t e n t i a l  measurements were cont inued i n  b o t h  vegetated 

and nonvegetated s o i l  columns du r ing  1973.  

PRO CEDURE : 

lQine s o i l  columns packed w i t h  F lush ing  14~adov~s losmy sand  were 

in t e rn l i  t t e n t l y  f looded  ~ 7 i t h  secoxidary sewage e f f l u e n t .  lCilree of t h e  

columns were b a r e  and s i x  were p l a n t e d  w i t h  b a r l e y  (I-brdeum -- v u l g a r e ) .  

The v e g e t a t e d  columns were c l i p p e d  p e r i o d i c a l l y  and f o r  t h r e e  of t h e  

coZunms t h e  cl . ippings were removed. iledox p o t e n t i a l s  were  measured 

a t f o u r  depths  i n  t h e  col.urnns u s ing  a  s i n g l e  re2erence  ca lomel  elec- 

t r o d e  and a new:Ly developed s a l t b r r i c l g e  between columns . Redox 

p o t e n t i a l  measurements were a l s o  made i n  columns   die re a p u l s e  o f  

carbon was added t o  t h e  sewage a t  t h e  beginwing of t h e  f l o o d i n g  

p e r i o d .  A l l  columns were f i t t e d  w i t h  redox probes a t  2 ,  20, and 40 

c m  depths ,  and columns exposed t o  s u n l i g h t  a l s o  had r edox  probes  I n  

t h e  head of wa te r  above t h c  s o i l  s u r f a c e .  

RES UCIS nLUD DISCUSSION : 

The vege t a t ed  columns had lower reclox p o t e n t i a l s  (-200 t o  -300 

mv) n e a r  Lhe s u r i a c e  (2 c~n) du r ing  f l ood ing  than che b a r e  colunms 

(0 t o  100 mv) (F igure  4 ) .  This  sugges t s  t h e  a v a i l a b i l i t y  of more 

carbon n e a r  tile s u r f a c e  fior d e n i t r i f i c a t S o n  i n  v e g e t a t e d  coJ.u~ms. 

The vege t a t ed  columns d i d  remove more n i t r o g e n  than  b a r e  columns. 

The columns from which t h e  b a r l e y  c l i p p i n g s  ?rere removecl had h i g h e r  
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rcdox p o t e n t - i d s  (500 t o  G O O  mv) near t he  s u r f a c e  c1ur:ing Lhe dry 

p e r i o d  tl-im c o l u m s  v i t l z  c l i pp ings  retxurned t o  t h e  s t t r face (400 t o  

500 mv) . This  suggcs t s  t h e  p o s s i b i l i t y  of more d e n i t r i f i c a t i o n  nea r  

t h e  s u r f a c e  dur ing  t h e  dry pe r iod  i n  c o l m n s  w i t h  c l i p p i n g s  re turned .  

However, no d i f f e r e n c e s  wcre measured i n  o v e r a l l  X r e~nova l  betijeen 

t h e  two sets of vzge ta  Led colurims. ?'he $I removal i n  r h e s c  col~rmns 

was c o n s i s t e n t l y  above 802, even though t h e  redor, p o t e n t i a l  was n o t  

poised i n  t h e  200-300 Inv range except  i n  t h e  col_u~mls where vege ta t ion  

was r e tu rned .  

The redox p o t e n t i a l  i n  t h e  water  above t h e  s o i l  f l u c t u a t e d  i n  

a d i u i x d  p a t t e r n  (F igu re  5) .  This  was due t o  oxygen product ion  by 

a l g a e  growing i n  t h e  wa te r  dur ing  t h e  day and oxygen u t i l i z a t i o n  by 

a l g a e  and decomposing o rgan ic  ma t t e r  dur ing  t h e  n2ght.  The drop i n  

redox p o t e n t i a l  dur ing  t h e  n i g h t  was much more pronounced i n  t h e  

colurtu~s where  c l i p p i n g s  were re turned .  The redox f l u c t u a t i o n s  sug- 

g e s t  t h a t  n i t r a t e  could  b e  formed by ox ida t ion  of urn~uoixiurn dur ing  

t h e  day and d e n i t r i f i e d  dur ing  t h e  n i g h t  o r  a f t e r  i n f i l t r a t i o n  i n t o  

t h e  s o i l .  However, o v e r a l l  n i t r o g e n  rernoval by these  colunrns was 

n o t  much d i f f e r e n t  than  n i t r o g e n  removal i n  columns i n  t h e  labora-  

t o r y  where a l g a e  d i d  n o t  grow. 

PIeasurements a t  f r equen t  i n t e r v a l s  showed t h a t  t h e  redox poten- 

t i a l  changed a b r u p t l y  a f t e r  2 hours  of dra inage  a t  t h c  2 and 8 cni 

dep ths ,  a f t e r  4 hours  a t  tlze 40 cm depth,  and a f t e r  6 hour s  a t  t h e  

60 cm depth (F igu res  6 and 7 ) .  

A method was devised  t o  connect t h e  columns w i t h  a  s a l t  b r i d g e  

s o  t h e  calomel e l e c t r o d e  s,7ould no t  have t o  b e  t r a n s f e r r e d  from orhe 

column t o  another .  A p i e c e  of 15-bar ceramic was cu t  ancl p l aced  

i n  a  tube  ancl i n s e r t e d  i n t o  each colunm (Figure  8 ) .  31he tUbes were 

connected by Tygon tub ing  f i l l e d  w i t h  a s a t u r a t e d  K C 1  sol.ution wl~ icb  

was a l s o  coni~ec ted  t o  a r e s e r v o i r  of s a t u r a t e d  K C l .  Tile calontel 

electrode w a s  suspended i n  t h e  r e s e r v o i r .  .Readings could  tlien b e  

taken wi thou t  moving t h e  calomel e l e c t r o d e ,  and an a u t o n u t i c  switch-  

box scanned t h e  probes of each colunxn a t  a  p r e s e t  r a t e .  This  
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r e s u l t e d  i n  s u c c e s s f u l  au tomat ic ,  time-continuous ~neasurements o i  

s o i l  redox p o t e n t i a l s .  Neasuremwnts were ~;l;tde t o  compare ti le old 

method where t h e  calomel e l e c t r o d e  was moved from one colunin t o  

another  w i t h  t h e  sa l t  b r i d g e  nietl~od (P igure  9 ) .  Tire two me~hncls 

measured t h e  same change i n  reclox p o t e n t i a l s  (e .g . ,  t i le  s l o p e  i s  

1 . 0 ) ,  b u t  t he  s a l t  b r i d g e  technique g ives  a  s l ight1.y hi.gher reading  

(e.g. ,  t h e  i n t e r c e p t  was 11.1 mv). The amount of K C 1  s o l u t i o n  

added t o  t h e  s o i l  c o l u m s  was minute.  

The a d d i t i o n  oE carbon i n  a  p u l s e  a t  t h e  beginning  of  t h e  flood- 

i n g  pe r iod  lotrered t h e  redox p o t e n t i a l ,  b u t  t h e  2-cm probe  was t h e  

only  one t o  r e g i s t e r  mucl~ change (F igure  1 0 ) .  This  s u g g e s t s  t h a t  

rnos t of t h e  i n c r e a s e  i n  mic rob ia l  a c t i v i t y  occurred n e a r  the  surEace. 

SU\L4&iARY CONCLUS LOBS : 

Experiments w i t h  s o i l  columns dur ing  3.973 concentralred on 

methods t o  remove most of t h e  n i t r o g e n  from sewage by d e n i t r i f i c a -  

t i o n  w i t h  l i t t l e  o r  no a d d i t i o n  oE a n  e x t e r n a l  energy s o u r c e .  

Ni t rogen  removal was shown t o  i n c r e a s e  exponen t i a l l y  as i n f i l -  

t r a t i o n  r a t e  decreased ,  w i t h  80% removal occurr ing  a t  15 cm/day 

i n f i l t r a t i o n .  T race r  experiments  conducted by adding a p u l s e  of 

K C 1  t o  t h e  f i r s t  1,500 m l  of sewage wa te r  i n f  i 2 t r a t e d  a t  t h e  'begrin- 

n i n g  of t h e  f lood ing  pe r iod  showed t h a t  reducing t h e  i n f i l t r a t i o n  

r a t e  r e s u l t e d  i n  more mixing of t h e  n i t r a t e  from t h e  s a i l  w i th  t h e  

incoming sewage wa te r .  30 concent ra ted  s a l t  peak occu r red  wit11 t h e  

low i n E i l t r a t i o n  rates, i n d i c a t i n g  t h a t  t h e s e  rates provided  a  more 

f avo rab le  C t o  NO -N r a t i o  f o r  d e n i t r i f i c a t i o n  than  hLgh i n f i l t r a -  3 
t i o n  rates which r e s u l t  i n  l each ing  a concent ra ted  n i t r a t e  peak. 

Eighty pe rcen t  removal could b e  obta ined  during an  annual  appl ica-  

t i o n  of 38 m of sewage water .  

Addi t ion  of s m a l l  volumes of sewage during t h e  d ry  p e r i o d  t o  

i n c r e a s e  t h e  s o i l  mo i s tu re  content  nea r  t h e  s u r f a c c  d i d  nag i n c r e a s e  

n i t r o g e n  removal. T h i s  f ~ n d i c a t e s  t h a t  carbon would have  t o  b e  

supp l i ed  from suspended solicls o r  a l g a e  grovtfr f o r  t h i s  method t o  
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i n c r e a s e  2%; removal. The a d d i t  i o n  of 100 ppsr d e x t r o s e  t o  the f i " c - +  &a L. 

2 t o  4 3.iters of sewage water  i n f i l t r a t e d  in"L soi l .  c o l u ~ m s  3.n-, 

creasecl B removal b y  l5--20%, AcIditAonal expi;rirncnts a r e  needed t o  

d e t e r n i n e  i f  more carbon i s  needed o r  i f  t h e  popu la t ion  of c leni t r i -  

f i e r s  limits N removal under t h e s e  cond i t i ons .  

Growing ba r l cy  o r  heriiludagrass i n  s o i i  columns i n c r e a s e d  8 

removal by + l0% a2 t e r  t he  pla~iliiss b e c a m  .t;lell es~ablis11ed. T h i s  

could r e s u l t  i n  an i m r e a s e  j.n 2;l removal of 2,000 icg/ha. The returr i  

of cl-ippings t o  t h e  s o i l  stxfacc?. Las n o t  i nc reased  14 r a x v s f .  P l a n t  

growth was q u i t s  vigorous w i t h .  dry m t t e r  y i e l d s  of 4 lig/m2 f o r  
2 

b a r l e y  and 1 . 2  kg/m f o r  cormon berntuciagrass . This  s u g g e s t s  t h a t ,  

vegekat ive  gro*,,rth. was no t  L~inibfited by f lood ing  f o r  5) o u t  of every 

1 4  days,  and i t  may Se p o s s i b l e  t o  produce a crop under t h e s e  condi- 

t i o n s .  IXeturning t h e  c l i p p i n g s  t o  t i le s o i l  s u r f a c e  i n h i b i t e d  t h e  

growth of b a r l e y  b u t  d i d  n o t  a f f e c t  t h e  bermudagrass. 

I. K. G .  G i l b e r t ,  5, B. Robinson, and J, B. Fiil-lcr. Tile ~ni-cro- 
b io logy  and n i t r o g e n  t ransformat ions  of a  s o i l  r echa rge  bas in  
used f o r  wastewater  renovattoil .  Proc . Irt terrzatl .  Conf . on Land 
f o r  Waste Xanagement, 0 t tawa,  Canada, October 1973. 

2 .  J .  C .  Lance and 1'. 13. Ik i . s l e r .  Nitrogen removal dur ing  l a n d  
f i l l c r a t i o n  of sewage wa te r .  Yroc. I n t e r n a t l .  Conf. 0 2 1  Lard 
l o r  Waste 3l/lanagerneizI:, Ottawa, Canada, October 1973. 

3 .  Fc. S . Line$arger ,  F. D .  b iz i s le r  , and J , C . L,ancc. h new 
technique f o r  r a p i d  and continuous measurement of redox po t e n -  
t ia ls  . J o u r  . Envkroa. Quai, ( i n  review) 

PZRSO3JHEZ: J .  C ,  Lance-, F.  D .  b$Iaisler, R. S. Linebarger ,  and 

J. G. 33rooks 
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Table  1. Tire e f f e c t  of sexrage water  a d d i t i o n s  t o  c o l . u ~ n ~ ~ s  

1 / dur ing  2 days o f  the  d ry  pe r iod  on n i t r o g e n  removal- 

% n i t r o g e n  r e a l o v a l  

2 / SJater addeck 
du r ing  dry p e r i o d  60.5 26 .1  60 .2  33 .3 .  

3 / No water- 
added 

l/ Columns f looded w i t h  sewage on schedu le s  01 9 days f looded  - 
a l t e r n a t e d  w i t h  5 days dry .  

2/ Average of 2 c y c l e s  June 1 2  - J u l y  1 0 .  - 

3/ Average of 2 c y c l e s  J u l y  24 -- August 21. - 
\ 
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Table 2 .  The e f f e c t  oE additions of carbon to sewage water 

during thc first 2-3 days O E  a 9-day flooding p;lriod 

Inf  il.tration rate 
% N-removal. (cn!/dny) 

-- - 
Aclcled C No C Adcled C Eo C 
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T a b l e  3 .  EEEect oE b a r l e y  on n i t r o g e n  removal by s o i l  

columns 

- --- 
% N I T R O G E N  R E M O V A L  

P e r i o d  Bare  C l i p p i n g s  C l i p p i n g s  
s o i l  r cmovrcl r e  turned 

J A N  3 t o  PlAR 6 8 4. 85 85 

APR 3 t o  MAY 1.5 72 85 8 1, 

Annual Report of the U.S. Water Conservation Laboratory



Table  4 .  The y i e l d  of b a r l e y  fo rage  groan i n  so i l .  columns 

f looded  with sewage water  on schedules  of 9 days 

f looded  a l t e r n a t e d  w i t h  5  days d r y  

--..... 

O V E N  D R Y  W E I G H T  
1 / Harves t  date- 2  / Clippings  removed Cl ipp ings  returned-  

15 February 

16 i.larc11 

3 May 

T o t a l  

Total. i n  kg/m 
2 

2.4 1 . 7  

I /  P l a n t i n g  d a t e  was December 5, 1972. - 
2/ Calcu la t ed  froin green  w e t  by assuming % mois tu re  was - 

t i le  same a s  where c l i p p i n g s  were removed and d r i e d .  
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"fable  5 .  The jn.Ei1Cration r a t e s  of vege t a t ed  and bare soil. columns 

f loocled wLth sewage eEE1uent 

- --- - 

I N P I Z T R A T I O H  R A T E  
Date 

Clippings  removed Cl ipp ings  r e t u r n e d  Bare 

cm/  day cm/day 

25.1 26.0 

26.0 26.5 
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Table 6. The eE.Eec:: of common beimudagrnss on nitrogen 

removal by soil co1umns 

-.- - 
N I T R O G E N  R E M O V A L  

Period Clippings C 1 Fpp ings Bare 
reirioired re t u r l ~ e d  soil 

AUG 7 to OCT 30 47.7 48.9 44.6 

OCT 30 to DEC I1 52.9 50.5 42.1 
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Table  7 .  The y i e l d  of bcrinudagrass forage grown i n  scsil. colurni~s 

f looded  w i t h  sewage water  on a schedu1.e of 9 days 

f looded a l t e r n a t e d  w i t h  5 days d r y  

CLIPPINGS REMOVED CLIPPINGS RETURNED 

Date C o l u m n  N u m b e r  T o t a l  

1 4. 7 2 5 8 

Aug 3 

Aug 17 

Aug 31  

Sep 14 

Sep 28 

oc t  12 

Oct 26 

Nov 9 

Nov 26 

Dec 7 

Dec 21 

T o t a l  

>k 
Average y i e l d  p e r  column was 21.5 g .  
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10 20 30 4 0 5 0 '  60 

Indittraf ion a t e  (cm Jdny 5 

Figure  1. The e f f e c t  of i n f i l t r a t i o n  ra te  on % n i t r o g e n  

removal from sewage water  by s o i l  columns. 
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0 2 4 6 8 10 12 14 

T ime ( D a y s )  

Figure  2 .  A .  -The n i t r a t e  conten t  from two s o i l  columns f looded w i t h  
sewage water  a t  d i f f e r e n t  i n f i l t r a t i o n  r a t e s .  

B.-The s a l t  contenL of water  from two s o i l  columns w i t h  
d i f f e r e n t  i n f i l t r a t i o n  r a t e s .  The s a l t  concen t r a t ion  
of t h e  f i r s t +  1,500 ml of sewage water  i n f i l t r a t e d  was 
inc reased  from 900 t o  3,000 ppm by the a d d i t i o n  of K C l .  
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- 2 cm 
A----A 8 cm 
o-o 40 cm 
5.4 60 crn 

Figure  4. Redox p o t e n t i a l s  i n  vege ta t ed  and nonvegetated s o i l  columns f looded w i t h  
sewage water ,  I des igna te s  beginning of i n f i l t r a t i o n  and D des igna te s  
beginning of dra inage ,  

Annual Report of the U.S. Water Conservation Laboratory



F i g u r e  5. D i u r n a l  r edox  changes n e a r  the s ~ l r i a c e  of s o i l  c o l ~ ~ r n n s  
f loocled w i t h  sewage w a t e r .  
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" pp" 1 i . i l L .  ( h o u r s  j 
Figure  6. &xlox changes a t  t h e  2-cm depth  during t h e  f i r s t  6 hours of dra inage  z f t e r  9 days f looding  

with sewage wa te r ,  
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I DRAINAGE STARTED 4-25-73 - 2 c m  DEPTH 

0-u 8 c m  DEPTH 

A- A 40 cm DEPTH 

0--0 6 0  cm DEPTH 

0 5 10 15 20 

TIME ( h o u r s )  

F igure  7 .  Redox changes during the  f i r s t  day of d ra inage  
a f t e r  9 days f looding  wi th  sewage water .  
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S E R U M  
C A P  

TO P L A T I N U M  
REDi3X P R O B E S  S W I T C H  

Figure  8 .  A s a l t  b r idge  system t o  connect t he  r e f e rence  e l e c t r o d e  t o  s e v e r a l  soil .  

columns f o r  continuous redox measurements. 
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F i g u r e  10, Redox p o t e r - l t i a l s  i n  a s o i l  colum,l :.rl?cre a pr i i se  or' cazbcrr 
was added d u r i a g  the f i r s t  2 days af the f l o o 6 i n g  p e r i a ~ ,  
One 'n..uridred pprn d e x t r o s e  was added a t  the b e g i n l l i l n ~  of 
i n f i l t r z t i a r w  3 - 5. 1 d e s i g n a t e s  bcgirz~zin;: of i a f i l t r c c -  
t i o n  and D designates beginning of drainage. 
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TITLE : CIIAHSICTERXZ AT I O N  OF THE SOIL MLCROFLO?? A m  

BIOLOGICAL PROCESSES OCCURRING I N  S O I L  USED 

FOR WASTE 'CLATER RENOVATION 

CRIS WORK UNIT: 5402-12260-003 CODE NO.: Ariz.-WCL 70-2 

IN1RODUCTION: 

F i e l d  r e s e a r c h  a t  t he  F lushing  'Meadows P r o j e c t  was in i t r i a t ed  

t o  determine t h e  na tu re  and mechanism by which b i o l o g i c a l  proces-  

s e s  a f f e c t  t h e  performance and management of s o i l  b a s i n s  used f o r  

rec lamat ion  of secondary sewage e  Ef l t tent by means o l  groundwater 

recharge ,  

The o b j e c t i v e s  were 1.)  t o  c h a r a c t e r i z e  t h e  m i c r o b i a l  en- 

vironment i n  t h e  s u r f a c e  s o i l  of t h e  basi.n i n  r e l a t i o n  t o  t h e  

f lood ing  and dry ing  c y c l e s ;  2.) t o  determine t h e  r a t e s  of micro- 

b i a l  a c t i v i t y ,  p a r t i c u l a r l y  a s  they  a f f e c t  n i t r o g e n  t ransforma- 

t i o n ,  i n  r e l a t i o n  t o  environmental cond i t i ons  induced by f lood-  

i n g  and d ry ing  c y c l e s ;  and 3 . )  t o  l o c a t e  s p e c i f i c  zones of such 

m i c r o b i a l  a c t i v i t y  i n  t h e  s o i l  p r o f i l e ,  thus  p rov id ing  informa- 

t i o n  f o r  engineer ing  and management of s o i l  bas ins  for maximum 

n i t r o g e n  removal from waste  water .  

PROCEDURE : 

The procedures  and methods and m a t e r i a l s  a r e  i d e n t i c a l  t o  

t hose  desc r ibed  i n  t h e  1972 Annual Report,  Sec t ion  7:1-4. 

RESUVfS AND DZSCUSSION: 

The m i c r o b i a l  environment and b i o l o g i c a l  p roces ses  a f f e c t -  

i n g  N removal i n  s o i l  bas ins  used f o r  waste water  r enova t ion  were 

i n v e s t i g a t e d .  The bas ins  were f looded i n t e r m i t t e n t l y  wi th  sec-  

ondary sewage e f f l u e n t .  Oxygen d e p l e t i o n  i n  t h e  s o i l  p r o f i l e  was 

caused by a  h igh  b i o l o g i c a l  oxygen demand (BOD) and/or  r e t e n t i o n  

of water  i n  t h e  s u r f a c e  s o i l .  These f a c t o r s  c o n t r i b u t e d  t o  a  

slow recovery of r edos  p o t e n t i a l  (Eh) a t  lower dep ths  and a  

s l i g h t l y  reduced Eh a t  2  cm dur ing  drying,  and a  r a p i d  d e c l i n e  of 

Eh a t  2  cm dur ing  f looding ,  Algal  ac t iv i . t y  s?f fec ted  the  d e c l i n e  

and t h e  d i u r n a l  cyc l e s  of Eh a t  2 cm. Most of t h e  BOD was i n  t h e  
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top  15 cm and decreased  r a p i d l y  dur ing  dry ing .  N i t r i f i c a t i o n  was 

r a p i d  i n  t h e  s u r f a c e  s o i l ,  bu t  t h e  d e t e c t i o n  of N 0 i n d i c a t e d  
2 

d e n i t r i f i c a t i o n  occurred i n  reduced m i c r o s i t e s  du r ing  drying.  

1 )en i t r iE ica t ion  dur ing  floocling was u n l i k e l y  because n i t r a t e  was 

r a p i d l y  leached.  

The h ighe r  summer temperatures  and longer  days caused t h e  

s o i l  b a s i n s  t o  d r y  much f a s t e r  a f t e r  f l ood ing  and t h e  a l g a l  ac- 

t i v i t y  i n  t h e  f looded b a s i n  was g r e a t l y  i nc reased .  Ln genera l ,  

t h e  system was in f luenced  a s  fol lows under t h e  summer c l i m a t i c  

condi t ions :  

1. Dissolved oxygen concen t r a t ions  were h ighe r  i n  t he  e f -  

f l u e n t  water9  because of  increased  a l g a l  p r o d u c t i v i t y .  This  may 

enhance n i t r i f i c a t i o n  a t  t h e  soiL s u r f a c e  dur ing  f lood ing .  

2. The s o i l  s u r f a c e  of t h e  bas in  d r i e d  qu ick ly  a f t e r  

f looding,  a l lowing  oxygen t o  e n t e r  t h e  s o i l  p r o f i l e  a t  a f a s t e r  

r a t e  and i n c r e a s e  t h e  depth of t he  a e r o b i c  zone. 

3.  Redox p o t e n t i a l s  recovered f a s t e r  i n  lower p o r t i o n s  of 

t h e  s o i l  p r o f i l e  dur ing  drying,  because of t h e  more r a p i d  e n t r y  

of oxygen i n t o  t h e  s o i l .  

4. The reduced m i c r o s i t e s  i n  t h e  s o i l  p r o f i l e  were r a p i d l y  

converted t o  oxid ized  m i c r o s i t e s  a f t e r  f looding,  because of f a s t -  

e r  dry ing  and oxygen e n t r y  i n  t h e  s o i l  p r o f i l e .  Less  n i t r o u s  

oxide was de t ec t ed ,  i n d i c a t i n g  d e n i t r i f i c a t i o n  and n i t r o g e n  r e -  

moval was l e s s  dur ing  t h e  summer than  i n  t h e  win te r .  

5. Rates  of n i t r i f i c a t i o n  were increased  throughout t h e  

s o i l  p r o f i l e ,  because of the h igher  temperatures  and l a r g e r  a e r -  

ob ic  zone. The m a j o r i t y  of t he  n i t r a t e  formed ac.cuinulated i n  t h e  . . 
s o i l  and was leached i n t o  the  groundwater during t h e  next  f lood  

per iod .  

6 .  S o i l  r e s p i r a t i o n  r a t c s  were g r e a t e r  throughout t h e  s o i l  

profi.l.e, thus  t he  energy s t o r e d  during fl.ooding was u t i l i z e d  

r a p i d l y .  Therefore,  encrgy necessary l o r  d e n i t r i f i c a t i o n  was n o t  
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a v a i l a b l e  t o  covbine w i t h  n i t r a t e  when reduced sites o r  zones 

were p r e s e n t  i n  t h e  soil, 

We have concluded from these  r e s u l t s  t h a t s i n c e  the energy,  

n i t r o g e n  s o u r c e s ,  ;and nxicrobial a c t i v i t y  a r e  concentraEed i n  t h e  

s u r f  ace s o i l ,  we are l i m i t e d  t o  a~proximateel-y r h e  t o p  1 5  cm of 

the s o i l  p r o f i l e  i n  which t o  pxomote N reinoval by d e n - i t r i f i c a t i o n ,  

Accordingly, t h e  f l ood ing  per iod  should  b e  only  l o n g  enough t o  

s a t u r a t e  t h a t  p o r t i o n  of t he  s o i l  p r o r i l e  w i th  amnonitlrn-N where 

oxygen i s  n o t  l i m i t i n g  n i t r i  f i c a t  i o n  dur ing  dry ing ,  The l eng th  

of f l ood ing  w i l l  be  determined by such f a c t o r s  as  the c a t i o n  ex- 

change capac i ty  oE t h e  ae rob ic  zone, t h e  concen t r a t ion  of amonium- 

N i n  t h e  sewage e fE luen t  and t h e  i n f i l . t r a t l o a  rate o f  the sewage 

e f f l u e n t  i n t o  t h e  s o i l  recharge b a s i n .  The raw of n i t r i f i c a t i o n  

w i l l  determine t h e  l eng th  of t he  dry pe r iod .  The re fo re ,  t o  pro- 

mote N removal i n  t h e  s u r f a c e  l a y e r  oE the s o i l  recharge  b a s i n ,  

we have proposecl t h a t  when n i t r i f i c a t i o n  i s  w e l l  underway during 

dry ing ,  t h e  s o i l  s u r f a c e  should  be maintained n e a r  s a t u r a t i o n  by 

i n t e r m i t t e n t l y  apply ing  s m a l l  q u a n t i t i e s  of sewage e f  f l u s n t  w i th  

a s p r i n k l e r  system. This  would r e s u l t  i n  l i t t l e  n i t r a t e - N  move- 

m.nt and would promote the  e s t ab l i shmen t  of a s o i l  environment 

more f avo rab le  f o r  c len i t r iEica t ion .  A f t e r  p e r i o d i c  s p r i n k l i n g  

and s u f f i c i e n t  dry ing  of t h e  soi l .  s u r f a c e  t o  recover  t h e  i n E i l -  

t r a t i o n  r a t e ,  t h e  b a s i n  could be  flooded normally.  Hopefu l ly ,  

t he  s p r i n k l i n g ,  Elooding and dxying cyc le s ,  which a r e  p r e s e n t l y  

be ing  i n v e s t i g a t e d ,  could be repea ted  on a t ime scheclllle t h a t  

would achieve more N reraoval from t h e  v a s t e  w a t e r  r e d l a r g e  system 

by d e n i t r i f i c a t t l o n .  , I  - . . . .  . 
PUBLICATLONS : 

1. G i l b e r t ,  R. C . ,  Robinson, J. B . ,  and Mil.ler, J. 13. The 
microbiology and n i t r o g e n  t r ansEomat ions  of a s o i l  re- 
charge b a s i n  used f o r  wastewater  *renovation. . Xn ~rbcc\ed1'-i1~s - 
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o f  t h e  Ln te -mat  i o n a l  ConEerence on Land f o r  Was tc I ianagenent . 
1-3 October  1 9 7 3 ,  Ottawa, Canada. 1974.  ( I n  P r e s s ) .  

PERSONNEL; R. G. G i l b e r t  and J. B. Pliller 

COOPERATION: J. B. Robinson, v i s i t i n g  s c i e n t i s t ,  U n i v e r s i t y  of 

Guelph , Guel-ph , 0nta r i .0 ,  Ccmada 
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Water h a r v e s t i n g  stud-ies i n  Rawaii c o n s i s t  only or' t h e  Maui 

p l o t s  which a r c  b e i n g  observed t o  e v a l u a t e  t h e  long-term weather ing  

c h a r a c t e r i s t i c s  of  t h e  t r ea tmen t s  . Pieasurer~~ent of t h e  r a i n f a l l -  

runoEE from t h e s e  p l o t s  i s  n o t  b e i n g  conclucted a t  t h e  p r e s e n t  t ime. 

The major r e s e a r c h  emphasis i n  t h e  S t a t e  cont inues t o  be  t h e  r a i n f a l l -  

r rmoff-erosion s tuclies conducted i n  coopera t ion  wi th  t h e  'University 

of IZawaii. 

RESULTS AND DISCUSSION: 

P a r t  I, Water flarves t i n e .  

The four -p lo t  w a t e r  h a r v e s t i n g  s i t e  on Naui i s  b e i n g  maintarined 

as a m a t e r i a l s  weather ing  s i t e .  The wa te r  meters f o r  t h e  r a i n f a l l -  

runoff measurements have been removed md re tu rned  t o  t h e  l a b o r a t o r y .  

The s i t e  was n o t  v i s i t e d  dur ing  1973. The o p e r a t i o n a l  a spha l t -  

f i b e r g l a s s  c a t c h i x n t  on K&aiau Ranch i s  r epor t ed  t o  be  perfornring 

s a t i s f a c t o r i l y .  This  s i t e  was n o t  v i s i t e d  i n  1973. An 11-acre 

catchment t r e a t e d  wi th  sprayed a s p h a l t  on Prrwaawaa Kanch on t h e  

I s l a n d  of  Rawaii G J S  i n s p e c t e d  i n  A p r i l  1973. This  catchment was 

cons t ruc t ed  by compacting c inde r s  and then  sp ray ing  w i t h  s e v e r a l  

coa ts  of cutback a s p h a l t .  Runoff has  been  lower t h a n  expec ted  be- 

cause of t h e  coarseness  of  t h e  c inde r s .  It i s  e s t i m a t e d  t h a t  t h e  

t h r e s h o l d  r a i n f a l l  is  approximately 0.5 inches  . 
P a r t  X I .  RainEall-runof f -e ros ion  s t u d i e s  . 

Pro31ems have been encountered wi th  the  r eco rde r s  on t h e  f i v e  

runoff -e ros ion  s i t e s .  The r eco rde r  punch mechanism niotors a r e  

f a i l i n g  a f t e r  about 6 months of ope ra t ion ,  This  means t h a t  i f  one 

of t h e  two ins t ruments  f a i l s ,  t h e  e n t i r e  s e t  of d a t a  f o r  t h e  s i t e  

is  l o s t .  A t  p r e s e n t  i t  i s  e s t ima ted  t h a t  up t o  20X of t h e  d a t a  

is  unusable .  Delays i n  t r a n s l a t i n g  t h e  r eco rde r  d a t a  t apes  to  
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compete r-c.omps?tiblc pcinche d paper  tape. x;ler2 exper ienced  x&en s e v e r a l  

p a r t s  of t h e  p a p r  tape prnch on t h e  t r a n s l a t o r  wore o u t ,  Approxi- 

mately 50% of  t h e  r eco rde r  t apes  have been t r a n s l a t e d  and a r e  ready 

f o r  conputer  p roces s ing ,  

Observat ions a t  the  f i v e  s i t e s  i.nclicate t h e  s o u r c e  of sedini int  

is  frorn t h e  roads i n  t h e  f i e l d s  and dur ing  t h e  ha rves  t i n e  operat-  

t i o n s  . There have been no v i s i b  l e  s i g n s  of e r o s i o n  frorn a f i e l d  

which has a growing crop. 

Tine M i l i l a n i  s . i t e  , origina1l.y a p ineapple  s i t e ,  has been terrrprd 

a fa l low s i t e  <and covered wi th  a w i l d  p l a n t  growth. %TO yea r s  ago 

t h e  s i t e  was p l a n t e d  t o  po ta toes  f o r  one crop. The Waialua pine- 

apple  s i te  is i n  t h e  process  oE b e i n g  converted t o  s u g a r  cane. 

Pkasurements of  t h e  sediments  as c o l l e c t e d  by t h e  secli~nent 

samplers  i s  b e i n g  conducted by t h e  Un ive r s i t y  of Hawaii personnel .  

R a i n f a l l  has been  unusud.ly low and the amount of runoEE has  been 

q u i t e  low, 

There a r e  p lans  t o  convert t h e  recorders  at t h e  s i tes  t o  s t r i p  

&art r eco rde r s  i n  an at tempt  t o  speed t h e  process  o f  d a t a  a n a l y s i s .  

This i s  planned £or  la te  1974. A t  t h i s  t i m ,  a s i x t h  s i t e  of pine-  

app1.e w i l l  be ins t rumentd .  

P a r t  111. R a i n d a t o r  S tud ie s .  

The Un ive r s i t y  of Hawaii has  been conducting e x t e n s i v e  s t u d i e s  

us ing  a r a i n u l a t o r  frorn IJaLlcinsvil.le, Ge.orgia, t o  de te rmine  t h e  

r e l a t i v e  e r o s i o n  c h a r a c t e r i s t i c s  of  t h e  rmjor a g r i c u l t u r a l  s o i l s .  

This work w i l l  b e  completed i n  e a r l y  1974. The d a t a  from t h e  

r a i n ~ l a t o r  w i l l  b e  c o r r e l a t e d  w i t h  t h e  r e s u l t s  from t h e  e r o s i o n  

p l o t s .  

SUMMARY AND CONCLUSIONS : 

The major r e sea rch  emphasis i n  t h e  S t a t e  o.E Hawaii c o n t i ~ ~ u e s  

t o  b e  the  rainEd-1-rtmof f-eros-ion s tuclies conducted i n  cooperallion 

wi th  t h e  Univers i ty  of l lawaii .  Problems have been encounterecl w i th  

r eco rde r  motors on t h e  f.ive s i t e s .  It i s  e s t ima ted  t h a t  up t o  20% 
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of t h e  daLa i s  m u s a b l e .  Data p roces s ing  i s  expocted t o  b e  up-to- 

d a t e  by e a r l y  1974. Obselrvations at: t h c  fiye s i r e s  i n d i c a t e  t h a t  

t h e  sourcz  of  sedinlent i s  from t h e  roads and the f i e l d s  i n  t h e  b a r e  

condi t ion .  Resul t s  from t h e  r s l i nu la to r  s tucl ies  w i l l  b e  cor re la tec l  

wi th  t h e  runoff-erosion r e s u l t s  Eron t h e  p l o t s .  

PERSO8NEL: - Gary P r a s i e r  and John Replogle 
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TITLE : PHYSICAL AND CHEMICAL CIWCTERISTICS OF NYDROPIiOEIC 

SOILS 

CRIS NO. : 54.02-12260-004 CODE KO.: L?iriz.-WCL 67-2 

No mat ter  the  s t age  of development of the  a r i d  West, water  

seems always t o  be i n  l imi ted  supply. One way of supplying t h a t  

needed water  on s i t e  i s  by water harves t ing  o f f  s o i l s  which have 

been chemically o r  physica l ly  modified t o  inc rease  p r e c i p i t a t i o n  

runoff .  F ie ld  t e s t i n g  of m a t e r i a l s  and t rea tments  i s  bo th  c o s t l y  

and slow. Laboratory techniques f o r  such evaluat ions  which then 

r e l i a b l y  ex t rapo la te  t o  f i e l d  s i t u a t i o n s  a r e  needed. 

This year  labora tory  s t u d i e s  were d i r e c t e d  a t  (1) searching 

f o r  ma te r i a l s  and treatments worthy of f i e l d  t e s t i n g ,  (2) checking 

e f f e c t s  of s o i l  type and p roper t i e s  on water  r epe l l ency  a f t e r  

t reatment wi th  organic coatings,  and (3) checking on r e l a t i v e  

e f fec t iveness  of s i x  methods f o r  measuring water r epe l l ency  of 

s o i l s .  

The s o i l s  were compacted i n t o  p e t r i  d ishes  using a s tandard- 

i zed  procedure, dr ied ,  and t r e a t e d  wi th  s t a b i l i z e r s  and/or water  

r e p e l l e n t s  (Table 1 ) .  The s o i l s ,  l i s t e d  i n  Table 2, were a l l  from 

water harves t ing  s i t e s ,  The Pullman i s  a  s i l t y  c iay  loam s o i l  

from Texas; t h e  o the r s  - sandy loams from Arizona. 

The methods of measuring water  repel lency were (I) t h e  

acqueous-alcohol drop t e s t ,  (2) the  water drop p e n e t r a t i o n  time 

t e s t ,  (3) the  r e l a t i v e  he ight  of a  l a rge  s e s s i l e  drop r e s t i n g  on 

the  smoothed, t r e a t e d  s o i l ,  (4) presence and p e r s i s t e n c e  of a i r  

bubbles entrapped between the  soi l -water  i n t e r f a c e  of  t h e  water  

drops used i n  t e s t  No. 2, (5) the  same as  t e s t  No. 4 except  t h i s  

t e s t  used the  l a rge  s e s s i l e  drops i n  t e s t  No. 3, (6) no t ing  

whether the  l a r g e  s e s s i l e  drops from t e s t  No. 3 would i n f i l t r a t e  

i n t o  t h e  s o i l  wi th  timc o r  e l s e  eventual ly would evaporate away. 

S o i l  s t a b i l i t y  agains t water eros ion was determined by dropping 

1000 5-mm-diameter water  drops onto the t r e a t e d  s o i l  su r face  i n  
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5 minutes from a  height  of 2 m. Resul ts  a r e  sunmlarized i n  

Table 2, 

Two organic  coat ing  mate r i a l s  shoved promise i n  the  labora-  

to ry  by producing highly wa te r - repe l l en t  s o i l s ;  they were the  

paraf  f i n  wax and the  dus t  suppressant .  The l abora to ry  s tud ies  

ind ica ted  t h a t  the  optimum r a t e s  f o r  maximum repel lency were 
2 2 

approximately 0.5 lig/m f o r  the  p a r a f f i n  and 1 , O  l / m  f o r  the  

dus t  suppressant .  

These ma te r i a l s  were appl ied  wi th  and without  s t a b i l i z e r s ,  

S t a b i l i z e r s  had no s i g n i f i c a n t  inf luence  on water repel lency,  bu t  

d i d  he lp  con t ro l  e ros ion (Table 2) .  For app l i ca t ions  g r e a t e r  
2 

than  1 , O  l / m  t h e  dus t  suppressant  alone s t a b i l i z e d  t h e  s o i l .  

For app l i ca t ions  l e s s  than t h i s ,  a  s t a b i l i z e r  was requ i red  t o  

prevent  e ros ion  f o r  most s o i l s .  For the  pa ra f f in ,  t h e  s t a b i l i z e r s  

con t ro l l ed  erosion,  except f o r  one o r  two s o i l s  r ece iv ing  the  
2 

l i g h t  (0.27 kg/m ) wax app l i ca t ion .  It i s  i n t e r e s t i n g  t o  note 

t h a t  the  paraf  f in-only treatment ( t reatment No. 1) f a i l e d  t h e  

e ros ion  t e s t  on a l l  f i v e  s o i l s ,  y e t  i n  the  f i e l d  where wax was 

appl ied  without  s t a b i l i z e r ,  e ros ion has not  been a  problem. This 

tends t o  ques t ion  the  v a l i d i t y  of s ~ c h  an eros ion t e s t .  

S o i l  type did not s i g n i f i c a n t l y  a f f e c t  the  r e s u l t s  from the  

water  repel lency t e s t s  . As expected, once monolayer coverage had 

been achieved, repel lency tias s t r i c t l y  a  funct ion  of t h e  molecular 

s t r u c t u r e  of t h e  organic  coating mate r i a l  a t  t h e  organic-water 

i n t e r f a c e .  S o i l  type, however, was a  f a c t o r  c o n t r o l l i n g  eros ion,  

Table 2 shows t h a t  the  Granite  Reef and Seneca s o i l s  over a l l  

were the  most r e s i s t a n t  t o  erosion.  

Of the  s i x  t e s t s  f o r  measuring water repellency,  the  s e s s i l e  

drop height  t e s t  and the  two entrapped a i r  t e s t s  proved t o  be t h e  

most c o n s i s t e n t  and r e l i a b l e ,  The drop height  t e s t  was a  quan t i -  

t a t i v e  t e s t ,  while t h e  two entrapped a i r  t e s t s  were s t r i c t l y  

q u a l i t a t i v e  i n  na ture .  E f f o r t s  a r e  continuing t o  make the  

entrapped a i r  t e s t  q u a n t i t a t i v e .  
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The two water  r e p e l l e n t s  which showed t h e  most promise i n  t h e  

l abo ra to ry  ( i . e . ,  p a r a f f i n  wax and t h e  d u s t  suppres san t )  have been 

app l i ed  t o  p i l o t  p l o t s  i n  t h e  f i e l d  a t  t h e  Gran i t e  ReeE t e s t  s i t e .  

Runoff r e s u l t s  a r e  t a b u l a t e d  i n  Table 3.  Two wax p l o t s  and t h e  

dus t  suppressant  a r e  compared t o  a  butyl-covered p l o t  and t o  two 

smoothed-only p l o t s ,  The wax p l o t s  were i n s t a l l e d  i n  l a t e  1972; 

t h e  dus t  suppres san t  i n  l a t e  1973. The wax cont inues  t o  y i e l d  

approximately 90% r u n o f f ;  thus  shows no s i g n  of d e t e r i o r a t i o n  a t  

t h e  end of  1973. The d u s t  suppressant  a l s o  i s  y i e l d i n g  nea r ly  

90% runof f .  

Curren t ly ,  t he  d u s t  suppressant  i s  undergoing f u r t h e r  t e s t i n g  

on t e n  micro-p lo ts  i n  a  runoff  farming experiment t o  e s t a b l i s h  i f  

water  lriarvesting techniques can be used t o  i n c r e a s e  t h e  growth and 

y i e l d  of  t h e  n a t i v e  d e s e r t  p l a n t  jo joba  (Simmondsia c h i n e n s i s ) .  

PERSONNEL: b a y n e  H. Fink. 
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Table 1. Water-repellent t reatments.  

Treat .  
No. Treatment 

P a r a f f i n  wax (143-150 F MP) 
Wax a t  0.68 kg/m2 
Wax a t  0.68 kg/m2 + s t a b i l i z e r  (Dow 620); 3 b t  1.5 l / m  2 

P a r a f f i n  wax (143-150 P KP) i s t a b i l i z e r  (PVA, Elvanol 72-60) ; 
3% a t  1.5 l / m 2  2 

Wax a t  0.81 kg/m2 
Wax a t  0.54 kg/m2 
Wax a t  0.27 kg/m 

Para f f in  wax (143-150 F MP) + s t a b i l i z e r  (Dow 209) ; 3% a t  
1.5 l / m 2  2 

Wax a t  0.81 kg/m2 
Wax a t  0.54 1cg/m2 
Wax a t  0,27 kg/m 

Para f f in  wax (143-150 F M P )  + s t a b i l i z e r  (Dow 233); 
3 % a t  1.5 l / m 2  

Wax a t  0.81 lcg/m2 
Wax a t  0.54 kg/m2 
Wax a t  0.27 lcg/m 

Para f f in  wax emulsion (128-130 F MP) ; 47.5% wax by weight. 
Wax a t  0 -68 kg/m: 2 
Wax a t  0.68 kg/m2 + s t a b i l i z e r  (Dow 209) ; 3% a t  1.5 l / m 2  
Wax a t  0.68 kg/m + s t a b i l i z e r  (Dow 233) ; 3% a t  1.5 l / m  

Lard 2 
Lard a t  0.81 kg/m2 
Lard a t  0.81 kg/m 3. s t a b i l i z e r  (Dow 233) ; 3% a t  1.5 l / m  

2 

Dust suppressant  (DS), (Chevron O i l  C o . ) ,  70% resinous 
s o l i d s ,  30% v o l a t i l e s  

DS a t  2.26 1 / m 2  
DS a t  1.13 1/m2 
DS a t  0,56 l / m 2  
DS a t  1.13 1 / m 2  -I- s t a b i l i z e r  (Dow 209) ; 3% a t  1 .5  l / m 2  
DS a t  0.56 l / m 2  + s t a b i l i z e r  (Dow 209) ; 3% a t  1.5 l / m  2 

S i l i cone  (Dow XZ - 8 - 5079) 
Si l icone,  3% a t  1.5 l / m  2 
Si l icone,  6% a t  1.5 l / m 2  
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Table 2. Dr ipola tor  s o i l  s t a b i l i t y  t e s t .  

SOIL 

Treat .  Grani te  Monument Monument 
No Reef Seneca Pullman Tank 1-3 Tank 2-3 

N, no e ros ion ;  L, l i g h t ;  M, moderate; S, severe plus time t o  

erode t o  bottom of p e t r i  d i s h  (s, seconds; m, minutes) .  

*, s o i l  cracked p r i o r  t o  d r i p o l a t o r  t e s t .  
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Table 3 .  P r e c i p i t a t i o n  runo f f  y i e l d s  of wax- t rea ted  and d u s t - s u p p r e s s a n t - t r e a t e d  
s o i l s  v s  . smoothed and butyl-covered s o i l .  

Runoff 
C) C) 

10 m' p l o t s  200 mL pl.ots 
1/14 1/11 1/13 Dust (1/12) 11-3 R-2 - 

Date 
19 73 

1 J a n  
4 J a n  

10  J a n  
17 J a n  

11 Feb 
12 & 13 Feb 

1 5  Feb 
20 & 22 Feb 

7 Mar 
8 Mar 

12 Mar 
13  Mar 

21  Mar 
22-23 Mar 

26 Mar 
28 Mar 

30 Apr 
1 3  May 

13  Jun  
3 J u l  

I1 J u l  
14 J u l  

5 Aug 
1 5  Aug 

18 Nov 
22 Nov 

22-26 Nov 

SUNWRIES~ 

1972 

1973 

P rec ip .  Smoothed Butyl Wax Suppressan t  - Smoothed Wax 
mrn % -~~~ 

1. Data taken  from R-3, 
2. Data taken  from 200 rn2 butyl-covered p l o t ,  L-1. 
3 .  Based on a c t u a l  r u n o f t  even t s  recorded r a t h e r  than on t o t a l  y e a r l y  

p r e c i p i t a t i o n .  
Jc Data l o s t .  
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TITLE : FABRICATED- IN-PLACE, REINFORCED RESERVOIR LININGS Ah? 

GROUND COVERS. 

CRIS NO. : 5402-12260-004. CODE NO.: Ariz.-WCL 65-2 

SN'fRODUCTION : 

Observat ions and water  d i s c o l o r a t i o n  s t u d i e s  were cont inued 

i n  t h e  e v a l u a t i o n  of t h e  performance of s u r f a c e  coat i l lgs  f o r  

r e i n f o r c e d  a s p h a l t i c  membranes. F i e l d  s t u d i e s  c o n s i s t e d  of t h e  

i n s t a l l a t i o n  of a  new a s p h a l t - f i b e r g l a s s  membrane on t h e  Nelson 

Road catchment,  Observat ions were cont inued of  e x i s t i n g  

o p e r a t i o n a l  Eield catchments.  

RESULTS AND DZSCUSSIOS: 

P a r t  1. Opera t iona l  Catchments. 

Reports  of t h e  performance of  t h e  unfenced Tombstone ca tch-  

ment i n d i c a t e  t h e r e  i s  minimal animal t r a f E i c  on the  s u r f a c e  of 

t h e  ca t chqen t .  To d a t e  t h e r e  has been no damage t o  t h e  membrane. 

The Metate catchment was v i s i t e d  i n  August 1973. Around t h e  

per imeter  of  t h e  catchment, t h e  a s p h a l t  coa t ing  on t h e  f i b e r g l a s s  

has  been damaged, presumably by i n s e c t s ,  This danage extends 

on to  t h e  catchment f a r  a  d i s t a n c e  of about 2 f t .  On the remainder 

of  t h e  catchment t he  a s p h a l t  coa t ing  i s  s t a r t i n g  t o  c h i p ,  There 

i s  a  d e f i n i t e  need f o r  a  new s e a l  coa t  on t h e  e n t i r e  catchment,  

The a s p h a l t - l i n e d  r e s e r v o i r  a t  Metate had about 2  f t  of water  i n  

s t o r a g e  a t  t h e  t ime of t h e  i n s p e c t i o n .  There were numerous ho le s  

i n  t h e  l i n i n g  above t h e  water  l i n e .  This i s  be l i eved  t o  have been 

caused by a n t s ,  Seve ra l  p l a n t s  were growing through t h e s e  ho le s .  

The l i n i n g  appeared s a t i s l a c t o r y  below t h e  water  l i n e .  

The Bureau of  Land Msnagement a t  SaEEord, Arizona, i s  

cont inuing  t o  use  t h e  a s p h a l t - f i b e r g l a s s  a s  a  s t anda rd  catchment 

m a t e r i a l .  S i x  new catchments were completed dur ing  t h e  yea r .  

B 7 0  o f  t h e  catchments use  ea r then  r e s e r v o i r s  l i n e d  w i t h  t h e  

a s p h a l t - f i b e r g l a s s  f o r  t h e  water  s t o r a g e .  There 11ae been some 

problems w i t h  i n s u r i n g  w a t e r t i g h t  seams a t  t h e  1-ap j o i n t s .  
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On one of t he  u n i t s  a motlorcyc1.e was d r iven  on t h e  catchment 

s u r f a c e  approximately one month a f t e r  completion. The damage 

caused by t h e  motorcycle  was cons idered  t o  be minimal, 

I n  October 1973, a new a s p h a l t - f i b e r g 1 . a ~ ~  catchment was 

i n s t a l l e d  i n  coopera t ion  w i t h  the  Rureau oE Indian  A f f a i r s  on ' 

t h e  Hualapai Indian  Reserva t ion ,  This catchment, c a l l e d  the  

Nelson Road Catchment, has had va r ious  types  of t rea tments  during 

the  l a s t  L O  y e a r s .  Most of t h e  t rea tments  had f a i l e d  because of 

t h e  l a c k  of  maintenance. The l a s t  t reatment ,  a two-phase a s p h a l t  

t rea tment ,  was scraped  from t h e  su r f ace ,  then  t h e  soi l .  compacted 

w i t h  r u b b e r - t i r e d  v e h i c l e s .  Eight  men r e t r e a t e d  the  catchment 

w i t h  a s p h a l t - f i b e r g l a s s  i n  approximately 5 hours .  Problems were 

encountered dur ing  t rea tment  w i t h  plugging of t h e  a s p h a l t  pump. 

The a s p h a l t  emulsion was over  6 months o l d  and had become sepa- 

r a t e d .  A c l a y  emulsion s e a l c o a t  was app l i ed  t o  t h e  catchment 

by brushing  2 weeks l a t e r .  

The bottom end of t h i s  catchment i s  d i r e c t l y  connected t o  an 

excavated r e s e r v o i r .  The r e s e r v o i r  had previous ly  been l i n e d  

w i t h  a s p h a l t - f i b e r g l a s s  i n  1962. Since t h a t  time, e s s e n t i a l l y  

no maintenance had been performed and numerous holes  had developed 

i n  t h e  l i n i n g .  The o l d  l i n i n g  was removed and a new aspha l t -  

polypropylene l i n i n g  w i l l  be  i n s t a l l e d  i n  1974. 

P a r t  11. Laboratory S tud ie s .  

S tud ie s  were cont inued on t h e  sma l l  s o i l  t r a y s  a t  t he  Gran i t e  

Reef Tes t ing  S i t e  i n  t h e  e v a l u a t i o n  of  t h e  weathering p r o p e r t i e s  

of  va r ious  p r o t e c t i v e  coa t ings  f o r  r e in fo rced  a s p h a l t i c  membranes, 

Table 1 l i s t s  t h e  t r ea tmen t s  and a summary of  t h e  1972 and 1973 

water  d i s c o l o r a t i o n  measurements. The 1973 d a t a  does not  i nc lude  

d a t a  from January-March s torms because oE lcw degrees of  d i sco lo -  

r a t i o n  from a l l  samples. The Chevron D. T. coa t ing  on t r a y  No, 3 

shows t h e  b e s t  r e s u l t  and i s  reducing  d i s c o l o r a t i o n  by about 97%, 

Trays Nos. 5 and 9 t r e a t e d  w i t h  the  Gaco Hypolon and the Chevron 
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D. T. No, 440, respect ive ly ,  have e s s e n t i a l l y  f a i l e d ,  The y t 1 l . o ~  

highway pain t ,  Tray No. 11, continues t o  chip  from t h e  aspha l t  

su r face  but  would be c l . a s s i f i ed  as  a  s a t i s f a c t o r y  t rea tment  as  

would the  United Paint  Tray No, 2 ,  The s t u d i e s  w i l l  be continued 

t o  determine the  long period weathering of the  coa t ings ,  

The only s t u d i e s  conducted on developing re in fo rced  a s p h a l t i c  

membranes f o r  r e s e r v o i r  l i n i n g s  was the  t e s t i n g  of a  sample of 

modified asphalt-polypropylene membrane from a catchment near  

Logan, Utah, f o r  water t igh tness  on the  pressure p l a t e  apparatus. 

The sample was ab le  t o  support  an a i r  pressure equivalent  t o  50 f t  

of water  w i t h  no measurable leak ,  The aspha l t  modif ica t ion  w i l l  

be t e s t e d  on f i b e r g l a s s  i n  1974. 

Pa r t  111. Evaporation Covers. 

The supported panels of a spha l t - f ibe rg lass  on the  two l ined  

r e s e r v o i r s  a t  Safford D i s t r i c t ,  I3ureau of Land Management, were 

only p a r t i a l l y  success fu l .  The u n i t s  were very d i f f i c u l t  t o  

i n s t a l l  and maintain s a t i s f a c t o r i l y .  

SUMMARY AND CONCLUSIONS : 

Studies  were continued a t  the  Granite  Reef Test ing S i t e  on 

t h e  evaluat ion  oE surEace coatings f o r  r e in fo rced  a s p h a l t i c  

membranes. Severa l  coat ings  a r e  performing s a t i s f a c t o r i l y  a f t e r  

2 years  of weathering and a r e  reducing the  d i s c o l o r a t i o n  of runof1  

water  by over 90 percent .  

A new aspha l t - f ibe rg lass  t reatment was i n s t a l l e d  on the  

Nelson Road Catchment on the  Hualapai Indian Reservation.  Obser- 

va t ions  and r e p o r t s  on o the r  opera t iona l  catchments of asphal t -  

f i b e r g l a s s  i n d i c a t e  the  u n i t s  a r e  genera l ly  performing s a t i s f a c t o r i l y  

i f  maintained. The Metate catchment was v i s i t e d  the  p a s t  year  and 

shows s igns  of needing a new s e a l  coat .  There has been e s s e n t i a l l y  

no maintenance on t h e  membrane oE the  catchnent o r  r e s e r v o i r  during 

t h e  pas t  4 t o  5 years .  The r e s e r v o i r  was holding about 2 f t  of 

water .  Above the  water l i n e  the re  were numerous holes, poss ib ly  
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caused by a n t s ,  There were ind ica t ions  t h a t  i n s e c t s  were ea t ing  

the  a s p h a l ~  from the  f i b e r g l a s s  on the  perimeter of t h e  catclment. 

PERSONNEL: G. W. F r a s i e r .  
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Table I. Performance of p ro tec t ive  coatings on aspha l t - f ibe rg lass  a t  the  Granite  Reef 
2 

Test S i t e  on 1-m t r a y s .  
- 

Tray Treatment Treatment Reduction i n  Discolora t ion  

No. Treatment Date Rate 1972 3 / 1973 - 

1 Enjay 2-part  bu ty l  27 Oct 71 .325 80 85 

2 United pa in t  27 Oct 71 .325 
3 Chevron D. T. 27 Oct 71 .325 
4 E n j a y 2 - p a r t b u t y l  5 Nov 71 .400 
5 Gaco hypolon 10 Apr 72 .400 

6 Basecoat alone 16 J u l  71 - - 
7 Gaco I24230 aluminum 10 Apr 72 .400 85 - 2 /  - - 
8 Chevron D.T. No. 100 10 Apr 72 .400 8 5 77 

9 Chevron D.T. No. 440 10 Apr 72 .400 8 5 32 

10 Base coat  alone 16 J u l  71 - 
11 Highway pa in t  yellow Jun 72 ,400 

12 Gaco K4210R black 10 Apr 72 .400 9 0 7 1 

1/ Based on the  base coat  alone Tray Ho. 6. - 
2/ 'Water sample c o l l e c t i o n  broken th ree  times, I n s u f f i c i e n t  d a t a  f o r  t r u e  comparison. - 
3 /  Did not  include d a t a  from Jan-Mar storms. - 
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TITLE : US E OF FLOAT IX >NIERT& S TO I??DUCE EVAPOPUTIOZJ 

FRON WiS.tCEd S UiVACES 

CRIS b1OR.K bl<TT: 5402-12260--004 CODE HO. :  hriz,-WCL 71-6 

INTRODUCTION: 

Long r ange  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  i rere  cont inued 

Tor s e v e r a l  m a t e r i a l s  i n  1973, i nc lud ing  SSP foarned b u ~ y l ,  M.ini- 

vaps,  Eoa~ned wax b locks ,  and "Lree cont inuous x a x  c o v e r s ,  A nex 

b l u e  dye material .  c a l l e d  A q t ~ ~ s h a d e  was t e s t e d ,  and g ranu la r  wax was 

reeva lua ted .  Txo methods of apply ing  wax i n  a t h i n  f i l m  were a l s o  

tr iecl . 
A r e p o r t  of t i le evapora t ion  s t u d i e s  $:as p re sen ted  at  the  

Symposium on Water-Animal Re la t ions  i n  June a t  %?in F a l l s ,  Idaho,  

and l a t e r  appeared i n  t h e  symposium proceedings.  

F i e ld  e v a l u a t i o n  of two f l o a t i n g  covers  cons t ruc t ed  of c losed  

c e l l  cont inuous s h e e t i n g  was continued . The covers  w e r e  i n s t a l l e d  

i n  t h e  f a l l  of 1971 on tanks  i n  southwest Utah. k paper  publ ished 

i n  t h e  J o u r n a l  of Range Management e n t i t l e d  "Floa t ing  Shee t s  of Foam 

Rubber t o r  Reducing Stock Tank Evaporation" descr ibed  Lhe f a b r i c a t i o n  

and i n i t i a l  performance of such covers .  

Analyses of d a t a  from a wind tunnel  s tudy  on model tanks  were 

completed dur ing  t h e  y e a r .  The s tudy  was t o  determine t h e  e f f e c t  

of wind on f l o a t i n g  covers  used on tanks.  

PROCEDURE : 

Evalua t ion  of t h e  v a r i o u s  t rea tments  was t h e  s a n e  as i n  p rev ious  

y e a r s ,  t h e  procedure oeing to  compare evapora t ion  from a t r e a t e d  tank  

t o  t h a t  from a n  jx len t ica l  un t r ea t ed  tank.  The Xini-vaps, SSP foamed 

b u t y l ,  Aquashade, and g ranu la r  wax were t e s t e d  a t  t h e  l a b o r a t o r y  s i te ,  

and t h e  foamed wax blocks and t h r e e  cont inuous wax cove r s  were t e s t e d  

a t  Gran i t e  Reef. 

Tile &I-ini-vaps and SSP Eoained b u t y l  t e s t e d  at t h e  l a b o r a t o r y  s i t e  

were t l ~ e  sane  a s  r epo r t ed  on l a s t  yea r .  The Aquashade was app l i ed  
3 

a t  a r a t e  of 0.78 cc/m , arid 3.74 kg  of t h e  g ranu la r  &<ax was a p p l i e d  

t o  j u s t  cover t h e  s u r f a c e  a r e a .  
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The foamed wax b locks  and t h r e e  cont i~zuous  covers  t e s t e d  a t  

Lhe Gran i t e  lleei s i t e  were the  same a s  r epo r t ed  on l a s t  yea r .  Two 

d i f  Eerent  methods a %  apply ing  khe wax were t e s t e d  on t h e  Grani te  

Reef pond. The f i r s t  method c o n s i s t e d  of me l t i ng  t h e  wax and 

sp ray ing  i t  on t h e  water  surEace through a  nozz le .  The second 

 neth hod cons i s t ed  of  me l t i ng  the  wax as above, except  it was simply 

poured on t h e  s u r f a c e  us ing  3-gallon buckets .  
n 7  ine. main emphas-is of the f i e l d  e v a l u a t i o n  of f l o a t i n g  covers  

d e a l s  w i t h  p h y s i c a l l y  main ta in ing  t h e  covers  on t h e  water  s u r f a c e  

and o v e r a l l  performance. To p rov ide  tl15.s in format ion ,  m o  f l o a t i n g  

covers  were f a b r i c a t e d  Erom foam s h e e t  s tock ,  48 inches  wide and 

3/16 inch  t h i c k ,  and i n s t a l l e d  on tanks  i n  1971. Both tanks  were 

about  30 f e e e  i n  diameter .  In spec t ion  r e p o r t s  a r e  s e n t  t o  u s  by 

Bureau of Land Management coopera tors .  The r e p o r t s  c o n t a i n  i n f  orma- 

t i o n  r ega rd ing  genera1  c o n d i t i o n  and ope ra t ion  of t h e  cove r s .  Maximum 

wind g u s t  anemometers have been i n s t a l l e d  near  the  t anks .  Wind g u s t  

r ead ings  a r e  i nc luded  -in t h e  r e p o r t s .  

A wind tunne l  s tudy  w a s  completed f o r  c i r c u l a r  water -s torage  

tanks .  The main o b j e c t i v e  was t o  determine i f  an opkimum f reeboard  

f o r  a f l o a t i n g  cover  ( d i s t a n c e  from top  of tank  to  %ra te r  s u r f a c e )  

does e x i s t  and t o  dcEine i t  f o r  va r ious  tank  h e i g h t s  and d i an r  G t e r s  . 
Eodel  tank  diameter  was 12  inches .  Freeboard-to-dianlewr r a t i o s  

ranged from 0 t o  4 /9 ,  and tank height- to-diameter  r a t i o s  ranged 

from 0 t o  1. 

XESULTS Al4D DISCUSSION : 

Laboratory S tud ie s .  The SSP Eoamed b u t y l  was damaged dur ing  a 

tank  c l ean ing  ope ra t ion  i n  Karch and was removed Erom the  tank.  Over 

3 yea r s  of  exposure had caused the  b u t y l  t o  d e t e r i o r a t e  and i t  was 

e a s i l y  t o rn .  E f f i c i e n c y  had a l s o  decreased cons iderably  Erorn 74% 

i n  1970 t o  only  56% f o r  t h e  f i r s t  3  months of 1973. The decrease  

was probably due t o  weathering of t h e  m a t e r i a l  s i n c e  a l l  o t h e r  f a c t o r s  

such a s  s i z e ,  t anks ,  and procedure,  were t h e  same. 
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The Mini-vaps a l s o  appear to be d e t e r i o r a t i n g  as e l f i c i e i r cy  

dropped from 27% t n  1971 t o  only 15% i n  1973. 

A b lue  dye c a l l e d  Aquashade was app l i ed  t o  tank $3  a f t e r  t h e  

SSP foamed b u t y l  was removed. This  dye was supposeci t o  reduce 

a l g a e  growth, but  was t e s t e d  mainly t o  s e e  what effecl: i t  had on 

evapora t ion .  I n i t i a l  evapora t ion  w a s  g r e a t e r  than tha"Lrom t h e  

c o n t r o l  by about  8%; however, a f t e r  5 months -the t rend  r eve r sed  and 

f o r  t h e  9-month s t u d y  evapora t ion  v a r i e d  from t 5 e  c o n t r o l  by less 

than  1%- Heasurements i n d i c a t e d  t h a t  a l g a e  growth w a s  equa l  i n  t h e  

t r e a t e d  and u n t r e a t e d  t anks  al though types of a l g a e  were d i f f e r e n t .  

h igh  me l t ing  p o i n t  g ranu la r  p a r a f f i n  wax was a p p l i e d  t o  tank 

# 4  f o r  reeval .uat ion s i n c e  previous  s h o r t  t e s t s  were i n c o n c l u s i v e  

due t o  f r equen t  r a i n  and f lood ing  of t h e  t anks .  Some of t h e  wax 

was f looded o f f  t h e  t ank  i n  March and a  nev t r ea tmen t  was made i n  

A p r i l .  For t h e  y e a r  t h e  e f f i c i e n c y  was 21%, which co-rapares w i t h  

t h e  Mini-vaps and p rev ious ly  t e s t e d  p e r l i t e .  Some means of  provid-  

i n g  a n  overf low w i t h  a s c r e e n  t o  main ta in  t h e  wax would b e  r equ i r ed  

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

G r a n i t e  Xeef S t u d i e s .  The evapora t ion  reduci:ion e f f i c i e n c y  of  

t h e  wax covers  remained e s s e n t i a l l y  t h e  same dur ing  1973. Averages 

f o r  t h e  year  were 34, 73, 85, and 88%, r e s p e c t i v e l y ,  f o r  t h e  foamed 

wax bloclcs, 125'-135" wax l a y e r ,  120'-125' wax l a y e r ,  and t h e  3-25' 

char  coal-covered wax h y e r  . 
The methods of apply ing  low mel t ing  p o i n t  wax t h a t  were tes Led 

i n d i c a t e d  t h a t  me l t i ng  t h e  wax and pour ing  i t  on t h e  w a t e r  s u r f a c e  

may b e  more e f f e c t i v e  than  mel t ing  i t  and sp ray ing  i t  on. The s m a l l  

p a r t i c l e s  produced when t h e  molten wax was forced  through t h e  nozz le .  

d id  n o t  melt  t o  form a continuous l a y e r  b u t  r a t h e r  became wet and 

remained a s  i n d i v i d u a l  p a r t i c l e s .  The mel t ing  and pour ing  metnod 

a l s o  r e q u i r e s  less equipment and no s k i l l e d  l a b o r .  

F i e l d  I n s  t a l l a t  i o n s  - Southwest i? t ah  - . Jackson vlash 'i'anh, no r th -  

wes t  of Cedar C i t y ,  I1 tah  -- Reports  on t h e  cover  cond i  t ioi l  were 

completed f o r  June  4 and September 6 ,  11.973. When v j - s i t e d  i n  June  
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t h e  tank  was n o t  be ing  used, and only about  4 i nches  of water  was 

i n  the  bol:toxn of t h e  Lank. A wind g u s t  anemometer was i n s t a l l e d  

a t  t h e  s i t e  du r ing  t h e  i n s p e c t i o n .  The cover came of F t h e  tank 

e a r l y  i n  June ,  b u t  -Lhe e x a c t  cause was n o t  determined. l::ind may 

have ciisplaced i t  o r  wind i n  conhina t ion  172th o v e r f i l l i n g  m y  have 

caused t h e  problem. The cover  was n o t  darnaged and was placed Lack 

on t h e  tank and func t ioned  p rope r ly  t h e r e a f t e r .  The water  l e v e l ,  

From t h e  top  of t h e  tank ,  was only  2 or 3 inches  when in spec t ed  i n  

September. We have r e c o ~ ~ e n d e d  a f reeboard  of about  8 inches .  The 

maximum wind g u s t s  were 42 riqh and 45 xph dur ing  J u l y  and August, 

r e s p e c t i v e l y  . 
Beaver Dam tank ,  southwest  of S t .  George, Utah --- The s i t e  was 

in spec t ed  seven t imes  uur ing  t h e  y e a r ,  f i r s t  i n  January and l a s t  i n  
. - 
uecember. Water l e v e l s  i n  t h e  tank v a r i e d  from n e a r l y  empty t o  3 

i nches  from t h e  t o p .  Some d u s t  c r u s t i n g  on the  cover vras r epo r t ed ,  

b u t  when v i s i t e d  1 2  hours  a f t e r  a r a i n  t h e  b a i l i n g  h o l e s  were c l e a r  

and t h e  cover had completeljr su r f aced .  f4aximum wind gus t  r epo r t ed  

w a s  27 mph. Trlundreds of morning doves were observed wa te r ing  from 

around t h e  edge of t h e  f l o a t i n g  cover when v i s i t e d  i n  June,  J u l y ,  

and August. The m a t e r i a l  was n o t  a f f e c t e d  by t h e i r  a c t i v i t y .  

A l a b o r a t o r y  e v a l u a t i o n  of f o u r  types  oE bonded j o i n t s  was 

cont inued and has ween under way 27 months. The exper imenta l  ilorlds 

have been eva lua t ed  p e r i o d i c a l l y  a f t e r  s u b j e c t i n g  t h e  nonded m a t e r i a l  

t o  cont inuous vet cond i t i ons  -- submerged sa~ap1.e~  -- and occas iona l  

f r e e z i n g  and thawing c o n d i t i o n s .  The t e s t  per iod  has  included 85 

freeze-thaw c y c l e s .  &va lua t ion  i n c l u d e s  bo th  v i s u a l  i n s p e c t i o n  and 

t e s t i n g  1-inch-wide samples of t h e  bonded m a t e r i a l s  f o r  bond s trengtlz . 
The f o u r  types  of bonds inc lude :  (a )  b u t t ,  (u) l a p  -- 1, 2,  and 4 

inches ,  ( c )  b u t t  w i th  s i n g l e  ove r l ay  s t r i p  -- s t r i p  1, 2 ,  and 4 <inches 

e i t h e r  s i d e  of j o i n t ,  and (d) "ott wi th  ove r l ay  s t r i p  on bo th  s i d e s  

of t h e  s h e e t i n g  -- s t r i p  w i d t i ~ s  sane  a s  s i n g l e  ove r l ay .  Wi~en t h e  

1-inch-wide samples were t e s t e d  af t e r  27 rnon th s ,  t h e  b u t t  j o i n t  had 

been t h e  only j o i n t  f a i l u r e  (break s t r e n g t h  71% of o r i g i n a l  1:lateri.d 

Annual Report of the U.S. Water Conservation Laboratory



s t r e n g t h ) .  I n  a l l .  o~ ike r  ca ses  t h e  nxatcria.L f a i l e d  r a t h e r  than  t h e  

.-j o i n  t a 

The two f l o a t i n g  covers  i n  t h e  f i e l d  were f a ? > r i c a t e d  wi th  l a p  

j o i n t s  approximately 2 i n c h e s  wide. iL'o j o i n t  f a i l u r e s  have been 

observed.  The l a b o r a t o r y  r e s u l t s  would i n d i c a t e  t h a t  cont inued 

s u c c e s s f u l  o p e r a t i o n  can b e  expected.  

Wind Tunnel S t u d i e s ,  Tile optimum f reeboard  f o r  a tanlc diameter - 
and k e i g h t  combination was de f ined  as t h e  cond i t i on  a t  which average 

l i f t  f o r c e s  (adverse  p r e s s u r e s )  a t  t h e  water  s u r f a c e  were minimized. 

U n t i l  a tanlc height- to-diameter  r a t i o  of 2.13 i s  reached,  t h e  l i f t  

f o r c e s  over  a c i r c u l a r  tank  i n c r e a s e .  Beyond the  2.13 height- to-  

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

h igh .  L i f t  f o r c e s  a r e  l e s s  when t h e  tank  h e i g h t  i s  s m a l l  ( smal l  

height-to-diameter r a t i o ) .  

An optimum f reeboard  d id  occur  f o r  a l l  height-to-diameter r a t i o s  

and ranged from 1/18  t o  1/36 t h e  tanlc diameter .  Such a f reeboard  

range i s  r e a l i s t i c  f o r  use  i n  t h e  f i e l d  s i n c e  t h e  amount of l o s t  

s t o r a g e  i s  small .  Using t h e  optimum f reeboard  c r i t e r i a  a l o n e  and 

f avor ing  t h e  1 / 3 6  Eac tor ,  especia1:Ly f o r  tanks only o u t  of t h e  ground 

113 t h e  d iameter ,  t he  recommended f reeboard  should b e  between 6 and 

1 2  inches  f o r  tanks up t o  40 f e e t  diameter .  

SUbQ~hRY AHD CONCLUSIONS : 

SSP foamed b u t y l  f a i l e d  due t o  mechanical damage du r ing  a tan?;. 

c l ean ing  o p e r a t i o n  and was removed. Tile b u t y l  had 10s t i t s  s trengtkt 

and e l a s t i c i t y  due t o  weathering.  The mini-vaps a l s o  appear  t o  b e  

weathering,  and e f f i c i e n c y  has  dec l ined  from 27% i n  197.1 t o  only 15% 

i n  1973. 

Aquashade b l u e  dye had l i t t l e  e f f e c t  on evapora t ion  o r  a l g a e  

groilth over a 9-month s t u d y  pe r iod .  

h igh  rfieltiug p o i n t  g ranu la r  wax was e a s i l y  f l o a t e d  from t h e  

s u r f a c e  and only  reduced evapora t ion  by 21X. 

The foamed wax bloclLs and t h r e e  continuous wax covers  t e s t e d  

a t  t h e  G r a n i t e  Keef s i t e  performed e s s e n t i a l l y  t h e  same a s  l a s t .  y e a r .  
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The e f f i c i e n c y  01 t h c  foamed $?ax b locks  was aga in  about  35%, and .the 

cont inuous wax covers  reduced evapora t ion  by 7 3  t o  88%. 

tilelting t h e  p a r a f f i n  wax and pouring i t  on t h e  wa te r  surEace 

w i t h  buckets  proved more e f f e c t i v e  than me l t ing  and s p r a y i n g ,  and 

a l s o  r equ i r ed  l e s s  equipment a r c 1  no s k i l l e d  l a b o r .  

The two f l o a t i n g  covers  be ing  f i e l d  t e s t e d  have performed 

s a t i s f a c t o r i l y  over  a 2-1/2 yea r  per iod .  bJo j o i n t  f a i l u r e s  have 

been observed i n  t h e  f i e l d  -- which was s u b s t a n t i a t e d  by f i n d i n g s  

from l a b o r a t o r y  bonding s t u d i e s ,  Wind gus t s  up t o  45 mph d id  n o t  

d i s p l a c e  t h e  covers .  

It appears  t h a t  a  f l o a t i n g  cover  i s  l e a s t  l i k e l y  t o  b e  a f f e c t e d  

by wind i E  t h e  f reeboard  i s  about 1/36 of t h e  tank  diameter .  

PERSOiYlWL: Kei th  R .  Cooley and Al l en  R.  Dedriclc 
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CXSS No, : 5402-22260-004 CODE NQ,: i ? x i ~ ,  biGL 7!.-I?. 

tNTK0!31;1CTTO:;i : 

R n i ~ i f d  L ;armff measurements wer c continued a t  :"re Crani re  

KceE rest i r ~ g  s i t e  on t h e  Lprgc; p Jo?s  at che Phnirnient %an1< t ~ s c i n g  

s i t e  and ar the b;?rteca crl?-cb4ient, A new trdattnetzt o f  wa-cer- 

repeLLent pzrzf f j -n  v a x  was applied t o  t h e  Sniieca catc1-aient, 

r i ~ z 2  I e f l ' e i c t i vencs f~  s u i t a b i l i t y  and dvrabLl i ty  of  water 

h a r r i e r  ms-ceriai-s f o r  use  as r e s e r v o i r ,  cana l ,  o r  wazcr  c a r c h e n t  

aprons a r e  being eva 1-uated by p e r i o d i c  observa t ions ,  seepage 

maasurremcrtzs, a d  measurements to ddeernine the! rype and r a c e  of 

I. ining dei ler iora  t i o n ,  S tud ie s  i nc lude  l a b o r a t o r y  t c s t i n g ,  or~tcloor 

expostzre xes t s ,  and a c t u a l  Eiel!.d i n s t a l l a . c i o n s ,  Matel-ia3.s being 

eva lua t ed  inc lude  metai ,  p l a s c i c  E i l m ,  s y n t h e t i c  rubber ,  and 

a s p h a l t  menbrancs , 

PART 1. GRANITE REEF TESTING SITE 

A t o t a l  o f  207,8 nun of  r a i n f a l l  was rneasurcd a t  -che Grzn i f c  

Reef t e s r  s i t e ,  

Paved o r L ~ ~ z @  P l o t s  ; The t rea tments  app l i ed  t o  t h e  pl.ots 

a r e  l i s t e d  Ln Table 1 and t h e  runoEE r e s u l t s  i n  Table 2 ,  

The two-phase a s p h a l t  t;reatrnents on pl.ofs 1,-5 a r d  L-6 averaged 

64,4% and 7 i , 9% r a i r ~ f a l l  runoff=,  r e s p e c t i v e l y ,  This i s  a s i g n i C i -  

c a n t  decrease  in  runoff  eE2iciency compared t o  1972 and i s  Se l i eved  

a r e s u l t  of major c racking  i n  the pavement s u r f a c e s ,  No inainten- 

ance bas b e m  perEormed on e i t h e r  p l o t  s i n c e  January 3.972, 

Rainfal? .  runoEf E r m  the p l o t s  covered w i t h  t h i n  fil.ais, L-3. 

( 3 0  m i l  chlorLriated polyetl-ylene),  L-4 (15 n i l  b u t y l ) ,  and E-7 

( 1 nt iL  alitminum foi l . )  averc~ged 38.2%, 61.8%, and 83,9%, r e spec -  
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: f i b e r g l a s s )  a.nd A-2 (gravel caeted r o o f i n g )  averaged 95,5% and 

74 -4% runof f ,  respecti .vcl.y.  These r e s u l t s  have n o t  changed in 

the pasc 2 years, Runoff from t h e  conc re t e  catchment A-5 

averaged 78,9% f o r  t h e  y e a r ,  The a s p h a l t - f i b e r g l a s s  s t r i p s  

covering t h e  c racks  need a ncw a s p h a l t  s e a l  coa t  t o  rr ,aintain 

E1e:c.i b i - l i t y  permit  t i  ng t h e  conccetc  t o  expand and colitrac t  

iiiirhout damaging ?he seal. s t r i p s ,  

Bare S o i l  PloAs-: The t rea tment  of the  b a r e  s o i l  p l o t s  i s  -....- 
l i s t e d  i n  Table 3 and tbe r a i n f a l l  ~ u n o f f  r e s u l t s  p re sen ted  i n  

Table 4 .  The bare  s o i l  p:!c?l:s a r e  a l l  t rea tments  wlierc t h e  s o i l  

i s  not  completely covered o r  paved, 

R a i n f a l l  runoff  from t h e  t h r e e  watersheds I(-1, W-2, and 14-3 

averaged L4,4%, 9 ,  I+%, and 17,  1%, r e s p e c t i v e l y  , This  compares t o  

t h e  9-year average of 17,7%, 13,6%, and 23,0% runoff  f o r  W-I., 14-2, 

and W-3, r e s p e c t i v e l y ,  Runoff from t h e  two smoothed u n t r e a t e d  

p l o t s  L-2 and A-3 was l3 ,6% and 20,5%, r e s p e c t i v e l y ,  The two 

u n t r e a t e d  r i d g e  and ftrrrow p1ors R-l and K - 3  averaged 1.5.8% aitd 

l 3 , 9 %  runof f ,  r e s p e c t i v e l y  . 
RunoEE Lrom t h e  w a t e r - r e p e l l e n t  a lone  p lo t ,  L-3, averaged 

only 44.4% r u n o f f .  P lo t  R-4, t r e a t e d  w i t h  water  r e p e l l e n t  and 

Row c o s t  s t a b i l i z e r ,  averaged 55.9% runof$ fox: 1973. P l o t  A-3, 

t r e a t e d  s i m i l a r  t o  3 - 4  but  l year  l a c e r ,  produced 75,6% r u n o f f ,  

These runoff  r e s u l t s  a r e  10 t o  20% l e s s  than was measured i n  1973,  

The average runoff  e f f i c i e n c y  by y e a r s  from t h e  t h r e e  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, and t h e  two smoothed u n t r e a t e d  

p l o t s  L-2 and A-3 i s  presented  i n  F igure  1. ALL t h e  p l o t s  had 

r e l a t i v e l y  h igher  runoff  i l l  1972 which may be a r e s u i t  oE t h e  

p a t t e r n s  oT ra ins tor ins .  Tlirre clocs appear Lo be a gradua l  d s c l i n e  

i n  runoff  e f l i c i . enc i e s  of 1,-3 and R-4 over t . 1 ~  p s s t  3 y e a r s ,  The 

two sn~ootlied ui l t reated pl.ot-s runo f f  ind i.cate t he  long eet-n! 

average has  no t  changed, 
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P l o t  R-7, t r eaned  w i C ! l  paci l f f in  wax, y i e  Ld?d 8 7 , 2 %  r uno f f  

f o r  t h e  y c a r ,  The treatment shottjs no s i g n s  of d e t e r i o r a ~ i o n ,  

P l o t  11-2, a s i m i l a r  untl-caked r i d g e  and iurrow p l o t ,  cleveloped a 

p o d  growth. of weeds durillg t he  y e a r ,  Pl.ot R-2 had only  focc  

p l a n t s  growing on t h e  e n t i  r e  su r f ace ,  i i td icac  i-ng i n s u f  f ic ienr :  

wacer pene t r a t ed  t h c  t rea tment  t o  germinate  seeds  o r  s u s c a i n  

p l a n t  g rou th .  

h t d o o r  I . ~ i e i ~ ~ t l t e ~ ~ - P ~ l n 2 3 ~ s  : For ty - i l xee  g l e x i b l e  membrane 

specimens were esposed on 6 December .L973 a s  ground panels  a t  the  

Gran i t e  Reef t e s t i n g  s i t e ,  Table 5 ,  The panels  were. anchored by 

burying t h e  edges,  Exposed s h e e t  s i z e  ranged between 2 E t  x 3 f t  

and 2 E t  x 4 f t ,  Gaugc marks, approximately % E t  a p a r t  i n  both 

thc  machine and t r a n s v e r s e  cl i rect ion,  were pa in ted  on t h e  paneZs 

at the time oE exposure,  Pe r iod ic  meas~lrcrnenl: of t h e  gauge l eng ths  

w i l l  i n d i c a t e  Ei1.m o r  membrane s t a b i l i t y ,  

P la te r ia l s  exposed inc lude  polyvinyl  ch.Loride (PVC), poI.ye%hy - 
Zene (PE), ch lo r inaked  polyethylene (CPE), buty 2, hypalon, ncoprcne 

and EPDX w i t h  s u b s t r a t e s  o r  re in lorcement  m a t e r i a l s  of  ny!-on, 

po lye thylene  and po.Lypropylene, Liquid  e l a s tomer i c  coa t ings  were 

app l i ed  t o  o r i e n t e d  PE, PVC, and PE--117 pane l s ,  F ive  d i f f e r e n t  

coa t ing  formula t ions  were used. The purpose o f  t h e  coa t ings  11as 

t o  p r o t e c t  the s u b s t r a t e  n m t c r i a l s  (a l ready  w a t e r t i g h t )  front U-V 

damage. Coat ings were app l i ed  w i t h  a p a i n t  r o l l e r  a t  r a t e s  r ang ing  
2 

between 0.11 and 0.28 ga1/100 f t  (approximately 3/4 t o  2 mil. 

t h i ckness )  . The nonsupported 30-mil b u t y l  (samp3-e 43) was o r i g i n -  

a l l y  exposed a s  a 5 E t  x 20 f t  t e s t  p l o t  ( p l o t  2)  on 18 Bity 196J.  

O r i g i n a l  p l o t  2 was abandoned during 1973 and a p i e c c  of the  

m a t e r i a l  v7as exposed a t  t h e  new s i t e  f o r  cont inued obse rva t ion .  

Labora-tlory phys i ca l  p r o p e r t i e s  have been eva lua t ed  f o r  a l  J 

rnater ia'l s e q o s e d ,  P rope r t i e s  inc lude  tensile s t rcngr i l ,  e lcngat- i  on, 

t e a r  s t r e n g t h ,  puncl.t~rc res  i s  tanec,  burs L s c r e r i g ~ h ,  ,1n:3 cf CecL oL 

hea t  and ozone, Samples w i l l  bc c u t  from the  t c s t  pcrrels a d  
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t i o n  wlzicir m u l d  go unnoticed from v i s u a l  o b s e r v a t i o ~ ~ .  

Pu,T 11 , 140KLI3E$i"i"CCII:4T( 

Kajnfa1.i. a t  t h e  s i r e  for  t h c  period of  18 Deccmber 1972 

through 4. Pf.x~:iii~er 1973 "iccalcd 348 r m ,  which. f o r  t h e  sccorrd yea r  

i n  :2 row i s  c o n s i d e ~ a h l y  l?sl.ow t h e  1oi:g.- term ~ v c r a g e  , il3axin;uin 

runoff  from any o f  chc four watersheds was l a s s  than 5 mm, Rain- 

f a l l  runofi: a s  measured by rke  fluaes was O,jX,, 0,5"1, JL,7%, and 

0,1% of t hc  p r e c i p i t a t i o n  For watersheds 1 t o  4, r c s p c c t i v e l y ,  

f o r  r . 1 ~  yea r .  Trouble i s  s t i l l  being c n c ~ u n t e r e d  w i t h  main ta in ing  

t h e  mechanical weather  s t a t i o n s  i n  operaeing cond i t i on ,  

P&ZT III . OPERATIOEM, PTELD CATCmJENTS 

Senece catchment: The Seneca catchment ~-7as r r e a t e d  on 21-22 -- 
June 1973 w i t h  p a r a f f i n  wax, The wax, a  r e l i n e d  grade  w i t h  a  

me l t i ng  po in t  of 125-128 P, was melted i n  t h e  " t a r  baby" and 
2 

sprayed on t h e  p l o t  s u r f a c e  a t  a r a t e  of  1,l t o  1 , 2  l b s l y d  . 
P r i o r  t o  t rea tment ,  the  p l o t  had been ntowed, hand raked, and 

burned w i t h  a  hand burner t o  reduce t h e  q u a n t i t y  of v e g e t a t i o n  

on t h e  p l o t .  The a c t u a l  soi l .  s u r f a c e  was not  d i s t u r b e d  arid was 

considered t o  have a good desext  pavement, bu t  was cons idered  a 

rough-uneven s u r f a c e .  

The v7ax was melted i n  500-1.13 l.oads, The propane burners  on 

t h e  " t a r  baby" were n o t  working t o  f u l l  hear  capac i ry  and i t  

r e q u i r e d  about 4 hours t o  melt  500 I b s ,  During t h e  me l t i ng  process  

t h e  wax would r each  a  maximum temperature of about 170 F, L t  

r equ i r ed  about 20 minutes t o  spray  a  load of wax. The hot  wax 

would immediately p e n e t r a t e  t h e  s o i l  dur ing  the  rrGcldle of t h e  day. 

In  the  e a r l y  morning o r  :Late a f te rnoon when t h e  s o i l  temp-railures 

were l.oirer, t h e  wax i+iould s o l i d i  Ey on t h e  soil . ,  then  rcmelt  dur ing  

the next  day and pene t r a re  the soi l . ,  There was a smal.t q u a r ~ t l t y  

of  w a x  which s o l j - d i I i c d  on t h e  grass  srcrns, This was; was s t i l l  

evident  3 months aE t e r  treatment , 
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R a  l i i f  a  1 ! r uno !  f Eroiil : hi. ca t c h m ~ i i  b;. I n r l i t  l d u a l  s EU,TI,: f o r  

3 ke per iod  a f  Ler t rez tm?nt  1s przs tx  l ed  i n  'Tab-LC 6 ,  ' f bc  t oca l  

r u n o c f  i s  cons i ac rab ly  Lcss ch::rr was oxi ~ ~ c c L ~ Y  h o ~ e d  for, Closer  

a.i~a1ysi.s of rhe runo!'f d a t a  i n d i c a t e s  the  reduccd e i ' t e c r iveness  of  

khe t reatrcent  can p a r t i a l l y  be expla ined  011 t he  h a s i s  of che rough- 

ness  of. tile p i d t  s u r f a c e ,  ?he runoff  atld raLnfaLl d;ica by s t o r m  

is  p l o t t e d  i n  Figure 2 ,  This chows t h e r e  i s  approximat.-3.y 4 , 6  m, 

of  p rcc ip  l t a t i o n  rccjrzirecl be forre swr!'acc r m o f  1 t r i l l  o c c u r ,  Once 

t h i s  thrc?shoLcl r a i n f a i l  has b e a t  exceeded, t h e  runof$  i s  about 

62%.  Thc poi i l t  r ep re sen ted  by  he (3) in F igure  2 is  t h z  d a t a  Crom 

t h e  f i r s t  runof f  event  a f t e r  trcc?tment occurri-ng on LO du ly  1 9 7 3 ,  

I n s p e c t i o i ~  of t h e  p l o t  shor"cy a-r'ter t h i s  d a t e  i n d i c a t e d  the  water  

r e t e a t i o n  on Lhe p l o t  was higher  than  n i g h t  be cons ide red  ~iorrnal 

because of sma l l  g r a s s  stems b r idg ing  betwesn t h e  g r a s s  clunps, 

The loose  g r a s s  d i d  not  appear t o  be a f a c t o r  i n  subsequent runoff  

e v e n t s ,  

I n s p r c t i o n  of t h e  p l a t  i n  January 1974 i n d i c a t e d  che  t r ea tmen t  

had undergone major change. The s o i l  s t a b i l i t y  from the  \?ax t r e a t -  

ment was much reduced and thc  so i l -wa te r  r epe l l ency  appeared 

changed, This  i s  a l s o  ev iden t  i n  tho, storms of 7 and 8 Sanucrlry 

1974 of Table 6 and Che poi.nts on Figure 2.  FreFiminary 

l abo ra to ry  sLudies indicoi-e t h a t  Loss of s o i l  s t a b i l i t y  and water  

repell-ency i s  a  r c s u l t  of water or1 r1-e s o t 1  during a  f r e e z i n g  of 

t h e  s o i l ,  The exac t  mechani-srn and excent  of t h i s  p r o b i e n  wi.1 L be 

examined i n  more detai..l cine next  y e a r ,  

Fishl.ake Nat%~aZ Fores t  : F i f t e e n  water  h a r v e s t i n g  systems 

have been i n s t a l l e d  on isb.e Fish3.ake Natiornal Foresr: in Cen t r a l  

Utah i n  coopera t ion  w i t h  t1.x Fores t  Se rv i ce ,  The f i r s t  -installa- 

t i o n  was i n  1960  and t h e  most r c c e n t  i n  1969, The s y s  terns ha-ve 

beea pci-iodical:!y inspected. since t h e i r  i n s t a l . l a t i on :  che r e s u l t s  

of w11:l.ch are. sur!:ii:i:.irized i n  Research Report 4  from the  Uzah S t a t e  

1Jnivers:i.ty cnt.iti.ed "Opei:at:icm,, S e r v i c e a b i l i t y  and M a t e r i a l  
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Eval.uation of Rainirraps on t h e  Fishlalic: Nat ions l  jj'ores";--1960- 

i.971H da ted  March 1373, i n  the  r e p o r t ,  prob'l-ems a s s o c i s t e d  wi th  

F i  e l d  use v e r c  de%iraeatsd, They inc1.uded m a t e r i a l  f a i l u r e ,  - -. 

mechanical. damage, system maEunct ion,  maintenance d e f i c i e n c i e s ,  

and improper. des ign .  Of the problems ident i f iec i ,  danagil by vermir* 

was t h e  most e x t e n s i v e ,  

A coope ra t ive  agreement was i n i t i a t e d  i:; 1973 w i t h  Uta!z S t a t e  

Univers i ty  t o  s tudy  the verixi-n problem, The p r o j e c t  t i t l e  i s  

"Prevent ion of m a l l  mammal clamage t o  f l e x i b l e  membrane materia3.s 

used a s  water  b a r r i e r s , "  Objecixives a r e  t o  i d e n t i f y  cfre smal l  

iimmmal s p e c i e s  dan\ag:i.ng f l e x i b l e  membrane m a t e r i a l s  be5.1-lg used a s  

water  b a r r i e r s ;  determine the  e c o l o g i c a l  f a c t o r s  a s s o c i a t e d  wi'eh 

t he  damage; and develop methods whereby t h e  d~:u.age c.an be prevented.  

During 1973, twelve r a i n t r a p  s i t e s  on t h e  :Fishl.aki? Hat ional  

Fo res t  were i n i t i a l l y  eva lua ted  w i t h  r e s p e c t  t o  t e a r s ,  gnawed holes ,  

patches,  and v e g e t a t i o n a l  danxage t h a t  had occurred t o  aprons and 

s t o r a g e  bags ,  E ight  r a i n t r a p  s i t e s  were s tud ied  i n t e n s i v e l y  w i t h  

r e s p e c t  t o  (I) s o i l  ana lyses ,  (2) vegetaki-on ana lyses ,  ( 3 )  a i r  

t e n p s r a t u r e  (h igh .  and LQT~I), (4) ground co-vex e s t ima t ion ,  (!j) aspec t  

and o r i e n t a t i o n ,  and (5) :Live t r app ing ,  This i n fo rma t ion  wil.1 be 

used t o  determine if eco:logi.cal f a c t o r s  a r e  a s s o c i a t e d  With small. 

marmal d a m a ~ e  to r a i n t r a p  systems, A t  tlnree of t h e  mast heavi ly  

damaged r a i n t x a p s ,  cons t ruc t ionaL  changes were under takzn in an 

e f f o r t  to prevent  sma l l  animal datnage, Changes made .for t he  

s e p a r a t e  r a i n t r a p s  included : (Rainrrap 1.) shee t s  of b u t y l  were 

glued around edge of e x i s t i n g  caechinent t o  s imula te  a c e n t r a l l y  

l oca t ed  s to rage ,  fence  moved c:Loser t o  catchment, and a 30-fir 

r a p t o r  perc.11 was e r e c t e d  ncax the s i t e ;  (Ra in t r ap  2) Emce moved 

c l o s e r  t o  catchment: :for l i v e s  tuck rerno-val. of surro~ind:i.ng vege t? t ion  ; 

and (Raintrap 3 )  cllemica!. ground :iteri:Lan"i. app?.ied arouitd s t o r a g e  

a r e a  i n s i d c  fenced a r e a  t o  mininixe v e g e t a t i o n a l  growth, These 

cltanges a r e  an. e f f o r t  t c  deci:ea.se vegetat ional .  cover n e a r  t h e  

systems and thereby c r e a t e  srca1.l. mammal. s u s c e p t i b i l . i t y  t o  p reda t ion .  
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Cachc NJ; l o ~ a l .  r'oi cs t  : P;r<> water  h?r-ics t i n g  .';YSI_FIII~S a r e  ----.-..-- 

1 0 c a ~ e d  011 the Cache Nalionnl. Focest  .1:n K l~ r the rn  Dkeb arad both 

were i n spc?c tcd  i n  Sictobc?r 1373, They a r e  r e f e r r e d  t o  a;; Spawn 

Creek and Chicken Creek, The Spawn Creek system i s  a  50 f i ;  x  50 i t  

buzyl. apron wir"lz a  25,000 g a l  open s t o r a g e  p i t  l i n e d  x i r h  ~ y i o n -  

supported butyl, rubber .  :ieverc?l ho le s  i n  Lire p i t  l i n e r  x;iere noted 

above and below "ce water  l i n e Q  h new slloragcl systern i s  r cqu i r ed  

t o  make the  system ope rab le ,  Thc apron had been extensive1.y damaged 

by roden t s ,  A l l  ho les  shou l.d be parched. Considerable  burrowing, 

probably by gophers, was noted under t h e  apron a s  w e l l  a s  around 

the e n t i r e  enc losu re ,  The water ha rves t ing  system a t  Chicken Creek 

c o n s i s t s  of a 50 f t  x 50 f t  b u t y l  apron w i t h  a  p l a s t i c - l i n e d  s t e e l  

t ank  used f o r  s toxage.  The tank  was instalJ .ed i n  5972, s i n c e  a  

one-piece nylon re in1orced  b u t y l  bag had been des t royed  by roden t s ,  

Tank d iameter  i s  30 f t ,  he ight  5,33 It, and capac i ty  about  28,000 

g a l ,  Th i r ty  m i l  PVC fi:l.m was used t o  main ta in  ~ ~ a t e r t i g h t n e s s .  

When in spec t ed  i n  October t hece  was about 1 Ec oE wa te r  i n  the  t ank  

and the t rough was s t i l l  i n  ope ra t ion .  The s t o r a g e  syst-em appeared 

t o  be ope ra t ing  s a t i s  Eac tor i ly .  No holes  x4ere obse rvab le  i n  the  

p l a s t i c  l i n e r ,  A few holes  needed t o  be patched on t h e  apron. 

ZV. RYJER .LABOP~~'~'GKY nm TEST snes  AT ~ o c m ,  UTAH 

Ou tcloor Weat her ing Raclx.5: The appearance and c o n d i t i o n  of 

membrane and f i l m  s peciiacns exposed on racks  a t  Logan accorcling t o  

ASTM U 1435 a r e  suirunarized i n  Table 7 .  No new m a t e r i a l s  were 

exposed on t h e  racks  dur ing  1973. Upon - inspect ion of  t h e  ina t e r i a l s  

i n  Qctlober 1973, many samples were removed from t h e  r a c k s .  Those 

removed inc luded  l, 5, 6, 19 and 20 ( re turned  t o  coopur2t ing  

company), 7 and LO (talcen t o  Phoenix f o r  l abo ra to ry  ana?.ysis) ,  LLK~C? 

I)-?., 12-2, 12-3 and 17 (clestroycd Ixcause  01 c le t e r io ra t ion )  . The 

h i s t o r y  of t he  exposures was s e n t  t o  the coope ra to r s ,  

Outdoor 'rk<,posure I?ancls : Some 66 p o t e n t i a l  wa te r  b a r r i e r  --- --.- 

rna tc r ia l s ,  of t h e  Ele;i%b:le shee t ing  and fi.3.m type, had been exposed 

a s  ground panels a t  Logan--in a  manner s i m i l a r  t o  t h a t  descr ibed  
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at Granite Rcei, Axrari&t?n:enils we cc macle with some cooperators G O  

r e t u r n  sang Les oi' matc r i a  l s  which thcy had funis l - red  f o r  et/aiuat:.ion, 

Those samplet?, hotr dispos?d OF)  and c o n d i ~ i o n  a t  t h c  t i~ize of  regloval. 

a x  ou"i.ined j.n Table 8, The b lack  and whi te  vinyls.  (pane ls  8 and 

7) i l l - u s i r a t c d  for  some t i m e  importance oL us ing  blaclc v i n y l  

when weather ing  ivpor  cant .  The v iny l  E i i m  taken  from pond B - l  and 

exposccl a s  panels  19 and 20 i n  1970 was s t i l l  ELexibLe a f t e r  

L3 y e a r s  ( o r i g i n a l l y  exposccl as pond l i n e r  i n  L960). Thc s y n t h e t i c  

rubber  based coa t ing  used on t h e  polypropylene (PP) (pane ls  28 

through 31) and PE s u b s t r a t e  (panels  35 tlarough. 3 7 )  couScl be dus ted  

from the  su r f ace ,  bu t  t h e  s u b s t r a t e s  were i n  e x c e l l e n t  cond i t i on .  

Chlorobutyl-coated nylon (panels  2 1  and 22) and t h e  j o i n t s  were 

bo th  i n  e x c e l l e n t  cond i t i on  when removed a f t e r  3 y e a r s  exposure. 

T h i r t y - s i x  exposure panels  remain a t  Logan and a r e  shown i n  Table 

9.  The s u c c e s s f u l  u se  of a l i q u i d  coa t ing  f o r  PVG is  i l l u s t r a ~ e d  

by t h e  coa ted  sample (panel  43 i n  Table 9 )  c o n t r a s t e d  a g a i n s t  t h e  

uncoated sample (panel  39 i n  Table 8) , For t h e  p a r t i c u i a r  PVC 

EormuLation, t h e  uncoated f i l m  had become very  s t i  Ef a f t e r  2 y e a r s  

exposure--two sunmers--while t h e  coated maintained s i m i l a r  charac-  

t e r i s t i c s  of new f i lm .  The coa t ing  o r i g i n a l l y  averaged s l i g h t l y  
2 

over  3 mils. The c o s t  of such a coa t ing  would be abouz $0.90/yd . 
The o r i e n t e d  polyethylene (E'abrene) appears t o  have shrunk s l i g h t l y - -  

a t  l e a s t  t h e  samples a r e  t i g h t e r  than o r i g i n a l l y  i n s t a l l e d ,  Any 

con t inua t ion  w i l l .  be closc3.y watched. 

Many of  t h e  m a t e r i a l s  were sampled f o r  l a b o r a t o r y  ana.Lyses of 

t h e  phys i ca l  p r o p e r t i e s ,  These ana lyses  w i l l  be completed and 

rcpor:ted t o  t h e  va r ious  coopera tors .  

Nater k1arvesti.i~ Catchments : Prototype c a t c h i e n t s  have been - 
used a t  t h e  Logan t e s t  s i t e  t o  eva lua t e  phys i ca l  performance and 

e f f i c i e n c y  and fox demons t r : ~ t i o n a l  purpose;, Sever a t  werc t r a n s  - 
U ~ e r r c d  t o  coopcre tors  c l : ~  ing 4.973 fo r  l f i e l d  use and ot?-ters were 

relocatccl  o r  kept  a.il thr: t e s t  site, The s t a t u s  of t h e  ca tc lments  

a t  the  end of 1973  was : 
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Cuty 1, u n r c i  nforccc!, j-3 m i  l ,  ins ta l  iccl J u l ) ~  1953, d s s  troj7cd 

i n  Phy 1973 (I0 yccirs), condi t i o n  pool- w i t h  many Izol.cs, 

Orig inaJ R-- L O  moved t o  t h i s  s i t e .  

Butyl, unrcinfocccd,  30 mil, i n s t a lLcd  August 1963, cond i t i on  

good t o  e x c e l l e n t  w i th  chalking,  one t e a r ,  and sane  rodent, 

damage, 

Buty1, reinforced, 30 m i l ,  i n s  ta l lecl  June 1963, condi t i o a  

exce l l  enr w i t h  cha lk ing  and a few a n t  ho le s ,  

Oriented PE (Fabrene, TM), i n s  t a i l e d  October 1972, corrclition 

e x c e l l e n t  bu t  s h e e t i n g  extremz1.y e i g l a  over  berms and had 

caused one t e a r  over  a rock  on t h e  bcrm. Nay have shrunk,  

PVA copolymer, 8 m i l ,  i n s t a l l e d  Ocwober 1965, Poor w i t h  

l a r g e  number ho le s  bu t  n o t  changed apprec i ab ly  Erom previous 

y e a r s .  

Asphalt  emulsion and polypropyleile, i n s c a l l e d  August 1967, 

recoa ted  September 1972, desixoyed June  19715, 

R-7b Asphalt  emuLsi.on, a sbes tos  water s l u r r y  over  pol.ypropylene, 

i n s t a l l e d  September 1972, cond i t i on  e x c e l l e n t ,  

R-8 Nylon-reinforced EPDX (Vistal.oil), 1/32 inch ,  i n s t a l l e d  October 

1969, arrangements have been made f o r  i t s  use  on t h e  Cache 

Nat iona l  Fores t ,  cond i t i on  exce.1lent bu t  had slxcunk and had 

been darnagcd by rock-throwing vandals ,  

R-9 Galvanized s t e e l ,  20 gage, i n s  tal1.ed November 1963, t r a n s f e r r e d  

t o  Utah Cooperat ive W i l d l i f e  Research Unit,  Utah S t a t e  Univer- 

s i t y ,  June 1373 (LO y e a r s ) ,  cond i t i on  e x c e l l e n t ,  

R-10 Butyl, unre inforced ,  30 m i l ,  i n s t a l l e d  September 1358, moved 

t o  K-1,  c o n d i t i o n  e x c e l l e n t ,  

R-12 Nylon-reinforced polyethylene,  i n s t a l l e d  June 1.968, des t royed  

i n  June 1973 (5 y e a r s ) ,  cond i t i on  poor, de l a ' i~ ina t ed .  

Tes t  Reservoi rs  a t  Logan: Severa l  water b a r r i e r  rna tc r ia l s  have been -- 
evalua ted  a t  Logan i n  small  tes"c.eservoirs (app~oi r imatc l~7  8,000 t o  

12,000 g a l  capac i ty  e x c a v ~ c e d  p i t s ) .  Sottie l i n e r s  remain i n  p l ace  
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and :xc o u i l i n e d  i n  Tzb1.d 10 <l.llo:lg wi i.11 n3eclsilred sc.C:,age r a t e s ,  

Rates  were znensureci Eor 5-I. r a i n f r e e  days dur ing  1973, >lai_er 

s u r f a c e  drop i s  c o r r e c t e d  f o r  evapora t ion  l o s s e s ,  The 20-mil 

un re in  forced  ~ L I L Y L  rubbcir i.n pond C-1  was removed i n  durre 1973, 

S3epage l o s s e s  imasured dur ing  12 of the 15 y e a r s  avernged 0,012 

i t / d n y ,  The extreme seepage r a t e  of  0,073 E t / d ~ y  was recorded 

during i967 and was a t  t r i b u t e 6  Lo punctx~ring and f a u l t y  patches, 

The Liner v7as patcbed dur ing  1968, w i t h  corresponding decreases  

i n  seepage r a t e s  mzasured thcxeaEter ,  The asphal t - jur le  laminake 

(C-2)  i n s t a l l e d  i n  1956, was a l s o  removed i n  June 3.973, Seepage 

l o s s e s  were negl - ig ib le  except  for  1 year ,  1967, when the  water  

Level was above the normal ope ra t ing  l e v e t ,  1h.rked degrada t ion  

was ev iden t  above t h i s  po in t  and probably Lead t o  t h e  excess  Losses,  

New s e a l  c o a t s  should have been app l i ed  during t h e  t e s t  per iod t o  

ensure  a  s e r v i c e a b l e  l i n e r ,  The two 8-mil buried p l a s i l i c  l i n c r s  

i n  ponds A-4 and A-5 cont inue  t o  c o n t r o l  seepage a f t e r  19  yea r s .  

Canal Lin ing  I n v e s t i g a t i o n s :  Seve ra l  m a t e r i a l s  potential1.y 

u s e f u l  £or l i n i n g  sma l l  on-Earm 5 r r i g a t i o n  d i t c h e s  have been 

under i n v e s t i g a t i o n  f o r  a  number of  y e a r s  i n  t h e  Logan v i c i n i t y .  

They have inc luded  (a )  polypropy lene-aspha1-t emulsion, (b) galvan-  

i z e d  s t e e 1  , ( c )  f i b e r g l a s s  - r e in fo rced  p o l y e s t e r  r e s i n ,  and (d) 

b i  tuminizcd f i b c r  . 
Polypropylene-asp l~a l t  emulsion -- A cana l  Liner  ccns trrrcted 

ok polypropylene mat t ing  sea l ed  w i t h  an a spha l t  emulsion-asbestos  

f i b e r  m i x t w e  was i n s t a l l e d  i n  t e s t  channel A a t  t h e  River  Labora- 

t o r y  i n  August 1972, Seepage l o s s e s  were not  de tec tabZe during a  

5-week per iod  during the  f a l l .  of 1972, Losses dur ing  1973, from 

25 June through 29 September, ranged from 0 t o  l.ess t h a n  0.5 
3 2 

i t  / E t  /day,  The h igher  Losses were measured d i x e c t l y  a f t e r  wa'cer 

was rurned i n t o  t h e  channe:! a.Eter having been d ra ined  d u r i n g  t he  

w i n t e r  rmnths.  Losses approached zero  in a few clays of contir-rual 

ope ra t ion  and were minimal :in a l l  cases  a f t e r  aborrtl 30 days,  73.e 
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l i  n ing  iwterra.k conki nuas t o  S!ICVJ prom.i xc  aacl p lans  have [.reen made 

f o r  l i n i n g  two e>rca-~ated p  i-ts dt~ri l i t ;  1974 . 
Cklvanized s t c c ?  --A 2 ' ~ i u c h  d iameter  ga lvanized  s h c c t  metal. 

c a n a l  l i n e r ,  273  F'C long, was in s t a l ' l ed  i n  1965 near  kiion, 'litah. 

The meta l  ~.~t..s 22 gage. The l i n e r  has n o t  been used d u r i n g  ~ h e  pas i 

2 y e a r s  and i s  i n  need of maintenance, Gnc small. a r e a  (3 inch  x 

3 i nch )  t7as s t a r t i m g  t o  corrode b u t  over  a?l, the  l i n e r  was s t i l l  

i n  e x c e l l c n r  cond i t i on ,  

F i b e r g l a s s - r e i n f  orced po lyes t e r  resin---Two p r e c a s r  Eiberg:ass - 
r e i n f o r c e d  p o l y e s t e r  r e s i n  cana l  l i n e r s ,  each  LOO E t  long:, p~e re  

i n s t a l l e d  i n  1970 near  hvon, Utah, Sur face  r e s i n  has chipped from 

t h e  l i n e r  w i t h  subsequent  exposure of  t h e  f i b e r g l a s s ,  These a reas  

a r e  undoubtedly n o t  water  t i g h t  s i n c e  t h e i r  appearance i s s i m i l a r  

t o  l i n e r s  t h a t  leaked i n  previous s t u d i e s ,  The l i n e r s  were water- 

ti.ght o r i g i n a l l y .  Improved coa t ings  would be r e q u i r e d  b e f o r e  t h i s  

m a t e r i a l  could s u c c e s s f u l l y  be used f o r  the  a p p l i c a t i o n  in tended ,  

Bituminized f iber - -A 267-foot r each  of  halE round s e c t i o n a l  

s l o p e  d r a i n  cons t ruc t ed  of b i tuminized  c e l l u l o s e  f i b e r  was i n s  t a i l e d  

a s  an i r r i g a t i o n  d i t c h  l i n e r  i n  1966, T'ne spec i . f ica t ions  of t h e  

l i n e r  were 36" (ha l f  r o m d ,  s e c t i o n s  3-0 f t ,  th ickness  4 inch, 

weight  l 6 ,4  l b s l l i n e a r  f  t ,  The Lining m a t e r i a l  had perkormed 

s a t i s E a c t o r i l y  u n t i l  1973. Large amounts of p i t c h  could  be seen 

on t h e  l i n e r  s u r f a c e  when in spzc t ed  i n  October 1973, Thc l o s s  of 

t h e  p i t c h  [nay have r e s u l t e d  i n  t h e  eclgcs of t h e  l i n e r  be ing  f rayed  

e x t e n s i v e l y ,  The cdges had t h e  appearance t h a t  they  had been 

s u b j e c t e d  t o  i n t e n s e  hea t ,  bu t  burning ( f o r  example, weed burning)  

had n o t  occurrccl, Tile sudden change i n  physical. c o n d i t i o n  may have 

been caused by extremely cold temperatures  dur ing  the  w i n t e r  of 

1972-1973 ( -35 t o  -40' F ) ,  These temperatures  were t h e  only i tem 

t h a t  was s u b s t a n t i a l l y  d i f F e r e n t  from previ.ous y e a r s ,  

Som ~ r o b l e r n s  I d  been cncountcrcd ~ i t b  main ta in ing  w a t e r c i g l ~ t  

j o i n t s .  Seve ra l  j o i n t  s e a l e r s  had bcen Cried, 311. tmsuccessEul.ly. 
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An asp21:~Lti.c cape--Ran-Nek--pi-!~Eocii1~ci : ; a t i sFae to r i i y  from 1970 

tl-rrough L972 bu t  had loosened dur ing  1973, Tiln cold  teiinperatures 

may have carsed  the  f a iLure ,  The o v e r a l l  i i n e r  mater.ial and 

system were no t  .Lur,ctional. after 7 y e a r s ,  Mater id .  degraclat.ion, 

j o i n t  problems and shape i n s t a b i l i t y  d i c t a t e d  t h a t  t h e  l i n e r  was 

beyond r e p a i r  and conseqaea t ly  it has been abandoned, 

Concrete Rehabi l  i . t a t ion  : An a s p h a i t i c  tape, Ram-Nek, was ---- -- 
i n s t a l % e d  over cracks  i n  a conc re t e - l i ned  c a n a l  near  Providence, 

Utah, i n  1970, It performed s a t i s l a c t o r i l y  through 3.972but had 

loosened when observed i n  OcLober 1973, r? t h i n  Layer 02 conc re t e  

remairled a t t a c h e d  t o  t h e  tape i n d i c a t i n g  p o s s i b l e  s l a k i n g  of t he  

conc re t e  ( s u b s t r a t e  f a i l u r e )  and not  t ape  i a i l u r e ,  The extremely 

co ld  temperature prev ious ly  noted may have a t t r i b u t e d  t o  t h i s  

f a i l u r e .  Performance of  t h e  m a t e r i a l  has not  been investi.gatec1 

a t  temperatures  a s  low a s  -40 F, e i t h e r  by t h e  manufacturer  o r  M S .  

Fu r the r  t r i a l s  u s ing  t h e  t ape  a r e  planned f o r  3.974. 

S U A W Y  AN!l CONCLUS TOES : 

Rain1 a l l - r u n o f f  measurenients were cont inued a t  t h e  Grani te  

Reef Tes t ing  S i t e .  Runof E r e s u l t s  Erom t h e  two-phase a s p h a l t  

t rea tments  i n d i c a t e  a l o s s  of e fEic iency ,  a probable r e s u l t  of no 

maintenance be ing  per  formad on t h e  t rea tment  i.n t h e  pas  t 12  months . 
The s i l i c o n e  water  r e p e l l e n t  t r e a t e d  p l o t s  a l s o  show 2 graduaL 

declinc, i n  runoff  e f f i c i e n c y  which would i n d i c a t e  a d e t e r i o r a t i o n  

of the  t r ea tmen t s .  No maintenance has been performed on t h e  b u t y l -  

covered p l o t  i n  24 months t o  demonstrate  t he  performance t h a t  might 

be expected a s  a t r ea tmen t  s u t f e r s  s eve re  d e t e r i o r a t i o n ,  Runoff 

from t h e  remainder of t h e  membrane-covered p l o t s  and the b a r e - s o i l  

u n t r e a t e d  p l o t s  has no t  changed i n  the p a s t  y e a r .  The p a r a i f i n -  

wax- t rea ted  p.Lot cont inued t o  y i e l d  over  85% w i t h  no v i s i b l e  s i g n s  

of t rea tment  d e t e r i o r a t i o n ,  

A s z t  of 43 outdoor weathering panels  was ins ta l led  a t  Cran i to  

Rcef t o  s tudjr the  long-term weathering p r o p e r t i e s  of f l e x i b l e  
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air?'iribranes and e l a b  tomeric rorli i:!gs, La'i-)oratory physic3 1 [>roper t ins  

have been evaluated f o r  a l l  aiatcrial-s exposed, Samples w i l l  be c u t  

Erom tht.  t e s t  panels a t  pe r iod ic  i n t e r v a l s  and the physica l  propcr- 

t i c s  rcevalca ted  i n  an e i f o r t  t o  d e t e c t  d e t e r i o r a t i o n  which  would 

go unnoticed from v i s u a l  observat ion .  

Runof f measureinen ts were continued a t  the tlonument Tank t e s t  

s i t e ,  RunaEE continues t o  be l e s s  ehan 2% of the  annual p r e c i p i -  

t a t i o n ,  The Seneca catclment was t r e a t e d  i n  June 1973 by spraying 
2 

molten parafEin wax a t  a  r a t e  of 1.2 lbs/yd on the  undisturbed 

c a t c h e n t  s u r f  ace. Kunof E from the  catchment: s i n c e  trea-iincnt was 

l e s s  than o r i g i n a l l y  hoped f o r ,  The p lo t  su r face  i s  cons.idered 

very rough and da ta  analyses i n d i c a t e  the  threshold r a i n f a l l  before  

runoff occurs i s  approximately 4.5 nun. Runoff r e s u l t s  i n  the  win te r  

of 1973 i n d i c a t e  the  wax treatment may be a f f e c t e d  by f reez ing  and 

thawing of the  treatment.  S tudies  a r e  being conducted t o  determine 

the e x t e n t  of t h i s  problem, 

Cooperatively i n s t a l l e d  opera t iona l  catchacnts  i n  Arizona and 

Utah a r e  being repor ted  on, and/or v i s i t e d  pe r iod ica l ly ,  t o  d r t e r -  

mine performance of mater ia ls ,  design and poss ib le  causes of 

catchment f a i l u r e s .  A cooperat ive study was initiated w i t h  Utah 

S t a t e  Universi ty t o  study the  vermin problem assoc ia ted  w i t h  f a i l ~ t r e  

of water  harves t ing  s t r u c t u r e s .  The ob jec t ives  of t h i s  s tudy w i l l  

be t o  i d e n t i f y  the small  mammal. species  damaging f l e x i b l e  me~branes  

being used f o r  water b a r r i e r s ;  dekermine the  eco log ica l  f a c t o r s  

a s soc ia ted  w i t h  t h e  damage; and develop methods whereby the  dama.p,e 

can be prevented. 

Observations were continued of s e v e r a l  t e s t  m a t e r i a l s  used 

f o r  canal  l i n i n g s  on small farm i r r i g a t i o n  d i t ches  i n  the Logan, 

Utah v i c i n i t y .  A p o l y p r o p y l e n e - a s p h a l t - e i ~ ~ i ~ l s i o i ~  membrane Lining 

continues to  show promise and will. be inves t iga ted  f u r t h e r  a s  3 

canal, and s to rage  l i n i n g  m a t e r i a l ,  A galvailizecl s t e e l  d i t c h  l i n i n g  

shows a  s t a r t  of corros ion a f t e r  8 years .  h f ibe rg lass - re in fo rced  
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p ,Ayes t e r  r e s j n  l i n i n g  shovs s i g n s  o f  neediag  improved seal c o a t s ,  

A biturninized f i b e r  l i n i n g  shows s i g n s  nE d e t e r i o r a t i o n  which may 

have been caused by extreme cold  tempera tures  do r ing  rhe  w i n t e r  o f  

1972-1973,  An a s p h a l t i c  t ape  f o r  c o a c r e t e  r e h a b i l i t a t i o n  m2.y have 

been a f f e c t e d  by the  cold w e a t h r  a l s o .  

14'" 1 ,,KSOHNEC, : Gary Frns iel,j Allen Dcdr i&, John Griggs,  tJay ne R, 
--* 

Williamson. 
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8 Aug 1967 

22 Aug :L967 

20 Map 1968 

3 0  Eov .I. 9 6  I. 

18 Sep 1962 

16 Mar L966 

19 Apr 1963 

8 May 1.963 

9  J u l  1963 

22 Apr 1970 

3 Aug 1.967 

22 Aug 1967 

Jail 1968 

- 3  -, 
Easecoat ,  ?IC-"250 a t  l , 5  kg a s p h a l t  m 

Topcoat,  RSK a s p h a l t  emulsion a t  0.7 kg 
- 2 

a s p h a l t  m 

Top Sheet.i~-ig, 30-mil c h l o r i n a t e d  bl.ac:k 

polyet l iylene 

Cutyl  Rubber Shee t ing .  15-mil 
- 2 

Basecoat,  RSK a s p h a l t  a t  1,O4 kg a s p h a l t  m 

Topcoat. RSK a s p h a l t  emulsion a t  0.6 kg 

a s p h > l t  m-2 

Sea lcoa t .  Pbd i f i ed  SSKH a s p h a i  t emul.sion a t  
- 2 

0 ,6  kg a s p h a l t  m 
- 2 

Basecoat.  RC-special  a t  1 ,5  kg a s p h a l t  ox 

Topcoat South Hal.f, S-2 a s p h a l t  emulsion 
- L 

a t  0,65 kg a s p h a l t  m w i t h  3% 

b u t y l  l a t e x  

Topcoat North Half .  S-1 a t  0,s kg a s p h a l t  
- 2 

m w i t h  3% b u t y l  l a t e x  

Sea l coa t .  Modified SSKH a s p h a l t  emulsion 
A- 2 

a t  0.6 kg a s p h a l t  m 
- 2 

Basecoat.  MC-250 a t  1.5 kg a s p h a l t  m 

Top Shee t ing ,  1 - - m i l  aluminum f o i l  bonded 

w i t h  RSK a s p h a l t  emuls ion  a t  
- 2 

0,7 kg a s p h a l t  m 
-2 Basecoat.  PIC-250 a t  1.5 kg a s p h a l t  m 

Top Shee t ing .  3/4-oz 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  
- 2 

emulsion a t  1 - 4  kg a s p h a l t  m 

Top Spray, Vinyl- aLuminum c o a t i n g  a t  O , l  g a l  
.- 

yd-7 
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P io  t Trec? t~aenr. Date Treatment 

-- --- -- --- 

3 Aug 1967 
- 2 A- 2 Basecoat. MC-250 at 1,s kg asphast m 

12 Sep 1967 Top Sheeting, Standard rag €elk--rock 

roozing treatwnt 

A- 5 Sep  1968 Concrete S l a b ,  
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1;-4 
R u n o f f  
\--- 

nrr! x 
Date -- 
1.973 

1 Jan 
4 J a n  

1 0  J a n  
17 J a n  
I1 Peb 

1.2 Feb 
13 Feh 
15 Feb 

21-22 Feb 
7 Pfar 

8 Plar 
1 2  P I a r  
13 Nar 
21 PIar 

22-23 Nar  

26 T d k r  

28 Mar 
30 Apr 
1 3  Play 
13 Sun 

3 S u l  
11 J u l  
:L4 J u 1  
5 Aug 

1s Aug 

T o t a l  
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L- 7 
Runoff --. 

ram X 

1 Jan 2,5 1-8 '72.0 
4 Jan  2,8 1 , s )  57,9 
10 J a n  3 " 3  .L-5 45.5 
17 Jan 2,6 1-1. 42.3  
II Feb 4.4 2 , 4  54.5 

1.2 Feb 
13 F'eb 
15 Fcb 

21.-22 Feb 
7 Mar 

8 P h r  
3.2 Mar 
13 Xar 
21 Mar 

22-23 Mar 

26 Mar 
23 ?,far 
30 h p r  
13 Play 
13 3un 

3 Ju1 
11 Jul 
14 Ju1 
5 t lug 
15 Aug 

18 Nov 
22 Nov 

23-26 PJOV 

To ta l  

Annual Report of the U.S. Water Conservation Laboratory



Date -- 
1973 

1 Jan 
4 Jan 

10 Jan 
17 J a n  
11 Peh 

12 Feb 
13 PeS 
15 Feb 

21-22 Feb 
7 Mar 

s Mar 
12 Phr 
13 Mar 
21 Mar 

22-23 Mar 

26 Plar  
28 &far 
30 Apr 
13 May 
13 Jun 

3 JuL 
11 Jul 
14 Jul 
5 Aug 
15 Aug 

18 Nov 
22 Nov 

23-26 Nov 

Annual Report of the U.S. Water Conservation Laboratory



Plo t  Treatment Date Tr e atisen t 

2-2 30 Nov 1961 Smoothed s o i  1, 14 -14. m x I 4  14 rn p l o t  

2-3 4 Aug 19G5 Smoothed s o i l ,  lQ,l4.  m x ?4 -14 m p l o t  

t r e a t e d  with s i l i c o n e  water  repel. lent:  

6 Nov 1969 

R- 1 l Mar 1965 

R-2h 29 Sep 1972 

- 2 
a t  0,057 kg m 

- 2 
Ret rea t ed  a t  0.04 kg m 

Ridge and furrow, 20% s i d e s l o p e  

Ridgc and furrow, 10% s i d e s l o p z  

t r e a t e d  w i t h  t.ra_x water  r e p e l l e n t  

a t  1 , 3  l b ~ / ~ d  
2 

Ridge and furrotr, 20% s i d e s l o p e  

Ridge and furrow, LOX s i d e s l o p e ,  
- 2 

t r e a t e d  w i t h  44,9 g m sodium 

carbonate  

3 Nov 1970 Treated w i t h  3% s i l i c o n e  wa te r  r epe  

and 2% s o i l  s t a b i l i z e r  - 1 , 2  l i t e r s  of 

s o l u t i o n  m 
2 

A- 3 1 Aug 1967 Smoothed s o i l ,  6 m x 30 rn p l o t  

A- 4 10 Nov 1971 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  
- L 

s t a b i l i z e r  - l , 2  l i t e r s  of s o l u t i o n  m 

FJ- 1 1 Dec 1963 Uncleared watershed 

W-2 1 Dec 1963 Uncleared watershed 

W-3 1 Dec 1963 Cleared watershed 
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1 Jan 2,s 0 0 0 0 0 0 
4 Jan 2 ,8  0,l 3.6 0 - 2  3.6 2,O 7.1 
10 Jan 3 -3  0 0 0 0 0 0 
17 Jan 2,6 0 0 0 0 0 0 
13. Feb 4.4 0 0 0 0 0 0 

12 Peb 1 ,2 0 0 0 0 0 0 

13 Feb 10.1 4.2 41.6 2,8 27.7 4,h 43.6 
15 Feb 5 ,7  0 0 0 0 0 0 

21-22 Feb 26,4  3-0 11.4 1.3 4.9 2,9 11,O 
7 Nar 2 -5 0 0 0 Q 0 0 

8 E.Iar 3 - 0  0.1 3.3 0 0 0.1 3.3 
12 %far 2.5 ,8 6.3 24.4 4.0 15.5 6.7 26,O 
13 Mar 9 -5 0.1 1.1 1.0 10.5 1 , 9  20,O 
21 Mar 5 ,5 0 0 0 0 0 0 

22-23 14ar 5 ,5 0 0 0 0 0 0 

26 "Tar 
28 Mar 
30 Apr 
13 Nay 
13 3un 

3 3uJ 
23. Jul 
24 Jul 
5 Aug 
15 Aug 

3.8 Eov 12 -8 0,2 1 .6 0 0 0.1 0.8 
22 Nov 8 '* 4 0 0 0.2 2.4 0 0 

23-26 NOV 9 -4 0 0 - - - . 0 --. 0 - 0 
A-- 

0 - 
Total, 207.8 29.9 14.4 1.8.9 9.1 35.5 17.1 
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1 J a n  
4 Jan 

10 Jan  
17 3an 
11 Feb 

12 Feb 
13 F'eb 
15 Fcb 

21-22 Feb 
7 fihr 

8 B l a r  
12  P l a r  
1 3  4ar 
21. Mar 

22-23 Y A ~  

26 Nar 
28 PIar 
30 Apr 
13 May 
13  Jun 

3 Jul 
11 Jul 
14 J u l  
5 Aug 

1 5  Aug 

18 hTov 
22 No-v 

23-26 Nov 

Total. 207.8 

A-4 
R u n o f f  --. 
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rnrn 

1 Jan 
4. Jan 
10 J a n  
17 J a n  
3.1 Feh 

12 Fcb 
13 Feb 
3.5 Fc'b 

2.1-22 Feb 
7 Bhr 

8 Xar 
22 Har 
13 Xar 
2 1  Mar 

22-23 $hr 

3 Ju?. 
13. 31-11 
14 Jul 

S Aug 
3.5 hug 

3.8 Nov 12,8 3,s 2 9 , 7  0 0 0 0 
22 Nov 8 -4 1.6 19,O 1,2 14,3 0.1 1.2 

23-26 Bov 9 - 4  
P 

0 - 0 - 0 - 0 -- - 0 0 -  
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I)a t e  ---- 
1 3  73 

I J a n  
4 Jan 
10 Ja r l  
17 Jc?n 
13. Peb 

1 2  Feb 
13 Feb 
3.5 Feb 

21-22 Feb 
7 

8 Nar 
1 2  Mzr 
3.3 Har  
2 1  Nar 

22-23 31ail' 

25 Nar 
28 Mar 
30 Apr 
13 Nay 
13 Jun 

3 J u l  
13. 3uf 
14 3u1 
5 Aug 
15 Aug 

28 Nov 
22 Nov 

23-26 N31/ 

T o t a l .  207-8  
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Table 5. Test pane l s  i o r  outdoor exposure o i  water barrier mate r i a l s  
a t  Granite  Reef. Mapcrials exposed 6 December 1973, 

Panel 
Number P k t e r i a l  and/or Treatment 

Cross laminated poly film, 4 m i l ,  white, Tu Tuf, Sto-Cote 

Same a s  l except gray 

Oriented polyethylene, Fabrene TM, duPont of Canada 

Same as 3 plus l i q u i d  c las tomer ic  coat ing  (coat ing)  
2 

0.27 gal /100 f t  , Tan Foly-R (5-9501, Platcote 
2 

Same as 3 plus coating,  0.19 ga1/100 f t  c l e a r  E las tu f f  

400, United Paint  
2 

Same as  3 plus  coating,  0.22 gal / lO0 f t  , gray 1 par t ,  

United Paint  
2 

Same as  3 plus coating,  0.14 g a l / l 0 0  f t  , gray E l a s t u f f  

400, United Paint  

Polyvinyl Chloride (PVC) film, 10 m i l ,  black, Environmental 

Water Control (EWC) 
2 

PVC film, 15 m i l ,  black, EWC, plus coating,  0,13 gal/lOO S t  , 
gray E las tu f f  400, United Paint  

2 
Same a s  8 plus coating, 0.26 g a l / l 0 0  f t  , c l e a r  E l a s t u f f  

400, United Paint  
2 

Same as  8 plus coating, 0,17 ga1/100 f t  , gray  1 par t ,  

United Paint  

Polyethylene (PE) film, 4 m i l ,  c l ea r ,  Mobil 
L 

Same as  12 plus coating, 0.15 ga1/100 f t  , gray E l a s t u f f  

400, United Paint  
2 

Same as 12 plus coating,  0.10 g a l / l 0 0  f t  , gray 1 p a r t ,  

United Paint  
2 

Same as  12 plus coating,  0-14 gal/100 f t  , c l e a r  E l a s t u f f  

400, United Paint  
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Table 5 ,  T e s t  panels  f o r  outdoor exposure c.C water  b a r r i e r  m a t e r i a l s  
a t  Gran i t e  ReeE, Materials exposed 6 December 1373 
(cont inued) .  

Pane 1 
Number P ia te r ia l  and/or  Treatment 

P 

2 
Same a s  12 p lus  coa t ing ,  0,14 ga1/100 f t  , Tan Poly-K 

(-5-950), P a t c o t e  

PVC f i lm,  15  m i l ,  b lack,  EWC 

Chlor ina ted  Polyethylene, nylon r e in fo rced ,  32 m i l ,  

b l ack  Hodgman 

~ e d l a r / v i n y l  laminate ,  3.4 m i l ,  white ,  Plexcon 

F ibe r  r e i n f o r c e d  PE, 12 m i l ,  b lack,  Type 85, G r i f f o l y n  

F ibe r  r e i n f o r c e d  PE, 14 m i l ,  b lack,  Type 105, G r i f f o l y n  

Butyl, nylon r e in fo rced ,  32 m i l ,  b l ack  (KK 243), Hodgman 

EIypalon, polypropylene s u b s t r a t e ,  23 m i l ,  b lack ,  Hodgman 

klypalon, double coated on nylon, 24 mil ,  b l a c k  (KK 206) 

Hodgman 
2 

Same a s  12  p lus  coat ing,  0.21 ga1/100 E t  , Tan Chem-Elast 

(55Ol), Plas-Chem 
2 

Same a s  8 p lus  coa t ing ,  0.22 ga1/100 f t  , Tan Chem-Ehst 

(55Ol), Plas-Chem 
2 

Same a s  8 p lus  coat ing,  0.19 g a l / f t  , Tan Poly-X (5-350), 

Matcote 
2 

Same a s  8 p lus  'coating, 0.15 ga1/100 f t  o f  primer (9002) 
2 

and 0.17 g a l l l o o  f t  o f  Black Chem-Elasl: (5500X), P l a s -  

Chem 
2 

Same a s  3 p lus  coa t ing ,  0 ,28 g a l / l 0 0  fC , Tan Chem-Elast 

(5501), Plas-Chem 
2 

Same as  3 p lus  coat ing,  0.23 gal /100  f t  o f  primer (900%) 
L 

aud 0.20 ga1/100 ft: of Black Chem-Xl.as t (5SOOX), PLas- 

Chem, 
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Table 5. Tes t  pane ls  f o r  outdoor exposure of water  b a r r i e r  m a t e r i a l s  
a c  Gran i t e  Reef, Ph.kerial.s esposed 6 December I973 
(continued) . 

Panel 
Number 3h te r i a l .  and/or Treatment 

Neoprene, ny lon- re in£  orced, 31  m i l ,  b lack  (W.235), Boclgman 

Hypal.on, ny lon- rc tnforced ,  32 m i l ,  b l ack  (=(205), Hodgman 

I-typalon, nylon-re.i-nforced, 37 m i l ,  b l s c k  (ICIKZOS), Ilodgman 

ButyL/EPDM blend,  35 m i l ,  black (i"BX), Miner 

Chlor ina ted  Polyechy lene,  nylon r e i n l o r c e d ,  3 2  m i l ,  w h i t e  

(1x2 09) )  Hodgman 

Butyl,  nylon-reinforced,  5.5 m i l ,  b lack  ( iW44)  w i t h  seam, 

Hodgman 

Ilypaion, nylon-reinforcecl,  40 nil ,  black, Burke 

PVC coated polypropylene mesh, 22 m i l ,  b l a c k  (24B), 

Hercules 

PVC coated polypropylene mesh, 22 mil,  b l ack  ( 2 4 P ) ,  

Hercules 

PVC coated polypropylene mesh, 12 m i l ,  b l a c k  (24 E) ,  

Hercules 

pVC f i lm,  20 m i l ,  black, EWC 

PVC fil.m, 30 m i l ,  b lack  EWC 

ButyL, non-reinforced,  30 m i l ,  o r i g i n a l l y  exposed 

1-8 Thy 1961, C a r l i s l e  

Annual Report of the U.S. Water Conservation Laboratory



'i:ab:ic 6 ,  R a i n f a l l  r u n o f f  resuits Erurn the Seneca catchiiler7-t a f t e r  
treatment w i t h  p a r a f t i n  wax, 

3 J u l  7 3  5 .6 0 0 23 Eov 73  1 -8 0 0 
10 Su1  7 3  14.6 2.9 3.9,9 25 Nov 73 0,2  0 0 
1.3 3 u 1  7 3  10.2 3.7 36,3 27  Nov 7 3  3.2 0 0 
1 5  3 u 1  7 3  7  - 0  0.4 5.7 28 Nov 7 3  I/ 0.1 - 
15 3 u 1  7 3  1,4 0 0 1 J a n  7 4  0':s 0 0 

16 J u l  73  6 , s  
16 J u l  7 3  4.4 
2s 3111 73  21,O 

2 hug 73  3  .4 
2 Aug 7 3  0,2 

3  Aug 7 3  0 - 4  
11 Aug 7 3  14 a 0 
13  Aug 73  1.6  
19 Aug 7 3  0 -4 
20 Aug 7 3  0.6 

20 Aug 73  2 - 6  
20 Aug 7 3  0 * 4  
21 Aug 73  0.2 
26 h g  73  0,4 
4 No-? 7 3  2,2  

12 Nov 73  5 -0 
19 Plov 73  0,2 
29 Nov 7 3  - 1 / 
20 Nov 7 3  5 , 6  
22  Nov 73  0.2 

11.8 2 J a n  7 4  0,6 
4 , 5  4 Jan  7 4  1.0 

3 5 , 5  5 J a n  7 4  1 7  ,S 
2.9 7 J a n  74 22,4 

0 8 J a n  7 4  1 - 6  

1/ Nel ted  snow r u n o f f .  - 
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Table 7 ,  C o d i t i i o n  of :r,ati.l-ia ls oil cxposurc?. r acks - - in spec t ion  October 1.973, 

I n i t i a l  
Sample 

1. / expos u r z  
2 /  

Pliysical. 
Eo, - --- Piaterial. d a t e  Cond i t i o t~  -- --.. d e s c r i p t i o n  

Low-temp bu ty l ,  1/1.6" 
Butyl-coated co t ton ,  
TDA-3 909, Hodgman 

Ethylezie v i n y l  a c e t a t e  
copolymer; 20 mil. 

Ny lon - re in fo rced  
hypalon, Burke 

Buty 1-coated nylon 

B ~ ~ k y l - c o a t e d  nylon 

Butyl-coated c o t t o n  
(one s i d e ) ,  Aldan 

1 Chlor ina ted  PE, 
whi te ,  Dow 
2* Chlor ina ted  PE, 
white ,  Dow 

3 Chlor ina ted  PE, 
whi te ,  Dow 

Euty 1-coa ted  c o t t o n  
(one s i d e ) ,  Aldan 

Butyl-coated co t ton  
TDA-3 909, Hodgman 

1 Chlor ina ted  PE, 
white ,  Dow 

2* Chlor ina ted  PE, 
white ,  Dow 

37k Woven PE, green,  
Coated Fabr i c s  

PE f i lm,  6 m i l  
Ethylene v i n y l  a c e t a t e  

copolymer, 6 m i l  
Nylon-reinforced 

hypalon, yellow, 
Canton 

Polyisobuty l ene  

Asphal t -coated j u t e ,  
Fl int lcote  

Exce 1 l e n t  
Exce l l en t  

Excel l e n t  

Exce l len t  

Good t o  
f a i r  

F a i r  

Exce l len t  

Exce l l en t  

Poor 

F a i r  

P a i r  

F a i r  

F a i r  

Po o r  

Poor 

Exce l len t  
Exce l len t  

Exce l l en t  

Poor 

Good t o  
Excel l e n t  

S l i g h t  cha lk ing  
S l i g h t  cha lk ing  

Shrinking 

S l i g h t  shririkage 

Extrenc cha lk ing  
and delaminat ing 
Light  cha lk ing  and 

cracking  
S l i g h t  cha lk ing  

S l i g h t  cha lk ing  and 
s t i f f e n i n g  

Shrinking,  s t i l f e n i n g ,  
cracking and fading 

Cracking, sh r ink ing  
and chalking 

S l i g h t  cracking 
and shr inking ,  

some t e a r i n g  
Cracking , sh r ink ing  

and chalking,  
two ho le s  

Cracking, sh r ink ing  
and cha lk ing  

Cracking, s  l r i n k i n g  
and s  t i  EEening 

S u b s t r a t e  m a t e r i a l  
completely 
d e t e r i o r a t e d  

S l i g h t  sh r ink ing  

S l i g h t  sh r ink ing  
and cha lk ing  

Shrinking,  s t i f r e n i n g  
and s~eathelr ing 

S l i g h t s t i f f e n i n g  
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Table 7. Cond?.tion of m a t e r i a l s  on expasure racks- - i .nspec i ion  October 1973 
(cont inued)  . 

Xrii t i a L  Sample 
1 / exposure Phys i ca l  

f loe - - Nateri;ll d a t e  Condi t ion - d e s c r i y t i o i ~ -  ---.------- 
2 / 

199~ V i s  t a lon-coa ted  po1.y - lQ/O9/ 70 Exce l l en t  S l i g h t  cha lk ing  
propy lene ,  Exxon 

2 y :  Vis ta lon-coa ted  poly-  10/09/70 Exce l l en t  S l i g h t  cha lk ing  
propy lene , Exxon 

l/ Removed from racks  October 1973, - 
2/ Exce l len t ,  good, f a i r ,  poor - 
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Re~nov a 1  
3. / 

Date C0ndi.t ionL/ and 
No. Code-  Ma te r i a l  - I n s t a l l e d  Comments Upon Removal 

XPT, Exxon 1 7  Nov 65 Exce l l en t  
Vinyl, 35 n i l ,  8 Sep 65 Poor, s t r e s s  c rack ,  

w h i t e ,  S t a f f  ve ry  b r i t t l e ,  p l a s t i -  
c i z e r  l o s s  

Vinyl, 35 mil ,  
black,  S t a f f  

Hy lon - re in fo rced  EPDM 
(Vis ta lon)  g rao  &,n on 
b lack ,  green  exposed, 
Re eves 

Vinyl  from pond B-1, 
f l e x i b l e ,  Union Carbide 
1.960 

Viny 1 from pond B-1 
h a l f  f le:i ible,  Union 
Carbide, 1960 

Chl.orobuty1-coated 
nylon, bonded w i t h  
Lock Bond, Aldan Rubber 

Same a s  21, bonded w i t h  
SWB-66-35 from Znmont 

Coated PP, 1.31 ga l / sq  
(Sample 1.1.) 

Coated PP, 1,09 g a l / s q  
(Sample 2) 

Coated PP, 0.62 ga l / sq  
(Sample 3)  

Coated PP, 0.68 gal/scl 
(Sample 4) 

Coated PE, L O  m i l ,  0,17 
g a l f s q  (Sample 8 )  

Coated PE, 6 m i l ,  0.20 
g a l / s q  (Sample 9)  

Coated VE, 6  m i l ,  0.27 
g a l / s q  (Sample 10) 

Uncoated WC, 10 n i l ,  
Goodrich (Sample 16) 

Coated PP 78 (Sample 3)  

8 Sep 65 

31  Oct 69 

I 

3 Nov 70 

3 Nov 70 

9 Nov 70 

9 Nov 70 

13 Sep 71 

13 Sep 71 

13 Sep 71. 

23 Sep 71 

13 Sep 71 

13 Sep 7 1  

13  Sep 71 

L3 Sep 71  

1 Phy 72 

Exce l l en t  

Exce l l en t ,  s l i g h t  
s ilr inkage 

F a i r  t o  poor, p l a s t i -  
c i z e r  l o s s  b u t  s t i l l  
f l e x i b l e  

Poor on f l e x i b l e  p a r t ,  
s t i f f  p a r t  completely 
d e t e r i o r a t e d  

Exce l l en t ,  seam i n  
e x c e l l e n t  c o n d i t i o n  

Exce l l en t ,  seam i n  
e x c e l l e n t  c o n d i t i o n  

Good t o  e x c e l l e n t ,  
c o a t i n g  d u s t i n g ,  
s u b s t r a t e  e x c e l l e n t  

Good, c o a t i n g  cracked 
i n  one a rea ,  can  be 
pee l ed  

Same a s  28. 

Same a s  28. 

Poor, coa t ing  dus ted  
o f f ,  PE showing 
th rough  

Same a s  35, 

Same a s  35. 

Poor, very  s t i f f  

Coating exce l l enk ,  
s u b s t r a t e  d e t e r i o r a t e d  
where c o a t i n g  t1G.n 
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Table 8 ,  Chitdoor exposure panels  removed from Logan, U::ah t e s t  s i t e  
dur ing  3.973 (cont inued) ,  

Removal 
I/ 

Date Condi tion2/ and 
No. Code-  - Plater i d  .- I n s t a l l e d  Comments Upon Removal 

Coated PP 78 (Sample 12)  1 May 72 

Coated PP 75 (Sample 6) 1 May 72 

Coated PP 65 (Sample 2) 1 May 72 

Coated PP 65 (Sample 14)  I. Nay 72 
Coated PI? 75 (Sample 15)  1 May 72 
Coated PP (Sample 16) 1 Play 7 2 

Coated PP (Sample 13)  1 May 72 

Coated PP (Sample I )  1 Nay 72 
Coated PP (Sample 4 )  1 May 72 
Coated PP (Sample 7)  1 Play 72 
Coated PP (Sample 10)  1 Play 72 
Uncoated PP 1 Play 72 
Coated Fabrene (Sample 1 Phy 72 

17 )  

Poor, nuiierous smal l  
ho le s ,  b r i t t l e  

Poor, complete break- 
down of s u b s t r a t e  

Poor, s u b s t r a t e  Ea i lu re  
where inadequate  
c o a t i n g  

Same a s  50. 
Same a s  50, 
Exce l l en t ,  some 

cha lk ing  
Exce l l en t ,  t o r n  

a long  one edge-- 
appeared t o  be 
vandal ism 

Same as 53. 
Same a s  53. 
Same a s  53. 
Same a s  53. 
Complete d e t e r i o r a t i o n  
Exce l l en t ,  had been c u t  

from exposure frame by 
vanda l s  

1 / - a - Sample r e tu rned  t o  coopera tor .  

b - Sample taken f o r  l abo ra to ry  t e s t i n g .  
c - Sample des t royed .  

2/ Rating Date 4 October 1973. 
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Table 9. Outdoor exposure: panels a t  Logan, Utah t e s t  s i t e ,  

Date 1 / Condikion - 
No, - Mate r i a l  Ins  Cal led and Comments 

Fabrene ( o r i e n t e d  PE), 
du Pont Canada 

Double buty l -coa ted  nylon, 
TDA 443 2, Hodgrnan 

Double buty l -coa ted  co t ton ,  
KK 246, Hodgman 

Double buty l -coa ted  nylon, 
TDA 4429, Hodgman 

Ny l on - r e in f  o rced  hypalon, 
Burke 

Reinforced PE, G r i f f o l y n  

Vinyl, 20 m i l ,  black, 
F i r e s  tone  

Poly l i n e r  CPE, Goodyear 
Polyethylene,  10 m i l ,  b lack 

Glass f i b e r - r e i n f o r c e d  
buty l ,  R a i n f a i r ,  c ana l  l i n e r  
1948-1958 

I 

Unreinforced bu ty l ,  Goodyear 
(F ish lake)  

Chlor ina ted  polyethylene,  Dow 

PE-coated CLS, Hercules 

Vinyl, 20 m i l ,  Union Carbide 
9234-90-1 

Vinyl., 20 m i l ,  Union Carbide 
9234-84-1 

17 Oct 72 

9 Apr 65 

21 Apr 65 

22 Apr 65 

26 Oct 71  

26 Oct 72 

25 Mar 66 

16  Oct 72 
25 Mar 66 

11 Aug 66 

16 Aug 66 

26 Aug 66 

19 Oct 72 

15 Apr 71 

15 Apr 71 

E x c e l l e n t ,  very t i g h t ,  may 
have shrunk,  sampled f o r  
cooper a t o r .  
Poor, chalking,  mechanical 

damage, numerous holes  
Poor, mechanical damage, 
suppor t  m a t e r i a l  n o t  
p reven t ing  t e a r i n g ,  
cha lk ing  

Good, one t e a r  appears  t o  
be d e t e r i o r a t i o n  of  sub- 
s t r a t e ,  cha lk ing  

Excellent 

Exce l l en t ,  t i g h t  

Good, some s t r e s s  
c r ack ing  

E x c e l l e n t  
Good t o  f a i r ,  mechanical 

damage, shr inkage  
Good, cha lk ing ,  s l i g h t  

ozone cracking  w i t h  3 
s m a l l  ho les ,  a n t  a c t i v i t y .  
Samples r e t u r n e d  t o  coop- 
e r a t o r  and taken  f o r  l a b  
t e s t i n g .  

Good, extreme cha lk ing ,  
some mechanical damage. 
Samples r e tu rned  t o  
coope ra to r  and t aken  f o r  
l a b o r a t o r y  t e s t i n g  . 

Good, smal l  ho le s ,  may bc 
mechanical  damage o r  
s t r e t c h i n g .  

Exce l l en t ,  1 ho le  t h a t  
appeared t o  be a burn 

Exce l l en t ,  very  f l e x i b l e ,  
sampled f o r  l a b o r a t o r y  
a n a l y s i s  

Exce l l en t ,  very f lexibl.c, 
sampled f o r  l a b o r a t o r y  
a n a l y s i s  
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Date 
1 / Condi t ion  --. 

Po, Plater i a l  Ins  t a l l  cd .------- -------------- and Conlxiicn t s ------ 

Vinyl, 20 n i l ,  Union Carbide 
323&-84- 2 

Vinyl, 20 d l ,  Union Carbjde 
3236-56-1 

Uncoated PilC, L O  m i 1 ,  Union 
Carbide 

Coated PE: 8 m i  !, 0.76 ga1./sq 
(Sample 5 )  

Coated PE, 8 m i l ,  0,26 g a l / s q  
(Sample 6) 

Coated PE, 8 m i l ,  0,46 g a l / s q  
(Sample 7) 

Coated PVC, 10 m i l ,  Union 
Carbide (Sample 15)  

Uncoated PE, 1 0  m i l  
Uncoated PE, 8 m i 2  
Uncoated PE, 6 m i l  

Coated PVC, 3.0 m i L ,  Goodrich 
(Sample 16)  

Butyl coated CLS, 32 m i l ,  
Hercules 

Butyl coated CLS, 1.7 m i l ,  
tier cu:Lc?s 

CPE lairnate, Goodyear 

Coated Fabrene (Sample 18)  

Coated Pabrene (Sample 11) 

Coated Fabrene (Sample 5)  
Coated Pabrene (Sample 8) 

Coated Fabrene (Sample 9 )  

Uncoated Fabrenc 

15 2 -  71 

1.5 Apr 71 

13 Oct 71 
! 

1.3 Oct 71 

13  Oct 7 l  

13  Oct 71. 

13 Oct 71 

13 Oct 71 
13 Oct 71 
13  Oct 71  

13 Oct 71 

3. Nay 72 

1 Fhy 72 

5 May 72 

1 ?ilay 72 

1 May 72 

l Fky 72 
1 May 72 

1 May 72 

L Fky 72 

Fai r ,  s t i l l  Elexib le  but  
s t i f f e n i n g  around board 
edg ing ,  

Excellent, E1.exibl-e 

E x c e l l e n t  

Good, cha lk ing ,  c o a t i n g  
can be scraped  from PE 

F a i r  t o  poor, extreme 
chalkring, PE s howing 
t h r  orr giz 

Good, cha lk ing ,  coa t ing  
can be scraped  from PE 

Excel lent  

E x c e l l e n t  
E x c e l l e n t  
Poor, me chant  c a l  damage, 
appeax-ed t o  be claw marks 

E x c e l l e n t ,  very s l i -gh t  
cha lk ing  

E x c e l l e n t ,  extreme 
cllal  k ing  

Exce l l en t ,  extreme 
cha lk ing  

ExcelLcnt,  s l i g h t  
s t i f f e n i n g  

ExcelLent,  tight---may 
have shrunk 

Exce l l en t ,  s l i g h t  shr inkage,  
extreme cha lk ing  

Excel l e n t ,  s l i g h t  cha lk ing  
Poor, c o a t i n g  can be 
removed by rubbing .  
S u b s t r a t e  e x c e l l e n t ,  

Poor, c o a t i n g  can  be 
removed by rubb ing ,  
S u b s t r a t e  e x c e l l e n t ,  

Exce l l zn t ,  s l i g h t  shr inkage  
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1 / Table 10. Average d a i l y  drop i n  water -sur face  elevat i .on due t o  seepage -- 0 ;  water s:oragc 
systems a t  Logan* 

Pears  used 
Reservoir  Date t o  determine Seepage r a t e ,  f t / day  

No. Desc r ip t ion  i n s t a l l e d  seepage r a t e  &fax Xi. n Pic 22 

A- 3. Asphalt  plank l i n i n g ,  Gulf Seal ,  
exposed 

A- 2 PE, black, 4  m i l ,  bur ied  

A-4 PE, black, 8 mil,  bur ied  

A- 5  PVC, VU-5965, o l i v e ,  8 m il, buriel 

3-4 Chlor ina ted  PE, black,  20 m i l ,  
exposed 

August 1962 

October 1954 

J u l y  1954 

d J u l y  1954 

October 1965 

C- 1 Butyl rubber ,  unre inforced ,  20 m i l ,  J u l y  1958 
exposed 

C- 2 Asphal t - ju te  laminate,  exposed August 1956 

C - 4  Butyl-coated CLS, 1 7  m i l  ? h y  1972 

G-4 PVC (30 m i l )  l i n e d  galvanized Harch 1967 
s t e e l  g r a i n  b i n  (24 f t  d i a )  
w i t h  roof  

1/ Drop i n  water  s u r f a c e  i s  co r r ec t ed  f o r  evaporat ion,  us ing  a f z c t o r  of  .9 f o r  bur ied  - 
l i n i n g s  and ,75 f o r  exposed l i n i n g s ,  Plus va lues  i n d i c a t e  t h a t  c o r r e c t i o n  was l a r g e r  t han  i t  
shocld be, o r  t h a t  t h e  accuracy o f  t h e  measurement was i n s u f f i c i e n t  f o r  r a l u e s  of  t h e  o rde r  
rcpor  ted  . 
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Fig. 1. ~ainfall-runoff results from five bare-soil treatments at the Granite Reef Testing Site, 
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TI T I  tE : t)Zi<i3 1CTINc; IriYD?! i'i,LC CrihRACriTI<LS5'1CS 0%' CRC'TiiC/U,- 

U E P ' E  FLGiIIiS OF SI.?E?LE ,&\ID COT@1_XX Cl?OSS- 

S ECTPONLL SHAP E:S 

CKLS WO?X UNLT: 54f):!-.1.2360-004 CODE E 0 " :  Arjz.-idC1 72-i 

1.'I\ITXIDUG?'LOi; : 

i rnnual  Re.ports f o r  I 965  -19 72 con tclin s w m a r i e s  of s tudi& on 

16 si nplc c r i  i2ca.L--f .lox f L~ms w i t h  cross--se c t  i o n a l  sha?~:; tha? 

w 2 r e  -i;rapezoi,dal, t x i b n g u l a r  o r  rectangul .dr ,  The m a t h m a t  i c a l  

mocle l. f o r  prc d i  c t  i n g  f i u n s  c a l i b  -cat: 0x1s was extcnckd  ilo all-o:~ t h e  

i n t r o d u z t i o n  of more coniplex shapes t n t o  conpu ta t j  on Cor cross-  

s e c t  i o n n l  a r e a .  Thcse shapes inclucked non-symnet r i c a  l Il~umes aild 

F lu in~s  uhosc  s i d e s l o p e s  change a t  c e r t a i n  Elow dep ths ,  usua1.l.y t o  

f l a t t e r  s l o p e s  n t  deeper  depths  , t o  i n c r e a s c  capac i ty  [or  h igh  

&is charge r a t e s  . Predi c t i o n s  of  t h e  non-syxmcir ical  3rd conlpl cx  

shapes were s a t i s f a c t o r y .  'Sic c.omputaisional. p rocedure  has  rcna incd  

essenti.al.3.y s t a t i c ,  b u t  diEFers i n  s e v e r a l  rn spec l s  f rom prevLous 

account ings  . Tlieref o r e  , i t  i s  reproduced here i n  comJenscd Eorm 

a long  wi tlrr t h e  Plow Diagram, Computer Z i s  Ling, ancl a computa t iona l  

e xamp le . 
Basic  t h e o r i e s  des c r i  bring the o p e r a t i o n  o E c r i t i c a l -E low 

measuring flumes have long been known, Ackcrs and H a r r i s o n  (1) 

were s u c c e s s f u l  i n  apply ing  a1 lowances Eor energy Losses  t o  ac- 

c u r a t e l y  p r e d i c t  t h e  c a l a r a t i o n  f o r  soae  i l ~ n i e  s h a p e s ,  T h e  f r i c -  

t i o n  l o s s  e s t i m a t e  was modified by F.epLoglc?. (4) usi.ng a bo~mdary--  

d rag  procedure t h a t  proved r e l i a b l e  f o r  a wide var iety of Xl.umg 

c r o s s - s e c t i o n a l  s h q e s .  The succes s  at  a c c u r a t e l y  p r e d i c t i n g  

f1utl:e El.ow c h a r a c t e r i s t i c s ,  t o  aaikhrin - -t 22, f o r  s i m p l e  t r i a n g u l a r - - ,  

rectangrll.ar-, and t rapezoida l . - sec t iona l  shapes h a s  been ex tended  

t o  more conplc?x shapes i n  o r d e r  t o  Ca t lo r  chz s tage-discharge 

rel-at-ion t o  c o n t r o l  tai.Lwaecr, avoid  sihmerged-Flow opcralrion, 

i n c r e a s e  sen,sit i7jri ty,  o r  i7.chi.eve specifiecl. v e l o c i t i e s  t o  a i d  
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f o r  i t e r a t h i i  s o l ~ z t i o n .  on camputers and l a 5 o r a t o r y  vcr . i f i , ca t ions  

have been pxeviorrs ly  rrpooned ( 3  a d  4 )  . 
n-j,X[)I>J1TIC$;I, CC;~<~:~L)EP-C2: f IoNS : 

- 7 .  r l g u r e  I i l . Ius  t t -a tes  a  general., coqlex-shaped  c r i t i c a l - -  

:€low fl.1un.e ha.t;.i-ng an e n t r m c e ,  I.&e:Led S e c t i o n  I ;  a converging 

p ~ r t i o n ,  l a b e l e d  Sec t ion  2 ;  ;mcl a  constri.cteci " c m a t  p o r t i o n ,  

l a b e l e d  Sect5.m 3. Prom ' b a 3 i c  hydrau l i c s  zheory,  c r i  t : i . cd  dis- 

charge i.n m y  El.urr?:e -- c i r c u l a r  , r e  c t  angu:lar, trapezo:i d a l ,  o r  

o t h e r  shape -- i n  t e r n s  of geometr ic  pa rane te r s  in.  t h e  c r i t i c a l -  

flow s e c t i o n  (Section. 3) is givzn by 

whert?. Q = vo1uv.e d ischarge  r a t e ;  g = g r a v i t a t i o n a l  c o n s t a n t ;  h = 

c r o s s - s e c t i o n a l  a r e a  of flow ; ct -=- energy d i s  trT~u"Lo11 coef f i c ' i en t  

(2 ,  13. 2 7 ) ;  T = t op  wid* of  flow; and the s u b s c r i p t  3 clesignates 

val-ues f o r  S e c t i o n  3, Figurc 1, In p r a c t i c e  i t  is m u a l l y  neces-  

sary t o  r e l a t e  so* upstream depth ,  Y2, i n  Sec t ion  I ,  t o  d ischarge  

us ing  energy r e l a t i o n s  , because t h e  p o i n t  of c r i i r i c a l  dep th ,  Y3, 

in a  flume t h r o a t  i s  d i f f i c u l t  t o  l o c a t e .  The s p e c i f i c  energy in 

Sec t ion  3 f o r  c r i t i c a l  f l o i ~  ( 2 ,  p .  41-43) is  

L,ikewise, t h e  s p e c i f i c  ene rgy ,  H r e l a t i v e  t o  t he  sanr-? datum pl.anc, I ' 
f o r  t h e  l o c a t i o n  where f low depth ,  Yl ,  i s  usu,illy s e n s e d ,  i n  

Sec t  i o n  1, i s  

w h e r c  V i s  t h e  average v e l o c i t y  i n  Sec t ion  ? and a is the vi._lo~i.ty 1 1 
c l i s  t r i b u t i o n  coe.Eficient  f o r  t h e  sariw l oca t ion .  
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Thc spcc:i.Eic ec.ergy d.i:f ference between t h e s e  two l o c a t i o n s  i s  

represented by t h c  f r i c t i o n a l  l o s s e s ,  R '&us , co~ilhining eciuat ions  
f V  

(2) and  ('3) i7irh li 
f 

B o i h  i? ail4 T a r e  h i n c t i o r ~ s  o E Y Likewise V i s  represented 
3 3 3 ' 1 

as Q/%, where A. 5 s  t h e  c r o s s - s e c t i o n a l  a r e a  f n  S e c t i o n  3. &id i s  
L - 

a f m c t i o n  of Y. p:Lm any silX h e i g h t ,  Y t h a t  may be b u i l t  i n t o  4. ' e 
the f l o o r  o f  Sec t ion  3. 

Any c ros s - - sec t iona l  shape whcxe a r e a ,  A, and t o p  w i d t h ,  T, c a ~  

be expressed  i n  t e r m  of Y and 15 r e s p e c t i v e l y ,  f o r  A. m d  A i s  
l 3 ' .L 3 

s ~ ~ b j e c t  t o  i t e r a t i o n  s o l u t i o n  on a c o q u t e r  f o r  Q 5-12 terms of Y 
1 

prov.ided t h a t  a s u i t a b l e  e v a l u a t i o n  f o r  Ef i s  avai3.abl.c a long  w i t h  

est:irnates f o r  o: m d  a The t o t a l  E r i c t i o n  l o s s  11 i s  t h e  sum o f  1 3-  f 
t h e  f r i c t i o n  l o s s e s  i n  each Elurn2 s e c t i o n  o r  

where t h e  s u b s c r i p t  r e f e r s  t o  t h e  f l u m  s e c t i o n  under  consiclera- 

t i o n .  A m r e  comprehensive review of t h e  t o t a l  method of a r r i v i n g  

at s a t i s f a c t o r y  e s t i m a t e s  of each component of  equat-Lon (5) i s  

given by Replogle ( 4 ) .  Sunmnrixed, t h e  inost t.iilportant: p a r t  i s  t h e  

l o s s  H i n  S e c t i o n  3. Here,  a laminar  boundary l a y e r  i s  a s s u m d  
3 

t o  beg in  i t s  devd.opment: a t  che t h r o a t  e n t r a n c e ,  a f t e r  which. the 

drag  w i l l  b e  determined by t u r b u l e n t  boundary l a y e r  concepts .  The 

composike t o t a l  d rag  c o e i f i c i e n t  , CF7 , f o r  a given t h r o a t  i e n g t h  

(5,  p .  538) i s  

c F c,- ( R / ' ~ ) ( c  - 
C. F,L C ~ ,  1)  

where C i s  t h e  t o t a l  d rag  coc.Eficient f o r  t h e  sectr ion;  C P F , t  
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and C,, denore the c.oeffit : icnt o f  turb ul.err:: and Laminar s k i n  f r i c -  
r , l  

t i o n ,  respecilrively,  f o r  t h e  t o t a l .  d rag  up t o  a d i s t a i ~ c e  proclucing 

a R~.ynoldu Nmber ,  X (cs t tmatecl  b y  1: = 350,000 4- L / K ,  where K 
C c 3 

l e n g t h ,  I$, = V,I.. / v ,  n h ~ r e  v i s  t h e  k i - c e s a t i c  v i s c o s i t y .  
.J 3 

Raving e s t i m a t e d  K it: i s  then p o s s i b l e  t a  solil* f o r  C 
c F , t Y  

C . and hence C ' by i t e r a t i v e l y  s o l . v h g  of  t h e  e q u a t i o n  
F , 1 3  i p  

[ l b p l o g l e  (3)  1 

borh CF and C p , t  ( t h e  l a t t e r  simply by s u b s t i t u t i i r g  C F , t '  R c '  

X f o r  CF,Rl , .  and I. r e s p e c t i v e l y  ( X  = Rc v / V 3 ) .  
C 3 ' C 

The va lue  f o r  C t h e  laminar  r eg ion  cantribtzti-on t o  t h e  P,1' 
drag ,  is  ob ta ined  fro111 (5 ,  p .  122) 

The d rag  f o r c e  T3 of a f lu jc?  f lowing through a fl-uine s e c t i o n  
F 

can be exp re s sed  as  (2 ,  p .  9 4 )  

where C i s  L11e t o t a l  d rag  c o e f E i c i e n t ,  i s  t h e  m a s s  Ciznsity o f  
F 

t h e  f l a i d ,  and t h e  flurre-secLion s u r f a c e  a r e a  i s  g iven  by t h e  

product  of t h e  w?tced p e r i m e t e r ,  P , and t h e  l e n g t h  of  t he  Flume 

s e c t i o n  f o r  which E r i c t i o a  i s  b e i n g  coi~pu?&d. I n  t e rms  of head 

l o s s  e q u a t j  on (9)  can be rcpresezl"cr.d as a drag  Force r e t a r d i n g  a 

v o l u m  of water wi th  weignt  y p e r  u n i t  V O ~ U U T  moVing tmder the 

i n f l u e n c e  of: c?n energy graclient such as t h a t  i r  l o s e s  H head i n  a 
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dis tance  L, o r  TI ; y A I, li/L, o r  f o r  Seecfion 3 ,  
2; 

Courbinicg ecl~ia"Lon (It)) x i  i:h equa t ion  ( 9 )  , observ ing  t h e  r e s  trnrl.n t s  

of equa t ion  (6 )  a31J ~ c ~ u a t i c m  ( 8 )  C O I ~ C C L ~  i r ~ g  C ' , and recogniz ing  
F 

t h a t  y = pg,  

Other minor drag  fo rce  l o s s e s  a r e  approximated f o r  H and f o r  1 
El by t h e  fo l lowing  equa t ions  ['i.ieplogl.~! (3 )  ] : 2 

where X i s  the  l eng th  t o  the depth m a s u r e ~ ~ x e n t  l o c a t i o n ,  E':igure 
1 

1 ,  and the s tzbscr ip t  e  r e f e r s  t o  conclitiuns n e a r  t h e  e x i t  of 

Sec t ion  2 ,  baqed on the approx:irnation [Replogle (3) 1 t h a t  U = 
E! 

Y g  -I- 0.62 (Yl - Y3). 

Equat ion (5) f o r  H can now be s a t i s E a c t o r i l y  e v a l u a t e d  from 
f 

equa t ions  (11) , (12) ,  and (13).  

The va lue  of 1..04 f o r  al f o r  Sec t ion  1 i s  s u f f i c i e n t l y  accu ra t e  

s i n c e  the  flume c a l i b r a t i o n  i s  re3.ativel.y i n s e n s j t i v e  t o  cond i t i ons  

i n  Sec t ion  I. The v a h e  f o r  ug  i s  nmce eo*rcyl.ex and i s  a  f u n c t i o n  

of Sec t ion  3  shap,e and l e n g t l ~ ,  An approxi.fi!ation 5s [ i teplogle  ( 3 ) ]  
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iOKl'  UTATLOllriiL PIX>CEDUI?KS : 

The p r e d i c t i o n  of t n e  c a l i b r a t i o n  r e l a t i o n s h i p  Tor a  given 

f.l.ume invo lves  apply ing  t h e s e  equat ions  j-11 a n  i t e r a t  ion sequencc~?. 

suitab1.e l o r  coiilputer solut i .on,  For a  given Y and ?ir'.luile s i ~ a p e ,  
1 

equat ion  (1.) i s  so!.ved us ing  a  ' c r i a l  v a h e  f o s  P t o  o b t a i n  B 
3 3 

r $ 1  and T I n i s  providen a t r i a l  Q Eor u se  i n  equat ion  (4)  and Tor 
3  ' 

determining t r i a l  v e l o c i t i e s  needed t o  e v a l u a t e  c q u a t i  ons (ti j , 
(7 ) ,  ( G ) ,  ( Z l j ,  (.1.2), and (131, which then pe rmi t s  a t r i a l  e s t  i m t e  

of H by equat ion  (5) .  i a ,  a is estimated by equa t ion  ( 1 4 ) .  
f  3 

Tbis  completes one i t e r a t i o n  loop and t h e  r e s u l t s  f o r  a and Y 
3 3 

a r e  r e tu rned  f o r  evd lua t  ing equat ion  (1) , e t c .  , u n t i i  convergencz 

i s  o b t a i r ~ e d ,  A next P.. i s  then  s e l e c t e d  and t h e  p roces s  repea ted  
I 

u n t i l  a  c a l i b r a t i o n  t a b l e  nas  beer1 developed Eor t h e  par t l c u l a r  

flume. The  equa t ions  can  be  read i l y  programed f o r  s o l u t i o n  i n  

e i t h e r  FOIYllW4 o r  UAS L C ,  

A Flow Diagram and a  l i s t i n g  of a BASIC Program i n c o r p o r a t i n g  

t h e  above equa t ions  a r e  a t  t ac l~ed .  3"o.e p r i n t o u t  example i s  f o r  

the s p e c i a l l y  designed flume descr ibed  l a t e r .  The symbols and 

names on t-he pri.ntou"ctable a r e  a s  Eollows: 

SILL tllJ1I;iiT = Elevat jon  of t h e  t h r o a t  bottom w i t h  r e s p e c t  t o  t h e  

flume bottom of t h e  ?pproach s e c t i o n  where depth Yl 

i s  de t ec t ed .  Value may be p o s i t i v e  ( r a i s e d )  or nega- 

t i v e  (depressed) ,  expressed i n  f e e t .  

i i l  = Bottom width  02 t h e  approach s e c t i o n ,  S e c t i o n  1, 

f e e t .  

1',3 = Bottom wi.dth of t h e  th.roat s e c t i o n ,  S e c t i o n  3,  

f e e t  . 
K = i lbso lu te  rou&izess h e i g h t  of ~ n a t e r i a l .  i n  Eluine throat:, 

f e e t  . 
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X1. - Distmce r ' r o i ~  poLx i  o l  depth sens ing  t o  i l r a a s i ~ i o n  

sect ion,  i ,e, t l r z t :  3 azg th  01 S e c t i o n  1 I A s t  coiicrhbutcs 

t o  f r i c t i o n  l o s s ,  s t a r t i n g  a t  t h e  p o i n t  01 depth 

s e n s i n g ,  l e e  t , 

L2 = Length of " s h e  'LransiEior; s s c t i o n ,  S e c t i o n  2 ,  f e e t  

L3 -= Length of th?. t h r o a t  seet:.ioa, S e c t i o n  3 ,  g s e t .  

DL - Vertical. d i s t a a c e  from f l o o ~  of: S e c t i o n  .L t o  f i r s t  

chmge i n  w a l l  s l o p e ,  if any, f e s t ,  

D2 = V z r t i c a l  d-istacce fror,z f l o o r  of S e c t i o n  t o  second 

change i n  wa1.l s l o p e ,  i f  =y, f e e t .  

D3 = Vert2ca.L d i s t a n c e  from f l o o r  of Sec t ion  3 t o  f i r s t  

change i n  w a l l  s l o p e ,  if any, f e e t .  

04 = V e r t i c a l  d i s t a n c e  from f l o o r  of S e c t i o n  3 t o  second 

change i n  w a l l  s l o p e ,  i f  any, f e e t .  

Z l  = Sidesl.ope of lower p o r t i o n  of Sec t ion  1. t o  depth ,  D J ,  

f e e t .  

2 3  = Sides lope  of Lower p o r t i o n  of Sec t ion  3 -LO depth Dl, 

feet.  

24 = Sides lope  of S e c t i o n  1 between depth D l  and D2, feet. 

25 = Sides lope  of Sec t ion  1 above depth D2, f e e t .  

ZS = SidesJoj?e of Sec t ion  3 between depth 133 a n c l  D4, E c e G .  

Z 9  = Sides lope  of Sec t ion  3 above depth D4, Feee. 

The program p r i n c s  ou t  n ine  colunns of in£orrnati.on: 

Colam~ :L: Y l ,  Fl = depth de t ec t ed  i n  S e c t i o n  1 re fe renced  t o  f l o o r  

e l e v a t i o n  of S e c t i o n  3. 

Column 2: Q ,  cl's = coaputcd d ischarge  r a t e  f o r  depth Y l  and t h e  

o t h e r  geometr ica l  data. 

Colum- 3: CRITlC43;-DEP27I-ZT - Depth oi- flow i n  Elunie t h r o a ~  a l s o  

approTdmate l i n k  t i n e  clcp t lx  f o r  backwsLer on C?.ur;:e 

b e f o r e  sub~nergcnce cf*cects beg-in, 

Column 4: I%OZI'DE NO.  a t  Y = Froude Number i n  Seccion 1; I n d i c a t e s  

s t r h i l i t y  of depvh reading  arid seclj-reat moving a b i l i t y ;  
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Shouid b e  less khan 0 . 6  f o r  a sr-able water  surkace b u t  

greaLer Lhan 6 . 3  t o  2ri.d s ed i r i i~n t  rcovement , 

Co-~ur~n 5: 11)Efli--Q -- Cooiputed d i scha rge  f o r  a n  ideA.  f1,uid which 

ignores  f r i c t i o l t a l  e f f e c t s  sand v e l o c i t y  r l i s t r i b u t i o n  

effec.  ts , 

Coimn 6: DISC. C - Discharge coe .€ f i c i en t ,  con:paring t h e  i d e a l  A, 

Column 5 ,  t o  the computed d i scbarge  i n  Column 2 ,  

Col.urr,n 7: V1. = Average v e l o c i t y  -in Sec t ion  1, f t / s e c ,  

Column 5: M.23 - The ve1oci ty  d i s t r i b u t i o n  coef Eic.Lmrt f o r  the 

t h r o a t  s e c t i o n ,  Sec t ion  3  

Column 9: V 3  = Average v e l o c i t y  i n  Sec t ion  3, f t / s e c .  

To o p e r a t e  t h e  program, supply the a p p r o p r i a t e  d a t a  v d u e s  f o r  

t h e  read  s t a t emen t s  of 109 t o  190-  The s ta tement  n m h e r s  conCain 

t h e  fo l lowing  d a t a  i n  t h e  format 

Data Statement 

Ntmb e  r 

110 

120 

130 

1.40 

150 

1.60 

170 

180 

185 

of t h e  BASIC Program a t t ached .  

----- Coirmen t s 

Bottom widths Sec . 1 and 3. 

S ides lopes ,  bot tom por t ion .  

Beginning, increment ,  end of Y1. 

Absolute roughness he igh t .  

Length of Sec t ion  3. 

S i l l  he igh t .  

L1 = XI.. 

Sides lopes  de f ined  previ-ously . 
Depths t o  s i d e s l o p e  changes, 

def ined  p rev ious ly .  

Rounding cons t an t  f o r  number of 

s i g n i E i c a n t  f i g u r e s  i n  p r i n t o u t .  

C; rav i ta t iona l  cons Cant, (use 

G = 32.16 i n  E n g l i s h  system, o r  

9.803 i n  m e t r i c  s y s t e r ~ )  . 
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Data S tatement 

190 (Continued) .Kinenla t i c  v i scos i .  t y  oE flowing 

f l u i d  (use  V l  = 1.288 x 10'~ 
2 

f t  /set, i n  Eng l i sh  system o r  
2 Til = 1.16 Y m / s e c  i n  r r e t r i c  

system ac 18" C) 

A SPECIFIC FLUHE DESlCN; 

A flume was designed a t  t he  r eques t  oE t h e  S a l t  Kiver P r o j e c t  

t o  measure flows i n  t h e  E.oosevelt Water Conservat ion D i s t r i c t  n o r t h -  

e a s t  02 Mesa, Arizona. The b a s i c  requirements  oE t h e  i n s z a l l a t i o n  

were t o  avoid submerged flows, achieve  minimum u p s t r e a n  head f o r  

ninimum pump li f t a t  t h e  most f r equen t  flow r a t e s  and provide  

wide measuring range. Sediment accurndat ion  tras n o t  judged .to 

b e  a problem, s o  a s i l l  h e i g h t  of 1 .4  f t  was a l lowable .  The 

s t r u c t u r a l  d e t a i l s  and c o n s t r u c t i o n  des ign  were done by  t h e  S a l t  

Kiver P r o j e c t .  Ifhe f:Lunle t h r o a t  had a complex c ros s - sec t ion  w i t h  

t h e  above mentioned s i l l  he ight  oE 1.4 E t ,  a  t r a p e z o i d a l  low flow 

portfion w i t h  1 t o  1 s i d e s l o p e s ,  and a bottom width  i n  t h e  t h r o a t  

s e c t i o n  o.E 1 f t .  Tkis  low-flow p a r t  was only 0.75 f t  deep, measured 

from t h e  t h r o a t  bottom, whereupon t h e  s i d e s  widened a t  a r a t e  of 6 

h o r i z o n t a l  t o  1 v e r t i c a l  f o r  another  2 E t  of depth and f i n a l l y  

changed t o  1 t o  1 s i d e s l o p e s  f o r  t h e  remainder of t h e  c a n a l  depth ,  

The o r i g i n a l  c a n a l  has  s i d e s l o p e s  of 1 1 / 3  h o r i z o n t a l  t o  1 v e r t i c a l .  

Cons t ruc t ion  was completed i n  the  f a l l  of 1973. F u l l  fLows a r e  

expected i n  t he  s p r i n g  of 1974. 

The c a l i b r a t i o n  t a b l e  is presented  a s  t h e  p r i n t o u t  example t o  

t he  program l i s  Ling a t t ached .  Note the smn1:L change i n  c a l i b r a t i o n .  

caused by a 10-Eo3.d change i n  roughness Izei@~c, changing from 

K = 0.0005 t o  K = 0.005. 
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ca1ibrat : ions has  r e m i n e d  e s s e n t i a l l y  Cb.o sane s i n c e  inr:orporati.on 

of "tethods t o  bandJ.i? more complex shapes i n f o  t h e  computat ions f o r  

cross-s;.-ccional. area and f r i c t i o n  l o s s ,  These shapes i ~ c l u d e d  

non-syr~met r ica l  f l t m e s ,  sad f l u m s  whose s i d e s l o p e s  change at  

 articular f l o w  dep khs , us ual.kj t o  flat t e x  s ides lopes  a t  deeper  

dep tils , t o  i n c r a a s e  capaciily $ o r  h i g h  d ischarge  r a t e s .  P r e d i c t i o n s  

of t h e  n o n - s y m e t r i c a l  and complex skapes was s a t i s f  a c t o s y  , The 

computer program, flow Ciagram, and exp lana t ion  oE program inpi l t s  

and use  i s  now available i13. BASIC Progra~nirza, larrjyyage . The c a l i -  

b r a t i n g  c a p a b i l i t y  i s  b e i n g  a p p l i e d  i n  a corrrpanton r e s e a r c h  p r o j e c t  

aimed at p rov id ing  sediment hand l ing  capabi2 i  t y  i n  flex ifiet e r i n g  

flumes f o r  sand-bed strecams. 

I. Ackers , I?., and Hzrri.son, A. J. PI. C r i t i c a l -depzh  f llwnes for 
flow neasuremen2rs i n  open c i ~ a n n e l s .  Research. P a p e r  Mo. 5.  
H e r  Pfajesty 's  S t a t i o n a r y  OfEiee,  London. 1963. 50 pp. 

2.  Chow, V. T. Open-channel h y d r a u l i c s .  McGraw-Hill Book Co., 
New Pork .  1959. 680 pp. 

3. Peplogle ,  J . A. C r i t i c a l - d e p t h  f l m e s  f o r  d e t e r ~ d n i n g  flow 
i n  cana l s  and n a t u r a l  channels .  T ransac t ions  o f  t h e  ASAB 
l 4 ( 3 )  ~428--433, 436 .  l 9  71. 

4 .  Keplogle,  J, A. T a i l o r i n g  c r i t i c a l - d e p t h  meas-uring f luxes.  
Proc.  , Syr,posiunl on Flow: I t s  Pfemurement and Con t ro l  i n  
Sc ience  and I n d u s t r y  ( P i t t s b u r g h )  , Lrzs trume-nt S o c i e t y  of 
A m e r i ~ a , ~ M a y  1971. 1974. 

5 .  S d ~ % i c h t i n g ,  H. Boundary l a y e r  t heo ry ,  j3IcGrm--Ilill Book Co . , 
7 o r  1960. 647 pp. 

Annual Report of the U.S. Water Conservation Laboratory



Annual Report of the U.S. Water Conservation Laboratory



C A L C U L A T E  
T R I A L  Q 

C A L C U  LATE 
T R l A L  Y 3  - 

Annual Report of the U.S. Water Conservation Laboratory



( C O M P U T E  C O  

COMPUTE CO 

Annual Report of the U.S. Water Conservation Laboratory



R O U N D  
O U T P U T  

V A L V E S  

Annual Report of the U.S. Water Conservation Laboratory



Annual Report of the U.S. Water Conservation Laboratory



0109 R E A D  31953 
0110 D A T A  1 6 9 1  
0119 R E A D  21923 
0120 DATA 1 8  33333> 1 
0129 R E A D  SsI jLO 
0130 D A T A  * S s - 5 2 4 - S  
0139 READ X 
0140 D A T A  * 0005 
01 49 R E A D  L3 
0150 D A T A  3 
0159 H E A D  YS 
0 1 G O  DATA l e 4 
0169 R E A D  L l sL2  
0170 D A T A  23 1 5  
0179 2EAD 24>25328>29 
O f  80  D A T A  . I  0 33333,1 e 333333 63 1 
0 I 3 4  YEA!) D 1 s D23 D39 D 4  
0185 D A T A  I s  I se75r '2 ,75  
0 189 R E A D  Fi2~ G s  V I  
01 90 D A T A  41 3 2 ,  163 1 e 2285-5 
0200 LET N=40 
0205 L E T  P=O 
0210 F O R  Y I = S  TO LO STEP I 
C220 L E T  Y = Y f i + Y t  
022 1 I F  YI<CDl-Y8> THEN G Q T Q  0227 
022% I F  YIc(DZ-YH> THEN GDTB 023l  
0223 L E T  M3=1 
0224 LET M1=0 
0225 L E T  M2=0 
0226 G O T @  0235 
0227 L E T M l = l  
0228 L E T  M2=0 
0227 L E T  M3=0 
0230 E @ T @  0235 
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854@ NEXT YH 
B5SW FRLNT 
0551 PRINT *%="33 
B552 Y NPUT K 
0553  I F  K s = l  THEN GOT0 1248 
0554 L E T  N = 8  
a555 PRINT 
MS55 GOT9 025@ 
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FLUME DIME9SIBNAL DATA: SILL H E I G H T =  16 4 i<= go005 
81= 16 z1=  1033333 X I =  2 53= 23= 1 
D l =  1 2 4 =  ! a33333 L 2 =  15 03= 0 7 5  Z 8 =  6 
D2= ! Z 5 =  1,33333 L3= 8 DLjz 2,,-/5 2 9 =  1 

Y 1 Q CKI T I C A L  ' FKOUDE 
i; 'T 0 C F S  DEPTH-FT N Q o A T  Y IDEAL-O D L S C t C  V 1  ALI: 3 V 3 
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CRLS WOPX E!!IT : 5402-12260-004 CODE NO. :  Ariz,-WCL 72-2 

INTP!ODUC"CI@Y : 

General. hydraui - ic  c h a r a c t e r i s t i c s  of flurces have  been  r epor t ed  

i n  past. y e a r s  ~ m d 2 r  r e s c z c h  o u t l i n e s  Ariz.-UCL 67-1, MCL 72-1, 

~ L r h  e~q~lias.is an sed inenc  t r anspore  s Car t ing  i n  19 72 rrnder the 

p r e s e n t  r e sea rch  o u t l i n e  , 72-2, TJi t h  t h e  f o m e r  o u t l i n e s  c o n p u k r  

and mathematical t o o l s  were developed thai-. pe rmi t t ed  tcai.lorin.g 

flume shapes t o  produce hydraul.ri c  c h a r a c t e r i s  t i c s  thal: inigh t a s s i s  t: 

secliment movement. The p r e s e n t  o u t l i n e  a t tempts  t o  d e f j n e  these  

d e s i r e d  h y d r a u l i c  c h a r a c t e r i s t i c s .  The need f o r  t h e  s t u d i e s  becarre 

apparent  when s e v e r a l  Eield-ins tailed f  llmmes regular:ly plugged w i t h  

sediments .  

Pre l iminary  i n v e s t i g a t i o n s  of l i t e r a t u r e  and E i e l d  observa t ions  

i n d i c a t e d  t h e  problem was n e a r l y  univers  a 1  .. Appropriake v a r i a b l e s  

appeared t o  be p a r t i c l e  s i z e ,  concen t r a t ion  o f  p a r t i c l e s  i n  t h e  E l m ,  

v e l o c i t y  of t h e  f low,  and d ischarge  r a t e ,  though t h e  l a t t e r  i s  i n t e r -  

r e l a t e d  wi th  t h e  o t h e r s .  F i e l d  s i t e  exper ience  inclicatecl t h a t  s o r e  

f3.Uii~s remained c l e a n ,  o t h e r s  d id  n o t ,  probably a f m c t i o n  of con- 

c e n t r a t i o n  m d  hence d%me movement of bedload.  E f f o r t s  have con- 

c e n t r a t e d  on s t u d y i n g  methods of a f f e c t i n g  dune movement, on changing 

sediment concen t r a t ions  a t  c r i t i c a l  times dur ing  a  s tarrn, and on 

design changes i n  t h e  flumes t h a t  would a i d  s e d i m n t  movement. 

A p r e s e n t a t i o n ,  as paper  No. 73-226, was made b e f o r e  t h e  Ameri- 

can Soc ie ty  of Agricrd.tura1 Engineers , June 17-20, 1 9  73 ,  LexLngton, 

Kentucky, and a  paper  prepared  and accepted f o r  t h e  8 t h  I n t e r n a t i o n a l  

Congress of Agricultura'L Engineering (CIGR) i n  Wagzningen, The 

Netherlands f o r  Septenher  2fi-28, 1.974. The t i t l e s ,  r e s p e c t i v e l y ,  

a r e  "Flumes Designed f o r  Res-istance t o  Szdrirnentation" and "Avoiding 

S e d i m n t  lEiccumulations j.n Flow Pk tc r ing  Pl.umes . I 7  
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%oving-bed model s tud ie s  through a r e c t a n g u l a r  and a t r i a n g u l a r  

ilum2 we r e  ntade 5.n a l a ' o  r a  to ry  environment u s ing  l o c a l l y  obta ined  

"Engine Sand" ( 1 ~ ~ ~  = 0 -5  nun) a s  t h e  bedload m a t e r i a l .  Sand was i n -  

t roduced at tmcon t ro l l ed  r a t e s  i n t o  t h e  upstrean bed and allowed t o  

move as dunes toward the f l.um;. S e v a r a l  hope fu l  sediment-moving 

mchanisms were t r i e d ,  drop-box des igns ,  Froude l h n b e r  c o n t r o l ,  

f r i c t i o n  ba r s  , and f lux~ie s l o ~ e  . Observat ions were made on t h e  

r e l a t i v e  succes s  at keeping ttre f:Lume c l e a r  of sed-i.ment accurnula- 

t i o n s  . 
l3W.JLTS DLSCUSSLObI: 

Observat ion of e x i s t i n g  flume i n s t a l l a t i o n s  h a s  c l e a r l y  shown 

t h a t  suspended sediments r a r e l y  cause measurenent problems,  The 

real concern i s  w i t h  bedload sediment moving as dunes i n t o  and 

through a flume, render ing  i t  i n o p e r a t i v e .  B a s i c a l l y ,  t h e  Elurne 

should be  capable  of d i spos ing  of bedloacl, i n  some form o t h e r  t h a n  

dune movement, Eas t e r  "can t h e  bedload moves docvn t h e  channel .  

Three concepts were found h e l p f u l  : Froude Num3er t z i l o r i n g  , 
s l o p i n g  f l u m  f l o o r ,  and s i d e - x a l l  vanes t o  induce  vo r t exes .  O f  

no s i g n i f i c a n t  va lue  were drop-box i n l e t s  (dunes reformed almost 

rimnedi.ately below t h e  drop) and f r i c t i o n  s t r i p s .  

Tfreore t i  c a l  concepts m d  t h e  t e s  ts q u a l i t  at 5ve.l.y i n d i c a t  ecl 

t h a t  i t  i s  d e s i r a b l e  t o  t a i l o r  t h e  flume s o  t h a t  S e c t i o n  1 h a s  

h ighe r  Froude Nunihers than  t h e  channel.  hls o , t h e  hydrat115.c dep t h  , 
D, should be  made l a r g e r  i n  t h e  £ l m e  Lhan i n  t h e  channel .  

T h e o r e t i c a l  concepts &so i n d i c a t e  t h a t  t h e  f l u m  should  b e  

rougher than  the c l~anne l .  This  appears para.cloxica1, b u t  h igh  d rag  

(rough boxmclaries) a r e  d e s i r a b l e  t o  erode p a r t i c l e s  from lihe f lwne 

.Eioor. I Imever ,  the f lune-sedinent  i n t e r f a c e  should  b e  smooth t o  

clis courage sediment from acher ing  t o  tlte Elumc. Thus , smooth 

bonmdar.ies a r e  proba"i1.y b e s t  because among sugges t e d  methods 01 

prevent ing  dun:? EG-mation i s  t l ~ a t  of f o r c j n g  t h e  pa r t i c l e s  t o  ex- 

p e r i e n c e  "f 1-u~e- t rac t ive-Eorce"  a t  a smooth b o t n d w y  by socieho~w 
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pass ing  individual. .  part.icl::s a c ros s  srnoo~iz f l ~ r c  f Lco r s .  This  cou- 

cepz i s  su ' u s t a i t i a t cc l  :io p a r t  because smooth flume t h r o a t s  (Sec t ion  

3) whiclr Iravc high Bzosdc- Nunibers and v e l o d . t i e s  selclonl c o l l e c t  

s ed imx t t s  . Tnis  means t h a t  some a5nim.m- wid th  of smooth, f l a t  b o v -  

tom should  be  p l aced  i-n a f l tme  t h r o a t  avoid ing  s h a r p ,  narrow 'V 

s e c t i o n s  t h a t  can i n i t i a t e  s e d i x e n t  accumulat ion i n  t h e  corner  

reg ion .  Upstream i n  S e c t i o n s  1 and 2 a low flow rate i s  l i k e l y  t o  

occur  t h a t  w i l l  a l low t h e  bottom t o  c o a t  over ,  and t h e  smooth f l o o r  

concept i n  t h e s e  s e c t i o n s  w i l l  no t  apply .  Energy-gradient  and 

s l o p i n g  flume f l o o r  were found t o  be  mi ld ly  he lp£  u l .  Energy gra- 

cl ient ,  r e g a r d l e s s  of  hoG7 achieved,  appears  more import  a n t  t h a n  

abso lu t e  f luine s l o p e .  

To retat in  computer -ca l ib ra t ion  a b i l i t y ,  c r i t i c a l - f l o w  f7Lumes 

r e q u i r e  a l e v e l  f l o o r  i n  S e c t i o n  3. n u s ,  i f  a p a r t i c u l a r  s l o p e  

i n  t h e  flume i s  d e s i r e d  i n  o r d e r  t o  hand le  tlie be-dload s i z e  and 

concen t r a t i on  of a s t r eam,  i t  may be  app l i ed  t o  S e c t i o n s  1 and 2 ,  

b u t  n o t  t o  S e c t i o n  3. The s l o p e  i n  Sec t ions  1 and 2 causes  t h e  

f l o o r  of t h e  flume i n  S e c t i o n  3 t o  be  lower than  Chat of S e c t i o n  

1, and might be termed a "nega t ive - s i l l " .  

Too f r e q u e n t l y  , t h e  s l o p e  and Froude Number a d j u s  tments are 

inadequa te  t o  keep t h e  flume c l e a r  of heavy s e d i ~ e n t  l o a d s .  Another 

method t h a t  shows cons ide rab l e  p o t e n t i a l ,  and can  be added t o  t h e  

above a d j u s t z e n t s ,  i s  a coutSination roughness element and v o r t e x  

vane. These vanes ,  a c t i n g  somewhat i n  r eve r se  of p a r t i c l e  pre -  

c i p i t a t o r s  t h a t  form vo r t exes  f o r  s e p a r a t i n g  p a r t i c l e s  from smoke- 

s t a c k s ,  t e ~ p o r a r i l y  suspend t h e  bedload u n t i l  i t  i s  c a r r i e d  tl-rroug1-1 

t h e  flume. The vanes proposed f o r  t h e  flmnes are simyle 90" a n g l e  

i r o n  i n s e r t e d  on t h e  s i d e w a l l s  only ( t o  avoid trash t r a p p i n g ) ,  and 

are i n s t a l l e d  a t  45O upward i n  t h e  d i r e c t i o n  of flow. The a c t i o n  

achieved i s  t o  e rode  t h e  bot tom at each  c o n t r a c t i o n  where a p a i r  

of opposing vanes a r e  i n s t a l l e d ;  l i f t  the  p a r t i c l e s  up  he f a c e  of 

t h e  i n c l i n e d  vanes ,  as w e l l  a;; i n  t he  v o r t e x  formacl on t h e  downstream 
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vanes are u p s t r e m  from t h e  p o i n t  oE p r e s s u r e  s e n s i n g  exen though 

t h e  vel-ocitjr d i s t r i b u t i o n  c o e f f i c i e n t  i n  Sectiorz 1, c* may b e  
l9 

changed (a l  h a s  a smal l  i n f lum.ce  on c a l i b r a t i o n ) .  Inc reased  - 
roughness must bz considered i f  t h e  vanes a r e  ex tended  beyond the 

p r e s s u r e  s e n s i n g  l o c a t i o n  and, t h e r e f o r e ,  vanes s'noulc! n o t  be 

planned f o r  Sec t ion  2, Vane spac ing  appears  t o  be  2 f u n c t i o n  o f  

t h e  s i d e s l o p e  Z t h e  fd.3. v e l o c i t y  of t h e  bedload m a t e r i a l ,  and 
1' 

t h e  v e l o c i t y  of t he  flow Sec t ion  I. The spac ing  shou ld  be c l o s e  

enough t o  p e v e n t  s e t t l i n g  between vanes . A f i r s t  approximation 

wichout knowledge of t h e  bedload m a t e r i a l  is t o  s p a c e  t h e  vanes 

3- t o  5-vane h e i g h t s  a p a r t .  There appears  t o  be  so1112 advantage t o  

us ing  square  ended s t r u c t u r a l  ang le  i r o n  t h a t  w i l l  l e a v e  a s p a c e  

a t  t h e  flume bottom on t r a p e z o i d a l  s e c t i o n s .  F loor  movement and 

bedload j e t t i n g  seen  t o  improve s l i g h t l y .  

Design Notes and 2econunendations 

Design l i m i t a t i o n s  imposed t o  achieve n e a r l y  p a r a l l e l  f low in. 

Sec t ion  l and S e c t i o n  3 r e q u i r e  a minimum leng th  oE about  two times 

the  maximum expected flow depth ,  Y1) b u t  Sec t ion  3 shou ld  n o t  exceed 

20 tims t h e  nrinimum expected Y because of tbe l a r g e  i n f l u e n c e  of 
1. 

s l i g h t  changes i n  E r i c t i o n  l o s s  a t  low flow depths .  To avoid  sub- 

lxerged f low,  da~ms t ream depth should  n o t  exceed t h e  U depth in  
3 

Sect ion 3 ( c r i t i c a l  depth) c a l c u l a t e d  f o r  each d i scha rge  rate. 

Downstream channel p r o t e c t i o n  may b e  necessary  n e a r  t h e  flume 

out  l e t .  

The flume s1iou:Ld be  designed f o r  a  dnimum v e l o c i t y  of 1 t o  

2 f e e t  p e r  second i n  Sec t ion  1 i f  p o s s i b l e ,  o r  at l e a s t  keep the 

Froude Nmier g r e a t e r  t han  0.3 l o r  sedinlent t r a n s p o r t  but less 

than  0 .6 .  Froude ihmbers g r e a t d r  than about 0 .G cause s t a n d i n g  

waves and r e s u l t  i n  poor f l o w  depth d e t e c t i o n .  

The s l o p e  of the Eloor i n  Sec t ions  1 and 2 shou ld  b e  e q u a l  t o  

o r  s t e e p e r  than t h e  s t r e m  s l o p e  i f  p r a c t i c a l .  However, s l o p i n g  

18-4 
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the f l o o r  causes h i g h  F ' ~ ^ c ) u c ' ~  XE-hers at low f l-o~~g dep ths ,  mdcing t h e  

Sow flow ranges d i f f i c u l t  t o  measure. 

Secz ion  3 should  n o t  b e  a sha rp  b o t t o m d  "V," The 1013- v e l o c i t y  

& t h e  s h a r p  corner  tends  t o  al low dune formations even a t  t h e  h i g h  

Froude Numiers (and v e 1 o c i t i . e ~ )  of S e c t i o n  3 ,  A minirmm bottom 

width of I i n c h  is  recomriended t o  a s s u r e  t i t a t  the bedload  p a r t i c l e s  

w i l3  e :qer ience  smooth " f l ~ i r i ~ - - ~ a l l .  t r a c t i v e  f orces tE  r a t h e r  t han  

c l i n g  t o  t h e  rough s u r f a c e  of  a dune. 

I n  h igh  bedload s i t u a t i o n s ,  i n s e r t  s t r u c t u r a l  a n g l e  i r o n ,  as 

p rev ious ly  desc r ibed  above, on t h e  w a l l s  of Sec.tion 1. They should  

a c t  as i s o l a t e d  rouglmesses . Compute t h e  flume c lear - f  low a r e a  a s  

i f  t h e  a n g l e  edges c ~ i ~ s t i t u t e d  a new w a l l  boundary t o  make s u r e  

t h a t  each  set of vanes does n o t  a c t  as  a we i r .  (The vanes work 

b e s t  i f  p l aced  i n  opposing p a i r s ,  nor: s taggered . )  The vanes should  

be l a r g e  enough s o  t h a t  t h e  l o c a l  Proude Nuntber at each  set of 

vanes approaches 0.5 o r  0.6.  

These sugges ted  systems can be  overpowered by h-igh sediment 

concen t r a t ions ,  o r  by prolonged low flow r a t e s  qu ick ly  Eollowing a 

high peak flow. This  tends  to  drop sediments throughout  t h e  chan- 

n e l  i n c l u d i n g  t h e  Elume. However, we were a b l e ,  w i t h  t h e  vanes,  t o  

ca r ry  h i g h e r  concenLrat ions of sand (D = 0.5 mm) at average Froude 
5 0 

Numbers i n  Sec t ion  1 of about 0 .3 ,  tha.n Sec t ion  3, t h e  t h r o a t  sec-  

t i o n ,  could hsnd le .  S ince  t h e  khroat i s  normally t h e  l e a s t  vulner- 

ab l e  p l a c e  f o r  accumulating sediments  , the cap ~b 2.2-3- t y  o 5: i n c r e a s i n g  

t h e  sediment ca r ry ing  a b i l i t y  t o  t h e  p o i n t  where t h e  t h r o a t  i s  now 

t h e  l i m i t i n g  devici? i s  h igh ly  encouraging. Simple c r i_ . te r ia  f o r  

i d e n t i f y i n g  t h e  s e v e r i t y  of t h e  sediment problero at a gLven s i t e  

p r i o r  t o  i n s t a l l i n g  a flume are s t i .11  needed. 

FLELD INSTAI,LAT XOW : 

Seve ra l  of t h e  long-es t sb l i shcd  f i e l d  i n s t a l l a t i o n s  were aga in  

observed from .the a spec t  of sed-iment ca r ry ing  a b i l i l y .  

Tucson A. This  flume i s  s t i l l  pass ing  sand bedload s a t i s -  -- 
f a c t o r i l y  ; no major probl.ems , 
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o f f e r  no problcins. 

Tucson R . The heavy bcdload s t i l l  e x i s t s  which renders  t h e  ---- 
S l u m  h o p  e r a t i v e  . Telephone c o w e r s  a t i o n s  w i t h  Univc r s i t y  per- 

s o n n e l  i n d i c a t e  t h a t  i t  i s  c u t t i n g  down a t  t he  o u t l e t ,  b u t  i s  s t i l l  

p lugsed .  This  .trod-d j.ndica--ie a h i g h  bedload  concent-i-ation problem. 

No reniedial e f f o r t s  a r e  planned a t  t h i s  t ime.  

K-3B. This  E l m e  i s  n e a r  Tombs tone ,  Arizona, and was p a t  te-med --.... 

a f t e r  one clesigned to be  instal . l .ed i n  c l e a r  flows of  i r r i g a t i o n  

cana l s .  The s tream had a  heavy bedload ,and t h e  f1.uw.e accunula ted  

sediment  d e p o s i t s .  h'roude Numbel: t a i l o r i n g  was t r i e d  m c l  s i a s  over- 

powered. Vortex v~anes were i n s t a l l e d  i n  t h e  summer of 1973. Only 

one s m a l l  s to rm occurred  which neve r  exceeded 1 foo t  of  depth i n  

the  flume. This  flow was n e a r  t h e  minimum depth t h a t  was expec ted  

t o  func t ion  t o  s e l f - c l e a r i n g  of t h e  flume. The flow succeecled i n  

c a r r y i n g  a  3-ft h igh  dune through t h e  flume t h a t  had  been l e f t  from 

cons t ruc t ion  e f f o r t s .  

SUMC?N<Y AND CONCLUSIONS : 

Simple angle- i ron vanes i n s t a l l e d  on t h e  s i d e s  of flow- 

m t c r i n g  flumes cause v o r t e x  a c t i o n  t h a t  is  capable o f  moving l a r g e  

sediment  l oads  through t h e  approach s e c t i o n  of t h e  flumes where 

t h e  sediments  would o r d i n a r i l y  accumulate.  Flow v e l o c i e i t s  i n  t h e  

c o n t r a c t e d  t h r o a t  s e c t i o n s  of flumes a r e  u sua l ly  s u f f i c i e n t  t o  keep 

them c l e a r  of  sediment accumulations . Accurnulat-ions i n  t h e  approach 

s e c t i o n ,  where v e l o c i t i e s  a r e  s lower ,  a r e  almost i n e v i t a b l e  , espe-  

c i a l l y  when sedrinen t bedloads move down t h e  channel.  In  l abo ra toxy  

t e s t s  , t h e  vanes were capable of  marintaining s a t i s f a c t o r i l y  c l e a r  

approach s e c t i o n s  a t  sediment concent ra t ions  of such  magnitude t h a t  

t h e  t h r o a t  s e c t i o n ,  where a c c ~ x n i ~ l a t i o n  of sediment i s  usuaLly d i f -  

f i c d t ,  d i d  accumulate sediment ,  w-cl b e c a i ~  t h e  l i zu i t i ng  f a c t o r .  

This  i n d i c a t e s  t h a t  flzmnes can be  designed t o  rema-in c l e a r  of 

sedirnent accumul.ations a i d  s t i l l  r e t a i n  the  c a p a b i l i t y  of  acc.urate3.y 
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eonputing the &La charge r a t i n g  curve,  h field i n s t a l l a t i o n  us ing  

t h e  vanes wns made i n  a Elu~ne t h a t  a t tempted to measure a sand- 

bo t t o m d  stream. The fl-ume had p rev ious ly  fa-iled because  of s e d i -  

mat a c c t m u l a t i o l ~ s  . A 3-f oo t-high dune 'I.eft upstream f r o m  t h e  

flume a f t e r  Lns t a l l i n g  t h e  vanes success€  u l l y  passed  throu-gh t h e  

flume. S i g n i f i c a n t  i s  t h a t  i t  accomplished t h i s  a t  about 1-foot-  

deep flow through the fluirie, n e a r  t h e  rminjinuin a n t i c i p a t e d  t.ioxfca'on^e 

flow depth f o r  the  s i z e  flume and type  of s e d i m e ~ t  ir! q u e s t i o n .  

These f l m e s  a r e  of p a r t i c u l a r  F n t e r e s t  because  t h e i r  d i s -  

charge r a t i n g s  can be  a c c u r a t e l y  p r e d i c t e d  w i t h  theo re t r i ca l ly  based 

equat ions  which permrit t a i l o r i n g  the flumes t o  contend w i t h  sub - 
m r g e n c e  and o the r  channel problems. The use  of vo reex  vanes 

f u r t h e r  ex tends  t h e i r  u se fu lnes s  i n t o  s t reams wi th  bedload  s e d i -  

m n t s  . Thi s  permits  more a c c u r a t e  informat ion  on w a t e r  s u p p l i e s  

and water d i s t r i b u t i o n s  . 
PERSONNEL : John A. Rep l o  g l  e 
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Figure 1: Genera l ,  complex-shaped, crikical-flow f l u  me. 
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TITLE : DEPTH DETECTION I N  CRITICAL DEPTH FLTJPES 

CRIS WORIC UNIT: 5402-12260-004 CODE NO. : A r i z .  -WCL-72-3 

The p r o j e c t  was i n i t i a t e d  t o  e v a l u a t e  e f f e c t i v e  methods t o  

economically d e t e c t  flow depth i n  flumes. Since most o f  ou r  

r eco rde r  systems depend on f l o a t s  i n  s t i l l i n g  we l l s ,  means of keep- 

i n g  s t i l l i n g - w e l l  p i p e l i n e s  open dur ing  runoff  events  con ta in ing  

suspended and bedload m a t e r i a l s  a r e  necessary .  A i r  bubbl ing  systems 

were t r i e d  i n  conjunct ion  wi th  12-inch diameter  s t i l l i n g  w e l l s  

connected i n  U-tube manometer f a sh ion .  One s i d e  of t h i s  l a r g e  

U-tube was f i t t e d  wi th  an a i r - t i g h t  cap. The s t i l l i n g - w e l l  p ipe  

was then  connected t o  t he  top  of  t he  c losed  s i d e .  An a i r  tank a l s o  

was connected t o  t h e  top  of t h e  c losed  s i d e .  A i r  bubbled slowly 

backwards through the  s t i l l i n g - w e l l  p ipe  i n t o  t h e  flume, r e s i s t e d  

by the  backpressure  of t h e  flow depth i n  t he  flume. This  back- 

p re s su re  consequent ly a l t e r e d  the  water  l e v e l s  i n  t he  two s t i l l i n g -  

w e l l  l e g s  t h a t  were in te rconnected  i n  U-tube f a sh ion .  This  l e v e l  

was de t ec t ed  on a  s tandard  s t r i p - c h a r t ,  water -s tage  r e c o r d e r .  Lag 

time was a  s e r i o u s  d isadvantage  wi th  the  a i r -bubble  system. Newer 

commercial systems of d i f f e r e n t  r eco rde r  design appa ren t ly  a r e  

adequate,  b u t  t o  swi tch  t o  them would r e q u i r e  abandonment of  l a r g e  

e x i s t i n g  i n v e n t o r i e s  of s tandard  water -s tage  r eco rde r s .  

A method t h a t  de l ays  plugging had been observed i n  flume 

i n s t a l l a t i o n s  made by t h e  Un ive r s i t y  oE Arizona a t  Tucson. The 

method involved c o n s t r u c t i o n  of a l a r g e  c a v i t y  i n  t he  f l o o r  of t h e  

flume a s t r i d e  the  d e s i r e d  p o i n t  of depth d e t e c t i o n .  The s i z e  may 

b e  on t h e  o r d e r  of s e v e r a l  cubic  f e e t .  The c a v i t y  i s  covered wi th  a  

s l o t t e d  g r i l l  co inc iden t  wi th  the  flume f l o o r  over  which the  flow, 

wi th  most oE the  sediment bedload, passes .  The s t i l l i n g - w e l l  p ipe  

then  e n t e r s  t h i s  c a v i t y  and i s  f i t t e d  with a p ipe  elbow. The elbow 

i s  turned clown s o  Lhat sediment cannot f a l l  d i r e c t l y  i n t o  i t .  The 

c a v i t y  must k i l l  wi.Lh sediment be fo re  the  p i p e l i n e  can b e  obs tructecl.  

We cons t ruc ted  s i m i l a r  c a v i t y  and g r i l l  devices  f o r  u se  on t h e  

flumes i n  l iawaii .  Severa l  ques t ions  a rose  concerning e f f e c t s  of 
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openings.  I n  gene ra l ,  i f  s l o t s  a r e  used perpendicular  t o  t he  flow, 

a l l  t h e  bedload has oppor tun i ty  t o  drop i n t o  the  c a v i t y .  I f  the  

s l o t s  a r e  p a r a l l e l  t o  t h e  flow, only  t h a t  p o r t i o n  pas s ing  d i r e c t l y  

over  a s l o t  w i l l  f a l l  i n .  However, t h e  requirement  u s u a l l y  recog- 

n ized  f o r  good manometer-tap p r a c t i c e ,  t h a t  of having 2-hole 

d iameters  of p l a t e  t h i ckness ,  cannot be  r e a d i l y  maintained i n  the  

d i r e c t i o n  of flow. The t r a n s v e r s e  d i r e c t i o n  could e a s i l y  meet t h e  

requirement .  Considering the  probable increased  bedload t rapping  

o f  t h e  t r a n s v e r s e  s l o t s  and t h e  low q u a l i t y  p re s su re  d e t e c t i o n  

l i k e l y  wi th  t h e  p a r a l l e l  s l o t s ,  we decided t o  u se  a b a t t e r y  of ho le s  

3/16" i n  d iameter  d r i l l e d  i n t o  the  1/4- inch g r a t i n g  p l a t e .  This 

approximated both  requirements  adequate ly .  Laboratory u s e  shows no 

p re s su re -de t ec t ion  anomolies and f i e l d  u se  shows no sedimentat ion-  

plugging problems, a l though p e r i o d i c  g r a t i n g  and c a v i t y  c leaning  i s  

necessary .  The technique i s  planned f o r  f u t u r e  i n s t a l l a t i o n s .  

Add i t i ona l  schemes t o  be  eva lua ted  inc lude  p o s i t i v e ,  low-rate 

i n j e c t i o n  of c l ean  water  i n t o  the  s t i l l i n g  wel l .  This  technique i s  

used wi th  waste-water flows where c i t y  water  s u p p l i e s  a r e  a v a i l a b l e .  

The d e t e c t i o n  e r r o r  i s  low s i n c e  t h e  f r i c t i o n  l o s s  i s  u s u a l l y  

i n s i g n i f i c a n t  f o r  t h e  c l e a n  water  t o  flow through the  s t i l l i n g - w e l l  

p ipe  connected t o  t he  flume. I n  remote a reas ,  t h i s  technique may 

r e q u i r e  a g r a v e l  f i l t e r  upstream from the  flume i n  t h e  bottom of 

t h e  channel  t o  provide a low-rate  c l e a n  flow t o  connect t o  t h e  

s t i l l i n g  we l l .  Low c o s t  methods of  c o n t r o l l i n g  t h e  f low r a t e  so  

t h a t  i t  i s  too low nor  too h igh  need cons ide ra t ion .  

SUMNARY AND CONCLUSIONS: 

A survey of u sab le  techniques f o r  keeping s t i l l i n g - w e l l  

connect ing p ipes  t o  flumes c l e a r  of sediment d e p o s i t s  was made. 

The more promising were l abo ra to ry  t e s t e d  arid modif ied.  A i r  

i n j e c t i o n ,  o r  bubbler ,  systems respond too slowly when used wi.th 

equipment designed t o  adapt  s tandard  water -s tage  r eco rde r s  f o r  

sens ing  bubble p re s su re  changes. Newer commercial equipment i s  

appa ren t ly  adequate  b u t  i s  of d i f f e r e n t  design,  and would r e q u i r e  
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abandonment of a large inventory of standard water-stage recorders. 

Sediment-collection cavities below the flume floor, covered 

with a slotted grating have been previously used by several weir 

and flume users. Questions concerning the proper direction for 

installing grating slots, transverse to the flow or parallel to the 

flow, were considered. All the bedload would have an opportunity to 

fall through a transverse slot, but the pressure detection through a 

thick grating plate should meet the requirements of good piezometer 

taps. Slots, parallel to the flow would miss a proportion of the 

bedload, but would possibly provide poor pressure detection, since 

the slots would likely be several. times longer than the grating 

thickness, and would fail to meet recognized piezometer-dimension 

standards. A compromise was to drill a battery of holes through 

the grating plate. Laboratory use shows no pressure-detection 

anomolies and field experience has been satisfactory. The technique 

is planned for future installati.ons. 

PERSONNEL: John A. Reploge and Gary Frasier 
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TITLE: EVALUATING TRICKLE IRRIGATION FOR GRAPE PRODUCTION 

CRIS W O K  UNIT : 5402-12260-004 Code No, Ariz-IJCL 73-1 

INTRODUCTION : 

A successful  t r i c k l e  i r r i g a t i o n  system depends upon proper 

design, management, and maintenance. The three-fold ob jec t ives  

of t h i s  inves t iga t ion  on the  use of t r i c k l e  i r r i g a t i o n  fo r  grapes 

a r e :  (1) To determine the  e f f e c t s  oE quant i ty  and frequency of 

t r i c k l e  and furrow i r r i g a t i o n  on y i e ld  and f r u i t  qua l i t y ;  (2) To 

determine design requirements i n  terms of number, discharge r a t e ,  

and placement of t r i c k l e  i r r i g a t i o n  emit ters ;  and (3) To determine 
b 

s o i l  moisture and s a l t  d i s t r i bu t i on  pa t t e rns  f o r  s p e c i f i c  i rr i-  

gat ion treatments. 

FIELD PROCEDURE: 

A 3-year study i s  being conducted on a 3-acre vineyard near 

L i tchf ie ld  Park, Arizona, owned by 5 ,  C, Bosaell,  Znc, The 

manager of ,the ranch i s  providing ass i s tance  i n  pruning, f e r t i -  

l i z i n g ,  con t ro l l ing  i n sec t s ,  harvest ing,  and general  farming 

operations.  The vines a r e  11 years old,  of the  P e r l e t t e  va r i e t y  

of table-grapes, and the  s o i l  t ex tu re  i s  sandy loam, 

Tr ick le  and furrow i r r i g a t i o n  treatments f o r  t he  f i r s t  year 

(1973) included: th ree  varying quan t i t i e s ,  based on r a t i o s  of 

pas t  consumptive-use da ta ;  th ree  i r r i g a t i o n  frequencies -- da i ly ,  

3-day, and 6-day; and a va r ia t ion  of one o r  two t r i c k l e  i r r i -  

gation emi t t e r s  per vine,  The furrow i r r i g a t i o n  treatments 

included t he  same three  seasonal quan t i t i e s  used fo r  the  t r i c k l e  

i r r i g a t i o n ,  applied i n  two or three  Eurrows per vine, with the  

i r r i g a t i o n  Erequency bascd on the  consumptive-use curve. These 

18 treatment combinations were rep l i ca ted  four times i n  a s p l i t -  

p lo t  design, Each p l o t  was 3 rows i.ri.de, with 6 vines  per row, 

Vine spacing i s  7 i t  along thc  row, and 11 f t  between rows, 

Figure 1 shows the  randomization of thc  d i f f e r en t  treatment 

combina Lions, 

20-1 
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The d i f f e r e n t  q u a n t i t i e s  oE water  t o  be app l i ed  were d e t e r -  

mined by mu1 t i p l y i n g  0,75, 1 ,OO, and l , 2 5  times an e s t ima ted  

consumptive-use r a t e ,  and then conver t ing  t h i s  t o  a n  a p p l i c a t i o n  

q u a n t i t y  based on t h e  e n t i r e  s u r f a c e  a r e a  between v i n e s ,  This 

es t imated  cons~mpt ive -use  r a t e  was talcen from a 4-year mt\an 

curve  (1962-65) , determined from soi l -mois  t u r e  sE!~ilpling nea r  

L i t c h f i e l d  Park, Residual  s t o r e d  moi s tu rc  and p r e c i p i t a t i o n  

were a l s o  cons idered  i n  computation of  t h e s e  d i f f e r e n t  water  

a p p l i c a t i o n s ,  I n  a d d i t i o n ,  consumptive u s e  was measured dur ing  

1973 by e x t e n s i v e  so i l -mo i s tu re  sampling on a s e p a r a t e  18-vine 

p l o t ,  This  p l o t  was e n t i r e l y  dead-level. and enclosed by border  

d i k e s ,  where t h e  water  management was i d e n t i c a l  t o  t h e  1,00 

f u r r o w - i r r i g a t i o n  t r ea tmen t s ,  

'Zhe t r i c k l e  i r r i g a t i o n  system used was a I-gph Drip-Eze, 

wi th  emi t te r - type  system, With two e m i t t e r s  per  v ine ,  t h e  

e m i t t e r s  were 3,5 f t  a p a r t ,  and wi th  a s i n g l e  e m i t t e r  pe r  v ine ,  

t h e  e x i t t e r  was placed 6 inches  from t h e  v i n e ,  F i n a l  f i l t r a t i o n  

f o r  t h e  t r i c k l e  i r r i g a t i o n  system was through a 10-micron f i l t e r  

bag, and water  a p p l i c a t i o n s  f o r  t h e  d i f f e r e n t  t r i c k l e  and furrow 

irrigation t r ea tmen t s  were measured wi th  turbine-vane,  household- 

type  water meters ,  

New growth began about  February 15, and canes were 2 inches  

long by March l s t ,  Because of p l e n t i f u l  ear ly-season  r a i n f a l l  

t o t a l i n g  over  4 i nches  between January  1st and March 30th ,  furrow 

i r r i g a t i o n  t r ea tmen t s  were n o t  s t a r t e d  u n t i l  A p r i l  3 0 t h "  The 

1.0 furrow i r r i g a t i o n  amounts given,  by d a t e s  dur ing  t h e  growing 

season,  were: 4 inches  on April. 30, 4 inches on May 30, and 

3 inches  on June  18, T r i c k l e  i r r i g a t i o n  t rea tments  commenced 

on May 1, 

Data obta ined  included s a l i n i t y ,  tensiometer  r e a d i n g s ,  

evapora t ion  pan, atmograph, y i e l d  and q u a l i t y  measurements , a s  
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well a s  amount of water applied on a l l  treatments and soil-ntoisture 

measurements on the  consumptive-use p l o t ,  S a l i n i t y  d i s t r i b u t i o n  

pa t t e rns  were determined, f i r s t  on Aprj l  16 a f t e r  the major ra in -  

f a l l  had ended, and again on August 6 a f t e r  harves t was over, 

S a l i n i t y  samples were taken perpendicularly t o  emi t t e r s  i n  a 

souther ly  d i r ec t i on  on two adjacent  vines a t  1-foot  i n t e r v a l s  

from the  emit ter  t o  the  midpoint between vine rows a t  depths of 

0-6, 6-12, 12-24, 24-36, and 36-48 inches,  The se lec ted  i r r i g a -  

t ion  treatments were: 1.25 consumptive use, d a i l y  t r i c k l c  irri- 

gat ions ,  1 emjt ter  per v ine;  1,00 consumptive use, d a i l y  t r i c k l e  

i r r i g a t i o n s ,  1 emit ter  per vine;  1.00 consurnptive use, da i l y  

t r i c k l e  i r r i g a t i o n s ,  2 emit ters  per vine;  1,00 consumptive use, 

6-day t r i c k l e  i r r i g a t i o n s ,  2 emit ters  per vine; 0.75 consumptive 

use, da i l y  t r i c k l e  i r r i g a t i o n s ,  1 emit ter  per vine;  and 1,00 

consumptive use, 3 furrows per vine,  

Tensiometers were i n s t a l l e d  on the same se lec ted  treatments 

a t  a 1 - f t  d i s t ance  from the  emit ters  a t  depths of 1, 2, and 

4 f t .  Tensiometer readings were made a t  l e a s t  3 times each week, 

s t a r t i n g  on May 1s t ,  between 9 :00 and 10:OO A,M. To ob t a in  a 

comparison of consumptive use with evaporation, a standard Young 

screen evaporation pan was buried between vine rows with the  f r e e  

water surface  a t  ground l e v e l  and a second modified-Young screen 

evaporation pan was placed above ground with the water surface  

l e v e l  j u s t  above the  crop. Also, Pichc atmographs, using porous 

evaporation pads, were placed both within and above t h e  crop can- 

OPY e 

A s i ng l e  ha rves t  on June 30 was used fo r  t h i s  E i r s t  year ,  

Since the re  was v a r i a b i l i t y  beixcen vines,  seven of the b e t t e r  

vines were se lected from each p lo t ,  and the Mexican-American 

harves ters  were asked t o  pick only marlcetable grape c l u s t e r s ,  

and t o  t r i m  only ro t t en  be r r i e s  from these c l u s t e r s ,  From each 
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box of  grapes  ha rves  Led, 1.5 t o  20 were randomly s e l e c t e d ,  t o  

t o t a l  between 200 and 300 bc-rries from each p l o t  from whic11 

b e r r y  s i z e  and sugar  con ten t  were determined, 

RESULTS AND DZSCUSSlOnT: Because of ex t ens ive  rai .nfalS e a r l y  i n  

t h e  season and p r e c i s e  schedul ing  o f  d i f f e r e n t  i r r i g a t i o n  quan- 

t i t i c s  f o r  both t r i c k l e  and furrow i r r i g a t i o n ,  t r e a m e n t s  d i d  

n o t  begin  unt i l .  May l s t ,  The amount of water made a v a i l a b l e  f o r  

consumptive u s e  from each t rea tment  was c a l c u l a t e d  by adding t h e  

measured consumptive u s e  be fo re  Fhy 1 s t  t o  t h e  water  a p p l i e d ,  

r a i n f a l l ,  and r e s i d u a l  mois ture  used from the 1 , 0  consumptive-use 

t rea tment  a f t e r  May 1, Table 1 sl- io~~s t o t a l  a v a i l a b l e  mois ture  

and a d j u s t e d  i r r i g a t i o n  q u a n t i t i e s  f o r  t r i c k l e  and fur row irr i-  

g a t i o n  t r ea tmen t s ,  

The weed c o n t r o l  requirement  appeared t o  be  l e s s  f o r  t r i c k l e  

than  f o r  furrow i r r i g a t i o n ,  I n  1973, weed c o n t r o l  on t h e  t r i c k l e  

i r r i g a t i o n  c o n s i s t e d  o f  one d i s k i n g  and one spraying  w i t h  weed- 

o i l  near  t h e  v i n e s  and e m i t t e r s ,  'Weeds were removed from t h e  

furrow i r r i g a t i o n  by d i s k i n g  t h r e e  t imes,  The convent iona l  

p r a c t i c e  i s  t o  d i s k  and r e p l a c e  furrows be fo re  every furrow 

i r r i g a t i o n ,  It appears  t h a t  the  c o s t  and l a b o r  r equ i r ed  wi th  

two o r  t h r e e  chemical sprayings  should be  l e s s  than s i x  t o  e i g h t  

d i s k i n g s  and furrowings,  

The 1973 measured consumptive use  of  19.1 inches  i s  showm i n  

F igu re  2. This  compares c l o s e l y  wi th  t h e  mean seasona l  consump- 

t i v e  use  of  1962-65, upon which the  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 were based, Not ice  an e a r l i e r ,  sha rp  dec1.ine i n  water  u se  

due t o  an  e a r l i e r  g i r d l i n g  d a t e ,  on t h e  P e r l e t t c  v a r i e t y ,  

F igu re  3 d e p i c t s  t h e  r e l a t i o n s h i p  between pan and at tmgraph 

evapora t ion  t o  t h e  1973 measured consu~nptivc use. Semi-monthly 

c o r r e c t i o n  f a c t o r s  a r e  given, i n d i c a t i n g  thal: evapora t ion  measure- 

ments a r e  n o t  d i r e c t l y  r e l a t e d  t o  consumptive u s c  under t h e s e  
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f i e l d  condit ions,  but  vary with time of growing season and 

instrument loca t ion ,  

So i l  s a l i n i t y  d i s t r i b u t i o n  pa t t e rns  were determined Eor t he  

various treatments from satura ted ex t r ac t s  of samples taken a t  

various dep th-dis  Lance combinations from the  v ine  row, After  

one year of t r i c k l e  i r r i g a t i o n ,  s o i l  s a l i n i t y  would not  general ly  

be considered very high, Tl~e average oE dissolved salts i n  the  

i r r i g a t i o n  water was about 0,39 d o s / c m  (250 ppnl), which i s  good 

qua l i ty  water f o r  Central  Arizona. The i n i t i a l  s o i l  conductivity, 

a f t e r  early-season r a i n f a l l ,  was predon~inately below 2,5 nmhos/cnr 

throughout the  top four Eeet of the  s o i l  p ro f i l e ,  Also, there  

was a d e f i n i t e  leaching of s a l t s  every two Eeet between the  vine  

rows, which corresponded t o  the ch i se l ing  dis tance ,  A s  expected, 

t he  s a l t  d i s t r i b u t i o n  pa t t e rns  were d i f f e r e n t  a f t e r  ha rves t  f o r  

the t r i c k l e  compared t o  the  furrow i r r i g a t i o n  p lo t s ,  The s a l t s  

i n  the  t r i c k l e  i r r i g a t i o n  a reas  were moved 3 t o  4 f e e t  away from 

the t r i c k l e  emit ters  and appeared near t he  s o i l  surface .  Conduc- 

t i v i t y  values a t  t h i s  point  were between 4 and 5 mmhos/cm, A"i 

t he  end of the  season, t he  s a l t s  i n  t h e  furrow i r r i g a t i o n  area  

remained essential1.y below 2.5 nnnhos/cm. 

Tensiometer readings a t  a I-It dis tance  Erom t r i c k l e  irri- 

gat ion emit ters  a r e  presented i n  Figure 4, These readings 

ind ica te :  (1) The soil-moisture l eve l s  a t  the 0,85 consumptive- 

use treatment became d r i e r  i n  l a t e  May and continued throughout 

June; (2) The soil-moisture l eve l s  a t  tEie 1,00 consumptive-use 

treatment were about the same fo r  e i t h e r  one o r  two ernit tcrs  and 

fo r  e i t he r  a da i ly  o r  a 6-day i r r i g a t i o n  Erequency; and (3) The 

soil-moisture Levels were s l i g h t l y  wetter  f o r  the 1 , l 5  consumptive 

use over the  1. ,00 consumptive-use trcatmcnt, 

Before discussing production r e s u l t s  i n  terrns 02 t o t a l  y i e l d  

and Eruit  qua l i ty ,  th ree  condit ions should be  s t r c s s ed ,  F i r s t ,  

extensive ra inEa l l  e a r l y  i n  the  season may have negated poss ib le  
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cl i f ferences from t h e  a p p l i c a t i o n  of  d i E f e r c n t  q u a n t i t i e s  of 

i r r i g a t i o n  water .  Second, t h e r e  was no un i fo rmi ty  i n  t h e   neth hods 

by which d i f  f  e r c n t  ha rvcs  t o r s  d i scarded  r o t t e n  o r  poorer  q u a l i t y  

f r u i t ,  Thi rd ,  t h e r e  was some nonuniformity between g rape  v ines ,  

themselves,  which may have nf Eec Led the r e s u l t s  , 

Table 2 shows t h e  mean grape  y i e l d s  f o r  khe v a r i o u s  t r i c k l e  

and furrow i r r i g a t i o n  fxeatment This  weight was a  13% i n c r e a s e  

i n  y i e l d  f o r  t h e  t r i c k l e  i r r i g a t e d  p l o t s  with two e m i t t e r s  per 

v i n e  as compared t o  p l o t s  whiclz were i r r i g a t e d  by two o r  t h r e e  

furrows. There was a 9% g r e a t e r  y i e l d  f o r  p l o t s  u s ing  two t r i c k l e  

i r r i g a t i o n  c m i t t e r s  a s  compared t o  one t r i c k l e  i r r i g a t i o n  e m i t t e r  

per  v ine .  Also, t h e r e  was a  s l i g h t  i n d i c a t i o n  of i nc reased  y i e l d  

f o r  t h e  t r i c k r l e - i r r i g a t e d  p l o t s  when t h e  i r r i g a t i o n  water  q u a n t i t y  

w a s  increased .  Therc was l i t t l e  d i f f e r e n c e  i n  y i e l d  between p l o t s  

g iven  t r i c k l e  i r r i g a t i o n  a t  f r equenc ie s  of 1 day, 3 days,  and 

6 days,  As f o r  furrow i r r i g a t i o n ,  t h e r e  was l t t t l e  d i f f e r e n c e  i n  

y i e l d  between p l o t s  having t h r e e  o r  two per  v ine ,  and l i t t l e  

d i f f e r e n c e  i n  y i e l d  between p l o t s  having water  a p p l i c a t i o n s  of 

diEEerent q u a n t i t i e s ,  m e  a n a l y s i s  of va r i ance  showed y i e l d  

d i f f e r e n c e s  t o  be  s i g n i f i c a n t  between r e p l i c a t i o n s ,  due most ly 

t o  a 22% l a r g e r  y i e l d  from one r e p l i c a t i o n  than t h e  o t h e r  t h r e e ,  

Berry s i z e s  f o r  t h e  t r i c k l e  and furrow i r r i g a t i o n  methods 

a r e  presented  i n  Table 3, 'Ifhe most n o t a b l e  r e s u l t  w a s  a 6% 

i n c r e a s e  i n  b c r r y  s i z e  f o r  t h e  t r i c k l e - i r r i g a t e d  p l o t s  a s  compared 

t o  t h e  fu r row- i r r iga t ed  p l o t s ,  The increased  be r ry  s i z e  may 

e x p l a i n  t h e  small i n c r e a s e  i n  y i e l d  f o r  t h e  t r i c k l e  ove r  furrow 

i r r i g a t e d  p l o t s ,  Table 4 shows t h e r e  w a s  l i t t l e  v a r i a t i o n  i n  

sugar  con ten t  from a l l  p l o t s ,  r e g a r d l e s s  of va r ious  i r r i g a t i o n  

~netlzods o r  treatments, 33c a n a l y s i s  of va r i ance  i n d i c a t e d  t h a t  

d i f f e r e n c e s  between r e p l i c a t i o n s  £or b e r r y  s i z c  and sugar  c o n t e n t  

were n o t  s i g n i f i c a n t ,  
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S M 1 W  AND CONCLUSIONS : 

A 3-year f i e l d  inves t iga t ion  i s  being conducted t o  determine 

i r r i g a t i o n  management and design requirements f o r  P e r l e t t e  grape 

production, Tr ickle  i r r i g a t i o n  treatments include t h r e e  i r r i -  

gat ion quan t i t i e s ,  based on r a t i o s  of a consumptive-use es t imate ;  

th ree  i r r i g a t i o n  frequencies -- da i ly ,  3-day, and 6-day; and a 

va r i a t i on  of one o r  two t r i c k l e  i r r i g a t i o n  emit ters  per  vine,  

Furrow i r r i g a t i o n  treatments include the  same three seasonal  

quan t i t i e s  used fo r  the  t r i c k l e  i r r i g a t i o n  applied i n  ttio o r  th ree  

furrows per vine;  however, the  i r r i g a t i o n  frequency i s  var ied ,  

based on the  consumptive use,  

F i r s t -year  r e s u l t s  provide only an ind ica t ion  of poss ible  

benef i t s  o r  problems with t r i c k l e  i r r i g a t i o n ;  however, the  

r e s u l t s  do emphasize t he  importance of proper ranagerllent and 

system design, Weed control  problems appeared ko be  reduced 

with t r i c k l e  i r r i g a t i o n ;  however, the r e s u l t s  do emphasize the  

importance of proper management and system design, Weed con t ro l  

problems appeared t o  be reduced wlth t r i c k l e  i r r i g a t i o n ,  by 

using chemical treatment near emit ters  and vines,  r a t h e r  than 

using mechanical disking with furrow i r r i ga t i on .  S a l t s  under 

t r i c k l e  i r r i g a t i o n  were moved 3 t o  4 f e e t  away from t h e  t r i c k l e  

emit ters ,  whereas s a l t  concentrat ions under furrow i r r i g a t i o n  

remained ttnchanged . F i r s  t-year produc tfon r e s u l t s  were a s  fol lows : 

the re  was a small increase  i n  y i e ld  fo r  t r i c k l e  i r r i g a t i o n  with 

two emit ters  per v ine  over one emit ter  per vine;  a s l i g h t l y  

g r ea t e r  y i e ld  with two t r i c k l e  i r r i g a t i o n  emit ters  over lurrow 

i r r i g a t i o n ;  a small increase  i n  berry s i z e  f o r  t r i c k l e - i r r i g a t e d  

f r u i t  over furrow-irr igated ; l i t t l e  d i f ference i n  sugar content  

between i r r i g a t i o n  treatments ; and l i t t l e  cliff crence i n  y i e ld  

be.trgeen t r i c k l e  i r r i g a t i o n  frcquencies,  Two add i t i ona l  years  of 

research should provide more pronounced information on the  
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e f f e c t s  of  q u a n t i t y  and frequency of t r i c k l e  and furrow i r r i -  

g a t i o n  on y i e l d  and f r u i t  q u a l i t y ,  

PERSONNEL: DaLe A,  Bucks, Leonard J ,  E r i e ,  F ranc i s  S, Nakayama, 

and Orrin F a  French. 
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TABLE 1. A v a i l a b l e  N o i s t u r e  and Adjusted I r r i g a t i o r ,  Q c a n t i t i e s  f o r  Triclcle  and Furrow I r r i g a t i o n  of  Grapes, 1973. ---- - --- - 7 -- -- ---- 
Adjusted 

T o t a l  T I r r i g a t i o n  X e a s ~ r e d  i r r i g a t i o n  
Qrranti t y  Consumptive- I'yfater Res idua l  Ava i l ab l e  Quantity 

Consuxp t ive-Use Use Applied R a i n f a l l  No i s tu re  Used Mois t u r e  f o r  Consumptive-Use 
Ra "Lo k c  - -  1 Hay 1--July 1 May 1- -Ju ly  1 May I - - Ju ly  1 Consumptive Use Rat io  - ------ --- - - -- - 

( i nches )  ( i i l ~ h ~ ~ )  ( inches )  ( inches)  ( i n c h e s )  
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TAEZ,].: 2 .  Grape r)roducl:ion Using Tri.clc1.c and Furrow 1rri.gati.011, 1.373, 

I r r i g a t i o n  Trcatnient ...-.-.-.--. --- ---_C_- -- I r r i g a t i o n  Q u a n t i t y  Mean ---- 
Consumptive-Use Ratio 

1. .15 1 .OO 0.85 
- - - - - - - - - - - - - -  

(pounds pe r  p l o t )  

D a i l y  / 2 e m i t t e r s  222 1 9 5  205 207 ab 

3-day / 2 e m i t t e r s  218 219 225 221. a 

6-day / 2 e m i t t e r s  201 2 25 1 8 2  202 abc  

3 Furrows p e r  v i n e  1 8 5  1 8 3  185 - 
2 Furrows p e r  v i n e  187 1 8 3  1 9 1  

ME A% 186 a  183 a  188 a 

--- -- - - --- 
.Ir 

' Mean, 4 r e p l i c a t i o n s ,  7 vines ha rves t ed  per  p l o t ,  

;k;k 
Nunibers fol l .oved By t h e  same l e t c e r  a r e  n o t  s i g n i f i z a n t l y  d i f f e r e n t  

a t  t h e  0 -05 leve l  by Duncan's M t ~ l t i p l e  Range T e s t .  
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TABLE 3. Berry S i z e  f o r  T r i c k l e  and I!'urrow I r r i g a t i o n  of Grapcs, 1973, 

I r r i g a t i o n  T r e a ~ n m 1 t  I r r i g a t 5 o n  Quantiky Pfean . -- ------ -- - -- 
Consumptive-Use Ra t i o  

1. .15 1 ,00 0.85 
-- . . . . . - --  - - - - - - - - -  

(pounds per  100 b e r r i e s )  

-1- a. 

D a i l y  / 1 emi. t ter  0.66" 0.69 0.67 0.67 ab'"' 

Da i ly  / 2 e m i t t e r s  0.65 0.65 0.69 0.6G abc 

3-day / 2 e m i t t e r s  0.69 0.69 0.66 0.68 a 

6-day / 2 e n l i t t e r s  0.58 0.68 0.70 0.69 a 

~~N 0.67 a 0.68 a 0.68 a 

3 Furrows per  v i n e  0.65 0.60 O,G6 

2 Furrows pe r  vj.nc 0,63 0.61 0,66 

MEAN 0,64 a 0,61 a 0.66 a 

-7. 

Mean, 4 repf.:ications, 7 v i n e s  ha rves t ed  per  p l o t ,  

.T..-.- ,, ,. 
Nunbers fol lowed by the  same l e t c 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 Duncan's M u l t i p l e  Range Tes t .  

Annual Report of the U.S. Water Conservation Laboratory



rTA13%E 4 ,  Sitgar Cont:cnt fo r  TrickLc and Purrox;, I r r i g a t i o n  of Grapes,  L973, 

Consumptive-Use Ratio 

- - - - - . . . . . - - - - - - - - -  
(percent sugar) 

TRICKLE : 
.I- -L-L 

Daily / 1 emit ter  15.3" 15.8 16 .6 15.9 a'"' 

Daily / 2 emit ters  15.6 15.5 15.7 15.G a 

3-day / 2 emit ters  15.5 15.7 15.6 15.6 a 

6-day / 2 emit ters  15.4 15.6 16.5 15.8 a 

FURROW : 

3 Furrows pcr vine 15.6 16,5 16.0 16.0 a 

2 Furrows per vine 3.6.2 15.3 15,8 15,8 a 

.% 

'' Mean, 4 r ep l i ca t i ons ,  7 vines harvested per p l o t ,  

4 -L rC ,r 

Numbers i o l l o m d  by the  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t he  0 .O5 l e v e l  by Duncan's Elul.ti.ple Range Tes t .  
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Fig, 1 WDOMIZED TRllhTkENTS FOR GRAPE STUDY 

3; 
TREATYiF3NT COMBINATIONS 

F - Furrow T - Trickle 
*?...A 
4. d. 

T1 - 1.25 x CU, Daily, I Emitterlvine F1 - 1.25 x GU, 3 Furrows/vine 

T2 - 1.25 x CU, Daily, 2 Emitters/vine F2 - 1.25 x CU, 2 Furrorus/vine 

T3 -- 1.25 x CU, 3-day, 2 Emitters/vine 

T4 - 1.25 x CU, 6-day, 2 hitters/vine 

T5 - 1.00 x CU, Daily, 1 Emitter/vine F3 - 1.00 x CU, 3 ~urroms/vine 

T6 - 1.00 x CU, Daisy, 2 Emitters/vine F4 - 1.00 x LU, 2 Furrows/vine 

T7 - 1.00 x CU, 3-clay, 2 Emitters/vine 

T8 - 1,00 x CU, 6-day, 2 Emitkers/vine 

Tg - 0.75 x C U ,  Daily, 1 Emit ker /vine 
F5 - 0,75 x CU, 3 Furrows/vine 

TlO- 0.75 x CU,  Daily, 2 Cmitters/vine F6 - 0.75 x CU, 2 Furrows/vine 

Tll- 0,75 x CU, 3-clay, 2 En~it~ers/vi.ne 

T12- 0.75 x CU, 6-day, 2 Emitters/vinc 

fc  Each plot - 33' x 42' (3 rows wide x 6 vines long) 
Consumptive use 

20-13 
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---- MEASURED CONSU PTIVE USE,  I973 

S E A S O N A L  USE 19.1 I N C H E S  

FULLY D E V E L O P E D  - 

FULL BLOOM 

CANES 48 "  ,/ 
k/ 

I ,  
TWLY USE IN IN&: 

F i g u r e  2. Appl ied  and Xeasured Consumptive Use f o r  Grapes, 1973.  
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EVAPORATION - 

EVAPORATION- 

EVAPORATION- 

Figure  3 .  Rela t ionsh ips  of Evaporation Pleasurements 
from a Young Screen Pan and a Piche  
A tmograph t o  t h e  19 73  Pleasured Consnmptive 
Use f o r  Grapes, I 
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- - 24 I N C H  DEPTH 
---- 12 I N C H  DEPTH 

T R I C K L E  

1.00 cu , D A I L Y ,  I EUITTERIVINE 1 1.00 c u ,  DAILY, 2 EMITTERS/V INE 

- 
T R I C K L E  

F-igure 4. Tensiometer Readings on Grapes in 1973, 

20-1 6 
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TITLE : EROSION-PREVENT:CVIE STRCTCTUliES TO DLSTRLBUTE 

WATER INTO IRRIGATED FIELDS, 

CRf S WORK UNIT:  5402-12260-004 CODE Wo , : USSifCL 73-5 

Xncreasing cos t s  and shortages of labor ,  the  need for  

improving i r r i g a t i o n  eff ic iency,  and increased use of marginal 

lands (sandy s o i l s ) ,  have made i t  necessary fo r  farm owners to 

design t h e i r  i r r i g a t e d  farms i n  such a way tha t  l a rge  streams of 

water a r e  u t i l i z e d ,  This use of l a rge  streams has necess i ta ted 

o u t l e t  s t r uc tu r e s  t o  reduce s o i l  erosion,  Original ly ,  we 

designed concrete s t ruc tu r e s  t o  handle streams of 3 t o  7 c f s ,  

Approximately 30 of these  seructures  i n  various s i ze s  and config- 

ura t ions ,  made of various mater ia ls ,  were b u i l t  on many d i f f e r en t  

types of s o i l  i n  Arizona, A d e f i n i t e  design f o r  non-erosive 

s t ruc tu r e s  has been developed, 

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

popular. From these,  10 to  30 c f s  may be discharged, thus 

necess i t a t ing  add i t iona l  erosion-preventive s t ruc tu r e  design, 

Sotne have been modi f ied  i n  t he  f i e l d ,  o thers  have been newly 

constructed,  and a l l  a r e  being observed, Plans a r e  being made 

t o  study t h e  jack-gate problem i n  our laboratory 's  modeling 

f a c i l i t y ,  

A request  from the  Elythe area  fo r  a s t r uc tu r e  t o  prevent 

erosion from s ing l e  o u t l e t s  emit t ing up t o  45 c f s  has been 

received, This i s  associa ted with our i r r i ga t ed  automation 

project .  A new o u t l e t  has been planned which w i l l  u t i l i z e  some 

of the  basic  c r i t e r i a  from the  o r ig ina l  smaller s t r uc tu r e s ,  The 

l a rge  s t ruc tu r e  i s  being planned w i  t11 the farm owner, and t ~ i l l  be 

implemented i n  1974. 

PERSONnXL : Leonard J , Erie,  1-Ioward K ,  I-Iaise, John 12cplog3.e 

Dale A. Bucks, Orrin F, French, and Bud Payne, 
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TITLE : PPLACTICU APPTaIChTION OF AUTOPUTION TO UNDER- 

GROUPLTD SURFACE DZSLL'RIBgTION SYSTWI FOR 

GJXAVITY IRRIGATION, 

CRLS F70N< UHIT r 5402-1 2260-004 CODE No, : USWCL 7 3-6 

Because of water shortage, and shortage of labor ,  which i s  

of poor qua l i ty  and very cos t ly ,  farm mmers have requested the 

ass i s tance  oE automated i r r i g a t f o n  systems aimed a t  reducing 

labor  requirements, cuttLng down operating cos t s  and improving 

i r r i g a t i o n  e f f ic iency ,  As a r e s u l t ,  10 acres  of c i t r u s  near  

Mesa, Arizona, which a r e  f r r i g a t e d  by an underground supply 

system, and 40 acres  near Blythe, Cal i fornia ,  which a r e  i r r i g a t e d  

by a surEace conveyance system, have been converted t o  automation, 

These systems cons i s t  p r inc ipa l ly  of rubber pillows i n s t a l l e d  on 

o u t l e t  t i l e  and automatic gates  from open d i tches  o r  subsurface 

d i s t r i bu t i on  systems, energized pneumatically by a compressor 

and control led by a time clock, 

The 10-acre automated system near Mesa operated without 

problems during 1973. The 40-acre automated system near  Blythe 

was supplemented with 64 permanent concrete erosion-preventive 

s t ruc tures ,  a f t e r  we had designed and i n s t a l l e d  one p i l o t  s t ruc-  

ture .  The farmer i s  i n t e r e s t ed  i n  a s t r uc tu r e  t ha t  i s  Xess 

vulnerable t o  breakage by machinery. He has a l so  completely 

accepted 40-acre dead-level f i e l d s ,  where he formerly would 

accept no more than 10 acres  t o  a f i e l d ,  These l a rge r  f i e l d s  

make i t  ea s i e r  and more economical t o  design the  automatic system, 

Additional changes i n  plans and design a r e  being implemented, 

i n  an attempt t o  fu r ther  increase eff ic iency of operatjon of the 

automated system. 

PERSOLVEL : Leonard - J, Eric, Howard Haise, Dale A. Euclcs, 

Bud Payne and Orrin I?, French, 
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APPENDIX I 

SUPBVMTION OF Il+5.P OKXANT FINDINGS 

5402-12260-002 WATER TRANSFER I N  THE SOIL-PLANT-ATIdOSPItERE SYSTEMS 

AS ELATED TO WATER CONSERVATION 

A new method f o r  c a l c u l a t i n g  s o i l  h e a t  f l u x  us ing  temperature 

and w a t e r  con ten t  measurements only was developed. The method 

u t i l i z e s  ca lo r ime t ry  i n  t h e  upper 20 cm of so i l .  and a l i g n s  t h e  

p o i n t  of z e r o  f l u x  wi th  t h e  p o i n t  of ze ro  temperature g rad ien t  which 

occurs  dur ing  t h e  morning and evening temperature r e v e r s a l s .  (WCL 

68-1) 

The black-eyed pea  (Vigna s i n e n s i s )  r equ i r ed  as  much wate r  p e r  

u n i t  of photosyntha te  under drought as when s o i l  w a t e r  siras f r e e l y  

a v a i l a b l e .  S ince  a s u i t a b l e  s p e c i e s  f o r  improving water-use e f -  

f i c i e n c y  shou ld  r e q u i r e  l e s s  w a t e r ,  black-eyed p e a  does n o t  appear  

t o  be  t h e  r i g h t  crop f o r  i n c r e a s i n g  t h e  e f f i c i e n c y  of  w a t e r  use i n  

a r i d  r eg ions .  (WCL 71-1) 

It was cliscovered t h a t  a l g a l  blooms i n  a s m a l l  pond of re- 

clcai.med wastewater  could i n c r e a s e  t h e  abso rp t ion  o f  s o l a r  r a d i a t i o n  

n e a r  t he  wa te r  s u r f a c e  t o  such a degree t h a t  s u r f a c e  w a t e r  tempera- 

t u r e  would r i s e  h igh  enough t o  i n c r e a s e  t h e  w a t e r - a i r  vapor  p r e s s u r e  

d i f f e r e n c e  by 25%, i n d i c a t i n g  t h a t  phytoplanktonic  growth may i n -  

c r ease  evapora t ion .  (WCL 71-3) 

A r a p i d  and accu ra t e  method f o r  ana lyz ing  s u l f a t e  i n  va r ious  

types  of wa te r s  was developed. I o n i c  a s s o c i a t i o n  modeling improved 

the  e s t i m a t i o n  of exchange cons t an t s  of s o i l s  i n  mixed s a l t  systems.  

(WCL 71-11) 

Grea t e r  s t o r a g e  of s o i l  wa te r  occurred near  j o j o b a  p l a n t s  

(Simmondsia ch inens i s )  - below two types  oE t r e a t e d  20-r? catchments 

than  i n  control. p l o t s  fo l lowing  7 1  m of r a i n E a l l  from November 

1973 t o  January 1974. ?'his augmented s t o r a g e  of w a t e r  u l t i m a t e l y  

may promote h i g h e r  y i e l d s  of t h e  seed  con ta in ing  a va luab le  wax. 

(WCL 73-4) 
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5402-l2260-00 3 EIANAGEPENT OF SUBSUBACE WATEP. XOVENENT SYSTEMS FOR 

RENOVATION AND CONSERVATION OF WATER 

Nitrogen removal from sewage wa te r  dur ing  s o i l  f i l t r a t i o n  i n  

l a b o r a t o r y  colu~nns was shown t o  i n c r e a s e  exponen t i a l l y  a s  i n f i l t r a -  

t i o n  r a t e  decreased ,  w i t h  80% removal. occu r r ing  a t  1 5  cm/day i n -  

f i l t r a t i o n .  T r a c e r  experiments showed t h a t  dec reas ing  t h e  i n f i l -  

t r a t i o n  r a t e  r e s u l t e d  i n  more mixing of  n i t r a t e  formed i n  t h e  s o i l  

du r ing  dry ing  w i t h  incoming sewage wa te r .  Growing b a r l e y  o r  be r -  

mudagrass i n  s o i l  columns f looded wi th  sewage w a t e r  i n c r e a s e d  N 

removal from t h e  sewage by 9 t o  10% a f t e r  t h e  p l a n t s  became w e l l  

e s t a b l i s h e d .  This  could r e s u l t  i n  an i n c r e a s e  i n  N removal of 

2,000 kg lha .  (WCL 68-3) 

Reducing w a t e r  depths i n  t h e  r a p i d - i n f i l t r a t i o n  b a s i n s  a t  t h e  

F lushing  Meadows P r o j e c t  f o r  renovat ing  secondary sewage e f f l u e n t  

by groundwater recharge  inc reased  t h e  n i t r o g e n  removal t o  74%. 

This was caused by i n c r e a s e d  c l e n i t r i f i c a t i o n  due t o  lower i n f i l t r a -  

t i o n  r a t e s .  The load ing  r a t e ,  however, was s t i l l  20 f t /month ,  which 

i s  very much h igh - ra t e .  P rev ious ly ,  n i t r o g e n  removal was 25% a t  a  

l oad ing  r a t e  of 30 f t  /month. Thus, a  s l i g h t  r educ t ion  i n  l oad ing  

r a t e  r e s u l t e d  i n  a  t h r e e f o l d  i n c r e a s e  i n  n i t r o g e n  removal. This  

shows t h a t  s i g n i f i c a n t  n i t r o g e n  removal can be  ob ta ined  i n  high- 

r a t e  l and  t r ea tmen t  sys tems,  where t h e  n i t r o g e n  l o a d  may be  100 

t imes as much as n i t r o g e n  up t a k e  by crops . ('CJCL 6 7-4) 

A procedure was developed t o  c a l c u l a t e  t he  r educ t  i on  i n  seep- 

age from a  s t r eam by removing phreatophytes  i n  a  Eloociplain. The 

seepage c a l c u l a t i o n s  a r e  based on t h e  r e l a t i o n s  between wa te r  -we 

and wa te r  t a b l e  depth be fo re  and a f t e r  removal of t h e  phrea tophytes .  

The procedure makes i t  p o s s i b l e  t o  e s t ima te  wa te r  s av ings  and 

economic a spec t s  of phrea toyhyte  c o n t r o l  p r o j e c t s  w-ithout t h e  need  

f o r  ex t ens ive  i n v e s t i g a t i o n s .  
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5402-12260-004 INCREASING AND 2.LANAEING SURFACE WATER SUPPLIES 

FOR AGRICULTUR-AI.l USE 

Laboratory s t u d i e s  on p o t e n t i a l  s o i l  t r ea tmen t s  f o r  h a r v e s t i n g  

p r e c i p i t a t i o n  showed t h a t  conunon p a r a f f i n  wax and an exper imenta l  

d u s t  suppres san t  produced h i g h l y  w a t e r - r e p e l l e n t  s o i l s .  Pre1.iminax-y 

f i e l d  t e s t i n g  shows t h a t  t h e  wax cont inues  t o  y i e l d  approximately 

90% runoff  n e a r l y  2 yea r s  a f t e r  i n s t a l l a t i o n ,  and t h e  d u s t  suppres- 

s a n t  about 90% runoff  f o r  t h e  s e v e r a l  months s i n c e  i n s t a l l a t i o n .  

(I.JCL 67-2) 

Sediment a c ~ ~ u l a t i o n  i n  flow-metering flumes was g r e a t l y  re- 

duced by s imple  angle- i ron  vanes i n s t a l l e d  on t h e  s i d e s  of t he  

flumes. These vanes cause a v o r t e x  a c t i o n  t h a t  keeps sediment  i n  

suspens ion .  This  development w i l l  be  of g rea t  va lue  i n  watershed 

hydrology,  i r r i g a t i o n ,  and o t h e r  a r eas  where flow measurement h a s  

o f t e n  been i n a c c u r a t e  because of sediment accumulation i n  flumes . 
( W C L  72-2) 

To o b t a i n  maximum b e n e f i t s  from any i r r i g a t i o n  method, proper  

management and schedul ing  procedures  must be  used. F i r s t - y e a r  

r e s u l t s  of a 3-year t r i c k l e  and furrow i r r i g a t i o n  s t u d y  on grapes 

i n d i c a t e d  t h a t  y i e l d  and q u a l i t y  were maintained and p o s s i b l y  i n -  

c reased  w i t h  t rick1.e over  furrow i r r i . g a t  i on  ; t h a t  y i e l d s  were i n -  

c reased  w i t h  two t r i c k l e  e m i t t e r s  p e r  v ine  over one e m i t t e r  p e r  

v i n e ;  and t h a t  i n c r e a s i n g  t h e  frequency of t r i c k l e  i r r i g a t i o n s  d i d  

n o t  i n c r e a s e  y i e l d s .  ( W C L  73-1) 

AI-  3 
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APPENDIX LI 

MS No, 

5402-12260- 
002 \*later t r a n s f e r  i n  t h e  soi l -plant-atmosphere 

system a s  r e l a t e d  t o  water  conse rva t ion ,  

Publ ished : h e r  m 1 Addi t ions  t o  ' T r a n s p i r a t i o n  Data  
Tab le s ' ,  $2 "Biology Data Book", 2nd Ed i t i on ,  
Vol, T I ,  Sec t ,  VII, 'Environment and ~ u r v i v d ' ,  
P a r t  106, ' Fac to r s  A f f e c t i n g  T r a n s p i r a t i o n  Rates:  
14a~no l iophy te s  ' , E d i t o r s  : P h i l i p  Lo Alhnan and 
Dorothy S, Dit tmer ,  Publ ished by t h e  Fede ra t ion  
o f  American S o c i e t i e s  f o r  Experimental Biology, 
Bethesda, Maryland, 1973, Pp, 904-906, 374 

E r e  W m  L Cotton l e a f  temperatures  as 
r e l a t e d  t o  s o i l  water  d e p l e t i o n  and meteoro- 
l o g i c a l  f a c t o r s .  Agron, J o u r ,  65(3):404-409, 
May-June 19 73, 394 

Idso ,  Sherwood B. On t h e  concept  of  l a k e  
s t a b i l i t y ,  Limnol, and Oceanog, 18(4):681-653, 
J u l y  1973. 40 2 

Zdso, S h e r w o o d L  Thermal r a d i a t i o n  from a - 
t r oposphe r i c  d u s t  suspension,  Nature 241(5390): 
448-449. Feb, 16,  1973. 414 

Idso ,  Sherwood B., and Cole,  Gerald A.  S t u d i e s  on - - 
a Kentucky Knobs Lake. V. Some a s p e c t s  of  t h e  
v e r t i c a l  t r a n s p o r t  o f  h e a t  i n  t h e  hypolimnion, 
J o u r ,  o f  Ecol ,  (England) 62(2) :413-420, J u l y  2973. 401 

Jackson,  Ray D. Diurna l  Changes i n  Soil-'Water 
Content During Drying. Chap, 3 & " ~ i e l d  S o i l  
'Water Regime", Edi ted  by Re R, Bruce, e t  a l ,  
S o i l  Sc i .  Soc. Amer, Spec, Publ. No, 5 ,  Pp, 37-55, 
(So i l  Sc i .  Soc, h e r , ,  Madison, Wisc.) 1973. 370 

Jackson,  Ray D,, and Kinba l l ,  E ,  A,  Book Review: 
"Advanced S o i l  Physics",  by Don Rir1clm.m and - - 

W, L. Powers. s o i l  Sc i .  Soc. Amer , Proc. 37 (1)  : v i e  
Jan-Feb 1973, 41  2 
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Kimball, Bruce A, Water vapor movement through -- 
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